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Preface to the Series 

The mechanisms of disease production by infectious agents are presently the 
focus of an unprecedented flowering of studies. The field has undoubtedly 
received impetus from the considerable advances recently made in the under
standing of the structure, biochemistry, and biology of viruses, bacteria, fungi, 
and other parasites. Another contributing factor is our improved knowledge of 
immune responses and other adaptive or constitutive mechanisms by which 
hosts react to infection. Furthermore, recombinant DNA technology, mono
clonal antibodies, and other newer methodologies have provided the technical 
tools for examining questions previously considered too complex to be success
fully tackled. The most important incentive of all is probably the regenerated 
idea that infection might be the initiating event in many clinical entities pres
ently classified as idiopathic or of uncertain origin. 

Infectious pathogenesis research holds great promise. As more informa
tion is uncovered, it is becoming increasingly apparent that our present knowl
edge of the pathogenic potential of infectious agents is often limited to the 
most noticeable effects, which sometimes represent only the tip of the iceberg. 
For example, it is now well appreciated that pathologic processes caused by 
infectious agents may emerge clinically after an incubation of decades and may 
result from genetic, immunologic, and other indirect routes more than from 
the infecting agent in itself. Thus, there is a general expectation that continued 
investigation will lead to the isolation of new agents of infection, the identifica
tion of hitherto unsuspected etiologic correlations, and, eventually, more effec
tive approaches to prevention and therapy. 

Studies on the mechanisms of disease caused by infectious agents demand 
a breadth of understanding across many specialized areas, as well as much co
operation between clinicians and experimentalists. The series Infectious Agents 
and Pathogenesis is intended not only to document the state of the art in this 
fascinating and challenging field but also to help lay bridges among diverse 
areas and people. 

ix 

M. Bendinelli 
H. Friedman 



Preface 

It is now widely acknowledged that at the beginning of this century Claude von 
Pirquet first pointed out that a viral disease, i.e., measles, resulted in an anergy 
or depression of preexisting immune response, namely, delayed continuous 
hypersensitivity to PPD derived from Mycobacterium tuberculosis. Thereafter ob
servations that viral infections may result in immunosuppression have been 
recorded by many clinicians and infectious disease investigators for six or seven 
decades. Nevertheless, despite sporadic reports that infectious diseases caused 
by viruses may result in either transient or prolonged immunodepression, 
investigation of this phenomenon languished until the mid-1960s, when it was 
pointed out that a number of experimental retroviral infections of mice with 
tumor viruses may result in marked immunosuppression. However, it was not 
until the recognition of the new epidemic of acquired immunodeficiency syn
drome (AIDS) caused by the human immunodeficiency virus and related vi
ruses that acquired immunodeficiencies associated with virus infection became 
general knowledge among biomedical investigators as well as the lay public. 

A number of reviews published during the past decade or so pointed out 
that numerous viruses may affect humoral and cellular immune responses. 
Furthermore, expanding knowledge about the nature and mechanisms of both 
humoral and cellular immunity and pathogenesis of viral infections has pro
vided clinical and experimental models for investigating in depth how and why 
viruses of man and animals profoundly affect immune responses. 

The realization that viruses, including both those which obviously infect 
lymphoid cells and those which have nonlymphoid cells as their primary target 
tissues, may either directly or indirectly influence host immune responses has 
led to many investigations concerning the mechanisms of these host-parasite 
relationships. This volume, therefore, presents reviews of major human patho
genic viruses as well as several animal viruses which influence immunity, main
ly in a negative manner. 

Virus-induced immune suppression is accomplished by a wide variety of 
mechanisms. Some viruses may induce dysregulation of immune responses, 
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including an increase in one arm of the response and a decrease in another 
arm, or a hyporeactivity of both arms of the immune system. More common is a 
transient immunosuppression associated with virus infection. This can be seen 
from the wide variety of viruses reviewed herein. 

There is now sufficient information pertaining to the mechanisms in
volved in virus-induced immune suppression that rational approaches to thera
py for viral infection and controlling immunoderegulation induced by such 
viruses can be undertaken. A number of laboratories and clinical investigators 
are in the process of developing such therapeutic strategies. Thus, the AIDS 
problem has not only electrified the biomedical community to study the mecha
nisms whereby viruses affect immunity and how such immunodeficiencies can 
be reversed, but also reminded the biomedical community that many viruses 
other than retroviruses can affect the immune system. It is anticipated by the 
editors of this volume that publication of these reviews will provide a founda
tion of established and newer information which can be utilized, through both 
experimental and clinical investigation, to determine precisely how viruses af
fect immunity and cause immunosuppression. 

S. Specter 
H. Friedman 
M. Bendinelli 
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Viruses and 
Immunosuppression 
General Comments 

STEVEN SPECTER, MAURO BENDINELLI, 
and HERMAN FRIEDMAN 

1. HISTORY 

1 

The recognition that viruses are able to compromise immunity dates back to 
the observation by von Pirquet in 1908 that measles infection resulted in a 
reduced delayed hypersensitivity response in patients who would normally 
respond to tubercle bacillus antigens. Thus, von Pirquet was the first to suggest 
an immunologic explanation for the increased susceptibility to superinfection 
observed in patients with viral diseases. This was followed a decade later by a 
report in 1919 that influenza virus could also suppress tuberculin reactivity. 
The investigation of viruses and their effects on immunity then went unre
ported for 40 years. Beginning about 1960, oncogenic viruses were given se
rious consideration as immunosuppressive agents. This was first alluded to by 
Old and colleagues, and a few years later, Good and co-workers presented the 
first systematic evaluation of suppression of antibody responses by murine 
leukemia viruses.(l·2) During the late 1960s and early 1970s, there was a flurry 
of activity in this field. Numerous reports supported the concept that on
cogenic viruses suppress immunity. Both humoral and cellular immunity were 
shown to be depressed. Concomitant to studies with oncogenic viruses, similar 
studies with many non oncogenic viruses also resulted in findings of immu-
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nosuppressive activity.<3,4) Many investigators considered virus-induced immu
nosuppression important to the establishment of persistent infections that lead 
to chronic diseases or tumor formation. However, during the mid-1970s, the 
emphasis in virus biology moved away from this field and the number of 
studies in this area decreased. These studies have been revived again during 
the 1980s. Most recent studies have focused on understanding the molecular 
mechanisms involved in virus-induced immunosuppression. Thus, the "sci
ence" of interactions between viruses and immunity is not recent, albeit activity 
in this field has been generated to a frenzied pace during the past half-decade. 

The outbreak of acquired immune deficiency syndrome (AIDS) in the 
United States and elsewhere is the obvious cause for these research efforts. The 
need to control AIDS has been a powerful force in generating support for 
research that will lead to a "cure for AIDS." A major prerequisite to achieving a 
cure is to gain a full understanding of the mechanism(s) of the virus interac
tions with host defenses, especially virus-induced immunosuppression. In this 
regard, a strong interest has been generated for understanding immune sup
pression induced by all viruses, as anyone may serve as a model to help us 
delineate some of the underlying mechanisms involved in AIDS. Obviously, the 
discovery of the etiologic agent has been a major breakthrough in the under
standing of AIDS. This virus has been designated human immunodeficiency 
virus (HIV), both to describe it in the proper taxonomic manner and to quiet 
the dispute about the original names for the virus(5), i.e., human T lympho
tropic virus III (HTL V -III), lymphadenopathy-associated virus (LA V), and 
AIDS-related virus (ARV). Once the virus was described and demonstrated to 
affect the helper T lymphocyte (Th), a better understanding of pathogenesis 
was established.(6) Yet we are far from solving the problems of HIV infection 
and the development of AIDS. In fact, the recent description of a second virus, 
HIV2, that causes AIDS or a similar disease, presents an additional threat to 
control of infectious disease. Although HIV can be cytopathic for T lympho
cytes in vitro, the mechanisms whereby immune alterations are induced by this 
virus in vivo are not fully understood. The long latency and other aspects of the 
disease have repeatedly led to suggestions of modes of action more complex 
than direct cytotoxicity. 

It has been estimated that upward of one million people in the United 
States alone have been exposed to HIV, yet "only" about 60,000 cases of full
blown AIDS have been reported to date. While many of those infected will 
develop AIDS over the next several years, it is likely that a large percentage of 
these individuals will not, even though judging from pathology observed in 
retrovirus-infected animals, other forms of disease (e.g., autoimmune, neo
plastic) caused by HIV persistence are likely to occur. This is not a unique 
property of HIV. Most viruses capable of causing severe life-threatening dis
ease usually do so only in a relatively small percentage of infected persons. 
Most of these infections are self-limiting. For example, before the advent of 
vaccination, the proportion of poliovirus-infected persons in whom paralytic 
poliomyelitis developed was on the order of 0.1-1 %, and many fewer suc
cumbed to the disease. The (co)factors that determine the difference in the 
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outcome of poliovirus infection have never been clearly understood. Thus, it is 
not surprising that we still do not know those cofactors that influence HIV 
infection. It is reasonable, however, to suppose that, if the outcome of infec
tions in general is influenced by factors, this is certainly more likely for long 
latency diseases such as AIDS. 

Attention is frequently focused on the immunosuppressive effects of 
human retroviruses. However, as discussed in the chapters of this volume, a 
variable degree of immunodeficiency is associated with most, if not all, viral 
infections. Interestingly, even those viruses that are capable of causing severe 
depression of host immune responses, at least by the criteria presently avail
able, seem to do so only transiently. In certain cases, the clinical importance of 
such effects is well appreciated. In others, the immunosuppressive action does 
not appear to contribute significantly to the clinical features of the infection. 
The field warrants more intense consideration, however. The proportion of 
subjects who, for varied reasons (e.g., old age, cancer, iatrogenic immunosup
pression), have a reduced level of immune competence has considerably in
creased in recent years and will likely grow steadily in the future. It seems likely 
that viral infections, which do not cause clinically relevant immunodepression 
in normal subjects, may do so and worsen the immunologic status in such 
subjects. 

2. ANTIVIRAL DEFENSES 

When viruses interact with an animal host, a variety of specific and non
specific components are involved in the defense against the virus. Similarly, the 
virus acts to subvert one or more of these components to prolong its survival. 
This volume is filled with numerous examples of these interactions. This chap
ter briefly introduces the major elements of host-immune defenses against 
viruses. 

2.1. Antibodies 

Generally, during viral infections antibodies are generated by plasma cells, 
the end stage of the B lymphocyte lineage, to viral antigens (usually proteins). 
A variety of antibodies specific for different viral antigens are produced and 
can be measured by a number of immune assays.(7.8) However, only those 
antibodies effective in the neutralization test provide protective immunity di
rectly. Antibody to viral antigens can also contribute to host defenses by facili
tating viral clearance due to virion opsonization and agglutination and by 
participating in complement- and cell-mediated lysis of virus-infected cells. An 
inhibition of viral synthesis by antibodies interacting with viral antigens on the 
cell surface has also been described in certain models of viral infection in vitro. 

In some cases, the production of non-neutralizing and noncytotoxic anti
viral antibody may lead to the formation of immune complexes, which may 
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become involved in damage to host tissues. This is most notable when such 
complexes are deposited on the glomerular basement membrane, resulting in 
glomerulonephritis. (9) 

The role of antibodies in recovery from a primary infection is often uncer
tain, although there is no doubt that they provide protection from reinfection 
with the same or antigenically related viruses. In fact, when one looks at per
sistent viral infection, either with active virus replication or latency, antibody is 
often detected in host serum, sometimes in excess amounts. Thus, this antibody 
does not appear to be sufficient to clear the host of the infecting virus. This has 
contributed to the emphasis on the function of cell-mediated immune re
sponses as the critical factor in controlling many primary viral infections. It is 
clear, however, that antibodies are frequently crucial in containing viral spread 
to critical target tissues during acute infection. They may also be a key element 
in determining the latent state of many persistent infections. 

2.2. Cellular Immunity 

2.2.1. T Lymphocytes 

The thymus-derived (T) lymphocytes are effectors of important specific 
antiviral responses. At least three subclasses of T cells are involved. These are 
defined as Th, which provide for the expansion of both humoral and cellular 
responses; cytotoxic T cells (Tc or CTL), which are involved in the destruction 
of virus-infected cells; and suppressor cells (Ts), which downregulate immune 
responses and are often implicated as being responsible for virus-induced im
munosuppression. Numerous experiments with many of the major pathogenic 
viruses for humans and animals have demonstrated the need for T cells for 
recovery from virus infections.<lO) 

An important function of T lymphocytes is the ability of CTL to destroy 
virus-infected cells. Not only do they remove effete cells and virus but often 
they may have a detrimental effect, causing immunopathologic damage, de
stroying tissues vital to the host. In this context, Ts and other suppressor cells 
may provide an important contribution, by limiting such damaging responses. 
All these lymphocyte functions are under genetic restriction controlled within 
the major histocompatibility (MHC) locus. This implies that viral antigens are 
seen by T cells only when expressed on the cell surface.<IO) 

2.2.2. MonocyteslMacrophages 

The blood monocytes and tissue macrophages are another vital cell in host 
defenses. They function in several manners in antiviral immunity.(lI) These 
cells are among the first to encounter foreign particles and thus are often the 
initial cells to interact with an infecting virus. The virus may be digested and 
destroyed by the macrophages, or it may replicate and be transmitted to other 
cells and tissues. Under both circumstances, especially the former, virus anti
genic components may be presented on the surface of the macrophage 
(accessory cells), which may be instrumental in triggering T and/or B lympho-
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cytes, leading to an immune response against the virus. In addition, macro
phages can be stimulated to produce interleukin-l (IL-l) and additional solu
ble factors that can recruit and activate other cells, especially resting T cells.(12) 
Thus, the macrophages may act as effector cells, antigen-processing/ 
presenting cells, or helper cells. A fourth function of the macrophages is that of 
a nonspecific suppressor cell, regulating a variety of lymphocyte functions.(13) 

2.2.3. Natural Killer Cells 

Natural killer (NK) cells were first described as antitumor cells that could 
kill their target cells without prior sensitization, as required for CTL.(14) How
ever, there is a specificity to this killing, since only certain targets are lysed by 
the NK cell. While this is a much broader specificity than we consider for Band 
T lymphocytes, it is a controlled response. The basis of selectivity is not known 
but is most probably related to recognition structures on the surface of the 
effector and target cells. 

Subsequently, it was recognized that this heterogeneous cell population of 
large granular lymphocytes (LGL) was also capable of lysing virus-infected 
cells.(l5) NK activity is enhanced within the first days of many viral infections, 
an effect mediated by interferon (IFN) or directly by viral molecules. Thus, NK 
cells may also be considered a first line of defense against viruses. 

2.2.4. Antibody-Dependent Cellular Cytotoxicity 

Antibody-dependent cellular cytotoxicity (ADCC) is a combination of hu
moral and cellular immunity. It requires both an effector cell and an antibody of 
the immunoglobulin G (IgG) class, acting as a ligand between the effector and 
target cell. This response may be carried out by a few cell types, including 
macrophages, polymorphonuclear leukocytes, and non-T, non-B lymphocytes. 
Classically, it is killing due to a cell in the LGL population (K cell) that we speak 
about in ADCC. The precise relationship between the K and NK cells is uncer
tain, as is the in vivo function of K cells.(16) However, in vitro studies demonstrate 
that K cells can destroy virus-infected cells in the presence of virus-specific 
antibodies. This process is considerably more effective than complement-medi
ated cytolysis. 

2.3. Nonspecific Soluble Factors 

Antiviral defense mechanisms are also mediated or amplified by soluble 
factors produced by cells of the immune system or other tissues. 

2.3.1. Complement 

Antibody responses are often aided by the lytic or opsonic components of 
the complement system. Complement may therefore be involved with cytotoxic 
antibody in virus particle lysis or the lysis of virus-infected cells as well as virus 
neutralization.(lO) These effects may be due to complement activation by the 
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classic pathway, triggered by the binding of specific antibody to target antigens. 
Enveloped viruses and cells infected with these viruses may also activate the 
alternative complement pathway. This may cause lysis of virions or of infected 
cells, before antiviral antibody has been produced. In addition, complement 
component C3b may be involved in the destruction of virus particles by poly
morphs in the absence of antibody.(1O.17) It has also been suggested that bind
ing of complement may be involved in clumping of virions, which may facilitate 
their clearance by a nonimmune mechanism.(18) Complement activation also 
leads to inflammation and accumulation of leukocytes at the site of viral 
replication. 

2.3 .2 . I nterleukins 

Soluble substances that facilitate communication between leukocytes are 
called interleukins. Several of these substances are described in the literature, 
but only a few are fully accepted.(12,19,20) IL-l is produced by macrophages 
and other cells and activates resting T lymphocytes.(12) This also generates a 
second interleukin, designated IL-2. IL-2 has been demonstrated to enhance 
both T-cell growth(l9) and T-cell differentiation.(21.22) While the importance of 
IL-2 has not been fully recognized, its participation in antiviral and antitumor 
immunity has been clearly established.(23,24) IL-l is also pyrogenic, and high 
body temperatures may hamper viral replication. Several additional factors, 
designated IL-3-IL-6, have been added to the growing list of substances in
volved in regulating leukocyte growth and differentiation. 

2.3 .3. Interferons 

Interferon was first described in 1957 by Isaacs and Lindenmann as an 
antiviral substance produced by many types of cells in response to viral infec
tion. Its function was described as being directed against viral replication, 
mainly at the translational level. While this early observation was correct, we 
have learned that this was only the tip of the iceberg. Three classes of IFNs are 
described: leukocyte (IFNu )' produced in response to infections by viruses and 
bacteria; fibroblast (IFN(3)' generated by viral infections of other cell types; and 
immune (IFNy),produced by T lymphocytes in response to antigen or mitogen 
stimulation. The IFNs not only have direct antiviral effects but immunomod
ulatory activities as well. They may enhance or depress T lymphocyte, mac
rophage, and NK cell antiviral functions, depending on timing, dose, and route 
of administration. Thus, their production by leukocytes, as well as by other 
cells, is vital to host-immune defenses.(25) 

3. MECHANISMS OF IMMUNE SUPPRESSION BY VIRUSES 

While we have indicated that virtually all viruses are capable of suppress
ing immune functions, the extent to which they do so and the means by which 
this is accomplished are quite varied. This will be apparent in the chapters that 



VIRUSES AND IMMUNOSUPPRESSION 7 

follow. To provide a general framework, we outline below the various mecha
nisms that may be involved. 

3.1. Infection of Lymphoid Cells 

The most obvious way that a virus may suppress immune function is by 
replicating in the cells which carry out that function (Tables I and II; Fig. 1). This 
mechanism has been suggested for a number of viruses capable of invading B 
lymphocytes, T lymphocytes, and/or macrophages. Infection of lymphoid or 
monocytic cells may lead to the direct destruction of such cells. Beyond a certain 
threshold, the reduced number of immune cells will ultimately lead to decreased 
immune function. Even if only one subpopulation of cells is selectively infected, 
as Th cells appear to be in HIV infection, this may cause an imbalance in 
immunity. When Th cells are destroyed, this might also lead to a relative excess 
of Ts cells and suppression; when Ts cells are infected, the result may be 
overactive B cells or T effector cells, and this might exacerbate immu
nopathologic processes. 

In the absence of overt lytic infection, the invasion of lymphoid cells may 
result in the establishment of a persistent infection, thereby permitting viral 
replication without acute destruction of the host cell. Actually the lymphoid 
system seems to be one of the preferential sites for viral persistence. Viruses 
that have been shown to replicate in lymphocytes and macrophages are numer
ous. Also, highly cytopathic viruses, such as adenoviruses and enteroviruses 
appear to be able to persist in these cells by establishing a carrier-culture 
equilibrium with the cell population. The consequences of these persistent 
infections may be normally functioning infected cells, cells that cease to func
tion, or cells that function abnormally. One such abnormal function could be 
the enhanced expression of suppressor cell activity. In addition, the infection 
of lymphocytes may alter their ability to migrate normally. This may result in a 
selective increase or decrease of a lymphoid cell population or subpopulation in 
lymphoid organs or the bloodstream. Selective depletion of specific lymphoid 
zones has been observed in certain viral infections. The relative change in the 
microenvironment of the organ affected due to a defect in homing may con
tribute to immunodepression. Whether similar mechanisms are responsible for 
the generalized involution of lymphoid organs observed in a number of viral 
infections of animals and humans, most notably Lassa fever, remains to be 
established. 

3.2. Activation of Suppressor Cells 

Enhanced suppressor cell activity can be generated during viral infections, 
most commonly with retroviruses. Infecting viruses, unlike most antigens used 
experimentally, are self-replicating immunogens. In addition, they not only 
express their antigens on the surface of many different cell types but also 
induce the neoexpression of cellular antigens. If neoantigens are MHC anti
gens, this may create the conditions for antigen presentation by cells that do 
not usually do so. Thus, viruses are bound to overload the immune system and 
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to activate it through improper pathways. It is therefore likely that excess 
stimulation of immunoregulatory circuits contributes to the generation of sup
pressor cell activation and/or recruitment. Most suppressor cells described in 
viral infections are either Ts or macrophages, although B cells and NK cells are 
known to exhibit suppressor activity. The suppressor cells may exert their 
activity through either direct cellular interactions or suppressor factors. 

3.3. Suppressor Factors 

3.3 .1. Host Derived 

Suppressor factors may be elaborated by lymphocytes, macrophages, or 
infected cells other than those of the immune system. A wide spectrum of 
factors has been described from lymphoid cells and macro phages displaying a 
broad range of molecular weights and activities. These factors may act specifi
cally to inhibit only antiviral responses or they may have nonspecific activity. In 
some infections, several factors may be detected with both specific and non
specific components present. Suppressor factors are also frequently produced 
by virus-transformed tumor cells. Frequently when suppression is due to a 
soluble factor produced by macro phages, this can be attributed to prostaglan
din E2 (PGE2). This suggests that infection may lead to an overproduction of 
normal host factors, resulting in immunodepression. Whether this is the case 
for many of the factors thought to participate in virus-induced immune sup
pression remains to be determined. Another example of a natural factor that 
can inhibit immune function during infection is IFN. While IFN has already 
been mentioned as immunostimulatory and directly antiviral, under the appro
priate circumstances it also can be immunosuppressive. 

3.3.2. Virion Components 

The virion per se may be immunosuppressive due to components that are 
toxic to lymphocytes and have the ability to turn off cell functions or to induce 
suppressor cells. By using inactivated virus or purified viral components, it is 
sometimes possible to suppress immunity in the absence of viral replication. 
Under such circumstances, any attempt at reversing immune suppression may 
prove fruitless, unless one is also successful in removing viral proteins as well as 
in neutralizing infectious virus. 

3.4. Other Mechanisms Effecting Virus-Induced Immune Suppression 

The damage of nonlymphoid tissue by viruses can also lead to suppression 
of the immune response by indirect means. For example, infection of mouse 
viruses that damage pancreatic tissue results in an influx of excess enzymes into 
the circulation, which might ultimately cause immune suppression. Likewise, 
viral attack on the adrenal cortex can cause corticosteroid imbalances that 
result in immune suppression. While it is difficult to assess the effect of virus-
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induced stress on the establishment of immunosuppression, it has been shown 
to be important. In a few instances, adrenalectomy prior to viral infection has 
prevented or alleviated the development of immune abnormalities, but in oth
ers has not. The extent to which other physiopathologic changes may alter the 
host's immunity in viral infections is still being investigated. 

4. FACTORS THAT MIGHT INFLUENCE VIRUS-INDUCED 
IMMUNE SUPPRESSION 

A variety of host factors may influence the development of viral infections, 
directly or more often through an action on the immune system. It seems 
reasonable that such factors may also influence the occurrence and degree of 
immune suppression. Most notable among these are the host's age, genetics, 
presence of other infections or diseases, and the environment. Furthermore, 
hosts whose immune system is already functionally defective for physiologic or 
pathologic reasons could be affected by virus-induced immunosuppression 
more severely than hosts with a fully functioning immune system. 

4.1. Age 

It has been clearly established that very young animals are often more 
susceptible to infection than are adults. This has been linked to the immune 
competence of the host, especially T-cell function. Likewise, elderly persons 
are more susceptible to serious viral infections that can also be linked to their 
immune status. That young subjects are more susceptible to the immuno
depressive properties of most viruses has clearly been shown in several systems, 
including retroviruses. However, if the pathologic processes induced by the 
virus are immunologically mediated, their reduced immune competence may 
be advantageous. This is exemplified by infection with lymphocytic 
choriomeningitis virus (LCMV) in the mouse. The lethal effects of the virus are 
dependent on functioning T lymphocytes. In the newborn mouse, in which 
these cells are not yet fully developed, the virus replicates to high titer, but no 
acute disease is observed. These mice can be shown to have developed a T-cell 
tolerance to LCMV. This virus also induces manifestations of generalized 
immunodepression. 

4.2. Genetics 

Resistance to viral infection has repeatedly been demonstrated to be con
trolled at the genetic level. These genes may be associated with the MHC or 
may be located elsewhere in the genome. In some cases, this genetic control 
may require the concomitant action of multiple genes, with loci within the 
MHC and outside involved. This genetic effect has frequently been demon
strated to involve control of macrophage or NK cell functions. Regardless of 
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the cells affected, one can demonstrate that virus-resistant mice often exhibit 
little or no suppression of immune reactivity during the aborted infection. 

4.3. Presence of Other Infections and Diseases 

Immunocompromised individuals have no greater likelihood of being in
fected by a virus than do normal individuals but, once infected, they have a 
higher morbidity and mortality. This may be the key factor as to why only 
certain HIV -infected people develop AIDS. More than 95% of AIDS victims 
are either homosexual, drug addicts, hemophiliacs, transfusion recipients, or a 
combination of these. None of these persons is truly in a normal state of health. 
For example, each has a much higher than average incidence of other viral 
infections, most notably the hepatitis and herpes group viruses. These agents 
are capable of severely altering the functioning of the immune system, which 
may leave these persons susceptible to the most severe consequences of HIV 
infection. 

Alternatively, these viral infections may stimulate immunocompetent cells 
so that they become better host cells for HIV. It has been reported that HIV 
replicates well in activated Th cells, but not in resting cells. Thus, any immu
nologic stimulus may increase susceptibility to infection. While these two theo
ries seem contradictory, they are actually complementary. In most viral infec
tions in which there is transient suppression, this is usually followed by an 
active, often heightened immune response. Thus, the immunosuppressed state 
of the host attributable to other causes may permit replication of the virus in a 
small percentage of cells when the host is incapable of combating a small 
number of infecting particles. The enhanced proliferation phase may then 
provide an abundance of host cells for the virus before the development of 
protective immunity. By this time, the virus could provide its own suppressive 
activity to prevent maturation of a response to the virus. 

4.4. Environment 

Environment may be defined as the environment in which the host lives or 
the microenvironment for the virus within the host. In the former, we refer to 
environmental factors that may affect infectivity of the virus, immune status of 
the host or other undefined phenomena. It is still unclear why Epstein-Barr 
virus (EBV) infection causes a self-limiting disease (infectious mononucleosis) 
in the Western world but progressive neoplastic diseases in Equatorial Africa 
(Burkitt lymphoma) and China (nasopharyngeal carcinoma). However, there 
seem to be contributions by environmental factors, age, and perhaps genetics 
(see Chapter 7). In addition, life-style factors have been implicated as determi
nants of progression in HIV -infected hosts. 

The microenvironment affecting the virus may depend on the route of 
infection. In experimental models, in which the route can be readily controlled, 
both the ability to modulate immune responses and the outcome of infection 
can be shown to depend on this factor. 
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5. VIRUS-SPECIFIC VERSUS GENERALIZED 
IMMUNOSUPPRESSION 

STEVEN SPECTER et al. 

Regardless of the mechanism by which suppression is induced, the nature 
and extent of the decrease in immunity may vary, depending on the inducing 
virus. This may include viruses that suppress only one aspect of immunity, 
most commonly cell-mediated immunity, or those that selectively suppress sev
eral but not all responses. Occasionally, a virus may cause a generalized immu
nosuppression in which virtually all immune function decreases. This can be 
observed during the later stages of many retrovirus infections. 

Interestingly, one may see a decrease in responses to mitogens or non viral 
antigens, while antiviral responses seem to be quite normal. The reasons for this 
are not clear but are possibly related to a selective effect on a particular lymphoid 
cell subpopulation. The inverse situation, in which antiviral responses are de
pressed but non viral responses seem to be intact, is also reported. In this case, 
cells previously committed immunologically may be unaffected, whereas anti
viral effector cells or their precursors might be suppressed. In this regard, 
Nash(26) recently reviewed the concepts of virus-induced immunologic tolerance 
and suppression as mechanisms by which viruses can alter immune reactivity. 
The induction of tolerance generally affects only immune responses to viral 
antigens; it may be T-cell specific (class II MHC antigen specific), or both Band 
T cell responses may be suppressed. By contrast, in infections in which sup
pressor cells are induced suppression also affects heterologous antigens and/or 
mitogen responses. In any case, the relationships of viral specific to generalized 
immunosuppression are not clear. For example, it seems possible that the latter is 
essential for the former to become established. 

6. HOW IMMUNOSUPPRESSION CAN AFFECT PATHOGENESIS 

The complexity of the interactions between viruses and the immune sys
tem is only beginning to be understood. However, there are some areas in 
which we have developed a reasonable understanding of how these rela
tionships help tip the balance to favor either host or virus. Clearly, this is most 
apparent in infections in which the virus can cause the destruction of large 
numbers of immunocompetent cells. Ultimately, a generalized immunodefi
ciency develops that enhances the probability that the host will develop oppor
tunistic infections of neoplastic disease. In the compromised state of the host, 
these secondary infections are usually fatal. This seems to be the story of HIV, 
a vicious catch-22. Immunosuppressive superinfections, viral or otherwise, may 
be cofactors that enhance susceptibility to AIDS in HIV -infected individuals; 
HIV in turn further suppresses the system, allowing even more severe conse
quences attributable to opportunistic infections, which would normally not be 
pathogenic. 

In certain circumstances, the ability of the virus to compromise the im
mune system appears to have little effect on the pathogenesis of the virus. This 
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is most evident with some live attenuated virus vaccines that transiently sup
press immunity with no apparent consequence in immunocompetent indi
viduals. In the immunocompromised host, however, these vaccines can have 
devastating effects. The failure of immune suppression to generate severe 
pathology is somewhat puzzling but is most likely related to the fact that the 
immune functions affected do not include important effectors of antimicrobial 
defenses, such as CTL. Alternatively, it may be that the suppressive effects 
induced by the virus are too short-lived to cause problems for the host. 

Finally, there may be the positive aspect of immune suppression, from the 
point of view of the host. Virus-specific immune responses can have pathologic 
consequences. By suppressing these responses, such consequences can be 
avoided. One must be wary that the loss of these immune reactions that prevent 
acute pathogenesis may contribute to the establishment of viral persistence; 
this may have severe consequences for the host in the form of chronic diseases. 

Thus, the balance of immune responsiveness and virus-induced immune 
suppression is a delicate state. We must be guided by this realization when 
trying to develop effective therapies to counteract viral infections by manipula
tion of the immune responsiveness (see Chapter 21). Strong immune reactivity, 
if not properly balanced, is not necessarily a benefit. 

This volume is dedicated to the studies of all the major pathogenic virus 
groups and their ability to downregulate the immune response in their natural 
host and/or experimental models; it also examines the consequences of the 
immunosuppressive activity. These studies provide examples of virtually all the 
possible modes by which the immune response can be suppressed. 

REFERENCES 

I. Old, L., B. Benacerraf, D. A. Clark, and H. Goldsmith, The reticuloendothelial system 
and the neoplastic process, Ann. NY Acad. Sci. 88:264-280 (1960). 

2. Peterson, R. D. A., R. Hendrickson, and R. A. Good, Reduced antibody forming capacity 
during the incubation period of passage A leukemia in C3H mice, Proc. Soc. Exp. BioI. 
Med. 114:517-520 (1960). 

3. Specter, S., and H. Friedman, Viruses and the immune response, Pharmacol. Ther. A 
2:595-622 (1978). 

4. Szentivanyi, A. and H. Friedman (eds.), Viruses, Immunity and ImmunodefiCIency, Plenum, 
New York (1986). 

5. Editor, What to call the AIDS virus, Nature (Lond.) 321:10 (1986). 
6. Popovic, M., M. G. Sarngadharan, E. Read, and R. C. Gallo, Detection, isolation and 

continuous production of cytopathic retroviruses (HTL V -III) from patients with AIDS 
and pre AIDS, Science 224:497-500 (1984). 

7. Rose, N. R., H. Friedman, and]. L. Fahey (eds.), Manual of Clznzcal Laboratory Immu
nology, 3rd ed., American Society of Microbiology, Washington, D. C. (1986). 

8. Specter, S., and G. ]. Lancz (eds.), Cltnzcal Vzrology Manual, Elsevier, New York (1986). 
9. Escobar, M. R., and P. D. Swenson, Mechanisms of viral immunopathology, in: The 

Retzculoendothelzal System: A Comprehensive Treatzse, Vol. 4: Immunopathology (N. R. Rose 
and B. V. Siegel, eds.), pp. 201-254, Plenum, New York (1983). 

10. Sissons,]. G. P., and M. B. A. Old stone, Host response to viral infections, in: Fundamen
tal Vzrology (B. N. Fields and D. M. Knipe, eds.), pp. 265-279, Raven, New York (1986). 



18 STEVEN SPECTER et al. 

11. Mogensen, S. C., Macrophages and genetically determined natural resistance to virus 
infections, in: VIruses, Immunity and ImmunodefICiency (A. Szentivanyi and H. Friedman, 
eds.), pp. 13-24, Plenum, New York (1986). 

12. Dinarello, C. A., Interleukin-l, Rev. Infect. Dis. 6:52-57 (1984). 
13. Varesio, L., Suppressor cells and cancer: Inhibition of immune functions of mac

rophages, in: The Reticuloendothelial System: A Comprehensive TreatISe, Vol. 5: Cancer (R. B. 
Herberman and H. Friedman, eds.), pp. 217-252, Plenum, New York (1983). 

14. Herberman, R. B., M. E. Nunn, H. T. Holden, and D. H. Lavrin, Natural cytotoxic 
reactivity of mouse lymphoid cells against syngeneic and allogeneic tumors. II. Charac
terization of effector cells, Int.]. Cancer 16:230-239 (1975). 

15. Lopez, C., Natural resistance mechanisms in herpes virus infections, in: Viruses, Immunity 
and ImmunodefICiency (A. Szentivanyi and H. Friedman, eds.), pp. 3-11, Plenum, New 
York (1986). 

16. Herberman, R. B., Natural killer cell activity and antibody-dependent cell-mediated 
cytotoxicity, in: Manual of Clinical Laboratory Immunology, 3rd ed. (N. R. Rose, H. Fried
man, and J. L. Fahey, eds.), pp. 308-314, American Society of Microbiology, Wash
ington, D. C. (1986). 

17. Hirsch, R. L., 1 he complement system: Its importance in the host response to viral 
infection, Mlcrobiol. Rev. 46:71-85 (1982). 

18. Dulbecco, R., and H. S. Ginsberg, VIrology, Harper & Row, Hagerstown, Maryland 
(1985). 

19. Watson,J. D., R. L. Prestridge, D. Y. Mochizuki, and S. Gillis, Interleukin 2, in: Rec0l!;m
tlOn and Regulation In Cell-Mediated Immumty G. D. Watson and J. Marbrook, eds.), pp. 
265-290, Dekker, New York (1985). 

20. Ihle, J. N. and Y. Weinstein, Interleukin 3: Regulation of a lineage of lymphocytes 
characterized by the expression of 20 aSDH, in: RecognItIOn and RegulatIOn in Cell
Mediated Immunity G. D. Watson andJ. Marbrook, eds.), pp. 291-324, Dekker, New York 
(1985). 

21. Ceredig, R., J. W. Lowenthal, M. Nahholz, and H. R. MacDonald, Expression of in
terleukin 2 receptors as a differentiation marker on intrathymic stem cells, Nature 
(Lond.) 314:101-103 (1985). 

22. Hadden, J. W., S. Specter, and E. Hadden, Effects of T cell growth factor/interleukin 2 
on prothymocytes, Lymphoklne Res. 5:549-554 (1986). 

23. Matis, L. A., S. Shu, E. S. Groves, S. Zinn, T. Chou, A. M. Kruisbeek, M. Rosenstein, and 
S. A. Rosenberg, Adoptive immunotherapy of a syngeneic murine leukemia with a 
tumor-specific cytotoxic T cell clone and recombinant human interleukin 2: Correlation 
with clonal IL-2 receptor expression,]. Immunol. 136:3496-3501 (1986). 

24. Conlon, P. J., T. L. Washkewicz, D. Y. Mochizuki, K. L. Urdal, S. Gillis, and C. S. 
Henney, The treatment of induced immunodeficiency with interleukin 2, Immunol. Lett. 
10:307-314 (1985). 

25. Sehgal, P. B., L. M. Pfeffer, and I. Tamm, Interferon and its inducers, in: Chemotherapy 
of Viral InfectIOns (P. E. Came and L. A. Caliguiri, eds.), pp. 205-312, Springer-Verlag, 
Berlin (1982). 

26. Nash, A. A., Tolerance and suppression in virus diseases, BT. Med. Bull. 41:41-45 
(1985). 



Immunomodulation by 
Hepatitis B and Related 
Viruses 
MARIO R. ESCOBAR 

1. INTRODUCTION 

2 

Immunodeficiency disorders may occur as a result of one or more defects 
within the immune system spanning stem cell deficiencies, through immu
noregulatory dysfunction, to a restricted failure to recognize or mount an 
immune response against certain antigens. The identification of these defects is 
complicated by their secondary effects, or by opportunistic infections in the 
immunocompromised host. Although the extent to which viral infections can 
initiate these deficits remains to be evaluated in most cases, the active role of 
many viruses in inducing immunosuppression is well established. 

The conventional view held for many years, that hepatitis B virus (HB V) 
was strictly hepatotrophic has recently been re-evaluated. A number of reports 
have been published documenting the presence of hepadnaviral genomes in 
extrahepatic sites, particularly T and B lymphocytes from humans, chim
panzees, Peking ducks, and woodchucks.(l-7) The infection of cells of the 
immune system by HBV is of special relevance to the subject of viral immu
no modulation because this is how HBV may exert an effect on their functions. 

The recent finding that the basic replication cycle of hepadnaviruses in
volves the synthesis of viral DNA by reverse transcription of an RNA template, 
a step previously thought to be unique to retroviruses, is also crucial.(8) Accord
ingly, viral replication appears to be indicated only when RNA: DNA hybrid 
molecules are present in the productively infected cell. In addition to duck 
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HBV (DHBV), hepadnavirus infection of peripheral blood lymphocytes ot 
chimpanzees and woodchucks in vivo has also been demonstrated.(9) 

Despite the remarkable paucity of data available in the literature dealing 
with the immunosuppressive role of HBV, this review focuses on related im
munologic events and potential mechanisms of HBV immunosuppression. 
Studies of the effects of HB V on the immune system mostly have been limited 
to investigations of the immunopathogenesis of chronic viral hepatitis. Never
theless, there is already adequate justification for delving further into this 
exciting area. 

2. BASIC PROPERTIES OF HUMAN HEPATITIS B 
AND RELATED VIRUSES 

Human HBV has the distinction of being the prototype member of a 
relatively new and expanding family of animal viruses known as the Hepad
naviridae.(lO,II) The other members of this family are viruses closely related to 
HBV, which infect woodchucks (WHV),(l2) beechy ground squirrels 
(GSHV),(13) and Peking ducks (DHBV).(14) These viruses have several basic 
properties in common, including morphology, antigenic composition (except 
for DHBV), DNA size and structure, DNA polymerase, a tropism for the liver 
and an association with persistent infection and, for WHY and HBV, primary 
hepatocellular carcinoma. With the use of monoclonal antibodies, hepatitis B 
surface antigen (HBsAg) and the surface antigens of WHY and GSHV have 
been demonstrated to be antigenically related via a common determinant,(15) 

The Dane particle, which is the infectious noncytopathic form of HB V, is a 
42-nm spherical virus consisting of a 7-nm outer shell and 27-nm inner core 
that encloses the viral DNA and DNA polymerase.(16) The outer surface com
ponent contains HBsAg and the inner core component contains hepatitis B 
core antigen (HBcAg). In addition to Dane particles, numerous HBsAg 22-nm 
spherical particles and tubular structures of the same diameter and variable 
length circulate in the blood of HBV-infected individuals accumulating to high 
levels (1013/m).(l7) Four major subtypes have been reported (adw, adr, ayw, and 
ayr) based on the presence of the common group-reactive determinant a and 
the mutually exclusive antigenic subspecificities d or y(18) and w or r.(19) 

The HBcAg consists of a major polypeptide, p25, and its glycosylated 
form, gp28. Additional polypeptides of high molecular weight (p39/gp42 and 
p33/gp36) have been associated preferentially with the intact virion and the 
filamentous form of 22-nm particles.(20,21) The p25 polypeptide is encoded by 
the S gene beginning from the third possible translational initiation site of a 
larger open reading frame (ORF) and is preceded in phase by 174 codons (adw 
subtype) designated the pre-S region.(22) The large ORF for HBsAg terminates 
in a single stop codon but can initiate at three possible translational start 
codons, which define the pre-S(l), pre-S(2), and S regions, yielding p39, p33, 
and p25, respectively. All three polypeptides share the 226 amino acid residues 
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of the S region (p25): p33 consists ofthe p25 sequence plus an amino-terminal 
55 residues [pre-S(2)j,(23.24) and p39 consists of the p33 sequence plus an 
amino-terminal 119 residues [pre-S(l)].(20) Consequently, three different enve
lope polypeptides are expressed by the variable use of initiation codons in one 
ORF, and HBsAg-containing virions or particles may vary in composition rela
tive to these polypeptides. It should be noted, therefore, that HBsAg/p39 
particles contain all three polypeptides. 

HBcAg, in contrast to HBsAg, is not readily detectable in the serum, but 
removal of the outer HBsAg component of the Dane particle with non ionic 
detergents results in the release of serologically reactive HBcAg.(16) Solubiliza
tion of either the inner HBcAg component of Dane particles or core compo
nents from infected liver with sodium dodecyl sulfate (SDS) and 2-mercap
toethanol results in the appearance of hepatitis e antigen (HBeAg) and the 
disappearance of HBcAg reactivity, suggesting that HBeAg is a structural com
ponent of the inner core of the Dane particle.(25,26) HBeAg can also be de
tected as a soluble protein in the serum of many HBV-infected individuals. 
Three subspecificities of HBeAg, termed e l , e2' and e3' have been identified 
using immunodiffusion,(27,28) and two HBeAg determinants have been dem
onstrated more recently using monoclonal antibodies.(29) During HBV infec
tion, HBsAg, HBcAg, and HBeAg can induce an antibody response in the host 
with the development of anti-HBs, anti-HBc, and anti-HBe, respectively. The 
inner core component of the Dane particle consists of an endogenous DNA 
polymerase and a unique viral genome, -3000 nucleotides in length, is circular 
and partly single stranded, containing an incomplete plus (+) strand. The 
incomplete plus strand is complexed with the DNA polymerase in the virion. 
Under appropriate conditions, the polymerase can elongate the plus strand, 
using the complete minus (-) strand as the template. These morphologic and 
structural features distinguish HBV from all known classes of DNA-containing 
viruses. The replication cycle of HBV is strikingly different from other DNA
containing viruses and suggests a possible relationship with the RNA-contain
ing retroviruses.(30) 

3. IMMUNOPATHOLOGIC SEQUELAE OF HEPATITIS B VIRUS 
INFECTION 

The natural course and immunopathologic sequelae of HB V infection are 
illustrated diagrammatically in Fig. I. They may be influenced by pathogenetic 
determinants, which include both viral and host factors (e.g., HBV subtype, 
dose, mode of transmission, and host age, sex, physiologic state). The per
sistence of viral synthesis in patients without liver injury (i.e., silent carriers of 
HBsAg) suggests that HBV itself is not directly cytopathic for hepatocytes. 
Nonetheless, viral persistence is frequently incriminated in chronic hepatitis 
indicating that the virus is at least necessary, if not a causative factor, in the 
disease process.(31) 
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Blumberg(32) postulated that HB V has the characteristics of a genetic poly
morphic trait on its surface (similar to those of inherited erythrocyte antigens 
and enzymes, serum proteins, and others) and that putative hosts are also 
polymorphic for related antigens that mayor may not match the antigens 
present on the virus. Thus, the fate of the virus in the host as well as the clinical 
sequelae of infection and the host's immunologic responses may be determined 
by the nature of the match between the virus and the putative host. On the 
other hand, genetic factors may potentially control the immune response to 
HBV which determines who recovers from HBV infection and who is left with 
either persistent infection or chronic liver disease, or both. Although no HLA 
markers have been associated conclusively with chronicity of HB V infection, 
nonresponders to hepatitis B vaccine have a high frequency of HLA-D7 and 
lack HLA-D 1.(33) Similarly, H -2 loci appear to control T -dependent humoral 
immune responsiveness to HBsAg in inbred strains of mice.(34-36) Paradox
ically, however, nonresponse of humans to the HBsAg in hepatitis B vaccine 
does not correlate with an altered clinical response to HBV. Among nonres
ponders to hepatitis B vaccine, the likelihood of remaining chronically infected 
after natural HBV infection remains unchanged.(37) Although there is evi
dence that the level of HB V replication correlates inversely with the degree of 
HLA protein expression on hepatocytes,(38) to date no role for genetic influ
ences has been documented in chronic active hepatitis B'(39) 

Since males have a greater likelihood of remaining chronically infected 
than do females, the influence of sex-linked factors on immune responsiveness 
to HBV is possible. It has been observed that renal transplant recipients who 
are anti-HBs positive are more likely than anti-HBs-negative recipients to re
ject a male than a female donor kidney. This also suggests that the immune 
response to HBV antigens is affected differently by gene products of males 
versus females. Nonimmune clearance of HBsAg was found to be diminished 
in male mice compared with female mice, and male mice with diminished 
clearance of HBsAg also mounted lower anti-HBs responses'(40) However, a 
clear effect of gender on measurable indicators of immunologic responsiveness 
to HB V antigens has not been demonstrated.(39) 

There are numerous reports of clinical observations, in vitro investigations, 
and hypotheses to suggest that cell-mediated immunity (eMl) plays a causative 
role in the production of liver damage in hepatitis B. This follows directly from 
the belief that HBV is not a cytopathic agent and that the mononuclear cells 
adjacent to dying hepatocytes in hepatic infiltrates are responsible for the 
death of those cells. Furthermore, there are many clinical studies that indicate 
that eMl mechanisms are responsible for the liver injury observed in patients 
with chronic active hepatis.(41) Nevertheless, despite this abundance of data to 
support the major role of eMl in liver damage and the apparent liver specifici
ty of eMI responses demonstrated by Smith and co-workers in vitro, these 
responses may be the results of the liver injury and not to have triggered its 
pathogenesis.<42.43) Therefore, even the best in vitro assay of eMl cannot dis
criminate between primary pathologic events and epiphenomena.(41) 
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4. INTERACTION OF HEPATITIS B VIRUS WITH THE 
IMMUNE SYSTEM 

4.1. Antibody Production 

Most persons infected with HBV develop acute hepatitis followed by clear
ance of the virus and resolution of their disease, as indicated by disappearance 
of HBsAg from their blood and, ultimately, the development of anti-HBc and 
anti-HBs. However, a small percentage of adults infected with HBV are unable 
to eliminate the virus. Their serum remains positive for HBsAg and frequently 
HBeAg, thus becoming chronic HB V carriers. These carriers do not develop 
detectable anti-HBs, although they do produce high titers of anti-HBc and 
anti-HBe when HBeAg is lost. The persistence of HBsAg in the absence of 
anti-HBs is strong evidence that these individuals have a specific immunologic 
nonresponsiveness to this antigen, therefore, explaining their inability to eradi
cate HBV. The chronic carrier state is particularly common among individuals 
with conditions or disease associated with significant immunologic hyporespon
siveness, such as newborns, patients who are iatrogenically immunosuppressed, 
or those who are undergoing renal dialysis and patients with Down syndrome, 
Hodgkin disease, acute leukemia, and lepromatous leprosy.<44-46) Since the 
vast majority of chronic HBsAg carriers are otherwise normal with no gener
alized perceptible immunologic deficiency,(47) one would have to expect that 
the carrier state is due to a specific immune defect, such as a deficiency in 
recognition, processing, or response to one of the HBV antigens.(48) A very 
elegant transgenic mouse model of the chronic HBsAg carrier state has been 
described by Chisari and his group,(49) which along with numerous human in 
vitro experiments,(48.50-53) have attempted to address this important issue. 

Investigation of the murine humoral and cellular immune response to the 
S region of HBsAg has revealed the influence of at least two H-2-linked im
mune response (Ir) genes and identified HBsAg/p25 high-responder (H-2d 

and H-2q) and nonresponder (H-2f and H-2s) phenotypes.(34) Later, studies 
from the same laboratory showed that (1) the pre-S(2) region was significantly 
more immunogenic than the S region of HBsAg; (2) the immune responses to 
the pre-S(2) region are regulated by H-2 linked genes distinct from those that 
regulate the response to the S region; and (3) immunization of an S-region 
nonresponder strain with HBV envelope particles that contain both the pre
S(2) and the S regions can circumvent nonresponsive ness to the S region.(54) 
More recently, this analysis has been extended to the pre-S(1) region indicating 
that (I) it is immunogenic at the T and B cell levels; (2) specific antibody 
production is regulated by H-2-linked genes and can be independent of anti-S 
and anti-pre-S(2) antibody production; (3) immunization of H-2f strains with 
HBsAg/p39 particles containing the pre-S(l) region can bypass nonrespon
siveness to the Sand pre-S(2) regions in terms of antibody production; (4) two 
synthetic peptides, p32-53 and p94-117, define murine and human antibody 
binding sites on the pre-S(1) region, and pl-21 and p12-32 define additional 
human antibody binding sites; (5) pre-S(I)-specific T cells can be elicited in S 
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and pre S(2) region nonresponder mice (H-2f) and provide functional T cell 
help for S-pre-S(2)-, and pre-S(l)-specific antibody production; and (6) a T-cell 
recognition site in the pre-S(l) region, pI2-32, was identified. These findings 
were considered of importance to HB V vaccine development, and possibly to 
viral clearance mechanisms, since the higher-molecular-weight polypeptides 
are preferentially expressed on intact virions.(55) 

It is quite clear that the immune response to HBsAg in patients who 
recover from HBV infection and in vaccinees has a major function in the 
immunity against HBV infection'<21,56)-58) There is evidence from in vitro and 
animal experiments that, as wilh most soluble and particulate antigens, syn
thesis of anti-HBs is regulated by T cells(59-61) and that T cells appear to be 
involved both in the immunity and immunopathology of hepatitis B.<39,58) 

The mechanisms underlying the inability of chronic HBs carriers to pro
duce anti-HBs antibodies have yet to be identified with certainty. Actually, 
approximately one third of these carriers do have low titers of serum anti-HBs. 
Studies have shown, however, that this anti-HBs is heterotypic; i.e., it is directed 
against subdeterminants of HBsAg that are not present in that serum.(62) It has 
been postulated by Kerlin and co-workers that the persistence of HBsAg in these 
individuals may be related to a defect in T-cell function promoting continuous in 
vivo production of injurious autoantibodies, or deficient suppressor T-cell (Ts) 
function with insufficient modulation of the antibody response.(52) These inves
tigators found that T-cell regulation of pokeweed mitogen (PWM)-stimulated 
total IgG and IgM synthesis in vitro failed to distinguish between chronic H13V
infected patients and controls with circulating anti-HBs. Alternatively, a lack of 
helper T-cell (Th) function or excessive Ts activity in patients with chronic HB V 
infection could explain the inability to mount a primary antibody response to the 
virus. In this regard, studies of greater relevance to our understanding of 
immunoregulation of anti-HBs synthesis during HB V infection were carried out 
by Dusheiko et al.(48) These workers demonstrated that 33% of carriers in their 
study appeared to have a defect in Th augmentation of anti-HBs antibody 
production, and 41 % of carriers had enhanced Ts activity that decreased such 
production. The presence of these abnormalities did not correlate with the 
clinical status or degree of chronic hepatitis in their patients. Although these 
experiments, in contrast to those by Kerlin et al.(52) measured anti-HBs antibody 
specifically, Th activation was assessed by PWM stimulation rather than by 
HBsAg. It would have been more valuable to have used specific antigen, since it 
has been reported that PWM activates B cells in a nonspecific manner.(63) These 
studies may have been potentially flawed by allogeneic differences and the 
independent effect of suppressor monocytes in the co-culture experiments. 
They were able, however, to demonstrate an absence of circulating B cells 
capable of producing anti-HBs antibody despite the elimination of Ts activity 
and under conditions of maximal Th function. 

The number of anti-HBs antibody-producing lymphocytes in the circula
tion or their state of activity has not been measured. This information would 
help determine whether these cells are still present in the body, but at different 
sites (e.g., liver and spleen). The possibility remains also that these cells may 
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have been tolerized or that their in vitro proliferation and ability to synthesize 
anti-HBs (up to 500 JLg/ml) also may quickly absorb available homotypic anti
HBs present in chronic HBsAg carriers. This possibility is consistent with the 
presence of immune complexes ofHBsAg/anti-HBs in the serum and tissues of 
these individuals. However, this explanation for the lack of detectable serum 
anti-HBs antibody in chronic HBV carriers has been questioned(48) because of 
the technical limitation of the tests employed in these studies. 

A more recent and particularly attractive hypothesis to explain the failure of 
chronic HBsAg carriers to develop anti-HBs antibody is based on the earlier 
finding that HB Vas well as HBsAg can interact with host serum albumin (HSA). 
The recruitment of HSA is achieved by the presence of receptor structures for 
polymerized HSA (pHSA) on the outer coat of HB V, coded for by the pre-S 
region of the HBV genome.<64.65) The extraordinary capacity of HBV to bind 
this "self' component and its relation to tolerance induction is an important 
immunological aspect, which needs to be further investigated. Recent studies(66) 
have shown that antibodies against the receptor for pHSA, determined by 
radioimmunoassay (RIA), were present in 1 % (4 of 358 sera) of asymptomatic 
carriers of HBsAg containing antibodies to HBeAg; in none of 67 sera contain
ing HBeAg; in 74% (Ill of 150 sera) of blood donors, who presumably had 
acquired anti-HBs following natural infection; and in none of 77 successful 
vaccinees against hepatitis B. These observations may be relevant to our under
standing of the immune mechanisms of HBV infection. All these studies are 
based on the observation that the pre-S(2) sequences of HBV and HBsAg react 
with glutaraldehyde-polymerized HSA (GA-HSA). However, naturally occur
ring pHSA, unlike GA-HSA, does not bind significantly to HBsAg,(67) casting 
doubt on the validity of the postulate. More recently, Neurath et al.(68) located 
within the HB V envelope proteins a sequence mediating the attachment of HB V 
to human hepatoma HepG2 cells. A synthetic peptide analogue is recognized by 
both cell receptors and anti-HBV antibodies and elicits antibodies reacting with 
native HBV. 

Anti-HBs antibody produced after exposure to HBV has been reported to 
consist primarily of anti-a specificity.(69) The development of antibody to the 
common a determinant appears to confer protection against reinfection with 
HBV, regardless of the subtype.(56,70) However, up to 2.8% of HBV-infected 
individuals fail to develop antibodies to such antigen.(69) This situation was 
illustrated by the report of a case in a patient in whom acute hepatitis B 
developed despite the presence of pre-existent anti-HBs, which was detected 
during an episode of acute non-A, non-B (NANB) hepatitis. This marker 
persisted up to the onset of acute hepatitis B, disappeared for about 1 month, 
and subsequently reappeared. Since this patient had no clinical history of viral 
hepatitis before the acute NANB hepatitis, it was presumed that the anti-HBs 
antibody present during the acute phase of NANB hepatitis was a residuum 
from a previous subclinical HBV infection. The HBsAg antibody present dur
ing this patient's second HBV infection was subtyped as ayw by a blocking RIA 
procedure. Using a similar technique, the anti-HBs antibody detected before 
the period of HBs antigenemia appeared to be almost exclusively of anti-d 
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specificity, since only HBsAg subtypes with d specificity blocked the anti-HBs 
activity significantly, while that detected after HBsAg positivity appeared to 
have both anti-d and anti-y specificity. A later serum sample collected 7 months 
after onset of acute hepatitis B clearly demonstrated an increase in the anti-y 
activity with the anti-d activity remaining constant. The source of this patient's 
second HBV infection may have been a known sexual partner whose anti-HBs 
antibody was broadly reactive with blocking by all eight subtypes. However, the 
sexual contact appeared to have significantly more anti-y than anti-d activity, 
consistent with the hypothesis that he was the source of the patient'S HBV 
infection.(71) 

A rather novel hypothesis to explain the suppression of production of anti
HBs antibody and the maintenance of the carrier state of HBsAg has been 
based on the idiotype-antiidiotype network.(72) An IgM-specific anti [anti-HBsl 
antibody was found only in sera of HBV-infected patients, both acute and 
chronic. However, not all HBsAg-positive patients exhibited this reaction, and 
activity was correlated with the presence of HBeAg. Approximately 93% of the 
sera with antiidiotype activity also contained HBeAg. Conversely, 70% of the 
sera positive for HBeAg reacted in the IgM assay. No correlation was observed 
between the presence of antiidiotype and rheumatoid factor or elevated serum 
alanine aminotransferase (AL T; formerly SGPT) levels. 

Despite the early appearance of anti-HBc antibody in acute viral hepatitis 
B, it is the anti-HBs that has been considered protective against reinfection, 
hence the use of purified HBsAg in vaccination. It is important to re-evaluate 
this concept in view of two recent reports. Tabor and Gerety(73) found that 
chimpanzees immunized with purified HBcAg became resistant to virus chal
lenge. This observation may clarify the immune status of individuals who are 
anti-HBc positive alone. Goudeau and Dubois(74) obtained some unexpected 
results when immunizing anti-HBc-positive volunteers during a clinical trial of 
hepatitis B vaccine in hospital personnel. Of these, 14 who were anti-HBc 
positive alone received three doses of 5 I-Lg HBsAg alum vaccine (Hevac B, 
Institut Pasteur) spaced 1 month apart. The anti-HBs seroconversion rate was 
85%, significantly lower than the 96% observed in seronegative staff in the 
same settings.(75) A true anamnestic response (rapid increase in anti-HBs after 
the first injection) was observed in only one subject, all the others having a 
primary type of response. There was no obvious relationship between this 
relatively low response and either increasing (two cases), decreasing (three 
cases), or stable anti-HBc titers, or the presence of anti-HBc IgM. These inves
tigators suggested that a degree of anergy to HBsAg may be one characteristic 
of individuals who do not acquire anti-HBs after HBV infection or who lose it 
quickly. Some of them remain chronically infected, with low-level synthesis of 
HBsAg undetectable by conventional procedures.(76,77) 

There is usually no difficulty in detecting antibodies to other HBV anti
gens (e.g., anti-HBc and anti-HBe antibodies) by conventional assays. It is 
interesting to note that in patients with chronic active hepatitis B and in silent 
HBsAg carriers, whose immunologic tolerance to HBsAg may be induced and 
maintained by the HBsAg-HSA complex, sensitization of immunocompetent 
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cells and establishment of effector-cell functions toward HBcAg is altered.(78) 
That is, monomeric (7-8S) anti-HBc IgM is produced, in contrast to the 19S 
anti-HBc IgM detected during acute viral hepatitis B.(79,80) Membrane-bound 
IgG antibodies with specificity for HBcAg have been demonstrated on liver 
cells from these patients. Eluates obtained after urea treatment of isolated 
hepatocytes contained HSA, HBsAg, and IgG, when analyzed for protein con
tenU8l) These antibodies may participate in the maintenance of immunologic 
tolerance to HBV-infected hepatocytes by local activation of Ts(82) or by anti
gen-receptor blockade through cross-reactivity with HSA in association with 
HBV antigens expressed on the hepatocyte, or steric hindrance.(78) It should 
be reiterated that although numerous studies have been reported in favor of 
the role of HBcAg in hepatocellular injury, playing down the importance of 
HBsAg in this connection, there are both clinical and laboratory observations 
that cannot be reconciled with this hypothesis. Nevertheless, this hypothesis is 
still viable and merits further consideration. If indeed HBcAg is the target for 
cytolytic T cells (CTL), other factors (e.g., target cell properties and immu
noregulatory function) may explain differences in outcomes among individuals 
infected with HBV.(4l) 

4.2. T Lymphocytes 

Lymphocyte subpopulations in patients with acute and chronic hepatitis 
have been investigated in an effort to elucidate their regulatory and effector 
functions in liver damage. Early studies involved the enumeration of circulat
ing Band T lymphocytes and yielded conflicting findings from which no 
conclusions could be drawn. Nouri-aria et al.(83) recently investigated the rela
tionship between histologic classification and the control of B-cell differentia
tion in HBV infection, including 68 patients with HBs antigenemia and a 
spectrum of liver damage in addition to 25 controls. Spontaneous immu
noglobulin G (IgG) production was related to the degree of inflammation with 
significantly elevated IgG levels only in patients with chronic active hepatitis. 
Concanavalin A (Con A)-induced suppressor cell regulation of IgG producing 
cells was also impaired in these patients. The degree of impairment was directly 
proportional to the severity of portal tract inflammation. These abnormalities 
were also found in patients with acute viral hepatitis, however, but were tran
sient in those with self-limited disease. The advent of monoclonal antibodies 
against helper-inducer (T4) and cytotoxic-suppressor (T8) T-cell subsets led to 
the analysis of T-cell subpopulations. In acute hepatitis B, the T4/T8 ratio was 
found to be minimally(84) or significantly(85) reduced, whereas in chronic active 
hepatitis B the ratio was variable(84) or low.(85) The decreased ratio in acute 
hepatitis B returns to normal upon resolution of the disease. This finding is 
similar to what has been reported for other viral infections, such as Epstein
Barr virus (EBV) and cytomegalovirus (CMV).(86) 

Of great interest, however, was the fact that the T4/T8 ratio in silent 
carriers of HBsAg was consistently subnormal and independent of viral rep
lication,(84) perhaps reflecting an increase in the suppressive immunoregulato-
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ry forces limiting immunologic attack on infected hepatocytes.(39,86) In contrast 
to these findings in certain aspects were those of Thomas et al. (85) These work
ers found that in chronic active hepatitis B, T4/T8 ratios depended on the level 
of viral replication, independent of disease activity. That is, patients with 
HBeAg and DNA polymerase had low T4/T8 ratios, while those with anti-HBe 
actually had mild increases. They also found that silent carriers of HBsAg had 
normal T4/T8 ratios. 

Additional disagreements in this area have also been reported by oth
ers,(87,88) including the lack of correlation between Ts phenotype and function. 
Barnaba et al.(87) investigated the relationship between T-cell subsets, as de
fined by monoclonal antibodies, and suppressor activity, using a short-lived 
suppressor cell assay. Their studies showed that patients with chronic HBV 
infection had an absolute reduction in the T4-positive subset and a significantly 
decreased T4/T8 ratio, as compared with healthy controls. Conversely, Pignata 
et al.(89) reported that in children with HBsAg-positive chronic active hepatitis 
the T4/T8 ratio was lower than in age-matched controls, which was mainly due 
to an increase of T8-positive cells. The number of T4-positive cells was even 
lower in severe chronic hepatitis patients, thereby reducing still further the 
T 4/T8 ratio. 

Alexander et al.(90) recently investigated the relationship of suppressor cell 
activity, viral replication, and the histologic type of disease to T-cell cytotoxicity 
against autologous hepatocytes in 42 consecutive HBsAg carriers undergoing a 
liver biopsy. The proportion of suppressor/cytotoxic lymphocytes directly cor
related with T-cell cytotoxicity to autologous hepatocytes, and both were high
er in those with HBeAg in serum than in those with anti-HBe antibody or in 
patients on corticosteroid therapy. There was no relationship to underlying 
histologic classification. By contrast, suppressor cell regulation of IgG-produc
ing cells was unrelated to the proportion of suppressor/cytotoxic lymphocytes 
in peripheral blood or HBeAg status, but impaired function was associated 
with chronic hepatitis, particularly chronic active hepatitis. These investigators 
suggest that the increased proportion of suppressor/cytotoxic lymphocytes in 
these patients represents an increase in the cytotoxic and not the suppressor 
cell subset. 

One of the problems in cell analysis is the inability to distinguish between 
Ts and CTL, owing to the lack of specific monoclonal antibodies needed to 
characterize the components of these lymphocyte subsets. Complicating this 
already major problem is the detection of T4-positive lymphocytes that can be 
induced to suppress the function of other Th'(86) It is also possible that the 
current methodology for evaluation of immunoregulatory phenotypes or func
tion is not sufficiently sensitive to detect changes in minor antigen-specific 
regulatory or effector cell subpopulations. In addition, it is impossible at this 
time to determine whether these changes represent primary pathogenetically 
important events, or secondary phenomena. In this regard, it is known that 
infection with a variety of viruses, even in the absence of abnormal protracted 
clinical outcomes, leads to altered T4/T8 ratios,(91) suggesting that the immu
nosuppression observed results from viral infection and does not necessarily 
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contribute to chronicity. Furthermore, since a substantial number of patients 
with hepatitis B being studied are homosexual men, some of the abnormalities 
in T4/T8 ratios may reflect an underlying immunosuppressed state, possibly 
associated with multiple frequent infections, rather than HBV infection alone. 
In the final analysis, these studies of immunoregulatory T-cell subsets, like 
studies of immunoregulatory and effector function, have not yet provided us 
with definitive information to identify the immunologic abnormalities involved 
with HB V infection. 

4.3. Macrophages 

The role of macrophages in murine viral hepatitis is relatively well de
fined.(92) By contrast, their role in HBV infection has yet to be determined. 
The extrahepatic sites in humans and chimpanzees where HBV DNA, either 
alone or as an RNA: DNA hybrid, has been detected include T and B lympho
cytes.(9) Although HBV DNA could not be found in macrophages by these 
investigators, the protective function of the cells of the reticuloendothelial 
system cannot be ruled out; i.e., HBV might persist in these cells for only short 
periods of time. It is possible that these cells are responsible for the removal of 
infectious virus particles from the circulation before they can gain access into 
the hepatocyte. Whether this function is achieved may depend on the size of 
the virus inoculum. The reticuloendothelial system might be overwhelmed by 
too large a virus inoculum, which could render the macrophages unable to 
process the virus adequately, thus paving the way to hepatocyte infection and 
disease.(31) Macrophage functions other than phagocytosis may also be in
volved in the immunopathology of hepatitis B infection, but to date no perti
nent studies have been reported. 

4.4. Natural Killer Cells 

The cytotoxic capacity of peripheral blood mononuclear cells (PBMC) 
from patients with acute and chronic hepatitis has been assessed in vitro against 
a variety of target cell lines that do not express known liver and HBV antigens. 
In other studies, defined liver or HBV antigens such as liver-specific protein or 
HBsAg were bound artificially to red blood cells (RBGs) or cultured cells and 
were used as targets for cell-mediated cytotoxicity by PBMC from patients with 
acute and chronic hepatitis B. Although many of the results from these in vitro 
studies were interpreted as reflecting the mechanism of liver cell damage in 
hepatitis B, the experiments were often flawed by the lack of appropriate 
controls or by technical pitfalls.(39) In addition, the literature is replete with 
conflicting reports of investigations using the same target cell line , PLC/PRF / 5. 
Thus, even when relatively similar methodologies and the identical cell line 
were employed by different investigators, divergent observations emerged. In 
short, the role of natural killer (NK) cells in the pathogenesis of liver injury 
associated with HBV infection remains obscure.(39) 
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4.5. Soluble Factors 

Several reviews(39,47,49,86,93,94) have dealt with the immunomodulatory role 
of factors found in the serum of patients with viral hepatitis. In addition to the 
products of impaired catabolism by the damaged liver, serum proteins, such as 
very-low-density lipoproteins (VLDL), two classes of immunoregulatory pro
teins synthesized in patients with viral hepatitis have been described. One is an 
abnormal low-density lipoprotein that inhibits the ability of T cells to form 
rosettes with sheep RBCs and has been named rosette inhibitory factor (RIF);(49) 
the other inhibits lymphocyte proliferation and proliferation-dependent func
tions and is termed serum inhibitory or immunosuppressive factor (SIF).(95,96) 
Although these serum factors had both been proposed to contribute to the 
immunopathogenesis of HB V -induced liver injury, evidence now indicates that 
RIF, and even more frequently, SIF, are also associated with nonviral liver 
diseases. In any case, RIF has been shown to inhibit primarily the rosetting 
activity of T cells expressing Fc receptors for IgM, a property that has been 
associated with Th.(97) It has been postulated that RIF exerts an immu
nomodulatory effect by interfering with the cellular-humoral interactions re
quired for the production of anti-HBs antibody. Several findings support this 
concept: (1) RIF levels are higher in HBsAg carriers without anti-HBs antibody; 
(2) RIF appears to interfere with Th; and (3) RIF inhibits the Ig secretory 
response of lymphocytes to stimulation with PWM.(98) 

The biochemical properties of SIF are different from those of RIF and 
other liver-derived immunoregulatory factors; it is a low-molecular-weight al
bumin-associated lipid or lipophilic peptide, which can even be detected, at low 
levels of activity, in albumin fractions of normal serum.(99) In the latter investi
gation, SIF did not appear to correlate as well with liver cell injury as RIF, a 
finding at odds with the detection by others of RIF in asymptomatic HBsAg 
carriers. (98) 

The role of interferon (IFN), which has both antiviral and immunoregula
tory functions, has also been investigated, as it relates to the immu
nopathogenesis of hepatitis B. It has been found, however, that HBV is not an 
efficient IFN inducer and that the PBMC of patients produce less, not more, 
IFN than controls.(lOO-103) Several studies have recently dealt with IFN", 
(virus-induced, a product predominantly of macrophages and NK cells but also 
of lymphocytes) and INF -y (immune IFN, a product of T cells). In contrast to 
earlier reports, Levin and Hahn found normal IFN", and IFN-y in the serum of 
patients with uncomplicated acute viral hepatitis (A, B, and NANB), but de
pressed levels in those with fulminant viral hepatitis.(lOl) This study suggested 
that the short-term outcome of acute viral hepatitis might essentially be deter
mined by the endogenous IFN production. That is, in self-limited acute viral 
hepatitis there was a rising IFN serum level and the mononuclear cells were in 
an antiviral state, whereas in patients with fulminant disease, the IFN system 
appeared grossly defective. It was speculated that this deficiency shown by the 
failure to detect IFN in the serum might be the cause of the fulminant course; 
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treatment with IFN", was followed by rapid activation of the IFN system and an 
uncomplicated recovery in some of these patients. These data(101) have far
reaching implications with regard to our understanding of the different forms 
of outcome and a potential treatment for acute viral hepatitis but they await 
confirmation. 

More recently, Pirovino et al.(104) measured IFN activity in the serum of 
patients with acute and chronic viral hepatitis B and compared the results with 
those in patients with nonviralliver disease, in patients with influenza, and in 
healthy controls. In all patients with acute and chronic viral hepatitis, no serum 
IFN could be detected, confirming data from earlier studies of acute viral 
hepatitis in which no circulating IFN was found. These investigators concluded 
that their results disprove the view that the amounts of serum IFN, detected at 
the time of the acute clinical illness, may be a determinant of outcome. 

Kato et al.(105) found that peripheral lymphocytes produced normal 
amounts of IFN", and IFNI3 (type I) in asymptomatic HBsAg carriers but de
creased levels in patients with chronic active hepatitis. This report agrees with 
that by Davis et al.,(106) which showed that the ability of lymphocytes from 
patients with chronic hepatitis B, NANB, and delta (D) to produce INF", was 
diminished but that IFN-y production was normal. This finding was interpreted 
as reflecting a defect of B-Iymphocyte function. Finally, Yousefi et al. (103) evalu
ated the IFN-y response of peripheral lymphocytes from patients with acute 
and chronic hepatitis following incubation with partially purified HBsAg. 
Whole lymphocytes from patients with acute hepatitis B, resolved hepatitis B, 
and chronic hepatitis B responded by producing IFN-y, while lymphocytes 
from asymptomatic healthy carriers did not. The significance of these observa
tions remains to be elucidated. 

5. SIGNIFICANCE OF HEPATITIS B VIRUS-INDUCED 
IMMUNOMODULATION IN PATHOGENESIS 

The mechanisms by which viruses in general induce immunosuppression 
are slowly being unraveled. Evidence accumulated over many years suggests 
that virus-induced immunomodulation may often be, as expected, the result of 
infection of cells directly involved in the immune response. Cytolysis of these 
target cells may be produced by certain viruses but, for HBV, this is most likely 
not the case because HBV is not a cytopathic virus. Destruction of the hepato
cytes occurs instead, according to most experts in the field, by CMI directed 
against viral antigens expressed on the surface of the infected hepatocyte. The 
liver is the source of a number of immunoregulatory molecules; therefore, 
liver injury may, directly or indirectly, alter the overall immunocompetency of 
the host. Although this should be an important consideration, the notion that 
HBV is not strictly a hepatotropic agent has opened new avenues of 
investigation. 

There is now enough evidence to show that the HBV genome can be 
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detected in other tissues, particularly Tand B cells, but not in macrophages.(107-
109) Frequently, most cells involved in the immune response are poorly per
missive for viral replication; however, the virus may persist in a latent form or 
integrated into their genome. Both replicative (HBV RNA: DNA hybrids) and 
nonreplicative (HBV DNA alone) forms of HBV have been found in lympho
cytes. Obviously, these observations are important to the tenet that HBV can 
exert a functional influence on cells participating in the immune response. 

Another noteworthy aspect is the role of HBV in the acquired immune 
deficiency syndrome (AIDS). Before the discovery of the etiologic role of the 
human T lymphotropic virus III/lymphadenopathy virus (HTL V -III/LA V) in 
AIDS, a number of other agents were incriminated as the etiologic agents of this 
syndrome, including HBV. It is interesting that the possible role of HBV as a 
cofactor in AIDS is being re-evaluated in the laboratory of the investigators who 
discovered HTL V -III/LA V. (3) DN A sequences of HB V were found in fresh and 
cultured lymphocytes from p':ltients with AIDS or pre-AIDS, even in the absence 
of conventional HBV serologic markers. Furthermore, the restriction DNA 
pattern was consistent with the integration of the HBV DNA. Two recent 
studies(l 10,11 I) have shown that HBV-infected individuals (e.g., homosexuals, 
drug users) are more prone to become HBV carriers with liver disease if they are 
anti-HIV positive. However, anti-HIV positive individuals with past or current 
HB V infection were not more likely to progress to AIDS than those who had no 
evidence of HBV infection. 
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Pa pova viruses 
GIUSEPPE BARBANTI-BRODANO 

1. GENERAL CHARACTERISTICS OF THE VIRUSES 

Viruses of the papovavirus group belong taxonomically to the family Pa
povaviridae.(l,2) The family is subdivided into two genera, Papillomavirus and 
Polyomavirus, whose members are widely distributed among several mammalian 
species. However, knowledge of immunologic aspects is limited to a few viruses 
of the group, the object of this chapter. 

Papovavirus virions are naked icosahedral particles that contain a double
stranded circular DNA genome. In contrast to these common characteristics, 
viruses of the Papillomavirus and Polyomavirus genus are different in virion and 
genome size as well as in sedimentation coefficient of the viral particle (Table 
I). Some members of the polyomavirus group (polyoma, BK, and JC virus) 
possess a virion-associated hemagglutinin that reacts with neuraminidase-sen
sitive receptors present on guinea pig and human red blood cells (RBCs). Each 
virus species has distinct surface antigens that do not cross-react with other 
members of the family. All members of each genus, however, share a common 
internal antigen shown by disrupting the virions. While viruses of the Poly
omavirus genus are readily grown in vitro, no tissue-culture systems are available 
to propagate papillomaviruses. Papovaviruses can infect cells lytically in vitro or 
transform them to a neoplastic phenotype. 

All papovaviruses are oncogenic. Papillomaviruses generally produce tu
mors in the species of origin. Polyomaviruses seem to be naturally nonon
cogenic or weakly oncogenic in the species of origin, whereas they are highly 
oncogenic when inoculated experimentally in rodents. While the genome orga
nization and mechanisms of transformation by papillomaviruses are still poorly 
understood, convincing evidence(3) has been accumulated that polyomaviruses 
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transform cells by the expression of specific proteins (tumor or T antigens) 
encoded in the early region of the genome. In transformed cells, viral DNA 
integrates into cellular chromosomes or may remain free, in an episomal 
state. Most papovaviruses are ubiquitous in their host species and generally 
produce an inapparent, latent infection that is affected by the immunologic 
status of the host. 

2. INTERACTIONS WITH THE IMMUNE SYSTEM 

2.1. Papillomaviruses 

Excellent reviews on general problems concerning papillomaviruses have 
recently been published.(4.S) Before considering the immunology of human 
papilloma viruses (HPV), it is worthwhile to examine the role of the immune 
system in animal papillomavirus infections. In fact, rabbit papillomavirus 
(RPV) and bovine papillomavirus (BPV) represent useful models to elucidate 
results with HPV. 

2.1.1. Rabbit Papillomavirus 

Rabbits respond to papillomavirus infection with both humoral and cell
mediated immunity. Neutralizing antibodies are detected that protect against 
reinfection. Antibodies, however, do not seem to be responsible for regression 
of papillomas because they are produced by animals with both regressing and 
persisting papillomas.<6.7) Cellular immune mechanisms seem to represent the 
main factor in papilloma regression, as suggested by the frequent presence of 
mononuclear cell infiltrates in regressing tumors.(8) Interestingly, reduction of 
cell proliferation begins in the upper layers of the tumor, whereas leukocyte 
infiltrates are mostly evident at the epithelial basement membrane, suggesting 
the involvement of soluble factors and lymphokines. 

Cell-mediated immunity was also demonstrated by in vitro experiments.(9) 
Lymph node cells from rabbits with both regressing and persisting papillomas 
inhibited colony formation by cells derived from papillomas or carcinomas. 
Sera from nonregressor rabbits, however, blocked the inhibitory effect induced 
by lymphocytes, indicating that humoral factors can play an important role in 
preventing regression. Further evidence that cell-mediated immune responses 
contribute to the outcome of RPV infection comes from tumor-bearing animals 
treated with methylprednisolone.(lO) Although steroid treatment did not influ
ence the length of the latency period, papilloma growth rate or malignant 
conversion, treated animals showed a high incidence of secondary papillomas 
and a very low rate of regressions: in 47% of untreated animals, papillomas 
regressed, whereas only 2.5% of the steroid-treated animals showed signs of 
regression. 
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2.1.2. Bovine Papillomaviruses 

The host immune response seems to be an important factor in controlling 
the effects of BPV infection. BPV type 4 causes alimentary tract papillomas in 
cattle.(l1,12) Progression of papillomas to carcinomas occurs with relatively high 
frequency in cows of the Scottish highlands feeding on bracken fern.(1l,12) 
Malignant transition may occur because this plant contains radiomimetic sub
stances(ll) that display immunosuppressive and cocarcinogenic activities when 
present in a long-term diet. 

2.1.3. Human Papillomaviruses 

2.1.3.a. Humoral Immunity. Antibodies to HPV structural proteins were 
detected in wart patients by immune electron microscopy (IEM)(l3,14) and 
immunoelectrophoresis.(15) By using a solid-phase radioimmunoassay (RIA), 
the percentage of persons producing antibodies to HPV -1 in an unselected 
population was found to reach a maximum of about 50% at 20 years and to 
decrease in the following age groups to a value of about 35%.(16) Since warts 
are typically a disease of youth and their incidence drops in the age groups 
beyond 20-30 years, it is tempting to speculate that humoral immunity is 
protective. This suggestion was supported by the observation that at the onset 
of regression all patients had virus-specific immunoglobulin M (IgM) anti
bodies, whereas only 12% of patients with nonregressive warts were IgM 
positive.(l7,18) 

Concurrent with wart regression, patients also develop complement-fixing 
IgG antibodies.<I9-22) No significant differences in virus-specific IgG antibody 
frequency and titer were found, however, between patients with regressing and 
persisting warts.(23) In addition, patients have been described with occasionally 
high levels of IgG antibodies but without any signs of wart regression.(24) 
Finally, in wart patients, the anti-HPV antibody titers are usually low,(l5,16,25) 
suggesting a limited antigenic stimulation by virus-specific antigens. Thus, the 
protective effect of humoral immunity in HPV infection and its role in wart 
regression remains uncertain. Even though the appearance of anti-HPV IgG 
antibodies may simply represent an epiphenomenon of regression, it may be a 
useful indicator to monitor wart evolution. 

2.1.3.h. Cell-Mediated Immunity. Several epidemiologic observations indi
cate a crucial role for cell-mediated immune mechanisms in protection against 
HPV infection. Patients treated with immunosuppressive drugs after organ 
transplantation often develop disseminated persisting warts.<26-28) Likewise, 
patients with cell-mediated immune deficiencies, particulary those affected by 
malignant conditions such as Hodgkin disease and chronic lymphatic leukemia, 
suffer from severe papillomavirus infections more frequently than do patients 
with humoral immune deficiencies.(29-32) These data are clearly in accordance 
with the observation that regression of flat and plantar warts shows many 
characteristics of a cell-mediated immune reaction. Macrophages and lympho
cytes accumulate in the dermis at the basal membrane and invade the basal 
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layers of epidermal cells, generally without diffuse infiltration of the degener
ating wart tissue.(33-35) 

Further support for the role of cell-mediated immunity in wart regression 
is given by epidermodysplasia verruciformis.(36) This rare disease with a fre
quent familial occurrence is associated with genetic disorders and immunologic 
defects. It is characterized by a lifelong generalized eruption of flat, often 
confluent, warts that cover extensive areas of the skin. Patients have a high risk 
for malignant transition of warts to carcinomas in skin sites exposed to light, 
since as many as 30% may develop skin cancer over the areas of verrucosis. 

In epidermodysplasia verruciformis, several parameters of cell-mediated 
immunity are impaired.(37-40) Patients show a reduction in the frequency and 
index of l-nitro-2,4-dichlorobenzene skin sensitization, percentage of E-ro
sette-forming lymphocytes, lymphocyte blastogenesis, and leukocyte migration 
inhibition. By contrast, the virus-specific humoral immune response is nor
mally preserved.(41) Although the impairment of cell-mediated immunity 
seems to be less pronounced in cases of common warts, reduced responsiveness 
in lymphocyte transformation tests(42) and decreased number of T cells(43) are 
frequently observed in wart patients, particularly in those with persistent or 
long-lasting warts. Patients with genital papillomas show similar immunological 
defects.<40.44) In this connection, it has been reported recently that in immu
nosuppressed women with HPV-associated lower genital intraepithelial neo
plasia, an altered T-helper/T-suppressor ratio and a deficient response to 
mitogenic stimulation correlated with persistent and recurrent tumors as well 
as with progression to invasive epidermoid carcinoma.(45) 

2.1.3.c. Modulation of Immunity by HPV. Several lines of evidence suggest 
that HPV may modulate the host-immune response or even display immunosup
pressive activity. These effects seem to be related to different HPV types. (37 .38.40) 
Cell-mediated immunity was well preserved in patients with HPV -I, HPV -4, and 
HPV -7 -induced skin warts, whereas it was considerably altered during infections 
by HPV -5 and HPV -8. The latter HPV types most commonly are associated with 
epidermodysplasia verruciformis. Moreover, in cases of persisting warts, cell
mediated immunity improved after surgical removal or spontaneous regres
sion(31.46) suggesting that immune depression was, at least in part, specifically 
determined by HPV infection. There are also reports on soluble factors present 
in wart extracts that may be able to protect persistent warts from immune attack 
by blocking the local expression of cellular immunity.(47) 

2.1.3 .d. Malignant Conversion of Warts and Genital Papillomas. As in the 
RPV system,(ID) malignant conversion does not seem to depend on the immune 
status of the patient, but rather to be related to the carcinogenic potential of 
some HPV types. Indeed, cell-mediated immunity was impaired to the same 
extent in 13 cases of epidermodysplasia verruciformis with lesions induced by 
HPV-3 or HPV-5, but only the seven patients infected with HPV-5 developed 
skin carcinomas.(38) Similarly, malignant transition of genital papillomas seem 
to be related to infection by HPV-16 and HPV-18,(48) whereas HPV-6 and 
HPV-II are mostly associated with benign condylomata(49.50) with a relatively 
high rate of regression. 
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2.1.3.e. Vaccination. The evidence that wart virus infection can be con
trolled by immune mechanisms suggests that vaccination is a possible approach 
to protection against HPV. Stimulation of humoral immunity could be of pro
tective value in preventing HPV infection, while an increase in cell-mediated 
immunity could have a therapeutic significance by inducing regression of the 
lesions. Recent knowledge about the role of HPV infection in human diseases 
may prompt efforts toward protective vaccination, since papillomaviruses seem 
to be related not only to superficial skin and genital warts, but also to car
cinomas of the lower genital tract as well as papillomas and carcinomas of the 
larynx, lung, oral cavity, and esophagus.(48) 

2.2. Polyomaviruses 

2.2.1. Polyomavirus 

Polyomavirus infection is common in colonies of wild and laboratory 
mice.(51) Under natural circumstances, infant mice are infected by the virus 
when partially protected by maternal antiviral antibodies and the infection is 
completely asymptomatic.(52) After acute infection, polyoma virus persists for 
life in a latent state in the kidneys and salivary glands.<53.54) Although the 
mechanisms of persistence are still poorly understood, evidence obtained from 
natural and experimental situations indicates that virus latency is controlled by 
the immunologic status of the host. 

2.2.1.a. Effect of Cell-Mediated Immunity in Polyomavirus Latent Infection and 
Tumor Formation. During the latent state, the kidneys probably harbor only 
viral DNA or a negligible quantity of complete virions.(55) However, since 
latently infected animals produce virus-specific antibodies,(56) it is assumed that 
small amounts of capsid proteins are produced and shed from persistently 
infected cells to stimulate an immunologic response. The low production of 
virus-specific antigens may represent a critical mechanism of latency, because 
expression of viral antigens may be absent or the density of antigenic molecules 
may be so low on the cell surface to render the infected cells insusceptible to T
cell lysis or to antibody-dependent cellular cytotoxicity (ADCC) mediated by 
complement and K cells. 

Virus infectivity is usually not detected at 12 weeks postinfection or later if 
susceptible cell-culture monolayers are exposed to kidney homogenates from 
persistently infected, immunocompetent mice.(55) In such animals, infectious 
virus can only be reactivated in explant cultures of the latently infected kidney 
tissue/55) even though viral DNA can be directly detected by DNA-DNA 
hybridization of total kidney DNA with 32P-Iabelled polyomavirus DNA 
probes.(57) On the contrary, polyomavirus infection of unprotected infant 
mice, thymectomized at birth, or reactivation of the latent infection in adult 
mice by the administration of anti thymocyte serum and hydrocortisone lead to 
the isolation of high-titer infectious virus from kidney homogenates and 
urine.(56) In these animals, multiple tumors, formed by polyomavirus-trans-
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formed cells, appear in several organs.(58) Tumors are very rarely observed in 
immunocompetent mice under conditions of natural infection.(58) A neu
rologic disease with wasting and paralysis has also been described in T -cell
deficient nude mice inoculated as adults with polyomavirus.(59) 

2.2.1.h. Reactivation of Polyomavirus Latent Infection in Pregnancy. In 
pathogen-free mice experimentally infected during pregnancy, polyomavirus 
can cross the placenta and infect fetuses with consequences which vary in 
severity with the stage of gestation.(6U) Moreover, polyomavirus latent infection 
is reactivated late in pregnancy of persistently infected mice. In the latter case, 
infectious virus can readily be detected in kidneys, but not in other organs and 
fetuses.<55.56) Transplacental transmission does not occur in persistently in
fected mice probably because the viremia is neutralized by antivirus antibodies 
in the serum. 

Although the factors underlying reactivation have not been clearly identi
fied, the depression of cell-mediated immunity and the peculiar hormonal state 
that accompany pregnancy are probably important. Indeed, polyoma virus rep
lication was enhanced both in infected mice and in tissue culture cells after 
treatment with estradiol benzoate and progesterone.(55) It seems likely that 
antiviral antibodies protect mice in acute polyoma virus infection by neutraliz
ing the virus but that the latent infection and tumor induction are controlled by 
T lymphocytes and other effectors of cell-mediated immune responses. 

2.2.2. Simian Virus 40 

Simian virus 40 (SV 40) produces a persistent asymptomatic infection in 
several species of monkeys. The main site of persistence is the kidney, and virus 
is shed in urine.(61) Indeed, it is common to isolate SV40 from tissue culture 
cells derived from rhesus or African green monkey kidneys. No other hosts 
have been described for SV 40, except for humans who live in close contact with 
monkeys(62,63) or have been given polio virus vaccine contaminated by live 
SV40.(64,65) The virus is apparently not pathogenic in its immunocompetent 
natural host and does not cause tumors under conditions of natural infection, 
although it is highly oncogenic in experimentally inoculated rodents.(66) 

Very little is known about the immunologic response of monkeys to SV 40. 
Nevertheless, it seems that the immune system plays an important role in 
controlling SV 40 persistence. Immunosuppressed monkeys developed pro
gressive multifocal leukoencephalopathy, a demyelinating disease first de
scribed in humans(67) where it has been linked to JC virus infection. Virions 
with papovavirus morphology were detected by electron microscopy in glial 
cells, and SV40 was isolated from the brains of these monkeys.(68,69) 

2.2.3. BK and]C Human Polyomaviruses 

The two human polyomaviruses, BK virus (BKV) and JC virus (lCV), 
show a very similar epidemiology.(70) They have a worldwide distribution and 
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are ubiquitous in normal human populations, since 60-80% of adults have 
antiviral serum antibodies.(71-74) Primary infection occurs in childhood and is 
generally inapparent. It is followed by a persistent, latent infection which is 
reactivated under conditions of impaired immunologic response. BKV acute 
infection is sometimes the cause of upper respiratory(75,76) or urinary tract 
disease,(77-79) and it has been related also to cases of Guillain-Barre syn
drome.(80) No overt disease has yet been associated withJCV primary infection. 
The main site of persistence of both BKV andJCV is the kidney(56,81-83) and 
both viruses can be isolated from urine. BKV is latent also in tonsils,(76) where
as both viruses have not been found to be latent in the brain.(56,82,83) 

2.2.3.a. Participation of Lymphoid Cells in BKV and JCV Primary and Latent 
Infections. The interactions of human polyomaviruses with the immune sys
tem are not fully understood. In particular, while many serologic surveys have 
been performed and an abundance of data is available on the humoral immune 
response,(71-74) almost no investigations have been carried out on cell-medi
ated immunity. Only recently cell-mediated immune responses to BKV have 
been studied in normal individuals,(84) opening the way to the analysis of 
specific cellular immunity in patients with acute infections or reactivation of the 
latent infection by human papovaviruses. 

Some recent results suggest that lymphoid cells may be involved in the 
pathogenesis of human polyomavirus primary and latent infection. Viruses 
with papovavirus morphology have been observed by electron microscopy in 
lymphocytes of measles patients during the phase of the disease characterized 
by generalized depression of the cell-mediated immunity.(85) Moreover, direct 
experimental evidence suggests that BKV is able to infect human Band T 
lymphocytes in vitro.(86,87) BKV replication is somehow restricted in lympho
cytes, since these cells produce about 100-fold less virus than do fibroblasts and 
eventually develop a persistent infection.(87) 

Since BKV probably enters the body by the respiratory route, and the 
oropharynx is the initial site of primary infection,(75,76) lymphocytes per
sistently infected in the tonsils could carry the virus to the bloodstream, allow
ing its transport to other organs. Only lymphocytes from seropositive persons 
were found to bear virus receptors on the cell membrane and could be produc
tively infected.(88) This suggests that individuals in the 20-40% of the general 
population that do not exhibit antibodies may be refractory to infection be
cause of a lack of virus receptors on their lymphocytes. By contrast, monocytes 
are resistant to BKV infection,(87) although they possess surface receptors for 
virus adsorption and were shown by electron microscopy to bind and ingest 
BKV. Resistance to BKV was maintained, even when monocytes were infected 
after their differentiation into macrophages.(87) Therefore, it is likely that 
during the course of natural infection, irrespective of their state of differentia
tion, monocytes are involved in the degradation rather than in the replication 
of engulfed BKV particles. 

2.2.3.h. Role of Cell-Mediated Immunity in BKV and JCV Latent Infection. 
Immunologic surveillance seems to be of paramount importance in controlling 
BKV and JCV latency. Virus reactivation is observed in immune-deficient or 
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immunosuppressed patients.(70,89) This typically occurs in patients with malig
nant diseases of the lymphoid tissue, congenital immune deficiencies or severe 
iatrogenic immunosuppression following organ transplantation or antiblastic 
therapy for neoplasia; a series of conditions characterized by a profound impair
ment of cell-mediated immunity. The humoral response is preserved and high 
titers of antiviral antibodies are occasionally detected during reactivation.(70,89) 
The role of cell-mediated immunity in papovirus latency and reactivation is 
supported by the observation that SV40-specific cytotoxic T lymphocytes abro
gate the virus lytic cycle by recognizing SV 40 T antigen on the surface of infected 
cells. (1 14) 

Reactivation of BKV latent infection in the urinary tract after renal trans
plantation may cause rejection of the grafted kidney, due to inflammation of 
the ureteric tissues at the junction site, followed by ureteric stenosis and 
obstruction.<90,91) In this situation, treatment with corticosteroids, with the aim 
of blocking rejection, may obtain the opposite result by further preventing the 
host immunologic response and thereby favoring the local infectious pro
cess.(91) Reactivation of lev latent infection may cause progressive multi focal 
leukoencephalopathy (PML),(67) a demyelinating neuropathy that is invariably 
fatal. Demyelination is caused by lev replication in oligodendrocytes the nu
clei of which are greatly enlarged and full of viral particles.(92) Most lesions also 
contain giant astrocytes with bizarre hyperchromatic nuclei that resemble the 
malignant astrocytes of pleomorphic glioblastomas.(92) 

The pathogenesis of the disease is not completely clear. Since lev is not 
found latent in normal brains,(82,83) it is postulated that the virus reaches the 
brain under conditions of immunosuppression, when the cell-mediated im
mune surveillance becomes inefficient. Situations of heavy immunosuppres
sion are rather common in medical practice, while PML is a very rare disease. 
This suggests that some other yet unknown factor, perhaps producing a selec
tive reactivation of lev latent infection in some patients, participates in the 
pathogenesis of PML. A marked deficiency of specific cell-mediated immunity 
to lev antigens has been documented by in vitro tests on peripheral blood 
lymphocytes of PML patients.(93) This could represent the critical mechanism 
allowing spread of the virus to the brain. It is also unclear why only lev is 
associated with PML, since lev and BKV have very similar biologic properties 
and the latent infection by both viruses is reactivated by immunosuppression. 
The reason may be the marked tropism of lev for the nervous system. 

2.2.3.c. Reactivation of BKV and JCV Latent Infection in Pregnancy. Like 
polyomavirus infection, BKV and lev latent infections are reactivated during 
pregnancy,(89) but so far there is no evidence of virus transmission to the 
fetus.(94) Recent studies suggest that BKV reactivation in pregnancy is associ
ated with disturbed cell-mediated immunity, since pregnant women with virus 
reactivation had lower neutrophil counts and lymphocyte responses to PHA 
than did nonactivators, whereas antibody titers to the virus were comparable 
in the two groups and high antibody levels were often found in virus acti
vators.(95) 

2.2.3.d. Immune Complexes. Immune complexes containing BKV antigens 
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have been detected by immunofluorescence in renal glomeruli from cases of 
lupus nephropathy, IgA nephropathy, acute poststreptococcal glomerulo
nephritis, membranoproliferative glomerulonephritis, and other nephropa
thies.(96) However, abolishment of fluorescence after absorption of anti-BKV 
serum with human Ig and the capability of anti-BKV serum to react with human 
Ig as antigens in control immunofluorescence tests demonstrated a cross-reac
tion between BKV capsid antigens and human Ig.(97) Therefore, if antibodies 
are produced against those antigenic determinants shared by BKV and human 
Ig, an immunologic response could be raised against Ig during natural BKV 
infection in humans. This could have pathogenetic significance, for instance, 
through amplification of Ig deposition by reaction of anti-Ig antibodies with Ig 
already deposited in renal glomeruli as immune complexes with the specific 
antigen. 

BKV and JCV are highly oncogenic in rodents(98.99) and JCV in monkeys 
as well'<lOO) In hamsters, BKV induces three types of tumors: ependymomas, 
tumors of pancreatic islets, and osteosarcomas.(lOI-I06) It would be interesting 
to investigate whether BKV is related to the same types of human tumors and 
also whether BKV andJCV are related to tumors of the urinary apparatus and 
to tumors arising in immunosuppressed patients. 

2.2.4. B Lymphotropic Papovavirus 

Recently a papovavirus with a specific tropism for B lymphocytes has been 
isolated from an African green monkey.(107) Characterization of the genome of 
this B lymphotropic papovavirus (LPV) by restriction endonuclease mapping 
and sequence analysis(I08) has shown that it belongs to the Polyomavirus genus. 
LPV has the structural and biologic properties of polyomaviruses, including 
the ability to transform hamster cells in vitro.(109) The molecular basis of LPV
specific tropism for B lymphocytes is not clear at present. Recent experimental 
evidence indicates that the narrow host range of LPV may depend either on 
the peculiar organization of the viral transcriptional enhancer elements(llO) or 
on the structure of the major capsid protein VPl,(lll) perhaps permitting 
adsorption to membrane receptors present only on B cells. 

The presence of antibodies to LPV in about 30% of human sera(l12.113) 
suggests the existence of a related human virus. Isolation of the human variant 
could be of great interest for the possible involvement of LPV in immunosup
pressive processes and in diseases of the lymphoid tissue. However, a prelimi
nary serologic survey(l13) has shown no difference in antibody frequency to 
LPV between normal subjects and patients with various types of tumors or with 
inflammatory and autoimmune diseases. 

3. CONCLUSION 

The main features of all papovaviruses are that they are ubiquitous, pro
duce a latent infection, and are oncogenic for their natural hosts or experimen-
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tal animals. The available results on the immunologic aspects of papovavirus 
infections emphasize the critical role of cell-mediated immunity in controlling 
virus latency and virus-induced tumor formation. The humoral immune re
sponse is protective in primary infections, when virus-neutralizing antibodies 
are produced. During reactivation, humoral immunity is stimulated by freshly 
produced viral antigen but seems devoid of any protective value. 

We must note, however, that a discussion on the immunology of pa
povaviruses is far from being complete, owing to the lack of knowledge in 
many aspects of this field. While papovaviruses have been intensively investi
gated in regard to the molecular biology of their genome and to the mecha
nisms of neoplastic transformation, little experimental work has been dedi
cated to the study of the pathogenesis of the diseases, to host immunologic 
responses or immunopathologic mechanisms. 
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Adenoviruses 
WARREN A. ANDIMAN and MARIE F. ROBERT 

1. ADENOVIRUSES: BASIC PROPERTIES 

The adenoviruses of humans, of which there are now 41 serotypes, are naked 
icosahedrons, 70-90 nm in diameter, and contain a genome composed of 
linear double-stranded DNA. They are associated with a wide spectrum of 
diseases (Table I) and they have been isolated from virtually all organs, but 
they are primarily regarded as common pathogens of the respiratory tract and 
eye. Most individuals become infected early in life with at least several sero
types. To a certain extent, the kinds of adenovirus-associated diseases to which 
people become susceptible change as they grow older; each of these illnesses is 
caused by a limited number of serotypes. With rare exceptions, adenovirus 
infections are short-lived and self-limited. 

The adenoviruses are so named because they were originally discovered in 
explants of human adenoid tissues that spontaneously degenerated in vitro 
producing cytopathic effects that are now known to be characteristic of the 
group. The first human strains to be associated with a discrete clinical illness 
were isolated from young army recruits suffering from an acute influenza-like 
syndrome, later known as acute respiratory disease syndrome (ARDS). Subse
quently the adenoviruses were shown to be etiologically related to episodes of 
acute febrile pharyngitis in infants and young children, to pharyngocon
junctival fever, to some cases of pneumonia and pertussis, as well as to non
respiratory tract disease, e.g., epidemic keratoconjunctivitis, acute hemor
rhagic cystitis, and intussusception. Most recently, it has been learned that 
some of the higher numbered adenoviruses that are not cultivable in standard 
tissue culture cells are frequent causes of infantile diarrhea (types 40 and 41) 
and that other hybrid adenoviruses can be isolated regularly from the urine of 
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TABLE I 
Common Clinical Syndromes Associated with Adenoviruses 

Syndrome 

Respiratory 
Infants and children 

Coryza, pharyngitis (endemic) 
Pharyngoconjunctival fever (epidemic) 
Pertussis syndrome 

Adults 
Acute respiratory disease (ARD) of recruits 

(epidemic) 
Pneumonia (epidemic and sporadic) 

Ophthalmologic 
Follicular conjunctivitis 
Epidemic keratoconjunctivitis 

Infection in the immunosuppressed host 
Renal and pulmonary infection in recipients of 

renal allografts 
Urinary infection in patients with AIDS 

Miscellaneous 
Acute hemorrhagic cystitis 
Gastroenteritis 
Intussusception 
Encephalitis and meningoencephalitis 

aEnteric or uncultivatable. 

Common serotypes 

1, 2, 3, 5, 6, 7 
2, 3, 4, 7, 14 
1, 2, 3, 5, 12, 19 

4,7,3 
3,7, 7a, 21 

1, 2, 3, 4, 6, 7, 9, 10, etc. 
8 

34, 35 
34, 35 and 34/35 hybrids 

11,21 
2,3,4, 4()a, 41 a 

1, 2, 3, 5, 6, 7 
7, 1,6, 12 

patients with acquired immune deficiency syndrome (AIDS, types 34 and 35). 
Three qualitatively different kinds of biologic behaviors have been ob

served in the interaction of adenoviruses with mammalian cells: lytic infection, 
chronic persistent infection, and cell transformation. Cell lysis, with a concomi
tant release of 104-106 progeny virus particles per cell (most particles are 
noninfectious), occurs when most of the pathogenic strains of humans infect 
continuous epithelial cell lines. Chronic persistent infection results from the 
interaction of some adenoviruses with lymphoid cells. This aspect of ade
novirus behavior was suspected in early studies when surgically extirpated 
adenoid and tonsillar tissues, generated after weeks in vitro in the absence of 
neutralizing antibody, eventually released infectious virus and manifested a 
characteristic cytopathic effect. More recently, some biologic aspects of the 
interaction of adenoviruses with mononuclear cells of primates have been stud
ied experimentally. These observations are discussed in greater detail in Sec
tion 4. Several adenovirus serotypes, when injected subcutaneously, produce 
tumors in rodents after a long incubation period. Tumor induction is associ
ated with failure of viral replication to go beyond the stage when approx
imately one half the early transcripts appear, probable integration of viral 
DNA into the host cell genome, and production of large amounts of the so
called T antigen. There is no evidence of an association between adenoviruses 
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and any human neoplasm. It is not known whether adenoviruses can truly 
establish latency i.e., whether in a small number of cells the entire viral genome 
can move between periods of complete inexpression to periods of complete 
replication. 

Structural and Soluble Antigens and the Immune Response 

The adenovirus capsid is composed of 240 hexons, 12 pentons, and 
fibers-rodlike structures with terminal knobs rthat project from the penton 
base capsomers. These three proteins become incorporated into the structure 
of new infectious virions and are also produced in great excess during the viral 
replicative cycle. 

The penton bases are composed principally of group reactive antigens that 
are common to most members of the family. Rabbit antiserum prepared 
against purified penton protein has only a low titer of neutralizing activity. The 
hexons and fibers represent the major antigenic sites on the viral surface. The 
fibers are responsible for attachment of the virus to erythrocytes in hemag
glutination reactions and the principal antigenic sites on the fiber seem to be 
primarily type specific, with some subgroup specificity. It has been suggested 
that the terminal knob on the fiber contains the type-specific antigenic determi
nant and that the subgroup determinant is carried by the shaft. Antifiber 
antibody can cause disruption of the penton capsomer into its two entities, 
penton base and fiber, and the effect is most pronounced with subgroup
specific antibody.(l) In cross-neutralization tests employing fiber from a variety 
of strains, numerous minor antigenic cross reactions have been observed. The 
hexon has at least two major antigenic sites and elicits a heterogeneous popula
tion of antibodies that produce family cross-reactivity in the complement fixa
tion (CF) test and marked type specificity in the neutralization (NT) test. In 
general, antibody produced against highly purified hexon antigen neutralizes 
the infectivity of homologous virus only. 

Historically, the adenoviruses have been divided into subgroups based on 
their ability to hemagglutinate monkey or rat red blood cells (RBC). In general, 
members of each subgroup also share other biologic properties, i.e., high, 
moderate, or low oncogenic potential in rodent species; ability to transform 
cells in tissue culture; and the percentage of guanine and cytosine residues in 
DNA. Although the hexons and fibers carry specificities that can induce het
erotypic responses in hemagglutination inhibition (HI) and NT tests, these 
determinants are shared primarily by immunotypes within the same subgroup. 
Antigenic cross-reactivity outside the subgroup can rarely be demonstrated. 

2. IMMUNE RESPONSES TO ADENOVIRUS 

2.1. Antibody Responses to Natural Infection in the Normal 
Host 

Following natural infection, antibodies begin to appear in blood by 8-10 
days, reaching maximal levels 14-21 days later. Both NT and CF antibodies 
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rise simultaneously but, whereas the CF antibodies begin to decline at 2-4 
months, the NT antibodies persist for many years with only a two- to threefold 
decrease in titer. Minor rises in heterotypic NT antibodies occur following 
infection, especially if they are already present as a result of prior infection 
with another strain. Because natural secondary reinfections with the same 
serotype are rare, the magnitude of a booster response and the time of its 
appearance are unknown. 

Antibodies to the early antigens (EA) of adenovirus appear about 5 days 
after the onset of clinical symptoms, reach a peak 15-30 days later, and begin 
to decline after a few months.(2) EA responses to proteins of adenovirus DNA 
homology groups A-D do not show intergroup cross-reactions, but intragroup 
cross-reactivity among serotypes is common. Group E adenoviruses appear to 
share early antigens with all the other groups. 

The level of IgA in nasal secretions is inversely correlated with the severity 
of disease following natural infection.(3) At the time of virus isolation, u.s. 
Marine recruits requiring hospitalization for ARD due to adenovirus type 7 
had less IgA in their nasal secretions than soldiers less clinically affected. Some 
of the IgA measured in the nose comes from the blood, as a result of transuda
tion with other serum proteins. However, the major portion of the IgA proba
bly comes from glandular epithelial cells in the nasal mucosa or sinus epi
thelium or from IgA-synthesizing plasma cells in the submucosa. 

During adenovirus conjunctivitis, a significant rise in the tear IgG level has 
been observed and is accompanied by a decline in serum IgG.(4) It is not known 
whether IgG in the eye reflects local production, active transport from the 
blood, or transudation from serum. 

2.2. Humoral and Local Antibody Responses to Adenovirus Vaccines 

Soon after the high incidence and morbidity associated with ARDS in 
military recruits were recognized, vaccine development programs were under
taken.(5) The early trials with inactivated vaccines given by the parenteral route 
were successful in inducing an immune response and in reducing the number 
of hospitalizations associated with ARDS. However, the program using these 
vaccines was curtailed when it was recognized that some adenoviruses were 
oncogenic in lower animals and that there was recombination between the 
adenovirus genome and SV40 DNA present in the simian cultures used to 
propagate the vaccine virus. In addition, there was great variability in the 
antigenicity associated with each lot of vaccine. Subsequent trials have involved 
the use of intranasal vaccine, monovalent and bivalent vaccines given orally in 
the form of enteric-coated capsules, and subunit vaccines composed of soluble 
antigens normally expressed on the viral surface. 

Enteric-coated capsules containing adenovirus types 4 and 7 have been 
studied extensively in the military.(6) It had been known that adenoviruses 
infect both the respiratory and gastrointestinal (GI) tracts but that GI symp
toms rarely occur following infection. Trials of live vaccines contained in enter
ic capsules were predicated on the hope that live virus would induce an enteric 
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infection and would cross-protect against type-specific respiratory disease. Ini
tial hopes invested in this concept of immunization were soon justified when 
these vaccines were shown to reduce dramatically the incidence and severity of 
ARDS in new recruits. NT antibodies could be detected in the blood of most 
vaccinees by 18 days; by the third or fourth week the geometric mean titers of 
neutralizing antibody ranged from 1 : 38 to 1 : 100. The titers induced by dual 
immunization are lower than those induced by either type alone, but they are 
sufficient to prevent natural infection by the homologous strains. The intes
tinal infection remains silent and noncommunicable in barrack-mates, but 
transmission does occur by the fecal-oral route in the confines of the family. 

