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Preface 

'You damn sadist/said mr cummings 'you 
try to make people think.' 

-Ezra Pound (Canto 89) 

What makes herpesviruses unique? It is certainly not the size of their 
genomes or the individual features of their reproductive cycle, although 
in toto striking features that are exclusive to the herpesviruses abound. 
Unquestionably, the pre-eminent feature is the relationship of herpes
viruses with their natural hosts. As described in preceding volumes, 
all herpesviruses seem to be able to colonize and to remain in a latent, 
nonproductive form for life of their hosts. Once established in the host, 
the relationship is best described as that of an armed truce. What happens 
when this truce breaks down or when the host encounters the virus for the 
first time is the subject of this volume. We have focused primarily on 
the five human herpesviruses [herpes simplex virus 1 (HSV-l), herpes 
simplex virus 2 (HSV-2), cytomegalovirus (CMV), varicella zoster virus 
(VZV) and Epstein-Barr virus (EBV)] because much more is known about 
them than about any other herpesviruses, and because it is of interest to 
compare both the diversity of manifestations of infections with human 
herpesviruses and the spectrum of human responses to these viruses. 

This volume summarizes the current knowledge of the pathogenesis 
and immunobiology of herpesvirus infections in man and describes new 
and developing approaches to prophylaxis and treatment. It contains con
tributions from distinguished research scientists presently engaged at the 
forefront of these scientific investigations. Reactivated HSV-2 infections 
occur in a large number of otherwise normal individuals, resulting in 
recrudescent genital disease. The first chapter of this book presents the 
natural history of genital HSV infections, and thus, defines one of the 
more common disease problems associated with a human herpesvirus. 
The next three chapters describe the natural and adaptive host defense 

vii 



viii PREFACE 

mechanisms thought to be required for protection against HSV infections, 
while chapter 5 deals with the damage caused by the same immune re
sponse induced by the virus infection. Chapter 6 defines the cell-mediated 
immune responses to CMVand Chapters 7 through 9 are concerned with 
the immunobiology of EBV infections in primates and man. Infections 
with any of the herpesviruses can be devastating in immunosuppressed 
patients and Chapter 10 describes those that are most difficult to deal 
with: CMV infections in organ transplant recipients. Chapters 11 and 12 
describe patients with inherited host defense deficiencies, which make 
them unusually susceptible to severe disease caused by herpesviruses. 
Chapters 13 through 16 describe the current status of vaccine develop
ment for the herpesviruses. Finally, Chapters 17 through 19 focus on, 
antiviral chemotherapy, interferon therapy, and immunopotentiators. 

It is the understandable wish of editors of volumes such as this that 
their compilations serve a useful and lasting reference to the current state 
of knowledge. We are not immune to such thoughts, but the best way 
we can thank the contributors for their efforts and especially for the 
timeliness of their contributions is to wish this volume a precocious 
obsolescence through their efforts. 

Chicago, Illinois 
New York, New York 

Bernard Roizman 
Carlos Lopez 
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CHAPTER 1 

The Natural History of 
Genital Herpes Simplex Virus 
Perspectives on an Increasing Problem 

LAWRENCE COREY 

I. INTRODUCTION 

Genital herpes simplex virus (HSV) infection has emerged as a disease of 
public health importance. The morbidity of the illness, its frequent re
currence, its complications such as aseptic meningitis and neonatal trans
mission, and its epidemiologic association with cervical carcinoma have 
made this entity of great concern to patients and health care providers. 
In the last three decades major advances in the understanding of the 
natural history and epidemiology of this entity have occurred. However, 
major gaps in our knowledge of the epidemiology, clinical course, and 
immunology of this infection still remain. Much is yet to be learned 
before we can expect to develop and test effective methods to control 
recurrences and prevent the transmission of disease. 

II. HISTORY 

Genital herpes was first described by the French physician John As
truc in 1736, and the first English translation of his Treatice of Venereal 
Disease appeared in 1754. In 1893, genital herpes was diagnosed in 9.1 % 
of 846 prostitutes visiting an infirmary (Hutfield, 1966). In 1886, Diday 
and Doyon published the monograph Les Herpes Genitaux in which they 
observed that genital herpes often appeared after a venereal infection such 
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as syphilis, chancroid, or gonorrhea. They also described cases of recur
rent genital herpes. They proposed that the eruptions were related to 
nervous "trigger mechanisms" acting by way of the sacral plexus. Men
struation was felt to be the most important trigger mechanism in women 
(Diday and Doyon, 1886). 

Fluid from oro labial infection was shown to be infectious to other 
humans in the late 19th century. The disease was successfully transferred 
to rabbits in 1920, and HSV was grown in vitro in 1925 (Baum, 1920; 
Cruter, 1924; Parker and Nye, 1925). In the 1920s Lipschutz inoculated 
material from genital herpetic lesions into the skin of humans, eliciting 
clinical infection within 48-72 hr in six persons and 24 days in one case. 
In other experiments, he observed that protection in rabbits from corneal 
infection with specimens from genital herpes occurred only with strains 
originating from the genital sites and not from orolabial sites (Lipschutz, 
1921). From these and other experiments, he surmised that there were 
epidemiologic and clinical differences between oral and genital herpes. 
However, most workers felt that the viruses of genital and labial herpes 
were identical. In the early 1960s, Dowdle and Nahmias reported that 
HSV could be divided by neutralization tests into two antigenic types, 
and that there was an association between the antigenic type and the site 
of viral recovery (Dowdle et al, 1967; Nahmias and Dowdle, 1968). These 
observations led to the benchmark studies on the epidemiology of genital 
herpes in the late 1960s and early 1970s. 

III. EPIDEMIOLOGY OF GENITAL HERPES 

A. Prevalence of Genital HSV Infections 

The reported prevalence of genital herpes appears to depend upon the 
demographic and clinical characteristics of the patient population studied 
and whether clinical and/or laboratory techniques are used for diagnoses. 
In the United Kingdom in 1979, genital HSV infections accounted for 
approximately 2.2% of all visits to genitourinary medicine clinics (Cat
terall, 1981). Nationwide reporting of statistics for genital herpes is not 
available in the United States. Genital HSV infection was diagnosed in 
5.6% of all persons attending the sexually transmitted disease (STD) clin
ics in King County, Washington in 1982 (Table I). 

HSV has been isolated from 0.3-5.4% of males and 1.6-8% offemales 
attending STD clinics (Wentworth et a1., 1973; Jeansson and Molin, 1970, 
1974). In non-VD clinic patient populations, HSV has been isolated from 
the genital tract in 0.25-4.0% of patients (Rauh et a1., 1977; Taintivanich 
and Tharavawii, 1980; Knox et a1., 1979; Vesterinen et a1., 1977). Many 
of these patients are asymptomatic. Asymptomatic shedding of virus at 
or near term in women attending OB-GYN clinics has ranged from 0.24% 
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TABLE 1. Prevalence of Genital HSV Infections in Sexually Transmitted 
Disease Clinics of King County, Washington, 1976-1982 

1976 1977 1978 1979 1980 1981 1982 

No. cases of HSV 1,014 1,011 1,146 1,251 1,525 1,686 1,922 
First episode 942 
Recurrent episode 980 
% HSV cases 94% 92% 89% 87% 88% 87% 

Caucasian 
No. cases of N. 4,834 4,501 4,664 4,266 3,789 2,883 2,526 

gonorrhoeae 
Total No. STD clinic 39,803 38,722 39,440 35,890 35,207 33,313 34,196 

visi ts 
% STD visits due to 2.5% 2.6% 2.9% 3.5% 4.3% 5.1% 5.6% 

HSV 

a Not available. 

to 4% of attendees (Vontver et ai., 1982; Bolognese et ai., 1976; Harger 
et ai., 1983; Tejani et ai., 1979; Scher et a1., 1982). 

The prevalence of clinically diagnosed genital herpes is greater in 
Caucasian than non-Caucasian populations (Table I). In STD clinics 
seeing a high proportion of non-Caucasians, genital herpes is reported 
only 1I1Oth as frequently as Neisseria gonorrhoeae infection (STD Fact 
Sheet). However, student health centers seeing middle- and upper-class 
young adults, in whom the prevalence of gonococcal infection is very 
low, report that genital HSV infections are 7-10 times more common 
than gonorrhea (Sumaya et ai., 1980). In addition, genital HSV infections 
appear to be more frequently diagnosed in heterosexual than homosexual 
men (Judson et ai., 1980). 

B. Evidence for an Increasing Prevalence of Infection 

In many populations, genital HSV infections appear to have increased 
in prevalence in the last decade. Consultations for genital herpes to pri
vate practitioners increased in the U.S. from 3.4 per 100,000 patient con
sultations in 1966 to 29.2 per 100,000 consultations in 1979 (Anonymous, 
1982). In Rochester, Minnesota, a population-based epidemiologic study 
indicated that the incidence of genital HSV increased from 12.5 cases per 
100,000 population in the years 1965 through 1970 to 48.1 in the years 
1970 thorugh 1975 and then to 82.3 cases per 100,000 population in the 
years 1975 through 1980 (Chuang et ai., 1983). During the years 1976 
through 1982, the frequency of reported genital herpes in STD clinics in 
King County, Washington, increased by 47% (Table I). In this population, 
the ratio of genital HSV cases to N. gonorrhoeae cases rose from 1: 4.8 
in 1976 to 1: 1.3 in 1982, a result of both a decrease in N. gonorrhoeae 
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and an increase in genital HSV infections. In a middle-class student pop
ulation in Ann Arbor, Michigan, the prevalence of HSV in cytologic 
smears increased lO-fold over the years 1965-1975 (Britto et al., 1976). 
Between 1968 and 1973, the reported incidence of genital HSV infection 
nearly doubled each year in Auckland, New Zealand (MacDougall, 1975). 
In the years 1970 to 1976, the incidence of HSV infections, as detected 
by the routine cytologic screening of Papanicolaou smears obtained from 
cervical scraping, from women attending a gynecology clinic in Bangkok, 
Thailand, increased from 0.2 case per 1000 patients to 6.9 cases per 1000 
patients (Srinannaboon, 1979). Recently, Sullivan-Bolyai et al. (1983) re
ported that the incidence of neonatal HSV infection in King County, 
Washington, increased from 2 cases per 100,000 live births in the years 
1966-1969 to 12.8 cases per 100,000 live births in the years 1978-1981. 

Thus, in many populations throughout the world, the prevalence of 
genital HSV infections has markedly increased over the last 10 years. 
However, in other population groups, no evidence of an increasing prev
alence of genital HSV infection has been noted. For example, the high 
prevalence of cytologically detected genital HSV infections noted in the 
predominantly black, lower socioeconomic populations studied in At
lanta, Georgia, in the 1960s, has remained relatively constant over the 
decade of the 1970s (Nahmias et al., 1966, 1969aj Rawls et al., 1971 j Josey 
et al., 1972 j Nahmias, 1983). These data suggest that genital herpes may 
be increasing in frequency in some population groups, especially those 
with a previously low prevalence of genital herpes, e.g., middle-class Cau
casions. Whether these apparent increases reflect a true increase in the 
prevalence of genital herpes or an increasing recognition and use of di
agnostic facilities to confirm the diagnosis is uncertain. The increased 
incidence of neonatal HSV infection recently demonstrated in King 
County, Washington, indicates that at least part of the observed increase 
is probably related to a real increase in the incidence of infection. 

C. Prevalence of HSV Antibody 

The prevalence of antibody to HSV increases with age and varies with 
socioeconomic status (Nahmias and Roizman, 1973 j Nahmias et al., 
1970j Wentworth and Alexander, 1971 j Holzel et al., 1953). Studies of 
the seroepidemiology of HSV-2 infections are affected by the difficulty 
of distinguishing the human immune response between HSV-l and HSV-
2 infections. Some serologic tests such as the standard complement fix
ation antibody assay do not distinguish the antibody response between 
the two HSV types (Rawls, 1979). Several serologic tests (neutralization, 
indirect immunofluorescence, passive hemagglutination, indirect hem
agglutination, ELISA, and RIA) have been developed that distinguish an
tibody to HSV-l and to HSV-2 (Rawls et al., 1970 j Plummer et al., 1970 j 
Prakash and Seth, 1979 j Lerner et al., 1974). Nevertheless, serologic cross
reactions between the two HSV types are common. For example, in per-
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sons with prior HSV-l infections, much of the antibody response to a 
new HSV-2 infection appears to be directed at common rather than type
specific antigenic determinants (Yeo et ai., 1981). In addition, it may be 
difficult to detect the presence of HSV-2 antibody in the presence of high 
titers of HSV-l antibody (McClung et ai., 1976). For example, in 78 pa
tients with confirmed documented HSV-2 infections, we have found HSV-
1 neutralizing antibody specificity in the sera of 9% of these patients. 
Because of this, many of the currently available serologic techniques may 
underestimate the true prevalence of HSV-2 infection. The development 
of new diagnostic reagents using type-specific antigens and/or antibody 
systems will hopefully improve the specificity and sensitivity of sero
epidemiologic surveys of HSV-2 infection (Eberle and Courtney, 1981; 
Pereira et ai., 1982). 

Serologic studies of Western industrialized populations in the post
World War II era found that 80-100% of middle-aged adults of lower 
socioeconomic status possessed antibodies to HSV, as compared to 30-
50% of adults of higher socioeconomic groups (Nahmias et ai., 1970). In 
the U.S. in the early 1960s, HSV antibody was detected in 40% of those 
aged 8-14 seen in a private pediatric group compared to 80% of those of 
a similar age attending outpatient clinics at an urban public hospital 
(Porter et al., 1969). The higher prevalence of antibody to HSV in persons 
of lower socioeconomic class was due to an increased frequency of both 
HSV-l and HSV-2 infections (Nahmias et ai., 1970; Nahmias and Roiz
man, 1973). 

Antibodies to HSV-2 are not routinely detected in sera until puberty, 
and antibody prevalence rates correlate with past sexual activity. HSV-
2 antibodies were detected in 80% of female prostitutes, up to 60% of 
adults of lower socioeconomic status, 10% of higher socioeconomic 
groups, and 3% of nuns (Duenas et ai., 1972). In the 1970s, the anti-HSV-
2 prevalence rate was 7-20% in male and female voluntary blood donors 
in England compared to 60% in voluntary blood donors from prison pop
ulations (Roome et ai., 1975). In Ibadan, Nigeria, HSV-2 antibodies were 
detected in 20% of voluntary blood donors and in 27% of women at
tending family planning clinics (Montefiore et ai., 1980). A small popu
lation of young children in tropical areas have HSV-2 antibodies, sug
gesting that nonsexual transmission may occasionally occur in this 
population and climate (Montefiore et al., 1980; Johnson et al., 1981). In 
the late 1970s, using an ELISA technique, HSV-2 antibodies were detected 
in 50% of men and women reporting to an outpatient medical dispensary 
in Scandinavia (Vestergaard and Rune, 1980; Grauballe and Vestergaard, 
1977). Recently, a randomized survey of middle-class Caucasian adults 
in metropolitan Toronto indicated a prevalence of HSV-2 antibody in 
17.8% of women and 12.1% of men; only 20% of men and 13% of women 
gave a history of having symptomatic genital lesions (Stavraky et al., 
1983). 

Few serosurveys are avilable in similar population groups comparing 
antibody prevalence to HSV-l and HSV-2 over time. However, separate 
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studies of the prevalence of HSV antibody in England indicated that in 
1953,85% of Caucasian children between 3 and 15 years of age possessed 
CF antibody to HSV-l as compared to only 41% in 1965. In the 1965 
survey, antibody to HSV was detected in 35% of 10-14 year olds and 69% 
of 15-19 years olds (Smith and Pleutherer, 1967). 

D. Incidence of Ceni tal Herpes 

Little data are available regarding the serologic or clinical incidence 
of genital HSV infections. In one study of genital HSV infections in college 
students in the U.S., the mean average incidence of clinically apparent 
first episodes of genital HSV presenting to a student health service was 
5.2 cases per 10,000 students per month, or approximately 0.62% of stu
dents per year developed clinically symptomatic first episodes of disease 
(Sumaya et a1., 1980). A major problem with these data is that many 
students may present to other types of health care facilities especially for 
a sexually acquired disease. 

Little is known about the incidence of serologic infection or the in
fection-to-disease ratio. In a recent study we prospectively followed a 
cohort of homosexually active men. Antibody prevalence rates to HSV-
1 and HSV-2 were highj 44% had HSV-2-neutralizing specificity, 23% 
had HSV-l-neutralizing antibody, and only 13% were seronegative to 
HSV. The incidence of seroconversion among the seronegative men was 
0.46 cases per person year. Of interest was that of the eight seroconversions 
and/or serologic rises to HSV-l or HSV-2 in this cohort of men, only two 
were associated with symptoms that brought the patients to clinical at
tention (Mann et a1., 1984). 

E. Comment 

Several important epidemiologic questions remain to be answered 
before one can adequately assess the prevalence and incidence of genital 
HSV infections. There appears to be a substantial difference between the 
prevalence of HSV antibody and the prevalence of disease. Whereas the 
prevalence of HSV-2 antibody is greatest in persons of lower socioeco
nomic status, the prevalence of recognized genital herpes even in SID 
clinics is greater in middle-class Caucasians. Recent serologic and epi
demiologic data suggest that the age-specific prevalence of HSV-l infec
tion may be falling in some populations, especially middle-class popu
lations in Western industrialized nations, whereas the prevalence of 
sexually acquired HSV infections may be increasing. In contrast, data 
exist that other population groups may have experienced no recent change 
in the prevalence and incidence of asymptomatic HSV infection. 

Several interesting questions require definition: What is the serologic 
prevalence of genital herpes in a variety of social groups and locales? What 
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are the most important epidemiologic correlates of disease? Do age of 
acquisition, crowding, racial factors affect the proportion of persons who 
acquire symptomatic versus asymptomatic infection? What is the effect 
of prior HSV-l infection on the subsequent development of antibody or 
disease? Randomized point prevalence serosurveys of several different 
socioeconomic groups should be performed to assess the prevalence of 
HSV-2 antibody and excretion of HSV-2 from the genital tract. Data col
lected should allow one to assess what effect cofactors (e.g., socioeco
nomic status, social crowding, contraceptive practices, age, and past sex
ual activity) have on the prevalence of antibody and clinical disease. The 
frequency of asymptomatic acquisition of disease also requires clarifi
cation. While retrospective surveys suggest only one-third of patients 
with antibody have genital lesions, these surveys, because of the time 
lapse between acquisition of disease and questioning of symptoms or 
signs, do not assess how many have ignored symptomatic versus truly 
asymptomatic infection. Prospective studies defining the frequency of 
symptomatic to asymptomatic acquisition of disease are needed. Does 
prior HSV-l antibody influence the frequency of persons with asymp
tomatic disease? 

IV. CLINICAL MANIFESTATIONS OF GENITAL HERPES 

A. First Episodes of Genital Herpes 

The clinical manifestations and recurrence rate of genital herpes are 
influenced both by host factors (past exposure to HSV -1, previous episodes 
of genital herpes, gender) and by viral type (Corey et a1., 1983a). First 
episodes of genital herpes are often associated with systemic symptoms, 
involve multiple genital and extragenital sites, and have a prolonged du
ration of viral shedding and lesions (Adams et a1., 1976; Vontver et a1., 
1979, Kaufman et ai., 1973). Patients with first episodes of genital herpes 
who have clinical or serologic evidence of prior HSV infection tend to 
have a milder illness than those experiencing true primary infection, i.e., 
experiencing their first infection with either HSV-l and HSV-2 (Corey et 
ai., 1981). About 60% of persons who attend our genital HSV clinic with 
their first episode of symptomatic genital herpes had primary infection 
with either HSV-l or HSV-2. Most persons with nonprimary first episodes 
of genital HSV infection have serologic evidence of past HSV-l infection. 
However, 10-30% of persons with first episodes of disease have serologic 
evidence of past HSV-2 in acute-phase sera, indicative of past asympto
matic acquisition of HSV-2 (Corey et ai., 1978a, 1982). 

Past orolabial HSV-l infection may decrease the acquisition of genital 
HSV-l infections (Reeves et al., 1981). Genital HSV-l infections have 
been reported with increasing frequency in some populations, especially 
in some persons experiencing first episodes of infection (Kalinyak et a1., 
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1977; Kawana et al., 1976; Barton et al., 1982). In Seattle, in the years 
1975-1980, HSV-l was isolated from genital lesions in 21 (7%) of 286 
persons with first episodes of genital herpes. Between the years 1980-
1983, 14% of first episodes of genital herpes have been due to HSV-1. 
Ninety-five percent of the patients with first-episode HSV-l infection 
have lacked anti-HSV in acute-phase sera, i.e., had true primary infection, 
suggesting that prior HSV-l infection protects against the acquisition of 
genital HSV-l disease. 

Prior HSV-l infection also ameliorates the severity of first episodes 
of genital herpes. For example, only 16% of persons with first-episode 
nonprimary genital HSV-2 infection demonstrate systemic symptoms 
during the course of illness as compared to 62 and 68% of patients with 
primary HSV-2 or primary genital HSV-l infections. The severity of local 
pain (8.7 days), duration of viral shedding from lesions (6.8 days), and 
duration of lesions (15.5 days) are also less than in patients with primary 
HSV-2 disease (11.8, 11.4, and 18.6 days, respectively) (Fig. 1). The du
ration of symptoms and lesions are similar between patients with primary 
HSV-l and primary HSV-2 infections (Reeves et al., 1981; Corey et al., 
1983a). 

B. Primary Genital Herpes 

1. Symptoms 

Primary genital HSV infection is characterized by a high frequency 
and prolonged duration of systemic and local symptoms. Fever, headache, 
malaise, and myalgias are reported in nearly 40% of men and 70% of 
women with primary HSV-2 disease (p < 0.05) (Table II). Systemic symp
toms appear early in the course of the disease, usually reaching a peak 
within 3-4 days after onset of lesions, and gradually recede over the sub
sequent 3-4 days. 

Pain, itching, dysuria, vaginal or urethral discharge, and tender in
guinal adenopathy are the predominant local symptoms of disease. Pain
ful lesions are reported in 95% of men (mean duration 10.9 days) and 
99% of women (mean duration 12.2 days) with primary HSV infection. 
Dysuria, both external and internal, appears more frequently in women 
(83%) than men (44%). HSV has been isolated from the urethra and urine 
of both men and women with primary genital herpes, suggesting that 
HSV urethritis and/or cystitis in addition to external dysuria resulting 
from urine touching active genital HSV lesions may account for the high 
frequency and long duration of dysuria in women (Corey et al., 1983a,b; 
Person et al., 1973). 

Urethral discharge and dysuria are noted in about one-third of men 
with primary HSV-2 infection of the external genitalia. HSV can be iso
lated from a urethral swab or first voiding urine of these men. The urethral 



THE NATURAL HISTORY OF GENITAL HSV 

painRlii~_ 

Viral !111111~iiiiiTI------< shedding 
from genital 

lesions 

Time to 
crusting of 

lesions 

Time to 
healing 

of 
lesions 

3 6 9 12 15 
Mean duration (days) 

18 

9 

21 24 27 

FIGURE 1. Clinical course of untreated genital HSV infection. Comparison of the duration 
of local pain, viral shedding, time to crusting of genital lesions, and time to healing of genital 
lesions in patients with first-episode primary (181), first episode nonprimary (~), and recurrent 
genital herpes (bS:I). The mean difference in the duration of each of the listed signs between 
each of these three stages of disease is significant (p < 0.01 for each comparison). -- = 
standard deviation. 

discharge is usually clear and mucoid and the severity of dysuria is often 
"out of proportion" to the amount of urethral discharge elicited on genital 
exams. Gram stain of the urethral discharge usually reveals between 5 
and 15 polymorphonuclear leukocytes per oil immersion field. Occa
sionally a mononuclear cell response is seen. 

The clinical symptoms of pain and irritation from lesions gradually 
increase over the first 6-7 days of illness, reaching their maximum in
tensity between days 7 and II, and gradually recede over the second week 
of illness. Tender inguinal adenopathy usually appears during the second 
and third weeks of disease and often is the last symptom to resolve. 

TABLE II. Clinical Symptoms and Signs of Primary Genital HSV-2 

% with constitutional symptomsa 

Mean duration (days) local pain 
% with dysuriaQ 

Mean duration (days) dysuriaQ 

Mean area (mm2 ) of lesions 
Mean duration (days) viral shedding from lesion 
Mean duration (days) lesions 

a p < 0.05 by x 2 

Men 

39% 
10.9 
44% 

7.2 
427 

10.5 
16.5 

Women 

68% 
11.9 
83% 
11.9 

550 
1l.8 
19.7 
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FIGURE 2. Ulcerative genital lesions in a woman with primary genital HSV-2 infection. 

Inguinal and femoral lymph nodes are generally firm, nonfluctuant, and 
tender when palpated. Suppurative lymphadenopathy is a very uncom
mon manifestation of genital herpes. 

2. Signs 

In both men and women with primary genital HSV infection, widely 
spaced bilateral pustular or ulcerative lesions on the external genitalia 
are the most frequent presenting sign. Lesions are characteristically de
scribed as starting as papules or vesicles that rapidly spread over the gen
ital area. At the time of the first clinic visit, multiple small pustular lesions 
that coalesce into large areas of ulcerations are usually present (Fig. 2). 
The size and shape of the ulcerative lesions vary greatly between patients. 
These ulcerative lesions persist between 4 and 15 days until crusting 
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and/or reepithelialization occurs. In general, lesions in the penile and 
mons areas crust over before complete reepithelialization ensues. Crust
ing does not occur on mucosal surfaces. Residual scarring from lesions 
is uncommon. New lesion formation (the development of new areas of 
vesiculation or ulceration during the course of infection) occurs in over 
75% of patients with primary genital herpes. New lesions usually form 
between days 4 and 10 of disease. 

The median duration of viral shedding as defined from onset of le
sions to the last positive culture is 12 days. The mean time (about 10.5 
days) from the onset of vesicles to the appearance of the crust stage cor
relates well with the duration of viral shedding (Fig. 1). However, because 
there is considerable overlap between the duration of viral shedding and 
the duration of crusting and because mucosal lesions do not crust, pa
tients should be advised not to resume sexual activity until lesions have 
completely reepithelialized. The mean time from the onset of lesions to 
complete reepithelialization of all lesions appears to be slightly longer in 
women (19.5 days) than men (16.5 days). 

3. Concomitant Vulvar and Cervical HSV Infection 

Ninety percent of women with primary genital HSV-2 infection, 70% 
of women with primary genital HSV -1 infection, and 70% of women with 
nonprimary genital HSV-2 infection have concomitant HSV cervicitis 
(Adams et al., 1976; Corey et al., 1983a; Barton et al., 1981). The high 
rate of isolation of HSV from the cervix in first episodes contrasts sharply 
with the 12-20% isolation rate in women who present with recurrent 
external genital lesions (Adams et al., 1976; Guinan et al., 1981; Corey 
et al., 1983a). Primary genital HSV cervicitis may be symptomatic (pu
rulent vaginal discharge) or asymptomatic (Josey et al., 1966). In most 
cases of primary HSV cervicitis, the cervix appears abnormal to inspec
tion. The appearance may include areas of diffuse or focal friability and 
redness, extensive ulcerative lesions of the exocervix, or severe necrotic 
cervicitis. HSV infection of the cervix usually involves the squamous 
epithelium of the exocervix in contrast to the mucopurulent cervicitis 
of C. trachomatis and N. gonorrhoeae infection. However, clinical dif
ferentiation is difficult. Recent studies of women with mucopurulent 
cervicitis without any external genital lesions suggest that HSV may 
cause 5-20% of cases (J. Pavonnen and 1. Corey, unpublished results). 

In women with primary genital herpes, the mean duration of viral 
shedding from the cervix (11.4 days) is similar to that from lesions of the 
external genitalia, and there is a close correlation between the duration 
of cervical viral excretions and the duration of viral shedding from ex
ternal genital lesions (Fig. 3). 

4. Pharyngeal Infection 

HSV of the pharynx is commonly seen in association with primary 
genital herpes and may be the presenting complaint. Both HSV-l and 
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FIGURE 3. Comparison of the duration of viral shedding from the vulva (x-axis) and the 
cervix (y-axis) in women with untreated first episodes of genital herpes (N = 85). Includes 
only those women from whom HSV was isolated from both the external genitalia and cervix. 

HSV-2 may cause pharyngitis. Both HSV types may be associated with 
orogenital exposure to the source contact (Embil et a1., 1981; Corey et 
a1., 1983a). We have isolated HSV from the pharynx of 11 % of patients 
with primary HSV-2 infection, 20% of patients with primary HSV-l in
fection, 1 % of patients with nonprimary initial genital herpes, and 1 % 
of persons with recurrent genital herpes. Among persons with primary 
genital herpes who complained of sore throat during the acute episode 
of disease, HSV was isolated from the pharynx in 70%. Viral cultures of 
the pharynx were obtained on 20 patients with primary HSV-2 disease 
who did not complain of sore throat and HSV was not isolated from the 
pharynx in any of these patients, indicating that HSV pharyngitis is usu
ally symptomatic. Clinical signs of HSV pharyngitis may vary from mild 
erythema to a diffuse ulcerative pharyngitis (Evans and Dick, 1964; Gle-
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zen et al., 1975). The inflammatory response to these large areas of ul
ceration may produce a whitish exudate; when wiped away, the extensive 
ulceration may be visualized. In rare cases, severe swelling of the posterior 
pharynx resulting in obstruction of the airway may occur (Tustin and 
Kaiser, 1979). Extension of the ulcerative posterior pharyngeal lesions 
into the anterior gingival area may occur. Most patients with HSV phar
yngitis have tender cervical nodes, and constitutional symptoms, such 
as fever, malaise, myalgia, and headache, are common. Many are mis
diagnosed as having streptococcal pharyngitis. 

Previous studies of HSV pharyngitis have shown the entity to be a 
common form of infection in college-age students and almost invariably 
due to primary infection with HSV-1. The more frequent isolation of HSV-
2 in patients with primary than with nonprimary or recurrent genital 
disease suggests that HSV-2 pharyngitis is also a manifestation of primary 
rather than recurrent genital herpes. 

C. Complications of Genital Herpes 

The complications of first episodes of genital herpes are related to 
both local extension and spread of virus to extragenital sites. The most 
frequent complication is the development of lesions at extragenital sites 
(Table III). CNS involvement and fungal superinfection are also frequently 
encountered. Complications of primary genital herpes occur more fre
quently in women than in men (Corey et al., 1983a). 

1. CNS Complications 

CNS involvement may occur in several forms, including aseptic men
ingitis, transverse myelitis, or what has been called the sacral radiculo
pathy syndrome (Ross and Stevenson, 1961; Klastensky et al., 1972; Ca
plan et al., 1977). In patients with primary genital HSV-2 infection seen 
at the University of Washington Genital Herpes Clinic, meningeal irri
tation (defined as the presence of stiff neck, headache, and photophobia 
on two consecutive examinations) was reported in 36% of women and 
13% of men (p < 0.001). Hospitalization was required for clinically overt 
aseptic meningitis in 6.4% of women and 1.6% of men with primary 
HSV-2 infections. All of the hospitalized patients were febrile, had Ker
nig's and Brudzinski's signs on physical examination, and had a CSF pleo
cytosis. Routine lumbar punctures were not performed on all nonhos
pitalized patients. However, a study of primary genital herpes in the early 
1900s found a high frequency of CSF pleocytosis in patients without overt 
clinical evidence of meningeal irritation, suggesting that meningeal in
volvement may be a frequent occurrence with primary genital herpes 
(Ravaut and Darre, 1904). 

Both HSV-1 and HSV-2 have been isolated from CSF. HSV has been 
isolated from 0.5 to 3.0% of patients presenting to hospital with aseptic 
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TABLE III. Complications of Primary Genital HSV -2 Infection 

CNS complications 
% with stiff neck, headache, and photophobiaa 

% hospitalized with aseptic meningitis 
Sacral autonomic nervous system radiculopathyb 
Transverse myelitis 

HSV pharyngitis 
Development of extragenital lesions 

Lip 
Buttock, groin 
Breast 
Finger 
Eye 
Disseminated cutaneous infection 

Direct extension of disease 
Pelvic inflammatory disease syndrome lincluding endometritis) 
Pelvic cellulitis 
Suppurative lymphadenitis 

Fungal superinfection 
Yeast vaginitis 

a All three symptoms present on two consecutive examinations. 
b Constipation, urinary retention, and sacral anesthesia. 

Approximate 
frequency 

28% 
5% 
1% 

rare 
10% 
21 % 

3% 
9% 
2% 
6% 
1% 

rare 

1.8% 
rare 

<0.5% 

14% 

meningitis (Skoldenberg et al., 1975 j Bayer and Gear, 1955). HSV aseptic 
meningitis appears to be more frequently associated with genital than 
orolabial infection (Wolontis and Jeansson, 1977j Craig and Nahmias, 
1973). Fever, headache, vomiting, photophobia, and nuchal rigidity are 
the predominant symptoms of HSV aseptic meningitis. Meningeal symp
toms usually start from 3 to 12 days after onset of genital lesions. Symp
toms generally reach a maximum 2-4 days into the illness and gradually 
recede over 36-72 hr. The CSF in HSV aseptic meningitis is usually clear 
or slightly cloudy, and the opening pressures may be elevated. White 
blood cell counts in CSF may range from 10 to over 1000 per mm3 (mean 
550). The pleocytosis is predominantly lymphocytic in adults, although 
early in the course of the disease and in neonates a predominantly po
lymorphonuclear response may be seen. The CSF glucose is usually more 
than 50% of the blood glucose, although hypoglycorrhachia has been 
reported j the CSF protein is slightly elevated (Brenton, 1980). If cultures 
are obtained within 24 hr of onset of headache and photophobia, HSV 
may be grown from the CSF. The differential diagnosis of HSV aseptic 
meningitis includes diseases that result in neurologic involvement and 
genital ulcerations: sacral herpes zoster, Behcet's syndrome, collagen vas
cular disease, inflammatory bowel disease, porphyria, and benign recur
rent aseptic meningitis (Mollaret's syndrome). 
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Craig and Nahmias (1973) reported the isolation of HSV-2 from buffy 
coat collected in adults with HSV-2 meningitis. These investigators hy
pothesized hematogenous spread of virus into the CNS. In animal models, 
HSV appears to travel from involved mucocutaneous sites through pe
ripheral nerves into the CNS (Overall et a1., 1975; Renis et a1., 1976; 
Kristensson et a1., 1978). This form of neurotropic spread is often asso
ciated with the development of paralysis and/or death due to encephalitis, 
which rarely occur in human cases of aseptic meningitis associated with 
genital herpes. The pathogenesis of HSV meningitis is unclear. We have 
been unable to isolate HSV from buffy coat in patients with primary 
genital herpes (Corey et a1., 1983b). Whether hematogenous, neurotropic, 
or a combination of both, means by which virus reaches the CNS requires 
further study. 

Aseptic meningitis associated with genital herpes appears to be a 
benign albeit uncomfortable disease in immunocompetent persons. Signs 
and symptoms of encephalitis are unusual, and neurologic sequelae are 
rare. Risk factors associated with the development of aseptic meningitis 
are not well understood. Whether antiviral chemotherapy will shorten 
the course or prevent the development of HSV-2 aseptic meningitis is 
currently unknown. 

Both transverse myelitis and autonomic nervous system dysfunction 
have been described in association with genital HSV infection (Klastensky 
et a1., 1972; Caplan et al., 1977; Craig and Nahmias, 1973). Symptoms 
of sacral nervous system dysfunction include hyperesthesia or anesthesia 
of the perineal, lower back, and anal regions; difficulty in urinating; and 
constipation. Physical examination reveals a large bladder, decreased sac
ral sensation, and poor rectal and perineal sphincter tone. In men, a his
tory of impotence and absent bulbocavernous reflexes may be present. 
CSF pleocytosis may be present in some cases. Electromyography usually 
reveals slowed nerve conduction velocities and fibrillation potentials in 
the affected area, and urinary cystometric exam shows a large atonic 
bladder. Most cases gradually resolve over 4-8 weeks. In cases of trans
verse myelitis, decreased deep tendon reflexes and muscle strength in the 
lower extremities, as well as the above-described sacral neurologic dys
function are present. In one reported case, significant residual dysfunction 
was present years later (Craig and Nahmias, 1973). 

Whether these neurologic abnormalities result from viral invasion 
of the CNS or an unusual immunologic response to infection is unknown. 
Paresthesias, urinary retention, and/or impotence have been noted in ap
proximately 50% of men who present with HSV proctitis (Goodell et a1., 
1983). We have observed these symptoms in only 2 of 123 heterosexual 
women and 0 of 63 heterosexual men who presented with HSV infection 
of the penile or scrotal area. Of interest was the fact that both of the 
women who presented with sacral neurologic dysfunction also had anal 
HSV lesions. The mechanism for the more frequent association between 
HSV proctitis and these symptoms is unclear. Involvement of the dorsal 
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nerve root ganglia (ganglionitis) has been postulated as one potential 
mechanism. Patients with these neurologic symptoms have been noted 
to have CSF pleocytosis. However, pleocytosis is common in primary 
genital herpes and is not specific for ganglionitis. To date, our group has 
studied 6 women and 2 men with these symptoms. In 4 women, sacral 
nerve conduction studies revealed slowed nerve conduction and the pres
ence of bladder dysfunction: usually motor and/or mixed sensory/motor 
involvement. In both men, studies revealed no evidence of sacral nerve 
dysfunction, but both had severe perineal pain associated with inability 
to fully relax the perineal musculature. Thus, the pathogenesis of these 
complications may be varied. Controlled clinical trials of the use of an
tivirals or anti-inflammatory medications in these sacral neurologic syn
dromes have not been performed. 

2. Extragenital Lesions 

Extragenital lesions appearing during the course of infection was 
present in 16% of persons with primary first episodes, 8% with nonpri
mary first episodes, and 4% with recurrent genital herpes. Among pa
tients with primary genital HSV-2 infection, extragenital lesions devel
oped in 26% of females compared to 8% of males (p < 0.05). These lesions 
were most frequently located in the buttock, groin, or thigh area, although 
finger and eye sites were also involved. Characteristically, the extragen
itallesions developed after the onset of genital lesions, often during the 
second week of disease. The distribution of lesions on the extremities 
and/or areas near the genital lesions and their occurrence well into the 
course of disease suggest that the majority of extragenital lesions develop 
by autoinoculation of virus rather than viremic spread. Anatomic differ
ences, especially contact with infected cervical-vaginal secretions, are 
the most likely explanation for the apparent increased risk of extragenital 
lesions in women. 

3. Disseminated Infection 

Blood-borne dissemination evidenced by the appearance of multiple 
vesicles over widespread areas of the thorax and extremities occurs rarely 
« 0.5%) in persons with primary mucocutaneous herpes (Nahmias, 1979; 
Ruchman and Dodd, 1950). Cutaneous dissemination usually occurs early 
in the disease and is often associated with aseptic meningitis, hepatitis, 
pneumonitis, or arthritis. Other complications of primary genital HSV-
2 infection include monoarticular arthritis (Friedman et al., 1980), hep
atitis (Joseph and Vogt, 1974; Flewett et al., 1969), thrombocytopenia 
(Whittaker and Hardson, 1978), and myoglobinuria (Schlesinger et al., 
1978). Pregnancy may predispose to severe visceral dissemination of pri
mary genital HSV disease (Koberman et al., 1980; Peacock and Sarubb., 
1983; Young et al., 1976). Severe mucocutaneous and occasionally vis-
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ceral dissemination of disease may occur in patients with atopic eczema 
(Wheeler and Abele, 1966). In immunosuppressed patients, especially 
those with impaired cellular immune responses, reactivation of genital 
HSV infection can be associated with viremic spread of virus to multiple 
organs (Linnemann et a1., 1976; Sutton et a1., 1974; Ramsey et a1., 1982; 
Meyers et a1., 1980). These patients may develop interstitial pneumonia, 
hepatitis, and pneumonitis, similar to the manifestations of disseminated 
infection of the neonate (Nahmias et a1., 1969b). Disseminated visceral 
infection in the immunosuppressed and pregnant patient is a disease of 
potentially high mortality. Systemic antiviral chemotherapy should be 
considered. 

4. Local Extension of Disease 

Extension of HSV infection into the uterine cavity is apparently un
common. It is uncertain whether genital HSV causes pelvic inflammatory 
disease (Abramham, 1978). This author has occasionally seen patients 
with primary cervical HSV infection who also have lower abdominal pain 
and adnexal uterine tenderness. Whether this represents dual infection 
with other sexually transmitted pathogens such as N. gonorrhoeae and 
C. trachomatis or extension of HSV infection into the uterine cavity is 
unknown. Laparoscopic examination of one woman revealed vesicular 
lesions on the fimbrionated end of the fallopian tube. However, although 
HSV was isolated from vulvar and cervical lesions, virus was not isolated 
from a sample of the fluid taken at laparoscopy. 

5. Superinfection 

Bacterial superinfection of genital herpes in nonimmunosuppresed 
patients is uncommon. In rare cases, pelvic cellulitis presenting as an 
advancing erythema and swelling of the perineal area is encountered. In 
this instance, systemic antimicrobial therapy should be administered. 

Fungal superinfection is frequently encountered during the course of 
initial genital herpes. We have noted the development of monilial vagin
itis in 14% of women with first episodes of genital disease. Character
istically, monilial infection developed during the second week of disease, 
was associated with a change in character of the vaginal discharge and 
reemergence of local symptoms such as vulvar itching and irritation. 
Typical hyphal yeast forms can be demonstrated on KOH examination 
of vaginal secretions. 

D. Summary of the Clinical Course of First Episodes of Genital 
Herpes 

First-episode genital HSV infection is a disease of both systemic and 
local manifestations. Over one-half of the patients with primary genital 
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herpes suffer from constitutional complaints, and one-third complain of 
headache, stiff neck, and mild photophobia during the first week of dis
ease. Most patients have involvement of multiple anatomic sites. Herpes 
progenitalis is clearly a misnomer for first-episode genital HSV infection. 

Patients with serologic evidence of prior HSV-l infection are less apt 
to have constitutional symptoms, have a lower rate of complications and 
a shorter duration of disease than persons with true primary genital 
herpes. Neutralizing antibody to HSV has been shown to inactivate ex
tracellular virus and interrupt the spread of HSV infection (Notkins, 
1974). In addition, a cellular immune response to HSV antigens appears 
earlier in persons with nonprimary genital HSV than in persons with true 
primary infection (Corey et a1., 1978a). It is likely that both of these 
immune mechanisms account for the clinical differences between pri
mary and nonprimary first episodes of genital infection. 

Although the duration of viral shedding from external genital lesions 
is similar in men and women with primary genital herpes, the duration 
of symptoms and the frequency of complications are greater in women. 
One potential explanation may be the high frequency of cervical and 
urethral involvement in womenj the greater surface area of involvement 
may account for the increased severity of clinical disease in women. 

E. Future Directions for Research on the Clinical Manifestations 
of Genital Herpes 

While recent studies of the clinical manifestations of genital herpes 
have gone a long way toward defining the severity, diverse manifestation 
and complications of infection, little research emphasis has been placed 
upon studies that define the epidemiologic, anatomic, and/or host factors 
associated with disease acquisition and/or expression. For example: are 
there gender, racial, or age-related factors that influence the frequency 
of asymptomatic versus symptomatic infection? Is primary infection in 
the adolescent different in severity from the older adult? While surface 
area of involvement may help explain the higher rate of complications 
in women, are there hormonal factors that also affect disease severity? 
While HSV-type does not appear to affect the severity of first-episode 
disease, are there strain virulence factors between patients with asymp
tomatic primary versus symptomatic primary infection? Are there neu
rotropic strains associated with HSV meningitis or sacral neuropathy? 

Animal models of HSV suggest that host immunologic factors influ
ence the severity of disease (Lopez et a1., 1980). Are there identifiable 
genetic factors associated with the expression of diseasej or likelihood of 
complications? Kindreds with severe HSV infections have been described 
(Kapadia et al., 1979). In humans, several host factors have been shown 
to affect some of the clinical manifestations of primary genital herpes. 
Merriman et al. (1984) have demonstrated an inverse correlation between 
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the development of local IgA antibody to HSV in cervicovaginal secretions 
and the duration of cervical viral shedding. Women who developed high 
titers of anti-HSV secretory IgA titer in cervicovaginal secretions had a 
shorter duration of viral shedding than those whose local immune re
sponse was slower to develop. The duration of viral shedding of primary 
first-episode genital herpes has also been correlated with the in vitro 
cellular immune response to HSV antigens (Corey et ai., 1978a). These 
data indicate that the role local, systemic, and cellular immune responses 
play in severity of first-episode disease should be studied in more detail. 
Newer techniques to dissect out the functional and morphologic cell 
types associated with the cellular immune response to HSV-specific an
tigens should be pursued. Are the local, systemic and cellular responses 
integrated? Studies to determine which one of these factors is correlated 
best with lesion or viral shedding, for example, could be approached by 
investigating enough patients with each assay to allow more detailed 
dissection of what are the determinant factors in disease expression. 

F. Recurrent Genital Herpes 

In contrast to first episodes of genital infection, the symptoms, signs, 
and anatomic sites of infection of recurrent genital herpes are localized 
to the genital region (Adams et a1., 1976; Guinan et ai., 1981; Corey et 
ai., 1983a). Local symptoms such as pain and itching are mild compared 
to first episodes of genital infection and the duration of the episode usu
ally ranges from 8 to 12 days (Fig. 1). Approximately 50% of persons with 
recurrent genital herpes develop symptoms in the prodromal phase of 
illness, i.e., prior to the appearance of lesions. Prodromal symptoms vary 
from a mild tingling sensation, occurring! to 48 hr prior to the eruption, 
to shooting pains in the buttocks, legs, or hips 1-5 days prior to the 
episode. In many patients these symptoms of sacral neuralgia are often 
the most bothersome part of the episode. 

Symptoms of recurrent genital herpes tend to be more severe in 
women. In the 362 patients with untreated recurrent genital herpes fol
lowed at the Genital Herpes Clinic at the University of Washington, pain 
associated with lesions was a complaint of 88 % of women (mean duration 
5.9 days), as compared to 67% of men (mean duration 3.9 days). In ad
dition, pain was more severe in women. Dysuria was reported in only 
27% of women with recurrent disease. Most reported only external dy
suria, and isolation of HSV from the urethra was uncommon in both sexes 
(3-9%). 

Lesions of recurrent genital HSV are usually confined to one side, 
with an area of involvement approximately 11l0th that of primary genital 
infection (Figs. 4 and 5). The average duration of viral shedding from the 
onset of lesions was about 4 days; and the mean time from the onset of 
lesions to crusting of lesions averaged between 4 and 5 days for both men 
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FIGURE 4. Recurrent buttock lesion. 

and women. The mean time from onset of vesicles to complete reepi
thelialization of lesions was about 10 days. Although symptoms of re
current genital disease tend to be more severe in females, objective signs 
of disease are similar in the two sexes. 

Considerable overlap in the severity and duration of disease exists 
between patients (Fig. I-note standard deviation for lesions, pain). In 
addition, the severity of anyone individual episode of disease in anyone 
patient may vary greatly during the course of disease. Some recurrences 
have only 1-2 lesions lasting 6-7 days, while others may be associated 
with 15-20 lesions lasting 12-16 days. Factors that are related to these 
variations in clinical expression have been unexplored. For example, does 
the time between recurrences or the severity of the prior recurrence in
fluence the duration and time to the next recurrence? Data such as this 
would be useful in evaluating whether host immune factors are likely to 
play an important role in reactivation of infection. 

G. Other Clinical Syndromes Associated with Genital HSV 
Infection 

1. HSV Cervicitis 

HSV may involve the cervix alone, without involvement of the ex
ternal genitalia (Josey et ai., 1966). Cervical HSV infection may be asymp-



FIGURE 5. (AI Group of unilat
eral vesicular lesions in a woman 
with recurrent genital herpes. (BI 
Same lesions 24 hr later; small 
vesicles have formed coalescent 
painful ulcer. 
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tomatic or may present as a mucopurulent cervicitis. It is currently un
known what percentage of women who contract primary genital HSV 
infection develop cervicitis alone compared with those with both vulvar 
and cervical disease. 

Asymptomatic viral shedding from the cervix, both during episodes 
of vulvar lesions as well as between episodes of recurrent vulvar disease, 
has been demonstrated (Rattray et al., 1980; Vontver et al., 1982). The 
frequency of detection of HSV infection of the cervix varies depending 
on the frequency that patients are sampled. Rattray et al. (1980) followed 
six women with recurrent vulvar genital herpes with twice-weekly viral 
cultures of the cervical and vulvar area. Twenty-three clinical and vi
rologic recurrences of HSV were recorded in these women during 190 
weeks of follow-up. Three recurrences were associated with asympto
matic excretion of virus: one with a small vulvar lesion noted only by 
the examiner, from which HSV was isolated; one with no external lesions, 
although HSV was isolated from a vulvar skin culture; and one in which 
HSV was isolated from the cervix. Thus, in this small group of women 
with recurrent genital herpes, asymptomatic HSV infection of the cervix 
accounted for 1 of 23 clinical and virologic recurrences of genital herpes. 
Adam et al. (1979) also demonstrated transient asymptomatic excretion 
of HSV from the cervix in three women who were sampled regularly over 
3 months. Asymptomatic excretion of virus from the vulva has also been 
described and may be even more frequent than cervical viral shedding. 
Vontver et al. (1982) described asymptomatic vulvar shedding in 0.75% 
and asymptomatic cervical excretion in 0.66% of cultures in a cohort of 
pregnant women with known genital herpes. 

HSV antigen has been demonstrated in cervicovaginal secretions 
when HSV culture was negative (Adam et al., 1979; Moseley et al., 1981; 
Goldstein et al., 1983). It is currently unknown whether this is a reflection 
of short but frequent periods of viral shedding in which infectious virus 
is quickly inactivated by local immune mechanisms, or defective viral 
replication. These studies do, however, indicate that the pattern of viral 
shedding from the cervix is intermittent, similar to the intermittent ap
pearance of external genital lesions (August et al., 1979). 

2. HSV Urethritis 

As discussed earlier, among patients with primary genital herpes who 
present with external genital lesions, HSV has been isolated from the 
urethra in 28% of men and 82% of women. This urethritis is usually 
symptomatic. HSV urethritis may also occur as the sole symptomatic 
manifestation of genital herpes. In a recent study of women with the 
urethral syndrome (dysuria-frequency syndrome), HSV was isolated from 
the urethra or cervix in 5% (Stamm et al., 1980). HSV has been isolated 
from urine of both men and women with dysuria or hematuria, and cys
toscopy has in some of these cases revealed mucosal ulcerations. It is 
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likely that HSV cystitis occasionally occurs as a result of ascending in
fection from the urethra into the bladder. 

3. Herpes Simplex Proctitis 

HSV has been isolated from rectal mucosal and rectal biopsies in 
men and women with symptoms of rectal pain and discharge (Goddell et 
al., 1983; Quinn et al., 1983; Waugh, 1976). In a prospective study of 100 
consecutive homosexual men who presented to an STD clinic with symp
toms of rectal discharge and pain, HSV was isolated from rectal swabs 
and/or rectal biopsies in 23% and was the most frequent cause of non
gonococcal proctitis in homosexual men (Goodell et al., 1983). Patients 
with HSV proctitis usually present with the acute onset of rectal pain, 
discharge, tenesmus, constipation, and blood and/or mucosy rectal dis
charge. Fever, malaise, and myalgia are common, and urinary retention, 
dysesthesia of the perineal region, and impotence may be reported. Ex
ternal perianal lesions are seen in about one-half the cases. Anoscopy 
and/or sigmoidoscopy generally reveal a diffuse, friable rectal mucosa, 
although occasionally discrete ulcerations of the rectal mucosa may be 
present. In most cases the pathology is limited to the lower 10 cm of the 
rectum. Rectal biopsies of involved mucosa generally reveal diffuse ul
cerations and lymphocytic infiltration. If multiple histologic sections are 
performed, intranuclear inclusions may be demonstrated in rectal biop
sies in about 50% of cases. 

Both HSV-l and HSV-2 have been isolated from patients with HSV 
proctitis (Levine and Saeed, 1979; Goodell et a1., 1983). Recurrences of 
this disease have been described and may be mild and/or asymptomatic. 
Controlled clinical evaluation of the use of systemic antivirals on this 
entity is currently unavailable. 

4. Genital Ulcerations 

HSV infection causes 40-60% of genital ulcerations in patients pre
senting to gynecologic practices or STD clinics in Western industrialized 
countries (Chapel et al., 1978; Kinghorn et al., 1982). In underdeveloped 
nations, however, genital HSV infection is an infrequent cause of genital 
ulcerations (Plummer et al., 1983). The varied size, symptoms, and ap
pearance of genital HSV lesions may make clinical diagnosis of genital 
ulcerations, especially single ulcerations, difficult. HSV may be isolated 
from many lesions attributed by patients to "trauma" or irritation. In 
addition, clinical differentiation of genital ulceration due to HSV, Tre
ponema pallidum, and Hemophilus ducreyi is often uncertain. 

V. CHRONICITY OF GENITAL HSV INFECTIONS 

There are still large gaps in our knowledge concerning the natural 
history and chronicity of genital herpes. Long-term prospective studies 
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of the subsequent rate of recurrence of persons who acquire symptomatic 
primary infection are unavailable. Many basic questions remain unan
swered. Does the frequency of disease change over time? What trigger 
factors influence recurrences of infection? How frequent is reinfection 
by the same subtype of HSV or by another subtype? 

To date, prospective studies of patients who present with sympto
matic primary genital herpes infection have shown that after 1 year of 
follow-up, 55% of patients with HSV-1 genital infections will develop 
recurrenceSj compared with 88% of patients with primary HSV-2 infec
tion (Fig. 6). The median time to first recurrence was 42.5 days in patients 
with primary HSV-1 compared to 115 days in patients with primary HSV· 
2 infections. The mean rate of recurrences over time was also significantly 
less in patients with HSV·1 as compared to patients with primary HSV· 
2 infections, 0.10 recurrence per month in patients with primary HSV-1 
infections versus 0.32 in patients with genital HSV-2 infection (p < 
0.001). Of interest is that the subsequent recurrence rate of disease was 
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similar in patients with primary and nonprimary first-episode HSV-2 in
fections (0.35 and 0.31 recurrence per month, respectively). 

Vaginal inoculation of mice with HSV-l strains, but not HSV-2, has 
been shown to result in latent infection of sacral nerve root ganglia (Ri
chards et a1., 1981). This suggests that HSV-l is much less likely to es
tablish latency in sacral nerve root ganglia than HSV-2 infection. This 
biologic difference between the two viruses may account for their dif
ference in recurrence rates, and the well-known anatomic predilection 
for HSV-2 infections to be "below the waist." 

The severity of the initial episode as well as the host immune re
sponse to disease also appear to influence the subsequent recurrence rate 
of disease. Patients with primary genital HSV-2 infection who developed 
high titers of HSV-2 complement-independent neutralizing antibody in 
convalescent sera were more likely to develop recurrences than those 
who did not develop anti-HSV neutralizing antibody (Reeves et a1., 1981). 
More severe disease as measured by prolonged viral shedding and lesions 
was also associated with the development of higher titers of neutralizing 
antibodies as well as antibodies to HSV-specified glycoproteins (Zweerink 
and Corey, 1982). Development of high titers of complement-independent 
neutralizing antibody in convalescent phase sera after primary infection 
may reflect a high degree of antigenic exposure and/or a large number of 
latently infected cells in sacral nerve root ganglia. In a mouse model of 
mucocutaneous HSV infections, high levels of neutralizing antibody in 
convalescent sera were associated with increased numbers of latently 
infected ganglionic cells (Klein et al., 1979a,b). 

A past history of symptomatic genital HSV infection also appears to 
affect the subsequent time to next recurrence of disease. The median 
time to the next recurrence was 120 days after primary genital HSV-2 
infection, compared to a median of 42 days between episodes in women 
with recurrent genital HSV-2 disease (Reeves et a1., 1981). As the duration 
of lesions and viral shedding is significantly longer in first versus recur
rent genital herpes, these data suggest that the greater amount of anti
genic exposure may affect host factors that influence the time to the 
subsequent recurrence of disease. 

A large nationwide questionnaire survey of over 6000 persons with 
symptomatic recurrent genital herpes indicated that the median number 
of yearly clinical recurrences of genital herpes was between five and eight 
(Knox et a1., 1982). Recurrences of genital herpes do not follow a uniform 
pattern. The time of onset of disease and the number of recurrences over 
time that an individual experiences may vary greatly between patients 
and over time in any individual patient. For example, we have recently 
followed a cohort of patients with frequently recurring genital herpes over 
an 8-month period. In this population, which averaged 1.17 recurrences 
per month, only 28 of 92 patients exhibited little change « 30%) in their 
clinical recurrence rate in the first as compared to the second 4 months 
of observation. Twenty-three of the ninety-two patients had at least a 
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TABLE IV. Recurrence Rates of Genital Herpes in Male 
Patients With Symptomatic Genital Herpes (N = 69) 

Duration of past disease 

3 months-2 years 
2 years-4 years 
>4 years 

No. recurrences/month of follow
up 

0.73 
0.51 
0.42 

50% increase and 25 of 92 a 50% decrease in their recurrence rates in 
the first as compared to subsequent 4-month periods. These observations 
are of interest in that they indicate that anecdotal observations regarding 
recurrence rates are unlikely to have much validity and that studies in
volving therapy of genital herpes must account for the varying natural 
history of untreated infection. 

Little is also known regarding the long-term natural history of genital 
herpes. Does the disease change in frequency over time? Unfortunately, 
no prospective cohort of patients with first-episode disease followed over 
time has yet been studied. We have prospectively followed a cohort of 
men with recurrent genital herpes over a year's time interval and analyzed 
their recurrence rate of disease as a function of how long they previously 
had genital herpes. As shown in Table IV, the mean rate of recurrence of 
men with disease of greater than 4 years' duration was 42% less than 
those with disease of 3 months' to 2 years' duration. However, frequent 
recurrences of disease are often seen in persons who have had genital 
herpes for greater than 10 years' duration. The nationwide survey by Knox 
et al. (1982) indicated no significant difference in the reported recurrence 
rate over time. However, this latter study was a self-selected population 
of persons with severe genital herpes. 

One of the major unanswered questions is what factors affect re
currence rates. "Trigger" mechanisms associated with recurrent genital 
herpes are largely anecdotal and unproven. Guinan et al. (1981) found a 
clustering of genital HSV episodes during the menstrual period. Others 
have shown no relationship between onset of lesions and menstrual cycle 
or frequency of sexual activity (Vontver et al., 1979; Rattray et al., 1978). 
Anecdotal observations have suggested that such diverse phenomena as 
emotional stress, heat, moisture, climate change, pregnancy, oral con
traceptive use, anesthesia, and trauma might be "trigger" factors asso
ciated with recrudescences of HSV; however, objective data are lacking. 
Have patients with frequently recurrent disease for greater than 10 years 
had recent reinfections with new strains of HSV-2? 

Reinfection versus Recrudescence 

Using the technique of restriction enzyme analysis, Buchman et al. 
(1979) demonstrated that reinfection with different strains of HSV-2 can 
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occur. Fife et al. (1983) have documented dual HSV-l and HSV-2 infection. 
Since we have started to routinely type our clinical HSV isolates with 
monoclonal antibodies, we have documented dual HSV-l and HSV-2 in
fection in 0.5% of genital HSV infections. The question of how frequently 
reinfection with different strains of HSV-2 accounts for recurrent episodes 
of clinical disease is largely unanswered. We have recently evaluated 
widely spaced genital HSV-2 isolates from 40 patients with genital HSV-
2 infection for the possibility of reinfection with different viral strains. 
Patients selected for analysis were those who reported new sexual part
ners during the follow-up period. The first isolates obtained from the 
acute episode of 20 patients with primary herpes and an isolate obtained 
a mean of 14.9 months later were subjected to restriction enzyme analysis 
using five enzymes (HpAI, BamHI, KpnI, SalI or PvuI, BglII). No reinfec
tions with different strains were noted. Similarly, a cohort of 21 patients 
with recurrent genital herpes, also had multiple genital isolates analyzed 
in a similar manner. The isolates were obtained a mean of 22.5 months 
apart. The mean number of recurrences between isolates was 13.5 and 
the mean number of new sexual partners was 2.9 (range 1-9) Again, no 
infections with new strains of HSV-2 were noted. Thus, in heterosexual 
patients with genital HSV, reinfection with new strains of HSV-2 appears 
uncommon (Schmidt 1984). Whether reinfection with multiple strains is 
a more common occurrence in more promiscuous populations will re
quire further study. 

VI. SEXUAL TRANSMISSION OF GENITAL HSV 

As in the area of chronicity of infection, little is known about the 
sexual transmission of genital herpes. The risk of acquiring disease from 
a sex partner with infection is unknown. Does the risk differ between 
patients with symptomatic versus asymptomatic infection? What is the 
relative risk of acquiring disease from sexual contact with infected part
ners during the time of lesions? Mertz et al. (1984) evaluated the source 
contacts of 63 patients who presented with first episodes of genital herpes. 
The median time from first sexual exposure to the source contact and 
development of disease in the index patient was 4 months. Two-thirds 
of the source contacts had an obvious clinical history of genital HSV 
infection. However, only one-third of the source contacts were aware of 
the diagnosis at the time of presumed transmission. These data suggest 
that educating patients regarding the high transmissibility of infection 
during periods when mildly symptomatic lesions are present might de
crease transmission of HSV disease. 

Sexual contact with asymptomatic excreters of virus appears to be 
an important route of infection. Asymptomatic excretion of HSV has been 
demonstrated in saliva, cervical and seminal secretions. Douglas and 
Couch (1970) demonstrated asymptomatic excretion of HSV in saliva in 
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2% of adults, and there are reports of transmission of genital HSV-l in
fection from orogenital sex during periods of asymptomatic salivary ex
cretion of virus (Embil et a1., 1981). Asymptomatic cervical viral shedding 
has been shown to result in transmission to sexual contacts or infants 
(Mertz, et al., 1984; Whitely et a1., 1980a). In the few studies in which 
virus has been titered from cervical secretions during asymptomatic ep
isodes, the titer of HSV is 2-3 logs less than that recovered from lesions 
(Guinan et a1., 1980; Merriman et a1., 1984; Brown et a1., 1979). Whether 
the frequency of transmission from asymptomatic shedding is less than 
symptomatic vulvar lesions is unknown and a question of great clinical 
importance. 

The source of asymptomatic shedding of HSV into the male genital 
tract is also not well clarified. Centifanto et al. (1982) isolated HSV from 
seminal secretions from nearly 20% of men undergoing routine vasec
tomy, but Corey et al. (1983a) failed to isolate HSV from any of 86 urethral 
and 41 prostatic secretion cultures from 47 men with recurrent genital 
herpes during intercurrent episodes. HSV has been isolated infrequently 
from prostatic secretions or biopsies (Deture et al., 1976). Further studies 
are needed of the frequency and site(s) of asymptomatic excretion of HSV 
in the male genitourinary tract. 

VII. CONCLUSIONS 

Genital HSV infection is a disease of major public health importance. 
In the last 10 years, genital herpes has increased in prevalence in some 
population groups, especially white middle-class Caucasian men and 
women between the ages of 15 and 35 years. First episodes of genital HSV 
infection involve multiple anatomic sites, last 3-4 weeks, and have a 
high rate of complications. In contrast, episodes of recurrent genital dis
ease are of much milder intensity and duration. The major morbidity of 
recurrent genital herpes is its frequency of recurrence, its chronicity, and 
its effects on the patients' personal relationships and sexuality. A pos
sibility of increased risk of subsequent cervical carcinoma and the po
tential transmission of the disease to the neonate are major concerns to 
women. Studies in the last few years with new antiviral compounds such 
as acyclovir suggest that these substances may reduce the severity and 
duration of acute episodes of genital herpes. The effects of these sub
stances on reducing the transmission of disease and subsequent recurr
ence rate of disease are, however, unknown. The development of effective 
forms of immunoprophylaxis of HSV infection offers several new poten
tial approaches in the management of HSV infections especially in re
ducing the acquisition of disease. Further investigations on the mecha
nism of recurrence and risk factors associated with recurrence will 
hopefully provide the understanding to design effective forms of im
munoprophylaxis. As animal models of recurrent genital HSV infection 
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are not analogous to human infection, well-controlled clinical evalua
tions of humans are essential if we are to further our understanding of 
the pathogenesis of human HSV infections. Fortunately, genital HSV pa
tients are some of the most cooperative and rewarding patient populations 
in which to conduct long-term studies of the natural history of disease. 
These controlled studies of the natural history of disease are critical in 
order to direct laboratory research into new diagnostic and therapeutic 
uses, as well as to generate the information necessary to design appro
priate clinical trials evaluating new therapies and/or vaccines. In the 
meantime, knowledge of the natural history of the disease is also of direct 
vital importance to the physician in providing the patient with the in
formation necessary to understand this complex entity, and to identify 
risk factors that will decrease the transmission of disease to sexual part
ners and neonates. 
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CHAPTER 2 

Natural Resistance 
Mechanisms in Herpes 
Simplex Virus Infections 
CARLOS LOPEZ 

I. INTRODUCTION 

The normal host has a series of defense mechanisms that participate in 
sequestering and clearing invading viral pathogens (Allison, 1974). The 
defense systems involved fall into two major categories: Natural resist
ance mechanisms are immediately available to respond to the microor
ganism and require no prior exposure to foreign antigen in order to be 
operative; adaptive immune mechanisms require presensitization and are 
not active until several days after primary virus infection. The adaptive 
immune response against herpesvirus infections consists of the antibody 
response (discussed in Chapter 3 by Norrild) and the cell-mediated im
mune response (discussed in Chapter 4 by Nash, Leung, and Wildy). This 
chapter will focus on the role of natural resistance mechanisms in defense 
against herpes simplex virus (HSV) infections. The specific systems to be 
discussed include macrophages, natural killer (NK) cells, and interferon 
(IFN). 

The pathogenesis of HSV infections is complex and host defense 
mechanisms may interact with infection at several different points during 
the disease process. Primary infections may be subclinical or may be 
associated with significant morbidity (Nahmias and Roizman, 1973; 
Corey, this volume). Latent infections appear to develop readily after 
primary infections and may be reactivated at some later date to cause 
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subclinical infection or recrudescent disease (Douglas and Couch, 1970; 
Docherty and Chopan, 1974; Corey et a1., 1983). Natural resistance mech
anisms are thought to be active during the earliest phases of an infection 
and to play an important role in sequestering and preventing dissemi
nation of the infection. These systems may also have a direct or indirect 
effect on the development of latent infections. Thus, the same mecha
nisms that act to control primary infections may act locally to restrict 
the development of latently infected neurons. For example, controlling 
the primary virus infection may indirectly reduce the number of latently 
infected ganglia or the incidence of latently infected animals. In tum, 
this might lead to fewer recurrences because fewer latent infections are 
available for reactivation. As patients with severe primary herpes geni
talis demonstrated recurrent disease more often than did patients with 
subclinical primary infections (Allen and Rapp, 1982; Corey, this vol
ume), either the host defense restricts both the primary infection and 
reactivated (latent) infections or, by restricting the primary infection, 
these mechanisms may reduce the load of latent infection that is available 
for reactivation at a later date. The first possibility seems more likely 
because antiviral drugs, which significantly reduce primary infection, ap
pear to have little effect on recurrent disease (Corey, this volume). 

Animal models of recurrent herpesvirus infections are poor examples 
of human disease and offer little opportunity to study the role of defense 
mechanisms required for control of reactivated infections. Therefore, this 
chapter will focus on the role of natural resistance mechanisms in defense 
against primary infection and will only discuss latent infections when 
they are relevant to the mechanism under consideration. 

When one thinks of both natural resistance and adaptive immunity, 
it is usually with the thought that these systems are required for pro
tecting the normal host from a plethora of infectious pathogens. However, 
it is also possible that these mechanisms can cause great damage to the 
infected host. An immunopathological response has been demonstrated 
in HSV infections and is discussed in Chapter 5 by Rouse. 

Although HSV types 1 and 2 (HSV-l, HSV-2) are similar in many 
ways, including 48% homology of viral DNA, colinearity of DNAs, and 
exchangeability of genetic materials (Kieff et ai., 1972; Nahmias and Roiz
man, 1973; Cassai et a1., 1975; Morse et a1., 1977), there are important 
differences in the natural resistance systems involved in host defense. In 
mice, for example, HSV-2 causes a focal, necrotic hepatitis whereas HSV-
1 failed to do so in immunologically competent mice (Mogensen et a1., 
1974). Also, when inoculated intraperitoneally (i.p.), HSV-2 is more neu
rovirulent than HSV-l in the mouse (Ruchmann, 1954; McKendall, 1980; 
Richards et a1., 1981), whereas in man, HSV-l, but not HSV-2, causes 
encephalitis and thus appears to be more neurovirulent (Leider et a1., 
1965; Graig and Nahmias, 1973). These differences may be dependent, at 
least in part, on the natural resistance systems and particular attention 
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will be given to those differences that highlight a role for these mecha
nisms. 

Three approaches have been used for the study of defense mecha
nisms in HSV infections: (1) patients with primary or secondary im
munodeficiencies have been studied to determine whether a specific de
ficiency is associated with susceptibility to severe infections; (2) animals 
have been treated with agents to suppress or augment one or another 
aspect of host defense to determine whether that was necessary for pro
tection against challenge with virus; and (3) more recent studies have 
utilized animal models of genetic resistance to virus infections in order 
to determine the mechanisms deficient in the genetically susceptible. 
The studies of immunodeficient humans and immunosuppressed animals 
have, for example, clearly shown that the capacity to generate an antibody 
response can be normal in the face of a severe virus infection (Meyers et 
al., 1980; Verhoef et al., 1980; Bloomfield and Lopez, 1980; Lopez et aI., 
1974). These observations have been taken as an indication that cell
mediated immunity, which is often found suppressed in these hosts, plays 
a major role in defense against infection. Unfortunately, however, the 
immunosuppressive regimens used to define the specific systems in
volved usually affect more than the one mechanism being studied. Con
sequently, these studies fail to define the specific deficiencies responsible 
for susceptibility to severe infections. In fact, some studies can be very 
misleading. For example, the studies of Schlabach et al. (1979) determined 
that antithymocyte antisera made mice much more susceptible to HSV-
1 infection only if the mice were challenged immediately after treatment 
because the antisera used had a relatively short-term suppressive effect 
on macrophage function and thus made the mice more susceptible. When 
the mice were challenged later and T cells were still deficient but ma
crophage function had returned to normal, treated mice were no more 
susceptible than the controls. Although one would normally have ex
pected that the effect of this antiserum on T-cell-mediated immunity 
was responsible for the increased susceptibility to herpesvirus infections, 
in fact it was its effect on macrophages that resulted in the lethal infec
tions of the mice. Thus, immunosuppression, especially with agents that 
have effects on more than one subpopulation of effector cells, has been 
less than definitive when used to determine the mechanisms required 
for resistance to herpesvirus infections. 

In recent years, models of genetic resistance to HSV-l and HSV-2 
have been defined in the mouse (Lopez, 1975; Mogensen et al., 1974; 
Kirchner et aI., 1978b; Armerding et al., 1981a,b). These models have the 
advantage over the other animal models that one can use genetic tools 
to define the systems required for resistance. Thus, in vitro or in vivo 
correlates of resistance can be evaluated in crosses and backcrosses of 
resistant and susceptible mice to determine whether the functions in 
question segregate with resistance or independently. Another advantage 
is that these models use genetically homogeneous mice, which can be 
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used for cell transfer experiments. In contrast to the obvious advantages 
of these genetic models, certain possible disadvantages must be consid
ered. First, HSV-l and HSV-2 are viruses that are indigenous to man and 
not the mouse. As herpesviruses have co evolved with animals and many 
species have been shown to have herpesviruses that are found only in 
that species (Nahmias, 1972), it is possible that the resistance systems 
found to be operative for HSV-l in the mouse may not be the same as 
those that are operative in man. The genetic model may, in fact, be an 
artifact. Whether this turns out to be the case will depend on studies in 
man using the information generated in the study of the mouse. In fact, 
preliminary evidence (to be discussed below) suggests that study of the 
mouse model of genetic resistance to HSV -1 has prompted a number of 
studies the results of which indicate that similar mechanisms probably 
play an important role in resistance to HSV-l infections in man. 

II. GENETIC RESISTANCE TO LETHAL HSV-I IN THE 
MOUSE 

The genetic model of resistance to HSV-l (Lopez, 1975) has been used 
by several investigators in attempts to define mechanisms required for 
protection of the host. This model and models of genetic resistance to 
HSV-2 will be described prior to discussion of the various mechanisms 
that might be required for genetic resistance. 

Adult, inbred strains of mice have been challenged with lO-fold di
lutions of HSV-l, strain 2931, a virulent strain of virus (Lopez, 1975). 
These mice were found to be either resistant, moderately susceptible, or 
very susceptible. C57BLl6 mice are the prototype resistant strain of mice 
and survived challenge with 106 PFU of HSV-l. Moderately susceptible 
mice (BALB/c is the prototype) had LDsos of lcr-104 PFU, and very sus
ceptible strains of mice (A/J is the prototype) had LDsos of 101_102 PFU. 
Male and female mice have been inoculated with no indication that re
sistance is sex-linked. Many of these observations have been confirmed 
by Kirchner et al. (1978b). 

The studies of Kirchner et al. (1978a) also showed that two closely 
related strains of mice differed significantly in their resistance to HSV-
1. In these studies, C3H/HeJ mice were found to be more resistant to 
challenge than C3H/FeJ and to be resistant to all known effects of bac
terial endotoxin, as well. Because endotoxin was found to convert lymph
oid cells from nonpermissive to cells capable of replicating HSV -1 in vitro, 
these data have been taken to suggest an important role for endotoxin
stimulated cells in susceptibility to infection. 

As noted above, our studies were carried out with HSV-l strain 2931 
while the studies of Kirchner et al. (1978a,b) were conducted with HSV-
1 strain WAL. In addition, we have evaluated 12 other strains of HSV-l, 
including strains that had been passaged only two or three times in cul-
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ture and strains that had been maintained as laboratory strains for many 
years and had been passaged hundreds of times (Lopez, 1975, and un
published). The same pattern of resistance was found with all strains of 
virus tested: C57BLl6 mice were resistant to 106 PFU of each of the strains 
tested, and A/J mice had LDsos that were lower than those of BALB/c 
mice. To date, strain 2931 has been the most virulent strain that we have 
tested and has been used for most of the other studies. 

Genetic studies indicated that resistance to lethal HSV-1 infections 
was a dominant trait, governed by two independently segregating, non
H-2loci (Lopez, 1980). A challenge dose of 106 PFU of HSV-1 (strain 2931) 
was used because it appeared to clearly distinguish resistant from sus
ceptible strains of mice. Fl crosses between resistant and susceptible and 
between resistant and moderately susceptible mice were found to be re
sistant to challenge with virus, indicating that resistance was a dominant 
trait. In backcross experiments, 25% of the progeny of crosses between 
Fl x susceptible A/J mice or Fl x moderately susceptible BALB/c mice 
were found to be resistant to virus challenge, indicating that resistance 
was governed by two loci, both of which were required for resistance. 
Studies with F2 generations also indicated that two independently seg
regating, genetic loci governed resistance. An indication that resistance 
was not H-2 linked was obtained in earlier studies where mice of the H-
2k phenotype were found to be both resistant and susceptible (Lopez, 
1975). Also, congenic strains of mice were challenged with HSV-1 and 
the results showed that the background (non-H-2) loci were important in 
determining resistance and susceptibility whereas the H-2 genes were 
not (Lopez, 1980). 

The results of several studies suggest that the host's hemopoietic 
defense system is responsible for genetic resistance to HSV-1 (Lopez, 
1981). Resistant mice survived challenge with 106 PFU of HSV-1 when 
inoculated i.p. or intravenously (i.v.) and yet were found to be as suscep
tible as the susceptible strains of mice to an intracerebral challenge of 
101 PFU of virus. Thus, resistance appeared to depend on the ability of 
the host to inhibit virus from reaching the CNS, which is the target organ 
for HSV-l. Most significantly, transplantation of bone marrow stem cells 
from resistant (F 1 ) mice into lethally irradiated susceptible mice resulted 
in chimeras with greatly enhanced resistance (Lopez, 1981). Thus, re
placement of the hemopoietic system of susceptible mice with one from 
resistant mice rectified the deficiency that had been responsible for their 
lack of resistance. 

An indication of the mechanisms that might be involved in resistance 
derived from the striking similarity between genetic resistance to HSV-
1 and genetic resistance to allogeneic bone marrow grafts (Lopez, 1981). 
The latter was defined earlier by Cudkowicz and Bennett (1971) as the 
ability of lethally irradiated mice to resist engraftment with allogenic 
bone marrow cells. As earlier studies by Bennett (1973) showed that 89Sr 
treatment of mice abrogated allogeneic resistance without significantly 
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affecting their capacity to reject skin grafts, studies were carried out to 
determine whether similar treatment of mice would abrogate genetic 
resistance to HSV-l (Lopez et al., 1980). Challenge of 89Sr-treated mice 
with HSV -1 indicated that this treatment made genetically resistant mice 
as susceptible to HSV-l as the genetically most susceptible strains and 
that this treatment reduced resistance more effectively than any other 
treatment except for high-dose ,,(-irradiation. The spleen is forced to take 
over hemopoiesis and antibody responses and skin graft rejection remain 
normal. In 89Sr-treated mice, virus persisted in the visceral tissues and 
spread to the spinal cord whereas untreated mice cleared virus from vis
cera by 3 days postinoculation and virus could not be detected in the 
spinal cord. 

In contrast to the marked suppression of genetic resistance resulting 
from 89Sr treatment, a deficiency of T-cell function and cell-mediated 
immunity was not associated with increased susceptibility to i.p. infec
tion with HSV-l (Lopez, 1978; Zawatzky et al., 1979; Schlabach et a1., 
1979). Studies with athymic nude mice and thymectomized and anti
thymocyte serum-treated mice showed that such mice were as resistant 
to an i.p. challenge with HSV-l as were the normal (euthymic) or un
treated littermates. When challenged by the subcutaneous or intraocular 
routes, athymic nude mice were found to be more susceptible to HSV-l 
infection than the normallittermates (Nagafuchi et a1., 1979; Metcalf et 
al., 1979). These results suggest that route of inoculation is an important 
determinant of the defense mechanisms induced during a virus infection 
and, therefore, the mechanisms required for resistance. 

Most of the studies described above were carried out using i.p. in
oculation of virus into adult mice. Although not extensive, other studies 
of genetic resistance to HSV-l have used i.v. (Lopez, 1981), intravaginal 
(Schneweis and Saftig, 1981), and intraocular (Price and Schmitz, 1978) 
infection with results that are, in general, similar to those for i.p. infec
tion. Price and Schmitz (1978) showed that C57BLl6 mice inoculated 
intraocularly required about 100 times more virus inoculum to establish 
a latent infection than did BALB/c mice. It is thus possible that the mech
anisms (or closely related ones) responsible for genetic resistance to i.p. 
infection are also responsible for resistance to the development of latent 
virus infections. Studies by Schneweis and Saftig (1981) showed that 
inbred strains of mice resistant to i.p. challenge were also resistant to 
intravaginal infection with HSV-l and that more virus was found in the 
sacral ganglia of susceptible than of resistant mice after infection. In ad
dition, strain distribution was found to be similar to that found with i.p. 
infected mice and resistance to inoculation by both routes was dimin
ished by X-irradiation, cyclophosphamide, and 89Sr. Thus, the same or 
closely related host defense mechanisms may play roles in resistance to 
HSV-l infections by i.p. and intravaginal routes of inoculation. 
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III. GENETIC RESISTANCE TO LETHAL HSV-2 IN THE 
MOUSE 
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In a series of studies similar to those reported for HSV -I, Armerding 
et ai (1981b) found that inbred strains of mice could be classified as re
sistant, moderately susceptible, or susceptible to a lethal infection with 
HSV-2. The strain distribution for these categories was similar to that 
presented for HSV-l and no significant differences were noted with re
spect to the other parameters evaluated. 

IV. GENETIC RESISTANCE TO HSV-2-INDUCED HEPATITIS 

Mogensen et ai. (1974) showed that inoculation of mice with various 
strains of HSV-2 resulted in a focal, necrotic hepatitis 4 or 5 days pos
tinoculation. In contrast, infection with strains of HSV -1 caused very few, 
if any, necrotic lesions (Mogensen, 1976). The hepatitis caused by HSV-
2 began to resolve spontaneously after 4 days and was not the cause of 
death in inoculated mice. If mice died, it was due to an ascending myelitis 
or encephalitis at about 6-10 days after infection. The liver lesions caused 
by HSV-2 were easily visible to the naked eye whereas those caused by 
HSV-l were not. Histologically, the HSV-2 induced lesions were char
acterized by areas of degenerating liver cells that were infiltrated with 
polymorphonuclear leukocytes causing central necrosis. 

Resistance to HSV-2-induced hepatitis was found to be age depen
dent, 3-week-old mice being more susceptible than 8-week-old mice (Mo
gensen, 1978). Using mature mice, Mogensen (1977b) showed that re
sistance to hepatitis varied in the inbred strains of mice tested; GR mice 
were resistant whereas BALB/c mice were susceptible to inoculation with 
106 PFU of HSV-2. In addition, genetic studies were used to show that 
resistance to HSV-2-induced hepatitis was governed by one X-linked, 
dominant gene. 

V. MACROPHAGES 

Because of their very nature, macrophages are prime candidates for 
the first line of defense against herpesvirus infections. These cells are 
relatively large with abundant cytoplasm and a reniform nucleus (Hirsch 
and Fedorko, 1970; von Furth et ai., 1972). The precursors for this lineage 
of cells are found in the bone marrow and are recognized as monocytes 
and promonocytes. Precursors are distributed by the blood to the visceral 
organs and other tissues of the body where they mature to macrophages 
and become an active part of the reticuloendothelial system. Mature cells 
are found in the liver, lungs, pleural and peritoneal cavities, lymph nodes, 
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and spleen and are often among the first cells encountered by an invading 
virus. Macrophages are highly pinocytotic and phagocytic cells that ad
here firmly to glass and plastic surfaces. In addition, these cells contain 
lysosomal enzymes, which might be used to degrade phagocytosed ma
terial. The role of macrophages in defense against HSV infections has 
been evaluated by several different approaches. In the following para
graphs, I will summarize the data generated and discuss the strengths 
and weaknesses of each approach. 

A. Role of Macrophages in Resistance to HSV -1 in the Mouse 

Over 50 years ago, Andervont (1927) showed that newborn mice are 
much more susceptible to lethal infection with HSV than are adult mice. 
Much later, Johnson (1964a,b) showed that the age-dependent suscepti
bility of newborn mice was due to the inability of peritoneal macrophages 
from these animals to restrict replication of the virus in culture. In in
fectious center assays, macrophages from newborns readily transmitted 
virus infection to nearby, susceptible cells whereas adult cells did so to 
a much lower degree. More recently, studies of Stevens and Cook (1971) 
showed that exposure of adult macrophages to HSV-l resulted in an abor
tive infection. Viral antigens were expressed but infectious progeny virus 
was not generated by cells from adult mice. 

Although these results seem to strongly indicate a dominant role for 
macrophages and their inability to sequester virus replication as an im
portant determinant of susceptibility in the newborn, it is probably not 
that simple. Newborn animals have been shown to have a broad array of 
cellular deficiencies (Stiehm, 1980), any or all of which could contribute 
to their susceptibility. For example, a deficiency of NK cell function 
(Ching and Lopez, 1979; Lopez et a1., 1983a; Kohl et a1., 1981), of the 
capacity to generate IFN-'Y (Bryson et a1., 1980), or of neutrophil function 
(Miller, 1979) might be equally responsible for susceptibility to HSV-l in 
the newborn. 

In other studies aimed at determining whether the macrophage plays 
an important role in resistance to HSV-l, experiments were undertaken 
to evaluate the effect of treating animals with agents that selectively 
inactivate macrophages. This is accomplished by taking advantage of the 
fact that macrophages are highly phagocytic and pinocytotic cells. Ma
crophage "poisons" such as silica particles (Allison et a1., 1966) or so
lutions of K-carrageenan (Schwartz and Leskowitz, 1969) are readily taken 
in by macrophages but not by most other cells. These agents eventually 
result in the death of macrophages and in the marked diminution of 
resistance to i.p.-inoculated HSV-l (Zisman et al., 1970; du Buy, 1975). 
Interpretation of these results depends on the selectivity of the macro
phage "poisons" being used in the study. Although suspensions of small 
(1-10 !-Lm in diameter) silica particles were thought to be relatively se-
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lective for macrophages (as contrasted with T cells), more recent data 
indicate that this agent also depresses NK cell function (Herberman and 
Holden, 1978) and thus may reduce resistance by this mode, as well. 

Several immunopotentiators have been shown to enhance macro
phage function and to augment resistance to HSV-l concomitantly (Hal
pern et al., 1973). Agents such as C. parvum have been shown to enhance 
clearance of carbon particles, immunologic response to an antigenic stim
ulus, and resistance to challenge with bacteria, protozoans, or tumors. 
Mice treated with C. parvum have also been shown to be much more 
resistant to i.p. infection with HSV-l than were untreated mice (Kirchner 
et al., 1977). Unfortunately, agents that enhance macrophage function 
are no more selective than are the macrophage "poisons" in that other 
cells also demonstrate augmented function. NK cells, for example, are 
also much more active after treatment of mice with C. parvum than are 
the cells from untreated mice (Herberman and Holden, 1978). Thus, this 
evidence for the role of macrophages in resistance to HSV-l infections is 
also not conclusive. 

Another approach to the study of the role of macrophages in resist
ance to HSV-l has been to attempt to transfer resistance with relatively 
pure populations of these effectors. Because immature macrophages ap
peared to cause the susceptibility of the newborn, Hirsch et al. (1970) 
transferred adherent cells from adult mice to newborns and showed that 
this resulted in increased resistance to an i.p. infection. Although this 
appears to be a straightforward approach to determining whether mac
rophages mediate the resistance found in adult mice as compared to new
borns, there are difficulties that must be considered. For example, if even 
a small percentage of the transferred cells were NK cells, then the con
taminating cells may be responsible for resistance. Also, separation pro
cedures and other manipulations might activate cells and lead to the same 
observations but, in fact, these results might not reflect the role of res
ident macrophages. There is also the possible interaction of transferred 
and resident cells, which might result in resistance. Thus, even cell trans
fer experiments may not clearly define a role for macrophages in resist
ance to HSV-l. 

Studies have also been undertaken to investigate the role of mac
rophages in genetic resistance to HSV-l in the mouse. In earlier studies, 
macrophage poisons were shown to suppress genetic resistance to virus 
infection in strains of mice normally resistant to infection (Lopez 1978). 
Because susceptible adult mice might be similar to newborn mice and 
not be able to sequester virus replication, experiments were carried out 
to determine whether macrophages from susceptible mice replicated 
HSV-l better than cells from resistant mice. Adherent peritoneal cells 
from all strains of mice tested restricted replication of HSV-l when in
fected immediately after formation of the monolayers but replicated the 
virus to high titer when inoculated after 3-7 days of culture (Lopez and 
Dudas, 1979). Although macrophages from a genetically resistant strain 
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of mice restricted virus replication better than cells from a susceptible 
strain, this function did not segregate with genetic resistance, for mac
rophages from resistant Fl mice failed to restrict HSV-1 replication. Com
parable studies have recently been carried out by H. Kirchner (personal 
communication) with only slightly different results. They found that uti
lizing a different medium allowed virus replication without prior cul
turing of the adherent peritoneal cells. Using cultured cells in order to 
enhance the purity of the macrophages, they showed that cells from re
sistant mice failed to replicate virus to high titers whereas cells from 
susceptible mice generated significantly more virus. Further, they found 
that macrophage monolayers from resistant mice generated more IFN 
than did cells from susceptible mice and that macrophages were exceed
ingly sensitive to the antiviral activity of IFN. 

Other studies suggested that restriction of HSV -1 replication by mac
rophages that had not been cultured is dependent on the induction of IFN 
by high concentrations of virus (Linnavuori and Hovi, 1981). Infection 
with a much lower dose of virus resulted in replication of HSV-l. These 
investigators also showed that culturing cells for 3-7 days greatly di
minished their capacity to generate IFN in response to HSV-l. 

B. Role of Macrophages in Resistance to HSV-2 in the Mouse 

Many of the studies presented above with HSV-1 have also been car
ried out with HSV-2 with similar results (Starr et al., 1976; Morahan et 
al., 1977; McGeorge and Morahan, 1978). The evidence supporting an 
important role for macrophages in resistance against HSV-2 inoculated 
i.p. is as strong as that presented for HSV-1 and the same reservations 
pertain. These studies will not be discussed here as they add little to our 
understanding of the role of macrophages in defense against these infec
tions. 

Two observations on HSV-2-infected mice appear to be important. 
Most studies of resistance to HSV infections have been carried out with 
i.p.-infected mice because of the ease of carrying out such studies. This 
is not a natural mode of infection and more recent studies have attempted 
to use natural routes of inoculation such as into the lip or intravaginally. 
In one such study by McGeorge and Morahan (1978), macrophage poisons 
increased susceptibility to an i.v. infection with HSV-2 and yet failed to 
augment susceptibility to an intravaginal infection. As the latter is the 
more natural route of inoculation for HSV-2, it appears that macrophages 
are not required for defense against such an infection. The second obser
vation was made by Armerding et al. (1981a) using a genetic model of 
resistance to HSV-2 infections in the mouse. These investigators noted 
that i.p. infection with HSV-2 was an excellent inducer of macrophage 
phagocytic activity in mice. Thus, activated macrophages, possibly in
duced by locally generated IFN (Zawatzky et al., 1981) or by the virus 
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infection alone (Casali et ai., 1981), might be required for resistance to 
an i.p. infection. 

C. Role of Macrophages in Resistance to HSV-2-Induced 
Hepatitis 

Studies have been carried out to determine the mechanisms respon
sible for genetic resistance to hepatitis caused by HSV-2. Treatment of 
mice to inhibit macrophage function has been found to markedly dimin
ish genetic resistance as well as the age-dependent resistance of resistant 
strains of mice (Mogensen, 1977b, 1978). Silica treatment was also used 
to show that the virus-strain-dependent (HSV-1 vs. HSV-2) differences 
were also due to macrophage function, as such treatment abrogated those 
differences. Finally, Mogensen and Andersen (1978) had earlier noted that 
athymic, nude mice were actually more resistant to hepatitis than their 
normallittermates. This enhanced resistance to HSV-2-induced hepatitis 
in nude mice was due to activated macrophages found in these mice. 

Mogensen (1977a,b, 1978) has carried out a number of in vitro studies 
to determine the mechanisms involved in resistance to HSV-2-induced 
hepatitis. For example, the relative differences between young and mature 
mice were reflected in the capacity of macrophages from these mice to 
inhibit spread of virus in an infectious center assay. Similarly, the genetic 
resistance of mature mice could be ascribed to the capacity of the mac
rophages from these mice to inhibit replication of HSV-2 in vitro. In these 
studies, genetic resistance to HSV-2-induced hepatitis and inhibition of 
viral replication segregated together in backcrossed mice. Lastly, the dif
ferences found between the capacities of HSV-1 and HSV-2 to induce 
hepatitis were reflected in the infectious center assay. Thus, HSV-2 but 
not HSV-1 readily replicated in peritoneal macrophages, causing viral 
plaques to form in the surrounding susceptible cells. 

Although these data strongly suggest that resistance to hepatitis 
caused by HSV-2 is dependent on the macrophage, there are some im
portant questions left unanswered. For example, is there a deficiency of 
the macrophage itself or could there be a deficit of some humoral factor 
(such as IFN or macrophage-activating factor) that might be responsible 
for the lack of macrophage function? If the deficiency is in the macro
phage, is there a defect in its capacity to respond to a humoral factor, as 
is seen with the Mx gene and genetic resistance to influenza in the mouse? 
And, finally, if there is a defect in a humoral factor-producing cell, is this 
a lacunar deficiency with respect to HSV-2 or does it affect other infec
tious microorganisms, as well? In a more recent study, Mogensen and 
Andersen (1981) showed that sensitized splenic cells could adoptively 
transfer resistance to HSV-2-induced hepatitis. These cells could be pro
ducing factors that interact with macrophages and make them sequester 
virus infection. 
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HSV-2 very rarely causes hepatitis in man so that one must ask 
whether this animal model is a laboratory artifact. Wiskott-Aldrich syn
drome is, however, a primary immunodeficiency disorder of man that, 
like genetic susceptibility to HSV-2-induced hepatitis, is a sex-linked re
cessive disorder (Aldrich et a1., 1954). Patients with this disorder are 
known to be highly susceptible to herpesvirus infections and one of the 
first reports describing this phenomenon noted the finding of focal, ne
crotic lesions in the liver of a patient at autopsy (St. Geme et a1.,1965). 

D. Role of Macrophages in Resistance to HSV-l and HSV-2 in 
Man 

Very few studies have been carried out to evaluate the role of mac
rophages in resistance against herpesvirus infections in man. Human 
monocyte/macrophage populations may be active in spontaneous cyto
toxicity of HSV-l-infected fibroblast targets (Stanwick et a1., 1980) as well 
as in antibody-dependent cell-mediated cytotoxicity (ADCC) (Kohl et a1., 
1977). ADCC has been studied extensively and has been found to be 
mediated by killer (K) cells (Shore et a1., 1976), monocyte/macrophage 
cells (Stanwick et a1., 1980), and neutrophils (Oleski et a1., 1977). A de
ficiency of monocyte-mediated ADCC has been found in patients with 
Wiskott-Aldrich syndrome (Blaese et a1., 1975). As these patients often 
suffer from severe herpesvirus infections, this monocyte deficiency was 
thought to be associated with susceptibility to infection. 

Because of the earlier studies showing that the age-dependent re
sistance of mice to HSV-l appeared to be reflected in the capacity of 
peritoneal macrophages to replicate virus, similar studies were carried 
out with adherent mononuclear cells derived from human peripheral 
blood (Daniels et a1., 1978; Trofatter et a1., 1979; Linnavuori and Hovi, 
1981; Grogan et a1., 1981). As with adherent peritoneal cells from mice, 
adherent cells (mostly monocytes) from human mononuclear cell frac
tions failed to replicate HSV-l unless they were first cultured for 4-7 
days prior to infection. In contrast, similar studies, carried out with ad
herent cells from cord blood, showed that the latter was capable of rep
licating HSV-2 (Daniels et a1., 1978). As the human newborn, like the 
newborn mouse, is prone to develop severe disease as a consequence of 
HSV-2 infection, these results suggest that a deficiency of macrophage 
function in the human newborn may account, at least in part, for the 
severity of the disease in this host. However, the newborn has been found 
to have a number of other deficiencies (Stiehm, 1980) that might also 
account for their susceptibility and further studies are required to deter
mine whether the human newborn lacks fully developed monocytes and 
what role such a deficiency might have in susceptibility to HSV-2 infec
tions. Future studies should be carried out with cells derived from new
borns and not cord blood to avoid any possible role of maternal cells and 
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with purified cell populations in order to define the abnormality more 
specifically. 

Although the experience is not extensive, one other approach has 
been used that might indicate a role for macrophages in resistance to HSV 
in man. Thus, attempts have been made to augment macrophage function 
in patients with recurrent herpesvirus infections and determine whether 
such treatment diminishes severity of infections or incidence of recurr
ences. BCG was used to treat patients with recurrent herpes genitalis but 
failed to demonstrate efficacy (Bierman, 1976). However, it is important 
to remember that macrophage function was found to be critical in mice 
inoculated i.p. or i.v. and that diminution of macrophage function with 
silica failed to augment susceptibility to intravaginal infection, suggest
ing that macrophages may not play an important role if the infection is 
strictly localized (Armerding et al., 1981a; McGeorge and Morahan, 1978). 

VI. NATURAL KILLER CELLS 

NK cells were first described as effector cells from normal individuals 
that gave the "background II lysis in studies of specific T-cell-mediated 
cytotoxicity of tumor targets [see Herberman (1980) for historical per
spective]. Although NK cells were first thought to be a nuisance, more 
recent studies suggest that they may be important effectors in surveil
lance against malignant adaptation (Herberman and Ortaldo, 1981L as a 
first line of defense against virus infections (Welsh, 1978b; Lopez, 1981), 
as mediators of bone marrow graft rejection (Kiessling et al., 1977) and 
inducers of graft-versus-host reactions in bone marrow transplant recip
ients (Lopez et al., 1979L and as mediators of hemopoietic homeostasis 
(Kiessling and Haller, 1978). NK cells have been described in all mammals 
tested to date and in some invertebrates. Many of the early studies of NK 
cell function in the mouse utilized Yac-l lymphoma cells as targets and 
most of the human studies have used K562 erythroleukemia tumor cells 
as targets. 

The studies of Haller et al. (1977) showed that NK cells were derived 
from bone marrow stem cell precursors. Thus, transplantation of lethally 
irradiated, low-responder mice with bone marrow from high-responder 
mice resulted in chimeras with the high-responder phenotype. Con
versely, chimeras developed by transfer of marrow from low responders 
to high responders resulted in low-responder mice. In addition, Haller 
and Wigzell (1977) showed that NK cells are marrow dependent in that 
ablation of bone marrow by treatment of mice with 89Sr also markedly 
diminished NK cell function. Estradiol also causes a severe aplasia in the 
marrow and this is associated with diminished NK cell function (Seaman 
et al., 1979). In addition, mice with congenital osteopetrosis similarly 
have very low NK responses associated with a lack of normal marrow 
cavities (Seaman et al., 1979). In the latter, the marrow cavities are ob-
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literated by bone matrix due to a failure of normal osteoclasts to resorb 
bone. 

IFN (a, 13, and 'Y) has been shown to augment NK cell function (Gid
lund et a1., 1978; Djeu et a1., 1979; Trinchieri and Santoli, 1978; Ortaldo 
et a1., 1981). IFN functions both by increasing the lytic efficiency of ma
ture NK cells (Ullberg and Jondal, 1981) and by recruiting immature cells 
to functional, mature cells ( Saksela et a1., 1978; Minato et a1., 1980). 
Many research groups have shown that virus infections of mice rapidly 
augment the NK cell activity of the effector cells from these mice (Welsh, 
1978a,b). Most viruses tested, including both HSV-l (Engler et a1., 1981) 
and HSV-2 (Armerding et a1., 1981a), augment NK activity 1-3 days after 
infection with virus. Welsh (1978a) showed that the augmented NK cell 
function followed closely the generation of IFN in the virus-infected mice 
and was probably dependent on this cytokine. 

A number of different laboratories, using both RNA and DNA vi
ruses, have found that virus-infected cells are much better targets for NK 
effectors than are the uninfected cells (Diamond et a1., 1977; Anderson, 
1978; Santoli et a1., 1978a,b; Ching and Lopez, 1979; Minato et a1., 1979; 
Welsh and Hallenbeck, 1980). As with lysis of the tumor targets, NK lysis 
of virus-infected cells did not require previous exposure of the donor to 
the virus. In addition, the effector cells responsible for this lytic activity 
do not have the cell surface characteristics of mature T cells, B cells, or 
macrophages. 

As our interest has been in the role of NK cells in resistance to her
pesvirus infections, we developed an assay using HSV-l-infected fibro
blasts as targets [NK(HSV-Fs)] (Ching and Lopez, 1979). As with NK cells 
that lyse the commonly used K562 erythroleukemia targets [NK(K562)], 
the effectors of NK(HSV-Fs) are large granular lymphocytes (Timonen and 
Saksela, 1980; Timonen et a1., 1981; Fitzgerald et a1., 1983) and require 
no prior sensitization to be operative. In addition, we have shown that 
NK(HSV-Fs) effectors are derived from bone marrow stem cells, as trans
plantation of patients with low NK activity resulted in chimeras with 
normal levels of NK(HSV-Fs) (Lopez et a1., 1979). Lastly, we have also 
shown that these effectors are marrow dependent, as patients with aplastic 
anemia without evidence of marrow precursors and patients with con
genital osteopetrosis whose marrow has been obliterated by bone matrix, 
demonstrated greatly diminished NK(HSV-Fs) responses (Lopez et a1., 
1982). 

A. Heterogeneity of NK Cells 

Studies of murine cells first provided evidence that NK cells are het
erogeneous. Effector cells can be differentiated by their in vivo suscep
tibility to 89Sr (Kumar et a1., 1979; Lust et a1., 1981), their cell surface 
markers (Ault and Springer, 1981), and cold target inhibition studies or 
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adsorption studies (Stutman et al., 1978, 1981). The use of different target 
cells in NK assays can reflect one or more of the subpopulations of effector 
cells. 

Heterogeneity of human NK effector cells has also been demon
strated. Thus, adsorption of peripheral blood cells onto monolayers of one 
tumor target cell was found to remove the cytolytic activity against that 
target but not against another (Phillips et al., 1980; Tai et al., 1982). In 
addition, certain monoclonal antibodies have been shown to recognize a 
portion (but not all) of the effector cells that lyse K562 erythroleukemia 
targets, suggesting that there is heterogeneity even within the cells ca
pable of lysing this one target cell (Zarling et al., 1981; Kay and Horowitz, 
1980). 

In our studies of the characteristics of NK(HSV-Fs) effectors, we com
pared them to the effector cells that lysed K562 erythroleukemia tumor 
targets [NK(K562)] and have developed evidence suggesting that, although 
they are both found in Percoll gradient fractions enriched for large gran
ular lymphocytes and require no presensitization, the effector cells for 
these two targets are clearly different (Fitzgerald et al., 1983). We have 
shown that NK(HSV-Fs) effectors differ from NK(K562) cells using mon
oclonal antibodies to cell surface markers of human mononuclear cells. 
A portion of the NK(K562) effectors were positive for Leu-1 and Leu-4 
(pan T-cell) surface markers while the NK(HSV-Fs) cells were negative. 
Most of the NK(K562) cells were positive for Lyt-3 (sheep red blood cell 
receptor) while again the NK(HSV-Fs) were negative. In contrast, a portion 
of the NK(HSV-Fs) effectors were found to express Ia (framework) while 
the NK(K562) effectors were negative for this marker. Monoclonal an
tibodies have also been used to show that these effectors share other 
characteristics. Thus, both NK cells were found to express Leu-II, which 
detects an Fe receptor on the surfaces of effector cells. 

Cold target inhibition experiments have also been used to support 
the concept of heterogeneity (Fitzgerald et al., 1983). In these studies, 
unlabeled K562 cells effectively reduced the lysis of labeled K562 targets 
but reduced lysis of HSV-Fs to a much lower extent. Similarly, infected 
and uninfected fibroblasts reduced lysis of HSV-Fs much better than did 
K562 cells. These results have been interpreted to suggest that different 
structures are recognized on these different target cells. 

Probably the best evidence for heterogeneity of human effector cells 
has been the observation that certain patient groups have effector cells 
capable of lysing one target cell but not another and vice versa (Fitzgerald 
et al., 1983). Thus, a group of five adult patients with aplastic anemia 
were found to have effector cells that repeatedly lysed K562 targets nor
mally while lysis of HSV-1-infected targets was found to be markedly 
reduced (greater than 3 S. D. below the normal mean). In contrast, we 
have found patients whose effector cells consistently lysed HSV-Fs targets 
but not K562 targets. As significant deficiencies have been found in both 
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directions, these results provide strong evidence that at least two sub
populations of NK effector cells mediate lysis of these targets. 

B. Cell Lineage of NK(HSV-Fs) Effectors 

There is much debate over whether NK cells belong to the T-cell 
lineage (Fast et al., 1981 j Grossman and Herberman, 1982L the mono
cyte/macrophage lineage (Kay and Horowitz, 1980j Ault and Springer, 
198n or an independent lineage. The results of studies of cell surface 
markers have been confusing with regard to this issue. Thus, NK(K562) 
effectors have been shown to have markers characteristic of T cells and 
macrophages. In an attempt to approach this question from another per
spective, we have carried out studies of "experiments of nature/' i.e., on 
patients with defects of the lymphoid or monocyte/macrophage cellli
neages, which might shed some light on the cell lineage of NK(HSV-Fs) 
effectors (Lopez et al., 1982). 

Our studies on patients with primary immunodeficiency disorders 
indicate that the NK(HSV-Fs) effectors probably do not belong to the 
lymphoid lineage. Thus, patients with severe deficiencies of B cells (X
linked hypogammaglobulinemia) usually had normal responses (Lopez et 
al., 1982). In addition, all of the patients tested with the classical form 
of severe combined immunodeficiency disease (SCID) (defined as 0% B 
cells and no real T cells of their own) had normal NK(HSV-Fs) responses. 
Most of these patients were evaluated for the presence of pre-T cells in 
their marrow (defined as cells that would differentiate to T-cell markers 
or function upon culturing them with thymic humoral factors). There 
was no correlation between NK(HSV-Fs) function and the presence of pre
T cells in the marrows of these patients, indicating that these effector 
cells were probably not pre-T cells either. These data suggest that the 
NK(HSV-Fs) effectors do not belong to the lymphoid lineage. Studies of 
patients with deficiencies of the monocyte/macrophage lineage were less 
conclusive. Some patients with abnormalities also demonstrated 
NK(HSV-Fs) deficiencies although others did not. In sum, NK(HSV-Fs) 
effectors may be related to the precursors of the monocyte/granulocyte 
series but may also belong to an independent hemopoietic cell lineage. 

Recently, Peter et al., (1983) evaluated NK(K562) activity of eight 
patients with SCID and found that two patients with no B cells had nor
mal activity while five of six patients with some B cells expressed low 
levels of activity. These results are in agreement with those of Lipinski 
et al. (1980) and R. Buckley et al. (personal communication). Although 
Peter et al. (1983) obtained results similar to ours using different targets, 
these authors concluded that NK(K562) effectors either constitute an in
dependent lineage of cells or may be closely related to early differentiation 
steps of the T-cell lineage. 
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C. Role of IFN in the NK(HSV-Fs) Response 

As noted earlier, IFN is capable of augmenting NK cell function in 
vitro and in vivo. Trinchieri and Santoli (1978) showed that many of the 
target cells that were lysed efficiently by human NK cells also induced 
the generation of IFN and that the levels were great enough to account 
for the lysis observed. Also, these investigators noted that overnight in
cubation of mononuclear cells resulted in the loss of NK function as well 
as the ability of these cells to generate IFN (Trinchieri et al., 1978). Fur
ther, in kinetic studies, they found that NK lytic activity failed to increase 
until after IFN generation was detected in vitro. These results were taken 
to indicate that NK cell lysis of virus-infected targets depended on the 
generation of IFN (caused by the virus infection) that, in turn, induced 
lysis of whatever target cells might be available. Thus, Trinchieri et al. 
(1978) proposed that selective lysis of virus-infected versus uninfected 
cells was dependent on the IFN generated during the assay. 

We have carried out a number of studies indicating that the gener
ation of IFN is a function independent of the NK(HSV-Fs) lytic function 
(Fitzgerald et al., 1982). Although IFN-a was generated during normal 
NK(HSV-Fs) assays, there was no indication that the amount of IFN pro
duced during the assay correlated with the level of SICr release. In ad
dition, anti-IFN antibodies were added to the NK(HSV-Fs) assay and, even 
though all detectable IFN was neutralized, this treatment did not sig
nificantly diminish lysis of the target cells. More recently, we have found 
that the effector cells that make IFN in response to HSV-Fs are similar 
to the lytic effectors in that they are enriched in Percoll gradient fractions 
containing large granular lymphocytes but they can be differentiated from 
NK(HSV-Fs) effectors by monoclonal antibodies to cell surface markers 
(Fitzgerald et ai., in preparation). Most importantly, we have now found 
many patients with normal levels of NK(HSV-Fs) activity even though 
less than 10 IV of IFN was generated during the assay (Lopez et ai., 1983b). 
Conversely, other patients were found whose mononuclear cell generated 
high levels of IFN whereas the same effector cells were incapable of lysing 
these target cells (P. Fitzgerald et ai., unpublished results). Taken to
gether, these results indicate that although IFN is often generated in 
response to the HSV-Fs, the production of this cytokine is independent 
of the lytic function of NK(HSV-Fs) and IFN is not necessary for normal 
target cell lysis in vitro. It is possible, however, that IFN generated in 
response to virus infection in vivo might be an important part of the 
natural defense of the host (Minato et ai., 1979). 

D. NK Cells Limit HSV-l Replication in Vitro 

If NK cells are to play an important role in defense against HSV-1 
infections, these effectors must reduce the amount of virus progeny pro-
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duced by infected cells. In an attempt to determine whether NK cells 
limit HSV -1 replication during the in vitro assay, we measured the 
amount of HSV-1 secreted into supernatants of cultures containing ef
fector cells and HSV-1-infected fibroblasts at the termination of the NK 
assay and compared these to HSV-1 produced by the infected fibroblasts 
in the absence of effectors (Fitzgerald et a1., in preparation). Cytotoxic 
cells reduced the virus yield by 90% or more at an effector:target (E: T) 
ratio of 200: 1 and lower reductions were found at lower E: T ratios. Pe
ripheral blood mononuclear cells were fractionated on Percoll gradients 
in order to characterize the effector cells responsible. Virus replication 
was significantly lower in wells containing effector cells from fractions 
enriched for NK(HSV-Fs) effectors (and large granular lymphocytes) as 
compared to the other fractions. As IFN-a is also generated during this 
assay and might be responsible for the reduced virus titers, experiments 
were carried out in the presence of sufficient anti-IFN-a antibody to neu
tralize all the antiviral activity generated during the assay. Although the 
IFN was neutralized, there was no difference in virus production of wells 
with the antibody as compared to those without it. Further, most of the 
IFN-a-generating cells can be separated from the peak NK(HSV-Fs) ef
fector cells on Percoll gradients and the reduction of virus titer was as
sociated with the cytotoxic activity and not the peak IFN production. 
These results indicated that the cytotoxic NK effectors themselves were 
able to directly inhibit virus replication, most likely by lysing target cells 
prior to the production of infectious new progeny. In vivo these effectors 
may significantly reduce the virus load that the infected host must deal 
with. 

E. Role of NK Cells in Resistance to HSV-l in the Mouse 

Studies have shown that many of the treatments that reduce or 
abrogate NK cell function in mice also reduce genetic resistance to HSV-
1. Thus, 89Sr treatment of mice completely abrogated NK cell function 
as well as genetic resistance to HSV-1 (Lopez et a1., 1980). In a less dra
matic manner, chronic estradiol treatment resulted in reduced NK cell 
function and reduced resistance to HSV-1 (c. Lopez et a1., unpublished 
results). In other studies, mice carrying the bg/bg phenotype were found 
to be slightly more susceptible to HSV-1 than were their normal litter
mates. As they also has lower NK responses, these results again showed 
a correlation between low NK and susceptibility to infection. Genetically 
resistant mice were found to have good NK responses whereas most sus
ceptible strains of mice lacked significant lysis of HSV-1-infected target 
cells (c. Lopez et a1., unpublished results). Of interest was the observation 
that, although CBA mice had high NK activity, they were moderately 
susceptible to HSV-1 infection. As CBA mice lack only one of the two 
resistance genes, NK may be necessary but not sufficient for resistance. 
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The studies of Engler et al. (1981) suggest that the production of early 
IFN rather than NK cell function plays an important role in resistance 
to HSV-l in the mouse. These investigators cite SJL mice as relatively 
resistant mice that have low NK activity against Yac targets but high 
production of early IFN, results that they say indicate that the early IFN 
is more important than NK in conferring resistance to HSV-l (H. Kir
chner, personal communication). However, as noted above, there is het
erogeneity of NK effector cells and these investigators may not have eval
uated the correct subpopulation of effectors. 

The studies suggesting an important role for NK cells in resistance 
to HSV-l in mouse are interesting but are only preliminary and require 
substantiation. In particular, it will be important to determine whether 
NK segregates with genetic resistance in backcrossed mice. Additional 
studies must also take into account the heterogeneity of NK effector cells. 

F. Low NK(HSV-Fs) Function Associated with Susceptibility to 
Herpesvirus Infections in Man 

Because of the studies suggesting an important role for NK cells in 
genetic resistance to HSV-l in the mouse, studies have been carried out 
to determine whether individuals susceptible to severe herpesvirus in
fections have deficiencies of NK(HSV-Fs) function (Lopez et al., 1983a). 
We have evaluated two groups of patients known to be susceptible to 
severe herpesvirus infections. Cord blood lymphocytes were studied be
cause of the newborns' known susceptibility to disseminated infections. 
Only 30% of the cord blood lymphocytes tested demonstrated normal 
responses. Similar observations have been made by Kohls et al. (1981). 
Peripheral blood cells from nine premature infants were also tested and 
all had responses greater than 3 S.D. below the normal mean (Lopez et 
al., 1983a, and unpublished). This discrepancy between the results with 
newborns and cord blood might be real and reflect the significantly greater 
risk of the premature newborn infant to severe herpesvirus infection (Vis
intine et al., 1981). However, this difference might also reflect differences 
found between cord blood and peripheral blood of newborn infants. 

Wiskott-Aldrich syndrome is an X-linked, primary immunodefi
ciency disorder characterized by the triad of eczema, thrombocytopenia, 
and recurrent infections (Aldrich et al., 1954). Most patients with this 
syndrome have also been shown to be susceptible to severe herpesvirus 
infections (St. Geme et al., 1965). We have evaluated the NK(HSV-Fs) 
responses of six patients with Wiskott-Aldrich syndrome and found that 
only one had a normal capacity (Lopez et al., 1983a, and unpublished). 
The one patient with a normal response has survived much longer than 
usual and has had little trouble with infections. Low NK(HSV-Fs) re
sponses in the other individuals with this syndrome correlated with a 
history of severe infections including some with herpesviruses. In addi-
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tion to these five patients, we have recently evaluated two other patients 
with this disease. As noted with the other patients, these two patients 
had low NK(HSV-Fs) responses that correlated with their susceptibility 
to herpesvirus infections. We found, however, that these patients had 
normal responses when evaluated for NK(K562) activity, indicating that 
a deficiency of NK function might have been missed had we only tested 
these patients with K562 tumor targets. 

Newborns and patients with Wiskott-Aldrich syndrome have been 
shown to have deficiencies in other aspects of their defense systems that 
might also contribute to their susceptibility to infection (Stiehm, 1980j 

Blaese et al., 1975). We therefore evaluated the NK capacities of nine 
individuals susceptible to herpesvirus infection as evidenced by the un
usually severe infection that each had when studied. The mean NK(HSV
Fs) response of this group was significantly below the normal mean and 
below the mean of normal individuals with an occasional virus infection. 
Two of these individuals were evaluated between bouts of infection and 
each demonstrated equally depressed responses, suggesting that low 
NK(HSV-Fs) capacity might predispose such patients to unusually severe 
herpesvirus infections. As with the Wiskott-Aldrich patients, four of 
these patients were also evaluated for NK(K562) activitYj two were found 
to have low responses and two had normal responses (c. Lopez et al., 
unpublished results). Again, NK(K562) did not invariably correlate with 
susceptibility to herpesvirus infection whereas NK(HSV-Fs) responses 
distinguished those patients susceptible to infection, suggesting that NK 
cell heterogeneity is an important consideration when attempting to cor
relate biological function with NK activity. As these patients had also 
been evaluated for primary cellular immunodeficiencies and were found 
to have normal T-cell numbers and function, the deficiency of NK(HSV
Fs) function was the best correlate of susceptibility to infection. 

Other studies also suggest a role for NK effectors in resistance to 
virus infections. Sullivan et ai. (1980) demonstrated low NK(K562) ca
pacity in patients with X-linked lymphoproliferative syndrome. This dis
order is associated with susceptibility to Epstein-Barr virus-induced lym
phoproliferative disease as well as to other infections. More recently, 
these investigators have determined that suppressed NK(K562) responses 
may be a result of infections in these patients and not the cause of the 
infections (Sullivan et al., 1983). Studies by Virelizier and his colleagues 
(Virelizier, 1981 j Virelizier et al., 1979,1981) have also demonstrated low 
NK(K562) capacity in a group of patients unusually susceptible to a num
ber of infectious agents including herpesviruses. More recently, Stein et 
al., (1983) described strikingly low NK(K562) activity in badly burned 
patients, who are unusually susceptible to virus infections. Further, these 
investigators found that other immunological abnormalities found in 
these patients resolved during treatment but that NK(K562) function re
mained low for up to 80 days after the injury. Similar studies by Kohl 
and Ericsson (1982) utilizing another target cell for their NK assay, failed 
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to demonstrate that low function correlated with susceptibility to virus 
infection in burn patients. This, however, may be due to the target cells 
selected for the study (see description of heterogeneity of NK above). 

VII. INTERFERON 

IFN was first described as a substance, made during a virus infection, 
that was capable of converting susceptible, uninfected cells into cells 
resistant to virus infection (Isaacs and Lindenmann, 1956). These early 
studies also showed that the effect of IFN was on the cell and not on the 
extracellular virus. Over the years, many biological effects have been 
ascribed to IFN and each appears to be induced by the interaction of IFN 
with the cell membrane (Gresser, 1977). 

The nomenclature for IFN was recently changed by an expert com
mittee (Stewart et ai., 1977). The three major types of IFN, previously 
known as leukocyte, fibroblast, and immune, are now referred to as IFN
a, IFN-f3, and IFN-')'. In addition, a new IFN with properties of both IFN
a and IFN-,), has been described and is referred to as acid-labile IFN-a 
(Preble et ai., 1982). Most studies of IFNs and their actions were con
ducted with relatively impure preparations. More recently, however, the 
modern tools of molecular biology have been applied to the study of IFN 
with spectacular results. Many of the 12 or more IFN-a genes have been 
cloned from human cells and are being mass-produced in bacterial cul
tures (Stiehm et ai., 1982). The gene products from these various clones 
differ by 15-17% in their amino acid sequence and appear to differ in 
certain biological activities as well. IFN -13 and IFN -')' genes are also being 
cloned and pure preparations are now, or will soon be available for study 
of their biological properties. 

There are at least three mechanisms by which IFNs might playa role 
in the natural resistance to herpesvirus infections. IFN has been shown 
to inhibit the replication of herpesviruses and could act by limiting the 
quantities of infectious virus produced at the focus of infection (Ras
mussen and Farley, 1975). Also, IFN might act by augmenting the effi
ciency of cytolytic NK cells or by recruiting pre-NK cells to differentiate 
into mature, functional effector cells (Ullberg and Jondal, 1981; Saksela 
et a1., 1978). In addition, IFN could function by activating macrophages 
so that they take up and sequester the replication of HSV-1 (Linnavuori 
and Hovi, 1981) or lyse HSV-1-infected target cells (Stanwick et ai., 1980). 
IFN might also act by "priming" the production of more IFN (Stewart, 
1979). Although evidence will be presented suggesting that the rapid pro
duction of IFN is required for host defense against herpevirus infections, 
the specific mechanism involved has not been determined. 

A. Role of IFN in Genetic Resistance to HSV-l in the Mouse 

Studies by Kirchner's group (Zawatzky et ai., 1979; Engler et ai., 
1981) have shown that strains of genetically resistant mice made IFN 
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rapidly after infection whereas susceptible mice failed to generate this 
response. The IFN generated in resistant mice was found to be a/j3, and 
more recent experiments suggest that this IFN works by activating mac
rophages that in tum sequester the replication of virus (H. Kirchner, per
sonal communication). The IFN is generated in athymic, nude mice, 
which also demonstrate resistance to i.p. challenge with HSV-l (Za
watzky et a1., 1979). In preliminary studies, we also have found that most 
resistant mice rapidly make IFN in response to HSV-l infection (e. Lopez 
et a1., unpublished results). One exception has been the CBA strain 
mouse, which makes high levels of IFN but is moderately susceptible to 
HSV-l infection. As noted for NK cell responses, definition of the mech
anisms responsible for genetic resistance awaits backcross experiments 
with genetically susceptible and resistant mice. 

The studies of Gresser et al. (1976) have provided some of the strong
est evidence suggesting a role for IFN in resistance to HSV-l. These in
vestigators produced a potent, heterologous anti-mouse IFN serum and 
then used it to make IFN-deficient mice to determine the effect on the 
pathogenesis of a number of virus infections including HSV -1. This IFN 
deficiency markedly increased the susceptibility of the mice to HSV-l. 
These investigators used outbred mice for these studies so that it is dif
ficult to determine whether genetic resistance was being abolished. In 
preliminary studies, we have found that a heterologous anti-mouse IFN 
serum dramatically reduced resistance of C57BLl6 mice to challenge with 
HSV-l, suggesting that IFN generation is probably an integral part of 
genetic resistance against this virus (C. Colmenares et al., unpublished 
results). 

B. IFN-a-Generating Cells in Man 

The effector cells that produce IFN-a in man are similar to NK cy
tolytic cells in that they are null cells (Peter et a1., 1980; Kirchner et al., 
1979) found in Percoll gradient fractions enriched for large granular lym
phocytes (Djeu et a1., 1982; Fitzgerald et a1., in preparation) and require 
no presensitization in order to be operative. More recently, however, we 
have found that the IFN-a-generating cells can be distinguished from the 
lytic effectors by cell surface markers as well as by studies of certain 
patient populations. Thus, the cells that make IFN-a lack Lyt-3, OKM1, 
and Leu-lI, markers found on all or most NK lytic effector cells (Fitz
gerald et al., in preparation). Conversely, the IFN-a-generating cells ex
press Ia on their cell surface, a marker also expressed on some NK(HSV
Fs) but not on NK(K562) effectors. Furthermore, patient studies indicate 
that NK IFN-a generation are independently regulated functions. Thus, 
we have found patients with normal NK(HSV-Fs) lytic capacity but with 
a marked deficiency of IFN-generating capacity and vice versa. These 
studies indicate that the IFN-a-generating cells are probably a subpop-
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ulation of large granular lymphocytes different from NK lytic effectors 
and are independently regulated. 

C. Role of IFN in Resistance to Herpesvirus Infections in Man 

A number of studies have associated a deficiency of IFN generation 
with increased susceptibility to herpesvirus infections. Cord blood cells 
have been shown to make normal levels of IFN-a and IFN-~ in response 
to virus infections in vitro but to be deficient in IFN-), production in 
response to mitogens (Cantell et al., 1968; Carter et al., 1971). The latter 
appeared to be due to immature macrophage function required, in general, 
for lymphokine production (Taylor and Bryson, 1981). Patients with de
ficiencies of IFN-)' generation in response to stimulus with a B-cellline 
have been described to be susceptible to severe infection with a number 
of pathogens including herpesviruses (Virelizier, 1981; Virelizier et al., 
1978, 1979). Some of these patients only had deficiencies of IFN gener
ation while other had other deficits as well. 

Patients with AIDS are susceptible to a variety of intracellular path
ogens, such as P. carinii pneumonia, which usually cause disease only 
in patients with primary or secondary immunodeficiency disorders or 
AIDS patients develop infections that are much more severe than infec
tions in nonimmunocompromised individuals, such as ulcerative HSV 
infections rather than the self-limited infections usually found in oth
erwise normal individuals (Siegal et al., 1981; Gottlieb et al., 1981; Masur 
et al., 1981; Curran, 1983). Patients at risk of developing AIDS include 
male homosexuals (71 % of all current patients), men and women who 
are i.v. drug abusers (17%), Haitians (5.2%), heterosexual sexual partners 
of AIDS patients (1 %), hemophiliacs (1 %), blood transfusion recipients 
(1 %), and patients where risk factors were not documented (Curran, 
1983). Patients with AIDS and opportunistic infections have been found 
to have deficiencies of T-cell numbers and function as well as of B-cell 
function. However, many of these deficiencies are also found in homo
sexual controls who do not develop AIDS and in non-AIDS patients with 
acute virus infections. Analysis of data generated in the study of over 200 
patients indicates that the best correlate with susceptibility to oppor
tunistic infections was the deficiency of IFN-a generation by mononu
clear cells challenged with HSV-l-infected fibroblasts. This deficiency 
appeared to be selective in that it was rarely found repeatedly in indi
viduals who did not develop an infection and was found in 99 of 101 AIDS 
patients who developed opportunistic infections. When compared to the 
other immunological functions evaluated, the deficiency in ability to pro
duce IFN-a was the best correlate of susceptibility to infection (Lopez et 
al., 1983b). 

Patients undergoing surgical procedures that result in manipulation 
of the trigeminal root often demonstrate reactivated HSV-l infections 
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following surgery. pazin et al. (1979) showed that IFN treatment of such 
patients resulted in a significantly reduced reactivation rate. Thus, ex
ogenous IFN was sufficient to inhibit recurrent HSV-1 infections. Al
though low levels of IFN were sufficient, the mechanisms involved re
main undetermined. 

VIII. CONCLUDING REMARKS 

Natural resistance mechanisms probably playa decisive role during 
early stages of primary herpesvirus infections. Unlike antibody and cell
mediated immunity, these mechanisms do not require prior exposure to 
viral antigens to be operative and a significant response can be detected 
as early as 2-4 hr after infection. Failure of the natural defense systems 
theoretically would result in widely disseminated infection long before 
an adaptive immune response might be induced and, therefore, capable 
of clearing the infection. The fact that natural resistance mechanisms 
probably playa decisive role in primary infection does not rule out a role 
for these mechanisms in defense against recrudescent HSV disease. An
imal models for the study of recurrent disease are poor models of human 
disease and may not offer the experimental capabilities needed to deter
mine whether natural resistance systems playa role in maintaining latent 
infections or controlling reactivated disease. These questions may, in the 
future, be addressed by models of genetic resistance to the development 
of latent infections. 

Deficiencies of natural resistance mechanisms have been associated 
with unusual susceptibility to herpesvirus infections. An understanding 
of the basic biology of the effector cells and the interactions needed for 
a normal response is the necessary first step toward developing new mo
dalities of treatment that either augment these defense mechanisms or 
replace necessary humoral factors in order to circumvent a deficiency. 
The heterogeneity of effector cells of natural resistance must be defined 
in order to develop an understanding of the biological roles played by 
these cells. Furthermore, humoral factors that act to differentiate, sup
press, or augment effectors of natural resistance must be defined in order 
to develop the means for controlling these cells. 

Natural resistance mechanisms constitute a formidable barrier to a 
herpesvirus infection. The proper functioning of these newly described 
mechanisms is required by the host in order to survive our numerous 
encounters with these pathogens. With a thorough understanding of the 
effector cells involved and their interactions, it should be possible to 
develop ways of manipulating them to the advantage of the host. 
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CHAPTER 3 

Humoral Response to Herpes 
Simplex Virus Infections 
BODIL N ORRILD 

I. INTRODUCTION 

Herpes simplex virus types 1 and 2 (HSV-l, HSV-2) give rise to a variety 
of human diseases of different severity and morbidity. It is well known 
that herpes virus remains latent in the human body after the first exposure 
to the virus (the primary infection) and colonizes either the trigeminal 
or the sacral ganglia, from where the virus is occasionally reactivated (for 
review see Wildy et a1., 1982). The result of reactivation is either a clinical 
or a subclinical recurrent infection, and viral cellular proteins synthesized 
during a primary as well as during a recurrent infection interact with the 
immune system of the infected host organisms and give rise to the for
mation of both circulating HSV-specific antibodies and activated lym
phocytes that have the potential to eliminate infectious virus from the 
infected host. 

The interaction between virus and antibodies was studied by use of 
both human convalescent serum and rabbit hyperimmune serum, and it 
was recognized early that various virus isolates reacted most strongly 
with antibodies raised to the homologous virus (Roizman et a1., 1973; 
Schneweis, 1962), a finding that allowed the identification of the two 
HSV strains HSV-l and HSV-2. The serological differentiation was later 
extended with biochemical and genetic analyses of HSV-l and HSV-2 
DNA (Kieff et al., 1971, 1972; Ludwig et a1., 1972) and proteins (Cassai 
et al., 1975; Heine et al., 1974; Morse et a1., 1978; Pereira et a1., 1976; 
Powell et al., 1977; Spear and Roizman, 1972). 
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The present review will focus on the ability of HSV to induce spe
cifically circulating antibodies in the human host, and the following as
pects will be discussed: 

1. The categories of antibodies detected in various immunological 
tests 

2. The immunogenicity of individual viral proteins 
3. The significance of the induction of antibodies belonging to dif

ferent immunoglobulin classes during HSV infection 
4. The possible protective effect of specific HSV antibodies, with 

special emphasis on the monitoring of a human vaccine by meas
urement of the induction of specific HSV antibodies 

II. HSV-SPECIFIC ANTIBODIES IN HUMAN 
CONVALESCENT SERA 

The identification of the two strains of HSV and the observation that 
especially HSV-2 might be of significance for the development of cervical 
cancer (Nahmias and Norrild, 1980; Nahmias et a1., 1974; Rawls et a1., 
1977) made it desirable to develop serological tests that allowed both 
qualitative and quantitative measurements of HSV-l and HSV-2 anti
bodies in human convalescent sera. In early studies the neutralization 
tests and the complement-binding test were most commonly used (Pauls 
and Dowdle, 1967; Schneweis, 1962) but these methods were both time
consuming and tedious and for seroepidemiological purposes methods 
allowing a rapid screening of large numbers of sera were needed. Many 
tests have been developed over the years for the analysis of antibodies 
reactive to both HSV type-common and HSV type-specific antigens. 
Among the tests to be mentioned, the inhibition-passive hemagglutin
ation test (Schneweis and Nahmias, 1971), the immunofluorescence tests 
(Geder and Skinner, 1971; Nahmias et a1., 1971a,b), the immunocytolytic 
test (Rager-Zisman and Bloom, 1974; Rawls and Tompkins, 1975; Shore 
et a1., 1976; Subramanian and Rawls, 1977), and the immunoprecipitation 
tests (Tokumaru, 1965; Vestergaard, 1980) were all useful mainly for 
measurement of HSV-specific antibodies of the IgG class. The recent de
velopment of the ELISA and RIA tests has been a great improvement for 
both seroepidemiological and diagnostic work, and these methods also 
allow the measurement of antibodies belonging to the IgM and IgA im
munoglobulin subclasses more easily than by the immunofluorescence 
test used in previous studies (Nahmias et a1., 1971b). (For review see 
Plummer, 1973.) The methods to be discussed in this review are listed 
in Table I. 