Serum and intestinal antibodies are induced following ingestion of the oral 
adenovirus vaccines but no increase in titer of respiratory tract immunoglobu
lin A (IgA) antibody has been observed.<7,8) Nevertheless, the vaccine does 
protect against respiratory tract disease. Although some vaccinees became in
fected subsequently with the homologous strain by the natural route, hospi
talization was rarely required. This finding suggests that serum antibody has a 
marked ameliorating effect on the manifestations of illness associated with 
infection. There is similar evidence suggesting that serum antibody to respira
tory syncytial virus may protect against the severe lower airway disease associ
ated with infection in the first 6 months of life and that some influenza vaccines 
induce a higher titer of nasal antibody when given by the parenteral route than 
by the nasal route. Whether serum antibody actually finds its way into the 
respiratory tract secretions or whether some unknown protective factors, such 
as interferon (IFN) or complement, are induced in the respiratory tract follow
ing immunization at another site is unknown. It has been observed in one study 
that oral administration of the lower numbered adenoviruses leads to viral 
shedding in the pharynx of a few subjects. The mechanisms responsible are 
unknown. 

Adenovirus fiber and hexon antigens have been prepared as immunogens 
that can be given intramuscularly.(9) Both antigens induce NT antibodies that 
persist for months. Some vaccinees subsequently challenged by the ocular 
route developed mild conjunctivitis and shed small amounts of virus from the 
eye or rectum, but none developed disease of the respiratory tract. When 
heterotypic responses occurred, they were almost exclusively limited to 
serotypes belonging to the same immunologic group. Production problems 
with these components of the virus have limited the more widespread use of 
these types of vaccines. 

2.3. Natural Infection in the Immunosuppressed Host: 
Clinical Aspects 

Numerous clinical reports indicate that adenovirus infections tend to be 
more severe in children who are malnourished (reflected by poor weight gain 
or iron deficiency anemia) or who develop their infections secondary to mea
sles.(lO-12) In such persons, the infection in the lung progresses, causing severe 
necrotizing bronchitis, bronchiolitis obliterans, and interstitial alveoli tis. In ad-
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dition, the virus may disseminate to multiple organs, causing hepatitis or en
cephalitis. Whether adenovirus infection tends to be more severe in children 
with measles because of the altered T-cell function and anergy that accompany 
measles or because of the increased pathogenicity of adenoviruses when they 
supervene on an already damaged respiratory epithelium is not known. 

That cell-mediated immune (CMI) mechanisms may play an important 
role in maintaining the latent or chronic persistent phases of adenovirus infec
tion in the normal host has been supported in recent years by the discovery of 
new adenovirus serotypes in the urine of immunosuppressed patients. During 
the late 1970s, adenovirus types 34 and 35 were isolated for the first time from 
the urine and/or lungs of renal allograft recipients. (13. 14) In one case, serologic 
studies indicated that the infection in the recipient was primary, suggesting 
that the new virus strain was acquired via the grafted kidney. In other in
stances, it could not be determined whether the grafted kidney contained the 
virus or whether the virus was activated in host lymphocytes during graft 
rejection or immunosuppression. Evidence supporting the idea that the virus is 
introduced with the renal allograft comes from experimental data showing that 
adenoviruses can persist in monkey kidney tissue for long periods and clinical 
data indicating that the usual source of the virus is the urine. In normal hu
mans, the high-numbered serotypes might be responsible for large numbers of 
asymptomatic urinary tract infections and the establishment of persistent or 
latent infection. Such infections would only become apparent with the develop
ment of immunosuppression. Why serotypes 34 and 35 reactivate when the 
host is immunosuppressed, to the exclusion of at least six other serotypes that 
have been isolated from urine, is not known. It is possible that these two 
serotypes, 34 and 35, are only pathogenic for the compromised host. Concern 
that these serotypes might be partly responsible for the increased incidence of 
neoplasms during the post-transplant period would be heightened if it could be 
demonstrated definitively that these viruses truly establish latency. 

More recently adenoviruses have been isolated with increasing frequency 
from the urine of patients with acquired immune deficiency syndrome (AIDS).(15) 
These strains are either type 34/35, as determined by HI or pure types 34 or 35, as 
determined by restriction enzyme analysis. Some of the isolates are genomic 
hybrids formed by the recombination of type 35 DNA with a small portion of the 
fiber-coding region of adenovirus 7. There is no evidence that these agents repre
sent anything other than opportunistic pathogens; infection may be primary or 
due to reactivation of persistent virus. 

3. IMMUNOSUPPRESSIVE EFFECTS OF 
ADENOVIRUSES 

3.1. Modulation of T-Cell Number and Function 

The natural history of the CMI response to adenovirus has not been 
studied well in normal subjects. However, it has been observed clinically that 
children with thymic alymphoplasia (DiGeorge syndrome) and Swiss-type 
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agammaglobulinemia (severe combined immunodeficiency disease, autosomal 
recessive form) may develop disseminated and sometimes fatal disease follow
ing adenovirus infection.(16) In other instances, previously healthy persons 
have developed fulminant disease in association with an acquired lymphopenia 
that is both severe (absolute count 1500/mm) and prolonged.(l7.18) The hu
moral responses in these patients has been normal. In some of these patients, 
leukopenia, anergy, and lymphopenia are reversed in convalescence. In other 
instances, clinical improvement and a return to normal of T-cell function has 
been attributed to the use of a humoral factor from calf thymus.(19) Both 
decreased E-rosette-forming activity and poor response to phytohemagglutinin 
(PHA) have also been observed in the course of in vitro infection of peripheral 
blood lymphocytes with adenoviruses.<20) 

Several investigators have attributed the lymphopenia that accompanies 
adenovirus infection, as well as other viral and mycoplasmal infections, to the 
production of cytotoxic antibodies directed against autologous and allogeneic 
lymphocytes.<21.22) These antibodies are of the IgM class and their activity is 
complement dependent. It has been hypothesized that severe clinical disease 
might occur if the patient develops lymphopenia during a first infection and is 
then superinfected with a new agent, as would occur with adenovirus infection 
following measles. 

3.2. Modulation of Macrophage Function 

Intraperitoneal injection of mice with adenovirus type 6 results in a de
creased antibody response to sheep red blood cells (SRBC) given 3-11 days 
postinfection. This indicates some degree of adenovirus-induced macrophage 
dysfunction.(23) Heat or ultraviolet (UV) light treatment abolishes the immu
nosuppressive effects of the virus. When the SRBC were given by a different 
route, or 1 day before or 2 weeks after infection with adenovirus type 6, the 
immunosuppressive effects were not observed.(24) The effect of adenovirus 
type 6 was thought to be selective for macrophages because silica, which is 
specifically toxic for macrophages, when inoculated into the peritoneum 2 hrs 
before the virus infection, resulted in ablation of the immunosuppressive 
effect. 

3.3. Modulation of NK Cells and/or ADCC 

Cook and Lewis(25) observed a difference in natural killer (NK) cell and 
activated macrophage responses to cells infected with nononcogenic versus 
oncogenic adenoviruses. In vitro, oncogenic and nononcogenic adenoviruses 
can equally transform hamster and rat cells which are both highly immu
nogenic.(26) Cells infected with the nononcogenic adenovirus type 2 are more 
readily lysed in target cell assays using hamster NK cells and bacillus Calmette
Guerin (BCG)-activated macro phages compared with similar cells infected with 
the oncogenic adenovirus type 12. The increased lysis of adenovirus type 12-
infected cells was not affected by the presence of cytosine arabinoside (Ara C), 
which inhibits DNA synthesis. Therefore, investigators have speculated that an 
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early gene product, such as T antigen, might be responsible for the variable 
response of some effector cells to adenovirus-infected cells; the longer survival 
of the adenovirus type 12 infected cells may permit viral infection of cells to 
progress to transformation and tumor formation. 

Adenoviruses appear to enhance antibody-dependent cellular cytotoxicity 
(ADCC). In a study using adenovirus type 6, investigators found that cytotox
icity of chicken mononuclear cells against chicken anti-SRBC-coated SRBC was 
enhanced following intravenous injection of adenovirus type 6 into chick
ens.(27) ADCC was enhanced 14 to 24 hr after virus infection but then de
creased; the preinjection level was reached after 36 hr. The apparent effect on 
ADCC by adenovirus type 6 appeared to involve non phagocytic mononuclear 
cells, since removal of phagocytic cells by the use of carbonyl iron (thereby 
reducing the percentage of mononuclear cells from 5% to 1 %) did not affect 
the results of the ADCC assay. 

3.4. Modulation of Soluble Factors 

There are conflicting data concerning the production of IFN by human 
cells following infection with adenoviruses.(28-30) However, human ade
noviruses can cause IFN production in chickens and have been studied in chick 
embryo cell systems.<31.32) 

Production of IFN in chick cells following infection with adenovirus type 5 
requires interaction of the virus with the cell, although infectious virus is not 
produced. Heat or UV irradiation of the virus decreases its ability to stimulate 
IFN production.(33) In addition, chemical digestion of adenovirus with trypsin 
causes reduction of IFN production.(31.32) Different adenovirus serotypes dif
fer in their ability to induce IFN in chick cells.(34) UV irradiation decreased the 
IFN-inducing ability of the more effective inducers, indicating that transcrip
tion of viral DNA might be important for IFN induction by these types. Other 
cells found not to produce IFN after adenovirus infection include those from 
mouse, monkey, and hamster. However, hamsters do produce IFN following 
intravenous inoculation.(35) 

Although it is not clear whether adenoviruses induce IFN during human 
infection, there have been reports of IFN limiting infection by adenoviruses. 
Romano et al. used human fibroblast-derived IFN~ to treat epidemic ker
atoconjunctivitis and observed a reduction in the length of the illness when 
compared with controls treated with corticosteroids or placebo.(36.37) It has also 
been shown that 2-5 X 105 reference unit daily doses of IFNI3 begun early in 
the course of adenovirus type 8 epidemic keratoconjunctivitis, almost totally 
prevented the appearance of subepithelial keratitis, which occurred in 57% of 
the control group. Langford et al. noted a synergistic effect of antibody and 
IFN~ or IFN-y or inhibition of adenovirus type 3 infection of Chang human 
conjunctival cells or WISH cells.(30) Interestingly, antibody to IFN~ did not 
affect the decrease in virus yield due to antibody to adenovirus type 3, suggest
ing that adenovirus type 3 did not induce IFN. 

In conclusion, it is not clear whether human infection with adenoviruses 
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leads to IFN production, although IFN of at least two types have the capacity to 
limit adenovirus infection. In the chick cell system, IFN production does occur 
after interaction of infectious virus with cells. 

3.5. Suppression of Antibody Production 

Infection of chickens with adenovirus types 6, 8, and 12 and of guinea pigs 
with adenovirus type 16 induces transient suppression of the antibody re
sponse to unrelated antigens.(38.39) In chickens, the primary response to a 
nonviral antigen (i.e., sheep red blood cells) was suppressed in that the produc
tion of serum hemagglutinins and 19S hemolytic plaque producing antibodies 
was reduced most markedly when the fowl were challenged with sheep cells 4-
8 days after adenovirus infection. Hamsters inoculated intra peritoneally with 
adenovirus 16 produced less antibody to Sendai virus when challenged nine 
days later with Sendai, but the anti-Sendai hemagglutinins approached control 
levels seen in animals uninfected with adenovirus 16 within 8-10 days. These 
transient alterations in the humoral response to antigenic challenge have been 
attributed to antigenic competition, induction of interferon, or reduction in 
antibody production by cells of the immune system that are infected with 
adenoviruses. 

Unlike Moloney, Rauscher, or Friend disease viruses, infection of ham
sters with oncogenic viruses such as SV40 and adenovirus 12 produce little or 
no prolonged suppression of the immune response to sheep red cells. Tran
sient suppression of the number of antibody-forming cells occurs during the 
first 2 weeks of life, but it is believed to be unlikely that such transient suppres
sion could affect significantly the subsequent development of neoplasia.(40) 

4. VIRAL REPLICATION WITHIN THE IMMUNE SYSTEM 

The adenoviruses were originally discovered in explants of human ade
noid and tonsillar tissue, but it was not until a decade later that investigations 
were initiated to define more precisely the relationship between these viruses 
and the lymphoid tissues with which they are so commonly associated. During 
the mid-1960s, it was shown that both epithelial and fibroblastic cells in tonsils 
and adenoids were susceptible to the growth of adenoviruses in vitro, and it was 
suggested that persistent infection in these cultures was maintained by the 
continued presence of susceptible cells in the culture and the slow release of 
infectious virions from such cells into the surrounding medium.(41) These early 
observations were extended a decade later when Lambriex and van der Veen 
demonstrated that adenovirus type 2 was capable of replicating to a limited 
extent in purified lymphocyte cultures derived from human adenoid.(42) Al
though as many as 103-104 TCID50 of virus could be measured in culture 
fluids between days 4 and 8, only 1-3 cells per million were found to produce 
virus. The life span of these cultures was not reduced, also reflecting the fact 
that very few cells were lytically infected. The growth of virus was enhanced by 
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the presence of PHA. Interestingly, adenovirus type 4 would not replicate in 
these adenoid-derived lymphocyte cultures, suggesting that the tropism of 
adenovirus for mononuclear cells is to some extent a biologic property of some 
serotypes but not others. 

Subsequent studies explored the possibility that lymphoid cells other than 
those in adenoid and tonsil could support the growth of adenoviruses. For 
example, it has been shown that some adenoviruses can replicate in PHA
stimulated leukocytes from Burkitt lymphoma cell lines or from human um
bilical cord blood, and that lymphoblastoid cell lines derived from human 
umbilical cord blood by immortalization with Epstein-Barr virus (EBV) could 
be persistently infected with adenovirus type 5.(43,44) Continuous production 
of infectious virus in these cultures could be interrupted by the addition of 
specific NT antibody. These data indicated that persistent infection in lym
phoid cells might be maintained by the continual infection of cells by complete 
virus. That an adenovirus-associated leukoviremia might occur naturally was 
later shown by the isolation of adenovirus type 2 from the peripheral blood 
mononuclear cells of a 5-month-old infant with documented pneumonia at
tributable to adenovirus and an associated atypical lymphocytosis.(45) It was 
hypothesized that bloodstream invasion by virus-infected white blood cells 
(WBC) might distribute adenoviruses to lymphoid tissues throughout the body. 

A final group of studies further explored the mechanisms by which ade
noviruses might persist in lymphoid cells in vivo.(46) After demonstrating that 
adenovirus types 5 and 6 could be recovered from cultures of primary um
bilical cord leukocytes and from EBV-transformed lymphocytes for up to 3 
months, the effects of adding homologous antibody to the cultures were exam
ined. Infection could be obliterated from cultures of EBV-transformed simian 
cells following exposure to antibody. However, adenovirus could readily be 
recovered for long periods of time from immortalized human umbilical cord 
lymphocytes even though all the virus in the supernatant fluids of the same 
cultures had been neutralized by the antibody. It was estimated that at the peak 
of infection, 1-8% of the human cells released infectious virus and that each 
cell produced 2-8 TCID50 of virus. These experiments indicated that chronic 
infection of lymphoid cells is maintained by two mechanisms: intracellular 
persistence of virus in a small number of cells in the presence of antibody, and 
cell-cell spread of small amounts of virus in the absence of antibody. 

In summary, there is clear evidence that adenoviruses can replicate in 
immunocompetent cells derived from cultures of human tissue and in human 
and simian EBV-transformed lymphoblastoid cell lines. However, there are 
many unanswered questions regarding the nature of this infection. It is not 
known precisely which cell types are involved. In vitro experiments demon
strate that EBV-transformed cells are involved; these are B cells. However, it 
has also been hypothesized that macro phages derived from umbilical cord 
blood in culture might also be important for maintaining infection.(46) Which
ever cells are involved, it is likely that adenoviruses can persist indefinitely in 
the human host, successfully eluding the immune system's defenses. But there 
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is no evidence that adenoviruses can establish true latency, accompanied by 
intermittent activation, of the kind that is characteristic of the herpesviruses. 

5. SIGNIFICANCE 

In the vast majority of persons, adenovirus infections are short-lived, self
limited, and without consequences. NT antibodies directed against antigenic 
moieties on the surface of the virus appear following infection, are long-lived, 
and greatly limit the capacity of the virus to propagate. Antibodies and other 
antiviral substances produced as a result of vaccination by the oral route appear 
to protect against respiratory disease, thereby suggesting the existence of a 
general mechanism whereby induction of infection at one site prevents disease 
at another by way of transudation of antibody and/or IFN. In addition, CMI 
mechanisms contribute to limiting infection. Patients with defects in T-cell 
function, either genetic or acquired, as in the wake of measles, may suffer the 
consequences of disseminated or progressive infection. The effects of ade
novirus infection on macrophage function, NK cells, ADCC, and IFN produc
tion have not been well studied in humans, but there is no significant body of 
data to indicate that any of these arms of the immune response are greatly 
affected by adenoviruses or that any playa critical role in limiting infection. 

There is no evidence that adenoviruses can establish latency in humans, 
nor has a connection been found between any of the adenoviruses and human 
neoplasm. However, chronic persistent infection of mononuclear leukocytes 
does occur and appears to be maintained by the intracellular persistence of 
virus in a relatively small number of cells, the slow release of small numbers of 
infectious virions from such cells, and the continued presence of susceptible 
cells in the lymphoid tissues of the host. There is also clinical evidence to 
suggest that certain adenovirus serotypes may persist in renal epithelium, only 
to be reactivated in the recipient following transplantation and concomitant 
immunosuppression. Other pure adenovirus serotypes or viral hybrids may 
behave as opportunistic infectious agents in patients with AIDS. In these pa
tients, infection also appears to originate in, and be limited to, the kidney. 
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Herpes Simplex 
LA URE AURELIAN 

1. INTRODUCTION 

The term herpes has been in the medical vocabulary for at least 25 centuries. 
In the Hippocratic corpus, it was used to describe an assortment of cutaneous 
lesions, including clinical descriptions compatible with herpes simplex and 
herpes zoster lesions. During the early nineteenth century, six clinical entities, 
including facial and genital herpes, were delineated. However, they were not 
considered communicable, possibly because of the idiosyncratic appearance of 
symptoms in conjunction with disparate well-defined febrile illnesses.<l) In the 
years since then it has been established that two serotypes of herpes simplex 
virus (HSV) infect humans: type I (HSV-I), which primarily causes oropharyn
geallesions, and type 2 (HSV-2), which primarily causes genital disease. Char
acteristic of the pathogenesis of the disease, is the ability of the virus to persist 
in the host indefinitely, becoming periodically reactivated to cause recurrent 
cutaneous disease. This chapter reviews available information on HSV-induced 
immunity and considers the premise that immunomodulation plays a critical 
role in disease pathogenesis. 

2. BASIC PROPERTIES 

2.1. Virion Structure 

Herpes simplex virus is a large (150 to 200-nm) enveloped DNA virus 
consisting of four distinct morphologic elements: (I) an electron-opaque core 
containing primarily DNA, (2) an icosahedral capsid enclosing the core, (3) 
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electron-dense amorphous material (tegument) surrounding the capsid, and 
(4) an envelope or membrane the outer surface of which exhibits numerous 
small spikes. 

The diameter of the HSV capsid is approximately 100 nm, and the 
number of capsomers is 162. The hexameric capsomers are 9.5 x 12.5 nm in 
longitudinal cross section, with a channel 4 nm in diameter running part way 
along the length of the prism. The tegument is present in most virions, but its 
amount varies from virion to virion. The envelope, a triple-layered mem
braneous structure, is acquired by budding of the capsids from an infected cell 
membrane, reviewed by Spear and Roizman.(2) 

HSV-l and HSV-2 DNAs are linear and double-stranded, approximately 
100 X 106 daltons and have a base composition of 67 and 69 G + C moles %, 
respectively.<3) They contain two sets of reiterated sequences at the terminals 
and are in inverted form internally.(4) These sequences subdivide the viral 
DNA into two parts (L and S) that structurally resemble prokaryotic DNA 
sequences capable of excision and insertion into the same or different DNAs. 
Viral DNA bears some homology to eukaryotic cell DNA.<5,6) Conceivably, both 
the inverted positions of the Land S segments relative to each other, and the 
capacity of the virus to cause nonproductive infection may hinge on the ability 
of the Land S components to insert and excise into either host or viral DNA. 

Herpes simplex virus virions have been reported to contain 15-33 pro
teins.<2,7,8) The precise number has been difficult to determine because of (1) 
resolution problems, (2) contamination with species difficult to separate from 
virions, and (3) the presence in the virions of both precursor and product 
forms of the same protein. Only six proteins are located in the capsids. Some 
proteins are glycosylated, and they are located in the envelope. Two of these, 
glycoprotein B (gB) and gC, are encoded by the L region of HSV-l DNA and 
two others, gD and gE, by the S region. HSV-2 likewise contains gB, gC, gD, 
and gE (reviewed by Spear).(9) In addition, it contains gG which is also en
coded by the S region of the genome.< 10) The probable HSV -1 equivalent of gG 
was recently identified.<ll) The remainder of the virion proteins are probably 
constituents of the tegument. 

Very little is known about the function of individual virion proteins. Nu
cleocapsid proteins are presumably essential for morphogenesis, tegument 
proteins for envelopment. Glycoproteins probably mediate adsorption to, and 
penetration into, the host cell and cell to cell fusion, such as suggested for 
gB.(12,13) They also appear to be the main determinants of virus-specific pro
tective immunity (Section 3). 

Antigenic and biologic markers differentiate between HSV-l and HSV-2, 
although the viruses are antigenicallY related and their DNAs share 47-50% of 
their nucleotide sequences under stringent hybridization conditions.<14) Re
striction endonuclease analyses revealed that epidemiologically unrelated iso
lates of the same HSV serotype are not identical. The major differences seen 
were occasional deletions and the presence or absence of restriction endo
nuclease cleavage sites.(15) Consistent with these differences in viral DNA with
in (intratypic) and between (intertypic) serotypes, few of the HSV-l proteins 
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have electrophoretically identical counterparts in HSV-2, and variations have 
been reported in the electrophoretic mobilities of proteins from various isolates 
of one serotype.(l6) 

Recent studies using monoclonal antibodies (MAbs) and synthetic peptides 
have identified distinct and overlapping antigenic domains (epitopes) on one 
viral glycoprotein, gD. The dominant epitope was a type-common continuous 
domain located within N-terminal amino acid residues 8-23 of the mature gD 
of HSV-l (gD-l). Another epitope was located within the first 16 residues of 
the HSV-2 encoded gD (gD-2). Both were shown to induce antibody capable of 
neutralizing the infectivity of HSV-l and HSV-2,(17.18) and one (or both) were 
also able to stimulate T cells to proliferate in vitro(l9) (Section 3). Other identi
fied epitopes include two continuous ones located, respectively, at residues 
268-287 (type-common) and 340-356 (HSV -1 specific), and four discon
tinuous ones located within the first 260 amino acids of the mature protein.(l8) 

2.2. Replicative Cycle 

The widely accepted interpretation is that adsorption of the virus to the 
host cells is followed by fusion of the virion envelope with the cell-surface 
membrane, thereby liberating the nucleocapsid into the cytoplasm.(20) It can be 
inferred that viral DNA is released and transported to the nucleus, where early 
transcription is mediated by cellular polymerase. At least three phases have 
been identified in the transcriptional program of HSV-l, in which both the 
extent of transcription of viral DNA and the accumulation of viral RNA in the 
cytoplasm are tightly regulated. Central to the understanding of the mecha
nism of replication of HSV DNA is the inversion of the Land S components 
relative to each other. Thus, it remains to be determined whether all four DNA 
isomers are functionally equivalent (for review see Spear and Roizman(2». 

The HSV-l and HSV-2 genomes each contain 1.6 x 105 bp, 10% of which 
are reiterated twice such that the maximum asymmetric coding capacity, ex
cluding possible multiple reading frames, is approximately 44,000 amino acids. 
Estimates of the virus-specific infected cell proteins (molecular weight 20,000 
to >250,000) range between 44-50,(2.8,21,22) requiring a coding capacity for 
approximately 41,000 amino acids. They form at least three groups (ex, 13, 'V), 
the synthesis of which is coordinately regulated and sequentially ordered in 
cascade fashion.(23) The ex- or immediate early (IE) proteins are made before 
any other viral protein. Six IE proteins have been identified and of these, at 
least four have regulatory functions.(24-26) The 13- or early (E) proteins include 
the enzymes involved in viral DNA replication. Their synthesis peaks at 5-7 hr 
postinfection (p.i.). The 'V- or late (L) proteins are primarily structural virion 
components. Their synthesis requires the presence of functional IE and E 
proteins and they are made at increasing rates until 15-18 hr p.i. Both the 13-
and 'V-groups can be subdivided into two subgroups in terms of their kinetics of 
synthesis and some of their properties. The precise role of the various proteins 
in immunity is still unclear (see Section 3). 

Of major significance from the standpoint of immunity are the HSV-
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induced alterations in infected cell plasma membranes. These alterations are 
manifested, at least in part, by changes in the behavior of infected cells relative 
to each other, by the acquisition of a receptor for the Fc domain(s) of immu
noglobulin (Ig) (for review see Spear and Roizman(2) and Spear(9», and for 
HSV-I, by the acquisition of a receptor for complement component fragment 
C3b'(27) They are presumably acquired as a consequence of the incorporation 
of virus-specified glycoproteins into the plasma membrane. gE is at least part of 
the Fc receptor,(28) and the C3b receptor function has been assigned to gC'(27) 

What is the role of these receptors in HSV infection? It has been suggested 
that the Fc receptor (I) is a protective mechanism by the virus (backward 
binding blocks specific antibody), (2) facilitates cellular penetration by anti
body-sensitized virus, and (3) is involved in superinfection by facilitating non
specific (Fc mediated) binding of an unrelated pathogen. Since C3b receptor 
purified from human erythrocytes converts C3b to C3bi, thereby inactivating 
the complement system, it has also been suggested that the HSV-I-induced 
C3b receptor protects the infected cell from complement-mediated injury.(27) 

3. MODULATION OF IMMUNE RESPONSES BY HERPESVIRUS 

The immune response induced by HSV infection includes (I) an early 
nonspecific containment phase characterized primarily by local host defense 
factors, and (2) a later specific effector phase directed toward virus eradication 
and consisting of humoral and cell-mediated immune (CMI) functions. Since 
these responses generally do not prevent establishment of regional (ganglionic) 
latency and recurrent disease, consideration of the role of immunity in HSV 
disease must address two problems: (1) the definition of the function, specifici
ty, and regulation of virus-induced immunity; and (2) the role that it plays in 
the reduction of acute peripheral virus replication and its relationship to the 
establishment and maintenance of an asymptomatic (latent) state. 

3.1. Antibody Production 

Humoral immunity to HSV antigens is entirely dependent on T-helper 
functions. Animals with impaired T-cell functions, such as congenitally athymic 
nude mice (nu/nu), neonatally thymectomized mice, or mice treated with anti
thymocyte serum, have a severely decreased ability to produce anti-HSV anti
body.(29) Seroconversion in the IgM class is first detected at 5-15 days pj. and 
is followed by the appearance of IgG (Fig. I). The latter persists indefinitely, 
presumably reflecting the propensity of the latent virus to periodically reacti
vate, such that infectious virus(30) and viral antigen(31) are shed by asymptomat
ic hosts. However, kinetic and quantitative details of serum antibody detection 
depend on the nature of the antigen (virus type and protein specificity), the 
method of antigen presentation (with adjuvant, in liposomes, route of immu
nization), and the animal species used in the particular study. 

In one rather comprehensive study,(32) the kinetics of antibody ap-
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FIGURE 1. Immune response in mice after i.d. infection with HSV-2. (0) IgG anti-HSV 
neutralizing antibody. (_) IgM anti-HSV neutralizing antibody. Each point represents the 
mean of at least seven mice. (~) Ear-thickness responses represented as the arithmetic mean. 

pearance after labial infection of BALB/c mice with HSV-I were studied by 
neutralization (NT), complement fixation (CF), enzyme-linked immunosor
bent assay (ELISA), radioimmunoassay (RIA), and antibody-dependent cel
lular cytotoxicity (ADCC). Antibody detected by ELISA, RIA, or ADCC was 
present in most mice at 5 days pj., when lip lesions were first observed. Anti
body detectable by NT or CF was not observed until day 10 pj., when the lip 
lesions were already healing. NT antibodies were not observed in intravaginally 
infected BALB/c mice, while the same mouse strain infected intravenously 
(i.v.) with the same HSV-2,(33) and guinea pigs infected intradermally (i.d.) or 
subcutaneously (s.c.)(34,35) were NT antibody positive. 

In humans, almost all subjects with primary genital infections develop 
IgG 1 subclass antibodies with HSV specificity. IgG2, IgG3, and IgG4 anti
bodies are detected in acute-phase sera, most often in patients with recurrent 
genital HSV, but in none of those with primary infections. IgG4 antibodies are 
significantly more frequent in sera from men than in those from women with 
recurrent genital infections.(36) The titers of NT antibodies are higher in sub
jects with a history of recurrent disease than in those without such history 
(seropositive controls).<34,37) 
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A major component of the humoral immune response to HSV infections is 
the development of secretory antibody (IgA) at mucosal sites of entry.(30) Fur
thermore, antibodies, presumably of the IgE class and with HSV -lor HSV-2 
specificity were also reported in the sera of rabbits by release of histamine from 
basophils sensitized in vitro with the sera.<38) 

While it is still unclear whether all HSV proteins induce antibody produc
tion, the specific antibody response to HSV is extremely heterogeneous. For 
instance, the antibody predominant in primary infection is directed against the 
viral envelope (presumably the glycoproteins). Antibodies against capsid pro
teins predominate in patients with recurrent disease, and antibodies against 
soluble antigens, readily detected in animal immune sera, are only rarely found 
in human sera.(39) Failure to produce antibodies of a specific idiotype to a 
66,OOO-molecular weight viral protein has been associated with recurrent dis
ease.(40) While antibodies to each of the HSV-encoded proteins (see Section 
2.1) were detected in various studies using RIA, immunoprecipitation, and 
Western blot assays, technical differences between the various studies preclude 
definitive conclusions relating to the relative efficacy of individual proteins
epitopes in stimulating antibody production. 

Is there any difference between antibody induced by infectious virus and 
purified viral proteins? Here again, technical differences between the various 
studies preclude definitive conclusions. Thus, antibody responses measured by 
RIA in C3H mice injected with liposomes containing deoxycholate-solubilized 
HSV -1 virion proteins were essentially similar to those observed following 
infection with live viruS.(41) However, HRS/J mice immunized with a lectin
purified fraction primarily containing gC-l produced anti-gC antibodies, but 
they were non-NT.(42) Glycoproteins isolated by other investigators, including 
gB-l, gC-l, gE_l,(28.43) and gC-2,(44) induced NT antibodies in rabbits. 

The most reasonable interpretation of the findings is that individual epi
topes induce functionally different antibody. In support of this conclusion is 
the finding that MAbs specific for gB, gC, gE, and gD exhibit NT activity, albeit 
of different titers. (I 7. 18.45-49) Furthermore, of 33 MAbs selected for their abil
ity to bind to HSV -1 and HSV -2 virions and displaying specificity for various 
glycoproteins, only 6 had NT activity, and all were specific for gD.(49) While 
these findings suggest that gD represents the most critical target or elicitor of 
NT antibody, it should be pointed out that two MAbs to gD had little NT 
activity,(49) consistent with the interpretation that epitopes differ in their po
tential to induce NT antibody.(17.18) 

3.2. T Lymphocytes 

It is commonly believed that at least as relates to recovery from infection, 
immunity to HSV primarily involves the T-cell system. This is based on the 
findings that HSV lesions are abnormally severe in immunosuppressed per
sons whose humoral responses to HSV are apparently normal,(50) and on adop
tive transfer studies that have established a major role for T lymphocytes in 
recovery from lethal HSV-l infection in mice.(51.52) 
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Effector mechanisms recognized in cellular immunity to HSV include 
cytotoxic T lymphocytes (CTL),(53-55) delayed-type hypersensitivity (DTH),(56) 
and effector lymphokines such as immune interferon (IFNy),(57) interleukin 2 
(IL-2), and other soluble factors. T-helper cells and/or the lymphocytes respon
sible for DTH and lymphokine release (which can be provisionally included 
within the T-helper subset) show I-region compatibility requirements. Con
versely, CTL recognize antigen in association with products of the K and D 
regions of the H-2 complex in the mouse. T-cell recognition of both I and K/D
coded self-antigens seems important in immune protection against HSV -1 in 
mice, with long lasting immunity being conferred by I-region compatibility.(52) 

Delayed-type hypersensitivity is an early response, first detected in mice at 
4-7 days after i.d. or s.c. infection with HSV -1 (see Fig. 1), concomitant with 
the onset of clinical (labial) symptoms and the development of virus-specific 
antibody as measured by ELISA/RIA or ADCC, but preceding the appearance 
of NT antibody.(32.58) The DTH response is HSV type common(59) and re
mains inducible for at least 2 years pj.(58) However, the ability to transfer DTH 
adoptively with draining lymph node cells is only observed at 6-10 days pj., 
suggesting that DTH producing cells are absent at late times pj. or that they 
are under the control of suppressor lymphocytes.(58) 

At 5 days pj., the frequency of HSV -specific IL-2 producing helper T cells 
in lymph node suspensions was estimated at 1: 2,470-1: 5,800. The detection 
of this Lytl + cell population required that cells from mice primed with infec
tious (but not noninfectious) virus be stimulated in vitro by exposure to viral 
antigen for 9 days, suggesting that helper T cells are strictly antigen depen
dent. Consistent with the interpretation that suppressor cells are present in the 
lymph nodes, the frequency of helper T-cell precursors was increased two- to 
threefold by deletion of the Lyt2+ cells prior to limiting dilution assays.(60) 

Herpes simplex virus-mediated blastogenesis coincides with DTH(32) and 
shows a gradient of antigen exposure first observed in lymphoid cells from the 
lymph node draining the site of infection, followed by spleen cells (SC) and 
then by peripheral blood lymphocytes (PBL).(61) While the response appears to 
have an HSV type-specific component,(61) it is primarily type common.(62) To 
obtain further information on the development of HSV specific T cells re
sponses as they relate to the generation of in vitro secondary responses, we 
followed the development of proliferative responses in HSV -2 infected guinea 
pigs.(62) Virus-specific blastogenesis was observed in cultures of SC obtained at 
7 days pj. The response reached maximal levels at 3 days in culture and 
decreased thereafter. At 10 days pj., the response continued to increase in 
magnitude through 6 days in culture. The trend of the kinetic curves to be
come linear and increase in magnitude as a function of both time pj. and 
antigen concentration continued through 14-28 days pj., approaching pat
terns characteristic of those seen at 150 days pj. By analogy to the progression 
toward higher-affinity antibody, the progressive increase in proliferation was 
shown to reflect an increase in the relative number of cells that respond to low 
antigen concentrat~ons (immune maturation). 

The antigenic determinants recognized in DTH and proliferation are not 
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yet totally identified. Recent studies indicate that gB, although not possessing 
epitopes that induce NT antibodies, contains antigenic determinants that acti
vate helper T cells capable of adoptively protecting mice from lethal HSV 
challenge.(63) Similarly, a synthetic peptide representing the type-common epi
tope(s) located at residues 1-23 on the mature gD shown to induce NT anti
bodies(l7,18) activates human helper T cells to proliferate in vitro.(19) 

In general, it has been difficult to induce CTL to HSV. Activity was only 
detected following cyclophosphamide pretreatment of mice prior to HSV im
munization and lor extended (3 days) in vitro culture of the effector cells before 
assay.<53.54.64.65) Furthermore, in contrast to other viruses, CTL to HSV were 
demonstrated only in draining lymph nodes.(64) These CTL were first seen at 4 
days p.i., reached maximal activity at 6-9 days, and were no longer detectable 
at 12 days p.i.(64) However, like other CTL, they were also KID restricted.(53) 
The frequency of HSV -specific CTL precursors was similar to that of helper T
cell precursors. However, unlike the latter, they were not antigen-de pen
denU66) 

Target cell recognition by the CTL involves HSV glycoproteins(67) and is 
associated with the H-2Kb self-antigen.(55) Type-common and type-specific 
epitopes were implicated by different studies.(67) Inactivated HSV and viral 
proteins failed to stimulate secondary CTL responses in vitro. However, irradi
ated SC from mice primed with infectious virus or IL-2 were able to supply 
helper activity for deficient in vitro cultures,(68.69) suggesting that (1) helper T 
cells fail to recognize inactivated virus, or (2) inactivated virus preferentially 
stimulates suppressor cell activity. 

CTL clones were recently established from HSV-l- or HSV-2-stimulated 
human PBL. Some recognized type-common, others type-specific antigenic 
determinants. In contrast to other virus systems, all the HSV -specific clones 
had a helper cell phenotype (OKT4+ in humans) and were restricted by HLA 
class II MB or DR antigens.(70) All were bifunctional in that they also prolife
rated in response to HSV stimulation and in the absence of exogeneous IL-2, 
and the HSV -type specificity and histocompatibility restriction of the pro
liferative response was identical to that of the cytotoxic activity. HSV-specific 
stimulation resulted in the production of a factor (presumably IL-2), which 
induced proliferation of an IL-2-dependent T-cell line, demonstrating that the 
CTL clones also provide helper cell activity.(71) HSV-l-specific CTL clones 
were directed against gB-l, gD-l, or gE-l; HSV -2-specific clones were directed 
against gC-2, gD-2, gE-2, or gG.(72) 

3.3. Macrophages 

The nonspecific containment phase of the immune response involves poly
morphonuclear leukocytes (PMNL), mononuclear phagocytes (MP), and solu
ble factors generated by their activation. MP playa crucial role in resistance to 
HSV infection as evidenced by the finding that (1) MP transfer antiviral re
sistance to neonatal animals that form a model (albeit incomplete) of MP defi
ciency, (2) early after HSV infection peritoneal MP exhibit extrinsic antiviral 
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resistance defined as the ability to lyse HSV-infected targets and mediate 
ADCC, (3) activation of MP by immunomodulators such as pyran or bacillus 
Calmette-Guerin (BCG) increases resistance of mice to HSV, while increased 
susceptibility is observed in mice treated with MP toxicants, and (4) tissue MP 
playa significant role in protection of mice depleted of bonemarrow derived 
cells by radioactive 89Sr.(73) 

MP antiviral activity includes extrinsic resistance, the mechanism of which 
is presumably celllysis(73) and/or inhibition of protein and DNA synthesis,(74) 
and intrinsic activity the mechanism of which is MP abortive infection. Extrinsic 
resistance is displayed by murine peripheral MP elicited with thioglycollate, 
activated with immunomodulators, or elicited in response to HSV-2 infection. 
The MP lytic activity is enhanced by IFN; in the presence of antibody, MP can 
mediate ADCC.(75) Generally, resident MP do not exhibit this response.(76) 
While the specific antigenic determinants are unknown, human monocytes 
activated in vitro specifically lyse virus-infected but not uninfected cells.(77) 

Mononuclear phagocytes exhibit variable degrees of intrinsic resistance 
for HSV. Since MP from mice that are genetically resistant to HSV (C57BLl6) 
are more resistant in vitro to HSV infection than are MP from sensitive strains 
(BALB/c), it was suggested that intrinsic resistance is the sole determinant of 
the in vivo phenomenon. However, recent studies have failed to demonstrate a 
similar correlation,(77,78) and the in vivo resistance was not decreased by deple
tion of circulating monocytes.(79) Both intrinsic and extrinsic resistance can be 
modified by immune lymphocytes, antibody, or lymphokines, suggesting that 
in addition to MP, restriction of HSV infection in vivo involves other immune 
parameters. 

Mononuclear phagocytes are also involved in the induction, regulation, 
and amplification of specific immune responses. On the positive side of the 
regulatory pathway, the role of MP includes antigen processing and presenta
tion and the synthesis of interleukin 1 (IL-l) required for both T- and B-cell 
activation. On the negative side, it involves the synthesis of prostaglandins 
(PG).(80) The role of PG in HSV pathogenesis is discussed in Sections 4 and 5.2. 

Tissue MP are particularly significant in HSV infections. Immunologically 
active elements in the skin include the keratinocytes, which produce an IL-l
like factor (ET AF),(81) and Langerhans cells (LC), which are bonemarrow de
rived, bear Fc and C3b receptors, express Ia antigens, and are involved in 
antigen processing and presentation.(82) These Ia + epidermal cells have ac
cessory cell function for HSV-2-induced T-cell proliferation of immune lym
phoid cells.(83,84) Helper T cells primed by coculture with LC caused a marked 
reduction in virus titers in the skin of HSV infected nude mice and prevented 
the formation of zosteriform skin lesions,(84) indicating that LC are involved 
both in immunoregulation and in the control of cutaneous HSV infection. 

3.4. NK Cells 

Natural killer (NK) cells display spontaneous non-MHC restricted cytotox
icity against tumor, normal, and virus-infected cells. Like the MP, NK cells 
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acting early in infection might limit HSV-I growth and reduce the virus load. 
NK cells are nonphagocytic, not thymus dependent, and bear no surface Ig. 
However, they are a heterogeneous population.(85.86) Recent studies(87) 
showed that HSV -I-infected mouse cell lines are susceptible to a wide range of 
cytolytic activities mediated by NK cells or by cells lacking NK cell-surface 
markers such as Qa-5, NKl.I, and Asialo-GMI(aGMI), do not respond to IFN, 
and most closely resemble natural cytotoxic (NC) cells.(88) 

Besides their heterogeneity relative to target selectivity, NK cells may also 
differ in their hemopoietic lineage. Thus, NK cells that lyse HSV-I-infected 
cells are negative for the mature T-cell antigen (OKT3)(89) present on several 
NK celllines.(90) Clones of murine CTL were shown to express low concentra
tions of NK alloantigens and were induced to express NK-like lytic activity by 
culture with high concentrations of SC supernatants.(91.92) Grossman and Her
berman(93) recently suggested that the differentiation of NK and that of T cells 
is intimately interrelated, with the divergence in their characteristics becoming 
initiated upon rearrangement of the genes for the T-cell receptor. 

The antigenic determinants recognized by NK cells on HSV-infected tar
gets have been the subject of recent investigation. Fab fragments of human 
HSV-I positive (but not negative) Ig and MAbs specific for different epitopes 
on HSV-I glycoproteins gB and gC blocked NK activity against HSV-I infected 
cells, suggesting that NK cells interact directly with viral glycoproteins.(94) 

As already discussed relative to MP, the in vivo resistance of certain mouse 
strains to HSV infection has also been correlated with genetically high NK cell 
activity.(95) Using the same experimental approach as that used for MP, it was 
shown that depletion of NK cell activity with 89Sr(79) or with antibody to 
aGMI(96) caused increased HSV-I growth in the brain, liver, and spleen of 
infected mice and increased mortality. However, it should be stressed that 
animals with high NK cell activity also have high IFN levels,(97) raising some 
doubt about the antiviral role of NK cells relative to IFN. Some investigators(96) 
concluded that the decline in resistance against HSV -I infection following 
treatment with anti-aGM I is due to NK cell depletion, since repeated IFN 
injections did not prolong the life of NK cell-depleted mice. Likewise, NK cells 
(Leu II b+) were shown to limit viral replication in vitro. The effect was not due 
to IFN, since the antiviral activity was not reduced by anti-IFN serum.(98) 
Finally, the observation that persons who are particularly susceptible to un
usually severe disease (newborns, patients with Wiscott-Aldrich syndrome) 
have very low levels of NK activity against HSV-I-infected targets(99) also sup
ports the relative importance of NK cells. 

3.5. Other Cells 

There are relatively few experimental studies about the interactions be
tween granulocytes and HSV. Several studies have shown that granulocytes are 
able to kill HSV -infected targets in an ADCC-like fashion, i.e., if the targets are 
coated with specific antibodies against HSV.<lOO) Human PMNL and lympho
cytes have also been shown to mediate ADCC.(IOI.102) A new mechanism of 
antiviral immunity and a role for granulocytes was proposed by Grewal et 
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al.,(103) who showed that highly enriched populations of bovine neutrophils 
were able to destroy HSV-infected cells in the presence of complement. This 
mechanism of cytotoxicity was termed complement-dependent cytotoxicity. 

3.6. Soluble Factors 

The mechanism underlying involvement of the I-region-restricted helper 
T cells in protection against, and recovery from, HSV infections may involve 
the production of lymphokines. In order to determine the relationship be
tween blastogenesis and the production of lymphokines, we chose to assay for 
leukocyte migration inhibition factor (LIF) in supernatants from cultures of 
HSV-stimulated immune SC.(62) We found an early (l day in culture) compo
nent at 3 days pj. This component (early LIF) was presumably made by cells 
that were antigen-driven in vivo and were therefore fully differentiated at the 
onset of culture. A second component (late LIF) that required at least 3 days of 
in vitro exposure to HSV antigen and was presumably made by cells that must 
become antigen differentiated in culture, was first observed at 14 days pj. Both 
components were present in cultures of SC obtained at 28 and 150 days pj. 
The reappearance of early LIF coincided with our ability to isolate HSV -2 from 
the site of infection. These LIF components, also observed in cultures of 
human PBL,(104) are made by helper T cells (unpublished data). 

What, if any, is the role of lymphokines in recovery from HSV infection? 
In one study,(105) SC from HSV-2 immunized animals were adoptively trans
ferred to mice infected with HSV-2 i.p. or i.v., and virus content in the liver was 
measured at 48 hr post-transfer. Under these conditions of infection, un
treated animals developed focal necrotizing hepatitis. However, there was a 
significant reduction in liver virus content 48 hr after the transfer of SC ob
tained as early as 4 days after HSV -2 immunization. The activity coincided with 
the production of high levels of macrophage migration inhibition factor (MIF) 
and with the accumulation of mononuclear cells in the liver. It was suggested 
that MIF is instrumental in macrophage recruitment into the liver, thereby 
playing a critical role in recovery from infection. 

Interferon, another lymphokine made early in infection, 3-20 days,(106) 
has also been associated with resistance of certain mouse strains to HSV infec
tion. In one such study,(107) administration of anti-IFN serum was shown to 
enhance HSV-l growth and disease severity. Pure cultures of peritoneal or 
splenic MP from mouse strains susceptible to HSV in vivo were shown to 
produce high IFN titers when infected with HSV in vitro and vice versa.(108) 
SJL mice, which are low in NK cell activity but which produce high levels of 
IFN in response to HSV-l infection, are relatively resistant to HSV-l infection. 
Antibody to aGMI did not influence HSV-l-induced mortality in this sys
tem.(109) Also supporting the significance of IFN, rather than NK cells, neo
natal mice were protected from fatal HSV -1 challenge by adoptive transfer of 
adult mouse leukocytes depleted of NK cells with anti-aGMI antibody. How
ever when the mice were treated with anti-IFN antibody, HSV-l growth was 
enhanced and the protective effect of the leukocytes was abrogated.(IIO) 

The peritoneal exudate cells (PEC) that produce IFN in response to HSV 
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challenge are MP. Pure cultures of HSV stimulated mouse T cells did not 
produce IFN when treated with infectious HSV, whereas IFN was produced by 
pure cultures of mouse bone marrow derived MP. Noninfectious HSV was 
incapable of eliciting IFN production in PEC, or in vivo, in the peritoneal cavity 
of mice'<108,lll) 

Lymphokines may be involved in recovery and/or protection from HSV 
infection by virtue of their role in the differentiation of HSV specific CTL. The 
induction of active CTL requires the participation of at least three cell types: 
(I) Ia + accessory cells,(1l2) helper T cells (Lyt 1 + in mice),(l13) and CTL pre
cursors. The helper cells are stimulated by antigen and IL-I to proliferate and 
secrete soluble factors, including the signals required for the differentiation of 
the antigen-driven CTL precursors.(l14) Soluble factors required for CTL in
duction include IL-2 and IFNy .(115) IL-2 is necessary for the production of 
IFNy ' and IFNy seems to induce IL-2 receptors on T lymphocytes.(116) IFNy 

enhances DR expression on murine and human monocytes(l17) and may playa 
role in enhancing antigen presentation. Furthermore, IFNy is at least one of 
several macrophage activating factors (MAF)(118); locally, it may trigger induc
tion of CTL or enhancement of NK activity (a function that it shares with IL-2), 
thereby leading to eradication of HSV infected cells. 

In humans, lymphokine production (including IFN) has been used as a 
major indicator of the involvement of the T-cell system in HSV infections.<1l9-
122) Most of these studies have concentrated on the patient with recurrent 
disease. However, in their totality, they support the conclusion that lympho
kine production is an early response that may be involved in curtailing the 
severity of the systemic HSV disease. 

4. MECHANISM(S) OF IMMUNOSUPPRESSION 

Herpes simplex virus replicates in cultures of adult human lymphocytes, 
provided they are stimulated to blastogenesis with PHA, Con A, pokeweed 
mitogen anti-lymphocyte Ig, or IL-2. Several human studies have shown that 
only T lymphoblasts are permissive for HSV replication with growth confined 
to 2-3% of the cells.(123,124) Others indicated that both T and B cells are 
permissive,(l25,126) and in the mouse, only activated B cells support HSV 
growth.(l27) Furthermore, T cells stimulated by exposure to different ac
tivators differ with respect to their permissiveness, as indicated by the higher 
virus titers observed in PHA/IL-2-stimulated human T cells.(128) It is not clear 
why mitogenic stimulation is required in order to render adult lymphocytes 
permissive for HSV, particularly since this treatment also induces IFN produc
tion.(129) Possibly permissiveness requires increased cellular DNA synthesis or 
the acquisition of cell-surface receptors for HSV. However, newborn lympho
cytes are permissive without any prestimulation.(130) To our knowledge, there 
is no published evidence of HSV replication in lymphocytes activated by specif
ic antigens or by HSV antigen. 

Cultured T cells can be persistently infected with HSV. High virus titers 
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were obtained for 500 days p.i. of one such line, although only 3% of the cells 
were infected and cell viability was not decreased. Within the first 120 days of 
this infection, there was a 24-day interval when virus production spontaneously 
diminished to undetectable levels. Virus production could then be reactivated 
by treating the cultures with PHA.(126) 

HSV-1 suppresses the induction of antibody to other antigens, such as 
diphtheria toxoid, in cultures of human tonsils,(124) a suppression that seems to 
result from nonproductive infection of a small population of helper T cells.(131) 
By contrast, inactivated HSV -lor HSV -2 have been shown to inhibit mitogen 
or antigen induced in vitro proliferation,(l25,132) suggesting that inhibition of 
the proliferative response does not require viral replication in the lymphocytes. 
Recent studies indicate that HSV complexes directly to IL-2, making it unavail
able to the lymphocytes. Indeed, the addition of IL-2 to these cultures restored 
cellular proliferation.(132) 

HSV-infected adult murine MP undergo abortive infection (intrinsic re
sistance), the precise mechanism of which is unclear (see Section 3.3). However, 
MP can be rendered permissive for HSV growth by several days of in vitro 
growth prior to infection,(77) by growth in conditioned medium or by SV40 
transformation.(133) While cytolytic infection would functionally remove the 
MP system, causing a decrease in subsequent resistance to infection, it is not 
clear whether this relates to the finding that HSV infection inhibits ADCC 
activity. (134) 

In vitro studies have focused on changes in MP receptors, phagocytosis, 
oxidative metabolism, phagocyte-lysosome fusion, and microbicidal killing.(73) 
Few studies, however, have addressed the effects of the virus on immu
noregulatory functions of the MP. Crucial questions remaining are: When are 
viral functions completely inactivated? When do viral genes persist, if at all, and 
if so can they be reactivated? How do viral genes alter MP functions? and, What 
is the precise mechanism of this abortive infection, and how is it related to the 
pathogenesis of HSV disease? 

Another aspect of HSV-induced immunosuppression appears to involve 
prostaglandin (PC) synthesis. Thus, indomethacin, an inhibitor of PC syn
thetase, was shown to increase human mononuclear and NK cell cytotoxicity of 
HSV-infected targets. The indomethacin-treated mononuclear cells protected 
mice from lethal HSV challenge.(135) PC, phosphodiesterase inhibitors, or di
butyryl-cAMP have no effect on complement-mediated lysis. However, at phys
iologic concentrations, PCEI or PCE2, PCF2a, or Al PCB 1 and other reagents 
that increase intracellular levels of cAMP inhibit ADCC, apparently by blocking 
attachment of the mononuclear cells to the antibody coated target cells.(136) 
Incubation of MP or lymphocytes with reagents that elevate cAMP was also 
shown to cause suppression of Fc-receptor expression,(l37) and PCE caused a 
significant (100-1000%) increase in HSV -1 titers in vitro; inhibitory effects 
were mediated by PCF2a.(138) 

Herpes simplex virus infection has also been associated with an increase in 
the suppressor T-cell subpopulation. However, the route of virus inoculation 
plays a critical role within this context. As opposed to the S.c. route, which leads 
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to the induction ofT- and B-cell immunity, at least in the draining lymph node, 
mice infected with HSV-l by the i.v. route develop T cells that specifically 
suppress the induction of DTH. These cells are Lytl + at early times p.i. (7 
days), but they are both Lytl + and Lyt2+ at 4 weeks p.i.(139) It remains to be 
determined whether the Lytl + cells are suppressor-inducer cells or an unusual 
suppressor cell subpopulation uniquely identified in HSV infection. HSV-l 
inoculation in the anterior chamber of the eye also produces specific T-cell 
nonresponsiveness in DTH, similar to that seen upon i.v. infection.(140) 

Immunosuppression was also observed in immune guinea pigs exposed to 
a secondary antigen dose by reinfection.(141) In these studies, SC obtained at 3 
days postreinfection, had markedly depressed HSV -induced proliferative re
sponses and were negative for LIF production. Cell-mixing experiments indi
cated that these SC preparations had suppressor activity, but expression of the 
suppressor signal required a prior antigen-dependent differentiation step in 
vitro. Significantly, at this time, the reinfecting virus strain was able to replicate 
at the site of infection and was also isolated from the local sensory ganglia. 
Essentially similar findings were reported by Nick et aI., (l 44) who found that i.p. 
infection of mice and rats by HSV -2 results in suppression of antibody forma
tion on subsequent challenge with HSV -lor HSV -2. This suppression was not 
observed in HSV-l-infected animals. Furthermore, it was significantly reduced 
by injection of silica on the day of the secondary HSV -2 challenge, suggesting 
that macrophages playa central role in the induction of this immunosuppres
sion. The precise function of the macrophage in immunosuppression is un
clear, but it may involve PC synthesis (see Section 5.2). The proportion of 
suppressor T cells was also significantly increased in HSV -2-infected guinea 
pigS(142) and humans(104,122,143) re-exposed to HSV antigen by virtue of virus 
reactivation during recrudescent disease. 

5. IMMUNOMODULATION AND PATHOGENESIS 

While it is well established that the immune system is involved in protec
tion from fatal HSV infection (see Sections 3 and 4), the respective contribu
tions of the humoral versus CMI responses is still somewhat controversial. The 
widely accepted interpretation is that antibody is not important in promoting 
recovery. However, there is also evidence in support of the role of antibody: (1) 
patients with disseminated primary HSV-l infections have a decreased ability 
to form serum antibody to HSV-l,(l45) (2) passively transferred NT antibody 
prevents the spread and multiplication of HSV -1 in the PNS and CNS and 
protects mice from fatal HSV disease,(146-148) and (3) NT MAbs protect mice 
from zosteriform cutaneous lesions provided that they are given before the 
virus has completed one round trip along the nerves (within 60 hr p.i.).(149) In 
any case, it should be recalled that antibody cannot be effective during primary 
infection, since HSV reaches the ganglia within 24-48 hr p.i., long before a 
detectable antibody response has occurred. 
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5.1. Immunity and the Establishment/Maintenance of Latency 

It has been suggested that the development of virus-specific immunity 
predisposes to the establishment of a latent infection.<150,151) Indeed, passively 
administered antiviral antibody given 1 day after virus challenge reduced pro
ductive ganglionic infection but potentiated latency. Likewise, active immunity 
induced by i.p. virus injection between days 1-3 before challenge reduced 
acute viral replication but not latency. However, this conclusion is not sup
ported by other studies,(1.~2) and the role of immunity in the establishment of 
ganglionic latency remains a matter of controversy. 

Hypothetical mechanisms proposed(l53) for the role of the immune re
sponse in establishing ganglionic latency include the following: (1) ganglionic 
cells are permissive for HSV; the immune response modulates infection by 
converting a potentially lytic infection into a nonlytic (latent) one; (2) there are 
two populations of ganglionic cells, only one of which is permissive; latent 
infection occurs in the non permissive cells and does not involve the immune 
system; and (3) ganglionic cells are generally nonpermissive for HSV replica
tion; they are converted to a permissive state by various triggers including the 
immune response. While presently available data do not differentiate among 
these interpretations, acceptance of the premise that virus-specific immunity 
potentiates ganglionic infection implicitly presumes that the immune response 
plays a role in the establishment and/or maintenance of latency, arguing 
against the second interpretation. 

The role of the immune response in the maintenance of latency is even less 
well understood. Stevens and Cook(l54) found that virus reactivation could be 
prevented in latently infected ganglia transplanted into noninfected mice by 
passive administration of antiviral IgG and suggested that antiviral antibody is 
involved in the maintenance of the latent state. However, opposite conclusions 
were reached in another study(153) in which BALB/c mice passively immunized 
with anti-HSV-l serum were virtually free of antibody at 4 months pj. while 
remaining positive for latent ganglionic virus. 

Human studies have failed to demonstrate a role for humoral immunity in 
maintaining the asymptomatic (quiescent) latent state. Patients with a history of 
recurrent disease have significantly higher titers of NT antibodies than do 
seropositive controls,(37,104,122) a finding confirmed in latently infected and 
vaccinated guinea pigs.(34,155) Recurrent disease occurs in the face of high 
levels of circulating NT and binding antibody,(30,156) an observation confirmed 
in the guinea pig(34,35,155) and mouse ear(l57) models. Despite rare claims to 
the contrary,(40) there seems to be no qualitative or quantitative defect in the 
production of antibodies to particular viral antigens in patients with frequent 
recurrent disease.(158) Finally, although it had been suggested that recurrent 
disease is associated with low levels of serum IgA,(l59) this was not confirmed by 
a more recent study.(l60) 

The role of CMI, if any, in the maintenance of a latent state is also unclear. 
It is generally accepted that patients with recurrent disease have an intact HSV 
immune memory.<37,104.122,156) However, there is disagreement pertaining to 
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the magnitude of the response in the different patient groups. According to 
one study,<I56) patients with quicker and more intense virus-specific pro
liferative responses had shorter duration of virus shedding and of clinical 
symptoms, quicker healing lesions, and less new lesion formation than did 
those whose in vitro proliferative responses to HSV antigens were low. Like
wise, Lopez and O'Reilly(37) concluded that the HSV type-specific response was 
suppressed during recurrent disease. However, differences in the magnitude 
of the blastogenic response of patients with recurrent disease as compared with 
seropositive controls were not seen in other studies,(104,122) possibly reflecting 
technical differences. Contradictory findings were also reported using other in 
vitro assays of CMI, with some studies(l61,162) reporting no defects in NK cell 
activity of patients with recurrent disease and others(163) describing decreased 
responses. 

By contrast, there is general agreement that, as compared with seropositive 
controls, patients with recurrent disease have reduced lymphokine responses. 
Mononuclear cells from patients with frequent recurrences have a slight de
crease in HSV-induced IFN production,(164) and there is a strong correlation 
between peak IFN levels and the time to the next recurrence, such that the lower 
the IFN level, the more frequent the recurrent episodes. We(104,122), and oth
ers(l19) found that patients with recurrent disease have decreased LIF produc
tion when studied at recrudescence, and T lymphocytes from patients with 
frequent recurrences failed to produce MIF in response to HSV'<120,165,166) 
How do these defects arise? Do they reflect the failure of the immune system to 
contain the virus in a latent state? Are they the result or the cause of the recurrent 
episode? Do they arise from the specific immunosuppression that can occur 
during primary infection?(l39,140) Answers to these questions remain a major 
goal for future investigation. 

5.2. Immunity and Recurrent Disease 

Studies of the mouse ear model of HSV infection have led to the hypoth
esis that a peripheral stimulus produces local changes in the skin that lead both 
to virus reactivation in the ganglia and the development of recurrent disease 
(for review see Hill(l67». However, this hypothesis does not accommodate the 
observation that often virus reactivation is not accompanied by recurrent symp
toms. Accordingly, we proposed that the development of recurrent disease 
hinges on the ability of the reactivated virus to replicate in the ganglia and/or 
the epidermis, causing visible cytopathology. According to this interpretation, 
factors (such as an effective immune response) that interfere with viral replica
tion will prevent recurrent disease even though the latent virus was 
reactivated.(62,104,123,141) 

Although cause and effect remains to be established, available data sup
port this interpretation. In humans, the risk of recurrent disease was correlated 
with abnormal lymphokine production.(104,ll9-122,141,164,168,174) In a pro
spective study of 30 patients first seen during primary HSV-2 infection, we 
showed that the risk of developing subsequent recurrent disease was strongly 
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correlated with the ioss (at 20-30 days p.i.) of the ability to produce lympho
kine in response to HSV stimulation.(I22.14I) The lymphokine unrespon
siveness acquired at 20-30 days p.i. is associated with an increase in the propor
tion of OKM2+ (MP) and OKT8+ (cytotoxic/suppressor) cells.(I74) 

Connecting between the containment and effector phases of the HSV 
immune response, we have recently shown that supernatants from cultures of 
PBL obtained immediately before and during recrudescence are negative for 
both LIF activity and for lymphokines (IFN and IL-2) that enhance NK ac
tivity'<I04.122.168) This was associated with an increase in the proportion of 
OKT8 + , OKIa + , and OKM2 + cells. Depletion of these cell subpopulations by 
complement-mediated lysis restored both activities. Likewise, PBL collected at 
recrudescence inhibited virus-specific lymphocyte proliferation,(I04) unless 
previously depleted of the OKT8+ and/or OKM2+ cells. These findings do 
not reflect a unique cellular compartmentalization, since similar results were 
obtained in cultures of SC from latently infected guinea pigs.<62.142) 

The suppression involved both MP-produced PG and suppressor factor(s) 
presumably made by the suppressor T cells. Indeed, recrudescent superna
tants failed to augment NK activity, although the levels of IFN and IL-2 were 
similar to those observed in supernatants from seropositive controls. Dialysis as 
well as addition of indomethacin to the cultures restored the NK-enhancing 
activity. However, PGE levels were similar in recrudescent and seropositive 
control supernatants.<I68) More recent studies indicate that besides PG, sup
pression requires a 8200-dalton suppressor factor that appears to block the 
binding of the lymphokine to its specific target cell.<I74) In the guinea pig 
model, we found that HSV-2-activated suppressor cells, observed at recrudes
cence, elaborate both virus-specific and -nonspecific soluble suppressor fac
tor(s) that respectively dampen the HSV-2 or mitogen-stimulated proliferation 
of immune or nonimmune cells.(I42) 

Confirming our conclusions about the potentially significant role played 
by suppressor cells in HSV disease, Horohov et al.<I69) found that murine 
Lytl + and Lyt2+ HSV immune splenocytes proliferate in response to HSV 
antigen in vitro. The suppressor cell is Lyt + IJ +. However, suppression also 
requires the contribution of Lytl + T cells and IJ + antigen-presenting cells. 
More recently,(I70) these investigators found that suppression is mediated by a 
soluble factor (molecular weight 90,000-100,000) that contains an IJ + anti
idiotypic protein. Consistent with our findings in the guinea pig model,(I42) 
suppression mediated by this factor was antigen specific'<I70) However, as pre
viously reported by us in the guinea pig model,(l42) nonspecific suppressor 
activity could also be generated, for instance, by incubating the IJ + suppressor 
factor with Lytl + cells from HSV-immune mice.(I70) 

Taken in toto, these findings support the interpretation that immu
nomodulation plays a significant role in the pathogenesis of HSV cutaneous 
disease and provide a plausible mechanism for unifying the two phases of the 
HSV immune response and local stimuli that are presumably significant in 
cutaneous disease. These stimuli include the PGs which are produced by epi
dermal cells (EC)(83,I68,II7) in response to triggering factors (e.g., UV light) 
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that induce HSV recurrent disease. Skin irritants (e.g., cellophane stripping) 
that induce recurrent disease in the mouse ear model cause a significant in
crease in the levels of PGE2 in the skin, while a similar increase is not seen after 
DMSO application, a treatment that reactivates latent virus but does not cause 
recurrent symptoms. (167) 

Local stimuli also involve suppressor factors. Thus, EC-mediated HSV
induced proliferation of immune lymphoid cells is inhibited by UVB irradia
tion.(83.84) PGE does not mediate the inhibition, since equal levels of PGE are 
secreted by UVB-irradiated and -nonirradiated EC. The inhibition appears to 
be mediated by soluble suppressor factor(s) including one (molecular weight: 
30,000-40,000) that appears to suppress HSV -induced DNA synthesis of im
mune LNC specifically and another one (molecular weight: 80,000-100,000) 
that suppresses both HSV and mitogen-induced responses.(83) Whether the 
various suppressor factors represent structurally similar or different molecular 
entities is unknown. Furthermore, the mechanism of action of the suppressor 
factor(s) is unclear, thereby precluding final conclusions pertaining to the sup
pressive effects of these apparently different moieties, as well as their respec
tive role in the pathogenesis of herpetic disease. Possibly, UVB-irradiated EC 
preferentially activate virus-specific suppressor cells that secrete soluble sup
pressor factors. Alternatively, UVB directly stimulates the production by EC 
(or a subpopulation thereof) of substances that inhibit T-cell proliferation.(172) 
Recent findings from our laboratory indicate that the production of the soluble 
factors detected under these conditions require Lytl + L3T4+ T cells consistent 
with suppressor inducers and Lyt2 + suppressor T cells, consistent with antigen
induced suppressor effectors. Suppressor factors are antigen-specific and non
specific. The antigen-specific suppressor factor (HSV-SF) is a 115-kilodalton 
protein consisting of two disulfide-bound components with molecular sizes of 
70 and 52 kilodaltons. By analogy with hapten systems, it seems reasonable to 
assume that HSV-SF is part of the regulatory Ts-cell circuit that modulates 
HSV -induced immunity.(l73.175) 

The concept that immunosuppression is a major component of the patho
genesis of recurrent HSV disease raises a number of questions of both basic 
and practical (for vaccine development) significance. Are all HSV proteins 
capable of inducing the suppression network? Is suppression induced by 
unique epitopes on certain viral proteins? If suppression is induced by unique 
antigenic domains, how do they differ from those that induce immunity? Is 
viral replication in the epidermis required for the induction of suppression? Is 
antigen presentation by tissue MP (e.g., LC) the determining factor in the 
induction of the suppression network? Recent progress in molecular biology, 
including the development of vaccinia virus recombinants that contain specific 
HSV genes, or fragments thereof, may provide the necessary tools to address 
these significant problems. 
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Human Cytomegalovirus 
JOSEPH L. WANER 

1. INTRODUCTION 

1.1. Type Strains of Human Cytomegalovirus 

The modern era of investigation of human cytomegalovirus (HCMV) began 
with the independent isolation of viruses from three different laboratories. (1-3) 

An insightful historic account of those reports was given by Weller.(4) The 
AD 169 strain isolated by Rowe et at. (3) from cultures of adenoids and the Davis 
strain isolated by Weller et at. (2) from a liver biopsy became prototype strains 
for study. More recently, the Towne strain isolated from urine and studied by 
Plotkin et al.<5) as a vaccine candidate joined AD169 and Davis as the three most 
studied strains of HCMV. 

1.2. Properties of the Virus 

Cytomegaloviruses (CMV) are members of the family Herpesviridae (her
pesviruses) and the subfamily [3-herpesvirinae. Generally recognized criteria 
for classification of HCMV are a molecular weight of 150 x 106 for the DNA 
genome, a slow replicative cycle, recovery of virus only from humans, a re
stricted host range in cell culture, and no animal model of infection. The virus 
becomes latent in the host following primary infection and retains the potential 
to reactivate and replicate under conditions that promote immunosuppression. 

Cytomegaloviruses of other species exist, of which the murine cytomegalo
virus (MCMV) is the most extensively studied. The close evolutionary rela
tionship of a CMV with its host species, however, should always caution against 
extensive generalizations regarding properties of CMV. 
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The absence of an animal model for HCMV necessitates that knowledge 
regarding the immune response must derive from observations of human 
infection and disease. The various manifestations of active symptomatic or 
asymptomatic HCMV infections as they occur in different age groups compli
cate attempts to dissect the immune response. In addition, the various compo
nents of the immune response should be viewed as mechanisms of recognition, 
protection, and/or pathogenesis in relationship to HCMV infection and dis
ease. This chapter discusses immunity to HCMV relative to the principal cir
cumstances of transmission to healthy hosts and the resulting infection with or 
without manifestation of disease. References to studies of MCMV are made 
where insights relative to human infection are provided. 

2. INFECTION 

2.1. Congenital 

The multiple studies reviewed by Ho(6) indicate that the frequency of 
congenital infection ranges from 0 to 3.4% of all births, with an average of 1 % 
commonly cited. Approximately 10% of congenitally infected infants are 
clinically symptomatic at birth and are usually associated with primary mater
nal infections that occurred during pregnancy; (7-9) 5-15% of the asymptomat
ic infected newborns, nevertheless, may develop symptoms within the first 2 
years of life.<1O-13) 

Most primary maternal infections are asymptomatic.(7-9.14-17) The inci
dence of congenital infection is higher among infants born to women who are 
seropositive before pregnancy, reflecting reactivated infection in the mother as 
the source of fetal infection.<9,18,19) These newborns are far less likely, how
ever, to have clinical sequelae.(9,18-21) Congenitally infected infants routinely 
produce antibody but show certain deficiencies in cell-mediated immunity 
(CMI)'<22-25) 

2.2. Perinatal 

The number of infants infected during birth by passage through an infected 
uterine cervix, or within the first few months of life, exceeds the number of 
congenitally infected infants. Infants born at term and infected perinatally are 
more likely to be asymptomatic; those who show symptoms rarely have serious, 
long-term sequelae.<26-29) Passively transferred maternal antibody,(20,26.29) in
cluding neutralizing antibody,(30) does not prevent infection but may modulate 
disease. Premature infants are at higher risk of serious clinical consequences of 
perinatal infection than are full-term infants,(31,32) perhaps reflecting a more 
immature immune system. 

Although the presence of immunity in the mother and of antibody in the 
infant is associated with minimal or no clinical sequelae, the relative roles of 
maternal immunity, passively transferred antibody in the fetus or newborn, 
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and age of the fetus or newborn in determining symptomatic infection are not 
clear. If a threshold of inoculum exists over which natural fetal immunity is 
overcome and fetal infection becomes disseminated, maternal immunity may 
function to keep the viral inoculum low enough to prevent severe disease, but 
not infection. Asymptomatic infants, in fact, excrete significantly less virus than 
do symptomatic infants,<9,20) 

2.3. HCMV Mononucleosis 

Acquired HCMV infection in older children and adults is usually asymp
tomatic but may cause a heterophile-negative mononucleosis syndrome.(33) 
Major contributions to the understanding of the immune response to HCMV 
infection have derived from studies of these patients and are referred to in the 
following sections. 

2.4. Immunocompromised Hosts 

Latent HCMV may be reactivated by immunosuppression, indicating the 
equilibrium that exists between the latent virus and the healthy immunocompe
tent host. Excretion of HCMV in transplant and cancer patients due to the 
immunosuppressive nature of either the disease or treatment, or both, is a 
common occurrence that may have severe clinical consequences. Like the con
genitally infected infant, most immunocompromised patients retain intact hu
moral immune functions against HCMV but suffer dysfunctions of CMI associ
ated with reactivated infection. Immunocompromised patients who acquire a 
primary infection are much more likely to have severe disease than those who 
have reactivated infections [reviewed by Ho(34»). In a revealing study, rheu
matology patients being treated with corticosteroids or cylophosphamide were 
observed for excretion of HCMV. Only patients immunosuppressed by cyclo
phosphamide became HCMV excretors,(35) In addition, the use of anti
thymocyte serum in renal transplant patients was associated with greater 
HCMV disease, as exemplified by increased viremia,(36) Thus, efforts that 
compromise CMI are associated with greater HCMV activity. 

Cytomegalovirus is also an important opportunistic pathogen in patients 
with the acquired immunodeficiency syndrome (AIDS).(137-139) In addition to 
being a major cause of morbidity and mortality in AIDS patients, HCMV may 
also be an additive or complementary immunosuppressive agent,(138-140) 

3. ANTIGENS OF HCMV 

Immunologists are interested in the proteins of HCMV as they interact 
with the immune system. Definitions of the proteins in terms of their immu
nogenic and antigenic characteristics are important to the current and future 
understanding of the immune response, 
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Antigens on the surface of the virion are likely to be targets of circulating 
antibodies, whereas viral antigens on the surface of infected cells would serve 
as targets for either antibodies or mechanisms of CMI, or both. The salient 
questions of any analysis of virus-immune interactions refer to delineation of 
which viral antigens are targets of a protective immune response. Dissection of 
the HCMV antigenic mosaic has only begun. An evaluation of the antigenic 
composition of HCMV should discern between the investigational approaches 
used experimentally to ascertain antigens of HCMV and the host's response to 
the antigens relative to the different conditions of natural infection. 

3.1. Physical and Biochemical Analysis 

Cytomegalovirus virions possess a minimum of 35 structural proteins.(37-
39) Eleven glycosylated proteins were identified, eight of which were routinely 
detected, and three of higher-molecular weights identified as precursors.(40) 
Virions contain at least five glycoproteins in their surface membranes, and each 
of the carbohydrate moieties appears to have structural differences.(41) In a 
comprehensive study, only 17 of the 35 polypeptides identified in virions were 
also seen in infected cells. (39) All eight of the glycoproteins identified in virions, 
however, were also seen in infected cells; one additional glycoprotein (100 
KDa) was present in infected cells but was not identified in virions. Discrepan
cies exist between laboratories in characterizing HCMV proteins, due in part to 
the different methods employed. 

Synthesis of HCMV proteins is sequential, being effectively divided be
tween proteins synthesized prior to, and independent of viral DNA synthesis 
and those produced following and dependent on DNA synthesis;(42,43) the 
former are, for the most part, important in governing viral replication and the 
latter are structural proteins. More than 50 polypeptides are synthesized in 
infected cells, with 10 of these synthesized within 6 hr of infection.(43) 

Stinski et al. (44) showed that HCMV glycoproteins appear on the plasma 
membrane of infected cells within 24 hr of infection and as long as 2 days 
before the release of virus progeny. Preparations of viral glycoproteins were 
immunogenic in rabbits, with the resulting antisera successfully precipitating 
the respective glycoprotein antigens;(40.43) this work supported the original 
observation that human antisera may contain antibodies against HCMV anti
gens expressed on the surface of infected cells.(45) Rabbit antisera against viral 
glycoproteins also neutralized infectivity of HCMV.(40) 

3.2. Immunologic Analysis 

3.2.1. Analysis Using Monoclonal Antibodies 

A different perspective on the antigenic composition of HCMV was pro
vided with monoclonal antibodies. Rather than identifying viral proteins 
through their physicochemical properties, HCMV polypeptides were charac
terized through immunogenic and antigenic properties of specific epitopes. 
Kim et al.(46) produced monoclonal antibodies against purified virions of the 
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AD169 strain of HCMV. Five of nine antibodies produced reacted with a single 
glycopeptide of 66 KDa that can be detected within 2 hr of infection, was 
produced in large quantities, and was common to many strains of HCMV.(46.47) 

By contrast, Pereira et al.(48) prepared monoclonal antibodies against cells 
infected with the AD169 strain of HCMV. Twelve different glycoproteins were 
identified with 14 monoclonal antibodies. The glycoproteins were present on 
the surface of infected cells, although only 9 of the 14 antibodies reacted by 
immunofluorescence with the surface membrane of infected cells; one of the 
three antibodies that possessed neutralizing activity did not react with the 
surface of infected cells.(48) Thus, divergent expression of HCMV epitopes 
occurs in the membranes of infected cells. This may be due in part to the 
existence of polymorphic forms of the glycoproteins.(49) Virion glycoproteins 
may also vary in molecular weight between strains of HCMV.(50) 

Neutralizing Epitopes. Rasmussen and co-workers produced a monoclonal 
antibody against an 86-kDa protein of strain AD 169 that neutralized several 
strains of HCMV(51); the protein was localized in the cytoplasm of infected 
cells. The same laboratory also reported two monoclonal antibodies that recog
nized the same 55- and 130-kDa polypeptides but possessed different immune 
properties; one antibody neutralized only with complement, while the second 
showed no neutralizing activity.(52) Similarly, Kari et al.(141) described mono
clonal antibodies that reacted by immunofluorescence with several strains of 
HCMV but showed divergent neutralizing properties. 

Britt(53) identified three glycoproteins of 160, 116, and 55kDa with mono
clonal antibodies that also had neutralizing activity. The glycoproteins were 
believed to be structured within virions as covalently linked disulfide-bonded 
protein complexes;(53) only the 116- and 55-kDa glycoproteins, however, seem 
to exist as final products in the virion envelope.(54) Rasmussen et al. (52) de
tected similar complex structures in cell-free virus and in extracts of infected 
cells. A gene expressing two glycosylated forms (145 and 55 kDa) of a CMV 
glycoprotein was expressed in a recombinant vaccinia virus;(l42) antibody pro
duced in rabbits following infection with the recombinant neutralized HCMV 
in vitro. 

3.2.2. F c Receptors 

In addition to specific HCMV antigens, receptors for Fe fragments are 
induced in the cytoplasm and on the plasma membrane of infected cells.<55.56) 
The purpose of the receptors has not been elucidated but may bear on protect
ing the infected cell from lysis by antibody and complement or by cytolytic 
effector cells. 

4. HOST ANTIBODY RESPONSE AGAINST HCMV 

The antibody response to primary or reactivated HCMV infections does 
not appear to be impaired by the infectious process. It should be noted that, in 
contrast, the host antibody response to MCMV is markedly suppressed.(57.58) 
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Common serologic tests have been applied to the detection of HCMV 
antibody. References to serologic tests will be made only within the context of 
discussing the antibody response to HCMV as a component of the immune 
response. 

4.1. Complement-Fixing Antibodies 

The complement-fixation (CF) test has been the most extensively used and 
studied serologic assay. Glycine-buffer extraction of infected cells results in a 
more effective antigen preparation. The principal viral component of a 
glycine-extracted antigen preparation appears to be a 66-kDa glycopro
tein(47,59,60) that is probably held in common by all strains ofCMV; a 140-kDa 
polypeptide(47) and a 50-kDa glycoprotein,(60) however, were also reported; 
Kim et al. (38) had previously identified the 66-kDa glycoprotein as the most 
prominent structural protein of the virion. The 66- and 50-kDa glycoproteins, 
in particular, were well precipitated by human sera with CF antibody. Thus, 
conventional CF tests primarily detect antibody production against major 
structural proteins of the virus. 

The CF antigens react primarily with IgG antibodies and are not reliable in 
detecting specific IgM antibodies against HCMV.(61) Studies and discussions by 
Pereira et al.(48,60) suggest that CF antibody fluctuations and indications of 
strain differences observed by CF(62) may be due to underproduction of partic
ular CF antigens by some strains of HCMV and/or a manifestation of varying 
mixtures of type-common and type-different determinants in antigen prepara
tions. 

4.2. IgG Subclasses 

Immunoglobulin G (IgG) antibodies against HCMV in the sera from 
healthy donors and patients as measured by enzyme-linked immunosorbent 
assays (ELISA) were primarily of IgG 1 and IgG3 subclasses, the most efficient 
IgG subclasses in CF reactions. IgG3 antibodies were detected first in primary 
disease. IgA1 and IgA2 antibodies against HCMV were also detected.(63) 

4.3. Immunoprecipitation-Immunoblot Analysis 

Antibodies in human convalescent sera also recognize glycoproteins of 52, 
67,95, 130, and 250 kDa in the envelopes ofvirions.(46) Six glycoproteins (130, 
110, 96, 66, 50, and 25kDa) and four nonglycosylated proteins were immune 
precipitated from infected cells by IgG or IgM antibodies of human anti
sera.(60) Evidence was also presented that antibodies to the various glycopro
teins occur at different concentrations and have a temporal appearance after 
congenital or perinatally acquired infections.(64) The sera from symptomatic 
children continued to precipitate greater amounts of HCMV antigen over a 
longer period of time than did sera from asymptomatic patients. 
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Early (l month) and late (6-8 months) patterns of antibody development 
to HCMV antigens were noted in adult patients following primary infection. 
Immunoblotting detected antibodies to proteins of 66, 55, 40, 35, and 30 kDa 
within one month of seroconversion; antibodies to 100, 60, and 22 kDa pro
teins were detected six to eight months after seroconversion. A third pattern of 
antibody development was detected but varied from patient to patient. A sim
ilar study indicated that bone marrow transplant recipients make antibodies to 
HCMV proteins in a similar pattern to that of immunocompetent persons.(l44) 
The number of bands and the molecular weights of the HCMV proteins re
ported varies between laboratories, and a concensus regarding the develop
ment of antibodies has yet to be established. 

4.4. Secretory IgA 

Secretory IgA antibody against HCMV was demonstrated in cervical secre
tions of adult patients,(65) and in saliva from seropositive virus-excreting and 
-nonexcreting infants.(66) Low neutralizing activity was associated with the IgA 
antibody in saliva but was not looked for in the cervical secretions. The absence 
of virus excretion did not correlate with the presence of secretory IgA antibody 
in either study. 

4.5. IgE Antibody 

Specific IgE antibody against HCMV was reported to be a good indicator of 
primary infection. Only 9% of patients with recurrent infection had detectable 
IgE antibody, while 96% of patients with primary infections were positive.(67) 

4.6. Neutralizing Antibody 

Weller et al.(68) showed neutralizing activity in sera from infants with active 
HCMV infections. These workers further demonstrated antigenic differences 
between the virus isolates and the AD 169 strain in neutralization tests using 
sera obtained from these infants. Many reports have since confirmed the het
erogeneity of HCMV isolates, but the clinical implications of those reports and 
that original study are yet to be resolved. 

Neutralizing antibodies would be expected to afford some degree of im
mune protection. The formation of IgG antibody-HCMV complexes, how
ever, does not necessarily prevent productive infection.(69) Indeed, HCMV
antibody complexes were absorbed to the host cell as efficiently as non
complexed virus.(70) Monoclonal antibodies prepared against the ADI69 strain 
of HCMV and possessing neutralizing activity precipitated glycoproteins of 
160, 116, and 55 kDa; human immune sera with neutralizing activity also 
precipitated these glycoproteins in addition to proteins of 200, 145, 100, 66, 
and 34 kDa'(50) 

The evidence indicates that glycoproteins of HCMV are strongly immu-
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nogenic in the host and serve as major targets for neutralizing antibodies on 
the surface of virions. Glycoproteins are also present prominently on the sur
face of infected cells and would be expected to serve as targets of cytolytic 
immune mechanisms. The expression of glycoproteins on the surface of in
fected cells may, however, be different from that on virions.(71-74) 

4.7. Immune Complexes 

The enhanced and extended production of antibody in symptomatic pedi
atric patients draws attention to the report of immune complex formation in 
congenitally infected infants.(75) Renal glomeruli of three symptomatic infants 
studied who subsequently died had a heavy deposition of immune complexes 
on the basement membranes. Increased quantities of circulating immune com
plexes were also found in symptomatic infants in comparison with asympto
matic HCMV excretors. The elevated quantities of antibody produced in clini
cally apparent infections, therefore, may play a role in the pathogenesis of 
HCMV disease. 

4.8. Cytolytic Antibody 

The strongest experimental data for the protective role of antibody derive 
from studies showing cytolytic activity of IgM and IgG antibodies.<72,73) The 
original report associated complement-dependent cytolytic antibody activity 
with symptomatic infection;(72) the responsible immunoglobulin was IgM. Ac
cordingly, cytolytic activity disappeared 1-2 months after the appearance of 
symptoms. Middeldorp et al.,(73) however, demonstrated convincingly that IgM 
and IgG antibodies from symptomatic patients may be cytolytic by way of the 
classic pathway of complement activation. The target antigens were on the 
surface of infected cells and, although not specifically identified, were pri
marily late antigens; attempts to lyse infected cells showing only early antigens 
with homologous reactive antisera were unsuccessful. The early and late 
HCMV antigens on the surface of infected cells appear to exist as individual 
sets of antigens that may also differ in part from antigens on the surface of 
virions.<73,74) The best clinical indication for a protective role of specific anti
body comes from trials using immune globulin to prevent or modulate HCMV 
disease in high-risk patients.(76-79) 

5. LYMPHOCYTE BLASTOGENIC RESPONSE 

Lymphocytes of immunocompetent, HCMV-seropositive individuals un
dergo blastogenesis upon exposure to HCMV antigen.(8o-82) Lymphocyte 
transformation occurs in response to purified virions or antigen extracts of 
infected cells. The presence of antibody in the assay does not affect lymphocyte 
blastogenesis. (82) 
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Antigens of HCMV stimulate memory T cells to undergo blastogenesis.(83) 
Lymphocytes appear to recognize different antigens on virions and infected 
cells.(84) The retention of a blastogenic response against HCMV infected cells 
was associated with suppression of HCMV in renal transplant recipients; all 
patients showed depression of the lymphocyte response against virions.(85) 

Strain-specific responses oflymphocytes from tonsils and peripheral blood 
were reported using three strains of HCMV, including AD169 and Davis.(86) 
The findings concerning strain-specific responses of lymphocytes from pe
ripheral blood, however, were not confirmed using purified antigen prepara
tions of AD169, Davis, and Towne strains.(87) 

Healthy persons seropositive for both late and early antigens showed sig
nificantly higher blastogenic responses against HCMV antigens than did those 
with only antibody against late antigen.(88) In a later study, Waner et al.(89) used 
preparations of early antigens and antigens from productively infected (PI) 
cells to evaluate the blastogenic response in seropositive healthy donors and 
virus-excreting patients. Seropositive healthy persons showed blastogenic re
sponses to early antigens whether or not antibodies to early antigens were 
detectable. Four of 9 patients, however, with reactive lymphocyte responses to 
PI antigen did not have detectable responses to early antigens. The early anti
gen preparation contained viral polypeptides of 40kd, 56kd, 62kd, and S3kd as 
identified by SDS-PAGE. 

Lymphocytes from immunocompetent persons experiencing a primary 
HCMV infection with the clinical syndrome of mononucleosis showed a dimin
ished response to the mitogen concanavalin A (Con A) but a normal response 
to phytohemagglutinin (PHA)'<90) Concurrently, such patients showed a rever
sal in the ratio of helper (OKT4) to suppressor-cytotoxic (OKTS) lympho
cytes.(91) Convalescence was characterized by a return of normal Con A re
sponses and normal OKT4/0KTS ratios. The blastogenic response to HCMV 
antigen in HCMV mononucleosis patients was also depressed. Characteristical
ly, development of specific antibody was detectable early in the illness, but the 
blastogenic response of lymphocytes was delayed and did not reach normal 
levels for months.(92) Patients with previously acquired immunity against 
herpes simplex virus (HSV) and varicella-zoster virus (VZV) also had dimin
ished proliferative responses of lymphocytes against the homologous antigens 
indicating a generalized suppressive effect of the active infection. 

The immunosuppressive effect of HCMV in healthy adults may bear on the 
occurrence of congenital infection. Congenitally infected infants and their mothers 
showed varying degrees of suppression of the blastogenic response.<22,23,93) The 
mothers of infants with symptomatic infections showed a higher degree of suppres
sion than mothers of infants with asymptomatic infections. The lymphocyte re
sponse of symptomatic infants was significantly more depressed than that of 
asymptomatic infants.(93) Stimulation of blastogenesis by PHA or herpes simplex 
antigen was normal in the mothers, indicating a specific defect against HCMV. 
Gehrz et al. (94) reported that seropositive non-virus-excreting pregnant subjects 
show specific suppression of lymphocyte blastogenesis against HCMV that is 
greatest in the third trimester. Maternal immunity as assessed by blastogenic 
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assays may not, however, be a determinant of viral excretion during gestation. 
Faix et al. (95) studied a population of adolescents longitudinally during pregnan
cy and reported that a blastogenic response was not detectable on 40% of the test 
occasions in seropositive subjects; furthermore, significant differences were not 
observed between mothers excreting virus (asymptomatic) and seropositive 
mothers not excreting virus. 

Most congenitally infected infants do not develop a blastogenic response 
for years;(24,25) the acquisition of a response, however, is associated with termi
nation of viral excretion.(24) The immune defect is specific for HCMV, as 
patients with antibody against HSV exhibit blastogenic responses.(24) Nor is 
significant suppression of PHA-stimulated blastogenesis observed in congenital 
or postnatally infected patients.(25) 

6. NATURAL KILLER CELL ACTIVITY 

6.1. In Vitro Assay 

Diamond et al. (96) reported the "unexpected lysis" of HCMV -infected fibro
blasts by peripheral blood mononuclear cells from healthy seronegative donors; 
uninfected fibroblasts were minimally lysed under the same conditions. Natural 
killer (NK) cell activity against infected fibroblasts was eventually characterized 
as being mediated by non-B, non-T lymphocytes with Fc receptors; lymphocytes 
from seronegative or seropositive donors effected lysis that was not HLA re
stricted.(97,98) Lytic activity was also associated with effector cell populations 
enriched for large granular lymphocytes.(98,99) Preincubation of lymphocytes 
with interferon (IFN) enhanced the lytic activity.(98) NK-cell activity, however, 
was shown to be independent of IFN production in the assay.<99,lOO) 

The appearance of HCMV early antigens on the surface of infected cells 
was sufficient to induce susceptibility to lysis by NK cells.(lOO) A principal target 
of NK activity may, however, be a determinant(s) present on uninfected fibro
blasts whose expression is enhanced(99,lOO) or diminished,(99) depending on the 
strain of infecting virus.(99) These latter considerations may be important in 
determining the course of primary infection before the advent of acquired 
immune mechanisms. 

6.2. Clinical Studies 

The role of NK activity in CMV infection and disease has not been eluci
dated. A study of lymphocyte-mediated cytolysis of eight virus-excreting con
genitally infected infants and six of their mothers reported greater impairment 
of lytic activity in the mothers than in the infants.(lOl) Harrison and Waner(102) 
reported on NK cell activity in 39 infants and children excreting HCMV by 
assessing lytic activity against uninfected fibroblasts, HCMV-infected fibro
blasts, and K562 cells. Differential responses against the three targets were 
observed and correlated with age and clinical status of the patients. Patients 



HUMAN CYTOMEGALOVIRUS III 

with interstitial pneumonitis (IP) or with IP and hepatitis constituted an acutely 
ill population; those under 6 months of age had significantly higher levels of 
NK activity than did healthy, nonexcreting controls, while patients over 6 
months of age had slightly depressed activity (insignificant) against HCMV 
infected targets and significantly depressed activity against K562 cells. In
terestingly, both age groups showed significantly higher levels of lytic activity 
against uninfected fibroblasts. Patients without IP constituted a chronically ill 
study population that did not display different levels of NK activity against 
uninfected fibroblasts than did comparable controls. The chronically ill pa
tients 6 months of age or older, however, showed significantly depressed NK 
activity against HCMV infected targets and K562 cells; patients under 6 
months of age showed normal levels of activity. All viral excretors showed 
pronounced NK activity regardless of relative suppression or enhancement 
relative to controls. The significantly elevated levels of NK activity against 
uninfected fibroblasts was associated with the most acute disease. Starr et aZ. (103) 

also reported increased levels of lytic activity against uninfected fibroblasts in 
patients with HCMV disease following renal transplantation. Thus, NK activity 
against uninfected cells may have a role in the pathogenesis of HCMV disease. 

The NK response of patients with HCMV mononucleosis did not differ 
from that of normal donors when measured only against K562 cells.(I04) Non
HLA-restricted cytolytic activity (NK activity) was also reported as an important 
component in the recovery of bone-marrow-transplant recipients with HCMV 
infection;(l05) patients with fatal infections had depressed levels of activity 
before and during the infection. 

6.3. Genetic Influence on the Murine NK-Cell Response 

Natural killer cell responses are detected in MCMV infected mice within 3 
days of inoculation,(!06) suggesting an important role in early defense. Mice 
depleted of NK activity by treatment with a specific monoclonal antibody (anti
asialo GMl) against NK cells suffer a more severe infection of longer duration; 
the treatment with antibody did not interfere with other immune mecha
nisms.<!07) The effects of depletion of NK activity were most profound in the 
first 5 days of infection. In addition, high titers of MCMV in salivary glands 1 
month after inoculation in antibody-treated mice suggested a role for NK cells 
in regulating persistent infection. 

Strains of mice differ in their susceptibility to infection,(l08.109) which 
correlates with NK activity.(llO) Beige mice are genetically deficient in NK 
activity and were more susceptible to lethal infection by MCMV than hetero
zygous littermates with NK activity;(lll) infected animals also developed 33- to 
43-fold greater titers of virus in liver, spleen, and kidney than did the hetero
zygotes that experienced sublethal infection. 

In the mouse model of infection, therefore, the abrogation of the NK 
response early in the course of infection is associated with a poor prognosis. 
Strains of mice that are particularly susceptible to MCMV infection have genet
ic dispositions to low NK activity. The inability of the host, therefore, to man-
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age the early infectious process successfully before the advent of acquired 
immune responses may be a major determining factor in the clinical outcome 
for mice and perhaps humans. 

7. ANTIBODY-DEPENDENT CELL-MEDIATED CYTOTOXICITY 

Enhancement of cytotoxicity of HCMV -infected fibroblasts following pre
incubation of the target cells with human antisera to HCMV was reported.(97) 
Lymphocytes from seropositive and seronegative donors mediated the reaction 
and were found in the same lymphocyte fraction as NK cells, confirming other 
reports that the effector cells of NK and antibody-dependent cell-mediated 
cytotoxicity (ADCC) activity may be identical.<1l2) The parameters of ADCC in 
humans using HCMV -infected targets have not been elucidated, nor has the 
assay been applied to ascertain the role of ADCC in HCMV disease. This would 
appear to be a fertile area of investigation, given the recent findings discussed 
above concerning the antigenic composition of the HCMV infected cell. 

8. HLA-RESTRICTED CYTOTOXIC T-CELL ACTIVITY 

Three bone marrow transplant recipients with primary HCMV infections 
developed an HLA-restricted cytolytic response against HCMV-infected tar
gets that was mediated by T cells;(l13) the responses were induced specifically 
by the CMV infection. Borysiewicz et al.(1l4) subsequently showed that precur
sors of cytotoxic T lymphocytes (CTL) are present in the peripheral blood of 
normal, seropositive donors. Clonal expansion of cytotoxic T-cell subsets oc
curs upon incubation of peripheral blood mononuclear cells with fibroblasts 
infected with HCMV; similar incubations with cell-free virus, however, re
sulted in helper lines. Cytolysis mediated by the cytotoxic lymphocyte lines 
(Leu 2a +) was HLA restricted. HCMV -infected cells displaying only early anti
gens were lysed, in addition to productively infected cells. 

Cytolytic activity of mononuclear cells from seropositive adults and infants 
with active infection was enhanced by incubation of the lymphocytes with cell
free HCMV antigens for 6 days prior to assay.(115) Depletion experiments 
using monoclonal antibodies indicated that the effector cells were composed of 
CTL (OKTS) and an NK cell population. 

The CTL response appears to be an important factor in the recovery of 
bone marrow transplant recipients from active HCMV infections; (I 16) patient 
survival was always associated with a response. The response occurs prior to the 
median onset of viral shedding or rises in serum antibody levels. A similar 
conclusion was drawn from a study of renal transplant recipients.(1l7) In addi
tion, the specific cytotoxic response may have protected against HCMV i~ury 
to the graft. 
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9. INTERACTION OF HCMV WITH LEUKOCYTES 

The original observations on the effect of HCMV on the cellular elements 
of peripheral blood derived from clinical investigations. Recent studies have 
begun to clarify the earlier reports. 

9.1. T-Cell Subset Ratios 

Concurrent with diminished blastogenic responses, lymphocyte popula
tions from patients with acute HCMV mononucleosis show a reversal of the 
normal OKT4: OKT8 cell ratio.(91) The reversal is characterized by relative 
and absolute decreases in helper cells with concomitant increases in suppressor 
cells. The normal ratio of the T-cell subpopulations returns during convales
cence. The atypical lymphocytes seen during the HCMV mononucleosis syn
drome are predominantly in the OKT8 subpopulation. (l18) The negligible 
effect of HCMV infection on antibody production is supported by the report 
that T-cell ratio changes usually precede rises in antibody production in cardiac 
transplant recipients.( 119) 

Symptomatic congenitally infected infants under I year of age also may 
show increases in the percentage of OKT8 and a decreased ratio of 
OKT4: OKT8 cells. The decreased ratio was primarily due to reduced num
bers of helper cells. The ratio of T-cell subpopulations did not differ from 
controls, however, in asymptomatic children or in symptomatic children older 
than I year'(120) This is reminiscent of Harrison and Waner's observations of 
an age-related association with NK activity. (l 02) Thus, the overall effect of 
active HCMV infection on the OKT4: OKT8 ratio was less pronounced in 
infants than in adults with HCMV mononucleosis. This difference may reflect 
the chronic nature of the infection in congenitally infected infants versus the 
acute nature of the disease in adults. 

9.2. HCMV Infection of Leukocytes 

Cytomegalovirus was isolated predominantly from the polymorphonucle
ar leukocyte fractions and to a lesser degree from lymphocyte fractions of 
peripheral blood of patients with HCMV mononucleosis.(90,121) The threat of 
acquiring HCMV through transfusion of blood from healthy seropositive do
nors is associated with transfer of leukocytes, indicating carriage of virus in the 
cells;(l22) isolation of virus from healthy seropositive donors was reported 
once.(l23) Using DNA probes that code for four immediate early regions of the 
HCMV genome, Schrier et al.(l24) detected HCMV messenger RNA (mRNA) in 
peripheral blood mononuclear cells of healthy seropositive donors. In eight 
seropositive subjects, the level of hybridization ranged between 0.03 and 2% of 
the PBM examined. Most lymphocytes purified by a fluorescence-activated cell 
sorter and reacting with the probe were OKT4 (2.4%) subpopulation ofT cells, 
with 0.8% of the reacting lymphocytes being OKT8. 
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Initial laboratory investigations of infection of human leukocytes and lym
phoblastoid cell lines by HCMV were inconclusive and not very enlightening 
when analyzed within the context of clinical studies. Infection of peripheral 
leukocyte cultures or lymphoblastoid cell lines with the laboratory-passaged 
AD 169 or Towne strains ofHCMV produced persistently infected cultures.! 125-
127) It was not resolved, however, whether the persistence of detectable virus was 
due to retention of inoculum or slow replication with an equilibrium established 
with dividing uninfected cells. CMV-induced cell DNA synthesis was shown in 
two cell lines with a constant number of viral DNA copies per cell detected in the 
cultures for approximately 2 weeks.(128) 

Isolates of HCMV, passaged fewer than 10 times, induced early antigen 
production in approximately 2% of inoculated mononuclear leukocytes. By 
contrast, inoculation with the multipassaged ADl69 strain resulted in early 
antigen production in 0.01-0.02% of leukocytes; there was no indication of 
productive viral replication. Neither fresh isolates of HCMV nor the AD169 
strain was effective in infecting polymorphonuclear leukocytes.(129) Depletion 
experiments and morphologic studies of separated cell fractions further indi
cated that monocytes were the principal targets of infection. 

Rice et al.(l30) contributed important additional findings. Seven of eight 
low-passaged isolates of HCMV induced the 72-kDa immediate-early protein 
in less than 1-15% of peripheral blood mononuclear cells; in only 1 of 10 
instances was the 72-kDa protein induced by the ADI69 strain and then, only 
in less than 1 % of the cells. Late antigens, reflective of productive infection, 
were not detected in any experiments. Monocytes comprised the greatest per
centage of 72-kDa reactive cells; smaller percentages of OKT4- and OKTS
positive lymphocytes, B lymphocytes, and NK cells were also abortively in
fected. In assessments of the effect of infection on functional characteristics, 
low-passaged isolates of HCMV suppressed PHA- and antigen-induced pro
liferation as well as NK cell activity; the ADI69 strain only evoked minimal 
suppression of antigen-induced proliferation, while no HCMV strain affected 
ADCC. Low-passaged clinical isolates were subsequently shown to suppress 
cytotoxic T-Iymphocyte activity specific for HCMV.(145) Sing and Garnett(131) 
also reported depression of the PHA response of T cells when infected with 
ADI69 HCMV; in addition, a reversal of OKT4: OKTS cell ratios was seen 6 
hr after infection of the cultures. Viable virus was required to effect these 
observations, which were made with lymphocytes from seronegative donors. 
Braun and Reiser(l46) reported replication of HCMV in a small subset of T 
cells consisting primarily of the T3+ and TS+ phenotype, although T4+ cells 
may also be susceptible. 

Activation of B Cells 

The direct activation of B cells in vitro by HCMV was reported.(132) Virus 
apparently functioned as a nonspecific polyclonal activator. The B-cell re
sponse to HCMV occurred in cells from seronegative donors, was independent 
of virus replication, and did not require T cells. By contrast, Yachie et al.(l33) 
showed activation ofT cells and B cells by the AD169, Davis, and Towne strains 
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of HCMV with resulting Ig production only in lymphocytes cultured from 
seropositive donors and only in the presence ofT cells. B cells failed to produce 
Ig when OKT4 cells were removed from the cultures, while the removal of 
OKT8 cells had no effect. 

9.3. Immune Suppression in HCMV Mononucleosis 

The depression of the blastogenic response of lymphocytes to Con A from 
patients with HCMV mononucleosis(90) was subsequently shown to be associ
ated with the adherent cell fraction of mononuclear cells.(l34) Suppression was 
diminished by culturing mononuclear leukocytes for 1-7 days prior to addition 
of Con A and to a greater degree by depletion of the adherent cells after the 
culture period; blastogenesis of recultured nonadherent cells was also signifi
cantly suppressed by the addition of fresh adherent cells from the same pa
tient. Suppressor activity was not found in the sera of patients. 

Cytomegalovirus was isolated from the monocytes of some patients with 
HCMV mononucleosis.(135) Infected monocytes from patients and monocytes 
from uninfected donors subsequently infected in culture exerted a suppressive 
action on autologous lymphocyte responses to Con A. Suppressed Con A re
sponses could only be reversed in lymphocyte cultures of patients showing 
clinical symptoms for 3 weeks or more; lymphocytes from patients with symp
toms for 2 weeks or less were refractory to reversal of suppression by culturing 
of lymphocytes or removal of monocytes. 

The immunosuppressive effect exerted by HCMV infected monocytes 
may in part be due to an inhibitory protein of inter leu kin 1 (IL-l) activity. The 
protein is approximately 95kDa and was produced following infection by 
HCMV of monocytes from seronegative donors. The inhibition of IL-l pro
duction is HCMV-specific but does not require viral replication: in fact, no 
expression of HCMV activity was detected.(136) These experiments were per
formed with the AD169 strain of HCMV. Dudding and Garnett(l47) reported 
expression of HCMV immediate-early antigens in monocytes infected with a 
low-passaged clinical isolate; antigens were rarely detected in monocytes in
fected with AD169. Infection with the clinical isolate also resulted in enhanced 
suppression of lymphocyte proliferation over that seen with AD169; addition 
of IL-l to the infected monocyte cultures restored the proliferative response of 
lymphocytes. 

Differentiation of cells of the immune system may be important for the 
ultimate outcome of H CMV infection. Following treatment with a phorbol ester, 
a monocyte cell line was infected with HCMV and produced a productive 
infection characterized by expression oflate antigens and infectious virions.(148) 

10. PERSPECTIVE 

A picture is emerging of HCMV infection directly exerting an immu
nosuppressive effect in the host through infection of immune cells of different 
lineages. The immunosuppression may result from an effect of HCMV on 
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effector cells, such as T cells and NK cells or through the dysfunction of 
normal regulatory mechanisms, such as suppression of IL-I and IFN produc
tion'<23,92) Viral replication in the infected immune cells may not be required, 
indicating a possible selected evolutionary advantage of HCMV. Defective par
ticles produced during the course of infection and possibly in greater quantity 
than infectious particles might be capable of infecting immune cells and exert
ing the described effects on the immune system through the expression of 
early functions. 

Infection with only expression of early functions may persist longer and 
continually exert an immunosuppressive effect in contrast to productive infec
tion, which would destroy the cell. The clinical studies documenting increased 
virus excretion in symptomatic patients may be reflective of the immune system 
succumbfng to a greater load of both infectious and noninfectious particles. 
Pathogenesis would ensue from disseminated infection to multiple organs with 
subsequent cell destruction due to viral replication, the formation of immune 
complexes, and possibly autoimmune phenomena. 
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Epstein-Barr Virus-Induced 
Immune Deficiency 
DAVID T. PURTILO and HELEN L. GRIERSON 

1. INTRODUCTION 

Epstein-Barr virus (EBV) is an ubiquitous herpesvirus infecting human beings 
and primates, exclusively. Lymphocytic proliferation associated with EBV in
fection, the normal immune responses controlling the virus, the transient 
anergy occurring during acute infectious mononucleosis (1M), and the ac
quired progressive immune defects occurring in males with the X-linked lym
phoproliferative syndrome (XLP) are described in this chapter. The results of a 
decade of investigation of the Duncan family are summarized to illustrate 
mechanisms of virus-induced immune suppression. 

2. PROPERTIES OF EPSTEIN-BARR VIRUS 

Epstein-Barr virus was initially observed in 1964 in an electron micro
graph of cultured Burkitt lymphoma (BL).<l) The C3d receptor on B cells is the 
attachment site for EBV. Whether receptors for EBV are present on oropha
ryngeal epithelial cells is debated; however, EBV genome is found in virtually 
all undifferentiated nasopharyngeal carcinomas (NPC)(2) and is present in sali
vary glands.(3) 

Epstein-Barr virus is shed in saliva and on infecting B cells; two pathways 
of viral expression can transpire. First, following uncoating of virus, Epstein-
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FIGURE 1. Epstein-Barr virus genome map. (Courtesy of Ingemar Ernberg.) 

Barr nuclear antigen (EBNA) is demonstrable by anticomplement immu
nofluorescence staining within 6-8 hour postinfection.(4) The virus endows an 
unlimited proliferative capacity to the transformed B cells, and viral latency is 
rapidly established. Infected cells express EBNA. Virus is maintained inte
grated in host DNA and nonintegrated in plasmids (circular) in the infected 
cells. Second, the productive pathway of the virus results in viral particle for
mation and cellular death.(5) Following expression of EBNA, early antigen 
(EA) and viral capsid antigen (VCA) are sequentially expressed. Virions can be 
observed by electron microscopy in the cells that stain for VCA. 

Although the EBV genome has been sequenced,(6) the gene products are 
incompletely characterized. The synthesis of polypeptides of EB V genome and 
the development of monoclonal antibodies to them have led to identification of 
at least five different EBNA.(7) In addition, latent membrane protein (LMP) is 
expressed in the surface membrane of the infected B cells. LMP may be the 
LYDMA (lymphocyte-defined membrane antigen) that likely serves as the tar
get for cytotoxic T cells (CTL) (Fig. 1). A differential expression of EBNA 5 
and LMP occurs in polyclonal diploid lymphoblastoid cell lines (LCL) versus 
BL lines; expression of LMP (8) and EBNA 5 are decreased in BL lines. This 
may account for increased resistance of BL versus LCL to CTL.(9) 

3. MODULATION OF IMMUNITY BY EBV 

Depending on the time in the life cycle during which EBV infects an 
individual and the presence or absence of immunodeficiency, various out
comes occur. Silent seroconversion almost always occurs in young children, 
whereas approximately two thirds of adolescents who become infected man
ifest infectious mononucleosis (1M). The clinical signs and symptoms,(IO) 
atypical lymphocytosis and hyperimmunoglobulinemia of the patients are ex
pressions of the immunologic struggle ongoing between the CTL, natural killer 
(NK) cells, macrophages, and humoral effectors responding to the trans-
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formed proliferating B cells carrying EBV. During acute 1M, approximately 
one B lymphocyte per 104 circulating B cells contains EBV genome, whereas 
during latency only one B cell per 106 circulating B cells studied by limiting 
dilution analysis harbors EBV genome.(lI) B cells infected with EBV are held in 
check by memory cytotoxic T cells.(l2) Delayed hypersensitivity skin-test re
sponses often become negative,(l3,I4) and in vitro lymphocyte responses to 
mitogens,(I4-I6) soluble antigens,(I4,I5) and allogeneic cells(I5.I7) are usually 
depressed in acute 1M. 