Only the major findings obtained by the seroepidemiological studies 
and of relevance for the understanding of the humoral immune response 
to HSV will be discussed in the following. 
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TABLE 1. Methods in Use for the Analysis of Human Sera for HSV-Specific 
Antibodies 
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Method Reactive proteins 
Immunoglobulin class 

detectable 

Virus neutralization 
Fluorescence microscopy 

Antibody-dependent 
immunocytolytic tests 

Complement-mediated 
K-cell-mediated 

Immunoprecipitation 

ELISA/RIA 
Immunoblotting 

Membrane glycoproteins 
Intracellular proteins and/or 

membrane glycoproteins 

Membrane glycoproteins 
Membrane glycoproteins 
Soluble infected cell 

proteins 
Total or purified proteins 
Soluble and insoluble 

infected cell proteins 

IgG, IgM 
IgG, IgM, IgA 

IgG, IgM 
IgG 
IgG 

IgG, IgM, IgA 
IgG 

III. MEASUREMENT OF HSV -SPECIFIC NEUTRALIZING 
ANTIBODIES 

Neutralizing antibodies that are produced in response to HSV anti
gens present on the surface of the virus envelope appear after primary 
HSV infections 2 weeks after onset of clinical lesions, and the titer in
creases until 3-4 weeks after clinical symptoms (Kohl et a1., 1982; Mann 
and Hilty, 1982; Rawls, 1973; Zweerink and Corey, 1982). 

The IgG antibody titers to HSV usually remain fairly stable and even 
after clinical recurrent infections fluctuations in neutralizing antibody 
titers occur only occasionally (Cesario et a1., 1969; Douglas and Couch, 
1970; reviewed by Doerr et a1., 1976). Measurement of neutralizing an
tibodies is a very sensitive test but it has been reported that a certain 
subset of the antibodies is dependent on the presence of complement, 
according to studies first made in a rabbit model system. The comple
ment-dependent fraction of antibodies was found especially in early hy
perimmune sera (Wallis and Melnick, 1971; Yoshino and Taniguchi, 
1965; Yoshino et a1., 1977) but also late sera contained a fraction of com
plement-requiring antibodies (Hamper et a1., 1968; Yoshino et a1., 1979). 
Complement was shown to influence mainly antibodies of the IgM class 
but also a subfraction of the IgG antibodies (Ohashi and Ozaki, 1981). 
Complement also enhanced the neutralizing capacity of human sera, an 
effect that was found in both early and late convalescent sera (Zweerink 
and Corey, 1982). 

The percentage of seropositive adults as measured by the presence 
of neutralizing antibodies is dependent on the population tested and is 
related to a variety of factors, including socioeconomic parameters, num
ber of sex partners, age, etc. (Nahmias and Roizman, 1973a-c; Wentworth 
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and Alexander, 1971). The percentage of HSV-1-seropositive women in 
Scandinavia was as high as 87% and for HSV-2 47% (Vestergaard et a1., 
1972) whereas figures as low as 7-9% were found in Israel and Hungary 
(for review see Rawls et a1., 1980). 

IV. MEASUREMENT OF HSV ANTIBODIES BY 
IMMUNOFLUORESCENCE 

The immunofluorescence test made it possible to measure both an
tibody binding to the surface of infected cells and binding to internal HSV 
proteins (Nahmias et a1., 1971a,b). However, the major contributions ob
tained by immunofluorescence studies are the measurements of HSV
specific antibodies belonging to the different immunoglobulin classes (de
scribed in detail later in this review). 

V. MEASUREMENT OF HSV-CYTOLYTIC ANTIBODIES 

Complement-dependent immunocytolysis of HSV-infected cells in 
the presence of specific antibodies was recognized in early studies where 
HSV-1-infected cells were injured in the presence of hyperimmune rabbit 
sera and complement (Notkins, 1971; Oldstone, 1977; Rawls and Tomp
kins, 1975; Roizman and Roane, 1961; Smith et a1., 1972). The application 
of the test to the analysis of human sera showed that convalescent sera 
added even in high dilutions were able to lyse both HSV-1- and HSV-2-
infected cells. The sensitivity of the immunocytolysis was increased in 
the antibody-dependent cell-mediated cytotoxicity (ADCC) tests, but the 
method allowed only the measurement of antibodies belonging to the 
IgG class reactive with the HSV surface antigens (Rager-Zisman and 
Bloom, 1974; Shore et a1., 1977). (For review see Norrild et a1., 1984). Sera 
that were originally scored as negative for HSV antibodies by use of the 
complement-dependent immunocytolytic test were positive in the 
ADCC test, and out of 100 sera of which 60 were negative in the com
plement-dependent test, only 27 were negative in the ADCC test (Sub
ramanian and Rawls, 1977). The ADCC technique also made it possible 
to follow some fluctuations in the antibody titer during various stages 
of malignant disease, and it was found that low antibody titer correlated 
with severe disease (Christenson, 1978). The antibody population meas
ured in the immunocytolytic test is likely to be the same subset of an
tibodies as measured in neutralization reactions. 

VI. MEASUREMENT OF HSV -PRECIPITATING ANTIBODIES 

Immunoprecipitation of HSV proteins with human sera was first 
done in gels (Tokumaru, 1965). Five to seven precipitin lines were found, 
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most in convalescent sera. Vestergaard (1979) applied the crossed im
munoelectrophoresis for the analysis of precipitating antibodies present 
in human sera. The human sera were applied in an intermediate gel and 
their interaction with the HSV immunoprecipitates found by precipita
tion of HSV-infected cell extracts into antibody-containing gel was meas
ured. Antibodies to the glycoproteins gB and gD were found to be dom
inant in the 100 human sera tested. 

Analysis of HSV-specific precipitating antibodies present in human 
sera was also done in suspensions by the binding of the sera to radiolabeled 
HSV proteins extracted from infected cells. The immune complexes 
formed were bound to protein A and the specificity of the reactive an
tibodies was visualized as the autoradiographic image of the bound HSV 
proteins after their electrophoretic separation on SDS-polyacrylamide 
gels (Eberle and Courtney, 1981; Gilman et a1., 1981; Mann and Hilty, 
1982). The method is especially valuable because antibodies to both mem
brane and intracellular-but soluble-viral proteins are measured and at 
the same time this kind of study identifies the subset of viral proteins 
that are immunogenic during an infection, a topic that will be dealt with 
in detail in a later section of this review. Immunoprecipitation studies 
are possible only if the antibody titer is reasonably high, and although 
the population of antibodies measured is different from the one measured 
by neutralization, there seems to be a correlation between the titer of 
the serum as measured by neutralization and its ability to immunopre
cipitate (Eberle and Courtney, 1981; Mann and Hilty, 1982). It should be 
noted that in sequential sera from a patient with a primary infection, 
antibodies to the known glycoproteins of HSV-l, gB, gC, gD, and gE, were 
present from day 14 after onset of the illness, and the antibody profile 
remained constant over a period of 2 years. Sequential sera from a patient 
with recurrent HSV-l showed a similar antibody pattern and no major 
changes up to or during a recurrence (Mann and Hilty, 1982). 

Another approach where immunoprecipitation was shown to be use
ful was for typing of human sera for their content of antibodies to either 
HSV-l or HSV-2 (Eberle and Courtney, 1981). The investigators took ad
vantage of the existence of an HSV-l-specific glycoprotein designated gC, 
and sera that precipitated gC of HSV-l contained HSV-l-specific anti
bodies whereas sera that did not precipitate gC of HSV-l apparently pre
cipitated an HSV-2 glycoprotein with an apparent molecular weight sim
ilar to that of gC of HSV-l. This approach for typing human sera might 
not be specific enough as it is well known that strains of HSV-l lacking 
gC may occur (Hoggan and Roizman, 1959). 

VII. MEASUREMENT OF HSV ANTIBODIES WITH ELISA 
AND RIA 

Development of the ELISA and RIA tests allowed a quick screening 
of a large number of human sera for the content of antibodies to HSV 
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proteins. The methods may be used for quantitative analysis of both HSV
specific IgG antibodies and for the analysis of the 19A and IgM subclasses 
as described in a later section (Jordan and Rytel, 1981; Kalimo et al., 1977; 
Vestergaard and Grauballe, 1979). 

VIII. MEASUREMENT OF HSV ANTIBODIES BY 
IMMUNOBLOTIING 

The immunoblotting test has been used by several investigators for 
the analysis of the immunological specificity of hybridoma antibodies 
made to HSV proteins. Protein extracts made from infected cells were 
separated electrophoretically in SDS-polyacrylamide gels and then trans
ferred to nitrocellulose paper. The immobilized proteins were incubated 
with antibodies followed by a horseradish peroxidase-coupled conjugate 
that by reaction with a substrate for the enzyme stained the bound an
tibodies (Braun et al., 1983; Fujinami et al., 1983). 

Application of the technique for the analysis of the HSV-specific an
tibody repertoire present in hyperimmune human sera made it possible 
to detect antibodies reactive with both soluble and insoluble HSV pro
teins (Stubbe Teglbjaerg and Norrid, in press; Vass-Serensen et al., 1984). 
As many as 23 HSV-l proteins bound specific antibodies when reacted 
with hyperimmune human sera, whereas 10-15 HSV-2 proteins at the 
most bound antibodies from the same sera. 

In order to understand the humoral immune response induced by 
HSV, it is necessary to sum up the information obtained by the various 
tests. The antibodies made to the antigen exposed on the surface of in
fected cells and on the virion envelope have been considered the ones 
most important for the limitation of the spread of virus and for the elim
ination of infected virus from the infected host. Our present knowledge 
about the spectrum of antibodies induced by both structural and intra
cellular proteins leaves us with speculations about the biological signif
icance of these antibodies. The most likely hypothesis is that various 
antibodies form immune complexes with the corresponding proteins, 
complexes that are then eliminated from the host by uptake into mac
rophages. 

IX. IMMUNOGENICITY OF THE HSV-l AND HSV-2 
PROTEINS 

During an infectious cycle, HSV-l and HSV-2 specify the synthesis 
of more than 50 proteins. These have been identified in infected cell 
extracts (Heine et ai., 1974; Morse et al., 1978), and among the cellular 
HSV-l and HSV-2 proteins, five glycoproteins, designated gB, ge, gD, gE, 
and gG, are inserted in both the plasma membrane of infected cells and 
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the virus envelope. It should be noted that gC of HSV-2 in the old no
menclature was named gF and that gG is a newly discovered glycoprotein 
specific for HSV-2 (Balachandran et a1., 1981; Bauke and Spear, 1979; 
Cohen et a1., 1978; Heine et a1., 1972; Norrild et a1., 1980; Powell et a1., 
1974; Roizman et a1., 1984; Spear, 1976; Vestergaard and Norrild, 1978). 
Among the virus-specified proteins identified in infected cells, approxi
mately half are structural proteins that comprise the virus particle (Cassai 
et a1., 1975; Heine et a1., 1972). 

Several of the HSV proteins are strong immunogens, and especially 
the glycoproteins that are exposed on the surface of infected cells and 
virions have been studied extensively with respect to their ability to in
duce the production of both specific antibodies and activated cytolytic 
lymphocytes (Eberle and Courtney, 1981; Kapoor et a1., 1982a; Mann and 
Hilty, 1982; Norrild, 1980; Rouse and Lawman, 1980; Zweerink and 
Corey, 1982). As the immunogenicity of the glycoproteins is reviewed 
elsewhere (Norrild, 1980), only the following features shall be mentioned: 
each of the glycoproteins carries a specific set of antigen-determinant 
sites, which are not present on any of the other glycoproteins from the 
homologous virus. All HSV-l glycoproteins have immunologically cross
reactive counterparts in HSV-2 virus, and only gG of HSV-2 has no coun
terpart in HSV-l (Roizman et a1., 1984b). 

Among the nonglycosylated proteins, several structural and non
structural proteins are strong immunogens in the human host. By im
munoprecipitation studies it has been reported that the HSV-l proteins 
with apparent molecular weights of 159, 152, 132, 125, 96, 67, and 63K 
could be precipitated by antibodies produced 2 weeks after a primary 
encephalitis. The proteins represented both the major capsid protein 
(IS9K in this study) and the glycoproteins gB (12SK) and gC (132K). The 
subset of proteins precipitated with sera from patients with a recurrent 
herpes labialis was very much the same, but instead of the 67 and 63K, 
a protein of 48K was demonstrated (Mann and Hilty, 1982). In another 
study where 231 sera were tested by immunoprecipitation as controls for 
a cancer study, 31 HSV-l and 27 HSV-2 proteins were immunoprecipit
able. However, the individual sera reacted with 12-14 proteins each, and 
the patterns obtained with the various sera differed. The protein that was 
precipitated most frequently from HSV-l was a glycoprotein of 133K, 
most likely gC, and from HSV-2 a glycoprotein of 131K (Gilman et a1., 
1981). 

Studies done in my laboratory confirm the data obtained by Gilman 
et a1. (1981). Twelve to fourteen proteins from either HSV-l or HSV-2 are 
precipitated by human sera, but the profiles obtained are very consistent 
from serum to serum in the series of 50 sera analyzed (Fig. 1). In primary 
infections the precipitating antibodies were weak in acute serum but the 
protein profile obtained with convalescent sera was similar to the one 
obtained with hyperimmune sera from persons without clinical recurr
ence (Figs. 1 and 2). The HSV-l and HSV-2 proteins precipitated by the 
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FIGURE 1. SOS-polyacrylamide gel elec
trophoresis of HSV-1 and HSV-2 proteins 
immunoprecipitated with human hyper
immune serum. HSV-l and HSV-2 in
fected Vero cells were labeled with 2 fIoCil 
ml medium of [14C]isoleucine, 
[14C]leucine, [14C]valine (IL V) (NEN, 
Germany). Labeling was done from 6 to 
18 hr postinfection, and the infected cell 
proteins were extracted for immunopre
cipitationina 1% (v/v) TritonX-lOO-con
taining glycine-Tris buffer (pH 8.6) with 
10- 5 M TLCK and TPCK. The soluble 
proteins were prepared by centrifugation 
at 100,OOOg for 1 hr. Immunoprecipita
tion was done by incubation of 25 fIol of 
protein extract with 50 fIol of human 
serum. The immune complexes were iso
lated after binding to formalin-fixed 
Staphylococcus (Roizman et al., 1982). 
The immunoprecipitate was solubilized 
and electrophoresed on SOS-polyacryl
amide gels as described by Morse et al. 
(1978). Sera A andB arefrom two patients 
with in situ cervical carcinoma. 14C-glu
cos amine-labeled HSV-1 proteins ex
tracted from infected Vero cells are in
eluded as a marker in lane 3. The arrows 
indicate from the top the glycoproteins 
gC, gBl, gB2, and gO. 

hyperimmune human sera tested in that study are listed in Table II, and 
it should be noted that only a few of the known nonglycosylated infected 
cell proteins are precipitated by the human sera. 

In order to get a better measure of the number of HSV proteins that 
are immunogenic, we applied the immunoblotting technique for the anal
ysis of the HSV antibodies present in human hyperimmune sera. The 
number of immunoreactive HSV-l proteins demonstrated by this method 
was as high as 23, whereas 10-15 HSV-2 proteins at the most were re
active, as illustrated for five human sera in Fig. 3. It is clear that there 
are differences in the set of antibodies present in the different sera, and 
also that the demonstration of immunoreactivity is very dependent on 
the method used. The HSV-l proteins that reacted most frequently with 
human sera from persons without recurrences are listed in Table III. Both 
the ICPs 32/33 and the two glycoproteins gBI (ICPll) and gO (ICP29) 
reacted with 50% of the sera tested. Our data do not agree with the 
immunoprecipitation data of Gilman et ai. (1981), who found that the 
HSV-l proteins with molecular weights of 133, 99, 82, and 104K were 
detected most frequently after reaction with human antibodies. 
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FIGURE 2. SDS-polyacrylamide gel 
electrophoresis of HSV-1 and HSV-2 
proteins immunoprecipitated with 
human serum from a primary infec
tion. The HSV-1 and HSV-2 protein 
extracts were labeled and prepared as 
described in Fig. 1. The HSV-1 or 
HSV-2 proteins were precipitated 
with serum collected on day 3 and on 
day 14 postlesion. Sera were kindly 
provided by Dr. J. Blomberg, Lund, 
Sweden. 

In conclusion, the different studies done in order to demonstrate the 
immunogenicity of the individual HSV proteins have shown that most 
of the proteins are able to induce the production of specific antibodies 
during a productive infection. 

X. MEASUREMENT OF HSV-SPECIFIC ANTIBODIES 
BELONGING TO THE IgM AND IgA CLASSES 

HSV induces specific antibodies of the IgM, IgA, and IgG classes 
during a productive infection. The kinetics of appearance of the different 
immunoglobulins has been studied extensively for diagnostic purposes. 
As IgM was considered a specific marker for primary infections, human 
sera were screened for the appearance of specific IgM either by indirect 
immunofluorescence or by ELISA or RIA tests. Although it was reported 
in most studies that IgM is present in serum only in primary cases, some 
investigators found IgM to persist in serum (Kimmel et al., 1982; Nahmias 
and Roizman, 1973c). In primary infections IgM was demonstrated in sera 
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TABLE II. HSV-l and HSV-2 Proteins Immunoprecipitated with Human 
Hyperimmune Serum 

HSV-1 HSV-2 

Molecular weight Molecular weight 
x 10-3 Icpa x 10-3 Icpa 

151 5 153 5 
146 6 146 6 

138 7 
128 8 127 8 
119 IgB 2) 102 
114 11 IgBl) 99 
110 96 
103 92.5 
77 

90 
64 25 63 25 
55 291gD) 54.5 29 (gD) 
42.5 36 42.5 36 
41.5 41.5 
40 35 
33.2 31.3 
22 21 

a According to Morse et al. (1978). 

from five infants with neonatal herpes (Nahmias et al., 1971a), and Doerr 
et al. (1976) found IgM in serum for many weeks after onset of primary 
CNS disease but not after localized recurrent diseases. Kalimo et al., 
(1977) reported that IgM was induced in primary as well as in severe 
recurrent cases, and an elevated level of IgM was found in sera from 
patients with recent genital infections (EI Falaky and Vestergaard, 1977). 
Antibodies of the IgA class were proposed to playa role in the reactivation 
of HSV (Tokumaru, 1966), but later studies showed that the IgA was 
induced during a primary infection where an increase in titer could be 
demonstrated but IgA persisted in human sera and therefore was neither 
of diagnostic value nor of significance in the development of recurrences 
(Friedman and Kimmel, 1982). HSV-specific IgA was also present in se
cretions and was found in vaginal secretions from women with genital 
herpes (Kalimo et ai., 1981; Nahmias et aI., 1971a) and from pregnant 
women, where an elevated IgA titer to HSV was related to risk of abortion 
(Gronroos et al., 1983). The significance of IgA in secretions is not known, 
but it might be related to local immunity as suggested for secretory IgA 
in tears (Centifanto and Kaufman, 1970; Norrild et al., 1982). Induction 
of locally produced antibodies in CSF in patients with encephalitis has 
also been followed, and HSV-specific antibodies of the IgG and IgA classes 
(although in small amounts) were demonstrated from 8 days after onset 
of the disease (Vaheri et aI., 1982; Vandvik et aI., 1982). 
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FIGURE 3. Analysis of human sera by immunoblotting. HSV-l and HSV-2 proteins were 
35S-methionine-labeled from 6 to 8 hr postinfection, extracted, electrophoretically separated, 
and transferred to nitrocellulose paper as described by Braun et ai. 11983). The strips were 
incubated with human sera diluted to an ELISA titer of 40, followed by binding of peroxidase
coupled rabbit anti-human IgG IOAKO, Copenhagen) used at a dilution of 1: 300. The sub
strate used was ortho-dianisidine. The left panel shows the reactivity of five sera, 1-5, with 
HSV-l proteins, and the right panel shows the reactivity of the same five sera with HSV-2 
proteins. The strips labeled Ag show the auto radiographic picture of the HSV-l and HSV-
2 proteins, respectively, bound to the nitrocellulose paper. The ICPs are numbered to the 
left of each of the Ag strips and the leading edge of some of the proteins is marked with 
arrows for clarification. The position of the glycoproteins gB and gO is marked to the right 
of each panel. Serum No.1 is from a patient with no clinical manifestation of herpes simplex; 
Nos. 2-5 are sera from patients with cervical cancer in stages I or II. 

XI. FUNCTION OF HSV-SPECIFIC ANTIBODIES IN VIVO 

It is well appreciated that recurrent HSV infections occur in the pres
ence of circulating, specific antibodies, a finding that raises questions 
regarding the role of the humoral immune response in vivo. Inasmuch 
as circulating antibodies have both neutralizing and cytolytic potentials, 
and both complement and K cells are present in the peripheral blood, it 
could be expected that infectious virus and infected cells would be elim
inated as soon as they were recognized, which was for infected cells pos-
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TABLE III. Rank Order of HSV-l Proteins 
Reactive with Human Sera in 

Immunoblotting 

Molecular weight 
Icpa Ix 10- 3 ) Serapositiveb 

32/33 51.5/50 16 
11 114 15 
29 55 15 
20 77 14 
18h 88 13 
35a 45 12 
36 42.5 12 
18a 45 11 
19 78 11 
8 128 10 
9 122 8 

23 71 8 

a Morse et al. (1978). 
b Total number: 30. 
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sibly as early as 4 hr postinfection (Norrild et al., 1980). It has been pos
sible only in model systems to illustrate the possible function of 
antibodies in limiting the spread of virus and in protecting against a 
lethal dosage of HSV, experiments that were most often done in mice. 
Passive transfer of hyperimmune serum and leukocytes given intraperi
toneally (Lp.) to newborn mice protected the animals against 106 PFU of 
virus also injected Lp. 1 day later (Kohl et al., 1981). Monoclonal anti
bodies reactive with gC and gD of HSV-l and injected i.p., protected mice 
against 106 PFU of HSV-l and HSV-l/HSV-2, respectively, when chal
lenged into the footpad (Dix et aI., 1981). Passive transfer of neutralizing 
polyclonal or monoclonal antibodies (made to gD) apparently interfered 
with the transport of HSV to the CNS, and when antibodies were injected 
intravenously before day 3 postinfection, virus was not transmitted to 
the ganglia or to the spinal cord of mice injected with virus in the ear 
pinna (Kapoor et al., 1982b). In a similar study, monoclonal antibodies 
made to the HSV-2 glycoproteins also conferred protection when injected 
Lp. 3 hr before challenge with 10 times the lethal doses of HSV-2 given 
by the footpad route (Balachandran et al., 1982). The authors conclude 
that an ADCC mechanism is responsible for the elimination of virus. 
Based on these studies there seems to be a specific effect of antibodies 
on the outcome of an HSV infection, but other reports do not support the 
findings obtained in the in vivo model system. In humans there is ap
parently no correlation between the presence of maternal HSV antibodies 
and the development of neonatal herpes (Whitley et al., 1980). In an an
imal model, however, specifically designed to study the effect of maternal 
antibodies for the outcome of HSV infections in newborn mice, both 
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immunization of the female mice and oral feeding of the newborn mice 
with human hyperimmune IgG given 24 and 4 hr before i.p. infection 
gave protection. Infection was done with 102 PFU on day 2 after birth 
(Hayashi et al., 1983). 

XII. CONCLUSION 

One of the major trends in herpesvirus research is toward the de
velopment of a human vaccine that can prevent primary genital infections 
with HSV (Cappel et al., 1982; Hilfenhaus et al., 1982; Roizman et al., 
1982, 1984a; Skinner et al., 1982). It was an early hypothesis that even 
though HSV-l did not prevent later infections with HSV-2, it did prevent 
the development of cervical carcinoma etiologically related to HSV-2, and 
therefore a certain level of protection was obtained by the first HSV in
fection (Nahmias and Norrild, 1980). Although early studies found genital 
infections to be caused mainly by HSV-2, more recent studies have shown 
that a large number of primary genital infections are caused by HSV-l, 
especially in younger persons, infections that are less likely to give re
currence than HSV-2 infections (Kawana et al., 1982; Ozaki et al., 1980; 
Peutherer et al., 1982). In one report recurrent HSV-2 infections were 
demonstrated more frequently in persons with high titers of neutralizing 
antibodies than in patients with low neutralizing titers, an observation 
that might reflect possible frequent, even silent recurrences giving rise 
to a stimulation of the antibody response (Reeves et al., 1981). 

The success of a vaccine will depend on its ability to confer immunity 
to HSV-l and HSV-2 or to prevent recurrence of HSV already present in 
the CNS. Although a vaccine consisting of either a variant strain of HSV 
or purified protein may induce the production of specific antibodies, these 
are not alone likely to confer protection on the host organism. From 
animal studies the cell-mediated immune response is known also to be 
important for the elimination of infectious HSV (Kapoor et al., 1982a,b; 
Sethi et aI., 1983), and cooperation between the humoral and the cellular 
immune systems seems necessary. 

How, then, can we monitor the take of a vaccine? It will be optimal 
if both antibody and cellular parameters are followed, but preliminary 
studies in monkeys have shown that the level of precipitating antibodies 
induced by an HSV variant strain reflects the protection obtained against 
both HSV-l and HSV-2 challenge (Roizman et al., 1984). 

Much has still to be learned about the status of HSV in an infected 
host before we will be able to understand how the antibodies and the 
stimulated lymphocytes can gain access to the infectious virus and to 
the infected cells in an organism. 

ACKNOWLEDGMENTS. Financial support was obtained from the Danish 
Cancer Society and from P.O. Pedersens Foundation. 



82 BODIL NORRILD 

REFERENCES 

Balachandran, N., Harmish, D., Killington, R. A., Bacchetti, S., and Rawls, W. E., 1981, 
Monoclonal antibodies to two glycoproteins of herpes simplex virus type 2, ,. Virol. 
39:438. 

Balachandran, N., Bacchetti, S., and Rawls, W. E., 1982, Protection against lethal challenge 
of BALB/c mice by passive transfer of monoclonal antibodies to five glycoproteins of 
herpes simplex virus type 2, Infect. Immun. 37:1132. 

Bauke, R. B., and Spear, P. G., 1979, Membrane proteins specified by herpes simplex viruses. 
V. Identification of an Fc-binding glycoprotein, f. Virol. 32:779. 

Braun, D. K., Pereira, 1., Norrild, B., and Roizman, B., 1983, Application of denatured, elec
trophoretically separated, and immobilized lysates of herpes simplex virus-infected cells 
for detection of monoclonal antibodies and for studies of the properties of viral proteins, 
,. Virol. 46:103. 

Cappel, R., Sprecher, S., and de Cuyper, F., 1982, Immune responses to DNA free herpes 
simplex proteins in man, Dev. BioI. Stand. 52:345. 

Cassai, E. N., Sarmiento, M., and Spear, P. G., 1975, Comparison of the virion proteins 
specified by herpes simplex virus types 1 and 2, f. Viral. 16:1327. 

Centifanto, Y. M., and Kaufman, H. E., 1970, Secretory immunoglobulin A and herpes ker
atitis, Infect. Immun. 2:778. 

Cesario, T. C., Poland, J. D., Wulff, H., Chin, T. D. Y., and Wenner, H. A., 1969, Six years 
experience with herpes simplex virus in a children's home, Am. f. Epidemiol. 90:416. 

Christenson, B., 1978, Antibody-dependent cell-mediated cytotoxicity to herpes simplex 
virus type 2 infected target cells in the course of cervical carcinoma, Am. f. Epidemiol. 
106:126. 

Cohen, G. H., Katze, M., Hydrean-Stem, c., and Eisenberg, R. J., 1978, Type-common CP-
1 antigen of herpes simplex virus is associated with a 59,000-molecular-weight envelope 
glycoprotein, f. Virol. 27:172. 

Dix, R. D., Pereira, 1., and Baringer, J. R., 1981, Use of monoclonal antibody directed against 
herpes simplex virus glycoproteins to protect mice against acute virus-induced neu
rological disease, Infect. Immun. 34:192. 

Doerr, H. W., Gross, H., Schmitz, H., and Enders, G., 1976, Neutralizing serum IgM anti
bodies in infections with Herpes simplex virus hominis, Med. Microbiol. Immunol. 
162:83. 

Douglas, R. G., and Couch, R. B., 1970, A prospective study of chronic herpes simplex virus 
infection and recurrent herpes labialis in humans, ,. Immunol. 104:289. 

Eberle, R., and Courtney, R. J., 1981, Assay of type-specific antibodies to herpes simplex 
virus types 1 and 2 in human sera, Infect. Immun. 31:1062. 

El Falaky, I. H., and Vestergaard, B. F., 1977, IgG-, IgA- and IgM-antibodies to herpes simplex 
virus type 2 in sera from patients with cancer of the uterine cervix, Eur. ,. Cancer 
13:247. 

Friedman, M. G., and Kimmel, N., 1982, Herpes simplex virus-specific serum immunog
lobulin A: Detection in patients with primary or recurrent herpes infections and in 
healthy adults, Infect. Immun. 37:374. 

Fujinami, R. S., Oldstone, M. B. A., Wroblewska, Z., Frankel, M. E., and Koprowski, H., 
1983, Molecular mimicry in virus infections: Crossreaction of measles virus phospho
protein or of herpes simplex virus protein with human intermediate filaments, Proc. 
Natl. Acad. Sci. USA 80:2346. 

Geder, 1., and Skinner, G. R. B., 1971, Differentiation between type 1 and type 2 strains of 
herpes simplex virus by an indirect immunofluorescent technique, ,. Gen. Viral. 12: 179. 

Gilman, S. c., Docherty, J. J., and Rawls, W. E., 1981, Antibody responses in humans to 
individual proteins of herpes simplex viruses, Infect. Immun. 34:880. 

Gronroos, M., Honkonen, E., Terho, P., and Punnonen, R., 1983, Cervical and serum IgA 
and serum IgG antibodies to Chlamydia trachomatis and herpes simplex virus in threat
ened abortion: A prospective study, Br. ,. Obstet. Gynaecol. 90:167. 



HUMORAL RESPONSE TO HSV INFECTIONS 83 

Hampar, B., Notkins, A. L., Mage, M., and Keehn, M. A., 1968, Heterogeneity in properties 
of 7 Sand 19 S rabbit-neutralizing antibodies to herpes simplex virus, r. Immunol. 
100:586. 

Hayashi, Y., Wada, T., and Mori, R., 1983, Protection of newborn mice against herpes sim
plex virus infection by prenatal and postnatal transmission of antibody, r. Gen. Viral. 
64:1007. 

Heine, I. W., Spear, P. G., and Roizman, B., 1972, Proteins specified by herpes simplex virus. 
VI. Viral proteins in the plasma membrane, r. Viral. 9:43l. 

Heine, I. W., Honess, R. W., Cassai, E., and Roizman, B., 1974, Proteins specified by herpes 
simplex virus. XII. The virion polypeptides of type 1 strains, r. Viral. 14:640. 

Hilfenhaus, J., Moser, H., Herrmann, A., and Mauler, R., 1982, Herpes simplex virus subunit 
vaccine, characterization of the virus strain used and testing of the vaccine, Dev. Biol. 
Stand. 52:32l. 

Hoggan, H. D., and Roizman, B., 1959, The isolation and properties of a variant of herpes 
simplex producing multinucleated giant cells in monolayer cultures in the presence of 
antibody, Am. f. Hyg. 70:208. . 

lordan, I., and Rytel, M. W., 1981, Detection of herpes simplex virus IHSV) type-1 IgG and 
IgM antibodies by enzyme-linked immunosorbent assay (ELISA), Am. r. Clin. Pathol. 
76:467. 

Kalimo, K. O. K., Marttila, R. I., Granfors, K., and Viljanen, M. K., 1977, Solid-phase ra
dioimmunoassay of human immunoglobulin M and immunoglobulin G antibodies 
against herpes simplex virus type 1 capsid, envelope, and excreted antigens, Infect. 
Immun. 15:883. 

Kalimo, K., Terho, P., Honkonen, E., Gronroos, M., and Halonen, P., 1981, Chlamidya tra
chomatis and herpes simplex virus IgA antibodies in cervical secretions of patients with 
cervical atypia, Br. r. Obstet. Gynaecol. 88: 130. 

Kapoor, A. K., Ling, N. R., Nash, A. A., Buchan, A., and Wildy, P., 1982a, In vitra stimulation 
of rabbit T lymphocytes by cells expressing herpes simplex antigens, r. Gen. Viral. 
59:415. 

Kapoor, A. K., Nash, A. A., Wildy, P., Phelan, I., Mclean, C. S., and Field, H. I., 1982b, 
Pathogenesis of herpes simplex virus in congenitally athymic mice: The relative roles 
of cell-mediated and humoral immunity, r. Gen. Viral. 60:225. 

Kawana, T., Kawagoe, K., Takizawa, K., Chen, I. T., Kawaguchi, T., and Sakamoto, S., 1982, 
Clinical and virologic studies on female genital herpes, Obstet. Gynecol. 60:456. 

Kieff, E. D., Bachenheimer, S. L., and Roizman, B., 1971, Size, composition, and structure 
of the deoxyribonucleic acid of herpes simplex virus subtypes 1 and 2, f. Viral. 8:125. 

Kieff, E., Hoyer, B., Bachenheimer, S., and Roizman, B., 1972, Genetic relatedness of type 
1 and type 2 herpes simplex viruses, f. Viral. 9:738. 

Kimmel, N., Friedman, M. G., and Sarov, I., 1982, Enzyme-linked immunosorbent assay 
(ELISA) for detection of herpes simplex virus-specific IgM antibodies, r. Viral. Methods 
4:219. 

Kohl, S., Loo, L. S., and Pickering, L. K., 1981, Protection of neonatal mice against herpes 
simplex viral infection by human antibody and leukocytes from adult, but not neonatal 
humans, r. Immunol. 127:1273. 

Kohl, S., Adam, E., Matson, D.O., Kaufman, R. H., and Dreesman, G. R., 1982, Kinetics of 
human antibody response to primary genital herpes simplex virus infection, Intervi
ralogy 18: 164. 

Ludwig, H. 0., Biswal, N., and Benyesh-Melnick, M., 1972, Studies on the relatedness of 
herpesviruses through DNA-DNA hybridization, Viralogy 49:95. 

Mann, D. R., and Hilty, M. D., 1982, Antibody response to herpes simplex virus type 1 
polypeptides and glycoproteins in primary and recurrent infection, Pediatr. Res. 16:176. 

Morse, L. S., Pereira, L., Roizman, B., and Schaffer, P. A., 1978, Anatomy of herpes simplex 
virus (HSV) DNA. X. Mapping of viral genes by analysis of polypeptides and functions 
specified by HSV-1 x HSV-2 recombinants, f. Virol. 26:389. 



84 BODIL NORRILD 

Nahmias, A. J., and Norrild, B., 1980, Oncogenic potential of herpes simplex viruses and 
their association with cervical neoplasia, in: Oncogenic Herpesviruses, Vol. II (F. Rapp, 
ed.), pp. 25-45, CRC Press, Boca Raton, Fla. 

Nahmias, A. J., and Roizman, B., 1973a, Infection with herpes-simplex viruses 1 and 2 (First 
of Three Parts), N. Engl. f. Med. 289:667. 

Nahmias, A. J., and Roizman, B., 1973b, Infection with herpes-simplex viruses 1 and 2 
(Second of Three Parts), N. Engl. f. Med. 289:719. 

Nahmias, A. J., and Roizman, B., 1973c, Infection with herpes-simplex viruses 1 and 2 (Third 
of Three Parts), N. Engl. f. Med. 289:781. 

Nahmias, A., DelBuono, I., Pipkin, J., Hutton, R., and Wickliffe, c., 1971a, Rapid identi
fication and typing of herpes simplex virus types 1 and 2 by a direct immunofluorescence 
technique, Appl. Microbiol. 22:455. 

Nahmias, A. J., DelBuono, I., Schneweis, K. E., Gordon, D. S., and Thies, D., 1971b, Type
specific surface antigens of cells infected with herpes simplex virus (1 and 2), Proc. Soc. 
Exp. BioI. Med. 138:21. 

Nahmias, A. J., Naib, Z. M., and Josey, W. E., 1974, Epidemiological studies relating genital 
herpetic infection to cervical carcinoma, Cancer Res. 34: 1111. 

Norrild, B., 1980, Immunochemistry of herpes simplex virus glycoproteins, Curro Top. Mi
crobiol. Immunol. 90:67. 

Norrild, B., Shore, S. L., Cromeans, T. L., and Nahmias, A. J., 1980, Participation of three 
major glycoprotein antigens of herpes simplex virus type 1 early in the infectious cycle 
as determined by antibody-dependent cell-mediated cytotoxicity, Infect. Immun. 
28:38. 

Norrild, B., Pedersen, B., and Moller-Andersen, S., 1982, Herpes simplex virus specific se
cretory IgA in lacrimal fluid during herpes keratitis, Scand. f. Clin. Lab. Invest. 
42(Suppl. 161):29. 

Norrild, B., Emmertsen, H., Krebs, H. J., and Pedersen, B., 1984, Antibody dependent immune 
mechanisms and herpes simplex virus infections, in: Immune Mechanisms in Her
pesvirus Infections (B. Rouse, ed.), pp. 91-105, CRC Press, Boca Raton, Fla. 

Notkins, A. B., 1971, Immunological injury of virus-infected cells by antiviral antibody and 
complement, in: Progress in Immunology (B. Amos, ed.), p. 779, North-Holland, Am
sterdam. 

Ohashi, M., and Ozaki, Y., 1981, Studies on the neutralizing antibody to herpes simplex 
virus. I. Effect of heterotypic antigenic stimulus on the type specificity of neutralizing 
antibody in rabbits, Arch. Viral. 67:57. 

Oldstone, M. B. A., 1977, Role of antibody in regulating virus persistence: Modulation of 
viral antigens expressed on the cell's plasma membrane and analyses of cell lysis, in: 
Development of Host Defences (M. D. Cooper and D. H. Dayton, eds.), pp. 223-235, 
Raven Press, New York. 

Ozaki, Y., Ishiguro, T., Ohashi, M., and Kimura, E. M., 1980, Relationship between antigenic 
type of virus and antibody response in female patients with herpes genitalis, ,. Med. 
Virol. 5:249. 

Pauls, F. P., and Dowdle, W. R., 1967, A serologic study of herpesvirus hominis strains by 
microneutralization tests, J. Immunol. 98:941. 

Pereira, L., Cassai, E., Honess, R. W., Roizman, B., Temi, M., and Nahmias, A., 1976, Var
iability in the structural polypeptides of herpes simplex virus 1 strains: Potential ap
plication in molecular epidemiology, Infect. Immun. 13:211. 

Peutherer, J. F., Smith, I. W., and Robertson, D. H. H., 1982, Genital infection with herpes 
simplex virus type 1, J. Infect. 4:33. 

Plummer, G., 1973, Review of the identification and titration of antibodies to herpes simplex 
viruses type 1 and type 2 in human sera, Cancer Res. 33:1469. 

Powell, K. L., Buchan, A., Sim, c., and Watson, D. H., 1974, Type-specific protein in herpes 
simplex virus envelope reacts with neutralizing antibody, Nature (London) 249:360. 

Powell, K. L., Mirkovic, R., and Courtney, R. J., 1977, Comparative analysis of polypeptides 
induced by type 1 and type 2 strains of herpes simplex virus, Intervirology 8:18. 

Rager-Zisman, B., and Bloom, B. R., 1974, Immunological destruction of herpes simplex 
virus infected cells, Nature 251:542. 



HUMORAL RESPONSE TO HSV INFECTIONS 85 

Rawls, W. E., 1973, Herpes simplex virus, in: The Herpesviruses (A. Kaplan, ed.J, pp. 291-
325, Academic Press, New York. 

Rawls, W. E., and Tompkins, W. A. F., 1975, Destruction of virus-infected cells by antibody 
and complement, in: Viral Immunology and Immunopathology (A. L. Notkins, ed.l, 
pp. 99-112, Academic Press, New York. 

Rawls, W. E., Bacchetti, S., and Graham, F. L., 1977, Relation of herpes simplex viruses to 
human malignancies, Curro Top. Microbiol. Immunol. 87:71. 

Rawls, W. E., Clarke, A., Smith K. 0., Docherty, J. J., Gilman, S. c., and Graham, S., 1980, 
Specific antibodies to herpes simplex virus type 2 among women with cervical cancer, 
in: Viruses in Naturally Occurring Cancers (M. Essex, G. Todaro, and H. zur Hausen, 
eds.J, pp. 117-133, Cold Spring Harbor Laboratory, New York. 

Reeves, W. c., Corey, L., Adams, H. G., Vontver, L. A., and Holmes, K. K., 1981, Risk of 
recurrence after first episodes of genital herpes: Relation to HSV type and antibody 
response, N. Engl. f. Med. 305:315. 

Roizman, B., and Roane, P. R., Jr., 1961, Studies of the determinant antigens of viable cells. 
I. A method, and its application in tissue culture studies, for enumeration of killed 
cells, based on the failure of virus multiplication following injury by cytotoxic antibody 
and complement, f. Immunol. 87:714. 

Roizman, B., Spear, P. G., and Kieff, E. D., 1973, Herpes simplex viruses I and II: A bio
chemical definition, in: Persistent Virus Infections pp. 129-166, Academic Press, New 
York. 

Roizman, B., Warren, J., Thuning, C. A., Fanshaw, M. S., Norrild, B., and Meignier, B., 1982, 
Application of molecular genetics to the design of live herpes simplex virus vaccines, 
Dev. Biol. Stand. 52:287. 

Roizman, B., Meignier, B., Norrild, B., and Wagner, J. L., 1984a, Bioengineering of herpes 
simplex virus variants for potential use as live vaccines, in: Modern Approaches 
to Vaccines (R. Chanock and R. Lerner, eds.l, Cold Spring Harbor Laboratory, New 
York. 

Roizman, B., Norrild, B., Chan, E., and Pereira, L., 1984b, Identification and preliminary 
mapping with monoclonal antibodies of a Herpes simplex virus 2 glycoprotein lacking 
a known type 1 counterpan, Virol., 133:242. 

Rouse, B. T., and Lawman, M. J. P., 1980, Induction of cytotoxic T lymphocytes against 
herpes simplex virus type I: Role of accessory cells and amplifying factor, f. Immunol. 
124:2341. 

Schneweis, K. E., 1962, Serologische Untersuchungen zur Typendifferenzierung des Her
pesvirus hominis, Z. Immunitaetsforsch. 124:24. 

Schneweis, K. E., and Nahmias, A. J., 1971, Antigens of herpes simplex virus type 1 and 
2-Immunodiffusion and inhibition passive hemagglutination studies, Z. Immuni
taetsforsch. 141:471. 

Sethi, K. K., Ornata, Y., and Schneweis, K. E., 1983, Protection of mice from fatal herpes 
simplex virus type 1 infection by adoptive transfer of cloned virus-specific and H-2-
restricted cytotoxic T lymphocytes, f. Gen. Virol. 64:443. 

Shore, S. L., Black, C. M., Melewicz, F. M., Wood, P. A., and Nahmias, A. J., 1976, Antibody
dependent cell-mediated cytotoxicity to target cells infected with type 1 and type 2 
herpes simplex virus, f. Immunol. 116:194. 

Shore, S. L., Milgrom, H., Wood, P., and Nahmias, A. J., 1977, Neonatal function of antibody
dependent cell-mediated cytotoxicity to target cells infected with herpes simplex virus, 
Pediatrics 59:22. 

Skinner, G. R. B., Woodman, C., Hartley, c., Buchan, A., Fuller, A., Wiblin, c., Wilkins, 
G., and Melling, J., 1982, Early experience with "antigenoid" vaccine Ac NFU 1 (S-I 
MRC towards prevention or modification of herpes genitalis, Dev. Biol. Stand. 52:333. 

Smith, J. W., Adams, E., Melnick, J. L., and Rawls, W. E., 1972, Use of the SlCr release test 
to demonstrate patterns of antibody response in humans to herpesvirus types 1 and 2, 
f. Immunol. 109:554. 

Spear, P. G., 1976, Membrane proteins specified by herpes simplex viruses. I. Identification 
of four glycoprotein precursors and their products in type I-infected cells, f. Virol. 
17:991. 



86 BODIL NORRILD 

Spear, P. G., and Roizman, B., 1972, Proteins specified by herpes simplex virus. V. Purifi
cation and structural proteins of the herpesvirion, f. Virol. 9:143. 

Subramanian, T., and Rawls, W. E., 1977, Comparison of antibody-dependent cellular cy· 
totoxicity and complement-dependent antibody lysis of herpes simplex virus-infected 
cells as methods of detecting antiviral antibodies in human sera, f. Clin. Microbiol. 
5:55l. 

Tokumaru, T., 1965, Studies of herpes simplex virus by the gel diffusion technique. I. Dis· 
tribution of precipitating antibodies among human sera, f. Immunol. 95:18l. 

Tokumaru, T., 1966, A possible role of ,(A-immunoglobulin in herpes simplex virus infection 
in man, f. Immunol. 97:248. 

Vaheri, A., Keski-Oja, J., Salonen, E. M., and Kiskinierni, M. L., 1982, Cerebrospinal fluid 
IgG bands and virus-specific IgG, IgM, and 19A antibodies in herpes simplex virus en
cephalitis, J. Neuroimmunol. 3:247. 

Vandvik, H., Vartdal, F., and Norrby, F., 1982, Herpes simplex virus encephalitis: Intrathecal 
synthesis of oligoclonal virus-specific IgG, IgA and IgM antibodies, f. Neurol. 228:25. 

Vass-Serensen, M., Abeler, V., Bede, E., Pedersen, B., Davy, M., Thorsby, E., and Norrild, 
B., 1984, Prevalence of antibodies in herpes simplex virus and frequency of HLA-an
tigens in patients with preinvasive and invasive cervical cancer, Gynecol. Oncol. in 
press. 

Vestergaard, B. F., 1979, Quantitative immunoelectrophoretic analysis of human antibodies 
against herpes simplex virus antigens, Infect. Immun. 23:553. 

Vestergaard, B. F., 1980, Herpes simplex virus antigens and antibodies: A survey of studies 
based on quantitative immunoelectrophoresis, Rev. Infect. Dis. 2:899. 

Vestergaard, B. F., and Grauballe, P. c., 1979, ELISA for herpes simplex virus (HSV) type
specific antibodies in human sera using HSV type 1 and type 2 polyspecific antigens 
blocked with type-heterologous rabbit antibodies, Acta Pathol. Microbiol. Scand. Sect. 
B 87:26l. 

Vestergaard, B. F., and Norrild, B., 1978, Crossed immunoelectrophoresis of a herpes simplex 
virus type I-specific antigen: Immunological and biochemical characterization, f. In· 
fect. Dis. 138:639. 

Vestergaard, B. F., Homsleth, A., and Pedersen, S. N., 1972, Occurrence of herpes- and 
adenovirus antibodies in patients with carcinoma of the cervix uteri: Measurement of 
antibodies to herpesvirus hominis (types 1 and 2), cytomegalovirus, EB-virus, and ad
enovirus, Cancer 30:120l. 

Wallis, c., and Melnick, J. L., 1971, Herpesvirus neutralization: The role of complement, 
f. Immunol. 107:1235. 

Wentworth, B. B., and Alexander, E. R., 1971, Seroepidemiology of infections due to members 
of the herpesvirus group, Am. f. Epidemiol. 94:496. 

Whitley, R. J., Nahmias, A. J., Visintine, A. M., Fleming, C. L., and Alford, C. A., 1980, The 
natural history of herpes simplex virus infection of mother and newborn, Pediatrics 
66:489. 

Wildy, P., Field, H. J., and Nash, A. A., 1982, Classical herpes latency revisited, in: Virus 
Persistence (B. W. J. Mahy, A. C. Minson, andG. K. Darby, eds.), pp. 133-167, Cambridge 
University Press, London. 

Yoshino, K., and Taniguchi, S., 1965, Studies on the neutralization of herpes simplex virus. 
I. Appearance of neutralizing antibodies having different grades of complement re
quirement, Virology 26:44. 

Yoshino, K., Hashimoto, M., and Shinkai, K., 1977, Studies on the neutralization of herpes 
simplex virus. VIII. Significance of viral sensitization for inactivation by complement, 
Microbiol. Immunol. 21:23l. 

Yoshino, K., Isono, N., Tada, A., and Urayama, M., 1979, Studies on the neutralization of 
herpes simplex virus. X. Demonstration of complement-requiring neutralizing CRN 
and slow-reacting CRN (s-CRN) antibodies in late IgG, Microbial. Immunol. 23:975. 

Zweerink, H. J., and Corey, L., 1982, Virus-specific antibodies in sera from patients with 
genital herpes simplex virus infection, Infect. Immun. 37:413. 



CHAPTER 4 

The T -Cell-Mediated Immune 
Response of Mice to Herpes 
Simplex Virus 
A. A. NASH, K.-N. LEUNG, AND P. WILDY 

I. INTRODUCTION 

The host response to infection with herpes simplex virus (HSV) in which 
both natural resistance and specific immunological responses become 
marshaled is clearly very complex. Natural resistance mechanisms, me
diated for example by macrophages, NK cells, and interferon, represent 
a formidable early barrier to the virus (Lopez, Chapter 2, this volume), 
although the eventual resolution of the infectious process and the estab
lishment of long-lasting antiviral defense is the property of the immune 
system. Whereas both humoral and cell-mediated responses are readily 
induced by the virus, it is clear that the action of T cells is central for 
recovery from the primary infection and in the control of recrudescent 
lesions. Much of this evidence comes from studies carried out in the 
mouse in which the precise nature of the T-cell response to herpes can 
readily be studied. In this respect the variety of inbred and congenic 
mouse strains has been invaluable in studying MHC restriction of T-cell 
responses; and the availability of monoclonal antibodies to specific T
cell subsets has enabled a detailed analysis of the antiviral T-cell response 
to be carried out. 

The purpose of this review is to consider the available evidence on 
the role of T cells in experimental HSV infections. Included in the survey 
will be the nature of the T-cell subsets induced, their role in antiviral 
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immunity, and the regulation of immune responses by suppressor cells. 
(See the Appendix for notes on the immunological terms used herein.) 

II. EVIDENCE FOR THYMUS-DEPENDENT RESISTANCE TO 
HERPES INFECTIONS 

A. Use of Athymic Mice and Immunosuppression 

In studying resistance mechanisms of animals to virus infections, 
the relevance of T-cell immunity has often been assessed by studying 
infections in athymic mice. Neonatally thymectomized mice were shown 
to be considerably more susceptible to HSV-l, whether previously im
munized against the virus or not (Mori et a1., 1967). On the other hand, 
adult thymectomy does not appear to predispose the animal to a more 
severe herpetic infection (A. Nash and P. Gell, unpublished observations). 
This is perhaps not too surprising as one assumes that a sufficient number 
of herpes-specific T cells have been seeded to the peripheral lymphoid 
tissues shortly after birth. 

In mice with a congenital defect of the thymus (athymic nude mice), 
infection with HSV-l or HSV-2 intradermally (i.d.), subcutaneously (s.c.), 
or intraocularly leads to a progressive infection of the peripheral and cen
tral nervous system, resulting in death some 2-3 weeks later (Kapoor et 
a1., 1982bi Nagafuchi et a1., 1979i Metcalf et ai., 1979). Kapoor and col
leagues made a detailed study of the progression of virus to the nervous 
system and showed that the passive transfer of neutralizing monoclonal 
antibodies to nude mice, 3 days after an Ld. injection of HSV-l, markedly 
reduced the infective virus titer in sensory ganglia and the spinal cord 
when assayed 11 days later. However, it was only following the transfer 
of immune T cells (taken from syngeneic donors 7 days after infection) 
that the infection was sufficiently controlled, resulting in the long-term 
survival of the mice. 

Experiments akin to this have been described in mice immunosup
pressed by either X-irradiation (Oakes, 1975) or cyclophosphamide (Rager
Zisman and Allison, 1976). Such treated animals are highly susceptible 
to herpes infection, but could be protected from death by the transfer of 
immune spleen cells. In the system described by Rager-Zisman and Al
lison, protection was abolished if the cell suspension was treated with 
anti-Thy-l serum plus complement. Furthermore, treatment of mice with 
antilymphocyte or anti thymocyte globulin predisposed the animals to 
severe herpes infections, resulting in a high mortality (Oakes, 1975). The 
experiments described above on athymic mice and the protection of im
munocompromised mice by immune T cells clearly indicate the impor
tance of thymus-derived lymphocytes in protection against HSV infec
tions. 
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B. Use of B-Cell-Suppressed Mice 

The B-cell response of mice can be inhibited by the regular admin
istration of anti-IgM antibody, starting within the first 12 hr of birth 
(Gordon, 1979). Treated mice develop no detectable serum IgM, and have 
depleted B-cell-dependent areas in the spleen and lymph node. Splenic 
lymphocyte preparations fail to respond to B-cell mitogens, such as LPS; 
whereas the response to Con A (a T-cell mitogen) is unaffected. At 4 
weeks of age, antibody-treated and untreated BALB/c mice were injected 
in the ear flap with 104 PFU HSV-1 (strain SC16). The virus titer in the 
ear was assayed at various times and found to be similar in both the anti
IgM-treated and untreated groups. The B-cell-suppressed mice failed to 
produce anti-HSV-1-specific antibodies, which implies that the control 
of the primary infection was not dependent upon antibody-mediated 
mechanisms (Kapoor et a1., 1982a). Observations similar to those de
scribed above were reported by Burns (1977). 

Although B-cell-suppressed mice recovered from the primary infec
tion, they were predisposed to a higher incidence of latent infection and 
appeared to have a more florid primary infection of the peripheral and 
central nervous system (Kapoor et a1., 1982a). Such evidence might accord 
with the view that a major role for T cells exists in controlling the cu
taneous infection and a role for B cells and antibody in restricting access 
of virus to and from the nervous system. 

III. T-CELL SUBSETS INDUCED IN HERPES INFECTIONS 

A. Cytotoxic T Lymphocytes 

Cytotoxic T lymphocytes (Tc) are observed in mice following injec
tions of HSV-1 or HSV-2 via intravenous (i.v.), intraperitoneal (i.p.), or 
s.c. routes. Herpes-specific Tc cells are first detected in draining lymph 
nodes 4 days after s.c. injection of virus (Pfizenmaier et a1., 1977; Nash 
et a1., 1980b); peak activity is reached by day 6-7 beyond which the killer 
response declines, being undetectable after day 14 (Fig. 1). Following in
fection with HSV-1, the Tc precursor frequency increases from 11250,000 
up to 1/3500 to 1/15,000 (Rouse et a1., 1983). A feature of the Tc cells 
taken from herpes-infected mice is a requirement for 2-3 days' in vitro 
culture before becoming functional killer cells. The reason for this re
quirement is unclear. It has been suggested that suppressor cells inhibit 
the expression of Tc cells in vivo, for pretreatment of mice with cyclo
phosphamide abolishes the requirement for in vitro culture (Pfizenmaier 
et a1., 1977). This assumes that such suppressor activity is lost in vitro 
and Tc cells can develop following a stimulus from the culture medium 
or factors derived from other cells present. Herpes-specific Tc cells with 
direct killer activity (i.e., in vitro culture unnecessary) have been observed 
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FIGURE 1. The properties of functional T-cell subsets obtained at various time intervals 
from the lymph node draining the ear pinna of mice injected with lOS PFU HSV-1. The Tc 
response shows the percentage specific killing of syngeneic targets by effector cells cultured 
for 3 days in vitro. T-DH cell response shows the percentage increase in ear thickness 
measured 2 days after transfer of 2 x 107 lymph node cells into syngeneic mice injected in 
the ear with l(f PFU HSV-1. The "protective" T-cell response shows the reduction in virus 
titer, compared to controls (no cell transfer), measured 4 days after transfer of 2 x 107 lymph 
node cells to mice injected in the ear with 104 PFU HSV-1. Lyt phenotyping of the DH and 
protective T-cell response is described in Nash and Gell (1983) and the MHC matching in 
Nash et ai. (1981c). 
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in mice injected with monoclonal antibodies against gC or gD just after 
infection with HSV-l (Sethi, 1983); the mechanism behind this effect is, 
however, difficult to explain. 

Herpes-specific Tc cells are restricted to class I MHC gene products; 
for example, C57BLllO (H-2b) mice have a preference for recognizing Kb 
gene products in association with virus antigen (Jennings, et al., 1984). 
The precursor Tc cells are Lyt-l + 23 -<- and the effector Tc cells can be 
destroyed with anti-Lyt-2 antibodies and complement (Rouse et al., 1983; 
A. K. Jayasuriya, personal communication). The induction of the Tc re
sponse is dependent upon injection of infective virus but not of inacti
vated (killed) virus (Rouse et al., 1983). Furthermore, the maintenance of 
Tc cell lines in vitro for long periods also requires the presence of infective 
virus and suitable presenting or stimulator cells and T-cell growth factor 
(Leung,personal communication). 

Following induction in vivo, Tc cells will recognize both HSV-l- and 
HSV-2-infected syngeneic target cells (Nash and Ashford, 1982; Eberle et 
al., 1981; Carter et al., 1982). However, it has been shown that the total 
Tc cell response to virus is composed of lymphocyte clones that recognize 
either common or type-specific determinants. The type-specific Tc re
sponse is largely against gC (Eberle et al., 1981; J. Glorioso, personal 
communication). Indeed, recent work by Glorioso (personal communi
cation) suggests that the bulk of the cytotoxic T-cell response is against 
gC on infected cells. 

B. T Cells Mediating Delayed Hypersensitivity 

The nature of the delayed hypersensitivity T-cell (T-DH) response to 
viruses has recently been reviewed (Nash and Gell, 1981). Herpes-specific 
T-DH cells are induced following injection of either infective or UV
inactivated virus s.c. or i.d. Other routes, by and large, fail to sensitize 
for these cells when measured by a subsequent skin test. In lymph nodes 
draining a site of infection, T-DH cells are first detected by day 4, as 
determined by adoptive transfer of cells to virus-infected recipients and 
measuring the increase in ear swelling 48 hr later. (This represents a 
classical tuberculin-type response, in which the infiltrate is composed 
almost entirely of mononuclear cells.) Maximum transferable activity is 
found after 6-7 days, followed by a decline until day 12 when the response 
is no longer transferable (Nash et al., 1980a) (Fig. 1) (but see Section VI 
on T-cell memory). 

The adoptive transfer of DH is restricted by class II antigens (H-2IA), 
with no involvement of cells restricted by class I MHC genes (Nash et 
al., 1981c). The cell type transferring the response is Thy-l +, Lyt-l +23-
and does not appear to involve a Lyt-l - 23 + subpopulation. Mice injected 
with HSV-l produce T-DH cells that are cross-reactive for type 2 virus 
(Nash et al., 1981a; Schrier et aI., 1983a), although type-specific T-cell 
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responses have been demonstrated using isolated gC from HSV -1 (Schrier 
et a1., 1983a). In these studies gC could both sensitize for and elicit a 
type-specific DH response. So, as with the Tc response, both type-specific 
and type-common T-DH clones exist in the infected animal. 

C. T-Helper Lymphocyte Response 

The induction of an antiherpes antibody response is thymus depen
dent (Burns et al., 1975), as demonstrated by the failure of athymic nude 
mice to produce herpes-specific antibodies. Little information has been 
forthcoming on T -B-cell cooperation and in particular on the nature of 
the T-helper cell. Recently, however, Leung et al. (1984) have developed 
a number of T-cell clones specific for HSV some of which have helper 
activities. These clones are Lyt-1 + 23 - and I region restricted and are 
maintained in the presence of UV-inactivated-virus-infected stimulator 
cells and T-cell growth factor. The cloned line designated D7.1 produces 
a helper response for herpes-primed B cells when injected with virus into 
irradiated mice. The antibody response produced appears to be polyclonal, 
i.e., antibodies to a number of glycoproteins are produced, implying that 
the help in this case is nonspecific. The clone is, however, specific for 
herpes, although it does not distinguish between the two herpes types. 
Clone D7.1 also helps in the induction of DH in vitro. In this instance, 
normal spleen cells, clone D7.1, and appropriate X-irradiated feeders and 
growth factors are incubated for 5 days and viable cells are injected into 
the footpad of mice together with virus antigen. The DH produced is 
considerably increased when compared to the response produced in the 
absence of D7.1 (D7.1 by itself does not produce local footpad swelling). 
Clearly this particular clone is capable of helping in a variety of herpes
specific immunological responses. 

T-cell help has also been reported for the induction of herpes-specific 
Tc responses. In this instance, helper cells are induced in vivo with in
fective virus, but not UV or heat-inactivated virus, and cultured with 
virus-infected stimulator cells and normal spleen cells in vitro (Schmid 
and Rouse, 1983). Tc cells are induced by this procedure after 4-5 days. 

The T-helper cell therefore represents a key function in the rapid 
induction of specific antiviral defenses. Such a function is likely to be 
particularly relevant in secondary immune responses to recurrent infec
tions. 

D. T-Suppressor Cells 

The i.v. injection of infective or UV-inactivated HSV leads to the 
induction of T-suppressor (Ts) cells specific for herpes-induced DH re
sponses. At least two distinct Ts cell populations can be induced, one 
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following injection of virus-infected cell sonicates, which produce Ts act
ing on the induction of DH responses (T-afferent suppression), and an
other Ts cell, which acts on an established DH response (T-efferent 
suppression) is induced following the injection of virus-infected, synge
neic spleen cell preparations (Nash et a1., 1981b; Schrier et ai., 1983b). 
T cells transferring suppressor activity to naive recipients appear in the 
spleens of donor animals 7 days after injection of virus. At this stage the 
cells suppressing the induction of DH to herpes are characterized as Thy-
1.2 +, Lyt-1 + 23 - , IJ+, whereas at 28 days postinfection there appear to 
be two populations capable of transferring suppression: one, Lyt-l + 23 - , 
IJ+ and another Lyt-1-23+, IJ+ (Nash and Gell, 1983). The early Ts cell 
population once induced appears to be sensitive to cyclophosphamide 
treatment, whereas by day 28 the suppressor cells are resistant to the 
drug. Once induced, suppression appears to last for the life of the animal, 
an unusual feature as suppressor cells induced to other antigens are usu
ally short-lived. However, this long-lived response might result from a 
constant or periodical stimulation by recurrent virus. 

In contrast to other herpes-specific T-cell responses, Ts cells appear 
to be herpes type-specific. That is to say, following injection of type 1 
herpes the Ts cells induced will suppress a type 1 DH response but not 
type 2 DH (Nash et ai., 1981b). At present the epitope(s) involved is not 
known, although suppression can still be induced by gC-deficient virus 
mutants (A. Nash, unpublished observations). 

Another intriguing feature of this model system is that suppression 
appears to be specific for DH responses; Tc cells and antiherpes antibodies 
are coinduced and the animals are resistant to infection. Consequently, 
a form of split-tolerance or suppression exists (Nash and Ashford, 1982). 
It would therefore seem that the route of infection influences the type 
of immunological response that is induced, and that this might reflect 
different modes of antigen presentation. 

A summary of the properties of T lymphocyte subpopulations in
duced by HSV is presented in Table I. 

IV. T CELLS INVOLVED IN ANTIHERPES RESPONSES IN 
VIVO 

Before discussing the nature of the T-cell subsets involved in herpes 
infections of mice, it is important to define the model system used, for 
as already discussed the route of infection greatly influences the type of 
T-cell response induced. Where possible, animal models that have some 
relevance to the natural infection in man will be considered. 

Of the various models illustrating the cutaneous HSV-1 infection, 
perhaps the best characterized is the mouse ear model (Hill et ai., 1975). 
Briefly, the main features of this model are as follows: virus is inoculated 
s.c. into the ear flap, cells in the epidermis become infected, and the virus 
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spreads via the sensory nerves to the cervical dorsal root ganglia and into 
the CNS. Axonal trafficking of virus back to the epidermis occurs during 
the primary infection and probably represents the major route of virus 
spread. Infective virus is usually absent from the ear by day 8, although 
a latent infection can be established in the neurons of the sensory ganglia. 
Reactivation of virus can occur either spontaneously or upon traumatiz
ing the ear, which in turn may result in a recurrent or recrudescent in
fection (reviewed by Wildy et al., 1982). In all, this model displays the 
main pathogenic features associated with the natural infection in man. 

In this mouse model, lymph nodes draining the site of infection con
tain T cells capable of adoptively transferring protection to naive recip
ients. The protective T cells are detected 4 days after infection, display 
maximum antiviral activity by day 6-8, and become undetectable beyond 
day 12 (Fig. 1). In the context of these studies, protection correlates with 
the rapid elimination of infective virus from the ear pinna. Protection 
can also be achieved by transferring immune cells taken from the draining 
lymph node 1 month after infection, but the kinetics of virus elimination 
is different, i.e., the clearance of virus is delayed (Nash et al., 1980a). At 
7 days postinfection, lymph node cell suspensions contain mixtures of 
T-DH and Tc cells, and their kinetics of induction and disappearance 
correlate with those of the protective T cell. The protection can be ab
rogated by treating the transferred cells with either anti-Thy-1.2 or anti
Lyt-1 plus complement (Nash and Gell, 1983). Similar findings have 
shown that Lyt-1 + 23 - cells protect mice against "zosteriform" reactions 
(Nagafuchi et al., 1982; A. Simmons, personal communication). 

In order to investigate the significance of Lyt-1 - 23 + cells in im
munity to herpes, adult-thymectomized CBA mice were injected with a 
rat anti-Lyt-2, Ig2b monoclonal antibody preparation (A. K. Jayasuriya, 
personal communication). This treatment markedly depletes Lyt-23 + 

cells in vivo as determined by flow cytofluoroimetry, leaving only about 
1 % very weakly staining Lyt-2 + cells. The depletion lasts for at least 
7 months and is probably lifelong (Jayasuriya, personal communication). 
This treatment reduces the Tc cell response to background levels, but 
does not affect quantitatively the DH or antibody response to herpes. 
Furthermore, lymphocytes taken from untreated day 7 infected mice 
transfer antiviral activity to Lyt-2-depleted mice, despite the elimination 
of Lyt-23 + cells from the transferred suspension. These findings favor a 
direct antiviral role for Lyt-1 + 23 - cells which function in the absence 
of cells expressing Lyt-23 + antigens. Indeed, anti-Lyt-2-treated mice sur
vive an ear injection of 104 PFU HSV-1 (SC16), whereas anti-Lyt-1- or 
anti-Thy-1-treated mice show a 100% mortality by day 12 (A. Nash, un
published observations). However, when Lyt-23 + -depleted mice were in
jected with 105 PFU HSV-1 (SC16) they were unable to control the in
fection and died by day 14 (A. K. Jayasuriya, personal communication). 
This observation implies that Lyt-23 + cells become an important mech
anism when the growth of virus reaches a high infectivity titer. More 
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direct evidence supporting this latter observation is found in mouse 
models where protection from an otherwise lethal infection is used as a 
measure of antiviral activity. Larsen et al. (1983) demonstrated that 
herpes-primed Lyt-23 + cells, upon restimulation with virus in vitro to 
produce specific cytotoxicity, could transfer protection to naive recipients 
coinjected with a lethal dose of HSV-l. Similarly, Sethi et al. (1983) pro
tected cyclophosphamide-treated mice from a lethal herpes infection by 
transferring a herpes-specific T-cell clone that was Lyt-1-23+ and re
stricted to class I MHC antigens. 

Further evidence suggesting that class I-restricted T-cell responses 
are involved in immunity to herpes comes from MHC matching exper
iments. In these experiments, herpes-immune T cells from one strain of 
mice are injected into another strain, which may share all, some, or none 
of the MHC antigens with the donor T cells. In this way, Howes et al. 
(1979) showed that either H-2K or D region-compatible T cells conferred 
protection to otherwise lethally infected recipients for up to 14 days; long
term protection was only achieved when cells and recipient were com
patible at the H2-1 region. However, in the mouse ear model the T cells 
involved in the rapid elimination of infective virus were restricted by 
both H-2IA and H-2K(D) antigens (Nash et al., 1981c). Compatibility at 
H-2K or D alone was nonprotective and H-2I alone only partially pro
tective. Similar observations to these were made using an HSV-2 hepatitis 
model, in which compatibility at H-2K, I, and D was required for pro
tection, whereas compatibility at H-2I alone allowed partial protection 
(S. Mogensen, personal communication). It would therefore seem that in 
the ear and hepatitis models, maximum antiherpes activity requires the 
action of more than one class of effector T cell; the precise nature of these 
cells remain to be determined. 

The elimination of infective virus in primary cutaneous infections 
appears to correlate with cell-mediated inflammation (Kapoor et al., 
1982b). Indeed, a strong correlation was found for the presence of T-DH 
cells and the rapid elimination of virus (Nash and Ashford, 1982). In man, 
a histological examination of a recrudescent lesion showed that the pre
dominant T-cell subset infiltrating was Leu-3 + (equivalent to Lyt-
1 + 23 - ); in addition, the local production of interferon was detected (A. 
L. Cunningham and T. C. Merigan, personal communication). Interferon 
was also produced in large amounts following the injection of a Lyt-23 + 
T-cell clone to herpes-infected mice (Sethi et ai., 1983). As already dis
cussed (see Section III.e) Lyt-1 +23 -, I region-restricted T-cell clones can 
mediate various helper activities and in addition produce factors that act 
on macrophages in vitro rendering them cytotoxic to a number of tumor 
cell lines (Leung et al., 1984). Clone D7.1 can also protect mice from a 
lethal infection, when given locally with the virus, and protection here 
does not correlate with the appearance of antiherpes antibodies. It would 
therefore seem likely that this clone functions in vivo by activating and 
arming macrophages. 
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In summary, we favor a central role for Lyt-l +23- cells in recovery 
from cutaneous HSV infections. It is likely that they mediate this pro
tective effect by releasing lymphokines, which could have a direct an
tiviral action or more likely are involved in recruiting and arming non
specific effector cells. It would appear that for initial infectivity doses of 
virus less than 104 PFU (strain SCI6), Lyt-23 + cells play only a minimal 
protective role, whereas at doses greater than 104 PFU, the involvement 
of Lyt-23 + cells in protection increases. In recurrent disease it is proposed 
that the same T-cell mechanisms are central in controlling infection of 
epidermal cells, although by this time antibody also contributes to the 
neutralization of virus. 

V. REGULATION OF IMMUNE RESPONSES TO HERPES-A 
ROLE IN PREVENTION OF IMMUNOPATHOLOGY? 

In Fig. 1 the effector phases of the Tc and T-DH response in the 
draining lymph node are shown to be transient, i.e., both are absent 2 
weeks after infection. A transient DH response is at variance with the 
active elicitation of DH, which can occur throughout the lifetime of the 
mouse. This paradoxical situation is partially resolved when one studies 
the function of lymphoid cells in the draining lymph node beyond the 
second week. During this period a population of Ig + ve, Thy-l,2 - ve 
lymphocytes appears that can suppress an established DH response, i.e., 
when these cells are injected into herpes-sensitized recipients a depres
sion in the intensity of the DH response occurs (Nash and Cell, 1980). 
These B-"Suppressor" cells appear to be localized to the lymph node 
draining the infection sitej however, following adult thymectomy, an 
apparent redistribution occurs, for the cells are detected equally in the 
contralateral nodes and spleen. Indeed, if the suppressive cells from spleen 
are mixed with lymph node cells (day 7 immune cells) capable of adop
tively transferring DH, the transfer of DH is markedly inhibited (A. Nash 
and P. Wildy, unpublished observations). Furthermore, the suppression 
is specific for herpes, i.e., the elicitation of vaccinia-specific DH is not 
inhibited. Interestingly, vaccinia-infected mice do not appear to induce 
a detectable B-suppressor cell response. As to how the suppressor cells 
mediate their inhibitory activity remains a puzzle. Hyperimmune anti
herpes globulin failed to inhibit the expression of DH and attempts to find 
suppressive antibodies or factors in the serum of mice containing active 
suppressor cells have proved unsuccessful (A. Nash, unpublished obser
vation). 

What is the functional significance of these cells in the immune 
response to the virus? It is possible that they represent an important 
homeostatic mechanism for regulating the intensity of DH reactions. 
Such reactions could be potentially damaging in organs such as the CNS. 
For example, demyelination appears to be a frequent event on the CNS 
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side of the root entry zone of dorsal root ganglia following a primary 
infection of mice or rats (Hill, 1983; Kristensson et a1., 1979; Townsend, 
1981). That T cells appear to be involved in this response is demonstrated 
by the work of Townsend (1981) who showed that demyelination in 
athymic nude mice was much less pronounced than that observed in 
immunocompetent littermates. Essentially, this kind of immunopath
ology is characteristic of a DH-type response. Although the damage is 
not prolonged and remyelination of nerves does occur, a potential envi
ronment is created for precipitating autoimmune reactions, e.g., T-cell 
responses to myelin basic protein. Other examples of cell-mediated im
munopathology, particularly those involved in herpetic keratitis, have 
been reviewed by Rouse (this volume). 

The role of Ts cells in herpes infections is less clear. The i.v. route 
of infection is not common in natural herpes infections. However, using 
the mouse ear model, recent evidence suggests that suppression of DH 
responses leads to a lower incidence of ear paralysis-a phenomenon as
sociated with demyelination within the eNS (D. Altmann and W. A. 
Blyth, personal communication). This observation indicates a major role 
for Ts in regulating potentially harmful DH reactions. Analogous to this 
finding is the role of influenza-specific Ts cells in inhibiting lung con
solidation induced by H-2I region-restricted T cells (Liew and Russell, 
1983). 

VI. T-CELL MEMORY 

It is a feature of HSV infections in mice that both antibody- and cell
mediated immune responses to the virus are long-lived. Long-lived re
sponses of this type may well reflect a constant or periodic exposure of 
the immune system to the virus (i.e., recurrent virus). 

Memory T-cell responses as determined by proliferative assays are 
detectable in the lymph node draining the infection site by day 7-10; 
other lymphoid tissues such as spleen and contralateral lymph nodes 
become progressively populated between the second and third weeks after 
virus injection (A. Nash, unpublished observations). DH responses can 
be elicited throughout the lifetime of the animal and reinfection with 
the virus induces a brisk T-DH response that is once again transferable 
to naive recipients 2 days after infection. Similarly, following a secondary 
infection, Tc responses are detected within 2 days and are maximal by 
day 4-5. The secondary Tc responses also require a period of culture in 
vitIO, before effectors are induced but in comparison with the primary 
response, maximal killing is achieved at lower effector to target cell ratios 
(Nash and Ashford, 1982). In keeping with the helper/cytotoxic T-cell 
responses, Ts cells once induced persist for long periods. However, in
terference with long-lived suppressor responses can be achieved follOWing 
the injection of anti-Lyt-2 or anti-Thy-1.2 antibodies at the time of sup-
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pressor cell induction. Although early Ts responses are induced, in the 
absence of Lyt-23 + cells, long-lived suppressor responses are not main
tained. The significance of this observation for memory T cells in general, 
awaits future investigation. 

Clearly, memory T-cell responses play an important role in surveil
lance against the reappearance of virus in vivo. The failure of the system, 
as seen in patients undergoing immunosuppression, leads to herpesvirus 
reactivationsirecurrences, which may have serious consequences for the 
host. 

VII. CONCLUSIONS 

What can we learn from studies in animals that have relevance to 
herpes infection in man? It is true that at best animal models are second 
place to studying events in the natural host. However, it is likely that 
fundamental interactions between virus and host are similar across spe
cies. For example, neurotropism of herpes, herpes latency, and general 
immunological mechanisms are probably similar for mouse and man. 
Therefore, provided the animal model reflects the events in the natural 
infection, then it is reasonable to suppose the type of cell-mediated im
mune response will be comparable. In the mouse, recovery from a primary 
cutaneous herpes infection is mediated by Lyt-l + 23 - cells, possibly via 
augmenting natural resistance mechanisms. We would argue for a similar 
role for OKT4 + cells in controlling cutaneous herpes in man. What are 
the prospectives for vaccinating against herpesvirus infections? The first 
objective is to decide whether to prevent primary infection or in some 
way modify recurrent disease. Ideally, the former represents the logical 
goal although in reality we doubt very much that vaccination would com
pletely inhibit a latent infection from subsequently becoming estab
lished. Consequently, the threat of recrudescent disease still remains. 
Better models of recurrent and of recrudescent herpes infections are ur
gently needed to investigate immunological control. Only then will it be 
possible to investigate whether defective immune responses are present, 
and consequently whether such deficiencies can be remedied prophy
lactically. The potential for corrective immunotherapy in patients with 
severe recrudescent disease remains the ultimate goal for herpes im
munovirologists. 

VIII. APPENDIX: IMMUNOLOGICAL TERMS USED 

Lyt antigens: Lyt-l, 2, 3 are glycoproteins found on the membrane 
of mouse T cells. Lyt-l appears on all T cells as determined by flow 
cytofluorimetry, but in high density on T-helper/inducer and T-DH cells 
(Lyt-l + 23 - ) and low density on cytotoxic/suppressor cells (Lyt-l - 23 + ). 
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Cell populations can be enriched for Lyt-l + 23 - cells by treatment with 
anti-Lyt-2 plus complement and for Lyt-l-23+ cells with anti-Lyt-l plus 
complement. this treatment also removes Lyt-l + 23 + cells which func
tion as precursors for other T-cell subsets. 

OKT and Leu antigens: membrane glycoproteins found on human T 
cells (equivalent to Lyt antigens). OKT4/Leu-3 are found on helper/in
ducer T cells and OKT8/Leu-2 on cytotoxic/suppressor T cells. 

Class I MHC products: membrane glycoproteins encoded by genes 
in the K, D, and L subregion of the H-2 complex of the mouse (equivalent 
to the HLA complex). 

Class II MHC products: membrane glycoproteins encoded by genes 
in the I (I-A and I-E) region of the H-2 complex. 

I-J determinants: antigens probably derived from the I region of the 
H-2 complex and found in association with antigen-specific factors de
rived from suppressor T cells. 
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CHAPTER 5 

Immunopathology of 
Herpesvirus Infections 
BARRY T. ROUSE 

I. INTRODUCTION 

In the absence of normal immune responsiveness, herpesvirus infections 
may be both more severe and more frequent (Shore and Nahmias, 1982). 
From numerous clinical observations in humans with primary or sec
ondary immune deficiencies or from immunological manipulations of 
experimental infections in animal models, it has become evident that 
many aspects of immunity, both natural and adaptive, serve to protect 
the host at varous stages of the virus-host interaction (Rouse, 1984). The 
principal emphasis of studies on herpesvirus immunobiology has been to 
stress the protective aspects of various defense mechanisms. The logic 
behind many investigations was to set the stage for the design and rational 
use of antiherpetic vaccines. Nevertheless, with some exceptions in the 
veterinary field (Plowright, 1980), vaccines suitable for use against her
pesvirus infections have not been widely acclaimed. 

It is now abundantly clear that the adaptive immune response is finely 
regulated and that many cell types must interact to generate a response. 
This interaction proceeds by way of direct cell contact as well as by means 
of chemical mediators and involves both specific and nonspecific mech
anisms. Regulation of responsiveness occurs at all levels from the antigen
presenting cells (APe) until the effector phase of the response (Fig. 1). 
Evidently, the APC are heterogeneous and their function is subject to 
regulation by factors released by other cell types such as interferon-'Y (IFN
'Y) from T cells. Interaction with this molecule, for example, causes APC 
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to preferentially express class II MHC antigens (Steeg et al., 1982) whose 
presence is necessary to effectively trigger antigen-specific helper T-cell 
subsets (Schmid and Rouse, 1983). Other subsets of T cells, such as cy
totoxic T-cell precursors, and B cells are probably triggered by different 
APe. Regulating the type of response that results as well as its magnitude 
depends upon interaction between several cell types, which include dif
ferent subtypes of suppressor cells, with helper cells, B cells, and APC 
(Germain and Benacerraf, 1981). The antigen-specific effectors of the im
mune response, antibodies and certain subsets of T cells, usually mediate 
their protective function by the recruitment of nonspecific activities such 
as phagocytosis, cellular destruction by macrophages and their products 
as well as NK cells. Perhaps under most circumstances the outcome of 
the adaptive immune response is protection, but in some instances sig
nificant tissue damage occurs. Such immunopathological reactions may 
be the price to pay for ultimate protection in most instances although 
examples exist where in the absence of an immune response disease fails 
to occur (Oldstone and Dixon, 1976). The best example with viruses is 
lymphocytic choriomeningitis virus (LCMV) infection of mice. In this 
instance, only mice that generate immune responsiveness against the 
virus suffer untoward effects (Oldstone, 1979). 

The mechanisms of immunopathology are manyfold and include a 
chronic response to a persistent antigen, inappropriate regulation of the 
immune response such as a failure of suppression or the triggering of the 
types of helper cells that permit the generation of antibodies such as IgE. 
Included among the effectors that damage tissues in immunopathological 
reactions are polymorphonuclear (PMN) leukocytes, activated macro
phages, and NK cells. 

II. IgE-MEDIATED IMMUNOPATHOLOGY 

The tissue damage in this form of hypersensitivity results from the 
release of a range of mainly low-molecular-weight vasoactive molecules 
from mast cells, platelets, or basophils and is initiated by the reaction of 
antigen with cell-bound IgE antibodies. These reactions are common in 
parasitic infections but their role against viruses has been inadequately 
explored. Reports of IgE antibody production in animals infected with 
herpes simplex virus (HSV) have appeared but the biological role of such 
antibodies in immunity or pathology was not defined (Day et al., 1976; 
Ida et a1., 1983). Efforts have been made to establish the role of anti-HSV 
IgE in human herpetic infections but so far without success. It is quite 
possible that IgE-mediated immunopathology could account for the er
ythema at the base of reactivated herpetic lesions particularly in those 
circumstances where recurrences are more aggressive than usual. How
ever, attempts to demonstrate specific antiherpes IgE or to favorably in
fluence reactions with antihistamines have not been undertaken. It will 



106 

~ 
A TIBODIES 

IgE 
IgG+C 

TOXIC 
COMPLEXES 

~ 
IP 

I P (eg persistent virus) 

BARRY T. ROUSE 

ALTERED 
FUNCTION 

+ 
IP 

.--. CElL RECRUITMENT 
M.0,NK 

TOXIC MEDIATORS 

1 
IP 

FIGURE 2. Diagram depicting some interrelated sequences of events in immune complex
mediated inflammatory responses. PAF, platelet-activating factor; PMN, polymorphonu
clear leukocyte. From Rouse and Babiuk 11979) with permission. 

be of interest to evaluate the IgE-mediated response in a suitable animal 
model of recrudescent disease. 

The suggestion has been made that viruses could be associated with 
asthmatic attacks in children (Berkovich et al., 1970; Minor et al., 1974). 
Work with model systems has indicated that virus-induced interferon 
can increase the level of histamine released from IgE-sensitized cells (Ida 
et ai., 1977). It is also possible that IFN-'Y induced from virus-specific T 
cells could react with mast cells bearing antiviral IgE to result in enhanced 
levels of histamine release and consequent immunopathology. Such a 
mechanism could be occurring in a local herpetic lesion where high levels 
of IFN may be present, and cells sensitized with anti-HSV IgE could occur. 

III. IMMUNE COMPLEX IMMUNOPATHOLOGY 

Immune complex-mediated immunopathology results from the de
position in tissues, usually in vessel walls or the glomerulus, of complexes 
of antigen and antibody. At certain size and ratios of reactants such as 
slight antigen or antibody excess, the complexes activate a range of ef
fector enzyme systems of which the complement and blood-clotting cas
cades are the most prominent (Fig. 2). The result is an inflammatory 
tissue-damaging reaction, acute or chronic according to the duration of 
complex formation and persistence. In acute reactions it is the PMN 
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neutrophils, attracted to the area by chemotactic factors such as those 
elaborated during the complement cascade, that appear to be directly 
responsible for the pathology. Thus, in the Arthus reaction, the role model 
for immune complex immunopathology, PMN neutrophil depletion is 
accompanied by marked suppression of the immunopathology (Cochrane 
et a1., 1959). Immune complex lesions are especially likely to occur in 
situations of antigen excess. A prime example is afforded by LCMV in
fection, which if it occurs in the newborn is accompanied by a diminished 
immune response. However, low levels of antibody are formed and the 
antibody complexes with LCMV to give rise to immune complex-me
diated lesions in the glomerulus (Oldstone and Dixon, 1976). Chronically 
infected mice ultimately succumb to kidney disease. 

In persistent herpesvirus infections, the scenario is usually one of 
gross antibody excess so that the likelihood of immune complex im
munopathology is low. However, situations have been reported where 
tissue destruction is seemingly immune complex mediated and the in
jection of antigen (vaccine) into an immune individual is expected on 
occasion to result in a local inflammatory lesion. 

One good example of immune complex pathology involving herpes
viruses is in recipients of renal transplants given large doses of immu
nosuppressive drugs and who suffer recurrent infections with cytome
galovirus (CMV) infection (Richardson et a1., 1981). In such patients, 
immune complexes are frequently found in the glomerulus and although 
this probably fails to lead directly to transplant rejection, the complexes 
do render the transplant useless, as glomerulopathy is a frequent out
come. Thus far there is no definitive evidence that any CMV antigen 
forms part of the toxic complex although CMV can be found in many 
parts of the affected kidney. There is some evidence that CMV may cause 
glomerulonephritis in occasional cases of CMV infection in the adult 
(Ozawa and Stewart, 1979), and circulating immune complexes were also 
reported in congenital and natal CMV infection (Stagno et a1., 1977). 
Finally, Epstein-Barr virus (EBV), which like CMV can cause infectious 
mononucleosis, may also be an infrequent cause of glomerulonephritis 
presumably associated with immune complex depostion (Wallace et a1., 
1974). 

A second clinical situation involving herpesviruses where toxic im
mune complexes have been implicated is in erythema multiforme (EM). 
This dramatic self-limiting inflammatory disorder of the skin that tends 
to recur, is of unknown etiology but is likely a hypersensitivity reaction. 
In about 15% of cases, EM is proceeded by HSV recrudescence and in one 
instance the disease was triggered by the injection of inactivated HSV 
vaccine into the skin (Sheeley, 1967). Recently, circulating immune com
plexes were reported and deposits of immunoglobulin and complement 
components were observed by direct immunofluorescence in superficial 
dermal vessels or at the dermal-epidermal junction (Kazmierowski et a1., 
1982). In 8 of 12 patients with EM occurring after recurrent HSV infection, 
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HSV antigens were constituents of the circulating complexes. However, 
it is not known if HSV also forms part of complexes directly involved in 
the presumed immunopathological reaction of EM. It is also unclear why 
EM patients with circulating complexes failed to develop renal disease. 
Although evidence for the involvement of HSV-antibody complexes in 
the pathogenesis of EM is not solid, the possibility that such a reaction 
could occur should be considered in the design and use of vaccines. 

Perhaps the best candidate syndrome involving herpesviruses in 
which the mechanism of pathogenesis is essentially immunopathological 
is that of disciform keratitis. This inflammatory reaction of the corneal 
stroma occurs following HSV recrudescence in the eye (Kaufman, 1978). 
Frequently the reaction can become more marked with each recrudesc
ence and corneal blindness can result. In fact, HSV infection is a common 
cause of corneal blindness in the United States. Epithelial keratitis ap
pears to be the direct result of virus replication in epithelial cells and 
responds very well to treatment with antivirals. Indeed, it was in the 
treatment of epithelial keratitis that antiviral drug treatment was first 
found to be clinically useful (Kaufman et a1., 1962). However, keratitis 
affecting the stroma responds less well to antiviral drugs and needs ju
dicious treatment with corticosteroids for successful management. It is 
usually not possible to demonstrate infectious virus in the stroma, but 
from work done on clinical material and in animal models, viral antigens 
can often be detected in keratocytes (Metcalf and Kaufman, 1976). Per
haps the best model for herpetic keratitis is the rabbit model where after 
infection with certain strains both epithelial and stromal keratitis are 
induced. In herpetic stromal keratitis, some have observed, by means of 
electron microscopy, lymphocytes in association with HSV-containing 
keratocytes (Metcalf and Reichert, 1979). However, others have not ob
served this phenomenon (Meyers-Elliot et a1., 1980) but point out that 
stromal keratitis in the rabbit, particularly the acute form, is a reaction 
in which the principal inflammatory cell type is the PMN neutrophil 
(Meyers-Elliot and Chitjian, 1976). In fact, lesions were markedly dimin
ished in rabbits treated either to deplete PMN neutrophils or complement 
(Meyers-Elliot and Chitjian, 1981) (Table I). The prominence of PMN 
neutrophils in the stromal lesion and evidence that their depletion ame
liorates the condition suggest a resemblance to the Arthus reaction and 
that a principal mechanism of the immunopathology is immune complex 
mediated. Direct support for this was provided by Meyers and Pettit (1973) 
who could demonstrate by direct immunofluorescence HSV antigen, 
complement, and immunoglobulin in the corneal stromal tissues. Never
theless, immune complex-mediated immunopathology seems not to be 
the only mechanism because immune lymphocytes, presumably T lym
phocytes, can also be demonstrated in local lymph nodes and in inflam
matory ocular exudates and such cells were assumed to play an additional 
role in immunopathogenesis (Meyers-Elliot and Chitjian, 1976). Fur
thermore, viral antigens persist after PMN neutrophils are no longer vis-
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TABLE I. Clinical Course of Herpes Virus Keratitisa 

Epithelial disease Stromal disease 

Group No. involved Clinical No. involved Clinical 
(treatment) (eyes/total) severityi' (eyes/total) severity" 

I (untreated control) 20120 4+ 12/20 3+ 
II (anti-PMN globulin) 12112 3+ 4112 1+ 

III (anti-PMN globulin) 6/6 4+ 6/6 3-4+ 
IV (normal globulin) 6/6 4+ 6/6 3+ 
V (nitrogen mustard) 20120 3+ 4120 1+ 

a Modified from Meyers-Elliot and Chitjian (1981). 
b Score for clinical severity of epithelial disease: 0 = none; 1 + = lesion of any type (punctate, dendritic, 

or geographic) affecting one-quarter or less of total cornea surface; 2 + = lesions affecting more than 
one-quarter but less than one-half of cornea; 3 + = lesions affecting one-half or more but less than 
three-quarters of cornea; 4 + = lesions affecting three-quarters or more of cornea. 

C Score for clinical severity of stromal disease (edema and opacity): 0 = none; 1 + = slight edema or 
surface irregularity with or without slight infiltrate; 2 + = hazy with edema; 3 + = translucent gross 
clouding with edema and infiltration; pupillary border seen indistinctly; 4+ = opaque cornea with 
edema and infiltration. 

ible in the stroma. It has been suggested that antigen-expressing cells 
could be lysed by cytotoxic antibody (Sheppard and Smith, 1981), cyto
toxic T lymphocytes (CTL), or perhaps nonimmune phagocytes by the 
antibody-dependent cell cytotoxicity phenomenon (Meyers-Elliot and 
Chitjian, 1976). All such reactions, although possibly protective to the 
host, could also be considered as immunopathological. 

IV. IMMUNOPATHOLOGY MEDIATED BY T 
LYMPHOCYTES 

It is firmly established that reactions of effector T cells with target 
cell antigens can be accompanied by tissue damage. These in vivo re
actions are called delayed-type hypersensitivities (DTH). Such immu
nopathological reactions may be severe and extremely prolonged in sit
uations where antigens persist, but probably under most circumstances 
antigens are removed rapidly and the tissue damage is a small investment 
for ultimate removal of the antigen. Although recognition by the effector 
T cells is antigen specific, a range of activities are triggered that are non
specific in action. The cell types involved in DTH and the activities re
sponsible for tissue damage vary according to tissue location and nature 
of the target. As shown by the elegant studies of MacKaness (1970), ac
tivated macrophages are prominent cells in DTH reactions and these cells 
release a range of tissue-damaging activities (Nathan et al., 1980). Other 
immunopathological effects include direct target destruction by CTL and 
inflammatory mediators released from damaged tissue cells. It is also 
likely that NK cells become activated by lymphokines produced such as 
interleukin-2 and IFN-'Y (Yamamoto et al., 1982). Some have shown that 
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NK cells can act immunopathologically under some circumstances (c. 
Lopez, personal communication). 

Both the generation and the expression of DTH reactions are regu
lated by the T-suppresor cell (Ts) system. Thus, suppressor cells that act 
on both the afferent and the efferent phase of DTH to HSV have been 
reported (Schrier et al., 1983; Nash and Gell, 1981). More than likely, if 
Ts regulation is impaired, then the immunopathology may become more 
marked. In such circumstances, any immune intervention that restores 
Ts function becomes advantageous. 

The mechanism of DTH reactions has been carefully examined, as 
well as its role in defense against viruses including HSV. Only certain 
subsets of T cells participate in the effector phase of DTH (Nash and Gell, 
1981). In the case of inert antigens, these are often exclusively of the Lyt-
1 + 2 - subset in the mouse. Such cells are restricted during their activation 
and effector function by class II antigens of the MHC. Consequently, it 
is only possible to adoptively transfer the DTH response when donor and 
recipient share class II MHC genotypes. Against infectious agents, more 
than one subset of antigen-specific T cells may be involved in the DTH 
response. For example, after infection with infectious influenza virus, 
two subsets of T cells are induced that can mediate DTH (Ada et al., 
1981). These are Lyt-1-2 + and Lyt-1 +2 - subsets, which are restricted 
by class I and class II MHC antigens, respectively. By way of contrast, 
following immunization with noninfectious influenza virus, only the 
class II-restricted Lyt-1 + cell type is induced. More of interest for present 
discussion were the effects observed following the transfer of different 
cell types to mice 24 hr after infection. Whereas mice receiving the Lyt-
2 + cell subset were protected and virus titers in lungs were markedly 
reduced, mice given the Lyt-1 + subset died more rapidly than controls 
(Leung and Ada, 1982). Using the uptake of [1251]iododeoxyuridine into 
rapidly dividing cells as a method of measuring monocyte infiltration 
into the infected lung, a greater cell influx was noted in mice receiving 
the Lyt-1 + population, this response contributing substantially to the 
immunopathology. Very recently, Liew and Russell (1983) demonstrated 
the induction of a suppressor cell from animals given live virus that could 
reverse the pathological effects of Lyt-1 + population. The implication of 
the work with influenza, and similar observations with Sendai virus (Ertl, 
1981), is that certain forms of vaccines, such as those that are inactivated, 
could give rise to immunopathology rather than protection. For the latter 
effect, attenuated vaccines are preferable. 

Nash et ai. (1981a,b) have investigated the DTH response to HSV 
and its relevance in immunity. In contrast to influenza, only Lyt-1 + MHC 
class II-restricted cells are generated against infectious HSV (Nash et ai., 
1981a). Furthermore, Nash and colleagues have assembled considerable 
evidence that these cells play essentially a protective rather than an im
munopathological role (see Nash et ai., this volume). This is because, as 
discussed above, HSV infection rapidly kills cells and so further destruc-
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tion by some immune cell type may not add to the problem. However, 
there are situations where HSV antigens persist for long periods without 
replication and cell destruction. The best example is with herpesvirus 
latency but the role of DTH in sustaining or disrupting latency remains 
ill-defined. The second example is in stromal keratitis where viral an
tigens can persist for at least a month in keratocytes (Meyers-Elliot and 
Chitjian, 1976). In the murine model of herpetic stromal keratitis, ac
cumlating evidence indicates an immunopathologic reaction mediated 
by T lymphocytes. For instance, Metcalf et a1. (1979) showed that whereas 
infection of BALB/c mice with the RE strain of HSV produced an epithelial 
keratitis followed by a deep stromal reaction that often resulted in per
manent scarring, when BALB/c athymic nude mice were infected the 
results were different. In this instance, mice developed a similar degree 
of epithelial keratitis, but this cleared up after a few days and was not 
followed by the stromal reaction. However, attesting to the importance 
of T-cell immunity, at least following certain routes of infection, athymic 
mice usually die from encephalitis whereas normal BALB/c mice do not. 

We have also compared infections of the scarified corneas of athymic 
and normal mice. In confirmation of the findings of Metcalf et a1. (1979), 
epithelial reactions were observed in both groups but whereas the corneas 
healed uneventfully in athymic mice, in immunocompetent mice a 
stromal necrotic reaction occurred that resulted in scarring (Table II). 

To gain further evidence that the stromal reaction was immuno
pathological, the course of events was followed in HSV-infected athymic 
mice subsequently given adoptive cell transfers. One cell population used 
for transfer was spleen cells from HSV-immune mice that were stimu
lated in vitro with HSV antigen. This cell population, which we have 
extensively characterized in previous publications, consists predomi
nantly of T cells, expresses high levels of HSV-specific H-2-restricted 
cytotoxicity (Lawman et a1., 1980), contains helper cell activity (Schmid 
and Rouse, 1983), and can mediate DTH reactions (Larsen et a1., 1983). 
If T cells were involved in the immunopathological reaction, the HSV
immune cell source was expected to elicit a prompt response in the 
athymic recipients providing some cells could find access to the site of 
infection. Indeed, athymic mice adoptively given such cells developed a 
necrotizing stromal reaction and scarring similar to those observed in 
euthymic BALB/c mice. Moreover, peak responses were evident from 6 
days after transfer compared with a similar response in BALB/c mice at 
12 days after infection (Table II). The adoptive transfer of the stromal 
response was abrogated upon removal of the T cells by negative selection 
with specific antisera and complement, further implicating the role of T 
cells in mediating the stromal response. Consequently, our results sup
port and extend previous observations that herpetic stromal keratitis rep
resents an immunopathological reaction. However, further experiments 
are required to delineate the actual mechanism of the immunopathology 
in vivo. For instance, the tissue damage could be mediated directly by 
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CTL as we demonstrated against HSV-infected cells in vitro (Lawman et 
al., 1980). Secondly, HSV-specific T cells could be mediating an inflam
matory DTH response. A third possibility is that T lymphocytes were 
acting as helper cells in reconstituting the ability of recipient mice to 
produce antibody, such antibody mediating pathology by an immune 
complex mechanism or antibody and complement lysis as was discussed 
above. 

The adoptive cell transfers we employed contained helper cells and 
did reconstitute antibody-producing responsiveness (data not shown) and 
so it is not possible to fully discount antibody as playing a role in me
diating the stromal reaction. One way of further resolving the putative 
mechanism of immunopathology operative in vivo would be to perform 
adoptive cell transfers with defined subsets of T lymphocytes such as Lyt-
2 + cytotoxic/suppressor cells and Lyt-l + helper/DTH-mediating T lym
phocytes. In a preliminary experiment involving limited numbers of an
imals infected with HSV and adoptively given Lyt-l + or Lyt-2 + HSV
immune lymphocytes, our results have indicated that both cell popula
tions can confer the stromal reaction as judged histologically 15 days 
posttransfer. As the Lyt-2 + population lacked helper activity for antibody 
production, this indicates that one mechanism of immunopathology is 
mediated directly by T cells, presumably the type also capable of specific 
cytotoxicity in vitro. However, the observation that the Lyt-l + popula
tion also conferred the stromal reaction means that multiple mechanisms 
are presumably operative. In fact, we have further evidence for this in 
preliminary studies using the DTH tolerance model described by Nash 
et al. (1981b). In this model, mice exposed to HSV via the intravenous 
route develop a state of immune deviation in that they become selectively 
incapable of generating a DTH response yet retain normal antibody re
sponsiveness and other aspects of T-cell immunity. Such DTH-tolerized 
mice showed diminished stromal reactions in comparison with mice in
fected by the subcutaneous route or mice not previously infected. Such 
data implicate the Lyt-l + DTH-mediating cells as perhaps the principal 
participants in the immunopathological reaction. Metcalf (1983) has 
made similar observations. 

Immunopathological reactions mediated by T lymphocytes could be 
involved in other aspects of the pathogenesis of herpetic infections. A 
good example is infectious mononucleosis (1M) resulting from EBV in
fection (Fig. 3). In this disease the splenomegaly and hepatitis that occur 
resemble graft-versus-host reactions (Purtilo, 1980). It has been hypoth
esized that these reactions represent T-cell proliferations and abnormal 
maturation. They occur in response to recognition of specific viral an
tigens and polyclonal activating antigens on EBV-transformed B cells 
(Evans and Niederman, 1982). Part of the T-cell response to such antigens 
results in development of CTL, which in turn are lytic to B cells and so 
accounting for the disappearance of transformed B cells after the early 
stage of the disease (Hutt et al., 1975; Svedmyr and Jondal, 1975). Other 
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FIGURE 3. Possible immunopathological events occurring in infectious mononucleosis. 
CTL, cytotoxic T lymphocyte; STC, suppressor T cell. Modified from Evans and Niederman 
(1982). 

activated T cells express anomalous nonspecific non-MHC-restricted cy
totoxicity (Royston et al., 1975). Included among the targets of such cells 
are EBV-infected cells and autologous infected cells such as hepatocytes 
(Sullivan et al., 1983). It has been proposed that the anomalous cytotoxic 
response may proceed uncontrolled in some cases of fatal 1M as occurs 
in the X-linked immunoproliferative disorder (XLP) (Sullivan et al., 1983). 

Another aspect of T-cell activity in 1M is that of suppression (Tosato 
et al., 1979; Haynes et al., 1979). Such cells serve to ultimately restrict 
both B-cell and T-cell responses, and can perhaps be overactive in some 
circumstances, so accounting for anergy. Perhaps in other situations the 
anomalous and overreactive T-cell response resulting in immunopath
ology is the outcome of a failure of control by the Ts system. However, 
details of these processes are in need of elucidation. 

The example of XLP illustrates a form of immunopathology where 
disease apparently results from uncontrolled regulation between lym
phocytes. Such inappropriate lymphocyte interactions could be a feature 
in many disease syndromes and could account for instances of atypically 
severe patterns. Another example of topical interest is the acquired im
mune deficiency syndrome (AIDS), where changes in ratios between lym
phocyte subsets with an increase in the suppressor cell population have 
been noted (Mildran et al., 1982). There is also a suspicion that herpetic 
recrudescent disease results from some change in regulation in the Ts 
system and that Ts activity affects the severity of HSV lesions (Dannen
berg et al., 1980; Sheridan et al., 1982; Rouse, 1984). However, these 
notions require further experimental verification. 

V. MANAGEMENT OF IMMUNOPATHOLOGICAL 
REACTIONS 

Study of the immune responses against herpesvirus infections has as 
its ultimate goal the development of new modalities of treatment that 
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TABLE III. Some Ways of Modulating Immune Responses 

Immunization with selected oligopeptide 
Substitution of certain groups into antigen 
Coupling to selected carrier molecules 
Use of adjuvants and liposomes 
Selection of appropriate route of immunization 
Construction of hybrid viruses containing genes for selected oligopeptide 
Anti -idiotype immunization 
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will result in reduction of the severity of primary infection and/or the 
control of recrudescent disease. Determining the defense mechanisms 
responsible for the control of herpesvirus infection and then developing 
ways of augmenting the appropriate responses may yield the desired re
sult. It is, however, important to remember that some of the immune 
responses that are triggered during virus infections can do almost as much 
damage to the host as does the virus itself. Consequently, attempts at 
immunotherapy or immunoprophylaxis must keep in mind the potential 
pathology that may be induced inappropriately by such treatments. The 
goal of vaccination is to mimic as far as possible those features that confer 
long-lasting protective immunity and induce preferentially, memory of 
those responses that are protective and cause least immunopathology. 
Such ideals beg the question of what is possible in terms of modulating 
immune responses in the desired direction. Alas, this topic is to date one 
that is very poorly understood. However, there are promising leads (sum
marized in Table III). 

First, there is increasing evidence that certain oligopeptide sequences 
in antigens may be preferentially involved in certain activities. Thus, as 
shown by the elegant work of Sercatz's group with the simple protein 
egg white lysozyme, certain regions of the antigen are involved in the 
induction of suppression and different regions in the induction of helper 
T cells (Adorini et a1., 1979). Manipulating the level of suppressors could 
hold the key to avoiding immunopathology. Along similar lines to the 
Sercatz work have been observations that modifying antigens with certain 
groups may influence the nature of the immune response induced. For 
instance, Parish (1972) showed that acetoacetylation converted flagellin 
from an antigen that induced antibody formation to a product that ex
clusively stimulated DTH. Similarly, Coon and Hunter (1973) showed 
that the addition of lipid groups to protein antigens both increased their 
immunogenicity and made them better able to stimulate DTH rather 
than antibody production. 

Probably the types of results obtained by Coon and Hunter can be 
explained by changes made in the type of cells that handled the antigen 
and presented it to the appropriate T-cell type. Thus, it is now evident 
that there is marked diversity in APC and that T-cell subsets can only 
be triggered by the appropriate APe. It is well known that helper cells 
are only triggered by la-positive APC (Steinman and Nussenzweig, 1980j 
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Schmid et al., 1982) and suppressor cell induction involves cells express
ing IJ determinants (Nakamura et al., 1982). Various APC types may show 
differential representation at different sites. This may explain why the 
route of antigen injection may influence the nature of the immune re
sponse induced. For example, as mentioned previously, exposure to HSV 
via the intravenous route fails to stimulate a DTH response and activates 
suppression (Nash and Gell, 1981). With reovirus, oral exposure to virus 
activates suppressor cells that modulate subsequent DTH responses to 
infectious virus (Rubin et al., 1981). 

The use of adjuvants has long been known to modulate the type and 
magnitude of the immune response but the mechanistic explanations for 
the action of adjuvant are still to be made. Choosing an appropriate ad
juvant is still an inexact science. In the same vein, other formulations 
such as antigens presented in the form of liposomes or coupled to anti
body, or some appropriate carrier protein may also change the nature of 
the response but the reasons for this are not clear. 

Constructing hybrid viruses containing genes that code for the ap
propriate oligopeptide may be the method of choice in the future. Such 
viruses may lack pathogenicity but provide the adjuvanticity for the de
sired response. An example is the high antibody responses induced to 
hepatitis B virus surface antigen using vaccinia virus containing the hep
atitis B gene (Smith et al., 1983). Vaccinia viruses have been constructed 
containing the gene for thymidine kinase from HSV but not as yet with 
a glycoprotein gene (Nakano et al., 1982). 

The final topic arousing considerable excitement is the prospect of 
modulating immune responses by the use of anti-idiotype immunization 
(Fields and Greene, 1982). Thus, in the reovirus system, monoclonal an
tibodies have been developed that react with different determinants on 
the virus such as those responsible for neutralizing antibody production 
and those responsible for suppression. Furthermore, a second series of 
monoclonals could be developed that react with the binding region (idi
otype) of the first series of monoclonals (for example with the suppressor
inducing determinant). The binding region of such anti-idiotype antibody 
mimics the determinant on the virus and, when injected into an animal, 
mimics this determinant. This powerful approach using anti-idiotype im
munization could be used to select for the responses to different func
tional domains of the virus and to tailor the induction of desired re
sponses. To date only reovirus has been studied but others including HSV 
need investigation. 
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CHAPTER 6 

Cell-Mediated Immunity in 
Cytomegalovirus Infections 
GERALD v. QUINNAN, JR. 

I. INTRODUCTION 

The many interactions between cytomegalovirus (CMV) and host cellular 
immunity include some of the most clinically significant, complex, and 
fascinating problems in viral immunology. Most clinically important dis
eases caused by CMV occur in individuals with deficient cellular im
munity (Meyers, this volume). Because of increasing numbers of indi
viduals with deficiences of this type and the imminent potential for 
effective modulation of immune responses, there is a rather pressing need 
to understand the specific roles of the various components of the immune 
system in CMV infections. In addition, CMV itself can induce both pro
found immunosuppressive effects and significant immunopathology. As 
a result of recent progress in immunology, exciting opportunities have 
emerged to develop an understanding of these phenomena. 

The traditional conceptualization of the immune system as consist
ing of two compartments, cellular and humoral, has become progressively 
difficult to apply, as increasing numbers of examples of combined and 
interdependent effects of cellular and humoral immunity have been dem
onstrated. Among the myriad actions of the cellular and soluble factors 
involved in immune responses, there are a number of functions that have 
direct effects on the extent of virus replication in vivo. The components 
of the immune response that mediate these effects include antibodies and 
certain types of leukocytes. The effector cells of cell-mediated immunity 
develop from precursor cells, a process that is dependent on precursor 
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interactions with accessory cells and soluble factors derived from them, 
and modulated by immunoregulatory cells and their soluble factors. To 
understand how the immune system mediates recovery from CMV in
fection, we must understand what roles the various effector functions 
play. When they are deficient, it can be determined whether the defi
ciency relates to an abnormality of effector cell precursors, accessory 
cells, or immunoregulation. The immunosuppressive and immunopath
ological effects of CMV infection can potentially be understood using this 
same approach. 

II. CHARACTERISTICS OF EFFECTOR CELL FUNCTIONS 
RELEVANT IN CMV INFECTIONS 

The responses that have been most studied in CMV infections in
clude antibodies, cytotoxic T cells, delayed-type hypersensitivity (DTH), 
natural killer (NK) cells, and antibody-dependent cell-mediated cytotox
icity (ADCq. Other possible effector responses have not been studied in 
detail. With the exception of antibodies functioning alone, each of these 
mechanisms is cell mediated in the sense that it involves the direct in
teraction between cells of the immune system and virus-infected cells. 

The emphasis in this chapter on cellular, rather than antibody, effects 
is not meant to discount a significant role for antibodies in CMV infec
tions. There is much evidence suggesting that antibodies are important. 
For example, premature infants with neonatal CMV infections are much 
more likely to die from their infections if they were born to nonimmune 
rather than to immune mothers (Yeager et a1., 1981). Nevertheless, even 
very high antibody levels are inadequate to mediate recovery from CMV 
infection in the absence of cellular immunity. For this reason, the cellular 
effector responses will be discussed in detail. 

A. NK Cells and Other Large Granular Lymphocytes 

The NK cell is a lymphocyte of the type referred to previously as 
null cells (Herberman and Holden, 1978; Herberman, 1980). It lacks sur
face immunoglobulin, differentiating it from B cells. NK cells do not 
adhere'to nylon wool columns, differentiating them from both B cells 
and macrophages. They are distinguished from T cells in that they do 
not form rosettes with sheep erythrocytes at 29°C (they do form rosettes 
at 4°q, and they lack, or have very low density of, T-cell surface antigens 
(see also Lopez, this volume). 

During the past few years, significant advances have been made in 
understanding this class of cells. Morphologically, NK cells are inter
mediate in size between typical T and B lymphocytes on the one hand, 
and monocytes on the other (Timonen and Saksela, 1980). They have 
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indented or lobulated nuclei, a high cytoplasmic/nuclear ratio, and azur
ophilic cytoplasmic granules. As a consequence, they are referred to as 
large granular lymphocytes (LGL). NK cells have characteristic cell sur
face markers, including receptors for the Fc portion of IgG. There are at 
least two types of spontaneously cytotoxic cells in mice: NK cells and 
the cell type referred to as natural cytotoxic (NC) cells (Lattime et al., 
1981). NC cells have not yet been identified in humans. In mice, NK cells 
are distinguished from NC cells by the presence of a high density of the 
sphingolipid, asialo-GM 1 , on the surface of NK but not NC cells and by 
a difference in the target cells killed by each of the effectors. There are 
also monoclonal antibodies that appear to be specific for human NK cells, 
e.g., NK-8 (Nieminen et al., 1982) and HNK-1 (Abo and Baldi, 1981). In 
addition to their cytotoxic functions, LGL produce important lymphok
ines including interferon-a (IFN-a), interleukin-2 (IL-2), B-cell growth fac
tor, and IL-1 (Trinchieri et al., 1978; Djeu et al., 1982; Kasahara et al., 
1983). By virtue of these lymphokine-producing activities, LGL are re
quired accessory cells for T-cell responses (Burlington et al., 1984) and 
they also self-regulate their own cytotoxic activity (Djeu et al., 1982). 
Thus, there are at least two effector functions and multiple accessory cell 
functions mediated by LGL. 

The procedures used for measuring NK cell or NC cell activity in
volve testing the ability of these cells to kill different types of target cells. 
NK cells generally are highly active in killing of anchorage-independent 
tumor cell lines. The K562 erythroleukemia cell line is often used for 
measuring human NK cells because of its high sensitivity (West et al., 
1977). NC cells are more active against anchorage-dependent cells, such 
as fibroblasts, and kill more slowly than NK cells. A variety of assay 
procedures are used, the most common of which is the chromium-release 
assay. Target cell proteins are radiolabeled with Na2 SlCr 0 4 , and the 
amount of SlCr released from the target cells in the presence of effector 
cells is a measure of lytic activity. NK cell activity is enhanced by ex
posure to IFN (a, ~, or 'Y) or IL-2 and is depressed by steroids, cyclophos
phamide, or cyclosporin A (Gidlund et al., 1978; Djeu et al., 1979; Rook 
et al., 1983). NC cell activity in the mouse is enhanced by IL-3 (Djeu et 
al., 1983). The NK cells responding with increased cytotoxicity during 
CMV infection are not specific for CMV antigens, even though CMV
infected cells may be more susceptible to lysis by the NK cells than 
uninfected target cells (Quinnan and Manischewitz, 1979). NK cell-me
diated killing ordinarily requires direct contact between effector cell and 
the target cell and is independent of antibodies and complement. 

B. Antibody-Dependent Cell-Mediated Cytotoxicity 

The effector cells that mediate ADCC probably include all leuko
cytes that possess receptors for the Fc portion of IgG. In human and mu-
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rine CMV infections, the effector cells that have been found to mediate 
this effect are similar or identical to NK cells (Quinnan and Manischew
itz, 1979; Kirmani et al., 1981). Monocytes or neutrophils can also me
diate ADCC in certain situations (Kohl et al., 1977; Oleski et ai., 1977). 
Certain classes of antibodies are more active than others in ADCC, prob
ably because they are more "cytophilic" and bind to Fc receptors more 
avidly (Okafor et al., 1974). Like NK cell killing, ADCC requires direct 
contact between effector and target cell. ADCC is antigen specific by 
virtue of the fact that the effector cells are armed with specific antibodies. 
The addition of complement may sometimes enhance the killing that 
occurs in an ADCC assay (Rouse et ai., 1977). 

The individual antigens recognized by CMV-specific ADCC are un
known. In the case of herpes simplex-specific ADCC, early antigens are 
recognized (Shore et al., 1976). This specificity is probably important. It 
would allow for recognition of infected cells by the effector cells before 
infectious virus particles are formed, so that ADCC could be an efficient 
method of reducing the amount of virus replication and cell-to-cell spread 
of virus. 

Assays for ADCC effector function may be designed to quantitate 
antibody-dependent killer cell activity, specific antibodies in sera that 
can participate in ADCC, or both (Kirmani et al., 1981). Target cells 
sensitized with specific antibodies can be used as a measure of killer cell 
activity. Conversely, unknown sera can be tested for their ability to arm 
killer cells or sensitize target cells and participate in ADCC. In some 
cases, lymphocytes already armed with specific antibodies from the donor 
can be tested for cytotoxic activity. Thus, the results of a cytotoxicity 
assay using virus-infected target cells may reflect ADCC activity with 
or without the addition of virus-specific antisera. 

C. Cytotoxic T Cells 

Cytotoxic T cells for CMV -infected fibroblasts possess receptors for 
sheep erythrocytes (Quinnan et ai., 1981). They are also nonadherent cells 
that lack receptors for Fc of IgG and possess T-cell surface antigens (Quin
nan et ai., 1982b; Rook and Quinnan, 1983). In mice they are Thy-1.2 
and Lyt-23 positive (Quinnan et ai., 1978; Varho et ai., 1981). In humans 
they are usually OKT3 and OKT8 positive (Reinherz et ai., 1979). Cy
totoxic T cells are typically antigen-specific: they kill target cells that 
possess the antigens that they were originally induced by. In most cases, 
cytotoxic T cells are also restricted in activity by antigens of the MHC 
(Zinkemagel and Welsh, 1976; McMichael, 1978). As a result, the target 
cells they kill must not only express the specific antigens against which 
the effector cell is directed, but must also have MHC antigens in common 
with the effector cells. The usual MHC antigens involved in this restric-



CELL-MEDIATED IMMUNITY IN CMV INFECTIONS 

STAGE OF 
MATURATION 

ACTIVATION 

PROLIFERA TION 

REGULATORY 
CELLS 

EFFECTOR 
CELLS 

@ 
PRECURSOR 

ACCESSORY 
CELLS 

A~IL_1 • MAC~AGE 
.--IL-2 RECEPTOR 

TI 

ACTIVATED 

G .. IL-2 ~E 'G-R;:;'NULAR 

INTE~RMEDIATE ~ 

0)1------ ~~YTE 
TI V 

SMALL T CELL 
EXPANDED POOL OF 
ACTIVATED INTERMEDIATES 

DIFFERENTIATION ~?~I~~LL 
DIFFERENTIATION 
FACTOR 

TC 

CYTOTOXIC T CELL 

125 

FIGURE 1. Proposed scheme for maturation of precursor T cells ITp) into cytotoxic cells 
ITeL through intermediate stages lTd of activation and proliferation. TH and Ts indicate T
helper and T-suppressor cells, respectively. From Quinnan and Rook 11984). 

tion are the class 1 antigens, HLA-A and B in humans and the analogous 
H-2K and D antigens in mice. 

Lymphokines, such as IFN and IL-2, affect CTL activity, but in a 
somewhat different way than they enhance NK cell activity. NK cells 
are normally present in peripheral blood, and their activity is enhanced 
by these lymphokines. CTL, on the other hand, are not normally present 
in peripheral blood, but appear for a brief period of time several days after 
an appropriate antigenic exposure. During the course of such a response, 
CTL precursors, which circulate in peripheral blood, must undergo ma
turation into effector cells. The process by which this maturation prob
ably occurs is summarized schematically in Fig. 1. Precursors appear to 
undergo a stepwise process of maturation into effector cells. The stages 
include precursor activation, proliferation, and differentiation. Each is 
dependent on lymphokines, including IL-l in the activation stage (Op
penheim et al., 1982), IL-2 in the proliferation stage (Farrar et al., 1982), 
and IFN-'Y [and possibly one or more additional T-cell differentiation fac
tors (TCDF)] in the differentiation stage (Reddehase et al., 1982). The 
lymphokines are produced by cells that are required as accessory cells for 
the process to occur. Each stage is dependent on the prior stage in the 
sense that the lymphokines involved at one stage induce production of 
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or responsiveness to the lymphokines produced at the next stage, or both. 
For example, IL-1 is required to induce production of IL-2 as well as for 
activation of T precursors (Oppenheim et al., 1982) and IL-2 induces IFN
'Y production as well as T-cell proliferation (Farrar et al., 1981). The known 
accessory cells that produce the necessary lymphokines are monocytes, 
LGL, and T cells (Farrar et al., 1981; Durum and Gershon, 1982; Bur
lington et al., 1984). In addition to the interactions of accessory cells with 
CTL precursors, the maturation process is modulated by immunoregu
latory cells. The effects of helper cells and suppressor cells on this process 
involve a number of complex pathways that are not shown in Fig. 1. All 
of these cell functions and interactions must be intact for CTL responses 
to occur, and deficiencies in CTL responses can potentially be understood 
in terms of the abnormalities that occur in this pathway. 

III. VIRUS-SPECIFIC CYTOTOXIC LYMPHOCYTE 
RESPONSES DURING CMV INFECTIONS 

CMV-specific cytotoxic lymphocyte responses during active infec
tion have been measured in SlCr-release assays using target cells prepared 
from human diploid skin fibroblast cultures of known HLA types. Several 
features of the cytotoxic response are shown in Fig. 2, which summarizes 
cytotoxic lymphocyte responses observed in a group of 88 bone marrow 
transplant recipients. The lower half of Fig. 2 indicates the times after 
transplantation at which viruses were isolated from specimens of blood, 
urine, throat washings, or biopsy specimens. Those marked with asterisks 
were the first isolates obtained from each patient. As is typical of CMV 
infections in bone marrow transplant recipients, the onset was usually 
between 4 and 12 weeks after transplantation. In the upper panel, the 
results of CMV -specific cytotoxicity assays on these same patients are 
shown. Lymphocytes tested early after transplantation, and before onset 
of CMV infection, have low levels of cytotoxicity against CMV -infected 
target cells, both HLA-matched and mismatched. The cells are generally 
more active in killing of infected than uninfected target cells. As will be 
discussed below, this nonrestricted killing is mediated by NK cells and/or 
ADCC. During the posttransplant period, when virus cultures are posi
tive, there is an increase in cytotoxicity of lymphocytes hom infected 
patients. In contrast to the cytotoxicity seen before onset of infection, 
however, this response to active infection is usually HLA-restricted 
(Quinnan et al., 1981, 1982b). There is increased killing of HLA-matched 
target cells, but little or no increase in CMV-specific lysis of HLA-mis
matched target cells. This HLA-restricted response generally persists 
throughout the period of time when virus cultures are positive, the cy
totoxicity then returns to the baseline level of nonrestricted activity. 
Thus, the HLA-restricted, CMV-specific cytotoxic lymphocyte response 
is a manifestation of acute infection. 
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FIGURE 2, CMV-specific cytotoxic lymphocyte and antibody responses in relation to virus 
shedding in bone marrow transplant recipients. In the upper panel, results shown are CMV
specific cytotoxicity of lymphocytes from infected patients against HLA-matched (--.--e) 
and mismatched (e- - - -e) target cells and CMV -specific cytotoxicity of lymphocytes from 
uninfected patients against HLA-matched (0--0) and mismatched (0----0) target cells. 
In the lower panel are shown complement-fixing (CF) antibody responses (e) and, in the 
histogram, virus isolates. The total number of isolates each week is divided into the number 
from each site including (B) blood, (U) urine, (T) throat, (L) lung or liver, and (0) other sites. 
Asterisks indicate isolates that were the first ones obtained from individual patients. From 
Quinnan et ai. (1984a). 
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TABLE I. CMV-Specific T- and Non-T-Cell-Mediated Cytotoxicity Early and 
Late during CMV Infection in a Bone Marrow Transplant Recipient" 

Day posttransplant 

39 

46 

69 

Effector 

PBL 
E-Ros(+) 
E-Ros(- ) 
PBL 
Fc(-) 
PBL 
E-Ros( +) 
E-Ros( -) 
Fc(-) 

% CMV-specific lysis 

HLA-mismatched target 
HLA-matched target cell cell 

7.3 0.0 
22.3 0.0 

0.0 0.0 
25.3 0.0 
27.1 0.0 
15.7 11.5 
Q2 QO 
53 7~ 

0.0 0.0 

a From Quinnan and Rook 11981). The effector cells were either unfractionated peripheral blood lym· 
phocytes IPBL), cells that did or did not form rosettes with sheep erythrocytes [E·Rosl +) or E-Rosl-)L 
or PBL depleted of cells with receptors for Fc of IgG [Fcl-)I. 

The HLA-restricted and nonrestricted cytotoxic cells can be shown 
to be T cells and non-T cells, respectively, by lymphocyte fractionation 
procedures. Examples of such procedures are shown in Table I. An acutely 
infected patient will typically have both T-cell-mediated and non-T-cell
mediated cytotoxicity detected in these assays. Cytotoxic effectors in T
cell-enriched cell populations prepared by erythrocyte rosetting or by de
pleting cells with receptors for Fc of IgG are characteristically HLA-re
stricted (Quinnan et al., 1981). Effectors in non-T-cell fractions, prepared 
by removing cells with receptors for sheep erythrocytes or lysing T cells 
with OKT3 and complement, are nonrestricted (Rook and Quinnan, 
1983). Using these fractionation procedures, we have studied more than 
50 bone marrow transplant recipients and have found that CMV-specific 
killing of HLA-mismatched target cells is always mediated by cells with 
characteristics of NK cells whereas significantly greater CMV-specific 
killing of HLA-matched than mismatched target cells indicates the pres
ence of cytotoxic T cells (Quinnan et ai., 1984a). 

The majority of bone marrow or renal transplant recipients develop 
CMV -specific cytotoxic lymphocyte responses during CMV infection 
(Quinnan et ai., 1984; Rook et ai., 1984). Based on the results of lym
phocyte fractionation studies, it can be assumed that HLA-restricted cy
totoxicity is an indication of cytotoxic T-cell activity. In most but not 
all cases, the responses that develop during infection are T cell mediated. 
The types of responses found in 46 infected patients are summarized in 
Table II. Among patients whose lymphocytes were adequately tested to 
define the types of effector cells involved, 89% had CTL responses, but 
a few had significant increases in cytotoxicity during infection that did 
not include aT-cell component. 
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TABLE II. Effector Cells Mediating CMV-Specific Cytotoxic Lymphocyte 
Activity in Peripheral Blood of Bone Marrow Transplant Patientsa 

Patient group 

CMV-infected 
Un infected 

Number 

28 
18 

Type of CMV-specific cytotoxicity 

HLA-restricted 

25 
o 

Not HLA-restricted 

3 
18 
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Q From Quinnan et al. (1984al. Cytotoxicity was considered HLA-restricted if there was significantly 
greater CMV-specific lysis of all HLA-matched target cells tested than there was of the HLA-mis
matched target cells. 

The results of studies in healthy volunteers with and without CMV 
infections have confirmed that the responses observed in bone marrow 
transplant recipients are representative of the "normal" immune re
sponse. Peripheral blood lymphocytes from healthy, uninfected volun
teers have CMV-specific cytotoxicity that is not HLA-restricted, and is 
mediated by cells with characteristics of NK cells, as shown in Table III. 
The activity measured is similar in magnitude in seropositive and ser
onegative volunteers (Kirmani et ai., 1981). Repeated washing of lym
phocytes from seropositive volunteers inconsistently reduces their cy
totoxicity, indicating that it may sometimes be antibody independent. It 
was possible to demonstrate that addition of immune serum to lympho
cytes from nonimmune volunteers enhanced their CMV-specific cyto
toxicity, as shown in Table IV, demonstrating that ADCC might con
tribute to the CMV-specific cytotoxic response. During active CMV 

TABLE III. Non-HLA-Restricted CMV-Specific Cytotoxicity of Peripheral 
Blood Lymphocytes from Normal, Uninfected Volunteersa 

Serum CMV 
Volunteer number antibody titer 

1 1:160 
2 1:160 
3 1:1280 
4 1:160 
5 1 :320 
6 1:160 
7 1 :640 
8 <1 :40 
9 <1 :40 

10 <1 :40 

CMV -specific lysis of target cells 
(% ± S.D.) 

HLA-matched target HLA-mismatched 
cells target cells 

11.7 ± 1.2 12.9 ± 2.0 
10.6 ± 2.1 10.2 ± 1.4 
11.6 ± 1.7 16.9 ± 1.5 
14.7 ± 2.0 15.1 ± 9.2 
6.1 ± 2.8 14.5 ± 4.1 

1l.5 ± 3.7 16.4 ± 2_0 
12.5 ± 1.1 13.9 ± 2.8 
11.6 ± 3.3 7.1 ± 1.6 
9.5 ± 5.2 14.0 ± 7.5 

19.9 ± 8.0 10.8 ± 1.3 

Q From Kirmani et al. (1981). CMV antibodies were measured by ELISA. Results shown for cytotoxicity 
tests are means ± S.D. for four replicates. 
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TABLE IV. Enhancement of CMV-Specific Cytotoxicity of Peripheral Blood 
Lymphocytes from Normal Volunteers after Sensitization of Target Cells with 

Immune SeraD 

CMV antibody 
Percent lysis of CMV-infected target cellsb 

Volunteer number status Unsensitized Antibody sensitized 

1 1:160 6.2 ± 1.5 17.5 ± 4.9 
2 1:160 -8.1 ± 2.2 31.4 ± 12.4 
3 1: 1280 1.0 ± 0.7 8.4 ± 2.9 
4 <1 :40 11.6 ± 3.3 52.8 ± 1.9 
5 <1:40 6.9 ± 2.0 18.2 ± 4.7 

a From Kirmani et al. 11981). Sera from volunteers were tested for antibodies by ELISA. The serum used 
to sensitize target cells had an anti·CMV titer of 1: 1280. 

b Mean percent lysis ± S.D. of four replicates. There was no significant lysis of uninfected target cells 
tested in parallel. 

infection in experimentally infected healthy volunteers, an increase in 
CMV-specific cytotoxicity occurs above the baseline NK celli ADCC-me
diated activity seen in uninfected volunteers. As shown in Fig. 3, this 
response to acute infection is HLA-restricted (Quinnan et a1., 1984b). In 
both transplant recipients and healthy volunteers, the CMV-specific cy
totoxic response occurs early in infection, either prior to or coincident 
with clinical manifestation of infection or virus shedding, and persists 
until clinical manifestations have resolved (Quinnan et a1., 1984a,b). 
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FIGURE 3. CMV-specific cytotoxic lympho
cyte responses in healthy volunteers experi
mentally infected with a low-passage strain of 
CMV (Toledo-I). From Quinnan et a1. (1984b). 
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TABLE V. Correlation of Severity of CMV Infection in Bone Marrow 
Transplant Recipients with Failure to Develop a CMV-Specific Cytotoxic 

Lymphocyte ResponseQ 

Cause of death 
Interstitial 

131 

CMV-specific cytotoxic 
responses N pneumonitis CMV infection Other 

Responders 34 9 0 7 
P < 0.01 P < 0.001 

N onresponders 14 10 7 7 

" From Quinnan et a1. 11984al. 

IV. EVIDENCE THAT VIRUS-SPECIFIC CYTOTOXIC 
LYMPHOCYTES DETERMINE THE OUTCOME OF CMV 
INFECTIONS 

Studies in humans have consistently demonstrated a correlation be
tween cytotoxic lymphocyte responses and a favorable outcome of CMV 
infection. In bone marrow transplant recipients with CMV infection, the 
occurrence of a CMV-specific cytotoxic response correlates with a de
creased likelihood of interstitial pneumonitis and death, as shown in 
Table V (Quinnan et a1., 1982b). In these same individuals, pretransplant 
antibody status did not correlate with outcome. There was a tendency 
for patients who survived infection to develop higher antibody responses 
during infection, but the difference was not statistically significant. Sim
ilar results have been obtained in renal transplant recipients as sum
marized in Table VI. Both the severity of manifestations directly attrib
utable to CMV infection, and the incidence of complications are greater 
in patients who fail to develop these responses (Rook et ai., 1984). In 
addition, renal transplant recipients with CMV infections who failed to 
develop virus-specific cytotoxic responses had clinical courses charac
terized by persistent viremia eventuating in death or loss of graft. Re
covery from infection with conversion of cultures to negative did not 
occur in these nonresponders until after loss of the graft and discontin
uation of immunosuppressive drug therapy. 