3.1. Antibody Production during Acute EBV Infection 

Bahna et al. (18) demonstrated polyclonal B-cell activation characterized by 
markedly increased total quantitative immunoglobulin E (lgE) (i.e., 175% 
above normal), IgM (140% increased), IgA (160% increased), IgG (135% in
creased), and IgD (130% increased) in acute 1M. Also well known is the ap
pearance of autoantibodies in patients with acute IM,<I9) These autoantibodies 
may be deleterious. For example, autoantibodies against neutrophils occur 
concurrently with the polyclonal activation of B cells in the vast majority of 
cases of acute IM.(20) Neutropenia often occurs in 1M. 

To study the impact of primary EBV infection on the capacity to produce 
antigen-specific antibody to bacteriophage If>X174, Junker et al.(21)immunized 
17 college students who had acute 1M. During the early phase of the disease, 
the proportion of peripheral blood lymphocytes displaying la and T8 (CD8) 
phenotypes was increased and the T helper/suppressor (T4: T8) ratio was 
decreased to < 1. These abnormalities disappeared during convalescence. The 
investigators demonstrated a depressed humoral immune response to bacterio
phage If>X174 both in vivo and in vitro in most patients. In vitro coculture 
experiments demonstrated that la-positive suppressor T (Ts) cells inhibited 
antibody production and isotype switching from IgM to IgG antibody. Re
moval of the T8-positive lymphocytes from cultures normalized in vitro anti
body synthesis. These studies demonstrate that EBV causes a broad-based 
transient immune deficiency in patients with uncomplicated 1M. 

3.2. T-Lymphocyte Function during Acute Infectious Mononucleosis 

During the first week following onset of symptoms of acute 1M, the 
number of T cells greatly expands. Junker et al.(21) found no significant 
changes in the proportion of cells expressing markers for monocytes, NK cells, 
E-rosette receptors, mature T cells, or helper T cells. By contrast, the number 
of CD8-bearing cells expressing la antigens increased markedly.(22) The 
T4 : T8 ratio generally decreased below 1.0 during the early phase of 1M. 
Within 4-10 weeks following acute 1M, the numbers of cells returned to nor
mal proportions. The functions ofT lymphocytes were impaired in response to 
cutaneous challenge with antigens. However, CTL showed increased killing, 
especially of autologous LCL, and non-HLA-restricted killing was en
hanced.(23) Anomalous killing may be responsible for the subtle damage occur-
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ring in the liver, bone marrow, and other organs in immune-competent per
sons with acute 1M. In immunoincompetent males with XLP, the lesions are 
extensive. 

Immune responses to EBV occur independent of macrophages; however, 
these cells are activated in hematopoietic tissues of acutely infected persons. 
The number of macrophages and NK cells is not increased in the peripheral 
blood of patients with acute IM(21); however, small granulomas can be found in 
the bone marrow during acute IM'(24) Moreover, if a person is immune incom
petent, virus-associated hemophagocytic syndrome (V AHS) characterized by a 
rash, fever, hepatosplenomegaly, and pancytopenia associated with erythro
phagocytosis in bone marrow and lymph nodes can occur.<25.26) Also important 
is the elaboration of prostaglandins by macrophages activated by EB V. Pros
taglandins may suppress T-cell function. Elaboration of lymphokines such as 
interferon (IFN) and interleukin 2 (IL-2) has been imcompletely studied in 
acute EBV infection. Both NK cells(27) and IFN suppress the transformation of 
B cells by EB V in vitro.(28) Perhaps the production of IL-2 and IFN might be 
reduced transiently by the marked increase in Ts cell activity that occurs during 
acute 1M. 

Epstein-Barr virus replicates within B cells and oropharyngeal and sali
vary epithelial tissues. The virus persists in cells in the plasmid form, and 
cytotoxic T memory cells maintain latency.(12) Supporting this view is the find
ing that cyclosporin A suppression of RNA polymerase II in T lymphocytes(29) 
or depletion of T cells by monoclonal antibodies in bone marrow of non-HLA
matched donors can lead to life-threatening lymphoproliferative diseases'(30) 

4. OTHER MECHANISMS OF EBV-INDUCED 
IMMUNOSUPPRESSION 

Alternative mechanisms of immune suppression have been suggested by 
Menezes et al.(31) In addition to viral activation of Ts cells and macrophages 
abrogating host defenses, shedding of viral structural antigens by EB V -in
fected B cells could lead to production of blocking antibodies, formation of 
immune complexes, and activation of suppressor cells that can block host im
munologic defenses. Also, the transformed cells may elaborate plasminogen 
activating factor and prostaglandins that impede host immune defenses. 

5. CLINICAL SIGNIFICANCE OF EBV-INDUCED 
IMMUNOMODULATION IN VIRAL PATHOGENESIS OF 
DISEASES IN MALES WITH XLP 

In the immune-competent person with acute 1M, the resulting immune 
suppression may potentially be responsible for the frequent development of 
streptococcal and pneumococcal oropharyngeal infections. Also, reactivation 
of other herpesviruses can be observed on occasion. Perhaps a more serious 
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complication of the immune responses to EBV-transformed B cells is the 
anomalous killing of hepatocytes,(32,33) bone marrow,(25) and other cells.(34) 
The suppression of cytotoxic T cells in males with XLP normally induced 
during acute 1M to control EBV-transformed B cells may allow a genetically 
altered cell destined to become a malignant clone to sneak by the defective 
immune surveillance. These foregoing immunopathologic features in 1M can 
be exaggerated in immune-suppressed patients. 

In our initial report of the Duncan kindred, we described the inheritance 
and phenotypic expressions of the EB V -induced diseases observed as resulting 
from the X-linked recessive progressive combined variable immune-deficiency 
disease.(35) To illustrate EBV-induced immune suppression in genetically de
fective persons, the immunopathologic manifestations and mechanisms re
sponsible for diverse diseases occurring in the Duncan kindred during the past 
decade are summarized. XLP serves as a model for studying and demonstrat
ing exaggerated pathophysiologic mechanisms of viral-induced immune sup
pression and the resulting diseases. In 1975, fatal infectious mononucleosis had 
led to the demise of three of seven young brothers in the Duncan kindred, two 
maternally related males died with malignant lymphoma, and another male 
cousin succumbed with acquired hypogammaglobulinemia following IM.(35) 

Our survey of the family in 1974 revealed a lO-year-old male (Table I and 
II No.V-026) with partial IgA deficiency who had experienced neonatal thrush 
and sequentially Neisseria meningitides meningitis and vaccinia following small
pox vaccination during childhood. In November 1974, he became infected 
with EB V from his sister who had recently experienced 1M. His serum IgM 
level increased from 230 to 656 mg/dl. Although we could culture EBV in 
throat washings, we could not detect EB V antibodies in his serum.(36) In 1981, 
the patient developed anemia associated with erythroblastopenia.(37) One 
month later, delayed onset of acute 1M occurred (Table I). This illness was 
characterized by the usual clinical signs and symptoms of 1M, appearance of 
IgM VeA antibodies, and activation of Ts cells, with an inverted T4 : T8 ratio 
in peripheral blood. Next, he acquired hypogammaglobulinemia. B cells could 
not be detected in his peripheral blood with monoclonal antibodies. He ac
quired a defect in NK cell activity. An HLA-matched bone marrow transplant 
resulted in temporary restoration of his T- and B-cell functions and NK cell 
activity. Regrettably, the patient succumbed to adenovirus-induced 
hepatitis. (38,39) 

We have continued to investigate additional members of the Duncan fami
ly (Fig. 2, Table II). Males with XLP show variously decreased IgM, IgA, or 
IgG levels in serum and fail to switch from IgM to IgG antibody responses on 
secondary challenge with bacteriophage <l>XI74.(40) Even before EBV infec
tion, affected males manifest defective antibody response to <l>X174 compara
ble to that of patients with acute IM.(21) The immune defect detected in re
sponse to challenge with <l>X174 before EBV infection may explain why 
patients are so vulnerable to EBV infection. The mortality among 184 patients 
in the XLP registry was 85% by 10 years of age and 100% by 40 years of 
age(33,41) (Fig. 3). 

Prospective studies by Seeley et al.(42) of patients with XLP pre-EBV infec-
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DA VID T. PURTILO and HELEN L. GRIERSON 

FIGURE 3. The frequency of the various 
phenotypes of XLP is depicted with the 
postulated events occurring during the 
natural history of patients with the defect. 
The size of the circles and thickness of the 
arrows indicate the relative frequency of 
the events. These events have been deter
mined based on analysis of 161 patients in 
the XLP Registry. (- - -) Postulated rare 
events. 1M, infectious mononucleosis; ML, 

malignant lymphoma, AH, acquired hypogammaglobulinemia; D = death. (From Grierson 
and Purtilo(33); published with permission of Annals of Internal Med!clne.) 

tion have demonstrated normal NK cell activity. Although exaggerated NK 
activity and anomalous CTL killing can be seen during acute 1M in patients 
with XLP,(43) several patients have silently seroconverted in response to EBV 
infection without showing marked diminution in NK activity. Notably, many of 
these patients show normal Ig levels. Patients with NK defects possess normal 
numbers of large granular lymphocytes and retain antibody-dependent cel
lular cytotoxicity (ADCq'<44) 

Shown in Fig. 4 are the postulated events occurring in the natural history 
of EBV-induced diseases in XLP. Possibly, owing to decreased numbers of 
circulating CTL in males with XLP,(45) EBV infection leads to B- and T- cell 
proliferation with infiltration of liver, bone marrow, thymus, and other organs. 
Numerous EBV-infected B cells infiltrate organs, and fewer CD8-positive cells 
are admixed with the transformed B cells associated with necrosis of these 
organs.(26,32,34) Nearly two thirds of patients succumb to infectious mono
nucleosis. Fulminant hepatitis and/or VAHS induced by EBV are the major 
causes of death. 

Patients with XLP usually mount IgM anti-VCA and EA antibody re
sponses as well as VCA IgG antibodies when acute 1M occurs. However, silent 
infection can occur without detectable antibodies.(36,37,46) Antibodies to EBNA 
are defective in affected males. The patients surviving the acute primary infec
tion often acquire hypogammaglobulinemia. Pre-EBV infection, partial IgM or 
IgA deficiency, or borderline hypogammaglobulinemia are often found (Table 
II). In vitro studies of patients with the acquired hypogammaglobulinemia phe
notype show suppressed B-LCL production of IgA and IgG, but not IgM, in 
the presence of autologous T cells stimulated by these celllines.(47) In similar 
challenge and mixing experiments, we have demonstrated normal production 
of IL-2 and B-cell differentiation factor, but production of IFN-y by T cells 
stimulated with autologous or allogeneic B-LCL is defective.(48) These and 
other immune defects identified in the Duncan kindred and others in the XLP 
Registry afflicted with XLP are summarized in Table III. 

We have postulated (Fig. 4) that the malignant lymphomas occur due to 
defective CTL responses to EB V and genetic alterations in an infected cell. 
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FIGURE 4. Postulated events and mechanisms responsible for Epstein-Barr virus (EBV)
induced fatal infectious mononucleosis (1M), acquired hypogammaglobulinemia (hypogam
rna), and malignant lymphoma in males with the X-linked lymphoproliferative syndrome. 

This is likely related to sustained Ts cell activity, which impairs CTL. Invari
ably, the malignant lymphomas occur as diffuse intermediate to high-grade 
lesions chiefly involving the gastrointestinal (GI) tract. Surviving patients al
most always show acquired hypogammaglobulinemia. On the basis of the hy
pothesis regarding mechanisms of African Burkitt lymphomagenesis put forth 
by Klein and Klein,(49) we have postulated that a proliferating B cell may 
undergo a molecular or chromosomal translocation involving c-myc in chromo
some 8 and the heavy-chain locus in chromosome 14 or light-chain loci in 
chromosomes 22 and 2, respectively.(50) The juxtaposition of c-myc with the 
active Ig locus located at the breakpoints is thought to activate the c-myc proto
oncogene and freeze the cell in a growth phase of the cycle. Also, the cell may 
become more sensitive to growth signals, and the expression of latent mem
brane protein may be downregulated.(8) Thus, the CTL may be deprived of a 
viral target on the surface of the malignant lymphoma celJ.(9) 

Our hypothesis that the polyclonal proliferation of B cells following EBV 
infection of immune incompetent persons occasionally (about 20% of cases) 
progresses to a monoclonal B-celilymphoma is supported by our recent find
ing of oligoclonal and monoclonal EB V -infected B cells in tissues from patients 
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TABLE III 
Immunologic Defects in X-Linked Lymphoproliferative Syndrome 

Findings 

X-linked progressive combined variable immune deficiency described 
Pre-EBV infection IgA deficiency and borderline hypogammaglobulinemia 
Defective anti-EBNA response in affected males 
Natural killer cell activity defect 
Inverted T4/T8 ratio and lymphocyte responses to PWM decreased 
Elevated EBV antibodies in carrier females 
Defective memory T-cell responses in regression assay 
Deficient leukocyte migration inhibition responses to EB V antigens 
Defective <l>X174 switching IgM-+IgG antibody response to secondary 

challenge 
Delayed onset of infectious mononucleosis with subsequent 

hypogammaglobulinemia 
Evolving new phenotype: necrotizing lymphoid vasculitis 
Defective NK cell activity, but retention of ADCC 
Anti-EBNA antibody deficiency with selective IgG2 and IgG3 deficiency 
EBV-infected B cells and T cells invade thymus and epithelium destroyed 
B-cell proliferation oligo and monoclonal in fatal 1M 
T-cell suppression of production of IgA and IgG by LCL in vitro 
Restoration of immunity with allogeneic bone marrow transplantation 
Reduced frequency of CD4 and cytotoxic T cells in blood of survivors 
Decreased production of interferon-Y by T helper cells of survivors 

Year 
reponed 

1975 
1978 
1979 
1980 
1982 
1982 
1982 
1982 
1983 

1984 

1985 
1986 
1986 
1986 
1986 
1986 
1986 
1987 
1987 

with fatal 1M. Immunoglobulin gene rearrangements were detected within a 
few weeks of onset of symptoms of 1M using Southern blot analysis of JH gene 
probes hybridized with DNA extracted from lesions of patients.(51) 

6. SUMMARY 

In normal immune-competent persons, transient immune deficiency oc
curs with acute 1M. This anergy is corrected within a few weeks to months 
following the onset of symptoms. EB V produces explosive polyclonal B- and T
cell proliferation. Normal immune-competent persons carefully orchestrate a 
barrage of humoral and cellular effectors to control EB V -transformed B cells. 
These effectors are carefully modulated in part by Ts cells that transiently 
depress normal immune responses. 

By contrast, certain immune-incompetent persons, especially males with 
XLP who have a defective lymphoproliferative control locus in the X chromo
some and children with Chediak-Higashi syndrome,(52) are highly vulnerable 
to the progressive immune defects acquired following EBV infection and fatal 
lymphoproliferation occurs. Many patients with XLP who survive acute 1M 
show sustained Ts cell activity leading to acquired hypogammaglobulinemia. 
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Patients with severe hypogammaglobulinemia require lifelong Ig therapy. Ts 
cell activity in patients with malignant lymphoma may account for their sur
viva1.<47,49) Finally, evidence is growing that molecular or cytogenetic altera
tions occurring in proliferating B cells may allow tumor cells to evade host
immune surveillance, resulting in an aggressive monoclonal B-ceillymphoma. 

ACKNOWLEDGMENTS. This work was supported in part by U.S. Public Health 
Service Department of Health and Human Services, National Cancer Institute 
CA30196 grant awarded by the National Cancer Institute, Laboratory Re
search Center support grant CA36727, the State of Nebraska Department of 
Health LB506, and the Lymphoproliferative Research Fund. 

REFERENCES 

I. Epstein, M. A., and Y. M. Barr, Cultivation in vitro of human lymphoblasts from Burkitt's 
malignant lymphoma, Lancet 1:251-252 (1964). 

2. Wolf H., H. zur Hausen, and V. Becker, EB Viral genomes in epithelial nasopharyngeal 
carcinoma cells, Nature New Bioi. 224:245-248 (1973). 

3. Wolf, H. Biology of Epstein-Barr virus, in: Immune Deficiency awl Cancer: Epstein-Barr 
Virus awl Lymphoproliferative Maligrw.ncies (D. T. Purtilo, (ed.) pp. 233-242 Plenum, New 
York (1985). 

4. Menezes,]., M. Jondal, W. Leibold, and G. Dorval, Epstein-Barr virus interactions with 
human lymphocyte subpopulations: Virus adsorption, kinetics of expression of Epstein
Barr virus-associated nuclear antigen, and lymphocyte transformation, Infect. Immun. 
13:303-3lO (1976). 

5. Henle, W., G. Henle, and E. T. Lennette, The Epstein-Barr virus, Sci. Am. 241:48-59 
(1979). 

6. Baer, R., A. T. Bankier, M. D. Biggin, P. L. Deininger, P. ]. Farrell, T. ]. Gibson, C. 
Hatfull, G. S. Hudson, S. C. Satchwell, C. Seguin, P. S. Tuffnell, and B. G. Barrell, DNA 
sequence and expression of the B95-8 Epstein-Barr virus genome, Nature (Lowl.) 
310:207-211 (1984). 

7. Dillner,J, B. Kallin, H. Alexander, I. Ernberg, M. Uno, Y. Ohno, G. Klein, and R. A. Lerner, 
A novel Epstein-Barr virus determined nuclear antigen (EBNA-5) partly encoded by the 
transformation-associated Bam WYH region of EBV DNA: Preferential expression in lym
phoblastoid cell lines, Proc. Natl. Acad. Sci. USA 83:6641-6645 (1986). 

8. Modrow, S., and H. Wolf, Characterization of two related Epstein-Barr virus-encoded 
membrane proteins that are differentially expressed in Burkitt lymphoma and in vitro
transformed cell lines, Proc. Natl. Acad. Sci. USA 83:5703-5707 (1986). 

9. Rooney, C. M., C. F. Edwards, D. Lenwar, H. Repone, and A. B. Rickinson, Differential 
activation of cytotoxic responses by Burkitt's lymphoma (BL)-cell lines: Relationship to 
the BL-cell surface phenotypes. Cell. Immunol. 102:99-112 (1986). 

10. Finch, S. C., Clinical symptoms and signs of infectious mononucleosis, in: Infectious Mono
nucleosis, R. L. Carter, and H. G. Penman, (eds.), p. 19-25 Blackwell, Oxford (1969). 

II. Tosato, G., and R. M. Blaese, Epstein-Barr virus infection and immunoregulation in 
man, Adv. Immunol. 37:99-149 (1985). 

12. Rickinson, A. B., D.]. Moss, L. E. Wallace, M. Rowe, I. S. Misko, M. A. Epstein, andJ. H. 
Pope, Long-term T-cell-mediated immunity to Epstein-Barr virus, Cancer Res. 41:4216-
4221 (1981). 

13. Haider, S., M. de L. Coutinho, R. T. D. Emond, and R. N. P. Sutton, Tuberculin anergy 
and infectious mononucleosis, Lancet 2:74 (1973). 



138 DA VID T. PURTILO and HELEN L. GRIERSON 

14. Mangi, R. J., J. C. Niederman, J. E. Kelleher, J. M. Dwyer, A. S. Evans, and F. S. Kantor, 
Depression of cell-mediated immunity during acute infectious mononucleosis, N. Engl.]. 
Med. 291:1149-1153 (1974). 

15. Reinherz, E. L., C. O'Brien, P. Rosenthal, and S. F. Schlossman, The cellular basis for 
viral-induced immunodeficiency: Analysis by monoclonal antibodies, ]. Immuno!. 
125:1269-1274 (1980). 

16. Johnsen, H. E., M. Madsen, and T. Kristensen, Lymphocyte subpopulations in man: 
Suppression of PWM-induced B-cell proliferation by infectious mononucleosis T cells, 
Scand. ]. Immunol. 10:251-255 (1979). 

17. Twomey, J. J. Abnormalities in the mixed leukocyte reaction during infectious mono
nucleosis,]. Immunol. 112:2278-2281 (1974). 

18. Bahna, S. L., D. C. Heiner, and C. A. Horwitz, Sequential changes of the five immu
noglobulin classes and other responses in infectious mononucleosis, Int. Arch. Allergy Appl. 
Immunol. 74:1-8 (1984). 

19. Purtilo, D. T., Immunopathology of infectious mononucleosis and other complications of 
Epstein-Barr virus infections, in: Pathology Annual. Part I, S. C. Sommers and P. P. Rosen, 
(eds.), pp. 253-229 Appleton-Lange, East Norwalk, Connecticut (1980). 

20. Schooley, R. T., H. D. Densen, D. Felsenstein, M. S. Hirsch, W. Henle, and S. Weitzman, 
Antineutrophil antibodies in infectious mononucleosis, Am. ]. Med. 76:85-90 (1984). 

21. Junker, A., H. D. Ochs, E. A. Clark, M. L. Puterman, and R. J. Wedgwood, Transient 
immune deficiency in patients with acute Epstein-Barr virus infection, Clm. Immunol. 
Immunopatho!. 40:436-446 (1986). 

22. Tosato, G., I. Magrath, I. Koski, N. Dolley, and M. Blaese, Activation of suppressor T
cells during Epstein-Barr virus-induced infectious mononucleosis, N. Engl. ]. Med. 
301:1133-1137 (1979). 

23. Seeley,J., E. Svedmyr, O. Weiland, G. Klein, E. Moffer, E. Eriksson, K. Anderson, and L. 
Van Der Waal, Epstein-Barr virus selective T cells in infectious mononucleosis are not 
restricted to HLA-A and B antigens,]. Immunol. 127:293-298 (1981). 

24. Rothwell, D. J., Bone marrow granulomas and infectious mononucleosis, Arch. Patho!. Lab 
Med. 99:508-512 (1975). 

25. Risdall, R.J., R. W. McKenna, M. E. Nesbit, W. Krivit, H. H. Balfour, R. L. Simmons, and 
R. D. Brunning, Virus-associated hemophagocytic syndrome, Cancer 44:993-1002 
(1979). 

26. Mroczek, E., D. D. Weisenburger, H. L. Grierson, R. Markin, and D. T. Purtilo, Fatal 
infectious mononucleosis and virus-associated hemophagocytic syndrome, Arch Patho!. 
Lab. Med. 111:530-535 (1987). 

27. Kaplan, J., and T. C. Shope, Natural killer cells inhibit outgrowth of autologous Epstein
Barr virus-infected B lymphocytes, Natl. Immuno!. Cell Growth Regu!. 4:40-47 (1985). 

28. Thorley-Lawson, D. A., The transformation of adult but not newborn human lympho
cytes by Epstein-Barr virus and phytohemagglutinin is inhibited by interferon,]. Immu
no!. 126:829-833 (1981). 

29. Neitzel, H., A routine method for the establishment of permanent growing lympho
blastoid cell lines, Hum. Genet. 73:320-326 (1986). 

30. Purtilo, D. T., Clonality of EBV-induced lymphoproliferative diseases in immune defi
cient patients, N. Engl.]. Med. 311:191 (1984). 

31. Menezes, J., S. K. Sundar, and C. A. Ahronheim, Immunosuppressive effects of Epstein
Barr virus infection. in: Vtral Mechanisms of ImmunosuppressIOn, N. Gilmore and M. A. 
Wain berg, (eds.), pp. 115-134, Liss, New York (1985). 

32. Markin, R., J. Linder, K. Zuerlein, E. Mroczek, H. L. Grierson, B. Brichacek, and D. T. 
Purtilo, Hepatitis in infectious mononucleosis, Gastroenterology 93:1210-1217 (1987). 

33. Grierson, H., and D. T. Purtilo, Epstein-Barr virus infections in males with the X-linked 
lymphoproliferative syndrome, Ann. Intern. Med. 106:538-545, 1987. 



EBV-INDUCED IMMUNE DEFICIENCY 139 

34. Mroczek, E., T. Seemayer, H. L. Grierson, R. Markin,]. Linder, B. Brichacek, and D. T. 
Purtilo, Thymic lesions in fatal infectious mononucleosis, Chn. Immunol. Immunopathol. 
43:243-255 (1987). 

35. Purtilo, D. T.,]. P. S. Yang, C. K. Cassel, P. Harper, S. R. Stephenson, B. H. Landing, and 
G. F. Vawter, X-Linked recessive progressive combined variable immunodeficiency (Dun
can's disease), Lancet 1:935-950 (1975). 

36. Purtilo, D. T., L. M. Hutt, S. Allegra, C. Cassel,]. P. S. Yang, and F. S. Rosen, Immu
nodeficiency to the Epstein-Barr virus in the X-linked recessive lymphoproliferative 
syndrome, Clm. Immunol. Immunpathol. 9:174-156 (1978). 

37. Purtilo, D. T., I.. Zelkowitz, S. Harada, C. D. Brooks, T. Bechtold, A. K. Saemundsen, H. 
L. Lipscomb,]. Yetz, and G. Rogers, Delayed onset of infectious mononucleosis associated 
with acquired agammaglobulinemia and red cell aplasia, Ann. Intern. Med. 101:180-186 
(1984). 

38. Purtilo, D. T., R. White, L. Filipovich,]. Kersey, and L. Zelkowitz, Fulminant liver failure 
induced by adenovirus post bone marrow transplantation, N. Engl.]. Med. 312:1707-
1708 (1985). 

39. Filipovich, A. H., B. R. Blazar, N. K. C. Ramsey,]. H. Kersey, L. Zelkowitz, S. Harada, 
and D. T. Purtilo, Allogeneic bone marrow transplantation for X-linked lympho
proliferative syndrome, TramplantatlOn 42:222-224 (1986). 

40. Ochs, H. D.,J. L. Sullivan, R.J. Wedgwood,]. K. Seeley, K. Sakamoto, and D. T. Purtilo, 
X-linked lymphoproliferative syndrome: Abnormal antibody responses to bacteriophage 
<l>XI74, in: Primary ImmunodefiCIency DISease (R. Wedgwood and F. Rosen (eds.), pp. 321-
323 Liss, New York (1983). 

41. Purtilo, D. T., K. Sakamoto, V. Barnabei,]. Seeley, T. Bechtold, G. Rogers,J. Yetz, and S. 
Harada, Epstein-Barr virus-induced diseases in males with the X-linked lympho
proliferative syndrome (XLP), Am.]. Med. 73:49-56 (1982). 

42. Seeley,J. K., T. Bechtold, T. Lindsten, and D. T. Purtilo, NK deficiency in X-linked lympho
proliferative syndrome, in: NK Cells and Other Natural Effector Cells, Vol. 2 pp. 1211-1218 
Academic New York (1982). 

43. Sullivan,]. L., K. S. Byron, F. E. Brewster, S. M. Baker, and H. D. Ochs, X-linked 
Iymphoproliferation syndrome. Natural history of the immunodeficiency,]. Chn. Invest. 
71:1765-1778 (1983). 

44. Argov, S. D.Johnson, M. Collins, H. S. Koren, H. Lipscomb, and D. T. Purtilo, Defective 
natural killing (NK) activity but retention of lymphocyte mediated antibody-dependent 
cellular cytotoxicity (ADCC) in patients with the X-linked Iymphoproliferative syndrome 
(XLP), Cell. Immunol. 100:1-9 (1986). 

45. Lai, P. K., and D. T. Purtilo, Frequencies of reactive cells in patients with XLP induced by 
autologous B-LCL. In: Epstem-Barr VIrus and Human Dueases (P. H. Levine, D. V. Ablashi, 
M. Monoyama, G. R. Pearson, and R. Glaser, (eds.), pp. 397-398, Humana Press, Clifton, 
New Jersey (1987). 

46. Sakamoto, K., H. Freed, and D. T. Purtilo, Antibody responses to Epstein-Barr virus in 
families with the X-linked Iymphoproliferative syndrome,J.Immunol. 125:921-925 (1980). 

47. Yasuda, N., P. K. Lai, and D. T. Purtilo, Immunoglobulin production by B cells in 
patients with the X-linked Iymphoproliferative syndrome (XLP), Fed. Proc. 45:959 (1986) 
(abstr.). 

48. Yasuda, N., P. K. Lai,]. R. Davis, and D. T. Purtilo, Production of interferon-gamma, 
interleukin-2 and B cell differentiation factor in T cells from males with X-linked Iympho
proliferative syndrome, Fed. Proc. 46: 1023 (1987) (abstr.). 

49. Klein, G., and E. Klein, Conditioned tumorigenicity of activated oncogenes, Cancer Res. 
46:3211-3224 (1986). 

50. Harrington, D. S., D. D. Weisenburger, and D. T. Purtilo, Malignant lymphomas in the X
linked lymphoproliferative syndrome, Cancer 59: 1419-1429 (1987). 



140 DAVID T. PURTILO and HELEN L. GRIERSON 

51. Brichacek, B., J. Davis, and D. T. Purtilo, Presence of monoclonal and oligoclonal B-cell 
proliferation in fatal infectious mononucleosis, in: Epstein-Barr Virus and Human Dis
eases (P. H. Levine, D. V. Ablashi, M. Nonoyama, G. R. Pearson, and R. Glaser eds.), pp. 
53-54, Clifton, New Jersey (1987). 

52. Merino, F., M. Collins, and D. T. Purtilo, Chediak-Higashi syndrome derived T cell lines 
manifest giant lysosomal granules, normal natural killer cell and lectin-mediated cytotox
icity, J. Clin. Lab. Anal. 1:72-76 (1987). 



8 

Immunosuppression by 
Bovine Herpesvirus 1 and 
Other Selected Herpesviruses 
LORNE A. BABIUK, M.J. P. LAWMAN, and P. GRIEBEL 

1. INTRODUCTION 

Viruses can cause immunosuppression by a variety of mechanisms. Immu
nosuppression can occur as a result of direct or indirect effects of the virus on 
various leukocyte populations.(l-5) In the case of direct effects, viruses may 
infect and destroy the specific leukocytes involved in the development and 
expression of immunity. In addition, viral components that can be released 
into the extracellular environment may interact directly with specific cells and 
affect either accessory or effector cell functions.(6) Indirect effects can be pro
duced by the release of mediators, such as hormones, complement, or pros
taglandins. (7-9) Inhibition of mediator release following viral infection can also 
reduce cellular reactivity and subsequent development of immunity.(lO-12) In 
some instances, immunosuppression is confined to the specific antigen(s) caus
ing the suppression, whereas in other instances there is generalized immu
nosuppression to a wide variety of antigens.<3.13) Thus, it is dearly evident that 
the phenomenon of virus-induced immunosuppression can occur via a wide 
variety of different pathways, and in many cases a combination of factors 
appears to act in concert. 

The first part of this chapter describes what is known concerning immu
nosuppression in cattle caused by bovine herpesvirus (BHV-I). The second 
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part summarizes a few selected herpesviruses of domestic animals (Table I), 
birds (Table II), and rodents (Table III). In this latter part, we try to demon
strate how different viruses interact with the host to cause disease or viral 
persistence and how the immune response can alter these interactions. In the 
BHV-I model, functional defects of macrophages, polymorphonuclear neu
trophils (PMNs), and lymphocytes occur between 4 and 7 days postinfection. 
Although this coincides with peak viral replication in nasal passages, immu
nosuppression is presumed to occur as a result of both direct and indirect 
mechanisms. This chapter describes the kinetics and the degree of immu
nosuppression associated with various leukocyte functions following viral infec
tion. Initially, a description of the sequence of events relating to immunosup
pression is presented in an attempt to explain how immunosuppression may 
occur, as well as the consequences of immunosuppression. Second, attempts 
are made to propose a model whereby all the direct and indirect effects of 
immunosuppression interact to make the animal much more susceptible to 
secondary bacterial infections and how these may influence clearance of the 
VIrus. 

2. BOVINE HERPESVIRUS 

2.1. Virology 

Cattle, like most other species, are blessed with a number of different 
herpesviruses that cause a variety of diseases ranging from respiratory, genital, 
and localized skin infections to systemic infections. These viruses are classified 
as bovid herpesvirus 1 to 6 (BHV-I to BHV-6). Bovid HV-I, -2, and -6 are 
classified within the subfamily of the a-herpesvirinae, whereas BHV-3 is a 'Y
herpesvirinae, with BHV-4 belonging to the [3-herpesvirinae. Although there 
have been reports regarding the pathology and proposed mechanisms of 
pathogenesis for all these herpesviruses, very little information has been pre
sented regarding the immune responses to these herpesviruses or their ability 
to cause immunosuppression with the exception of studies on BHV-U14) 
Therefore, the major emphasis of this review is on the BHV -I model. BHV-I 
also called infectious bovine rhinotracheitis (IBR) virus, is an important patho
gen of cattle that can cause a variety of syndromes ranging from severe respira
tory infections, vulvovaginitis, abortions, conjunctivitis, and meningoen
cephalitis to generalized systemic infections in young animals. 

Infectious bovine rhinotracheitis is the most common form of BHV-I 
observed in situations in which large numbers of animals are intensively 
reared, such as in feedlots. This disease is associated with a rapid rise in fever, 
which occurs within 2 days of infection. As a result of infection, there is inflam
mation of the mucosal surfaces of the upper respiratory tract with distinct 
ulceration or plaques, where viral replication and infection occurs. This initial 
infection with BHV-I of the respiratory tract alters the respiratory mucosal 
surfaces sufficiently to allow large quantities of Pasteurella hemolytica to repli-
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cate, migrate down into the lower respiratory tract and cause severe pneu
monia. Reflecting the frequent occurrence of this disease following movement 
of cattle to feedlots, it is often referred to as shipping fever. Since BHV-I is not 
the only virus involved in this particular disease syndrome, this disease is also 
termed bovine respiratory disease complex. However, BHV-l appears to be 
the major initiator of this bovine respiratory disease complex. The immu
nosuppression caused by BHV-I following respiratory infection appears to be 
the major reason for enhanced colonization of the lower respiratory tract and 
furthermore for the inability of the host to clear the bacteria from the lower 
lung. 

Keratoconjunctivitis is often observed in animals suffering from BHV-l
induced respiratory infections, indicating that the virus has spread systemically 
to infect other mucosal surfaces. Keratoconjunctivitis can also occur in the 
absence of respiratory infections or following mild respiratory infections that 
are often undetected. Conjunctivitis, in the absence of severe respiratory infec
tions, generally occurs more frequently in adult dairy cattle. In many cases, this 
is the only evidence of acute viral infection. Following conjunctivitis, however, 
pregnant adult cattle may abort, indicating that even though the disease may 
appear to be a relatively mild localized infection, the virus does spread sys
temically to infect the fetus. Depending on the stage of gestation, the fetus can 
either be aborted or, if infection occurs late in gestation, be born prematurely 
and die shortly after birth. 

Like most herpesviruses, BHV-l has a predilection for cells of the central 
nervous system (CNS). Thus, latency is maintained in cells of neurologic ori
gin;(l5) however, encephalitis is rare in cattle following infection with BHV-l. 
Although it has been reported to occur in adult cattle, young calves are much 
more likely to suffer from encephalitis than are adult animals.(16.17) 

In sexually mature animals, BHV-l infection can spread by the genital 
route. The virus can be disseminated through a herd by asymptomatic bulls 
during natural breeding or through artificial insemination wherein virus is 
present in the semen. As is the case with respiratory infections, the virus causes 
pustules on the vagina or penal mucosal surfaces. These pustules can progress 
to necrotic erosions. Although these lesions heal within approximately 1 week 
following primary infection, animals can remain carriers of the virus. 

As a result of these generalized infections and the economic importance of 
the specific disease, extensive studies have been undertaken in attempts to 
identify (1) the specific cells in which the virus replicates, (2) the immunologic 
events that occur as a result of viral infection, and (3) how the virus itself can 
cause alteration of immune responses. 

In vitro, the virus replicates to very high titers in bovine epithelial fibroblast 
or monocyte cultures. Although there have been reports of the virus replicat
ing in cells from other species, only rabbit and porcine cells appear to replicate 
virus to sufficient levels for investigational work. Considering the locations of 
the pathologic lesions in vivo, it appears that the virus can infect a wide variety 
of epithelial, fibroblast, or monocytic cells and actually spreads as a result of 
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infection of a wide variety of cells within the animal. Although it is believed that 
virus spreads by the hematogenous route, possibly by infection of monocytes, 
very little in vivo evidence for this method of spread has been presented. 

2.2. Immunology 

Investigations have been conducted into the kinetics of specific antiviral 
defense mechanisms in vivo following infection with BHV-l.(l8-21) A correla
tion of the kinetics of killing between these various effector mechanisms and 
viral replication at the individual cell level and expression of antigens on the 
infected cell surface has also been attempted. The mechanisms by which virus
infected cells could be killed include T-cell-mediated cytotoxicity,(21.22) anti
body-complement-mediated cytotoxicity,(18) antibody-dependent-cell-medi
ated cytotoxicity (ADCC),(23) complement-facilitated antibody-dependent-cell
mediated cytotoxocity (ADCC-C),(24,25) natural killer (NK) cell activity, and 
complement-dependent neutrophil-mediated cytotoxicity (CDNC).(26,27) Al
though these mechanisms have been shown to be able to kill virus-infected cells 
in vitro, this does not mean that each of these effector mechanisms function in 
vivo to help curtail viral replication and spread. It is therefore crucial to deter
mine whether these specific defense mechanisms can kill virus-infected cells 
before completion of viral replication and spread to adjacent uninfected cells. 
In most in vitro studies, killing by a single mechanism has been investigated. 
However, it is probable that in vivo, all these effector mechanisms interact 
sufficiently to be able to curtail viral replication and spread. In this regard, it 
has been shown that surface antigen expression is present on virus-infected 
cells at approximately 3-4 hr postinfection (p.i.). However, there does not 
appear to be sufficient antigen for the effector mechanisms to recognize and 
lyse the virus-infected cell until approximately 9-10 hr p.i.(18) At this time, the 
virus is already beginning to spread and infect adjacent uninfected cells by the 
intracellular route. Thus, these mechanisms alone do not appear to be very 
effective in curtailing viral replication and spread. 

It has been demonstrated that in the presence of interferon (IFN), the 
killing of virus-infected cells occurs earlier and at a faster rate.(28) In the host, 
where IFN synthesis occurs very rapidly following viral infection,(29,30) it is 
possible that these effector mechanisms are important in limiting virus spread 
between cells. Investigations into the specific effector mechanisms that may be 
important in primary infections have clearly demonstrated that IFN and 
cytotoxic T cells (CTL) and possibly NK cells are important in clearing BHV-l 
in the initial stages.<22.30,31) Virus clearance begins approximately 8-10 days 
p.i., a time when IFN and CTL are evident with very little antibody being 
detected.(22,31) Since there have been extensive reports of the various effector 
mechanisms in recovery from BHV-l infections and a recent review has been 
published in this regard,(32) this aspect of immunity to bovine herpesviruses is 
not discussed further here. 
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2.3. Immunosuppression 

Immunosuppression caused by BHV-I is considered one of the major 
reasons for enhanced colonization of the lower lung with Pasteurella hemolytica 
and subsequent development of pneumonia. Aerosol infection of healthy ani
mals with Pasteurella hemolytica results in rapid infiltration of neutrophils into 
the lung and clearance of the bacteria within 4 hr of exposure.(ll) However, 
aerosol challenge with Pasteurella hemolytica 3-7 days post-BHV-r infection 
results in a reduced rate of cellular infiltration into the lungs and increased 
colonization of the lungs with bacteria such that more than 50% of infected 
animals will develop severe pneumonia and die. In an attempt to explain this 
increased susceptibility to bacterial superinfection, numerous investigations 
have been directed at correlating changes in susceptibility to alteration in leu
kocyte numbers and functions. In most cases in which such studies have been 
performed, there have been indications of leukopenia and altered leukocyte 
functions, with reduction of leukocyte function being more dramatic than 
depletion of any specific leukocyte type. These studies also indicate that the 
depression of leukocyte number and reduced function is different for the 
various cell types. 

Although the depletion or reduced cell function of one cell type may have 
dramatic repercussions on functional activities of other leukocytes, for the sake 
of clarity, in the initial description of immunosuppression, the different effects 
observed with each specific cell type are described. Subsequently, attempts are 
made to correlate the interactions generating both specific and nonspecific 
immunosuppression, in order to provide a unified hypothesis of how BHV-l 
may induce this in cattle. It is hoped that this approach will provide a clearer 
picture of the events that occur during viral infection and eventually aid in 
developing methods for reducing the level of immunosuppression. 

Despite a slight decrease in lymphocyte numbers following viral infection, 
there is almost total paralysis of lymphocyte proliferation in vitro. The precise 
mechanism(s) of suppression of lymphocyte function are unknown, but it has 
been postulated that both specific and nonspecific suppression can occur. In 
Sections 2.3.1 and 2.3.2, we discuss what has been shown to occur following 
BHV-I infection and then try to provide a plausible explanation for the ob
served phenomena. It is our contention that BHV-l causes immunosuppres
sion by more than one process. 

2.3 .1 . Specific Suppression 

The classic work of Gershon during the- early 1970s led to the universally 
accepted phenomenon of a suppressor regulatory network.(33) The discovery of 
suppressor T lymphocytes (Ts) is important, as these cells may playa significant 
role in the regulation of the immune response. These regulatory T cells have 
been shown to be both nonspecific in function(34) and antigen specific.(35) Most 
studies investigating the mechanism of action by Ts have been carried out using 
the murine and human cells. This has been greatly helped by the availability of 
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phenotypic markers in the characterization of these cells. In these systems, Ts 
appear early during infection or generation of the immune response and seem to 
act at the level ofT -cell proliferation preventing clonal expansion.(36) The target 
cells appear to be the T -helper (Th) lymphocyte with some activity on B lympho
cytes and macrophages being recorded. Ts appear to be antigen specific and 
therefore capable of antigen recognition. In the case of nonspecific activation of 
Ts by lectins, there is some thought that the activation, by nonspecific means, 
may also nonspecifically induce antigen-specific clones.(36) It has been proposed 
that Ts inhibit the clonal expansion of antigen activated T lymphocytes by 
preventing the induction of interleukin 2 (IL-2) responsiveness.(37) This non
responsiveness to IL-2 is thought to be induced by the production of a sup
pressor lymphocyte-associated molecule (SAM). The SAM has been proposed to 
bind the erythrocyte (E) receptor (on human T cells, or E-equivalent receptor on 
T cells of other mammalian species) and thereby produce a state of suppression. 

If Ts are to be a factor in suppression they, like other T-cell subsets, must 
expand clonally, and this has been shown to be dependent on IL-2.(38) Ts must 
therefore be able to suppress antigen-specific Th responsiveness to IL-2 as well 
as induce IL-2 production by Th'(37) The observation that in cattle infected 
with BHV-l, IL-2 production peaks at the time of maximal immunosuppres
sion make the existence of BHV-l-specific Ts highly probable. It should be 
noted that factor(s) other than IL-2 have also been isolated and shown to cause 
activation and proliferation of Ts.(39) One factor, suppressor cell induction 
factor (SIF), has been shown to be distinct from other lymphokines, in particu
lar IL-2.(39) Whether this factor is produced during herpesvirus infections or in 
cattle is unknown. 

Herpesviruses are known to induce suppressor cell activity.(40) In the case 
of bovine herpesvirus, however, it has not been possible to demonstrate sup
pressor cell activity conclusively following BHV -1 infection, even though they 
can be easily induced by concanavalin A (Con A).(41) Although this does not 
exclude the possibility that suppressor cells do exist or are generated by BHV-l 
antigens, they do not appear to be important in the reduction of lymphocyte 
functions following BHV-l infections. It must be emphasized, however, that 
these studies are just beginning, and it is possible that at a later date antigen
specific suppressor cells may be identified. 

2.3.2 . Nonspecific Suppression 

2.3.2.a. Lymphocytes. Within 1-3 days post-BHV-l infection, lymphocyte 
responsiveness to phytohemagglutinin (PHA) or Con A becomes significantly 
depressed and remains depressed for up to 9 days postchallenge.<3o,42) These 
decreased lymphocyte responses cannot be restored by the addition of ex
ogenous IL-2. Furthermore, exogenous IL-2 cannot act as a nonspecific ac
tivator of resting cells obtained from virus-infected animals, even though it can 
activate normal bovine lymphocytes. In an attempt to explain the depressed 
mitogen response, Th cell function was investigated. Although the results ap-
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pear to be somewhat variable, in most cases the generation of IL-2 is enhanced 
following infection of animals with BHV-1. This enhancement appears to be 
correlated with the initial rise in production of IFN in the nasal passages 2 days 
after BHV-l infection. Administration of exogenous IFN by the nasal route 
also increases IL-2 production by lymphocytes from normal animals in a tran
sient manner. Although animals appear to produce higher levels of IL-2 fol
lowing infection with a virus, lymphocytes from virus-infected animals are not 
responsive to IL-2. This lack of responsiveness may be attributable to (1) down
regulation of IL-2 receptors on cells, (2) viral interference with their ex
pression, or (3) margination of activated T cells to local drainage lymph node 
or sites of B HV -1 replication. Unpublished experimental evidence from flow 
cytometric analysis demonstrates a decline of E-rosette-positive cells in animals 
infected with B HV -1. This evidence still does not discriminate between the loss 
of these cells or downregulation of E-rosette receptors. The downregulation of 
T-cell proliferation by high antigen dose has been shown for other systems.(43) 
That study showed that T lymphocytes produced IL-2 but were unable to 
respond because of the loss of IL-2 receptor expression. BHV -1 has been 
shown to be a potent inducer of IL-2.(44) In this context, it is worth reiterating 
that during BHV-l infection, IL-2 production peaks at the time of maximal 
virus shedding in nasal passages. The peak of viral antigen and IL-2 produc
tion also correlates with the time that T cells become unresponsive to IL-2. This 
finding appears to parallel what Ceredig and Corradin(43) reported in terms of 
IL-2 production and downregulation of IL-2 receptors in the face of high 
antigen doses. 

In a recent article, it was shown that, under certain conditions, human 
peripheral blood mononuclear cells (PBMC) could be induced to release IL-2 
receptors.(45) These conditions involve activation by lectins and toxoids (tet
anus). HTLV-I-positive T-cell clones were also shown to release large amounts 
of IL-2 receptors. Whether these observations have any relevance for cattle is 
unknown. It is tempting to speculate that bovine T cells may lose respon
siveness to IL-2 due to the loss of IL-2 receptors following binding of virus or 
viral glycoproteins to lymphocytes. It was recently demonstrated that BHV-l 
can bind to T-cell clones(46) (P. Griebel and L. A. Babiuk, unpublished observa
tions). Thus, if HTLV-l binding and infection of lymphocytes can cause the 
release of IL-2 receptors, could the same mechanism also operate in the BHV 
infection? Unfortunately, monoclonal antibodies that recognize human IL-2 
receptors do not recognize bovine IL-2 receptors. Thus, until specific antibody 
to the bovine IL-2 receptor is developed, this question cannot be fully ex
plored. Alternatively, as has been observed in the murine system, antigen
specific suppressor cells may induce a state of Th cell unresponsiveness.(37) 

It is known that exposure of lymphocytes to some viral antigens can lead to 
nonresponsiveness of these lymphocytes in culture.(47) Since BHV-l is a sys
temic virus, such exposure in vivo could account for the lower responses to 
mitogens at the peak of viral replication and during clinical disease. Exposure 
of lymphocytes from normal animals to BHV-l antigens in vitro does result in 
decreased blastogenic responses.(48) Regardless of whether the antigen was 
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inactivated or live virus when used in the assays, it was found that high doses of 
antigen dramatically suppressed mitogen induced lymphocyte proliferation in 
vitro.(48) Specific antigen stimulation oflymphocytes from immune animals was 
also suppressed at high antigen doses. Since suppression occurs with live or 
inactivated virus and since there is no evidence of even an abortive infection of 
bovine lymphocytes with BHV-l, it appears that viral replication is not re
quired to induce immunosuppression in lymphocytes. It is possible that the 
mere association of virus with lymphocytes can alter their function. Although 
lymphocytes cannot be infected with BHV-l, the virus can bind to lympho
cytes(46) (P. Griebel, M. Lawman, and L. A. Babiuk, unpublished observations). 
This interaction appears to occur especially if T lymphocytes are activated. 

Using both primary bovine T-cell cultures and T-cell clones, it has been 
observed that infectious BHV -1 decreases the viability of these T cells without 
detectable viral replication. Furthermore, both infectious and inactivated 
BHV -1 decreases IL-2 responsiveness and activation of these T-cell clones by 
phorbol esters (P. Griebel, M. Lawman, and L. A. Babiuk, unpublished obser
vations). This finding supports the hypothesis that BHV-l directly affects T
cell function and responsiveness without the induction of antigen-specific Ts. 
It was recently reported that herpes simplex virus (HSV) will replicate in acti
vated human T lymphocytes.(49) Our contention is that BHV-l may in
fect/replicate in a small subpopulation of activated T cells (making its detection 
by standard techniques, such as infectious center assays, difficult) and that 
these infected T cells would be eliminated. This could reflect a major defect in 
the CMI response without being an obvious defect in total T-cell populations. 
This does not explain the observation that the general population of cells are 
nonresponsive to mitogens. 

No reports have described the specific protein or glycoprotein involved in 
the suppression of lymphocyte function, but it is highly likely that one of the 
viral glycoproteins is involved. Since these glycoproteins are released into the 
extracellular environment during viral replication(SO-S3) and virus-cell in
teractions are initiated by glycoprotein, it is highly likely that interaction of the 
glycoprotein with the lymphocyte host cell membrane alters their function. 
The availability of purified BHV glycoproteins makes this hypothesis feasible 
to test. 

Interferon production in nasal passages is evident within 2-3 days p.i. 
Although very little free IFN is detectable in plasma from infected calves, it is 
possible that it is rapidly cell associated and thereby alters lymphocyte reac
tivity. Studies involving the pharmacokinetics of clearance of IFN clearly dem
onstrates that exogenous IFN is rapidly cleared (half-life approximately 2 hr). 
Coupled with the observation that IFN can alter lymphocyte function dramat
ically, this suggests that rapid cell association is highly likely.(30) IFN has been 
shown to inhibit proliferation of bovine T cells in vitro (P. Griebel and L. A. 
Babiuk, unpublished observations) and reduce their responsiveness to IL-2 
and phorbol ester (P. Griebel and L. A. Babiuk, unpublished observations). 
The observations that bovine IFN activity is enhanced at elevated tempera
tures up to 40°C,(S4) maximal immunosuppression correlates with peak tem-
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perature responses and that IFN is present in nasal secretions suggest that 
even low levels of serum IFN may be important in reducing lymphocyte 
reactivity. 

A further observation that mayor may not have relevance to BHV-I is the 
production of a suppressor lymphokine by Ts. This lymphokine has been in
cluded with nonspecific mechanisms because despite its production by Ts, the 
lymphokine is activated nonspecifically by phagocytic cells. The substance in 
question is the soluble immune response suppressor (SIRS), first described by 
Aune and Pierce(55) in the mouse and subsequently described in humans.(56) 
SIRS is produced by Lyt 2 + cells (murine Ts) in an inactive nonoxidized form. It 
is activated (by oxidation) by H 20 2 produced by macrophages and presumably 
polymorphonuclear leukocytes (PMNs). Once the substance is oxidized, it is 
inhibitory not only to neoplastic cell replication but to immune cell functions as 
well. If a bovine counterpart to the murine and human SIRS exists, infection 
with BHV -I, which causes elevated production of toxic oxygen species, may well 
indirectly activate this suppressor molecule and cause immune suppression. 

2.3.2.b. Monocytes. Within the lung, alveolar macrophages are vital as the 
main protectors of the alveolar airspaces against microorganisms and foreign 
substances. Like other members of the mononuclear phagocytic system, the 
alveolar macrophage may also participate in immunologic reactions by virtue 
of their accessory cell capacity.<57,58) In addition to these functions, however, 
which are generally considered beneficial to the host, the alveolar macrophage 
also possess the capacity to synthesize and secrete a wide armamentarium of 
mediators, including enzymes, monokines, complement components, and 
prostaglandins, which have the potential to modulate the immune response or 
induce lung injury either directly or through stimulation of other inflammato
ry and immune cells.(59) Since the expression of various surface antigens on 
macro phages can be correlated with functional activity, initial attempts were 
made at identifying surface markers on alveolar macrophages and peripheral 
blood macrophages following infection both in vivo and in vitro with BHV-1. 

Following in vitro exposure of bovine alveolar macrophages to BHV-l, it 
was found that although macrophages were more resistant to infection with 
BHV-l than were fibroblasts or epithelial cells, they could be infected. Once 
infected, the number of Fe receptors on macro phages is dramatically reduced, 
as is the ability of these infected macrophages to phagocytize erythrocytes or 
Candida.(5) By contrast, there is an increase in complement receptors for the 
first 3-12 hr pj. At latter times postinfection, there is a decrease in comple
ment receptors as the cells begin to suffer the effects of virus replication. In 
these studies it did not matter whether the macro phages were lavaged from 
IBR-seropositive or -seronegative animals, suggesting that arming of the mac
rophages with antibody did not have any effect on the susceptibility to BHV-l 
infection or their ability to participate in immune responses following BHV-l 
infection. 

Since alveolar macrophages could potentially be involved in the elimina
tion of viral infections by a variety of mechanisms, the ability of infected mac
rophages to function as effector cells in ADCC was investigated.(5) Within 2-4 
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hr post-BHV-I infection in vitro, alevolar macro phages could not mediate 
ADCC killing of virus-infected cells. Although it was possible to infect alveolar 
macrophages in vitro, retrieval of alveolar macrophages from virus-infected 
animals demonstrated that a very small percentage of the macrophages were 
actually infected. However, infection of cells per se cannot totally explain the 
reduced functional capacity of bovine macro phages following BHV -I infec
tion, as many macro phages retrieved from lungs of infected animals are not 
infected but are functionally inactive. Similarly, blood monocytes collected 
from infected animals, which have never been shown to be infected, are also 
paralyzed with respect to their ability to produce various mediators.(60) These 
results suggest that indirect effects of the virus on leukocyte function may be as 
important as the direct effects of viral infection on a specific subpopulation of 
macrophages. 

Studies with human and rat blood macrophages and monocytes and al
veolar macro phages have shown them to have both enhancing and suppressive 
effects on immunoglobulin secretion and mitogen-induced proliferation of 
peripheral blood lymphocytes.(61-67) Detailed studies in the human have 
shown that functional heterogeneity of alveolar macrophages exists and that 
the expression of one function in preference to the other is dependent on cell 
numbers.(68) This dependence on cell density is important with respect not 
only to the macrophage but to the PBL as well. In the above study, it was shown 
that low numbers of PBMC and of alveolar macrophages enhanced lymphocyte 
proliferation. However, in the presence of elevated numbers of monocytes or 
macrophages inhibition of lymphocyte proliferation occurs. These investiga
tors also stated that alveolar macrophages were lO-fold more suppressive than 
peripheral blood monocytes. 

In cattle, alveolar macrophages have been reported to suppress mitogen
induced proliferation of PBMC.(69) This suppression was evident at levels at 
which the macrophage comprised only 1 % of the cells. These investigators 
clearly demonstrated that this suppression was mediated via a soluble mediator 
released by the macrophages. Similar suppression of mitogen induced lympho
cyte proliferation can be demonstrated in vitro by increasing the ratio of pe
ripheral blood monocytes to lymphocyte.(67) 

Using flow cytometric analysis of la-positive monocytes and nonspecific 
esterase staining of monocytes, it has been shown that there is a significant rise 
in the number of monocytic cells in the PBMC, 3 and 8 days post-BHV-I 
infection (P. Griebel, M. Lawman, and L. A. Babiuk, unpublished observa
tions). This rise in monocyte numbers can increase to 10-30% of the PBMC 
population. On the basis of the studies reported above, this increase in the 
number of macrophages could easily be responsible for at least some of the 
suppression observed 4-8 days p.i. It has also been shown by flow cytometry 
that in addition to an increase in the number of la-positive cells in peripheral 
blood 4 days after BHV-I infection, there is also a shift (increase) in size. 
Whether increased size is also correlated with the production of immu
nomodulating factors (i.e., prostaglandins) complement and IFN-a need to be 
investigated. Since all these mediators have been reported to have suppressive 
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effects on the immune response, it is highly likely that the macrophage may be 
pivital in BHV-I-induced immunosuppression. 

Natural cytotoxicity is another function exhibited by a subpopulation of 
mononuclear leukocytes. This activity, expressed against xenogeneic cell lines, 
decreases following infection with BHV-l. As was the case for blastogenesis, 
depression was seen 3-5 days p.i. but returned to normal more quickly and 
actually rose above preinfection levels by 7 days p.i.(30) This increase in natural 
cytotoxicity appears to be correlated with an increase in the number of mono
cytes present in the peripheral blood. 

2.3.2.c. Macrophage-Soluble Mediators of Suppression. Macrophages are a 
major source of IFNa. Bovine 1FNa (recombinant) has been shown to down
regulate the production of IL-2 and the number of circulating lymphocytes.(30) 
Since IFN is produced very early in the infection cycle, these observations 
suggested that IFN may be important in early immunosuppression. 1FNa was 
also shown to have direct anti proliferative activity on bovine T-cell cultures and 
to have inhibited the cytotoxic activity of cloned bovine CTL (M. Lawman and 
L. A. Babiuk, unpublished observations). Cultured bovine T cells were ren
dered IL-2 unresponsive in the presence of 1FNa; furthermore, activation of 
bovine T cells by phorbol esters was suppressed (P. Griebel, M. Lawman, and L. 
A. Babiuk, unpublished observations). Even though IFN levels in the pe
ripheral blood are not elevated,(30) this may not preclude the possibility that 
IFN was removed by binding to target cells (in vivo) and therefore unavailable 
for in vitro assays. Letchworth et al.(54) have shown that the antiviral effect of 
bovine IFN is increased at 40°C. During BHV -I infection, immunosuppression 
is greatest between 3 and 5 days; it is at this time that the pyrexic response is 
greatest (>41°C). On the basis of these observations, it would be interesting to 
determine whether elevated temperatures also alter the immunomodulating 
role of IFN. 

One of the major immunosuppressive factors produced by macrophages is 
prostaglandin (PG). PGs have been shown to down regulate various parameters 
of the immune response. PGE-2, in particular, may inhibit T-cell function 
blocking both proliferation(70) and IFN production.(71) PGs have also been 
shown to be responsible for alteration in macrophage function and receptor 
expression. (72) Production of IL-I is inhibited by PGE-2.(73) Thus, PGE-2, 
which may be produced in response to IL-I,(74) may serve in the regulation of 
IL-I production by macrophage/monocytes. PGs have also been shown to be 
responsible for alteration of macrophage function and receptor expressionP2) 

Unpublished data from our laboratory indicate that serum levels of PGE-2 
increase significantly 6-10 days post-BHV-I infection. These levels of PGE-2 
correlate with the concentration required to suppress mitogen-induced pro
liferation in vitro. Plasma from BHV-I infected cattle (4-10 days p.i.) is capable 
of su ppressing (>80%) lymphocyte responses significantly in blastogenic assays 
at dilutions as high as I: 100. PGE2 can also suppress IL-2 production.(75) 
Furthermore, Chouaib and co-workers also have shown that PGE2 induces 
suppressor T lymphocytes. PG appears to be significant in modulating the 
immune response to BHV-I and this modulation may well be amplified by its 
multiple effects. 
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The monokine IL-I is an important immunoregulatory molecule, with the 
characteristics of upregulating the expression of cell-surface receptors, effector 
cell functions, and proliferation of lymphocyte subs~ts'<76) One interesting 
function of IL-I that may have relevance to BHV-I infection is that it has been 
shown to interact with vascular endothelial cells and to cause the concomitant 
release of PGE2 . 

Testing of alveolar macrophages from BHV-I-infected animals collected 
from day 1-6 p.i. demonstrated a progressive decrease in IL-I production or 
activity. It was recently demonstrated that human macrophages, when exposed 
to influenza or respiratory syncytial virus, are a source of an IL-I inhibitory 
substance.(77) These two observations suggest that a similar situation may occur 
in BHV-I infections. Alternatively, the release from the liver of acute phase 
proteins during early BHV-I infection could be responsible for suppressing 
IL-I production. (73) 

During the inflammatory reaction observed in BHV -1 infection, activated 
phagocytic cells release toxic oxygen species. These oxygen radicals have been 
shown to cause damage to DNA of innocent bystander cells.(78) Further work 
by Carson et al.(79) has shown that DNA strand breakage caused by toxic oxy
gen radicals can cause significant lymphocyte dysfunction of resting PBL. 
These lymphocytes show marked suppression of proliferation in blastogenic 
assays. This may also be of significance in BHV-I infection. We have shown 
that BHV -1 infection in callie causes PMN and macrophages to produce ele
vated levels of H 20 2 and superoxide at the time of maximum immunosuppres
sion. The role of superoxide/H20 2 production in lymphocyte suppression in 
cattle by means of a mechanism as described by Carson et al. (79) needs critical 
evaluation. 

2.3.2.d. Polymorphonuclear Leukocytes. Polymorphonuclear leukocytes 
(PMN) are important components of the host defenses against bacterial infec
tions. Their function in viral infections is somewhat unclear. They have been 
shown to participate in ADCC in both humans and animals. In humans, they 
have also been shown to enhance lymphocyte stimulation through the release 
of soluble mediators.<80,81) More importantly, in terms of this review, PMN 
have also been shown to be inhibitory to lymphocyte proliferation in hu
mans(82,83) and horses.<84) Most of these studies have centered around depres
sion of lymphocyte proliferation by increasing the PMN content of the PBL 
culture. In cattle affected by shipping fever, an increase in the number of PMN 
in PBMC populations isolated by ficoll-hypaque has been noted (M. Lawman, 
unpublished observations). In some instances, this increase in the number of 
PMN has been as high as 40% (range of 10-40%). If PMN are added to PBL 
within the range seen in vivo, mitogen-induced proliferation is significantly 
depressed (M. Lawman, unpublished observations). PMN, like macrophages, 
are a potent source of toxic oxygen radicals. BHV-I infection causes elevated 
production of these toxic oxygen species at the time of maximum suppression. 
Therefore, the activation of PMN, in terms of their respiratory burst, could be 
a source of toxic oxygen that could potentially suppress lymphocyte function 
by causing DNA damage. In our laboratory, the activation of bovine PMN by 
recombinant IFNaand/or adjuvants was shown to enhance their ability to sup-
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press blastogenesis (M. Lawman, unpublished data). PMN also are a source of a 
soluble mediator capable of suppressing IL-1 production.(85) This inhibitor is 
specific for IL-1, hence does not modulate other lymphokines. Since PMN 
become activated in BHV-1 infection, they could modulate both lymphocyte 
and monocyte/macrophage function(s). 

2.3.2.e. Stress. Bovine respiratory disease is often associated with the 
movement and mixing of animals. These factors are all considered to stress the 
animals sufficiently to make them more susceptible to viral and bacterial infec
tion. One explanation for this increased susceptibility has been the elevated 
cortisol often found in stressed animals. It has recently been demonstrated that 
cortisol can decrease IL-2 production by bovine PBL.(86) Through reduction of 
Th function, cortisol may be important in limiting the amplitude of the im
mune response. Although not directly demonstrated, cortisol may also inhibit 
production of IFN, which is closely linked with IL-2 production.(87) Elevated 
adrenocorticotropic hormone (ACTH), which is responsible for increased cor
tisol production, may in itself have direct immunosuppressive effects on T 
cells.(88) In addition, stress may be important in enhancing the replication of 
BHV-l.(89) BHV-1 replication in vitro has been shown to be enhanced by inclu
sion of serum from stressed calves. Thus, it is possible that some factors present 
in the serum do allow higher levels of BHV -1 virus and antigens to be present 
in the serum and thereby further cause immunosuppression by the mecha
nisms previously described. In addition, the state of nervous excitement that 
occurs during shipping may be of importance. Recent evidence suggests that 
immune responses may be modulated by both the peripheral nervous system 
and the CNS. In this regard, IL-1 has been implicated as an important link 
between CNS and T-cell activation. There is also evidence to suggest that the 
peripheral nervous system can modulate immunologic responses on mucosal 
surfaces.(90) Such substances as somatostatin and vasoactive intestinal peptides 
(VIP) act at the level of T lymphocytes decreasing proliferation and decreasing 
colony-stimulating activity.(90) There is insufficient evidence to determine 
whether stress increases or decreases these specific peptides or what their 
precise function is in immune modulation of animals infected with BHV -1. It 
should also be noted that following BHV-1 infection, animals become anorexic 
and may completely go off feed for 3-4 days. Peak anorexia occurs approx
imately 3-7 days pj. It is possible that this anorexia has some impact on various 
CNS-released peptides, which could then further cause immunosuppression. 

Substance P, a sensory neuropeptide found in a subpopulation of different 
neurons of the nervous system that supplies skin and mucous membranes,(91) 
has been shown to interact with human PMN and to activate their basic pha
gocytic functions and increase H 20 2 production'(90) H 20 2 production can sup
press lymphocyte proliferative responses by causing DNA breaks and by ox
idizing SIRS to its active suppressor molecule. 

Lymphocytes have also been shown to be a source of endorphins.(92) It has 
also been shown that both 'Y- and a-endorphins are immunosuppressive, with 
a-endorphins being more highly active.(93) Enkephalins have also been shown 
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to be suppressive for antibody production in in vitro assays.(93) Thus it seems 
possible that local inflammatory responses caused by B HV -1 infection induce 
the production of various neuropeptides or neuroendocrine hormones that 
could shut down or suppress immune responses. These possibilities need fur
ther investigation with respect to viral infections in general and bovine her
pesviruses in particular. 

2.3.2f Other Nonspecifzc Mechanisms of Immunosuppression. Recent studies 
have shown the importance of iron-binding proteins, iron itself, and storage 
proteins (transferrin, ferritin, and lactoferrin) in the immune response. A 
recent symposium and articles suggest that the iron-binding property of cer
tain proteins may in fact be a major factor in immune surveillance.(94) Trans
ferrin has been shown to be important in lymphocyte proliferation, and the 
amount of iron bound to transferrin is critical for proper immune regulation. 
Thus, too much or too little can cause the suppression of Con A respon
siveness. It has been suggested that differences in iron binding to transferrin 
may be important in Th or Ts activity. This suggestion has been supported in 
part by reports showing that activated T 4 + (Th) can synthesize transferrin, but 
T 8 + (Ts) cannot.<95) Ferritin, the iron storage protein, has also been shown to 
have an inhibitory effect on mitogen-induced T-cell proliferation.(96) Since 
BHV -1 does cause extensive cell death and hemorrhaging, it is highly likely 
that BHV modulates iron availability by (1) releasing extracellular iron into the 
circulation, (2) altering the efficiency of iron binding to transport proteins, and 
(3) regulating the expression of transferrin receptors. 

2.4. Summary 

In the preceding section of this review, we have identified a number of 
effects that BHV-l infection exerts on the bovine immune system. In many 
cases, the discussion centered on a specific direct or indirect interaction of the 
virus with a specific cell type. However, we would like to emphasize that in vivo 
during the development of an immune response, individual cells or their prod
ucts interact with other cell types that can have dramatic repercussions on the 
development of the immune response. In this final section, we would like to 
summarize the various ways BHV-l infection can either enhance or suppress 
immune responses. In some cases, enhanced activity of one specific cell type 
may have a negative effect on another cell. Thus, it is clearly evident that the 
consequences of any modulation of the immune response by any pathogen, 
including BHV -1, may be very complex. Figure 1 attempts, at least partially, to 
explain the multitude of effects BHV -1 infection has on immune responses in 
cattle. The events appearing in the upper portion of Fig. 1 are considered 
enhancing, whereas those in the lower portion are clearly immunosuppressive. 
It should be noted, however, that the components situated on the positive side 
can have or trigger negative effects as well. Following BHV-l infection, the 
virus can interact with macrophages, which are good producers of IFN", and 
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POS I T I VE/ENHANCEMENT 

UNRESPONSIVENESS 

RECEPTORS 

NEGATIVE/SUPPRESSION 

FIGURE 1. Summary of the effects BHV-I has on various leukocyte functions. (-) Data are 
available to support the interactions; (- - -) areas in which concrete evidence is lacking. 

PGE2• These two components are known to be able to depress the proliferation 
of T and B lymphocytes, as well as have a negative impact on the effector 
function of these cells. Thus, even though BHV-l infection does stimulate 
CTL and Th cells that produce IL-2, the negative effect of the components 
secreted by macro phages reduces their activity. Similarly, BHV-l infection 
activates PMN to secrete leukotrienes and reactive oxygen molecules. The 
precise effect of the oxygen-free radicals on T- and B-cell proliferation and 
effector cell function requires further investigation. In addition, BHV-l infec
tion alters various cell-surface markers of macrophages and PMN, such as Fc 
receptors, complement receptors, and Ia antigens. These receptors are ex
tremely important during phagocytosis and antigen presentation. Any de
crease in these particular receptors may have devastating effects on antigen 
presentation by macrophages, thereby inhibiting the development of an effec
tive immune response. Little is known about how BHV-l infection affects Ts 
and Th or about the production and responsiveness of these cells to IL-2 or 
other lymphokines. This also is an area in need of further investigation. 

From this brief summary, it is evident that the interaction of BHV-l with 
the various immune cells of the host is extremely complex and that in many 
areas further investigation is required before the therapeutic enhancement of a 
specific function can be predicted to have a beneficial or negative effect on the 
animal's ability to deal with the infection. 
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3. OTHER HERPESVIRUSES 

This section briefly reviews some of the other herpes viruses that infect 
leukocytes. No attempt is made to discuss all the potential mechanisms of 
specific and nonspecific suppression, except to identify whether the viruses 
infect specific leukocytes and whether the infection leads to a lytic infection or 
transformation of leukocytes, which may lead to disruption of function. 

3.1. Equine Herpesviruses 

Infection of horses by various equine herpesviruses (EHV) can range from 
very mild localized or systemic infection, as seen with EHV -2, to more severe 
disease, as observed with EHV -1. In most instances, EHV appear to become 
associated with leukocytes either in a latent nonproductive state or a lytic 
state.(97) EHV-2 can be isolated from apparently healthy horses and can persist 
in the presence of high levels of antibody. In these instances, no apparent 
effect on immune responses is evident, and it has not been possible to establish 
any direct association among EHV -2 infection, disease, and immunosuppres
sion, even though the virus can be isolated from leukocytes.<97.98) By contrast, 
infection with EHV -1 does result in functional and ultrastructural changes in 
neutrophils and lymphocytes.(99.100) These alterations appear to be age relat
ed, as does the severity of the disease. Thus, young animals are more severely 
affected both with respect to disease and immunosuppression. In the case of 
young animals, motility of PMN is increased 2 days pj., whereas their ability to 
ingest Staphylococcus aureus is decreased. Although there is an increase in PMN 
migration, there is a decrease in their ability to act as effector cells in ADCC.(99) 
In both instances, migration and ADCC effects are transient and return to 
normal within 5 days pj. Suppression of lymphocyte function as measured by 
responsiveness to mitogens occurs approximately 10 days pj.(lOO) Infection of 
T and B lymphocytes and monocytes could be detected as early as 2 days p.i. 
and peaked 4 days p.i., using infectious center assays.(lOl) These studies also 
demonstrated that the T cell was the predominant leukocyte cell type harbor
ing the virus, indicating that EHV-l is a lymphotropic virus. 

Since maximal T-cell infection occurred 4 days pj. and maximum inhibi
tion of mitogen responses occurred 10 days pj., these results suggest infection 
of lymphocytes may not be the sole reason for reduced lymphocyte reactivity. 
These investigators suggested that a serum factor was not responsible for inhi
bition of mitogen responses 10 days p.i., since serum from infected animals 
could not consistently suppress immune responses of lymphocytes from 
healthy animals. It is interesting to note that maximal suppression of lympho
cyte responses occurred at the time when blastogenic responses to EHV-l 
antigen was maximal.< 100) This may suggest that the lymphocytes were re
sponding to EHV-l antigen and releasing some soluble factors such as IFN-y 
that could then suppress mitogen responses of lymphocytes. 
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S.2. Pseudorabies Virus 

Pseudorabies virus (PRV), also commonly referred to as Aujesky disease, 
can cause acute infection of pigs as well as a wide variety of other domestic 
species. In many cases, most of the signs are directly related to CNS involve
ment with death occurring within I week pj. In addition to infecting the CNS 
and inducing latent infection,(102) virus can be demonstrated in many other 
organs. One of the primary sites of initial virus multiplication appears to be in 
the tonsillar area.(103) These studies, however, did not clearly demonstrate 
whether the virus was replicating in the epithelial cells of the lymphoid nodules 
of the tonsils or actually in lymphoid tissue. More recent studies indicate that 
the virus can replicate in vitro in both macrophages and lymphocytes obtained 
from swine(104) (T. Molitor, personal communication). In addition to being 
able to replicate in pig lung macrophage cultures, the virus appears to be able 
to infect macrophages in vivo and result in immunosuppression to the extent 
that animals are more susceptible to secondary bacterial infection with 
Pasteurella multocida similar to that observed with BHV-I (M. Fuentes and C. 
Pijoin, personal communication). 

In vitro infection of alveolar macrophages indicates that their function is 
suppressed as early as 2 hr p.i., well before cytopathology or virus assembly is 
evident. Furthermore, virulent field strains of the virus are extremely cytotoxic 
to both macrophages and lymphocytes but do not produce large quantities of 
infectious virus. By contrast, some mutants, e.g., the Norden vaccine strain, are 
not very cytotoxic for macrophages or lymphocytes; however, they do produce 
large quantities of infectious virus (l06-107 PFU) and eventually affect lym
phocyte replication and function. In an attempt to determine whether specific 
genes of pseudorabies virus are correlated with their ability to infect mac
rophages and lymphocytes, Molitor (personal communication) has produced 
deletion mutants of pseudorabies virus and tested their ability to infect mac
rophages and lymphocytes in culture. Mutants, especially with deletions in the 
unique short region, do not replicate at all in leukocytes. These results clearly 
indicate that the leukocytes are susceptible to pseudorabies virus and that 
specific genes within the virus determine the extent of viral replication and 
cytotoxicity. These results also indicate that complete viral replication is not 
required for suppression of function and cytotoxicity of leukocytes. 

S.S. Avian Herpesviruses 

Viruses capable of infecting avian species are listed in Table II. Although a 
large number of avian herpesviruses have been isolated and investigated with 
respect to their ability to cause disease in a variety of birds, there is very limited 
information regarding their interaction with lymphoid tissue. The exceptions 
are Marek disease virus (MDV), turkey herpesvirus (HVT), and infectious 
laryngotracheitis (IL T). MDV, like many other herpesviruses, can cause both 
productive infections and nonproductive infections, depending on the specific 
cell type involved.<105.106) Furthermore, the final outcome of the disease is 



IMMUNOSUPPRESSION BY ANIMAL HERPESVIRUSES 161 

related to the strain of virus as well as the genetic susceptibility of the animals. 
Thus, it is possible to select chickens with specific disease-resistance genes. These 
genetic resistance genes are associated with the major histocompatibility loci of 
chickens.<107.108) In addition to the strain of chicken, the age at the time of 
infection and the strain of virus also determine the final outcome of the disease. 
HVT does not result in tumors but can protect chickens from virulent Marek 
disease.(109.1lO) The strain of virus and chicken will determine the extent of 
disease, as well as the extent of immunosuppression observed following infection 
with MDV or HVT.(1l1.1l2) In both cases, suppression of mitogen-induced 
lymphocyte proliferation occurs at 7 days pj.(l12) This initial transient suppres
sion of mitogen-induced lymphoproliferation coincides with various stages of 
virus lymphoid-tissue interactions. Acute cytolytic infection oflymphoid tissues, 
notably bursal, thymus, and spleen, becomes apparent at 3 days pj. and reaches a 
peak at 5-7 days. This cytolytic infection is so extensive that it results in the 
dramatic loss of bursal and thymus weight. Virus can infect both T and B 
cells.(llO) Certain strains of MDV can cause mortality during this phase of the 
disease. Shortly after the initial cytolytic infection, immunologic responses begin 
returning to normal and can even be enhanced(l13) before undergoing a second 
depression when birds begin developing lymphomas. During the secondary 
depression of immune responses, deficiencies in humoral and cell-mediated 
responses to various antigens are depressed,(114) allograph rejection is delayed, 
and tuberculin hypersensitivity responses are impaired.(1l4) In birds infected 
with nononcogenic MDV or HVT, following the initial immunosuppression, the 
immune responses return to normal or are elevated approximately 2 weeks pj. 
These birds are then resistant to virulent MDV. 

Although lymphoid destruction occurs during the acute cytolytic stage of 
infection by MDV, it is unlikely to account entirely for the early immunosup
pression, since similar immunosuppression is observed with nononcogenic 
MDV or HVT.(l13) This suppression may be partially caused by one or more 
viral glycoproteins present on the envelope of the viruses. Support for this 
suggestion is forthcoming from studies by Wainberg et al.,(1l5) who demon
strated that in vitro mitogenic responses can be inhibited by either infectious or 
noninfectious MDV. Thus, viral replication is not a prerequisite for suppres
sion. A second explanation for immunosuppression has been suggested to be 
attributed to suppressor macrophages present in infected spleens.(l16) It is also 
possible that as a result of cytolytic infection, depletion of the responsive cells 
results in immunosuppression. Suppressor cells have also been identified in 
chickens bearing transplantable lymphomas.(l17.118) Therefore, it is possible 
that in the early stages of infection, immunosuppression may occur as a result 
of direct virus or glycoprotein interaction with lymphoid cells, with subsequent 
immunosuppres~~on resulting from lymphoma formation and induction of 
suppressor cells. 

Infectious laryngotracheitis is an acute infection of chickens, resulting in 
severe respiratory distress. Following infection, maximal febrile responses oc
cur approximately 5 days pj. Peak febrile responses and respiratory distress 
correlate with maximal lymphopenia.(l19-121) In an attempt to explain the 
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possible cause for lymphopenia, a number of investigators have attempted to 
determine whether leukocytes could be infected by virus. In vitro studies clearly 
indicate that macrophages are susceptible to infection with IL TJ119) However, 
they also demonstrate that both the cell genotype and the virus genotype are 
important in determining the extent of viral replication. Thus, in some strains, 
viral replication is restricted. 

An even more interesting observation is that attenuated vaccine strains of 
IL T replicate more efficiently in macrophages than do virulent virus 
strainsJll9) It must be emphasized that although infection of leukocytes with 
IL T does occur in vitro, there is no evidence for leukocyte infection in vivo. 
Whether this is an indication of the inability of virus to infect cells in vivo or 
whether the infected cells are lost during the purification process remains to be 
determined. A similar observation has been seen with BHV -1 wherein mac
rophages can easily be infected in vitro, but it is extremely difficult to demon
strate infection in vivo.(5) Since many herpesviruses are lymphotrophic, it 
would not be surprising if some leukocytes could be infected in vivo and result 
in a viremia. Whether leukopenia occurs as a result of direct infection of 
circulating leukocytes or preventing production of macrophages (bone mar
row-derived chicken macro phages are susceptible to infection with IL T virus) 
remains to be determined. Although infection of macro phages occurs, replica
tion appears to be restricted. Thus, large quantities of virus-specific mac
romolecules are produced, but virus assembly appears to be blocked in some 
way, similar to that observed with herpes simplex virus infection of mouse 
macrophages.(122) Spleen lymphocytes, peripheral blood lymphocytes, thy
mocytes, bursal lymphocytes, and activated T cells are refractory to infection 
with IL T virusJll9) 

3.4. Rodent Herpesviruses 

Mouse thymic virus (MTV) is a herpesvirus that causes extensive necrosis 
of the thymic cortex and medulla 10-14 days p.iJI23) As a result of infection of 
the thymus, animals have severe temporary impairment of T cell functions. 
Lymphocytes obtained from these mice fail to undergo stimulation by T-cell 
mitogens or to participate in vitro in antibody responses to T-dependent anti
gensJl24) This virus is restricted to T cells, since B-cell numbers and their 
functional ability to make antibody and proliferate when stimulated with B-cell 
mitogens is unimpairedJl24) Although MTV can infect mice of all ages, the 
neonatal mouse is the only one that suffers from thymic atrophy, suggesting a 
specific tropism of the virus for thymocytes of newborn mice. Alternatively, it is 
possible that mature mice can mount a very effective and rapid immune re
sponse against the virus, thereby restricting viral replication to the salivary 
glands.(l23) Infection of mice with MTV also results in a marked decrease in 
the capacity of thymocytes to respond to alloantigens in mixed lymphocyte 
reactions and to generate CTL while sparing other T-cell functions. These 
studies suggest that MTV selectively affects subpopulations of T cells. The 
virus has no effect on the evolution of the capacity of B cells to respond to T-
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cell-independent antigens. Whether persistence of virus in salivary glands has 
any relationship to the initial infection or alteration ofT-cell immunity remains 
to be determined. Although cellular damage produced by MTV infection af
fects normal T-cell functions during the acute phase, these functions return to 
normal 6-8 weeks later. However, these animals failed to produce a humoral 
antibody response to MTV. Whether these animals became tolerant to the virus 
or whether suppressor T-cell populations, which are elevated following MTV 
infection,(123) resulted in depression of antibody production remains to be 
determined. One of the most interesting aspects of MTV infection is that, 
despite dramatic thymic destruction with suppressed immunologic functions, 
many of these functions are transient, whereas some may become permanent. 
This is generally a rare occurrence in most herpesviruses. 

Guinea pig herpes-like virus (GPHV), like other rodent viruses, has a 
predilection for lymphocytic tissue present in the spleen, with virus infecting 
both T and B cells as well as macrophages during acute infection.<125-128) In 
addition to infection of most leukocyte cell types, the virus can also induce 
latency in these cells.(125.128) In contrast to many other herpesviruses in which 
there is lymphopenia, GPHV causes an increase in lymphocyte numbers.(l26) 
Studies indicate that this increase is predominantly of the T-cell subpopulation. 

Herpesvirus sylvilagus is a natural pathogen of cottontail rabbits. Other 
rabbit species cannot be infected with this virus. Following infection of cottontail 
rabbits, there is extensive leukocytosis, splenomegaly, lymphoadenopathy, and 
virus can be isolated from circulating mononuclear cells. In animals infected with 
the virus, there is an elevation of up to 2.5 times the normal mononuclear blood 
cell counts, as well as increased numbers of spleen cells (up to six-fold increase) 
within 6 days pj., with spleen size increasing approximately lO-fold. Approx
imately 0.2% of all cells could develop infectious center assays 2 weeks pj., 
indicating that lymphoid cells are the major site of replication of the virus,(130) 
Virus continues to persist in these cells for extended periods of time postinfec
tion. In contrast to GPHV and mouse CMV, herpesvirus sylvilagus does not 
appear to infect macrophages.(129) The increase in lymphocyte numbers follow
ing infection with the virus is predominantly associated with aT-cell popula
tion.(128) Thus, in the rodent viruses, there is a spectrum of interactions; mouse 
CMV predominantly infects mononuclear cells, MTV predominantly infects 
thymic cells, and GPHV and herpesvirus sylvilagus infect both T and B lympho
cytes in vivo and in vitro.(125-127,129) As a result of these different interactions, 
viruses can persist in leukocytes and establish latent infection or lead to transfor
mation and result in lymphoproliferative disorders. All these rodent herpesvirus 
interactions can serve as excellent models to provide an understanding of her
pesvirus persistence, transformation, and immunomodulation. These rodent 
models also clearly emphasize that although they can interact with lymphoid 
cells, the interactions are very specific concerning the virus and host in question. 
In some cases, these are extremely restrictive to a specific species or genotype of 
virus and host, whereas in other instances the virus can infect a large number of 
different cell types from a wide variety of different species. Whether this indi
cates a specific state of activation of lymphoid cells in vivo or whether there are 



164 LORNE A. BABIUK et al. 

indeed restrictions due to surface structures responsible for virus attachment or 
potential transport and uncoating within the cell remains to be determined. 

3.5. Varicella Zoster 

Until recently, it often has been difficult to demonstrate a viremic phase 
following natural infection with varicella zoster virus (VZV). However, the 
hematogenous dissemination of VZV clearly has been demonstrated in immu
nocompromised patients. More recently, hematogenous spread has been shown 
in healthy children. Virus has been recovered from both adherent and non
adherent cells obtained from patients suffering from acute VZV infec
tion.(130,131) Whether this indicates that virus can infect both lymphocytes and 
monocytes requires further characterization using monoclonal antibodies di
rected against various lymphocytic subpopulations, to determine whether in
deed lymphocytes can be infected with VZV. Ozaki etal.(131) suggested that since 
there is decreased lymphocyte stimulation during VZV infection, there is a 
lymphocyte-associated viremic stage at the onset of varicella infection. Although 
this is highly possible, one must clearly demonstrate that the decrease in lympho
cyte activity is directly related to viral infection of these lymphocytes. Thus, 
infection of monocytes by the virus may lead to lymphocyte dysfunction. It has 
been shown that macrophages infected with VZV can lead to reduced mixed 
lymphocyte reactions.(132) Thus, at least in some instances, virus-related sup
pression of lymphocyte responses in vitro may be due to dysfunction of mac
rophages rather than of lymphocytes directly. Twomey's group also suggested 
that the anergy often observed during VZV infection is correlated very closely 
with viral infection of macrophages.(l32) It is known that monocytes can have a 
suppressive effect on lymphocyte stimulation responses.(1333) In addition, it has 
been shown that even removal of phagocytic cells did not remove immunosup
pression following infection with varicella. Twomey et al. clearly demonstrated 
that although the percentage of T lymphocytes was unchanged during the 
infectious process, there was an alteration in the helper to suppressor/cytotoxic 
subsets with the suppressor/cytotoxic cells increasing, resulting in a lower ratio 
between the two subsets.(133) This alteration is similar to that observed with other 
herpesviruses of humans. Whether preactivation oflymphocytes in vitro leads to 
nonresponsiveness in PHA or pokeweed mitogen stimulation responses remains 
to be determined. It is also possible that infection of macrophages in vitro may be 
at least partially responsible for the transient anergy observed during viral 
infections. 

REFERENCES 

1. Abramson, J. S., G. S. Gibrik, E. L. Mills, and P. Quie, Polymorphonuclear leukocyte 
dysfunction during influenza virus infection in cinchillas,]. Infect. Dis. 143:836-846 
(1981). 

2. Astry, G. L. and G. J. Jakab, Influenza virus induced immune complexes suppress 
macrophage phagocytosis,]. ViTOlo 50:287-292 (1984). 



IMMUNOSUPPRESSION BY ANIMAL HERPESVIRUSES 165 

3. Wainberg, M. A., S. Vydelingum, and R. G. Margolese, Viral inhibition of lymphocyte 
mitogenesis: Interference with synthesis and functionally active T cell growth factor 
(TCGF) activity and reversal of inhibition by the addition of the same, j. Immunol. 
130:2372-2378 (1983). 

4. Casali, P., G. P. Price, and M. B. A. Oldstone, Viruses disrupt functions of human 
lymphocytes: Effects of measles virus and influenza virus on lymphocyte-mediated kill
ing and antibody production,]. Exp. Med. 159:1322-1377 (1984). 

5. Forman, A. J., and L. A. Babiuk, Effect of infectious bovine rhinotracheitis virus infec
tion on bovine alveolar macrophage function, Infect. Immun. 35: 1041-1047 (1982). 

6. Jakab, G. j., Viral bacterial interactions in respiratory tract infections: A review of the 
mechanisms of virus-induced suppression of pulmonary antibacterial defenses, in: 
Bovme RespIratory Disease, A Symposium (R. W. Loon, ed.), pp. 223-286, Texas A & M 
University Press, College Station, Texas (1984). 

7. Crabtree, G. R., S. Gillis, K. A. Smith, and A. Munck, Mechanisms of glucocorticoid
induced immunosuppression: Inhibitory effects on expression of Fc recepturs and pro
duction of T cell growth factors, j. Steroid Biochem. 12:445-449 (1980). 

8. Egwang, T. G., and A. D. Befus, The role of complement in the induction and regula
tion of the immune response, Immunology 51:207-224 (1984). 

9. Walker, C., F. Kristensen, F. Bettens, and A. L. deWeck, Lymphokine regulation of 
activated (Gl) lymphocytes. I. Prostaglandin E2-induced inhibition ofinterleukin 2 pro
duction, j. Immunol. 130: 1770-1773 (1983). 

10. Jaffe, M. I., and A. R. Rabson, Defective helper factor (LMF) production in patients with 
acute measles infection, Clin. Immunol. Immunopathol. 20:215-223 (1981). 

11. McGuire, R. L., and L. A. Babiuk, Evidence for defective neutrophil functions in calves 
exposed to infectious bovine rhinotracheitis, Vet. Immunol. Immunopathol. 5:259-271 
(1984). 

12. Schorlemmer, H. U., and A. C. Allison, Effects of activated complement components on 
enzyme secretion by macrophages, Immunology 31:781-788 (1976). 

13. Von Pirquet, C. E., Das verhalten der kautanen tuberculinreaktion wah rend der mas
ern, Dtsch. Med. Wopchenschi Wochenschrl. 34:1297-1300 (1908). 

14. Gibbs, E. P. j. and M. M. Reyweyemamu, Bovine herpesvirus. I. Bovine herpesvirus-I, 
Vet. Bull. 47:317-323 (1977). 

15. Homan, E. j., and B. C. Easterday, Isolation of bovine herpesvirus-l from trigeminal 
ganglia of clinically normal cattle, Am. j. Vet. Res. 41:1212-1216 (1980). 

16. Baxter, G. M., Neonatal meningoencephalitis associated with IBR virus, Bovine Pract. 
19:41-44 (1984). 

17. Hill, B. D., M. W. M. Hill, Y. S. Chung, and R.j. Whittle, Meningoencephalitis in calves 
due to bovine herpesvirus type 1 infection, Aust. Vet. j. 61:242-243 (1984). 

18. Babiuk, L. A., R. C. Wardley, and B. T. Rouse, Defense mechanisms against bovine 
herpesviruses: Relationship of virus-host cell events to susceptibility to antibody-com
plement lysis, Infect. Immun. 12:958-963 (1975). 

19. Rouse, B. T., and L. A. Babiuk, Host defence mechanisms against infectious bovine 
rhinotracheitis virus. I. In vitro stimulation of sensitized lymphocytes by virus antigen, 
Infect. Immun. 10:681-687 (1975). 

20. Rouse, B. T. and L. A. Babiuk, Host defence mechanisms against infectious bovine 
rhinotracheitis virus. II. Inhibition of viral plaque formation by immune peripheral 
blood lymphocytes, Cell. Immunol. 17:43-46 (1975). 

21. Rouse, B. T., and L. A. Babiuk, Host defence mechanisms against infectious bovine 
rhinotracheitis virus. III. Isolation and immunological activities of bovine T Iympho
cytes,j. Immunol. 113:1391-1398 (1975). 

22. Rouse, B. T., and L. A. Babiuk, The direct antiviral cytotoxicity by bovine lymphocytes is 
not restricted by genetic incompatibility of lymphocytes and target celis, j. Immunol. 
118:618-624 (1977). 

23. Wardley, R. C., B. T. Rouse, and L. A. Babiuk, Antibody dependent cytotoxicity medi-



166 LORNE A. BABIUK et al. 

ated by neutrophils as a possible mechanism of antiviral defense,]. Reticuloendothel. Soc. 
19:323-332 (1976). 

24. Rouse, B. T., L. A. Babiuk, and Y. Fujimiya, Enhancement of antibody dependent cell 
cytotoxicity of herpesvirus infected cells by complement, Infect. Immun. 18:660-665 
(1977). 

25. Rouse, B. T., A. S. Grewal, and L. A. Babiuk, Complement enhances antiviral antibody 
dependent cell cytotoxicity, Nature (Lond.) 226:456-458 (1977). 

26. Grewal, A. S., B. T. Rouse, and L. A. Babiuk, Mechanisms of recovery from viral 
infections: Destruction of infected cells by neutrophils and complement,]. Immunol. 
124:312-319 (1980). 

27. Grewal, A. S., and L. A. Babiuk, Complement dependent polymorphonuclear neu
trophil mediated cytotoxicity of herpesvirus infected cells: Possible mechanisms of 
cytotoxicity, Immunology 40:151-161 (1980). 

28. Babiuk, L. A., and B. T. Rouse, Interaction between effector cell activity and lympho
kines: Implications for recovery from herpesvirus infections, Int. Arch. Allergy App. Im
munol. 57:62-73 (1978). 

29. Babiuk, L. A., H. Bielefeldt Ohmann, G. Gifford, C. Czarniecki, V. T. Scialli, and E. B. 
Hamilton, Effect of bovine-l interferon on bovine herpesvirus-l induced respiratory 
disease,]. Gen. VlTOI. 66:2838-2894 (1985). 

30. Bielefeldt Ohmann, H., and L. A. Babiuk, Viral bacterial pneumonia in calves: Effect of 
bovine herpesvirus-Ion immunological functions,]. Infect. DIS. 151:937-947 (1985). 

3l. Babiuk, L. A., and B. T. Rouse, Immune interferon production by lymphoid cells: Role 
in the inhibition of herpesvirus, Infect. Immun. 13: 1567 -1578 (1976). 

32. Splitter, G. A., L. Eskra, M. Miller-Edge, andJ. L. Splitter, Bovine herpesvirus: Interac
tions between animal and virus, CRC Comparatwe Pathobzology of VIral DISeases, Vol. 1, pp. 
57-88 (R. G. Olsen, S. Krakawka, and J. R. Blakesley, eds.), CRC Press, Boca Raton, 
Florida (1984). 

33. Gershon, R. K., and K. Kondo, Cell interactions in the induction of tolerance: The role 
of thymic lymphocytes, Immunology 18:723-737 (1970). 

34. Rich, R. R., and C. W. Pierce, Biological expressions oflymphocyte activation: Effects of 
phytomytogens on antibody synthesis zn vitro,]. Exp. Med. 137:205-223 (1973). 

35. Tada, T., and T. Takemori, Selective roles of thymus derived lymphocytes in the anti
body response. I. Differential suppressive effect of carrier-primed T cells on hapten
specific IgM and IgG antibody responses,]. Exp. Med. 140:239-252 (1974). 

36. Klein, J., Immunology the Science of Self-Nonself DlScnminatzon, Wiley, New York (1982). 
37. Herbert, A. G., and J. D. Watson, T-cell ontogeny: The role of a stimulator suppressor 

cell, Immunol. Today 7:72-76 (1986). 
38. Bensussan, A., O. Acuto, R. E. Hussey, C. Milanese, and E. L. Reinherz, T3-Ti receptor 

triggering of T8+ suppressor T cells leads to immunoresponsiveness to interleukin-2, 
Nature (Lond) 311:565-567 (1984). 

39. Kasakura, S., M. Taguchi, Y. Watanabe, T. Okubo, T. Murachi, H. Uchino, and M. 
Hanaoka, Suppressor cell induction factor: A new mediator released by stimulated 
human lymphocytes and distinct from previously described lymphokines, J. Immunol. 
130:2720-2726 (1983). 

40. Horohov, D. W., J. H. Wyckoff, R. N. Moore, and B. T. Rouse, Regulation of her
pesvirus simplex virus-specific cell-mediated immunity by a specific suppressor factor,]. 
Virol. 58:331-338 (1986). 

4l. Bielefeldt Ohmann, H., L. G. Filion, and L. A. Babiuk, Bovine monocytes and mac
rophages: An accessory role in suppressor-cell generation by ConA and in lectin-in
duced proliferation, Immunology 50:189-197 (1983). 

42. Filion, L. G., R. L. McGuire, and L. A. Babiuk, Non-specific suppressive effect of bovine 
herpesvirus-Ion bovine leukocyte fUllctions, Infect. Immun. 42:106-112 (1983). 

43. Ceredig, R., and G. Corradin, High antigen concentration inhibits T cell proliferation 



IMMUNOSUPPRESSION BY ANIMAL HERPESVIRUSES 167 

but not interleukin 2 production: Examination of limiting dilution microcultures and T 
cell clones, Eur.]. Immunol. 16:30-34 (1986). 

44. Miller-Edge, M. A., T-cell mediated immune responses to bovine herpesvirus 1: The 
role of interleukin-2, in: Charactenzatzon of the BOVine Interferon Immune System and the 
Genes Regulating Expression of Immumty With Particular Reference to Their Role In Disease 
ReSIStance: A Symposium (W. C. Davis, ]. N. Shelton, and C. W. Weems, eds.), pp. 99-118, 
Washington State University Press, Pullman, Washington (1985). 

45. Rubin, L. A., C. C. Kurman, M. E. Fritz, W. E. Biddison, B. Boutin, R. Yarchoan, and D. 
L. Nelson, Soluble interleukin 2 receptors are released from activated human lymphoid 
cells In vitro,]. Immunol. 135:3172-3177 (1985). 

46. Splitter, G. A., and L. Eskra, Bovine T lymphocyte response to bovine herpesvirus-I: 
Cell phenotypes, viral recognition and acid-labile interferon production, Vet. Immunol. 
Immunopathol. 11:235-250 (1986). 

47. Woodruff,]. F., and].]. Woodruff, The effect of viral infections on the function of the 
immune system in: Viral Immunology and Immunopathology (A. L. Notkins, ed.), pp. 393-
418, Academic, New York (1975). 

48. Babiuk, L. A., and H. Bielefeldt Ohmann, Bovine herpesvirus-l (BHV-l) infection in 
cattle as a model for viral induced immunosuppression, in: Viral MechanISms of Immu
nosuppressIOn (M. Kende,]. Gainer, and H. Chirigos, eds.), pp. 99-114, Liss, New York 
(1985). 

49. Braun, R. W., H. K. Teute, H. Kirchner, and K. Munk, Replication of herpes simplex 
virus in human T lymphocytes: Characterization of the viral target cell,]. Immunol. 
132:914-919 (1984). 

50. Isfort, R. ]., R. A. Stringer, H.]. Kung, and L. F. Velicer, Synthesis, processing and 
secretion of Marek's disease herpesvirus A antigen glycoprotein, J. VITol. 57:464-474 
(1986). 

51. Maes, R. K., S. L. Fritsch, L. L. Herr, and P. A. Rota, Immunogenic proteins of feline 
rhino tracheitis virus,]. Vlrol. 51:259-262 (1984). 

52. Okuno, T., K. Yamanishi, K. Shiraki, and M. Takahashi, Synthesis and processing of 
glycoproteins of varicella-zoster virus (VZV) as studies with monoclonal antibodies to 
VZV antigens, Virology 129:357-368 (1983). 

53. Rea, T.].,]. G. Timmins, G. W. Lony, and L. E. Post, Mapping and sequence of the gene 
for the pseudorabies virus glycoprotein which accumulates in the medium of infected 
cells,]. Vlrol. 54:21-29 (1985). 

54. Letchworth, G.]. III, and L. E. Carmichael, The effect of temperature on production 
and function of bovine interferons, Arch. Vlrol. 82:211-221 (1982). 

55. Aune, T. M., and C. W. Pierce, Identification and initial characterization of a non
specific suppressor factor produced by soluble immune response suppressor-treated 
macrophages,]. Immunol. 127:1828-1833 (1981). 

56. Schnaper, H. W., Identification and initial characterization of concanavalin A- and 
interferon-induced human suppressor factors: Evidence for a human equivalent of 
murine soluble immune response suppressor (SIRS),]. Immunol. 132:2429-2436 (1984). 

57. Lipscomb, M. F., G. B. Toews, G. R. Lyons, and]. W. Uhr, Antigen presentation by 
guinea pig alveolar macrophages,]. Immunol. 126:286-292 (1981). 

58. Towes, G. B., W. C. Vial, and M. M. Dunn, The accessory cell function of human 
alveolar macrophages in specific T cell proliferation,]. Immunol. 132:181-186 (1984). 

59. Slauson, D.O., The mediation of pulmonary inflammatory injury, Adv. Vet. SCI. Compar. 
Med. 26:99-120 (1982). 

60. Bielefeldt Ohmann, H., and L. A. Babiuk, Alteration of some leukocyte functions fol
lowing In VIVO and In Vitro exposure to recombinant bovine alpha- and gamma- inter
feron,]. Interferon Res. 6:123-136 (1986). 

61. Holt, P. G., Alveolar macrophages. II. Inhibition of lymphocyte proliferation by pe
ripheral macrophages from rat lung, Immunology 37:429-436 (1979). 



168 LORNE A. BABIUK et al. 

62. Holt, P. G., Alveolar macrophages. III. Studies on the mechanism of inhibition ofT-cell 
proliferation, Immunology 57:437-445 (1979). 

63. Yeager, H.,Jr.,j. A. Sweeney, H. B. Herscowitz, I. S. Barsaum, and E. Kagan, Modula
tion of mitogen induced proliferation of autologous peripheral blood lymphocytes by 
human alveolar macrophages, Infect. Immun. 58:260-266 (1982). 

64. Lawrence, E. C., G. j. Theodore, and R. R. Martin, Modulation of pokeweed mitogen 
induced immunoglobulin secretion by human bronchoalveolar cells, Am. Rev. Respir. Dis. 
126:248-252 (1982). 

65. Twomey, j. J., A. Laughter, and M. F. Brown, A comparison ofthe regulatory effects of 
human monocytes, pulmonary alveolar macrophages (PAMs) and spleen macrophages 
upon lymphocyte responses, Clin. Exp. Immunol. 52:449-545 (1983). 

66. Rinehart, j. j., M. Orser, and M. E. Kaplan, Human monocyte and macrophage modula
tion of lymphocyte proliferation, Cell. Immunol. 44: 131-143 (1979). 

67. Rice, L., A. H. Laughter, andj.j. Twomey, Three suppressor systems in human blood 
that modulate lymphoproliferation,]. Immunol. 122:991-996 (1979). 

68. Liu, M. C., Human lung macrophages enhance and inhibit lymphocyte proliferation,]. 
Immunol. 152:2895-2904 (1984). 

69. Bendixen, P. H., P. E. Shewen, and B. N. Wilkie, The influence of bovine alveolar 
macrophages on the blastogenic response of peripheral blood mononuclear cells, in: The 
Ruminant Immune System (J. E. Butler, ed.), p. 814, Plenum, New York (1981). 

70. Goldyne, M. E., and J. D. Stobo, Immunoregulatory role of prostaglandins and related 
lipids, CRC Crit. Rev. Immunol. 2:189-242 (1981). 

71. Hasler, F., H. G. Bluestein, N. j. Zvaifler, and L. B. Epstein, Analysis of the defects 
responsible for impaired regulation of EBV-induced B cell proliferation by rheumatoid 
arthritis lymphocytes. II. Role of monocytes and increased sensitivity of rheumatoid 
arthritis lymphocytes to prostaglandin E, Eur.]. Immun. 131:768-774 (1983). 

72. Kunkel, S. L., D. A. Cambell, S. W. Chensue, and G. I. Higashi, Species-dependent 
regulation of monocyte-macrophage Ia antigen expression and antigen presentation by 
prostaglandin E, Cell. Immunol. 97:140-152 (1986). 

73. Dinarello, C. A., Human interleukin-1. The importance of its multiple activities for 
immunoregulation, in: SIXth International Congress on Immunology (B. Cinader and R. G. 
Miller, eds.), p. 41, Academic Press, Toronto (1986). 

74. Albrightson, G. R., N. L. Baenziger, and P. Needleman, Exaggerated human vascular 
cell prostaglandin biosynthesis mediated by monocytes: Role of monokines and in
terleukin 1,]. Immunol. 135:1872-1877 (1985). 

75. Chouaib, S., L. Chatenoud, D. Klatzmann, and D. Fradelizi, The mechanisms of inhibi
tion of human IL-2 production II. PGE-2 induction of suppressor T lymphocytes,]. 
Immunol. 152:1851-1857 (1984). 

76. Oppenheim, j. j., E. j. Kovacs, K. Matsushima, and S. K. Durum, There is more than 
one interleukin 1, Immunol. Today 7:45-56 (1986). 

77. Roberts, N. j., A. H. Prill, and T. N. Mann, Interleukin 1 and interleukin 1 inhibitor 
production by human macrophages exposed to influenza virus or respiratory syncytial 
virus. Respiratory syncytial virus is a potent inducer of inhibitory activity,]. Exp. Med. 
165:511-520 (1986). 

78. Weitzman, S. A., and T. P. Stossel, Mutation caused by human phagocytes, Science 
212:546-547 (1981). 

79. Carson, D. A., S. Seto, and D. B. Wasson, Lymphocyte dysfunction after DNA damage 
by toxic oxygen species: A model of immunodeficiency,]. Exp. Med. 165:746-752 
(1986). 

80. Rodrick, M. L., I. B. Lamster, S. T. Sonis, S. G. Pender, A. B. Kolodkin,j. E. Fitzgerald, 
and R. E. Wilson, Effect of supernatants of polymorphonuclear neutrophils recruited by 
different inflammatory substances on mitogen responses of lymphocytes, Inflammation 
6:1-11 (1982). 



IMMUNOSUPPRESSION BY ANIMAL HERPESVIRUSES 169 

81. Yoshinaga, M., K. Nishime, S. Nakamura, and F. Goto, A PMN-derived factor that 
enhances DNA-synthesis in PHA or antigen-stimulated lymphocytes, ]. Immunol. 
124:94-99 (1980). 

82. Hsu, C. C., M. B. Wu, and J. Rivera-Arcilla, Inhibition of lymphocyte reactivity tn vitro 
by autologous polymorphonuclear cells (PMN), Cell Immunol. 48:288-295 (1979). 

83. Starke, I. D., Granulocyte content and titrated thymidine uptake of mononuclear cells, 
preparations from patients with ovarian cancer, Clin. Oncol. 8:243-249 (1982). 

84. Judson, D. G., and J. B. Dixon, Depression of lymphocyte reactivity by granulocytes in 
equine whole blood culture, Vet. Immunol. Immunopathol. 8:289-295 (1985). 

85. Tiku, K., M. L. Tiku, S. Liu, andJ. L. Skosey, Normal human neutrophils are a source of 
a specific interleukin I inhibitor,]. Immunol. 136:3686-3692 (1986). 

86. Blecha, F., and P. E. Baker, Effect of cortisol In vItro and in vivo on production of bovine 
interleukin 2, Am.]. Vet. Res. 47:841-845 (1986). 

87. Emery, D. L., J. H. Duffy, and P. R. Wood, An analysis of cellular proliferation and 
production of Iymphokines and specific antibody tn vItro by leukocytes from immunized 
cattle, in: FIrst International Veterinary Immunology SymposIum (B. Wilkie, P. E. Shewan, K. 
Nielson, J. R. Duncan, and B. W. Stems horn, eds.), p. 57, University of Guelph Press, 
Guelph, Ontario (1986). 

88. Blalock, J. E., Production and action of lymphocyte-derived neuroendocrine peptide 
hormones: A summary, in: SIXth InternatIOnal Congress on Immunology (B. Cinader and R. 
G. Miller, eds.), p. 48, Academic Press, Toronto (1986). 

89. Blecha, F., and H. C. Minocha, Suppressed lymphocyte blastogenic responses and en
hanced tn vItro growth of bovine rhinotracheitis virus in stressed feeder calves, Am.]. Vet. 
Res. 44:2145-2148 (1983). 

90. Payan, D. G., and E.J. Goetzl, Modulation oflymphocyte function by sensory neuropep
tides, in: Neuromodulation of Immunzty and HypersensItivity,]. Immunol. 135(suppl.):783-
786 (1985). 

91. Payan, D. G., J. D. Levine, and E. J. Goetzl, Modulation of immunity and hypersen
sitivity by sensory neuropeptides,]. Immunol. 132:1601-1604 (1984). 

92. Smith, E. M., D. Harbour-McMenamin, and E. J. Blalock, Lymphocyte production of 
endorphins and endorphin-mediated immunoregulatory activity, in: NeuromodulatlOn of 
Immunity and Hypersensluvlty,]. Immunol. 135(suppl.):779-782 (1985). 

93. Johnson, H. M .. E. M. Smith, B. A. Torres, andJ. E. Blalock, Neuroendocrine hormone 
regulation of an tn vItro antibody production, Proc. Natl. Acad. SCI. USA 79:4171-4174 
(1982). 

94. Brock, J. H., and M. DeSousa, Immunoregulation by iron-binding proteins, Immunol. 
Today 7:30-31 (1986). 

95. Lum, J. F., A. J. Infante, D. M. Makker, F. Yang, and B. H. Bowman, Transferrin 
synthesis by inducer T lymphocytes,]. Clin. Invest. 77:841-850 (1986). 