Recently, we have found that patients with AIDS also fail to develop 
CMV-specific cytotoxic responses (Quinnan et a1., 1984c), and progress 
to fatal infection (Macher et a1., 1983) despite very high titers of antibodies 
to CMV in their serum. These results suggest that the cell-mediated im
mune responses are important in determining the outcome of infection. 

Studies in mice also suggest that CMV-specific CTL are the most 
important effector cells in CMV infection. Mice develop CTL responses 
that are similar to those seen in humans, and are restricted by the MHC 
class I antigens, H-2D and K (Quinnan and Manischewitz, 1979). Nude 
mice, deficient in T-cell responses, are extremely susceptible to CMV 
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TABLE VI. Signs of Clinical Illness and Complications of CMV Infection in 
Relation to Responder and Nonresponder StatusQ 

Patient group 

Clinical findings 
Fever 
Leukopenia 
Thrombocytopenia 
Elevated serum transaminases 
Total with any 3 findings 

Complications 
Superinfection 
Interstitial pneumonitis 
Pancreatitis 
Death 
Total with any complication 

Viremia 2: 3 weeks 
Acute allograft dysfunction 

a From Rook et al. 11984). 

Responders 
(N = 14) 

4 
2 
0 
4 
0 

0 
0 
0 
0 
0 
0 
1 

N onresponders 
(N = 6) 

5 
5 
4 
5 
Sb 

3 
1 
1 
1 
Sb 

5 
4c 

b Findings and complications were more frequent in nonresponders than responders I x2 = 11.4, P < 
0.001). 

C Allograft dysfunction was more common in nonresponders Ix2 = 5.1, p = 0.02). 

infection (Starr and Allison, 1977). Ho (1980) has shown that adoptive 
transfer of CTL confers protection to mice of the same but not of a different 
H-2 type. Although the immune cells transferred undoubtedly included 
other types of effector cells, the finding that the protective effect was H-
2-restricted suggests that the CTL determined recovery from infection. 

V. EVIDENCE THAT NK CELLS AND OTHER LARGE 
GRANULAR LYMPHOCYTES ARE IMPORTANT IN CMV 
INFECTIONS 

Increased NK cell activity during CMV infection was first demon
strated in mice (Quinnan and Manischewitz, 1979). This response is prob
ably induced by IFN produced during the first few days of infection (Gid
lund et al., 1978 j Grundy et al., 1982 j Quinnan et al., 1982a). Suppression 
of NK cell activity by hydrocortisone treatment of mice is accompanied 
by a decrease in the mononuclear cell infiltrate in lungs of mice with 
interstitial pneumonitis, and an increase in pulmonary virus replication 
(Quinnan et al., 1982a). These effects occur earlier in the course of in
fection than CTL or antibody responses, thus indicating that the suppres
sion of NK cells may be the specific mechanism by which drug treatment 
is responsible for the increase in virus replication. Studies in mice ge-
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FIGURE 4. Natural killer cell and 
serum interferon response in 
healthy volunteers experimen
tally infected with a low-passage 
strain of CMV (Toledo-I). From 
Quinnan et al. (1984b). 

netically susceptible or resistant to CMV (Grundy et a1., 1981) have pro
vided further support for the hypothesis that NK cells are important de
terminants of the outcome of infection (Bancroft et aI., 1981). The 
mechanism by which NK cells might mediate such an effect is not cer
tain. They lack viral antigen-specificity but are frequently more cytotoxic 
for infected than uninfected target cells (Diamond et aI., 1977; J. F. Man
ischewitz and G. V. Quinnan, unpublished observations). The most con
vincing evidence that NK cells mediate an antiviral effect in mice was 
demonstrated by Bukowski et aI. (1983). They found that susceptibility 
of mice to infection was increased by administration of antibody to asialo
GM1, a treatment that reduced NK cell activity without affecting CTL 
responses. The magnitude of the role of NK cells in murine CMV infec
tion appears to be relatively small, however. When comparing mice that 
are susceptible or resistant based either on genetic background or on NK 
cell suppressive therapy, the differences in lethal dose of CMV were only 
2- to lO-fold. By comparison, nude mice have normal NK cells but sus
ceptibility is increased by lOOO-fold or more (Starr and Allison, 1977). 
Evidence from studies in mice, therefore, indicates that NK cells probably 
have a specific but minor role in resistance to CMV infection. 

NK cell activity also correlates with susceptibility to serious CMV 
infection in humans (Quinnan et a1., 1982b). NK cell cytotoxicity in
creased during human CMV infection of experimentally infected healthy 
volunteers (Fig. 4). This response was coincident with an increase in IFN 
production, similar to the response in mice, but it followed, rather than 
preceded, the CTL response (Quinnan et aI., 1984b). 

In transplant recipients it has not been clearly demonstrated that 
this increase in NK cell activity occurs. However, the level of NK cell 
cytotoxicity measured during infection correlates with both the outcome 
of infection and cytotoxic T-cell responses. The latter is shown in Table 
VII, and similar comparisons are obtained in both bone marrow and renal 
transplant recipients (Quinnan et a1., 1982b; Rook et aI., 1984). NK cell 
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TABLE VII. Relationship of CMV-Specific and Natural Killer Cell 
Cytotoxicity in CMV-Infected transplant Recipients 

CMV-specific 
Study group cytotoxic responses 

BMTRa Responders 
Nonresponders 
Responders 
N onresponders 

a From Quinnan et al. 11984c). 
b From Rook et al. 11984). 

Percent lysis of K562 target 
cells 

N (E:T = 50: 1) 

32 
13 
14 
6 

42.3 ± 10.3 
21.0 ± 8.7 
27.3 ± 12.6 
17.3 ± 7.9 

p < 0.001 

p < 0.01 

cytotoxicity is also low in patients with AIDS (Siegal et a1., 1981; Quin
nan et a1., 1984c). The consistency of the association of low NK cell 
activity with an unfavorable outcome suggests that these effectors may 
have a direct role in human CMV infections, but other possibilities should 
also be considered. For example, they may be depressed by the same fac
tors (e.g., drug therapy) that depress CTL responses (Rook et a1., 1984), 
or depressed NK activity may simply reflect a more generalized depres
sion of the lymphokine-producing activity of LGL (Kasahara et a1., 1983). 
The significance of the noncytotoxic functions of LGL has been empha
sized recently in studies of patients with AIDS, as will be discussed below. 
The various possible explanations for the correlation of NK cell activity 
with outcome of CMV infection are not mutually exclusive. The exten
sive evidence from human and animal studies strongly suggests that one 
or more functions of LGL are vitally important for resistance to this in
fection. 

VI. CAUSES OF DEPRESSED CYTOTOXIC T-CELL 
RESPONSES AND NK CELL ACTIVITY IN HIGH-RISK 
POPULATIONS 

A principal objective of studies of immune responses to CMV infec
tion is to develop concepts that can be turned to therapeutic advantage. 
With this objective in mind, we have attempted to define the reasons 
why some patients fail to develop CTL responses. In renal transplant 
recipients, steroid therapy has been correlated with nonresponsiveness 
in the CTL assay (Table VIII). When patients studied during CMV infec
tion had received high-dose steroids prior to the time the testing was 
performed, CTL responses were frequently absent (Rook et ai., 1984). This 
analysis was particularly revealing as the suppressive effect of steroids 
was not immediate. If the high-dose prednisone had been given within 4 
days of the time that the blood was drawn, but not earlier, a normal 
cytotoxic response was observed. If the prednisone was given between 5 
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TABLE VIII. Methylprednisolone Effect on Cytotoxic T-Cell Precursorsa 

Interval between administration of 
methylprednisolone and assay date 

None given 
0-4 days 
5-10 days 
10-14 days 
>14 days 

_ 

CMV -specific cytotoxic responses 
(assays positive/total assays) 

10/12 
4/4 
2/10 
3/10 
5/6 

a From Rook et al. 11984). Intravenous methylprednisolone 1 g/day. 
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days and 2 weeks before the assay date, there was usually no detectable 
cytotoxicity. These results suggest that the steroids probably did not sup
press mature CTL, but rather suppressed the precursors of these effector 
cells. These patients were all individuals who had antibodies to CMV 
before transplantation. The syndrome described by these studies was, 
therefore, one of graft rejection treated by high-dose prednisone followed 
by severe CMV infection with absent CTL responses and persistent vi
remia eventuating in death or graft loss. These findings indicate that 
judicious use of steroids is critical, and that a search for methods to re
verse steroid effects may be rewarding. 

The CTL responses observed in bone marrow transplant recipients 
are often greater in magnitude than in renal transplant recipients, as 
shown in Table IX. This difference was originally interpreted as evidence 
that the protective effect of CTL may be more significant in the former 
group. However, the recognition that steroids were important raised the 
possibility of an alternative explanation. The renal transplant patients 
were routinely treated with low to moderate doses of steroids continu
ously for weeks postransplant, whereas bone marrow transplant recipi
ents generally received steroids for specific treatment of graft-versus-host 
disease. When the magnitude of cytotoxic responses observed was com
pared after stratification for dose of steroids received, the responses found 
were remarkably similar (G. Quinnan et a1., unpublished data). Likewise, 
it was found that nearly all bone marrow transplant recipients who had 
received no steroids developed CTL responses, whereas only about half 
of those on maintenance steroids for graft-versus-host disease developed 
these responses. The significance of the steroid therapy is further em
phasized by the finding that there was no association between graft-ver
sus-host disease and nonresponsiveness unless patients were still receiv
ing steroids when CMV infection developed. Nevertheless, steroids are 
not the only factor of significance in this population, as some patients 
not on steroids fail to respond, and some individuals receiving steroids 
do respond. There must be at least one other determinant of the capacity 
of transplant patients to develop CTL. This determinant did not appear 
to be an immunoregulatory dysfunction, for the ability to develop cy-
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totoxic T-cell responses did not correlate with abnormal numbers of 
helper or suppressor lymphocytes (G. Quinnan et a1., unpublished ob
servations). 

The data pertaining to the cause of deficient CTL responses in AIDS 
patients are particularly revealing. These patients' lymphocytes have in
creased responsiveness to IL-2, as shown in Fig. 5(Rook et a1., 1983). They 
do not respond to IFN-I3, as shown in Fig. 6. Similar results were found 
in testing virus-specific cytotoxicity. Responsiveness of lymphocytes to 
IL-2 is dependent on their being activated by IL-1 (Larsson et a1., 1980). 
In AIDS patients, therefore, there are apparently activated cytotoxic T-
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cell precursors present, but the cells do not mature into effector cells in 
vivo. The fact that they mature readily under the influence of IL-2 lo
calizes the maturation arrest to the proliferation stage and suggests that 
the activated precursors are not being exposed to IL-2 in vivo. A depres
sion of production of at least one lymphokine, IFN-a, is also characteristic 
of AIDS (Lopez et al., 1983) and a number of findings indicate that there 
is a generalized depression of LGL functions (Quinnan et al., 1984c). Pro
duction of IL-2 can be induced in vitro, for the lymphocytes from these 
patients proliferate in response to Con A (Fig. 7). The lymphokine-pro
dueing cells must be present, therefore, but suppressed. Studies were per
formed to determine whether this suppression was mediated by sup
pressor cells or a soluble factor, and whether the inhibition was at the 
level of IL-2 production or effect. These studies revealed that the cause 
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FIGURE 7. Proliferation responses to Con A and CMV antigens of lymphocytes from ho
mosexual men who were healthy or had chronic lymphadenopathy or AIDS. From Quinnan 
et ai. (1984c). 

of the T-cell maturation arrest appeared to be a soluble factor in serum 
of AIDS patients that inhibited production of IL-2 IF. Siegal et ai., un
published observations). The potential implications of this result for ther
apy are self-evident. 

These studies have demonstrated that it is possible to define abnor
malities of immune responses very specifically. Risk factors for severe 
infections can be determined more readily once the mechanism by which 
they produce their effects is understood, and appropriate modificatons in 
patient management can be made with greater confidence. The proce
dures involved in defining these abnormalities are simple, and the results 
are easily understood if the studies are performed in a systematic, step
wise fashion. 

VII. DELAYED-TYPE HYPERSENSITIVITY RESPONSES TO 
CMV 

In marked distinction to the current state of understanding of the 
roles of cytotoxic effector cells in defense against these infections, very 
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little is known about DTH responses to CMV. It is important to recognize 
that the effector cells mediating DTH and T-cell cytotoxicity are distinct 
and are subject to differing immunoregulatory controls (Nash and Ash
ford, 1982). Because they are distinct, the biological roles of the two types 
of T-cell effectors may also be different. 

The only method currently available that may be useful for meas
uring DTH responses to CMV is by skin test reactivity. This response 
has been manifest in recipients of the Towne strain vaccine who develop 
a local reaction at the injection site about 10 days after vaccination (Quin
nan et al., 1984b). The response occurs in seronegative but not in sero
positive individuals. It is possible that this difference results from greater 
virus replication locally in the seronef1tive individuals. However, we 
have recently made observations that suggest that the DTH response is 
actively suppressed in previOUSlY immune individuals. Seropositive vol
unteers experimentally infected with a virulent strain of CMV developed 
systemic virus infection, but no local reactions (Quinnan et al., 1984b). 
They did, on the other hand, develop cytotoxic T-cell responses, sug
gesting that the DTH response was selectively suppressed. This obser
vation could be relevant to the effects of CMV infection in renal trans
plant recipients. Primary rather than secondary CMV infection appears 
to be a risk factor for graft rejection (Betts et al., 1977), and CTL responses 
correlate negatively with graft rejection (Rook et al., 1984). It may be that 
the DTH response occurring in primary infection induces or exacerbates 
rejection. 

VIII. CMV-INDUCED IMMUNE SUPPRESSION 

It is somewhat paradoxical that recovery from CMV infection is more 
dependent on cellular immunity than is the case with most other viruses 
yet CMV infection itself has profound suppressive effects on cellular im
munity. The clinical relevance of these effects is manifest by increased 
susceptibility to other opportunistic infections (Rand et al., 1978) in pa
tients infected with CMV. The specific mechanisms responsible for this 
increased susceptibility are unknown, but some potentially relevant ef
fects have been described. CMV infection is frequently accompanied by 
a depressed lymphocyte response to T-cell mitogens (Howard et al., 1974; 
Booss and Wheelock, 1977; Rinaldo et al., 1980, Quinnan et al., 1981). 
This effect has been attributed, on the basis of in vitro studies, to direct 
effects of the virus on lymphocytes or to the effects of soluble factors in 
serum (Booss and Wheelock, 1977). There are also suppressor cell re
sponses induced in patients with CMV infection. Bixler and Booss (1981) 
have reported evidence of an adherent cell suppressor response, possibly 
involving monocytes. Carney et al. (1981) have observed increased num
bers of T cells of the suppressor phenotype in patients with CMV infec
tion, observations confirmed by us (Fig. 8). An impressive aspect of this 
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suppressor response is its persistence. The results shown in Fig. 8 are 
from individuals with mild CMV infections (Quinnan et al., 1984b.) They 
had persistent inversions of the normal ratio of helper cells to suppressor 
cells for 6 months after onset of infection. Which of these laboratory 
abnormalities is relevant to the clinically significant immunosuppression 
caused by CMV remains to be determined. 

IX_ CMV-INDUCED IN VITRO LYMPHOCYTE 
BLASTOGENESIS 

The antigen-specific in vitro lymphocyte blastogenic response is a 
measure of immunological memory. Patients without in vitro blastogenic 
responses during infection, either seropositive or seronegative, can de
velop adequate effector cell responses, and the blastogenic response does 
not predict the outcome of infection (Quinnan et al., 1982b). Neverthe
less, this response does have potential relevance to understanding im
munity to CMV if it is understood as a measure of the capacity for antigen
specific lymphocyte activation and proliferation. 

X. CELLULAR IMMUNE RESPONSES TO CMV VACCINE 

The complex nature of immunity to CMV has generated uncertainty 
with regard to whether a vaccine could be efficacious. It is not known 
which immune responses are responsible for protective immunity. As a 
result, there are no laboratory tests that predict reliably which individuals 
are resistant to infection. A comprehensive description of the immune 
responses to the vaccine is of value, so that the extent to which vaccine
induced immunity parallels that induced by natural infection can be ap
proximated. Plotkin et al. (1976) have demonstrated that the Towne vac
cine reliably induces both antibody and lymphocyte blastogenesis re-
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sponses in healthy volunteers. We have recently demonstrated that the 
vaccine induces CTL responses. These responses were lower in magni
tude and shorter in duration than those occurring during infection with 
a low-passage, virulent virus, but there were nevertheless distinct in
creases in HLA-restricted cytotoxicity (Quinnan et a1., 1984b). The same 
individuals did not develop inversions of helper-to-suppressor cell ratios, 
indicating that the vaccine may induce the crucial cellular responses 
without causing immunosuppression. The effectiveness of these re
sponses in preventing subsequent infection or disease in vaccinated in
dividuals is still being studied. 

XI. CONCLUSION 

The importance of CMV as a cause of human disease in many dif
ferent settings is more related to the overriding significance of cell-me
diated immunity than it is to the inherent virulence of the agent itself. 
As a result of many recent advances in the general field of cellular im
munology, it is now possible to define the effector cell functions that are 
important for defense of the host and to understand why they fail to 
develop in some individuals. Systematic study of cellular immunity in 
CMV infections should facilitate development of methods for modulating 
immune responses to the benefit of the patient while advancing our un
derstanding of cellular immunity to virus infections in general. 
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CHAPTER 7 

In Vivo Studies of Epstein
Barr Virus and Other 
Lymphotropic Herpesviruses 
of Primates 
HARVEY RABIN 

1. INTRODUCTION 

The Epstein-Barr virus (EBV) of man is a member of a large group of 
lymphotropic herpesviruses of primates. These viruses have been isolated 
from prosimians, New World and Old World monkeys, apes, and man. 
The isolates fall into three groups. The first group includes EBV and re
lated viruses of Old World monkeys and apes. The DNAs of EBV and 
these viruses of higher primates show a substantial degree of sequence 
homology (- 40%). Moreover, their genomes share a common structure, 
and are colinear with each other. Their proteins show extensive antigenic 
cross-reactivity but differences among them can be observed especially 
in the case of their nuclear antigens. These viruses are B cell tropic and 
can immortalize B lymphocytes in tissue culture. The viruses of New 
World monkeys form a second distinct group. These viruses are not re
lated to EBV and the EBV-like viruses but are related to each other an
tigenically and by DNA homology. They have a common genome struc
ture, which is different from that of EBV, and are T cell tropic. These 
viruses are cytolytic for nonlymphoid cells in vitro and are also capable 
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TABLE I. Lymphotropic Herpesviruses of Primates 

Virus 
Family (species of isolation) 

Hominidae (human) EBV (man) 

Pongidae (apes) H. pongo (orangutan) 

H. pan (chimpanzee) 
H. gorilla (gorilla) 

Cercopithecidae H. papio (baboon) 
(Old World 
monkeys) 

Undesignated EBV-
like (macaque) 

AGM-EBV (African 
green monkey) 

Cebidae (New H. saimiri (squirrel 
World monkeys) monkey) 

H. ateles (spider 
monkey) 

Tupaiidae THY-2 (tree shrew) 
(prosimian) 

THY -3 (tree shrew) 

a NR, not reported. 

Lympho-
cyte tro-

pism 

B 

B 

B 
B 
B 

B 

NR 

T 

T 

NR 

NR 

In vitro 
transfor-
mation 

+ 

+ 

+ 
+ 
+ 

+ 

NR 

+ 

+ 

NR 

NR 

Disease association 

Infectious mononucleosis, 
Burkitt's lymphoma, 
nasopharyngeal carcinoma, 
polyclonal 
lymphoproliferative 
disease/lymphoma, 
experimental 
lymphoproliferative 
disease/lymphoma 

Isolation from B-cell culture of 
leukemic animal 

NRa 
NR 
Lymphoid disease in Sukhumi 

baboon colony, 
experimental lymphoid 
disease in marmosets 

Isolation from cultured B cells 
of immunosuppressed organ 
transplant recipient with 
lymphoma 

NR 

Lymphoma in related species 
and in rabbits 

Lymphoma in related species 
and in rabbits 

Lymphoma in tree shrews, 
thymic hyperplasia and 
thymoma in rabbits 

Thymic hyperplasia and 
thymoma in rabbits 

of immortalizing T cells in tissue culture. Isolation of a third group of 
primate herpesviruses has been reported from tree shrews, Tupaia glis 
belangeri, a prosimian species. These viruses are differentiated by their 
characteristic genome structure. 

As shown in Table I, EBV has been associated with several diseases 
of man. The difficulty of assigning a clear etiologic role to EBV for many 
of these diseases is well known. For many of the other lymphotropic 
herpesviruses, which, like EBV, appear to be also widely distributed in 
their host populations, the same difficulty pertains. Moreover, less is 
known about naturally occurring disease in most of these species than 
is known for man and, in general, relatively few isolates of each virus 
have been made. Therefore, at the present time, only limited significance 
can be given to the fact that several of these viruses have been isolated 
from cultures established from tumor-bearing animals. By the same 



L YMPHOTROPIC HERPESVIRUSES OF PRIMATES 149 

token, the lack of apparent pathogenicity of certain viruses for their nat
ural host species does not necessarily imply a total lack of the ability of 
these viruses to cause disease in these species. One circumstance that 
has afforded the opportunity for study of virus association with disease 
within a species was at the large baboon colony at the Institute for Ex
perimental Pathology and Therapy at Sukhumi, USSR, where an outbreak 
of lymphoproliferative disease has been continuing for several years. 

Studies of EBV in experimental hosts were undertaken to explore the 
oncogenic potential of this virus and to determine if a model for human 
disease could be developed in a nonhuman primate host. Similar studies 
have been performed with Herpesvirus papio and in particular with the 
T-cell-tropic herpesviruses of New World primates, H. saimiri and H. 
ateIes. In this review, I will cover some aspects of experimental infection 
with EBV, describe the studies on the relationship between H. papio and 
lymphoproliferative disease in baboons, and discuss some of the newer 
findings on experimental T-cell disease induced by H. saimiri. I will also 
describe certain aspects of preliminary studies with other selected vi
ruses, in particular an EBV-like virus of macaques and the tree shrew 
herpesviruses, THV-2 and THV-3. 

II. EBV IN NEW WORLD PRIMATES 

A. Host Range for Disease Induction 

Earlier studies on tumor induction by EBV have been reviewed (Frank 
et al., 1976; Miller, 1979) and I will attempt mainly to present some of 
the more recent findings. Table II shows those species of nonhuman pri
mates in which some form of progressive, fatallymphoproliferative dis
ease has been induced. Gibbons have also been shown to be susceptible 
to EBV but progressive disease did not develop (Werner et al., 1972). The 
species that seems most susceptible to specific EBV-induced disease is 
the cotton-topped marmoset (Saguinus oedipus). Several investigators 
have been able to induce disease in this species since the original obser
vations by Shope et al. (1973). A variety of inocula have been used (cell
free transforming virus, various transformed cells) with positive results. 
EBV-positive cell lines can be established from these animals and EBV 
DNA or EBV nuclear antigen (EBNA) has been detected in tumor tissue. 
White-lipped marmosets (S. fuscicollis, S. nigricollis) have proved largely 
insusceptible to EBV. A tumor was produced in a single animal after 
repeated inoculation of the B95-8 strain of EBV by both intraperitoneal 
and intramedullary routes (Sundar et al., 1981). EBV DNA was detected 
at a low level in an affected lymph node but cell lines could not be es
tablished. Falk et aI. (1976b) reported the induction of fatallymphopro
liferative disease in seven out of eight common marmosets (Callithrix 
;acchus) inoculated with B95-8 virus. These monkeys developed antibody 
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TABLE II. Nonhuman Primates Susceptible to EBV-Induced 
Lymphoproliferative Disease 

EBYDNA 
or EBNA in 

Cell lines tumor or 
Species Antibody conversion" established cell culture Progressive disease References 

Cotton-topped mar- YCA, EA, EBNA, + + Lymphoproliferative Shope et al. 11973), 
moset neutralizing disease/lymphoma Werner et al. 

1-30%) 11975), Deinhardt 
et 01. 11975), Rabin 
et al. 11976b, 
1977b), Miller et 
01. 11977), Johnson 
et al. 11983) 

White-lipped marmo- YCA, EA + Lymphoma 11 animal) Sundar et al. 11981) 
set 

Common marmoset YCA, EA +/- +/- Lymphoproliferative Falk et al. 11976b), 
disease 1- 50%) Ablashi et 01. 

/1978, 1983) 
Owl monkey YCA, EA, EBNA + + Lymphoproliferative Epstein et 01. 

diseaseilymphoma I 1973a,b, 1975), 
11 animal) Rabin et 01. 11976b) 

a VeA, viral capsid antigen; EA, early antigen; EBNA, Epstein-Barr virus nuclear antigen. 

to viral capsid antigen (VCA) but not to early antigen (EA) or EBNA. The 
affected tissue appeared to be EBNA negative and continuous cell lines 
could not be established. Ablashi et al. (1983) reported a fatallympho
proliferative disease in a common marmoset given two widely separated 
inocula of the Ag876 strain of EBV along with multiple inoculations of 
the tumor promoter 12-0-tetradecanoylphorbol-13-acetate (TPA). EBV 
DNA was apparently detected in affected tissue as was EBNA. Short-term 
cultures of affected lymph node were positive for VCA. A second mar
moset inoculated with EBV but not TPA did not develop a tumor and a 
marmoset inoculated only with TPA similarly did not develop a tumor. 
Earlier attempts by this group to induce tumors with EBV (B95-8) in com
mon marmosets in the absence of TPA were unsuccessful (Ablashi et al., 
1978). Thus, it would seem that EBV can induce a lymphoproliferative 
disease in common marmosets, which, with the exception noted, may 
not involve stable virus transformation of B cells. A lymphoproliferative 
disease compatible histologically with certain forms of malignant lym
phoma was induced in one out of three owl monkeys inoculated with a 
frozen and thawed suspension of EB3 cells (Epstein et al., 1973a). A cell 
line established from this animal was positive for both EBV DNA and 
EBNA (Epstein et al., 1973b,1975). Inoculation of cell-free owl monkey
passaged EB3 virus or B95-8 virus into six additional owl monkeys failed 
to produce progressive disease (Rabin et al., 1976b). 

B. Clonality of Tumors in Cotton-Topped Marmosets 

EBV, in man, has been associated with (1) monoclonal lymphoid dis
ease, Burkitt's lymphoma, or polyclonallymphoid disease and (2) infec-
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TABLE III. Immunoglobulin Light Chain Expression on in Vivo-Derived EBV
Positive B Cells in CultureD 

Marmoset/cellline 

79-E-1 
Peripheral lymph node 
Mesenteric lymph node 
Spleen 

79-DP-2 
Peripheral lymph node 
Mesenteric lymph node 
Spleen 

79-X-2 
Mesenteric lymph node 

1605 
Mesenteric lymph node 
Liver 
Spleen 

4 

0 
0 
0 

a Data from Johnson et aI. (1983) and Rabin et al. (1977b). 

Immunoglobulin light chain 
(% positive) 

K ;" 

5 54 
19 42 
10 17 

30 18 
13 23 
36 20 

61 15 

Months in culture 

16 4 16 

0 40 30 
0 40 15 
0 40 2 

tious mononucleosis and various lymphomalike conditions (reviewed in 
Klein and Purtilo, 1981; Gilden and Rabin, 1982). It was of interest, there
fore, to obtain information on the clonality of disease produced by EBV 
experimentally. Johnson et a1. (1983) established several continuous cell 
lines from two cotton-topped marmosets that died of EBV-induced lym
phoproliferative disease. Histologically, the lesions in the marmosets re
sembled fatal cases of human infectious mononucleosis. Staining of these 
lines and another line established from a marmoset with mild lesions for 
surface immunoglobulins revealed the presence of IgM-positive cells and 
a low percentage of IgO-positive cells. Both K-positive and A-positive cells 
were seen in each culture from all three marmosets (Table III). Moreover, 
both K-positive and A-positive chains were secreted into culture medium 
by these various lines. The lines failed to show evidence of a marker 
chromosome suggestive of clonal origin or of a marker similar to those 
characteristic of Burkitt's lymphoma. These cells, moreover, had a low 
cloning efficiency in soft agar medium and failed to induce tumors in 
nude mice by the subcutaneous route. Thus, these cells resembled lym
phoblastoid cell lines rather than the clonal lines characteristic of Burk
itt's lymphoma (Nilsson et ai., 1977). In contrast, cell lines were estab
lished from three widely separated tumors in another cotton-topped 
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marmoset (Rabin et al., 1977b). These cells exhibited both IgM- and IgG
positive cells but the only light chain detected was A (Table III). Clonal 
sublines derived from all three parent lines also were positive only for A. 
Moreover, each line showed the loss of one homolog of a pair of medium
sized metacentric chromosomes, which occurred in about 50% of the 
metaphase spreads in each line, suggesting that the lines shared a com
mon origin. The liver and spleen lines were indistinguishable karyotyp
ically but the lymph node line had a marker chromosome. Thus, these 
cells showed characteristics of being a uniclonal population. No evidence 
for a Burkitt's lymphoma-like translocation was seen. Therefore, it would 
appear from histopathologic evidence and from the limited observations 
on surface immunoglobulin and karyotype that both fatal polyclonallym
phoproliferative disease and disease more compatible with monoclonal 
lymphoma can be induced in cotton-topped marmosets by EBV. 

C. Potential Use of Cotton-Topped Marmosets in EBV Vaccine 
Development 

One other area of potential use for cotton-topped marmosets in EBV 
research should be mentioned and that is the use of these animals for 
vaccine development. It has been shown by several laboratories that mon
oclonal antibodies directed against EBV membrane antigens have virus
neutralizing activity (Hoffman et al., 1980; Thorley-Lawson and Geilin
ger, 1980; Strnad et al., 1982). These membrane antigens can be extracted 
and used as effective immunogens to induce EBV-neutralizing antibody 
(Thorley-Lawson, 1979). Recently, a highly purified membrane antigen, 
gp340 (340,OOO-dalton glycoprotein) was incorporated into liposomes and 
used as an immunogen in mice where strong neutralizing antibodies were 
induced (North et al., 1982). Cotton-topped marmosets, which are sus
ceptible to EBV-induced disease, would play an important role in further 
EBV vaccine development. Work of this type has recently been initiated 
in which several types of gp340 preparations are being tested in marmosets 
(Epstein and Morgan, 1983). 

III. Herpesvirus papio AND L YMPHOPROLIFERA TIVE 
DISEASE IN BABOONS 

A. Background 

Beginning in 1967, there has been an ongoing outbreak of lymphoid 
disease in baboons (Papio hamadryas) at the Institute of Experimental 
Pathology and Therapy in Sukhumi, USSR. The first cases were recorded 
after the introduction into the colony of animals that had been inoculated 
with various human leukemic material. The cases are confined to the 
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main colony where the inoculated animals had been introduced. No cases 
have been observed in a geographically remote forest colony nor in sep
arate areas at the main reservation where contact with diseased or in
oculated animals has been avoided (Lapin, 1975). Mortality in the colony 
from lymphoid disease has varied between approximately 1.0 to greater 
than 2.0% per year. As the colony has several hundred baboons, this has 
amounted to up to 20 deaths per year (Neubauer et al., 1979). The majority 
of cases have been classified as non-Hodgkin's lymphoma of the lymphoid 
type but other types of lymphoid tumors have also been seen (Yakovleva 
et a1., 1980). Most tumors have appeared to be comprised of B cells but 
T-cell and non-T-, non-B-cell tumors have also been reported (Yakovleva 
et ai., 1980). Clinical signs of disease include marked splenomegaly and 
lymphadenopathy and other symptoms such as gingivitis, dermatitis, and 
increased skin pigmentation. There is also evidence of an immuno
depression associated with disease in terms of hyporesponsiveness of pe
ripheral blood leukocytes to phytohemagglutinin and concanavalin A 
(Neubauer et a1., 1980). Another feature of the disease is the high fre
quency of chromosome breaks and structural rearrangments, especially 
involving chromosomes 20 and I, in cells from lymph nodes, spleen, and 
bone marrow of diseased baboons (Markaryon, 1980). 

The epidemiologic features of the outbreak suggest an infectious 
etiology as all cases have occurred where there has been contact between 
either inoculated baboons or baboons with spontaneous disease and 
healthy baboons (Lapin, 1975). Cases have also arisen following inocu
lation of blood from one baboon to another (Falk et al., 1976a). Most cases 
have occurred in colony-born animals greater than 5 years old (Lapin, 
1973). 

B. Virus Isolates 

Attempts to culture tumorous tissue, co cultivation of tumor tissue 
with various indicator cell lines, and the establishment of continuous B
cell lines have led to the isolation of several types of viruses from lym
phomatous baboons. These isolates have included an endogenous type C 
retrovirus (Goldberg et a1., 1974), a foamyvirus (Rabin et a1., 1976a), a 
cytomegalovirus (H. Rabin and R. Hopkins, unpublished results), and an 
EBV-related herpesvirus, H. papia (Falk et a1., 1976aj Rabin et a1., 1977a). 
Moreover, electron microscopic examination of tumor tissue and plasma 
from affected monkeys has revealed both type C retrovirus particles and 
herpesvirus particles (Lapin, 1973, 1975, 1976). 

C. Antibody Patterns to H. papio-Associated Antigens 

Several B-cell lines were established from lymphomatous baboons 
(Agrba et a1., 1975 j Dyachenko et al., 1976 j Falk et ai., 1976aj Rabin et 
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al., 1977a). These lines were found to be good sources of H. papio antigens 
and transforming virus. Preliminary serologic screening of sera indicated 
that antibodies to H. papio VeA were present in sera of baboons from 
Sukhumi and elsewhere (Falk et al., 1976a; Lapin, 1976; Rabin et al., 
1977a). Initial titrations suggested that antibody titers in the sera of dis
eased baboons and their contacts in the main colony were higher than 
in sera of the geographically separated and disease-free forest colony 
(Lapin, 1976). Based on these observations, in collaboration with Lapin 
and his associates, we undertook a serologic study of three groups of 
baboons from Sukhumi: (1) those with clinical disease, (2) baboons in 
contact with diseased animals but not, themselves, showing clinical dis
ease, and (3) healthy baboons from the forest colony. We hoped to de
termine by this study if H. papio would show a serologic relationship to 
disease similar to that shown by EBV to Burkitt's lymphoma. The results 
showed that diseased baboons had, as a group, antibodies to more H. papio 
antigens, VeA, EA, soluble, and nuclear, and at higher titers than the 
contact or forest baboons (Neubauer et al., 1979a). Differences among 
groups were evident in terms of the geometric mean titers (GMT) of anti
veA (highest in the diseased group) and in the frequency and GMT of 
anti-EA (high in diseased and contact groups and low in the forest group). 
The frequency of antisoluble antigen and of antinuclear antigen were also 
highest in the diseased group. The frequency and titer of anti-EA also 
tended to show a correspondence with the anti-yeA titer in the diseased 
group whereas it did not in the contact group. Antibodies to two other 
virus isolates from Sukhumi baboons, a foamyvirus and a cytomegalo
virus, failed to show disease-related patterns. These general serologic pat
terns with H. papio antigens were subsequently confirmed (Lapin et al., 
1982). The levels of significance in frequencies and titers between dis
eased and contact animals, where significant, are not as high (p < 0.05) 
as they are between diseased and forest animals (p < 0.001). This is not 
surprising as the disease may have a variable incubation period (Lapin, 
1975) and thus, some contacts may be in a subclinical stage of the diseases 
and, as mentioned, there have been several types of lymphoid tumors 
described at Sukhumi (Yakovleva et ai., 1980) and H. papio may not 
necessarily play a role in all of them. Moreover, other factors, such as 
importation history and time after contact with diseased animals, have 
been reported to affect antibody titers to H. papio (Lapin et al., 1980a). 
The high frequencies of anti-EA (> 60%) in the main colony also sug
gested that much recent infection and possible reinfection may be taking 
place. This possibility is supported by the finding that it has proved rel
atively easy to recover infectious virus from oral swabs of animals in the 
main colony but not from those in the forest colony (Agrba et al., 1980; 
Lapin et al., 1982). 

D. Presence of Viral DNA in Tumor Tissue and Spleen 

Preliminary results with limited numbers of samples suggested that 
H. papio DNA could be detected in tumor tissue and spleens of lym-
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phomatous baboons but not from uninvolved tissue or normal spleen 
(Neubauer et al., 1980; Lapin et al., 1980b). Subsequently, it was reported 
that H. papio DNA could be detected in spleen cells of diseased baboons 
and in spleens of animals in clinical remission (Dyachenko et al., 1981). 
Of seven healthy or nonlymphomatous monkeys, only one showed a low 
level of H. papio DNA in its spleen. These results again are suggestive 
that H. papio may play a role in the etiology of lymphoid disease in 
Sukhumi. 

E. Experimental Disease in Cotton-Topped Marmosets 

In addition to its ability to immortalize B cells in vitro, there is some 
evidence that H. papio can induce disease experimentally. Inoculation of 
large numbers (1.3-5 x 108 ) of H. papio-producing baboon cells into adult 
cotton-topped marmosets induced an acute, fatal, widely disseminated 
lymphoproliferative disease. Affected tissue was negative for hybridiza
tion with an EBV DNA probe but several cell lines were established from 
inoculated animals. These lines all had marmoset karyotypes and some 
B-cell characteristics, but none was positive for viral antigens. One cell 
line was positive for EBV-related DNA in hybridization with EBV cRNA 
(Deinhardt et al., 1978). White-lipped marmosets did not develop disease 
with a similar inoculum nor did newborn cotton-topped marmosets. Au
tologous nonproducer cells failed to induce disease as did inoculation of 
large numbers of producer cells established from a healthy baboon. In 
other studies, inoculation of cell-free virus or H. papio-positive cell lines 
into several species of nonhuman primates (cotton-topped marmosets, 
yellow baboons, stump-tailed macaques, and rhesus monkeys) did not 
result in induction of progressive disease although, as judged by sero
conversion and virus shedding, the recipients generally were infected 
(Gerber et a1., 1977; Lapin et al., 1980b; H. Rabin, unpublished results). 
Inoculation of laboratory rodents and rabbits similarly did not induce 
disease (Lapin et a1., 1980b). 

F. Summary of Features of the Disease and Possible Similarity 
to Other Diseases of Captive Monkeys 

To summarize the features of the outbreak at Sukhumi, it would 
appear that several types of lymphoid tumors have been occurring in the 
main colony for the past several years. Cases were first noted subsequent 
to the introduction into the colony of baboons that had been inoculated 
with human leukemic material. The disease has features of an infectious 
condition as all cases have been related to contact with either inoculated 
baboons or diseased baboons. Several viruses have been isolated from the 
colony and one of these, H. papio, shows a disease-related serologic pat
tern. This virus has also shown a certain capacity to induce lymphopro-
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liferative disease in adult cotton-topped marmosets. Baboons with lymph
oid disease show signs of immunosuppression and a high degree of viral 
shedding. Certain features of the disease, its effect on the lymphoid sys
tem, its possible infectious nature, its sudden appearance, and its restric
tion to certain colonies resemble an acquired immune deficiency syn
drome (simian AIDS) seen in other colonies of Old World monkeys 
(Henrickson et al., 1983; Letvin et al., 1983). A way to get further insight 
into the role of H. papio in the disease might be through a controlled 
vaccination study aimed at determining if prevention of infection would 
reduce the incidence of disease. 

It is of course possible that viruses other than H. papio may also'be 
involved in the etiology of the disease. As previously mentioned, a type 
C retrovirus was detected in lymphoid tissues and plasmas of diseased 
baboons and other types of viruses have been isolated from such baboons. 
Recently, antibody that cross-reacts with human T-cell leukemia virus 
(HTLV) has been detected in the sera of baboons from Sukhumi (c. Sax
inger, personal communication). Thus, it would be important to evaluate 
the roles that these other viruses may play in the disease either individ
ually or in some type of combination. It is also possible that viruses can 
be readily isolated from these baboons and certain antibody titers may 
be perturbed in them because of the immunosuppressive nature of the 
disease. In this case, the virologic findings would be secondary to a loss 
of normal immunologic function. Various cofactors, at present not rec
ognized but perhaps related to crowding and stress, might also be im
portant in the etiology of this disease. H. papio, however, remains a lead
ing candidate for further study in relationship to the etiology of this 
outbreak especially in light of what is known of the pathogenic potential 
of EBV in immunosuppressed hosts. 

IV. OTHER L YMPHOTROPIC HERPESVIRUSES OF OLD 
WORLD PRIMATES AND THEIR POSSIBLE 
RELATIONSHIP TO DISEASE 

The other viruses of Old World primates have not shown definite 
disease-related associations. H. pongo was isolated from an aneuploid B
cell line established from an orangutan with monomyelocytic leukemia 
(Rasheed et al., 1977). This virus is B cell tropic, appears to be widely 
disseminated in orangutans, and antibody to it can be found in healthy 
animals. However, it is of interest that the B-cell line established from 
this leukemic orangutan grew in soft agar medium and transplanted to 
nude mice by the subcutaneous route (Rabin et al., 1978), indicating that 
it was not a typicallymphoblastoid cell line. Another EBV-like virus was 
recovered from a B-cell line established from a cynomolgus monkey 
(Macaca fascicularis) with an immunoblastic sarcoma (Heberling et al., 
1982). This animal had been used in transplantation studies and had been 
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treated with both irradiation and cyclosporin A. Attempts to establish 
cells in culture from this monkey were hindered by growth of foamyvirus 
and cytomegalovirus. A culture was established from an inguinal tumor. 
This culture was of B cell type and was positive for an EBV-related her
pesvirus. The role that this virus may play in the etiology of lymphomas 
in immunosuppressed macaques is not clear but it is of considerable in
terest that monkeys receiving cyclosporin A particularly with other im
munosuppressive treatment had a high incidence of lymphoma (Pennock 
et a1., 1980, 1981). The parallels between these macaque tumors and the 
presence of an EBV-like virus and of EBV and lymphomas arising in 
human transplant recipients (Hanto et a1., 1981) are of considerable in
terest. This system may have the potential to provide a model for the 
study of the relationships between immunosuppression, virus activation, 
and lymphoma. The other lymphotropic herpesviruses of Old World pri
mates, H. pan (Gerber et ai., 1976, 1977), H. gorilla (Neubauer et a1., 
1979), and AGM EBV (Bocker et a1., 1980), have shown no disease rela
tionship to date. 

V. T-CELL-TROPIC HERPESVIRUSES 

A. Pathogenicity and Host Range 

Isolates of T-cell-tropic herpesviruses have been obtained from two 
varieties of New World monkeys, H. saimiri from squirrel monkeys (Sai
miri sciureus) and H. ate1es from spider monkeys (Ate1es spp.). The lit
erature on these viruses has been reviewed extensively (Fleckenstein, 
1979; Falk, 1980a,b; Deinhardt and Deinhardt, 1979; Rangan and Gal
lagher, 1979; zur Hausen, 1980; Neubauer and Rabin, 1979; Gilden and 
Rabin, 1982; Rabin, 1983). I will not attempt to duplicate this material 
here in any depth but will cover some of the more recent findings in 
terms of transformed cell phenotypes, tumor cell lines, and in vitro trans
formation. 

H. saimiri and H. ate1es have the capacity to induce T-cell tumors 
in several species of New World primates and in laboratory rabbits. Most 
studies have been conducted in cotton-topped or white-lipped marmosets 
and in owl monkeys and more work has been done with H. saimiri than 
with H. ate1es. DNA from both H. saimiri and H. ate1es is infectious and 
can induce tumors in cotton-topped marmosets (Fleckenstein et a1., 
1978). 

H. saimiri-induced disease in owl monkeys is an immunosuppressive 
condition characterized by a loss of mitogenic response of peripheral 
blood lymphocytes, appearance of lymphocyte infectious centers in the 
peripheral blood, rise in titer to viral EA and to virus-associated mem
brane antigen (as detected by antibody-dependent cell cytotoxicity), and 
the development of a suppressor cell population in the peripheral blood 
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coincident with the rise in antibody titer to membrane antigen. These 
changes occur in about 75% of owl monkeys infected with the S295C 
strain of virus. The disease in these monkeys is fatal after a variable time 
course. Most, but not necessarily all, of these monkeys will develop pe
ripheral blood leukemia as well as widely disseminated lymphoma. The 
other 25% of monkeys will develop an essentially disease-free chronic 
infection. For a review of H. saimiri pathology see Hunt (1978). The in
fection in marmosets is uniformly fatal and generally follows a shorter 
course than in owl monkeys. 

H. saimiri has not been associated with spontaneous neoplastic dis
ease in squirrel monkeys nor has experimental infection of squirrel mon
keys with H. saimiri (strain S295C) led to disease even after immuno
suppression (Falk et al., 1973; Martin and Allen, 1975). However, there 
are a number of different strains of H. saimiri. These strains can be dif
ferentiated from each other by restriction enzyme fragmentation patterns 
of their DNAs (Desrosiers and Falk, 1982). It is possible that biologic 
activity, including pathogenic potential, may vary significantly among 
virus strains and information on this point would be of importance. 

B. Lymphocyte Tropism and Antigen Modulation 

The target cell for H. saimiri and H. ateles is the T lymphocyte. This 
was initially demonstrated by the formation of nonspecific sheep red 
blood cell (SRBC) rosettes by lymphocytes from H. saimiri-infected owl 
monkey tumor cell cultures (Wallen et al., 1973). Later, it was shown 
that H. saimiri could be recovered preferentially from SRBC rosette-form
ing cells as opposed to non-rosette-forming cells of infected squirrel mon
keys and marmosets (Wright et al., 1976). More recently, it has been 
shown that monoclonal antibodies that define lymphocyte subpopula
tions in humans, define similar subpopulations in nonhuman primates 
(Neubauer et al., 1981b, 1982, 1983a,b; Haynes et al., 1982; Schooleyet 
al., 1983). Using such monoclonal antibodies, T cells, the helper/inducer 
subset of T cells, B cells, and HLA DR-positive cells could be readily 
identified in owl monkeys and certain species of marmosets. The asso
ciation of H. saimiri with T cells was confirmed in chronically infected 
owl monkeys by infectious center analysis of sorted populations. Inter
estingly, analysis of virus association with T-cell subsets in three chron
ically infected owl monkeys indicated that the virus was restricted to the 
Leu-3a + (helper/inducer) population in two animals but was present in 
both the Leu-3a - and Leu-3a + populations in a third monkey. Contin
uous cell lines established from lymphomatous owl monkeys and mar
mosets were all T cells but were either all Leu-3a - or Leu-3a + depending 
on the cell line. A short term (I! months) culture of an owl monkey H. 
saimiri tumor showed a mixture of Leu-3a phenotypes (65% Leu-3a + and 
27% Leu-3a - ). Both types of cells were positive for infectious centers at 
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nearly the same level (Neubauer et a1., 1983a). Thus, while the virus 
seems confined to T cells, it does not appear to be restricted to a particular 
subset of T cells although it may be so in an individual animal. A mon
oclonal antibody specific for the cytotoxic/suppressor T-cell subpopula
tion in H. saimiri-susceptible monkeys would be a valuable reagent for 
further studies in this area. These observations confirm, in a general way, 
earlier findings that the virus could be found in T cells having receptors 
for the Fc portion of IgG and in cells lacking this receptor (Neubauer et 
a1., 1981a) and that cultures initiated from H. saimiri tumors of chimeric 
marmosets contained both male and female cells (Chu and Rabson, 1972; 
Marczynska et a1., 1973; Rabin et a1., 1973). 

Based on these findings on cell surface phenotypes in chronically 
infected monkeys and in cell culture, we recently initiated studies in 
white-lipped marmosets to determine if recognizable changes in cell 
phenotype would occur in individual monkeys as H. saimiri-induced dis
ease progressed. A group of four marmosets was inoculated with H. sai
miri (strain S295C) and at weekly intervals blood counts were performed 
and peripheral blood mononuclear leukocytes (PBL) were stained with 
monoclonal antibodies to lymphocyte cell surface markers. The stained 
cells were examined by flow cytometry. One of the marmosets developed 
leukemia as diagnosed at day 41 and died at day 72. At day 34 an increase 
in the staining intensity of the PBL with the monoclonal antibody TIl, 
which blocks SRBC rosetting and thereby identifies T cells, was noted. 
This increased staining with TIl was detected repeatedly over the next 
35 days with one exception at day 55. At day 69, just 3 days before death, 
the mean fluorescence intensity of PBL with TIl was about 40% greater 
than it was at the beginning of the study when the TIl staining profile 
appeared normal. Another leukemic marmoset from a second group of 
inoculated animals showed a similar pattern in terms of increased stain
ing of PBL with TIl. (R. Neubauer, E. Schechter, R. Massey, R. Schroff, 
and H. Rabin, unpublished results). Thus, it appears from these limited 
observations that at least one cell surface antigen modulates during the 
development of leukemia. The increased staining with TIl agrees with 
earlier work where it was found that lymphocytes from owl monkeys 
with H. saimiri-induced disease bound more SRBC per lymphocyte than 
did normal lymphocytes and that the rate constants for rosette formation 
were higher for lymphocytes from diseased monkeys than for lympho
cytes from control monkeys (Wallen et a1., 1973). 

C. H. saimiri Tumor Cell Lines 

Cell lines have been established from several H. saimiri-Iymphom
atous marmosets by several groups of investigators (Rabson et a1., 1971; 
Falk et a1., 1972; Fleckenstein et a1., 1977) and also from an H. ate1es
inoculated marmoset (Fa1k et a1., 1974b). Many of these cell lines have 
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been in culture for several years and grow without the need for added IL-
2. They have surface properties of T cells, exhibit NK-like activity (John
son and Jondal, 1981), and secrete interferon (Wright et al., 1974). Some 
of these lines, after continuous growth in culture, have become virus 
nonproducers. Examination of viral DNA in the H. saimiri cell lines by 
hybridization with an L-DNA probe indicated that H. saimiri-specific 
DNA was present in multiple copies. Hybridization of DNA from non
producer cell lines showed a bimodal time course. This finding suggested 
that the viral genomes in the nonproducer cells were defective in that 
the entire viral genome was not present (Fleckenstein et al., 1977). This 
observation was subsequently confirmed by denaturation mapping 
(Kaschka-Dierich et a1., 1982) and by Southern blot hybridization (Des
rosiers, 1981). The viral DNA in the cell lines tested was present in large 
part as nonintegrated, circular DNA molecules (Werner et al., 1977, 
Kaschka-Dierich et al., 1982). In different cell lines, the deletions may 
range up to 40% of the unique L-DNA of the virus and in different lines 
may encompass very similar areas of the L-DNA. An in vitro transformed 
marmoset cell line was also found to have deleted regions in its L-DNA. 
Recent work using fragment-specific probes suggests that at least certain 
portions of viral DNA that are missing from episomal DNA in at least 
one cell line may be present in a nonepisomal form (Kaschka-Dierich et 
al., 1981). There is also evidence that viral DNA in marmoset nonprod
ucer cell lines may be methylated (Desrosiers et a1., 1979; Kaschka-Dier
ich et a1., 1981). 

While several lines of cells were established from marmosets, no cell 
lines could be established in continuous culture from H. saimiri-infected 
owl monkeys, although a single cell line did persist for several months 
(Rabin et al., 1973). Recently, three lines were established in culture from 
lymphomatous owl monkeys by culturing the cells in the presence of IL-
2 (Brown et al., 1982; Neubauer et al., 1983a; G. Pearson, B. Fleckenstein, 
S. Schirm, and H. Rabin, unpublished results). These cells grow in the 
absence of IL"2 but do so at a relatively slow rate compared to their growth 
in IL-2. The addition of IL-2 to their culture medium induced cells to 
enter the S phase of the cell cycle with different kinetics than those shown 
by normal T cells after IL-2 addition (Brown et al., 1982). More specifi
cally, the tumor cells began to enter the S phase after a relatively short 
interval and continued to enter the S phase continually for several hours. 
These results suggest that the tumor cells, unlike normal cells, may be 
retarded at various points in G1 • It is of interest that certain marmoset 
tumor cells that grow in the absence of IL-2, unlike the owl monkey 
tumor cells, grow no better in the presence of IL-2 (H. Rabin and C. Briggs, 
unpublished results). 

Recently, it has been found that one of the owl monkey lines, OMT
I, has a deletion in its L-DNA similar to that observed for nonproducer 
marmoset tumor cell lines (G. Pearson, S. Schirm,B. Fleckenstein, and 
H. Rabin, unpublished results). OMT-l cells in early passage were virus 
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producers but, in a fashion similar to the marmoset tumor lines, became 
nonproducers on continuous culture. 

As has been mentioned, H. saimiri, like H. ateIes, can also induce 
tumors in rabbits. One cell line that was established in culture with the 
aid of IL-2 can apparently be transplanted successfully in rabbits where 
fatal donor cell tumors are formed (Faggioni et aI., 1983). Successful trans
plantation provides evidence for the neoplastic nature of these cells. Ear
lier attempts to transplant tumor cells in marmosets had resulted in re
cipient cell tumors only (Marcyznska et aI., 1973). 

D. In Vitro Transformation 

H. ateIes has been shown to transform cells from cotton-topped, 
white-lipped, and common marmosets (Falk et aI., 1974b, 1975, 1978). 
Both circulating lymphocytes and splenic lymphocytes could be trans
formed and transformation could be achieved both with cell-free virus 
and with co cultivation using X-irradiated producer lymphoid tumor cell 
lines. The transformed cells could be subcultured and grown continu
ously in culture, formed nonspecific rosettes with SRBC, and lacked sur
face immunoglobulin and receptors for activated complement. Transfor
mation frequencies ranged from 49 to 81 % in numerous attempts. Most 
cultures of transformed cells had cells that expressed viral antigens and 
were positive for infectious centers. Squirrel monkey lymphocytes, how
ever, were refractory to transformation. 

While initial attempts to transform lymphocytes with H. ateIes were 
successful, similar attempts with H. saimiri were not (Falk et aI., 1975). 
An exception to this was a single marmoset in vitro transformed line 
(Desrosiers et aI., 1979, Kaschka-Dierich et aI., 1982; Schirm et aI., 1984). 
Recently, however, both owl monkey and marmoset lymphocytes have 
been transformed (Neubauer et aI., 1983b; Falk et aI., 1982, 1983; Rabin 
et aI., 1983, 1984). While it is not yet clear why success has been achieved 
recently while it was not previously, one aspect of the current transfor
mation protocol has been the use of activated lymphocytes growing in 
IL-2 as target cells for virus transformation. Co cultivation of activated 
owl monkey lymphocytes with H. saimiri-infected monolayers of OMK 
or Vero cells has led to cells that can grow continuously without IL-2 
within 4-6 weeks. In the case of marmoset cells co cultivated with ir
radiated producer lymphoid cells, IL-2-independent growth took longer 
to achieve. Both transformed owl monkey and marmoset cells have sur
face properties of T lymphocytes. The transformed owl monkey cells, 
while able to grow in the absence of IL-2, grow significantly better in its 
presence, suggesting that IL-2 receptors are still present on the cell sur
face. These cells apparently do not release IL-2 and efforts are currently 
under way to determine if they are positive for IL-2-specific mRNA. Thus, 
transformation with H. saimiri removes a major block to normal T-cell 
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replication, the requirement for IL-2. The mechanism by which these 
transformed T cells can replicate continually in the absence of external 
signals is not clear but it is reasonable to speculate that the virus is 
supplying a gene product that is responsible for keeping the cells in con
tinuous growth. Alternatively, the virus could be activating a cellular 
gene that induces cell growth. A search for activated oncogenes in H. 
saimiri-transformed T cells after various times in culture is of importance 
as is the search for growth-promoting regions of the viral genome. In 
regard to this latter point, the use of attenuated strains of virus such as 
H. saimiri att (Schaffer et ai., 1975) or of specific deletion mutants may 
be of value. 

At least two other virus-transformation systems result in IL-2-in
dependent growth. These are HTL V transformation of human T cells 
(Miyoshi et a1., 1981; Markham et ai., 1983) and radiation leukemia virus 
transformation of murine T cells (Haas et ai., 1983). Thus, both lym
photropic herpesviruses and lymphotropic retroviruses induce cells with 
a similar transformed phenotype. Whether the molecular mechanisms 
that underlie the transformed states in each case are similar or not re
mains to be determined. Whether or not this change in growth factor 
dependence, although a major one in terms of cell growth, represents 
immortalization (cells can grow continuously but cannot make tumors) 
or neoplastic transformation is also not clear for H. saimiri. In the case 
of murine lymphocytes, the neoplastic phenotype is accompanied by both 
IL-2 independence and aneuploidy (Haas et ai., 1983). As mentioned 
above, there is only one report of the successful transplantation of H. 
saimiri tumor cells (Faggioni et a1., 1983). More work on H. saimiri
transformed cells in terms of their growth properties, transplantability, 
and karyology is required before the nature of these cells becomes clear. 
Nonproducer cells, transformed in vitro, would be valuable for trans
plantation studies using autologous hosts. Prerequisites for such work, 
in addition to lack of virus production, would be specific cell markers so 
that any tumors produced could be related unequivocally to the transplanted 
cells. 

In addition to independence from IL-2, the H. saimiri in vitro trans
formed cells resemble tumor-derived lines in several other respects (Rabin 
et a1., 1984). These characteristics include demonstration of NK-like ac
tivity, the release of interferon-"y, and deletions in viral L-DNA (Desro
siers, 1981; Kaschka-Dierich et a1., 1982). Thus, transformation in vitro 
with H. saimiri appears to establish a cell with a similar phenotype to 
H. saimiri tumor-derived cells. 

VI. Tupaia HERPESVIRUSES 

Four herpesviruses have been isolated from cultures established from 
tissues of tree shrews, Tupaia (Darai et ai., 1981). These viruses were 
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designated as THV-l, 2, 3, and 4 and have been shown to be related to 
each other by DNA sequence homology, but can be distinguished from 
each other by restriction enzyme fragmentation patterns. The structure 
of their DNA is distinct from that of the other groups of primate her
pesviruses and on this basis they comprise a separate group of viruses. 
All these viruses replicate well in tree shrew embryonic fibroblasts where 
they can be plaque assayed (Darai et a1., 1979). THV-2 was isolated from 
cultures of a malignant lymphoma that occurred in a 7- to 8-year-old 
animal and THV-3 was recovered from cultures of a Hodgkin's disease
like tumor that also occurred in a 7- to 8-year-old female (Darai et al., 
1982). 

Both THV-2 and THV-3 induce thymic hyperplasia in rabbits, and 
newborn rabbits inoculated with these viruses develop malignant thy
moma at low frequency (8%). Virus could be recovered from spleens of 
infected animals (Darai et a1., 1983). In addition, THV-2 has produced 
malignant lymphoma after inoculation of tree shrews, and virus similar 
to THV-2 was recovered from the tumors. The oncogenic potential of 
THV-3 in tree shrews is currently under investigation (Darai et a1., 1983). 
The pathogenic potential of THV-l and THV-4 remains to be reported. 
It would be of interest if these viruses would induce tumors on a regular 
basis and thus serve as models for such tumors of man as Hodgkin's 
disease. 

VII. SUMMARY AND CONCLUSIONS 

EBV is related by DNA homology, genome structure, and antigenic 
cross-reactivity to several B-cell-tropic herpesviruses of apes and Old 
World monkeys. Lymphotropic herpesviruses have also been isolated 
from New World primates and from tree shrews, a prosimian species. The 
New World primate viruses are related to each other, but have a char
acteristic genome structure, and are T cell tropic. The tree shrew isolates, 
based on their distinctive genomes, form a third group. 

EBV is infectious for several species of nonhuman primates and has 
induced lymphomas in at least three species of New World primates. The 
most susceptible species is the cotton-topped marmoset where about 30% 
of the inoculated animals have developed progressive EBV-positive lym
phoproliferative disease. Histopathology, karyotypic examination, and 
staining for cell surface immunoglobulins suggest that some EBV-induced 
tumors are polyclonal while others may more nearly resemble mono
clonal lymphomas. The susceptibility of cotton-topped marmosets to 
EBV-induced disease should enable this species to playa major role in 
the developmnt of a vaccine for EBV. 

There is evidence that an EBV-related virus of baboons, H. papio, 
may be associated with a continuing outbreak of lymphoma among cap
tive hamadryas baboons in the large colony at the Institute of Experi-
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mental Pathology and Therapy, Sukhumi, USSR. This outbreak began 
after baboons that had been inoculated with human leukemic material 
had been released into the colony. The spread of lymphoma within the 
colony suggested an infectious etiology as contact with diseased or in
oculated animals seemed essential to developing a tumor. Diseased ba
boons generally showed antibodies to more H. papio-associated antigens 
and at higher titers than did control baboons. The presence of H. papio 
DNA has also been reported in spleens and tumors of lymphomatous 
baboons and in spleens of baboons in remission. H. papio was readily 
isolated from diseased baboons, which also showed signs of being im
munosuppressed. 

Several cynomolgus monkeys used as immunosuppressed organ 
transplant recipients developed lymphoma. An EBV-like virus was iso
lated from cultured cells of one such monkey. The relationship between 
this virus and lymphoma in this species is yet to be determined. 

Both H. saimiri and H. ateles can induce T-cell lymphomas in several 
species of New World primates and in rabbits. The disease induced by 
H. saimiri is immunosuppressive and is accompanied by a rise in antibody 
titers to specific virus-associated antigens and by the appearance of a 
suppressor cell population. While confined to T lymphocytes in the pe
ripheral blood, H. saimiri can, depending on the animal, infect one or 
more distinct T-cell subsets. During development of disease there is mod
ulation of the SRBC receptor on leukemic T cells. Tumor cells cultivated 
in vitro differ from normal T cells in that they can grow in the absence 
of added IL-2. Tumor cells exhibit NK activity and secrete interferon. 
Several cell lines no longer produce virus and examination of their viral 
genomes has revealed large deletions and DNA methylation. T cells trans
formed in vitro with H. saimiri and H. ateles also grow without added 
IL-2, have NK activity, release interferon, and exhibit deletions in viral 
DNA similar to those shown in tumor cells. 

Herpesviruses have also been isolated from lymphoid tumors of tree 
shrews. These viruses have exhibited oncogenic properties in rabbits and 
one of them in tree shrews, as well. 

The lymphotropic herepsviruses of primates offer systems both for 
the study of experimental B-cell or T-cell neoplasms and for the study of 
in vitro transformation of these same cell types. In addition, H. papio 
may be associated with spontaneous lymphomas· in captive baboons 
while another EBV-like virus may be associated with lymphomas arising 
in experimentally immunosuppressed hosts. The study of these viruses 
may be of importance in understanding the role of EBV in the etiology 
of human tumors and in providing significant models for basic research 
in cell transformation and tumorigenesis. 
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CHAPTER 8 

Cell-Mediated Immunity to 
EBV 
EVA KLEIN 

I. INTRODUCTION 

Theoretically, potent oncogenic viruses may persist in their natural host 
species but must reach a symbiotic equilibrium that maintains infection 
without causing severe pathological conditions during or before the re
productive age. Tumor development may then be a biological accident, 
occurring when control mechanisms, which usually ensure a relatively 
harmless virus-host relationship, break down or fail to function properly. 

Epstein-Barr virus (EBV)-carrying lymphoblastoid cell lines can be 
regularly established in vitro from the blood of individuals who have 
experienced EBV infection (Nilsson et al., 1971). In the course of acute 
infectious mononucleosis (1M), the consequence of a primary EBV infec
tion, such lines can be established with ease (Pope, 1967). This suggests 
that the patients carry EBV-infected B cells with the capacity to replicate 
indefinitely. B cells with proliferative potential appear soon after primary 
infection. For example, we have established a BEBV cell line from an in
dividual 12 days after assumed infection with EBV and 4 weeks before 
the symptoms of 1M were manifested (Svedmyr et al., 1984). The presence 
of virus-infected B lymphocytes can also be visually confirmed by detec
tion of EBNA (EBV-determined nuclear antigen)-positive cells in the blood 
of 1M patients (Klein et al., 1976). Thus, the existence of EBV genome
carrying B cells in the blood is a well-proven fact. However, it is not 
known whether (1) they are immortalized cells that are kept from pro
liferation by the host control or (2) they are newly generated BEBV cells, 
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produced by infection of B cells with virus from the oropharynx (Yao et 
al., 1983). It is also possible that conditions allow proliferation of BEBV 

in vitro whereas different conditions in vivo are not compatible with 
proliferation. For example, factors needed for the maturation of B cells 
may not be present in vitro. The mitogenic drive of EBV may be limited 
to a less mature stage and in vivo, due to the presence of the maturation 
signals, the BEBV cells may readily pass that particular stage. 

As the B lymphocyte, which is the target of transformation, is part 
of the immune system, its behavior is controlled by the regulatory circuits 
that govern the various immune compartments. As demonstrated in au
tologous mixed lymphocyte cultures in vitro, B cells can induce a T-cell 
response (Kuntz et al., 1976). Responding T cells proliferate as well as 
acquire suppressor and cytotoxic potentials (Smith and Knowlton, 1979; 
Tomonari, 1980). Both mitogen- and EBV-induced B blasts are more po
tent stimulators of autologous T cells than are resting B cells (Klein et 
al., 1981). The cytotoxicity of such stimulated T-cell cultures can be 
manifested against several targets that are sensitive to activated killer 
cells. The T-cell populations of 1M patients exhibit a similar cytotoxic 
potential (Klein et al., 1981). 

Mononucleosis can present as an alarming lymphoproliferative dis
ease and yet, in the vast majority of cases, it subsides without medical 
intervention. We assume that the pathology associated with this clinical 
syndrome is initiated by the T-cell response against B blasts and by the 
developing immunity against BEBV cells and EBV (Klein and Masucci, 
1982). 

Although in vitro immortalization is often the consequence of the 
action of oncogenic agents, this phenomenon must be distinguished from 
malignant growth potential in vivo. The characteristics of EBV-positive 
B lines derived from normal blood lymphocytes, lymphoblastoid cell lines 
(LCL), and those derived from tumors differ considerably (Nilsson and 
Klein, 1982). The growth behavior of B cells in nude mice and as clones 
in agarose reflects their origin. Tumor-derived lines are monoclonal, are 
in a lower maturation stage, produce mainly surface rather than secreted 
immunoglobulin, do not carry surface IgD, and have a relatively low con
centration of insulin receptors (Arnan et al., 1981). They also differ from 
LCL in expression of surface moieties detectable with monoclonal an
tibodies that define B-cell maturation markers (Fu et al.; 1980; Klein et 
al., 1983a,b). 

In addition to EBV infection, other cellular events contribute to ma
lignant transformation. A regular cytogenetic change, i.e., translocation 
between the myc oncogene-carrying chromosome 8 and one of the im
munoglobulin gene cluster-carrying chromosomes (14, 22, or 2), is found 
in all Burkitt's lymphomas (BL) (Klein, 1983). As similar changes also 
occur in EBV-negative BL and in some B-cellieukemias, EBV infection 
of the B cells is not the exclusive cause of this malignancy but one of 
the factors representing a step toward the neoplastic character. The reg-
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ularity with which the specific chromosomal translocations have been 
found in BL cells suggests that they determine the malignant phenotype. 

The mechanisms controlling the in vivo behavior of BEBV cells belong 
to two essentially different immunological functions. One is the regu
lation of the various cell compartments of the immune system, the other 
is the immune response against EBV-induced antigens. 

II. INHIBITION OF THE IN VITRO GROWTH OF B CELLS 

As mentioned above, BEBV cells can be grown directly from seropo
sitive individuals and even more readily from 1M patients. For studies on 
the immune response against the EBV-infected B cells, experimental in
fection is more suitable because it provides a predictable system. The 
final outcome of such experiments is influenced by the culture condi
tions. The density of the cells in culture is one particularly important 
factor. The continued growth of BEBV cells and the establishment of per
manent lines (LeL) is counteracted by T cells if the experiment is per
formed with seropositive donors. These results reflect the existence of 
an EBV-related cellular memory (reviewed by Rickinson and Moss, 1983). 
Regression of B-cell growth in the cultures containing T cells occurs more 
readily when the total cell density with which the cultures were initiated 
is increased. Analysis of experiments in which EBV-infected B cells were 
explanted alone or together with various subsets of autologous T cells 
suggested that the inhibition of BEBV cell proliferation is a complex phe
nomenon. One contributing factor is the homeostatic regulation within 
the cellular compartments of the immune response. The experimental 
results on which this statement is based include phenomena that occur 
independently of the EBV serological status of the lymphocyte donor. 
Blastogenesis of T cells derived from seronegative and seropositive lym
phocyte donors induced by autologous B cells, i.e., either mitogen- or 
EBV-induced B blasts, did not reveal any EBV-related pattern or memory 
(Weksler, 1976; Klein et a1., 1981). 

Early after EBV infection of total lymphocyte populations, T cells 
can be seen attached to the B cells (Klein et ai., 1981). This sign for cell 
interaction did not differ in experiments performed with lymphocytes of 
seropositive and seronegative individuals. 

The outgrowth of BEBV cells was inhibited by Fc)' receptor-carrying 
T cells from both seropositive and seronegative individuals (Shope and 
Kaplan, 1979). These cells suppressed the proliferation of B cells even if 
they were allowed to be present only for 3 hr and thereafter removed. 
Their presence for a longer time (2 days) was not necessary and did not 
improve the growth inhibitory effect (Thorley-Lawson, 1980). Because 
addition of antibodies that neutralized interferon (IFN) blocked the in
hibitory effect and IFN was shown to suppress B-cell growth, this prompt 
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suppression appears to be mediated by IFN produced by this T cell subset 
(Thorley-Lawson, 1981). 

The role of IFN in the control of B-cell growth has also been dem
onstrated in experiments with lymphocytes of patients suffering from 
rheumatoid arthritis (RA). T cells from these patients did not regulate 
the growth of BEBV cells as efficiently as cells from healthy individuals 
(Tosato et al., 1981). In autologous MLR cultures of the RA patients, the 
IFN production was found to be suppressed (Hasler et al., 1983). The 
defect in the patients seemed to be confined to the autologous interac
tions because IFN was produced in regular amounts when mixed cultures 
were set up in allogeneic combinations. Adherent cells appeared to play 
a role in the defect of the RA patients because their removal lead to 
improved IFN -'Y production. 

We have studied the impact of various T-cell subsets, separated on 
the basis of density, on the transformation event. Experiments were per
formed with lymphocytes from seropositive individuals (Masucci et al., 
1983). The growth of B cells was inhibited by the low-density subset after 
a few days of culture. This subset is active in NK assays and contains 
the IFN-secreting cells. However, if the B-cell cultures were observed for 
3-4 weeks, the initial growth regressed even in the cultures containing 
high-density T cells. 

An important difference was seen between the function of the low
and high-density cells with regard to radiosensitivity. The light cells with 
the early inhibitory effect were not inactivated by irradiation, while the 
delayed effect of the dense cells was abrogated, indicating that they pro
liferated in response to BEBV cells. Each of these two effector cell systems 
contributed, to different extents, to the inhibitory effect of the total T 
population. Irradiated, unfractionated T cells did not cause regression of 
BEBV cells. Consequently, the radiation-resistant effectors represented by 
the low-density cells, were not sufficient by themselves to inhibit com
pletely the establishment of BEBV cultures. This is probably due to the 
fact that there are only a few of these in unfractionated populations. Their 
effect was observable, however, because the growth kinetics of cultures 
containing separated high-density T cells were different from those con
taining the total T population. 

The growth inhibition of the B cells by the T compartment was 
shown to occur also when the B cells were triggered for growth by po
keweed mitogen (PWM), a B-cell mitogen. Compared to the experiments 
with EBV-induced activation of B cells, the events in the mitogen acti
vation system are more complex. In contrast to the EBV -induced prolif
eration, PWM-induced proliferation requires help of a T-cell subset. Thus, 
the conditions for the demonstration of T-cell growth inhibitory effect 
on the B cells require carefully designed experimental strategies. Such 
experiments were perforemd by Yen and Fairchild (1982) who exposed 
lymphocytes to low concentrations of PWM. These induced cell prolif
eration limited to two rounds of mitosis without inducing maturation of 
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B cells to plasmocytes. Analysis of the mitotic activity in the cultures 
established from the total population showed that in the presence of T 
cells, the proportion of B cells entering DNA synthesis declined earlier 
as compared to the cultures of purified B cells. 

III. EBV-INDUCED CELL SURFACE ANTIGENS DETECTED 
BY LYMPHOCYTE CYTOTOXICITY 

Because B-cell tumors are able to establish and grow in an immu
nocompetent host, one possibility is that these are less sensitive to an 
immune attack. It thus seemed a paradox that among the hemopoietic 
lines, the BL-derived ones have usually been more sensitive than the LCL 
in the natural cytotoxicity assay. In order to make a strict comparison, 
we have tested the NK sensitivity of EBV-carrying B-celllines established 
from BL and normal B cells immortalized in vitro (LCL) from four patients 
(Torsteinsdottir et al., 1984). Each pair of BL and LCL lines were main
tained in vitro for similar periods (provided by G. Lenoir, IARC, Lyon) 
and tested simultaneously in the 4-hr SICr release assay. Untreated and 
IFN-activated blood lymphocytes from healthy donors were the effectors. 
All lines were virtually resistant to the cytotoxic potential of unmani
pulated lymphocytes. Lymphocytes exposed for 3 hr to 1000 IU IFN-a 
lysed all lines. There was some variation in the sensitivity of the four 
pairs but the corresponding LCL and BL-derived lines did not differ. Thus, 
the experiments did not reveal different NK sensitivity of the tumor
derived lines-a possibility that was proposed when the role of NK cells 
in immunosurveillance was formulated-nor did it provide any clue for 
the immunological basis of the control of BEBV but not of the BL cells. 

The first attempt to document cytotoxic T cells with specificity for 
EBV-related surface antigens was performed with blood lymphocytes of 
patients in the acute phase of 1M (Svedmyr and Jondal, 1975). Cytotoxicity 
was demonstrated and the target panel suggested the role of an EBV
determined plasma membrane moiety in the effector-target interaction. 
As no antibodies were found against this target structure, the antigen 
was designated lymphocyte-defined membrane antigen (LYDMA). MHC 
restriction of kill, which has been found with other T-cell systems, was 
not found with cytotoxicity directed at LYDMA. We have proposed sub
sequently that dissection of EBV-specific cytotoxicity in 1M blood cells 
is difficult because it may be "hidden" in the nonspecific cytotoxicity 
due to the activated state of the majority of T cells (Klein et al., 1980, 
1981; Klein and Masucci, 1982). In those in vitro systems that lead to 
the generation of cytolytic T cells such as (1) in EBV-infected lymphocyte 
cultures when the BEBV cell growth regressed and (2) T cells cocultivated 
and restimulated with autologous LCL, the cytolytic T cells were MHC 
restricted, i.e., the effectors and targets had to share HLA-A or HLA-B 
antigens for cytotoxicity to be demonstrated. In addition, monoclonal 
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antibodies specific for common determinants on the HLA molecules in
hibited the reactivity (reviewed by Rickinson and Moss, 1983). Also, EBV 
specificity was shown by the lack of such response with cells of sero
negatives and the lack of cytotoxicity against B blasts generated with 
other stimulators. The molecular entity of LYDMA is still undefined. 

Cytotoxic lymphocytes that recognize and lyse target cells expressing 
EBV-envelope and EBV-induced "early antigen" on the membrane have 
also been demonstrated (Sethi et al., 1981). The active T cells were gen
erated in lymphocyte cultures infected with EBV and their effect was also 
found to be MHC restricted. EBV-infected, mitogen-induced blasts were 
used as targets. During the first few hours after infection, the reactivity 
was probably due to recognition of the membrane-integrated viral en
velope from the input virus. After this was removed by papain treatment, 
the blasts lost sensitivity to the T cells but became sensitive if cultured 
for a further 3-4 days. Inhibition of viral DNA synthesis did not abolish 
the reappearance of sensitivity, indicating that an "early" membrane an
tigen was recognized by the T cells. This antigen is probably different 
from LYDMA, which is defined operationally on EBNA-positive LCL or 
BEBV cells. The EBV-infected, mitogen-induced blasts used as targets were 
not assayed for growth potential or expression of EBNA. However, on the 
basis of results obtained in our laboratory, it is unlikely that they were 
EBV-transformed cells. When human blood and tonsil B cells were sep
arated into subsets according to their densities, only the small resting B 
cells could be transformed by EBV. This was not due to a lack of receptors, 
for the virus bound to and penetrated the low- as well as high-density B 
cells (Aman et al., 1984). Furthermore, B cells activated by mitogens were 
found to be refractory to the transforming property of EBV (Einhorn and 
Klein, 1981; Aman et al., 1984). These data suggest that for transfor
mation by EBV, the virus must initiate DNA synthesis. 

Sensitivity to the effect of NK cells and reactivity with EBV-positive 
sera detected by antibody-dependent cellular cytotoxicity was acquired 
by EBV-positive LCL and some tumor-derived lines, i.e., Daudi and Raji 
when induced to enter the viral cycle (Pearson et al., 1979; Blazar et al., 
1980). 

The relationship between the various EBV-induced cell surface moie
ties detected by cell-mediated responses on the one hand and by anti
bodies on the other hand remains to be defined. 

IV. IMMUNOLOGICAL MEMORY TO EBV-DETERMINED 
ANTIGENS DETECTED BY L YMPHOKINE PRODUCTION 

The production of lymphokines is an early event of T-cell populations 
stimulated with antigens to which they exhibit a memory. One of these 
inhibits the movement of leukocytes, namely leukocyte migration in
hibition factor (LIF), and can be used for assessing antigen recognition in 
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vitro. This assay has been used in studies of EBV-related cellular memory. 
Reactivity in this assay depended on the serological status of the donor 
in that only T lymphocytes from seropositive individuals responded with 
LIF production to extracts derived from EBV-carrying cell lines (Szigeti 
et a1., 1981, 1982, 1984a). In addition, the development of immunity to 
the various EBV-related antigens, to the extent it could be distinguished 
in the absence of purified antigens, during the acute phase of 1M, also 
correlated with serology (Szigeti et a1., 1982). Cells expressing EBNA only, 
or EBNA and viral antigens (VCA and EA) were used as starting material 
for the antigen extracts. With these antigens, responsiveness against viral 
antigens was distinguished from that against EBNA or other EBV-deter
mined cellular antigens expressed on transformed cells. Cellular recog
nition of EBNA was shown with extracts from EBNA-positive, VCA- and 
EA-negative cells and with partially purified EBNA preparations. This 
was substantiated by the parallelism of the reactivities with the presence 
or absence of anti-EBNA activity in the serum of the lymphocyte donors. 
However, in view of very recent experiments, this interpretation must 
be reevaluated. Solubilized plasma membrane preparations from Raji and 
EBV-converted sublines of Ramos elicited LIF production in lymphocytes 
of seropositive individuals (Szigeti et a1., 1984b). It seems, therefore, that 
an EBV-induced plasma membrane moiety, present in transformed cells, 
can also be detected by the lymphokine production assay. It remains to 
be seen whether this is the same antigen as that detected on EBV-positive 
cells in the T-cell cytotoxicity assay. Antibodies were found in BL and 
nasopharyngeal carcinoma patients that inhibited the antigen-induced 
effect and bound to the plasma membrane of EBV-positive lines. 

The earlier results with extracts of EBNA-positive cells and the par
tially purified EBNA preparations may have also detected the same an
tigen. As the solubilized plasma membrane preparation was shown to be 
highly active, i.e., as little as 2 ,....,g protein/ml was sufficient to elicit LIF 
production, small amounts present in the earlier preparations may have 
been recognized by the T cells. Furthermore, the parallel kinetics in the 
appearance of anti-EBNA serological response and LIF production by T 
cells of 1M patients exposed to the extracts may be coincidental in that 
the plasma membrane antigen detected by lymphocytes could be ex
pressed when the cells acquire EBNA antigen. Thus, the two antigens 
may become available for immune processing at the same time. A basis 
for this assumption is provided by the experiments of Moss et a1. (1981) 
in which newly transformed cultures were followed for expression of 
EBNA and sensitivity for cytotoxic reactivity. 

The lymphokine production assay detects T-cell memory to viral 
antigens, antigens present on the cell membrane of transformed cells and 
possibly EBNA. The plasma membrane antigen may be identical with 
the operationally defined L YDMA and thus the assay system may help 
to achieve its molecular definition. 
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V. EBV-RELATED IMMUNE PARAMETERS IN 
PATHOLOGICAL CONDITIONS 

EVA KLEIN 

The results demonstrating EBV-related cell-mediated immunity in 
vitro correlate well with the serological status of healthy lymphocyte 
donors. Blastogenesis of T cells, lymphokine production, outgrowth in
hibition, and generation of cytotoxic T cells have been shown with the 
lymphocytes of seropositive individuals. The question arises, however, 
whether disturbances in any of the in vitro immune parameters can be 
correlated with the in vitro situation. Also, it would be important to know 
whether BEBV cell growth occurs in individuals who show impaired re
actions. 

Mononucleosis can be regarded as a model for the success of the host 
response in that its adequacy ensures that the BEBV cells do not proliferate. 
In contrast, the X-linked lymphoproliferative (XLP) syndrome represents 
the consequences of an EBV infection that cannot be controlled. XLP is 
a maternally inherited, combined immunodeficiency (Purtilo, 1981 j Sul
livan, this volume). In these patients all the general immune parameters 
studied-unstimulated and IFN-activated NK activity, and EBV-specific 
antibodies and T-cell responses (including growth inhibition of BEBV 

cells)-were found to be defective (Masucci et a1., 1981 j Sullivan, this 
volume). 

A relationship between experimental results and clinical experience 
is also provided by studies with cyclosporin A. Treatment of lymphocytes 
with this immunosuppressive drug eliminated the T-cell control of the 
growth of BEBV cells in vitro (Bird et al. 1981). These results suggest that 
suppression of this mechanism may be responsible for the EBV-positive, 
progressive lymphoproliferative diseases occurring in renal and cardiac 
transplant patients treated with this drug (Saemundsen et al., 1982). 

Our understanding of the role of the various immune parameters 
controlling the EBV-infected cells is only fragmentary. There are some 
puzzling, presently unexplainable facts that may provide important clues 
in the future. One of these is the dissociation between the anti-EBNA 
and antiviral responses in immunodefective patients. During the devel
opment of anti-EBV-related immunity in acute mononucleosis, the re
sponse to veA and EA viral antigens is measurable earlier than that to 
EBNA (Henle and Henle, 1979). The time difference is considerable, sev
eral weeks or months. Healthy seropositive individuals show both cel
lular and humoral immunity to these antigens. In T-cell immunodefi
ciencies the pattern or response is similar to that seen in early 1M (Henle 
and Henle, 1981), i.e., the anti-EBNA reaction is low, often absent. In 
contrast, the antiviral immunity may be greater than in healthy individ
uals. Our present state of knowledge is insufficient to provide the reasons 
for the unusual EBV-related immune profile. It may be speculated that: 
(1) T cells or a T-cell-dependent mechanism is responsible for the de-
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struction of EBNA-positive BEBV cells and thus for the release of EBNA 
for immune processing, or (2) an increased proportion of BEBV cells enter 
the viral cycle and EBNA disappears in the cells before VCA and EA is 
released. 

We have selected for study patients suffering from three diseases 
exhibiting disturbances in T subsets and having an unusual EBV-related 
antibody profile: Hodgkin's lymphomas, non-Hodgkin's lymphomas, and 
ataxia telangiectasia (AT) patients (Masucci et al., 1984a,b). Their blood 
T lymphocytes were tested for inhibitory effect in the BEBV transforma
tion system as well as for production of lymphokines (LIF) after exposure 
to EBV-determined antigen-containing extracts. 

Among the lymphoma patients, some had exceptionally high anti
VCA titers (> 5120) and no rise in the anti-EBNA titers. Their 
OKT4/0KT8 ratio was abnormal « 1). 

In 6 of 9 Hodgkin's lymphoma patients with high antiviral titers, the 
lymphocytes performed with poor efficiency in the in vitro growth in
hibition of BEBV cells. In contrast, only 1 of 10 non-Hodgkin's lymphoma 
cases showed this impairment. Thirteen AT patients were selected for 
study who had low anti -EBNA titers relative to the antiviral titers. With 
6 of these 13, growth inhibition by T cells was poor. It is important to 
note that none of these patients had EBV-positive malignancies. In the 
group of AT patients studied, one had an EBV-carrying lymphoma (Sae
mundsen et al., 1981) but lymphocytes from this patient were not assayed 
in the B-cell growth inhibitory test. 

Until recently, experimental findings in the various EBV-related dis
ease states suggested that while the BEBV cells are under immunological 
host control, once they acquire the translocation typical for BL, they 
escape and proliferate. In view of the occurrence of similar translocations 
in EBV-positive lymphomas in patients with AIDS, the validity of this 
assumption has to be questioned (Chaganti et al., 1983; Ernberg et al., 
1984). AIDS is a syndrome characterized by severe immune dysregulation. 
The cytogenetics of the lymphomas that appear in transplant patients 
are largely unknown. Thus, the above-described distinction may not be 
sharp and it has to be assumed that BEBV cells with translocations may 
appear in healthy individuals but are kept from proliferative potential by 
host immune mechanisms. 
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CHAPTER 9 

Immunobiology of EBV
Associated Cancers 
GARY R. PEARSON 

1. INTRODUCTION 

The Epstein-Barr virus (EBV) has been studied as a candidate human 
cancer virus since its discovery in 1964. The herpesvirus was first isolated 
from a lymphoblastoidcellline established from an African Burkitt's lym
phoma (BL) biopsy thereby stimulating interest in the role of this virus 
in the etiology of this disease (Epstein et al., 1964). Subsequent studies 
by the Henle and Henle conclusively demonstrated that EBV was the 
causative agent of heterophil-positive infectious mononucleosis (Henle 
et a1., 1968; Henle and Henle, 1978). In addition, results were published 
by Old and associates suggesting that EBV might be a factor in the etiology 
of nasopharyngeal carcinoma (NPC), a high-incidence cancer in Africa 
and Southeast Asia (Old et a1., 1966). These initial disease associations, 
established largely from seroepidemiological findings, stimulated exten
sive research on the possible role of this virus in the etiology of these 
diseases as well as toward identifying other neoplastic disease states in 
which this virus might play an etiological role. This resulted in publi
cations suggesting that EBV might also be an important cofactor in the 
etiology of such diseases such as Hodgkin's disease and CLL (Johannson 
et a1., 1970, 1971). In addition, this virus has been implicated as a factor 
in the etiology of B-cell lymphomas, which have been occurring at a 
relatively high frequency in patients with genetic-associated or drug-in
duced immunodeficiency states (Purtilo, 1976; Klein and Purtilo, 1981). 
More recently, results have been reported suggesting that EBV might also 
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be a causative factor of Kaposi's sarcoma in patients with AIDS (Quinnan 
et al., 1984). Thus, from the etiological point of view, this virus continues 
to be of interest in relation to the etiology of certain types of human 
cancers. 

Early studies on the association of EBV to human cancer concentrated 
on the use of seroepidemiology to identify disease states associated with 
infection by EBV. Results from these types of studies were instrumental 
in establishing the initial leads suggesting that EBV was a possible human 
cancer virus and have been reviewed in depth (Henle and Henle, 1978, 
1979; Pearson, 1980). It soon became apparent, however, that the use of 
seroepidemiology by itself was not adequate for establishing an etiological 
relationship between a virus and a specific cancer. It was also considered 
necessary to directly demonstrate the presence of viral genetic infor
mation in candidate tumor cells. This was deemed necessary because it 
was subsequently established that reactivation of latent EBV infections 
also resulted in the presence of high antibody titers to EBV antigens 
(Henle and Henle, 1980). The search for virus information in tumor cells 
was approached by examining cells from candidate tumors for the pres
ence of viral antigens and for viral DNA. By these approaches, it was 
observed that only biopsy cells from certain histopathological types of 
NPC and African BL were consistently positive for these viral markers 
(Adams, 1980; J. Pagano, personal communication). Cells from other 
types of cancers including biopsies from BL tumors obtained from low
incidence areas such as the United States were in general negative for 
these markers. Thus, from these types of studies, it was concluded that 
EBV was probably at minimum a necessary cofactor in the etiology of 
NPC and African BL. 

More recently, immunological studies on EBV have focused on (1) 
applying the knowledge gained from the seroepidemiological studies to 
a clinical setting to aid the physician in the diagnosis and clinical man
agement of patients with EBV-associated cancers; (2) identifying, puri
fying, and characterizing the individual proteins that compose the major 
EBV antigen complexes; (3) identifying the cellular components of the 
immune response active against EBV-transformed cells; and (4) devel
oping immunlogical approaches for the prevention and treatment of EBV
associated cancers. This chapter will concentrate on advances in the first 
three areas. Advances in prevention and treatment will be covered by 
other participants in this symposium. 

II. DIAGNOSTIC VALUE OF ANTIBODIES TO EBV 
ANTIGENS 

In addition to the immunological investigations directed largely at 
establishing an etiological association between EBV and different neo
plastic diseases, more recent studies have been directed at determining 
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the clinical value of EBV serology in patients with EBV-associated can
cers. The rationale for these investigations was based on findings from 
retrospective studies that indicated that (1) antibodies to certain EBV 
antigens were present more frequently and at higher titers in patients 
with NPC and African BL than in different control groups; (2) antibody 
titers increased with stage of disease and therefore reflected tumor load; 
and (3) antibodies to certain viral antigens exhibited disease-related pat
terns following treatment and therefore were of potential prognostic im
portance (Pearson, 1980). 

To determine if antibodies to EBV antigens might be useful to the 
physician for the diagnosis of patients with EBV-associated cancers, a 
number of prospective studies were initiated over the past 4-5 years in 
different parts of the world to examine this question. These prospective 
studies have focused on patients with NPC. The results from such studies 
have provided fairly definitive evidence that some of the anti-EBV se
rological markers are of diagnostic value for certain histopathological 
types of NPC including the occult form (Ho et a1., 1976, 1978a; Coates 
et a1., 1978; Neel et a1., 1980, 1981; Pearson et a1., 1983b). Of particular 
importance to this question is the presence of serum IgA antibodies to 
EBV antigens. Henle and Henle originally established that sera from pa
tients with NPC were frequently positive for IgA anti-EBV antibodies, in 
contrast to infected but nondiseased control populations (Henle and 
Henle, 1976). This observation was confirmed in a number of different 
studies (Desgranges et a1., 1977; Pearson et a1., 1978a). In general, it has 
been observed that 80-90% of the sera from patients with NPC were 
positive for IgA antibodies to EBV as opposed to 5-15% of the sera from 
various control populations. More recently, the serological profile of sera 
collected at diagnosis was related to tumor histopathology according to 
the WHO classification scheme (Shanmugaratnam and Sobin, 1978). By 
this approach, a striking difference was noted between the well-differ
entiated WHO 1 carcinomas versus the less-differentiated WHO 2 and 
WHO 3 histopathological types (Pearson et a1., 1983b). Sera from patients 
with WHO 2 and WHO 3 tumors were frequently positive for IgA anti
EBV antibodies. However, the serological profiles of patients with WHO 
1 cancer were similar to those previously noted for different control pop
ulations. This is illustrated in Table 1 for IgA antibodies to viral capsid 
antigens (VCA) for North American NPC patients. In this study, approx
imately 83% of the sera from 249 patients with the less-differentiated 
types of NPC were positive for IgA anti-VCA antibodies at diagnosis as 
opposed to 10% of 51 patients with the WHO 1 histopathological types 
of NPC and 5-15% of the sera from various control populations. This 
specificity was even more apparent when the frequency of sera positive 
for both IgA anti-VCA and IgG anti-early antigen (EA) antibodies was 
compared among different disease categories as presented in Table II. By 
the method of analysis, 76% of the sera from patients with WHO 2 and 
WHO 3 tumors were positive for both antibodies as opposed to 8% of the 
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TABLE I. Frequency of IgA-Positive Sera in Different Disease Categories 

NPC 
WHO 1 

Disease 

WHO 2 and 3 
Other head and neck cancers 
Benign head and neck diseases 
Other malignancies including 

lymphomas 
Normals 

No. sera positivel 
No. tested 

5/51 
2061249 

51/324 
57/428 

7173 

18/405 

Percent positive 

10 
83 
15 
13 
10 

5 

patients with WHO 1 cancers and 2-11 % of the various control sera. 
Thus, these results suggested that the IgA antibody assay was a poten
tially useful test for the diagnosis of WHO 2 and WHO 3 histopathological 
types of NPC but not WHO 1 when used either alone or in conjunction 
with the anti-EA assay. Because of this specificity, these assays have now 
proven useful for the diagnosis of the occult form of this disease (Ho et 
al., 1976, 1978aj Coates et al., 1978 j Neel et al., 1980, 1981) and also as 
screening tests for identifying individuals at risk for developing this dis
ease (Zeng et al., 1982). These serological findings, which are supported 
by results on the presence of virus DNA in biopsies from different his
topathological types of this disease (Adams, 1980j J. Pagano, personal 
communication), also indicate that EBV might not be an etiological factor 
for the well-differentiated type of NPC. This relationship requires further 
examination. 

With regard to the diagnostic value of these tests, it must be em
phasized that these tests are not absolute and that there are "false-pos
itive" and "false-negative" groups that have to be taken into account 
when interpreting the results. As pointed out above, approximately 15% 

TABLE II. Frequency of Sera Positive for Both IgA Anti-YCA and IgG Anti-EA 
Antibodies in Different Disease Categories 

NPC 
WHO 1 
WHO 2 

Disease 

Other head and neck cancers 
Benign head and neck diseases 
Other malignancies including 

lymphomas 
Normals 

No. sera positivel 
No. tested 

4/51 
189/249 
351324 
34/428 

5173 

8/405 

Percent positive 

8 
76 
11 
8 
7 

2 



IMMUNOBIOLOGY OF EBV-ASSOCIATED CANCERS 187 

of the sera from North American patients with NPC were negative for 
IgA antibodies to EBV at diagnosis. The reason for this is still unclear but 
this has to be taken into account when using these assays as aids to 
histopathology in the diagnosis of NPC. Similarly, sera from 5 to 15% of 
the individuals in the various control groups were also positive for IgA 
antibodies. Again the significance of this is unknown. Whether these 
individuals are at risk for the development of NPC or whether the pres
ence of IgA antibodies to EBV reflects some cellular immune defect re
mains to be determined. With regard to this latter point, it is noteworthy 
that many individuals with immunodeficiencies also contain high levels 
of both IgA anti-VCA and IgG anti-EA antibodies in their sera (Klein and 
Purtilo, 1981). However, even with these exceptions, it is evident that 
thesc anti-EBV assays should be useful to clinicians for the diagnosis of 
certain histopathological types of NPC including the occult form of this 
disease. 

Efforts to identify similar anti-EBV-specific antibody responses in 
patients with African BL have been unsuccessful. However, recent pub
lished results from a prospective study in Africa indicated that the pres
ence, in predisease sera, of unusually high levels of antibodies to the 
different EBV antigens might identify those children at risk for developing 
this disease. Based on the results of a 5-year follow-up study on 42,000 
children in Uganda bled sequentially from birth to 8 years of age, it was 
concluded that children with high levels of EBV activity, as reflected by 
high antibody titers, constituted the cohort at risk for developing BL 
(Geser et a1., 1982). In fact, the increased risk of developing BL in this 
population was estimated to be approximately 30-fold higher in children 
having high titers as opposed to those with normal levels. These results 
were interpreted as supportive for the role of EBV in the etiology of BL. 

III. PROGNOSTIC VALUE OF EBV SEROLOGY 

EBV serology has also been evaluated prospectively as prognostic 
markers in patients with EBV-associated malignancies over the past few 
years. Interest in this question stemmed from results obtained largely 
through retrospective studies indicating that antibody titers to certain 
EBV antigens varied with the course of disease following treatment. This 
type of finding was interpreted as supportive of the role of EBV in the 
etiology of NPC and African BL. The results also suggested, however, 
that the monitoring of such antibodies was of potential clinical signifi
cance in these patient populations. 

The results from the retrospective studies indicated that increases 
in antibody titers to certain EBV immunofluorescent antigens following 
treatment reflected the development of recurrent or metastatic disease 
(Henle and Henle, 1978; Pearson, 1980). These increases were frequently 
noted before there was clinical evidence of metastatic disease. In contrast, 
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stable or decreasing titers tended to reflect a good prognosis. The anti
bodies that have been reported to show the greatest fluctuations with 
disease course include IgG antibodies to VCA and EA, IgA antibodies to 
VCA, and, more recently, antibodies to the EBV-induced DNase (Henle 
et al., 1973, 1977; Chan et al., 1977; Ho et al., 1978b; Cheng et al., 1980; 
Naegle et al., 1982). With regard to EA, the antibody of prognostic im
portance was identified to be directed against the restricted or R com
ponent in African BL and the diffuse or D component in NPC (Henle et 
al., 1971). The results from the various prospective studies now ongoing 
in different geographical locations in the world tend to support these 
conclusions. 

A second assay that appears promising in relation to prognosis is the 
antibody-dependent cell-mediated cytotoxicity (ADCC) assay (Pearson 
and Orr, 1976). This test measures a cytotoxic antibody directed against 
a major EBV-induced membrane antigen determinant and has been of 
interest because published findings from retrospective studies indicated 
that ADCC titers determined at diagnosis were predictive of disease 
course (Pearson et al., 1978, 1979; Chan et al., 1979). In general, the results 
from these retrospective studies indicated that disease progression ulti
mately resulting in death occurred primarily in those patients with low 
ADCC titers at diagnosis whereas patients with high titers generally sur
vived disease-free for significant periods of time. 

To examine this further, a prospective study was initiated, using this 
assay, on North American patients with NPC. The current results from 
this study tend to support the findings from the retrospective studies. In 
general, disease progression ultimately resulting in death, in this patient 
population, has occurred mainly in individuals who presented with low 
ADCC titers at diagnosis. Patients with high titers in general have sur
vived disease-free for significant periods of time following treatment. This 
is illustrated in Figs. 1 and 2. In Fig. I, the data are presented as actuarial 
disease progression curves and only include North American patients 
with WHO 2 or WHO 3 carcinomas who were on study for at least 1 year. 
A similar pattern has not been noted with patients with the well-differ
entiated WHO 1 carcinomas. The patients were divided into high-titer 
(7680-15360) and low-titer (480-5760) groups based on ADCC titers de
termined at diagnosis. Disease progression was defined for this analysis 
as the presence of clinically evident metastatic disease. As shown in Fig. 
I, approximately 75% of the patients in the high category have remained 
disease-free for 3 years or longer as opposed to approximately 30% of those 
individuals in the low-titer group. In the high-titer group, disease pro
gression occurred primarily during the first 2! years following diagnosis 
and has since remained relatively stable. In contrast, the number of pa
tients remaining disease-free in the low-titer group has continued to show 
a downward trend. 

A second approach to the analysis of these data was through the 
calculation of "disease progression rates" at the different ADCC levels. 
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FIGURE 1. Actuarial disease progression curves for patients with low ADCC titers at di
agnosis versus those with high ADCC titers. Only patients with WHO 2 or WHO 3 car
cinomas were included in these calculations. The differences between these two groups at 
3 years is significant at p = O.OOOS. 

The results are shown on Fig. 2. As an aid for this analysis, a "pooled" 
estimate of rates in the form of a "moving average" was also calculated. 
To accomplish this, the results for the first three titered groups were 
pooled and then plotted at midtiter (960), then the results for the second, 
third, and fourth titered group were pooled and plotted midtiter (1440), 
etc. The result is a smooth picture of trend. As shown in Fig. 2, the 
progression rates were very high at the low ADCC levels in comparison 
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with the high-titer group. The calculated rate difference (422 vs. 116 per 
1000 person years) is highly significant (p < 0.001). These results have 
now been confirmed on a larger number of patients (G. Pearson et al., 
1984) and actuarial survival curves also show significant differences be
tween the two groups. These results are quite striking and indicate that 
this assay is of potential importance for predicting disease course follow
ing therapy. The results further suggest that this antibody might be active 
in immunity in vivo, possibly through an ADCC mechanism including 
K cells, against the EBV-infected and transformed cells. Approaches to 
enhance this antibody level through an appropriate vaccine or by passive 
transfer of high-titer serum could therefore be of therapeutic importance 
for patients with EBV-associated malignancies. Success with these ther
apeutic approaches would also provide further evidence in support of a 
role for EBV in the etiology of these diseases. 

It is still not clear why ADCC antibody titers are high in some pa
tients and low in others. It has, however, been reported that IgA antibodies 
to EBV antigens block the ADCC reaction mediated by IgG antibodies 
(Mathew et al., 1981). This could therefore be the explanation in NPC 
patients for, in general, patients with a poor prognosis also have high 
levels of IgA antibodies (Pearson, 1980). This would not be true, however, 
for patients with African BL. In these individuals, variation in ADCC 
levels could reflect differences in antibody avidity, the presence of an
tibody in immunoglobulin subclasses not capable of mediating ADCC, 
or lack of antibody to the appropriate ADCC determinant that is ex
pressed on the major EBV membrane glycoprotein (Qualtiere et al., 
1982a). All of these factors have been shown to be important in the ADCC 
reaction (Pearson, 1978). Further studies are clearly indicated to resolve 
this question. 

IV. IDENTIFICATION AND PURIFICATION OF EBV 
PROTEINS 

The antigens used in the various immunofluorescence and cytotoxic 
assays are expressed in infected or transformed cells. Most if not all of 
these antigens are complexes composed of multiple antigenic determi
nants. It is not known, therefore, whether the antibodies that are of di
agnostic or prognostic importance in patients with EBV-associated can
cers are directed against one or multiple determinants in the infected 
cells. To refine these assays as well as for purposes of determining the 
biological activities associated with the major EBV-specified antigenic 
complexes, efforts have been ongoing in numerous laboratories directed 
at the identification, purification, and characterization of the proteins 
that compose these major antigenic complexes defined by immunoflu
orescence. Progress in this area has been excellent over the past few years 
with the advent of monoclonal antibody technology. Monoclonal anti-
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TABLE III. EBV Polypeptides 
Composing the Major EBV 

Immunofluorescence Antigen 
Complexes 

Antigen Polypeptides 

VCA 160K" 
152K 
125K" 

EA(D) 140K 
50/52K (47-60K)" 

EA(R) 85K" 

MA gp300/350a 

gp200/250" 
gp90" 

EBNA 81K 
73K 
70K 
65K 
48K 

" Confirmed with monoclonal antibodies. 

191 

bodies have now been produced against a number of major antigenic de
terminants expressed in the VCA, EA, and MA complexes (Hoffman et 
ai., 1980; Thorley-Lawson and Geilinger, 1980; Mueller-Lantzsch et ai., 
1981; Strnad et ai., 1982; Qualtiere et ai., 1982b; Pearson et ai., 1983a; 
Kishishita et ai., 1984). These monoclonal antibodies have also been use
ful for the purification and characterization of these proteins and for the 
development of new assays for monitoring antibodies to specific EBV
induced polypeptides. Such assays capable of monitoring antibodies di
rected against specific antigenic determinants might be more discrimi
nating between individuals with and without EBV-associated malignan
cies than the current assays and therefore of greater value to the physician 
for the diagnosis and clinical management of individuals with these dis
eases. 

A list of some of the polypeptides, identified by monoclonal anti
bodies or by biochemical purification, that compose the major immu
nofluorescence-defined EBV antigen complexes is shown in Table III. The 
major polypeptides composing the VCA complex as defined by immu
nofluorescence have molecular weights of 125, 152, and 160K. These are 
all intracellular proteins synthesized late in the virus replication cycle. 
Whether they are all associated with the viral capsid has yet to be de
termined. The major polypeptides associated with the D component of 
EA have molecular weights of 47-60 and 140K; the restricted component 
contains a major polypeptide with a molecular weight of 85K (Pearson 
et ai., 1983a). The major constituents of the 47-60K EA(D) complex have 
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molecular weights of 50/52K (Pearson et a1., 1983a). However, these com
ponents become phosphorylated with time, shifting the molecular 
weights upward to 60K (Luka et a1., 1984). The 47K protein was originally 
identified by immunoprecipitation of an in vitro primary translation prod
uct using a monoclonal antibody reactive with the 50/52K polypeptides 
of the EA(D) complex (Pearson et a1., 1983a). By this approach, it was 
possible to map this EA(D) component to the EBV DNA BamHI M frag
ment. 

The MA complex has been characterized to a greater extent than the 
other EBV antigen complexes. This is largely due to the fact that these 
are the antigens of importance for the preparation of a subunit vaccine 
against this virus (Epstein, 1976). Three major glycoproteins of EBV have 
been identified as composing this complex (Qualtiere and Pearson, 1979, 
1980; Thorley-Lawson and Edson, 1979; Strnad et a1., 1979; North et a1., 
1980). These have recently been designated gp300/350, gp2001250, and 
gp85/90 to take into account the molecular weight variations for each of 
these glycoproteins reported by different laboratories. Neutralizing de
terminants are expressed on all three of these glycoproteins (Hoffman et 
a1., 1980; Thorley-Lawson and Geilinger, 1980; Strnad et a1., 1982; Qual
tiere et a1., 1982a) while the determinants responsible for ADCC are 
expressed on gp300/350, possibly on gp2001250, but not on gp85/90 (Pear
son et a1., 1979; Qualtiere et a1., 1982a). Interestingly, monoclonal an
tibodies to MA have been produced that recognize a membrane deter
minant expressed on cells producing transforming EBV but not lytic virus 
(Mueller-Lantzsch et a1., 1981; Qualtiere et a1., 1982b). Whether this de
terminant might be related to the transformation properties of EBV needs 
to be determined. 

Efforts to produce monoclonal antibodies to the polypeptides com
posing EBNA have still not been successful for unknown reasons. How
ever, proteins composing EBNA with molecular weights ranging from 48 
to 81K have been identified by biochemical approaches (Luka et a1., 1978; 
Strnad et a1., 1981; Sculley et a1., 1983). 

ELISA assays have now been established for measuring antibodies to 
these different polypeptides purified from immunoaffinity columns pre
pared with the appropriate monoclonal antibody or by biochemical tech
niques (Luka et a1., 1984). The sensitivity of these assays for detecting 
antibody has ranged from 2-fold to greater than 20-fold higher than im
munofluorescence depending on the nature of the specific antigen. The 
assays are also applicable for detecting IgM and IgA antibodies to the 
different EBV-induced polypeptides (Pearson, 1984). It will now be of in
terest to determine whether the detection of antibodies to the individual 
polypeptides using the newly developed ELISA assays will show a greater 
specificity for individuals with EBV-associated cancers than the current 
immunofluorescence assays and therefore will be of greater clinical value. 
Such studies are now ongoing. 
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v. CELLULAR IMMUNITY 

Progress in defining the role of cellular immunity against EBV in 
relation to disease progression has lagged behind the serological inves
tigations. This is largely because of the lack of well-defined assays for 
monitoring cellular immune responses to viral antigens and the una
vailability of well-defined antigens. Evidence has been reported, however, 
that clearly demonstrates that patients do mount a cellular immune re
sponse against their EBV-associated cancers (Pearson, 1980). In addition, 
HLA-restricted EBV-specific memory T cells have been identified in in
fected individuals as determined by the inhibition of outgrowth of EBV
transformed B cells (Rickinson et al., 1977; Thorley-Lawson et al., 1977; 
Moss et al., 1978; Misko et al., 1980). This T-cell population appears to 
be defective in individuals with severe immunodeficiencies and it has 
therefore been postulated that the relatively high frequency of EBV-as
sociated lymphomas that occur in this population is the result of a defect 
in this memory T-cell population (Klein and Purtilo, 1981). The state of 
EBV-specific cellular immunity in patients with NPC and African BL, 
however, is still relatively unresolved. Evidence has been reported indi
cating that NPC and African BL patients do mount a T-cell-specific re
sponse against their tumor and that the target antigen is induced by EBV 
(Pearson, 1980). It has also been reported that virus-specific cellular im
munity was decreased in patients with NPC and African BL as measured 
by skin testing and in vitro cytotoxicity assays (Fass et al., 1970; Nkru
mah et al., 1972; Levine et al., 1977). The phenotype of the suppressed 
T-cell population in these patients as well as the nature of the factors 
responsible for the immunosuppression, however, have still not been de
fined. Interestingly, with regard to this latter point, a factor was recently 
identified in the sera of patients with NPC that inhibited the in vitro 
response of sensitized lymphocytes to EBV antigens (Sundar et al., 1982). 
This factor possibly responsible for this immunosuppression was reported 
to be associated with the presence of IgA antibodies possibly in the form 
of immune complexes. 

The results discussed above therefore do support the concept that 
specifically immune T lymphocytes play a major role in the control of 
EBV-transformed cells and that a defect in this cell population will allow 
transformed cells to replicate and develop into a full-blown malignancy. 
In addition, data published recently suggest that NK cells might also 
function actively in resistance to EBV infection. Blazar and co-workers 
have reported that activation of the virus replication cycle increases the 
susceptibility of these cells to NK-mediated cytotoxicity (Blazar et al., 
1980; Pat arroyo et al., 1980). Furthermore, it was more recently observed 
in our laboratory that EBV genome-positive cells were more susceptible 
to NK cytotoxicity than their EBV genome-negative counterparts and that 
this susceptibility also increased in parallel with virus expression (G. 
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TABLE IV. Increased Susceptibility of TPA-Activated Cells to the Cytotoxicity 
Mediated by NK Cells 

Target cell No. lymphocytes cpm ± SD.a Cytotoxicity (% I 

A. Ramos 5.0 x 105 343 ± 26 3 
2.5 x 105 322 ± 10 0 

B. B-95 Ramos 5.0 x 105 283 ± 39 16 
2.5 x 105 208 ± 4 9 
1.25 X 105 183 ± 7 7 

C. TPA-Ramos 5.0 x 105 601 ± 18 12 
2.5 x 105 581 ± 28 9 

D. TPA-B-95 Ramos 5.0 x 105 421 ± 40 26 
2.5 x 105 332 ± 26 19 
1.25 x 105 253 ± 40 13 

a TotalSlCr incorporation per 5 x 10' cells was: Ramos, 1111 cpm; TPA-Ramos, 1232 cpm; B-95 Ramos, 
1228 cpm; TPA-B-95 Ramos, 1345 cpm. 

Pearson, unpublished results). This is illustrated in Table IV. As shown 
in there, the EBV genome-negative Ramos cell line was less susceptible 
to cytotoxicity mediated by NK cells than its EBV genome-positive (B-
95 Ramos) counterpart. In addition, treatment of the cells with tumor
promoting agent (TPA), which activates the virus replication cycle, in
creased the susceptibility of both cell lines but the effect was more pro
nounced with the EBV genome-positive B-95 Ramos cell line. These types 
of findings raise the possibility that NK cytotoxicity might be active in 
vivo in the control of EBV-infected or -transformed cells. The nature of 
the target antigen expressed in the genome-positive cells is still unknown 
but the results of inhibition assays suggest that it is a cellular antigen 
induced by the EBV infection and not a virus-specified antigen (G. Pear
son, unpublished results). 

VI. CONCLUSIONS 

It is apparent that immunology has played a major role in establishing 
an etiological relationship between EBV and NPC, African BL, and B-cell 
lymphomas in immunodeficient populations. Of equal importance, how
ever, was the identification of disease-related immune response patterns 
indicating that EBV serology might be useful for the diagnosis and clinical 
management of patients with EBV-associated cancers. This has been an 
area of emphasis over the past few years and the results from a number 
of prospective studies tend to confirm this speculation. A summary of 
the more important observations on EBv serology in relation to disease 
course is presented in Table V. These include the presence of high pre
disease anti-EBV titers in children at risk for the development of African 
BL j the specificity of the IgA anti-EBV antibodies for the less-differen
tiated forms of NPC j the expression of EBNA in cancer cells characteristic 
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TABLE V. Conclusions Concerning EBV Immunobiology 

High anti-EBV titers identify individuals at risk for the development of African BL 
The most specific antibody response for the diagnosis of the less-differentiated histopath

ological types of NPC is the presence of serum IgA anti-EBV antibodies. Detection of this 
antibody has proven useful to the clinician for the diagnosis of NPC including the occult 
form 

The presence of EBNA or EBV DNA in biopsy material is also diagnostic for EBV-associated 
diseases 

Antibody titers to EBV antigcns detected by immunofluorescence generally increasc in par
allel with the development of metastatic disease. Decreasing or stable titers tend to reflect 
a good prognosis 

Low antibody titers at diagnosis as determined with the ADCC assay in patients with EBV
associated malignancies in general reflect a poor prognosis 

Control of the growth of EBV-transformed cells in vivo is mediated mainly by cytotoxic T 
cells and also possibly by NK and K cells 

of these two diseases; the variation of antibody titers in relation to disease 
course; and the association between ADCC titers determined at diagnosis 
and disease course. These disease-related immune parameters not only 
provide additional support for an etiological association between EBV and 
these malignant diseases but also provide new and important laboratory 
markers to the clinician for the diagnosis and clinical management of 
patients with these cancers. In addition, the results of these immunol
ogical investigations have identified potentially important new ap
proaches for treatment of these EBV-associated cancers. Success with 
such antiviral treatment approaches would provide direct proof that EBV 
is a major factor in the etiology of these diseases. 

There has also been good progress in the past few years directed to
ward the identification, purification, and characterization of the major 
components composing the EBV-induced antigen complexes defined by 
immunofluorescence. This should lead to, among other things, the de
velopment of new and more specific assays for the detection of antibodies 
to EBV. These could be of more clinical relevance than the standard im
munofluorescence tests and therefore efforts to develop such assays with 
purified virus-specified proteins should be encouraged. 

Less is known about the role of cell-mediated immunity in relation 
to disease course although existing data do implicate cytotoxic T lym
phocytes, NK and K cells as possible important effector mechanisms of 
immunity (Table V). It is clear that more work is needed in this area not 
only in relation to effector cell populations but also in regard to the nature 
of the antigens recognized in the cell-mediated immunity assays and the 
disease-associated factors that alter this cellular immunity. Little is cur
rently known about the effect of the tumor on these cell-mediated im
mune responses. This information is needed before it will be realistically 
possible to develop and evaluate new forms of treatment for these diseases 
involving the immune system. This area of research should be of the 
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highest priority in future studies involving the immunology of EBV-as
sociated cancers. Hopefully, advances in this and related areas over the 
next few years will provide new leads for the prevention, treatment, and 
eventual eradication of these EBV-associated cancers. 
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CHAPTER 10 

Cytomegalovirus Infection 
after Organ Allografting 
Prospects for Immunoprophylaxis 

JOEL D. MEYERS 

1. INTRODUCTION 

Cytomegalovirus (CMV) infection is an important determinant of success 
following organ allografting. Exposure to an infection with CMV is com
mon in normal persons, with the age-specific prevalence of antibody to 
CMV exceeding 50% by adulthood in most parts of the world (Wentworth 
and Alexander, 1971). In the normal host and especially in children, in
fection with CMV is often asymptomatic, although it may be the cause 
of atypical mononucleosis syndrome during adolescence and early adult
hood (Klemola and Kaariainen, 1965). Uncommonly, it is the cause of 
more serious illnesses such as pneumonia, encephalitis, or Guillain-Barre 
syndrome. With the exception of congenital CMV infection, however, 
CMV is rarely the cause of severe disease in immunologically normal 
persons. 

The situation is quite different in the immunocompromised host. 
Severe disseminated CMV disease, including pneumonia, was recognized 
soon after the advent of kidney allografting (Rifkind et al., 1964j Hedley
Whyte and Craighead, 1965), although the full spectrum of disease at
tributable to CMV infection did not become apparent until more recently 
and is undoubtedly still expanding. CMV infection has been associated 
with syndromes of fever and leukopenia, hepatitis, arthralgias and ar
thritis, retinitis, ulcerative disease of the esophagus, stomach, and bowel, 
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pneumonia, and encephalitis in allograft recipients as well as in other 
compromised hosts including neonates. Pneumonia has been an espe
cially frequent manifestation of CMV infection following marrow allo
grafting (Neiman et ai., 1977; Meyers et a1., 1983a). Apparently because 
CMV infection is itself immunosuppressive, bacterial, fungal, and pro
tozoan superinfections have also been associated with CMV infection 
(Chatterjee et a1., 1978; Rand et a1., 1978). Both the primary manifesta
tions of CMV infection and the secondary complications (i.e., superin
fection) increase the morbidity and mortality and decrease the success 
of organ allografting. 

II. PATHOGENESIS OF CMV DISEASE 

Infection with CMV is a necessary, but not sufficient, element in the 
development of severe CMV disease. An incidence of CMV infection of 
50-10m!" has been described in prospective studies of renal (Betts et a1., 
1977; Peterson et a1., 1980), cardiac (Pollard et a1., 1982), and marrow 
transplant patients (Neiman et ai., 1977; Meyers et ai., 1980b). In many 
of these patients CMV infection appears to be truly asymptomatic even 
though viral excretion may be detectable for years after transplant 
(Cheeseman et a1., 1979a; Meyers, 1984). 

Primary infection (i.e., a first infection in a previously seronegative 
patient) appears to be more severe than either infection due to reacti
vation of latent endogenous virus or reinfection with a new CMV strain 
in a previously seropositive individual (nonprimary infection) in some 
studies. Among kidney transplant patients, viremia is more common and 
more prolonged following primary infection (Betts et a1., 1975), and vi
remic infections are more commonly symptomatic (Betts et ai., 1977; 
Cheeseman et ai., 1979b). Thus, most studies of renal transplant patients 
have found a higher incidence of symptomatic CMV infection among 
patients with primary infections (Spencer, 1974; Ho et a1., 1975; Betts et 
a1., 1977; Pass et a1., 1978), although this has not been a universal finding 
(Fryd et a1., 1980). Following cardiac transplant, clinically apparent CMV 
disease is also more common among seronegative patients experiencing 
primary infection (Rand et a1., 1978; Pollard et a1., 1982). In marrow 
transplant recipients the concept of primary infection is more complex 
since the responding immune system is that of the marrow donor and, in 
contrast to renal and cardiac transplant patients, the occurrence of serious 
CMV disease (i.e., pneumonia) following marrow transplant is higher 
among patients who are seropositive to CMV before transplant (Meyers 
et ai., 1982c). 

In addition to active CMV infection, the necessary feature in the 
development of CMV disease is profound immunosuppression. As men
tioned, it is rare for immunologically normal individuals to develop se
rious manifestations of CMV infection such as pneumonia. Among al-



CMV INFECTION AFTER ORGAN ALLOGRAFTING 203 

lograft recipients, the severity of CMV disease appears to be related to 
the intensity of immunosuppression. For example, use of antithymocyte 
globulin in addition to corticosteroids and azathioprine increases the se
verity of CMV infection following renal transplantation (Pass et al., 1981; 
Cheeseman et ai., 1979b). After cardiac transplant the lower dosages of 
anti thymocyte globulin and corticosteroids made possible by the use of 
cyclosporin have been associated with less severe CMV disease (Preik
saitis et al., 1983). After allogeneic marrow transplant, the use of anti
thymocyte globulin or total body irradiation for pretransplant condition
ing among patients with aplastic anemia, or the use of cytotoxic agents 
in addition to cyclophosphamide for leukemics, significantly increases 
the risk of CMV pneumonia (Meyers et ai., 1983a). 

The immune response that determines the severity of CMV disease 
as well as ultimate recovery is not defined. Although patients with fatal 
disease often do not make antibody against CMV (Simmons et ai., 1977; 
Neiman et ai., 1977), this observation is complicated by the rapid demise 
of some of these patients and thus only a short period during which an
tibody production is possible. It is clear that production of antibody does 
not itself ensure survival (Betts, 1984; Meyers et al., 1982c). Suppression 
of lymphocyte proliferation responses and interferon (IFN) production in 
vitro have been found among allograft recipients during the period of 
maximum risk of CMV infection (Pollard et ai., 1978, 1982; Pass et ai., 
1981; Levin et ai., 1978; Meyers et ai., 1980b), although there is a recent 
report of detectable IFN--y production in vivo in marrow graft recipients 
with CMV infection (Rhodes-Feuillette et ai., 1983). The use of agents 
such as antithymocyte globulin specifically abrogates some of these re
sponses (Meyers et ai., 1980b; Pass et ai., 1981). However, despite ob
servations in individual patients associating restoration of the lympho
cyte proliferation response to CMV antigen in vitro with recovery from 
CMV disease (Meyers et ai., 1982a; Wade et ai., 1982ai, it has been dif
ficult to prove a clear relationship between proliferative responses and 
the severity of disease (Meyers et ai., 1980b; Quinnan et ai., 1982). T
cell subsets, defined phenotypically by the use of monoclonal antibodies, 
have been examined serially in patients undergoing renal transplant 
(Schooley et ai., 1983). Among patients with cadaveric transplants, those 
with virologically proven herpesvirus infection [CMV, herpes simplex, or 
Epstein-Barr virus (EBV)l had inversion of the ratio of T-helper and T
suppressor cells, due to both a relative increase in T-suppressor cells and 
a decrease in T-helper cells. Similar, though less pronounced, changes 
were seen among patients receiving kidneys from living related donors. 
Patients who received antithymocyte globulin were more likely to have 
both herpesivrus infections and inverted T-subset ratios. The ratio re
mained inverted 100 days after transplantation in 11 of 12 patients with 
prolonged monitoring. These T-cell subset alterations also appeared to 
be associated with opportunistic superinfections. 
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TABLE I. Occurrence of CMV-Specific Cytotoxic Responses in Relation to 
Outcome of CMV Infectiona 

Outcome of infection 

Nonfatal 
Fatal 
Death from other causes 

a From Quinnan et 01. 11982). 

Frequency of occurrence of effector-cell response 

Cytotoxic Fraction 
T cellsb Other" respondingd 

(No. of patients) 
9 9 18/18 
0 2 2/10 
0 3 3/6 

b Includes all patients who were proven to have cytotoxic T-cell responses by testing of fractionated 
lymphocytes, with or without concurrent non·T·cell responses. 

C Includes patients with resP9nses mediated by non·T lymphocytes only and those whose effector cells 
were not fully characterized by fractionated studies. 

d Five patients who survived CMV infection, two who died from CMV infection, and two who died from 
other causes were not tested until 3 or more weeks after the onset of infection and are not included. 

Recent attention has also been directed to the role of cytotoxic ef
fector cells in the acquisition of and recovery from CMV infection. Both 
nonspecific cytotoxic cells [i.e., NK cells (Starr and Garrabrant, 1981) and 
cells active in antibody-dependent cellular cytotoxicity (Kirmani et aI., 
1981)1 and cytotoxic T lymphocytes can lyse CMV-infected target cells 
in vitro. Studies in marrow transplant patients have associated suppres
sion of NK activity with risk of CMV infection (Dokhelar et aI., 1981; 
Quinnan et a1., 1982), although not all studies agree (Livnat et a1., 1980). 
These studies have used tumor cell targets (e.g., K562) rather than CMV
infected targets and need to be repeated with CMV-infected targets for 
confirmation. More recently, development of either specific cytotoxic T
lymphocyte or nonspecific cytotoxic activity against CMV-infected target 
cells has been associated with recovery from CMV infection after marrow 
transplant (Quinnan et a1., 1982) (Table I). Such studies should be ex
tended to patients receiving renal or cardiac allografts. It has been sug
gested that cytotoxic T lymphocytes (and perhaps other transient im
mune responses) are important in recovery from active CMV infection 
while nonspecific effector cells (such as antibody-dependent cytotoxic 
cells) are important in maintaining the latency of CMV in seropositive 
patients (Kirmani et a1., 1981). It is likely that both maintenance of la
tency and recovery from CMV infection are due to a complex and inter
related series of immune responses, and definition of a single response 
as being most important may not be possible. Many of these responses 
are intentionally suppressed after organ allografting to prevent rejection 
of the transplanted tissue, and it is not surprising that serious CMV dis
ease occurs in association with increasing degree of immunosuppression. 
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Superinfection and Graft Rejection 

The pathogenesis of superinfection or graft rejection temporally as
sociated with CMV infection is also not clear. In normal patients with 
CMV mononucleosis, suppression of lymphocyte proliferation responses 
and IFN production (Levin et a1., 1979), increase in suppressor cell activity 
(Rinaldo et a1., 1980), and imbalance of T-cell subsets (Carney et a1., 1981) 
have been shown. Suppression of antibody production during acute CMV 
infection has also been shown in mice (Howard and Najarian, 1974). In 
humans, transient leukopenia, possibly due to the effect of suppressor 
cells on marrow progenitor cells, has often been associated with CMV 
infection. Thus, as with other viral infections, primary CMV infection 
itself appears to be immunosuppressive and superinfection with bacterial, 
fungal, or protozoan agents is not surprising although the specific mech
anisms are not yet clearly defined. 

Kidney allograft rejection temporally associated with active CMV 
infection has also become an accepted phenomenon (Lopez et a1., 1974; 
Simmons et a1., 1977; Betts et a1., 1977; Rubin et a1., 1977; Fryd et a1., 
1980), although it is not yet clear that rejection or its treatment does not 
itself reactivate CMV in some cases. Some patients with acute rejection 
have glomerulopathy with antibody and complement found in the kidney 
(Richardson et a1., 1981; Baldwin et a1., 1982), and earlier studies dem
onstrated CMV antigen by immunofluorescence in specimens from some 
rejected kidneys (Payne et a1., 1974). Study of T-cell subset alterations 
after renal transplant has associated both CMV infection and T-cell subset 
alteration with glomerulopathy, whereas patients with acute rejection 
without glomerulopathy tended to have neither CMV infection nor T
cell alterations (Schooley et a1., 1983). Although the pathogenesis of the 
glomerulopathy is not yet fully explained, these studies do provide ad
ditional evidence that CMV infection is related to at least one form of 
kidney graft rejection. 

III. EPIDEMIOLOGIC RISK FACTORS 

CMV infection acquired during childhood in normal persons is pre
sumably due to exposure to infected salivary secretions or urine, while 
during adulthood an additional source of infection appears to be sexual 
activity. CMV infection may be acquired at any age through exposure to 
blood products that contain latent CMV. In the early period after organ 
allografting, sexual exposure seems unlikely. Exposure to saliva or urine 
containing CMV remains possible but also seems less likely due to the 
relative isolation under which immunosuppressed patients are usually 
treated. In addition, although spread of CMV has been shown in the ne
onatal nursery (Spector, 1983), nosocomial transmission has not yet been 
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TABLE II. Relationship of CMV Infection to Patient and Granulocyte Donor 
CMV Antibody Statusa,b 

CMV Prophylactic granulocytes Therapeutic granulocytes 
serology 
before No 

transplant granulocytes GO-negative GO-positive GO-negative GO-positive 

Seronegative 371113 (33%) 16/46 (35%) 21/28 (75%) 2111 (18%) 3/3 (100%) 
« 1:8) 

Seropositive 57/92 (62%) 7113 (54%) 25/44 (57%) 3/4 (75%) 7/9(78%) 
(> 1:8) 

a From Hersman et ai. 11982). 
b GO-negative = granulocyte donor seronegative for CMV; GO-positive = granulocyte donor seropo· 

sitive for CMV. Numbers in parentheses represent percentage of patients affected. 

demonstrated in transplant situations (Huang et a1., 1981; Meyers, 1984). 
The two likely sources of infection after organ allografting are therefore 
blood products and transmission of virus in the transplanted tissue. 

A. Infection Due to Blood Products in Seronegative Patients 

Transmission of CMV in blood products was first described following 
open-heart surgery (Kreel et al., 1960). This continues to be a major source 
of infection in patients receiving fresh blood products such as patients 
requiring trauma surgery or neonates (Yeager et a1., 1981). The risk of 
transmission increases with both the number of units (Prince et a1., 1971) 
and the volume of blood (Yeager et a1., 1981) transfused. However, the 
"dose" of blood (or leukocytes) required to transmit CMV is unknown. 
Studies in neonates showed that quantities as small as 50-99 ml were 
sufficient to transmit CMV in 3 of 18 (17%) babies (Yeager et a1., 1981). 
However, even these 3 neonates received blood from 8 or more different 
donors, and it is not known if the number of donors or the volume trans
fused is more important in transmitting infection. 

CMV infection in seronegative marrow, cardiac, and renal transplant 
patients has been associated with use of blood products. The situation is 
best defined following marrow transplant, after which one-third of ser
onegative patients who receive no granulocyte transfusions acquire CMV 
infection attributed to leukocyte-containing platelet transfusions (Hers
man et a1., 1982) (Table II). Seronegative patients who develop CMV in
fection receive slightly larger quantities of transfusions than those who 
remain uninfected (Meyers et a1., 1983b). Considering that marrow trans
plant patients may receive platelet transfusions from 50 to 100 or more 
random donors, the incidence of 33% may be surprisingly low. Granu
locyte tranfusions, as one type of blood product, are very effective in 
transmitting CMV infection. In contrast to the 33% incidence of infection 
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TABLE III. Risk of CMV Infection Defined as Seroconversion or Virus 
Shedding Posttransplanta 

Pre transplant serology 

Donor Recipient 

+ 
+ 

a Adapted from Betts 119841. 

Frozen 
blood only 

Yes 
No 
Yes 

b Data from Dr. Robert Rubin, Massachusetts General Hospital. 

No. infected/total 
1%) 

1/46 12) 
25/40163)b 
21/30170) 
62170189) 

among seronegative patients not receiving granulocytes, seronegative pa
tients who received granulocytes from single seropositive donors devel
oped CMV infection at incidences of 75% (Hersman et a1., 1982; Table 
II) and 87% (Meyers et a1., 1983b). These analyses are complicated by the 
fact that these patients also received platelet transfusions from random 
donors. The observation of a higher incidence of infection following gran
ulocyte transfusions in which a larger number of leukocytes are trans
fused from single donors, compared with the lower incidence following 
platelet transfusions in which fewer leukocytes are given from a larger 
number of donors, suggests that the volume of blood transfused is the 
more important determinant. 