96. Matzner, Y., C. Hershko, A. Polliack, A. M. Konijn, and G. Izak, Suppressive effect of 
ferritin on tn vitro lymphocyte function, Br.]. Haematol. 42:345-353 (1979). 

97. Gleeson, L. J., and L. Coggins, Equine herpesvirus type 2: Cell-virus relationship dur
ing persistent cell associated viremia, Am.]. Vet. Res. 46: 19-23 (1986). 

98. Dutta, S. K., and A. C. Myrup, Infectious center assay of intracellular virus and infective 
virus titer for equine mononuclear cells infected tn vivo and in vItro with equine her
pesvirus, Can.]. Compar. Med. 47:64-69 (1983). 

99. Coignoul, F. L., T. A. Bertram, and N. F. Cheville, Functional and ultrastructural 
changes in neutrophils from mares and foals experimentally inoculated with a respirato
ry tract strain of equine herpesvirus-I, Am.]. Vet. Res. 45: 1972-1975 (1984). 

100. Dutta, S. K., Myrup, A. and M. K. Bumgardner, Lymphocyte responses to virus and 
mitogen in ponies during experimental infection with equine herpesvirus-I, Am.]. Vet. 
Res. 41:2066-2068 (1980). 

101. Scott, J. C., S. K. Dutta, and A. C. Myrup, In VIVO harboring of equine herpesvirus-l in 



170 LORNE A. BABlUK et al. 

leukocyte populations and subpopulations and their quantitation from experimentally 
infected ponies, Am.]. Vet. Res. 44:1344-1348 (1983). 

102. Wittman, G., V. Ohlinger, and H. J. Rziha, Occurrence and reactivation of latent Au
jesky's disease virus following challenge in previously vaccinated pigs, Arch. Vzrol. 75:29-
41 (1983). 

103. Narita, M., S. Inui, and Y. Shimizu, Tonsillar changes in pigs given pseudorabies (Au
jesky's disease) virus, Am.]. Vet. Res. 45:247-251 (1984). 

104. Smid, B., L. Valick, and A. Sabol, Morphogenesis of Aujesky's disease virus in pig lung 
macrophages, Acta Vet. Bmo 50:79-87 (1981). 

105. Jakowski, R. M., T. N. Fredrickson, T. W. Chomiak, and R. E. Luginbuhl, Hema
topoietic destruction in Marek's disease, Avian Dis. 14:374-383 (1970). 

106. Witter, R. L., J. M. Sharma, and A. M. Fadley, Pathogenicity of variant Marek's disease 
virus isolates in vaccinated and unvaccinated chickens, Avzan Dzs. 24:210-219 (1980). 

107. Longenecker, B. M., F. Pazderka,J. S. GavOTa,J. L. Spencer, E. A. Stephens, and R. L. 
Witter, Role of major histocompatability complex in resistance to Marek's disease: Re
striction of growth of JMV-MD tumor cells in genetically resistant birds, Adv. Exp. Med. 
BIOI. 88:287-296 (1977). 

108. Briles, W. E., R. W. Briles, W. H. McGibbon, and H. A. Stone, Identification of B 
alloalleles associated with resistance to Marek's disease, pp. 395-416, in: Resistance and 
Immunzty to Marek's Dzsease (P. M. Biggs, ed.), CEC Publication Eur 6470, Luxembourg 
(1982). 

109. Calnek, B. W.,J. C. Carlisle,J. Fabricant, K. K. Murthy, and K. A. Schat, Comparative 
pathogenesis studies with oncogenic and nononcogenic Marek's disease virus and turkey 
herpesvirus, Am. J. Vet. Res. 40:541-548 (1979). 

110. Schierman, L. W .. G. A. Theis, and R. A. McBride, Preservation of a T cell mediated 
immune response in Marek's disease virus-infected chickens by vaccination with a relat
ed virus,]. Immunol. 116:1497-1507 (1976). 

III. Powell, P. C., In vztro stimulation of blood lymphocytes by phytohemagglutinin during 
the development of Marek's disease, Avzan Pathol. 9:471-485 (1980). 

112. Shek, W. R., B. W. Calnek, K. A. Schat, and C. H. Chen, Characterization of Marek's 
disease virus-infected lymphocytes: Discrimination between cytolytically and latently 
infected cells,]. Natl. Cancer Inst. 70:485-491 (1983). 

113. Lee, L. F., J. M. Sharma, K. Nazerian, and R. L. Witter, Suppression and enhancement 
of mitogen response in chickens infected with Marek's disease virus and herpesvirus of 
turkeys, Infect. Immun. 21:474-479 (1978). 

114. Schierman, L. W., G. A. Theis, and R. A. McBride, Preservation of a T cell mediated 
immune response in Marek's disease virus-infected chickens by vaccination with a relat
ed virus,]. Immunol. 116:1497-1499 (1976). 

115. Wainberg, M. A., B. Beiss, and E. Israel, Viral-mediated abrogation of chicken lympho
cyte responsiveness to mitogenic stimulus, Avian Dzs. 24:580-591 (1980). 

116. Lee, L. F.,J. M. Sharma, K. Nazerian, and R. C. Witter, Suppression of mitogen induced 
proliferation of normal spleen cells by macrophages from chickens inoculated with 
Marek's disease virus,]. Immunol. 120:1554-1559 (1978). 

117. Theis, G. A., Subpopulations of suppressor cells in chickens infected with cells of a 
transplantable lymphoblastic leukemia, Infect. Immun. 34:526-534 (1981). 

118. Theis, G. A., Effect oflymphocytes from Marek's disease infected chickens on mitogenic 
responses of syngeneic normal chicken spleen cells,]. Immunol. 118:887-894 (1977). 

119. Calnek, B. W., K. J. Fahey, and T. J. Bagust, In vitro infection studies with infectious 
laryngotracheitis virus, Avian Dis. 30:327-336 (1986). 

120. Chang, P. W., F. Sculco, and V. J. Yates, An In VIVO and In vitro study of infectious 
laryngotracheitis virus in chicken leukocytes, Avian Dzs. 21:492-500 (1977). 

121. Bagust, T. J., B. W. Calnek, and K. J. Fahey, Gallid-I herpesvirus infection in the 



IMMUNOSUPPRESSION BY ANIMAL HERPESVIRUSES 171 

chicken. 3. Reinvestigation of the pathogenesis of infectious laryngotracheitis in acute 
and early post-acute disease, Avwn DIS. 30: 179-190 (1986). 

122. Stevens, J. G., and M. L. Cook, Restriction of herpes simplex virus by macrophages: An 
analysis of cell-virus interaction, J. Exp. Med. 13: 19-38 (1971). 

123. Cross, S. S.,J. C. Parker, W. C. Rowe, and M. L. Robbins, Biology of mouse thymic virus, 
a herpesvirus of mice and the antigenic relationship to mouse cytomegalovirus, Infect. 
Immun. 26: 1186-1195 (1979). 

124. Cohen, P. L., S. S. Cross, and D. E. Mosier, Immunologic effects of neonatal infection 
with mouse thymic virus, J. Immunol. 115:706-710 (1975). 

125. Griffith, B. P. and G. D. Hsiung, Persistence and expression of herpesvirus in guinea pig 
Band T cells, Proc. Soc. Exp. BIOi. Med. 162:202-206 (1978). 

126. Dowler, K. W., S. McCormick,]. A. Armstrong, and G. D. Hsiung, Lymphoproliferative 
changes induced by infection with a lymphotropic herpesvirus of guinea pigs, J. Infect. 
Dt;. 150: I 05-111 (1984). 

127. Tenser, R. B., and G. D. Hsiung, Infection of thymus cells m VIVO and m mtro with a 
guinea pig herpes-like virus and the effect of antibody on virus replication in organ 
culture, J. Immunoi. 110:552-560 (1973). 

128. Gonzalez-Serva, A., and G. D. Hsiung, Expression of herpesvirus in adherent cells from 
bone marrow of latently infected guinea pigs, Am. J. Patko!. 9:483-496 (1978). 

129. Kramp, W. J., P. Medveczky, C. Mulder, H. C. Hinze, and J. L. Sullivan, Herpes syl
vilagus infects both Band T lymphocytes m VIVO, J. Vlml. 56:60-65 (1985). 

130. Arbeit, R. D., J. A. Zaia, M. A. Valerio, and M. J. Levin, Infection of human peripheral 
blood mononuclear cells by varicella zoster virus, Intervlrology 18:56-65 (1982). 

131. Ozaki, T., T. Ichikawa, Y. Matsui, H. Konda, T. Nagain, Y. Asano. K. Yamanishi, and 
M. Takahashi, Lymphocyte-associated viremia in varicella. J. Med. Vlrol. 19:249-253 
(1986). 

132. Twomey, J. J., F. Gyorkey. and S. M. Norris, The monocyte disorder with herpes zoster, 
J. Exp. elm. Med. 83:768-777 (1974). 

133. Arneborn, P. and G. Biberfeld, T lymphocyte sub population in relation to immunosup
pression in measles and varicella, Infect. Immun. 39:29-37 (1983). 



9 

Poxviruses 
DA VID S. STRAYER 

1. INTRODUCTION 

The relationship of poxviruses and the immune system is the oldest recorded 
association of its kind in medical literature. It began in 1798, when Jenner 
showed that immunity to one orthopoxvirus, cowpox, prevented the develop
ment of disease due to a related orthopoxvirus, variola, or smallpox. Initially, 
the use of cowpox inoculation to prevent smallpox was not universally suc
cessful. Other less benign vaccination techniques, including attenuated small
pox, were used. Finally, the introduction of vaccinia virus vaccination for small
pox and its widespread use resulted in the elimination of variola virus from the 
list of human scourges a decade ago. 

Despite the historical intimacy between immunology and poxvirus viro
logy, and despite a wealth of information on the genetics and biochemistry of 
poxvirus replication, little is known about the effects of poxviruses on the 
immune system. This chapter reviews the current understanding of the effects 
of poxvirus infections on immunologic function and of the means whereby 
poxviruses alter lymphocyte function. 

2. PROPERTIES OF POXVIRUSES 

2.1. Physical Characteristics 

Pox viruses are the largest, and probably most complex, of all viruses. They 
are roughly ovoid and vary from 195-400 nm in length and 115-285 nm in 
width. They are double-stranded DNA viruses with total genome weights rang-
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ing up to 150 MDa. Poxvirus DNA is circular, the ends of the two complemen
tary strands of DNA being linked at their terminals by hairpin loops. 

Structurally, they are composed of an outer envelope derived from the 
plasma membrane of infected cells. This envelope is present only on extra
cellular virions, as it is formed during the budding process. An inner envelope 
is also present. It is topographically marked by surface tubular elements that 
vary in size and arrangement, depending on the virus. Internal to this are a 
variable number of lateral bodies of unknown function and the virus nucleic 
acid core. The complexity of this arrangement is still being elucidated. 

2.2. Genetics 

To date, more than 110 virion proteins have been found in vaccinia virus. 
The functions of these various proteins are mostly unknown. However, a great 
deal of work has been done on some of them. The best studied of these is the 
DNA-dependent RNA polymerase, which is required for viral gene transcrip
tion, as poxviruses appear to remain entirely in the cytoplasm of infected cells. 
Endonucleases and exonucleases have also been found associated with the 
virions of poxviruses. Many other enzymes, as well as nonenzymatic proteins 
and glycoproteins, have been identified in vaccinia and other poxviruses. This 
literature was well reviewed recently by Dales and Pogo(l) and by Moss.(2) 

Perhaps the most intriguing of the known gene products of poxviruses is 
the 19-kDa protein, which acts as an agonist at the receptor level for epidermal 
growth factor (EGF) in EGF-responsive mammalian cells.(3) The importance of 
this protein for vaccinia virus function is unknown. However, the EGF recep
tor, a protein related to the oncogene v-erbb, may function as a cellular receptor 
for vaccinia.(4) It has also recently been reported that vaccinia also codes for a 
28-kDa protein that shows sequence homologies to the v-erbb protein and the 
EGF receptor.(5) 

2.3. Classification 

Poxviruses are classified principally by their host range. In 1979, the Inter
national Committee on Taxonomy of Viruses proposed a classification of the 
family Poxviridae. Table I is adapted from their classification(6) and shows the 
major genera of vertebrate poxviruses and representative members of these 
genera. 

2.4. Host Range 

The host ranges of poxviruses may be either narrow or wide. Variola virus 
may cause slight lesions in rabbits, for example, without systemic illness. Mol
luscum contagiosum apparently infects only humans. Rabbit myxoma and fibro
ma viruses do not infect rodents. However, vaccinia has a wide range of poten
tial targets, as do the viruses of cowpox and monkeypox. One of the insect 
poxviruses may even infect plants, under appropriate circumstances. 



POXVIRUSES 

TABLE I 
Classification of Vertebrate Pox viruses 

OTthopoXV1Tuses: Vaccinia, cowpox virus, variola virus, ectromelia virus, rabbitpox virus 
AVIPoxvlTuses: Turkeypox virus, fowlpox virus, pigeon pox virus 
CapnpoxvlTuses: Sheep pox virus, goatpox virus 
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Leporzpoxvlruses: Rabbit myxoma virus, Shope fibroma virus, malignant rabbit fibroma virus 
ParrzpoxvlTuses: Orfvirus, bovine pustular stomatitis virus 
SUlpoxvlruses: Swinepox virus 
UnclassifIed: l'vlolluscum rontaglOsum, Yaba monkey tumor virus 

Cellular tropisms of poxviruses vary from one virus to the next. Skin is the 
most universally involved organ and is the principal portal of entry for many 
poxviruses into the natural host. For some poxviruses, the skin may be the only 
tissue infected. Molluscum contagiosum virus seems only to infect the squamous 
cells of the skin. For other poxviruses, cutaneous involvement may be only a 
part of a generalized disease, e.g., smallpox. 

2.5. Tumor Formation 

Poxvirus-induced tumors are well known. Shope fibroma virus infects 
fibroblasts and other nonepidermal cells in the leporine subcutis. Infected cells 
proliferate and produce a highly mucoid tumor rich in fibroblasts, inflammato
ry cells, and vasculature. Virus antigen, however, seems to be confined to the 
spindle cells comprising the bulk of the cellular portion of the tumor. Yaba 
tumor virus induces a local proliferation of histiocytes at the inoculation site in 
the subcutis. In both cases, the tumors behave in a benign fashion regressing 
over time. The nature of the regression is not entirely clear but is thought to 
involve cytotoxic T lymphocytes. 

Rabbit myxoma virus, and its relative, malignant rabbit fibroma virus, 
infect fibroblasts as well as other cell types (e.g., renal tubular cells, conjunctiva, 
skin). Tumors produced by these viruses disseminate rapidly. Infected animals 
die within a few weeks of inoculation, often within a week of the onset of 
symptoms. Death in these cases is usually due to infection by gram-negative
bacteria. The nature of tumors induced by these viruses is unclear. Incorpora
tion of virus DNA into host genome has not been demonstrated following in 
vivo virus inoculation. Similarly, although transformed cell lines have been 
established with Shope fibroma virus infected SIRC cells, and although SFV 
DNA has been found in the host nucleus, these cell lines lose their transformed 
phenotype by 50 passages.(7) 

3. EFFECTS OF POXVIRUSES ON IMMUNE FUNCTION 

Although considerable information is available regarding poxvirus genetics 
and structure, little is known about the immunosuppressive effects of poxvirus 
infection. Some data are available in the case of vaccinia and variola, but most of 
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what we know about the effects of poxviruses on the immune system derives 
from the study of the oncogenic poxvirus, malignant rabbit fibroma virus. The 
known effects of variola and vaccinia on the immune system are therefore 
discussed briefly, followed by a more detailed review ofthe oncogenic leporipox
viruses. 

3.1. Smallpox 

The effects of variola virus infection on the human immune system are 
summarized by Fenner(8) but are not well understood. Following initial infec
tion of epithelium, usually of the upper respiratory tract, the rapidly replicat
ing virus is thought to infect local macrophages. These virus-bearing mac
rophages act as the conduit for dissemination of variola infection. Virus 
spreads to and replicates first in lymph nodes, then in bone marrow and 
elsewhere. 

In some cases, antibody and cytotoxic lymphocyte responses are adequate 
to contain the infection. Infected macrophages and lymphocytes produce in
terferon (IFN). At other times, viremia persists in high titer and is associated 
with thrombocytopenia. Death ensues. In the latter case, the antibody and 
cytotoxic lymphocyte responses to the virus are believed to be poor. The nature 
of the factors determining the differences between these two outcomes is un
clear. Although the lymphocytotropism of variola seems established, little is 
known about either variola replication in lymphocytes and macrophages or its 
effects on the functions of these cells. 

As smallpox is no longer a clinical disease, the likelihood of our under
standing the effects of variola virus on the immune system is small. Monkey
pox, a simian virus similar to variola, produces comparable disease. Human 
cases of monkeypox are quite uncommon and have not been well studied from 
the immunologic perspective. 

3.2. Vaccinia 

Vaccinia virus infects the skin, underlying soft tissues, and lymphocytes. A 
brief viremia normally follows vaccinia virus or cowpox virus inoculation. Unless 
a primary immunologic deficiency is present, however, little systemic illness 
occurs. The observation that patients with primary cellular, but not humoral, 
immune deficits handled vaccinia infection poorly was one of the first indications 
of the importance of cell-mediated immunity for resisting viral infection.(9.1O) 

Systemic immunologic dysfunction has been reported in vaccinia virus 
infection in vivo. Poor mitogen responses to concanavalin A (Con A) have been 
noted in infected rabbits during the acute phase of the infection. These re
sponses recover as infection clears. On reinfection, the extent of depressed Con 
A-induced mitogenesis is decreased both in level and in duration ,(11) Vaccinia 
virus infects lymphocytes in vitro and has been recovered from them by infec
tious center assay. The level of immune dysfunction incurred by these cells has 
not been studied. However, as Bloom et al.(12) amply demonstrated for almost 
alllymphocytotropic viruses, appreciable replication of vaccinia in lymphocytes 
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does not occur in the absence of mitogenic stimulation. Its ability to infect 
lymphocytes should make vaccinia a profoundly immunosuppressive agent, as 
it turns off most ongoing host cell functions on initiation of infection. Protein 
synthesis, DNA transcription, and RNA translation on the part of the host cell 
are all converted to virus functions. The replicative cycle of vaccinia is also 
quick and efficient. Although the virus replicates efficiently, vaccinia infection 
is benign in its course and has not typically been associated with systemic 
immunologic defects. 

Some studies of vaccinia replication in macro phages have been performed. 
Naive macrophages appear to support viral replication. However, mac
rophages from immune or convalescent animals do not. Views differ as to the 
nature of the block in this condition. Buchmeier et al.(13) describe abortive 
replication of vaccinia in macrophages from previously infected rabbits. They 
observed normal adsorption, uncoating, and production of virus DNA, but 
very few mature virions, and conclude that a block occurs late in viral replica
tion. Tompkins et al.,(14) however, noted that vaccinia did not even penetrate 
macrophages from immune rabbits. 

One report indicates that mice infected with vaccine virus show depressed 
T lymphocyte responsiveness. These authors indicate that suppressor cells of 
both adherent and nonadherent populations are induced by vaccine infection 
in vivo.<14a) 

3.3. Leporipoxviruses 

Of all the poxviruses, leporipoxviruses have been most thoroughly charac
terized regarding their immunosuppressive effects. This group includes three 
principal oncogenic viruses: Shope fibroma virus (SFV), rabbit myxoma virus 
(MYX), and malignant rabbit fibroma virus (MV). 

These three viruses are closely related. Antisera to each will cross-neu
tralize the others. All show similarities by restriction endonuclease analysis and 
Southern blotting. MV appears to be a recombinant between SFV and MYX. 
Depending on the enzymes used, restriction endonuclease analysis of MV and 
MYX shows that 75-85% of the restriction sites in MV are also present in 
MYX. The remainder of the restriction fragments are either shared with SFV 
or are unique. McFadden et al.(l5) found that the area of recombination be
tween SFV and MYX to form MV lies in the inverted terminal repeat region. 

Clinically, SFV, MV, and MYX produce distinct syndromes. All are tu
morigenic. In the case of SFV, tumors remain localized. Local inoculation of 
= 107 focus-forming units (FFU) SFV induces benign tumors within 1 week. 
These tumors regress by 2 weeks later, leaving rabbits immune to all three 
viruses. The course of SFV infection varies somewhat according to the strain of 
virus used to infect immunocompromised rabbits.(16) Rabbits bearing tumors 
induced by SFV are immunologically normal. These rabbits, their spleen cells, 
and SFV therefore often serve as controls for the immunologic dysfunction 
induced by MV. 

Very small doses of MYX and MV (for MV, LDIOO :s:20 pfu) induce pro-
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gressive tumors that spread rapidly. These are complicated by lethal gram 
negative infection. Clinical and pathologic differences between MV and MYX 
have been noted.(l7,18) However, most of the following comments regarding 
the effects of MV on the immune system probably apply to MYX as well. 

3.4. Effects on the Immune System of Malignant Rabbit Fibroma Virus 

3.4.1 . Effects on Cellular Proliferation 

Malignant rabbit fibroma virus infection is associated with profound and 
complex immunologic deficiency, both humoral and cellular. Spleen cells from 
rabbits given MV proliferate poorly in response to both B- and T-lymphocyte 
mitogens (Fig. 1). This impaired proliferative response is first noted about 5-6 
days following in vivo inoculation of 1000 PFU MV. Poor responsiveness is 
observed thereafter until about day 11. 

Similarly, lymphocyte proliferative responses are inhibited following pri
mary in vitro exposure to MV. Dose-response curves indicate that a multiplicity 
of infection (MOl) virus-to-lymphocyte ratio of at least 0.01 is needed to ob
serve this effect. At a MOl of 0.05, we observe an in vitro lag time of 2 days 
before radionucleotide incorporation is decreased.(19) The magnitude of the 
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FIGURE 1. Peak responsiveness in vItro to (a) concanavalin A (Con A) and (b) anti-Ig, which 
are the optimal T- and B-lymphocyte mitogens, respectively, in rabbits . Rabbits with initially 
normal PBL mitogen responses are given Shope fibroma virus (SFV) (hatched lines) or malig
nant rabbit fibroma virus (MV) (closed bars) or virus-free control preparations (open bars). 
After sacrifice 3, 6 , and 10 days later, lymphocytes from spleen were tested for mitogen 
responses, with [125 1 ]-UdR uptake used as an index of blastogenesis. Mitogen responses de
picted are from the day of assay at whICh [125 1 ]-UdR incorporation was maximal. (a) Con A 
responses of splenic lymphocytes. (b) Anti-Ig responses of splenic lymphocytes. Comparable 
results were obtained with PBL and lymph node lymphocytes. (From Strayer et al.19) 
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deficit in proliferation, however, is profound. Con A responses may be less 
than 11100 of normal (Fig. 2a). 

The mechanism by which MV alters lymphocyte proliferative responses is 
not yet clear. Capping and internalization of caps are not impaired.(20) Initia
tion of proliferation is not altered, as MV added to cultures 2 days after lectin 
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FIGURE 2. Effect of virus on 
mitogen responses of normal 
spleen cells. Spleen cells from 
normal rabbits were placed in 
culture with concanavalin A (Con 
A). Mitogens were added on day 
0, with spleen cells. Virus, either 
malignant rabbit fibroma virus 
(MV) or Shope fibroma virus 
(SFV), was added on day 0 (a), c 
day 1 (b), or day 2 (c), at a multi
plicity of infection (MOl) of 0.1. 
Control cultures received an 
equal volume of culture medium 
instead of virus. Blastogenic re
sponses of the spleen cell cultures 
were measured daily after viral 
addition by pulsing cultures with 
[125]-UdR and harvesting them 
24 hr thereafter. [l25I]-UdR in
corporation is shown as 10gIO 
(cpm[125I]- UdR) for unstimulat
ed (solid bars) and mitogen-stim
ulated cultures ±SEM. (From 
Strayer et a1. 18) 
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will still inhibit subsequent proliferative activity (Fig. 2b). Rather, MV seems to 
inhibit proliferation of infected cells in a nonspecific manner. Lymphocytes are 
clearly inhibited. In addition, the line ofrabbit kidney epithelial cells (RK-I3) 
used to grow MV as well as SFV and MYX stop proliferating on exposure to 
MV but not SFV (D. S. Strayer, unpublished results). 

3.4.2. Effects on Antibody Production 

Rabbits given MV in vivo will not initiate new antibody responses. How
ever, antibody responses already in progress will not be abrogated by giving 
MV to the immunized animal (Table II). This finding is in contrast somewhat 
to the total inhibition of cellular functions observed in vaccinia infection. In 
fact, the usual temporal decline in immunoglobulin M (IgM) antibody produc
tion is blunted following MV infection, suggesting that somehow suppressor 
activity is also impaired (however, see Ref. 19). When MV is added in vitro to 
spleen cell cultures immunized with sheep erythrocytes (SRBC), the generation 
of plaque-forming cells (PFC) to SRBC is inhibited.(19) 

Despite the unmistakable inhibition of antibody responses to SRBC (and, 
undoubtedly, to other unrelated antigens), MV-specific antibodies develop in 
infected rabbits. By 11 days post-inoculation, very high titers of neutralizing 
antibody are observed in the sera of MV tumor-bearing rabbits.(21) The means 
by which infected rabbits generate such antibody responses when responses to 
other immunogens are prevented are unclear. These neutralizing antibodies 
may playa role, however, in the recovery of immune function that is observed 
with time. 

3.4.3. Effects of MV Infection on Lymphokine Generation 

Malignant rabbit fibroma virus alters both T and B lymphocyte function; so 
one would expect it to affect helper lymphokine generation and/or action. MV 

TABLE II 
Effect of MV on Ongoing Antibody and Proliferative Responses to SRBCa,b 

Received in vivo 
PFC day 0 Response to SRBCc 

Day -11 Day -4 (PFCIl 06 cells) Added zn vitro (PFCIl06 cells) 

SRBC 0 147 SRBC 10,691 ± 3500 
SRBC 0 147 SRBC + MV O±O 
SRBC SFV 50 SRBC 4398 ± 1415 
SRBC MV 1006 SRBC 694 ± 284 

"From Strayer et al. IS 

bRabbits given SRBC on day -II received 107 FFU SFV, 1000 PFU MV, or nothing on day -4 and were 
sacrificed on day O. Their spleen cells were assayed on day 0 for direct PFC and were cultured with SRBC 
or SRBC + MV (MOl = 0.1). These cultures were assayed for direct PFC on day 4. 

cpFC/I06 spleen cells ± SEM. 
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TABLE III 
Effects of MV Infection on IL-l Generation a 

Rabbit 

Normal 
SFV 
MV 

IL-l generationb 

No LPS 

1.80 
2.14 
1.90 

+LPS 

3.30 
2.79 
3.07 

aMock-infected rabbits, rabbits glVen SFV, or rabbits 
given MV were sacrificed 7 days postinfection. Peri
toneal wash cells were collected and allowed to adhere to 
plastic plates. Plastic adherent cells were exposed to 
Eschenchw colt endotoxin (LPS) or not. Supernatants 
were collected 2 days later and were tested for their 
ability to support the proliferation of D.l OG4 cells in the 
presence of Con A. 

'Results shown are for the prohferation of D.l OG4 cells, 
10glO (cpm [3HJthymidine). 
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is present systemically in the fixed phagocytes, so it could logically be expected 
to cause deficiencies in the ability of adherent cells to participate in immune 
responses. 

Adherent cell immune function was measured by assaying interleukin-l 
(IL-l) production by peritoneal macrophages from MV and control rabbits. 
The IL-l responsive murine T-cell clone D.lOG4 was used as a target cell 
line.(22) Table III shows that IL-l production in response to endotoxin was not 
altered in adherent cells from rabbits bearing MV-induced tumors.(23) 

The generation of and responses to interleukin-2 (IL-2) were studied as a 
means of dissecting the level at which a defect might occur in the T lymphocyte 
series. Spleen cells from MV -infected and control rabbits were stimulated with 
Con A and the resulting IL-2 activity measured in the culture supernatant 

Animal 

Normal 
Day 7 MV 
Day 7 SFV 

TABLE IV 
IL-2 Production in MV Tumor-Bearing Animalsa 

No Con Al 

2.68 
2.41 
2.70 

HT-2 proliferationb 

4.00 
3.06 
3.60 

No Con A2 

2.75 
2.91 
3.12 

4.29 
3.44 
4.43 

aSpleen cells from normal rabbits and from rabbits sacrificed 7 days following either MV or SFV inocula
tion were cultured with either Con A or no mitogen. After 2 days of culture, supernates from these 
cultures were assayed for IL-2 activity using HT-2 cells. Target cell (HT-2) proliferation was determined 
by 24-hr [3HJthymidine incorporation after 2 days of culture. Results shown are for two separate 
expenments. 

'Proliferative activity is indicated as 10glO (cpm [3HJthymidine). 
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fluids using the murine IL-2 responsive cell line HT-2 (Table IV). Spleen cells 
from MV tumor-bearing rabbits were deficient in their ability to generate IL-2 
in response to Con A. This deficiency was not absolute but resulted in much 
lower IL-2 generation than was observed using control rabbits.(23) 

Using cytofluorographic techniques, the ability of such cells to generate 
cell membrane receptors for IL-2 was determined. The monoclonal antibody 
7D4 recognizes both murine (24) and leporine IL-2 receptors.(21a) It was ob
served (Fig. 3) that Con A-stimulated spleen cells from MV tumor-bearing 
rabbits express receptors for IL-2 normally. This finding was somewhat sur
prising, as most investigators believe that T-cell activation is required to pro
mote the expression of IL-2 receptors on target cells.(25) The immunologic 
defect in T lymphocytes from MV -infected rabbits is more profound than their 
inability to produce normal amounts of IL-2. They also respond poorly to 
lectins when IL-2 is added to the cultures (Table V). 

Thus, the abnormality in T-cell function during infection with malignant 
rabbit fibroma virus is complex. It involves at least these features: (1) gener
alized poor ability to proliferate, (2) defective IL-2 elaboration in response to 
stimulation, and (3) inability to respond to added IL-2 despite normal IL-2 
receptor expression. 

3.4.4. Suppressor Lymphokines 

Malignant rabbit fibroma virus infection of lymphocytes is not adequate to 
explain all manifestations of virus-associated immunologic dysfunction. MV 
also induces host cells to elaborate a substance(s) capable of inhibiting certain 
aspects of immune responsiveness. This activity is measurable in ultravirus 
(UV)-treated culture supernatants and therefore does not represent infectious 
virus. Suppressor supernatants have several capabilities that are different from 
live virus. These capabilities include a more rapid mechanism of action and the 
ability to turn off ongoing antibody responses.(19) The factor in question is 
weaker than direct virus effects and cannot alter appreciably Con A responses. 
It can diminish proliferative responses to less potent mitogens, however, such 
as SRBC. Unlike MV, which infects only rabbits, the factor(s) generated by 
rabbit cells in response to MV infection will suppress mouse spleen cell re
sponses to antigen. This factor also suppresses the response of HT-2 cells to 
IL-2.(26) 

Characterization of the suppressor factor has been hampered by its lability 
to freezing and thawing, and even to prolonged storage at -70°C. Still, some 
data are available regarding this substance.(26) The substance in question is not 
produced in the presence of indomethacin, or of either cyclic adenosine mono
phosphate (cAMP) or cyclic guanosine mono phosphate (cGMP). Its molecular 
weight is >25 kDa. Despite the apparent involvement of prostaglandins, when 
serial depletions of adherent cells are performed, suppressor activity is still 
present in supernatants of nonadherent cells. Eliminating T lymphocytes from 
the MV spleen cell population eliminates the ability of the resulting pool of cells 
to produce suppressor activity. 



" .~
 

(J
) 

..
J 

..
J 

a 

~
 0

.2
 

1
0

0
 

C
H

A
N

N
E

L
 

N
U

M
 B

E
R

 
1

0
0

0
 

M
 'S1

 
K

 

V
I 

..
J 

..
J b 

0
.4

 

~
 0

.2
 

1
0

0
0

 
C

H
A

N
N

E
L

 
N

U
M

B
E

R
 

F
IG

U
R

E
 3

. L
ab

el
in

g 
o

f 
sp

le
en

 c
el

ls
 f

ro
m

 m
al

ig
n

an
t 

ra
bb

it
 f

ib
ro

m
a 

vi
ru

s 
(M

V
)-

in
fe

ct
ed

 r
ab

bi
ts

 w
it

h 
an

ti
b

o
d

y
 t

o
 t

h
e 

re
ce

p
to

r 
fo

r 
in

te
rl

eu
k

in
-2

 (
IL

-2
).

 S
pl

ee
n 

ce
ll

s 
fr

o
m

 r
ab

bi
ts

 g
iv

en
 M

V
 7

 d
ay

s 
pr

ev
io

us
ly

 w
er

e 
cu

lt
u

re
d

 o
v

er
n

ig
h

t w
it

h 
co

nc
an

av
al

in
 A

 (
C

on
 A

) 
an

d
 l

ab
el

ed
 t

h
e 

n
ex

t 
d

ay
 w

it
h 

th
e 

ra
t 

m
on

oc
lo

na
l 

an
ti

bo
dy

 t
o

 t
h

e 
m

o
u

se
 I

L
-2

 r
ec

ep
to

r,
 7

D
4,

 f
ol

lo
w

ed
 b

y 
F

IT
C

-g
o

at
 a

n
ti

ra
t 

Ig
. 

C
el

ls
 w

er
e 

th
en

 a
ss

ay
ed

 b
y 

cy
to

fl
uo

ro
gr

ap
hy

. 
(a

) 
M

V
 s

pl
ee

n 
ce

ll
s 

cu
lt

u
re

d
 o

v
er

n
ig

h
t 

w
it

h
o

u
t 

m
it

o
g

en
. 

(b
) 

M
V

 s
p

le
en

 c
el

ls
 

cu
lt

u
re

d
 w

it
h 

C
o

n
 A

. 

d x ::s ::0
 

c:::
 

C
fJ

 
t"

'l 
C

fJ
 

C/
O "" 



184 DAVID S. STRAYER 

TABLE V 
Proliferative Responses of Spleen Cells from MV 

Tumor-Bearing Rabbits with and without Added IL-2 a 

Proliferation b 

Cells No mitogen + Con A + Con A + IL-2 

Normal 4.20 ± 0.03 4.75 ± 0.01 4.73 ± 0.02 
Day 7 MV 2.66 ± 0.17 3.01 ± 0.12 2.75 ± 0.15 
Day II MV 3.14 ± 0.06 4.44 ± 0.08 4.40 ± 0.08 

aSpleen cells from normal rabbits and from rabbits 7 and 11 days following intrader
mal inoculation of 1000 PFU MV were cultured In vItro for 3-5 days. To these 
cultures, we added either nothing, Con A, or Con A + IL-2. The ability of these 
spleen cells to proliferate was determined by measuring 24-hr [3HJthymidine incor
poration. Responses shown are those of a representative experiment, indicating the 
proliferation of the spleen cells in question on the day of maximal responsiveness. 

bloglO (cpm ['HJthymidine) ±SD. 

3.4.5. Extent of the Need for Viral Replication for Induction of Immunologic 
Dysfunction 

The need for MV replication in order for it to suppress lymphocyte re
sponsiveness or to induce the elaboration of suppressor factor was studied. 
Phosphonoacetic acid (PAA) is a potent inhibitor of poxvirus DNA polymerase. 
When added to normal spleen cell cultures exposed to MV at a MOl of 0.1 in 
vitro, PAA does not alter the inhibition oflymphocyte responses by MV. Simi
.larly, PAA when added to spleen cell cultures from MV tumor-bearing rabbits 
does not alter the ability of such spleen cells to produce suppressor factor. It 
appears that both activities involve early genes, i.e., those expressed before 
DNA replication.(27) 

3.4.6. Recovery of Immune Function in MV Infection 

Malignant rabbit fibroma virus-induced immunologic impairment is not 
permanent. This is so despite the progressive tumor and gram-negative infec
tion that afflicts infected rabbits. In measuring immune responses to mitogens 
11 days after in vivo administration of MV, we found that these responses had 
largely recovered (Fig. 4). Furthermore, spleen cells from day 11 MV tumor
bearing rabbits were less sensitive to the immunosuppressive effects of day 7 
MV-infected spleen cells than were normal spleen cells (Fig. 4). The ability of 
spleen cells from day 11 rabbits to transfer their acquired resistance to MV
induced T-cell-mediated suppression was also studied. It was determined that 
spleen cells from day 11 MV tumor-bearing rabbits elaborated a substance(s) 
capable of inhibiting the suppressive effects of the suppressor material pro
duced by day 7 MV -infected spleen cells.(28) The mechanism of action of this 
antisuppressive activity on the part of the former spleen cell population is not 
yet clear, but it has been shown to be a T-cell product. 
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FIGURE 4. Adult New Zealand white rabbits were given 1000 PFU MV intradermally in the 
thigh on day O. They were sacrificed 4, 7, or 11 days later, and their spleen cells cultured in 
vitro with or without concanavalin A (Con A). Their ability to respond to Con A was measured 
by 24-hr [3Hlthymidine incorporation, and compared with the responses of normal rabbits. 
Parallel cultures received day 7 cells + Con A as well as day 4, day 11, or normal cells, in a ratio 
of 1 : I. Background proliferation in these cultures was not different from that in cultures not 
receiving day 7 cells (data not shown). (From Strayer and Liebowitz.24) 

3.4.7. Interferon 

Although vaccinia virus induces host elaboration of IFN, we have not 
found any evidence of IFN in the MV system. Attempts to inhibit the replica
tion of vesicular stomatitis virus and MV in appropriate target cells, either with 
cell lysates or culture supernatants from MV - or SFV -infected lymphocytes 
have failed to detect IFN activity. 

3.5. Malignant Rabbit Fibroma Virus Replication within the Cells of 
the Immune System 

3.5.1. Characteristics of MV Replication in Lymphoid Cells Exposed to MV 

The data regarding the immunosuppressive effects of adding MV to lym
phocyte cultures suggest that MV infects both Band T lymphocytes. MV 
replication in lymphocytes was studied in two ways. First, lymphocytes from 
infected rabbits were studied to determine the cellular tropism of MV, its 
requirements for replication, and its presence in lymphocytes at selected time 
points during oncogenesis. In addition, MV replication in lymphocyte cultures 
was examined using both naive lymphocytes and those exposed to MV in vivo. 

Malignant rabbit fibroma virus antigen was sought on lymphocyte cell 
membranes by double labeling and cytofluorography. Using lymphocytes from 
spleen cells 7 days after infection, it was determined that MV antigen was 
expressed primarily on T lymphocytes (Fig. 5). However, following overnight 
culture without added virus, a population of nonadherent non-T lymphocytes 
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FIGURE 5. Cytofluorographic 
analysis of spleen cells from malig
nant rabbit fibroma virus (MV)-in
fected animals. Spleen cells from 
normal rabbits (a) and rabbits re
ceiving 1000 PFU MV 7 days pre
viously (b) were analyzed for virus 
and T-cell antigens by double-label 
cytofluorography. After pretreat
ment with normal rabbit serum, 
these cells were treated with the 
mouse monoclonal antibody 
9AElO, which recognizes rabbit T 
cells, followed by FITC-rabbit anti
mouse Ig. This was followed by bio
tinylated rabbit anti-SFV, then avi
din-phycoerythrin. The double 
label was analyzed by F ACS (Bec
ton-Dickinson). Some spillage of 
fluorescein fluorescence into the 
phycoerythrin range was noticed 
(a). However, analysis of the plots 
obtained using MV tumor-bearing 
rabbit spleen cells (b) shows that the 
population of spleen cells bearing 
MV antigens In VIVO also bears T
cell antigens. Approximately 25% 
of spleen cells from MV-infected 
rabbits are positive for MV anti
gens. A similar number also dem
onstrate T-lymphocyte markers as 
well. 

(presumably B cells) also expressed MV antigen, Insufficient fresh virus is 
elaborated by infected T cells after only overnight culture to infect this many B 
cells, Thus, the B lymphocytes are undoubtedly infected with MV in vivo but, 
for reasons as yet unknown, do not express virus antigen until given time ex 
vivo to do so, 

The ability of these spleen cells to permit MV replication was also deter
mined, Virus recovery from spleen cells of any type is very low, no matter when 
they are examined postinfection (maximum yield <20 PFU/I05 spleen cells). 
However, when spleen cells from MV-infected rabbits are cultured without 
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added virus, recoverable virus titers increase approximately 10-fold daily up to 
4 or 5 days of culture. In fractionating these cell populations, it was found that 
T lymphocytes are most supportive of such viral replication, B lymphocytes less 
so, and adherent cells least of all. Thymic T lymphocytes do not yield any MV 
using this technique. 

Since Bloom et al.(l2) had reported that lymphocytotropic viruses do not 
replicate in the absence of lymphocyte stimulation, the above results obtained 
without added mitogen were unusual. Additional experiments were per
formed to determine whether naive lymphocytes could support MV replication 
without mitogens. MV was added to cultures of normal spleen cells with and 
without Con A or LPS. Yields of MV from cultures of normal spleen cells were 
found to be highest when stimulation was provided. However, MV replicated 
well in spleen cells in the absence of added lectin (Fig. 6). This finding makes 
MV unique among described lymphocytotropic viruses, with the exception of 
human immunodeficiency virus (HIV), which also replicates in lymphocytes 
without added lectin. 

Finally, the time course of MV infection of lymphocytes was examined. 
Spleen cells from rabbits 4,7, and 11 days following inoculation were examined 
for expression of virus antigen and ability to yield MV, to support replication 
of added MV, and to affect other cells' capacity to replicate MV. Lymphocytes 
from rabbits 4 and 7 days postinfection both expressed MV antigen and 
yielded high titers of MV following culture in vitro without added virus or 
mitogen. Lymphocytes from day 11 rabbits showed no evidence of MV in this 
assay. The latter did not alter the ability of MV to replicate in the former. 

FIGURE 6. Growth curve of malignant 
rabbit fibroma virus (MV) in spleen 
cells. MV was added to normal spleen 
cells at 0.00 I multiplicity of infection 
(MOl) . No mitogen, Con A, or LPS was 
added to these cultures. After sequen
tial days, In lIltro cultures were frozen 
and thawed. Titers of recoverable MV 
are shown . 
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However, when MV was added to cultures of normal, day 4, day 7, and day 11 
spleen cells, lymphocytes from day 11 rabbits supported MV replication much 
less than did other spleen cells.(21) 

These findings suggest that a population of lymphocytes infected with MV 
is lost between 7 and 11 days postinfection in vivo. While MV has not been 
found to cause gross differences in viability in whole spleen cell cultures in 
vitro,(29) we cannot rule out the possibility that MV destroys a small population 
of particularly susceptible cells. Such depletion of a population of lymphocytes 
that preferentially replicate MV is supported by the poor replication of MV in 
day 11, as compared with normal, spleen cells. 

The means by which these lymphocytes would be eliminated is not clear. 
By day 11 postinfection, rabbits have very high titers of neutralizing antibody 
in their sera. Macrophages from such animals have been observed by fluores
cence photography ingesting MV-infected lymphocytes.(21) In addition, 
cytotoxic T cells (CTL) might develop. While T cells from MV -infected rabbits 
do not proliferate in response to virus antigen 4 and 7 days following inocula
tion in vivo,(30) they do so by day 11.<28.31) 

Immunologic recovery from MV infection seems to be a complex phe
nomenon. In light of the high titers and rise coincident with elimination of 
circulating virus infected cells, antibody to virus probably participates. Direct 
virus toxicity to, and subsequent loss of, the pool of lymphocytes most per
missive to viral replication is possible. Cell-mediated immunity to virus is also 
likely to be important. The role of the antisuppressive T-cell products remains 
to be decided. However, several different processes undoubtedly participate. 

4. ROLE OF IMMUNOSUPPRESSION IN THE PATHOGENESIS OF 
POXVIRUS INFECTION 

4.1. Orthopoxviruses 

4.1.1. Variola 

The probable role played by the immune response to variola virus in the 
pathogenesis of smallpox has been discussed. The extent to which virus-in
duced immunosuppression, and not other host factors such as genetic pre
dispositions, determines this response is unknown. 

4.1.2. Vaccinia 

Several groups have examined various factors involved in the course of 
immune function and recovery from vaccinia virus infection. Different conclu
sions have been reached among these investigators. In their studies of the 
immune responses of rabbits inoculated with vaccinia virus, Tompkins et al. 
determined that while the immune responses to Con A were decreased in the 
course of this infection, specific proliferative responses to virus antigen were 
observable. The appearance of specific lymphoproliferative responses to vac-
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cinia corresponded temporally to macrophage resistance to viral replication. 
On rechallenge, both phenomena were found to be more pronounced.<lO) 

Resistance to vaccinia in hamsters has been studied by the same group. 
They determined that vaccinia virus induces two sets oflymphocytes capable of 
killing virus-infected cells. One of these, found principally in the spleen, con
sists of lymphocytes that are capable of killing target cells infected with other 
viruses as well as vaccinia, and resistant to anti-T-cell antibody. These are most 
likely natural killer (NK)-like cells.(32) A population ofCTL is also found in the 
peritoneal cavity and is considered important in clearing vaccinia infection.(33) 

4.1.3. Ectromelia 

Ectromelia virus produces a lethal disseminated disease in some strains of 
mice. Studies of the effects of this virus on the immune system are in their 
earliest stages (M. Buller, personal communication). However, some work has 
been done on factors involved in the recovery from ectromelia infection. 

Both macrophages and CTL have been implicated in the genetic and 
induced ability of mice to resist ectromelia infection both in vivo and in vitro. 
Cohen et ai.(34) noted that c. parvum-primed macro phages block ectromelia 
replication. They observed defective release of virus DNA in macrophages so 
treated and therefore ascribe the resistance conferred by priming to the pro
duction of IFN. Others have determined that both macro phages and T lym
phocytes play an important role in recovery from ectromelia infection.(35) They 
have correlated resistance to ectromelia virus with CTL as well as IFN produc
tion.(36) 

4.2. Leporipoxviruses 

4.2.1. Shope Fibroma Virus 

Shope fibroma virus is not lymphocytotropic, and is not immunosup
pressive per se. However, neonates are inordinately susceptible to the on
cogenic effects of SFV. They develop disseminated tumors. From these, the 
neonatal rabbits follow a protracted course and mayor may not recover. Neu
tralizing antibody appears to be present in animals that die of progressive 
tumor and those that recover. Adult rabbits receiving SFV and those neonates 
that go on to reject their tumors do develop both delayed-type sensitivity to 
SFV and the ability to produce migration inhibitory factor. Neonates that 
succumb to disseminated tumor develop neither of these. Thus, it is likely that 
CTL are important in the recovery from SFV infection, both in neonates and in 
adults.(37) 

4.2.2. Malignant Rabbit Fibroma Virus 

It is mainly, then, for the oncogenic leporipoxvirus, MV, that some hy
potheses can be made. Clearly, MV infection involves immunologic dysfunc-
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tion. Other aspects of MV infection, such as myxosarcoma and epithelial 
hyperplasia, are poorly understood. The interaction of MV-induced immu
nologic dysfunction and these nonimmune phenomena is even more spec
ulative. However, the profound immunosuppression engendered by MV sure
ly facilitates virus spread and the development of opportunistic gram negative 
infection in host rabbits. An important and as yet unanswered question is 
whether, in light of the immunologic recovery, MV tumor-bearing animals 
treated for their gram-negative infection would eventually recover not only 
from their pasteurellosis but from their tumors as well. 

The study of poxvirus biology to date has concentrated on orthopox vi
ruses for the most part, primarily on the manner in which they infect and 
replicate in target cells. Most of the work on the immunomodulatory effects of 
poxviruses has been with malignant fibroma virus. The complexity of pox
viruses as a group suggests that a wealth of information is to be found in 
studying their effects on the immune system. These studies are just in their 
infancy. 
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Reovirus-Ind uced 
Immunosu ppression 
CARLO GARZELLI and TAKASHI ONODERA 

1. INTRODUCTION 

1.1. Basic Properties of Reoviruses 

10 

Reoviruses are members of Reoviridae, a family of double-stranded (ds) RNA 
viruses that infect vertebrates, insects, arthropods, and plants.(l) Mammalian 
reoviruses are icosahedral virions, 76 nm in diameter, with a double capsid 
consisting of a central core of 52 nm surrounded by an outer protein shell. The 
viral genome consists of 10 fragments of ds RNA with molecular weight rang
ing from 0.5 to 2.7 X 106 kDa. There are three large segments (Ll, L2, L3), 
three medium segments (MI, M2, M3), and four small segments (SI, S2, S3, 
S4). Viral replication occurs in the cytoplasm of infected cells, in which each 
genome fragment, corresponding to a single gene, is transcribed by a viral 
transcriptase into a messenger RNA (mRNA) molecule and subsequently trans
lated into a primary polypeptide. Viral assembly takes place within cytoplasmic 
inclusions, and infected cells are ultimately destroyed with release of the pro
geny virus. 

Mammalian reoviruses can be divided into three serotypes (types 1,2, and 
3) on the basis of neutralization and hemagglutination inhibition assays. The 
type-specific antigen is the sigma-I protein, encoded by the SI gene, and serves 
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as the viral hemagglutinin.(2) The presence of a segmented genome has made it 
possible to isolate a number of recombinant viral clones containing reassorted 
genome segments derived from either type 1 or 3 reoviruses, (3) providing an 
excellent model for studying different aspects of viral pathogenesis at the 
genetic and molecular level.<4,5) 

1.2. Clinical Manifestations Associated with Reovirus Infections 

Serologic studies have shown that infection with each of the three 
serotypes of mammalian reoviruses is extremely common. Reoviruses can be 
isolated from feces and respiratory secretions of healthy persons and children 
with mild respiratory or intestinal diseases, but a precise relationship with 
clinical illness in humans is not established. In this sense, respiratory enteric 
orphan viruses, i.e., reoviruses, are indeed still orphan of disease. 

Conversely, experimental infection of suckling mice with reoviruses causes 
a serious disease characterized by an acute phase, in which the virus replicates 
in cells of many organs, producing lesions notably in the liver, pancreas, central 
nervous system (CNS), heart, intestine, lung, spleen, salivary glands, and skel
etal muscle. At least in some cases, the viral hemagglutinin, which appears to be 
solely responsible for the cell and tissue tropism, is a major factor in deter
mining the pattern of disease: in the CNS, reovirus type 1 infects primarily 
ependymal cells, often leading to hydrocephalus, whereas type 3 infects neu
rons, resulting in severe encephalitis(4); similarly, reovirus type 1 infects the 
anterior pituitary, while type 3 infects the intermediate and posterior pitu
itary.(6) 

In a proportion of animals, the acute phase of illness is usually followed by 
a chronic, apparently virus-free, disease expressed as a runting syndrome char
acterized by retarded growth, oily hair, alopecia, and steatorrhea. The precise 
mechanisms of reovirus-induced runting are not clear, but it is thought to be 
immunologically mediated. In reovirus type 1 infection, autoimmunity to en
docrine tissues and hormones seems to be important(7); in fact, autoantibodies 
reactive with the anterior pituitary and growth hormone, with the pancreatic 
islets and insulin, and with the thyroid and thyroglobulin (Fig. 1) are detectable 
in the serum of infected mice. Monoclonal autoantibodies with a similar pat
tern of reactivity have also been isolated from hybridomas obtained by fusing 
spleen cells from reovirus type I-infected mice with mouse myeloma cells.(8) 
Autoantibodies to thymic lymphocytes(9) and to splenic T lymphocytes (C. 
Garzelli, personal observations) have also been found in the serum of infected 
mice. Further evidence that autoimmunity contributes to reovirus type I-in
duced runting and polyendocrinopathy is the observation that the severity of 
both disorders can be appreciably reduced if the animals are given immu
nosuppressive treatments before infection.(9) 
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FIGURE 1. Autoantibodies to thyroid antigens in the serum of newborn SJLiJ mice infected 
with reovirus type 1 (Lang strain) 3 weeks previously, as determined by indirect immu
nofluorescence. (A) Bouin's fixed section of thyrOId tissue of normal mice incubated with 
serum of infected mouse. Antiacinar cells and antinuclear antibodies are seen. (B) Methanol
fixed section of thyroid tissue of normal mice incubated as above, showing the typical floccular 
puffy pattern of staining, characteristic of anti thyroglobulin antibodies. 
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2. MODULATION OF IMMUNITY BY REOVIRUSES 

2.1. Interaction of Reoviruses with Cells of the Immune System 

Reoviruses bind to the surface of murine and human lymphocytes. In 
particular, reovirus type 3 binds to a subset of murine and human T and B 
cells, whereas reovirus type 1 binds minimally and only to human lympho
cytes.<lO) Murine and human T lymphocytes bearing the receptor for reovirus 
type 3 belong predominantly to the suppressor/cytotoxic subset, in that they 
express the Lyt 2,3 and T8 antigens, respectively.(ll) One documented func
tional consequence of reovirus type 3 binding to lymphocytes is the generation 
of suppressor T cells, which inhibit the proliferative response of murine spleen 
cells to mitogens.(12) This effect, as well as the capabilities of lymphocyte bind
ing, is a property of the viral hemagglutinin. However, reovirus types 1 and 3 
seem unable to grow in either normal or mitogen-stimulated lymphocytes. 

Much less is known about the interactions of reoviruses with macrophages. 
In vitro, both reovirus type I and 3 infect and grow in the mouse macrophage
like cell line P388D I . Non-neutralizing antibodies directed to virus surface 
proteins other than the hemagglutinin, or subneutralizing concentrations of 
antibodies to the viral hemagglutinin enhance viral growth in these cells.(13) 

2.2. Suppression of Immune Responsiveness by Reoviruses 

Experimental infection of adult mice with reoviruses has practically no 
significant consequences regarding immune system function, but intra
peritoneal infection of newborn mice with reovirus type 1 has been shown to 
cause strong alterations of immune responsiveness. The most striking immune 
defect associated with reovirus type 1 infection is undoubtedly the develop
ment of a vast array of autoantibodies, most of which are directed toward 
endocrine tissues and hormones.<7.8) This effect seems to be a property of the 
S1 gene product, i.e., the viral hemagglutinin. Recombinant viral clones con
taining the S1 gene segment from type 1, but not those containing the same 
segment from type 3, reproduce the ability of the parental type 1 virus to 
induce the production of autoantibodies to hormones, such as growth hor
mone and thyroglobulin(7) (T. Onodera and C. Garzelli, unpublished obser
vations). 

Infection of newborn mice with reovirus type 1 is also followed by a 
marked suppression of the antibody response to sheep erythrocytes (SRBCs), 
as measured by the splenic plaque-forming cells (PFC) assay.(14) The PFC 
produced are usually less than 1 % of that detected in uninfected control ani
mals. In addition, reovirus types 2 and 3 cause reduction of antibody produc
tion in newborn mice, but the immunodepression is usually slight and transient 
(T. Onodera and C. Garzelli, unpublished observations). The SI gene segment 
of reovirus type 1 is also required for the immunosuppression, in that recombi
nant viruses containing the SI gene segment from reovirus type 1, but not 
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from type 3, have immunosuppressive properties comparable to that of the 
type 1 parental viruS.(14) 

Other immunologic abnormalities observed in reovirus type I-infected 
mice are listed in Table I. At least in severely runted mice, the lymphoid organs 
show histopathologic alterations; the thymus is usually smaller than normal, 
and atrophy of the cortex and increased numbers of Hassal's bodies can be 
observed (Fig. 2a); the spleen, although larger in size, shows depletion of 
lymphocytes in the thymus-dependent and follicular areas (Fig. 2b). Such 
changes are probably due to a selective depletion of particular subsets of T 
lymphocytes, since in the spleen of most infected animals the proportion of 
cytotoxic/suppressor Lyt 2.2 + cells is decreased, whereas the numbers of help
er Lyt 1.2 + cells are not altered (Fig. 3). The autoantibodies to T lymphocytes, 
present in the serum of type I-infected mice, could be responsible for these 
changes. A further important immunologic abnormality seen in reovirus type 
I-infected mice is a polydonal activation of B cells, as evidenced by increased 
numbers of splenic PFC spontaneously producing immunoglobulins (Ig) or 
antibodies to SRBCs. Serum levels of IgM and IgG are also generally higher (T. 
Onodera and C. Garzelli, unpublished observations). 

On the basis of these findings, it is difficult to delineate a possible picture of 
events that might account for reovirus type I-induced immunosuppression; 
however, several obvious possibilities immediately come to mind. First, the virus 
might destroy cells of the immune system through cytolytic infection of lympho
cytes; reportedly, reovirus type 1 does not bind to lymphocytes of adult mice in 
vitro,(IO) but there are no data dealing with lymphoid cells of newborn mice in 

vivo. A variety of factors could influence the induction and expression of recep
tors to reovirus and the susceptibility oflymphoid cells to the infection, as already 
shown in other cases of virus-lymphocyte interactions.< 15) A second possibility is 
also that the cells of the immune system are destroyed by virus-induced anti
lymphocyte autoantibodies, which might lead to hyporesponsiveness to anti
genic stimuli. A third possibility is that the endocrine abnormalities induced by 
infection of endocrine organs, such as the anterior pituitary, might influence 
immune responsiveness in a negative manner.(16) 

TABLE I 
Immunologic Abnormalities in Newborn Mice Infected with Reovirus Type 1 

Histopathologic changes in the thymus and spleen 
Suppression of antibody responses to foreign antigens 
Decreased numbers of suppressor/cytotoxic lymphocytes 
Polydonal B-cell activation 
Autoantibodies to thymocytes 
Autoantibodies to endocrine tissues (pituitary, pancreatic islets, thyroid, gastric mucosa) and 

hormones (growth hormone, insulin, thyroglobulin) 
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FIGURE 3. T-lymphocyte subpopula
tions in the spleen of newborn SJLlJ 
mice infected with reovirus type 1 (Lang .. 
strain) 3 weeks previously, as detected ~ 
by complement-dependent cytotoxicity -
assayed by Trypan blue dye exclusion. '" 
(e) Lyt 1.2 + helper/inducer lympho- E 
cytes. (0) Lyt 2.2+ cytotoxic/suppressor .. 
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lymphocytes. Data expressed as specific 
cytotoxicity detected in spleen cell sus
pensions from a single animal. Most of 
reovirus type-I infected animals show 
decreased numbers of Lyt 2.2 + sup
pressor / cytotoxic cells. 
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3. SIGNIFICANCE OF VIRUS-INDUCED IMMUNOMODULATION 
IN VIRAL PATHOGENESIS 

The available information does not permit delineation of the contribution 
of viral immunodepression to reovirus-induced pathogenesis. In experimental 
reovirus type 1 infection of newborn mice, virus-induced immunosuppression 
is probably irrelevant to the infectious phase of the disease, since the virus 
rapidly disappears from the body, even if the animals have been treated with 
immunosuppressive agents before infection. Therefore, immunosuppression 
would appear to represent an epiphenomenon of infection rather than a 
means by which the virus avoids or delays immune elimination and successfully 
spreads through the body. By contrast, the observation that the same molecule, 
i.e., the viral hemagglutinin, is required for the induction of both autoim
munity and immunosuppression could suggest that, at least in the reovirus type 
1 model, the two effects are closely related or even interdependent. Although 
the coexistence of both immunosuppression and autoimmunity is not unprece
dented, the mechanisms leading to the paradoxical occurrence of an antibody 
response to many au to antigens and the inability of making an immune re
sponse to newly presented foreign antigens remain unexplained. 
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Immunosuppression by Avian 
Infectious Bursal Disease 
Virus and Mouse Hepatitis 
Virus 
JAGDEV M. SHARMA, J. M. DUPUY, and 
L. LAMONTAGNE 

1. INTRODUCTION 

This chapter briefly discusses two viruses that infect diverse species of animals 
but that share an important similarity in that both viruses are lymphotropic and 
cause profound immunosuppression in their respective hosts. Infectious bursal 
disease (IBD) of chickens, also referred to as Gumboro disease, is an eco
nomically important disease of commercial chickens. In unprotected chickens, 
the IBD virus (IBDV) rapidly destroys the lymphocyte population in the bursa 
of Fabricius, the principal organ that regulates humoral immunity in the chick
en. Continued economic loss due to IBD in the field and recent general interest 
in viral immunosuppression have stimulated renewed efforts in understanding 
the characteristics of the immunosuppressive effects of this disease. The mouse 
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hepatitis virus (MHV), also a common infection in laboratory mouse colonies, 
causes a debilitating disease accompanied by severe immunosuppression. The 
influence of MHV on immune functions of the host seems to be related to a 
close interaction between virus particles and host lymphoid cells. 

This discussion is not intended to be a comprehensive review of IBDV and 
MHV. Only the important features of the infections are discussed, with empha
sis on the influence these viruses have on the immune capabilities of the host. 

2. IMMUNOSUPPRESSION BY AVIAN INFECTIOUS 
BURSAL DISEASE VIRUS 

2.1. A Characterization of the Virus and the Disease 

Infectious bursal disease virus is widespread in the environment and in
fects most commercial populations of chickens early in life. The virus nu
cleocapsid is a naked icosahedron with 32 capsomeres and a diameter of 55-63 
nm.<l) The IBDV genome is double-stranded RNA'(2) Recent molecular clon
ing studies with an Australian isolate of IBDV have demonstrated that the 
genome has a large segment of 3400 bp and a small segment of 2900 bp. (3) The 
large segment codes for five proteins of molecular weights 52, 41, 32, 28, and 
16, kDa, respectively, whereas the small segment codes for a single protein of 
90 kDa. Several viral structural proteins identified from purified virus prepa
rations have been examined for their immunogenic potential.(4) 

In the laboratory, IBDV can be propagated in embryonated chicken eggs. 
Best virus yields may be obtained by inoculating 9- to lO-day-old embryos from 
IBDV-free flocks by the dropped chorioallantoic membrane route.(5) Some 
isolates of IBDV have been adapted to cell cultures of avian and mammalian 
origin. Chick embryo fibroblast cells are used most frequently for in vitro stud
ies with cell-culture-adapted IBDV.(6) 

The chicken is the most common natural host of IBDV, although natural 
infection may also occur in other avian species, particularly turkeys. The IBDV 
isolates may be classified into serotypes land 2. The two serotypes cross-react 
by the immunofluorescent test but not by the virus neutralization test.<7,8) Most 
isolates of chicken origin fall into serotype 1 and most isolates of turkey origin 
into serotype 2, although there is no strict species restriction of the two 
serotypes. Under natural conditions, turkeys exposed to IBDV do not develop 
clinical disease or detectable immunosuppression. 

Cosgrove(9) first reported the disease in chickens. Chickens acquire infec
tion from contaminated premesis; there is no evidence for vertical transmis
sion. The virus replicates in B lymphocytes and one of the first detectable 
lesions is necrosis of lymphoid elements in the bursa of Fabricius.<lO) Bursal 
necrosis is accompanied by inflammatory changes. Other lymphoid organs 
such as spleen and thymus also experience transient lymphoid cell depletion. 
Bursal degeneration is permanent. Predilection of IBDV for B lymphocytes 
was also demonstrated in vitro. Established lymphoid cell lines of B but not of T 
cells were susceptible to infection with IBDV.(l1) 
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The age of the chicken at the time of infection with IBDV seems to deter
mine the nature of the ensuing disease. In chickens younger than 3 weeks, 
IBDV does not cause high mortality, although the chickens develop bursal 
atrophy and severe immunosuppression. In older chickens, clinical disease 
occurs and is characterized by sudden onset, variable but often high mortality, 
and rapid recovery of survivors. 

The principal economic concern with IBDV in commercial chicken flocks 
is the effect of this disease on immune competence of young chickens. Because 
infection occurs soon after hatching, under natural conditions the infected 
chickens respond poorly to vaccines used routinely to protect against common 
viral infections. Infected chickens also become vulnerable to opportunistic in
fections. The nature of IBDV-induced immunosuppression in humoral and 
cellular responses is described below. 

2.2. Influence on Circulating Band T Lymphocytes 

Several attempts have been made to study the effect of IBDV on circulat
ing Band T lymphocytes.<12-14) In general, infection with IBDV reduced the 
number of circulating B cells. The depression in B-cell numbers was more 
pronounced in chickens exposed to the virus in ovo or at the time of hatching 
than in those in which exposure was delayed until the birds were 3 weeks of age 
or older. The reduction in circulating B cells was detected within 1 week after 
virus inoculation and persisted through the observation period of 8 weeks. 

The influence of IBDV on circulating T lymphocytes was variable. In one 
study,(l4) T-cell numbers were reduced below control levels if infection oc
curred at the time of hatching but were increased if the infection was delayed 
until birds were 3 weeks of age. In another study,(13) this relationship of age at 
the time of infection with numbers of circulating T cells was the reverse of the 
previous findings. 

2.3. Influence on Antibody Production 

Infectious bursal disease virus severely compromises the ability of chickens 
to mount antibody responses against a variety of infectious and noninfectious 
antigens including viral, bacterial, and protozoan antigens.<13,15-21) The age at 
which chickens become exposed to the virus has a profound effect on the degree 
of B-cell immunosuppression. Infection during the first 2 weeks of age results in 
much more severe immunodepression than does infection at older ages.(22) Both 
primary and secondary antibody responses may be reduced.(l3,16) B-cell immu
nosuppression following infection with IBDV during the early posthatching pe
riod is probably persistent, although the duration of immunosuppression has 
not been well established. 

Infection with IBDV also affects serum immunoglobulin (Ig) levels. Serum 
IgM levels generally dropped following IBDV infection; whereas IgG levels 
varied depending on the age of the chicken at the time of infection. (13,16) The 
IgG levels measured at eight weeks of age were lower in virus infected chickens 
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than in age-matched control chickens if infection occurred before or at the 
time of hatching but the levels were elevated if infection occurred at one week 
of age or older.(13) IBDV also caused a defect in the IgM that was produced. 
Ivanyi and Morris (16) noted that chickens infected with IBDV exclusively 
produced IgM as a 7S monomer. Further, the IgM of infected chickens lost the 
MIa allotypic marker normally present on chicken IgM.(23) 

2.4. Influence on Cellular Immune Functions 

Circumstantial evidence strongly indicates that IBDV may compromise 
cell-mediated immune functions. For example, infection with IBDV results in 
(1) extensive histologic lesions in the thymus and the virus replicates to high 
titers in the thymus (10.24); (2) reduction in circulating T cells(14); (3) poor 
efficacy of Marek disease vaccine that appears to protect mainly via cell-medi
ated immunity(25); and (4) exacerbation of disease conditions in which defense 
by cellular immune mechanisms if important.< 19.26) Despite compelling indica
tions that IBDV may influence cell-mediated immunity, relatively meager 
efforts have been devoted to study this influence. 

There have been conflicting reports on the ability of young chickens ex
posed to IBDV to reject allogeneic skin grafts; in one study, the rejection was 
delayed,(27) while in the others it was not.(12.18) The evidence that IBDV may 
influence cellular immunity comes from in vitro studies. Most efforts have been 
directed toward delineating the mitogenic response of T cells,(28-31) although 
other cellular functions have also been examined.(28,31,32) 

Preparations of T cells obtained from IBDV-exposed chickens respond 
poorly to mitogens such as phytohemagglutinin (PHA) and concanavalin A 
(Con A). Infection at the time of hatching as well as at 3-4 weeks of age 
influenced mitogenic response. The depression in the mitogenic response was 
transient, although the time when it occurred following viral inoculation var
ied. When whole blood cultures were used, the T-cell responsiveness was re
duced during the first 2 weeks postinfection,(28,30,31) although in one study,(28) 
maximum reduction occurred 6-7 weeks after viral infection. In assays con
ducted with peripheral blood leukocytes fractionated on Ficoll-Hypaque(30) or 
spleen cells,(31) the mitogenic hyporesponsiveness was consistently transient 
and occurred during the first 1-2 weeks of viral infection followed by complete 
recovery of responsiveness. 

Peripheral blood leukocytes from IBD V -infected chickens were also defi
cient in mounting a mixed lymphocyte reaction when cocultured with al
logeneic stimulator cells.(28) A reduced mixed lymphocyte response was de
tected in chickens exposed to IBDV at the time of hatching or at 3 weeks of 
age; chickens infected at the time of hatching were more severely affected than 
were those infected at 3 weeks. Interestingly, unlike the mitogenic response 
that was affected transiently, the defect in mixed lymphocyte reaction was 
persistent and was detectable until the birds were 10 weeks of age, the longest 
interval between infection and testing. The ability of cells from virus-infected 
chickens to serve as stimulator cells in the mixed lymphocyte reaction assay has 
not been examined. 
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The natural killer (NK) cell activity of spleen effector cells from virus
exposed chickens was compared with that of the effector cells obtained from 
age-matched normal chickens.(31) No consistent differences in the activity be
tween the two groups were noted. Similarly, IBDV did not cause detectable 
alteration of phagocytic activity of circulating phagocytes.(32) 

2.5. Influence on Soluble Immune Factors 

Little is known about the effect of IBDV on soluble mediators of immu
nity. Interferon-~ (lFN~) was detected in a variety of tissues and serum follow
ing inoculation with IBDV at 1 day or 3 weeks of age.(33) The role played by 
IFN~ in regulating immune functions is unknown. Currently, avian lympho
kines are being actively studied; it should be of interest to examine possible 
modulation of these by IBDV. 

2.6. Mechanism of Immunosuppression 

2.6.1. B-Cell Immunity 

It is likely that one of the major reasons for depressed antibody synthesis 
in chickens exposed to IBDV is that the virus selectively infects and lyses B 
lymphocytes. The observation that infection during the early posthatching 
period is more immunodepressive than infection after 3 weeks of age indicates 
that B-cell precursors within the confines of the bursa may be more susceptible 
to the cytopathic effects of IBDV than are mature B cells in circulation. Indeed, 
when Ivanyi and Morris(l6) delayed infection with IBDV from less than 6 up to 
42 hr after hatching, they noted progressively decreasing proportions of birds 
with immune deficiency in anti-sheep erythrocyte (anti-SRBC) antibody re
sponses. Decreased number of circulating B cells following IBDV infection of 
neonates(l2-14) may also indicate intrabursal destruction of B-cell precursors 
resulting in reduced peripheralization of B cells to the circulation. Selective 
susceptibility of B cells with IgM but not IgG receptors(ll) further suggests that 
the virus is more cytopathic for B cells during early stages of differentiation 
before the switch from IgM to IgG expression occurs. 

The mechanism by which IBDV induces the production of altered IgM, 
i.e., monomeric IgM that fails to polymerize and loses allotypic marker MIa, is 
not known.(16) The virus may destroy IgM-producing cells that may be re
placed by a population of B cells with functional impairment expressed by 
production of altered IgM. 

Other mechanisms may also be involved in the suppression of B-cell func
tion. For example, IBDV may compromise antibody production by damaging 
helper T cells or other accessory cells such as macrophages that play an impor
tant role in generating B-cell responses to certain antigens. In addition to 
destroying B cells, IBDV may also stimulate the appearance of suppressor cells 
that may participate in inhibiting antibody responses.(34) 
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2.6.2. T-Cell Immunity 

The mechanism of hyporesponsiveness of T cells to mitogen stimulation 
has been examined.(29.31) We noted that spleen cells of chickens undergoing 
acute infection with IBDV responded poorly to PHA but that their response 
was restored to near normal levels if the responder cells were pretreated with 
carbonyl iron.(31) Thus, the spleen cell response was being inhibited by sup
pressor cells that could be removed by carbonyl iron treatment. The sup
pressor cells shared several characteristics with macrophages, i.e., the sup
pressor cells were adherent to plastic, were phagocytic, and resisted treatment 
with antithymocyte and antibursa cell sera. Suppressor cells isolated from 
spleen of IBDV-infected chickens were able to inhibit the mitogenic response 
of spleen cells of normal virus-free chickens. We recently confirmed the pres
ence of suppressor cells in IBDV spleens using Con A as a T-cell mitogen and 
have shown that addition of exogenous conditioned medium with high in
terleukin-2 (IL-2) activity was ineffective in restoring the mitogenic response of 
spleen cells of IBDV-infected chickens.(35) 

The above observations suggested that reduced mitogenic response of 
lymphocytes in IBDV-infected chickens was not due to lack of functional T 
cells but to the presence of suppressor cells. Other mechanisms ofT-cell immu
nosuppression may be involved as well. Confer and MacWilliams(29) suggested 
that the mitogenic hyporesponsiveness of whole blood cells from IBDV-in
fected chickens was associated with increased number of circulating large im
mature lymphocytes incapable of mitogen-induced blastogenesis. 

3. IMMUNOSUPPRESSION BY MOUSE HEPATITIS 
VIRUS 

3.1. Biology of the Virus 

Mouse hepatitis viruses are classified as coronaviruses.(36) They are 
pleomorphic or rounded enveloped particles with a diameter of 60-220 nm, 
surrounded by a fringe or layer of typical club-shaped spikes. Their genome 
consists of single-stranded polyadenylated RNA of positive polarity. Viruses 
are released by internal budding into cytoplasmic vesicles derived from the 
endoplasmic reticulum. 

The antigenicity of coronaviruses is related to three major antigens.<37,38) 
Surface glycoproteins of murine corona viruses are responsible for the induc
tion of neutralizing, complement-fixing, and hemagglutination-inhibiting anti
bodies.<39-41) Hybridization with MHV-specific complementary DNA (cDNA) 
showed a close relationship among murine strains MHV-AS9, MHV-3, and 
jHM.(42) Oligofingerprinting demonstrated genomic variations in MHV 
strains that could be related to neurovirulence.<42-44) These variations did not 
seem to correlate with the serologic relationships of these viruses. 

The coronavirus genome is a positive single-stranded infectious molecule 
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of RNA containing about 18,000 nucleotides.(45) T, oligonucleotide mapping 
indicated that no extensive sequence reiteration occurred in the coronavirus 
genome(43,46,47) and that the 3' end of the genomic RNA was polyadenylated 
and formed a 3'-coterminal nested sequence.(48.49) Synthesis of each of the 
intracellular RNAs is initiated independently and is not processed from a large 
precursor protein'<50.51) Subgenomic RNAs, as well as genomic RNA, con
tained the 5' -cap structure.(52) These RNA molecules were also found to act as 
individual mRNAs and to be translated into single proteins of a size corre
sponding to the coding capacity of the unique 5' -terminal sequences not pre
sent in the next smallest RNA.(53-55) 

The nucleocapsid protein possesses a molecular weight of 50-60kDa and 
is nonglycosylated.(56) A cyclic adenosine monophosphate(cAMP)-independent 
protein kinase is associated with the virion, but it is not yet known whether the 
enzyme is virally coded or is a sequestered host cell enzyme.(57) A high homolo
gy of amino acid sequences has been found between nucleocapsid proteins 
from neuropathogenic JHM and nonpathogenic A59, although two regions of 
lower homology are present.(58) 

The virion possesses a lipid envelope containing matrix and peplomer 
proteins. All corona virions have a glycoprotein of 20-30kDa. A small glycosy
lated portion of the molecule is peripheral to the lipid membrane,(59) whereas a 
second strong hydrophobic domain is thought to correspond to a portion of 
the molecule integrated into the lipid membrane.(t)() A stable complex between 
this protein and the viral RNA could be formed in vitro, suggesting a third 
domain in the protein which is internal to the lipid membrane and responsible 
for the interaction with viral nucleocapsids.<60.61) 

Peplomer proteins are glycoproteins of molecular weight 80-200 kDa with 
one or two major species derived from a single primary translation product but 
modified by post-translational c1eavage.(62) Glycosylation of the MHV pep
lomer protein was inhibited by tunicamycin. The lack of reabsorption and cell 
fusion observed in tunicamycin-treated cells suggested that the peplomer pro
tein plays a role in the reception of virions on cell surfaces and in the induction 
of cell fusion.(60) In addition, trypsin treatment of A59 virus, which cleaves the 
180 kDa to two 90-kDa subunit polypeptides, greatly increases the capacity of 
the virus to cause cell fusion.(63) 

3.2. Pathogenesis of Mouse Coronaviruses 

The MHV-JHM strain, the first murine coronavirus to be isolated,(64) is a 
neurotropic virus causing acute and chronic demyelinating diseases. Infection 
with other mouse hepatitis viruses results in hepatitis, encephalomyelitis 
and/or enteritis. It is impossible, however, to classify virus strains according to 
target organs since several organs can be affected. The virulent strains MHV 2 
and MHV 3 and the less virulent MHV" MHV 5 and MHV A59 can cause hepati
tis in newborns and adult mice, whereas MHV s induces enteritis in newborns. 

MHV 3 is the most virulent strain of MHV. The severity and the type of 
infection however are related to age, immune resistance, and genetic factors. 
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Most strains of mice display a full susceptibility, leading to death within a few 
days. The AI] strain is unique, as it is the only full resistant strain with 100% 
survival of infected adult animals. Other mouse strains are semisusceptible, 
and animals surviving the acute disease develop chronic manifestations with 
progressive neurologic involvemenU6S) 

3.2.1. Acute MHV3 Infection 

In some strains of mice, e.g., CS7BL/6, DBA/2, BALB/c, or NZB, parent
eral administration of 10 LDso of MHV 3 always leads to fulminant hepatitis 
and death. Peritoneal macrophages, and liver Kupffer cells are the major sites 
of viral replication. Infectious virions are disseminated to all organs during the 
viremic phase.(66) By contrast, full resistance to MHV 3 is observed in the AI] 
mouse strain even after the administration of large doses of virus (l07 LDso). 
Histopathologic studies showed an absence of lesions. During the first 4 days of 
infection, virus was recovered from the liver of resistant as well as susceptible 
strains of mice. In AI] strain mice, viral titers were consistently < 103 LDso, 
whereas in susceptible DBA/2 mice, titers greater than 104 were always found. 
In the resistant mouse strain, infectious virus was cleared from the liver, brain 
and serum within 7 days, whereas virus continued to replicate in susceptible 
animals until death.(6S) 

3.2.2. Persistent MHV3 Infection 

In contrast to full susceptibility or resistance, other mouse strains, such as 
C3H or hybrid animals resulting from a cross between susceptible and resistant 
parents, exhibit an intermediate sensitivity. In this type (semisusceptibility), 
MHV 3 causes a chronic disease with paralysis, virus persistence, and immu
nodepression. The virus could be recovered from brain, liver, spleen, lymph 
nodes, or peritoneal macro phages for several months.(67) This type of disease 
and the clinical outcome vary greatly, however, with age, immune resistance, 
and genetic factors. Immunologic immaturity as observed in mice during the 
first 2 weeks of life, or T-cell deprivation following neonatal thymectomy or 
treatment with antilymphocyte antiserum, induce a full susceptibility to MHV 3 

infection in mice of the normally resistant AI] strain.(68) Similarly, genetic 
factors are of a primary importance in MHV infection. The first evidence of an 
association of host genes with resistance was reported for MHV 2.(69) Genetic 
study of MHV 3 infection indicated that at least two recessive genes are involved 
in resistance to acute and chronic diseases and showed that the genes involved 
in both diseases are different. The capacity to resist the development of paral
ysis is conferred to heterozygote as well as to homozygote mice by H-2f or H-2q 
alleles, indicating that resistance to paralysis is H-2Iinked.(70) It was also shown 
that such an action was mostly mediated through the expression of mouse class 
I antigens of the major histocompatibility complex.(71) 
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3.3. MHV 3-Induced Immunosuppression 

MHV 3 infection in mice induces a marked nonspecific immunosuppres
sion during the acute as well as the chronic phase of the disease. Sequential 
determination of Ig levels in chronically infected mice revealed a progressive 
decrease of all Igs during the first 3 months of infection. At the end of that 
period, most animals were severely hypogammaglobulinemic, and some suf
fered from infectionsP2) In addition, a marked decrease of the antibody re
sponse against T-cell-dependent and -independent antigens was observed in 
semisusceptible mice chronically infected with MHV 3. In these experiments, it 
was observed that, when tested 40 and 80 days postinfection, primary and 
secondary plaque-forming cell (PFC) responses and serum antibody titers 
against SRBC T-dependent antigen and lipopolysaccharide (LPS) T-indepen
dent antigen were markedly diminished in paralyzed as well as in non paralyzed 
mice.(72) 

3.4. Immune Functions of MHV 3-Infected Mice 

It was noteworthy that chronically infected mice, in spite of their hypo
gammaglobulinemia, developed anti-MHV 3 complement-fixing antibodies. 
Such antibodies were detectable 2-4 weeks following viral infection, showed an 
important rise by day 60 and reached a maximum level by days 100-130 after 
which titers decreased in surviving animals. No correlation was observed, how
ever, between the onset of paralysis and the increase of MHV 3 antibody, in 
spite of the fact that bound Igs associated with antigens were found in chronic 
plexus vessels.(73) In addition, most of the anti-MHV 3 antibody produced in 
chronically infected mice was of the IgM class. 

Antiviral antibodies are capable of modifying a lytic acute infection into a 
subacute and persistent infection or even to prevent the induction of the 
chronic disease.(74) The effectiveness of humoral immunity seems to depend 
on the titer, avidity, and neutralizing capacity of the antibody. In rats infected 
with the strain JHM, cerebrospinal antibodies seem to occur only in animals 
expressing aJHM-induced disease with viral replication in the central nervous 
system (CNS). Nevertheless, localized production of IgG was unable to protect 
rats from either the acute or the chronic neurologic disease.(75) 

Specific cell-mediated immune reactions against MHV 3 antigens were de
tected in chronically infected mice and protection, using lymphoid cells, could 
be transferred from MHV 3-paralyzed animals into susceptible newborns. Simi
larly, a specific cellular immunity was observed during the course of MHV
JHM infection in rats. Wege et al.(76) showed that spleen cells obtained from 
diseased animals not only proliferated in the presence of basic myelin proteins 
in vitro but adoptive transfer of such cells was followed by the occurrence of 
experimental allergic encephalomyelitis-like lesions in the CNS. Such results 
suggest that MHV-JHM replication in the CNS may lead to alteration of mye
lin, and/or to cell membrane changes by insertion of viral proteins that may 
trigger, in turn, an immune response against myelin. 
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3.5. Mechanism of Immunosuppression 

The nonspecific immunodepression always observed in MHV 3-infected 
animals after antigenic challenge could be related to a direct effect of the virus 
on one or several components of the immune response. This was tested by 
studying the PFC response in lethally X-irradiated normal F 1 hybrids recon
stituted with T, B, or spleen cells originating from MHV 3-infected or -nonin
fected syngeneic animals. These experiments clearly showed that the immu
nocompetence of T and B lymphocytes originating from MHV 3-infected mice 
was normaL In addition, macrophage functions, as tested by phagocytosis of 
yeast particles in vitro and by the in vivo uptake of radiolabelled SRBC, were not 
different in infected and control animals.(77) 

3.5.1. Lymphocyte Depletion 

A striking feature always observed during the chronic phase of mouse 
hepatitis, associated or not with paralysis, is the marked decrease of cell num
bers in the lymphoid organs. This is observed in bone marrow, spleen, thymus, 
lymph nodes, peripheral blood and peritoneal exudates. Differential enumera
tion, however, of T and B lymphocytes in the spleen at different times postin
fection did not demonstrate important variations. 

The mechanism whereby MHV 3 infection exerts a suppressive effect is 
related neither to a quantitative deficiency of lymphocytes nor to a dietary 
insufficiency for the following reasons: (1) healthy virus carrier mice are im
mune deficient in spite of normal body weight and a lymphocyte count similar 
to that of noninfected control mice; (2) T-cell functions appeared normal when 
tested in MHV 3-paralyzed mice; (3) T cells, B cells, or macrophages, originat
ing from MHV 3-infected paralyzed mice, have the capacity to reconstitute 
immune responses fully in lethally irradiated syngeneic animals(7!l); (4) in spite 
of a decrease in the total number of bone marrow cells, the number of spleen 
colony-forming cells increased sharply after infection and reached maximum 
levels by day 50; and (5) LPS-stimulated bone marrow or spleen B cells ob
tained from MHV 3-infected mice, synthesized in vitro IgM and IgG in amounts 
comparable to that produced by B cells originating from noninfected controls. 
In these experiments, it was not possible to detect suppressor cells or fac
tors.(72) 

3.5.2. Viral Replication in 1mmunocompetent Cells 

Inhibition of lymphocyte activation and/or proliferation by MHV 3 seems 
to be a possible factor in alteration of immune functions. Previous work indi
cated indeed that lymphocytes supported MHV 3 replication, which in turn 
interfered with cellular metabolism. Viral replication in macrophage-depleted 
T lymphocytes was demonstrated by a progressive increase of viral titers in 
culture supernatants and further evidenced by dot immunobinding analy
sis.(77) Infection of lymphocytes with virulent MHV 3' however, results in a 
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strong inhibition of the lymphoproliferative response of cells stimulated with 
mitogens or with allogeneic cells. Viral infection of either stimulator cells or 
responder cells in mixed lymphocyte reactions indicated that the inhibitory 
effect was due to a direct contact of infectious viral particles with the proliferat
ing cells. Since virus can be regularly recovered from brain, liver, spleen, 
lymph nodes, and peritoneal macrophages of MHV 3-infected mice during the 
evolution of the disease (up to 7 months postinfection), it is likely that per
sistent viral replication in lymphocytes and macrophages is responsible, at least 
in part, for immunosuppression and for some of the immunopathologic effects 
seen during the course of the chronic disease. 

3.5.3. Genetic Influence 

Since the direct interaction between MHV 3 and lymphoid cells appears to 
be a major factor for immunosuppression, the intrinsic capacity of cells to 
restrict viral replication was studied. Persistent MHV 3 infection can readily be 
induced in vitro in fibroblast and lymphocyte cultures.(79,80) Therefore, work 
was performed to see whether genetically controlled virus persistency could be 
detected at the in vitro level. A carrier state was established in vitro using short
term progeny passages in cells originating from various mouse strains exhibit
ing different sensitivities. Results showed a correlation between pehnotypic 
expression of in vivo sensitivity and the capacity, which was not H-2 linked, of 
macrophages or lymphocytes to restrict viral replication. This indicates that 
resistance to MHV 3 may be the result of restriction of viral replication in 
macrophages and lymphoid cells. Such restriction of MHV replication in mac
rophages from resistant strain mice also has been observed with other 
serotypes.(69,81) Macrophages genetically resistant to MHV 2 were converted in 
vitro to susceptible macrophages by lymphokines present in the supernatant 
fluid from allogeneic mixed lymphocyte cultures,(82) by spleen cells from cor
tisone-treated mice,(83) or by silica treatment.(84) By contrast, genetically sus
ceptible macrophages were converted into resistant cells by Con A administra
tion.(85) 

In addition, resistance to viral infection displayed by other target cells, 
such as hepatocytes(86) and fibroblasts,(79) should minimize pathologic damage 
and therefore ensure the survival of infected mice and the development of an 
adequate immune response, leading to total elimination of virus. By contrast, 
susceptible mice infected with the virus can neither restrict viral replication nor 
resist virus-induced cellular injuries. Dissemination of the infection thus leads 
to extensive pathologic lesions and death. The intermediate behavior, dis
played by infected cells originating from semisusceptible mouse strains, seems 
to be related to an incomplete restriction of viral replication leading to virus 
persistence, cell lysis, and subsequent immunodepression. Resistance mecha
nisms, genetically determined and expressed at macrophage and lymphocyte 
levels, by controlling or not controlling viral replication, therefore seem to play 
a major role in MHV 3-induced immunosuppression. 
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4. SUMMARY 

Two viral diseases with strong immunosuppressive effects were discussed. 
Avian IBDV replicates in B lymphocytes and causes clinical disease and associ
ated immunosuppression. Infected chickens fail to produce antibody against a 
variety of antigens and show reduced T-cell response to mitogenic stimulation 
in vitro. The mechanism of immunosuppression is not entirely clear, although 
lysis of B cells or B-cell precursors by IBDV is likely the cause of failure of the 
antibody response. The mitogenic hyporesponsiveness of T cells appears to be 
mediated by virus-activated suppressor macrophage-like cells. 

Mouse hepatitis virus, a coronavirus that causes an acute or chronic disease 
in laboratory mice, also induces immunosuppression. Infected animals develop 
persistent hypogammaglobulinemia and show decreased antibody response 
against T-dependent and T-independent antigens. The virus replicates in lym
phocytes and macrophages, and the reduced immune responsiveness likely 
results from direct interaction of the virus with cells of the immune system. 
Suppressor cells or factors do not seem to be involved. 
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1. INTRODUCTION 

1.1. Basic Properties of Picomaviruses 

Picornaviridae are small RNA viruses with a naked ether-resistant icosahedral 
capsid, 22-30 nm in diameter. The capsid is composed of four different poly
peptides (VP1-VP4 ), three of 20-40 kDa, one of 5-10 kDa. One molecule of 
each makes up the capsid structural subunits and the capsid comprises 60 
capsomeres. In addition, a single copy of a smaller polypeptide (VP g) is 
covalently linked to the 5' end of the genome. 

Virus particles contain a single molecule of infectious linear single
stranded RNA of approximately 2.5 X 106 daltons, which serves as mRNA for 
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viral protein synthesis and subsequently as template for viral RNA replication. 
The genome codes for about 10-12 structural and nonstructural proteins, 
which derive from the cleavage of a single giant polypeptide. Replication oc
curs exclusively in the cytoplasm in association with intracellular membranes.<l) 
Animal picornaviruses are divided into four genera, sharing the basic proper
ties described above, i.e., Enterovirus, Cardiovirus, Rhinovirus, and Aphthovirus. 
These genera are distinguished on the basis of sensitivity to acid, buoyant 
density of the viral particle in CsCI, and clinical manifestation of infected host. 
The distinguishing features and the representative members of picornaviruses 
genera are shown in Table I. 

In general, picornavirus infection rapidly inhibits host-specific mac
romolecular synthesis and redirects the ribosomal system for the production of 
viral proteins; the infectious cycle is usually short and the viral progeny is 
released by cell lysis. These agents are therefore highly cytopathic, although 
several examples of productive infection without lysis of host cells have been 
reported; in all these circumstances, picornaviruses seem capable of producing 
persistent infections. 

The persistence of picornaviruses under certain conditions in infected 
hosts has been well documented in various animal species infected with 
FMDV,(2) in the chronic neurologic disease produced in mice by Theiler 
virus,(3) as well as in HA V infection of various celllines.(4) Sporadic reports also 
indicate that FPV can produce chronic inapparent infections in cats,(5) and a 
few cases of polymyositis/dermatomyositis in humans have been -tentatively 
attributed to persistent CA V infections.(6) In addition, it has been shown that 
exposure of lymphoid cell lines to certain enteroviruses often results in chronic 
productive infectionP-9) Although of obvious pathogenetic relevance, the mo
lecular basis of picornavirus persistence and the apparent lack of cytopathology 
in infected cells are, however, unclear. 

Picornaviruses species are defined on the basis of neutralization assays, but 
newer immunologic, biochemical, and genetic techniques show that possibly all 

TABLE I 
Distinguishing Features of Animal Picornavirusesa 

Optimal growth 
temperature Infectivity Density 

Genus Primary members CC) at pH 3 in CsCI 

Enterovirus Poliovirus 36-37 Stable 1.33-1.35 
Coxsackievirus A and B 
Echovirus 
Enterovirus 68-72 

Cardiovirus Encephalomyocarditis virus 36-37 Stable 1.34 
Rhinovirus > 100 Serotypes 33-34 Labile 1.38-1.42 
Aphthovirus FMDV 36-37 Labile 1.43-1.45 

aNew members included III the pIcornavirus family are HA V and Theiler virus. 
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species undergo considerable evolutionary variation. Changes apparently re
sult from mutation or antigenic drift,(lO,II) and variants often differ from 
prototype strains with regard to pathogenicity.<12,13) It is therefore suspected, 
although not proved, that the extraordinarily wide spectrum of clinical man
ifestations caused, for instance, by members of the enterovirus group is due to 
the existence of intratypic variants endowed with different cell tropism. Thus, 
even if the immune system is not commonly regarded as a primary target for 
picornaviruses, it is definitely possible that natural infections with these agents 
produce, at least in some cases, untoward effects on immunocompetent cells. 

1.2. Clinical Manifestations Associated with Picornavirus Infections 

Picornaviruses may cause an extraordinarily wide spectrum of diseases in 
humans and animals (Table II). For instance, enteroviruses are associated with 
poliomyelitis, encephalitis, meningitis, carditis, encephalomyocarditis neo
natorum, pleurodynia, herpangina, various exanthems, acute hemorrhagic 
conjunctivitis, respiratory illness, hepatitis, pancreatitis, and several other 
clinical entities. Rhinoviruses typically infect the upper respiratory tract, caus
ing the common cold. EMC, the representative member of cardioviruses, typ
ically infects the CNS and heart in rodents, while some variants are selectively 
tropic for pancreatic beta cells causing diabetes. Aphthoviruses cause epizootic 
of foot-and-mouth disease in ungulates. 

This is an oversimplified view of the real situation; in the course of each 
particular clinical syndrome, several different cell types apart from those con
stituting the main target organs, can support virus replication and are conse
quently damaged. For example, unidentified cells in tonsils and in gut-associ
ated lymphoid tissues are infected by poliovirus and playa key role in the 
pathogenesis and epidemiology of poliomyelitis. 

It should also be borne in mind that genetic and phenotypic host factors 
control susceptibility to picornavirus infections. Some have been shown to 
favor the development of severe disease in humans: very young or very old 
age, chronic undernutrition, corticosteroid treatment, physical exertion, hy
poxia, cold, irradiation, tonsillectomy, pregnancy, and adrenal-related endo
crine changes.(14) 

2. MODULATION OF IMMUNITY BY PICORNA VIRUSES 

The interactions between picornaviruses and immune system are of great 
interest, since these viruses are important pathogens and it is known that virus
immunocyte interplay greatly influences viral pathogenesis. Unfortunately, in
formation on the immunomodulatory activity of these agents is relatively 
scarce. This is probably because the host range of most of these agents is 
usually fairly restricted and thus it is difficult to set up experimental models to 
study immunologic parameters in infected hosts. The best known model of 
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TABLE II 
Main Clinical Manifestations Associated with Infections by Members 

of Picornaviruses 

Virus 

Enterovirus 
Poliovirus 
Coxsackievirus A 

Coxsackievirus B 

Echovirus 

Hepatitis A virus 

Cardiovirus 
EMC virus 

Rhinovirus 
(> 100 serotypes) 

Aphthovirus 
FMDV (7 types) 

Primary host 

Human 
Human 

Human 

Human 

Human 

Rodents 

Human 

Cloven
footed ani
mals 

CNS 
CNS 

Target 

Respiratory tract 

CNS 

Digestive system 

Heart, muscle 

Respiratory tract 
CNS 

Respiratory tract 
Liver 

CNS 
Heart 

Upper respiratory tract 

Mucosa, skin and inter
nalorgans 

Clinical syndrome 

Paralysis 
Meningitis 
Paralysis 
Encephalitis 
Respiratory illness 
Herpangina 
Meningitis 
Paralysis 
Encephalitis 
Pancreatitis 
Hepatitis 
Myocarditis 
Pericarditis 
Pleurodynia 
Respiratory illness 
Meningitis 
Paralysis 
Encephalitis 
Respiratory illness 
Hepatitis 

Encephalitis 
Myocarditis 

Common cold 

Foot-and-mouth 
disease 

picornavirus-induced immunosuppression is represented by the experimental 
infection of mice with CBV-3 (described in detail in Section 3). Here, we 
summarize published data on the modulation of immune functions by some 
members of the picornavirus group. 

2.1. Antibody Production 

Early observations indicated that patients infected with members of CV A 
or CVB were susceptible to the development of unusually severe paralytic 
poliomyelitis (15.16) or protozoan infections.(17) Experimental studies in adult 
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mice infected with CB V or with selected members of CA V showed that types 
A-IS, B-1, B-3, and B-6 suppressed the antibody response to unrelated anti
gens (e.g., poliovirus-I, SRBC, or both). In addition, CBV-3 suppressed the 
development of cell-mediated contact sensitivity to oxazolone.(18) When the 
CB V -3-induced suppression of antibody response was analyzed in details using 
spleen cell cultures from infected mice, it was found that these agents could 
interfere with the development of the primary antibody response to thymus
dependent antigens, but not with that against thymus-independent anti
gens.(l9) Unfortunately, no studies have dealt so far with the effects of other 
picornaviruses on antibody production. 

2.2. Lymphocytes 

It is known that in humans polioviruses replicate in lymphoid organs, such 
as tonsils and Peyer patches. Early studies on the interactions of polio-l with 
cells of the immune system showed that human leukocyte cultures can support 
replication of this agent.<20) However, freshly isolated lymphocytes or poly
morphonuclear cells appeared to resist infections, and virus was replicated only 
in a small proportion of cells tentatively identified as monocytes.(20) Further 
studies showed that poliovirus replication was enhanced after PHA stimulation 
of cultured leukocytes(21) and that PHA-stimulated lymphocytes became sus
ceptible to infection during blastogenesis.(22) The capability of polioviruses to 
infect lymphocytes productively was later confirmed by the finding that ex
posure of several spontaneously transformed human lymphoid cell lines to 
attenuated or virulent strains of polio-l and -2 led to a sharp increase in virus 
titers followed by the establishment of a persistent infection. (8) More recently, it 
was shown that large amounts of polio-l to -3 could be grown in Epstein-Barr 
virus-transformed human lymphoblastoid B-cell lines isolated from patients 
with infectious mononucleosis.m 

From a functional point of view, polioviruses infections impairs PHA
induced proliferation of human lymphocytes(23,24) but, although viral replica
tion can take place in these cells, no evidence has been produced for a direct 
damage of lymphocytes in these cultures. It is possible that the alteration of 
lymphocyte blastogenesis induced by these agents is indeed mediated by virus 
effects on macrophages. Related viruses that suppress leukocyte mitogenesis 
include HAV in humans and mengovirus in mice.(25,26) The six CBVs are 
easily replicated in human lymphoid cell lines of Band T lineage, although 
unable to replicate in freshly isolated human or mouse lymphocytes and to 
reduce the mitogenic response of mouse spleen cells(27) (unpublished observa
tions). CB V-I through -5, in addition, consistently establish persistent produc
tive infections in these lines, probably replicating in a minority of cells at any 
given time, while CBV-6 usually kills infected cultures.(9) Upon infection in 
vivo, CBVs do not appear to alter lymphocyte functions directly, although 
surface receptors for these and other picornaviruses are present in various 
types of murine lymphoid cells.(28) CB V -3, which is strongly immunosup-
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pressive in experimental animals, does not influence either the relative propor
tion of Ig+ and Thy 1.2+ cells or helper T-cell function in infected mice; it 
fails to alter primary antibody responses when added in vitro to murine spleen 
cells.(19,29) Thus, it is unlikely that picornavirus-induced immunologic defects 
derive from a direct attack of virus on lymphocytes. 

2.3. Phagocytic Cells 

A few experimental data indicate that certain macrophages are permissive 
cells for replication of some picornaviruses: for instance, polioviruses can repli
cate in human monocytes(20,23,24) and in PH A-stimulated murine macrophages 
of genetically susceptible mice'(30) It was also shown that the administration of 
antibody against IFN)IFNJ3 to normal mice renders most peritoneal mac
rophages susceptible to EMC in vitro, while macrophages from untreated mice 
are intrinsically resistant(31); this observation clearly indicates that the produc
tion of trace amounts of endogenous IFN exerts a great influence on the 
susceptibility of lymphoreticular cells to picornaviruses. Poliovirus infection of 
human mononuclear cell cultures can alter some macrophage functions, such 
as the enhancing effect of lymphocyte blastogenesis after stimulation with ei
ther PHA, PWM, tuberculin, or allogeneic cells.(23,24) 

In spite of these findings, no morphologic proof of picornavirus replica
tion within macrophages has been produced so far, nor is it clear whether these 
agents are cytopathic for these cells. Although a functional defect of antigen
presenting cells has been demonstrated in the spleen of adult mice infected 
with CBV-3, electron microscopy and infectious center assay failed to clarify 
whether spleen macrophages are infected by CBV-3 in vivo or whether these 
cells are merely carrying engulfed virus particles as previously suggested.(29) 
Early studies had in fact shown that spleen or peritoneal macrophages may 
carry absorbed CB V -3 for a considerable time after infection and that the fate 
of macrophage-associated virus components was dependent both on the strain 
and the age of infected mice.(32,33) 

Other studies indicate that macrophages often represent early targets in 
experimental picornavirus infections: HA V was detected by immunofluores
cence in hepatic Kupffer cells of marmosets before hepatitis became clinically 
manifested,(34) and an isolate of FPV was seen to replicate in alveolar mac
rophages of kittens before virus spreading to epithelial cells of alveoli and 
bronchioles occurred.(35) Some enteroviruses (echo-9, in particular) have been 
shown to alter surface properties of human polymorphonuclear cells. In partic
ular, it was shown that virus-cell membrane interaction was followed by the 
dissolution of the functional receptor units governing the chemotactic response 
of the cell. In addition, exposure to these viruses in vitro appeared to increase 
the binding of polymorphs to endothelial cells.(36-38) Although the genesis of 
these alterations is obscure, they may contribute to the reduction of natural 
resistance seen in infants with disseminated enteroviral infections. It has also 
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been shown that the incubation of human polymorphs with rhinovirus-16 in 
vitro makes these cells less responsive to the physiologic mediators controlling 
the release of lysosomal components (e.g., catecholamine, histamine, PGE1). 
Viral interference of this normal homeostatic granulocyte response may accen
tuate inflammation and, perhaps, increase virus-induced tissue injury. This 
effect appeared to occur within 1 hr of exposure to both live or inactivated 
virus, and it was shown that virus-induced abnormalities were produced at 
some intracellular step distal to the stimulation of the agonist receptor.(39) It 
might very well be that similar effects are produced in lymphoid tissues by 
other picornaviruses and result in alterations of immunoregulation without 
obvious damage to lymphoid cells. 

2.4. Interferon System 

Although to a variable extent, the replication of all picornaviruses can be 
inhibited by IFN. Their ability to induce IFN in infected cells varies greatly not 
only with the species, but often depending on each particular strain. In fact, 
while many enteroviruses are very good IFN inducers, some highly cytocydal 
variants (e.g., the D variant of EMC, some isolates of poliovirus, mengovirus) 
cause little IFN response, and HAVis noted for its inability to cause any 
detectable IFN response.(40) To our knowledge, no studies have been per
formed to establish whether these agents can impair host defenses by specifical
ly blocking the IFN system. What has been shown, instead, is that the admin
istration of exogenous IFN or IFN inducers may exacerbate tissue injury, 
especially when given a few days after infection.(41.42) In addition, it has been 
shown that when peripheral blood lymphocytes from normal donors are ex
posed to certain HAV-carrier cells, they first produce IFN", and subsequently 
lyse infected targets.(4) Thus, it appears that, at least in certain picorna"irus 
infections, the IFN system can enhance virus-induced damage. 

To check whether the systemic lymphoid atrophy produced in mice by 
CBV-3 infection(29) was partly mediated by the elevated IFN levels seen in both 
spleen and thymus, we treated infected animals with potent antibody to 
IFN",/IFNf3' This treatment not only failed to alleviate lymphoid involution but 
actually increased the mortality rate, showing that this pathologic effect of 
obscure origin is not directly caused by the production of endogenous IFN 
(unpublished observations). 

There are indications that low levels of endogenous IFN help maintain 
some cells such as macro phages in a picornavirus-resistant state.(31) By con
trast, it has been shown that many different cell lines, of both lymphoid and 
nonlymphoid origin, persistently infected with HAV or CBV do not produce 
detectable levels of IFN.c4.9) As a rule, however, all these lines are rapidly cured 
by the administration of exogenous IFN.(9.43) Thus, it appears that small de
fects of the IFN response will increase the host susceptibility to chronic picor
navirus infections. 
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3. EXPERIMENTAL INFECTION OF MICE WITH 
COXSACKIEVIRUS B-3 

Within a few days of CB V -3 infection, adult mice of susceptible strains lose 
much of their immunocompetence against newly presented antigens. In gener
al, secondary responses are unaffected, while primary responses are reduced to 
one half to one fifth of normal levels. CBV-3-induced immunodeficiency is 
accompanied by the development of progressive atrophic changes in all lym
phoid organs, but infected mice become hyporesponsive well before lymphoid 
atrophy is detected hystologically. It appears, therefore, that immunosuppres
sion is a primary consequence of infection. Table III summarizes the effects of 
CBV-3 infection on various immunologic parameters. Several conclusions can 
be drawn from these results: 

1. B lymphocytes are not a major target of immunosuppression, since 
spleen cell cultures from infected mice respond well to T -independent 

TABLE III 
Immunosuppression by CBV-3 Infection in BALB/c Micea,b 

Parameter Response 

Induction of cell-mediated immunity Reduced 
in vivo 

Ab response to T-dependent Ag in Reduced 
VIVO 

Ab response to T-dependent Ag In Reduced 
vitro 

Ab response in vitro of normal Reduced 
spleen cells + infected cells 

Ab response in vitro of normal non- Reduced 
adherent spleen cells + infected 
adherent cells 

Ab response to T-independent Ag in Normal 
vitro 

Ab response in vitro of infected B 
cells + macrophages and T cells 
from normal mice 

Ab response in vitro of nonnal spleen 
cells + infectious virus 

Mitogenic response of infected spleen 
cells to: 

Con A, PWM 
E. coli LPS 

Normal 

Nonnal 

Normal 
Increased 

aFrom Bendinelli et al.(18.19) and Toniolo et al.(2?) 

Restoration 

Unknown 

Unknown 

Addition of normal macro phages 
Substitution of normal T cells for 

infected T cells 
Lysis of infected T cells with Thy 1.2 

Ab + C' 
Unknown 

Unknown 

bAbbrev,atwns: Ab, antibody; Ag, Antigen(s); C, complement; -, not applicable; Con A, concanavalin A; 
PWM, pokeweed mitogen; LPS, lipopolysaccharide. 
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antigens and, if supplemented with non-B cells from normal mice, are 
normally also responsive to T -dependent antigens. 

2. Helper T-cell functions are also probably unaffected, since supplemen
tation with antigen-presenting cells from normal spleen restores the 
response of infected cultures; 

3. Significant numbers of nonspecific suppressor T cells are activated 
during infection, although to a variable extent; 

4. Antigen-presenting cells are certainly involved, since spleen mac
rophages obtained from infected mice cannot restore the response of 
macrophage-depleted uninfected spleen cultures and, conversely, nor
mal spleen macrophages can make infected spleen cells capable of re
sponding. This notion is reinforced by electron microscopy showing 
that spleen macrophages of infected mice are crammed with pha
gosomes and replicating internal membranes (a possible sign of picor
navirus infection); 

5. Immune deficiency does not appear to derive from direct virus damage 
to lymphocytes, since these cells are resistant to infection in vitro, re
main normally viable in vivo, and respond normally to different 
mitogens in cultures. Moreover, the direct addition of virus to cultured 
lymphoid cells does not prevent the development of primary antibody 
responses in vitro. 

These observations suggest that immune deficiency primarily derives from 
damage to antigen-presenting cells and from the simultaneous activation of T
suppressor lymphocytes; loss of viable lymphocytes from lymphoid organs 
certainly contributes to the effects seen in vivo. As shown in Table IV, the loss 
of lymphoid elements occurring early in the course of infection is apparently 
irreversible and can be prevented only by the immediate treatment of mice 
with antiviral antibody. Since CBV-3 infection does not produce either necrotic 
changes in lymphoid organs or selective pathologic effects in T- or B-depen
dent areas, and since lymphocyte viability is preserved during infection, it is 
speculated that the lymphoid atrophy is caused by the selective depletion of 
unidentified trophic cells in target organs, to a diminished production of pre
cursor cells and/or to alterations of lymphocyte trafficking. 