Analogous data are available from studies of renal and cardiac trans
plant patients. Seronegative patients who receive kidney grafts from ser
onegative donors have been reported to have an incidence of CMV in
fection as high as 63% (25 of 40) if they receive fresh blood from random 
donors, compared with a 2% (1 of 46) incidence if only frozen blood is 
used (Betts, 1984) (Table III); frozen deglycerolyzed blood has previously 
been shown not to transmit CMV (Tolkoff-Rubin et al., 1978). Following 
cardiac transplant, a 20% incidence of infection (1 of 5) has been reported 
among seronegative patients receiving hearts from seronegative donors 
when un screened blood was used compared with no infections among 8 
patients when CMV antibody-negative blood was used (Preiksaitis et al., 
1983). Thus, blood products appear to be an important source of infection 
for all three major groups of allograft recipients. Although an increase in 
risk has been observed as both volume of blood and number of different 
donors increase, the magnitude of risk associated with single donors or 
single units is unknown. Data derived from the use of granulocytes in 
marrow transplant patients suggest that blood products from virtually 
every seropositive donor can transmit CMV if sufficient blood is given 
to a sufficiently "susceptible" host. At this time, screening of blood to 
reduce the risk of transmitting CMV must rely on detection of antibody 
as no techniques presently exist for detection of antigen in latently infected 
individuals. 
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B. Transmission of Virus in Transplanted Tissue 

Acquisition of CMV from the allograft itself was first apparent fol
lowing kidney allografting (Ho et a1., 1975; Betts et a1., 1975). The in
cidence of CMV infection following transplantation of a kidney from a 
seropositive donor into a seronegative recipient has varied from 56% to 
83% in a number of reports (Table III); this variability may be due in part 
to differences in intensity of surveillance. The site or state of the virus 
in the transplanted kidneys is unknown. Attempts to culture the virus 
from biopsy specimens have generally been unsuccessful (Orsi et a1., 
1978), and it appears that the virus is in a "latent," nonreplicating state 
not detectable by standard tissue culture techniques. One hypothesis is 
that CMV is actually in blood cells within the kidney vasculature (Betts, 
1984). As with CMV transmitted in leukocytes, the virus may not be 
activated until an allogeneic reaction (i.e., graft rejection) occurs, thus 
explaining the association between rejection and CMV infection. The 
occurrence of primary CMV infection due to transmission of CMV in the 
kidney has led to proposals to select donor-recipient pairings based on 
CMV serologies whenever possible. 

Following cardiac transplantation, the infection rate among sero
negative recipients attributable to CMV carried within the transplanted 
organ has been reported to be as high as 92% (11 of 12) Preiksaitis et a1., 
1983). In contrast, risk of infection associated with marrow from sero
positive donors following marrow transplantation is still unproven. In 
several studies the incidence of CMV infection has been slightly higher 
among seronegative patients receiving marrow from seropositive com
pared to seronegative donors (Meyers et a1., 1980b; Hersman et a1., 1982), 
but the difference has not been statistically significant. In other studies 
no difference was found (Meyers et a1., 1983b), and the risk of CMV pneu
monia is not increased among recipients of seropositive marrow (Meyers 
et al., 1982c). Of interest, however, CMV infection was apparently not 
preventable by the use of an immune globulin against CMV in serone
gative patients receiving marrow from seropositive donors whereas in
fection in seronegative patients attributable to blood products was pre
vented (Meyers et al., 1983b; see below). The high risk of CMV infection 
due to leukocyte-containing blood products may make a small increase 
in risk due to donor marrow difficult to demonstrate in some of these 
studies. Despite the interest in donor selection based on CMV serologies, 
in many instances-especially cardiac or liver transplantation-such a 
choice is not available. 

C. Reactivation of Latent Virus 

The incidence of infection following allografting among seropositive 
patients has been greater than 50%, and sometimes as high as 100%, in 
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TABLE IV. Frequency of Development of Cytolytic Anti-CMV Antibody" to 
CMV-Infected Cells in Patients Grouped by Donor Status and Posttransplant 

Virus Sheddingi' 

Pre transplant serology 

Donor Recipient Virus post transplant 

+ 
+ 
+ 

+ 

+ 

Q IgM and not IgG mediates this reaction. 
b Adapted from Betts 11984). 

+ 

+ 
+ 

C Data from Rochester and Massachusetts General Hospital. 

No. positive/No. tested 

0/41 
1114 
0/9 

20122 
12123C 

virtually all studies (see Tables II and III). As noted, diagnosis of CMV 
infection is dependent upon intensity of surveillance, especially among 
patients with asymptomatic infection. Thus, it may be that all seropo
sitive allograft recipients could be shown to reactivate CMV at some time 
during their posttransplant course if the intensity of virologic surveillance 
was sufficient. In some studies the severity of CMV infection appears to 
be lower among previously seropositive patients, though in more im
munosuppressed kidney graft and marrow allograft recipients these non
primary infections do not appear to be of lesser severity. The ability of 
preexistent antibody or cellular immune responses to modify the severity 
of subsequent nonprimary infection is of importance in considering the 
use of vaccines or immunoglobulins and will be discussed below. 

Of additional interest, especially when considering the use of vac
cines, is the question of reinfection of seropositive patients by new CMV 
strains. Epidemiologic studies are generally not able to distinguish reac
tivation of latent CMV from reinfection with new strains. For example, 
seropositive marrow graft recipients who also receive granulocytes from 
seropositive donors do not have a higher incidence of infection compared 
with seropositive patients receiving no granulocytes (Hersman et al., 
1982) (Table II). There are at least three studies that specifically address 
this issue, two suggesting that reinfection may occur and one that it does 
not. Betts (1984) has reported that seropositive patients who receive kid
neys from seropositive donors more often develop IgM cytolytic antibody 
than do seropositive patients receiving kidneys from seronegative donors 
(Table IV). It was previously shown that IgM cytolytic activity is formed 
in primary infection (Betts and Schmidt, 1981), suggesting that the ser
opositive patients who form IgM antibody may be doing so in response 
to infection with a new virus strain. In vaccine trials using Towne 125 
CMV vaccine, previously seronegative patients who received Towne vac
cine and later shed CMV after transplant were shown to be infected with 
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non-Towne, wild-type CMV (Glazer et al., 1979). Although reinfection 
after immunization with an attenuated virus strain is not entirely anal
ogous to reinfection after primary infection with virulent wild-type virus, 
this observation does suggest that reinfection can occur. In contrast, the 
pre- and posttransplant CMV isolates from three marrow transplant pa
tients who were shedding virus before transplant were found to be the 
same by restriction endonuclease analysis (Huang et al., 1981), indicating 
in a very small number of patients that reinfection did not occur. Studies 
of the molecular epidemiology of CMV infection after organ allografting 
must be expanded before any firm conclusions can be made. Consider
ations about the control of CMV infection after organ allografting may 
be much different in seronegative and seropositive patients. 

IV. PREVENTION OF PRIMARY INFECTION 

Based on the known epidemiology of CMV infection, prevention of 
primary infection in the seronegative patient could be achieved either by 
reduction in exposure to exogenous sources of virus or by immunopro
phylaxis; these will be discussed in turn. The use of antiviral agents for 
prophylaxis of primary infection will be discussed in later sections. 

A. Donor Selection 

Consideration of donor selection for seronegative patients has both 
practical and scientific aspects. For heart (and presumably liver) trans
plantation, the donor pool is sufficiently small and the logistics of organ 
preservation and transportation sufficiently complex that selection based 
on the donor's serologic characteristics would seem most difficult. In 
marrow transplantation, the opportunity to select between seropositive 
and seronegative donors who are otherwise equally appropriate (i.e., sim
ilar histocompatibility matches as well as other medical considerations) 
is uncommon, in part because there is a concordance of CMV serologies 
among family members of similar ages. Furthermore, the risk of CMV 
infection associated with use of marrow from seropositive donors is un
defined and therefore the possible benefits accruing from "serologic 
matches" uncertain. Nevertheless, when the situation arises, the sero
negative rather than seropositive donors should be chosen for seronega
tive marrow transplant patients. No data have been developed showing 
this choice has had clinical importance. 

In kidney transplantation the opportunity to select donors based on 
CMV serologies is more frequent and usually involves patients requiring 
cadaveric transplants; this situation has been discussed most recently by 
Betts (1984). In the United States the major influences on the serologic 
status to CMV are age and socioeconomic group. The occurrence of pri-
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mary infection is therefore said to be more common among parent-to
child (living related) transplants, for children are more likely to be ser
onegative and their parent-donors seropositive (Betts, 1984). In contrast, 
donors of cadaveric kidneys are often seronegative precisely because of 
their younger age. The serologic status of cadaveric donors can be ascer
tained by the rapid screening tests now available (Yeager, 1979) and the 
organs from seronegative donors reserved for seronegative recipients 
whenever possible. 

B. Control of Blood Products 

Despite the epidemiologic data associating CMV infection with the 
use of leukocyte-containing blood products, with one exception (Diosi et 
a1., 1969) it has not been possible to recover CMV from the blood of 
normal, asymptomatic blood donors by standard tissue culture tech
niques. Moreover, although molecular probes appear to be more sensitive 
than culture in the detection of viremia in actively infected patients 
(Spector et a1., 1983), these techniques have not yet detected CMV in 
blood from normal persons. The apparent explanation is that CMV is not 
in an active, replicating state in these blood cells but rather in a latent 
state, producing neither infectious virions nor antigens nor nucleic acid 
detectable by presently available techniques. These is evidence in mice 
that B cells carry murine CMV that can be reactivated in vitro by an 
allogeneic reaction (Olding et a1., 1975). The in vivo analog is the pro
duction of acute CMV infection after transfusion of allogeneic blood in 
mice (Cheung and Lang, 1977). Similar data are lacking in humans at 
present. In the absence of methods that can identify potentially infectious 
blood products, the only methods available to reduce or eliminate this 
risk is either to eliminate all blood products from seropositive donors or 
to remove the leukocytes, which are the putative reservoir for CMV. 

The use of leukocyte-poor or frozen, deglycerolyzed blood products 
has been shown to reduce infection rates after open-heart surgery and 
dialysis, respectively (Lang et a1., 1977; Tolkoff-Rubin et a1., 1978). Use 
of seronegative blood products for transfusion of seronegative neonates 
eliminated CMV infection in that patient group (Yeager et a1., 1981), and 
that practice has been adopted in many neonatal nurseries. 

In a small number of seronegative cardiac transplant patients, use of 
solely seronegative blood products also appeared to eliminate CMV in
fection (Preiksaitis et a1., 1983) (Table V). Study of additional patients is 
needed to confirm this observation. In renal transplant patients, Betts 
(1984) reported that only 1 of 46 seronegative patients who received only 
frozen blood products developed CMV infection (Table III). Such studies 
have not yet been reported among marrow transplant patients, who have 
much larger transfusion requirements, especially of platelets. Providing 
seronegative blood products for marrow transplant patients will increase 
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TABLE V. The Role of the Donor Heart in the Transmission of Infection Due 
to CMVa,b 

CMV serologic status 
(recipient-donor) 

Patients receiving 
unscreened blood 

Negative-negative 
Negative-positive 
Positive-negative 
Positive-positive 

Patients receiving 
screened blood 

Negative-negative 
Negative-positive 
Positive-negative 
Positive-positive 

a From Preiksaitis et al. (19831. 

No. patients 
infected/No. 

tested (%) 

1/5 (20)c 
6/6 (lOO)d 

10110 (100) 
717 (100) 

0/8e 

5/6 (83V 
8/8 (100) 
4/4 (100) 

Transfusion requirements during first 3 
postoperative months 

Blood 

10.4 ± 5.9 
26.5 ± 17.8 
16.2 ± 5.2 
19.7 ± 19.1 

30.3 ± 38.8 
32.3 ± 29.7 
24.8 ± 16.4 
15.3 ± 6.2 

Platelets 

3.6 ± 2.7 
17.8 ± 16.6 
6.4 ± 7.9 

30.3 ± 61.1 

24.9 ± 45.4 
47.0 ± 60.0 
17.5 ± 12.1 
21.0 ± 36.8 

Fresh frozen 
plasma 

7.4 ± 6,0 
16.5 ± 14.4 
13.0 ± 14.9 
15.2 ± 9.5 

13.9 ± 15.2 
12.3 ± 15.2 
15.1 ± 12.8 
5.3 ± 3.6 

b Transfusion requirements are expressed as the mean ± S.D. units. Blood includes whole blood and/ 
or packed red blood cells. 

C One patient died at 6 weeks. 
d p < 0.01 by X2 analysis. 
e One patient died at 4 weeks. 
f p < 0.005 by X2 analysis. 

the already substantial burden on blood banking facilities as 40-50% of 
available donors may be eliminated because of seropositivity to CMV. 
These efforts are warranted, nevertheless, for the occurrence of serious 
or fatal CMV disease is one of the limiting factors in allogeneic marrow 
transplantation. 

C. Passive Immunoprophylaxis with Plasma or Globulin 

Passive immunization with specific antibody has been used for treat
ment and prevention of a number of infectious diseases. The closest par
allel to prevention of CMV infection may be the use of zoster immune 
globulin or varicella-zoster immune globulin for the prevention of var
icella after exposure. Important differences between varicella and CMV 
infection include the limited period of exposure to varicella virus and the 
likelihood that CMV is transmitted in a latent, nonreplicating, cell-as
sociated form, whether in leukocytes or in other tissues in the trans
planted organ. 

Winston et a1., (1982b) first reported a study of passive immunization 
for the prevention of CMV infection in the compromised host. They gave 
high-titer human plasma to marrow transplant patients beginning before 
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TABLE VI. Results of Prophylactic Trial of CMV Immune Plasma after 
Marrow Transplantation" 

Plasma recipients 

All patients 
All CMV infection 12124 
Symptomatic CMV infection 5124 
All interstitial pneumonia 5124 
CMV pneumonia 3124 

Seronegative patientsb 

All CMV infection NRC 
Symptomatic CMV infection 0/13 
All interstitial pneumonia 1/13 
CMV pneumonia 0/13 

Seropositive patients 
All CMV infection NR 
Symptomatic CMV infection 1/4 
All interstitial pneumonia 0/4 
CMV pneumonia 0/4 

a Data derived from Winston et ai. (1982a). 
b These patients received no granulocyte transfusions. 
C NR, not reported. 

Control patients 

15124 
12124 
11124 
8124 

6/15 
5/15 
7/15 
NR 

5/5 
5/5 
3/5 

NR 

213 

p 

0.56 
0.07 
0.17 
0.17 

0.04 
0.04 

0.05 
0.16 

transplant and continuing for 120 days after transplant, with most trans
fusions concentrated during the later posttransplant period when CMV 
pneumonia is most common rather than during the early period when 
the majority of transfusions are given. Evaluation of that study is com
plicated by the inclusion of patients with aplastic anemia, who have a 
significantly lower incidence of CMV pneumonia (Gale et al., 1981; Mey
ers et a1., 1982c), and of patients seropositive for antibody to CMV before 
transplant. In the entire study group there was a slightly, but not signif
icantly, lower incidence of CMV infection and CMV pneumonia among 
plasma recipients (Table VI). Among seronegative patients who did not 
receive granulocyte transfusions, the incidence of symptomatic CMV in
fection and of all interstitial pneumonia was significantly lower among 
plasma recipients; however, the incidence of all CMV infection, and of 
CMV pneumonia specifically, was not reported. A reduction in the in
cidence of symptomatic CMV infection and of all pneumonia was also 
reported among patients seropositive for antibody before transplant. De
spite the difficulties in study design, the authors conclude that high-titer 
plasma given prophylactically modified but did not prevent CMV infec
tion after marrow transplant. 

The use of an intravenous globulin prepared from a high-titer plasma 
was described by O'Reilly et al. (1983). In this study globulin with an 
ELISA antibody titer of 1: 3200 was given at a dose of 200 mg/kg body 
wt on days 25, 50, and 75 after marrow transplant, which includes the 
major risk period of CMV pneumonia. A randomized comparison group 
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TABLE VII. Incidence of CMV Infection and Interstitial Pneumonia after 
Marrow Transplanta 

Total 
Globulin patients 

CMV hyperimmune 17 0 

CMV -antibody-deficient 18 3 

None 20 6 

a From O'Reilly et al. 119831. 

Interstitial 
pneumonia 

P = 0.23 

P = 0.022b 

Culture or serologic 
evidence of CMV 

infection 

o 
p = 0.019b 

6 
p = O.Olb 

10 

b Fisher's exact test. Comparisons are with patients receiving the CMV immune globulin. 

received globulin with no antibody activity against CMV, and a third, 
concurrent but nonrandomized group received neither globulin. Evalu
ation of this study is also hindered by the inclusion of both seropositive 
and seronegative patients in the study groups and by the fact that at least 
two patients who received high-titer globulin shed CMV before the be
ginning of prophylaxis. Six of eighteen recipients of "CMV-antibody-de
ficient" plasma had evidence of CMV infection during the period of pro
phylaxis compared with none of 17 high-titer globulin recipients; this 
difference is significant at p = 0.02 (Table VII). One of three recipients 
of CMV-antibody-deficient globulin who developed pneumonia had CMV 
pneumonia. In the concurrent comparison group who received no glob
ulin, both CMV infection and CMV pneumonia occurred at the expected 
high rates. These data also suggest that antibody can modify the mani
festations of CMV infection even when given after the period of presumed 
exposure to infected blood products. 

Finally, an immune globulin produced from a plasma pool with an 
even higher titer of antibody to CMV (globulin titer = 1: 16,000 by ELISA) 
was given intramuscularly to marrow allograft recipients beginning be
fore transplant and continuing through day 77 after transplant (Meyers 
et al., 1983b). Only seronegative patients were included in this study, 
with stratification both for use of prophylactic granulocyte transfusions 
and for marrow donor serology. Among patients who received no gran
ulocyte transfusions, globulin recipients developed significantly fewer 
CMV infections than control patients (Table VIII). No effect was seen 
among patients who received granulocytes from seropositive donors; the 
number of patients receiving granulocytes from seronegative donors was 
insufficient for firm conclusions. Interestingly, among those who re
ceived no granulocytes, a protective effect was seen only among those 
with seronegative marrow donors (Table IX), possibly suggesting a dose
response effect. Among the eight control patients who received no gran
ulocytes and who developed CMV infection, one each had CMV pneu-
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TABLE VIII. Incidence of CMV Infection among Seronegative Globulin 
Recipients and Control Patients by Use of Prophylactic Granulocyte 

Transfusionsa 

Granulocyte use 

Seropositive granulocytesb 

Seronegative granulocytesb 

No granulocytes 

, From Meyers et al. 11983bl. 

Globulin recipients 

7/8 e 

1/5 
2117112%)d 

Control patients 

617 
0/6 
8119142%)d 

b Seropositive and seronegative granulocytes refer to the serologic status of the granulocyte donor. 
C Number infected/total number in group. 
d Difference significant at p = 0.05 by one-sided Fisher's exact test and p = 0.03 by Mantel-Cox test. 

monia, CMV esophagitis, and CMV viremia compared to no such oc
currences among the two infected globulin recipients. 

Although study design and therefore comparability of results are dif
ferent in these three studies, the combined experience suggests that CMV 
infection can indeed be prevented or modified in seronegative patients 
who are given antibody either before exposure to CMV or before the onset 
of clinically manifest illness. The mechanism of this protection is un
known but presumably involves an ability of antibody (with or without 
immunocompetent cells) to interfere with the infectiousness or virulence 
of CMV. These studies are continuing with both licensed "nonimmune" 
globulins (Winston et al., 1982a) and high-titer immune globulins given 
intravenously (Snydman et al., 1982). Additional, careful study will be 
required to determine the effect of immune globulin prophylaxis in ser
opositive patients and in patients receiving renal, cardiac, or liver trans
plants as well as to determine the effect of combining passive immuni
zation with the use of screened blood products. 

D. CMV Vaccine 

An alternate approach is the use of CMV vaccine in seronegative 
allograft recipients. While the use of passive immunization may tem
porarily restore the humoral arm of the immune system, active immu
nization with a live vaccine may provide both humoral and cellular mech-

TABLE IX. CMV Infection Rates in Nongranulocyte Recipients by Serology of 
Marrow Donor 

Seropositive marrow donor 
Seronegative marrow donor 

a p = 0.02 by one-sided Fisher's exact test. 

Globulin recipients 

2/6 
0111 a 

Controls 

317 
5112 (42%)a 
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anisms of protection. The usefulness of vaccine will depend not only on 
its ability to stimulate an immune response but also on the durability of 
these responses during periods of intensive immunosuppression and on 
the ultimate safety of the vaccine, as latency and reactivation of the 
vaccine virus remains a theoretical possibility. A beneficial effect would 
seem least likely among marrow transplant recipients if vaccine is given 
before transplant because marrow allografting effectively ablates most 
active immune responses and because patients seropositive before trans
plant are not protected against subsequent CMV disease. Use of the vac
cine to restore or initiate an immune response to CMV after marrow 
transplant is intriguing, but use of a live virus vaccine early after trans
plant may be hazardous. Immunization of the marrow donor is also in
triguing because the responding immune system after transplant is de
rived from the marrow donori however, there is no present evidence that 
the donor's antiviral immune responses are transferred to the recipient. 

Among recipients of cardiac, liver, or renal allografts, in whom the 
intensity of immunosuppression is generally less, an immune response 
to CMV sufficient to protect against serious manifestations of CMV in
fection may persist throughout the peri transplant period. The target 
group for initial vaccine trials has been seronegative renal transplant pa
tients in whom the risk of CMV-associated kidney graft rejection follow
ing primary infection is highest. The Towne 125 strain of live CMV vac
cine has been shown to be safe and immunogenic in these patients. Both 
humoral and cellular (lymphocyte proliferation) responses have been pro
duced with preservation of antibody responses for up to 46 weeks after 
transplant (Glazer et al., 1979). Some of these patients have shed CMV 
after transplant, which has been shown to be due to infection with wild
type strains rather than vaccine virus. Thus, immunity against infection 
following exogenous exposure is incomplete. However, the more impor
tant issue is whether the serious manifestations of CMV disease can be 
prevented by immunization of seronegative patients, and this will only 
be apparent through randomized treatment trials already under way. As 
in marrow transplant patients, a future consideration might be the res
toration or boosting of both cellular and humoral responses through the 
use of a vaccine given after transplant. In this case a killed or subunit 
vaccine may also be useful and may circumvent any potential problems 
with vaccine-associated illness. 

V. PREVENTION OF VIRUS REACTIVATION 

The problem of preventing active virus infection among seropositive 
patients may be more difficult than preventing primary infection among 
seronegative patients. Seropositive patients presumably harbor and be
come infected with their own latent CMV, although molecular evidence 
proving that reinfection with exogenous strains does not also occur is 
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lacking at this time. The incidence of CMV infaction among seropositive 
patients (nonprimary infection) is generally higher than among serone
gative patients. The period of time over which prophylaxis must be ef
fective may be longer in seropositive patients than among seronegative 
patients in whom exposure to exogenous strains may be relatively limited 
in time (e.g., during the limited period of blood transfusions). The mech
anisms important in preventing virus reactivation may also be different. 
For example, it is already clear that antibody (or a cellular mechanism 
using antibody) is not effective in preventing virus reactivation, nor does 
the presence or production of antibody prevent the development of severe 
CMV disease in some patients. Prevention of virus reactivation may 
therefore be more difficult than preventing primary infection. Con
versely, modalities effective in preventing either virus reactivation or its 
serious manifestations should also be effective in the prevention of pri
mary infection. The use of an effective antiviral agent to prevent virus 
replication and disease after initial reactivation may be the most straight
forward approach. Ultimately, a combination of modalities, such as use 
of screened blood products to prevent exogenous exposure, an effective 
antiviral agent, and passive or active immunization with globulin or vac
cine, may be most effective for both seronegative and seropositive pa
tients. 

A. Interferon 

IFN was first recognized by its ability to prevent virus replication, 
even though its immunologic and antitumor activities are presently of 
equal or greater interest. There are few demonstrations of efficacy as an 
antiviral agent in humans. Among these is the ability of human leukocyte 
(a) IFN to delay or prevent the manifestations of CMV infection among 
renal allograft recipients. Cheeseman et al., (1979b) first reported that 
partially purified Cantell IFN-a, given at the time of transplant and twice 
weekly for 6 weeks after transplant, could delay the onset of CMV ex
cretion and decrease CMV viremia (Table X) among patients receiving 
cadaveric or living related transplants. An effect on viremia was not seen 
among patients receiving anti thymocyte globulin, nor did IFN-a reduce 
the expression of CMV disease among patients whether or not they re
ceived anti thymocyte globulin. Subsequent publications have reported 
an effect on EBV though not on papovavirus infection (Cheeseman et al., 
1980a,b). Although some patients had reversible thrombocytopenia and 
leukopenia, these possible toxicities did not interfere with IFN use in 
most cases. 

In an extension of this initial study, Hirsch et al. (1983) gave Cantell 
IFN to seropositive recipients of cadaveric or living related transplants 
for a total of 14 weeks. IFN was given three times a week for the first 6 
weeks and then twice weekly for the remaining 8 weeks, with 20 IFN 
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TABLE X. Incidence of Viremia in CMV-Infected Patients after Renal 
Transplanta 

Treatment 

Interferon 
Placebo 
Combinedb 

Antithymocyte 
globulin 

5/7 
6/6 

11113e 

a From Cheeseman et al. 11979b). 

No antithymocyte 
globulin 

0/4C 

3/4c 

3/8e 

Combinedb 

5111 d 

9/lOd 

14/21 

b 95% confidence intervals for combined groups were: interferon, 0.20-0.75; placebo, 0.65-0.99; anti· 
thymocyte globulin, 0.57-0.97; and no antithymocyte globulin, 0.11-0.7l. 

C P = 0.07, interferon versus placebo by Fisher's exact test. 
d p = 0.04, interferon versus placebo. 
e p = 0.04, anti thymocyte globulin versus no anti thymocyte globulin. 

recipients compared to 22 placebo recipients in a randomized, blind trial. 
In contrast to the previous study, timing of CMV infection was not af
fected by IFN use except among patients receiving anti thymocyte glob
ulin. However, clinical syndromes attributed to CMV were significantly 
reduced by IFN use, occurring among 7 of 22 placebo recipients but only 
1 of 20 IFN recipients (p = 0.03) (Table XI). Most syndromes occurred 
in recipients of cadaveric kidneys who were also receiving antithymocyte 
globulin. Once again, IFN was well tolerated and apparent marrow 
suppression was equivalent in the two groups. Similar trials in serone
gative patients are still under way. 

In contrast to these findings in renal transplant patients, Meyers et 
al. (1982b) reported preliminary results of a prophylactic IFN trial among 
marrow allograft recipients. Although a slight delay in the onset of CMV 
excretion or seroconversion was found, there was no apparent effect on 
the overall incidence of CMV infection or on CMV pneumonia. An im
portant difference between the trials in renal and in marrow allograft 

TABLE XI. Incidence of CMV Syndromes after Renal Transplant According to 
Randomization Subgroupa 

No. with syndrome/No. in subgroup 

Subgroup Interferon Placebo Totalb 

Antithymocyte globulin 0/9 p = 0.02c 5110 5119 
No anti thymocyte globulin 1/11 2112 3/23 

Totalb 1/20 p = 0.03c 7/22 8/42 
Cadaver donor 0112 p = O.Olc 7115 7/27 
Living related donor 1/8 017 1/15 

Totalb 1/20 p = 0.03c 7/22 8/42 

a From Hirsch et al. 11983). 
b 95% confidence intervals: interferon, 0.20-0.25; placebo, 0.17-0.54; anti thymocyte globulin, 0.13-

0.50; no antithymocyte globulin, 0.05-0.34; cadaver donor, 0.14-0.45; living related donor, 0.02-0.32. 
C By Fisher's exact test. . 
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recipients is that IFN was started at the time of renal transplantation but 
not until approximately 2! weeks after marrow infusion, possibly too late 
to interfere with the initial stages of reactivation or primary infection. 
Alternatively, marrow transplant recipients may be too immunosup
pressed to benefit from IFN use. 

With the wider availability of IFN produced by recombinant DNA 
techniques, these initial trials should be confirmed in renal transplant 
patients and extended to other allograft recipients. Despite the greater 
purity of these cloned IFNs, it appears that hematologic (and possibly 
liver) toxicity will continue to be a limiting factor in the use of IFN. An 
important question will be whether IFN is effective only in preventing 
virus reactivation or whether it can prevent primary infection as well. 
The mechanism of protection-antiviral or immunologic-also remains 
to be established. 

B. Antiviral Agents 

Few studies of the prophylactic use of antiviral agents other than IFN 
have been conducted, in part because of the poor activity of available 
antiviral agents against CMV. Vidarabine, given intermittently at a dose 
of 5 mg/kg per day for periods of up to 10 days after marrow transplant, 
did not substantially change the occurrence of CMV infection (Kraemer 
et ai., 1978). Acyclovir has not been used in a trial specifically designed 
for the prevention of CMV infection. With one exception (Gluckman et 
a1., 1983), acyclovir has not been shown to have an effect on CMV in
fection when used at doses and durations designed for the prevention of 
herpes simplex infection after marrow transplant (Saral et a1., 1981; Hann 
et a1., 1983; Wade et ai., 1982b). Other agents with increased activity 
against CMV in vitro, such as FIAC (fluoro-iodo-arabinosyl-cytosine) or 
2' -nor-2' -deoxyguanosine (Tocci et a1., 1983), an acyclovir derivative, will 
be of future interest. Additionally, the additive or synergistic effects of 
combinations of antiviral agents including IFN against CMV may be of 
relevance for the design of future prophylactic trials (Levin and Leary, 
1981; Spector and Kelley, 1983). Although it would seem logical to use 
antiviral agents for the prevention of virus reactivation, prolonged use 
should also be effective in preventing primary infection. Indeed, prophy
laxis, like treatment, may be more effective when the viral load is still 
small. 

VI. IMMUNOSUPPRESSIVE REGIMEN 

As reviewed above, more severe CMV disease has been associated 
with the intensity of immunosuppression in renal, cardiac, and marrow 
transplant patients. In the case of IFN, it appeared that otherwise suc-
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cessful prophylaxis may be inhibited by the use of antithymocyte globulin 
after renal transplant (Cheeseman et a1., 1979b). The development of im
munosuppressive agents or regimens that prevent graft rejection or graft
versus-host disease, but which are otherwise less broadly immunosup
pressive, may reduce the significance of virus infection. Optimally, such 
immunosuppression would allow specific tolerance of the allograft with
out affecting other immune functions, a goal that may be difficult to 
achieve. 

There are initial data that current regimens that include the agent 
cyclosporin (thus allowing the use of lower doses of other agents such as 
corticosteroids, azathioprine, or anti thymocyte globulin) may indeed be 
associated with a lower incidence of posttransplant infections, at least 
after cardiac transplantation (Preiksaitis et al., 1983). Such changes were 
not found in preliminary studies at another center, however (Ho et al., 
1982), and additional study of the impact of newer immunosuppressive 
regimens on the occurrence of severe CMV disease is needed. 

VII. TREATMENT OF CMV INFECTION 

As suggested above, presently available antiviral agents have little 
activity in vivo against CMV. Although some trials (Balfour et al., 1982) 
suggest clinical improvement among patients treated for CMV infection 
with acyclovir, most trials with IFN (Meyers et al., 1980a), vidarabine 
(Ch'ien et a1., 1974; Marker et a1., 1980), acyclovir (Wade et al., 1982a), 
or combinations of these agents (Meyers et a1., 1982a; Wade et a1., 1983) 
indicate little efficacy against clinically manifest disease. 

VIII. CONCLUSIONS 

Based on the known epidemiology of CMV infection, prevention of 
primary CMV infection after organ allografting is possible at this time. 
Reduction in the most likely sources of exogenous exposure may be ac
complished through selection of seronegative organ donors for serone
gative patients and elimination of blood products potentially capable of 
transmitting CMV. Although donor selection may present practical dif
ficulties or may not be possible at all in some situations such as cardiac 
or liver transplantation, the potential consequences of CMV infection are 
sufficiently severe after kidney transplantation that some investigators 
have suggested that it may be preferable to transplant seronegative pa
tients with kidneys from seronegative cadaveric donors rather than from 
seropositive, living related donors (Betts, 1984). 

Elimination of blood products that can transmit CMV may be ac
complished either through elimination of seropositive donors or through 
the sole use of frozen blood; depletion of leukocytes is technically more 
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difficult and appears to be less effective (Lang et al., 1977). Among patients 
who require large quantities of blood products, such as marrow transplant 
patients, elimination of seropositive donors from the donor pool may have 
great practical consequences for blood banks, which supply a large num
ber of platelet transfusions for these patients. As an alternative, passive 
immunoprophylaxis with high-titer plasma or globulin appears to be ef
fective either in preventing CMV infection altogether or in reducing the 
severity of CMV disease. The use of a globulin rather than pooled plasma 
has recognized advantages. It remains to be determined whether globulins 
produced from unscreened donor pools with relatively lower antibody 
titers to CMV will be as effective as globulins produced from high-titer 
pools. Intravenous rather than intramuscular globulins would also be 
preferable, at least for usage at high doses and during the earlier phases 
of hospitalization, whereas intramuscular globulins may have a role dur
ing later outpatient phases of treatment. 

Active immunization with CMV vaccines may be superior to passive 
immunization in that both humoral and cellular mechanisms would be 
stimulated and immunity would be longer-lasting. Although the CMV 
vaccine presently being tested in the U.S. (Towne 125) appears to be im
munogenic in renal transplant patients, issues of safety and efficacy re
main to be determined in ongoing randomized trials. Vaccines may be 
more effective in patients with lower degrees of immunosuppression post
grafting (e.g., renal transplant patients) compared to profoundly immu
nosuppressed marrow transplant patients. In the specific case of marrow 
transplant patients, immunization of the marrow donor or restoration of 
immunity after transplant with either live or subunit vaccines are intri
guing possibilities that will require careful study. 

Among seropositive patients, the prospects of preventing CMV reac
tivation appear less certain with presently available approaches. Preex
istent antibody clearly does not prevent virus reactivation, and thus pas
sive immunization would seem unlikely to reduce CMV infection in 
seropositive patients. However, there have been suggestions that passive 
immunization may reduce the severity of CMV disease, and additional 
study of passive immunization in seropositive patients is warranted. Sim
ilarly, in the absence of data clearly implicating reinfection as a source 
of clinically important CMV infection in seropositive patients, screening 
of blood products may not affect the significance of CMV disease. These 
issues will require additional study. 

Restoration or boosting of immunity among seropositive patients 
with either live or subunit vaccines after transplantation is not presently 
being studied. The possibility that such maneuvers would reduce the 
severity of CMV disease without affecting the incidence of CMV infec
tion is worthy of consideration. Concern that the immune response may 
playa role in the pathogenesis of CMV disease cannot be ignored, how
ever. Furthermore, the safety of live vaccines given to immunosuppressed 
patients is also of concern, and thus subunit or killed vaccines may be 
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more appropriate in this context. Restoration of immunity through other 
manipulations such as specific transfer factors may also be possible. 

IFN, as an immunologically active agent as well as an antiviral agent, 
appears to be effective in modifying CMV infection in seropositive pa
tients after renal transplant. Its efficacy in seronegative patients remains 
to be demonstrated, as does the efficacy of both natural and cloned IFNs 
in recipients of other organs. 

Control of CMV infection among seropositive patients therefore may 
await the development of new antiviral agents effective against human 
CMV strains. Although control of primary CMV infection appears to be 
achievable at this time, control of non primary infection will require 
greater understanding of the immunology and pathogenesis of CMV dis
ease in seropositive patients as well as the development of new ap
proaches to treatment and prophylaxis. 
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CHAPTER 11 

Epstein-Barr Virus and the 
x- Linl<ed Lymphoproliferative 
Syndrome 

JOHN 1. SULLIVAN 

I. INTRODUCTION 

The importance of understanding the mechanisms responsible for control 
of Epstein-Barr virus (EBV) infection in man was highlighted with the 
description in 1974 and 1975 of three families in which an X-linked im
munodeficiency to EBV resulted in fatal infectious mononucleosis (1M) 
in young male children (Bar et al., 1974; Provisor et al., 1975; Purtilo et 
al., 1975). These descriptions occurred 10 years after the discovery of EBV 
by Epstein (1964) and represent the initial description of a new X-linked 
primary immunodeficiency syndrome. (The other X-linked immunode
ficiency disorders include: Bruton's X-linked agammaglobulinemia, X
linked severe-combined immunodeficiency, Wiskott-Aldrich syndrome, 
chronic granulomatous disease, and immunodeficiency with increased 
IgM.) Since these original descriptions, several new kindreds have been 
described throughout the world and intensive immunological and virol
ogical studies of these families have added to our understanding of the 
complex immune responses provoked by EBV. Furthermore, it is now 
well documented that EBV infections in the appropriate immunocom
promised host can induce a lymphoproliferative disorder that is indistin
guishable clinically and pathologically from fulminant malignancy. 

JOHN L. SULLIVAN • Department of Pediatrics, University of Massachusetts Medical 
School, Worcester, Massachusetts 01605. 
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II. IMMUNOPA THOGENESIS OF EBV INFECTION IN THE 
NORMAL HOST 

The immunological events occurring during acute EBV infection (1M) 
have been thoroughly covered in an earlier work in this series (Henle and 
Henle, 1982). To summarize: 

EBV infection of the host oropharyngeal tissue appears to involve the 
initial infection of a nasopharyngeal epithelial cell (Sixbey et a1., 1983a). 
Through the epithelial cell intermediate, the virus gains access to lym
phocyte-rich tonsillopharyngeal tissue. Infection and virus replication in 
B lymphocytes is initiated and EBV-infected lymphocytes are dissemi
nated throughout the lymphoid system with large numbers of EBV-in
fected B lymphocytes appearing in the peripheral blood. Nearly 20% of 
all B cells in the peripheral blood may be infected with the virus (Robinson 
et a1., 1980). The majority of these B cells are nonpermissively infected 
and mature virus is not produced. The onset of clinical symptoms (fever, 
sore throat, lymphadenopathy, splenomegaly, and malaise) is associated 
with the presence of large numbers of atypical lymphocytes in the pe
ripheral blood. The majority of atypical lymphocytes are T lymphocytes 
(Jondal and Klein, 1973). The atypical T lymphocytes belong to the T 
cytotoxic/suppressor cell population and express HLA-DR antigens (Rein
herz et a1., 1980; De Waele et a1., 1981). During this phase of the immune 
response, there is a marked depression in cell-mediated immunity that 
can be clinically demonstrated by anergy to delayed cutaneous hyper
sensitivity skin tests (Mangi et ai., 1974). In vitro lymphocyte responses 
to plant mitogens, alloantigens, and soluble antigens are markedly de
pressed. These observations are thought to reflect already committed im
munologically active T lymphocytes in the circulation. Functional stud
ies of atypical lymphocytes during acute stages of 1M have demonstrated 
that cytotoxic/suppressor T lymphocytes can kill EBV-infected B lym
phocytes (Svedmyr and Jondal, 1975; Royston et a1., 1975; Hutt et a1., 
1975) and suppress the immunoglobulin secretion of polyclonally acti
vated B lymphocytes (Tosato et a1., 1979). The fact that T lymphocytes 
exhibiting cytotoxicity against EBV-infected cell lines are not restricted 
by class I histocompatibility antigens would suggest that they are not 
classical cytotoxic T cells but a type of NK cell. NK cells can lyse EBV
superinfected B-Iymphoblastoid cell lines; however, EBV-infected B cells 
appearing in the peripheral blood and growing out in tissue culture appear 
to be resistant to NK cell activity (Blazar et a1., 1980). NK cells are present 
during acute 1M (Svedmyr and Jondal, 1975; Sullivan et a1., 1980) and 
interferons (IFN), which are potent inducers of NK cell activity, have been 
shown to inhibit the outgrowth of EBV-infected lymphocytes in vitro 
(Thorley-Lawson, 1981). IFN is not usually detectable in the serum during 
acute EBV infection, although analyses of mononuclear cell lysates ob
tained during acute 1M have demonstrated marked elevation of 2',5'-
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TABLE I. Phenotypes Expressed in X-Linked Lymphoproliferative Syndromea 

Phenotype 

Infectious mononucleosis 
With bone marrow aplasia 
With lymphoma 
With hypogammaglobulinemia 

Lymphoma alone 
Hypogammaglobulinemia alone 

a Adapted from Purtilo et ai. (1982). 

Cases (%) 

75 
25 
15 
10 
15 
10 

Mortality (%) 

90 
100 

65 

oligoadenylate synthetase activity (Brewster and Sullivan, 1983). It is ob
vious from the events described that the cellular immune response to 
EBV is extremely complex and involves several different immunoregu
latory events, each of which represents an important step in host recov
ery. It is hypothesized that these intense immunological reactions, which 
are occurring throughout the lymphoid system, are responsible for the 
clinical symptoms of acute 1M. 

III. X-LINKED LYMPHOPROLIFERATIVE SYNDROME 

A. General Characteristics 

Since the first description of families with the X-linked lymphopro
liferative syndrome (XLP) in 1974 and 1975, over 25 kindreds have been 
reported, with more than 100 affected males. The most recent report of 
the XLP registry established by Purtilo and colleagues (Purtilo et al., 1982) 
gives details on approximately 100 cases of XLP. Table I summarizes the 
phenotypes and approximate mortalities seen in families with XLP. The 
most common presentation of XLP is severe fatal 1M occurring in 75% 
of patients. The mean age of presentation is 6! years, which in itself 
suggests an aberrant response to EBV because the 1M syndrome as a man
ifestation of primary EBV infection in childhood is unusual. The majority 
of patients with XLP who present with 1M die as a result of hepatic failure 
and its consequences, which include bleeding and infection. Massive he
patic necrosis is frequently observed at autopsy. Many patients experi
encing fatal 1M will also demonstrate an additional phenotypic manifes
tation such as bone marrow aplasia (25 % ), lymphoma (15 % ), or 
hypogammaglobulinemia (10%). Retrospective studies have suggested 
that 15% of XLP patients may develop lymphoma alone or become hy
pogammaglobulinemic following EBV infection. Prospective studies are 
needed to assess the role of EBV in these cases and to rule out other causes. 
The complexities involved in the pathogenesis of XLP where a herpes
virus infection, immunodeficiency, and lymphoproliferative disorder are 
all intertwined may be further clarified through prospective studies. 
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V IV III II II III IV V 

65 

13 

8 

10 12 
11 

12 55 

11 

42 

21 49 
10 41 

48 40 

39 

38 

• male with XLP 
C> female carrier 30 
@possible carrier o two persons, sex unspecified 

jlfdeceased 
!spontaneous abortion 

FIGURE 1. Pedigree of a family with the X-linked lymphoproliferative syndrome. The fam
ily history is detailed by Purtilo et al. (19771. 

B. Immunologic and Virologic Studies in Males before and 
during Fatal EBV Infection 

We have studied six members of a large family where 20 males have 
been affected with XLP (Purtilo et al., 1977). An updated pedigree is shown 
in Fig. 1. Two members of this family were studied before their encounter 
with EBV and during the acute phase of fatal EBV-induced 1M. Although 
both of these cases have been reported in detail (Sullivan et al., 1982, 
1983), Case 2 (V-19 in Fig. 1) will be presented here to illustrate the 
clinical picture. 
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anli-EBVI!Hglobulin 0 ATG I 
Therapy 

melhylpredn.solone II---------------~ 
ACV ~. _ _____________ ~ 

Temp. :k~i .. ,, : p,: ... ~ {.< 

WBC 11.6 12 .5 13.5 15.9 12.6 8 .6 

Atypical Lymphs 45% 45% 45% 60% 68% 59% 

SGOT 330 146 141 303 2090 5280 

Rash +++ + 

I I I I I I I I I I 
2 4 6 8 10 12 14 

Days Post - hospi talization 

FIGURE 2. Clinical course of Case 2. ATG, anti thymocyte "I-globulin; ACV, acyclovir. 

Case 2 (V-19) 

The clinical course is summarized in Fig. 2. A 1O-year-old white male 
was admitted to the hospital with a diagnosis of 1M. The patient was 
admitted with a 7-day history of fever, cough, headache, and abdominal 
pain. Lymphadenopathy, atypical lymphocytosis, elevated liver enzymes 
suggested acute 1M, which was confirmed with a positive heterophil an
tibody test. EBV infection was proved unequivocally by EBV-specific ser
ology demonstrating IgM antibody against EBV capsid antigen (VCA). 
Immunological studies demonstrated vigorous K cell activity against a 
panel of EBV-infected and noninfected target cells. It was decided to com
bine immunosuppressive therapy (methylprednisolone) and antiviral 
therapy (acyclovir). Acyclovir therapy was given at a dose of 500 mg/m2 

every 8 hr combined with methylprednisolone 5 mg/kg per day in three 
divided doses. During the first several days of therapy, the patient's rash 
faded, temperature dropped toward normal, and the SGOT (141) began to 
fall. A leukocytosis with marked atypical lymphocytes (45%) persisted. 
The patient received 1 unit of plasma obtained from early antigen (EA), 
and EBNA. On day 7 of hospitalization, he was still irritable and the 
SGOT (303) began to rise. Methylprednisolone was increased to 10 mg/kg 
per day in four divided doses. On day 8, the patient remained irritable 
and the SGOT increased further. Antithymocyte globulin (ATG) 
(ATGAM, Upjohn Pharmaceutical Co., Kalamazoo, Mich.) was admin
istered because immunological studies performed on days 5 and 7 showed 
moderate levels of cytotoxic T lymphocytes to be present in the circu
lation. ATG was begun at 15 mg/kg per day in a single daily intravenous 
dose. Over the next week, his condition deteriorated, fever developed, 
and liver function tests demonstrated severe hepatitis. On day 13, pneu-
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TABLE II. Immunological Assessment before and during Acute EBV Infection 
in a Male with XLpa 

Before During 
infection infection 

Case 2 Case 2 
Age 8 years Age 11 years Normal values 

Lymphocyte surface markersb 

T lymphocytes 63% 64% 65.0 ± 2.9% 
B lymphocytes 8% 16% 10.5 ± 0.7% 

Quantitative immunoglobulins 
Img/lOO mIl 

IgG 1,430 1,825 423-1657 
IgA 348 693 27-472 
IgM 270 706 28-113 

Lymphocyte proliferation 
studiesC 

PHA 110,352 42,929 71,450-82,414 
Con A 206,950 1,242 81,847-106,414 
PWM 64,135 1,706 27,164-38,194 
MLR 169,384 ll,148 153,460-181,134 
Streptolysin 0 70,757 3,525 41,495-75,858 
Anti-immunoglobulin 4,758 15,073 5,248-ll,803 

Cytotoxicity studiesd 

Target K562 62% 85% >50% 
8392 0% 35% <10% 

a Adapted from Sullivan et al. 11983). 
b T lymphocytes determined by E-rosettes or fluorescence with monoclonal pan-T-cell antibody, TIOI; 

B lymphocytes determined by immunofluorescence with antiheterologous antisera. Normal values 
represent mean ± S.E. for 17 normal young adults. 

C Results expressed as mean net counts per minute of triplicate cultures that showed maximal stimu
lation to graded doses of mitogens and antigens. MLR, using a B-lymphoblastoid cell line as a stimulator. 
Normal values represent 95% confidence interval from 17 normal young adults. 

d Cytotoxicity studies were performed at an effector: target cell ratio of 50: 1 in a 4-hr slCr-release assay. 
Results are expressed as a cytotoxic index. K562 is a myeloid target sensitive to NK cell activity and 
8392 is an EBV-infected B-lymphoblastoid cell sensitive to EBV-specific T-cell-mediated cytotoxicity. 

mococcal bacteremia was diagnosed and treated with antibiotics. His 
clinical condition continued to deteriorate over the next 2 days; he be
came jaundiced, and expired on day 15 with fulminant liver failure. 

An autopsy showed widespread evidence of lymphoproliferation. The 
liver was enlarged and massively infiltrated with immunoblasts consis
tent with the diagnosis of immunoblastic sarcoma. Liver necrosis was 
also present. 

a. Immunological Studies 

Table II summarizes cellular and humoral immune studies in Case 
2 before and during acute EBV infection. Normal numbers of T and B 
lymphocytes were present before EBV infection, and functional studies 
demonstrated normal lymphocyte proliferative responses to phytohem-



EBV AND THE XLP SYNDROME 235 

agglutinin, concanavalin A, and pokeweed mitogen. Responses to soluble 
antigen and alloantigens were also normal. Humoral immune function 
was normal as demonstrated by normal quantitative immunoglobulins, 
B-lymphocyte numbers, and proliferative responses to anti-immunoglob
ulin. Further evidence of intact cellular and humoral immune responses 
included the clinical history of uncomplicated varicella infection at age 
6! years. Case 1, not reported here, also demonstrated intact cellular hu
moral immune competence prior to EBV infection (Sullivan et al., 1982). 

NK cell activity was also studied prior to EBV infection at age 8 years 
and at an effector to target cell ratio of 50: 1, the patient's mononuclear 
cells demonstrated 62% specific immune release against the K562 target 
cell. 

During acute EBV infection, the patient demonstrated suppressed 
responses to mitogens and antigens. These responses were typical of those 
observed in normal individuals with acute 1M (Mangi et al., 1974). Table 
III summarizes cytotoxic studies performed during acute EBV infection. 
Vigorous cytotoxic responses against a panel of cell lines susceptible to 
lysis by NK cells and EBV-induced cytotoxic T cells were observed. Cell 
lines K562 and Daudi are susceptible NK targets. Cell line 839 is an EBV
infected B-cellline that is lysed by cytotoxic T cells present in the acute 
phase of EBV-induced 1M. These killer T cells are not restricted to EBV
infected target cells sharing class I HLA antigens. The T-cell line 8402, 
which is HLA identical to 8392, was not lysed to the same degree as the 
EBV-infected B-cell line 8392. These data parallel those observed in in
dividuals with acute 1M (Royston et al., 1975). These cytotoxic T cells 
probably represent anomalous killer (AK) cells, which kill several types 
of target cells including fresh tumor cells and can be generated in vitro 
by alloactivation (Seeley and Golub, 1978), coculture with tumor cells 
(Vankey et al., 1982), or inoculation with interleukin-2 (Grimm et al., 
1982). Table IV shows the results of cell surface marker studies and cy
totoxicity experiments during the course of Case 2 illness. Initial studies 
before immunosuppressive therapy showed marked increase in the OKT8 
cytotoxic/suppressor cells, most of which expressed HLA-DR antigens as 
determined by staining with the p23, 30 antisera. These cells were capable 
of killing an autologous EBV-infected B-cell line as well as a primary 
hepatocyte culture obtained from autopsy tissue. During therapy with 
methylprednisolone, little change was observed in NK or AK activity as 
well as lymphocyte surface markers. Following treatment with ATG, 
there was a marked decrease in cytotoxic T-cell numbers and NK cell 
activity fell from 85% to 10% specific immune release at an effector to 
target ratio of 50: 1. Concomitantly, there was a marked increase in K 

and A light-chain-bearing B lymphocytes. 

b. Virological Studies 

Table V summarizes the virological studies in Case 2. Acute serum 
demonstrated the presence of VCA-IgM antibodies as well as antibodies 
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TABLE V. Virological Studies in a Male with XLP and Fatal EBV Infection 

EBV antibody titers 

Time of study VCA (IgM) 

Case 2 
Preinfection <1: 10 
Day 1 hospital 1 : 160 (1 : 160) 
Day 4 (after 'Y- ND 

globulin) 
Day 15 ND 

a EBV = positive cell line established. 
b ND, not done. 

EA 

<1: 10 
1: 160 
ND 

ND 

Spontaneous 
EBNA EBV + LCLa EBNA + cells 

<1: 10 NDb ND 
<1:5 + + (blood) 

ND + ND 

ND + + (blood, 
spleen, liver, 
lymph node) 

against early antigens. EBNA-positive cells were demonstrable in the pe
ripheral blood at hospitalization and an EBNA-positive lymphoblastoid 
cell line was established from the peripheral blood on the day of hospi
talization. A peripheral blood smear stained for EBNA obtained on the 
last day of life is shown in Fig. 3. In this smear 40-50% of the mono-

FIGURE 3. Case 2, peripheral blood mononuclear cells stained for EBV nuclear antigen. 
x 400. From Sullivan et 01. (1983). 
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nuclear cells were EBNA positive. In addition, touch preparations of liver, 
spleen, thymus, and lymph nodes obtained at autopsy all revealed large 
numbers of EBNA-positive cells. Peripheral blood lymphocytes obtained 
on the last day of life when 30-50% of the cells were EBV infected were 
examined for the presence of VCA or EA and found to be negative, in
dicating a nonpermissive EBV infection. Hepatocyte cultures were ob
tained from liver tissue stained for EBNA and found to be negative. Lym
phoblastoid cell lines were placed in culture and supernatants were 
checked for transforming virus and found to be negative. EBV-infected 
lymphoblastoid cell lines from XLP patients have been used as target cells 
with cytotoxic effector cells derived from normal individuals in the acute 
phase of 1M. In each experiment, spontaneous lymphoblastoid cell lines 
from XLP patients were lysed to a similar degree as the standard target 
cells. This finding mitigates against defective expression of LYDMA 
(Rickinson et al., 1980) being the defect in XLP. Finally, we have induced 
both IFN-a and IFN--y production from lymphocytes of acutely infected 
XLP patients, and the assay of 2',5'-oligoadenylate synthetase activity in 
fresh peripheral blood mononuclear cells was similar to that observed in 
patients with acute 1M (Brewster and Sullivan, 1983). 

C. Immunological Studies in Surviving Males 

We have performed comprehensive immunological studies on 14 af
fected males with XLP who survived their initial encounter with EBV 
and/or demonstrate another phenotypic expression of XLP (hypogam
maglobulinemia or malignancy) without evidence of EBV infection. The 
affected males were members of seven well-characterized kindreds (Ham
ilton et al., 1980). Cellular and humoral studies are summarized in Figs. 
4-8. Lymphocyte surface marker analysis revealed normal percentages 
of T and B lymphocytes. Enumeration of lymphocyte subsets by Seeley 
et al. (1981) demonstrated increased numbers of the OKT8 (cyto
toxic/suppressor) T-cell subset, and OKT4/T8 ratios were less than 1.0 
in 4 of 10 XLP patients studied. We have found similar results (Sullivan 
et al., 1983). Assessments of quantitative immunoglobulins and poly
clonal B-cell activation demonstrated abnormalities of one or more iso
types and many patients with XLP meet the criteria for common variable 
immunodeficiency with normal numbers of B lymphocytes and decreased 
IgG levels (Lindsten et al., 1982; Sullivan et al., 1983). Lymphocyte pro
liferative responses to graded amounts of mitogens and antigens were 
significantly deficient in males affected with XLP (Fig. 5). In addition to 
these T-cell defects, Harada et al. (1982) have shown 5 out of 8 surviving 
XLP males to have deficient EBV-specific T-memory cells (three XLP 
patients had normal numbers of EBV-specific T-memory cells). NK cell 
activity was decreased in 10 of 12 patients studied. These results are 
shown in Fig. 6 (Sullivan et al., 1980). IFN treatment of the effector cells 
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FIGURE 4. Surface marker analysis in XLP patients. (E) T·lymphocytes bearing sheep eryth
rocyte receptor, (EACI complement-bearing lymphocytes; (SIgM) IgM membrane-bearing B 
lymphocytes, (SIgD) IgD membrane-bearing B lymphocytes. (_) Normal subjects (N = In 
(III) XLP carriers (N = 9); (0) XLP patients (N = 14). Bars indicate S.E. 

resulted in a small increase in cytotoxicity but normal activity was never 
achieved. Deficient NK cell activity against both K562 and herpes simplex 
virus (HSV)-infected target cells has been demonstrated. Lymphocyte pop
ulations identified with the monoclonal antibodies HNKI and OKM1, 
both of which react with human NK cell populations, were normal in 
three XLP individuals with deficient NK activity (Sullivan et al., 1983). 

Evaluation of a primary humoral immune response was performed 
on five affected males from three kindreds immunized with bacteriophage 
q,X174 (Sullivan et al., 1983 j Ochs et al., 1983). These results are shown 
in Fig. 7. Four of five XLP patients responded with deficient primary 
immune responseSj however, all five showed normal anamnestic re
sponses after secondary immunization. Qualitative assessment of the sec
ondary immune response is shown in Fig. 8. All five XLP patients were 
found to be severely deficient in IgG production to bacteriophage q,X174. 
These results are consistent with a defect in the T-inducer lymphocyte 
subset. In summary, extensive immunological evaluation of surviving 
males with XLP have demonstrated global immune defects encompassing 
T-cell, NK, and B-cell responses. 

D. Immunological and Virological Studies in Carrier Females 

Virological studies carried out on surviving males with XLP have 
been reported by Sakamoto et al. (1980). The majority of males with XLP 
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FIGURE 5. Mitogen, antigen, and mixed leukocyte reaction responses in XLP patients PHA, 
phytohemagglutinin; CON A, concanavalin A; PWM, pokeweed mitogen; S/O, streptolysin 
0; MLR, mixed leukocyte reaction. Responses indicate maximal net responses to varied 
doses of mitogens and antigens. (_) Normal subjects (N = 17); (Il§l) XLP carriers (N = 9); 
(0) XLP patients (N = 14). 

will mount some antibody responses against EBV-specific antigens. It is 
likely that if prospective studies were possible, most if not all individuals 
with XLP who experience EBV infection would demonstrate detectable 
EBV-specific antibodies (Sullivan et al., 1983). Following primary EBV 
infection, if the patient with XLP survives, it is possible that EBV-specific 
antibodies may disappear and anti-EBNA responses, which are frequently 
absent, may reflect defective T-cell immunoregulation. 

Results of cellular immune studies carried out in nine carrier females 
are also shown in Figs. 4-6. T- and B-Iymphocyte numbers and lympho
cyte proliferative responses to mitogens and antigens were not found to 
be significantly different than normal controls (Figs. 4 and 5). NK cell 
activity was also not found to be significantly different than normal con
trols (Fig. 6). In addition, Seeley et al. (1981) have shown that obligate 
carrier females have normal numbers of cytotoxic/suppressor cells and 
helperlinducer T-cell subsets. In summary, immunological surveys of 
known carrier females with XLP have not revealed a constant significant 
immunological abnormality. 

The studies of EBV-specific antibodies in carrier females with XLP 
carried out by Sakamoto et al. (1982) are of importance. Half (6 of 12) of 
the carrier females studied demonstrated persistent titers to EA and two 
had persistent IgM antibodies to yeA. These results are suggestive of an 
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FIGURE 6. Activity of NK cells against K562 target cells in XLP-affected males, carrier 
females, individuals with acute EBV-induced infectious mononucleosis, and normal con
trols. Peripheral blood leukocytes (5 x 105) were cultured in round-bottom microtissue 
dishes for 4 hr at 37°C with K562 target cells (1 x 104 ) prelabeled with SICr in a standardized 
chromium-release assay at lymphocyte: target cell ratios of 10: 1, 25: 1, and 50: 1. The re
action was terminated by centrifugation for 10 min at 250g, and 100 .... 1 of supernatant was 
removed from all wells for 'Y counting. The percentage of cytotoxicity was calculated as [IE 
- SR)/maxl x 100, where E is counts per minute per well, SR is spontaneous release from 
targets incubated in medium alone, and max is maximal incorporation of SICr by target 
cells. Cytotoxicity indices expressed are those obtained at a lymphocyte: target cell ratio 
of 50: 1. Each experiment was performed three times; each data point represents the mean 
index. Seven XLP-affected males were studied on more than one occasion; the average re
sponse is given for each of these individuals. Means ± S.E. are shown for each group. From 
C)ullivan et al. (1980). 

increased frequency of reactivation of EBV infection. All carrier females 
were asymptomatic, suggesting that if immunoregulatory disturbances 
are present, they are subtle and not significant enough to cause symp
tomatic EBV reactivation syndromes (see Tobi et a1., 1982). 

IV. PATHOGENESIS OF THE X-LINKED 
L YMPHOPROLIFERA TIVE SYNDROME 

Initial thoughts concerning the pathogenesis of XLP focused on a 
generalized X-linked immune defect resulting in the predisposition to B
cell lymphoproliferative disorders triggered by EBV infections or B-cell 
aplasia when T-cell immunoregulation was disturbed by measles virus 
or other infectious agents (Purtilo, 1976). However, the rather benign 
clinical histories of several affected males with XLP prior to experience 
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with EBV led one editorialist to refer to XLP as a "limited immunode
ficiency" (Editorial, 1978). Much has been learned in the past few years 
concerning the immunology and virology of XLP and we can now criti
cally reflect on these ideas. 

Initial immunological studies of XLP focused almost entirely on af
fected males who survive their initial encounter with EBV. These studies 
have demonstrated abnormal humoral and cellular responses to EBV (Sak-
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vertical bar, and the range by the hatched area. 
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amoto et al., 1980; Harada et al., 1982); severe deficiencies of NK cells 
(Sullivan et al., 1980); and abnormalities in T-cell subsets and function 
(Seeley et al., 1981; Lindsten et al., 1982). Prospective studies of males 
at risk for the development of XLP have provided new insights into the 
specific immune defects present in this syndrome (Sullivan et al., 1982, 
1983). Patients studied in early and late childhood prior to infection with 
EBV have clearly demonstrated intact cellular and humoral immune sys
tems. Normal in vivo responses to poliovirus, measles virus, rubella virus, 
mumps virus, and varicella virus, as well as bacterial polysaccharide an
tigens have been documented. In vitro T-Iymphocyte responses to non
specific mitogens and antigens were normal as were B-Iymphocyte mark
ers and quantitative immunoglobulins. Following exposure to EBV, 
infection and dissemination of EBV-infected B lymphocytes occurred, 
which initiated a normal humoral response (lgM and IgG antibody against 
EBV VCA) as well as the appearance of large numbers of atypical activated 
T lymphocytes in the circulation. These T cells displayed a vigorous killer 
cell activity directed against a variety of target cells regardless of histo
compatibility type and expression of EBV-determined antigens. Autolo
gous EBV-infected B cells were lysed by these T-killer cells. Coincident 
with this response, severe hepatitis occurred and in one instance, lym
phocytes from an XLP patient were shown to lyse autologous hepatocytes. 
These observations provide strong evidence that the immunological de
fect in XLP is limited to or triggered by infection with EBV. There is little 
hard evidence to suggest that this immunodeficiency predisposes affected 
males to severe infections with other infectious agents prior to EBV in
fection. What then is the explanation for such "limited immunodefi
ciency"? 

EBV infection replicates strictly in B lymphocytes. Infection of B cells 
results in the transformation to lymphoblastoid cells and EBV-infected 
lymphoblasts express virus-determined antigens (L YDMA), as well as 
poorly characterized blast cell neoantigens, which are potent polyclonal 
stimulators of autologous or allogeneic T lymphocytes (Bird et al., 1981). 
Polyclonal T-cell responses to EBV-infected B lymphoblasts are not de
pendent on sensitization with EBV antigens. The atypical lymphocytosis 
characteristic of 1M includes some cytotoxic T cells that kill EBV-infected 
lymphoid targets in the absence of shared HLA antigens (Royston et al., 
1975). This cytotoxic T-cell response is nonclassical in that recognition 
of shared HLA antigens between effector and target cells is not required 
as prescribed in the Doherty-Zinkernagel model (Doherty and Zinker
nagel, 1974). HLA-restricted cytotoxic T cells have been demonstrated 
in vivo during influenza (Ennis et al., 1981), acute cytomegalovirus (Quin
nan et al., 1982), and mumps (Kreth et al., 1982) infections in man. Non
classical T-cell-mediated cytotoxicity has recently been described in sev
eral in vitro systems. Originally termed anomalous killer (AK) cells, these 
cytotoxic T cells, which kill several types of target cells including fresh 
tumor cells, can be generated during alloactivation (Seeley and Golub, 
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1982), co culture with tumor cells (Yankey et al., 1982), or inoculation 
with interleukin-2 (Grimm et al., 1982). Recent cell surface marker anal
ysis of AK cells has shown them to bear the pan-T-cell marker and the 
OKT8 antigen (Grimm et al., 1982). Abo and Balch (1982) and Abo et al. 
(1982) have recently shown that AK cells can be distinguished from NK 
cells. AK cells do not express the HNK1 antigen found on NK cells. The 
observed cytotoxic responses in two patients with XLP experiencing acute 
EBY infection could be the result of two populations of cytotoxic T cells: 
AK cells (T8 + and HNK1 - ) and NK cells (T8 + and HNK1 +). Further
more, these cytotoxic cells were found to have anti-"self" activity. Ful
minant liver failure with hepatic necrosis is an important cause of death 
in XLP. We have demonstrated that cytotoxic T cells obtained from pa
tients with XLP can lyse autologous primary hepatocytes. 

Studies in surviving males with XLP who have experienced their EBY 
infections years before have demonstrated multiple defects in the im
mune system. All have demonstrated some abnormality in quantitative 
immunoglobulin levels and many are receiving monthly "i-globulin in
jections. Each of these individuals has demonstrated one or more of the 
following abnormalities: normal numbers of T lymphocytes but increased 
numbers of OKT8-bearing cells, depressed responses to T-cell mitogens 
and antigens, and deficient NK cell activity to K562 or HSY-infected 
target cells. Immunization with bacteriophage <j>X174 has demonstrated 
near-normal primary and secondary immune responses, but only small 
amounts of IgG antibody are produced after secondary immunizations. 
These findings suggest global defects in NK and T-cell function. 