Thus far, we have not had any evidence of direct virus effect on lymphoid 
organs, since both the infectious center assay (done with mechanically pre
pared cell suspensions) and immunofluorescence staining of frozen tissues 
(with polyclonal antibodies) failed to detect significant numbers of CBV-3-
infected cells in lymphoid organs. Recently, however, direct immunofluores
cence with monoclonal antibody to CBV-3 has begun to delineate an entirely 
different picture. In fact, early production of viral components was seen in 
scattered cells of thymus, spleen, and lymph nodes. Figures 1-3 show a ran
dom distribution of infected cells in different lymphoid organs obtained 2 days 
postinfection. Virus-positive cells do not resemble lymphocytes and are usually 
polygonal in shape, and viral antigen distribution is confined to the cytoplasm. 
Although these cells have not been identified, they are morphologically similar 
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TABLE IV 
Characteristics of the Systemic Lymphoid Atrophy Induced by 

CBV -3 Infection in Adult Micea 

Induced by most, but not all, CBV-3 isolates in susceptible mice 
Genetically restricted to certain mouse strains 
Independent of sex 
Characterized by a progressive loss of lymphocytes without noticeable necrosis in all areas of 

thymus and spleen and by the rapid development of fibrosis 
Viability of lymphocytes from thymus, spleen, and lymph nodes unaffected (no evidence for 

m vivo or in vitro replication of virus in lymphocytes) 
Relative proportions of B- and T-spleen lymphocytes unchanged 
Rare unidentified cells distributed at random in all areas of lymphoid organs are virus-positive 

from the very early phase of infection 
Prevented by treatment with antibody to CBV-3 on the day of infection (partial protection 

possible if antibody is given at later time) 
Not prevented by adrenalectomy, transfusion of normal spleen cells during infection, anti

body to IFN"/IFN[3 
Exacerbated by immunopotentiating agents 

a Bendinelli et al., (19) Toniolo et al., (27) and MatteucCI et aU29) 

to certain types of antigen-presenting cells and to the epithelial cells found in 
thymus. It is of interest that these lymphoid elements represent an immediate 
target for CB V -3. In fact, viral antigens can be detected in thymus just 12 hr 
postinfection, and the retraction of cytoplasmic projection of dendritic epi
thelial cells represents one of the earliest consequences of infection in this 
organ. Small numbers of cells (usually less than 1 %) are infected in all lymph
oid organs at any given time from day 1 to day 6 postinfection, but it is not clear 
whether CBV-3 kills infected cells and new targets are continuously available or 
whether persistent infection occurs in the same cells without obvious cytopath
ologic effect. In any case, infection is accompanied by a progressive loss of 
lymphocyte, suggesting that the increased peripheral request caused by infec
tion in different organs is not balanced by sufficient production and/or entry 
of new cells into lymphoid organs. Previous studies showed that significant 
numbers of virus-infected cells are present in the bone marrow of infected 
mice,(29) and it is known that lymphocytes enter lymphoid organs through high 
endothelial venules to which they adhere by means of specific receptors.(44) 
Therefore, one might speculate that systemic infection directly or indirectly 
(e.g., release of IFN, proteolytic enzymes), can alter the expression of these 
interactive molecules, subverting the structural organization of lymphoid 
organs. Provocative data in this direction have been already presented with 
regard to echo-9 infection of human endothelial cells.(38) Finally, since immu
nopotentiating agents exacerbate CBV-3-induced lymphoid atrophy, it has 
been proposed that autoreactivity may play some pathogenetic role in picor
navirus-induced immunodeficiency,(29) as in the case of other pathologic ef
fects attributable to these agents.<3,45) 
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FIGURE 1. Frozen sections of thymus of an adult BALB /c mouse 2 days after intraperitoneal 
infection with CB V -3, as detected by direct immunofluorescence with anti-CBV -3 monoclonal 
antibody. (A) Small clusters of infected cells are occasionally evident. (X 160) (B) Cytoplasmic 
fluorescence in a small cluster of infected cells; large numbers of thymocytes are clearly virus 
negative. Note the random distribution of infected cells in both the cortical and medullary 
areas. (X 500) 
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FIGURE 2. Frozen sections of spleen of an infected mouse stained by direct immunofluores
cence (see legend to Fig. 1). (A) (X 160); (B) (x500) . Infected cells are more frequently 
distributed along connective vascular structures and , as in the thymus, lymphocytes are largely 
negative. 

4. MECHANISMS OF IMMUNOSUPPRESSION 

It is premature to attempt to delineate a coherent picture of the events lead
ing from picornavirus infection to immunologic defects on the basis of the many 
disparate observations reported. A few conclusions, however, seem possible: 

1. Picornaviruses as a group do not seem particularly trophic for lympho
cytes, although the possibility that these agents cause productive and 
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FIGURE 3. Frozen sections of inguinal lymph node of an inlected mouse stained by direct 
immunofluorescence (see legend to Fig. I). (A) (X 160); (B) (x 500). Lower numbers of virus
positive cells are present in lymph nodes as compared with thymus and spleen; the strong 
cytoplasmic granular fluorescence shown in (B) suggests ongoing viral replication rather than 
the mere presence of engulfed viral components. 

persistent infections of these cells has been demonstrated both in vivo 
and in vitro. 

2. Phagocytic cells, and perhaps other types of antigen-presenting cells, 
are frequently targets for these viruses. 

3. At least in some cases, infection of trophic cells and of vascular endo
thelial cells(46) probably contributes in altering the natural microen
vironment of lymphoid organs. 
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4. The variable and ill-defined metabolic and hormonal changes occur
ring during systemic picornavirus infections undoubtedly contribute to 
immunosuppression. 

Our present knowledge is therefore insufficient for devising specific treat
ments to counteract the immunodepressive effects of these viruses, with the 
exception of the early therapeutic use of antiviral antibody. It should be re
called here that the administration of non-specific immunostimulating drugs, 
IFN or IFN-inducers, can actually exacerbate virus-induced pathologic 
changes and immunodeficiency in experimental animals.(29.11,12,45) 

5. SIGNIFICANCE OF VIRUS-INDUCED IMMUNOMODULATION 
IN VIRAL PATHOGENESIS 

Clinical observations indicate that serious enterovirus infections are not 
particularly common among children with T-cell immune-deficiency syn
drome, while children with Bruton X-linked agammaglobulinemia or severe 
combined immune deficiency frequently develop severe disease, The occur
rence of persistent picornavirus infections has been reported in these pa
tients,(46-5l) as well as in mice given treatments suppressing antibody produc
tion. The conclusion that humoral defenses playa key protective role against 
picornaviruses has also been reached in mice infected with various entero
viruses, FMDV, or EMC.(33,52.53) It has also been shown that the availability of 
endogenous or exogenous IFN during the initial phase of infection clearly 
reduces clinical manifestations and virus titers in target organs. (13.42,54) In 
addition, the protective effect of macrophages and NK cells has been suggested 
in some models, although not clearly definedJ55,56) Theoretically, these cells 
should destroy virus-producing cells if enough viral antigen is expressed on the 
cell surface, but usually this is not the case of picornaviruses. The study of 
different models of chronic picornaviral infection has actually disclosed that 
cytotoxic T-lymphocytes can frequently become autoreactive and destroy nor
mal uninfected cells.(3,59-61) 

Thus, it appears that in order to invade the host, picornaviruses would 
need means to avoid the activation of the IFN system and to inhibit or delay the 
induction of specific antibody response. As a rule, aggressive strains are poor 
IFN inducers,(l3) and several picornaviruses have been shown to interfere with 
the physiology of antigen-presenting cells, depressing and delaying the devel
opment of primary responses. (I 9,23,21) These properties may well have evolved 
in order to favor extensive virus synthesis in the early phase of infection. As a 
consequence, because of their rapid replication rate, these agents might spread 
into the host to a significant degree in the absence of first line defenses, such as 
natural cytotoxicity and IgM antibody. However, the capability of inducing 
these defects may also be beneficial: damage to antigen-presenting cells to
gether with lowered IFN responses can probably inhibit the activation of 
cytotoxic T cells, preventing the development of detrimental autoreactivity. 
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Arenaviruses 
KATHRYN E. WRIGHT and WILLIAM E. RAWLS 

1. INTRODUCTION 

Over the years, three phenomena have focused attention on members of the 
arenaviruses family. Soon after the discovery of lymphocytic choriomeningitis 
virus (LCMV), it became apparent that the virus was capable of establishing a 
persistent infection in its natural host, Mus musculus. (1) Persistence of virus in ani
mals infected in utero or in the newborn period is a feature shared by all 
Arenavindae and probably represents a mechanism for virus survival in nature.(2) 
The mechanisms responsible for this viral persistence have been extensively in
vestigated. Second, acute disease due to LCMV in adult mice can be abrogated by 
treatments that immunosuppressed the host. Subsequent studies have demon
strated that much of the pathology associated with Arenaviridae-induced dis
eases has an immune basis. These include the acute central nervous system 
(CNS) disease attributed to T lymphocytes as well as renal disease in chronically 
infected animals attributable to immune complex formation.(3,4) Finally, 
arenaviruses produce severe hemorrhagic diseases in humans, an incidental 
host. These include Argentine hemorrhagic fever caused by J unin virus, Boli
vian hemorrhagic fever caused by Machupo virus, and Lassa fever caused by 
Lassa virus. The virulence of these viruses in humans has hampered investiga
tion of the pathophysiology of the diseases they produce, although considerable 
information is available from clinical studies and from experimental infections 
using avirulent mutants in susceptible laboratory animals. Despite the fact that 
virus modulation of host immunity could contribute to all three phenomena, 
there is only limited evidence that this is the case. 
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92037. WILLIAM E. RAWLS· Department of Pathology, McMaster University, Hamil
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2. BASIC PROPERTIES OF THE VIRUSES 

2.1. Morphology 

Arenaviridae are characterized by a segmented single-stranded RNA ge
nome, pleomorphic virions containing electron-dense granules, and an enve
lope with regular club-shaped peplomers.(5) Thirteen species have been 
identified on the basis of the natural host and serology.(6) These are listed in 
Table I. Viruses from the Americas form one group (the Tacaribe complex), 
while those from African rodents and LCMV comprise a second group (the 
LCMV-Lassa complex) on the basis of serologic relatedness. All arenaviruses 
are indistinguishable by electron microscopic examination.(7) On thin sections, 
the virus particles are usually 110-130 nm in diameter and contain electron
dense granules that resemble cellular ribosomes.(8) The nucleoprotein-RNA 
complex is not regularly ordered within the virion, and the envelope is ac
quired by budding through the plasma membrane. 

2.2. Biochemical Properties 

The genetic information coding for the proteins of the Arenaviridae is 
contained in two single-stranded RNA molecules. These have been designated 
Land S for the large and small segments, which have sedimentation values of 
31S and 23S, respectively.(9) In addition, 28S, 18S, and 4-6S RNA can be read-

Virus 

LCMV-Lassa complex 
LCMV 
Lassaa 

Mopeia 
Mobala 
Tacaribe complex 

Tacaribe 

Junina 
Machupoa 
Amapari 

Parana 
Tamiami 
Pichinde 
Latino 
Flexal 

TABLE I 
Arenavirus Species 

Natural host 

Mus musculus 
Mastomys sp. 
Mastomys natalensis 
Praomys jacksoni 

Artibeus jamaicensts 
A rtibeus literatus 
Calomys musculinus 
Calomys calosus 
Oryzemys gaeldi 
Neacomys quianae 
Oryzomys buccinatus 
Sigmodon hispidus 
Oryzomys albiqularis 
Calomys calosus 
Oryzomys sp. 

"Viruses for which humans may be an incidental host. 

Geographic distribution 

Europe and Americas 
West Africa 
Mozambique 
Central African Republic 

Trinidad 

Argentina 
Bolivia 
Brazil 

Paraguay 
Florida (United States) 
Colombia 
Bolivia 
Brazil 
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ily isolated from purified virions; these molecules appear to arise from host cell 
ribosomes packaged within the virion during the budding process. No function 
has been assigned to these entrapped ribosomes, since studies using cells with a 
temperature-sensitive ribosomal subunit protein indicate that the functional 
integrity of the ribosome is not needed for viral replicationJIO) 

The genome of an arenavirus has been shown to code for three primary 
gene products. The nucleoprotein, with a molecular weight of 61-72 kDa, is 
encoded in a negative sense on the 3' end of the S RNA segment. The 5' end of 
the S RNA segment encodes a molecule that is the precursor for glycoproteins 
inserted in the virion envelope. Interestingly, the glycoprotein gene appears to 
be encoded in a positive sense; the fact that two genes are encoded in the same 
segment with different polarity has been termed ambisense.(ll) The precursor 
glycoprotein of 72-79 kDa gives rise to two virion glycoproteins in most,(12.13) 
but not all, arenavirusesJl4) The L RNA segment is thought to code for a large 
protein of ~200 kDa, which may be the RNA polymerase reported in virions of 
two members of the familyJl3) Thus, although additional minor polypeptides 
have been found associated with purified virions, the basic structure of the 
Arenaviridae appears to be an RNA-nucleoprotein-polymerase core sur
rounded by an envelope containing two virus-specified glycoproteins. 

2.3. Pathogenesis 

2.3 .1. Human Diseases 

Human diseases from the arenaviruses are thought to be acquired through 
the respiratory or gastrointestinal (GI) tract or through abrasions in the skin 
from contaminated soil, water, or food.(15) In the case of LCMV, the con
tamination of the environment can usually be traced to persistently infected 
house mice, pet mice or hamsters, or laboratory animals. LCMV disease in 
humans is usually mild, and so few fatalities have been recorded that little 
information is available on the nature of the pathology produced by the virus 
in humans. 

Argentine hemorrhagic fever and Bolivian hemorrhagic fever are diseases 
with similar features. These diseases are characterized by symptoms of a high 
unremitting fever, malaise, headache, muscular pains, nausea, and leukopenia 
appearing 7-14 days after exposure. In severe cases, the symptoms become 
more pronounced with hemorrhagic manifestations: petechiae and bleeding 
from the gums, nose, stomach, intestine, and uterus. There may also be signs of 
CNS involvement. Acute disease can last for up to 3 weeks. Death is usually 
attributable to uremic coma, hypotension, and shock secondary to plasma loss. 
Lassa fever is encountered in Western Africa. Early symptoms are similar to 
those for the South American hemorrhagic fevers, but with marked phar
yngitis. Petechiae and subcutaneous hemorrhages may occur later; death, oc
curring in a high percentage of hospitalized cases during the second week, is 
associated with cardiovascular collapse. 

The mechanisms whereby these viruses cause disease in humans are not 
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well understood. Virus can be recovered from the blood, throat, and some
times urine during the acute illness. In hemorrhagic fever victims, the spleen 
and lymph nodes are most often positive for virus. A consistent finding is swell
ing of the endothelium of capillaries and arterioles in all organs, in the absence 
of inflammatory reactions.(15) A role for complement has been hypothesized 
early in infection,(16) and it has been suggested that high levels of interferons 
(IFN) produced as a result of lymphocyte destruction may damage phagocytic 
cells and activate complement, leading to the observed damage. In Lassa fever, 
a direct cytopathic effect may be responsible for major lesions in the liver, 
lungs, spleen, lymph nodes, and intestinal mucosa. Antibodies detectable by 
complement fixation, immunofluorescence, or virus neutralization develop in 
infected humans. In patients infected with Lassa virus, antibodies detectable by 
immunofluorescence usually appear about 10 days after the onset of symp
toms, while antibodies detected by the other two assays do not usually appear 
until about 18 days. Antibodies also appear late in the South American hemor
rhagic fevers, and peak titers are not observed until 30-60 days postinfection. 
Since antibodies arise so late after infection, it has been postulated that they are 
unlikely to playa role in eliminating the primary infection; favorable results 
after transfer of immune sera have been reported only for Argentine hemor
rhagic fever.(15) 

2.3.2. Animal Diseases 

Lymphocytic choriomeningitis virus is the best studied of the arenaviruses. 
LMCV produces a wide spectrum of disease in mice, depending on the strain 
of virus, dose and route of inoculation, as well as the strain and the age of the 
host. When virus is given by any route to neonatal mice, all organs become 
infected, although the primary targets are cells of the lymphoreticular system. 
These animals survive and remain persistently infected. 

Intracranial inoculation of LCMV into adult mice results in a disease that 
kills virtually 100% of the animals in 8-10 days. Widespread infiltration of 
lymphocytes into most organs, including the CNS, is the major pathologic find
ing. The absence of similar infiltrates in immunologically immature mice that 
survived infections indicates that this pathology is not a direct effect of the 
virus. It has been demonstrated that immunosuppression prevents death and 
lymphocyte infiltration in the CNS of LCMV -infected adult mice without alter
ing viral replication.(17) Furthermore, adoptive transfer of LCMV immune T 
lymphocytes, but not immune serum, into infected immunosuppressed mice 
has been shown to induce the disease.(l8-20) Thus, this form of arenavirus 
pathology is immunologically mediated. 

The outcome of LCMV infection when the virus is administered extra
neurally varies with the strain of mouse and the virus used. Generally, intra
peritoneal or intravenous inoculation of LCMV does not produce disease.(3) 
The virus replicates in many organs, including spleen, thymus and lymph 
nodes, liver, kidney, and brain, and can be demonstrated in macrophages, B 
cells, and T cells.(21-23) Titers in the spleen and blood peak at day 5 after 



ARENA VIRUSES 239 

infection and decline rapidly thereafter. These mice are protected from intra
cranial challenge with LCMV, and the protective immunity that develops by 
day 4 is mediated by T lymphocytes that are also involved in viral clear
anceJ24.25) 

Members of the Tacaribe complex of arenaviruses have been studied less 
extensively than LCMV, but the few studies that have been carried out reveal 
similarities to the pathogenesis of LCMV. In their natural hosts, these viruses 
clear slowly or establish persistence after neonatal exposure, whereas older ani
mals tend only to undergo transient infection.<2.26) This pattern may be differ
ent in rodents other than natural hosts.(27) For example, Pichinde virus, which 
was originally isolated from a South American rodem, is fatal for neonatal mice 
and hamsters but causes inapparent infection in adult mice and most strains of 
hamster.(28.29) The virus is fatal for adults of one inbred strain of Syrian ham
ster,(29.30) and an adapted strain of Pichinde virus has been developed that is 
fatal for guinea pigS.(31) There is no evidence that disease is immunologically 
mediated in these instances, and the major pathologic findings are extensive 
lesions in the kidneys and liver.(31.32) Wild-type Junin virus causes a fatal dis
ease in guinea pigs similar to human hemorrhagic fever, and this disease does 
not appear to be immunologically mediated.(33) However, Tamiami, Tacaribe, 
and J unin viruses cause a fatal neurologic disease in neonatal or suckling mice 
that resembles the CNS disease of LCMV.(27.33-36) Nude mice were found to 
be resistant to lethal infection with Junin virus, whereas immunocompetent 
controls were not,(37) and thymectomized mice resisted infection with Ma
chupo, Tacaribe, andJunin viruses.(38) An attenuated strain ofJunin virus, but 
not wild-type virus, causes a disease in guinea pigs that appears to be immuno
logically induced.(39) The arenaviruses appear to replicate preferentially in 
cells of the reticuloendothelial system and lymphoid tissues,(2.40.4 1) with the 
exception of Tacaribe virus.(35) Both Tamiami and Junin viruses have been 
found in megakaryocytes in the bone marrow,(40.41) while Junin virus has been 
demonstrated in macrophages in the peritoneal cavity,(42) and an attenuated 
strain of Junin virus has been found chiefly in plastic adherent cells identified 
as dendritic cells.(39) 

3. MODULATION OF IMMUNITY 

3.1. Antibody Production 

3.1.1. Responses to Unrelated Antigens 

Relatively few studies of the effect of arenavirus infections in antibody 
responses to unrelated antigens have been reported, and most of these deal 
with LCMV infection in mice. In adult mice, acute infection by footpad inocu
lation was found to suppress the humoral responses to sheep red blood cells 
(SRBC) and human serum albumin.(43) The suppressed response lasted for up 
to 2 months postinfection. A suppressed response to SRBC was also observed 
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in neonatal mice acutely infected with LCMV, but the suppression lasted for a 
shorter period than was observed in adult mice. In another study of adult mice 
infected intraperitoneally with LCMV, antibody responses to thymus (T)-de
pendent antigens were found to be suppressed; this suppression lasted more 
than 2 months postinfection.(44) By contrast, adult mice persistently infected 
with LCMV were found to have normal humoral responses to SRBC and key
hole limpet hemocyanin(43.45.46) and to other viruses.(47.48) 

We were able to locate only one other report of immunosuppression by an 
arenavirus in the literature. Guinea pigs infected with Junin virus were tested 
for humoral responses to SRBC and were found to be suppressed.(49) Reduced 
antibody production appeared to be due to reduced numbers of antibody-pro
ducing B cells. 

3.1.2. Responses to Viral Antigens 

Antibody responses to the proteins of the arena viruses vary according to 
virus strains, host, and age at infection. The role of modulation by the infecting 
virus in the different patterns of responsiveness is unclear. Most experimental 
studies have dealt with LCMV in mice, since the virus produces persistence 
following neonatal infection, and this is a convenient model with which to ex
plore the role of immunity in persistence. Adult mice inoculated with virus 
develop antibodies detectable by neutralization of virus or by complement fixa
tion; these antibodies appear 2-3 weeks postinfection. Interestingly, neutraliz
ing antibodies are readily detected postinfection with a viscerotropic strain (WE 
strain) of virus but not after infection with a neurotropic strain (Armstrong 
strain) of virus.(50) Whether these phenomena represent a possible modulation 
of the antibody response to certain epitopes on the glycoproteins of virus by 
neurotropic variants is unknown. 

Early investigations failed to demonstrate antibodies to LCMV in sera of 
persistently infected animals.(17) Antibodies in these studies were sought using 
neutralization assays. On the basis of these observations, it was postulated that 
the mice were tolerant to viral antigens, possibly by deletion of B-cell clones 
capable of recognizing viral epitopes. Subsequently, it was demonstrated that 
persistently infected mice synthesize antiviral antibodies that participate in im
mune-complex formation.(51) In addition, low levels of neutralizing antibodies 
have been reported,(52) providing evidence that humoral tolerance to LCMV 
antigens does not exist in these mice. The virus-specific antibodies to LCMV 
appear to differ with respect to isotype between acutely and persistently in
fected mice.(53) More recent studies showed relatively few cells making anti
bodies to LCMV in the spleens of persistently infected mice as compared with 
acutely infected mice. In addition, the number of antibody-producing cells ob
served was dependent on the age and strain of the mice.(54) The spleens of a 
mouse strain that developed immune-complex disease contained appreciable 
numbers of antibody-producing cells, while the spleens of persistently infected 
house mice did not contain detectable antibody-producing cells. Thus, there 
appears to be humoral hyporesponsiveness to viral antigens in the persistently 
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infected mice, and the degree of hypo responsiveness may depend on the ge
netic background of the animal. 

3.2. T Lymphocytes 

3.2.1. Responses to Unrelated Antigens 

Reports of suppressed T-cell responses following arenavirus infections 
again are restricted primarily to studies with LCMV. Adult mice infected in the 
footpad with LCMV were found to be more susceptible to ectromelia virus than 
were control mice, and increased susceptibility correlated with a reduced foot
pad response to ectromelia.(43) Lehmann-Grube and colleagues(55) showed a 
slight inhibition of skin graft rejection in LCMV -infected adult mice, and lym
phocytes from adult mice infected intravenously displayed less cytotoxic ac
tivity against allogeneic targets in vitro than did lymphocytes from uninfected 
mice.<44,56) In addition, reduced mitogenic responses of T cells obtained from 
acutely infected adult mice(57) and from humans infected with the M-P variant 
of LCMV have been observed.(58) As with humoral responses, cellular re
sponses to nonviral antigens appear to be normal in persistently infected mice. 
Such mice showed no differences in their ability to reject skin grafts over nor
mal mice.(59) Of the Tacaribe complex, Junin virus has been found to depress 
the delayed hypersensitivity skin reaction to purified protein derivative (PPD) 
markedly in acutely infected guinea pigs.(60) 

3.2.2. Responses to Viral Antigens 

T-lymphocyte responses to viral antigens have been readily demonstrated 
in adult laboratory animals infected with arenaviruses. Adult mice acutely in
fected with LCMV develop delayed-type hypersensitivity (DTH), which has 
been demonstrated by the footpad swelling response as well as cytotoxic T 
lymphocytes (CTL) capable of lysing virus-infected target cells in vitro.(61,62) 

The same has been found for mice infected with Pichinde virus, and a second
ary CTL response can be demonstrated using this virus-host combination.(63) 
Exceptions have been recorded, as exemplified by the development of a CTL 
response in the absence of a DTH response in adult mice infected with J unin 
virus.(36,64) The basis of the lack of a DTH response to Junin virus in mice is 
unknown. A lack of footpad swelling following footpad inoculation of Pichinde 
virus in the inbred MHA strain of hamsters, but not other hamster strains, was 
noted. This lack of responsiveness was inherited as a recessive trait and could 
be attributed to the induction of splenic suppressor cells that inhibited the 
DTH response.(65) However, T-cell responses to arenaviruses in adult rodents 
are usually vigorous and often contribute to the immunopathology of the dis
eases produced by these viruses. 

Substantial data exist suggesting that viral persistence associated with neo
natal infection is attributable to the absence of effector T cells to viral antigens. 
Virus-specific T-cell responses have been difficult to demonstrate in mice per-
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sistently infected with LCMV(66,67); however, the transfer of immune T cells to 
persistently infected mice results in a rapid clearance of virus.(68) It has been 
postulated that the lack of T-cell responses associated with neonatal LCMV 
infection is due to tolerance resulting from selective inactivation of virus-specif
ic T-cell precursors by LCMV.(69,70) Alternate possibilities include inhibition of 
effector T-cell responses by suppressor cells in persistently infected mice(71) or 
suppression by· large amounts of virusP2) This latter observation is supported 
by recent findings that the suppressive action of spleen cells from persistently 
infected mice on virus-specific CTL responses is due to the presence of variant 
LCMV that evolved during the course of infection.(73) The common theme of 
all these hypotheses is that the virus in the newborn mouse selectively modu
lates the T-cell responses to prevent the development of effector T cells that 
normally clear virus in acutely infected adult mice. 

3.2.3. T-Cell Numbers 

Arenavirus infections are generally associated with reduced numbers of 
lymphocytes in various organs during the acute phase of the infection.(60) 
Again, the effects of LCMV in mice have been most carefully studied. In adult 
mice infected with LCMV, a leukopenia with marked reduction in lymphocytes 
has been observed.(74) A reduction in bone marrow lymphocytes was also noted 
in this study, and lymphocytes in both compartments return to normal num
bers by 30 days postinfection. Other studies have shown preferential loss of 
lymphocytes in T -dependent areas of lymphoid organs and the thymus within 
1 week of infection.(23.75.76) Cortical thymocytes appeared particularly suscep
tible, and the bone marrow of infected mice showed a reduced ability to re
populate the thymi of irradiated recipients, suggesting that T-cell progenitors 
rather than mature T cells were lacking.(76) Acutely infected mice were found 
to be less able to recover from irradiation, and this was attributed to reduced 
numbers of hematopoietic stem cells, as assessed in vivo (CFU-S) or in vitro 
(CFC).(77.78) Similar changes could be observed in the absence of irradiation in 
acutely infected but not persistently infected mice.(74) It is not clear whether 
stem cells detected in these assays served as lymphoid precursors, but appar
ently some T lymphocyte precursors were diminished by infection. 

3.3. Macrophages 

Macrophages serve as one of the major targets for arenaviruses,(21.22.32.39. 
40,42) but there are only scattered data on alterations in macrophage function 
postinfection. Macrophages infected in vitro with LCMV showed no defect in ei
ther phagocytic function(43.46.47) or in hydrolytic enzymes.(79) However, altera
tions in [3-galactosidase activity(80) and the uptake of neutral red(81) by mac
rophages of LCMV -infected mice have been noted, suggesting that the virus 
may alter lysosomal functions. In addition, it has been observed that mice in
fected with LCMV clear colloidal carbon more slowly at 6 days postinfection than 
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do control mice.(82) The reduced mitogenic response of T and B lymphocytes 
from acutely infected mice can be reversed by the addition of normal mac
rophages to the cultures.(57) However, this may not be indicative of specific mac
rophage defects in infected mice, since the macrophages could serve to improve 
the viability of the lymphocytes in culture.<83) 

Infection of murine macrophages with Pichinde virus interfered with the 
responsiveness of cells to macrophage growth factor (MGF) such that infected 
macro phages failed to proliferate when cultured with MGF.(84) Whether this 
defect interferes with immune responses to viral infection was not established, 
although activated macrophages did not appear to have direct antiviral effects. 
However, activated macro phages might contribute to resistance through other 
mechanisms, such as antigen presentation, or by the release of monokines nec
essary for the generation of virus-specific responses. 

An attenuated strain of J unin virus was found to differ from a virulent 
strain in its failure to infect macrophages in vitro, suggesting that virulence may 
be due, at least in part, to interference by virus with macrophage functions.<42) 
The only function examined in this system, however, has been the phagocytic 
ability of macrophages infected with the virus in vitro, which was normaJ.(85) 

3.4. Natural Killer Cells and Soluble Factors 

Infection of mice with LCMV and Pichinde virus and hamsters with the 
latter virus resulted in increased nonspecific cytotoxic (NK) activity in the 
spleen.(3o.63.86.87) After LCMV infection, enhanced NK activity is thought to 
result from IFN elicited by the infection.<86) NK cells do not appear to playa 
significant role in resistance to the arenaviruses,(87,89) although susceptibility to 
fatal Pichinde virus in an inbred strain of hamsters correlated with increased 
NK activity.(30) Nor are IFN production or NK activity negatively affected by 
infection with these viruses. Examination of interleukins after infection with 
arenaviruses has not been carried out, but two groups have examined produc
tion of colony-stimulating factor (CSF) in mice acutely infected with LCMV. 
One group found increased CSF activity during the time of suppressed CFU 
and CFC(74); the other found reduced amounts of CSF.(90) 

4. MECHANISMS OF VIRAL SUPPRESSION 

Two quite different types of reduced immune responsiveness are associ
ated with arenavirus infections. The immunosuppression observed in adult an
imals acutely infected with virus appears to affect responses to antigens 
unrelated to the virus but generally not to virus-specific antigens. However, in 
persistently infected animals, there appears to be reduced immune respon
siveness only to viral antigens, Different mechanisms have been postulated for 
these two phenomena. 

It has been postulated that the suppressed responses of both T and B 
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lymphocytes in acutely infected animals is due to a defect in macrophage func
tion brought about by infection of such cells with virus.(57) However, functions 
of macrophages thought to be important in the reduction of specific immune 
responses, such as monokine production and antigen presentation, have not 
been examined in infected mice. Infection of macrophages with Pichinde virus 
does alter DNA replication, but again it is not clear that this alters macrophage 
functions important in the generation of immune responses.(84) 

Another defect proposed to account for suppressed humoral and cell-medi
ated responses to unrelated antigens is reduced numbers of T cells.(60,75,76,90) 
Thomsen and co-workers(76) established that only antibody responses to T-de
pendent antigens were reduced in infected mice. They hold that the reduced 
numbers of functional T cells is the result of viral interference with the differ
entiation of stem cells of the T lineage. While this might be the case, evidence that 
arena viruses are directly cytolytic to lymphocytes at different maturational 
stages is lacking, and in adult mice there is no evidence that LCMV infects signifi
cant numbers of bone marrow cells or T lymphocytes.(22,23,91) 

LCMV induces IFN which peaks at days 2-4 postinfection,(74,92) a period 
during which hematopoiesis is first suppressed. This correlation has led to the 
suggestion that IFN may have a suppressive effect on stem cells in the marrow 
and spleen,(74) since injection of mice with IFN or IFN inducers results in 
similar changes. Others have speculated that NK cells activated by IFN induced 
by infection mediate lysis of bone marrow cells.(86) NK cells are able to lyse 
bone marrow cells and are thought to have a regulatory role in normal hema
topoiesis.(93,94) IFN may also have a direct effect on immunocompetent cells. 
When present before immunization, it has been shown to suppress humoral 
and cell-mediated responses to antigens and proliferative responses oflympho
cytes to mitogens.(95) IFN could act directly on macrophages or B or T lympho
cytes to prevent the proliferation necessary for the generation of a specific 
response. Arguing against virus-induced IFN as the sole mechanism of immu
nosuppression is the temporal pattern of the IFN response, which is transient 
as compared with the suppressed hematopoiesis of bone marrow cells and 
reduced humoral responses, which last for some time after infection.(42,72) 
Thus, the precise mechanisms responsible for immunosuppression following 
acute infection of adult animals by arenaviruses remain to be elucidated. 

The mechanisms by which arena viruses persist following neonatal infec
tion are also not yet understood. It is clear that persistently infected animals 
need not be completely tolerant to viral antigens, since some of the viremic 
animals make antibodies to viral antigens.(3) However, a number of investiga
tors have failed to demonstrate cell-mediated responses to viral antigens. 
Three mechanisms have been postulated to explain this lack of response to 
viral antigens by the effector T-cell compartment. These include the induction 
of virus-specific suppressor cells, a direct immunosuppressive effect of the 
virus or inactivation of precursor CTL capable of recognizing viral antigens 
during neonatal infection. Evidence from cell-transfer experiments suggesting 
the existence of suppressor cells for cell-mediated responses to LCMV in per
sistently infected mice has been reported(71); however, the experimental design 
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was such that this suppression may have been due to the presence of virus in 
the transferred cells.(72) This possibility has been further supported by the 
recent demonstration of variant viruses arising in persistently infected mice; 
the variant virus was capable of suppressing the generation of CTL responses 
to LCMV upon transfer to uninfected adult mice.(73) Thus, infection in the 
neonatal period may give rise to virus variants capable of specifically suppress
ing CTL responses to viral antigens. Why the variant virus itself does not 
induce a CTL response is unknown. The virus may not express epitopes recog
nized by CTL precursors, or the virus may interfere with appropriate antigen 
presentation on T cells, as has been demonstrated for other antigens.(96) Alter
natively, the virus may replicate to high levels in organs of the immune system, 
so that local high concentrations of virus or antigens alone may inhibit re
sponses.<72.73) 

Both Band T lymphocytes from mice persistently infected with LCMV 
have been shown to contain infectious virus,(22.69.70) and further studies dem
onstrated that immature but not mature T cells could be infected with the virus 
both in vivo and in vitro.(70.91) It was suggested that T cells are permissive for 
infection by LCMV only at a particular stage during differentiation and that 
they become infected via their antigen-specific receptors. Once infected, they 
would lose their functional capacity, explaining the apparent tolerance.(91) 
Ahmed and colleagues(73) postulated that the variant virus isolated from per
sistently infected mice might prevent CTL induction by infecting these cells 
and again interfering with their differentiation into effector cells. Other factors 
have been noted that might account for the absence of virus-specific responses 
in persistently infected animals, but none has been examined in detail. The 
defects in both cellular and humoral responses may reside in the macrophage, 
so that viral antigens are not appropriately displayed for immune recognition, 
or there may be a selective failure of macrophages or T-helper cells to synthe
size growth factors after stimulation with LCMV antigens, as has been docu
mented for Mycobacterium. (97) A last suggestion is that CTL effectors are them
selves lysed after infection, so that they are deleted before they carry out their 
effector functions.(72) 

5. SIGNIFICANCE OF VIRUS-INDUCED MODULATION IN VIRAL 
PATHOGENESIS 

Immunosuppression to non viral antigens has been repeatedly demon
strated in adult animals acutely infected with arenaviruses; however, evidence 
is lacking that this immunosuppression plays a significant role in the patho
genesis of the virus-induced disease. On the contrary, there is ample evidence 
indicating that the immune responses to viral antigens contribute to the pa
thology of the virus-induced disease, as exemplified by the immunologically 
mediated CNS disease caused by LCMV in mice.(3) Conversely, the failure of 
virus-specific T-cell responses, particularly CTL, to develop in neonatal ani-
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mals infected with arenaviruses appears to be crucial in the establishment of 
viral persistence. This phenomenon appears to represent a highly specific 
suppression of the immune system. There is ample evidence that CTL can 
clear virus when transferred to persistently infected mice.(25,62,98) The variant 
viruses described by Ahmed and co-workers(73) that induce persistent infec
tions in immunocompetent mice induce normal humoral responses but fail to 
induce CTL. These data strengthen the argument that the suppressed or re
duced CTL responses contribute to persistence of the virus. Further investiga
tion of virus-host interactions in this system should provide a greater under
standing of the importance of virus-induced suppression of immune responses 
in the pathogenesis of viruses capable of establishing persistent infections. 
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Togavirus-Induced 
Immunosuppression 
UMESH C. CHATURVEDI 

1. INTRODUCTION 

14 

The viruses included in the Togaviridae family are commonly known as ar
boviruses that replicate in the tissues of arthropods and are transmitted to the 
vertebrate host by the bite of blood-sucking arthropods. The Togaviridae in
clude alpha- and flaviviruses. The flaviviruses were recently separated from 
Togaviridae into a family, the Flaviviridae(l); however, they have been in
cluded for discussion in the present chapter. Arbovirus infections are common 
in the tropical and subtropical areas of the world. They produce febrile illness 
with or without a rash, encephalitis, or hemorrhagic manifestations. Some are 
serious public health problems and have produced extensive epidemics. Eight 
of the 25 known alpha viruses and 26 of 60 flaviviruses can cause human 
disease.(2) 

In the past, few virologists were interested in the study of the immu
no pathogenesis and other aspects of togavirus infection due to the slow pace of 
work, limited appropriate technology, and other inherent problems in their 
study. Thus, in this large group of viruses, immunopathologic studies have 
been concentrated on only a few, including Venezuelan equine encephalitis 
virus (VEEV), Sindbis virus (SV), and Semliki Forest virus (SFV), among the 
alphaviruses, and yellow fever virus (YFV), Japanese encephalitis virus (JEV), 
and dengue virus (DV) in the flavivirus group; other toga viruses include lactate 
dehydrogenase-elevating virus (LDV) and rubella virus (RV). 

Suppression of immune responses during viral infection has been known 
from the time of the observations of von Pirquet in 1908 that tuberculin skin 
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reactivity is lost in children infected with measles. Since then, a number of viral 
infections have been shown to be associated with depressed immune responses, 
and the possible mechanisms have been discussed.(3) An excellent description 
of the effects of togavirus infection on the immunologic parameters of humans 
can be found in a review by Halstead.(4) Animal models of viral infection, 
especially mice, provide the best understood phenomena in virus immunity 
and pathogenesis. This is also true for toga viruses. This chapter summarizes 
the effects of togavirus infection on the immune system, with special reference 
to animal models, followed by a description of the mechanisms of immunosup
pression, using studies on DV infection of mice. 

2. BASIC PROPERTIES OF THE VIRUSES 

Togaviruses are enveloped spherical particles, 40-70 nm in diameter, with 
surface projections protruding from the envelope. The genome is a single 
molecule of positive single-stranded RNA. The capsid consists of 3-4 polypep
tides, of which one or more are glycosylated.(5) 

The genomic RNA of flaviviruses is a polycistronic single-stranded mole
cule having a 5' cap but lacking a poly (A) tail at the 3' end.(6-8) No sub
genomic messenger RNA (mRNA) has been detected in cells infected by any 
flavivirus, and it has been proposed that internal initiation of protein synthesis 
occurs on the genomic mRNA'<9-11) The naked 42S RNA genome of alpha
viruses is infectious and, in certain members the genome, is capped at its 5' end 
and polyadenylated at its 3' end.(5) The complete nucleotide sequence of sever
al flaviviruses was recently elucidated.< 12) 

3. ANTIGENIC RELATIONSHIPS 

Togaviruses have been grouped on the basis of serologic cross-reactivity of 
their antigens by hemagglutination inhibition (HI), complement fixation (CF), 
and neutralization (NT) tests. Alphaviruses share a group-reactive nucleopro
tein antigen that does not react in HI or NT tests. Two other proteins are 
envelope glycoproteins and show type-specific reactivity. The flaviviruses have 
divergent antigenic and biologic characteristics but share the basic property of 
having three virion polypeptides, one of which is a glycoprotein.(13) They have 
genus-specific, species-specific, and subgroup-specific antigens. The major 
antigens are an envelope (E) glycoprotein and the nucleocapsid (C) protein. 
The E glycoprotein reacts in HI, CF, and NT tests.(l4,15) Antigenic cross
reactivity among toga viruses has also been shown in tests for cell-mediated 
immunity (CMI) by cross-protection using adoptively transferred immune 
spleen cells(l6) and by the activity of cytotoxic T lymphocytes (CTL)'<17) Anti
genic cross-reactivity among togaviruses is complex and creates problems in 
clinical diagnosis as well as in seroepidemiology. 
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4. HOST-DEFENSE MECHANISMS 

Host defenses are active against both extracellular and intracellular virus. 
Mechanisms that combat extracellular viruses include antibody and phagocytic 
macro phages that may combine with and inactivate the virus. Mechanisms 
responsible for the elimination of intracellular virus include (1) lysis of virus
infected cells bearing viral antigenic membrane surface antigens by CTL, act
ing directly or through their mediators; antibody plus macrophages; (2) anti
body plus complement; (3) antibody plus T cells; and (4) antibody plus K cells. 
Cytolysis of virus-infected cells can also occur nonspecifically by activated mac
rophages and natural killer (NK) cells. The replication of intracellular virus can 
be inhibited nonspecifically by interferon (IFN). The effect of togaviruses on 
some of these mechanisms is described later. 

4.1. Antibodies 

Antibodies are important in the recovery from most acute viral infections. 
They may terminate the primary infection, limit viremic spread, and prevent dis
ease, reinfection, and mucosal entrance. (I 8-20) The mechanisms by which circulat
ing antibodies contribute to recovery against viral infection may include prevention 
of adsorption to cells, (21) lysis of the virus, (22) altered intracellular handling of 
virus-antibody complexes, (23) and lysis of virus-infected cells. (24,25) In a number of 
togavirus infections, adoptively transferred antibodies provide protection by limit
ing viremia, preventing virus spread to susceptible target organs. (26-38) JEV infec
tion in humans is associated with persistence of virus-specific immunoglobulin M 
(IgM) antibody from 6 months to 2 years.<39-41) Persistence of IgM in such cases 
has been correlated with the increased virulence of the viral infection.(41) By con
trast, Mathur et al. (34) showed that JEV -specific IgM antibodies last for 2 weeks in 
mice and are responsible for protection against the virus. Long-lasting virus-spe
cific IgM and IgG memory is found in mice latently infected withJEV, which fa
cilitates elimination of the reactivated virus. (42) 

Properties of antibodies such as NT or HI have generally been associated 
with protective immunity, but the role of non-neutralizing antibodies is un
clear. With the availability of monoclonal antibodies of known specificity, it has 
become possible to investigate the protective phenomenon more precisely. 
Studies on VEEV, SV, and SFV(32,33,35) have shown that protection was pro
vided both by the neutralizing as well as by some non-neutralizing antibodies, 
while only neutralizing antibodies provided protection against challenge with 
tick-borne encephalitis (TBEV) and St. Louis encephalitis (SLEV) viruses.<43-
45) Recently, Gould et at. reported that monoclonal antibodies against both the 
54-kDa structural envelope protein and 48-kDa non structural protein of yellow 
fever virus can protect mice against infection, but the ability to protect depends 
on the neurovirulence of the virus.(38) There was no correlation between the 
ability of monoclonal antibody to neutralize the virus in vitro and protect mice 
in vivo. Immunization of mice with dengue 2 virus-specified nonstructural 
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protein NSI provides significant protection against intracerebral challenge 
with the homologous virus but not against heterologous dengue 1 virus.(43) It 
may be possible to have a broad-spectrum cross-protection among flaviviruses 
by stimulating an antibody response to appropriate epitopes of the envelope 
protein. (46) 

Enhancing Antibodies 

Antiviral antibodies that increase the infectivity of many togaviruses have 
been termed enhancing antibodies. Halstead(47) presented an extensive review 
on the enhancement of viral infections by such antibodies. This phenomenon 
has been studied mostly using the mouse macrophage-like cell line P388Dl. 
Enhancement by specific non-neutralizing antiviral IgG requires the presence 
of Fc receptors on the cell but not complement.(48) Similar enhancement via 
C3b receptors of macrophages can be produced by virus-specific IgM antibody 
and complement.<49) Although the prototype model is DV, other togaviruses 
that show antibody-dependent enhancement are West Nile virus (WNV), YFV, 
JEV, Murray-Valley encephalitis virus, and KUrUin and Getah viruses.(47) 
Using monoclonal antibodies, it has been shown that most of the antibodies 
that were cross-reactive within the flavivirus group mediate immune enhance
ment, while type-specific antibodies, whether NT or HI, did not.<47,50,51) For 
the first time, in vivo enhancement of virus virulence has been reported using 
monoclonal antibodies against YFV that may provide an opportunity to corre
late this unusual phenomenon in vivo with that in vitro. (52) In DV(53) and 
TBEV(54) infections, the enhancement is epitope-specific, as not all monoclonal 
antibodies that bind to the envelope protein of the virus are able to enhance 
viral replication. Clearly, the production of future vaccines using recombinant 
DNA technology will require the exclusion of epitopes that elicit enhancing 
antibody and those that are not involved in the protective immune response. 

4.2. Cell-Mediated Immune Response 

Cell-mediated immunity promotes recovery from virus infection by elim
inating or restricting virus-infected cells. CMI involves different subpopula
tions of sensitized T cells and macrophages. Virus-induced inflammatory 
process and virus clearance are functions of class I-MHC-restricted T-cell pop
ulations.(55) It has been difficult to demonstrate sensitization of T lymphocytes 
in togavirus infection, especially CTL activity. However, there are reports of 
sensitization of different subpopulations of T cells by various togaviruses 
(Table I). The role of CTL in alphavirus infections is questionable, although 
these viruses bud from the cell plasma membrane, and their antigens would be 
available to sensitize T cells. The flaviviruses are assembled in intracytoplasmic 
cisternae of the cell; thus, antigens are not present on the cell surface. The 
major contribution of T cells to flavivirus clearance is via T-helper-B-cell 
interactions, leading to antibody production.(55) 
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TABLE I 
Examples of Sensitization of T Lymphocytes in Mice by 

Togaviruses, as Detected in Different Assays 

Functions/virus 

Delayed-type hypersensitivity 
St. Louis encephalitis 
Semliki Forest 
Japanese encephalitis 
Dengue 

Lymphocyte activation 
Venezuelan equine encephalitis 
Japanese encephalitis 

Leukocyte migration inhibition 
Japanese encephalitis 
Dengue 

Cytotoxic T lymphocytes 
Tick-borne encephalitis 
Kunjin, Bebaru, West Nile 
Getah, Ross River, Semliki Forest, Sindbis, 

Barmah Forest 
Helper T cells 

Dengue 
Suppressor T cells 

Dengue 
Japanese encephalitis 

Inducer of macrophage procoagulant activity 
West Nile 

Protection by adoptive transfer 
Sindbis 
Venezuelan equine encephalitis 
Banzi 
Japanese encephalitis 

242 
243 

References 

229, 253, 254 
207, 208 

68 
240 

34, 95, 244, 245, 254 
246 

247 
16,58,255 
59 

60,61 

222,227 
228, 229, 231 

62 

248 
27 
249 
34, 244, 250 
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Various T-cell functions may not be type specific due to extensive cross
reactivity between togavirus antigens. Kelkar and Banerjee(56) showed cross
reactivity among flavivlruses in the leukocyte migration inhibition test. CTL, 
while specific for a group of viruses, do not generally show specificity within 
groups. Among alphaviruses, cross-reactivity is absolute.(l6,57-59) CTL gener
ated against anyone member of the group will cross-react with all other mem
bers, even if they are serologically distant viruses.(58) 

Induction of helper T (Th) cells for a humoral immune response has been 
reported in DV infection of mice.(60,61) T cells of the helper/delayed-type 
hypersensitivity (DTH) class, stimulated by WNV, have been assayed in vitro by 
the induction of macrophage procoagulant activity.(62) Lysis of DV-infected 
cells by natural cell-mediated cytotoxicity and antibody-dependent cell-medi
ated cytotoxicity has been reported.(63) 
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The protective role of CMI in togavirus infection has been studied in mice 
depleted of T cells by treatment with antithymocyte sera,(26,31,64) in athymic 
nude mice,(65-67) or by adoptive transfer of immune lymphocytes into recip
ient animals challenged with the virus. For example, Mathur et al.(34) reported 
that adoptive transfer of spleen cells from mice immunized withJEV provided 
protection to syngeneic mice against challenge with a lethal dose of the virus. 
Protection was dependent on T cells but not on B cells or macrophages, Fur
thermore, protection was provided only when the cells were harvested within 
1-2 weeks of immunization but not later.(34) These findings are reminiscent of 
the observations in mice infected with attenuated VEEV.(27.68) Conversely, 
immune spleen cells did not protect mice against DV infection.(31) 

5. INTERACTIONS WITH CELLS OF THE IMMUNE 
SYSTEM 

5.1. Lymphoid Tissues 

Both proliferative and degenerative changes may be produced in the lym
phoid tissues during togavirus infection. Attenuated VEEV vaccine produces 
proliferation of germinal centers of spleen and lymph nodes of guinea pigs, 
mainly due to proliferation of reticuloendothelial cells and immature lympho
blasts.(69) Infection of germfree mice with VEEV vaccine results in an increase 
in spleen weight and formation of germinal centers.(70) In LDV-infected mice, 
increased weight of the spleen and lymph nodes, with hyperplasia of germinal 
centers, and reduced weight of the thymus are observed.(71-76) The increased 
spleen weight is due to the trapping of circulating lymphocytes,(77) and the fall 
in thymus weight is due to steroids, as it could be prevented by adrenalec
tomy.(78) A proliferative splenomegaly with increased T and B cells is observed 
in JEV-infected mice. Two of the cell types in which JEV replicated are the 
macrophages and T cells. The perifollicular area shows a large number of 
macrophages, with many of these cells containing immunofluorescent (IF) JEV 
antigen during the initial period of infection. IF antigen was also found in 
lymphoblast-like cells. By day 5, polymorphonuclear leukocytes become dis
cernible, and by day 7 germinal centers appear that reach maximum size by day 
15. The virus-antigen-positive cells disappear with the appearance of the ger
minal centers. The findings showed that splenomegaly in JEV infection was 
due to both proliferation and trapping of cells(79) (A. Mathur and U. C. 
Chaturvedi et at. unpublished data). By contrast, spleen weight is reduced 
markedly in DV infection of mice'<67,80) This is associated with a sharp decline 
in the proportion of T lymphocytes in the spleen(80) and of macrophages in 
both the spleen and peritoneal cavity.(81) Histologic study of the spleen of DV
infected mice shows hypocellularity, necrosis of cells, disorganization, and atro
phy of follicular architecture.(82) This is similar to autopsy studies in cases of 
dengue hemorrhagic fever (DHF) that demonstrate necrosis and hemorrhage 
in the thymus-dependent areas of the lymphoid tissues.(83) A reduction in the 
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concentration of lymphocytes in the thymus-dependent areas of lymphoid 
tissues of LDV -infected mice was observed by Proffitt et al.(75) and Snodgrass et 

al.(76) but not by Michaelides and Simms.(84) 

5.2. Blood Leukocytes 

Changes commonly occur in blood leukocytes in viral infections, the most 
frequent alteration being leukopenia with lymphopenia; in rare cases, leuko
cytosis may also be seen;(85) 65-S0% of blood lymphocytes are T lymphocytes 
and, in cases of lymphopenia, these are affected most. 

Lymphopenia is a common occurrence of VEEV, LDV, and TBEV infec
tions.(69.85-87) Conversely, the alterations that occur in human peripheral blood 
leukocytes during DV infection may be leukopenia due to neutropenia(88) or 
leukopenia associated with lymphocytosis.(89-92) Wells et al.(93) showed that in 
cases ofDHF, a significant lymphocytosis occurs that is associated with a loss ofT 
lymphocytes and an increase in non-T, non-B, non-Fe receptor-bearing null 
cells. In a similar study, Ikeuchi et al.(91) reported decreased helper (OKT4) and 
suppressor (OKTS) cells in such cases. By contrast, JEV infection causes leuko
cytosis, with very marked neutrophilia accompanied by lymphopenia, due to 
diminished T lymphocytes, while B-cell numbers remain unaffected.(95) 

5.3. Macrophages 

Cells of the monocyte-macrophage system are a major component in the 
host defense against viral infection. In this regard, certain facts are known: (1) 
depletion or inhibition of macrophages decreases host resistance; (2) the re
sistance of macrophage-deficient or neonatal animals can be enhanced by the 
adoptive transfer of macrophages, especially activated ones; (3) age-related 
resistance can be correlated with maturity of macrophages; and (4) genetic 
susceptibilitylresistance of an animal can be correlated with the nonper
missiveness/permissiveness of macrophages for viral replication.<96.97) Mac
rophages can affect viral infection by extrinsic or intrinsic mechanisms. In 
some viral infections, they can extrinsically affect viruses or viral replication in 
other surrounding cells.(97.98) Several mechanisms of antiviral activity are de
scribed for macrophages, including the secretion of arginase;(99) however, the 
precise mode of action is not well understood. Macrophages are also known to 
participate in immunopathogenetic mechanisms triggered by viruses.(IOO) Mac
rophages are permissive to some togaviruses (e.g., DV, YFV, WNV, and tick
borne flaviviruses). Cytopathic viruses, if they can replicate in macrophages, 
usually produce lethal infections in adult animals. Conversely, viruses that are 
not cytopathic but are capable of replication within macrophages result in 
persistent infections. (10 I) 

The ability of YFV and other flaviviruses to produce lethal infections in 
genetically susceptible mice is paralleled by the capacity of cultured peritoneal 
macrophages from mice to support viral multiplication.(102.103) However, in-
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traperitoneal inoculation of such viruses into suckling mice produces lethal 
infection, even in strains that are resistant as adults. SFV replication in mouse 
macrophages in vivo and in vitro is potentiated by treatment with Myocrisin.(104) 

The entry of viruses into macrophages is facilitated by the phagocytic ca
pability of these cells and may occur through virus receptors, or through Fc and 
complement receptors, singly or in combination.(49,I05) Macrophages are the 
principal target for replication of DV in humans, monkeys, and mice.(67,82,I06-
108) DV infects macrophages through either a trypsin-sensitive virus receptor or 
the Fc receptor.(48) In DV-infected mice, the total number of cells in the spleen 
and peritoneal cavity is reduced, and the proportion of macrophages is de
creased up to 75% on day 10 postinfection (p.i.).(81,I09) Electron microscopy 
showed degenerative and necrotic changes of splenic macrophages and lympho
cytes. Macrophages showed hypertrophic rough endoplasmic reticulum, os
mophilic inclusions, vesicular Golgi complex, dense material on the inner nu
clear membrane, and occasionally virions between the strands of endoplasmic 
reticulum.(82) DV antigen can be demonstrated in the splenic and peritoneal 
macrophages by the fluorescent antibody technique.(81,IIO) Macrophage func
tions, viz. phagocytosis of opsonized erythrocytes (EA), latex particles and neu
tral red dye, attachment of EA, migration from capillary tubes on glass surface, 
and antigen presentation,(81,11l,1l2) are depressed in DV-infected mice. At late 
periods p.i., phagocytosis remained depressed, but attachment functions re
covered.(108) JEV had similar effects on mouse macrophages (S. Rawat, A. 
Mathur, V.C. Chaturvedi, unpublished data), but human macrophages remain 
unaffected.(95) 

5.4. Soluble Factors 

A number of viruses induce host cells to produce a variety of soluble 
factors that have different immunopathologic effects. Induction of these fac
tors by togaviruses is described briefly below. 

5.4.1. Interferon 

Interferons (IFNs) are of major interest in this context due to their immu
nomodulatory properties. For example, they may inhibit antibody production 
either through induction of suppressor T cells (Ts) or through activation of 
natural killer (NK) cells.(l13) CMI is also affected greatly. IFNs activate mac
rophages, increasing their cytotoxicity, mobility, adherence, phagocytosis, and 
intracellular enzymatic activity. IFN also increases the expression of Fc recep
tors and MHC antigens on macrophages and other cells.(l14) 

Viruses differ in their capacity to induce IFN production. Tongaonkar 
and Ghosh(l15) studied 37 different arboviruses in this respect and have 
grouped them into low, moderate, or high inducers. Most of the togaviruses 
are moderate inducers (100-1000 units/ml). The ability to induce IFN had no 
relationship with infectivity, CF antigen, incubation period in mice, or source 
of the virus. 
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The susceptibility of different viruses to IFNs also varies. Administration 
of 500 units of IFN had no effect on the outcome of DV infection.<1l6) By 
contrast, pretreatment of mice with a fungal IFN inducer, 6-MFA (isolated 
from the fungus Aspergillus ochraceus A TCC 28706),(117) protected the mice 
against challenge with SFV, JEV, WNV, and Kyasanur Forest disease vi
ruS.<117-119) Rodda and White(l20) demonstrated induction of IFN by SFV and 
Kunjin virus in mice, which activated macrophages. 6-MF A had no effect on 
the outcome of DV infection, but it abrogated the virus-induced depression of 
attachment and phagocytosis of EA by peritoneal macrophages.(121) Adoptive 
transfer of peritoneal macro phages stimulated with IFN can protect mice from 
infection with SFV.(122) Thus, the role of IFN in recovery from togavirus 
infection is variable. 

5.4.2. Suppressor Factors 

Splenic T lymphocytes produce suppressor factors in DV - and JEV -in
fected mice. Two suppressor factors are produced in DV infection, one by the 
TS1 subpopulation of suppressor cells (SF), and the other by TS2 suppressor 
cells (SF2). These highly potent, heat-labile, low-molecular-weight substances 
suppress DV-specific IgM antibody plaque-forming cells (PFC). SF2 is pros
taglandin-like and differs from SF in several properties.(l23,124) Both are ab
sorbed by anti-I-J and anti-I-A immunosorbant columns and are produced by 
Thy 1.2 +, Ly 1 - 2 +, I-J +, I-A +, and cyclophosphamide-resistant T cells.<125-
130) DV induces production of SF in vivo and in vitro,(l31,132) but the produc
tion of SF2 is induced only by SF.(124) The participation of these suppressor 
factors in the suppressor pathway is described later. The Ts cells generated in 
JEV infection of mice also produce two suppressor factors: one suppresses 
JEV -specific IgM PFC, while the other suppresses virus-specific DTH in 
mice.(133,134) 

5.4.3. Cytotoxic Factors 

Dengue virus induces a subpopulation of T lymphocytes (Thy 1.2 + , 

Ly 1 + 2 -) in the mouse spleen to produce a cytotoxic factor (CF) that kills 
lymphoid cells of different animal species in a I-hr assay at 4° or 37°C, without 
complement, but has no effect on different tissue culture cells or bacte
ria'<130,135-137) CF is a highly potent, trypsin-sensitive, heat- and pH-labile 
substance that separates out into two peaks on ion-exchange chromatography, 
both of which contain equally cytotoxic material. (I 38,139) In vitro treatment with 
CF kills nearly two thirds of macrophages in the culture but those that survive 
produce another cytotoxin (CF2) in vitro and in vivO.(140-141) CF kills I-A nega
tive macrophages and induces I-A positive macrophages to produce CF2.(142) 
CF2 differs from CF in a number of properties but kills lymphoid cells equally 
well, amplifying the cytotoxic effect.< 108, 140, 143-146) The precise chemical 
nature of CF is not yet known, but it is not a virion protein, an Ig, or a 
subcellular organelle.(l39,147) The production of CF is inhibited by treatment 
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of mice with DV-induced suppressor factors. (I 48) CF is actively synthesized, 
and its production is inhibited irreversibly by treatment of mice with cyclohexi
mide and mitomycin C.(l49) These properties suggest that it might be a product 
of active metabolism of DV -primed T cells. The DV -induced cytotoxic pathway 
is described in Section 6.4.1. 

5.4.4. Serum Protective Factor 

Price et al.(149) described a protective mechanism induced during infection 
by group B arboviruses, i.e., production of a serum protective factor (SPF), 
independent of serum NT antibodies or IFN. The same group reported that in 
recovery from primary and secondary arbovirus infection in mice, SPF had a 
more significant role than did NT antibodies,(150) However, confirmation of 
these findings is not reported, and the role of SPF remains doubtful. 

5.4.5. Helper Factor 

Dengue virus given i.v. in low doses induces generation of Th cells in the 
mouse spleen that have a Thy 1.2 + , Ly 1 + 2 - , I-J - surface phenotype and are 
antigen specific.(61) The DV-induced Th cells have been shown to produce a 
soluble helper factor that increases DV-specific IgM PFC both in vivo and in 
vitro. The helper factor is a potent heat-labile protein of low molecular weight 
having double chain; one chain binds DV antigen and the other has I-A deter
minant (U. C. Chaturvedi et at., unpublished data). The production and activity 
of Th cells in DV infection are regulated by the virus-induced Ts cells(60) and 
CF /CF 2(256,257) 

5.4.6. Other Factors 

Viruses are known to induce production of interleukin 1 (IL-l) on the 
basis of virus-induced fever with assays for circulating endogenous pyrogen in 
rabbits exposed to influenza virus(151,152) or by release of the pyrogen follow
ing exposure of rabbit blood cells,(153) Dinarello(154) presented an exhaustive 
review on IL-l and its activities. Respiratory syncytial virus (RSV) has been 
shown to induce human macrophages to produce an IL-l inhibitor,(155) How
ever, the role of IL-l or IL-l inhibitor in togavirus infection is unclear. Effects 
of viruses on the production of other soluble factors are reported in this vol
ume as well. However, no reports are available on togavirus effects on IL-2 or 
other factors. 

6. SUPPRESSION OF IMMUNE RESPONSES 

A number of viral infections are associated with suppression involving 
humoral, cellular, or both types of immune responses. This could be a mecha-
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nism of survival of viruses in the host. Immune responses to an antigen are the 
result of the interaction of T cells, B cells, and macrophages. Any disturbance 
in the function of these cells or in the transmission of signals between them can 
adversely affect the immune response. These effects can be produced directly 
as a result of replication of virus in the cell or indirectly through production of 
toxic substances by the infected host cells. Virus can also injure a cell func
tionally without histologic evidence of cell damage.(l56) Various mechanisms by 
which viruses affect function of lymphocytes,(l57) suppress immune re
sponses,(3) or produce tolerance and suppression(l5S) have been described. 

6.1. Immunosuppression by Togaviruses 

Depressed immune responses have been reported during a few togavirus 
infections. Immunologic tolerance can be produced by VEEVPO) lactate dehy
drogenase-elevating virus,(l59) and Border disease virus.(160) However, VEEV 
may also act as an adjuvant and enhance antibody production.(70.161) A sum
mary of some of the togaviruses involved in suppression of eMI is presented in 
Table II. 

6.2. Immunosuppression by Rubella Virus 

A transient or prolonged immunosuppression is a well-established feature 
of rubella virus infection or vaccination,(162,163) A suppressed humoral re
sponse in such cases is indicated by hypogammaglobulinemia, low levels of total 
IgG and IgA, with or without elevation of IgM, low specific HI antibody titers, 
and depressed B-cell function in vitro,(164-16S) eMI has been investigated ex
tensively in cases of congenital rubella, experimental infection in volunteers, 
following vaccination, and in vitro on lymphocytes and monocytes. Rubella 
virus depresses skin-test reactivity,(l69-173) lymphocyte responsiveness to 
mitogens in vitro,(l63,173,174) and production of migration inhibitory fac
tor,(173,175) 

The mechanism of immunosuppression in rubella virus infection is unclear; 
however, it has been suggested that reduced stimulation oflymphocytes to phy
tohemagglutinin (PHA) may be due to direct damage of lymphocytes by the 
rubella virus(l63) or indirectly by infecting macrophages, thereby diminishing 
the enhancing effect of macro phages on the PHA response of lymphocytes. (176) 
Rubella virus replicates in T lymphocytes and monocytes/macrophages but per
sists, without replication in B lymphocytes. (\77, 17S) The depressed response 
could also be due to virus-induced functional damage to lymphocytes, as rubella 
is not cytocidal. (179) A more indirect role through the production of an inhibitory 
factor has been suggested by Mahler and Soren,(lSO) who observed greater sup
pression in the presence of autologous serum from patients with rubella. This 
could be through antigen-antibody (lgM) complexes present in the serum,(ISI) 
Immune responses are regulated by Ts cells; therefore, Arneborn et al.(lS2) in
vestigated whether the suppression of eMI could be correlated with changes in 
different subpopulations of T lymphocytes. These workers showed that T lym-
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TABLE II 
Examples of Togavirus-Induced Suppression of T-Cell Functions 

Functions/virus Antigen References 

Delayed-type hypersensitivity 
Yellow fever Tuberculin 252 
Japanese encephalitis Japanese encephalitis 34 
Dengue Dengue U. C. Chaturvedi 

(unpublished data) 
Dengue Sheep erythrocytes 80, 209, 210 
Rubella Heterologous 169-173 

Leukocyte migration inhibttion 
Dengue Dengue 31 
Rubella 173, 175 

Lymphocyte activation 
Japanese encephalitis Japanese encephalitis 240 
Dengue Dengue 212, U. C. Chatur-

vedi (unpublished 
data) 

Rubella PHA 163, 173, 174 
Graft-versus-host reactIOn 

Dengue Allogeneic spleen 80 
cells 

Lactate dehydrogenase 70 
Japanese encephalitis Allogeneic spleen 240 

cells 
Helper 

Dengue Sheep erythrocyte 80, 209 
Lipopolysaccharide 252 

Dengue Dengue U. C. Chaturvedi 
(unpublished data) 

Reduced T cells In spleen 
Dengue 80 

phocytes with Fc receptors for IgG (Ts cells) are increased after rubella vaccina
tion, while no change was observed in the proportion of T lymphocytes with 
IgM-Fc receptors (Th cells). Similarly, Hyypia et al.(168) showed an increased 
proportion of Ts cells and decreased Th cells during rubella infections. But 
there is no direct evidence in their studies to show that Ts cells cause 
immunosuppression. 

6.3. Immunosuppression by LDV 

Lactate dehydrogenase-elevating virus causes a nonfatal lifelong persistent 
infection in mice without producing any significant pathologic lesions but is 
associated with perturbation of the immune system. The infection is charac
terized by splenomegaly due to trapping oflymphocytes,(71-74) leukopenia with 
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reduced T lymphocytes,(87) and the presence of circulating immune complexes 
that do not bind complement.(183,184) Serun-;. Ig are greatly increased, mainly in 
the IgG2a class.<185,186) Most of the increase in Ig is due to polyclonal stimulation 
of B cells by the virus, with very little production of antiviral antibodies.(l86) CMI 
is also depressed, resulting in decreased skin contact sensitivity,(84,187,188) pro
longed survival of skin allografts,(70,189) inhibition of graft-versus-host reac
tion,(70) depressed autoimmune response in NZB mice,(190) and increased 
growth of tumors.(74,191-193) Other effects are prevention of the induction of 
tolerance to aggregated gammaglobulin(l94) and decreased resistance to murine 
malaria (195) and Listeria monocytogenes. (196,197) 

Lactate dehydrogenase-elevating virus replicates exclusively in mac
rophages,(l98,199) but only 5-20% ofthese cells are susceptible to the virus.(200) 
Susceptibility to LDV is related to the presence of Ia antigens on the macrophage 
cell surface, which act as receptors for the virus.(201,202) Macrophages are the 
principal antigen-presenting cells,(203) and several cellular immune responses 
depend on the T-Iymphocyte-macrophage cooperation. In LDV infection, the 
antigen-presenting function of macro phages is significantly depressed.(204,205) 
The presence of circulating virus-antibody complexes, especially the transient 
appearance of complexes containing IgG 1 in the early stages of infection, has 
also been implicated in the suppression ofCMI.(192) Activation ofTs cells occurs 
through immune complexes as well,(206) so they are likely to be generated in 
LDV infection. Thus, trapping of lymphocytes in the spleen, destruction of 
macrophages or impairment of their functions and generation of Ts cells may 
contribute to perturbation of immune response in LDV infection. 

6.4. Immunosuppression by Dengue Virus 

Virus-specific CMI in DV -infected mice is depressed, as shown by the 
absence of a response against DV antigen by (1) the footpad swelling reaction 
(even after cyclophosphamide pretreatment); (2) the leukocyte migration inhi
bition test, and (3) the lymphocyte proliferation test; further evidence includes: 
(4) failure of adoptively transferred immune spleen cells to protect mice 
against challenge with a small dose of DV; (5) failure of anti thymocyte serum 
treatment to potentiate DV infection; (6) failure of reconstitution of immu
nosuppressed mice by sensitized spleen cells to protect against DV; and (7) 
reduced direct graft-versus-host reactivity in Parker strain infant mice against 
the spleen cells of DV -infected Swiss mice(30,80) (U. C. Chaturvedi, unpub
lished data). By contrast, Pang et al.(207,208) showed a normal DTH response in 
cyclophosphamide-treated DV -infected mice. Adoptive transfer of serum ob
tained from mice 1-2 weeks after the third i.p. dose of DV failed to protect 
recipient mice against challenge with DV, whereas the serum obtained after 3-
5 weeks conferred protection.<30,31) Suppressed humoral and CMI responses 
to heterologous antigens have also been reported using sheep red blood cells 
(SRBC)(80,209,21O) and polyvinylpyrrolidone.(211) 

Depressed T-cell function in human cases of dengue has been shown using 
[3Hlthymidine uptake by peripheral blood leukocytes from immune sub-
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jects,(212) but there are no reports describing DTH or other T-cell functions in 
such cases. Immunosuppression in DV infection has been shown to be due to 
the development of an antigen-specific suppressor pathway and a nonspecific 
cytotoxic pathway in the spleen of mice. 

6.4.1. The Cytotoxic Pathway in Experimental Dengue 

Splenic T lymphocytes (TCF) from DV-infected mice produce a CF that 
kills lymphoid cells (without complement) of a variety of animals including 
mice but does not kill epithelial or fibroblastic tissue culture cells or bacteria. 
The killed cells are mainly macrophages, Th, and T effector (Te) lympho
cytes.<130,135-138,147,256,257) Following exposure to CF, about one third of the 
macrophages survive its lethal effect and produce another cytotoxic substance 
CF2 both in vitro and in vivo(l40,141) amplifying the cytotoxic effects. 

Cytotoxic Factor Reproduces Effects of Dengue Virus Intravenous inoculation 
of CF depresses DTH, leukocyte migration inhibition and the antibody PFC 
responses of mice to SRBC'(213) The macrophages are reduced in number, 
and their ability to attach, migrate, and phagocytize are depressed in such 
mice.<81.111,214) Similar effects are observed in DV-infected mice as well and are 
considered to be mediated by CF-CF2.<111,216) The subcellular changes seen in 
macro phages and lymphocytes of DV-infected mice(78) can be reproduced by 
in vivo or in vitro treatment with CF.(215) The adverse effects of DV infection 
could be abrogated by pretreatment of mice with cycloheximide, which inhi
bits CF production, or by surgical removal of the spleen, the site of CF pro
duction. (216) 

Human blood leukocytes treated in vitro with CF or,CF2 show diminished 
phagocytic activity and E-rosette formation by T cells.(l45,217) Such adverse 
effects of CF -CF 2 are inhibited by pretreatment of blood leukocytes with 
plasma membrane-stabilizing substances.(144) Similar effects are produced in 
monkeys inoculated with CF.(218) Some of the changes produced in human 
blood leukocytes by in vitro treatment with CF-CF2 and those by inoculating 
CF in monkeys are similar to those described in cases of DHF'(93) Thus, the 
cytotoxic factors produced in DV infection of mice are very potent substances 
with a variety of pathologic effects on the body, which result in pronounced 
immunosuppression. There is a strong possibility that similar substances are 
produced in DHF and other viral infections, including acquired immune-defi
ciency syndrome (AIDS).(219) CF is similar to lymphotoxin in a few aspects 
including the phenotype of its producer lymphocyte but differs from it in 
others.(138) 

6.4.2. The Suppressor Pathway in Dengue 

In DV infection of mice, the virus replicates in the spleen and other 
organs(31,220,221) and provides a strong stimulus for the induction of an anti-
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gen-specific suppressor pathway involving the generation of three types of 
suppressor cells. The virus induces the activation of TS 1 in the mouse 
spleen,(222,223) producing a soluble SF(l23) that is transmitted via live mac
rophages to recruit a second subpopulation TS2,(125.130,223) Depletion of mac
rophages from the cultures or in mice by silica treatment blocks the transmis
sion of signal from TS1 to precursors of Ts2,(224,225) The macrophages can only 
transmit the signal by direct cell to cell contact.(226) TS2 cells produce a soluble 
prostaglandin (PG)-like SF2(l24,125) that recruits the third subpopulation of Ts 
(Ts3)(l26) to mediate antigen-specific suppression of IgM antibody-forming 
cells. The precursors of both TS2 and TS3 are normal mouse spleen cells. The 
three generations of the suppressor cells and their products have been charac
terized,(l21-130,226,227,258) and the findings are summarized in Fig. l. Similar 
Ts that secrete suppressor factors can also be generated in spleen cell cultures 
zn vitro.(131,132) The generation of DV-specific Th cells is inhibited by pretreat
ment of mice with SF or SF2, but once the Th cells are produced the SF/SF2 

have little effect.(60,61) Suppressor cells against SRBC<21O) and polyvinylpyr
rolidone(211) have also been reported in DV-infected mice. 

We have further investigated the suppressor phenomenon using JEV, 
another flavivirus. It was observed that the virus-specific protective humoral 
and eMI responses inJEV-primed mice disappear by the third week p.i. due to 

the generation of two Ts cell pathways, one for the humoral response and the 
other for DTH. Investigations up to the present show that both the suppressor 
pathways are composed of separate circuits of Ts1-suppressor factor-TS2 cells, 
and the signal between the two suppressor cells is transmitted by live mac
rophages.(34,133.134,228-230) Mathur et al.(231) showed the presence of memory 
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FIGURE 1. Characteristics of dengue virus-induced suppressor pathway. (Modified from 
Chaturvedi .(227») 
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Ts cells in mice latently infected with lEV that can be stimulated to produce 
secondary suppressor T cells by the reactivated virus or by exogenous virus 
challenge. The lEV -mouse model is unique in having two separate suppressor 
pathways, but the cell circuits are essentially similar to that described for DV 
infection. 

The presence of suppressor cells has been described in a number of viral 
and nonviral infections, but few attempts have been made to investigate their 
mechanism of action. By using synthetic antigens, however, suppressor path
ways have been established that have up to three generations ofTs.(232) So far, 
the only infectious agents for which the sequential events in the suppressor 
pathway have been delineated are DV and to some extent lEV. Since the 
suppressor pathways induced by DV, lEV, and the synthetic antigens are sim
ilar, it seems likely that they exist in other viral infections. 

6.4.3. Mechanism of Immunosuppression in Dengue 

The pathogenesis of dengue is not fully understood, but immunopatho
logic processes appear to be significant. Initially, immunopathogenesis was 
thought to be mediated by antigen-antibody immune complexes.(233) Re
cently, the role of enhancing antibody has been suggested, via augmentation of 
virus uptake by the macrophage/monocyte through Fc receptors, thereby en
hancing the replication of DV.(47) 

Chaturvedi and co-workers proposed a mechanism of immunosuppres
sion in DV infection, summarized in Fig. 2. DV replicates mainly in mac-
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FIGURE 2. Mechanisms of immunosuppression in dengue viral infection. 
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rophages; therefore, the body makes an effort to restrict viral replication by 
eliminating these virus-permissive cells. This is achieved through the cytotoxic 
pathway by the production of CF and CF2 that kill the macrophages and T cells 
(helper and effector); those cells that escape killing are functionally damaged. 
The capacity of the functionally damaged macrophages to bind recovers, but 
phagocytic activity does not; thus, the virus remains attached to the surface of 
the macrophages, where it is exposed to the action of NT antibodies. The 
damage to macrophages and T cells leads to depressed CMI response and T
cell-dependent B-cell functions, resulting in a nonspecific immunosuppression. 
The cytotoxic activity was not found in the spleen of mice inoculated with lEV 
or SRBC (U. C. Chaturvedi, unpublished data). Pang et al. were able to find the 
development of DTH against DV and no cytotoxic activity in the spleen ho
mogenate.(207) Production of CF is greater in inbred than in outbred mice (U. 
C. Chaturvedi, unpublished data). Apparently, the strains of mice that do not 
produce sufficient CF may manifest a DTH response. 

Suppressor cells are the regulators of immune response and are thus of 
primary importance in preventing immunopathologic consequences of over
reaction by the immune system. The role of the suppressor phenomenon in 
controlling immunopathologic events in dengue can be crucial. The suppressor 
pathway suppresses antigen-specific antibody production (see Fig. 2); thus, it 
may prevent (I) increased replication of the virus mediated by enhancing 
antibody, and (2) the immunopathology mediated by immune complexes. Sup
pression of CMI may protect against T-cell-mediated damage. Liew and Rus
sell(231) presented direct evidence for a beneficial effect of specific Ts for DTH 
during potentially lethal influenza A virus infection of mice. The induction of 
cytotoxic and suppressor pathways could be beneficial to the host in the DV 
model. Both pathways are mutually regulated. However, uncontrolled produc
tion of CF-CF2 and PC-like SF2 might also produce pathologic effects. 

7. ADVERSE EFFECTS OF IMMUNOSUPPRESSION 

Immunosuppression induced by a virus can be viewed as an effort to evade 
the host defenses and to ensure survival of viral progeny. The effect can be 
beneficial to the host when it prevents the immunologic destruction of cells, 
thereby preventing or limiting clinical illness but most often can lead to second
ary bacterial, viral, or parasitic infections. Experimental immunosuppression 
often converts a silent abortive viral infection into a lethal infection, accom
panied by increased viral titers and increased damage to cells in the target 
organs.(20) In the clinical setting, such examples of opportunistic viral infec
tions are numerous.(235) 

Nash(l58) considered tolerance and suppression as mechanisms by which 
some viruses evade specific immune responses and persist in their host. An 
ineffective immune response results in failure to eliminate the virus. lEV is 
transmitted transplacentally and infects the fetus in humans(236,237) and 
mice,(238) favoring tolerance. lEV also produces a persistent and latent infec
tion in mice(239,240) that can be reactivated by inducing immunosuppres-
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sion.(239-241) Waning specific immunity due to Ts from the third week p.i. may 
result in persistence of JEV if it survives the initial 2-week period. Other 
togaviruses seen to produce persistent infection are Border disease(l60) and 
LDV.(l59) 

8. CONCLUSION 

The data from the mouse models described here cannot be extrapolated to 
humans, but they strongly indicate the possibility that in humans similar mech
anisms can contribute to the outcome of infection. There is need to investigate 
human cases of toga virus infections along similar lines and other animal mod
els to see whether there are basic mechanisms common to all. 

Considerable progress has been made in delineation of the cytotoxic and 
suppressor pathways in DV infection, but much still needs to be done. Future 
studies will determine the chemical nature of suppressor and cytotoxic factors, 
their mechanism of signal transfer, feedback regulation of each step, their cell 
receptors, and the mechanism(s) of effector functions. Cloning of CF genes is 
also a definite possibility. There are glaring deficiencies in our understanding 
of the pathology and pathogenesis of togavirus infections. For example, we do 
not know why a particular organ is affected, nor why limited areas of the world 
are stricken more severely by certain viruses. Answers may come from experi
mental studies at the molecular level, by the study of genome structure, by the 
identification of virulence determinants, and so forth. Credence is being given 
to the view that various immune responses are triggered by different epitopes 
of a native antigen. Therefore, it may soon be possible to have a custom
tailored vaccine from which the epitopes for the cytotoxic pathway, suppressor 
pathway, enhancing antibody, and others are selectively eliminated, but the 
epitopes for protective humoral and CMI responses are preserved. Informa
tion about these aspects will help provide a better understanding of the patho
genesis and immunoregulation, rapid diagnosis techniques, and effective con
trol of togavirus diseases. 
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1. BASIC PROPERTIES OF VESICULAR STOMATITIS VIRUS 

Vesicular stomatitis virus (VSV) belongs to the family of rhabdoviruses. This 
group of viruses includes VSV, rabies virus, Marburg virus, and several other 
viruses that replicate in anthropoids as well as in other mammals.<I,2) The 
natural hosts of these viruses are listed in Table I. One of the major mor
phologic features of this group of viruses is their bullet-shaped virion. These 
bullet-shaped rods are cylinders approximately 170 nm in length and 70 nm in 
diameter. Each particle consists of a nucleoprotein (RNA) core helically wound 
around a central axial hollow. This is enclosed in an envelope consisting of a 
lipid bilayer and associated structural proteins. In the VSV group, there are 
distinct strains, including Indiana, New Jersey, Brazil, Argentina, Cocal, Piry, 
and Chandipura. All the strains except Piry and Chandipura share some com
mon antigens; those two strains appear to be totally unrelated antigenically to 
others.(3) According to the nomenclature of Wagner et al.,(4) proteins of the 
Indiana serotype are designated L, G, N, NS, and M and have molecular 
weights of 190, 69, 50, 45, and 29 kDa, respectively.(5) 
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TABLE I 
Natural Hosts of Rhabdoviruses 

Virus 

VSV, Hart Park virus, Flan
ders virus, Kern Canyon 
virus 

Rabies virus (street rabies 
virus) 

Marburg virus 

Host 

Infect a variety of mammals, fish, anthropods, and plants 

Infects a variety of mammals (i.e., fox, skunk, and dog); 
the only member of the group known to infect and 
produce disease in humans naturally 

Simian virus, only accidentally infects humans 

Pathogenetic studies of VSV infections in young hamsters and mice have 
shown that viral replication, particularly in thoracic and abdominal organs, 
precedes and contributes to viremia, which then results in central nervous 
system (CNS) invasion and encephalitis. In older infected animals, the degree 
of necrosis of CNS tissues coincides with low titers in extraneural organs and 
high titers in the brain and spinal cord.(6) 

There is very little information regarding the effect of rhabdoviruses ex
cept VSV on host-immune responses in vivo. Wiktor et alP) reported that mice 
lethally infected with rabies virus, or street rabies virus, failed to generate virus
specific cytotoxic T-cell responses. Moreover, infection with street rabies virus 
suppresses the development of a primary T-cell-mediated immune response 
against other unrelated viruses. This indicates that some of the rhabdoviruses 
may be able to induce immunosuppression in experimental animals. 

2. MODULATION OF HOST -IMMUNE RESPONSES BY 
VESICULAR STOMATITIS VIRUS 

2.1. Introduction 

Infection of humans or animals by a variety of viruses has been shown to 
result in either suppression or enhancement of immune responses.(8,9) The 
outcome of an immunologic response depends critically on the participation 
and interaction of various subpopulations of lymphocytes and monocytes. (10,11) 

Viral infections may affect the normal immunologic responsiveness of the host 
by interfering with any of the lymphoid cell types involved in an immune 
response. Some of the possible targets of virus-induced immune dysfunction 
and their possible mechanisms are listed in Table II. 

Our current understanding of the immune responses in the murine sys
tem has demonstrated a fascinating complexity within lymphoid subpopula
tions.(12,13) It is known that the level of an immunologic response to a foreign 
antigen is determined by both the positive and negative influence of regulatory 
lymphocytes. Helper T cells are required for the optimal elicitation of both 
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humoral and cell-mediated immune responses, while suppressor T cells (Ts) 
dampen these responses. Moreover, antigen-specific suppression of immune 
responses has been shown to involve the interaction of several T-cell subsets 
and specialized antigen-presenting cells.<14.15) Therefore, it is obvious that im
munologic dysfunction, due to viral infections, may reflect changes in the 
physiologic or immunologic properties of B lymphocytes, T lymphocytes, 
and/or macrophages, and the consequence of lymphocyte infection for im
mune reactivity would depend on many factors, including type(s) and number 
of cells infected and the nature of the viruses. 

This chapter discusses the effect of VSV infection on host immunity. The 
emphasis is not on the host-immune response against the virus per se, but 
rather on the effects of viral infection on the development and regulation of 
immune responses to some well-characterized antigens. It is possible that im
mune dysfunction may not be attributable to the direct effect of viral infection, 
but rather to the elimination of some regulatory T cells. In the case of helper T 
cells, this may result in immune suppression. For example, infection with 
human immune deficiency virus (HTLV-IIIILAV) in some patients results in 
complete elimination of helper T cells and may lead to the development of 
acquired immune deficiency syndrome (AIDS)'<16.17) In a situation in which Ts 
are selectively eliminated, this may result in the development of autoimmunity. 
It has been postulated that some of the autoimmune diseases observed III 

experimental models or in humans may have a viral etiology.(8,9) 

2.2. Interferon and Anti-VSV Activity 

The interferons, i.e., IFN"" IFNJ3 , and IFN'Y' were first defined by their 
ability to prevent infection of mammalian cells by viruses. While by definition 
all IFNs have antiviral properties, only one, IFN'Y' produced by mitogenic or 
antigenic stimulation of T lymphocytes, is a lymphokine.(l8.19) 

TABLE II 
Possible Targets of Virus-Induced 

Immune Dysfunction 

Abnormalities in macrophage function 
Abnormalities in T-cell function 
Abnormalities in B-cell function 

Possible mechanisms 
Direct 

Receptor blockade 
Cell destruction-lysis 

Indirect 
Inhibition of macromolecular synthesis 
Virus-induced factors-interferon 
Virus-induced suppressor cells 
Alternation of lymphocyte traffic 
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This lymphokine has multiple effects on the immune response to the virus 
because it has primary effects on the immune system as well. An important 
effect of IFN'Y lies in its ability to increase expression of class II (Ia) major 
histocompatibility complex (MHC) antigens on the surface of antigen-present
ing cells.(20) Since class II antigen-bearing cells (accessory cells) are necessary 
for the stimulation of T cells, the stimulation of these antigens is important in 
activating an immune response.(ll) In certain situations (e.g., in mice exposed 
to UV irradiation) a functional deficiency of class II-bearing cells leads to a lack 
of immune responses.(21) Similarly, patients with AIDS are characterized as 
having a paucity of class II-bearing cells. This defect has been reversed in vitro 
by the addition of IFN'Y.(22) 

Furthermore, we previously demonstrated that virus-specific helper T 
cells are capable of stimulating nonimmune cells (macrophages or fibroblasts) 
to produce IFN",/IFN 13 .(23) Since the presence of class II MHC antigen-present
ing cells is required for stimulation of helper T cells, IFN'Y in particular is vitally 
important for stimulating the release of antiviral substances. In addition, spe
cific cytolytic T cells (CTL) can be demonstrated to release IFN'Y upon contact 
with the target cells to which they are sensitized.(23) However, whether this is 
the actual mechanism of action of T cells in combatting viral infections is 
uncertain. Alternatively, the virus-specific T cells may serve to lyse virus-in
fected cells, or recruit other non-immune cells to act as effector cells against the 
virus. 

2.3. Effect of VSV Infection on Macrophage Activation 

Interferon--y also may have the most important function in the activation 
of macro phages during VSV infection. In addition to being a modulator of 
MHC class II antigen expression, it is able to activate macrophages; i.e., IFN'Y 
displays macrophage activation factor (MAF) activity. Several studies suggest 
that the injection of viruses in animals can lead to macrophage activation, 
which in turn leads to enhanced viral clearance.<24.25) 

Activated macro phages may be important in the elimination of viruses. In 
some instances, the macrophage may be the crucial factor in determining 
whether an infection is lethal for the host. Hirsch et al. (24) demonstrated that 
macro phages obtained from adult mice were able to protect neonatal mice 
from lethal herpes simplex virus (HSV) infection. The population of mac
rophages that was protective was obtained by intraperitoneal inoculation of 
mice with proteose-peptone. These elicited macro phages were shown to be 
activated in that they ingested more virus, produced more IFN, and destroyed 
virus more effectively than did resting macrophages. Significantly, the suckling 
mouse did not respond to proteose-peptone stimulation with such a population 
of cells. These neonatal mice were extremely susceptible to HSV infection. 
Thus, it is suggested that these activated macrophages are responsible for the 
fact that viral infection is mild in adults and lethal in neonates. Mogensen(25) 
demonstrated that macrophages appear to be important in resistance to viruses 
in a number of experimental systems. 
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Belardelli et al.(26) demonstrated that whereas VSV can only multiply in a 
small percentage of peritoneal macrophages, the injection of mice with anti
IFN antibodies prior to harvesting peritoneal macro phages allowed the virus to 

replicate to a high titer. This finding suggests that IFNs may have a dual role in 
this situation, protecting macrophages against destruction by virus as well as 
activating them to ingest and eliminate other viral particles. 

In summary, there is evidence that virus-stimulated interfering substances 
(IFNs) may be important in protecting macrophages from lytic infection. Mac
rophages are themselves essential for stimulating T cells. However, only those 
with class II antigens on their surface are capable of such stimulation. IFN-y 
released by virus-specific T cells is capable of increasing expression of class II 
MHC antigens on the surface of antigen-presenting cells. Virus-specific helper 
T cells are, in turn, capable of stimulating the release of not only IFN-y but of 
IFN,JIFN J3 as well. 

2.4. Effect of VSV Infection on T- and B-Cell-Mediated Immune 
Response in Vivo 

Bloom and colleagues(27,28) were the first to analyze the interaction be
tween VSV and lymphocytes. Their results clearly indicate that VSV infects 
only activated T cells. Infectious VSV is produced by activated T cells, but not 
by B cells. Further studies showed that both Lyt-l + and Lyt-2+3+ T cells are 
capable of producing VSV virus upon activation. 

2.4 .1. Delayed-Type Hypersensitivity 

The induction and elicitation of delayed-type hypersensitivity (DTH) in 
the murine system depends critically on both Lyt-l + T lymphocytes and Ia
bearing antigen-presenting cells.(ll) Effects of infection with VSV on the DTH 
reaction to heterogeneous erythrocytes and the hapten, dinitrofluorobenzene 
(DNFB) in mice has been investigated by Katsura and colieagues.<3G-33) These 
investigators found that infection at the time of immunization results in an 
enhancement of the DTH reaction specific for the immunizing antigen. These 
results clearly suggest that the target of VSV infection is not the DTH effector 
T cell. Therefore, a subpopulation of regulatory T cells responsible for down
regulation of DTH may be the target of VSV infection. In contrast to these 
studies, VSV given at the time of antigenic challenge not only failed to enhance 
the DTH response but inhibited the elicitation of the DTH reaction. The fact 
that elicitation of the DTH reaction was inhibited in VSV -infected mice may 
indicate that some of the DTH effector cells are sensitive to VSV or that the Ia
bearing antigen-presenting cells may be damaged by the virus. The latter pos
sibility is supported by findings showing that under some conditions, VSV may 
be able to replicate in macrophages. (34) 

More recently, we investigated whether VSV infection can also alter the 
DTH reaction to another simple hapten azobenzene arsonate (ABA)'<35) Using 
our experimental protocol, we were unable to detect any effect of VSV infec-
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tion either in the intensity or duration of the ABA-specific DTH reaction (Fig. 
1). These observations were confirmed independently by employing two dif
ferent in vitro assays. First, VSV -infected mice did not develop a higher level of 
ABA-specific cytotoxic T-cell activity than the untreated control mice. The 
development of ABA-specific CTL requires the participation of both Lyt-l + 
helper T cells and Lyt-2+ CTL. Second, VSV infection failed to show a 
significant enhancement in T-cell-dependent ABA-specific proliferation. The 
cells proliferating in vitro are mainly Lyt-l + helper T cells. The precise reason 
why VSV infection failed to enhance the T-cell-mediated immune response to 
ABA is unclear. It is possible that the route of administration of antigen may be 
responsible for the discrepancies (e.g., the fact that the hapten was conjugated 
with syngeneic cells). 

2.4.2. Antibody Responses 

Infection of mice by VSV has been shown to enhance the primary antibody 
response to sheep red blood cells (SRBC) in vivo'(32) A greater response can be 
observed in both IgM and IgG levels, regardless of the immunizing dose of 

Treatment Immunization I 

ABA-SC ~ 
a 

VSV OayO ABA-SC ~ ns 

VSV Oay3 ABA-SC +es 
~-Challenge OnIY--~ 

b 

0L-~2----~4----~5~ 

X 104 STIMULATOR 

I I 
o 20 40 60 80 

UNITS of FOOTPAD SWELLING 
(x /O-cmm t SE) 

c 

o 101 30 1 90 1 
EFFECTOR TARGET 

RATIO 

FIGURE 1. Effect of VSV infection in 
the induction of T-cell-mediated im
mune response to ABA-conjugated 
spleen cells (ABA-SC). (a) Delayed
type hypersensitivity (DTH). Normal 
AI] mice were immunized sub
cutaneously with 3 x 107 ABA-SC. 
Within 1 hr after immunization, some 
of the mice were also infected with 1 x 
107 PFU ofVSV (i.p.). Another group 
of mice were injected with 1 x 107 

PFU of VSV (i.p.) 3 days after immu
nization. All mice, including the con
trols were challenged in the footpad 
with 30 J.LI of the ABA diazonium salt 
6 days after immunization; the in
crease in footpad swelling was mea
sured 24 hr later. Each group consist
ed of at least four mice. (b) In vitro 
proliferation. Normal AI] mice were 
immunized subcutaneously with 3 x 

107 ABA-SC (e). Within 1 hr after immunization, some of the immunized mice were also 
given 1 x 107 PFU of VSV (i.p.) (0). Five days later, their draining lymph nodes were 
removed and cultured zn vitro with ABA-SC and pulsed [3Hlthymidine for the last 24 hr of the 
culture. (c) In VIVO priming for the generation of cytotoxic T cells. Normal AI] mice were 
immunized subcutaneously with 3 x 107 ABA-SC (e). Within 1 hr after immunization, some 
of the immunized mice were also given 1 x 107 PFU of VSV (i.p.) (0). Five days later, their 
spleens were removed and cultured zn Vitro for the induction of ABA-specific cytotoxic T cells. 
ABA-specific cytotoxic T cells were quantitated using a 4-hr Cr-release assay. (From No
wakowski et ai. (34») 
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SRBC. However, the enhancement effect depends critically on the time of viral 
infection. Marked augmentation can be observed only when VSV and SRBC 
were given on the same day. Injection of VSV 2 days before or 3 days after 
immunization failed to produce an enhancement. Moreover, a reduction of 
antibody production is observed in animals given VSV 4 days after antigen 
administration. This provides strong evidence that the effect of VSV infection 
on the host-immune response depends critically on the dynamics and home
ostasis of various lymphoid subpopulations. Related to these studies is the 
observation of Goodman-Snikoff and co-workers. These investigators reported 
that the glycoprotein (G protein) ofVSV is aT-cell-independent B-cell mitogen 
and polyclonal activator.(36) 

2.4.3. Effect of VSV Infection on Regulatory T Cells 

The elegant studies of Katsura and colleagues were the first to suggest that 
the targets of VSV infection may be TS.(30-33) These investigators found that 
the generation of T cells capable of replicating VSV is observed in antigen
primed cultures of lymphocytes taken from animals immunized with the chal
lenge antigen. These VSV-replicating cells do not represent all the activated T 
cells, but may represent a subpopulation of activated T cells. It was further 
shown that both the antibody response and DTH reaction were strongly aug
mented by the infection with VSV, suggesting that the generation of Ts was 
prohibited.(30-33) Because most of the earlier studies on the effect of viral 
infection on immune responses used complex antigens (i.e., SRBC), we believe 
that the simple haptenic system (ABA) and the information it provides on well
characterized subpopulations of T cells permits a more fruitful analysis of the 
effect of VSV viral infections on lymphocyte subpopulations and eventually of 
their effect on the development and regulation of various aspects of immune 
responses. 

In examining the T-cell-mediated murine immune responses to ABA con
jugated cells,(37,38) we have identified three effector T-cell subpopulations. 
These include T DH (T cells that mediated DTH), T prol (T cells that prolife
rate in vitro, which are probably helper T cells), and CTL. In addition, we have 
described three distinct sub populations of suppressor T cells (Ts-l, Ts-2, and 
Ts-3) that interact sequentially to mediate suppressor activities (Table III). Our 
inability to observe an enhancement of T -cell-mediated immune responses to 
ABA in animals infected with VSV does not rule out the possibility that VSV 
may interfere with Ts interactions. Thus, we investigated whether VSV infec
tion will render animals insensitive to tolerance induction or to suppression 
mediated by various subpopulations of antigen-specific suppressor T cells, i.e., 
Ts-I, Ts-2, or Ts-3.(35) Our results clearly demonstrated that the induction of 
immunologic tolerance to ABA was not affected by the zn vivo infection of VSV 
(Fig. 2). Similarly, the induction of ABA-specific TS 1 (Table IV) and Ts-2 (Fig. 
3), was also unaffected by VSV infection. Interestingly, VSV infection renders 
mice insensitive to suppression mediated by Ts factors (TsF I and TsF 2) (Fig. 4). 
These findings provide direct evidence that VSV infection can indeed modu-
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TABLE III 
Suppressor T Cells Involved in Regulating T -Cell-Mediated Immune Responses 

to Azobenzene Arsonatea 

T suppressor Inducer/route 

TS 1 ABA-conjugated syn-
geneic spleen cell (in
travenous) 

Anti-idiotypic antibodies 
(intravenous) 

TS2 TsF 1 suppressor (T-cell 
factor obtained from 
Ts 1) 

Idiotype-conjugated 
spleen cells (intra
venous) 

TS3 ABA-conjugated spleen 
cell (subcutaneous) 

a ABA, azobenzene arsonate. 

Cell phenotype 
of suppressor Receptor specificity 

Lyt-l + Anti-antigen (binds ABA) 

Lyt-l +2+3+ Anti-idiotype (binds anti-
ABA antibodies of the 
appropriate strain of 
mice) 

Lyt-2 + 3 + Anti-antigen 

late an immune response by interfering with some cellular component in the 
suppressor T-cell pathway required for the manifestation of suppressor ac
tivities. Since neither Ts-I nor Ts-2 cells are affected by VSV, the most likely 
candidate for the target of VSV infection in the ABA system is therefore the 
Ts-3 cell. This is supported by our observation that it is possible to bypass the 
VSV effect with normal Lyt-2 + T cells adoptively transferred to the host after 
the virus has been cleared (Table V). Exactly how the VSV eliminates the action 
of Ts has not been clearly established. Although IFN has been shown to inter
fere with the action of these cells,(39) we do not believe that this mediator is 
involved in such phenomena because other viruses (i.e., reovirus type 3) that 
are excellent IFN inducers had no effect on the action of ABA-specific Ts. In 
addition, only live VSV, but not UV-irradiated VSV, is capable of reversing the 
Ts effect. It is also unlikely that VSV binding to its target cell via a specific 
receptor is important for suppression, since VSV binds equally well to Lyt-l + 
and Lyt-2+ T cells.(29) 

Why does VSV affect only some T-cell subpopulations while it seems to 
bind to all? It is possible that different T-cell subpopulations may have differ
ent activation requirements. For example, activation of some T-cell subpopula
tions may require DNA synthesis, whereas others do not. Some T-cell sub
populations may require a longer period of time before they can be activated, 
whereas other T cells can be activated relatively quickly. These kinds of dif
ferences may provide the explanation for the differential in the sensitivity of 
different T-cell subpopulations to VSV infection. 
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FIGURE 2. Effect of VSV infection on the induction of immunologic tolerance to ABA·SC. 
Normal AI] mice were injected i.v. with 5 x 107 ABA·SC on day 7 to induce ABA.specific 
unresponsiveness. At various times after i.v. injection of ABA·SC, some of the mice were also 
given I x 107 PFU of VSV (i.p.) All the mice and their appropriate controls were immunized 
subcutaneously with 3 x 107 ABA·SC on day O. Footpad challenges were done on day 6 as 
described and the increase in footpad swelling measured at 24 hours post challenge. (a,b) Two 
different experiments. (From Nowakowski et al.(34» 

2.5. Effect of VSV Infection in Vitro 

2.5.1. Inhibition of Lymphocyte Mitogenic Responses 

It is known that viruses can exert inhibitory effects on the mitogenic re
sponses of lymphocytes in vitro. One effect of the virus could be its direct lytic 
effect on lymphocytes. Another mechanism is the in vitro activation of sup
pressor cells that possess the capacity to inhibit mitogen-driven lymphocyte 
proliferation.(40-42) It is also possible that the effect of the virus may be totally 
nonspecific. Wainberg and Israel(43) reported that in vitro addition of VSV 
virus can completely abolish the mitogenic response of murine spleen cells to 
the T-cell mitogens phytohemaglutinin (PHA) or concanavalin A (Con A). 
Both infectious and UV -inactivated virus can inhibit in vitro mitogenesis. More
over, these investigators have shown that the observed inhibition is truly non
specific, since it can also be induced by membrane vesicles that approximate 
virus size and by crude pelleted material derived from supernatant fluids of 
normal or virus-infected cells. In these studies, the targets of these inhibitory 
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TABLE IV 
Effect of VSV Infection on Induction of Ts1a 

Inducer of 
Tsb 

Experiment 

ABA-SC 
ABA-SC 

Experiment 2 

ABA-SC 
ABA-SC 

Treatment of 
Ts do norse 

VSV (day 0) 
Challenge only 

VSV (day 3) 
Challenge only 

"From Nowakowski et at.(31) 

Immunizationd 

ABA-SC 
ABA-SC 
ABA-SC 

ABA-SC 
ABA-SC 
ABA-SC 

Units of footpad swelling 
(X 10- 2 mm ±SE)' 

38.5 ± 2.1 
16.75 ± 2.8 
12.50 ± 2.0 
12.00 ± 0.7 

22.5 ± 3.2 
8.5 ± 1.7 
8.5 ± J.l 
5.25 ± 1.7 

bTo induce Ts, normal AI] mice were injected i.v. with 5 x 107 azobenzene arsonate spleen cells 
(ABA-SC). Seven days later, they were the donors of Ts, and 5 x 107 spleen cells were 
transferred i.v. into groups of naive syngeneic recipients. 

'Some of the Ts donors were also given 1 x 107 PFU of VSV (Indiana) at the day of Ts 
induction (day 0) or 3 days later (day 3). 

dWithin 2 hr of receiving Ts, all recipients were immunized subcutaneously with 3 x lO7 ABA
SC. 

'Five days after immunization, all experimental groups including the controls were challenged 
in the footpad. Increase in f<)()tpad swelling was measured 24 hr postchallenge. 

materials were not addressed, and the suppressive effect of the virus may be 
due to a mechanical alteration of the cells, perhaps the cell membrane. The 
importance of this effect in vivo is not clear. 

2.5.2. Inhibition of Antigen-Specific Proliferative Response 

The in vitro addition of VSV has been shown to inhibit mixed lymphocyte 
reactions in vitro.(44) Pre-infection of responding cells with the virus also causes 
a complete abrogation of mixed lymphocyte reactions. In these experiments, 
resting lymphocytes are infected before being stimulated in an MLR, and the 
virus plaque-forming cells and thymidine incorporation are measured. Under 
these conditions, in which virus plaque-forming cells are generated, there is a 
complete elimination of proliferation. <2 I) It has been suggested that lympho
cyte activation for replication of VSV is an early event, precedes DNA syn
thesis, and probably occurs maximally during Go of the cell cycle.(21) In investi
gating the effect of VSV infection on ABA-specific proliferative responses, we 
have also found that in vitro addition of VSV results in complete abrogation of 
ABA-specific proliferative responses. However, this differs from studies re
ported by Wainberg and Israel.(43) In the ABA-system, involving in vitro
primed T cells and in vitro restimulation, UV -inactivated VSV is totally ineffec
tive. Moreover, reovirus type 3 used as another control failed to inhibit in vitro 
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FIGURE 3. Effect of VSV infection on the induction and expression of Ts2 . Normal A/J mice 
were injected with 2 x 107 cell equivalents ofTsF, (i.v.) for 5 successive days or 5 x 107 cross
reactive idiotype (CRI-SC), to serve as donors of Ts2. Some of these mice were also given I x 
1(j7 PFU of VSV. In the case ofTs2 induced with TsF I, they were given VSV only on the first 
day of TsF, injection. Seven days later, these were served as donors of Ts2. Five x 107 spleen 
cells from these mice were transferred into different groups of naive recipients. All recipients 
and respective controls were immunized subcutaneously with 3 x 107 ABA-SC. In addition, 
some of the recipients were also given I x 107 PFU of VSV. Footpad challenge was done 6 
days after immunization and the increase in footpad swelling measured 24 hr later. (a,b) Two 
different experiments. (From Nowakowski et ai. (:1I» 

FIGURE 4. Failure of TsF, and 
TsF 2 to suppress the development of 
ABA-specific delayed-type hyper
sensitivity (OTH) in VSV-infected 
mice. Normal A/J mice were immu
nized with 3 x 107 ABA-SC (s.c.) to 

induce ABA-specific OTH reaction. 
Within 2 hI' after immunization 
some of the animals were also given 
I x 107 PFU of VSV; IOH cell equiv
alents of TsF I were administered i.v. 
into different groups of immunized 
animals over a 5-day period, begin
ning on the day of immunization. 
For TsF2 , 7 x 1()7 cell equivalents of 

Immun,za l ion Trealmenl 

ABA - SC [ + 
ABA-SC TsF, [7\1,,4 p<OOI 

ABA-SC TsF2 cg, p<O OI 

ABA - SC TsF,+VSV I ~ p '0 09 

A8A-SC TsF2 + vsv [ .. 
L....-. _____ -'+ p ' 09 

--Challenge Only--0 
o 10 20 30 40 
UNITS of FooTPAO SWELLING 

(x IO-~mm t SEJ 

TsF, were given only on the day of challenge. All mice were challenged with the diasonium 
salt on day G; 24 hr later, the degree of footpad swelling was determined. 
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proliferation. In vitro proliferation of antigen-primed T cells requires the par
ticipation of both T cells and antigen-presenting cells (which can be either B 
cells or macrophages). Therefore, attempts were made to address whether the 
in vitro effect of VSV is due to a direct effect of virus on T cells or to the 
antigen-presenting cells. We attempted to pulse T cells or macrophages with 
VSV and then mix these cells together to elicit an in vitro response. Pulsing of 
either T cells or macrophages with VSV results in complete elimination of in 
vitro proliferative responses. We are unable to rule out the possibility that the 
observed effect is simply due to a carryover of the virus from T cells to the 
macrophage or from macrophage to T cells, a problem common to studies of 
the in vitro effect of live viruses. 

2.5.3. Effect of VSV Infection on the Generation of Cytotoxic T Cells 

We have also investigated the effect of VSV infection on the generation of 
hapten-specific and virus-specific CTL. The in vitro addition of VSV results in 
dramatic reduction in ABA-specific CTL. Moreover, the addition of VSV in 
vitro inhibits the generation of reovirus specific CTL (Table VI). Interestingly, 
the in vitro addition of VSV into cultures obtained from VSV-primed animals, 
results in the generation of VSV-specific CTL. Therefore, VSV appears to be 

TABLE VI 
Inhibition of Virus-Specific Cytotoxic T-Lymphocyte 

Responses by VSV 

% Specific lysis of reovirus-
infected L cellse 

In VIVO Effectorltarget ratio 
immunizationa In vitro additionb 100: I 33: I II: I 

Experiment 
Reo 3 Reo 3 70 67 45 
Reo 3 Reo 3 + VSV (day 0) 0 I 6 
Reo 3 Reo 3 + VSV (day I) 2 3 3 
Reo 3 Reo 3 + VSV (day 2) 3 3 4 

Experiment 2 
Reo 3 Reo 3 40 37 35 
Reo 3 Reo 3 + VSV (day 0) 10 8 5 
Reo 3 Reo 3 + VSV (day I) 3 7 4 
Reo 3 Reo 3 + VSV (day 4) 34 36 23 

"Normal AI] mice were injected i.p. with 1 x to7 PFU of reovirus type 3 (Reo 3): 7 days 
later. the spleens from these animals were removed and single-cell suspension prepared 
and cultured In vItro. 

bOne x to5 PFU of reovirus or VSV (Indiana) was added at the beginning of a 5-day 
culture. 

'Specific killing: percentage lysis of reovirus infected L cells minus percentage lysis of 
uninfected L cells. 
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unable to inhibit CTL activity against the virus, but will inhibit the generation 
of CTL against another determinant. It is known that the generation of virus
specific CTL requires in vivo priming. Thus, if an animal has been primed with 
VSV in vivo, its activated lymphocytes or monocytes may be able to eliminate 
some of the virus. Host responses may reduce the number of viral particles in 
vitro, rendering them unable to cause the inhibitory effect. Kinetic studies show 
that the addition of VSV is most effective in inhibiting anti-ABA CTL on day 0 
or 1-2 days after culture initiation; 4 days after the initiation of culture, VSV 
fails to cause any significant effect (Table VI). 

2.5.4. Antibody Responses 

It has been reported that after the inoculation of VSV into the culture, the 
in vitro secondary anti-SRBC antibody response of spleen cells taken more than 
3 days after immunization, was markedly enhanced.(30) The timing of immu
nization appears to be critical since no augmentation was observed in the 
culture of day 3 or earlier spleen cells. The optimal enhancement appears to be 
in the culture of day 7 spleen cells. In investigating the effect of VSV infection 
on a T-dependent hapten-carrier system, we found in vitro addition of VSV 
results in significant inhibition of both IgG- and IgM-specific for the hapten 
ABA. The effect appears to be specific for VSV, since addition of reovirus type 
3 causes only minimal inhibition (Table VII). Similar results were obtained 
when we investigated the effect of VSV infection using the T-cell-independent 
antigen TNP-Brucella abortus (Table VIII). Replication of virus appears to be 
essential for the inhibitory effect, since UV irradiation of virus completely 
abrogated its effect. 

In summary, we have provided evidence indicating that infection of ani
mals with a rhabdovirus, VSV, can result in the functional elimination of sup
pressor T-cell subpopulations. This renders the animal unable to downregulate 

TABLE VII 
Effect of in Vitro Addition of VSV on ABA-Specific IgG 

and IgM Production 

PFU 11 x 106 cells 

Antigena In Vitro additionb IgM IgG 

ABA-KLH 990 ± 25 6500 ± 210 
ABA-KLH VSV 1 x 104 PFU 220 ± 86 2000 ± 177 
ABA-KLH VSV 1 x 105 PFU 90 ± 8 1035 ± 82 
ABA-KLH Reo 3 1 x 104 PFU 1000 ± 77 6190 ± 54 
ABA-KLH Reo 3 1 x 105 PFU 900 ± 22 5000 ± 710 

aAI] mice were primed i.p. with 100 J.Lg of ABA-KLH In CFA; 7 days later. 
spleen cells were removed and cultured in presence of ABA-KLH for 5 
days. 

bVSV (Indiana) and Reo virus type 3 were added at the beginning of culture. 
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TABLE VIII 
Inhibition of the Generation of TNP·Specific PFC Response by Live VSV 

Antigena VSV b VSV addition PFCII x 106 spleen cells 

TNP-Brucella 1796 ± 271 
TNP-Brucella 1 x 104 PFU Day 0 87 ± 14 
TNP-Bmcella I x 104 PFU Day 2 34 ± 8 
TNP-Brucella 1 x 104 PFU Day U 1376 ± 209 

UV -irradiated 
TNP-Brucella I x 104 PFU Day 2 1677 ± 87 

UV -irradiated 

aSpleen cells from normal AI] mICe were cultured In VItro In the presence of TI>;P-Brucella abortus 
bVSV (IndIana) was used. 

its immune response. The precise mechanism whereby VSV can alter the im
munologic function of some, but not all, T-cell sub populations is not clear. In 
contrast to in vivo infection, in vitro addition of VSV results in inhibition of a 
variety of immunologic functions. This includes mitogenic response, CTL re
sponse, and antibody response. The precise mechanism(s) of these in vitro 
inhibitory effects also remain to be determined. 
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1. INTRODUCTION 

Influenza virus infection is common and a significant cause of morbidity and 
mortality, the latter usually due to secondary (bacterial) complications.(1-3) 
Several recent reviews are available that discuss in depth one or more particu
lar aspects of the anti-influenza virus immune response,(4.5) including aspects 
of the virus that might playa role in the development of leukocyte dysfunc
tion.<3,6) The review by Sweet and Smith(3) is especially pertinent to any consid
erations of influenza virus pathogenicity. Concepts of viral immunosuppres
sion, with attention to viruses other than influenza, are reviewed in other 
chapters in this volume, as well as elsewhere.(7-11) 

It is becoming apparent from both in vitro and in vivo challenge studies that 
immune responses after influenza virus infection are a complex group of 
events in which non-virus-specific parameters are suppressed, while virus-spe
cific responses develop.(12-14) Most of the data available are in regard to influ
enza A infection. A detailed discussion of an individual function (e.g., cytotoxic 
cell activity) is beyond the scope of the current review, the focus of which is the 
interaction of influenza virus with the immunologic system to produce, directly 
or indirectly, effects that may be broadly related to immunosuppression. Thus, 
those effects of influenza virus infection on leukocytes that result in depressed 
cell functions, production of immunomodulatory signals, or that contribute or 
lead to virus-induced disease are emphasized, particularly noting more recent 
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observations. Analysis of the potential beneficial versus detrimental roles of the 
various virus-induced immunologic alterations is included, in light of the rec
ognized common course of influenza infection. 

2. BASIC PROPERTIES OF THE VIRUS 

Type A, B, and C influenza viruses are structurally similar yet antigenically 
distinguished orthomyxoviruses that are significant human pathogens and are 
continuing targets of immunologic investigation.<2,15,16) Influenza Cremains 
largely an enigma, especially with regard to effects on immunologic syf.tems; 
most of the data concern influenza A and, to a much lesser extent, influenza B. 
The viral genome (RNA) contains eight single-stranded segments coding for 
10 or more gene products.<3,15,17) There does not appear to be one single gene 
responsible for pathogenicity; an optimal combination of all RNA segments is 
required to produce a highly pathogenic virus strain.(3,18) The viral envelope 
hemagglutinin (HA) glycoprotein is required for attachment and initiation of 
infection of cells.(2,5,15,18) While the HA, after cleavage, is clearly responsible 
for adsorption to cell surfaces, the function of the neuraminidase (NA) is less 
clearly established.(15) However, these viral proteins appear to confer subtype 
and strain specificity in the development of the host immunologic response. 
Furthermore, the epidemic and sporadic non epidemic potential of the virus is 
established by the antigenic lability of the HA and NA glycoproteins, evading 
neutralization by the antibodies possessed at the time by host populations.(5) 
Influenza virus types Band C are generally believed to undergo less antigenic 
variation than the A strains.(16) Internal antigens, nucleoprotein (NP), matrix 
(M), and the three polymerase (P) proteins can elicit immune responses but are 
shared within but not between influenza types, with only minor variations 
between subtypes.(5) At least three virus-coded non structural proteins are 
found in infected cells but have unknown functions.(l5) 

3. MODULATION OF IMMUNITY BY THE VIRUS 

3.1. Antibody Production 

Influenza virus induces homotypic immunity. Successful protection 
against infection, as well as reduction in disease severity, correlate in the host 
with systemic anti-HA antibody titers,(l9-21) which correlate with in vitro virus 
neutralization. Although antibody titers against NA are similarly important, 
the significance of antibody responses against influenza nucleoprotein and 
matrix protein is unclear. The presence of local anti-HA antibody at the 
mucosal surfaces of the upper and lower respiratory tract is most important in 
host protection.(22) Virus-specific immunoglobulins (IgA and IgG) function at 
this level to prevent viral attachment and to limit the cell-to-cell spread of 
infectious progeny. Furthermore, although absence of antibodies in human 
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and animal models does not preclude recovery, the incidence of fatal pneu
monia and respiratory reinfection is increased within this contexU19) 

The systemic primary antibody response is initially IgM, followed by 
IgG.<23.24) Although rising titers of IgA are less predictable in the serum, IgA 
predominates in nasal secretions. The primary nasal response also includes 
significant titers of IgM. Administration of live attenuated vaccine to healthy 
adult volunteers leads to a secondary systemic antibody response, predomi
nantly IgG.(25) Similarly, a brisk IgA response in nasal secretions follows within 
1 week of intranasal challenge with inactivated virus, demonstrating a memory 
response.(26) While IgA is detected in nasal secretions, bronchoalveolar lavage 
reveals the presence of IgG.(27) In mice challenged with influenza virus via 
small-particle aerosols, IgA, IgG, and IgM, all specific for the infecting virus, 
are detected in bronchoalveolar washings.(28) Although nasal wash neutralizing 
antibody titers drop markedly within 1 or 2 years following infection, the 
homotypic immunity reflected by systemic anti-HA antibody may persist for 
decades. However, the duration of heterotypic immunity (protection against 
influenza A subtype variants) is considerably less.(26) In addition, most persons 
immunized with an inactivated virus vaccine demonstrate a more rapid decline 
in antibody production as measured by in vitro stimulation tests.(29) 

In vitro studies of influenza virus challenge demonstrate both serotype
specific and cross-reactive antibody production. Viral stimulation of human 
peripheral blood leukocytes shows that most antibodies produced are directed 
against the stimulating strain'(30) Cross-reactive antibodies against different 
subtypes or different strains within a subtype also appear with specificity for 
shared determinants on the HA, nucleoprotein, or matrix proteins. Further
more, heteroclitic antibodies appear against heterologous strains of virus and 
appear to be determined by the prior exposure of the donor.(30) At least in 
murine systems, HA expressed on isolated virions is recognized only by a 
minority of antibodies.(31) Most antibodies require the co-recognition of histo
compatible antigenic determinants. 

Although influenza virus (especially H2 and H6 subtypes) can be mitoge
nid32.33) in the presence of class II immune response antigens, there remains 
an absolute T-cell dependence for the production of anti-influenza anti
body.(34) Furthermore, a soluble antigen-specific helper factor from influenza
specific T cells is also genetically restricted.(34) Sensitized populations of helper 
T lymphocytes recognize both subtype-specific and cross-reactive determinants 
of the intact virion. Help occurs cross-reactively for all subtypes of a virus 
strain.(34) There is a greater T-cell dependence exhibited by serospecific anti
body responses than that exhibited by heterologous antibody responses.(21) 
However, T-helper clones may recognize and react with different antigenic 
determinants, or even entirely different proteins, in facilitating a subsequent 
B-cell response. For example, matrix protein-specific T-helper clones assist 
with anti-HA production if intact virus is used as the source of stimulating 
determinants.(35) Despite the HLA-restricted T-cell dependence for antibody 
production, B-cell memory may develop and be triggered independent of Th 
cells.(36) Immunologic memory is retained in the form of specific B memory 
cells that are readily detected in most primed adults.(37) 
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3.2. T Lymphocytes 

In addition to B cells and the T-helper cells (Th) with which they interact, 
other subpopulations of lymphocytes figure prominently in the immune re
sponse to influenza virus. These include cytotoxic T lymphocytes (Tc), their 
precursors or memory cells, as well as their helpers (TcH) and suppressors 
(TcS). In addition, delayed-type hypersensitivity (DTH) lymphocytes (Td) rec
ognize influenza antigens, modulated in turn by their respective helpers and 
suppressors. The latter may be further characterized as suppressors of either 
Td induction (afferent) or Td expression (efferent).(5,34,38-42) 

Influenza virus-induced Tc are restricted in target cell killing of infected 
cells by histocompatibility genes, predominantly class 1,(43) Activity against in
fluenza A and influenza B is mutually exclusive.(44) However, unlike the anti
HA antibody response, Tc are noted for their reactivity across influenza virus 
subtypes.(45) Nonetheless, the presence of these cells in the host cannot prevent 
infection.(34) They do protect against a lethal outcome and appear to contain 
the viral infection.(46,47) Thus, T-cell-deficient mice exhibit more frequent 
dissemination of influenza virus, including to the central nervous system 
(CNS).(48) Other known cytotoxic cell systems demonstrate Tc development 
independent of accessory cells and soluble factors other than interleukin-2 
(IL-2).(49) However, the generation of influenza virus-specific Tc requires both 
accessory cells and antigen in a class II-histocompatible presentation. Tc ap
pear within the first week of infection and usually persist for 2-4 weeks.(50) 
With antecedent priming to different strains of influenza virus, Tc may appear 
in the lungs within 2 days after challenge. Lung virus titers are inversely pro
portional to the number of TC,(46,47) Infectious virus demonstrates greater 
efficiency in the induction of such cells than that afforded by inactivated 
virus.(34) Although their numbers increase in the lung and diminish in the 
circulation during episodes of pneumonia, influenza virus-specific Tc and their 
precursors appear in blood, cervical lymph nodes, and spleen.(48) 

Cytotoxic lymphocytes as mature cells figure prominently in the recovery 
from infection of the host. However, Tc are relatively short-lived compared 
with Tc memory cells, which are not themselves cytotoxic. Memory cells may be 
increased IOO-fold by infection and may persist for extended intervals.(51) The 
presence of cytotoxic cells and cytotoxic memory cells is associated with a rapid 
decline in influenza virus titers after challenge despite the absence of humoral 
immunity.(5) After primary challenge, T memory cells remain for up to 6 weeks 
in the lung, and for years in the reticuloendothelial system.(34) The estimated 
half-life of cytotoxic T memory cells is approximately 3 years.(52) 

The mechanism for efferent immune recognition of influenza virus by Tc 
is under intense scrutiny, since these cells facilitate host recovery in a manner 
commonly cross-reactive across several influenza virus subtypes. By contrast, 
exposure to current vaccines exploits the induced homotypic immunity against 
a specific hemagglutinin antigen. Induction of influenza virus-specific T-cell 
activity in humans appears to correlate primarily with HLA-DR-plus-antigen 
on accessory cells, although DP and DQ also serve to restrict antigen presenta-
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tion.(53) Although most Tc are cross-reactive for virus subtypes, a minority 
recognize only homologous subtype virus. Subtype-specific Tc may recognize 
unique epitopes, while cross-reactive Tc recognize common epitopes of the HA 
molecule. The latter can be demonstrated by blocking with monoclonal anti
bodies.(45,54,55) In addition, influenza virus nucleoprotein has received much 
attention recently as a major cross-reactive epitope for cytotoxic cells, despite 
the fact that it is not a viral surface antigen.(56,57) However, marked individual 
variation in cross-reactive cytotoxic activity within human and murine systems 
suggests that other influenza A virus cross-reactive antigens remain to be deter
mined.(58) Killed virus, inactivated vaccines, and some HA subunit vaccines 
induce little cross-reactive Tc activity or cytotoxic T-cell memory. This has been 
ascribed to the lack of integration of viral antigen into the cell membrane of the 
infected cells that must co-express histocompatibility-restricted antigens.(Sl) 

It has been established more recently, however, that infection is not re
quired and that purified nucleoprotein alone may prime in vivo or recall in vitro 
cross-reactive cytotoxic lymphocytes.(59,60) Although traditionally regarded as 
recognizing only class I-restricted targets, recent investigations establish that 
Tc may lyse class II-restricted targets.(56) It appears that class I Tc recognize 
conformationally dependent antigen epitopes. Alternatively, class II Tc may 
further recognize sequential determinants. Hence, inactivated influenza or pu
rified HA will sensitize cells as targets for class II cytotoxic lymphocytes. The 
latter efficiently eliminate infectious virus from the respiratory tract, despite 
the absence of class II determinants on respiratory epithelium. The role of 
soluble mediators in this regard needs further investigation.(34) 

There also exist class II helper-amplifier cells for cytotoxic T lymphocytes 
(TcH).(51) They appear in the lungs within 3 days after exposure and may be 
equally cross-reactive in antigen recognition. Thus, the T-helper cells achieve 
peak activity quickly and may persist for 3 weeks, exhibiting specificity for the 
homologous virus, within the virus subtype, or between strains of the same type 
of virus.(38,61) Determinants are different from those of B cells, however.(62) 

Delayed-type hypersensitivity lymphocytes (Td) appear 5-7 days after in
fluenza challenge and are cross-reactive in their recognition of virus sub
types.(34,63) Similarly, Td helpers (TdH) peak 7-9 days after challenge in a 
secondary, recall response. The presence of Td cells is directly proportional to 
the degree of pulmonary consolidation and the dose of virus exposure. How
ever, their presence is inversely proportional to the degree of Tc activity.(63,64) 
DTH activity is associated in vitro with lymphocyte proliferation after exposure 
to purified viral antigen and appropriate MHC restriction elements.(63) Td 
cells may be class I or class II histocompatibility antigen restricted in their 
recognition of infectious virus. However, Td cells exhibit class II restriction 
alone in the recognition of inactivated virus.(34) Class II Td cells have been 
associated with increased mortality in murine models.(34) Furthermore, natural 
infection leads to increased numbers of DTH suppressor cells (TdS) within 2-7 
weeks.(41,63) Td suppressors correlate with decreased mortality and a fall in Td 
activity. This occurs less predictably following immunization with inactivated 
virus.(63) It appears that helper or suppressor epitopes may associate preferen-
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tially with immune response gene products which, respectively, facilitate help 
or suppression of the Td response. 

In regard to viral immunosuppression, several groups have reported de
pression of mitogen- or antigen-stimulated human lymphocyte proliferative 
responses and DTH skin-testing responses in patients with influenza virus 
infection'<12,65-67) Initially, influenza virus was believed to affect lymphocyte 
proliferative responses to mitogens and specific antigens directly. However, it 
has been shown more recently that influenza virus-infected human lymphocyte 
proliferative responsiveness is preserved. The depressed lymphocyte pro
liferative responses are due to virus-induced alterations in peripheral blood 
monocyte-macrophage accessory cell function, which is required for such re
sponses.(14,70,71) Nonetheless, proliferative responses to the challenging virus 
are concomitantly stimulated.(72) 

3.3. Macrophages 

Several aspects of monocyte-macrophage function are altered by influ
enza virus infection in vivo and in vitro, including accessory cell function, chem
otaxis, phagocytosis, and bactericidal activity. In vivo, volunteers exposed to 
infectious virus have shown decreased leukocyte proliferation, as seen in natu
ral infections, whereas volunteers exposed to inactivated (vaccine) virus showed 
no alteration of leukocyte proliferative activity.(12) Similar results, and more 
extensive studies, using in vitro infection have suggested that such alterations in 
immune responsiveness are due to influenza virus interactions with mono
cytes-macrophages. In vitro, exposure to infectious virus but not to inactivated 
influenza virus results in depressed mitogen- and nonviral antigen-stimulated 
human peripheral blood lymphocyte proliferation due to altered monocyte
macrophage accessory cell function, with lymphocyte function preserved. (l4,71) 
However, the accessory cell function of autologous human alveolar mac
rophages does not appear to be altered by exposure to the virus.(73) Further
more, the depressed peripheral blood mononuclear leukocyte proliferative 
responses to mitogens and nonviral antigens after in vitro infection is associated 
concomitantly with active leukocyte proliferation in response to the challenging 
virus itself, suggesting selectivity in the alteration of macrophage accessory cell 
function. (72) 

In animal models, influenza virus infection has been shown to depress in 
vitro macrophage chemotaxis and in vivo macrophage accumulation at sites of 
insult,(74) as well as in vivo phagocytosis(75) and killing(75,76) of microorganisms, 
including bacteria. Others, however, have reported that mouse alveolar mac
rophages, exposed to the virus, did not show depressed phagocytosis or bac
tericidal activity despite evidence (by surface-expressed hemagglutinating ac
tivity) of viral infection.(77) Different results could be due to differences in 
timing of measurements of the various functions after exposure to the virus.(6) 

Chemotaxis of human monocytes is depressed after in vivo(78) and in 
vitro(79,80) influenza virus infection. Influenza virus infection of human mono
cytes and macrophages in vitro has also been shown to result in depressed 
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phagocytosis<14,79) and microbicidal activity,(79) although phagocytosis of sta
phylococci was enhanced after exposure to virus at a low (0, I) multiplicity of 
infection. < 14) 

Concomitant with these alterations in monocyte-macrophage function, 
exposure to influenza virus results in active production, by the macrophages, 
of potentially immunomodulatory factors, such as interleukin-I (lL-I) and 
interferon (IFN).(13.81-83) Furthermore, monocytes-macrophages are not per
missive for influenza virus, rapidly taking up and effectively inactivating the 
infectious virus upon encounter. 

3.4. Natural Killer Cells and ADCC 

Splenic leukocytes, possibly both adherent monocytes-macrophages and 
nonadherent natural killer (NK) cells, from mice that were antibody negative 
for influenza virus have been shown to be spontaneously cytotoxic for influ
enza virus-infected fibroblast target cells.(84) Shortly after intratracheal infec
tion of mice with influenza virus, NK activity has been stimulated in the 
lungs,<85,86) but not in the spleen.(85) NK cell activity has been shown to in
crease in humans shortly after influenza virus infection,(87) and in vitro addition 
of influenza virus to human lymphocytes did not abrogate NK cell activity or 
antibody-dependent cell-mediated cytotoxicity (ADCC) in standard assays.(66) 

Influenza virus-induced anti-HA antibody has been reported to be pro
duced in vitro after recent in vivo natural infection and has been shown to 
support cytotoxic responses of leukocytes to virus-infected target cells (ADCC) 
during that postchallenge period.(88) Other studies have shown that the ADCC 
could be mediated by lymphocytes, monocytes, and neutrophils (human cord 
blood-derived as well as adult).<89) 

3.5. Miscellaneous Cells 

3.5 .1. Polymorphonuclear Leukocytes 

Increased polymorphonuclear leukocytes (PMNL) circulating in the pe
ripheral blood have been demonstrated early after influenza virus infection,(90) 
and there is evidence that PMNL can participate in antiviral defense.(91) Vari
ous aspects of PMNL function have been reported to be affected, often ad
versely, with in vivo infection or in vitro exposure to influenza virus. For exam
ple, human PMNL random locomotion,(92) chemokinesis,(92) chemotaxis,<93,94) 
phagocytosis,(93) lysosome-phagosome fusion,(95) and bactericidal activity(95) 
have all been reported to be depressed after infection. In vivo exposure to 
influenza virus can result in depressed rat neutrophil exudation in response to 
an inflammatory stimulus.(96) 

Chemiluminescence by human PMNL, measured because of its association 
with the ability to generate an oxidative respiratory burst and with the bactericidal 
capacity of the cells, has been shown to be depressed (in response to standard 
stimuli) after exposure to the virus, although the virus itself induces chemilumines-
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cence.(97,98) The virus-induced activation of chemiluminescence has been associ
ated with serum factors, notably being correlated with serum HA-inhibiting anti
body titer,(99) possibly implicating immune complex formation in the response. 
However, others have reported that human PMNL respond to influenza virus with 
increased oxygen consumption, generation of chemiluminescence, and produc
tion of superoxide in the absence of serum. (100) 

3.5.2. Fibroblasts and Other Cells 

Influenza virus infection may affect immune defenses by infecting ciliated 
and mucus-secreting cells as well as cells lining the alveolar spaces,(3,6,101) lead
ing to decreased nonspecific (often mechanical) defenses and an increased 
burden on leukocyte functions. Influenza virus-infected fibroblasts have been 
shown to be more susceptible to macrophage-mediated cytostasis than are nor
mal fibroblasts(l02) and would be expected to be susceptible to cytotoxic anti
influenza leukocyte effector cells' responses. 

3.6. Soluble Factors 

3.6.1. 1 nteiferons 

Influenza virus has been demonstrated to be an effective inducer of inter
feron-a (IFNa) production both in vivo(l03) and in vitro.(13,104) Interferon is 
commonly found in the serum and nasal washes of patients infected with 
influenza viruS,(103,105-107) IFN has also been detected in the lung lavage fluid 
of mice challenged intranasally with influenza virus and in the supernatant 
fluids of cultured leukocytes obtained by lavage.(108) Furthermore, IFN in
duced by influenza virus can inhibit influenza viral replication.(109) Influenza 
virus has recently been shown to be virtually as sensitive as the standard refer
ence assay virus (vesicular stomatitis virus, chosen in part for sensitivity) to the 
antiviral effects of influenza virus-induced human macrophage-derived 
IFN.(81) 

3.6.2. Interleukins 

Influenza virus has long been recognized to be an effective inducer of IL-l 
production, the latter detected in early animal model studies by endogenous 
pyrogen activity.(11G-1l2) In vitro influenza virus infection of human mac
rophages induces production of IL-l as well as of IL-l-inhibitor(s), with the net 
activity being an enhancement of mouse thymocyte proliferation in the stan
dard IL-l assay.(83) It remains to be determined whether the IL-l and IL-l 
inhibitor have similar activities when assayed for effects on human lymphocyte 
proliferative response to mitogens and non viral antigens, as well as influenza 
virus antigens specifically. IL-l inhibitors may be major candidates for medi
ators of virus-induced immunosuppression, but data to substantiate such a role 
are currently unavailable. 



INFLUENZA VIRUS-INDUCED IMMUNOSUPPRESSION 311 

3.6.3. Other Factors 

Influenza virus infection of human peripheral blood-derived mac
rophages and, to a lesser extent, alveolar macro phages in vitro, has been shown 
to induce cellular production of a factor(s) that stimulate human fibroblast 
proliferation. (I 13) In those studies, exposure to the virus itself (with a multi
plicity of infection equivalent to that for the macrophages) did not alter fibro
blast proliferation, suggesting that effects were due to the macrophage-derived 
factors rather than to viral or subviral components. Of potential relevance is 
the observation that primary cultures of human lung cells, exposed in vitro, 
could be persistently infected with influenza virus, and showed release of virus 
following subcultivation, i.e., during a period of greater proliferative activi
ty.(I14) 

4. MECHANISMS OF IMMUNOSUPPRESSION 

4.1. Viral Replication within the Immune System 

Influenza virus infection of PMNL is abortive, with added virus effectively 
inactivated. (I I!» Similarly, both monocytes-macrophages and lymphocytes can be 
infected by the virus, but the infection is again abortive.<3.1I6-122) No infectious 
virus is released by the cells, and virus added to the cells is rapidly inactivated. 
Nonetheless, influenza virus-specific proteins, including HA and NA, are pro
duced and expressed on the surface of the infected leukocytes.(l18.123) Such 
surface-expressed viral proteins can serve as target structures for developing 
antiviral responses.(124) 

The cell-expressed viral proteins do appear to be a result of actual infec
tion, being newly synthesized by the monocytes-macrophages and lympho
cytes and not merely input viral proteins processed and presented by mono
cytes to lymphocytes.(l25) Earlier studies also suggested that peripheral blood 
leukocyte cultures that had not been transformed (induced to proliferate) with 
a mitogen did not support the synthesis of viral proteins.<126-128) However, 
more recent studies have established that both resting and proliferating human 
lymphocytes can be infected by influenza virus, although in each case the 
infection is dependent on the presence of monocytes-macrophages.< 118.125,129) 

4.2. Potentially Immunosuppressive Virus-Induced Host Responses 

Various local and systemic features of the immunologic response to influ
enza virus infection could contribute to virus-induced immunosuppression. 
However, virus-induced changes in one compartment, such as the peripheral 
blood, may be quite unrepresentative of changes in another, such as the lung. 
For example, influenza virus infection is associated with an acute influx of 
monocytes, lymphocytes, and neutrophils into the lavageable lung compart
menU 130,131) It should be noted that such recruitment of monocytes-mac-
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rophages occurs despite a demonstrated decrease in monocyte chemotaxis in 
response to other stimuli after in vivo or in vitro influenza virus infection. 

Cellular immune function is suggested to be an integral part of host de
fense against influenza virus infection by the finding of lymphocyte infiltration 
during influenza pneumonia'<130,131) A major component of the lymphocytic 
response has been shown to be the generation, or recruitment, and action of 
antiviral Tc. However, nTH has also been detected in assays using cells from 
lung, hilar lymph nodes, and spleen of hamsters following intratracheal influ
enza virus inoculation(86) and using cells recovered from the lungs of mice after 
intranasal challenge with infectious influenza virus.(64) The cells were shown to 
produce nTH responses on transfer to naive animals. Notably for considera
tion of virus-induced immunosuppression, suppressor T lymphocytes were 
also generated during influenza virus infection of the mice.(64) The cells inhib
ited the development of virus-specific class II MHC antigen-restricted nTH 
responses but did not interfere with protective class I MHC-restricted re
sponses (such as that of Tc) or neutralizing antibody production.<4I,132,133) 
Thus, the cells that can suppress the delayed hypersensitivity response may 
playa role in the control of, as well as contribution to, the immunopathologic 
process. 

In contrast to the responses to challenge with infectious virus, after ex
posure of mice to inactivated influenza virus, suppressor cells were induced 
that inhibited class I MHC-restricted T-cell responses, such as cytotoxic activity, 
which may contribute to the immunopathology.(40,132) Other studies have sug
gested that recognition of external (HA and NA) as well as internal (M and NP) 
viral proteins can contribute to both generation and function (by inhibition of 
proliferation to virus or viral proteins) of murine influenza virus-specific sup
pressor cells.(134) 

Also in regard to potential viral immunosuppression, it should be noted 
that, after previous challenge, exposure to the same subtype of virus can cause 
a drop in total cytotoxic lymphocyte response. By contrast, exposure to viruses 
of different subtypes will cause an increase in (presumably cross-reactive) 
cytotoxic activity. This observation may be related either to the presence of 
suppressor cells and/or neutralizing antibody.(40,45) 

Although the acute inflammatory response to influenza virus challenge 
has been recognized for some time, only recently have experimental data 
emerged to suggest that a more chronic inflammatory response may ensue 
after infection. Studies have shown, using labeled inactivated virus prepara
tions, that viral antigens can persist in the lungs within antigen-presenting cells, 
and can stimulate lymphocytes.(135) The persisting immunogenic stimulus 
could lead to more effective establishment of local immunity or, conversely, to 
prolonged immunopathology. Thus, after infection of mice, pulmonary leuko
cytosis may persist for as long as a year, with histologic evidence of patchy 
interstitial pneumonia, deposition of collagen in the affected areas, and 
marked hyperplasia of bronchial-associated lymphoid tissue.(136) Although in
fectious virus could not be recovered after 9 days, viral antigens persisted at 
high concentrations in the lungs. 
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Immunoglobulin-secreting cells and antiviral antibodies, specifically, have 
also been detected, by immunofluorescence assays, in the lungs of mice long 
after aerosol challenge with influenza virus.(l37,138) Cells producing IgA and 
IgM were detected early (3 days) after challenge, soon followed by IgG-produc
ing cells. The cells appeared in two principal locations, i.e., along major airways 
and in consolidated lesions within the lung parenchyma. Cells producing IgG 
and IgA persisted after the decline in IgM-producing cells, at approximately 
30 days. Virus-binding antibodies, specifically, were shown still to be present 
for all classes on day 33 after challenge. 

Such data, combined with the demonstration of influenza virus-induced 
production of macrophage-derived fibroblast-stimulating factors, (113) raise the 
possibility that influenza virus infections may playa role in the development of 
interstitial lung disease. However, interstitial fibrosis is an uncommon recog
nized sequela of influenza virus infection, and other factors may play an as-yet 
unrecognized role in enhancing or limiting the clinical development of such a 
process. (I 13) Hence, the chronic alveoli tis in mice, due to influenza virus infec
tion, did not result in progressive generalized interstitial fibrosis.(136) 

Various additional aspects of the immune response, which can be common 
with such acute as well as chronic inflammation, could contribute to the patho
logic manifestations of influenza virus infection. Immune complexes of detect
able size are induced by influenza virus infection (of mice) during the interface 
between antigen excess and antibody excess conditions, and the influenza 
virus-induced immune complexes have been reported to suppress murine al
veolar macrophage phagocytosis.(139) Such suppressive effects may contribute 
to the phagocytic dysfunction that occurs 7-10 days after influenza pneumonia 
in the animals. 

Neutrophils, although not extensiv~ly recruited by an influenza virus chal
lenge (compared with bacterial challenge), could be the source of various pro
teinases, produced in the process of responding to and eliminating the offending 
material. Normal lung tissues and both recruited and resident immunocompetent 
cells may suffer unwarranted damage due to the same proteases. 

Several soluble immunomodulatory factors, induced by influenza virus, have 
reasonably been considered as possible contributors to viral immunosuppression. 
For example, IFN has well-documented antiproliferative activity in many systems, 
including demonstrated ability to depress mitogen-stimulated lymphocyte pro
liferation.(l40,141) However, several lines of evidence suggest that IFN production 
by peripheral blood-derived monocytes-macrophages(13) per se cannot explain 
the monocyte-macrophage-mediated depression of mitogen-stimulated human 
lymphocyte proliferation.(14) For example, IFN production was induced by ex
posure of human macrophages to either infectious or inactivated influenza virus, 
but only macrophages exposed to infectious virus exhibited depression of accessory 
cell support for lymphocyte proliferation, and the depression was not clearly 
related to the titer of IFN produced.(73) Furthermore, neutralization of IFN, by 
addition of appropriate antisera to cultures, did not return macrophage-supported 
lymphocyte proliferative responses to normal after exposure to the virus. Similarly, 
prostaglandin production, induced by exposure to the virus, has warranted consid-
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eration as an immunosuppressive factor. However, evidence also suggests that 
prostaglandin production per se cannot account for altered monocyte-mac
rophage support of mitogen-stimulated lymphocyte proliferation after exposure 
to influenza virus. Responses of influenza virus-exposed human leukocytes were 
not returned to normal by addition of indomethacin, catalase, or antiprostaglandin 
antibody to the cultures.(73) Immunomodulatory factors remain strong candidates 
as mediators of virus-induced immunosuppression, notably the influenza virus
induced human macrophage-derived IL-I inhibitor, which has recently been de
scribed.(83) Such a factor(s) could suppress mitogen-stimulated mouse thymocyte 
proliferation, although concomitant IL-I production resulted in net enhancement 
of the thymocyte response. The specificity or nonspecificity of the inhibitor, es
pecially in regard to human lymphocyte proliferation, warrants further investiga
tion. It is possible that several of the factors induced by influenza virus produce 
their effects by actions on certain cells (e.g., even the producing macrophages 
themselves), which in turn mediate immunosuppression. 

5. SIGNIFICANCE OF VIRUS·INDUCED 
IMMUNOMODULATION IN VIRAL PATHOGENESIS 

5.1. Immunologic Participation in Observed Pathology 

A vast array of local, recruited, and systemic immunological responses can 
playa concerted and integrated role in anti-influenza virus defense, including 
intrinsic antiviral activity of different leukocyte populations (uptake and inac
tivation of the virus), as well as various extrinsic antiviral responses, such as 
neutralizing antibody production, ADCC, antibody-independent specific and 
nonspecific (or natural) cell-mediated cytotoxicity, and production of various 
antiviral and immunomodulatory factors, such as IFN and IL. 

The same immunologic responses that ensure recovery from the viral 
challenge may contribute to the characteristics or extent of clinical expression 
of the viral disease. This has been demonstrated by several groups of investiga
tors, using various protocols to render animals immunodeficient, resulting in 
prolonged viral replication and decreased lung pathology.(142.143) In the ab
sence of immunologic responses, death of the animals commonly results from 
virus dissemination and involvement of other sites, such as the CNS,(144) For 
example, mice treated with nontoxic doses of antilymphocyte globulin showed 
decreased lung consolidation and even improved survival after challenge with 
influenza virus under controlled experimental conditions.(143) By contrast, oth
ers have shown murine mortality rates to increase after cyclophosphamide
induced immunosuppression, with no significant delay in mortality.(144) Other 
studies have used analyses of active cells present in the challenged animals' 
lungs, or passive transfer of effector cells, or comparisons of influenza virus
induced pneumonia in normal and lymphocyte-deficient animals.(l45-147) 
Overall, there is evidence that specific T-Iymphocyte responses contribute not 
only to anti-influenza virus defense, but also to the severity of lung patholo
gy.(64) 
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Indications of systemic immunosuppression may coexist with evidence of 
an active local and recruited immune response to the virus challenge itself. The 
most prominent resident lung leukocyte population in the unchallenged state is 
the alveolar macrophageJ73) However, after influenza virus challenge of mice, 
it has been shown clearly that numerous additional leukocytes are recruited to 
the lungs, with the predominant population being monocytes-macrophages, 
but with large numbers of lymphocytes, as well as a lesser percentage of 
PMNLJI30,131) Patients challenged with influenza virus have long been known 
to demonstrate a peripheral blood lymphocytopenia soon after infection,(90) 
The animal models have shown that this peripheral or systemic decrease in 
lymphocytes can correlate with an increase in the number of those cells at the 
primary site of virus challenge, Thus, the mean number of lymphocytes in the 
peripheral blood was decreased after challenge of mice with influenza virus, 
whereas the mean number of lymphocytes in the lungs was increased, with 
peak lymphocyte numbers reached in the lung when pneumonia was most 
marked and peripheral blood lymphocyte counts had decreased by 50%JI48) 
The Tc in the lung were shown to be specific for the HA of the infecting virus, 
Tc were also detected in cervical lymph nodes, spleen, and peripheral blood of 
the infected mice, and the cytotoxic activity decreased with resolution of the 
pneumonia, Such data appear to indicate that specific anti-influenza virus Tc 
in the major infected organ, the lung, are part of the immunologic and patho
logic response to the virus, Similar observations have been made by others.(4,46) 
Virus-specific cytotoxic cells have been detected in the lung but not in the hilar 
lymph nodes or spleen of hamsters following intratracheal influenza virus 
inoculationJ86) Further studies indicated that transfer of induced Tc could 
protect mice challenged with lethal influenza viruses, reducing lung virus titers 
and enhancing recovery from the infection and resolution of pneumo
niaJ47,146.149) 

Other investigators have examined local accumulation of anti-influenza 
antibody-producing B lymphocytes in pertinent tissues, For example, after 
influenza virus challenge of ferrets, the number of antibody-producing cells 
(measured by a standard plaque-forming cell assay) increased in the lung wash, 
as well as lymph nodes draining the upper and lower respiratory tracr.(150) Of 
note, T-lymphocyte proliferative responses to the challenge virus were also 
measured and found to develop downstream from the major site of infection, 
but not in the lung wash cell population itself. 

In addition to contributing to viral pathogenesis, influenza virus-induced 
effects on immunological functions may also contribute to secondary man
ifestations of influenza virus infection. Such observations do not directly dem
onstrate a role for influenza virus-induced immunomodulation in viral patho
genesis. However, secondary bacterial pulmonary infections are often cited as 
evidence of potentially deleterious immunosuppression produced by influenza 
virus, Influenza virus infection has long been recognized to be associated with 
secondary bacterial infections of both humans and laboratory animals; such 
sequelae include bacterial pulmonary infections relatively uncommon in non
influenzal settingsJl51) Furthermore, such virus-induced immunomodulation 
can also be manifested by local effects that are not fully reflected by determina-
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tions of systemic immune functions after influenza virus challenge. For exam
ple, pulmonary, but not splenic or liver, bactericidal activity against sta
phylococci (administered intravascularly) was depressed by influenza virus 
infection of mice, and more staphylococci persisted in the lungs of influenza 
virus-infected animals.(76) Defense against challenge with airborne staphylo
cocci was also suppressed by the viral infection. It should be noted that others 
have shown that pulmonary infection of mice with influenza virus can depress 
or enhance resistance to a second (bacterial) infection depending on the timing 
of bacterial challenge after virus infection.(152) 

5.2. Genetic Contributions 

Both viral and host genetic factors can affect the degree to which virus
induced immunomodulation might contribute to the pathogenesis of observed 
viral diseases, and this has been documented in particular in the case of influ
enza virus. Different influenza virus subtypes or strains can differ in the mag
nitude of effects on some immunologic functions and in the degree of sequelae 
potentially arising due to those effects. Variability in such observations may be 
related to differences in immunologic functions measured, or species exposed. 
For example, HINI and H3N2 strains of virus did not differ in ability to alter 
human macrophage accessory cell function or induce interferon production 
after in vitro infection.(71) Seropositivity to the influenza virus subtype or specif
ic strain did not appear to modify the infectious virus-induced alterations of 
human macrophage function. However, HINI and H3N2 strains have been 
shown to have differential effects (H3N2 greater than HI N I) on PMNL chem
iluminescence, clearance of pneumococci from nasal washings, and develop
ment of pneumococcal otitis media after in vivo influenza virus infection of 
chinchillas.(l53) In rats, it has been shown that different influenza virus strains 
differ in ability to agglutinate thoracic duct lymphocytes.(154) 

The influence of histocompatibility (HLA, class I, and class II) determi
nants on host interaction with influenza viruses has been well established with 
measurements of several aspects of the immune response. For example, genet
ic constitution, measured by assays using patients with varying HLA determi
nants, can affect the presence or magnitude of anti-influenza cytotoxic(l55) or 
antibody responses.<156,157) Primed human lymphocyte responses to influenza 
virus may be restricted to class II HLA determinants different, in an indi
vidual, from those involved in responses to alternate viruses.(l58) Genetic sus
ceptibility or resistance of a host to influenza virus infection has been shown in 
animal models to correlate with macrophage susceptibility or resistance to virus 
replication, and to correlate in turn with host survival.(l59) 

5.3. Immunofocusing and the Selectivity of Immunomodulation 

The altered leukocyte functions may actually represent a focusing of ac
tivity by the cells, which results in the depression of some immunologic re-
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sponses combined with the activation or augmentation of other responses 
deemed more beneficial to the host in the setting of acute influenza virus 
challenge. Thus, several observations suggest that many features of influenza 
virus infection commonly viewed as indications of virus-induced immunosup
pression warrant reconsideration, as features indicative of a virus-induced but 
host-directed immunofocusing rather than viral suppression of defense.(13) 

First, influenza virus infection commonly resolves without significant re
sidual disease, and with emergence of homotypic immunity. Such a course 
suggests either that the observed depressions of immune responses are either 
not deleterious to any significant degree or that they are in fact actually bene
ficial to the host. The depressed immune responses are so consistently ob
served in the setting of the infection that it can reasonably be suggested that the 
changes have emerged through natural selection, as opposed to inconstant 
features, or features never seen and supposedly selected against (as de
leterious) as the species evolves. It is, however, possible that the consistent 
alterations of immune response in fact represent the maximum adverse effects 
which can be determined by the virus, as it passes from individual to individual, 
without resulting in extinction of the host. The relative constancy of immuno
logical alterations across various species which have been studied in depth also 
argues for such a concept of potential benefit to the host of the virus-induced 
imm unomod ulations. 

Second, even a single type of leukocyte, for which virus-induced depres
sion of an immunological function has been demonstrated, can be shown to 
have preservation and even activation or augmentation of an alternate func
tion. The latter function may reasonably be presumed to be of greater benefit 
to the host in the setting of the acute influenza virus challenge. For example, in 
vitro influenza virus infection of human peripheral blood-derived mac
rophages results in their decreased accessory cell support for mitogen-stimu
lated lymphocyte proliferation,(l4) yet concomitantly induces active mac
rophage production of IFN.(13) Even macrophage accessory cell function is 
selectively altered. Thus, concomitant with decreased support of lymphocyte 
proliferative responses to mitogens and non viral antigens, the macrophages 
fully support proliferative responses to the virus itself.(72) Lymphocyte blasto
genic (proliferative) responses to influenza antigens have been detected in 
cultures established early after infectious virus challenge of volunteers,(12) Fur
thermore, the addition of (infectious but not inactivated) influenza virus to 
human leukocytes in vitro resulted in decreased mitogen-stimulated Ig syn
thesis.(66) By contrast, there is extensive evidence for production of antiviral 
antibodies in the setting of influenza virus infection, and such specific anti
influenza antibody production is macrophage dependenU160) There would 
seem to be a relative focusing even of each of several functional activities of the 
macrophages after exposure to influenza virus. 

Third, even a response that has been shown to be depressed systemically after 
influenza virus infection, using standard assays, may not be inappropriately de
pressed in regard to the immediate and/or local viral challenge. For example, in the 
mouse model, influenza virus infection results in a significant decrease in mono-
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cyte-macrophage chemotaxis using standard assays,(74) yet is associated with an 
effective local (pulmonary) recruitment, manifested by a marked increase in lav
ageable monocytes-macrophages after challenge.<130,131) 

Fourth, even certain of the immunomodulatory effects of influenza virus 
infection commonly considered immunosuppressive could have consequences 
potentially beneficial to the host. The consequences would only have to have 
net adaptive value to be conserved through natural selection (i.e., the species 
would benefit, although an individual host encountering a second challenge 
may be at a disadvantage). For example, depressed macrophage accessory cell 
function for various (non viral) lymphocyte proliferative responses might be 
inferred to have net adaptive value, since proliferating lymphocytes, while not 
productively infected, may support the synthesis of influenza viral proteins 
better than do resting lymphocytes.(l26) Human lung cells, persistently infected 
with influenza virus, showed release of virus following subcultivation, i.e., dur
ing a period of greater proliferative activity.(l14) Thus, an active host suppres
sion of nonviral specific proliferation (i.e., other than that of anti-influenza 
virus-specific lymphocytes) could play a role in decreasing host tissue per
missiveness for viral replication, whether productive or abortive in the various 
tissues. 

The interactions of influenza virus and host immunologic systems would 
appear to reflect a relationship that allows persistence of both the pathogen 
and the host. It is as yet unclear whether any aspects of immunosuppression 
induced by influenza virus truly potentiate the persistence of the virus itself.(3) 
While influenza virus remains a cause of substantial morbidity and mortality, 
further examination of immunoregulation in the setting of influenza virus 
challenge is likely to reveal much information regarding the constitution of a 
generally effective immune defense. 
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Paramyxoviruses 
RAIJA VAINIONPAA and TIMO HYYPIA 

1. BASIC PROPERTIES OF VIRUSES 

1.1. Classification 

The family Paramyxoviridae contains three genera: paramyxoviruses, mor
billiviruses, and pneumoviruses(l) (Table I). They infect a large variety of 
mammals and birds, but the strains are very host specific. Classification in 
separate genera is based on differences in hemagglutinating and neuramini
dase activities, as well as in morphology. The Paramyxovirus genus includes the 
human pathogens, mumps virus, parainfluenza virus types 1-4, and several 
animal pathogens, of which Sendai virus of mice, simian virus 5 (SV5) of 
monkey, and Newcastle disease virus (NDV) of birds are the best characterized. 
The genus Morbillivirus includes measles virus (MV) and three nonhuman 
viruses, canine distemper virus (CD V), rinderpest virus (RPV), and peste des 
petits ruminants virus (PPRV). Measles virus is not included in this review, 
because it has been presented in Chapter 18. Respiratory syncytial virus (RSV), 
bovine respiratory syncytial virus, and pneumonia virus of mice are members 
of the genus Pneumovirus. Throughout this chapter, the term paramyx
ovirus(es) is used to describe the whole family Paramyxoviridae. 

1.2. Molecular Structure 

Paramyxoviruses are pleomorphic enveloped RNA-viruses, with a particle 
size of about 150-300 nm. The genome is a single-stranded nonsegmented 
RN A molecule of negative polarity with a molecular weight of about 5-7 x 106 

kDa, covered with nucleocapsid proteins. The helically coiled nucleocapsid 
structure is surrounded by a lipid-rich envelope of host cell origin with virus-
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TABLE I 
Classification of the Family Paramyxoviridae 

Virus 

Paramyxoviruses 
Mumps virus 
Parainfluenza virus 

type I 
type 2 
type 3 
type 4a 
type 4b 

Sendai virus 
Simian virus-5 
Newcastle disease virus 

Morbilliviruses 
Measles virus 
Canine distemper virus 
Rinderpest virus 
Peste des Petits ruminants virus 

Pneumoviruses 
Respiratory syncytial virus 
Bovine respiratory syncytial virus 
Pneumovirus of mice 

Activities 

Hemagglutination Neuraminidase 

+ + 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

+ 

+ 

Host 

Humans 

Humans 
Humans 
Humans 
Humans 
Humans 
Mouse 

Monkey 
Birds 

Humans 
Dog 

Cattle 
Sheep 

Humans 
Cattle 
Mouse 

specific glycoprotein spikes. The schematic model of a paramyxovirus is shown 
in Fig. 1. The nucleocapsid contains the RNA-dependent RNA polymerase 
activity. Viral replication takes place in the cytoplasm, and viruses are released 
by budding through the plasma membrane. 

Paramyxovirus particles contain six virus-specific proteins and cellular ac
tin, except RSV which has been reported to contain 7-8 virus-specific proteins. 
The characteristics of the structural proteins are summarized in Table II. The 
envelope spikes are formed by two different glycoproteins. The larger one 
contains the hemagglutinating and neuraminidase activities in the members of 
the Paramyxovirus genus and is therefore designated the HN protein. These 
activities are located at separate sites of the molecule.(2.3) The members of the 
Morbillivirus and the Pneumovirus, except measles virus and pneumonia virus of 
mice, probably do not contain these activities. The HN protein mediates virus
cell, attachment but the function of the neuraminidase activity in the rep
licative cycle is not completely understood. The HN protein is the major enve
lope protein(4) and is anchored to the membrane through its N-terminus.<5,6) It 
is also the major antigenic determinant of paramyxovirus and induces the 
production of neutralizing antibodiesP) The gene of the larger glycoprotein of 
RSV is significantly smaller (918 nucleotides),(8) compared with the HN genes 
of the other paramyxoviruses (1595-1895 nucleotides).(5,6.9) The molecular 
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FIGURE 1. Schematic model of paramyxovi
ruses. 
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Lipid envelope 

Large protein L 

Phosphoprotein P 

F-protein 

weight of the glycosylated form in vivo is comparable, however, to that of other 
paramyxoviruses, indicating its high carbohydrate content. In the native form, 
the HN protein occurs as a disulfide-bonded oligomer.<IO) The fusion (F) 
glycoprotein is involved in hemolysis, cell fusion, and virus penetration into 
cells. Antibodies against F protein have also been shown in vitro to be highly 

Protein 

Hemagglutinin 

Fusion 

Nucleoprotein 
Phosphoprotein 

Large 

Matrix 

Actin 

TABLE II 
Structural Proteins of Paramyxoviruses 

Designation 

H N 

Fo-F(F,F2l 

NP 
P 

L 

M 

Molecular 
weight 
In V IVO 

(kDa) 

72- 90 

Fo 60-70 
F, 40-60 
F2 10-20 

43-70 
34-70 

180-200 

30-36 

Location 

Envelope 

Envelope 

Nucleocapsid 
Nucleocapsid 

Nucleocapsid 

Inside virion 

Function 

Attachment to host cell re
ceptors 

Hemagglutinating and 
neuraminidase activities 

Fusion, hemolysis, 
penetration 

Bound to RNA 
Component of polymerase 

complex 
Component of polymerase 

complex 
Assembly, regulation of 

transcription 
Host cell origin 
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protectivd ll ) The F protein is synthesized as a precursor form, designated Fo, 
and then post-translationally cleaved by host cell proteases to the biologically 
active form F, which consists of two disulfide-linked subunits, F 1 and F 2' The 
F 1 protein forms the carboxy-terminal portion of the F protein and is anchored 
to the envelope through its C terminal. Considerable homology at the N
terminal end of the F 1 protein is noted for Sendai virus, SV5, and NDV, which 
may reflect functional similarity in this region. The molecular weight of the 
glycosylated precursor F 0 in vivo is 60-70 kDa, and the subunits F 1 and F 2 40-
60 and 20-24 kDa, respectively.(l2-14) 

The matrix (M) protein is nonglycosylated, strongly hydrophobic, and 
associated with the inner surface of the envelope. The M protein obviously has 
a critical role in the virus assembly and, based on the analogy to other negative 
strand viruses, the M protein may also participate in the regulation of tran
scription. The nucleocapsid of paramyxoviruses contains viral genomic RNA 
and three proteins. The nucleoprotein (NP) is the major protein of the nu
cleocapsid structure, and it covers the genomic RNA. High homology in amino 
acid sequences is present in NP between parainfluenza type 3 and Sendai 
viruses, as well as between measles and canine distemper viruses(l5.16) but not 
between parainfluenza type 3 virus and RSV.(l6) The phosphoprotein (P), 
another component of the nucleocapsid, has a role in the RNA-dependent 
RNA-polymerase activity. The large (L) protein is a minor component in the 
nucleocapsid structure, but it is assumed to be a crucial part in the RNA
dependent RNA-polymerase activity.(17) One or two nonstructural (C) virus
specific proteins are also synthesized in paramyxovirus-infected cells. The 
function(s) of these proteins is still unclear. In addition to the proteins men
tioned above, some minor polypeptides are synthesized in infected cells, but 
their roles are unknown. 

1.3. Replication of Paramyxoviruses 

The first step in the infectious cycle is the attachment of the virus particle 
to the cellular receptors through the hemagglutinin protein. After the fusion 
of viral envelope with cellular membrane, mediated by the F protein, the viral 
nucleocapsid is released into the cytoplasm. The next event is the synthesis of 
viral messenger RNA (mRNA) molecules. Because eukaryotic cells do not con
tain RNA-dependent RNA-polymerase activity, virus nucleocapsid has to carry 
this activity into the cell, at least the viral proteins Land P are required for this 
activity. Virus-specific enzyme activity transcribes genome RNA to 6-10 indi
vidual mRNAs, which resemble eukaryotic messengers with their 3'-end poly
A-tails and 5'-end methylated cap structures. Viral mRNA molecules are trans
lated to proteins on host cell ribosomes. The glycoproteins go through a com
plex maturation process during the transport through the Golgi apparatus to 
cellular membrane.(l8.19) 

The genome replication proceeds in two steps. The negative-strand RNA 
is transcribed to complementary-positive RNA and then, with this positive 
RNA as a template, the genomic negative-strand RNA is synthesized. The 
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nucleoprotein immediately encapsidates the new genomic RNA. The Land P 
proteins also attach to the ribonucleoprotein structure. 

The assembly process is not completely understood, but it is possible that 
the soluble M protein has a critical role in the budding process. The M protein 
may function as a bridge between virus-specific glycoproteins on cell mem
branes and nucleocapsid structures in the cytoplasm. 

2. MODULATION OF IMMUNITY BY THE VIRUSES 

2.1. Parainfluenza and Respiratory Syncytial Viruses 

Parainfluenza viruses types 1-4 and RSV share several common features 
in their clinical manifestations, in pathogenesis, and in immune responses dur
ing infection. All are transmitted via direct contact or large droplets from 
respiratory secretions to the conjunctiva or nasal epithelium. The primary 
replication takes place in the epithelial cells of the upper respiratory tract. 
After an incubation period of 3-6 days, the virus is shed from the mucosal 
surface, and symptoms of upper respiratory tract infection develop. Croup or 
laryngotracheitis is the severe form of parainfluenza infections, whereas RSV is 
a common cause of bronchiolitis and pneumonia in infants and small children. 
Reinfections are common with all these viruses, but the clinical manifestations 
are usually less severe than during the primary infection. General immunosup
pression is seldom observed, although the infections are relatively often associ
ated with secondary bacterial infections and immunosuppressed patients tend 
to have prolonged and complicated forms of parainfluenza virus and RSV 
infections. 

Several animal models have been used to study the pathogenesis of para
influenza virus and RSV infections. One interesting model for RSV is the 
infection in cotton rats, used extensively by Prince et al.,(20) which will be 
presented here as an example. One day after intranasal infection of the ani
mals, virus replicated in nose, trachea, and lungs. Duration of virus excretion 
was approximately 7 days with peak values on day 4. Viral antigen was detected 
by immunofluorescence in cells of the nasal epithelium and the luminal epi
thelial cells of the bronchi and bronchioles. Trachea and alveolar cells in the 
lungs were negative for RSV antigens. Serum-neutralizing antibodies devel
oped by the ninth day of infection in parallel with the disappearance of virus 
shedding in the animals. In another study the active immunity and maternally 
transmitted immunity to RSV have been compared.(21) RSV-infected animals 
developed resistance to pulmonary reinfection that lasted at least 18 months, 
while the nasal resistance began to diminish by 8 months postinfection (pj.). 
Transfer of lymphocytes from immune animals did not provide nasal or pul
monary resistance while complete or near-complete pulmonary resistance was 
seen in recipients of immune serum. However, minimal resistance was detected 
in the nose of these animals. Immune females were able to transfer antibody to 
their infants, with most of the antibody being transferred via colostrum and 
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milk. Maternally transmitted immunity was more effective in the lungs than in 
the nose. It was recently shown that the passive immunity transferred by serum 
is complete or almost complete in the lungs, with a serum-neutralizing antibody 
titer of 1 : 380 or greater.(22) Walsh et al.<23) showed that passive immunization 
with circulating monoclonal antibody to either HN glycoprotein (gp90) or 
fusion polypeptide (VP70) reduces or prevents the growth of RSV in the lungs 
of infected cotton rats. Monoclonal antibody against the 44-kDa nucleoprotein 
does not have this effect and none of these antibodies is able to block the nasal 
infection. 

In humans, most of the reports on the immune system and paramyx
oviruses concern local and circulating antibodies. The importance of cell-medi
ated immunity in vivo in parainfluenza virus and RSV infections is largely 
unknown. The entry of these viruses occurs via the respiratory route, whereby 
the first specific defense mechanism is the barrier of local antibodies. Yanagi
hara and McIntosh(24) showed that in infants infected with parainfluenza virus 
type 1 or 2, a significant increase in nasopharyngeal secretory IgA is detected. 
However, there was a discordance in individual specimens between IgA and 
neutralizing activity because many secretions contained IgA but were not neu
tralizing, and vice versa. Similar results have been reported for RSV.(25) In 
spite of the observed discrepancy, the appearance of local antibodies correlates 
well with the disappearance of the viruses from the nasopharynx. The local 
antibodies disappear gradually and, 2 months after infection, they were de
tected in only 33% of RSV patients.(26) McIntosh(27) showed that the nasal 
secretions of RSV -infected children contain undetectable or low levels of inter
feron (IFN) activity in contrast to those infected with influenza A. Hall et al.(28) 

reported that IFN is detected in nasal washes in 5%, 30%, and 55% of children 
infected with RSV, parainfluenza, and influenza A viruses, respectively. 

The appearance and levels of circulating antibodies to RSV have been 
analyzed by several groups. Meurman et al.(29) recently studied primary RSV 
infection in children, all of whom had an IgG antibody response; IgM class 
antibodies were detected in 73% of patients. Children under 6 months of age 
produced little or no IgM, while all patients aged 1-2 years produced RSV
specific IgM. IgA antibodies were detected in the serum of 77% of patients. 
IgM antibodies persisted from 2 to 10 weeks, and no IgA and low or undetecta
ble levels of IgM were observed after 1 year in children with primary infection. 
Subsequent reinfection results in an accelerated antibody response (5-7 days) 
for all three Ig classes. (30) Detectable titers of IgG were found in 50% and IgA 
in 75% of colostrum samples. 

In sera from children with primary RSV infections, the antibody response 
is mainly directed against polypeptides 30, 48, and 72 kDa, when studied by 
immunoprecipitation according to Vainionpaa et al.(32) Ward et al.(33) described 
the strongest immune response in 6- to 12-month-old infants to be against 
VP41 and VPG48. An interesting phenomenon is the lack of antibodies against 
the larger glycoprotein G. On the contrary, the antibody level against the 
parainfluenza virus 3 HN polypeptide was consistently higher than the levels 
against the F protein in human sera as studied by Kasel et al.<35) 
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In a follow-up study, Fernald et al.(35) showed that neither humoral nor 
cell-mediated immunity (CMI) alone appears to act directly in modifying RSV 
infection and disease expression. These workers studied RSV -stimulated lym
phocyte blastogenesis as the expression of CMI and showed that the mean 
stimulation index is near unity before the first infection and rises gradually 
during 3 years thereafter. Correspondingly Cranage and Gardner(36) observed 
that a great majority of children with RSV infection showed CMI approx
imately I year later. In addition, Scott et al.(31) reported significant proliferative 
response to RSV antigen in maternal, colostral, and cord blood cultures. The 
proportional number of peripheral blood mononuclear cells with the OKT8+ 
phenotype, so-called suppressor/cytotoxic cells, is decreased during con
valence, but not during acute infection in patients with bronchiolitis.(37) 
Domurat et al. (38) reported that circulating mononuclear leukocytes from 
symptomatic children with RSV infections frequently express viral antigens. 
Viral antigens were detected more frequently in the cells of younger patients. 

2.2. Mumps Virus 

The pathogenesis of mumps virus differs significantly from that of RSV 
and parainfluenza viruses. Depression of delayed hypersensitivity is also clearly 
observed after administration of live attenuated mumps virus vaccine,(39,40) 
Although the primary replication of mumps virus also occurs on the mucosal 
surface, the clinical manifestation is not upper respiratory infection. Typically, 
parotitis is observed after an incubation period of about 18 days; the illness is 
often complicated with symptoms in the central nervous system (CNS), es
pecially meningitis. Orchitis, carditis, and pancreatitis also are found in associa
tion with mumps infection. Viremia occurs during the course of the disease, 
and virus can be isolated from cerebrospinal fluid (CSF) in meningitis, and 
occasionally from urine. 

Salivary IgA antibody is detected by day 4 p.i. in most cases during mumps 
infection; its appearance correlates with the disappearance of the virus.(41) 
Several groups have studied serum antibodies against mumps virus, mainly for 
diagnostic purposes. Anti-mumps IgG antibodies increase rapidly and reach 
maximum in about 3 weeks, while most patients have IgM antibodies from the 
second day p.i. with peak values within the first week.(42) The response in 
parotitis does not differ from that in meningitis/encephalitis, but relatively 
higher antibody titers are found in orchitis/epididymitis patients. In men
ingitis, the CSF IgG antibodies correlate well with titers in serum, whereas IgM 
antibodies do not show direct correlation, and some patients do not have 
mumps IgM in the CSF at all.(43) The inflammatory reaction in the CNS, 
characterized as mononuclear pleocytosis, Ig synthesis, and oligoclonal IgG, 
does not correlate with the clinical course of infection.(44) Antimumps Ig ad
ministration to mumps contacts is protective only when performed early after 
the outbreak of an epidemic.(45) However, application of antimumps IgG to 
patients within the first 5 days after onset seems to prevent the appearance of 
complications and reduces the duration of the disease. 
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Ilonen(46) showed that the lymphocytes of most of mumps-seropositive 
subjects respond to stimulation with inactivated mumps antigen. In individuals 
given inactivated mumps virus vaccine, the response to mumps antigen ap
peared by 20 weeks postvaccination and reached the levels found in seroposi
tive subjects years after natural mumps infection.(47) No clear-cut correlation 
between antibody levels and blast transformation responses was observed. 
Fryden et al.(48) studied patients with mumps meningitis and showed that in 
four of five patients, the proliferation of CSF lymphocytes after mumps stim
ulation was higher than that of blood lymphocytes. The proliferation response 
was specific, indicating the occurrence of lymphocytes sensitized against 
mumps in the CNS during the acute infection. 

Kreth et al.(49) tested cryopreserved lymphocytes from blood and CSF of 10 
children with mumps meningitis in 51Cr-release assays against uninfected and 
mumps virus-infected phytohemagglutinin (PHA)-stimulated blasts. These 
workers showed that lymphocytes from all patients were specifically cytotoxic to 
autologous mumps virus-infected target cells, and the reaction was mediated by 
E-rosette-forming lymphocytes. The effector cells were detected over 2-3 weeks 
after the onset of meningitis. When peripheral lymphocytes from healthy blood 
donors were incubated with autologous mumps virus-infected stimulator cells 
maximal cytotoxicity was generated after 5-7 days in culture. (50) The cytotox
icity could be detected only in seropositive individuals. The major restriction 
antigens for cytotoxic T lymphocytes (CTL) were certain HLA B determinants, 
such as B18, B27, Bw35, Bw62, and Bw63. Tsutsumi et al.(51) showed that 
generation of cytotoxic activity is associated with a lymphoproliferative response 
to mumps virus. 

3. IMMUNE REACTIVITY AND PARAMYXOVIRUSES 

Interleukin-l (IL-l) is a soluble stimulatory factor, produced by mac
rophages, influencing the proliferation of T lymphocytes. One of the most 
important properties of IL-l is probably to induce interleukin-2 (IL-2) produc
tion. RSV-infected macrophages produce IL-l, but also IL-l inhibitor. Activity 
of the latter in crude preparations was higher than the activity of IL-l. (52) The 
release of IL-2 has been reported also to be either markedly reduced or even 
negative in the presence of RSV-infected macrophages.<52,53) IL-2 is needed 
for induction of interferon--y (IFNy), and RSV is known to be a poor inducer of 
IFN.(25,28,54) In contrast to RSV, mumps virus is known to induce IFN produc
tion(55) and mouse Paramyxovirus Sendai virus is a good inducer of IFN and has 
been used for the production of IFN for clinical use.(56) In addition, Sendai 
virus-infected mononuclear phagocytes produce cytotoxins that include tumor 
necrosis factor (TNF), as determined by monospecific antibodies.(57) NDV, 
known to induce high interferon titers, is able to inhibit the cytotoxic T-cell 
response against another virus and titers directly correlate with macrophage 
and natural killer (NK) cell activation.(58) 

Several studies have focused on antibody-dependent cell mediated 
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cytotoxicity (ADCC). Scott et al.(59) reported that ADCC was detected in vitro in 
the presence of anti-RSV antibodies and peripheral blood lymphocytes from 
healthy adults. IgG and IgA antibodies both in sera and in colostrum mediated 
this reaction. The ability to mediate cytotoxicity was connected with non
adherent effector cells. ADCC activity was also detected in respiratory secre
tions, and the development of ADCC correlated closely to IgG, IgM, and IgA 
titers.(60) The activity was detected 3 days after the onset of primary or second
ary RSV infection in infants or young adults and peak levels were observed 14-
29 days after the onset of illness.(61) However, no clear-cut correlation oc
curred between neutralizing antibodies and ADCC in vivo in children with 
primary or secondary infection or with live attenuated RSV vaccine infec
tion.(62) ADCC antibodies rose more rapidly than neutralizing antibodies and 
fell more rapidly, too. RSV-infected cells became susceptible to ADCC 4-8 hr 
after infection indicating that ADCC can recognize infected cell membranes 
before the release of virus. IFN is not involved in the activity, at least not at the 
outseU63) 

Virus-dependent cellular cytotoxicity (VDCC) can be induced by treating 
peripheral blood lymphocytes with mumps or Sendai viruses. The effector cells 
can also be activated with purified viral glycoproteins to cytotoxicity against a 
variety of noninfected target cells. Alsheikhly et at. (64-66) showed with purified 
Sendai virus peplomers and with monoclonal antibodies against different 
mumps virus-specific proteins that HN protein is the only polypeptide involved 
in VDCC, although it seems that more than one serologically defined structure 
of HN protein is involved in activation. CTL are not involved in VDCC, which 
is also antibody independent. VDCC is not an immunologically specific defense 
mechanism, but this activity is generated more rapidly compared with many 
other immune functions, and it might have an important role as a primary 
defense mechanism. IFN does not seem to be involved in VDCC activity,(64,66) 
while it is involved in NK cell activation, which, in combination with VDCC, 
seems to form natural cytotoxicity against mumps virus. Human and mouse 
NK cells are known to bind well to mumps and Sendai virus-infected cells.(67,68) 

4.IMMUNOPATHOGENESIS 

It is typical that parainfluenza virus and RSV infections are restricted to 
the respiratory tract and that reinfections commonly occur. The symptoms of 
primary infection are more severe than during the reinfections that usually 
result in a common cold. Thus, immune protection is awakened, perhaps slow
ly, during these infections, but it is not always able to prevent the primary 
replication of the virus in the epithelial cells. The appearance of local neutraliz
ing antibodies correlates well with the disappearance of virus and may be one 
of the most important mechanisms in preventing the illness. However, the 
circulating antibodies, and probably CMI as well, participate in preventing 
infections of the lower respiratory tract. There is a clear difference between 
these two viruses and mumps virus, which commonly features a viremia and 
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viral spread to different organs throughout the body. One explanation may be 
in the different distribution of the receptors recognized by these viruses. 

The immunopathogenesis of serious infections with RSV, including bron
chiolitis, deserves special attention. These syndromes tend to occur early in 
childhood, during the time when the protective effect of transplacentally ac
quired antibodies is decreasing. Because the primary form of RSV disease is 
variable between individual children in this age group, the origin of differences 
has been studied with regard to virus strains, maternal immunity, and IgE 
production. The use of monoclonal antibodies against viral polypeptides has 
permitted the characterization of various strains of RSV.(69.70) RSV strains 
differ, especially in the epitopes of the G polypeptide. They have been isolated 
during epidemics in different years, and no evidence has yet been presented 
that they might differ in pathogenesis. In addition, the strain variation as 
detectable by neutralization tests in vitro did not necessarily relate to differences 
in cross-protection in vivo in animal studies.(22) 

The role of maternal antibodies in the immunopathogenesis of RSV has 
largely been discussed, as the peak prevalence of severe infections occurs at the 
age at which these antibodies are still present. Maternal antibodies can modu
late the disease by forming immune complexes. They may also permit the 
activation of the complement pathway and therefore lead to infected cell de
striIction or modulation of viral infection by a variety of mechanisms. Ward et 

al.(33) reported that higher levels of maternal antibodies against nucleoprotein 
significantly correlate to protection of small babies against RSV infection. Dur
ing the infection of children under 1 year of age, antibodies against the nu
cleoprotein and the F protein were detected, but not antibody against the G 
glycoprotein. This is contrary, however, to the findings reported by Walsh et 

al.(23) in an animal model, which showed that monoclonal antibodies against 
the nucleoprotein do not protect against infection of the lungs. Further studies 
on the role of maternal antibodies are clearly needed. 

Welliver et al.(71) studied the development of anti-RSV IgE in infants with 
various clinical syndromes. Anti-RSV IgE was present in most patients with 
wheezing but not significantly in others. Histamine was also detected signifi
cantly more often in the wheezing group, thus indicating that the IgE-medi
ated histamine release from mast cells could at least partially explain the patho
genesis in complicated RSV infections. 

Immunopathogenic phenomena have been observed after vaccination 
with formalin-inactivated RSV and measles virus preparations but not with 
inactivated parainfluenza and mumps viruses.<72-75) The vaccinees developed 
atypical symptoms during the ensuing infection, and clinical disease was often 
more severe than during natural primary infection. The precise mechanism 
behind this phenomenon remains largely unknown. Murphy et al.(76) recently 
showed that formalin-inactivated RSV vaccine caused a good antibody re
sponse to the F protein but a very poor response to the G protein. This is the 
opposite of the results reported with formalin-inactivated measles virus vac
cine.<77) In a recent study with formalin-inactivated RSV vaccine in cotton rats, 
Prince et al. (78) showed that the animals that have received vaccine develop an 
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enhanced RSV disease with pulmonary lesions after intranasal challenge with 
live RSV. The manifestation is characterized primarily by increased infiltration 
of neutrophils into the alveoli and the intraalveolar and peripheral areas. The 
next influx of neutrophils appeared on day 4 pj. These immunopathologic 
processes might be explained as type III and IV reactions, respectively. The 
vaccinated animals, had high levels of both anti-G and anti-F antibodies, how
ever, and the effect of formalin could not be localized. 

The live attenuated mumps vaccine has been in clinical use for several 
years but, for RSV, which is the most common cause of lower respiratory 
infections in infants and small children, attempts at prevention have not 
proved successful. Recently, a new approach with a genetically engineered 
vaccine has been described for protection against RSV.<79) It will be important 
to understand the role of maternal antibodies, the cause of reinfections, and 
the reason for modified infections caused by inactivated vaccines, before an 
effective vaccine for RSV can be successfully applied. 

5. MECHANISMS OF IMMUNOSUPPRESSION 

Lytic viral infection in immune cells, which cause cell death and decrease 
the number of viable cells, may result in direct suppression of immune re
sponses. Immunosuppression can also reflect a disturbance in the balance be
tween different activities of immunocompetent cells. Paramyxoviruses are 
known to infect cells involved in immune responses both in vivo and in vitro, but 
resting immune cells do not support detectable viral replication. Mitogen ac
tivation of lymphocytes, however, alters the nonproductive infection to a pro
ductive one with clear cytopathic effects and release of infectious virus. It has 
been reported with the animal paramyxoviruses, bovine rinderpest virus, and 
canine distemper virus that the ability to infect lymphocytes and macrophages 
correlates with virulence.<8o.81) 

Paramyxovirus infections have immunosuppressive features both in vivo 
and in vitro. Live attenuated mumps virus vaccine is known to cause depression in 
delayed hypersensitivity skin test.<39.40) Mumps virus infects Band T lympho
cytes as well as monocytes and macrophages in vitro but clearly shows a prefer
ence to T lymphocytes.<82.83) Infectious virus is not produced in resting cells, 
indicating that no active viral replication occurs, whereas mitogen stimulation 
induces the production of infectious virus to high titers. RSV is known to depress 
in vitro lymphocyte transformation,<37.54) and it has been reported to infect T 
lymphocytes and monocytes and macrophages both in vivo and in vitro.(38) After 
stimulation with PHA, T lymphocytes supported viral replication to high titers. 
RSV infection in vitro caused an alteration in helper/suppressor T-lymphocyte 
ratios by decreasing the proportional number of T-helper cells (Th) and by 
increasing the number of suppressor cells (Ts). The decrease in numbers of Th 
may be the cause of the suppression in lymphocyte proliferation observed in 
vitro. Conversely, Welliver et al.(37) described a defect in Ts numbers and func
tion in RSV patients with bronchiolitis during convalescence compared with 
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patients with milder forms of illness. Canine distemper virus infection is ob
served to cause depression of cellular immunity in dogs, and probably two 
mechanisms are involved in suppression.(84) In previously immunized animals, 
the viral infection caused only transient depression of skin reactivity and in vitro 
responsiveness of lymphocytes, but in nonimmune dogs the infection caused 
prolonged depression of skin-test reactivity and lymphocyte stimulation. Similar 
suppression of CMI has later been reported in ferrets.(85) 

Anti-RSV antibodies complexed with RSV antigens have an effect on ox
idative metabolism of neutrophils by significantly increasing their chem
iluminescence as determined by the luminol-dependent technique.(86) This 
response correlated directly to the amount of specific antibodies and antigens 
in the mixture. RSV antigens or specific antibodies alone did not have any 
effect on the induction of chemiluminescence by peripheral blood neutrophils. 
This indicates that the effect is specific for the antibody-antigen complex. 
Because induction was heat labile, some complement component(s) might be 
involved in induction. RSV-infected cells are able to activate complement by 
both classic and alternative pathways.(87) In addition, complement components 
are known to be present also in respiratory tract secretions.(26) 

Sendai virus has been reported to cause dysfunction of phagocytic proper
ties of mouse alveolar macrophages. The addition of immune serum resulted 
in a clear suppression of Fe-mediated phagocytic activity and this suppression 
was dose dependent.(88) Also, a defect in phagosome-lysosome fusion in al
veolar macrophages from mice infected with Sendai virus has been reported to 
occur.(89) There are thus several individual observations on the role of para
myxoviruses in the immune suppression. However, the precise mechanism(s) 
by which paramyxoviruses can affect immunologic functions, especially in 
human infections, is still largely unknown. 
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1. INTRODUCTION 

18 

The ability of measles virus to alter an expected immune (adaptive) response 
was first recognized by Clements von Pirquet in 1908. He observed that chil
dren who were tuberculin positive before contracting acute measles virus infec
tion failed to mount specific skin responses to tuberculin during measles. Later 
reports confirmed von Pirquet's observation and extended his findings to other 
infectious agents.(l-8) Furthermore, during acute measles virus infection, hu
mans may not make antibodies to tetanus toxoid or Hand 0 antigens of 
Salmonella typhi. Lymphocytes harvested from persons undergoing acute mea
sles virus infection respond poorly, in vitro, to a variety of mitogenic or anti
genic stimuli and are deficient in producing chemotactic factors. Therefore, in 
vivo infection with measles virus can result in a weakened or abolished immune 
response and in susceptibility to concurrent infection with other viral or bacte
rial agents.(9.1O-16) Indeed, it has been recognized that during measles virus 
infection, susceptibility to herpes simplex virus (HSV) increases(l7) and pulmo
nary tuberculosis worsens.(18-20) By contrast, lipoid nephrosis, a disease that 
frequently responds to immune suppressive therapy, can dramatically improve 
in the presence of a concomitant measles virus infection.(21-23) The concept 
that measles virus can also impair the function of some cells involved in natural 
defense (nonadaptive) mechanisms stems from more recent findings and sug-
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gests the need for wider reconsideration of the in vivo immunosuppressive role 
of measles virus.(24) Even for children living in affluent Western societies, acute 
measles can lead to serious complications in the presence of important pre
disposing factors. Malnutrition or marginal malnutrition, which can be fre
quently observed in children in Third World countries, pose a significant 
threat to children infected with the virus. Indeed, in Africa, measles is often a 
serious disease, with high mortality and morbidity that can be largely ascribed 
to secondary viral or bacterial infections.(25) 

This chapter reviews the experimental data available on the interaction 
between measles virus and the various subsets of human mononuclear cells. We 
focus on the understanding of mechanisms by which measles virus can modu
late the specific immune response as well as the natural response of the body. 

1.1. Characteristics and Basic Properties of Measles Virus 

Measles virus is a member of the genus Morbillivirus in the family Paramyx
oviridae. Canine distemper and rinderpest viruses are also members of this 
family. Unlike other paramyxoviruses, morbilliviruses lack any detectable 
neuraminidase activity. Structure and properties of this virus were recently 
reviewed by Norrby.(26) Virions are enveloped particles with a mean diameter 
of 150 nm and are morphologically indistinguishable from other paramyx
oviruses. The viral particle contains a single-stranded RNA (250S) genome 
with negative polarity and six virion proteins (Fig. 1). Three of these proteins 
are internal, and the other three contribute to the formation of the viral enve
lope.(27-29) The three internal proteins complexed with the viral RNA include . 
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FIGURE 1. Schematic representation of a measles virion and autoradiogram of 10% sodium 
dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) of purified [3Hlleucine i 
metabolically labeled virions (lane I). Passed through fraction from an agarose-lentil lectin 
column following application of NP-40 disrupted virions (lane 2). Purified HA and F (F I and 
F2 moieties) glycoproteins eluted from the lentil lectin column by 0.1 M a-methylmannoside 
(lane 3). L protein is not visible in this preparation. F and HA glycoproteins are not distin
guishable in electron micrographs. The F and HA glycoproteins appear to penetrate the lipid 
bilayer and may traverse the entire envelope. The M protein forms the inner layer of the 
envelope and maintains its structure and integrity. The actual arrangement of the NP protein 
in the nucleocapsid is unknown. (Modified from Casali et al.(I12» 
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the phosphorylated nucleoprotein (NP), 60,000 daltons; the large protein (L), 
180,000 daltons; and the phosphoprotein (P), 72,000 daltons. Recent cloning 
and sequencing of the entire phosphoprotein gene allowed for the identifica
tion of two open reading frames: a major coding for the P protein and a minor 
one coding for a previously unrecognized protein now designated C.(30) Land 
P proteins are only minor components and are likely part of the transcription 
complex. The three proteins associated with the envelope along with the lipid 
membrane comprise the matrix protein (M), 36,000-dalton; the hemagglutinin 
(HA), 79,000-dalton; and the fusion (F), 60,000-dalton peplomers. HA and F 
peplomers are glycosylated and expressed as transmembranous structures. HA 
is present mainly as a dimer in infected cells and virions. The F glycoprotein, as 
in other paramyxoviruses, is responsible for the cell-fusing activity of the virus 
and undergoes post-translational cleavage to give two disulfide-linked sub
units, F I and F2. Measles virus is atypical, however, in that all the carbohydrate 
in F is contained in the small F2 subunit. HA and F glycoproteins protrude 
from the lipid envelope of the virion, structured in the form of stalks with 
terminal knobs, and mediate both the absorption of the virion to nucleated cells 
and erythrocytes and the fusion activity. After absorption to a cell, penetration 
ofthat cell, and replication (measles virus contains an internal RNA-dependent 
RNA polymerase), the virus matures at the surface of the infected cell by 
budding. Therefore, the virion envelope is constituted by the cytoplasmic cell 
membrane from which the virus derived. This implies that, besides virus
specific glycoproteins, other cell-related glycoproteins may occasionally be inte
grated into the virion envelope. 

Measles virus replication in the host cell leads to the disruption of cellular 
cytoskeleton and the formation of either intracytoplasmic or intranuclear in
clusion bodies, or both. The virus can also cause cell-fusion phenomena that 
may result in the formation of syncitia and cell death. In blood mononuclear 
cells, viral replication can occur in actively replicating or at least activated cells; 
little or no viral replication seems to take place in resting cells. 

Immune elimination of infected cells and whole virions depends on recog
nition of virus-encoded cell-surface glycoproteins.(31-33) In cultures containing 
a source of complement, measles virus-infected cells can activate the alternative 
pathway,(34) leading to the deposition of C3 molecules on their own surfaces 
and lysis when anti-measles virus antibodies are present.(35) Measles virus
infected cells may also be lysed by immunoglobulin G (IgG) bound to viral 
glycoproteins expressed at the surface of infected cells and cytotoxic lympho
cytes bearing receptors for the Fe portion of IgG,(36) by natural killer (NK) 
cells,(37) and by cytotoxic T lymphocytes (CTL).(38-40) In vitro generation of 
measles virus-specific CTL has resulted in effector cell lytic functions that are 
restricted by class II molecules of the major histocompatibility complex.<41,42) 

1.2. Human Pathology Associated with Measles Virus Infection 

In humans, infection with measles virus results most frequently in acute 
disease with widespread dissemination of the virus into epithelial membranes, 
small blood vessels, the lymphatic system, and often the central nervous system 
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(CNS). Generally, in otherwise healthy well-nourished persons, the acute infection 
resolves within a few weeks, without leaving any residual signs of disease. In 
malnourished and/or compromised persons with impaired natural and immune 
defense mechanisms, progressive infection and disease develop, with heavy lung, 
kidney, and CNS involvement, often leading to death.(25) In normal persons, more 
often than in immune-compromised hosts, measles infection can also result in 
symptomatic encephalitis. Although this outcome is observed in only 1 of 1000 
infected patients, nonsymptomatic viremia and infection of the CNS are thought to 
occur in many self-resolving cases of acute measles infection. In persons who have 
had acute measles infection, imperfect clearance of the virus can result, later on in 
life, in a rare complication, such as subacute sclerosing panencephalitis (SSPE), due 
to persistent infection of the CNS. The CNS of patients with SSPE shows gener
alized perivascular inflammation, intranuclear inclusion bodies, and, in more ad
vanced cases, demyelination. Indeed, measles virus antigens have been detected in 
nervous tissue by immunochemical methods(43-46) and more recently by DNA 
probe hybridization.(47) Evidence of persistence of measles virus has also been 
detected in mononuclear cells isolated from peripheral blood and tissues of pa
tients with SSPE.(47-50) In addition, measles virus has been associated with other 
ailments of unknown etiology, such as multiple sclerosis(l4,51-54) and Paget dis
ease,(55,56) but conclusive evidence for its involvement as causative agent in these 
diseases has not been provided. 

2. MODULATION OF ADAPTIVE (IMMUNE) AND 
NONADAPTIVE (NATURAL) RESPONSES BY MEASLES VIRUS 

The immune responses mounted by the human body to a foreign antigen 
are articulated in an adaptive cascade of molecular and cellular associations 
that lead to the triggering and expression of specific cellular and humoral 
effector mechanisms. Following entry into the organism, a foreign component 
is trapped by accessory cells, i.e., monocytes/macrophages and dendritic cells, 
and is concentrated in lymphoid organs. Trapped antigen is processed by, and 
re-expressed at, the surface of such accessory cells or antigen-presenting cells 
(APC). APC present the processed antigen, in the context of their surface 
glycoproteins, to helper T cells (Th). Following such recognition, relevant Th 
clone(s) proliferate and release a number of lymphokines, including in
terleukin-2 (IL-2), B-cell growth factor (BCGF), and other soluble mediators. 
In the presence of APC and/or soluble antigen, these lymphokines drive the 
proliferation and differentiation of B lymphocytes to plasma cells (antibody
producing cells), as well as the proliferation and differentiation of the appro
priate T precursor cells to CTL and delayed hypersensitivity (Tn) cells. Most 
antibodies and effector T cells generated from such cellular interactions will be 
specific for the antigen molecule(s) responsible for their generation. There
fore, antiviral antibodies will bind free virions and/or virus-encoded products 
expressed at the surface of infected cells. Similarly, specific CTL will bind and 
lyse infected cells expressing surface viral polypeptides in the context of class I, 
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or in some cases class II, molecules. T D cells will release inflammatory medi
ators following recognition and binding of viral products passively or actively 
expressed in the context of surface class II molecules. 

Measles virus can variously interfere with and modulate all cell functions 
involved in both adaptive and natural responses to in vivo invading micro
organisms. Interference by measles virus with the mechanisms of activation, 
proliferation, and differentiation of various cell subsets leads to different pat
terns of alteration of the immune and natural responses. 

2.1. Infection of Human Leukocytes by Measles Virus 

In spite of the absolute peripheral blood lymphocytosis often observed 
during acute viral infection (e.g., infectious mononucleosis, mumps, rubella, 
infectious hepatitis), acute viral diseases in humans are generally characterized 
by varying degrees of leukopenia due to a drastic drop in the number of 
circulating polymorphonuclear (PMN) cells. By contrast, dramatic lympho
penia is an important component of the leukopenia associated with mea
sles.(57,58) The reduction in lymphocyte count is mostly due to a paucity of T 
cells with little or no decrease in the number of B cells.<8.58) In subjects with 
measles, the relative distribution of helper T cells and cytotoxic/suppressor T 
cells is comparable to that present in healthy persons.(58) 

The fact that the virus responsible for producing measles is associated with 
cells involved in human defense mechanisms was first shown by Papp,(59) who 
was able to induce an overt measles disease in a subject who had been given 
washed leukocytes from a donor with acute measles infection. Measles virus 
was later isolated from human leukocytes from subjects with acute measles.<60-
62) The virus was found to be contained mainly in the mononuclear cell frac
tion.<63,64) An increase in the number of large lymphocytes can be observed 
during the acute phase of measles, and formation of giant cells containing 
measles virus antigens has been induced by phytohemagglutinin (PHA) stim
ulation of lymphocytes obtained from children up to several days after the 
onset of the rash.(65) 

In vitro, measles virus can efficiently infect peripheral blood T and B 
lymphocytes and, to a lesser extent, monocytes from healthy adult do
nors.(64,66-68) Both lymphocytes and monocytes obtained from the umbilical 
cords of healthy newborns are more susceptible to infection with measles virus 
than are lymphocytes from adults.(64) Using an infectious centers assay and, 
later, DNA probe hybridization, it has been determined that T and B lympho
cytes replicate measles virus more efficiently than do monocytes.(69) This find
ing confirms early data obtained by using immunofluorescence and electron 
microscopy techniques.<67,68) 

Since the original observations of infection of lymphocytes by measles 
virus, it has been apparent that activated and dividing mononuclear cells repli
cate virus more efficiently than do resting cells.(64,67,70,71) The number of 
infectious centers produced after activation of mononuclear cells and subse
quent infection with the virus depends on the modalities used to induce cellular 
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activation. Indeed, the following activation stimuli allow for decreasing degrees 
of viral replication: (1) PHA; (2) allogeneic cells; (3) concanavalin A (Con A); 
and (4) pokeweed mitogen (PWM).(64) 

It is now clear that infection of lymphocytes by virus does not require cell 
activation. Incubation of resting lymphocytes with virus results in a "silent 
infection"(24,40,69) with minimal or no expression of viral genes products at the 
cell surface and minimal or no release of virions. These "silently" infected 
lymphocytes can, however, be driven to produce large numbers of virions 
following activation with mitogens such as PHA, PWM, Con A, or specific 
antigens. (24,40) The comparative lack of viral replication in resting lymphocytes 
is likely due to a failure of the viral replication system after successful cell 
penetration by the virus. This silent infection of lymphocytes markedly differs 
from the "persistent" infection of mononuclear cells and other cell types (e.g., 
fibroblasts) by the same virus. Silently infected cells would not express easily 
detectable amounts of viral products on their own surfaces, while persistently 
infected cells variably express surface viral antigens. However, it is possible that 
such a clear-cut distinction would become inappropriate when better informa
tion about activity at the molecular level of the infected cell is gained. 

The critical parameters of the silent infection by measles virus have been 
recently analyzed by the simultaneous application of immunofluorescence, immu
noblotting, and nucleic acid hybridization techniques.(69) Indeed, whereas no 
detectable virions were released from infected resting lymphocytes, such cells were 
found to harbor many more virions than those used for their infection. Viral HA 
and NP polypeptides were consistently detected in trace amounts by immunoblot
ting; DNA probes showed the presence of both genomic and viral messenger RNA 
(mRNA). These data suggest that infection of resting lymphocytes by measles virus 
results in intracellular RNA replication and viral polypeptide production and 
assembly in the absence of an overt productive infectious cycle. Silent measles virus 
infection is therefore characterized by complete but limited viral replication. Subse
quent mitogen stimulation allows a full productive infectious cycle to take 
place, indicating that maximal viral replication and release require mechanisms 
available only in activated cells. 

2.2. Modulation of Antibody Production by Measles Virus 

Whittle et al.(72) produced the first precise report that measles virus could 
suppress a specific antibody response. Children with acute measles, who were 
free from other manifest viral, bacterial, or parasitic infections, were unable to 
mount a normal antibody response to Hand 0 antigens of Salmonella typhi and 
to tetanus toxoid following challenge with the relevant vaccines. However, total 
serum Ig concentration of these subjects was not different from that of healthy 
controls.<57,71) In agreement with these in vivo data, it was later shown that 
measles virus could negatively modulate IgM production in vitro in peripheral 
blood mononuclear cells (PBMC) cultured with PWM.(73) Like most in vivo 
naturally occurring antigens, including Salmonella Hand 0 glycoproteins, 
PWM requires the presence of T lymphocytes and monocytes to activate B cells 
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and drive them to proliferation and differentiation.(74,75) These initial observa
tions were strengthened and expanded by Pelton et al.,(76) who found that 
measles virus can abrogate the production of not only IgM but of IgG as well. 
This negative effect on antibody production can also be exerted by influenza 
virus, but not by the laboratory strain (AD-169) of human cytomegalovirus 
(CMV)(24,77) (Table I). Infectious virus is required for this inhibitory activity 
because culturing of mononuclear cells with inactivated virus does not result in 
an abrogation of an antibody response.(24) In addition, in vztro antibody pro
duction is abolished only if PBMC are infected before, simultaneous to, or 
shortly after their activation by PWM.(24,73) Addition of virus to PBMC primed 
at least 3-4 days earlier results in little or no alteration of the amount of Ig 
accumulated at day 7 in the culture.(24) Similarly, in vitro antibody response to 
Diphtheria toxoid by tonsil cells can be suppressed by early infection with measles 
virus. However, infection of cultures already secreting antibody does not result 
in immunosuppression.(76 ) Measles virus suppression of Ig production in 
PBMC cultures is not the result of mere lytic events, since under the experi
mental conditions used viability of infected PBMC was not compromised after 
7 days in culture,(24) although proliferation of at least some of the infected cells 
in culture seemed to be impaired. 

Reconstitution experiments with purified cell subsets were designed to 
explore whether defective antibody production by infected PBMC is due to 
impairment of Th cell activity or to a direct effect of measles virus on B 
lymphocytes.(78,79) In vitro, T-cell and monocyte requirements for antibody 
production can be replaced by culture supernatants of stimulated T cells con
taining B-cell growth and differentiation factors.(75,80,81) In one experiment, 
purified B cells were cultured in T cell monocyte-conditioned medium (TCM) 

TABLE I 
Measles Virus and Influenza Virus but Not Human Cytomegalovirus Abrogate in 

Vitro T-Cell-Dependent Antibody Production by Human B Lymphocytesa 

Measles virusb Influenzac HuCMVd 

Nil Virion UV virion Virion UV virion Virion UV virion Lymphocytes _____________________________ _ 

from donor IgMe IgGe IgMe IgGe IgMe IgGe IgMe IgGe IgMe IgGe IgMe IgGe IgMe IgGe 
A 93 140 6 4 74 103 6 4 97 100 100 127 120 
B 278 303 6 4 320 82 8 4 700 113 350 267 387 367 
C 313 167 20 12 253 300 30 15 700 123 200 300 700 
D 466 533 28 4 --f 200 30 4 16 360 517 533 

a Human PBMC were infected with virus (MOl of 3), UV -mactlvated virus or mock infected (nil), and then 
distributed in culture in presence of PWM. After 7 days, culture flUids were assessed for IgM and IgG 
concentratIon. 

"Edmonston strain. 
cA/WSN/33 strain (HINl). 
dAD-169 stram. 
'Ig (ng) produced by 1 x 105 B lymphocytes. Mean of trIplicate cultures. 
iNot done. 
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FIGURE 2. Effect of measles virus on T or B lymphocytes, or both. Method for preparing T
cell-conditioned medium (TCM) in the absence (Mock) or presence (MV) of measles virus, and 
its use in a pure B-cell PWM-driven proliferation assay in absence (Mock) or presence of virus 
(MV). (Modified from McChesney et at. (79» 

produced by uninfected or infected T cells (Fig. 2) and PWM, following infec
tion or mock infection with measles virus. The Ig produced was measured after 
7 days of incubation. As shown in Table II, mock infected B cells, when 
cultured in TCM from stimulated T cells, secreted 10 times more IgG and six 
times more IgM than did control cultures. TCM from infected T cells were 
equally or more stimulatory than TCM from mock infected T cells for mock 
infected B cells. Ig secretion did not increase significantly above a minimum 
negative control level, whether infected B cells were cultured in TCM from 
mock infected or infected T cells, and for each TCM, the level of Ig secreted 
from infected B cells was suppressed compared with that from mock infected B 
cells. (78, 79) 

Because NK cells may modulate B-cell activity,(82) and given the fact the. 
the only cell subpopulation contaminating the B-cell fractions used in the ex-

TABLE II 
Suppression by Measles Virus of PWM Driven Antibody Secretion Is Mediated by 

Infection of B Cells a 

IgG IgM 
(ng/ml) (ng/ml) 

Medium B-mock B-MV B-mock B-MV 

Medium, no PWM 34b 6 119 15 
TCM from 

T-mock + m<f>,c no PWM 63 6 172 24 
T-mock + m<f> + PWM 369 12 610 82 
T-MV + m<f> + PWM 830 32 1256 128 

aT cell-conditioned media (TCM) were prepared from 48-hr T -cell-monocyte (mtj» cultures in the pres
ence or absence of PWM. T cells were mock infected (T-mock) or infected with measles virus (T-MV) (see 
Fig. 2). B cells, 1 x l05/well, were cultured in 50% TCM. PWM was present in all cultures. B cells were 
mock infected (B-mock) or infected with measles virus (B-MV). B-cell culture supernatants harvested after 
7 days were assayed for IgG and IgM concentrations by an enzyme-linked immunosorbent assay (ELISA). 

"Mean of triplicate cultures. 
'mtj>, macrophages. 
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periments described above was represented by some residual NK cells, a possi
ble role of NK cells in mediating measles virus-induced suppression of Ig 
production has also been investigated.(78) As shown in Table III, although a 
high number of NK cells added to B cells may produce some decrease in the 
amount of Ig production, production of Ig is still reduced to baseline values in 
highly purified, NK cell free B lymphocyte preparations following infection 
with the virus. Therefore, measles virus suppression of in vitro PWM-driven Ig 
secretion is mediated by direct interaction with'B lymphocytes, not through T 
lymphocytes, monocytes, or NK cells. Suppression of Ig production is not the 
result of a lytic event, although some alteration of cytoplasmic structures de
voted to protein synthesis, glycosylation, and secretion is likely to occur in 
activated infected B lymphocytes. Short-term infection of T cells and mono
cytes by measles virus does not impair their ability to synthesize and secrete B
cell growth and differentiation factors. Measles virus can interfere with the 
early stages of B-cell differentiation, but it is unable to abrogate already estab
lished Ig secretory functions, nor does it likely interfere with the late stages of 
B-cell differentiation. Small resting B lymphocytes, whether memory B cells or 
virgin B cells, are activated in vitro and in vivo following crosslinking of the 
surface receptor molecules, and express surface receptors for proliferation and 
differentiation factors produced by T cells. These soluble factors can drive 
activated cells, but not resting B cells, through proliferation and eventual dif
ferentiation into plasma cells.(83) Measles virus-induced suppression of B-cell 
function would likely take place during cell activation or early proliferating 
stages. 

As the data reviewed above clearly indicate, suppression of Ig synthesis by 
measles virus can result from direct infection of antibody-producing cell precur
sors (B lymphocytes), but this is probably not the only way in which the virus can 
alter Ig production. Indeed, measles virus is able to infect virtually every Iympho-

TABLE III 
Depletion and Reconstitution of NK Cells Does Not 
Mfect Measles Virus Suppression of B-Cell Function 

B cells in culturea 

x lOs/well 
x lOs/well plus NK cells, 5 x lO4/well 
x lOs/well plus NK cells, I x lOs/well 

IgG 
(ng/ml) 

Mock 

1412b 

1128 
758 

MV 

49 
70 
49 

aB cells depleted of natural killer (NK) cells (by lysis with mouse mono
clonal antibody B 73.1 and complement), or B cells plus NK cells, were 
cultured in 50% TCM from stimulated T cells for 17 days. Culture 
supernatants were assayed for IgG by an enzyme-linked Immunosor
bent assay (ELISA). Cells were mock infected or mfected with measles 
virus (MV) at initiation of culture. 

bMean of triplicate cultures. 



354 PAOLO CASALI et al. 

reticular cell subpopulation, including T lymphocytes, monocytes/macrophages, 
and possibly dendritic cells. In vivo infection of proliferating Th cells involved in a 
humoral response to a given T -dependent antigen would eventually lead to cell 
lysis and depletion of the very same Th cells necessary for the production of the 
relevant antibody. As a result, no specific T help would be available for B cells 
and, for that matter, effector T-cell precursors. In addition, infection of mono
nuclear cells by measles virus in vitro results in efficient production of inter
feron-a (IFNa) and, to a lesser extent, IFN-y.(37.84,85) In fact, remarkable con
centrations of IFNs are present in intravascular and extravascular spaces during 
an in vivo viral infection. (86,87) IFNa and IFN-y can efficiently suppress T lympho
cyte, and probably B lymphocyte, proliferation in a number of systems involving 
mitogenic stimuli.(88) Furthermore, it has been clearly demonstrated that IFNa 
can drastically reduce the antibody production by human PBMC cultured in vitro 
with PWM.(89) 

The fact that IFNs can modulate in vitro lymphocyte proliferation, anti
body production, and other functions suggests that IFNs may be responsible 
for at least some of the suppression of the antibody response observed in vivo 
during measles. Indeed, in one study in which seropositive subjects were vacci
nated with attenuated measles virus vaccine, no traces of cell-free virus were 
found to be present in the circulation and circulating mononuclear cells did not 
carry the virus. Yet the response of these PBMC to mitogen and PPD was 
impaired,(90) suggesting a possible suppressive role for IFNs. Monocytes and 
macrophages may also play a direct role in the modulation of an antibody 
response in vivo. It has been demonstrated that human macrophages, i.e., 
monocytes allowed to adhere to tissue culture plastic for a given period, can 
suppress in vitro mitogen proliferation of syngeneic T cells and proliferation of 
T cells induced by stimulation with allogeneic irradiated B cells.(91) In this case, 
the inhibitory effect is not mediated through soluble cytokines but requires the 
direct macrophage-lymphocyte contact in order to be expressed. 

On the basis of the data presented above, it could be postulated that 
measles virus modulates antibody production by (1) infection and direct altera
tion of B-cell biologic functions; (2) infection of Th cells and consequent abor
tion of the T help necessary for the proliferation and differentiation of specific 
B cells; and (3) infection of various mononuclear cells subsets, subsequent 
release of IFN s, and possibly other cytokines with inhibitory effect on Th and B 
lymphocytes. Following infection with measles virus in vivo, the resultant net 
modulation of antibody production will depend on whether all these mecha
nisms are operational at different times or simultaneously and at which de
grees. 

2.3. Modulation of Function of Amplifying T Cell and Effector T Cell 
by Measles Virus 

The immune defect originally described by von Pirquet(92) in children with 
measles, i.e., lack of a cutaneous response to tuberculin, demonstrates that 
measles virus is capable of limiting the acquisition of some T-cell functions and 
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the generation of effector Tn cells. Indeed, impairment of various T-cell ac
tivities has been shown in vivo during measles and in vitro in lymphocytes from 
children with clinical disease. The same observation has been extended to 
antigens other than tuberculin purified protein derivative (PPD), such as Can
dida and streptococcal antigens, and dinitrochlorobenzene.(8,57,71) It has also 
been shown that the skin window migration of PMN is reduced in those pa
tients.(93) The in vivo impairment of T D cell effector function is in agreement 
with numerous data obtained in vitro in lymphocytes from patients affected 
with acute measles. Indeed, the response of such lymphocytes to various 
mitogen (PHA, PWM, Con A), PPD, or other antigens (e.g., Candida albicans), 
as assessed by incorporation of [3H]thymidine by isolated PBMC, was found to 

be severely impaired.(7,8,57.58.9o.94.95) Similarly, mononuclear cells from 
seropositive persons vaccinated with attenuated measles virus (Enders strain) 
did not proliferate in response to PHA and did not produce chemotactic fac
tors when challenged with Con A or a number of antigens, including PPD and 
purified measles virus antigens.(9o.96) 

In agreement with the lack of response to various mitogens and antigens 
observed in vitro using PBMC from infected subjects, in vitro infection of mono
nuclear cells from healthy persons with measles virus invariably results in abro
gation of their proliferative response (Fig. 3). Indeed, in vitro infected normal 
PBMC do not respond to PHA or PWM'<24.71.97-101) In addition, measles virus 
abrogates the in vitro normal PBMC proliferative response to PPD or allogeneic 
lymphocytes.(98.99) Live but not inactivated [ultraviolet (UV) light-inactivated 
or heat inactivated] virions can mediate these inhibitory activities. Analysis of 
cell size in culture shows that blast transformation is inhibited as well. The 
inhibitory effect of measles virus can take place only if PBMC cultures are 
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FIGURE 3. Measles virus inhibits human lymphocyte proliferation. Human PBMC (105) were 
incubated with virus at MOl of 3 (_). UV-inactivated virus (.6), or were mock infected (e). 
Infected and uninfected lymphocytes were then cultured in the presence (filled symbols) or 
absence (open symbols) of PHA. [ ~H]Thymidine or [3H]uridine incorporation was measured 
between 0-24, 24-48, 48- 72, and 72-96 hr. (Modified from Casali et al. (21») 
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infected before or soon after their challenge with mitogens, antigens, or al
logeneic cells. Pretreatment of infectious virions with IgG anti-measles virus 
prevents the virus-induced inhibition of cell proliferation.(99) Measles virus 
abrogation of PBMC reactivity is likely due to a direct effect of the virions on 
prospective proliferating cells and not to soluble mediators and/or the pres
ence of an accessory cell population, because (1) clear fluids from heavily 
infected cultures or IFN", added to normal cells in quantities corresponding to 
those found in infected cultures cannot reproduce the inhibitory effect on 
normal lymphocytes otherwise observed in the presence of virus; and (2) virus 
can still abrogate the proliferation of PBMC cultures depleted of mono
cytes. (98,99) 

Measles virus infects all T-lymphocyte populations(66.69,I02) and the T4+ 
(Th) more efficiently than the T8 + (suppressor-Ts) subseUlO2) Stimulation of 
purified infected T4+ lymphocytes with PWM results in a negligible degree of 
proliferation concomitant with a high level of virion release.(102) This is in 
agreement with earlier observations(73,99), showing that measles virus can abro
gate an allogeneic response in mixed lymphocyte culture (MLC), in which 
lymphocytes proliferating in the first phases are almost exclusively Th cells. In 
vitro, [3H]thymidine incorporation by mononuclear cells, as measured within 
the first 2-3 days following mitogen or antigeneic stimulation, is also due 
essentially to proliferation of Th lymphocytes, Therefore, measles virus would 
block the proliferation of Th cells which constitute an essential element in the 
initiation and amplification of any immune response. In the absence of a func
tional Th lymphocyte population, no cellular effector mechanisms can be trig
gered and amplified during an ongoing immune response. Given the pivotal 
role of T lymphocytes in the production of helper factors necessary for the 
recruitment and differentiation of effector T cells, as well as B cells, any reduc
tion of their activity would in turn result in a defective expansion and differ
entiation of both effector T cells (e.g., CTL and T D lymphocytes) and B cells. 
The proliferation of antigen- or lectin-activated T cells is now known to de
pend entirely on interleukin-2 (IL-2), which is itself produced by activated T 
cells.(103,104) As measles infects T cells, one possible explanation for the re
duced PH A-induced T-cell proliferation and lack of acquisition of cytotoxic T
cell activity in the MLC could be that IL-2 production and/or responsiveness is 
impaired.(105) Indeed, some defective helper factor production has been docu
mented in patients with measles virus infection.(I06) 

In order to address this issue, T-lymphocyte production of, and response 
to, IL-2 following infection with measles virus were investigated by Borysewicz 
et al.(107) First, the production of IL-2 by PHA-stimulated lymphocytes was 
examined following infection by measles virus. Lymphoblasts, obtained from 
PHA-stimulated tonsillar cells, were infected with measles virus, washed free of 
virus, and then cultured for varying periods. Culture fluids from infected cells 
were not deficient in IL-2, as assessed by their ability to support proliferation of 
IL-2-dependent blasts (Fig. 4). Thus, measles virus-infected mononuclear cells 
are still capable of producing IL-2, which would therefore be available for 
driving proliferation of primed effector T lymphocytes as well as other helper 
T cells. 
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FIGURE 4. Measles virus infection does not abrogate 
IL-2 production in PH A-stimulated cultures. Tonsillar 
lymphocytes were pretreated with PHA and infected 
with measles virus (MOl, 5). Supernatants from cultures 
were harvested at various times and assayed on 6-day 
PHA blasts for their IL-2-like activity. Lymphocytes in
fected with measles in the presence of PHA (0) released 
IL-2 in similar amounts to uninfected PH A-pulsed lym
phocytes (£':.). Cells infected with measles virus in absence 
of PHA (0) produced low levels of IL-2. (Modified from 
Borysiewicz e/ al. (l (7») 
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Next, the issue of whether infected T lymphocytes could still respond to 
IL-2 was addressed. The response to IL-2 of an established T-Iymphocyte 
clone (Tpha) with the helper phenotype (Leu-3a +) was measured after infec
tion with measles virus. Tpha cells, whose growth was partly dependent on 
exogenous IL-2, were infected with measles virus or inactivated virus, washed, 
and then cultured in the presence of an appropriate amount of IL-2. IL-2-
dependent proliferation of Tpha lymphocytes was not affected by measles 
virus (Fig. 5). Similarly, measles virus did not impair responsiveness to IL-2 of 
Iymphoblasts obtained 6 days after PHA activation of PBMC, nor did it affect 
IL-2-dependent proliferation of TeLl lymphocytes, an allospecific cytotoxic T-
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FIGURE 5. Established human helper T cells (clone 
Tpha, Leu3a phenotype) proliferate in response to IL-2 
up to 30 hr following measles infection. Tpha cells were 
mock infected (0), infected with live (0), UV -inactivated 
(£':.), or l3-propiolactone inactivated (0) measles virus and 
cultured in presence of IL-2. Proliferation was estimated 
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by a 4-hr pulse of [3Hlthymidine and results expressed €. 
as the difference in [3Hlthymidine uptake between IL-2 
supplemented and medium alone cultures. At 30 hr, 
more than 80% of lymphocytes were viable in all the 
cultures and only live measles virus-infected cells ex
pressed measles surface antigens (60%). (Modified from 
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FIGURE 6. (a) Allospecific cytotoxic T cells (clone Tell) continue to mediate antigen specific 
cytotoxicity. Tell cells infected with measles virus (MOl of 5) for 0 (e). 2 (A). 24 (.). or 48 
(_) hr lyse susceptible target cells (PHA-stimulated PBL) in a 6-hr 51Cr-release assay. Tell do 
not lyse previously unsusceptible target cells (--). (b) Measles virus-infected Tell (0) and 6-
day PHA blasts (t-,. 0) continue to respond by proliferation to IL-2 up to 26 hr postinfection. 
Viable lymphocytes infected with measles virus (48. 24. and 2 hr previously) and maintained 
in optimal concentrations of IL-2 were harvested. and 2x 104 viable cells placed in medium 
alone or in medium supplemented with fresh IL-2 for a further 20 hr. [3Hlthymidine incor
poration after a 4-hr pulse was estimated and results expressed as stimulation index (cpm in 
culture with IL-2/cpm in culture without IL-2). (Modified from Borysiewicz et ai.(107») 

cell clone generated in a mixed lymphocyte culture (Fig. 6b). In addition, these 
cytotoxic T lymphocytes (TcLl clone) were still capable of killing appropriate 
allogeneic target cells following exposure to measles virus (Fig. 6a). Thus, 
measles virus-infected T lymphoblasts can still produce IL-2 and can prolife
rate in response to exogenous IL-2. Similarly, infected cytotoxic T-cell clones 
can still carry out their cytotoxic functions. 

These findings do not appear to be at variance with the virus inhibition of 
T-lymphocyte proliferation and differentiation observable in vitro or with the 
depressed T-cell response occurring in vivo during measles or after vaccination 
with attenuated virus. Measles virus aborts T-lymphocyte effector functions 
only when infecting lymphocytes before or right after their priming by antigen 
or mitogenic stimuli. For example, the generation of allospecific CTL, but not 
their established cytotoxic activity, can be aborted by measles virus.(73) Thus, 
activated and proliferating lymphocytes, as well as T and B cells with acquired 
functions, do not seem to be functionally affected by the virus. It should be 
noted, however, that infection of actively proliferating cells is followed by an 
enhanced rate of cytolytic viral replication that may eventually lead to deple
tion of the very lymphocyte clones actively involved in a response. By contrast, 
short-term infection of lymphocytes before or at the time of their priming 
would result in abortion of their activation and proliferation with little or no 
overt microscopic virus-induced cell damage. 
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2.4. Modulation of Natural Killer Cell Activity by Measles Virus 

Recently, considerable attention has focused on nonspecific host mecha
nisms of antiviral defense (natural, nonadaptive response) because of their 
potential to halt or reduce viral replication early in infection before the genera
tion of specific antibodies or CTL. Examples of early antiviral mechanisms are 
are serum complement that can lyse some virions(107) and bind to infected cells 
in the absence of antibodies,(31) phagocytic cells, natural killer (NK) cells that 
lyse both infected and uninfected target cells,(109,IIO) and IFNs, which can 
inhibit viral replication(86,87) as well as induce new or enhance ongoing NK 
activity,<lo9-111) 

The induction or enhancement of nonspecific cell-mediated cytotoxicity 
(CMC or NK activity) by viruses and/or IFNs has received much interest. 
Among other viruses, measles virus can produce dramatic enhancement of NK 
cell activity,(37,H4,IIO) Both purified HA and F glycoproteins of measles virus 
either in soluble form or inserted in an artificial membrane enhance NK cell 
activity in a dose-dependent fashion,(83,lll) The induction of nonspecific CMC 
by viral glycoproteins, either in the soluble state or inserted into artificial mem
branes, can be segregated from the CMC associated with whole virions in that 
glycoprotein-dependent CMC has faster kinetics and is not associated with 
release of IFNs(37,H4) (Fig, 7), Accordingly, nonspecific CMC of measles-in
fected human fibroblasts or HeLa cells can be segregated into two modalities of 
expression, The first occurs early (within 2-4 hr) and in the absence of detect
able IFN release, The second occurs later (8 hr) and is associated with extra
cellular IFN release, F(ab')2 fragments to measles virus glycoproteins, but not 
F(ab')2 fragment to human F(ab')2 fragment, can abrogate the triggering of 
early CMC by purified glycoproteins in the fluid phase, suggesting that an 
antibody-dependent cellular cytotoxicity (ADCC) mechanism involving IgG 
anti-measles virus antibodies passively carried over by B or other lymphocytes 
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FIGURE 7. Measles virus glycopro- '" 
teins and measles virions induce cell- :;l 60 
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mediated cytotoxicity with different ~ 

modalities, Human PBL were :;; 40 
cultured with !iter-labeled allogeneic 
human fibroblasts in presence of PBS 
(A), UV -inactivated measles virions 
(_), measles virions (0), or purified 
measles virus glycoproteins (e), !iter 
released into the fluid phase was mea-
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sured (A) and antiviral activity of the culture fluids titrated (B) at different times of incuba
tion. Effector to target cell ratio was 100: I in the mixed cultures. (Modified from Casali et 
al.(H4)) 
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is not operational in this killing process.(37) Conversely, anti-IFN", antibody can 
abrogate the late IFN-associated CMC but not the early killing.(37) 

After initial enhancement of the cytotoxic activity in NK cells, measles 
virus can silently infect the very lymphocytes and dramatically alter their func
tion'<24,77) In a series of experiments using various NK susceptible target cells 
in presence or absence of exogenous IFN"" it was found that impairment of 
NK activity in human peripheral blood lymphocytes (PBL) by measles virus 
occurs as soon as 24 hr postinfection. In most cases, after 48 hr of incubation, 
NK cell activity is totally abrogated,(24) yet the viability of infected lymphocytes 
is not different from that of their uninfected counterparts. This abrogation of 
NK cell activity can be prevented by the addition of F(ab')2 fragments to 
measles virus during the infection step. When equal numbers of PBL from 
three human donors were infected with measles virus at a multiplicity of infec
tion (MOl) of 3, or were mock infected and then cultured under similar condi
tions, some decrease of cytotoxic activity in infected lymphocytes was already 
present at 24 hr of incubation (Fig. 8). PBL from donor 1, infected with 
measles virus, were roughly equivalent to uninfected PBL from the same donor 
in lysing K-562 cells, that is, measles virus-infected PBL, 61 % specific 51Cr 
release; uninfected PBLs, 73% specific 51Cr release. After 48 and 72 hr of 
infection, killing by infected PBL of K562 decreased to 22% and 3% specific 
51Cr release, respectively. By contrast, uninfected PBL showed no defect in 
killing at 48!lHd 72 hr, releasing 77% and 78% 51Cr, respectively. Equivalent 
lysis occuFfed with HLA-unmatched and -matched fibroblast targets. Impair
ment of NK cell activity by measles virus was even more overt when lysis of 51Cr 
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FIGURE 8. Measles virus inhibits NK cell ac
tivity. Measles virus was used to infect (MOl, 3) 
human PBL from three donors. At 24, 48, or 
72 hr postinfection, PBL were added to 51Cr_ 
labeled K-562 cells, rhabdomyosarcoma cells, 
or skin fibroblasts. Specific 51 Cr release was 
monitored and compared with that of unin
fected PBL. Skin fibroblasts were not HLA-A 
or B matched with donor PBL and were 
cultured in the absence or presence of 100 IV 
or IFN",. An effector to target cell ratio of 
50 : 1 was used. Measles virus-infected lympho
cytes (_); mock-infected lymphocytes (!?il). 
(Modified from Casali et ai. (24)) 
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TABLE IV 
Measles Virus Inhibition of Cytotoxicity Mediated by 

Nonadherent OKT3- Dr- Lymphocytes (NK Cells) 

Fibroblasts 
Source of Virus % viable 
NK cellsa culture cells K-562 +PBS +IFN"b 

Donor A Nil 99 53.1 c 4.3 35.0 
E:T,3:ld UV virus 99 55.9 9.1 32.5 
(48 hr) Virus 99 9.1 5.1 3.5 

Donor B Nil 85 68.3 9.8 55.8 
E:T,5:1 UV virus 88 27.1 15.9 33.1 
(72 hr) Virus 76 13.3 9.7 10.3 

apBL were depleted of monocytes and of OKT3 and HLA-DR-beanng cells by using 
appropriate mouse monoclonal antibodies and complement. These purified natu
ral killer (NK) cells were <5% OKT3+, HLA-DR+, and >90% B73.1+ cells. NK 
cells from two donors were mfected (MOl of 3) with measles virus or mock infected 
and handled idenl1cally. Cells were cultured for 48 or 72 hr and then assessed for 
their viabihty by try pan blue dye exclusion using at least 200 cells. Infected and 
noninfected NK cells were tested for their cytotoxIC activity on [51CrJ-K-562 or 
[51CrJfibroblasts as target cells, m the presence or absence of exogenous IFNa. 

'Fibroblasts (adult skin, non-HLA matched) were either mcubated with 100 IU/ml 
human IFMa present throughout the assay or left untreated. 

'Percentage specific 5lCr release. Mean of triplicate cultures. 
dEffector to target cell ratio. 
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fibroblasts in the presence of IFN-o: was measured (Fig. 8). Decreasing efficien
cy in killing of rhabdomyosarcoma cells paralleled that of K-S62 and fibroblast 
cells. 

These data were confirmed using a purified NK cell population obtained 
by depletion of irrelevant cell subsets from PBL by appropriate monoclonal 
antibodies and complement(24) (Table IV). By contrast, data from parallel 
experiments using total PBL as the source of effector cells and rabbit antibody
coated P-81S cells as targets suggested that ADCC was only marginally affected 
by measles virus.(24) This finding contrasts with the now established concept 
that both NK cell activity and ADCC activity are functions expressed by the 
same non-T, non-B, Fc receptor + , DR - cell subseUl13) The fact that the same 
infected cell would carry out one cytotoxic function but not the other certainly 
deserves further investigation. Modulation of nonspecific CMC by other 
human pathogen viruses, including influenza virus and cytomegalovirus 
(CMV) has also been investigated in experiments similar to those undertaken 
with measles virus.(24,77,114) 

The mechanisms underlying the abrogation of NK cell functions by mea
sles virus are still obscure, Killing of a target cell by an NK cell is an energy
dependent process requiring new protein synthesis and involving the release of 
cytotoxic granules or membranes perforating the cytoplasmic membrane of the 
target cell.(115) Thus, NK cell activity is not an established function, but rather 
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an inducible one. Indeed, induction of NK activity by IFNs or infected tar
get cells can be hampered by actinomycin D at a dose 10-100 times lower than 
that required for abrogation of ADCC(110) (P. Casali, unpublished observa
tions). Within this context and according to the knowledge gained by investiga
tion of the effect of measles virus on established cytotoxic T-cell clones (see 
Section 2.2), it may be argued that abrogation of NK cell activity by measles 
virus is due to some interference with the mechanisms involved in the early 
macromolecular events of cell activation, in the absence of any overt cell 
damage. 

3. MECHANISMS OF IMMUNOSUPPRESSION AND 
SIGNIFICANCE OF VIRUS-INDUCED IMMUNOSUPPRESSION 
IN VIRAL PATHOGENESIS 

Measles virus can infect and lyse virtually all mononuclear cell subsets; this 
may explain the severe lymphopenia observed in vivo during acute infection. 
However, disruption of infected immunocompetent cells is not the only mecha
nism by which the virus can produce severe immunosuppression; infection of 
lymphocytes often result in gross alteration of their function long before cell 
lysis (Fig. 9). In vitro models of infection suggest that measles virus can suppress 
the adaptive immune response as well as the natural nonadaptive host re
sponse. Impairment of nonadaptive first-line mechanisms of defense, such as 
NK cell activity, can be a major reason for increased susceptibility of subjects 
with acute measles to other viral infections. (17) 

Measles virus infection, especially in association with other immunocom
promising cofactors, can have devastating effects on effector functions of the 
adaptive response. This can take place through the direct infection of precur
sors of antibody-secreting cells and effector T cells or by negative modulation 
ofTh lymphocyte function. Proliferation ofTh cells is blocked by measles virus 
when infection is initiated before their priming. Some data, although conflict
ing, have been provided on the in vivo suppressive effect of the virus on this cell 
subset in both mouse and human subjects,(I06,1l6) and showed a decreased 
production of lymphokines by Th cells necessary to drive B cells through 
proliferation and differentiation to plasma cells. Abrogation of Th cell pro
liferation and function can similarly affect the generation of effector T cells, 
such as CTL or T D cells. Monocytes and soluble mediators, e.g., IFNs, do not 
seem to be required for measles virus to carry out its modulatory activity on 
cells involved in nonadaptive or adaptive mechanisms of defense. However, 
data are available suggesting that mononuclear phagocytic cells, which can be 
activated during any viral infection, can modulate lymphocyte functions by 
direct contact(91) or through the biologic effect of IF~s. 

Measles virus does not seem to interfere with replication of already pro
liferating lymphocytes, as shown by experiments involving infection of estab-
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FIGURE 9. Infection of human lymphocytes with measles virus In Vitro results in suppression 
of NK cell activity, lymphocyte proliferation, and antibody production. The effects of influ
enza virus and human cytomegalovirus on the same lymphocyte functions are shown for 
comparison. (Modified from Casali et at.(24») 

lished T-helper or cytotoxic clones responding to IL-2. Thus, measles virus 
aborts the generation of inducible functions but not the expression of already 
established lymphocyte functions. Indeed, generation of cytotoxic lymphocytes 
is abrogated by the virus, but not the lytic activity of already established 
cytotoxic cell clones. Similarly, antibody production is abrogated by the virus 
when added to cell cultures before, simultaneous to, or soon after their prim
ing, but not when added to B lymphocytes already activated that are proliferat
ing and secreting antibody molecules. Therefore, viral inhibitory activity on 
lymphocytes is expressed at some early step in lymphocyte activation (i.e., 
blastogenesis and/or early cycling). 

Inhibition of lymphocyte proliferation and other functions requires rep
licating viral particles and/or expression of some viral gene product(s). Replica
tion of the virus is not connected with restriction of host cell metabolism. Yet, 
rapid impairment of lymphocyte function can be produced late in the infec
tious process by the exhaustive influence of intense virion replication. How-
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ever, derangement of lymphocyte functions and, more particularly, prolifera
tion can be observed early after infection and even at very low MOl, when virus 
replicates to high titer (M. B. McChesney, unpublished observations). This 
would suggest that at this stage some viral products could be responsible for the 
inhibition of cellular protein synthesis. It could be speculated that some non
structural viral protein with not yet defined function may be important. Within 
this context, the recently characterized C protein(30) encoded by the smaller 
open reading frame of the measles virus P gene could be a candidate for such a 
role. Further attempts to attribute a function to this and perhaps other non
structural viral components may help to better define the mechanisms by which 
measles virus impairs some lymphocyte functions. 

The fact that resting lymphocytes can be silently infected by the virus prior 
to any activation and proliferation implies that the virus can undermine, at a 
very early stage, the functions of the very cells that are deputed to its clearance. 
Such silently infected resting lymphocytes harbor only a few viral genome 
copies. IFNs secreted by the same and/or other cells may have a key function in 
maintaining this nonproductive infection.(85) This in vitro model of silent infec
tion in resting lymphocytes may have important implications for the under
standing of viral persistence in vivo and disease. Recently, measles virus RNA 
has been consistently detected in the absence of expressed surface viral gene 
products by nucleic acid hybridization in up to 15% of peripheral blood mono
nuclear cells from seropositive healthy children and adults.(47) Confirmation of 
these findings would provide an attractive explanation for the lifelong immu
nity observed after acute measles'<13.14.26.117.118) 

Activation of silently virus-infected lymphocytes in vivo or in vitro invari
ably leads to viral antigen expression and massive viral replication (productive 
infection), eventually resulting in cell lysis. Persistent infection can, however, 
occur in a minority of cells that normally succumb to a lytic infection, although 
this has not yet been produced in lymphocytes. A persistently infected cell 
displays abundant viral gene expression, overt production of infectious virus, 
and enhanced resistance to superinfection by the same virus. By contrast, a 
silently infected cell has few or no detectable viral antigens and does not gener
ally produce infectious virions. Infection by measles virus of resting mono
nuclear cells should be considered silent only operationally, as viral gene prod
ucts were recently demonstrated in 20-25% of such in vitro infected resting 
lymphocytes,(69) and minimal virion release can occasionally be observed (P. 
Casali, unpublished observations). Therefore, it is possible that in an activated 
lymphocyte, the abrogation of any function by measles virus is simply due to a 
transitory condition of functional cell damage. This may be a result of cyto
plasmic and/or nuclear macromolecular alterations caused by the virus, occur
ring before detectable structural damage leading to cell lysis takes place. 

In spite of the fact that measles virus can dramatically impair the ex
pression of important functions of the host's adaptive as well as nonadaptive 
defense, full recovery within 6 weeks is the normal outcome of acute measles. 
Thus, in spite of virus-induced lymphopenia and immunosuppression, the 
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residual potential of the immune system is still sufficient to handle the chal
lenge brought to the body by other viral and/or bacterial pathogens during a 
measles infection. As already mentioned (Section 1), only in the presence of 
important predisposing factors, is the insult brought by measles virus to the 
immune system in many cases sufficient to allow severe secondary infection by 
other microbial agents to take place. 

In view of the biologic effects of measles virus on the immune system and 
the above-mentioned data on the presence of virus in lymphocytes from 
healthy donors, the question arises whether, in an otherwise healthy host, the 
transitory immunosuppression by the virus could impair a radical clearance of 
the virus itself, leading in turn to persistent infection and pathology, as sug
gested by the impaired activity of specific CTL in patients with multiple scle
rosis.(1l9) Although this possibility cannot be entirely ruled out, several find
ings indicate that persistent infection can be established even in the presence of 
fully operational immune effector mechanisms. Indeed, no impairment of 
immune function is observed in patients with SSPE or in healthy children, in 
whom reportedly up to 90% and 15%, respectively, of circulating lymphocytes 
harbor the virus.(47) Moreover, experimental data in vitro indicate that a strong 
immune response may paradoxically contribute to the establishment of per
sistent viral infection, as reviewed by Oldstone.(15) 

A viral infection can become persistent when infected cells lack the virus
encoded surface molecules and can therefore escape the specific attack by the 
immune system. This can be accomplished in several ways. Measles virus can 
silently infect cells in absence of any virus-encoded glycoproteins expressed at the 
cell surface, making immune recognition of these cells impossible by specific 
antibodies, CTL, and nonadaptive cytotoxic cells (NK cells). For example, abun
dant viral genome has been detected in infected lymphocytes from patients with 
SSPE and in healthy subjects in the absence of surface expression of virus-encoded 
glycoproteins.(47) This pattern can be reproduced in lymphocytes from normal 
subjects by in vitro infection in selected conditions and in the absence of activating 
stimuli.(69) These silently infected cells will express virus-encoded surface gene 
products and replicate virus only following activation. Therefore, silently in
fected cells can harbor measles virus, still make it inaccessible to immune defense 
mechanisms. Even infected cells expressing abundant amounts of surface vi·ral 
glycoprotein(s) and binding specific antibodies can escape immune elimination 
if lytic mechanisms, such as complement and/or killer cells, are not readily 
available. Indeed, surface HA and F are promptly modulated by bound anti
bodies and their reexpression cannot take place until anti-HA and F antibody 
molecules are present in the space surrounding the cell, leading to chronic 
modulation ofthese immunorecognitive molecules.(31.32.120) This may be one of 
the mechanisms by which persistent infection establishes during the last stages of 
acute measles, after a valid antiviral immune response has taken place. Alter
natively, defective expression of virus-encoded molecules at the surface of an 
infected cell can result from synthetic defects intrinsic to the virus and/or the 
infected cells. Indeed, defective expression of HA glycoprotein has been found 
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in lymphocytes from patients with acute measles.(69) Moreover, otherwise func
tional infecting and replicating virus may abort the budding process or release 
nonfunctional virions from infected cells due to the lack of certain cellular 
enzymes. In one study, infection of Daudi lymphoblastoid cells with Edmonston 
strain of measles virus resulted in lack of cleavage of fusion surface glycoprotein 
and virion maturation due to the lack of appropriate cellular protease.(121) 
Restriction of replication of infectious particles may also be dependent on 
extracellular factors, such as the presence of IFNs. IFNs secreted by the infected 
cells themselves can inhibit viral replication and release, which can be dramat
ically reversed following neutralization of IFN biologic activities by anti-IFN 
antibodies.(85) In other cases, escape of infected cells from the immunologic 
assault leading to viral persistence can result from selection of particular virus 
variants with abnormal expression of structural components and altered biologic 
properties, some of them greatly affecting the host's immune response. In 
humans, abnormal expression of measles virus components and variants has 
been observed in SSPE patients. The pathogenic virus is selected presumably 
within the patient, to be defective in production of M protein and possibly 
additional envelope components as well. (26,46,54,122-124) In these and other cases 
of viral persistence, virus spread probably occurs via cell-to-cell infection, with no 
or minimal presence of extracellular virus. Under these conditions, access to 
virus particles by immune effector mechanisms and complete virus clearance are 
unlikely events. 

In conclusion, measles virus can silently infect resting blood mononuclear 
cells and induce functional impairment in absence of overt cellular damage. 
However, in most cases, activation of a resting infected cell leads to productive 
viral replication and eventually to a lytic event. Inhibition of lymphocyte func
tion does require infectious particles and is due, in most cases, to direct action 
of the virus on lymphocytes in the absence of any modulatory effect by soluble 
mediators released by other activated and/or infected cells. Measles virus does 
not interfere with the proliferation of already dividing cells, nor does it inhibit 
the function of lymphocytes with an already established activity. In vivo, acute 
measles is associated with transitory, profound immunodepression. Silent in
fection of lymphocytes by the virus undermines the functions of the very cells 
adapted to its clearance and that of other microbic pathogens. However, the 
establishment of viral persistence so commonly observed after acute measles is 
unlikely due to the virus-induced transitory impairment of the immune func
tions. Rather, in vivo virus clearance can be impaired by various mechanisms 
intrinsic to the infected cells or to the virions themselves, or involving the action 
of the immune effector molecules or cells on infected target cells expressing 
viral gene products. Most recent data acquired by DNA hybridization suggest 
that the main reservoirs for viral persistence in healthy subjects following acute 
measles are blood mononuclear cells, lymphatic organs, and tissues of the eNS. 
Better knowledge of the mechanisms by which viral persistence is established 
would certainly shed some light on many patterns of human pathology for 
which a satisfactory explanation has not yet been identified. 
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Avian Retroviruses 
ROBERT W. STORMS and HENRY R. BOSE, JR. 

1. BASIC PROPERTIES OF THE VIRUSES 

Retrovirus particles are roughly spherical, about 100 nm in diameter, and have 
a dense inner core or nucleocapsid surrounded by an envelope with projecting 
glycoprotein spikes.(\) Although four basic subcategories of retrovirus particles 
have been identified, all avian retroviruses have C-type morphology. 

Retroviruses contain single-stranded RNA genomes, and each particle 
contains two identical genomic RNAs joined at their 5' ends. Each RNA sub
unit has a m 7Gppp cap at the 5' terminal and is polyadenylated at the 3' end. 
Replication-competent retroviruses generally contain three cistrons: gag, pol, 
and env. The gag region encodes the structural proteins of the viral core. 
Homology within these polypeptides, the group-specific antigens, hence gag, is 
used as a means of classifying retroviruses. The core proteins are translated as 
a precursor polyprotein and are post-translation ally processed to form the 
mature virion polypeptides. The pol region encodes an RNA-dependent DNA 
polymerase, or reverse transcriptase. This enzyme allows for the synthesis of 
the DNA provirus from the RNA genomeJ2,3) The DNA provirus then inte
grates into the host chromosome and establishes itself as a heritable trait. The 
env region encodes the glycoproteins that become associated with the viral 
envelope, These proteins form spikes that protrude from the virion and that 
are involved in the attachment of the virion to specific receptors on the cell 
surface. The env gene products are translated from a spliced subgenomic mes
senger RNA (mRNA). As with gag, a precursor env polyprotein is synthesized 
and subsequently cleaved to form the mature env proteins. The env gene prod
ucts are used to define virus subgroups. Differences within these glycoproteins 
are reflected by host range and by cell types susceptible to viral infection. 

ROBERT W. STORMS and HENRY R. BOSE, JR. • Department of Microbiology, Univer
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Antibody directed against antigenic determinants of the env glycoproteins neu
tralizes the virus. 

Those retroviruses capable of transforming cells in vitro and of rapidly 
inducing neoplastic disease in vivo are generally replication defective. These 
viruses depend on co-infection with a replication-competent helper virus to 
produce progeny.(4) Most replication-defective viral genomes contain deletions 
in all or part of the gag, pol, and env genes. In place of the structural coding 
sequences, these viruses have acquired sequences unrelated to the helper virus 
which are responsible for cell transformation.(4,5) The sequences are referred 
to as viral oncogenes and are related to unique sequences of host cellular DNA. 
The genetic structures of representative avian retroviruses are diagrammed in 
Figs. 1 and 2. 

The avian retroviruses are composed of four groups,(l) which include (1) 
the avian sarcoma-leukosis virus complex (ASL V) of chickens; (2) the re
ticuloendotheliosis viruses (REV) of turkeys, ducks, and chickens; (3) the en
dogenous viruses native to some species of pheasants, partridges and quail; and 
(4) the lymphoproliferative disease virus of turkeys (Table I). Because studies 
on immunosuppression induced by avian retroviruses have focused on mem
bers of the ASL V group, in particular the acute leukemia viruses and their 
associated viruses, and on members of the REV group, only these viruses are 
discussed in depth. 

1.1. Avian Sarcoma-Leukosis Complex 

The ASL V is a large group of viruses defined on the basis of genetic and 
antigenic homologies to Rous-associated virus (RAV-0),(6) an endogenous 
retrovirus of chickens. On the basis of their envelope glycoproteins, the ASL V 
are divided into five subgroups: A, B, C, D, and E. The most common field 
isolates are of subgroups A and B.(7) The members of this group that induce 
acute transformation include sarcoma viruses and leukemia viruses. These 
viruses induce neoplasms after very brief latent periods and transform cells 
efficiently in vitro. (8) Because of deletions introduced into their structural genes 
upon acquisition of their transforming genes, all the avian acute leukemia 
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FIGURE 1. Genetic structures of the ASL V 
leukemia viruses. The proviral DNA ge
nomes of the replication-defective retro
viruses MC29, AEV, and AMV are shown 
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the expression of the viral genome.(5.J02.J03) 
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FIGURE 2. Genetic structures of the REV. 
The proviral DNA genome of REV-T is 
shown in comparison with its helper virus, 
REV-A. The insertion of rel, the cellular-
derived oncogene, has resulted in extensive 
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deletions (dashed line) within the REV-A genome. The mature viral proteins encoded by 
REV-A, as well as the other replication-competent REV, are indicated by their approximate 
molecular weights. The L TR, or long terminal repeat, is the viral promoter.(69.104) 

viruses, as well as the replication-defective strains of Rous sarcoma virus (RSV), 
require helper viruses for replication. These replication-competent helper vi
ruses are collectively referred to as the avian leukosis viruses (AL V), although 
individual isolates are named on the basis of their acutely oncogenic member 
(e.g., RA V is associated with RSV). The AL V replicate but fail to transform 
cells in culture(9); however, with chronic infection, the ALV generally give rise 
to lymphoid neoplasms of the B-cell lineage; lymphoid leukosis is endemic 
within flocks of domestic chickens.(8) 

Avian myeloblastosis viruses (AMV), avian myelocytomatosis viruses (e.g., 
MC29), and avian erythroblastosis viruses (AEV) are members of the ASL V 
group, which transform cells of the myeloid and erythroid series in vitro.(lO) 

AMV and MC29 give rise to myeloid leukemias within 5-8 weeks following 
infection.<Il,I2) AEV induces a fatal erythroleukemia within 2 weeks after in
fection.(I3) The helper viruses associated with these acutely transforming vi
ruses have been designated myeloblastosis-associated viruses (MAV),(I4) myelo
cytomatosis-associated viruses (MCAV),(I5) and avian erythroblastosis
associated virus (AEAV).(I6) AEAV is a subgroup B virus, while MAV and 
MCA V strains may be of either subgroup A or B specificities. The helper 
viruses induce a variety of disorders, including lymphoid leukosis, 
erythroblastosis, osteopetrosis, anemia, and nephroblastoma.(l5,I7,I8) Os
teopetrosis was initially characterized using field isolates of AL V that induced 
the disease with only relatively low incidence.<I9,20) End-point cloning from a 
standard AMV stock allowed the isolation of a virus which induces a high 
incidence of osteopetrosis.<I7) This virus, designated MAV-2(O), is of subgroup 
B specificity. 

Many factors contribute to the relative ability of individual members of the 
ALV family to immunosuppress chickens. Early studies reported that ALV
infected birds exhibited either slight depressions(9,2I) or no depression(22) in 
their ability to generate antibody against specific antigens. These studies were 
all conducted using AL V with subgroup A envelope specificity. It was later 
proposed(23) that humoral responsiveness during infections with subgroup A 
AL V was dependent on whether the strain of chicken used contained endoge
nous virus (RAV-O) within its genome. Similarly, small depressions in cellular 
immune responsiveness during infection by subgroup A AL V were dependent 
on the strain of virus and on the line of chicken used.(2I) While these studies 
report depressions in immune responsiveness that are statistically significant, 
they are not profound. More recent studies have confirmed the relative immu-
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TABLE I 
Major Avian Retrovirusesa - c 

I. Avian sarcoma-leukosis viruses 
Leukosis 

Envelope subgroup A 
RAV-I 
RAV-3 
RAV-5 
RPL12 
HPRSI 
HPRS2 
ALV-F42 
MAV-I 
MCAV-A 
Envelope subgroup B 
RAV-2 
RAV-6 
MAV-2 
MCAV-B 
AEAV 
Envelope subgroup C 
RAV-7 
RAV-49 
Envelope subgroup D 
RAV-50 
Envelope subgroup E 
RAV-O 
RAV-60 

Sarcoma 
Envelope subgroup A 
SR-RSV-A 
PR-RSV-A 
EH-RSV 
RSV-29 
Envelope subgroup B 
SR-RSV-B 
PR-RSV-B 
HA-RSV 
Envelope subgroup C 
B77-RSV 
PR-RSV-C 
Envelope subgroup D 
SR-RSV-D 
CZ-RSV 
Envelope subgroup E 
SR-RSV-E 
PR-RSV-E 
Defective: BH-RSV, BS-RSV, FuSV, PRCll, PRCIV 

Myeloblastosis 
Defective: AMV-BAIIA, AMV-E26 
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TABLE I (Continued) 

M yelocytomatosis 
Defective: MC29, MH2, CMIl, OKlO 

Erythroblastosis 
Defective: AEV-ES4, AEV-R 

2. Reticuloendotheliosis viruses 
Reticuloendotheliosis-associated virus (REV-A) 
Spleen necrosis virus (SNV) 
Chick syncytial virus (CSV) 
Duck infectious anemia virus (DIA V) 

Defective: reticuloendotheliosis virus, strain T (REV-T) 
3. Viruses of pheasants, quail, and partridges 

Ring-necked pheasant virus (RPV) 
RAV-51 (ring-necked pheasant) 
Golden pheasant virus (GPV) 
Amherst pheasant virus (APV) 

4. Lymphoproliferative disease virus (LPDV) 

aFrom Telch,O) Calnek,<7J Purchase and Burmester,(S) Beard.(I") 
bThe major members of the aVian sarcoma-leukOSIS complex, the re
tlculoendothehosls viruses, and vIruses of pheasants, partridges, and 
quat! are hsted. The lymphoproliferatlve disease virus of turkeys IS the 
only member of ItS famllv. The viruses of pheasants, partndges. and 
quail have been Identified primarily on the basis of genetic relation to 
RA V -0 or by their ablhty to rescue replication-defecuve strains of RSV. 
Among the ASLV and REV, the term defecuve refers to replication 
defective. These defective viruses will assume the envelope speCIficity of 
their helper virus. 

'AbbrevwtlOnS' AEAV, avtan erythroblastosis-assoCIated ViruS; AEV. aVian 
erythroblastosis Virus, ALV, avian leukosIs ViruS; AMV, avian myelo
blastosIs virus; BH-RSV, Bryan highuter RSV; BS-RSV, Bryan standard 
RSV; B77-RSV, Bratislava RSV; CZ-RSV, Carr-Zilber RSV; EH-RSV, 
Engelbreth-Holm RSV; FuSV, Fujinami sarcoma ViruS; HA-RSV, Har
riS RSV; HPRS, Houghton Poultry Research Station; MAV, myelo
blastosis-assoCIated virus; MCA V, myelocytomatosis-associated virus, 
PR-RSV, Prague RSV; PRC, Poultry Research Centre; RAV, Rous-asso
ciated virus; RPL, Regional Poultry Laboratory; RSV, Rous sarcoma 
virus; SR-RSV, Schmidt-Ruppin RSV. From Purchase et ai.,(40) FUJIU et 
al.,(105) Hanafusa et ai.,(I06) Chen and Vogt,(107) McDougall et al.(!OS) 
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nocompetence of birds infected with subgroup A ALV.(24-26) By contrast, 
subgroup B AL V has been demonstrated to immunosuppress infected birds 
severely,<27,28) This may be due, in part, to the susceptibility of macrophages to 
infection by subgroup B ASL V,(29,30) 

1.2. Reticuloendotheliosis Viruses 

The REV comprise a small group of genetically and antigenically distinct 
viruses,<31-33) REV strain T (REV-T) is a replication-defective acutely trans
forming virus that co-replicates with its helper, reticuloendotheliosis-associated 
virus (REV -A),<34) Oncogenic stocks of REV -T virus contain REV -A at a 100- to 
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lOOO-fold excess and are therefore referred to as REV-T(REV-A). Three other 
replication-competent members, duck infectious anemia virus (DIA V),(35) 
spleen necrosis virus (SNV),(36) and chick syncytial virus (CSV),(37) belong to 
this group and may serve as alternate helper viruses for REV-T,(38) The four 
nondefective REV share extensive sequence homology and may be distin
guished from one another only on the basis of cross-neutralization tests and 
pathogenicity.<31,39) Infection by these viruses produces a variety of syn
dromes, including visceral reticuloendotheliosis, splenomegaly and spleen ne
crosis, nerve lesions, and B-celllymphoma.<40,41) REV-T is perhaps the most 
virulent of all retroviruses and is invariably fatal in young chicks within 7-10 
days postinfection'(42) 

The replication-competent REV induce an extensive cytopathic effect in 
avian fibroblast cultures and lyse lymphoid cells in vitro.(34,43) Following the 
acute phase, the surviving cells establish a chronically infected culture.(44) All 
these viruses induce a transient immunosuppression in infected chickens.(45) 
REV-T, the replication-defective member, infects and transforms both avian 
fibroblasts and hematopoietic cells in vitro.(38,46) In vitro derived REV-T trans
formed nonvirus-producing hematopoietic cells induce lethal reticuloen
dotheliosis when injected into histocompatibly matched chickens.(47) Hema
topoietic cells transformed by REV-T have lymphoblastoid morphology, 
express low levels of terminal-deoxynucleotidyl-transferase activity, and ex
press B cell determinants; however, these cells fail to synthesize immunoglobu
lin (Ig) molecules.<47,48) Depending on the extent of their immunoglobulin 
gene rearrangements, the REV-T-transformed lymphoid cell lines fall into two 
major categories (J. M. Bishop and H. R. Bose,Jr., unpublished observations). 
Most of the lines exhibit rearrangements within both the heavy and light-chain 
Ig gene loci relative to embryonic tissues; however, a smaller number retain the 
embryonic configuration. None of these cell lines contains 1.1. or A gene tran
scripts. Since these cells express B-cell membrane antigens, REV-T is infecting 
and transforming a very immature cell committed to B-cell differentiation. It is 
therefore proposed that transformation by REV -T blocks the differentiation of 
these cells, allowing for their uncontrolled proliferation and the development 
of a rapidly fatal disease. 

2. MODULATION OF THE IMMUNE RESPONSE 

2.1. Humoral Responses 

The humoral response, as described here, refers to the production of 
antibody toward antigens and requires active communication among B cells, T 
cells, and macrophages.(49) Inactivation of anyone or more of these cell types 
may alter humoral immune responsiveness.(50,51) It should be noted, however, 
that birds have an additional primary lymphoid organ not found in the mam
malian species. This organ, the bursa of Fabricius, from which B cells derive 
their name, is involved in the differentiation of B cells. 
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Only limited information is available on the humoral response in birds 
infected with avian retroviruses. Birds infected with MAV-2(0) exhibit a de
pressed IgM and IgG response when assayed by direct and indirect hemolytic 
plaque assays.(27,52) Most osteopetrotic birds had visible decreases in the 
number of plaques generated as compared with normal birds; however, on 
occasion, low responses were also seen among infected chickens exhibiting no 
osteopetrosis upon necropsy. The depression in humoral response was depen
dent on the age of the bird at the time of infection and was most severe when 
embryos at the eleventh day of gestation were infected. In addition, serum 
antibody titers were assayed directly by agglutination and by enzyme-linked 
immunosorbent assay (ELISA).(52) Again, the responses were shown to be a 
function of age at the time of infection. The age-dependent depression in the 
humoral response corresponds to the pathology manifested in the spleen by 
MA V -2(0) infection. Birds infected as embryos show a total arrest of B-cell 
development, while chicks infected at hatching exhibit delayed splenic develop
ment. 

Virus-specific antibody titers have been examined in both REV-A and 
MA V -2(0) infected birds.<53,54) Birds infected with the oncogenic REV -T(REV
A) stocks do not survive long enough to develop a humoral response; however, 
chickens infected with REV-A obtained by end-point dilution exhibit virus
specific antibodies 12-15 days after infection. The birds exhibiting this delayed 
humoral response are still unresponsive to T-cell mitogen stimulation. In stud
ies on the anemia induced by MAV-2(0), a depressed antiviral humoral re
sponse is seen at the peak of the anemic episode, but an increasing serum titer 
is coincident with recovery and clearance of the virus. Furthermore, bursec
tomized birds, which fail to elicit a humoral response, are never able to survive 
the anemic episode.(55) 

2.2. Cellular Responses 

The cellular immune response is elicited and regulated by the cooperative 
interactions of various T cell sub populations and macrophages.(56) The level of 
responsiveness of the cellular arm of the immune system may be demonstrated 
in vitro by the polyclonal stimulation of T cells to blastogenesis by mitogens or 
by mixed lymphocyte reactions (MLR).(57-59) Phytohemagglutinin (PHA) and 
concanavalin A (Con A) are T-cell specific mitogens and require cooperation 
between T cells and macro phages to induce their proliferative responses.<60,61) 

Infection of chicks with REV-T(REV-A), or with REV-A alone, eliminates 
the ability ofT lymphocytes to respond to mitogens.(45,62) The suppression can 
be detected within 3 days after REV-A infection, and the lack of proliferation is 
not due to a loss of lymphocyte viability.(63,64) In addition, spleen cell prepara
tions from REV -A-infected birds exhibit a depressed MLR when mixed with 
allogeneic spleen cells.(53) Similarly, rejection of allogeneic skin grafts in REV
A-infected birds exhibit a depressed MLR when mixed with allogeneic spleen 
cells.(53) Similarly, rejection of allogeneic skin grafts in REV-A-infected birds is 
delayed.(53) 
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Infections by MA V -2(0), other related subgroup B AL V helper viruses, or the 
acute leukemia viruses of the ASL V group result in depressed responses to 
mitogens.<27,28) However, with MAV-2(0) infections, the responsiveness to 
mitogens is compartmentalized. At the outset of any gross pathologic disturbances, 
the response to Con A by splenic lymphocytes is generally severely suppressed, 
whereas the depression of Con A blastogenesis seen with peripheral blood lympho
cytes (PBL) is nominal until late in the disease process.(27,65) 

The studies discussed above indicate a generalized suppression of the 
cellular response within REV and MA V -2(0)-infected birds. The development 
of delayed hypersensitivity (DTH) has been studied in MAV-2(0) infections.(52) 
Compared with normal birds, MA V -2(0)-infected chickens were suppressed in 
their DTH response elicited against human gammaglobulin. The ability of 
REV -infected birds to elicit virus-specific cellular responses has also been inves
tigated. The activity of cytotoxic T lymphocytes (CTL) was assayed in vitro with 
lymphocytes from birds infected with REV-T-transformed lymphoid cells.(53) 
Chickens infected with low dosages showed normal mitogen responsiveness, 
displayed no visible lymphomatosis, and exhibited a detectable CTL response 
specific for the REV-T-transformed cells. With increased dosage, the birds' 
responsiveness to mitogens was eliminated, and no CTL activity was detected. 
These birds displayed visceral lesions characteristic of reticuloendotheliosis. 

In both REV and MAV-2(0) infections, the first insight into the precise 
lesion in the immune system was provided by mixing lymphocyte preparations 
from the immunosuppressed birds with mitogen-stimulated uninfected lym
phocytes from age-matched syngeneic chickens. (Syngeneic here refers only to 
the B locus, the major histocompatibility locus of chickens.) In REV infections, 
the spleen cells from immunosuppressed birds were capable of eliminating the 
normal mitogen responsiveness of uninfected birds.<62,66) This finding sug
gested the presence of a suppressor cell population in the spleens of infected 
chickens. By contrast, the blastogenic response of MAV-2(0)-infected lympho
cytes was restored in the presence of normal cell populations.(65) Adherent cells 
from either the spleen or the peripheral blood of uninfected birds were found 
capable of complementing the suppressed lymphocytes. These adherent popu
lations were morphologically macrophage-like cells, possessed Fe receptors, 
participated in Fc-dependent phagocytosis, and displayed nonspecific esterase 
activity. Adherent cells obtained from infected birds displayed these same char
acteristics. Furthermore, the adherent cells were present in equivalent num
bers in spleen and PBL preparations from both infected and uninfected birds, 
and peritoneal exudate cells were elicited in similar numbers, regardless of 
infection. These characteristics implicate a defect in relatively differentiated 
macrophages in MAV-2(0)-infected chickens. Normal macrophages comple
mented the blastogenesis of lymphocytes from both transiently (anemic) and 
persistently (osteopetrotic) immunosuppressed chickens. 

A decrease in the production of interleukin-2 (IL-2), or T-cell growth factor, 
has been implicated in MA V -2(0)-induced suppression. (67) IL-2 production is 
decreased in spleen cell preparations from osteopetrotic birds. Furthermore, the 
addition of exogenous IL-2 resulted in a marked increase in Con A-induced 
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blastogenesis. These studies, however, failed to duplicate the restoration of the 
mitogenic response seen by Price and Smith(65) upon the addition of normal 
macrophages. This could simply be a reflection of different stages of the progres
sion of the disease. Alternatively, the restoration of lymphocyte blastogenic re
sponses to mitogens by normal macrophages could be specific within the strain of 
bird. Boni-Schnetzler et al. (67) used a strain that has a genetically determined low 
responsiveness to Con A.(68) Normal macrophages from this strain may be 
unable to restore the suppression induced by MAV-2(0). 

3. MECHANISMS OF IMMUNOSUPPRESSION 

Infection by REV-T(REV-A) or end-poi nt-purified REV-A virus, or inocu
lation with REV -T -transformed lymphoid cells, results in the induction or 
activation of a suppressor cell population.<45.62.66) The PHA response of nor
mal uninfected spleen cells may be suppressed by the addition of lymphocyte 
preparations from immunosuppressed REV-infected birds. In these studies, 
the normal cells are preincubated with PHA to permit induction. The sup
pressive cells from age-matched syngeneic birds are then added. The sup
pressor cells are tentatively classified as a T cell. The removal of glass-adherent 
populations(63) or the elimination of macro phages by toxic lysosomotropic 
agents (R. W. Storms and H. R. Bose, Jr., unpublished observations) does not 
affect the suppressor activity of spleen cells from infected birds. The sup
pressor cell may be separated from granulocytes on the basis of density in 
Percoll gradients (M. T. Crakes and H. R. Bose,Jr., unpublished observations). 
The depletion of B cells from suppressor cell preparations with specific anti-Ig 
sera, likewise, has no significant effect on the capacity of the preparations to 
depress the normal response to PHA (M. T. Crakes and H. R. Bose, Jr., 
unpublished observations). Furthermore, the depletion of T cells from these 
same preparations corresponds with a decrease in the suppressive capacity. 

The inhibition of blastogenesis is a contact-mediated evenL<63) Normal 
cells induced with PHA were separated from the suppressor cell population by 
a membrane within a double-diffusion chamber. The membrane was of suffi
cient pore size (0.4 J.l.m) to permit the free exchange of soluble factors. If 
soluble factors are involved in the inhibition, they alone are not sufficient to 
suppress the normal response to PHA. Furthermore, the cellular communica
tion involved in suppression is mediated by trypsin-sensitive protein(s) on the 
surface of the suppressor cell.(64) 

Lymphocytes from the spleens of REV -T(REV -A)-infected birds fail to 
respond to PHA as early as 3 days after infection. By 6 days postinfection, these 
cells are capable of inhibiting the PHA response of normal cells.<64) The inhibi
tion is seen with normal cells present at a 20-fold excess over the spleen cells of 
infected birds. This suggests that the suppressor cell is capable of interaction 
with multiple target cells. 

Infection by immunosuppressive doses of REV-T-transformed lymphoid 
cells inhibits the ability of the host to elicit specific cytotoxic cells against the 
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invading tumor.(53) However, the cytotoxic effector function of cells present at 
the time of infection appears to remain normal.<64) Normal and REV-T(REV
A)-infected birds were compared on their ability to respond to allogeneic tar
gets. Spleen cells from these animals were induced with PHA, then co-incu
bated with 5lCr-labeled chicken red blood cells (RBCs), and the release oflabel 
was assayed. The results indicated that the cytotoxic function was not impaired 
by REV infection. This would argue that the suppressor cell inhibits the 
blastogenic capacities of lymphocytes but does not interfere with the viability or 
certain effector functions of these cells. 

The mechanism by which the suppressor cell is induced is unclear. The 
suppressor is presumed to be host derived rather than tumor or virus derived, 
as the addition of REV-T-transformed lymphoid cells or virus preparations is 
not sufficient to inhibit the blastogenic response of normal cells in vitro. (64) The 
suppressor cells are not productively infected with REV -A, as suppressive pop
ulations of spleen cells from REV -T(REV -A)-infected birds are not sensitive to 
complement-mediated lysis in the presence of REV-specific antiserum.(64) The 
activation of the suppressor cell population does, however, require active viral 
replication. The injection of ultraviolet (UV)-inactivated REV -T(REV -A) prep
arations into birds does not induce immunosuppression.(64) 

REV-T-transformed nonvirus-producing (NP) lymphoid cells have been 
isolated that do not contain REV -A proviral sequences(69) and that do not 
contain detectable virus-specified proteins by radioimmunoprecipitation tech
niques.(47) These NP cells are capable of inducing or activating the suppressor 
population.(45,53) The suppressor cells induced by NP cells and those induced 
by REV-A virus act by a contact-mediated mechanism, express T-cell determi
nants, and have a similar density(63) (M. T. Crakes and H. R. Bose, Jr., un
published observations). Furthermore, the suppressor cells induced in each 
infection appear with the same kinetics relative to the manifestation of the 
infection. It is not known whether the means by which the suppressor cell is 
induced is the same in both infections. Since REV -T has deleted most of the pol 
and env cistrons,(69-71) the only viral gene that could be involved would be the 
gag gene, which is largely intact in REV-T.(69) 

The transmembranal envelope proteins (p15E or p20E) of several retro
viruses have been found to be responsible for the ability of these viruses to 
immunosuppress their hostsP2-77) Indeed, these retroviruses contain a com
mon sequence within their transmembranal proteins that has been found to 
account for at least part of the immunosuppressive ability of these trans
membranal proteins.(78) While REV-A does share this region of homology with 
other immunosuppressive retroviruses,(7I,79) there are important distinctions 
between REV-A and these viruses: (1) unlike the other viruses, REV-A particles 
do not perturb the blastogenic responses of T-cell mitogen-stimulated normal 
lymphocytes in vitro; and (2) with the exception of Moloney murine leukemia 
virus,(80,81) none of the other viruses that process this immunosuppressive 
sequence has been demonstrated to induce a suppressor cell. It is possible that 
the p20E protein of REV-A is involved in the induction of the suppressor cell 
and that this induction is too complex to be duplicated in vitro. 
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REV-T does not encode the viral trans membranal protein(70.71) thus, ex
pression of this protein cannot explain the ability ofNP lymphoid cells to induce the 
suppressor population. If the p20E protein is involved in the induction of the 
suppressor cell by REV-A, either REV-T transformed NP cells activate the sup
pressor by a different mechanism or they have induced the expression of a cellular 
protein which functions in the place of the viral transmembranal protein. Several 
murine and human tumor cell lines have been shown to express a protein of 
approximately 20 kDa that shares antigenic determinants with the trans
membranal protein of immunosuppressive retroviruses.<83-85) Furthermore, this 
protein is expressed by normal human lymphocytes when they are stimulated by T
cell mitogens.(85) It has been proposed that this protein down regulates pro
liferative immune responses and that it works within an immunoregulatory net
work with IL-2.(77) The induction of this protein within REV-T-transformed NP 
cells could theoretically be achieved by transformation, i.e., by active cell division or 
aberrant expression. 

Infection by MA V -2(0), and most probably the related subgrou p B ASL V, 
does not induce or activate a suppressor cell population(30.65) but rather ap
pears to induce a disturbance in the production of interleukins.(67) The path
ways for T-cell induction by interleukins are not well defined in chickens; 
however, if they parallel mammalian pathways,(86.87) some speculations on the 
mechanism of immunosuppression by MAV-2(0) may be made. T cells from 
MAV-2(0)-infected birds are receptive to exogenous IL-2.(67) Furthermore, 
PBL and spleen cell preparations from MA V -2(0)-infected animals produce 
decreased amounts of IL-2 as compared with uninfected birds. Therefore, any 
interaction in the pathway before, or including, the release of IL-2 may be 
defective. The cell type(s) that induce IL-2-producing cells may be totally func
tional or present but unresponsive to IL-l. Likewise, nothing is known of the 
levels of IL-l in infected chickens. 

Using T-cell mitogen assays, Price and Smith(65) demonstrated a defect in 
macrophage populations of MA V -2(0)-infected birds. The macrophages from 
infected birds appear to be intact and to perform normal phagocytic functions. 
Furthermore, spleen cell preparations appear to bind Con A at normal, or 
above-normal, levels. However, the addition of normal macro phages to 
MA V-2(0)-infected lymphocytes restores mitogenic responses. It would appear 
likely that the defect in macrophages in MA V -2(0)-infected birds would be at 
the level of macrophage interaction with T cells. 

4. SIGNIFICANCE OF IMMUNOMODULATION IN VIRAL 
PATHOGENESIS 

The pathogeneses of avian retroviral disease states are complex problems 
involving a myriad of host-parasite interactions. The most intensively studied 
disease processes of these viruses has been the induction of neoplastic or hyper
plastic disorders. In the natural transmission of the acute leukemia viruses, 
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infection by a replication-defective oncogenic virus is accompanied by the si
multaneous infection of the host with a replication-competent helper virus; the 
presence of a viremia has several obvious points of advantage for the progres
sion of the tumor mass. Virus production allows for the active recruitment of 
newly transformed cells into the tumor mass. Furthermore, many helper vi
ruses by themselves compromise the immune status of the host, thereby 
providing for the unrestricted progression of the tumor. The REV system 
provides an excellent model for the study of this phenomenon. Infection by 
REV-T(REV-A) results in a rapidly fatal leukemia characterized by severe 
hepatosplenomegaly with either lymphoproliferative or necrotic lesions.(42,88) 
Death invariably occurs within 7-10 days.(88,89) The helper virus, REV-A, has 
been demonstrated to be responsible for the anemia, peripheral nerve lesions, 
paralysis, and severe runting(34,62,90) first observed after the inoculation of 
chicks with reduced concentrations of REV -T(REV _A),(91) 

The lethal dose for an REV-T-transformed virus-producing cell line may be 
several logs lower than that required for a nonvirus-producing cellline,(45,53) In 
both tumor transfers, the development of reticuloendotheliosis is accompanied by 
immunosuppression. Furthermore, there is a temporal correlation between the 
accumulation of the tumor mass within the visceral organs and the appearance of 
the suppressed state. In the absence of immunosuppression, the host mounts a 
response with CTL specific for REV-T-transformed cells. The NP cell lines by 
themselves are immunosuppressive to the host. However, the presence of REV-A 
in infections by virus-producing lines may work synergistically toward this suppres
sion. Furthermore, in the disease produced by viral infection, in which the number 
of tumor cells would initially be low, the suppression induced by REV-A may be 
considered a major contributory factor in the progression of the disease state. The 
immunosuppression induced by REV-A is transient.<45.64) The suppression is 
detectable within 3 days post-infection and is maintained for a period of2-3 weeks. 
In infections caused by REV-T(REV-A), death occurs well within this time frame. 

In addition to their role in oncogenesis, the helper viruses of both the REV 
and ASL V groups are responsible for a variety of pathologic disturbances. The 
MA V -2(0) virus system has allowed for the dissection of two disorders common 
to the ALV: osteopetrosis and anemia. Osteopetrosis and the immunosuppres
sion induced by MA V -2(0) infection may both arise from a generalized dys
function in macrophage-like cells. 

Virally induced osteopetrosis in chickens is considered a hyperplasia 
rather than a neoplasm.(20) Smith and Ivanyi(92) proposed that the osteopetro
sis induced by MAV-2(0) results from an impairment in bone-resorptive func
tion. The osteoblast proliferation characteristic of the disease is seen as the 
result of a malfunction in osteoclast populations, leading to an imbalance in the 
cellular homeostasis of the bone. The functions of osteoclasts in bone resorp
tion are dependent on at least two soluble factors: osteoclast-activating factor 
(OAF)(93) and IL-U94) OAF is produced by lymphocytes by a monocyte-depen
dent mechanism, while IL-1 appears to act primarily on osteoblasts, which, in 
turn, stimulate osteoclasts in their bone-resorptive functions by a contact-medi-
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ated mechanism. Thus, a lack of bone resorption could result from a failure to 
produce or respond to either OAF or IL-l or from a failure of either of two 
separate cell interactions. Furthermore, it is proposed that the osteoclast pre
cursor is a macrophage-like cell<95,96) and is the primary target population in 
MA V -2(0)-induced osteopetrosis.(92) Thus, osteopetrosis could be the result of 
direct viral infection of the macrophage-like osteoclast precursor. 

Immunosuppression in MAV-2(0) infections is apparently the result of a 
macrophage defect, possibly involving a macrophage-lymphocyte interac
tion.<65,67) MAV-2(0) induces a transient suppression in anemic birds but a 
persistent one in osteopetrotic birds.(27,65) Susceptibility to osteopetrosis corre
lates with the stage of embryogenesis, when seeding of the primary lymphoid 
organs begins,(92) By contrast, anemia is most prominent when MA V -2(0) is 
injected into older chicks (e.g., 8 days 0Id).(54) Thus, the differences in immu
nosuppression (transient versus persistent) may be a function of lymphoid 
development. This idea is borne out by the fact that osteopetrotic birds display 
lymphoid involution,(f;2,97) possibly resulting from an impairment in the pro
liferation of follicular cells in the bursa and thymus.(52.92) Furthermore, avian 
lymphoid cells and osteoclasts share a hematogenic origin.98,99) It is proposed 
that the MA V-2(0) target cell is a progenitor of both lymphoid cells and 
osteoclasts. (92) 

Osteopetrosis and immunosuppression represent manifestations of the 
same viral infection. In both cases, a defect in macrophage or macrophage-like 
populations has been implicated. It is of interest to note that, in both cases, a 
defect on the part of macrophages to communicate with lymphocytes could be 
involved. The precise involvement of the virus in the macrophage defect re
mains unclear. The susceptibility of macrophages to infection within some 
strains of birds has been demonstrated to be linked with the subgroup B 
envelope specificity.(29.30) Considering the short latent period in the induction 
of osteopetrosis or immunosuppression (as demonstrated in anemia), it would 
seem unlikely that a cellular gene could be induced by an integration-s'pecific 
mechanism; however, cellular gene expression could be influenced by the ac
tivity of a viral protein provided in trans. Furthermore, in recent studies involv
ing subgroup E ALV, osteopetrosis resulted from osteoblasts in which per
sistent viral DNA synthesis was occurring aberrantly from newly synthesized 
viral RNA,(IOO) The ability to confer osteopetrosis by these subgroup E viruses 
is believed to involve the pol gene, while the severity of osteopetrosis is depen
dent on the strength of the viral promoter.<lOl) There is still no evidence to 

support a similar mechanism for MA V -2(O)-induced osteopetrosis. 
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1. BASIC PROPERTIES 

20 

It is beyond the scope of this chapter to present a comprehensive discussion of 
the biology of mammalian retroviruses. This has been reviewed effectively 
elsewhere.(l·2) The brief overview provided here focuses on the aspects of 
retrovirus biology that may assist in understanding the effects of these viruses 
on immunity. 

Retroviridae is the family classification for all RN A viruses that replicate by 
way of a DNA intermediate, which can become integrated into the host cell 
genome. This includes the subfamilies Oncovirinae, the tumorigenic retro
viruses; Lentivirinae, "slow" or chronic degenerative disease-causing viruses; 
and Spumavirinae, foamy and syncytial viruses (Table I). Mammalian retro
viruses are a homogeneous group regarding general chemical composition, 
genetic organization, method of replication, and structure. However, they dif
fer drastically in the spectrum of pathogenic diseases they cause. The on
cogenic retroviruses are classified according to morphology, characteristics of 
maturation, and natural host species. They are further subdivided based on 
antigenic markers, experimental host range, sensitivity to cross-interference, 
and other biologic or pathogenic properties. These viruses generally cause 
leukemia/lymphomas or fibrosarcomas, although other tumor types may re
sult. Three genuses comprise this subfamily and are designated C, B, and D 
(Table I). 
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TABLE I 
Major Species of Nonhuman Mammalian Retroviruses 

Subfamily Oncovirinae 
Genus oncovirus C 

Murine leukemia viruses 
Friend leukemia virus (FL V) 
Moloney leukemia virus (ML V) 
Radiation leukemia virus (RadL V) 
Rauscher leukemia virus 

Murine sarcoma viruses 
Moloney sarcoma virus (MSV) 
Harvey sarcoma virus (HSV) 
Kirsten sarcoma virus (KSV) 

Feline leukemia and sarcoma viruses 
(FeLV) 

Primate leukemia and sarcoma viruses 
Simian sarcoma virus (SSV) 
Gibbon ape leukemia virus 
Baboon endogenous virus 

Other species 
Cattle 
Rat 
Hamster 

Genus oncovirus B 
Mouse mammary tumor virus (MMTV) 
Viruses of baboon, guinea pigs, possibly 

others 
Genus oncovirus D 

Mason-Pfizer monkey virus (MPMV) 
and related viruses 

Squirrel monkey virus 
Guinea pig virus 

Subfamily Lentivirinae 
Visna maedi 
Progressive pneumonia virus 
Caprine arthritis encephalitis virus (CAEV) 
Equine infectious anemia virus (EIA V) 
Simian immune deficiency virus (SIV) 
Candidate feline and bovine lentiviruses 

Subfamily Spumavirinae 
Simian foamy virus 
Canine foamy virus 
Bovine syncytial virus 
Feline syncytial virus 
Hamster syncytial virus 

The virion is approximately of 100-nm diameter and consists of an ico
sahedral nucleocapsid surrounded by a lipid envelope. The genome is a single
stranded RNA of positive polarity. Generally, each particle contains two gen
omic copies. Genome replication occurs in the nucleus with nucleocapsid for
mation in the cytoplasm. Maturation takes place at the cytoplasmic membrane 
from which mature particles obtain their envelope as they are released from 
the cell by budding. The genome is linear, weighs 5-7x 106 daltons, and con
sists of three known genes, gag, pol, and env, in the order 5' to 3'. Another 
major feature retroviruses have in common is the pol gene product, an RNA
dependent DNA-polymerase (reverse transcriptase). Type C oncoviruses share 
a centrally located dense nucleocapsid, whereas the type B nucleocapsid is 
eccentric. Both have lipid envelopes with glycoprotein spikes. Type D particles 
have a nucleocapsid intermediate located between B- and C-type particles and 
have less prominent spikes on their envelope. 
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Mammalian retroviruses can be further described as ecotropic (growth 
only on cells of species of origin), xenotropic (efficient growth only in cells 
other than the species of origin), or amphitropic (growth in both types of cells). 
Retroviral genomes are frequently found in the form of proviruses stably 
integrated into the host DNA, whose level of expression can vary greatly, 
depending on the host's genetics and epigenetic factors. Nothing is known 
about the immunomodulating properties of endogenous retroviruses in their 
own host. Their general significance within the context of the host's pa
thophysiology is also unknown. They may be directly associated with on
cogenesis, but this is not common. Recombinants between endogenous and 
exogenous retroviruses have been implicated, however, in the genesis of tu
mors induced by exogenous retroviruses. Recently, a viral preparation derived 
from a strain of radiation leukemia virus (RadL V) of mice and containing a 
mixture of ecotropic, xenotropic, and recombinant viruses was shown to cause 
a strikingly rapid and profound suppression of all measured aspects of cellular 
and humoral immunity, as well as polyclonallymphocyte activation.(3) The role 
of the endogenous and recombinant retroviruses in the genesis of immunosup
pression appears to be worthy of further investigation. Exogenous retroviruses 
spread within their natural host species horizontally or vertically in a manner 
similar to that of other viruses. Genetically, cell transformation is believed to be 
due to the introduction of informational (oncogenes) or regulatory sequences 
into the host cell genome, while much uncertainty still exists with regard to the 
biochemical changes responsible for the transformed phenotype. The role of 
constitutive and adaptive host resistance factors in retrovirus-induced on
cogenesis has been extensively studied. The general consensus is that immune 
mechanisms are crucial in determining not only host resistance to the infecting 
virus but also tumor development and progression.(l.2) 

2. MODULATION OF IMMUNITY BY RETROVIRUSES 

2.1. Introduction 

Modulation of immune responses by mammalian retroviruses has been 
recognized for more than a quarter century. Several reviews covering this 
subject have been published.(4-9) Therefore, this chapter highlights material 
covered in these reviews, focusing on more recent findings and the mecha
nisms of immune suppression. 

2.2. Murine Leukemia/Sarcoma Viruses 

2.2.1. Humoral Immunity 

Alteration of antibody responsiveness by murine retroviruses was first 
documented during the 1960s,<IO-12) At least eight different murine oncor
naviruses have been recorded to inhibit primary and/or secondary antibody 
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production.(4-9) The most extensive studies have been performed with the 
Friend leukemia virus (FL V). Ceglowski and Friedman, as well as others, have 
reported decreased antibody production using both serum antibody titers and 
enumeration of antibody plaque-forming cells due to this murine retro
viruS.(l3,14) Inhibition of antibody production against sheep red blood cells 
(SRBC) as well as protein, bacterial, and viral antigens has been reported.<4-
9,12,15,16) In addition, total lymphocyte counts and the ability ofB lymphocytes 
to home to the spleen were reduced.<17-19) As the disease progresses, the 
depression of antibody formation becomes more severe, Electron microscopic 
examination of plasma cells from FL V -infected mice reveals the presence of C
type particles. This is seen even in antibody-producing cells, indicating that 
infection of plasma cells as well as antibody synthesis are not mutually ex
clusive.<20,21) Rather, it appears that failure of precursor B cells to develop into 
plasma cells causes the depressed response, Whether this is due to direct infec
tion of these cells or effects of FL V on other cells (T lymphocytes and/or 
macrophages) is not entirely clear (see Section 3,2), FL V induces rapid 
erythroblastosis and erythroleukemia in the spleen. However, many of the FL V 
effects outlined above occur before significant histopathologic changes take 
place and are also seen following single infection with the helper virus alone, 
which is otherwise asymptomatic for several months postinfection,(l6,22) This 
finding indicates that viral infection per se is responsible for the development 
of immunosuppressive symptoms, 

Accordingly, in vitro studies have indicated that both infected spleen cells 
and cell-free virus are capable of inhibiting the generation of primary antibody 
responses by normal lymphoid cells.(23-25) Virus had to be added at the initia
tion of the culture or shortly thereafter, confirming that only early events in 
antibody formation are inhibited by the virus, 

2.2.2. Cell-Mediated Host Defenses 

2,2.2.a. T Lymphocytes. Extensive studies have been performed concern
ing cellular immune responses in FLV infection, including T-lymphocyte func
tion, macrophage activity, natural killer (NK) cell function, and lymphokine 
production. The earliest studies examined functions associated with T cells, 
Friedman and co-workers as well as others reported defective allograft rejec
tion, tumor rejection, delayed hypersensitivity and contact sensitivity re
sponses.<26-28) Lymphocyte-mediated cytotoxicity and production of migra
tion inhibitory factor were also noted to be impaired.(27,29) These studies 
showed that the decreased activity was located in cells that did not adhere to 
plastic surfaces, indicating that the FL V effect was on the T lymphocytes rather 
than on macrophages, which act as accessory cells, Population studies have 
indicated a drastically reduced number of Thy 1.2 + cells in the spleens of FL V
infected mice with an increased proportion in the lymph nodes early in infec
tion, After 3 weeks of infection, cells expressing B- and T-lymphocyte markers 
were decreased in the spleen and lymph nodes.<30,31) More recently, Kitagawa 
and co-workers demonstrated that both Lyt 1 + and Lyt 2 + cell numbers de-
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crease to zero in the spleen of susceptible mice infected with FLV.(32) However, 
there is only a transient number decrease in T cell numbers of both subsets in 
the lymph nodes. Murine leukemia viruses have also been shown to enhance 
susceptibility to bacteria and to oncogenic and nononcogenic viruses'<33-35) 
This is most likely another reflection of defective cellular immunity. 

2.2.2.b. Macrophages. Macrophages are vital protagonists of immunity, 
they serve as accessory cells to T- and B-Iymphocyte function and as effector 
cells. Their function in phagocytosis of foreign particles and tumor cell killing 
is a first line of the host defenses. Phagocytosis of SRBC and carbon particles 
has been demonstrated to be severely inhibited in FL V infection(36-38) and in 
other retrovirus infections of mice.(39) More importantly, macrophage function 
may be vital to general immune responsiveness in murine retrovirus infections. 

Kirchner et al.(40) reported that Moloney virus-induced immunosuppres
sion is associated with su ppressor macrophages. Likewise, Moody et al. (II) dem
onstrated that suppressor macrophages mediate inhibition ofNK cell activity in 
FL V infection (D. J. Moody, S. Specter, and H. Friedman, unpublished obser
vations). Suppressor macrophages have also been described in several other 
retrovirus infections as well as in animals having retrovirus-induced tumors.(42) 
Bendinelli et al.(43) and Specter et al.(44) reported that the addition of normal 
macrophages to FL V -infected spleen cells in culture could reverse suppression 
of B-lymphocyte function, although others failed to restore in VIVO antibody 
responses with normal macrophages.(45) Thus, macrophage functions, as ac
cessory cells and effector cells, are severely depressed in murine retrovirus 
infection, while suppressor function is intact or even enhanced. 

2.2.2.c. Natural Killer Cells/Antibody-Dependent Cellular Cytotoxicity. NK cell 
activity is also believed to be important in the first line of host defense against 
intracellular pathogens and tumor cells. NK function was shown to be severely 
compromised in FLV-infected mice.(41) Furthermore, it was demonstrated in 
vitro that spleen cells from FL V -infected mice inhibited the NK activity of 
normal spleen cells. This suppression was attributed to splenic cells that were 
nonspecific esterase positive and nonadherent to nylon wool or plastic, indicat
ing that they were macrophages. When these macro phages from FL V -infected 
mice were incubated with normal spleen cells in the presence of indomethacin, 
suppression did not occur, suggesting that a cyclo-oxygenase product (pros
taglandin E2?) was the mediator of this effect (D. J. Moody, S. Specter, and H. 
Friedman, unpublished observations). Cell binding between NK cells and tar
get cells is normal. Thus, the suppressive effects attributable to FL V infection 
were on the lytic phase of NK activity.(41) Antibody-dependent cellular cytotox
icity (ADCC) was also shown to be suppressed by FLV infection.(46) 

2.2.2.d. Lymphokine/Monokine Activity. Earliest studies on the production 
of soluble factors in murine retrr·virus infection measured the ability of anti
gen-sensitized lymphocytes to produce migration inhibitory factor and inter
feron (IFN).(27.47) Both factors were shown to be depressed in AKR leukemia 
and FLV infection.(27,47) More recent studies have focused on interleukin pro
duction. Butler et al.(48) reported that serum from Escherichia coli lipopolysac
charide (LPS)-treated mice contained a factor that reversed the suppression of 
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antibody formation. Although not identified by these investigators, this was 
suspected of being interleukin-I (IL-I). However, supplementing cultures of 
FL V -infected spleen cells with exogenous IL-I failed to restore antibody re
sponsiveness to any significant respect.<49) Subsequently, IL-I production has 
been investigated in FL V -infected mice(50) (D. Matteucci and M. Bendinelli, 
unpublished observations). These mice produced normal or elevated levels of 
IL-l. Moreover, thymocytes from FL V -infected mice responded normally to 
the addition of exogenous IL-I. 

Unlike the observations with IL-I, interleukin-2 (IL-2) production by 
spleen cells is markedly decreased during FL V infection. Even when T cells are 
separated from tumor cells and macrophages using a Percoll gradient, the 
suppression was detected.(50) This indicates that decreased IL-2 activity is not 
due to a dilution of producer cells by tumor cells. It is interesting to speculate 
that the failure to produce IL-2 may be related to the increase in IL-Ilevels. If 
IL-2 is involved, through a feedback circuit, in controlling IL-I production, 
failure to produce normal amounts of IL-2 could lead to an increase in IL-I 
levels. Furthermore, it is possible that the failure to produce cytokines may be 
responsible for many of the defective immune responses seen in murine retro
virus infections. Studies are in progress in the FL V model to determine the 
importance of these cytokines in mediating the suppression or responsiveness 
in these infected mice. 

2.3. Feline Retroviruses 

Feline leukemia virus (FeLV) is a type C retrovirus first described to in
duce immune hyporesponsiveness by Perryman et al.(51) Unlike the murine 
viruses, there was no notable effect on antibody production, but later studies 
have shown suppressed antibody responses to defined 0Iigopeptides.(52) The 
spectrum of immune defects noted in Fe LV infection has recently been re
viewed.<9,53) Studies have reported inhibition of mitogen and antigen induced 
T lymphocyte proliferation, a decrease in cell mediated lympholysis and lym
phokine production. In addition, reduced mobility of lymphocyte membrane 
receptors for concanavalin A (Con A) has been reported, as well as hypocom
plementemia, thymic atrophy, and depletion of paracortical zones of lymph 
nodes.(54) A major consequence is that cats that have a persistent Fe LV viremia 
develop fatal secondary illnesses, mostly autoimmune or infectious diseases. 

Reports have indicated that in vitro ultraviolet (UV)-inactivated FeL V also 
is capable of suppressive activity for feline immunoglobulin (lg) and IFN syn
thesis.(55,56) Hebebrand et al.(57) reported a decrease in cellular immunity by a 
I5,OOO-dalton envelope protein (pI5E) from FeLV. FeLV pI5E also inhibits 
neutrophil function in vitro(58) and T-cell proliferation in response to IL-2.(55) 
Although IL-2-dependent cells continued to absorb IL-2, they were not stimu
lated to grow in the presence of inactivated virus or pI5E. The mechanism by 
which pI5E causes these effects is unclear. 

Recently, the immunosuppressive properties of Fe LV have been at-
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tributed to a replication defective mutant that arises during the course of 
infection.(59) Moreover, a new highly T lymphotropic retrovirus has been iso
lated from FeLV-seronegative cats and tentatively designed feline T-Iympho
tropic lentivirus. Experimentally infected kittens develop generalized lympha
denopathy, fever and leukopenia.(60) So far, its effects on immune responses 
have not been described. 

2.4. Bovine Retroviruses 

Inhibition of primary antibody responses to administered antigens, es
pecially the IgM responses has been reported in cows with lymphocytic leuke
mia.(61.62) Although no virus was isolated from these animals, it is now estab
lished that an exogenous type C retrovirus is the etiologic agent for such 
tumors. Lymph node cells from the tumor-bearing cow were unable to respond 
to an immunization with SRBC. However, the cow did produce antibodies to an 
antigen, E. coli, to which it was previously exposed. Thus, it appears that 
suppression affected development of immunity to new antigens but did not 
alter immunologic memory. It is interesting to note that bovine leukemia virus 
causes a persistent lymphocytosis (PL) in infected cattle.(63) This is composed 
mainly of B lymphocytes (63-67% of peripheral blood lymphocytes versus 18-
28% in normal controls). B lymphocytes are the preferred target for bovine 
leukemia virus replication. When lymphosarcoma develops in these animals 
with PL, there is a concomitant loss of B lymphocytes.(63) This may be responsi
ble for the reduced ability to produce antibody seen by Celer et al.(61) Bovine 
leukemia virus is infectious to rabbits and induces leukemia in such animals.(64) 
This may be a useful model if the virus can be shown to also induce immu
nosuppression, since bovine leukemia has a serious economic impact on an 
important food source. 

A recently described virus of cattle that causes persistent lymphocytosis, 
lymphadenopathy, lesions of the CNS, progressive weakness, and emaciation 
was characterized as a candidate lentivirus. Since it shares structural, serologic, 
and genetic features with HIV, the name bovine immunodeficiency virus has 
been suggested.(65) 

2.5. Ovine/Caprine Retroviruses 

Known sheep- and goat-infecting retroviruses are not associated with on
cogenesis but cause slow progressive diseases. These viruses are classified as 
lentiviruses. They have recently gained popularity as animal models for human 
immunodeficiency virus (HIV) pathogenesis, since this too is a lentivirus.(66) 
The mechanisms whereby these viruses circumvent the host's immune system 
and persist are under close scrutiny. They appear to include restricted replica
tion within immunocompetent cells, low susceptibility to neutralization by anti
body, and an unusual frequency of mutation in the env gene. The latter mecha
nism permits the emergence of antigenic variants in the infected host that are 
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resistant to neutralization by antibody formed against the infecting virus. The 
new variant is then free to replicate until the immune system can mount a 
primary response against it (antigenic shift). 

The two viruses discussed here are the closely related visna maedi virus of 
sheep and caprine arthritis encephalitis virus (CAEV). Both viruses result in an 
insidious onset of a multiorgan disease. The disease progresses slowly affecting 
the CNS, lungs, and/or joints. Emaciation, respiratory distress, chronic arthri
tis, or paralysis result, leading to death within a few months.(66) These viruses 
have been most thoroughly studied immunologically in their interaction with 
cells of the monocyte/macrophage lineage.(66-74) 

Viral replication occurs in mature macrophages. If monocytes are infected 
in culture and prevented from maturing into macrophages, replication is in
hibited.<67,68) In vitro studies using sheep peripheral blood monocytes have 
shown that the entire life cycle of the visna maedi virus, including attachment 
to the cell, viral gene expression, and virion assembly, is dependent on the level 
of maturation/differentiation of monocytic cells. (74) CAEV replication re
striction in such cells was recently attributed to a CAEV-specific IFN-like sub
stance produced by T lymphocytes stimulated by virus-infected cells.(73) This 
unique IFN might also be responsible for the enhanced Ia antigen expression 
in macrophage-like cells seen in inflammatory lesions of infected lambs.(72) No 
infection in lymphocytes by ruminant lentiviruses has been obser:ved either in 
inflamed tissues or in virus-inoculated cultures of blood leukocytes.(73) Al
though CAEV replicates in the mature macrophage, it does not inhibit mac
rophage functions, such as expression of Fc and complement receptors, phago
cytosis of Latex particles, and production of hydrolytic enzymes.(69) Unlike 
most oncogenic retroviruses and HIV, the ovine/caprine lentiviruses do not 
appear to cause a great deal of immunosuppression in their natural host. 
However, in mice infected with visna virus before antigenic challenge, both 
humoral and cellular immunity were inhibited.(75) This suppressive activity 
could be abrogated by inactivation of the virus unlike that seen with F eL V, 
indicating a different mechanism of immunosuppression. 

2.6. Equine Retroviruses 

Equine infectious anemia virus (EIA V) is a widespread insect-transmitted 
lentivirus infection that is usually asymptomatic. Symptomatic infections are 
characterized by recurrent episodes of fever, anemia, weight loss, ataxia, and 
lymphadenopathy. Acute infection is characterized by viremia. In chronic dis
ease, viruses are present only during bouts of illness. Hypergammaglobuline
mia, thrombocytopenia, and lymphoid necrosis are important characteristics of 
the disease. Viral antigens can be detected in virtually all tissues of infected 
hosts, the monocytic cells being the predominant population of infected 
cells.(76 ) Alteration of selected immune responses has been reported in EIA V 
infected horses, but information on this is still limited.(77-81) Henson and 
McGuire showed that cell-mediated immunity is involved in disease patho-
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genesis, since immunosuppressants limited disease symptoms.(82) Recently, a 
transforming retrovirus was isolated from a cell line established from an equine 
derived fibrosarcoma.(83) The pathogenic manifestations are yet to be exten
sively studied, including its interaction with the immune system. 

2.7. Nonhuman Primate Retroviruses 

The retroviruses that infect nonhuman primates fall into the genuses of 
oncoviruses C, B, and D as well as the Spumavirinae represented by the simian 
foamy virus. The recognition of the retroviral etiology of acquired immune 
deficiency syndrome (AIDS) has spurred considerable interest in the immu
nosuppressive properties of nonhuman primate retroviruses as possible mod
els for studying the pathogenetic mechanisms of the human disease and devel
oping therapeutic and preventive treatments. 

That simian retroviruses cause immunosuppression was first recognized 
while studying the oncogenic properties of the Mason-Pfizer monkey virus 
(MPMV), a type D retrovirus specifically isolated from a rhesus female with 
spontaneous breast carcinoma. Most rhesus monkeys inoculated with the virus 
developed thymic atrophy, lymphoid depletion, and a wasting syndrome with 
resulting infections, instead of the expected tumors. (84) The significance of this 
observation was realized much later, however. 

More recently, additional immunosuppressive retroviruses were isolated 
from captive monkeys affected by a recently described disease, sometimes re
ferred to as simian AIDS (SAIDS). The disease strikes rhesus (Macaca mulata) 
and other Macaca monkeys and resembles human AIDS not only clinically but 
also in terms of immunology and histopathology. Clinical features include 
generalized lymphadenopathy and splenomegaly, skin-test anergy, neu
tropenia and lymphopenia, weight loss, persistent diarrhea, and opportunistic 
infections by a wide spectrum of agents similar to those seen in AIDS. Re
toperitoneal fibromatosis also occurs in affected monkeys. Consistent immu
nologic abnormalities include a reduced T-heiper/T-suppressor ratio in cir
culating lymphocytes and a strikingly diminished proliferative response to 
mitogens, the latter being partially reversible by exogenous IL-2.<9,(5) 

From macaques with SAIDS, retroviruses have repeatedly been isolated 
that reproduce the disease upon inoculation into susceptible monkeys. The 
experimentally induced disease closely resembles natural pathology but is often 
more pronounced, probably because of the large viral inoculum and of the 
youth of injected animals. Some of the retroviruses isolated from SAIDS have 
type D properties. The relationship of different type D isolates to each other 
and to MPMV is being actively investigated. They appear to be closely related 
but present differences, especially in the env region, and it is not clear whether 
they should be considered different members or variants of a single virus.(86-
88) It is noteworthy that the same problem exists for HIV isolates. It is also 
uncertain to what extent other retroviruses, such as the simian immune defi
ciency virus (SIV), may contribute to the SAIDS cases from which type D 
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viruses have been isolated.(9) However, SAIDS has been induced with a mo
lecular clone of a type D retrovirus(89) and prevented by immunization with 
formalin-killed virus.(90) 

From captive monkeys with SAIDS, a simian lentivirus more closely relat
ed to HIV than were the viruses discussed above has also been isolated.(91) The 
virus was initially called simian T-Iymphotropic virus (STLV-3) but is now 
generally referred to as SIV. Several similar isolates were subsequently ob
tained from diseased macaques and healthy African green monkeys, man
gabeys, and other monkeys.<92,93) Serologic evidence indicates that SIV and/or 
related viruses circulate widely among free-living monkeys in Africa.(94) 

Simian immune-deficiency virus is morphologically indistinguishable from 
HIV and appears to be related to this virus by the antigenicity of its proteins 
(especially internal ones) and by a number of important biologic properties, 
including tropism for CD4-bearing lymphocytes.(9) The complete genomes of 
selected SIV isolates have been cloned and sequenced. The results indicate that 
SIV is genetically closer to HIV-2, the agent of AIDS in West Africa, than to 
HIV-l. However, the divergence of SIV and HIV-2 sequences is greater than 
those among different HIV-I isolates.(95) A virus even more closely related to 
SIV has been reported to have been isolated from healthy humans in Africa, 
HTLV-4. However, sequence analysis has shown that it is almost identical to 
SIV, calling into question the independent origin of these viruses.(96,97) 

In experimentally infected rhesus macaques, SIV readily induces a spec
trum of changes that remarkably parallel those induced by HIV in humans, 
including encephalopathy. By contrast, natural or experimental SIV infection 
of other monkeys has not yet been associated with disease. Although chim
panzees can be infected with HIV, they do not appear to develop AIDS-like 
diseases. Thus, SIV infection of macaques is considered the animal model 
more closely related to AIDS,(9) 

Those mentioned above are not the only retroviruses of nonhuman pri
mates that appear to possess immunosuppressive properties. The foamy vi
ruses cause a persistent infection of peripheral blood leukocytes even in the 
presence of neutralizing antibodies. However, little pathogenesis is associated 
with infection. The name "foamy" comes from the production of multinucle
ated vacuolated cell cultures. Modulation of immunity by the primate retro
virus was first reported in infected rabbits.(98) The virus inhibited cellular 
immune function, as measured by decreased thymidine uptake following phy
tohemagglutinin (PHA) stimulation and suppression of IFN production. Anti
body responses to SRBC were unaffected by the virus. Weislow et al. (99) showed 
that baboon endogenous virus, a group C retrovirus, was capable of depressing 
PH A-induced blastogenesis in baboons as well as nonprimate (mouse) and 
human cells. Two fractions from a Sephacryl S200 column purification of the 
virus exhibited this suppressive activity. One fraction was approximately 
45,000 daltons and the other of uncertain size. Neither fraction's activity was 
altered by trypsin treatment or neutralized by antibody to the virus. Thus, 
Weislow et al.(99) suggest that this substance may not be a protein. In similar 
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studies, Denner et al. (I 00) demonstrated that MPMV also shared this sup
pressive activity. 

3. MECHANISMS OF IMMUNOSUPPRESSION 

3.1. General 

The ability of mammalian retroviruses to suppress humoral and cell-medi
ated immune responses has been extensively investigated and reported. The 
mechanisms by which this group of viruses suppresses immune functions are 
varied, including the direct infection of effector cells, suppressor cells, and 
factors. Although these are clearly described, the subcellular mechanisms that 
are altered by these various viruses are unclear. The following section attempts 
to put these mechanisms into perspective and indicates how they may bring 
about suppression. 

3.2. Viral Replication within Cells of the Immune System 

The range of cell types that support the replication of mammalian retro
viruses is extensive and is often unrelated to the type of tumor generated. 
RadL V seems to multiply only in T lymphocytes,<7.8) while other murine leuke
mias and feline, bovine, and caprine retroviruses may multiply in Band T 
lymphocytes, as well as macrophages.(8,53,63,67) The ability to replicate within 
cells does not necessarily indicate that immunologic function in these cells will 
be impaired. 

Friend leukemia virus can be detected in antibody-producing cells.(20,21) 
Thus, infection of immunologically competent B cells does not alter antibody 
secretion. The infection of precursor B cells, however, prevents the develop
ment of antibody-producing cells,(IOI) This was shown convincingly in cell
transfer studies using thymocytes from normal mice and bone marrow from 
FLV-infected mice, and vice versa. Only when normal bone marrow was used 
could the cells produce antibody. However, these experiments did not confirm 
that infection per se was responsible for the suppression. FL V -induced immu
nosuppression is a complex phenomenon probably involving many immu
nocompetent cell types, a conclusion consistent with the documented ability of 
this virus to infect several such cells,(9,16) The possibility that suppressor cells or 
factors could be involved was not eliminated. Likewise, the ability of murine 
leukemia viruses to replicate within macrophages may affect their function, but 
often this appears to be mediated through suppressor cells or factors rather 
than direct damage to the infected cells,(40,41,102,103) Infection of lymphocytes 
by FeL V does not appear to be an important event in the immunosuppression 
associated with this virus.(54,57) This is further substantiated by the observation 
that suppression can be induced in the absence of live virus. With the len
tiviruses causing ovine and caprine infections, persistent infection of cells of 
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the monocyte/macrophage lineage is necessary for progression of virus replica
tion, and these cells must be differentiated into macrophages for replication to 
occur.(68,71,74) However, the infection by these viruses did not alter mac
rophage functions such as phagocytosis and receptor expression. 

In other systems, however, such as F eL V and the regressing strain of FL V, 
phagocytosis and other easily tested functions of macrophages were not im
paired, yet a close correlation between productive infection of these cells and 
progression of retrovirus induced leukemia and decreased lymphocyte func
tion has been noted.(42) This might indicate that macrophages represent a key 
cell for the amplification of the infection or that other as yet undefined mac
rophage functions important for the host's ability to deal with the infection are 
inhibited by the internal presence of the virus. Defects in the ability to process 
or present antigen by accessory cells of retrovirus-infected hosts have been 
suggested.(42) 

Viral replication within T lymphocytes and possibly other immunocompe
tent cells seems to have a more direct role in immunosuppression caused by 
AIDS and SAIDS viruses. Much, however, remains to be learned on the basic 
mechanisms of these diseases. The speculation that the immune defects ob
served in AIDS are brought about by more complex mechanisms than by direct 
viral damage to the infected T cells is a recurrent one in the current medical 
literature. Macrophages have been reported to replicate HIV very effective
ly.(104) 

It seems reasonable to conclude that the relationship between direct infec
tion of lymphoid cells by mammalian retroviruses and their ability to induce 
immune suppression is not a consistent one. Some viruses infect lymphoid cells 
with evidence of direct suppression, while others can suppress lymphoid cells 
without infecting the altered cell. It seems apparent that within this ViruS 
family, the mechanisms of induction of suppression are quite diverse. 

3.3. Virion-Associated Immunosuppressive Products 

In a number of cases, in vitro suppression of varying types of immune 
functions has been observed using inactivated viruses, either by UV irradiation 
or by other procedures.<35,55,56) Wainberg and Israel(105) also reported that 
non viral membrane vesicles that approximate virus in size showed a similar 
activity. This finding led these investigators to postulate a direct perturbation of 
lymphocytes or accessory cells by physical interaction with retroviral particles. 

It is now generally accepted, however, that retroviruses may possess virion 
components endowed per se with the ability to modulate immunocompetent 
cell responsiveness. Several murine retroviruses have been shown to be 
mitogenic for lymphocytes and, at least in one case the major envelope glyco
protein (gp70) was seen to exert a similar effect.(106) Another virion protein 
which has been shown to inhibit immune functions is piSE. This envelope 
protein has been reported to inhibit a number of functions of lymphocytes, 
monocytes, and macrophages. For example, piSE of FeLV has been noted to 
inhibit production of IFN-y and IL_2.(56,107) It may be that depression of the 
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production of these mediators results in the defective cell mediated immune 
functions seen in FeL V infection. This effect does not appear to be related to 
blocking of IL-2 receptors or to destruction of IL-2. The molecular mechanism 
that pl5E alters resulting in decreased production of these lymphokines re
mains to be determined. A region of this protein is highly conserved among 
murine and feline retroviruses. Interestingly, in recent reports, Cianciolo et al. 
demonstrated that a peptide synthesized to correspond to a portion of this 
region of homology inhibits the alloantigen-stimulated proliferation of lym
phocytes and the proliferation of an IL-2-dependent T-cell line and NK cell 
activity and inactivates IL-l.(108-IIO) This implies that the immunosuppressive 
activity of pl5E is attributable to its conserved region. 

These findings also imply that, at least theoretically, retroviruses do not 
need to be produced within the immune system to effect significant immu
nomodulation. Virus or viral products might inhibit immune cell functions 
wherever they interact in sufficient concentration to generate an effect. Thus, 
at least some retroviruses could truly be viewed as self-replicating immunosup
pressive factors. 

3.4. Suppressor Cells 

The appearance of cells with suppressive activity is well documented in 
mammals infected by retroviruses. In cocultivation experiments, lymphoid 
cells of infected animals were found capable of suppressing the normal respon
siveness of uninfected lymphoid cells. The responses adversely affected by 
cocultivation include lectin- and antigen-stimulated lymphocyte blastogenesis, 
antibody and interleukin production, T-cell cytotoxicity, and NK activity. 

The cells responsible for such suppression have most often been described 
as macrophages. Indeed, activation or recruitment of suppressor macrophages 
appears to be a frequent occurrence in retrovirus-infected mammals. The list 
of retroviral infections that have been shown to induce suppressor mac
rophages includes dimethylbenzanthracene-induced leukemia virus,<lll) Mo
loney leukemia virus,(112) mouse mammary tumor virus (MMTV),(l13) and 
FLV.(41) Most often, such suppressor macrophages have been detected in 
overtly tumorous mice. It is therefore not clear whether they are activated or 
recruited directly by the viral infection or by the induced tumors. 

While retrovirus-specific suppressor T cells have often been observed in 
retrovirus-infected mammals(l14) and also in uninfected animals,(l15) there are 
no reports of nonspecific T-suppressor cells that might contribute to the gener
alized immunosuppressive states induced by these viruses. Recently, however, 
the immunosuppressive effects of a RadL V -derived murine retroviral complex 
have been shown to depend on the availability of functional T cells. (I 16) There 
are also reports that mammalian retroviruses, such as FLV and FeLV, might 
damage T-suppressor cells or their precursors.(1l7,1l8) 

In mice infected with MMTV(l19) and FLV,(l20) B lymphocytes were 
found that showed suppressive activity. In the latter study, the cells that inhib
ited antibody responsiveness of lymphoid cell cultures in vitro were charac-
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terized as B lymphocytes and, at later stages of infection, as neoplastic cells. 
The suppressing effect of such cells was blocked by FLV-specific antiviral 
antibody, suggesting that it might simply be due to the release of suppressive 
virus or viral products. The possibility that B lymphocytes may function as 
suppressor cells is increasingly being recognized, however. 

3.5. Role of Nonviral Soluble Factors 

Soluble mediators are now known to be implicated in the correct function
ing and regulation of the immune system. It seems likely that imbalances in the 
physiology of such factors are involved in generating immunosuppression by 
mammalian retroviruses. Several defects in the production of or respon
siveness to IL-2 or IFNy have been reported in AIDS patients.(121) Information 
on this matter in nonhuman mammalian retroviruses is still scanty. 

One distinct possibility is that mediators that exert a helper or amplifying 
effect in immune responses are produced in lower amounts or are consumed at 
a higher rate in retrovirus-infected as compared with normal animals. Mice 
infected with FL V were found to have reduced levels of thymic factors in 
serum,(122) although the significance of this is uncertain. IL-I production or 
activity did not appear to be altered during FL V infection.(49,50) By contrast, 
IL-2 secretion has been shown to be inhibited by FL V infection in vivo(50) and 
by UV -inactivated F eLVin vitro. (107) The latter virus was also shown to inhibit 
IFN production in vitro.(56) Lymphocyte sensitivity to IL-2 was also shown to be 
reduced by FeLV.(55) Although limited, this evidence indicates that distur
bances in the production of IL-2 and other lymphokines could playa central 
role in retrovirus-induced immunosuppression. 

Production of suppressor factors or factors that interfere with the activity 
of mediators that enhance immune responsiveness has been reported in only a 
few circumstances. In studies by Moody et al.,(41) suppression of NK function 
by FL V -infected cells in vitro could be reversed by indomethacin, suggesting 
that suppression might be due to prostaglandins. In addition, Ceglowski et 

al.(36) reported a soluble factor from FL V -infected mice that suppresses cel
lular immune function but not humoral immunity. The factor was heat stable 
(560 for 30 min), resistant to nucleases and neuraminidase, but sensitive to 
trypsin digestion. Antibody that neutralizes FL V infectivity was ineffective 
against this suppressive factor, suggesting that it might be host generated. 
Ceglowski and colleagues did not identify the cellular source of the factor. 

Retroviruses have been shown to induce IFN in infected hostS.(123) Differ
ent IFNs have different effects on immune functions, depending on timing, 
dosage, and chemical composition. The consequences to immune respon
siveness of the mixtures of IFNs produced in response to retrovirus infection 
are still impossible to predict. The demonstration of abnormal IFNs during 
some retrovirus infections adds to this complexity.(72,121) The production of 
IL-I inhibitors by virus-infected cells has been reported.(124) It is not known 
whether such factors are produced in retroviral infections, although a synthetic 
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peptide homologous to the envelope proteins of retroviruses has been shown to 
inactivate IL-l.< 110) 

Thus, taken together, the above information indicates that nonhuman 
mammalian retrovirus-induced suppression may be the result of (1) direct 
infection of lymphoid cells, (2) modulation of immunocompetent cells by viral 
components, (3) induction of suppressor cells or factors, or (4) a combination 
of these factors. 

4. SIGNIFICANCE OF VIRUS-INDUCED IMMUNOSUPPRESSION 

The ability of retroviruses to suppress immunity would seem a highly 
advantageous evolutionary development with regard to the nature of infec
tions associated with this virus family. These infections lead to viral persistence, 
which may be associated with the transformation of cells (oncoviruses) or not 
(foamy viruses, lentiviruses, and some oncoviruses). Because of the chronic 
nature of these infections, the capacity to suppress immunity might be critical 
to survival. A major complication of the host-virus interaction is that the 
generalized immunosuppression that often results frequently leads to oppor
tunistic malignancies and/or infections that are fatal. Death is not a direct 
retrovirus-induced phenomenon, suggesting that immunosuppression is a suc
cessful adaption that permits long-term viral replication. 

It is still unclear what effect virus-induced immunosuppression has on 
establishing the primary infection. This is generally seen as detrimental to the 
host. However, it is well known that immunopathologic processes significantly 
contribute to damage to host tissues. Thus, host-mediated immune suppression 
may be an adaptation by the host to reduce immunopathologic lesions. 

Nevertheless, it is now generally appreciated that retrovirus-induced im
munodeficiencies represent a continuous threat to life because they can pave 
the way to serious secondary illness of fungal, protozoan, bacterial, and viral 
origin as well as to neoplasia. Devastating opportunistic infections and tumors, 
similar to those of human AIDS, are observed in retrovirus-infected monkeys 
and cats. Indeed, it has been stated that in free-living cats, FeL V causes a 
higher lethality by functioning as an immunosuppressant than by acting as an 
oncogenic agent.(56) In other mammals, there are no data dealing with natu
rally occurring superinfections, but an increased susceptibility to challenge 
with various infective agents and experimental tumors has been documented in 
mice infected with a number of retroviruses'<33-35) Thus, it is generally be
lieved that treatments capable of preventing or alleviating the immunosup
pressive manifestations associated with retroviral infections would be of signifi
cant benefit to retrovirus-infected hosts. 

Prevention and Treatment 

Prevention or treatment for retroviral disease of nonhuman mammals is a 
relatively undeveloped area. There are no active or passive preventatives, i.e., 
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no vaccines or immunoglobulins. Vaccine development, especially for feline 
leukemia, is being investigated but still with only limited success.(125) Develop
ment of antiviral drugs is also being pursued but again with limited success. 
Drugs that inhibit retroviral replication in vitro have been identified. More 
recently, selected drugs have been used in vivo with encouraging results.<126-
128) Despite the astonishingly rapid progress in our understanding of the mo
lecular biology of retroviruses, however, hopes to control retroviral infections 
with effective antiviral treatments in the near future are meager. 

The implications of retrovirus-induced immunosuppression in this con
text are not entirely clear. Genovesi et al.(J29) attributed much of the therapeu
tic effects exerted by passive immunotherapy with xenogeneic antisera of FL V
infected mice to a reduction of the immunosuppressive burden constituted by 
the infecting virus. Moreover, leukemogenic and immunosuppressive proper
ties were closely associated in clones of the murine RadLV.(130) However, the 
impact of retrovirus-induced immunodepression on the other pathology di
rectly caused by the virus (i.e., tumors) is essentially unknown. 

Initial attempts to treat retroviral infections were done with nonspecific 
immunostimulants dating back to the early 1970s, when there were reported 
improvements in retrovirus-induced leukemias and mammary tumors of mice 
after treatment with bacillus Cal mette-Guerin (BCG).(131,132) These studies 
were followed by reports of partial or total success with Corynebacterium parvum 
and granulosum preparations and a host of other nonspecific immu
nostimulants (as reviewed by Bendinelli,)(42) In certain instances, however, the 
same substance ameliorated or aggravated the course of disease, depending on 
such factors as dose, route of inoculation, timing, and genetics of the host. 
Likewise, a recent study suggesting that tuftsin can suppress Friend virus
induced leukemia was highly time and dose dependent.(l33) 

The results of the above studies can best be summarized' by stating that 
aspecific immunostimulants can modulate the outcome of retroviral infections 
but that the direction of modulation depends on too many variables to be 
consistently predictable, In any case, reduced incidence and severity of retro
virus-induced diseases and increased host survival were observed only when 
the immunostimulants were given prior to infection. No immunopotentiating 
treatment has thus been substantiated as an effective therapeutic for practical 
use in retrovirus induced disease, 

Viewed from the present context, a major limitation of these studies is that 
it is not known whether the beneficial effects of nonspecific stimulants were 
due to reversal of the immunosuppressive action of the infecting virus or to 
other mechanisms, Most of these studies have looked only at the development 
and progression of the virus-induced neoplasia as a parameter of treatment 
efficacy, which can hardly be considered a direct indicator of the host's im
mune responsiveness. In fact, most immunostimulants used in such experi
ments were complex biologic response modifiers endowed with so many ac
tivities that it is not possible to be certain that the observed effects were due to 
their immunostimulatory activity. 

More recently, Day and co-workers(134) reported effective treatment of 
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FeL V leukemia by in vivo administration of staphylococcal protein A (SPA). 
More than one half the cats treated had a positive response, and many were in 
complete remission after several months. These animals showed no evidence of 
leukemia upon histologic examination.(134) The mechanisms by which SPA 
reverses disease and the accompanying immunosuppression is not yet deter
mined. Earlier studies using SPAin vitro or for extracorporeal therapy were 
based on the removal of immune complexes.(135) However, this therapy did not 
result in the same beneficial results as in vivo therapy. Thus, it has been hypoth
esized that in vivo, besides removing immune complexes, the SPA therapy is 
effective due to its immunostimulatory action.(l34) 

In addition to the use of nonspecific immunostimulants, others have been 
investigating the use of lymphokines. Supplementation with exogenous IFN or 
interleukins has been shown in vitro to reverse some inhibited immune re
sponses, but results are conflicting, so that no conclusions can be drawn. 

5. CONCLUSIONS 

Considerable information is presently available on the cellular and sub
cellular events responsible for retrovirus~nduced immune deficiencies in se
lected nonhuman mammalian systems. One of the lessons learned is that the 
pathways leading to immune deficiency are multiple and that their relative 
importance may vary, depending not only on the virus-host system being 
considered, but also on variables such as the duration of infection and the 
immunologic situation of the host at the time of infection. Although there are 
no studies dealing specifically with this aspect, it seems probable that the sec
ondary infections that afflict retrovirus-infected hosts contribute significantly 
to overall immunosuppression, representing another source of variation. 

Nevertheless, certain common features are apparent in most systems that 
have been attentively investigated. Among these are findings that show impair
ment of macrophage functions to be a frequent occurrence and probably an 
important mechanism in the genesis of immune deficiency. Another unifying 
concept is that many immunosuppressive retroviruses possess structural com
ponents endowed with a striking ability to modulate selected immune func
tions. Thus, it seems likely that continuing efforts to unravel the mechanisms of 
suppression by retroviruses of lower mammals and nonhuman primates will 
lead also to a better understanding of AIDS and related diseases. 

Although fraught with many difficulties, attempts to reverse retrovirus
induced immune deficiencies in nonhuman primate and lower animals warrant 
pursuing because they might help generate the basic knowledge needed to 
develop effective immune reconstruction treatments to be used in clinical situa
tions. Several clinical trials of selected immune response modifiers have at
tempted to reconstitute the immune functions of AIDS patients and to prevent 
progression in HIV -infected persons. Other studies are currently under way in 
the United States and elsewhere. Unfortunately, this empirical approach
justified as it may have been, given the severity of the disease-has met with 
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limited success, if any. It seems worthwhile to go back to animal models and to 
undergo a systematic rigidly controlled search for treatments capable of coun
teracting the immunosuppressive action of retroviruses or at least of leading to 
an effective and balanced potentiation of the host's antimicrobial resistance 
mechanisms, which might reduce the incidence and severity of opportunistic 
infections. 
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1. INTRODUCTION 

21 

That host-defense mechanisms control viral infection and eventually limit the 
spread of disease has been recognized for many years. Preceding modern 
medicine, Chinese physicians in the eleventh century observed that the inhala
tion of smallpox crusts prevented the subsequent occurrence of disease. Later, 
in the eighteenth century in England, variolation was practiced by Lady Mon
tagu as a primitive form of immunization to protect against smallpox. 

The future of modern immunology was ensured when Edward Jenner 
made the surprising discovery that inoculation with cowpox crusts protects 
humans against smallpox. Eighty years later, further development of preven
tive immunization was made possible by Louis Pasteur, who prepared the first 
inactivated vaccine for rabies virus. 

During the twentieth century, numerous successes have been achieved 
by performing specific immunoprophylaxis with vaccines. The development 
and administration of live attenuated vaccines for mumps, poliomyelitis, 
rubella (German measles), rubeola (measles), and smallpox has significantly 
reduced the morbidity and mortality of these diseases. Inactivated vaccines 
are also commonly used for hepatitis B virus (HBV), influenza, poliomyelitis, 
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and rabies. In addition, new vaccines for cytomegalovirus (CMV), herpes sim
plex virus (HSV), varicella-zoster virus (VZV), respiratory syncytial virus 
(RSV), and rotavirus, among others, are under clinical trial or current inves
tigation. 

Vaccines, however, are only a prophylactic approach to immunological 
intervention against viral infections. A second type of intervention in antiviral 
treatment has been the use of immunoglobulin (Ig) preparations. Although 
these preparations are generally administered to patients after exposure to a 
virus, they are still a form of prophylaxis, since they are effective only shortly 
after exposure and before the onset of clinical disease (see Section 2.2). 

There is a lack of successful chemotherapeutic antiviral agents for therapy 
of established infections, with the exception of (1) nucleic acid analogues such 
as acycloguanosine, arabinoside a (Ara-a) arabinoside c (Ara-C), and 5'
iododeoxyuridine (IDU), which are used in the treatment of HSV infections; 
(2) methisazone for smallpox; and (3) amantadine for influenza A. This has led 
to a new approach in therapy for viral pathogens-immunostimulation-using 
biologic molecules, such as biologic response modifiers (BRM) and/or drugs 
that increase the host's defenses rather than directly killing the pathogen. The 
treatment of infections with immunostimulating substances is called the pro
host approach.<l) 

These BRM and drugs have a relative specificity for one or another ef
fector cell of the immune system permitting approaches to the manipulation of 
selected components of the immune system. The cells affected are T lympho
cytes,(2-5) macrophages,(6,7) and natural killer (NK) cells, considered the prin
cipal immune cell types involved in protection against viral infections.<S-lO) 

Since 1957, when Isaacs and Lindenmann first reported the presence of 
interferon (IFN), a host factor induced by viral infection that interfered with 
further viral replications, new advances in the understanding of host-defense 
mechanisms have been achieved. Products of the host-immune system such as 
IFNs produced during viral infections by leukocytes (IFNa), fibroblasts (IFN~), 
or T lymphocytes (IFN-y) are able to enhance the activity of other populations 
of immune cells important in the primary host defense against viral infections. 
This includes macrophages and NK cells. For example, IFNy ' IFNp, and main
ly IFNy have been reported to enhance the cytotoxic activity of NK cells against 
virus-infected cells.<l1) Another lymphokine produced by activated T lympho
cytes, interleukin-2 (IL-2), as well as IFNy is able to enhance the cytotoxic 
activity of NK cells against virus-infected cells.(S,9) 

The development and function of T lymphocytes is under the regulation 
of thymic hormones, IL-l and IL-2. Thymic hormones [thymosinal , thymic 
humoral factor (THF), thymopoietin, and thymulin (FTS)), in addition to IL-2, 
promote the maturation of immature thymocytes. These will be very important 
in the therapy of T -cell-deficient persons for the potentiation of this cell popu
lation. The decrease in susceptibility to viral pathogens is highly dependent on 
functioning T lymphocytes.(12) A number of drugs capable of mimicking the 
activity of the thymus (i.e., thymomimetic drugs) act directly to induce pro
thymocyte differentiation and promote T-cell functions, including IL-2 pro-
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TABLE I 
Immunomodulatory Substances Used as Antiviral Agents 

Microbial products 
Protozoa 
Gram-negative bacteria 

Lipopolysaccharides 
Gram-positive bacteria 

Peptidoglycans 
Muramyl dipeptide 

Mycobacteria 

Products of the immune system 
Immunoglobulins 
Thymic hormones 
Transfer factor 
Interferons and interferon inducers 
Interleukin 1 
Interleukin 2 

Drugs 
Levamisole 
Vitamins A and C 
Tilorone 
Pyran 
Inosiplex (isoprinosine) 
NPT 15392 

duction, which is crucial in the immunologic cascade that develops against 
pathogens. Thymomimetic drugs, such as isoprinosine and NPT 15392, are 
also able, like IFN and IL-2, to increase the activity of NK cells against virus
infected cells.(10.13) Pro host drugs such as isoprinosine have been tested in 
clinical trials against viral diseases, such as herpesviruses, influenza, and mea
sles. Levamisole, which is indirectly a thymomimetic drug because it promotes 
in vivo the appearance of thymic hormonelike substances, is another example 
of the new approach to immunotherapy. 

The prohost approach to therapy of viral infections is popularized by the 
observations that virus-induced immune suppression is a common feature of 
such infections, as is evident from the preceding chapters of this volume. 
Because immunosuppression, although often transient, is so common in viral 
infections, it is believed to be important in viral pathogenesis. Immunotherapy 
therefore attacks this central defect and has the potential to lead to rapid 
recovery from severe consequences of viral infections. 

The mechanisms by which immunotherapeutic substances induce prohost 
responses against viral infections are the focus of this chapter. The reader is 
referred to previous reviews for a summary of information not presented here 
on other immunostimulatory therapeutic agents (Table I), for which there is 
little new information.(l4.15) 

2. IMMUNOSTIMULATORY AGENTS 

2.1. Bacteria and Their Products as Immunomodulators 

A wide variety of microorganisms, including bacteria, have been studied in 
terms of immunomodulatory activity.(16) Adjuvants based on the use of My
cobacteria in water-and-oil emulsions have extensively been employed to stimu
late immune responses to weakly immunogenic substances. However, it is now 
recognized that the ability to enhance immunoresponsiveness is not limited to 
Mycobacteria. (17) 
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2.1.1. Gram-Positive Bacteria 

Many of the cell constituents of gram-positive bacteria have been shown to 
be important as immunomodulator molecules, inducing inflammatory re
sponses. For example, protein A from Staphylococcus aureus shows nonspecific 
immunostimulatory activities and stimulates lymphocyte blastogenic re
sponses.(18) Staphylococcal, streptococcal, and pneumococcal components such 
as teichoic acids and peptidoglycans are immunostimulatory in their action. For 
example, they have been shown to increase macrophage-mediated cell cytotox
icity.(19) 

Mycobacteria have been used for decades as immunoenhancing agents. It 
has been known for a number of years that Mycobacteria can exert protective 
effects against viral infections. For example, the parenteral administration of 
live bacille Calmette-Guerin (BCG) has been shown to enhance resistance of 
mice to a variety of viruses, including HSV-l and HSV-2 and influenza A(20) 
and Friend leukemia virus (FLV), as shown by Larson et al.(21) 

The immunoenhancing material of BCG proved to be peptidoglycan, and 
the minimal adjuvant structure was found to be N-acetyl-muramyl-L-alanyl-D
isoglutamine or muramyl dipeptide (MDP).(22) Since MDP has been the most 
thoroughly investigated of the gram-positive bacterial products, we focus on 
this material. 

The MDP used experimentally is a synthetic copy of part of the pep
tidoglycan moiety of the cell wall of many bacteria. Originally derived from 
Mycobacteria, it has a spectrum of biologic and specifically immunologic ac
tivities similar to that of the whole microorganisms but devoid of their harmful 
effects. 

Muramyl dipeptides have been derived that are modifications of the origi
nal MDP in an effort to enhance activity. This search has proved successful in 
some cases and still continues.(23) These have been shown to exert adjuvant 
activity when associated with a number of antigens including bacterial, parasit
ic, and viral vaccines, among others.(24) Influenza, HSV, and HBV vaccines are 
part of the list of viral antigens that become more effective when associated 
with MDP. For example, in the case of the influenza vaccine, antibody re
sponses are higher when MDP is combined with the vaccine, which otherwise is 
poorly immunogenic.(25) Thompson et al.(26) reported that MDP enhanced the 
immunogenicity of formalinized whole HSV. In view of these results, it can be 
expected that MDP will be of practical importance in the field of conventional 
and synthetic vaccines for humans and animals. 

Regarding the route of administration of these compounds, several inves
tigators showed that in addition to the parenteral routes, the oral and nasal 
routes are effective for immunoenhancement and permit direct stimulation of 
the secretory immune mechanisms'<27-30) Therefore, it can be expected that in 
combination with vital antigens, locally administered MDP will be used to in
crease the production of neutralizing antiviral secretory antibodies. 

Muramyl dipeptides have no direct antiviral effects,(31) so it can be infer
red that they act by modulating the host's mechanisms of defense. MDPs do not 
seem to alter the production of IFN induced by viruses.(31) The activation of 
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cellular mechanisms by MDP can also account for part of their antiviral effects. 
MDPs are inducers of monokines such as IL-l (32) and endogenous pyrogens, 
which increase body temperature and thereby counteract viruses. Also, MDPs 
are enhancers of NK cell activity,(33) antibody-dependent cell cytotoxicity 
(ADCq,(34) and macrophage cytotoxicity,(35) which are important mechanisms 
of defense against viral infections. 

Thus, the role of MDP in the antiviral strategy is seen in a dual aspect: one 
deals with their adjuvant effects and the other with their activity on the ef
fectors of nonspecific resistance. This second aspect involves the stimulation of 
the host nonspecific defenses that will lead to recovery from the viral infection. 
It is not clear whether the beneficial effects of MDP also involve the ability to 
reduce the immunodepression induced by the virus. 

2.1.2. Gram-Negative Bacterial Endotoxins 

Endotoxins or lipopolysaccarides (LPS) are associated with the external 
cell envelope of all gram-negative bacteria. The polysaccharide is linked to the 
lipid A moiety, which is responsible for the toxic manifestations of endotoxins. 
Both lipid A and the polysaccharide are important in immune alterations.(36) 
Endotoxins are T -independent antigens, are mitogenic for murine B lympho
cytes, and stimulate polyclonal antibody formation. Another major role of 
endotoxins as immunoregulatory molecules is the stimulation of macrophages, 
with the consequent release of soluble mediators such as IL-l. This stimulates 
other cell types to produce a cascade of cytokines such as IL-2 that can enhance 
or facilitate immune responses. 

The beneficial effects of endotoxin on the immune response are clearly seen 
in the retrovirus-induced leukemia in mice caused by FL V .<37 .38) FL V has also 
been used as a model for studying immunosuppression resulting from retro
virus infection in vivo and in vitro. Spleen cells from FL V -infected mice show a 
marked immunosuppression early after exposure to the virus both in vivo and in 
vitro. The antibody responsiveness in these mice is markedly diminished. It has 
been shown that the addition of bacterial endotoxins to these depressed spleen 
cell cultures from FL V -infected mice results in marked enhancement of the 
immune response. The effect may be due to the activation of macrophages in the 
spleen cultures, since the addition of normal mouse spleen cells and/ or normal 
adherent splenocytes, as well as peritoneal exudate cells, has resulted in a 
marked enhancement of the immune response by FLV-infected spleen cell 
cultures.(39) However, other effects of LPS may contribute to the recovery of 
antibody responsiveness.<37.38) Beneficial effects in other experimental viral 
infections also have been reported.<40-42) 

2.2. Products of the Immune System 

2.2.1. Immunoglobulins 

The need for effective treatment of viral diseases requires the use of 
products of the immune system. Gammaglobulins have been used for decades 
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to transfer passive immunity. This has been performed using pooled gam
maglobulins as a general prophylactic measure to protect healthy people (or 
immunodeficient patients) in outbreaks of hepatitis and for other viral dis
eases. For certain viruses, specific Ig preparations have been used as a pro
phylactic, either before exposure to a virus in epidemic settings or for protec
tion shortly after exposure. Specific Igs are available for HBV, rabies virus, 
vaccina virus, and VZV and have been reviewed elsewhere.(15) 

While the Ig prevent infection by enhancing the immune clearance of the 
virus, they may also be important in precluding the immunodepressive effects 
ofthe virus. More recently, the approach to the use Ig has been reassessed. For 
example, it has been found that the route of administration affects the efficacy 
of these preparations when used for prophylactic therapy against viral infec
tions. Stiehm(43) showed that intramuscular (i.m.) IgG preparations, in the 
prevention and modification of viral infections, were less effective than intra
venous (i.v.) preparations. This may be because i.v. IgG can be given in higher 
doses than can i.m. Several clinical trials with i.v. IgG focus on severe viral 
infections. For example, in leukemic children, varicella may be associated with 
serious complications (e.g., visceral dissemination) or bacterial superinfections. 
These patients have been protected by passive immunization with the specific 
varicella-zoster immune globulin (VZIG), which has been shown to decrease 
the incidence and severity of varicella in these high-risk patients.(44) CMV as 
well as HSV infections cause serious problems in immunocompromised pa
tients, such as organ transplant patients. Studies by Winston et al.(45) showed 
that prevention and modification of the disease can be achieved by passive 
immunization with i.v. Ig. Winston's study showed the effect of a polyvalent Ig 
preparation containing antibodies against CMV in a group of 18 bone marrow 
transplant patients. These patients received i.v. IgG before and once every 
week after transplantation for 17 weeks. The incidence of CMV infection was 
similar in control and experimental groups; however, the symptomatic disease, 
including CMV pneumonia, was less frequent in patients who received the IgG. 

As these studies suggest, the prevention and therapy of VZV and CMV 
infections could be achieved by the use of i. v. IgG. The problem that still needs to be 
solved is whether hyperimmune sera are superior to polyvalent IgG, which would 
warrant a search for donor plasma containing high antibody titers. It is important 
to note in this age of concern about transmission of AIDS that the use of Ig has not 
been implicated in the transmission of infectious agents. Recent epidemiologic 
reports show that the use of these preparations does not transmit the HTL V
II liLA V infection; therefore, the current indications for their clinical use should 
not be changed on the basis of such a concern.(46) 

2.2.2. Immunity Induced by Viral Vaccines 

The control of viral diseases relies mainly on the use of preventive vac
cines. The first goal in the establishment of antiviral vaccines is the ability to 
generate an immune response against the virus, characterized by neutralizing 
antibodies and cellular immunity. The attachment of the virus to the host's cell 
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membrane is indispensable for the subsequent penetration of the viral genome 
into the cell. Therefore, vaccines that generate an immune response that neu
tralizes viral antigens involved in the attachment step are effective in the pre
vention of these diseases. For example, HBV has an antigen on its envelope 
known as HBsAg, which interacts with the hepatocyte membrane. Without it, 
the viral genome cannot penetrate into the hepatocyte. Therefore, the anti
bodies against HBsAg are protective, since they neutralize the attachment of 
the HBV.(47-49) 

In a similar fashion, the envelope glycoprotein antigens of influenza virus, 
neuraminidase and hemagglutinin, which interact with the epithelial cells of the 
upper respiratory tract, can be neutralized by antineuraminidase and antihemag
glutinin antibodies that will inhibit the attachment, penetration, and infection by 
the influenza virus of epithelial cells. However, not all the attachment antigens of 
viruses are known, and some are difficult to isolate. In these cases, intact killed or 
live attenuated virus is used in the preparation of vaccines. 

The control of HAVis one of the unsolved sociosanitary problems of 
many parts of the world. However, the recent propagation of high-titer virus in 
monkey fetus kidney cells and in human embryonic lung fibroblasts provides 
the basis for the presupposition that the preparation of an HAV vaccine is 
closer to development.(50) 

Infection with CMV is one of the most important causes of disease in 
immunocompromised persons. In utero it can cause fetal death or serious neu
rologic and hepatic damage, while in adults it causes fatal pneumonitis or 
inhibition of organ graft acceptance. The availability of a vaccine for the pre
vention of CMV infections is limited to clinical trials. 

Respiratory syncytial virus causes lower respiratory tract infections that are 
often fatal in small children. Buynak et al.<51) reported the use of attenuated 
live virus vaccines that can be injected parenterally and induce the appearance 
of neutralizing antibodies in 75-85% of tested subjects. Another clinical trial 
showed that the percentage of responders was even higher when the comple
ment-fixing antibodies were considered. Specific antibodies belonging to the 
IgA class were found also in nasal secretions.(52) All subjects who seroconverted 
to anti-RSV antibody were protected against natural RSV infection. 

One must also be aware that viral vaccines may be immunosuppressive. 
Transient immune suppression has been demonstrated with attenuated vac
cines for measles, polio, rubella, vaccinia, and yellow fever.(53) Thus, care must 
be taken not to administer vaccines with this potential to any patient who is 
already immunologically compromised. 

2.2.3. Thymic Hormones 

Thymic hormones are immunologically active peptides produced by the 
thymus. A number of such hormones have been extracted. Crude preparations 
have been prepared by boiling the thymus and isolating the active portions. 
Thymosin fraction V is one such preparation that contains more than 35 dif
ferent peptides. Another such preparation is thymostimulin. From such prepa-
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rations, isolated hormones have been purified. Examples are thymopoietin, 
thymosin-l, and thymulin (formerly factor thymique serique, or FTS). These 
three hormones have been shown to be derived from thymic epithelial cells and 
to circulate in the blood. Interestingly, as with thymus weight itself, their ac
tivities in the blood are highest in the first 10 years of life, declining to low 
levels in the third and fourth decades. Because of their effects on the immune 
system, thymic hormones have been implicated for the treatment of severe 
viral infections in immunocompetent hosts. Among these, thymic humoral 
factor (THF) has been the most extensively studied. 

Thymic humoral factor is an acidic peptide derived from calf thymus. 
Among its biologic properties is the reconstitution of impaired immune func
tion of neonatally thymectomized mice and stimulation of colony-forming ca
pacity in the bone marrow of these animals. THF also enhances antitumor 
killer function and mitogen-driven proliferation, as well as IL-2 production by 
mouse spleen cells. It also raises the competence of T cells of normal mice to 
participate in graft-versus-host (GVH) and mixed-lymphocyte (MLR) reac
tions. Therefore, THF apparently has an immunomodulatory function, per
mitting a return to normal of impaired immune balance.(54) 

The first evidence of the antiviral effect of THF was reported by Rager
Zisman et al.(55) in Sendai virus-infected mice. These investigators found a 
significant number of the animals injected with a lethal dose of Sendai virus to 
be protected by the administration of THF at the time of infection, as com
pared with untreated infected controls. In humans, THF induces an increase 
in the proliferation of peripheral blood lymphocytes challenged in vitro with 
VZV antigen.(56) Thus, THF appears to reverse the virus-induced immune 
depression. 

These findings, in addition to biologic properties, make THF suitable for 
treating viral disease. The mechanism of THF action is unknown. However, it 
is postulated that this hormone repairs the adverse effects caused by the infec
tion, either recruiting more T cells or by restoring the ability of the infected 
lymphocytes to produce soluble products such as IL-2, which are necessary for 
an intact immune response.(54) 

Thymic humoral factor does not induce IFN activity in murine spleen 
cells. Thus, IFN is not a major mechanism ofTHF-induced repair. Therefore, 
it is further postulated that the antiviral effect ofTHF is mediated via enhance
ment and clonal expansion of the pool of cytotoxic T cells (CTL) by such 
soluble factors as IL-2. These CTL are responsible for the specific antiviral 
immunity. Trainin et al.(57) demonstrated that the targets for the activity of 
THF are early and late T-Iymphocyte precursors that are driven to prolifera
tion and differentiation. 

Therefore, THF is a powerful inducer of T-cell proliferation and func
tional maturation of remaining T-cell precursors in immunosuppressed pa
tients. These can result in a significant cell-mediated antiviral effect that is 
applicable to host recovery from infection. Since these reports do not indicate 
any side effects of THF, it should receive serious consideration as an agent for 
the treatment of viral diseases. 



IMPLICATIONS FOR IMMUNOTHERAPY 429 

2.2 . 4 . I nterleukin-l 

Interleukin-l is a cellular mediator produced by macro phages and other 
cells that has a multiplicity of effects on immunologic and inflammatory reac
tions.(58) Besides stimulating thymocyte proliferation, IL-l activates B cells, 
induces neutrophilia, triggers the production of acute-phase proteins, induces 
fever, and stimulates bone resorption.<59.60) IL-l has been shown to have no 
direct effect on the generation of NK cell activity, but it does so indirectly by 
augmenting the effects of IFN and IL-2 on NK cell cytotoxicity.(61) Dinarello 
and co-workers(62) showed that the treatment of target cells with IL-l en
hanced their binding to NK cells, resulting in increased cytotoxicity. The im
portance of this interleukin in the enhancement of first-line defenses against 
tumor cells is further supported by the observation that monocytes from 
human peripheral blood show considerable cytotoxicity against tumor cells 
when treated with IL-l. Onozaki et al.(63) showed that IL-l released by mac
rophages and monocytes plays an important role in the host defense against 
neoplastic cells by acting on monocytes as an autostimulating factor, maintain
ing high spontaneous levels of cytotoxic activity rather than inducing new 
effectors. 

There are no reports of IL-l production defects in viral infections. Thus, 
the administration of exogenous IL-l probably would not compensate for any 
virus-induced immunodepression. Thus, it seems unlikely that IL-l, which is 
able to maintain and enhance first-line defenses active against virus-infected 
cells, would be suggested for preventing or limiting viral infections. 

2.2.5. Interleukin-2 

Interleukin-2 is a glycosylated peptide released from antigen- or mitogen
stimulated T lymphocytes, that functions to mediate a switch in T cells from 
late G 1 into the proliferative phases of the cell cycle.(64) IL-2 induces also the 
maturation and proliferation of T-cell precursors.(65) 

Interleukin-2 has biologic activities on other cell populations, such as NK 
cells. In studies performed by Rook et al.,(66) IL-2 was shown to enhance the 
NK cell and CTL activities against CMV -infected targets in control subjects as 
well as in patients with AIDS. These results indicate that IL-2 can substantially 
potentiate the cytotoxic effector functions of peripheral blood leukocytes from 
normal as well as immunosuppressed patients. It is also known that IL-2 in
duces the production of tumor necrosis factor (TNF", and TNF13) in peripheral 
blood mononuclear cells. This activity of IL-2 is enhanced by IFN-y" Therefore, 
it is suggested that IL-2 as well as IFN-y-induced tumor cell destruction is 
mediated by TNF", and TNFI3 (lymphotoxin).(67) Recently, in studies by Rosen
berg,(68) IL-2 was demonstrated to activate mouse spleen cells as well as human 
peripheral blood leukocytes in vitro. These lymphokine-activated killer cells 
(LAK) in vitro kill tumor cells but not normal cells in in vivo. Studies by Conlon 
et al.(69) show that IL-2 therapy appears to restore the in vivo responsiveness of 
immunosuppressed recipients to allogeneic tumor cell challenge. The two pre-
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vious studies, although leaving many questions to be answered, have estab
lished a new approach to immunotherapy, the regulation of immune re
sponses, and the treatment of immune deficiencies. Although these have been 
applied only to tumor systems to date, their application for severe viral infec
tions should follow because of the similarity of antitumor and antiviral 
immunity.<70) 

2.2.6. Interferon 

Human IFN are classified into three antigenically distinct groups designated 
IFN", IFN~, and IFNI" IFN" is produced mainly by lymphoreticular cells and is 
induced by viruses, tumor cells, bacteria, and B-cell mitogens. It is encoded by a 
multigene family consisting of at least 13 nonallelic and 8 allelic members. (71,72) 
IFN~ is produced mainly by fibroblasts and epithelial cells during viral infec
tions. IFNI' is produced mainly by T cells stimulated by specific antigens or 
mitogens. IFN~ and IFNI' are each encoded by a single gene.(73,74) 

Interferon and the immune system have many interactions; therefore, 
IFN may be considered one of the regulators ofimmunity.(75) The IFN system 
is induced during most viral infections. There are two arms in the IFN system: 
the afferent arm and the efferent arm. During the former, production of IFN 
proteins are induced; in the latter, effector cells are activated by the IFN 
proteins, leading to viral and cellular growth inhibition. 

The induction of the IFN system by viral infections leads to the production 
of different types of IFN by at least four major pathways. Viral infection of 
macrophages derepresses many of the genes for IFN" produced in the first few 
hours, which can diffuse throughout the body.(76 ) The second pathway for the 
IFN induction is the stimulation of B lymphocytes by viral membranes or virus
infected cells, leading to the production of IFN" The third pathway is the 
induction of IFNI' by T lymphocytes. The inducing stimulus is either the for
eign viral antigen to which the T cell is sensitized or the mitogens identified on 
viruses, as well as bacteria and parasites.(77) The fourth pathway is the induc
tion of IFN~ in human cells or IFN,,!IFN~ in murine cells by virus infection of 
epithelial or fibroblastic cells. IFN~ and IFNI" in contrast to IFN", tend to 
remain localized at the site of production. 

The production of IFN by the cells of the immune system is only part of 
the simultaneous induction of monokines and lymphokines that initiate the 
inflammatory and immune responses.(75) Besides the antiviral action, the IFN 
effects include antitumor action, immunoregulatory action, cell growth inhibi
tion, alteration of cell membranes, macrophage activation, enhancement of 
cytotoxicity of lymphocytes and NK cells, influence on subsequent production 
of IFN, and hormone like activation of cells. 

The immunoregulatory activities of IFN are now well characterized. A 
number of different immune responses have been shown to be affected by IFN, 
including highly purified recombinant DNA-derived subtypes and analogues. Of 
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the immune functions affected by IFN, NK cell activation has received the most 
attention, probably because of the apparent dependence ofNK cell maturation and 
activation on IFN. Studies by Gresser and co-workers(78) showed that purified 
IFN", and IFN~ augment the NK cytolytic activity after in vivo and in vitro 
administration. Anti-IFN antibodies, which neutralize IFN, were shown to 
block the NK enhancement seen both in mice(78) and in humans.(79) 

Inducers of IFN, such as Newcastle disease virus,(78) polyinosinic-poly
citidylic acid,(8o.81) and tumor-derived or virus-infected cells,(82) also enhance 
NK activity in humans, rats, and mice. Studies by Targan and Dorey(83) and 
Timonen et al.(84) showed that IFN stimulates NK activity in three different 
ways: (1) increasing the number of NK cells available to bind to the targets, (2) 
stimulating the kinetics of the lysis, and (3) increasing the ability of NK cells to 
recycle and kill more than one target cell. 

Interferon is also known to augment monocyte and macrophage activities, 
as well as the number of Fe receptors on such cells. Fe receptor enhancement 
on K cells is probably the basis for the IFN-induced increase of ADCC. In 
addition to stimulation of direct cytotoxic activity of macrophages and CTL, 
IFN may enhance the effects of antiviral and antitumor cytotoxic mechanisms 
by inducing increased neoantigen presentation on cells. Antigen presentation 
by macrophages is mediated in association with histocompatibility antigens, the 
expression of which is augmented by IFN treatment.(85) 

That IFN can be used as immunotherapeutic agents is indicated by the 
work of Murray et al.,(6) who showed that alveolar macrophages from AIDS 
patients can readily be activated by soluble T-cell products and 1FN'Y' T cells 
from these patients fail to generate 1FN'Y' but their peripheral blood and tissue 
macrophages respond normally to the direct activating effect of this molecule. 
It seems reasonable to proceed to evaluate IFN'Y as an immunotherapeutic 
agent in AIDS patients with opportunistic infections. Such therapeutic trials 
would be especially appropriate for patients infected with intracellular patho
gens against which host defenses are thought to require an intact T-cell-depen
dent macrophage-mediated response for control and eradication. 

The use of IFN",/IFN~ treatment has been effectively shown against infec
tions by papovaviruses and respiratory viruses such as coronavirus, rhinovirus, 
and influenza virus type A.(86) IFN treatment of laryngeal papillomas induced 
by human papillomaviruses causes the regression and degeneration of these 
tumors in 60-80% of all cases treated.(87-90) 

Nevertheless, the mechanism(s) by which IFN protects against viruses and 
tumors is not fully understood. However, several mechanisms have been pro
posed for the explanation of this phenomenon, which include (1) the antiviral 
and cell growth inhibitory properties of IFN, (2) the enhancing effect of IFN in 
the cytocidal and tumoricidal activities of NK cells and macrophages, and (3) 
the production of tumoricidal factors that may control and reduce tumor cell 
growth.(91) 

It is probable that a combination of two or more of these mechanisms 
contributes in the effective elimination of tumors and viral infections. 
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2.3. Antiviral Immunostimulatory Drugs 

While a variety of drugs have been tried as immunostimulatory agents in 
the therapy of viral infections,(14) two have been selected for review here. Both 
drugs, levamisole and isoprinosine, have been demonstrated to have some 
value in restoring defective cellular immune responses and in aiding in the 
recovery from viral infections in experimental models and clinical trials. 

2.3 .1. Levamisole 

Levamisole is a potent anthelminthic drug, known since 1966. It has been 
found useful as an immunomodulating drug since 1971. It is active mainly on T 
cells but also affects phagocytes. It restores to a normal range the depressed 
functions of T cells, macrophages, and neutrophils. It enhances cellular levels of 
cyclic guanosine monophosphate, which is believed to be responsible for this 
activity. Its use results in the maturation of precursor T lymphocytes, acting like a 
thymic hormone; i.e., it is thymomimetic in action. While levamisole is not an 
antiviral agent by itself, the most reliable results and the main fields of employment 
of levamisole in clinical trials have been in recurrent herpetic infections (labialis, 
progenitalis, and keratitis), recurrent upper respiratory tract infections, and op
portunistic infections in cancer and immunosuppressed patients.(91) The use of 
levamisole is still of practical value in recurrent infections as a prophylactic drug 
despite its various side effects, which include skin rashes, febrile illness, metallic 
taste, gastrointestinal upset, anxiety, and neutropenia.<92.93) Its use is obviously 
limited to severe or life-threatening infections. 

2.3 .2. I soprinosine 

Isoprinosine has been shown to have beneficial effects in ameliorating the 
symptoms of infections with HSV, CMV, subacute sclerosing panencephalitis 
(SSPE), rhinovirus, and in some cases of influenza virus.(94) Isoprinosine is a 
synthetic immunomodulatory agent. Some of its immunomodulating proper
ties include enhancement of in vitro function of T cells and macrophages. It 
induces the appearance of T-cell markers and enhances the lymphocyte re
sponse to mitogens. This property appears to be due to the synthesis of IL-2. In 
vivo it also increases T-cell functions and macrophage activities and increases 
antibody formation. Isoprinosine has been shown to restore T-cell function 
and the lymphocyte response to mitogens in immunosuppressed cancer pa
tients following radiotherapy. It also potentiates the antiviral and antitumor 
activity of IFN.(95) 

Studies by Hersey and Edwards(lO) showed that isoprinosine increases NK 
activity. The mechanism of the effect of isoprinosine on NK activity may be 
linked to the release of mediators known to stimulate NK activity, i.e., IFN and 
IL-2. These workers also showed that isoprinosine potentiates the release of 
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IL-I and IL-2 in response to stimulation by mitogens in vitro and modulates 
suppressor cell activity. 

Tsang et al. (5) demonstrated the capacity of isoprinosine to restore, at least 
partially, some aspects of the depressed cellular functions associated with 
AIDS. These investigators suggest the potential clinical use of this agent in the 
treatment of high-risk patients and in patients with mild symptoms of AIDS'(5) 
The cellular mechanism(s) of action of isoprinosine in enhancing proliferative 
responses remain obscure. It seems that isoprinosine facilitates, in the early 
phases of blastogenesis, the processing or the presentation of antigens to lym
phocytes. Alternatively, a mitogenic helper factor may be released by the 
effector cells during the early hours of isoprinosine stimulation, generating T
cell growth factors (IL-2), thereby enhancing the immune response. Iso
prinosine is a nontoxic synthetic compound, but some of its side effects may 
include nausea or a transient rise in serum and urinary uric acid with no 
resultant sequelae. 

3. CONCLUSIONS 

Viruses, in general, cause suppression of the host-immune system, most 
frequently affecting cellular immune responses. Suppression, in many cases, is 
manifested as a cell dysfunction, i.e., a decrease in T lymphocytes or NK cells 
and macrophage activities and/or inhibition of production of soluble mediators 
such as interleukins and IFNs. A variety of immunomodulatory agents have 
been described that are being used to restore these deficient immune functions 
in experimental models or clinical trials. 

The restoration of T-cell functions seems to be attainable using thymic 
hormones or thymomimetic drugs. IL-2 enhances the activity of NK cells and 
activates LAK cells; recently, a new role has been attributed to IL-2 as an 
inducer of prothymocyte differentiation.(96) IFNs are well known as antiviral 
agents and potent immunostimulants. They enhance nonspecifically the micro
bicidal and cytocidal capacities of macrophages and NK cells, respectively. 
Among the bacterial products, MDP, the smallest active immunostimulatory 
component of the mycobacterial cell wall, have adjuvant effects and enhance 
macrophage microbicidal and tumoricidal activities. It seems likely that com
bined immunotherapy, making use of bacterial products such as MDP, thymic 
hormones, thymomimetic drugs, interleukins (mainly IL-2), and other cyto
kines such as IFN may prove useful in the treatment of immune deficiencies 
and in the prevention and control of viral infections. 

However, nonspecific immunotherapy should be used with the precaution 
that the immune system is an homeostatic system and that any alteration may 
lead to an imbalance that might increase host pathologic processes. In fact, 
there are reports of immunotherapeutic regimens that enhance the pathologic 
processes of neoplasia and viral infections. This has been reported for endo
toxins,(37) levamisole,(97.98) thymic hormones,(97) isoprinosine(97) and bacterial 
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preparations.(99, 100) Thus, it is necessary to have an understanding of the dose, 
route of administration, and temporal relationship between time of infection 
and therapeutic intervention, since these may contribute to whether the rever
sal of suppression is beneficial or detrimental. In this regard, immunosuppres
sion is not necessarily a detrimental response. Immunosuppression may be an 
important mechanism by which the host reduces immunopathologic processes 
that develop following many viral infections. Unfortunately, previous experi
ence indicates that our current knowledge will not help us predict when this 
will occur. Only empirical testing has led to an answer. A better understanding 
of virus-induced pathogenesis is an important prerequisite to the use of such 
therapeutic approaches in clinical medicine. 
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Conclusions and Prospects 
MAURO BENDINELLI, STEVEN SPECTER, and 
HERMAN FRIEDMAN 

Previous chapters of this multiauthored volume have dealt with the interac
tions that individual viruses or groups of viruses establish with the host's im
mune system and with the functional consequences of these interactions. 
Rather than simply recapitulating data and concepts already developed, this 
chapter focuses on future goals of research in this area. The interest here is 
provocative thought. Thus, speculations are presented especially in regard to 
the clinical implications of the problem. 

1. PHENOMENOLOGY 

The amount of information available concerning the immunosuppressive 
activity of different viruses is uneven, but a great deal of phenomenology has 
been described. As a result of extensive investigation, we now know that (1) 
virtually no acute systemic viral infection is devoid of effects on the ability of 
the immune system to respond normally to heterologous immunogens. In 
addition to those covered extensively in this book, viruses for which there is 
very little information but that are known to be endowed with at least some 
immunomomodulatory activity include Norwalk agent,(l) canine, and murine 
parvoviruses,(2,3) African swine fever virus,(4) and others; (2) enhancement of 
selected immune responses is occasionally observed, but immunosuppressive 
changes are largely predominant (Table I); and (3) as dramatically exemplified 
by patients with the acquired immune deficiency syndrome (AIDS), but clearly 
evident in many other viral infections as well, this immune deficit can be 
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TABLE I 
Alterations of Immune Effector Functions, as Measured with 

Heterologous Stimuli, Observed in Virus-Infected Hosts 

Parameter 

Antibody responsiveness 
Immunoglobulin level in serum 
Antibody-dependent hypersensitivity 
Antibody-dependent cellular cytotoxicity 
Circulating autoantibody 
Lymphocyte circulation 
Delayed hypersensitivity reactions 
Contact sensitivity 
T -cell-mediated cytotoxicity 
Skin allograft rejection 
Graft-versus-host reaction 
Immunologic maturation 
Autoimmune lesions 
Tolerance induction 
Clearance of foreign particles from blood 
Lymphocyte trapping in spleen 
Antigen trapping by spleen 
Interferon responsiveness to inducers 
Natural killer cell activity 

Viruses inducinga 

Enhancement 

Few 
Many 

Several 
Some 

Several 

Some 
Few 

Some 
Few 
Few 

Many 

Depression 

Many 
Some 
Few 
Few 

Some 
Several 

Several 
Several 
Several 
Some 
Some 
Few 

Some 
Some 
Few 

Several 
Some 

"Reported differences may reflect the frequency with which vanous parameters have been 
examined. 

paralleled by an increased susceptibility to superinfections that may have con
siderable clinical significance. 

There still are, however, aspects that are in need of much scrutiny. Most 
experimental work on viral immunosuppression has been done by infecting 
otherwise immunologically normal hosts. For example, mouse models of infec
tion have almost invariably employed genetically homogeneous otherwise 
healthy young adult animals often bred under specific pathogen-free condi
tions. This has the obvious advantage of minimizing compounding variables 
but can hardly reproduce the clinical setting, in which the extent and conse
quences of virus-induced immunomodulation might be quite diverse, depend
ing on many disposing factors, such as genetic makeup, extreme ages, nutri
tional deficiencies or excesses, hormonal imbalances, and the concomitance of 
underlying pathology, including superimposed infections and neoplasia. Stud
ies concerned with defining the genetic regulation of susceptibility to viral 
immunosuppression are few, but there are indications that the matter is quite 
complex. In mice, for example, the same H-2 haplotype can have markedly 
different effects on immunosuppression, depending on the infecting virus.(5) 
Individuals whose immune system is already not completely functional due to 
physiologic, pathologic, or iatrogenic reasons have an increased risk of de vel-
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oping more severe viral diseases. It seems logical to assume that in such indi
viduals the impact of viral infections on residual immune competence is partic
ularly severe.(6) Recent observations that cytomegalovirus (CMV) infection of 
immunosuppressed allograft recipients can result in chronic T-cell inversion(7) 
indicate that exploration of these aspects might be particularly rewarding. A 
multifactor hypothesis for the etiology of AIDS has been the subject of much 
speculation, but there are virtually no experimental data to support the 
contention. 

Another aspect deserving further scrutiny is the effect of localized viral 
infections and, more generally, of primary viral replication during the early 
stages of systemic infections, on the functioning of immunologic effectors and 
anti-infective defenses operating locally at the site of infection and in its prox
imity.Judging from influenza, the only localized viral infection for which there 
is sufficiently detailed information (see Chapter 16), it seems likely that sub
stantial changes of such effectors of immunity take place. These changes might 
contribute to the successful initiation of infection, its progression, or the facili
tation of local superinfections. Investigation of this problem has been ham
pered by the limited knowledge of immune mechanisms that operate in in
fected tissues and organs and by the shortage of specific assays to assess their 
activity. 

A third important aspect that requires further phenomenologic analysis, 
both in the clinical setting and in experimental models, are the long-term 
consequences of persistent and latent viral infections on immunity. Although 
persistence of viruses such as lymphocytic choriomeningitis, lactic dehydrogen
ase, and chronic leukemia viruses has been associated with significant changes 
of immunocompetent cells and immunomodulation,(8-1O) at this point it would 
appear that immunologic perturbations associated with chronic viral infection 
are far less dramatic than observed in most acute infections. However, many 
viruses that can linger more or less dormantly in lymphoreticular tissues might 
serve as a cause of cumulative injury to immunocompetent cells. This may 
result from bursting out of the virus from time to time or otherwise and may 
lead to clinically significant immunologic deficits as well as other immu
nopathology. Determination of the involvement of persistence in marginal or 
slowly progressing immune deficiencies remains as a promising avenue of 
research. Given the present pace of progress in virologic and immunologic 
technologies, many difficulties that still prevent a clear definition of these 
aspects might soon be overcome. 

2. PATHOPHYSIOLOGY 

Understanding the mechanisms whereby viruses immunosuppress their 
hosts remains a major challenge, because even in the infections most exten
sively investigated a precise definition of the cellular and subcellular pathways 
that culminate in the immunosuppressed state are not completely understood. 
Viruses are associated with pathology of the immune system much more fre
quently than are other infectious agents, be they bacterial, fungal, protozoan, 
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or metazoan. Even benign infections, such as a rhinoviral common cold, are 
associated with transient changes in the immunologic profile of patients.(lJ) 

As frequently suggested in the preceding chapters, most often this seems 
to be related to the fact that viruses are strictly intracellular parasites and that 
viruses encounter immunocytes very early after entrance into the host. Appar
ently, both lymphocytes and macrophages are among the body's cells which 
produce abundant interferon (lFN), but this does not appear to be sufficient to 
protect them from infection. Several viruses selectively infect B cells, T cells, or 
macrophages, and many replicate in such cells as in others (Table II). The 
tropism of many viruses for macro phages and specific lymphocyte subsets, the 
range of interactions that viruses can establish with such cells, and their func
tional consequences have only just begun to be appreciated. 

Virus-immunocompetent cell encounter may result in the virus being elim
inated without apparent consequences or in serious damage to the cells, but 
most often results in a split victory, whereby the acute viral infection is kept 
under partial check and the cells remain overtly or latently infected, often for 
prolonged periods or forever. Lymphocytes and macrophages have often been 
likened to Trojan horses; because of their high mobility, they are supposed to 
convey viruses throughout the organism and protect them from immune sur
veillance. The reasons that viruses so frequently and easily lodge and persist in 
lymphoreticular tissues are not clear. Cellular activation is often a prerequisite 
for efficient viral replication in lymphoid and monocytic cells.(12-14) It seems 
possible that the virus itself causes an activation of lymphoreticular cells, by 
classic immunologic mechanisms or otherwise, and this allows for the continu
ous replenishment/recruitment of permissive cells. Numerous additional so
phisticated explanations have been suggested, including the clonal distribution 

TABLE II 
A Summary of Viruses Known to Replicate within 

Macrophages and Lymphocytes 

Adenoviruses 
Arenaviruses 

Virus 

Lymphocytic choriomeningitis 
Coronaviruses 

Mouse hepatitis virus 
Enteroviruses 

Coxsackie B 
Echovirus 
Poliovirus 

Hepatitis B virus 
Herpesviruses 

Bovine herpesvirus 
Cytomegalovirus 

Human 

Monocytesl 
macrophages 

+ 

+ 

+ 

+ 

+ 

Lymphocytesa 

L 

B 

L 

L* 
L* 
L* 
B,T 

N.D. 

B 
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TABLE II (Continued) 

Monocytes/ 
Virus macrophages Lymphocytesa 

Mouse + L 
Epstein-Barr B 
Equine herpesvirus + B,T 
Guinea pig herpes-like virus + B,T 
Herpes simplex + B*,T* 
Herpesvirus sylvilagus B,T 
Human herpesvirus 6 + B,T 
Infectious laryngotracheitis + N.D. 
Marek disease B,T 
Mouse thymic virus T 
Pseudorabies virus + L 
Varicella-zoster + 

Influenza + L* 
Papovaviruses 

BK virus B,T 
B lymphotropic papovavirus B 

Paramyxoviruses 
Measles + B,T* 
Mumps + B*,T* 
Parainfluenza + B,T 
Respiratory syncytial virus + T* 

Poxviruses 
Ectromelia + N.D. 
Leporipoxviruses (fibro- B,T 

rna/myxoma) 
Vaccinia + L* 
Variola ? ? 

Reoviruses + T (newborn mice) 
Retroviruses 

Avian + L 
Bovine B 
Caprine/ovine +* N.D. 
Equine + L 
Feline + L 
Human + B*,T* 
Murine + B*,T* 
Simian T 

Rhabdoviruses 
Vesicular stomatitis virus + T* 

Togaviruses 
Dengue + B,T* 
Rubella + T 
Yellow fever + T 

"B, B lymphocytes; T, T lymphocytes; L, undefined lymphocyte population; *, replicate preferentially in 
activated cells; ?, replicatIon reported but not confirmed; +, positive; -, negative information; N.D., no 
data. 
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of molecules expressed on the surface of lymphocytes and the fact that mac
rophages can be entered by viruses by means other than plasma membrane 
receptor binding (sometimes with the help of virus-specific antibodies or com
plement), but none has been proved with certainty,(l5.16) leaving enormous 
matter for future research. 

The events linking the invasion of immunocompetent cells to pathology of 
the immune system now are being addressed increasingly in molecular terms. 
Apparently, direct cytopathology is neither sufficient nor necessary. Even in 
AIDS, in which the only evidence of a cythopathic effect in vivo is the descrip
tion of giant cells in the brain of infected individuals, it seems unlikely that the 
immunodeficiency is the result of direct progressive destruction of T4 cells, 
because in situ hybridization and other sensitive techniques indicate that less 
than 1 in 10,000 lymphocytes are replicating the virus at any given time, and in 
vitro studies support this view. Indeed, a number of alternative ingenious hy
potheses are being envisaged to explain the T-lymphocyte depletion observed 
in this disease, for example, autoimmune destruction of viral receptor-express
ing cells by anti-idiotypical antibody or by antiviral antibody following passive 
absorption of viral proteins produced in other cells.(14) In certain instances, 
some satisfactory answers have emerged. For example, virion proteins and 
glycoproteins mitogenic for B cells and that have other immunomodulatory 
activities are increasingly being described regarding infections due to several 
viruses, including human immune deficiency virus (HIV)'<17,18) Analysis ofthe 
functionally active part of such molecules has also been initiated and at least in 
one case, the functional part has been synthesized.<19,20) Clearly, identifying 
the viral molecule(s) and fragment(s) thereof that are responsible for the im
munosuppressive effects may lead not only to a better understanding of viral 
immunosuppression but may permit the delineation of rational therapeutic 
approaches, the development of better-designed (subunit) vaccines, and possi
bly provide new clinically useful immunosuppressive products as well. In
terestingly, virus-related immunosuppressive products have been detected in 
certain tumors.(21) Molecular biology has now provided the necessary tools to 
address these important aspects. 

Immune functions and antimicrobial defenses in general result from the 
coordinate collaboration of many cell types, classes, and subclasses, the interac
tions of which are mediated by physical contact and soluble factors and regu
lated by suppressor cell circuits that may be either specific or nonspecific in 
activity. While these avenues are explored, it should not be forgotten that in 
such a complex network, even minor virus-induced modifications of the cell 
surface or alterations in the synthesis and response to soluble mediators are 
bound to reflect on other cells, generating multiple cascade effects that can 
ultimately overwhelm physiologic check-and-balance mechanisms and lead to 
immune hyporeactivity and dysfunction. As discussed in previous chapters, the 
activation of suppressor cells is a frequent occurrence in viral infections. More
over, in certain viral infections, profound involution of lymphoid organs has 
been noted in the absence of detectable viral replication in such organs, and the 
intervention of autoreactive phenomena has been invoked.(22) Further investi
gation of these aspects may be rewarding, as mechanisms that regulate immune 
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function are progressively better understood. This is particularly true of the 
suppressor lymphokines, which are at different stages of characterization. 

Within this context, it is worth recalling that IFN and other substances 
released by virus-infected cells not only have direct immunoregulatory effects 
but may also induce cells, which normally do not, to express immunoregulatory 
relevant molecules such as class 1(23) and class II(24) major histocompatibility 
complex antigens. Increased numbers of la-like-positive cells have been de
tected in patients infected with viruses as diverse as mumps(25) and HTL V-
1.(26) Lymphocytes have also been noted to change surface phenotype as a 
consequence of viral infection.(27) Lymphocytotoxic substances are frequently 
found in the serum of patients during the acute phase of viral infections, but 
nothing is known about their genesis and function. They may be either cytotox
ic or cytostatic, depending on their concentration and the nature of the target 
cells. Furthermore, lymphotoxic, IFN-inhibitory, and more generally immu
nomodulatory substances have been detected in several virus-infected cell 
cultures and hosts.(28-31) However, the full extent to which this increasingly 
wide range of soluble mediators contributes to immunosuppression remains to 
be established. Also to be defined is the role that the formation of immune 
complexes and the consequent activation of complement may have in the gene
sis of immunosuppression. These are presumably physiologic events in antigen 
clearance but, when occurring on a large scale due to the self-replicating nature 
of viral antigens and in proximity to immunocompetent cells, might provoke 
significant perturbation of immune homeostasis.(32) 

As a final comment on pathophysiology, we would like to mention again 
that present knowledge of mechanisms of immunosuppression derives mainly 
from studying animals, especially rodents, experimentally infected with very 
large doses of laboratory passaged viruses, usually by routes that do not neces
sarily reflect the natural disease process. Recent studies show that viral variants 
and the passage history of the virus can affect the ability of a virus to immu
nosuppress.(33) Future experimental studies should examine whether the 
mechanisms of immunosuppression vary depending not only on the infecting 
virus but on the many variables that influence infections as well. At the single
cell level, this possibility is exemplified by repeated observations showing that 
in vitro virus-host lymphocyte balance is sensitive both to external influences 
and to the physiologic state of these cells. Recently added examples are obser
vations showing that herpes simplex virus (HSV) and HIV replication are 
enhanced by interleukin-2 (IL-2)(l3) and prostaglandin E2 (PGE2).(34) At the 
organism level, it is suggested by recent findings that in irradiated recon
stituted mice retroviruses immunosuppress by mechanisms at least partially 
different from those in normal mice.(35) 

3. BIOLOGIC SIGNIFICANCE 

There is no factual basis for an attempt to guess the significance of viral 
immunosuppression in the biologic cycle of viruses. We wish nevertheless to 
touch briefly on a couple of points. In order to be able to be perpetuated in 
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nature, a virus must rapidly adapt to each new situation in the evolutionary 
continuum as the host undergoes a modification that can impede the biologic 
cycle of the virus. Indeed, the close evolutive parallelism that exists between 
viruses and their hosts finds increasing supportive evidence as light is shed on 
the mechanisms of viral replication and infection. It also seems likely that the 
ability possessed by many viruses to dodge the host's immune system is a result 
of this evolutive adherence. Although this important instrument of defense has 
been shaped over millions of years to increase resistance against infectious 
agents, viruses are able to avoid or resist its action effectively, for the time 
needed to replicate and diffuse to new hosts, and often for much longer peri
ods. The strategies used by different viruses to avoid the action of the immune 
system seems to be quite varied, and each virus seems to employ those more 
suited to its general properties and to the characteristics of infection.(15) The 
only characteristic that appears to be common to most, if not all, viruses is the 
ability to immunosuppress. This suggests that viral immunosuppression is an 
essential element in the economy of viral infections, possibly a prerequisite for 
other, more sophisticated, mechanisms of escape from the host's defenses to 
engage in action. A possible example of obligatory mutualism between a virus 
and a host mediated by the ability of the former to abate the host's defense 
mechanisms has been described in an insect.<36) Viral immunosuppression has 
also been suggested to be important in the collaboration between helper and 
defective viruses in vivo. (37) 

Teleologically, one might argue that the transient nature of viral immu
nosuppression, as observed in most cases, is in the best interest of the virus, 
since this permits both survival of the virus and survival of the host. The 
tendency of viruses to reach an equilibrium with the host is proved by the high 
frequency of persistent viral infection, wherein the host becomes a potential 
reservoir for the spread of the virus. Regardless of the argument taken, it is 
apparent that there is a balance to be achieved between the ability of the virus 
to depress host defenses and the ability of the host to generate a response to the 
virus capable ofleading to recovery. Fortunately, in most instances, the balance 
favors the host, but far too often it favors the virus, with severe or fatal conse
quences for the host. Achieving an understanding of the circumstances under 
which the virus is favored and developing methods to tip the balance in favor 
of the host are major goals of this field of study. 

4. EFFECTS ON THE EVOLUTION OF THE INDUCING 
INFECTION 

Evidence concerning the effects of immune suppression on the evolution 
of the inducing infection is limited. In virus-immunosuppressed hosts, re
sponses against heterologous antigens are usually scarcely impaired if antigen 
is given at the outset of infection. Since exposure to antigens of the infecting 
virus occurs before the immunosuppressed state is fully established, this has 
been interpreted as evidence that virus-specific responses might be affected 
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only marginally if at all. In most viral infections, antiviral antibody and ef
fectors of cell-mediated immunity are readily demonstrable. Stimulation by 
viral antigens continues, however, for the duration of infection and responses 
to different viral epitopes become detectable at different times, making it quite 
possible that overall immunity mounted against the infecting virus is lower 
than it would be in the absence of viral immunosuppression. In fact, we cannot 
know what the antiviral response would be like if the viral infection was not 
accompanied by immunomodulatory effects. Further investigation of these 
aspects is clearly warranted. In these studies, attention should again be paid to 
passage history of the virus and other variables that, as recently suggested,(33) 
might affect the ability to suppress immune responses to homologous antigens. 

All things considered, the infected organism does not appear to cope very 
effectively with viral infections. Complete elimination of the infecting virus is 
infrequent. Theoretically, viral immunosuppression may influence the course 
of the inducing infection in several ways. For example, it might (1) limit the 
host's ability to block viral spread from the primary site(s) of replication to 
target organs; (2) lengthen the duration of the acute unchecked phase of viral 
growth; (3) be a prerequisite for the development of virus-specific T-sup
pressor (Ts) cells and more generally for specific unresponsiveness known to 
occur in several viral infections; and (4) facilitate the establishment of viral 
persistence. Although currently available data neither prove nor disprove such 
possibilities, a correlation between these parameters of infection and viral im
munosuppression has often been suggested. For example, a common feature 
of heart transplant patients with primary or secondary CMV infections is a 
large increase of Ts cells and an inversion of the T -heiper/Ts ratio that lasts up 
to 3 years. In a recent study, chronic excretion of the virus was found to 
correlate with persistence of such changes.(38) 

5. EFFECTS ON PATHOGENESIS BY THE INDUCING VIRUS 

Theoretically, the overall impact of viral immunosuppression on the sever
ity and extent of pathogenesis caused by the inducing virus may be either 
detrimental or beneficial to the host, depending on the mechanisms whereby 
the disease induced by the infecting virus is generated (Table III). When the 
disease is sustained mainly by direct viral damage to cells and tissues (e.g., due 
to cytolysis), viral immunosuppression could lead to an aggravation of damage 
by affecting the host's ability to mount protective immunity against the virus, 
thereby enhancing its replication and hampering or delaying its clearance. 
Interestingly, in recent studies, lymphocytes from patients susceptible to fre
quent recurrences of HSV-induced lesions proved most susceptible to inhibi
tion of proliferative responsiveness by exposure to HSV in vitro and were less 
efficiently restored by exogenous IL-2 than were cells from patients subject to 
infrequent recurrences.(39) The same seems to be true for viral diseases sus
tained by the proliferation of cells bearing antigens readily recognized by the 
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TABLE III 
Clinical Implications of Viral Immunosuppression 

For disease 
Facilitates spread of infecting virus 
Prolongs infection 
Enhances virus-induced damage 
Decreases virus-induced immunopathology 
Facilitates secondary infections 
Facilitates tumor development/progression 
Causes long-term sequelae 

Growth retardation 
Apparently idiopathic immune deficiencies 
Autoimmunity 
Others 

For treatment 
Justifies use of immunopotentiating drugs 

"Except for full-blown AIDS. 

Human infections with 

HlV 

Yes 
Yes 

Possibly 
Yes 

Possibly 

No" 

Other viruses 

Yes 

Possibly 

No 

Animal 
models 

Possibly 
? 

Possibly 
Possibly 

Yes 
Yes 

Yes 
? 

Possibly 
? 

No 

h0st's immune system, such as in virus-induced hyperplastic or neoplastic 
growth. Indeed, a correlation between viral immunosuppression and progres
sion of virus-induced tumors has been noted. Examples are tumors caused by 
Aleutian disease virus of mink(40) and leukemias caused by oncogenic retro
viruses of mammals and birds.(lO) It is clear, however, that documented infor
mation in this area is extremely sketchy. 

Immunopathology appears to playa key role in the pathogenesis of many 
viral infections.(41) In viral infections in which immunopathogenetic mecha
nisms are essential determinants of disease, turning down of immune re
sponses might have an adaptive value because it might interfere with the mech
anisms whereby cell and tissue damage is generated. Although the possibility 
that viral immunosuppression is beneficial to the host remains essentially spec
ulative, indirect support comes from clinical observations that the nephrotic 
syndrome, a disease that frequently responds to immunosuppressive therapy, 
and allergic manifestations can undergo remission in the course of measles.(42) 
Supportive evidence comes also from findings showing that the administration 
of immunopotentiating drugs can exacerbate virus-induced pathology in cer
tain animal models of infection. 

Thus, although limited, available information clearly indicates that gener
alizations on these issues are not possible. Each viral infection should be exam
ined and evaluated separately with regard to the detrimental or beneficial 
effects of immune suppression. 
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6. EFFECTS ON RESISTANCE TO OTHER INFECTIONS 

Acquired immune-deficiency syndrome is the prototype example of a viral 
infection that predisposes to secondary opportunistic infections. However, 
long before AIDS was recognized, clinical practice had shown that patients 
with, or convalescent from, viral infections presented an increased susceptibili
ty to superinfections and to the reactivation of latent infections. For example, 
following measles there may be an increased susceptibility to bacteria and 
viruses for periods of I year or more.(43) It is generally accepted that in patients 
with influenza, the diminution of resistance is usually short-lived and is most 
evident locally as enhanced incidence and gravity of bacterial pneumonia. It is 
recognized that CMV infection predisposes graft recipients to superinfections 
that may represent a serious threat to life.(44) Furthermore, patients hospi
talized with specific infectious diseases in an area of Japan in which HTL V -I is 
endemic were found to have an almost threefold incidence of antibody to that 
virus than did the general population,(45) suggesting that HTLV-I-induced 
immunosuppression may have considerable public health significance. Natural 
viral infections of animals known to predispose their hosts to secondary infec
tions include feline leukemia virus, canine parvovirus, and bovine herpesvi
ruses.(46) In many such infections, the viral attack would cause minor symp
toms and lesions and then resolve within a short period, if secondary bacterial, 
fungal, or protozoal infection did not occur. 

While there seems to be little doubt that the enhanced susceptibility to superin
fections associated with viral infections is due to the underlying virus-induced 
immunosuppression, much remains to be learned on the relative importance of the 
various immunologic dysfunctions caused by the virus in determining such in
creased susceptibility. Thus, for example, the relative contribution of damage to 
the adaptive and natural effectors of antimicrobial defenses remains to be estab
lished. The recognition that HIV replicates very effectively in cells of the mono
cyte-macrophage series(47.48) and in altered B lymphocytes(49) has led to a pro
posal that pathogenesis leading to AIDS requires persistant infection in 
macro phages followed by subsequent infection of lymphocytes and neural cells. 

In conclusion, the study of viral immunosuppression in animal models 
should always be completed by the assessment of resistance to challenge with a 
battery of superinfecting agents known to take advantage of defects in differ
ent branches of immunity. This would not only prove the significance of the 
observed changes in immunologic parameters but would possibly lead to a 
better correlation between such changes and increased susceptibility to selected 
agents as well. 

7. EFFECTS ON RESISTANCE TO TUMORS 

One of the hallmarks of progressive HIV infection is the development of 
Kaposi sarcomas and other neoplasms that are usually very rare and less vir
ulent in the normal population. Many such tumors have a suspected viral 
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etiology; it is therefore possible that their enhanced incidence is another aspect 
of the reduced resistance to superimposed infections discussed earlier. Apart 
from anecdotal evidence, there are no indications that other viral infections of 
humans are related to subsequent neoplasia. 

The few experimental studies in animals have been performed with retro
viruses and indicate that both virus-induced and transplanted tumor growth is 
facilitated.(IO) Clearly, it is an important area worth further investigation. 

8. IMPLICATIONS FOR THERAPY OF VIRAL DISEASES 

This aspect has been extensively covered in Chapter 21. Here, we wish to 
emphasize the need for great prudence in suggesting the use of immunopoten
tiating and immunorestorative agents for the treatment of viral infections. The 
low number of efficient antiviral drugs available has led to consideration of 
substances that nonspecifically stimulate the immune system as potentially 
useful therapeutic tools (in certain instances rushing them into clinical use). 
Superficially, the immunosuppressed state so often associated with viral infec
tion might be considered a further rationale for this kind of treatment. How
ever, the information available is far from encouraging in this direction. The 
reasons are manifold, but three are stressed here. 

1. The limited knowledge we still have of the contribution of immu
nopathology to viral diseases, especially of humans:(41) Our under
standing of viral pathogenesis is insufficient to predict the effects im
munopotentiating treatments can have on specific viral diseases and 
their sequelae. In properly controlled experimental systems, immu
nopotentiation has given contradictory results. For example, while a 
thymic hormone increased the survival rate of mice infected with men
govirus,(50) the administration of immunopotentiating agents to mice 
infected with a similarly cytolytic virus, coxsackievirus B3 , resulted in 
exacerbation of cardiac damage.(51) 

2. The fact that in vitro many viruses replicate more efficiently in stimu
lated than in resting lymphocytes and macrophages and most immu
nopotentiating agents are mitogenic for lymphocytes and/or activate 
macrophages. Thus, an unwanted result of immunopotentiating treat
ment might be more extensive replication of the virus within the lym
phoreticular tissue. This might, for example, facilitate the establish
ment of viral persistence. 

3. The possibility of paradoxical effects on the functioning of the immune 
system: Interestingly, immunopotentiating agents were found to en
hance the lymphoid depletion caused by coxsackievirus B3 infection of 
mice.<22) 
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In conclusion, far more experimental knowledge of the immunobiology 
and immunopathology of each viral infection is needed before immu
nostimulants can be safely used for the treatment or prevention of viral dis
eases. Empirical use of such substances is justified only for the patient whose 
prognosis is very poor. It should be mentioned in this context that, so far, the 
use of immunostimulants in patients with AIDS has given unsatisfactory results 
and that concern has often been raised that treating patients with minor symp
toms of HIV infection with IL-2, IFN, or other drugs with lymphocyte stim
ulatory activity in the absence of a specific antiviral therapy might be hazardous 
because it could facilitate progression of the disease. Treatment of full-blown 
AIDS with leukocyte transfusions or bone marrow grafts has proved unsuc
cessful because grafted cells were rapidly overwhelmed by infection.(52) 

9. POSSIBLE ROLE OF VIRUSES IN THE GENESIS OF 
IDIOPATHIC IMMUNE DEFICIENCIES 

A viral etiology has repeatedly been proposed for some persistent immune 
deficiences of unknown origin. Cases of congenital hypogammaglobulinemia 
have, for example, been tentatively considered sequelae of congenital rubella 
or other intrauterine infections.(53) The importance that persistent viral infec
tions might have in the genesis of such syndromes has attracted little experi
mental attention, however. Viral persistence often involves low-level viral rep
lication in lymphoid tissues and, on a chronic basis even subtle changes might 
lead to alterations no longer compensated by balance mechanisms. Moreover, it 
has recently been emphasized that viruses can produce disorders of specialized 
cells and systems also in the absence of the familiar footprints of viral replica
tion.(54) The effects of viral persistence on the functioning of the immune 
system have been little explored even in animal models. A role for viral immu
nosuppression in the genesis of the runting syndromes associated with con
genital or perinatal viral infections of animals has, however, often been postu
lated. Recently, a similar failure to thrive was described in children congenitally 
infected with HIV.(55) In humans, the existence of a chronic paucisymptomatic 
pathology associated with immunologic disorders and due to Epstein-Barr 
virus (EBV) infection is slowly emerging.(56) Furthermore, a number of viruses, 
including EBV, hepatitis B, and human parvovirus, have been linked to bone 
marrow aplasia. (57) 

Often immune-deficient hosts show altered functions of the existing im
mune apparatus as well as a lack of certain immunologic effector mechanisms. 
In idiopathic immune deficiencies, the incidence of allergic, autoimmune, and 
collagen diseases is high, suggesting that impaired and disordered functioning 
of the immune system is strongly intermingled. It has often been thought that 
viruses may trigger autoimmune diseases, a suggestion that is finding some 
interesting experimental basis.(16.58) Some among the most immunosup
pressive viruses of animals and humans also cause polyclonal activation of B 
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cells;(l8) such stimulation of B cells could potentially lead to autoimmune phe
nomena if tolerance is broken. It is also possible that viral infections act syn
ergistically with other pathologic or physiologic causes of reduced immune 
responsiveness. In mice persistently infected with parainfluenza or CMV, the 
long-term effects on immunity were dependent on cofactors, such as the ani
mal's age and diet.<59,60) Viewed from this standpoint, viral immunosuppres
sion might also be considered as a possible factor in immune senescence. 

Transient immunosuppression is difficult to evaluate immunologically. 
Nevertheless, it is everyday experience in clinical practice that most persons in 
certain periods of their life become more susceptible to infections. For exam
ple, they become more apt to be affected by minor respiratory illness and tend 
to recover slowly from such infections. For these elusive maladies, a viral origin 
seems a likely possibility. Examples of such infections include Kawasaki disease 
and chronic fatigue syndrome. The recent discovery of HIV encourages the 
search for novel immunosuppressive viruses that might be implicated in the 
genesis of such illnesses. Most interestingly, in recent experiments, serial trans
fer of lymphocytes pre-exposed to allogeneic cells resulted in the establishment 
of an infectious form of immune deficiency that appeared to involve a viruslike 
agent.(61) 

In conclusion, although there is little more than educated guessing in the 
study of virus-induced immunosuppression, a rich harvest of research is to be 
expected, that can only be achieved through an active cooperation between 
biologists and clinicians. It is ironic that a lentivirus (HIV) is responsible for the 
acceleration of activity in this discipline. 
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in equine infectious anemia, 402-403 
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in Friend leukemia virus infection, 398-
399 

in hepatitis B, 23 
in herpes simplex virus infection, 76, 78-

80, 86, 87-88 
in JC virus infection, 49 
in mammalian retrovirus infections, 398-

400 
in mouse hepatitis virus infection, 204-

205, 209 
in papillomavirus infection, 43, 44-45 
in parainfluenza virus infection, 332 
in polyomavirus infection, 46-47 
in respiratory syncytial virus infection, 

332-333, 335 
in vaccinia virus infection, 176 
in vesicular stomatitis virus infection, 

289-293 
wart regression and, 44-45 

Central nervous system 
bovine herpesvirus infection of, 146 
immune response modulation by, 156 
measles infection of, 348 
mouse hepatitis virus replication in, 209 
rhabdovirus infection of, 286 

Chediak-Higashi syndrome, 136 
Chemiluminescence, 309-310 
Chicken, infectious bursal disease virus, 

201,202-206,212 
Chick syncytial virus, 379, 380 
Ciconiid herpesvirus, 144 
Colony-stimulating factor, 243 
Complement, 5-6 
Complement-dependent neutrophil-

mediated cytotoxicity, 147 
Complement-fixing antibody 

in cytomegalovirus infection, 106 
in mouse hepatitis virus infection, 209 

Congenital infections, cytomegalovirus
related, 102, 107, 109-110 

Cormorant herpesvirus, 144 
Coronaviruses 

interferon interaction, 431 
murine, 206-208 
replication, 444 

Cortisol, 156 
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Cowpox virus, 173, 174, 175, 176 
Coxsackievirus A, 220-221 
Coxsackievirus B, 220-221, 223, 444 
Coxsackievirus B-3, 221-222, 223, 224-227 
Crane herpesvirus, 144 
Cytolytic antibody, cytomegalovirus, 108 
Cytomegalovirus (CMV) 

bovine, 143 
equine, 143 
feline, 143 
murine, 9-10, 1I1-1I2 
porcine, 143 

Cytomegalovirus, human, 101-124 
in acquired immune deficiency syn

drome, 103, 429 
antibody-dependent cell-mediated 

cytotoxicity, 112 
antibody response, 105-108 

complement-fixing antibodies, 106 
cytolytic antibody, 108 
immune complexes, 108, 116 
immunoglobulin A, secretory, 107 
immunoglobulin E, 107 
immunoglobulin G, 106 
neutralizing antibody, 107-108 

antigens, 103-105 
immunologic analysis, 104-105 
physical/biochemical analysis, 104 

in heart transplant patients, 449 
HLA-restricted cytotoxic T cell, 1I2 
infections caused by, 102-103 

congenital, 102, 107, 109-1I0 
in immunocompromised host, 103, 

426,443 
infectious mononucleosis, 103, 109, 

Ill, 1I3, 1I5 
perinatal, 102-103 

isoprinosine effects, 432 
leukocyte response, 1I3-1I5 

B cell, 1I4-1I5 
in infectious mononucleosis, 115 
T cell, 109, 1I2, 1I3, 1I4-1I5, 1I6 

lymphocyte blastogenic response, 108, 
1I0, 1I5 

macrophage response, 9-10 
natural killer cell response, 110-112, 

1I4, 1I6 
clinical studies, II O-ill 
m vitro assay, 110 

properties, 10 1-102 
replication, 444 
superinfection, 451 

Cytomegalovirus, human (cont.) 

type strains, 101 

INDEX 

Cytopathic viruses, lymphoid cell infection 
by, 7 

Dane particle, 20, 21 
Diarrhea, adenovirus-related, 59, 60 
Dimethylbenzanthracene-induced leukemia 

virus, 407 
Distemper virus, canine, 327, 328 
Duck hepatitis B virus, 19-20 
Duck infectious anemia virus, 379, 380 
Duck plaque herpesvirus, 144 

Echovirus, 444 
Ectromelia virus, 189, 445 
Endorphins, 156 
Endotoxin, antiviral action, 425, 433 
Enkephalins, 156-157 
Enteroviruses 

classification, 218 
clinical manifestations, 219, 220 
lymphoid cell infection by, 7 
replication, 444 

Environment, viral infection and, 15 
Epidermal growth factor, 174 
Epidermodysplasia verruciformis, 45-46 
Epitope, neutralizing, of cytomegalovirus, 

105 
Epstein-Barr nuclear antigen, 125-126, 

130-131 
Epstein-Barr virus (EBV) 

genome map, 125, 126 
immunosuppression by, 125-140 

antibody production, 127 
B cell response, 126-127, 128, 129, 

134, 135-136, 137 
lymphocyte response, 8-9 
mechanisms, 126-128 
natural killer cell response, 126, 128, 

129, 134, 136 
T cell response, 127-128, 129, 134, 

135, 136 
X-linked lymphoproliferative syndrome 

and, 128-137 
paucisymptomatic pathology, 453 
properties, 125-126 
replication, 445 

Equine herpesviruses, 143, 159,445 
Equine infectious anemia virus, 402-403 
Equine retroviruses, 402-403 
Erythroblastosis-associated virus, avian, 377 



INDEX 

Fc receptor 
avian retrovirus, 382 
cytomegalovirus, 105 
hepatitis B virus, 31 
human immune deficienq virus, 76, 85 
interferon effects, 431 

Feline cytomegalovirus, 143 
Feline herpesviruses, 143 
Feline leukemia virus 

lethality, 409 
pl5E and, 406-407 
secondary infection predisposition and, 

451 
suppressor cell response, 407-408 
treatment, 410-411 
vaccine, 409 

Feline retrovirus, 400-40 I 
Feline T-Iymphotropic lentivirus, 401 
Ferritin, 157 
Fibroblast 

in influenza virus infection, 310 
interferon production by, 422, 430 

Fibroblast-stimulating factor, 311, 313 
Fibrosarcoma, equine-derived, 403 
Flanders virus, 286 
Foamy viruses, 404-405 

classification, 395, 396 
Foot-and-mouth disease virus, 218, 230 
F protein 

of measles virus, 346, 347 
of paramyxoviruses, 329-330, 332, 336 

Friend leukemia virus 
immunosuppression by 

antibody production and, 398 
bacille Calmette-Guerin and, 424 
B cell response, 405 
endotoxin effects, 425 
Iymphokine production and, 398, 399-

400 
Lyt I response, 398-399 
Lyt 2 response, 398-399 
macrophage response, 399 
natural killer cell response, 398, 399 

treatment, 410 

Gallid herpesvirus, 144-145 
Gammaglobulin, 425-426 
Gene, viral infection-resistant, 14-15 
Genetic factors 

in immunosuppression, 14-15 
in mouse hepatitis virus replication, 211 

Glomerulonephritis, 4 
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Glycoprotein 
of avian retroviruses, 375-376 
of cytomegalovirus, 104, 105, 106-107 

Goat herpesvirus, 143 
Golden pheasant virus, 379 
Gram negative bacteria, as immu

nomodulators, 424-425 
Granulocyte, in herpes simplex virus infec-

tion, 82-83 
Ground squirrel hepatitis virus, 20 
Gruid herpesvirus one, 144-145 
Guillain-Barre syndrome, 48 
Guinea pig herpes-like virus, 163, 445 
Gumboro disease, 20 I 

Hart Park virus, 286 
Heart transplant patients, cytomegalovirus 

infections, 449 
Hemagglutinin 

of influenza virus, 304, 306,307, 311, 
315, 427 

of reovirus, 196, 199 
Hemorrhagic fever, 235, 237, 238 
Hepadnaviruses, 19-20 
Hepatitis A virus 

interferon production and, 223 
mitogenesis suppression by, 221 
in phagocytic cells, 222 
vaccine, 427 

Hepatitis B core antigen, 20-21, 28 
Hepatitis B surface antigen, 20, 21, 22, 427 

in hepatitis B vaccine, 23, 25 
in hepatitis B virus carriers, 24, 25, 26 

acquired immune deficiency syndrome 
risk, 33 

antibody production, 25-28 
interferon production, 32 
murine model, 24-25 
T4/T8 ratio, 28-29 

Hepatitis B virus 
acquired immune deficiency syndrome 

and, 33 
bone marrow aplasia and, 453 
Dane particle, 20, 21 
as hepatotropic virus, 19-20 
immunomodulation by, 24-33 

antibody production, 24-28 
immunopathogenesis and, 32-33 
macrophage response, 30 
natural killer cell response, 30 
soluble immune factors, 31-32 
T cell response, 28-30 
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Hepatitis B virus (cont.) 
immunopathologic sequelae, 21-23 
properties, 20-21 
replication, 444 
vaccine, 23, 25,421-422,424 

Hepatitis e antigen, 21, 24, 25, 26, 29 
Hepatitis virus, mouse, 201-202, 206-211 
Herpes, definition, 73 
Herpes simplex virus (HSV) 

genital infection, 73 
in immunocompromised host, 426 
immunomodulation by, 76-84 

antibody production, 76-78, 86 
bacille Cal mette-Guerin and, 424 
granulocyte response, 82-83 
immunoglobulin G response, 77 
immunopathogenesis and, 87-90 
interleukin-2, 447 
latency, 87-88 
lymphocyte response, 449 
macrophage response, 9-10, 80-81, 

288 
measles infection and, 345 
mechanisms, 84-86 
natural killer cell response, 81-82, 83, 

84, 85, 88 
prostaglandins, 447 
recurrent disease, 88-90 
soluble immune factors, 83-84, 90 
T cell response, 76, 78-80, 84-86 

isoprinosine effects, 432 
properties, 73-76 
replication, 75-76,445 
vaccine, 422, 424 
virion structure, 73-74 

Herpes simplex virus-l (HSV-l), 73 
immunomodulation by 

antibody production, 78 
immunopathogenesis and, 86 
mechanisms, 85-86 
natural killer cell response, 82 
soluble immune factors, 83 
T cell response, 78, 79, 80 

replication, 75, 76 
virion structure, 74-75 

Herpes simplex virus-2 (HSV-2) 
immunomodulation by 

antibody production, 76, 77, 78 
macrophage response, 81 
mechanisms, 85, 86 
recurrent disease, 88-89 
soluble immune factors, 83 
T cell response, 79, 80 

INDEX 

Herpes simplex virus-2 (HSV-2) (cont.) 

replication, 75 
virion structure, 74-75 

Herpesviruses 
avian, 160-162 
canine, 143 
caprine, 143 
equine, 143, 159,445 
feline, 143 
porcine, 143 
replication, 444, 445 
rodent, 162-164 

Herpesvirus sylvilagus, 163, 445 
HLA 

cytotoxic T cell activity and, 112 
influenza virus infection and, 305, 316 

HLA-D-l, 23 
HLA-D-7,23 
HN protein, 328-329, 332, 335 
Host factors, in immunosuppression, 14-15 
Human immune deficiency virus-l (HIV-l) 

human immune deficiency virus-2 
relationship, 74-75 

immunomodulation by, 81, 86 
antibody production, 76-77, 86 
Iymphokines, 83, 88-89 
natural killer cell response, 82 
T cell response, 79, 80 

properties, 74-75 
replication, 75 
simian immune deficiency virus rela

tionship, 404 
Human immune deficiency-2 (HIV-2) 

animal models of, 40 I 
in children, 453 
in immunocompromised host, 15, 16 
immunosuppression by 

B cell response, 451 
interleukin, 447 
lymphocyte response, 8-9 
Iymphokines, 83 
macrophage response, 9-10, 451 
monocyte response, 451 
prostaglandins in, 447 
recurrent infection, 88-89 
T cell response, 7, 80, 287 

incidence of exposure to, 2 
infection cofactors, 3 
Kaposi's sarcoma and, 451 
lymphocyte stimulatory therapy, 453 
simian immune deficiency virus rela-

tionship, 404 
virion proteins, 446 



INDEX 

Human T-lymphotropic virus-I (HTLV-I), 
8-9, 150,451 

Human T-lymphotropic virus-III (HTLV
III),2 

Human T virus-I, 8-9 
Humoral immunity, see also 

Immunoglobulin(s) 
in avian retrovirus infections, 380-381 
in human immune deficiency virus infec

tion, 76-78, 86, 87 
in lymphocytic choriomeningitis virus in

fection, 240-241 
in mammalian retrovirus infections, 397-

398 
in papillomavirus infection, 43, 44 

Hypersensitivity, delayed 
in avian retrovirus infections, 382 
in herpes simplex virus infection, 79-80, 

86 
in influenza virus infection, 306, 307-

308,312 
in lymphocytic choriomeningitis virus in

fection, 241 
in measles, 1 
in vesicular stomatitis virus infection, 

289-290, 295 
Hypogammaglobulinemia 

congenital, 453 
in X-linked lymphoproliferative syn

drome, 129, 132, 134, 135, 136-137 

la antigen, 81, 402 
la-like-positive cell, 447 
Immune complex 

BK virus, 50 
cytomegalovirus, 108 

Immune deficiency; see also 
Immunosuppression 

Epstein-Barr virus-related, 125-140 
idiopathic, 453-454 

Immune deficiency virus 
bovine, 401 
human: see Human immune deficiency 

virus (HIV) 
simian, 403-404 

Immune effectors, in virus-infected hosts, 
441,442,443; see also specific im
mune effectors 

Immune reactivity, paramyxoviruses and, 
334-335; see also Antibody-depen
dent cell-mediated cytotoxicity 

Immune surveillance, iron-binding proteins 
and, 157 

465 

Immunocompetent cells, viral invasion of, 
443-447; see also names of specific 
cells 

Immunocompromised host 
adenovirus infection of, 63-64 
cytomegalovirus infection of, 426 
herpes simplex virus infection of, 426 
immunopathogenesis in, 16-17 
immunosuppression in, 442-443 
T cell function in, 432 
viral infection susceptibility, 15 

Immunocyte, viral invasion, 12; see also 
types of immunocytes 

Immunofocusing, in influenza virus infec
tion, 316-318 

Immunoglobulin(s) 
as antiviral treatment/prophylaxis, 422, 

425-426 
feline, 400 
in mouse hepatitis virus infection, 209 

Immunoglobulin A 
in adenovirus infection, 62, 63 
in cytomegalovirus infection, 106 
in Epstein-Barr virus infection, 127, 129, 

130-131, 134, 136 
in human immune deficiency virus infec-

tion,87 
in influenza virus infection, 304, 313 
in mumps, 333 
in respiratory syncytial virus infection, 

332, 427 
secretory 

in cytomegalovirus infection, 107 
in human immune deficiency virus in

fection,78 
Immunoglobulin D, in Epstein-Barr virus 

infection, 127, 130-131 
Immunoglobulin E 

in cytomegalovirus infection, 107, 
in Epstein-Barr virus infection, 127 
in human immune deficiency virus infec

tion,78 
in respiratory syncytial virus infection, 

332, 336 
Immunoglobulin G 

in adenovirus infection, 62 
antiviral activity, 426 
in avian retrovirus infection, 381 
in cytomegalovirus infection, 106, 107, 

108 
in Epstein-Barr virus infection, 127, 129, 

130-131, 134, 136 
in hepatitis B, 25, 28 
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Immunoglobulin G (cont.) 

in human immune deficiency virus infec-
tion, 76, 77 

in measles, 351, 352, 353 
in infectious bursal disease, 203-204, 205 
in influenza virus infection, 304, 305 
in measles, 356, 359 
in mouse hepatitis virus infection, 209 
in mumps, 333 
in reovirus infection, 197 
in vesicular stomatitis virus infection, 

290-291, 298 
warts and, 44 

Immunoglobulin M 
in avian retrovirus infection, 381 
in bovine retrovirus infection, 40 I 
in cytomegalovirus infection, 108 
in Epstein-Barr virus infection, 127, 129, 

130-131, 134, 136 
in hepatitis B, 25, 27, 28, 31 
in human immune deficiency virus infec-

tion, 76, 77 
in measles, 351 
in infectious bursal disease, 203, 204, 205 
in influenza, 305, 313 
in malignant rabbit fibroma virus infec-

tion, 180 
in mouse hepatitis virus infection, 209 
in mumps, 333 
in reovirus infection, 197 
in respiratory syncytial virus infection, 

332 
in vesicular stomatitis virus infection, 

290-291, 298 
Immunoglobulin preparations, 422, 425-

426 
Immunomodulation: see 

Immunosuppression 
Immunopathogenesis, virus-induced 

Epstein-Barr virus-related, 15 
hepatitis B virus-related, 32-33 
in immunocompromised host, 16-17 
immunotherapy and, 433-434 
influenza virus-related, 314-318 
lymphocytic choriomeningitis virus-

related, 237, 238-239, 245-246 
measles virus-related, 347-348 
mumps virus-related, 335-336 
paramyxovirus-related, 335-337 
poxvirus-related, 188-190 
respiratory syncytial virus-related, 335-

337 

INDEX 

Immunopathogenesis, virus-induced (cont.) 

reticuloendotheliosis-associated virus
related, 385-387 

vesicular stomatitis virus-related, 286 
Immunopathophysiology, of viral infec

tions, 443-447 
Immunostimulation agents, 422-431, 452-

453 
bacterial, 423-425 
biologic response modifiers, 422 
immune system products, 425-431 
immunostimulatory drugs, 432-433 
interferon, 430-431 
interleukin, 429-430 
for nonhuman mammalian retrovirus in

fections, 410-411 
prohost approach, 423 
thymic hormones, 427-429 

Immunosuppression, virus-induced, 1-18; 
see also under specific viruses 

age factors, 14 
antiviral defenses, 3-6 

antibodies, 3-4 
cellular immunity, 4-5 
nonspecific soluble factors, 5-6 

biological significance of, 447-448 
by central nervous system, 156 
clinical applications, 450 
experimental studies, 442 
factors influencing, 14-15 

age, 14 
concurrent infection/disease, 15 
environment, 15 
genetics, 14-15 

genetic factors, 14-15 
host factors, 14-15 
host-lymphocyte balance in, 447 
idiopathic immune deficiencies and, 453-

454 
in immunocompromised host, 442-443 
immunopathogenesis and, 16-17,423 
inducing infection effects, 448-449 
mechanisms, 7-14 

direct, 141 
indirect, 141 
lymphoid cell infection, 7, 8-12 
suppressor activation, 7, 13 
suppressor factors, 13 

pathogenesis effects, 449-450 
pathophysiology of, 443-447 
phenomenology of, 441-443 
resistance effects, 451-452 
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Immunosuppression, virus-induced (cont.) 

stress and, 13-14, 156-157 
therapeutic implications of, 452-453 
transient, 454 
virus-specific versus generalized, 16 

Immunotherapy, of viral infections, 421-
439, 452-453 

amantidine, 422 
immunoglobulin preparations, 422, 425-

426 
immunopathogenesis and, 433-434 
immunostimulation agents, 422-434 

bacterial, 423-425 
biologic response modifiers, 422 
immune system products, 425-431 
immunostimulatory drugs, 432-433 
interferon, 430-431 
interleukin, 429-430 
for nonhuman mammalian retrovirus 

infections, 410-411 
prohost approach, 423 
thymic hormones, 427-429 

methisazone, 422 
nucleic acid analogues, 422 
vaccines, 421-422, 426-427 

Inclusion-body rhinitis virus, 143 
Infectious anemia virus, equine, 402-403 
Infectious bovine rhinotracheitis virus, 142, 

146 
Infectious bursal disease virus (IBVD) 

immunosuppression by, 202-206, 212 
antibody production, 203-204 
B cell response, 202, 203, 205 
cell-mediated immunity, 204-205 
natural killer cell response, 205 
soluble immune factors, 205 
T cell response, 203, 204, 205, 206 

properties, 202 
Infectious laryngotracheitis virus, 144, 160, 

161-162 
Infectious mononucleosis 

cytomegalovirus-related, 103, 109, Ill, 
113,115 

Epstein-Barr virus-related, 15,126-129, 
134, 135-136 

immune mechanisms, 126-128 
reactivation, 130 
X-linked lymphoproliferative syndrome 

and, 129, 130, 134, 136 
Influenza virus(es) 

envelope glycoprotein antigens, 427 
hemagglutinin, 427 

Influenza virus(es) (cont.) 

immunosuppression by, 303-326 
antibody-dependent cell-mediated 

cytotoxicity, 309 
antibody production, 304-305, 317, 

351 
B cell response, 305, 315 
fibroblast response, 310 
genetic factors, 316 

467 

host responses, 311-314 
immunofocusing, 316-318 
immunopathogenesis and, 314-318 
macrophage response, 308-309, 310, 

311-312,313,314,315,317-318 
mechanisms, 311-314 
monocyte response, 309-310, 311-312, 

314,315,317-318 
natural killer cell response, 309 
polymorphonuclear leukocyte response, 

309-310,311,315 
soluble factors, 310-311, 313-314 
T cell response, 306-308, 312, 315 
viral replication and, 311 

neuraminidase, 427 
properties, 304 
replication, 445 
vaccine, 421-422, 424 

Influenza virus A 
bacille Cal mette-Guerin and, 424 
interferon interaction, 332, 431 
properties, 304 

Influenza virus B, 304 
Influenza virus C, 304 
Interferon 

action mechanisms, 431 
in acquired immune deficiency syn-

drome, 408 
in adenovirus infection, 66-67 
antitumor activity, 431 
in bovine herpes virus-l infection, 147, 

150, 151-152, 154, 155-156, 157-
158 

classes, 6, 422, 430 
in Epstein-Barr virus infection, 128, 134 
Fc receptor effects, 431 
in feline retrovirus infection, 400 
in Friend leukemia virus infection, 399 
functions, 6, 430 
in hepatitis A, 223 
in hepatitis B, 31-32 
in herpes simplex virus infection, 79, 82, 

83-84,88,89 
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Interferon (cont.) 
immunoregulatory molecule expression 

and, 447 
immunoregulatory effects, 13, 422, 430-

431 
inducers, 431 
in infectious bursal disease, 205 
in influenza, 309, 310, 313-314, 317 
interleukin-2 interaction, 429 
in lymphocytic choriomeningitis virus in-

fection, 243 
macrophage interaction, 288-289 
in measles, 264, 266, 354, 359-361, 362 
multigene family, 430 
natural killer cell effects, 5, 422, 430-

431,433 
in ovine/caprine lentivirus infections, 402 
parainfluenza virus and, 332 
in picornavirus infection, 223, 230 
in respiratory syncytial virus infection, 

332,334 
as retrovirus infection treatment, 411 
in smallpox, 176 
system, 430 
in vesicular stomatitis virus infection, 

287-289, 292 
Interleukin(s) 

definition, 6 
as retrovirus infection treatment, 411 

Interleukin-l 
in bovine herpes virus-l infection, 155, 

156 
in cytomegalovirus infection, 115 
definition, 429 
in feline leukemia virus infection, 408 
in Friend leukemia virus infection, 399-

400 
functions, 6, 429 
in influenza, 309, 310, 314 
isoprinosine effects, 432-433 
macrophage production, 5 
in malignant rabbit fibroma virus infec

tion, 181 
muramyl dipeptide effects, 425 
in nonhuman mammalian retrovirus in-

fections, 408-409 
properties, 334 
release, 425 
T cell effects, 422, 433 

Interleukin-l-like factor, 81 
Interleukin-2 

in acquired immune deficiency syn
drome,408 

INDEX 

Interleukin-2 (cont.) 
in avian retrovirus infections, 382-383, 

385 
in bovine herpesvirus-l infection, 149-

150, 151, 154, 158 
definition, 429 
in Epstein-Barr virus infection, 128, 134 
in feline leukemia virus infection, 408 
in Friend leukemia virus infection, 400 
functions, 6, 429-430 
in herpes simplex virus infection, 79, 80, 

84,85,89,447 
in human immune deficiency virus infec-

tion, 447 
in infectious bursal disease, 206 
isoprinosine effects, 432-433 
in malignant rabbit fibroma virus infec-

tion, 181-182, 183 
natural killer cell effects, 422 
receptor release, 150 
in respiratory syncytial virus infection, 

334 
T cell response, 356-358, 422, 433 

5-Iododeoxyuridine, 422 
Iron, 157 
Iron-binding protein, 157 
Isoprinosine, 423, 432-433 

JC virus, 48-50 
Jenner, 173, 421 
Junin virus, 235, 236, 239, 241, 243 

K cell; see also Large granular lymphocyte 
(LGL) 

Fc receptor, 431 
natural killer cell relationship, 5 

Keratinocyte, 81 
Keratoconjunctivitis, bovine, herpesvirus-l

related, 146 
Kern Canyon virus, 286 
Kupffer cell, in mouse hepatitis virus infec

tion,208 

Lactic dehydrogenase elevating virus, 9-10, 
443 

Langerhans cell, 81 
Large granular lymphocyte (LGL), 5 
Lassa fever, 7, 235, 237, 238 
Lassa virus, 235 
Latent infection 

of herpes simplex virus, 87-88 
immunity effects, 443 
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Lentiviruses, 395, 396 
feline, 401 
ovine-caprine, 401-402 

Leporipoxviruses 
classification, 175 
immune system effects, 177-178, 189 
replication, 445 

Leukemia 
lymphocyte bovine, 401 
retrovirus-related, 395 
tumors related to, 450 

Leukemia viruses 
bovine, 401, 451 
feline, 406-409, 410-411, 451 
Friend: see Friend leukemia virus 
immunomodulation by, 443 
murine, 1, 397-398 
replication-competent helper viruses, 386 

Leukocyte; See also Granulocyte; Neu
trophil; Polymorphonuclear 
leukocyte 

in bovine herpesvirus-l infection, 148 
in cytomegalovirus infection, 113-115 
in influenza virus infection, 316-317 
interferon production by, 422 
in measles virus infection, 349-350 

Leukocyte migration factor, 83, 86, 88, 89 
Leukoencephalopathy, progressive multi

focal, 47-48 
Leukopenia, viral infection-related, 349 
Leukosis virus, avian sarcoma complex, 

376-379, 382 
Levamisole, 423, 432, 433 
Lipopolysaccharide, antiviral action, 425 
Lipoprotein, very-low-density, 31 
Liver-derived immunoregulatory factors, 31 
L protein, 329, 330, 346, 347 
Lymphadenopathy-associated virus (LA V), 

2 
Lymphocyte 

antibody production and, 398 
in bovine herpes virus-l infection, 149-

152 
in Friend leukemia virus infection, 398 
in herpes simplex virus infection, 449 
in lymphocytic choriomeningitis virus in

fection, 242 
in malignant rabbit fibroma virus infec

tion, 187-188 
in measles, 345, 349-350 
in mouse hepatitis virus infection, 210-

211, 212 
in mumps, 333-334 
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Lymphocyte (cont.) 
in picornavirus infection, 221-222 
"silent viral" infection of, 350, 364, 366 
in smallpox, 176 
in vaccinia virus infection, 176-177, 189 
viral infection of, 7, 8-12 
viral replication within, 444-445 

Lymphocyte blastogenesis response 
in avian retrovirus infections, 381, 383-

384 
in bovine herpesvirus infection, 150-151 
in herpes simplex virus infection, 79, 

88 
Lymphocyte-defined membrane antigen, 

126, 130-131 
Lymphocyte proliferative response, in ma

lignant rabbit fibroma virus infec
tion, 178-180, 184 

Lymphocytic choriomeningitis virus 
(LCMV),235 

immunosuppression by, 443 
age factors, 14 
antibody production, 239-241 
B cell response, 238, 243 
immunopathogenesis and, 237, 238-

239, 245-246 
macrophage response, 238, 242-243 
mechanisms, 244-245 
natural killer cell response, 243 
soluble immune factors, 243 
T cell response, 238, 239, 241-242, 

243 
replication, 444 

Lymphocytosis, persistent, 401 
Lymphocytotoxic substance, 447 
Lymphoid cell 

in BK virus infection, 48-49 
in JC virus infection, 48 
in nonhuman mammalian retrovirus in

fection, 406 
in viral infection, 7, 8-12 

Lymphokine; see also Soluble immune 
factors 

in feline retrovirus infection, 400 
in Friend leukemia virus infection, 83-

84, 88-89 
function, 447 
in herpes simplex virus infection, 83-84, 

88-89 
in malignant rabbit fibroma virus infec

tion, 182, 184 
Lymphokine-activated killer cell, 429-430, 

433 
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Lymphoma 
Burkitt's, Epstein-Barr virus-related, 15, 

125 
X-linked lymphoproliferative syndrome

related, 134, 135-136, 137 
Lymphomagenesis, African Burkitt, 135 
Lymphopenia 

adenovirus-related, 65 
viral infection-related, 349 

Lymphoproliferative disease virus, 376, 379 
Lymphosarcoma, bovine leukemia virus

related, 40 I 
Lyt I 

in Friend leukemia virus infection, 398-
399 

in herpes simplex virus infection, 86, 89, 
90 

in reovirus infection, 197, 199 
Lyt 2 

in Friend leukemia virus infection, 398-
399 

in herpes simplex virus infection, 86, 89 
in reovirus infection, 196, 197, 199 

Lyt 3, in reovirus infection, 196 

Machupo virus, 235, 236, 239 
Macrophage 

in acquired immune deficiency syn-
drome, 451 

in adenovirus infection, 65, 69 
antiviral functions, 4-5 
in avian retrovirus infections, 380, 381, 

382, 383, 385, 387 
in bovine herpesvirus-I infection, 152-

154, 155, 157-158, 162 
in ectromelia virus infection, 189 
endotoxin and, 425 
in Epstein-Barr virus infection, 126-127, 

128 
in Friend leukemia virus infection, 399 
in hepatitis B virus infection, 30 
in herpes simplex virus infection, 9-10, 

80-81, 288 
in human immune deficiency virus infec

tion, 9-10, 451 
immunostimulatory agent interaction, 

422 
in influenza virus infection, 308-309, 

310,311-312,313,314,315,317-
318 

levamisole effects, 432 

INDEX 

Macrophage (cont.) 
in lymphocytic choriomeningitis virus in

fection, 238, 242-243 
in mouse hepatitis virus infection, 208, 

210, 211, 212 
muramyl dipeptide effects, 425 
in nonhuman mammalian retroviruses in

fection, 406, 407 
in ovine/caprine retrovirus infections, 

402 
in picornavirus infection, 222, 223, 230 
in reovirus infection, 196 
in smallpox, 176 
in vaccinia virus infection, 177 
in vesicular stomatitis virus infection, 

288-289, 297 
viral interactions, 10-11 
viral replication within, 444-445 

Macrophage activation factor, 288 
Macrophage growth factor, 243 
Macrophage migration inhibition factor, 83, 

88, 399 
Major histocompatibility complex (MHC) 

antigen, 7, 208 
class I, 447 
class II, 288, 447 

viral infection-resistant genes, 14-15 
Major histocompatibility locus, 4 
Malignant rabbit fibroma virus, 175, 177-

178 
immunosuppression by, 177-185, 189-

190 
antibody production, 180 
B cell response, 185-186 
cellular proliferation, 178-180, 184 
immune function recovery, 184-185 
interferon and, 185 
lymphokines, 180-184 
T cell response, 182, 184, 185, 186-

187, 188 
viral replication and, 184, 185-188 

Mammilitis virus, bovine, 143 
Marburg virus, 286 
Marek disease virus, 144, 160-161,445 

vaccine, 204 
Mason-Pfizer monkey virus, 403, 405 
Measles virus 

classification, 327, 328 
complications of, 346, 348 
immunopathogenesis related to, 347-348 
immunosuppression by, 345-373 

adenovirus infections and, 64 
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Measles virus (cont.) 
immunosuppression by (cant.) 

antibody production effects, 350-354 
beneficial effects, 45 
delayed hypersensitivity, I 
herpes simplex virus susceptibility and, 

345 
leukocyte infection, 349-350 
lipoid nephrosis and, 345 
mechanisms, 362-366 
natural killer cell response, 359-362 
T cell response, 354-359 
tuberculosis and, 345 

properties, 346-347 
replication, 347, 364-365, 445 
vaccine, 336 

Meleagrid herpesvirus-I, 144-145 
Methisazone, 422 
Microenvironment, of viruses, 15 
Migration inhibitory factor, 83, 88, 399 
Mixed lymphocyte reaction, in infectious 

bursal disease, 204 
Molluscum contaglOsum, 174, 175 
Moloney murine leukemia virus, 384, 407 
Monkeypox virus, 174, 175, 176 
Monoclonal antibody analysis, of 

cytomegalovirus, t"04-105 
Monocyte 

antiviral activity, 4 
in bovine herpesvirus-l infection, 147, 

152-154 
in human immune deficiency virus infec

tion, 451 
in influenza virus infection, 308-309 
viral replication within, 444-445 

Monokine, 399-400 
Morbilliviruses, 327, 328, 346 
Mouse hepatitis virus, 201-202 

immunosuppression by, 209-211 
pathogenesis, 207-208 
properties, 206-207 

Mouse mammary tumor virus, 407-408 
Mouse thymic virus, 162-164 
M protein, 329, 330, 331, 346, 347 
Multiple sclerosis, 348 
Mumps virus 

immunomodulation by, 333-334 
immunopathogenesis caused by, 335-336 
replication, 445 
vaccine, 337, 421 
virus-dependent cellular cytotoxicity and, 

335 

Muramyl dipeptide, 424-425, 433 
Murine leukemia viruses 

antibody production, I 
humoral immunity and, 397-398 

Murine oncornavirus, 397-398; see also 
Murine leukemia viruses; Murine 
sarcoma viruses 

Murine parvoviruses, 441 
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Murine sarcoma viruses, 397-398 
Mycobacteria, as immunomodulators, 423, 

424 
Myeloblastosis-associated virus, 377, 382, 

385, 387 
Myelocytomatosis-associated virus, 377 
Myxoma virus, 175, 177-178, 180 
Myxosarcoma, 190 

Nasopharyngeal carcinoma, Epstein-Barr 
virus-related, 15 

Natural killer cell 
in adenovirus infection, 65-66, 69 
in bovine herpesvirus-I infection, 147 
in cytomegalovirus infection, 110-112, 

114, 116 
in cytomegalovirus (murine) infection, 

111-112 
differentiation, 82 
in Epstein-Barr virus infection, 126, 128, 

129, 134, 136 
in feline leukemia virus infection, 408 
in Friend leukemia virus infection, 398, 

399 
function, 5 
in hepatitis B virus infection, 30 
in herpes simplex virus infection, 81-82, 

83, 84, 85, 88 
in measles, 352-353, 359-362, 363, 365 
immunostimulatory agent effects, 422 
in influenza, 309 
interferon effects, 422, 430-431, 433 
interleukin-l effects, 429 
interleukin-2 effects, 422, 429, 433 
isoprinosine effects, 432, 433 
K cell relationship, 5 
in lymphocytic choriomeningitis virus in-

fection, 243 
in measles, 359-362 
in mouse hepatitis virus infection, 205 
muramyl dipeptide effects, 425 
in picornavirus infection, 230 
thymomimetic drugs and, 423 
in vaccinia virus infection, 189 
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Nephrosis, lipoid, 345 
Neuraminidase, 304, 411, 427 
Neutralizing antibody, in cytomegalovirus 

infection, 107-108 
Neutrophil 

in feline retrovirus infection, 400 
in herpes simplex virus infection, 83 
levamisole effects, 432 

Newcastle disease virus, 327, 328 
Nonvirus-producing lymphoid cell, 384, 

385,386 
Norwalk agent, 441 
NP protein: see Nucleoprotein 
Nucleic acid analogue, antiviral activity, 422 
Nucleoprotein, 304, 346, 350 

Oncogene, retroviral, 397 
Oncogenic viruses, immunosuppression by, 

I; see also names of specific on
cogenic viruses 

Oncoviruses, 395, 396 
Orthomyxoviruses, 304 
Osteoclast-activating factor, 386, 387 
Osteopetrosis, avian retrovirus-related, 377, 

381, 382, 386-387 
Ovine retrovirus, 401-402, 405-406 

Pacheco disease virus, 144 
Paget disease, 348 
Panencephalitis, subacute sclerosing, 348, 

365, 432 
Papilloma; see also Papillomaviruses 

genital, 44-45 
laryngeal, 431 
regression, 43 

Papillomaviruses 
animal model, 43 
bovine model, 44 
characteristics, 41, 42 
distribution, 41 
in humans, 44-45 
immunosuppression by, 43-46 

cell-mediated immunity, 43, 44-45 
humoral immunity, 43, 44 

malignant conversion, 43, 44, 45-46 
rabbit model, 43 
vaccine, 46 
virion, 41 

Papovaviruses, 41-57; see also 
Papillomaviruses; Polyomavirus 

characteristics, 41-43, 51 
immune system interactions, 43-50, 51 
interferon effects, 431 

Papovaviruses (cont.) 
replication, 445 
virion, 41 

INDEX 

Parainfluenza viruses, 331, 335,445 
Paramyxoviruses, 327-343 

classification, 327, 328 
immune reactivity and, 334-335 
immunomodulation by, 331-334 
immunopathogenesis and, 335-337 
immunosuppression by, 337-338 
properties, 327-331 

classification, 327, 328 
molecular structure, 327-330 

replication, 330-331, 445 
Parapoxviruses, 175 
Parrot herpesvirus, 144 
Parvoviruses 

bone marrow aplasia and, 453 
canine, 441 
murine, 441 

Pasteur, Louis, 421 
Pasteurella hemolytica, 142, 146, 148 
Pasteurella multocida, 160 
Pasteurellosis, 190 
Peptidoglycan, as immunomodulator, 424 
Peredicid herpesvirus-I, 144-145 
Perinatal infections, cytomegalovirus-

related, 102-103 
Peripheral blood mononuclear cell 

in hepatitis, 30 
interleukin-2 receptor release, 150 
macrophage suppression of, 153 

Persistent infection, immunity, and, 443 
Pertussis, adenovirus-related, 59, 60 
Peste des petits ruminants virus, 327, 328 
p15E, 384, 406-407 
Phagocyte; see also Macrophage; Poly

morphonuclear leukocyte 
in infectious bursal disease, 205 
levamisole effects, 432 

Phagocytosis, in influenza virus infection, 
308-309 

Phalacrocoracid herpesvirus-I, 144-145 
Pharyngitis, acute febrile, 59, 60 
Pharyngoconjunctival fever, 59, 60 
Pheasant viruses, 379 
Pichinde virus, 236, 239, 243 
Picornaviruses, 217-234 

classification, 218-219 
clinical manifestations, 219, 220 
immunomodulation by, 219-223, 230 

antibody production, 220-221 
interferon system, 223 
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Picornaviruses (cant.) 
immunomodulation by (cant.) 

lymphocytes, 221-222 
phagocytic cells, 222-223 

immunosuppression by, 224-229 
properties, 217-219 
replication, 218 

Pig cytomegalovirus, 143 
Pneumonia 

adenovirus-related, 59, 60 
bovine herpesvirus-I-related, 148 
cytomegalovirus-related, 426 
influenza-related, 306, 313, 314 

Pneumonia virus, of mice, 327, 328 
Pneumoviruses, 327, 328 
Poliomyelitis, 2-3, 219, 220 

vaccine, 421-422 
Poliovirus 

lymphocytes and, 221 
poliomyelitis development and, 2-3 
replication, 221, 444 

Polymorphonuclear leukocyte 
in bovine herpesvirus-I infection, 155-

156 
in cytomegalovirus infection, 113-114 
in herpes simplex virus infection, 80-81, 

84, 85, 90 
in influenza virus infection, 309-310, 

311,315 
in picornavirus infection, 222-223 

Polyoma virus 
characteristics, 41, 42, 43 
distribution, 41 
immune system interaction, 46-50 

cell-mediated immunity, 46-47 
latent infection, 46-47 

virion, 41 
Porcine herpesviruses, 143 
Poxviruses, 173-192 

immunopathogenesis and, 188-190 
immunosuppression by, 175-188 
properties, 173-175 

classification, 174, 175 
genetics of, 174 
host range, 174-175 
physical characteristics, 173-174 
tumor formation, 175 

replication, 445 
P protein, 329, 347 
Pregnancy 

BK virus infection in, 49-50 
JC virus infection in, 49, 59 
polyomavirus infection in, 47 
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Primate nonhuman retroviruses, 403-405 
Prostaglandins 

in bovine herpesvirus-I infection, 154, 
155, 158 

in herpes simplex virus infection, 81, 85, 
86, 89-90, 447 

in human immune deficiency virus infec
tion, 447 

immunosuppressive effects, 13 
Protein, structural; see also names of specific 

structural proteins 
of cytomegalovirus, 104 
of measles virus, 346-347 
of paramyxoviruses, 327-330 

Protein A, 410-411, 424 
Provirus, retroviral, 397 
Pseudorabies virus, 143, 160,445 
Psittacid herpesvirus-I, 144-145 
p20E, 384, 385 
Pyrogen, endogenous, 424 

Rabbit myxoma virus, 175, 177-178, 180 
Rabies virus 

natural hosts, 286 
T cell response, 286 
vaccine, 422 

Radiation leukemia virus, 397, 405, 410 
Reoviruses 

clinical manifestations, 194-195 
immunosuppression by, 193-200 

B cell response, 197 
macrophage response, 196 
T cell response, 196, 197, 199 
viral pathogenesis and, 199 

properties, 193-194 
replication, 445 

Replication, viral; see also under specific 
vIruses 

during early systemic infection, 443 
within lymphocytes, 444-445 
within monocyte/macrophages, 444-445 

Respiratory syncytial virus 
classification, 327, 328 
immunoglobulin A, 427 
immunosuppression by, 331-333, 337-

338 
replication, 445 
vaccine, 336-337, 422, 427 

Reticuloendotheliosis-associated virus, 377, 
379-380 

immunomodulation by 
cell-mediated immunity, 381 
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Reticuloendotheliosis-associated virus (cont.) 
immunomodulation by (cont.) 

immunopathogenesis and, 386 
mechanisms, 383, 384, 385 

Reticuloendotheliosis virus strain T, immu-
nomodulation by 

cell-mediated immunity, 381 
humoral immunity, 381 
mechanisms, 383-384, 385 

Retroviruses, 395 
Retroviruses, avian, 375-393 

groups, 376 
immunosuppression by, 377, 379, 380-

383, 385-387 
B cell response, 380 
cell-mediated immunity, 381-383 
humoral immunity, 380-381 
mechanisms, 383-385 
T cell response, 380, 381 

immunopathogenesis by, 385-387 
properties, 375-380 

Retroviruses, nonhuman mammalian, 395-
419 

bovine, 401, 405 
caprine, 401-402, 405-406 
classification, 395-396 
endogenous, 397 
equine, 402-405 
feline, 400-401 
immunomosuppression by, 397-405 

cell-mediated immunity, 398-400 
humoral immunity, 397-398 
mechanisms, 405-409 
prevention, 409-411 
significance, 409-411 
soluble immune factors, 408-409 
suppressor cells, 407-408 

properties, 395-397 
recombinant, 397 
replication, 405-406 
simian, 403-405 
virion-associated immunosuppressive 

products, 406-407 
Rhabdoviruses, 286, 445 
Rhinitis virus, inclusion-body, 143 
Rhinotracheitis, infectious bovine, 142, 146 
Rhinoviruses 

classification, 218 
clinical manifestations, 219, 220 
interferon effects, 431 
isoprinosine effects, 432 
polymorphonuclear cell effects, 223 

Rinderpest virus, 327, 328 
Ring-necked pheasant virus, 379 
Rodent herpesviruses, 162 -164 
Rosette inhibitory factor, 31 
Rotavirus, vaccine, 422 
Rous-associated virus, 376, 377 
Rous sarcoma virus, 377 
Rubella virus, vaccine, 421 
Rubeola virus, vaccine, 421 
Runting syndromes, 453 

INDEX 

Salmonella typhi antigen response, 350-351 
Sarcoma, Kaposi's, 451 
Sarcoma virus 

avian leukemia complex, 376-379, 382 
murine, 397-398 
Rous, 377 

Sendai virus, 327, 328, 335, 338 
Senescence, immune, 454 
Serum inhibitory factor, 31 
Shipping fever, 146, 155 
Shope fibroma virus, 175, 177, 178, 180, 

188-189 
Simian acquired immune deficiency syn-

drome, 403-404, 406 
Simian immune deficiency virus, 403-404 
Simian retroviruses, 403-405 
Simian T-Iymphotropic virus, 404 
Simian virus 5 (SV5), 327, 328 
Simian virus 40 (SV40), 47-48 
Smallpox, vaccine, 173, 421; see also Variola 

virus 
Soluble immune factors, 5-6, 447 

in adenovirus infection, 66-67 
in bovine herpesvirus-I infection, 154-

155 
in hepatitis B virus infection, 31-32 
in herpes simplex virus infection, 83-84, 

90 
in influenza, 310-311, 313-314 
in lymphocytic choriomeningitis virus in

fection, 243 
in mouse hepatitis virus infection, 205 
in nonhuman mammalian retrovirus in-

fection, 408-409 
Soluble immune response suppressor, 152 
Somatostatin, 156 
Spleen necrosis virus, 379, 380 
Spumavirinae, 395, 396; see also Foamy 

viruses 
Staphylococcus, protein A, 410-411, 424 
Storage protein, 157 
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Stress, immunosuppression and, 13-14, 
156-157 

Strigid herpesvirus-I, 144-145 
Substance P, 156 
Suipoxviruses, 175 
Superinfection, 441-442, 443, 451 
Suppressor cell 

activation, 7, 13,446-447 
in avian retrovirus infection, 383-385 
in bovine herpes virus-I infection, 149 
in herpes simplex virus infection, 89 
in infectious bursal disease, 206 
in nonhuman mammalian retrovirus in

fection, 407-408 
Suppressor cell induction factor, 149 
Suppressor factors 

host-derived, 13 
virion components, 13 

Suppressor lymphocyte-associated molecule, 
149 

Syncytial viruses, classification, 395, 396; see 
also Respiratory syncytial viruses 

Tacaribe virus, 236, 239 
Tamiami virus, 236, 239 
T cell 

in acquired immune deficiency syn
drome, 406, 431 

in adenovirus infection, 64-65 
adrenocorticotropic hormone interaction, 

156 
autoimmunity and, 287 
in avian retrovirus infections, 380, 381, 

382 
in bovine herpes virus-I infection, 150, 

151, 158 
cytotoxic 

in avian retrovirus infections, 382 
in bovine herpesvirus-I infection, 147, 

158 
in cytomegalovirus infection, 109, 112, 

113,114-115,116 
in ectromelia virus infection, 189 
functions, 4 
in hepatitis B, 28, 29 
in herpes simplex virus infection, 79, 

80, 84 
HLA-restricted, 112 
in influenza, 306-307, 312, 315 
interleukin-2 effects, 429 
in lymphocytic choriomeningitis virus 

infection, 244-246 

T cell (cont.) 

cytotoxic (cont.) 
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in malignant rabbit fibroma virus infec-
tions, 188 

in Shope fibroma virus infection, 189 
thymic humoral factor and, 428 
in vaccinia virus infection, 189 
in vesicular stomatitis virus infection, 

288, 297-298 
differentiation, 82 
effector 

in human immune deficiency virus in
fection, 7 

in lymphocytic choriomeningitis virus 
infection, 241-242 

in measles, 354-358, 362 
in Epstein-Barr virus infection, 127-128, 

129,134,135,136 
in equine herpesvirus infection, 159 
in feline retrovirus infection, 400 
in Friend leukemia virus infection, 398-

399 
function restoration, 433 
in guinea pig herpes-like virus infection, 

163 
helper 

in bovine herpesvirus-I infection, 149 
functions, 4 
in hepatitis B, 25 
in herpes simplex virus infection, 80, 

81, 85 
in human immune deficiency virus in

fection, 2, 7, 76, 84, 287 
in influenza virus infection, 306 
iron-binding activity and, 157 

in hepatitis B, 24-25, 28-30 
in herpes simplex virus infection, 76, 78-

80, 84-86 
in herpesvirus sylvilagus infection, 163 
immunostimulatory agents interaction, 

422 
of immunosuppressed host, 432 
in influenza, 306-308, 312, 315 
interferon production by, 422, 430 
interleukin-I effects, 422, 433 
interleukin-2 effects, 422, 433 
levamisole effects, 432 
in lymphocytic choriomeningitis virus in

fection, 238, 239, 241-242, 243 
macrophage interaction, 4-5 
in malignant rabbit fibroma virus infec

tion, 182, 184, 185, 186-187, 188 
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T cell (cant.) 
in measles, 348, 349, 351-352, 354-359, 

362-363 
in mouse hepatitis virus infection, 203, 

204,205,206,210 
in mouse thymic virus infection, 162-163 
in reovirus infection, 196, 197, 199 
subpopulations, viral infection effects, 7 
suppressor 

in bovine herpesvirus-I infection, 148-
149, 152, 154 

functions, 4 
in hepatitis B, 25, 29 
in herpes simplex virus infection, 85-

86,90 
in human immune deficiency virus in-

fection, 7 
inducing viral infections and, 449 
in influenza, 306, 312 
iron-binding activity and, 157 
in mammalian retrovirus infections, 

407 
in vesicular stomatitis virus infection, 

291-292, 294, 295, 298-299 
thymomimetic drugs and, 422-423, 433 
in tolerance, 16 
in vesicular stomatitis virus infection, 

287-288, 289-290, 291-292, 293-
294, 295, 297-299 

viral replication within, 444-445 
Teichoic acid, 424 
Tetanus toxoid antibody, in measles infec

tion, 345 
T4/T8 ratio, 28-30, 422, 433 
Thymic hormones, 422, 433 

antiviral activity, 423, 427-429, 433 
Thymic humoral factor, 422, 428 
Thymocyte, in lymphocytic 

choriomeningitis virus, 242; see also T 
cell 

Thymomimetic drugs, 422-423, 433 
Thymopoietin, 422, 427 
Thymosin fraction V, 427 
Thymosin-l, 422, 428 
Thymostimulin, 427 
Thymulin, 422, 428 
Thymus 

in infectious bursal disease, 204 
in reovirus infection, 197, 198 

T-Iymphotropic lentivirus, feline, 401 
T-Iymphotropic virus-I, human, 8-9, 150, 

451 

INDEX 

T-Iymphotropic virus-III, human, 2 
Togaviruses, 445 
Tolerance, virus-induced immunologic, 16 
Transferrin, 157 
Tuberculosis, 345 
Tumor 

immunosuppression and, 450 
resistance to, 451-452 

leporipoxvirus-related, 177-178 
Tumor cell, interleukin effects, 429-430 
Tumor necrosis factor, 429 
Turkey herpesvirus, 160, 161 

Urinary infection, acquired immune defi
ciency syndrome-related, 59-60, 64 

Vaccine 
adenovirus, 62-63 
cytomegalovirus, 422, 427 
feline leukemia virus, 409 
hepatitis A, 427 
hepatitis B, 23, 25, 27,421-422 
herpes simplex virus, 422, 424 
inactivated, 421-422 
influenza, 421-422, 424 
live attenuated, 421 

in immunocompromised host, 16-17 
Marek disease, 204 
measles, 336 
mumps, 337,421 
muramyl dipeptide adjuvant, 424 
papillomavirus, 46 
poliomyelitis, 421-422 
rabies, 422 
respiratory syncytial virus, 336-337, 422, 

427 
rota virus, 422 
rubella, 421 
rubeola, 421 
smallpox, 173,421 
vaccinia virus, 173 
varicella-zoster virus, 422 

Vaccinia virus, 174, 175, 176-177 
enzymes, 174 
immune system response, 188-189 
replication, 445 
vaccine, 173 

Varicella-zoster antigen, 428 
Varicella-zoster immune globulin, 426 
Varicella-zoster virus, 164, 445 

vaccine, 422 
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Variola virus, 174, 176, 188, 445 
Vasoactive intestinal peptide, 156 
Vesicular stomatitis virus, 285-299 

immunopathogenesis related, 286 
immunosuppression by, 286-299 

antibody response, 290-291 
antigen-specific proliferative response, 

294-297 
B cell response, 286 
delayed-type hypersensitivity, 289-290, 

295 
interferon, 287-289, 292 
In VItro infection, 293-299 
lymphocyte mitogenic response, 293-

294 
macrophage response, 288-289, 297 
T cell response, 287-288, 289-290, 

291-292,293-294,295,297-299 
properties, 285-286 
replication, 445 
strains, 285 

Viral capsid antigen, of Epstein-Barr virus, 
126, 130-131 

Viral infection; see also names of specific 
viruses 

inducing 
evolution of, 448-449 
pathogenesis of, 449-450 

localized, 443 

477 

immunopathogenesis of, 443-447, 449-
450 

Virion, immunosuppressive effects, 13 
Virion-associated immunosuppressive prod

ucts, 406-407 
Virus-associated hemophagocytic syndrome, 

128 
Virus-dependent cellular cytotoxicity, 335 
Visna maedi virus, 402 

Wart, 44-46 
Woodchuck hepatitis virus, 20 

X-linked lymphoproliferative syndrome, 
128-137 

Yaba tumor virus, 175 
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