Normal immune function before infection with EBY in affected 
males with XLP and demonstration of major defects in the immune sys
tem of surviving affected males is strong evidence for an aberrant immune 
response specifically triggered by EBY. Immunological studies reported 
to date have not demonstrated a constant deficiency in any cellular or 
humoral immune response normally observed in acute EBY-induced 1M 
in normal individuals. In addition, we have not observed any abnormality 
in the virus-B-lymphocyte relationship, i.e., increased production of in
fectious virus, or resistance to killing by cytotoxic T cells. We have ob
served what appears to be an uncontrolled activation of anomalous and 
NK cells that can mediate lysis of autologous lymphoid and nonlymphoid 
targets. Our findings are consistent with the hypothesis that uncontrolled 
AK and NK activity results in fatal 1M or immune deficiency in those 
affected males surviving EBY infections. This mechanism would explain 
the variation in the severity of the immune deficiency observed within 
affected kindreds (Purtilo et al., 1975; Hamilton et al., 1980). These sec
ondary immune defects may predispose surviving males with XLP to op
portunistic infections and perhaps to lymphoreticular malignancies. Fur
ther studies are in progress to determine normal regulatory mechanisms 
for AK and NK cells activated during acute EBY-induced 1M in normal 
individuals. 
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V. TREATMENT OF FULMINANT EBV INFECTIONS 

The use of corticosteroids in severe cases of EBV infection and 1M 
is recommended in many standard textbooks and review articles (Chang, 
1980). Controlled studies have demonstrated a shortened duration of fever 
in corticosteroid-treated 1M (Bolden, 1972). Controlled studies of the ef
ficacy of corticosteroids and the treatment of severe life-threatening EBV 
infections, including those associated with severe pharyngeal involve
ment, neurological involvement, thrombocytopenia, and myocarditis, 
have not been performed. Immunological interactions appear to be im
portant for a normal host recovery and the use of corticosteroids in non
life-threatening EBV infections should be condemned. It is possible that 
steroid-related effects on the host-virus relationship may take months 
or years to develop and long-term epidemiological studies of steroid
treated patients have not been reported. Recently, extreme interest has 
been generated in clinical trials of agents that will be efficacious in acute 
EBV infections. A series of nucleoside analogs have been synthesized that 
have marked antiviral activity in animal and certain human herpesvirus 
infections. Acycloguanosine (acyclovir) nucleoside analog, is activated in 
a herpesvirus-infected cell by phosphorylation by a herpes-specific thym
idine kinase (Elion et a1., 1977). The phosphorylated acycloguanosine has 
greater inhibitory activity for viral DNA than for host DNA. Acyclovir 
has been shown to inhibit EBV replication in vitro, even though EBV 
lacks the thymidine kinase enzyme necessary for phosphorylation (Colby 
et a1., 1980). Acyclovir treatment of two patients with life-threatening 
EBV infections (including one patient with XLP) has been reported (Sul
livan et a1., 1982). In each case, objective evidence of clinical improve
ment was not apparent. More recently, we have treated a third patient 
with XLP suffering from fatal 1M (Sullivan et a1., 1983; Case 2 reported 
herein). This patient died with disseminated EBV-infected B lymphocytes 
throughout the lymphoreticular organs in spite of a 2-week course of 
acyclovir (1500 mg/m2 per day). Virological studies in this patient re
vealed that the virus in infected B lymphocytes was in a nonproductive 
state and mature virus particles were not being produced. EBV-infected 
B lymphocytes in this patient failed to express VCA and EA, which is 
consistent with the nonproductive state. In vitro studies have only 
shown efficacy of acyclovir during productive EBV infection when viral 
replication is taking place. In view of these results, it is likely that acy
clovir will prove to be efficacious only in those patients suffering unusual 
productive EBV infections. A double-blind randomized study is currently 
under way in individuals with complicated 1M to determine the efficacy 
of acyclovir in acute EBV infection (Sixbey et a1., 1983b). 

IFN is another candidate for the treatment of EBV infection. In ad
dition to its general effects on the prevention of cellular infection, recent 
studies have shown that IFNs can inhibit EBV-induced transformation 
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of B lymphocytes (Thorley-Lawson, 1981) and are strong stimulators of 
NK cell activity. In a double-blind placebo-controlled prophylactic trial 
of human leukocyte IFN in renal transplant recipients, EBV excretion 
diminished during IFN treatment (Cheeseman et ai., 1980). Further stud
ies of OFN in the treatment of EBV infections are in progress. 

Epidemiological studies have demonstrated that maternal IgG anti
bodies against EBV appear to protect the neonate and young infant from 
primary infection (Bigger et ai., 1978a,b). The development of an EBV
specific immunoglobulin preparation is currently in progress and may 
have value in the prevention and treatment of EBV infection in selected 
individuals. Recent developments in hybridoma and molecular biology 
technology may hasten the development of a subunit DNA-free vaccine. 
Thorley-Lawson (1979) has already succeeded in preparing a DNA-free 
protein that is capable of inducing a strong neutralizing antibody response 
against EBV in animals. Further progress in this area is eagerly awaited. 
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CHAPTER 12 

Abnormal Responses to EBV 
Infection in Patients with 
Impairment of the Interferon 
System 
JEAN-LOUIS VIRELIZIER 

I. INTRODUCTION 

Infectious mononucleosis (1M) is typically a self-limited lymphoprolifer
ation, i.e., an array of host responses normally brings to a natural halt 
the intense proliferation of B lymphocytes induced by Epstein-Barr virus 
(EBV) infection (Carter, 1975). That immune mechanisms are responsible 
for the control of EBV infection is clearly deduced from the observation 
that immunosuppressed patients, such as renal transplant recipients, 
manifest severe forms of 1M as well as a spectrum of lymphoproliferative 
disorders associated with EBV (Hanto et ai., 1981). Similarly, an X-linked 
deficiency that appears to be specific for EBV underlies the unusually 
severe forms of 1M observed in patients with X-linked lymphoprolifera
tive (XLP) syndrome (Purtilo, 1976; Sullivan, this volume). Finally, ab
normal antibody responses to EBV are observed in immunologically com
promised individuals (Henle and Henle, 1981). Thus, the finding of an 
abnormal response to EBV, manifested by an unusually severe disease 
caused by EBV infection, should induce a search for an immunological 
defect. We have been looking systematically at EBV serology in a large 
series of patients with well-defined congenital immune deficiencies such 
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as Chediak-Higashi or Wiskott-Aldrich syndrome. As discussed below, 
we found abnormal anti-EBV serological profiles in a number of patients, 
but, much to our surprise, we did not observe any severe form of 1M in 
these patients. In contrast, we found severe 1M in patients with no known 
primary or secondary immune deficiency detectable by classical tests, 
but with clear, permanent abnormalities of the interferon (IFN) system. 
In one case, IFN production by leukocytes was profoundly diminished. 
In other cases, IFN secretion was normal, but natural killer (NK) activity 
could not be enhanced by addition of IFN in vitro or IFN administration 
in vivo. Such observations are compatible with one hypothesis that IFN 
plays an important role in host defense against EBV infection. The aim 
of the present chapter is to describe clinical and immunological obser
vations on patients with abnormal responses to EBV infection, and to 
discuss the possible role of endogenous production of IFN and of cytotoxic 
effectors of the IFN system in the control of EBV infection. 

II. IMMUNOLOGICAL CONTROL OF EBV INFECTION 

One of the peculiarities of 1M is that EBV infects only B lymphocytes; 
the only cell type shown to have receptors for this virus (Pattengale et 
a1., 1973; Jondal and Klein, 1973). EBV is able to "immortalize" B lym
phocytes by transforming them into permanently proliferating lymphob
lastoid cells in vitro. Such lymphoblastoid cell lines derived from spon
taneously transformed peripheral blood lymphocytes of patients with 1M 
contain the EBV genome (Nonoyama and Pagano, 1971). Thus, an efficient 
host immune response must both inhibit viral replication, as is the case 
with any acute viral infection, and, in addition, restrict proliferation of 
nonproductively infected B lymphocytes. The latter aspect may require 
different mechanisms of host defense, not necessarily involved in other 
acute viral infections. As is the case with other herpesvirus infections, 
there is also a need to postulate efficient specific surveillance mecha
nisms to control the lifelong EBV latency. How exactly immune mech
anisms control EBV infection and restrict EBV-induced B-cell prolifera
tion is far from being elucidated. A diagram representing the immune 
mechanisms that might control EBV-induced B-cell proliferation is 
shown in Fig. 1. It is generally assumed that the production of specific 
antibody plays little (if any) role in host recovery, since reactivation of 
EBV infection occurs despite the presence of serum antibody to EBV. 
However, it is possible to envisage a preventative role for specific anti
body. Thus, specific antibody to EBV membrane antigens may participate 
in the eradication of EBV-infected B cells through antibody-dependent 
cell-mediated cytolysis (ADCC) (Pearson and Orr, 1976; Jondal, 1976). 
The main antigen recognized by antibody in this in vitro system appears 
to be the late membrane antigen (LMA) (Takaki et a1., 1980). In vivo, 
LMA-expressing cells appear to represent only a small proportion of the 



INTERFERON AND EBV INFECTION 253 

FIGURE 1. Schematic representation of the main possible effector mechanisms controlling 
EBV-induced B-lymphocyte proliferation. 1M) macrophages; INK) natural killer leukocytes; 
IADCC) effector cells of the antibody-dependent cell-mediated cytotoxicity; IT) T lympho
cytes; IMAF) macrophage-activating factor. 

total EBV-transformed cell population, a finding that limits the impor
tance of ADCC in host defense against EBV infection. 

Cell-mediated immunity is more likely to have a critical role in re
covery from EBV infection. The exact nature and mechanisms of action 
of cytotoxic cells found in the blood of patients with acute 1M have been 
the subject of numerous and apparently contradictory reports. During the 
early phase of infection, the cytotoxic effector cells capable of destroying 
EBV-infected cells were found not to be HLA-restricted (Svedmyr and 
Jondal, 1975; Seeley et a1., 1981). Such effector cells, however, seem to 
be different from NK cells in that they appear to be EBV-specific. The 
"activated lymphocyte killers" (ALK) induced by lymphokines (presum
ably IFN) or mixed leukocyte cultures (Masucci et a1., 1980) also appear 
to be T lymphocytes. On the other hand, HLA-restricted, EBV-specific 
cytotoxic T lymphocytes can be found in the blood of seropositive in
dividuals (Misko et al., 1980; Rickinson et a1., 1980). Similarly, specific 
T lymphocytes capable of inducing the regression of EBV-transformed B 
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cells are also an expression of T-cell memory in previously infected in
dividuals (Rickinson et ai., 1981). Thus, early in the disease, cytotoxic 
cells of a poorly defined nature and specificity seem to have an important 
role in host defense against acute infection, whereas specific T-memory 
lymphocytes appear to have an essential role in the long-term control of 
virus latency. Whether the latter cells control EBV latency through cy
totoxic mechanisms is not yet ascertained. 

In the rare cases where EBV infection overwhelms immune defenses, 
as in cases of lethal primary infection, the cause of death appears to be 
from multiple infarcts resulting from blockage of small arteries by EBV
infected B lymphocytes (Crawford et ai., 1979). Investigation of the im
mune status of patients suffering from severe forms of 1M should provide 
insights into the critical factors of host defense against primary EBV in
fection. In 1974, Barr and co-workers first described a family in which 
1M was fatal only in male members, and they were able to identify EBV 
as the etiological agent in these cases (Barr et ai., 1974). This suggested 
an X-linked genetically determined defect in host response to EBV. A 
similar defect has been described in the Duncan kindred (Purtilo et ai., 
1975). Many more cases have now been reported, so that an X-linked 
lymphoproliferative syndrome has been defined (Purtilo et ai., 1982; Sul
livan, volume). Analysis of immune responsiveness of patients with XLP 
has not permitted the identification of a unique immunological defect. 
However, such patients have been found to have a defective antibody 
response to EBV (Sakamoto et ai., 1980), deficient NK activity (Sullivan 
et ai., 1980), and abnormal cell-mediated immunity to EBV-infected au
tologous B cells (Harada et ai., 1982). To further complicate the issue, it 
should be stressed that familial susceptibility to EBV is not always X
linked, as a family has been described where both males and females were 
affected (Fleisher et ai., 1982). Also, a fatal case of EBV infection has been 
observed in a girl despite demonstrable humoral and cellular immunity 
(including cytotoxicity) to EBV (Britton et ai., 1978). We have reported 
the case of a girl with persistent EBV infection progressively leading to 
polyclonal activation of immunoblasts and death (Virelizier et ai., 1978). 
In the study of this patient, the only detected immunological defect was 
a selective deficiency of immune IFN production, as described below. As 
IFN is able to regulate immune responses and to activate both nonspecific 
and specific cytotoxic cells, the possibility that defective production or 
abnormal sensitivity to IFN underlies some cases of abnormal responses 
to EBV infection has to be considered. 

III. THE IFN SYSTEM AND ITS PLACE IN ANTIVIRAL 
IMMUNITY 

What is now globally known as the "interferon system" includes the 
various mechanisms of induction and production of three major classes 
of IFNs in a variety of cell types, and the antiviral, antiproliferative, and 
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immunoregulatory effects exerted by IFNs on a series of target cells (Stew
art, 1979). IFN-13 is mainly produced by nonimmunocompetent cells in
fected by a virus. IFN-a (previously known as "leukocyte IFN") is pro
duced by macrophages and "null" (non-T, non-B) leukocytes stimulated 
by virus particles or tumors. IFN-,), (or "immune" IFN) is a lymphokine 
secreted by sensitized T lymphocytes stimulated by a specific antigen. 
The secretion of IFN-,), can also be induced in vitro by nonspecific mi
togens. Specific IFN-,), induction is HLA-restricted and macrophage-de
pendent. In the mouse, it is clear that immune reactions restricted by 
either class I or class II histocompatibility antigens lead to IFN-')' secre
tion, and this is likely also to be the case in humans. Compared to IFN
a or IFN-13 IFN-,), has very clear (of the order of lOa-fold) preferential effects 
on immunocompetent cell functions. The preferential effects of IFN-,)" 
and the respective role of nonspecific a/13 IFN production versus specific 
induction of IFN-,), in antiviral immunity have recently been reviewed 
(Virelizier, 1984a). That early production of IFN-a/13 has a critical role in 
host defense during acute viral infections is clearly shown by the effects 
of antiserum to these types of IFN in experimental models. Natural, ge
netically determined resistance to viruses can be abolished by such an
tisera, with increased virus replication and death (Lopez, this volume). 
Whether IFN acts directly (through its antiviral effects in all cells of the 
body) or through immune mechanisms (such as activated NK, K, ALK, 
ADCC, macrophages, or cytotoxic T lymphocytes) is not known. Later 
in the course of viral infections, IFN-,), can be induced by viral antigens. 
Indeed, the production of this lymphokine is a clear expression of specific 
T-cell memory, borne by long-lived, recirculating lymphocytes able to be 
recruited into inflammatory lesions (Virelizier and Guy-Grand, 1980). 
The role of IFN-,), secretion in antiviral immunity has not yet been de
termined, but this lymphokine is likely to contribute to immune sur
veillance mechanisms against virus latency and abnormal cell prolifer
ation. Again, these effects may be mediated directly (through induction 
of the antiviral state or direct antiproliferative effects) or indirectly 
(through the preferential activating effects of IFN-,), on cytotoxic leuko
cytes). Another intriguing property of IFN-,), is its ability to enhance the 
membrane expression of HLA-A-B in Burkitt cells (Fellous et al., 1981) 
and HLA-DR on human monocytes (Virelizier et a1., 1984). IFN-,)" through 
its preferential effects on membrane expression of both class I and II 
antigens, may thus facilitate virus antigen presentation by monocytes to 
both class I-restricted T8 and class II-restricted T4 lymphocytes and, 
therefore, the destruction of virus-infected cells by HLA-restricted, spe
cific cytotoxic T lymphocytes. 

IV. EVIDENCE FOR A ROLE OF IFN IN THE CONTROL OF 
EBV INFECTION IN VITRO 

EBV infection of human leukocytes in vitro results in the transfor
mation and the proliferation of B lymphocytes. However, a regression of 
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this outgrowth of infected B cells is usually observed after a few days in 
unseparated leukocytes. The study of this "regression phenomenon" may 
provide insights into the physiological mechanisms controlling EBV in
fection in vitro. Thorley-Lawson et al. (1977) have shown that this regres
sion is mediated by T lymphocytes, as B-cell outgrowth is not controlled 
when T cells are removed from the culture. The T lymphocytes mediating 
this control must be specifically sensitized, for only leukocytes from ser
opositive subjects are able to provide this effect (Moss et al., 1977). From 
these observations it is obvious that aT-dependent, EBV-specific mech
anism(s) is able to inhibit transformation and/or outgrowth of EBV-in
fected B lymphocytes in vitro. The mechanism by which this inhibition 
is mediated is unknown. It is possible that specific T lymphocytes may 
limit EBV replication or proliferation of infected B lymphocytes. Al
though some authors have reported that soluble mediators do not play 
any major role in the regression phenomenon (Rickinson et al., 1979), it 
has been reported that sensitized leukocytes inhibit EBV-induced trans
formation through the secretion of mediators with IFN-like properties 
(Lai et al., 1977). The mediator(s) was shown to be labile at pH 2, a prop
erty of IFN--y and of a newly described type of IFN-a molecules. The 
critical role of IFN secretion in the regression of EBV-induced transfor
mation has been conclusively shown by the abrogation of the phenom
enon with the addition of an antiserum to IFN-a/j3 to the culture (Thorley
Lawson, 1981). Conversely, the regression phenomenon could be mim
icked by the addition of human leukocyte IFN. It was shown that IFN is 
released in response to virus-infected B cells, not the virus alone (Thorley
Lawson, 1981). More recent work has provided evidence for a role for IFN
-y in the regression phenomenon (Hasler et al., 1983). Thus, normal T 
cells stimulated in mixed leukocyte reactions inhibited EBV-induced 
DNA synthesis, and this inhibitory activity was blocked by the addition 
of monoclonal antibody specific for human IFN--y. Altogether, these data 
indicate that the secretion of IFN has a critical role in the control of EBV 
infection in vitro. Some confusion remains about which type of IFN is 
required, as antisera to either IFN-a or IFN--y abolished the regression. It 
may be that both IFN classes ar,e needed, or that IFN--y secretion by T 
cells is a prerequisite for IFN-a production by another cell type. The latter 
hypothesis is compatible with our recent finding that the production of 
IFN-a by human monocytes critically depends on the previous activation 
of monocytes by IFN, especially IFN--y (Arenzana-Seisdedos and Vireli
zier, in preparation), suggesting that a cascade of IFN production can occur 
in vitro. Whatever the exact type of IFN is responsible, the question arises 
of whether IFN acts directly or indirectly in the regression phenomenon. 
There is some indication that IFN does not protect EBV genome-negative 
lymphoblastoid cell lines infected with EBV in vitro from transformation 
and nuclear antigen production (Menezes et al., 1976). If this inability of 
IFN to directly inhibit transformation is confirmed with normal adult B 
lymphocytes, it would suggest that IFN operates indirectly, presumably 
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through its ability to activate cytotoxic cells (T, NK, and macrophages) 
and/or to enhance HLA antigens on the membrane of infected B lym
phocytes. 

V. EVIDENCE FOR A ROLE OF IFN IN THE CONTROL OF 
EBV INFECTION IN PATIENTS 

A. IFN Administration in Immunosuppressed Patients 

IFN administration is often of little benefit in controlling severe viral 
infections in normal subjects. This may be due to the fact that admin
istration of exogenous IFN only modestly increases the serum titers of 
endogenous IFN induced by the viral infection itself. However, the sit
uation appears to be different in immunosuppressed patients, probably 
because endogenous production of IFN is impaired. Indeed, leukocytes 
from immunosuppressed patients have been shown to have a diminished 
ability to produce IFN-a and IFN-I' (Rytel and Balay, 1973; Levin et a1., 
1978). As IFN-a is produced early during infection in normal subjects, 
one might predict that IFN-a administration will have a protective role 
if given early after exogenous infection or endogenous reactivation; or, 
better still, if it is administered prophylactically. Indeed, IFN-a admin
istered twice a week beginning just before renal transplantation in a pla
cebo-controlled trial clearly diminished EBV virus excretion in the saliva, 
especially in the group of patients profoundly immunosuppressed by an
tithymocyte globulin (Cheeseman et a1., 1980). The observation that ad
ministration of IFN reconstitutes the ability of immunosuppressed pa
tients to control EBV reactivation provides indirect evidence for a role of 
IFN secretion in the physiological control of EBV latency. 

B. Selective Defects of IFN Secretion 

During the past years, we have been systematically investigating IFN 
production by leukocytes from patients with various types of immune 
disorders. IFN secretion was frequently found to be normal. When IFN 
secretion was impaired, this defect was usually not selective. For ex
ample, leukocytes from patients with severe combined immunodefi
ciency due to the complete absence of T lymphocytes do not secrete IFN
I' after stimulation with mitogens or antigens, an expected finding as T 
cells are known producers of this lymphokine. In contrast, in some rare 
patients suffering from severe or persistent infections, we found a profound 
defect of IFN secretion, whereas all other immune functions tested were 
found to be normal, except for a secondary defect of NK activity (Table 
I). Three observations of such patients with a "selective" defect of leu
kocyte IFN production have been reported elsewhere (Virelizier, 1984b). 
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TABLE 1. Immune Status in Three Patients with Selective Defects of IFN 
Secretion 

Patient tested 

Immune function tested SG NS DF 

Serum immunoglobulin Increased Increased Normal 
Antibody production Normal Normal Normal 
% B cells Normal Elevated Diminished 
% T cells Normal Subnormal Normal 
Skin tests Normal Normal Normal 
T-cell proliferation Normal Normal Subnormal 
Allogeneic T-cell cytotoxicity Normal Normal Normal 

IFN -)I secretion Abolished Abolished Abolished 
IFN-a Itumors) Abolished Abolished Abolished 
IFN-a Iviruses) Normal Subnormal Subnormal 

NK Ispontaneous Diminished Diminished Diminished 
NK IIFN-boosted) NT Normal Normal 

Production of serum immunoglobulins, specific antibodies, delayed hy
persensitivity tests, markers and functions of T and B lymphocytes, and 
phagocyte functions were found to be normal in the three patients. Se
cretion of IFN--y in response to stimulation with mitogens or antigens 
was abolished, despite normal proliferation of T lymphocytes in these 
tests. Secretion of IFN-a was found to be normal after infection with 
Sendai or Newcastle disease virus, but was profoundly diminished in 
coculture with EBV genome-positive Burkitt cell lines (such as Raji cells) 
or EBV-negative tumors (such as K562 erythroleukemia cells). In none of 
these patients could the IFN secretion defect be demonstrated as being 
of genetic origin, i.e., no other family cases could be documented. The 
only other immunological abnormality detected was a profound defect 
of NK activity. In two patients tested, this NK defect could be reversed 
in vitro by preincubation of effector cells with IFN, and in vivo by the 
administration of IFN-a indicating that the NK defect was secondary to 
a defect in endogenous production of IFN, as discussed elsewhere (Vi
relizier and Griscelli, 1980, 1981). In the three patients, an abnormal 
serological response to EBV was observed, with high antibody titers to 
veA and Ea and low antibody titers to EBNA. In two patients, we could 
not find signs of active EBV infection. In one case, however, we found 
clear evidence of persistent primary EBV infection, as reported previously 
(Virelizier et al., 1978). This 5-year-old girl had a chronic disease with 
fever, lymphoid hyperplasia due to polyclonal immunoblastic prolifera
tion, interstitial pneumonitis, moderate thrombocytopenia, and diffuse 
hypergammaglobulinemia. Evidence of severe, persistent EBV infection 
included extremely high titers of IgG anti-yeA and anti-EA, persistent 
IgM anti-yeA, detection of EBNA in about 1% of lymphocytes in pe-



INTERFERON AND EBV INFECTION 259 

ripheral blood and lymph node, and spontaneous immortalization of pe
ripheralleukocytes into EBNA-positive lymphoblastoid cell lines during 
a I-year follow-up. The child died 19 months after the onset of the disease 
with a dissemination of the polyclonal immunoblastic proliferation to 
the bone marrow. The selectivity of the IFN deficiency associated with 
this unusually severe form of 1M is compatible with the hypothesis that 
endogenous IFN production has an important role in recovery from acute 
1M and in long-term control of EBV latency. 

VI. CHRONIC NEUTROPENIA TRIGGERED BY EBV 
INFECTION AND ASSOCIATED WITH IMP AIRED 
ACTIVATION OF NK CELLS BY IFN 

In the past few years we have studied, in collaboration with G. Tcher
nia and G. Lenoir, a series of five male patients with chronic neutropenia 
of central origin. In three patients, a history of very severe EBV infection 
could be recorded. Polymorphonuclear counts were below 500 per /-11 in 
three patients, whereas variable, subnormal counts were observed in the 
other two patients. Prednisone therapy was able to reverse the hemato
logical abnormality in three patients, but neutropenia relapsed when ad
ministration of the drug was stopped. As shown in Table II, an abnormal 
antibody response to EBV was observed in all patients, with very low 
anti-EBNA titers contrasting with persistently high anti-yeA and anti
EA titers. No evidence of abnormal humoral response to other micro
organisms could be found, and no gross immune dysft:nction could be 
detected by the use of classical tests. IFN production was normal after 
stimulation of leukocytes in vitro with either EBV-positive Burkitt cells 
or nonspecific mitogens. Two immunological abnormalities, however, 
were consistently observed in this series of patients. The percentage of 
peripheral lymphocytes with the TS (suppressor) phenotype was in
creased, so that the TS/T4 ratio was abnormal. As seen in Table II, spon
taneous NK activity was normal in four patients and profoundly dimin
ished in one. The role of EBV in these observations, although not 
decisively demonstrated, is likely in view of the severity of the initial 
1M recorded and the persistent abnormality of the antibody response to 
EBV antigens. The elevated number of TS lymphocytes is reminiscent of 
that observed transiently in the course of normal, acute 1M (Tosato et 
al., 1979). The striking lack of sensitivity of NK cells to the activating 
effects of IFN observed in the five patients in vitro, and in one patient 
in vivo (Virelizier and Griscelli, 19S0) suggests an active inhibition of NK 
cells, possibly mediated by EBV-activated TS lymphocytes. Although the 
relationship between resistance of NK cells to the activating effects of 
IFN and decreased host resistance to EBV is not understood, it is inter
esting to note that such a resistance has also been observed in other 
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patients with abnormal response to EBV infection (Thestrup-Pedersen et 
a1., 1980; Fleisher et ai., 1982). 

VII. CONCLUSION 

Much remains to be learned about the mechanisms responsible for 
controlling EBV infection. Investigation of the immunological status of 
patients with unusually severe 1M or abnormal antibody responses to EBV 
should help to better define the respective in vivo roles of the various 
effector functions described in vitro. Unfortunately, no single mechanism 
appears to be solely responsible for recovery from EBV infection. Our 
studies had intended to correlate EBV serology with selective defects of 
immune functions (Vilmer et ai., 1984). For example, patients with the 
Chediak-Higashi syndrome show a selective defect of NK activity and 
persistently elevated titers of anti-EA antibodies. Also, in nine patients 
with the Wiskott-Aldrich syndrome (apart from a defective IgM produc
tion), the only cellular immunological defect that we have been able to 
detect is a profound impairment of allogeneic cytotoxicity, which cor
related with a lack of antibody to EBNA. In patients with these two 
syndromes, there is thus serological evidence of previous 1M with ab
normal antibody responses, but no evidence of unusual susceptibility to 
EBV as no severe form of 1M was found in these patients. Thus, a pref
erential defect of either NK activity of allogeneic T-cell cytotoxicity ap
pears not to be a sufficient condition to severely impair host defense 
against EBV. Similarly, a deficiency of endogenous secretion of IFN may 
not be sufficient to expose patients to severe 1M, for only one patient in 
our series of three children with a selective defect of IFN developed a 
severe form of 1M, whereas the two other patients showed serological 
evidence of previous contact with EBV but no unusually severe disease. 
Sensitivity of cytotoxic effector cells to IFN, and possibly to B lympho
cytes themselves, is an intriguing possibility that deserves further eval
uation. EBV-specific memory T cells, able to induce regression of EBV
induced B-cell proliferation in vitro, have clearly an important role in the 
long-term surveillance of EBV latency and IFN -"I may be an important 
mediator of these T lymphocytes. IFN may act either through its direct 
effects on infected B lymphocytes or through its ability to modulate im
mune responses, enhance membrane HLA expression, and activate cy
totoxic cells. As is the case with other virus models, host defense against 
EBV is likely to be mediated by a series of interwoven mechanisms of 
which IFN is only one of the many facets. 
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CHAPTER 13 

Vaccination against Herpes 
Simplex Virus Infections 
BERNARD MEIGNIER 

I. INTRODUCTION 

Many viral diseases have been effectively prevented by the use of vac
cines, and these accomplishments make it desirable and logical to develop 
a vaccine that will prevent the diseases caused by herpes simplex virus 
(HSV), a requirement made urgent by the increased incidence of genital 
herpes infections in recent years. 

Studies on antiherpetic immunity in animals began shortly after rec
ognition of the viral nature of the agent responsible for herpes (Levaditi 
and Harvier, 1920; Lipschutz, 1921). However, notwithstanding genera
tions of experiments and trials, a satisfactory vaccine that would "tame 
maverick virus" (Gunby, 1983) has not been developed. Approaches to 
prophylaxis of HSV infections have been hindered by several difficulties: 
(1) There is a lack of sufficient knowledge regarding immunity to HSV 
and an absence of "markers" of immunity comparable to neutralizing 
antibodies, which were so helpful in the development of the polio vac
cines. Evaluation of the herpes vaccines must, therefore, be done through 
clinical trials. (2) In most vaccine studies, efforts have been made to pre
vent the recurrent manifestations of the disease in infected patients rather 
than to prevent or at least mitigate the primary infections in herpes-free 
individuals. As it is difficult to demonstrate convincingly that recurr
ences have really been reduced or abolished in the absence of placebo
controlled studies, little usable conclusions emerged from these studies. 
(3) A major problem stems from the characteristics of HSV itself. On the 
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one hand, the protective immunity it induces as measured by recurrences 
and superinfections seems weak, while, on the other hand, HSV can es
tablish a latent infection and may be involved in the cause of cervical 
cancers in women, raising concerns about the possible safety of vaccines. 

Together, these difficulties may explain why, among the viral vac
cines under development, "probably the toughest problem of all comes 
with Herpes" (Osborn, 1979). 

The general concepts of antiherpetic vaccines and vaccination as well 
as benefit risk considerations have been discussed in several papers (Parks 
and Rapp, 1975; Wise et a1., 1977; Allen and Rapp, 1982; Moreschi and 
Ennis, 1982). It is the purpose of this chapter to review these concepts 
and their application to the development of HSV vaccines. Some impor
tance has been given to historical data as the modern concepts regarding 
HSV vaccines have developed from past experience and also to illustrate 
how this development has been dependent on the general advances of 
"vaccinology. " 

It is certainly worth mentioning that, although an effective vaccine 
would certainly be a major tool for the control of herpes infections, it is 
doubtful that by itself, it would solve all of the herpes-related problems. 
It may be expected that, in conjunction with education and the devel
opment of antiviral drugs (Roizman et a1., 1982), ways will be found to 
subjugate the disease. 

II. THE USE OF WILD-TYPE VIRUS 

In 1919, Loewenstein demonstrated that several clinical forms of 
herpes (ocular, cutaneous, or mucosal) were caused by an invisible virus 
that induced a typical keratitis in rabbits. 

Shortly thereafter, successful experimental infections could be ob
tained in humans by autoinoculation; scarifying the forearm of patients 
with vesicle fluid obtained from their vesicular lesions, as well as by 
heteroinoculation from one individual to another one (Teissier et a1., 
1922, 1923; Tureau, 1924), or from experimentally infected rabbit to 
human (Nicolau and Poincloux, 1923). Typical lesions were obtained at 
the site of inoculation in 40-80% of the attempts and were sometimes 
followed by authentic recrudescent herpes (Nicolau and Banciu, 1924; 
Pauli an, 1932). 

Because these experiments were designed either to explore the vir
ulence of the virus or the possible immunity to herpes of patients suf
fering other diseases, the authors did not focus on the possible beneficial 
influence of experimental herpes infection on the course of their recurrent 
herpetic disease. 

Nothwithstanding the well-established risks of creating new sites of 
recurrent infection, live HSV has been repeatedly used in attempts to 
treat patients with recurrent diseases. Autoinoculation was claimed to 
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be successful by Macher (1957) in one case of genital herpes and by Gold
man (1961) in another. The latter's patient experienced recurrences at 
the site of inoculation. Good results were also obtained by Panscherewski 
and Rhode (1957) in 10 of 17 patients receiving repeated injections of 
embryonated egg-grown virus and these patients did not develop com
plications or side effects after inoculation. 

Autoinoculation, however, is definitely not an innocuous procedure: 
Lazar (1956) and Blank and Haines (1973) observed new herpetic lesions 
at the site of autoinoculation (abdomen, forearm, or thigh) and, subse
quently, found simultaneous recurrences at both the original and the 
"therapeutic" sites. 

By modern standards, the lack of efficacy and the risk of recurrent 
infections preclude the use of live virulent virus as possible vaccines. 
However, experiments with virulent virus have highlighted two points 
that have been major pitfalls in the development of antiherpetic vaccines. 
(1) Stimulation of the immune systems, which was expected from au
toinoculation, does not significantly affect the course of recurrent her
petic diseases; and (2) patients with recurrent herpes infection are still 
susceptible to infection by autoinoculation or superinfection with a het
erologous strain, indicating that the immunity induced by spontaneous 
infections is only relative. 

III. THE USE OF INACTIVATED (KILLED) VIRUS 

Divergent reasons led researchers to look for an alternative to au
toinoculation: one was the natural reluctance of some practitioners to 
use a living virus (Biberstein and Jessner, 1958); the other was observa
tions that a significant number of patients did not develop lesions by 
autoinoculation (Brain, 1936; Frank, 1938). Since then, safety and efficacy 
have been the major goals of vaccine developers. 

A comment is necessary before reviewing the studies with inacti
vated vaccines. In all but one study, the purpose of vaccination was to 
reduce or prevent recurrences or recurrent episodes in patients already 
suffering from recrudescent herpetic disease. Therefore, vaccination was 
considered to be a treatment (vaccinotherapy), rather than a prophylaxis 
of disease. Consequently, the efficacy of vaccination was usually assessed 
by comparing the frequency and severity of recurrences before and after 
vaccination, an evaluation known to be biased by the placebo effect. 

A. The Placebo Effect 

The placebo effect is the effect produced by any therapeutic procedure 
on a Plltient, a symptom, syndrome, or disease but which is objectively 
without specific activity for the condition being treated. It is a neglected 
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and berated aspect of patient care and may involve practically any organ 
in the body (Benson and Epstein, 1975). 

The possible role of the placebo effect in the improvement of the 
condition of herpetic patients was recognized early. "The injection of 
herpes viruses or their antigens might only provide a non specific stim
ulus, comparable to any foreign protein injection, coupled with being a 
suitable vehicle for supportive reassurance by the physician. Many per
sons with recurrent herpes establish very rapidly a strong positive trans
ference to the physician. They are anxious to please, are cooperative, eager 
and submissive. Provided the physician gives them strong encouragement, 
aided by a new 'method treatment' they often respond with a disappear
ance of lesions. When therapy is withdrawn, and with it the support of 
the physician, lesions may recur." (Jawetz et al., 1955). Estimated as the 
percentage of control subjects showing improvement in the severity and/ 
or the frequency of the attacks, the placebo effect varies from 30% (Step
pert, 1956) or 40% (Bierman, 1976) to 52% (Kern and Schiff, 1959) and 
may be as high as 75% (Kern and Schiff, 1964; Vallee, 1980). 

It follows that, unless an appropriate placebo group is included in the 
study design, one may not be able to distinguish the relative roles of the 
placebo effect and specific activity of the vaccine in the improvement of 
patients. That is the justification for presenting separately the studies 
without placebo controls. 

B. Studies without a Placebo Group 

Most studies evaluating the efficacy of inactivated vaccines have 
been carried out without a placebo control group. The resulting publi
cations have been frequently quoted as indicating the efficacy of vacci
notherapy in recurrent herpes. However, because of their flawed design, 
those studies cannot be considered conclusive. Whether "perhaps there 
is some fire behind all the smoke" (Hilleman et al., 1982) remains spec
ulative. 

The very first clinical attempts used serial injections of preparations 
derived from animal tissues infected with the virus and inactivated with 
various chemical or physical agents: Brain emulsion inactivated with 
phenol, formalin (Frank, 1938), or heat (Biberstein and Jessner, 1958) as 
well as formalin-treated suspension of guinea pig pads (Brain, 1936) have 
been used. Because of the methods used to prepare them, the difficulty 
in scaling up production and because of concerns about the possible com
plications such as demyelination due to organ-specific antibodies in re
sponse to animal antigens, vaccines made from tissue suspension did not 
reach a wide application. However, they established the concept that 
inactivated vaccines could be a cure for recurring herpes. They also raised 
the question of which mechanisms mediated the beneficial effects of the 
vaccine, for in studies evaluating the neutralizing antibodies in the serum 
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of four patients, Frank (1938) could not detect changes of titers in spite 
of clinical improvement experienced by patients who had received 10-
50 ml of infected brain suspension. 

The development of herpes vaccines benefited from the general im
petus derived from the development of modern techniques of cell culture 
and virus propagation and from the success of the polio vaccination in 
the middle and late 1950s. Successful immunization of laboratory ani
mals (Anderson and Kilbourne, 1961) also prompted interest in antiher
petic vaccines and several laboratories developed vaccines prepared either 
in embryonated eggs or in primary cell cultures and inactivated by either 
physical or chemical agents. The choice of ultraviolet irradiation was 
based on the premise that heat or chemical agents might denature the 
antigens (Lepine and De Rudder, 1964). In several countries mass pro
duction was achieved either by commercial companies (Diamant in 
France, Hermal in Germany, producing Lupidon, Eli Lilly in the United 
States) or by public institutions (Bulgaria, USSR). 

A large number of papers have been published during the past 20 
years concerning the results of clinical trials with these vaccines. Many 
of them are redundant and/or more worshipful than technically docu
mented. Papers quoted in Table I have been selected on the criterion that 
they give enough numerical data to fill in the columns of the table for 
comparative purposes. 

The stage was set rather negatively by Nagler (1946) who used for
malinized amniotic fluid to vaccinate six herpetic patients, four of whom 
experienced recurrences within the 6-month period of follow-up. Later, 
Jawetz et al. (1955) reported their observations on a series of 50 patients 
with recurrent herpes of skin, mucous membranes, or cornea and-in
cluded as a control-patients with recurrent aphthous stomatitis, a non
herpetic condition. These individuals, who had failed to improve with 
other conventional forms of treatment, received a course of three or four 
weekly injections of a vaccine prepared from allantoic fluid of infected 
embryonated eggs. Definite improvement could be seen in 47% of the 
patients in the herpetic group and in 25% of the patients with recurrent 
aphthous stomatitis. None of the patients showed a significant change 
in their complement fixing or neutralizing antibody levels. Interestingly 
enough, the authors carefully discussed the possibility that "the limited 
beneficial effect of the preparation used might be, in part due to desen
sitization with a specific antigen and in part due to the strong psychogenic 
impact of a 'new' treatment on suggestible individuals," a reserve in the 
conclusion that was forgotten or neglected by their followers. 

The possibility that repeated vaccination produced a desensitization 
of the patients was the most commonly cited rationale for using vacci
notherapy. Henocq (1967, 1972a) based his approach on the fact that al
most all patients had neutralizing antibodies in their sera and 80% of 
them showed positive skin test responses with herpes antigen during 
recurrences. It was therefore thought logical to apply courses of serially 



T
A

B
L

E
 I

. 
C

li
ni

ca
l 

E
ff

ic
ac

y 
in

 M
an

 o
f 

In
ac

ti
va

te
d 

V
ac

ci
n

es
-S

tu
d

ie
s 

L
ac

ki
ng

 a
 P

la
ce

bo
 G

ro
up

 
~
 

-.
.j

 
0 

A
nt

ig
en

 
N

um
be

r 
of

 
T

yp
e 

of
 

%
 o

f 
pa

ti
en

ts
 

S
tu

dy
 

S
ub

st
ra

te
 

In
ac

ti
va

ti
on

 
pa

ti
en

ts
 

pa
ti

en
ts

· 
im

pr
ov

ed
 

N
ag

le
r 

et
 0

1.
 (

19
46

) 
A

m
ni

ot
ic

 f
lu

id
 

F
or

m
al

in
 

6 
N

S 
0 

Ja
w

et
z 

et
 0

1.
 (

19
55

) 
A

ll
an

to
ic

 f
lu

id
 

U
V

 
73

 
K

,C
M

 
47

 
SO

ltz
-S

zo
ts

 (
19

60
) 

C
ho

ri
oa

ll
an

to
ic

 m
em

br
an

e 
U

lt
ra

ce
nt

ri
fu

ga
ti

on
 

46
 

C
M

 
78

 
F

an
ta

 e
t 

al
. 

(1
97

4)
 

C
hi

ck
en

 c
el

l 
cu

lt
ur

e 
N

o
t 

sp
ec

if
ie

d 
62

1 
K

,C
M

 
77

 
H

en
oc

q 
et

 0
1.

 (
19

64
) 

S
he

ep
 k

id
ne

y 
ce

ll
s 

U
V

 
20

 
K

,C
M

 
90

 
D

eg
os

 a
nd

 T
ou

ra
in

e 
(1

96
4)

 
50

 
N

S
 

76
 

O
ff

re
t 

et
 a

l. 
(1

96
5)

 
20

 
K

 
80

 
S

an
to

ia
nn

i 
(1

96
6)

 
30

 
C

M
 

70
 

H
en

oc
q 

(1
97

2b
) 

30
 

K
 

80
 

M
ac

ot
el

a-
R

ui
z 

(1
97

3)
 

20
 

C
M

 
45

 
B

ar
on

 e
t 

01
. 

(1
96

6)
 

28
 

K
 

75
 

B
ru

ck
ne

r 
(1

97
0)

 
13

 
K

 
92

 
B

ub
ol

a 
an

d 
M

an
co

su
 (

19
67

) 
30

 
C

M
 

83
 

P
ou

li
qu

en
 e

t 
01

. 
(1

96
6)

 
48

 
K

 
87

 
C

ha
pi

n 
et

 0
1.

 (
19

62
) 

R
ab

bi
t 

ki
dn

ey
 c

el
ls

 
F

or
m

al
in

 
50

 
K

 
72

 
H

u
ll

 a
nd

 P
ec

k 
(1

96
6)

 
33

3 
K

,C
M

 
72

-7
9 

N
as

em
an

n
 (

19
65

, 
19

70
) 

C
ho

ri
oa

ll
an

to
ic

 m
em

br
an

e 
H

ea
t 

17
0 

C
M

 
9

0
-9

6
 

N
as

em
an

n
 a

nd
 S

ch
ae

g 
(1

97
3)

 
12

00
 

N
S 

70
-9

6 
S

ch
m

er
sa

hl
 a

nd
 R

ud
ig

er
 (

19
75

) 
10

59
 

K
,C

M
 

81
 

K
it

ag
aw

a 
(1

97
3)

 
4 

C
M

 
10

0 
Cd

 
tt

l 
S

ch
ne

id
er

 a
nd

 R
ho

de
 (

19
72

) 
18

8 
K

,C
M

 
81

 
::a

 
W

ei
tg

as
se

r 
(1

97
3)

 
76

 
N

S
 

63
 

Z
 

:>
 

vo
n 

R
od

ov
sk

y 
et

 0
1.

(1
97

1)
 

R
ab

bi
t 

ki
dn

ey
 c

el
ls

 
F

or
m

al
in

 
15

 
C

M
 

10
0 

~ 
A

nd
on

ov
 e

t 
01

. 
(1

97
9)

 
47

7 
C

M
 

85
 

s:: 
D

un
da

ro
v 

et
 0

1.
(1

98
2)

 
23

50
 

K
,C

M
 

6
0

-8
0

 
t!l

 
S

ch
ub

la
dz

e 
et

 0
1.

 (
19

78
) 

11
4 

K
 

89
 

0 Z
 

• 
N

S,
 n

o
t 

sp
ec

if
ie

d;
 K

, 
he

Ip
et

ic
 k

er
at

it
is

; 
C

M
, 

cu
ta

ne
o·

m
uc

ou
s 

he
rp

es
. 

ttl
 

::a
 



VACCINATION AGAINST HSV INFECTIONS 271 

increasing doses of vaccine; a treatment used to desensitize allergic pa
tients. Although less categorical, Nasemann (1965, 1973) referred to the 
same explanations. A series of 6-10 injections was usually a minimum 
and as many as 20-40 vaccinations was not uncommon. As shown in 
Table I, the published results were uniformly good to excellent with only 
one exception (Nagler, 1946). The follow-up periods were frequently not 
mentioned and, when indicated, varied from a few months to 1 year with 
few exceptions (Dundarov et a1., 1982; Pouliquen et ai., 1966; von Ro
dovsky et a1., 1971). 

When evaluated, despite repeated inoculations, antibody titers, as 
measured by neutralization or complement fixation, remained unchanged 
(Henocq et a1., 1964; Remy et a1., 1975; Bubola and Mancosu, 1967) or 
underwent only a limited rise (von Rodovsky et a1., 1971; S6ltz-Sz6ts, 
1960). Studying selected cases, Jarisch and Sandor (1977) observed in
creased activity in the macrophage inhibition test in three out of four 
patients. 

Almost all publications insisted upon the absence of side effects fol
lowing the vaccination. Some authors, however, reported rare focal or 
general side effects and/or called for caution when using the vaccine, 
particularly in keratitis patients (Henocq, 1967; Lepine and de Rudder, 
1964; Pouliquen et a1., 1966; Schneider and Rhode, 1972; S6ltz-Sz6ts, 
1971). 

C. Studies Including a Placebo Group 

As opposed to uncontrolled trials, studies that included a placebo 
group are rather scarce: Some studies were performed on patients with 
recurrent disease and were carried out on children without a past history 
of herpes. 

In herpetic patients, the results (Table II) are dependent on the way 
data were collected: Whereas the treatment produced a significant im
provement in studies where the follow-up period was short (Mullin, 1966) 
or not specified (S6ltz-Sz6ts, 1971; Weitgasser, 1977), no difference was 
detected between treated and placebo group in a double-blind trial with 
a follow-up of 36 months (Kern and Schiff, 1964). It is noteworthy that 
the studies by Mullin and by Kern and Schiff were performed with the 
same vaccine and the same protocol. Also, the vaccine used in these 
studies induced neutralizing antibodies in rabbits and guinea pigs and 
produced resistance of immunized mice to direct challenge with live HSV 
(Hull and Peck, 1966). 

The trial in uninfected children was done in an orphanage with a 
vaccine prepared from amniotic fluid, killed by heat and formalin (An
derson et ai., 1950). Ten children in each group, placebo and vaccinated, 
were immunized between the ages of 7 and 10 months and were followed 
over 1 year. Among the vaccinees, four of nine entered the study with 



TA
B

LE
 I

I. 
C

li
ni

ca
l 

E
ff

ic
ac

y 
in

 M
an

 o
f 

In
ac

ti
va

te
d 

V
ac

ci
ne

s-
S

tu
di

es
 w

it
h 

a 
Pl

ac
eb

o 
G

ro
up

 

S
tu

dy
 

K
er

n 
an

d 
Sc

hi
ff

 (
19

64
) 

M
ul

li
n 

(1
96

6)
 

W
ei

tg
as

se
r 

(1
97

7)
 

So
ltz

-S
zo

ts
 (

19
71

) 

A
nd

er
so

n 
et

 a
l. 

(1
95

0)
 

A
nt

ig
en

 

S
ub

st
ra

te
 

R
ab

bi
t 

ki
dn

ey
 

ce
ll

s 

C
A

M
a 

C
A

M
 

A
m

ni
ot

ic
 

fl
ui

d 

• 
C

A
M

, 
ch

ic
ke

n 
ch

or
io

al
la

nt
oi

c 
m

em
br

an
e.

 
b 

N
S,

 n
ot

 s
pe

ci
fi

ed
. 

T
yp

e 
of

 
In

ac
ti

va
ti

on
 

st
ud

y 

F
or

m
al

in
 

D
ou

bl
e 

bl
in

d 
D

ou
bl

e 
bl

in
d 

H
ea

t 
D

ou
bl

e 
bl

in
d 

N
S 

N
S 

S
tu

di
es

 i
n

 n
on

in
fe

ct
ed

 c
hi

ld
re

n 

F
or

m
al

in
 

O
pe

n 

H
ea

t 

Fo
llo

w
-u

p 
P

at
ie

nt
s 

im
pr

ov
ed

 i
n

 

pe
ri

od
 

T
re

at
ed

 g
ro

up
 

Pl
ac

eb
o 

gr
ou

p 

36
 m

on
th

s 
16

/2
3 

(7
0%

) 
22

12
9 

(7
6%

) 

6 
m

on
th

s 
10

/1
2 

(8
3%

) 
2/

11
 

(1
8%

) 

N
S

b 
56

/6
8 

(8
2%

) 
36

11
20

 (
30

%
) 

N
S 

28
5/

36
6 

(7
8%

) 
10

/6
6 

(1
5%

) 

V
ac

ci
ne

es
 

C
on

tr
ol

 

1 
ye

ar
 

P
os

ti
nf

ec
ti

on
 

9
/1

0
 

8/
10

 
an

ti
bo

di
es

 
H

er
pe

s 
st

om
a-

6/
10

 
5/

10
 

ti
ti

s 

to.
> ij
 ~ ~ :: ~ :;;

0 



VACCINATION AGAINST HSV INFECTIONS 273 

no herpetic antibodies and seroconverted, presumably due to the vacci
nation. Nine of ten and eight of ten in the vaccinated and unvaccinated 
groups, respectively, experienced an antibody rise after clinical (6/9 and 
5/8) or presumptive infections, a result that speaks clearly against the 
efficacy of the vaccination in the study. According to the authors, the 
failure of the vaccine to protect may have been due to the inadequate 
nature of the antigenic stimulus. 

Briefly, the clinical trials with inactivated vaccines showed that: 

1. Results of uncontrolled studies were uniformly good but cannot 
be critically appraised. 

2. When double-blind, controlled trials were undertaken, vaccinoth
erapy demonstrated efficacy in herpetic patients on a short-term 
but not on a long-term basis. 

3. In one pulished trial, vaccination of babies did not prevent sub
sequent clinical herpetic infections in a significant number of 
cases. 

Although no formal evidence proved that such vaccines are ineffec
tive, a feeling developed in the Western medical community that the 
vaccines did not meet the expectations generated at the beginning and 
they are no longer in use, except in Eastern Europe (Dundarov et al., 1983; 
Barinsky et a1., 1983). However, the major reason for their withdrawal 
comes from the finding that HSV might be involved in the etiology of 
cervical cancer, that HSV can transform cells in vitIO, and that other 
members of the herpes group are oncogenic (Parks and Rapp, 1975; Wise 
et a1., 1977). Although one experiment failed to detect oncogenic prop
erties of inactivated vaccines in hamsters (Petersen, 1977), the consensus 
was that vaccines containing herpes DNA were too risky and that their 
use should be discontinued. At that time, the progress made in mass 
production of virus and in the technology of protein purification opened 
the possibility for subunit vaccines. 

IV. SUBUNIT VACCINES 

The rationale for trying subunit vaccines for the immunoprophylaxis 
of herpes infection relies on several lines of considerations. First, the lack 
of efficacy in previous studies might be due to the poor quality of the 
antigens used or to the flaws in the design of most studies. Moreover, 
the fact that in controlled trials there was no case control difference 
indicates a brief but real response to vaccination (Skinner et a1., 1982a). 
Therefore, purified concentrated antigen preparations may induce a 
stronger and a longer-lasting immunity than that that could be obtained 
with inactivated virus. Second, the procedures used in the preparation of 
subunit vaccines require the destruction of virus particles, obviating con
cerns about the possibility of there being live residual virus in the in-
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activated material (Fenyves and Strupp, 1982). Third, the various steps 
involved in their preparation usually result in getting rid of most or all 
of the herpes simplex DNA, so that such vaccines are not subject to the 
criticism that they might be oncogenic. Consequently, they would be 
easier to develop and more acceptable to the scientific and medical com
munity. 

A. Preparation 

Subunit vaccines, sometimes called envelope antigens or subunit an
tigens, contain a mixture of viral polypeptides and glycoproteins, ranging 
from 9 to 10 or 12 species (Cappel et al., 1980; Larson and Lehman, 1979). 
The common basic step in their preparation consists of detergent ex
traction of the antigens with NP-40, Triton X-IOO, or SDS. Extraction 
can be applied to a purified virus suspension obtained by ultracentrifu
gation (Cappel et al., 1980; Hilfenhaus et al., 1981; Klein et al., 1981) or 
directly to the infected cells (Larson and Lehman, 1979), in some cases 
concurrently with (Skinner et al., 1978, 1980a) or after (Kitces et al., 1977) 
formalin inactivation. Capsids are usually eliminated by ultracentrifu
gation and DNase treatment may be added to digest residual viral DNA 
(Larson and Lehman, 1979; Kitces et al., 1977). Further purification may 
also be achieved by ion-exchange or affinity chromatography using lectin
Sepharose columns (Larson and Lehman, 1979; Zweerink et al., 1981). 
Bertland and Lampson (1982) developed a variant where antigens are ex
tracted with 4 M urea applied directly to the infected cell layers, which 
avoided their collection by scraping and centrifugation. In another var
iant, Thornton et al. (1982) prepared vesicles of plasma membranes by 
treatment of infected cells with dithiotreitol and formaldehyde. On the 
whole, subunit vaccines represent preparations that differ from one lab
oratory to another by their degree of purification and characterization. 
This heterogeneity as well as the diversity of immunization schedules 
and animal models used, explains the heterogeneity of results observed. 

Although no figure is currently available, one must expect subunit 
vaccines to be expensive to prepare and use. The cost of purification, 
especially considering the losses obtained during the process, and the cost 
of propagation of the virus will be high. In addition, because of the inert 
nature of the antigen, immunization will require larger amount of im
munogen than live virus vaccine. According to the data from Cappel et 
al. (1982a), one dose for an adult, about 100j.Lg, would require the culti
vation of 500 cm2 of chick embryo fibroblasts. One 1200-ml roller bottle 
yields one dose for rabbit immunization (Rajcani et al., 1980) or 25-40 
doses for mouse immunization (Slichtova et al., 1982). 

B. Experience in Animals 

With the exception of one failure in mice (Zweerink et al., 1981), 
subunit vaccines have been found to induce various levels of neutralizing 
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antibodies in mice (Kitces et a1., 1977; Kutinova et a1., 1980; Slichtova 
et a1., 1980; Klein et a1., 1981), guinea pigs (Thornton et a1., 1982; Ku
tinova et a1., 1982; Yoshino et a1., 1982), and rabbits (Cappel et a1., 1979; 
Carter et a1., 1981). Following immunization, antibodies were also de
tected after immunization by ELISA in mice (Hilfenhaus et a1., 1981; 
Thomson et a1., 1983) or complement fixation and complement-depen
dent cytolysis in guinea pigs (Thornton et a1., 1982). Cell-mediated im
mune response has also been reported in mice (Klein et a1., 1981) and in 
rabbits (Cappel, 1976). Generally speaking, in spite of the diversity of the 
adjuvants and immunization schedules, there is agreement that subunit 
preparations are antigenic in laboratory animals. 

A correlation was observed by Hilfenhaus et a1. (1981) in hairless 
mice between the intensity of HSV antibodies induced by immunization 
and the level of protection achieved; but Klein et a1. (1981) could not find 
a similar correlation. Instead they observed a correlation with cell-me
diated immune stimulation. 

The immunogenicity of subunit vaccines has been successfully as
sessed by virulent challenge of immunized animals. In mice, the exper
imental models used included skin infection in various sites of hairless 
mice (Zweerink et a1., 1981; Klein et a1., 1981; Hilfenhaus et a1., 1981), 
lip abrasion (Kitces et a1., 1977; Thomson et a1., 1983), intravaginal in
oculation (Skinner et a1., 1978, 1980b), intradermal injection in the ear 
pinna (Slichtova et a1., 1980) or the foot pad (Hilleman et a1., 1982), and 
injection by intraperitoneal route (Kutinova et a1., 1980). Rabbits were 
challenged by ocular route (Cappel, 1976; Rajcani et a1., 1980; Carter et 
a1., 1981). In guinea pigs, Scriba (1981) used subcutaneous, intradermal, 
and intravaginal routes and the latter was also used by Thornton et a1. 
(1982). 

The variety of experimental conditions used makes it difficult to 
compare in detail the published results. General features, however, can 
be presented: Subunit vaccines are capable of protecting vaccinated an
imals against morbidity and/or mortality, usually reducing both the in
cidence and the severity of lesions produced by virulent challenge. The 
effect on the establishment of latency or on reactivation of latent virus 
is less clear-cut: positive in mice according to Thomson et a1. (1983), 
Kutinova et a1. (1980), and Hilfenhaus and Moser (1981) and in rabbits 
(Rajcani et a1., 1980), but negative in mouse studies by Cappel et a1. (1980) 
and Klein et a1. (1981). When compared with inactivated virus, subunit 
vaccines regularly produced the best protection (Cappel, 1976; Skinner 
et a1., 1978), but weaker immunity or the necessity of higher dosages to 
obtain the same level of protection have also been reported (Hilfenhaus 
et a1., 1981; Carter et a1., 1981; Rajcani et a1., 1980; Schneweis et a1., 
1981) and the ratio can be as high as 10- to 100-fold (Hilfenhaus and Moser, 
1981). Kitces et a1. (1977) found that in mice the purification of antigens 
from viral suspension reduced their potency compared to crude detergent 
extract. Finally, achieving satisfactory protection usually requires several 
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injections combined with the use of adjuvants such as complete Freund's 
adjuvant, PICLC (polyinosinic-polycytidylic acid complexed with poly 
L-Iysine and carboxymethylcellulose), or alum. 

In summary, experiments in rodents definitely established the ability 
of subunit vaccines to trigger an immune response and to induce pro
tection of the animals against challenges with live, virulent virus. One 
must keep in mind, however, that these results were obtained in animal 
models with a virus that is not indigenous to the host and results may 
not be entirely relevant to man. Moreover, "caution must be applied to 
the data obtained from prevention of HSV disease with vaccines in animal 
models" (Moreschi and Ennis, 1982). 

Paradoxically, animal models are indispensable to HSV vaccine de
velopment, but their validity will only be assessed when conclusive trials 
in man allow the comparison of animal data to protection in the field. 
The necessity to carefully define the models used is underlined by the 
experiments of Schneweis et al. (1981) who compared different challenge 
systems in mice (homologous versus heterologous as well as homotopic 
versus heterotopic) and showed that protection data are to some extent 
dependent on the models used. 

Experiments in monkeys are generally considered of special interest 
because of their closer phylogenetic relationship to man. In fact, they are 
not exceptions to the previous reservation, for the different species display 
a great range of susceptibility and reactivity to HSV. Thus, although they 
provide interesting data about seroconversion, the experiments done with 
rhesus monkeys (Skinner et a1., 1982c) are difficult to interpret with re
gard to immunogenicity and protection, as this species has been found 
to be very difficult to infect (London et a1., 1971). 

Neutralizing antibodies have been detected following vaccination of 
rhesus (Skinner et a1., 1982c), chimpanzees (Cappel et a1., 1979, 1980), 
and Cebus (Hilleman et a1., 1982) monkeys. Antibody level peaked a few 
weeks after vaccination and lasted for 2-8 months. A later booster in
jection (Cappel et a1., 1979) or challenge (Skinner et al., 1982c) triggered 
an anamnestic response. In Cebus monkeys, the seroconversion was 
found to depend on the dosage and the repetition of the injection: With 
2 ILg of antigen, three inoculations were necessary to obtain transient 
seropositivity whereas 50 ILg induced antibodies in all eight animals 
tested after one immunizationj subsequent repeats maintained antibodies 
in all animals over a 4-month follow-up period after the last injection. 

C. Experience in Man 

Studies in man (Table III) confirmed the ability of subunit vaccines 
to produce either seroconversion in seronegative individuals or to raise 
antibodies in seropositive subjects as assessed by seroneutralization, com
plement fixation, ELISA, complement-dependent cytotoxicity, or im-
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munoprecipitation (Hilleman et al., 1982; Skinner et al., 1982a,b; Cappel 
et al., 1982a; Ashley and Corey, 1983). 

These experiments also confirmed the need for repeated injections 
in order to obtain antibodies in a high proportion of the vaccinees (Hille
man et al., 1982; Cappel et al., 1982a). The data of Cappel et al. indicate 
that, in recipients seronegative prior to immunization, neutralizing an
tibodies remained stable over a 5-month period following the last injec
tion but that complement fixing and complement-dependent cytolytic 
activity decreased. 

Unfortunately, it is impossible to determine whether subunit vac
cines are effective in humans because, here again, only open trials without 
a placebo group-stricto sensu-were used to evaluate efficacy. Control 
patients in the Cappel et al. (1982b) study were not mock vaccinated and 
the Birmingham group compared observations in vaccinees to data col
lected from a similar population of patients who were seen before the 
start of the vaccination program. 

In the absence of double-blind placebo-controlled studies, therapeutic 
effects of subunit vaccines in herpetic patients need no further comment. 

More information and work will be necessary to reconcile the strik
ing differences observed between the excellent results of Skinner et ai. 
(no case of herpes infection in 42 vaccinated consorts with a follow-up 
period of 3-18 months) and the two disappointing breakthroughs, one 
clinical and the other one subclinical, among 12 vaccinees, observed in 
Seattle within 3 months after the second immunization (Ashley and 
Corey, 1983). 

D. Future Trends 

A frequent criticism addressed to conventional subunit preparations 
is that they contain a mixture of antigens that varies with the method 
of preparation and may also vary from batch to batch. Standardization of 
a vaccine would, therefore, be difficult to establish. 

Monoclonal antibodies might help solve this problem as it is possible 
to couple them to substrates and prepare immunosorbent columns that 
specifically extract the desired immunogen from crude cell lysates (Ei
senberg et al., 1982). Such a procedure has been used to purify glycopro
teins gD and gB from HSV-1 for immunization of immunized mice, which 
were then challenged with HSV-1 and HSV-2 (Chan, 1983). Administered 
without adjuvant, gD conferred excellent and gB partial homologous pro
tection against intraperitoneal or subcutaneous challenge. However, both 
preparations failed to give cross-protection against type 2 intraperitoneal 
infection. It would be interesting to determine the duration of immunity, 
for in this experiment, protection was only tested 1 week after the third 
and last immunization. 
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Although the use of monoclonal antibodies may solve the problem 
of purity of antigens, they certainly do not help with the cost of produc
tion and the necessity of generating large quantities of virus during the 
preparation process. 

It is the purpose of molecular cloning to overcome these limitations 
by providing means whereby gene products from pathogenic agents can 
be expressed in virtually unlimited quantities in a nonpathogenic form. 
In addition to safety and economy, it is also believed that genetic engi
neering would make it possible to compensate for the weak immuno
genicity of subunit vaccines by allowing the use of larger dosages of an
tigens, produced more easily and cheaply. 

In Escherichia coli, gD of HSV-l has been cloned and expressed using 
plasmid construction (Watson et a1., 1983; Weis et al., 1983) or using 
phage M13 as a vector (Eisenberg et a1., 1983). 

The gene for gD of HSV-l has also been expressed in a stable mam
malian cell line, which gets around the problem that membrane pro
teins-including HSV envelope antigens-tend to aggregate and become 
insoluble when expressed in E. coli (Berman et a1., 1983). According to 
the same authors, expression of gD 1 was also obtained in Saccharomyces 
cerevisiae. 

Lastly, an interesting approach has been initiated with the synthesis 
of an antigenic determinant of gDl, which stimulated neutralizing an
tibodies in mice and rabbits (Cohen et a1., 1983) and conferred protection 
in mice against the lethal (heterologous) type 2 challenge (Dietzschold 
and Cohen, 1984). 

There is no doubt that different experiments are being carried out in 
animals to test the antigenicity and immunogenicity of new preparations 
and to determine whether such antigens live up to their promise in pro
viding improved subunit vaccines. These studies should also provide a 
better understanding of viral antigenicity and of the immune response in 
humans and animals infected with HSV. 

V. LIVE VACCINES 

The arguments in favor of the concept of live antiviral vaccines have 
been known for decades: Because of their ability to replicate in the re
cipient, they require smaller doses, which makes them more economical. 
In addition, they produce a stronger and longer-lasting immunity, which 
avoids frequent boosters and makes them more practical when imple
menting vaccine programs. These points are of particular importance for 
the prevention of herpes infection for the following reasons. First, al
though natural infection induces some immunity, as indicated by the 
diminution of clinical and virological signs in subsequent episodes (Corey 
et a1., 1983), the existence of recurrences and of documented superinfec
tion indicates that the wild-type infections yield only relative protection, 
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at least in some individuals. Therefore, vaccines should at the least match 
the protective effect of natural infections if they are expected to prevent 
or ameliorate primary infections and subsequent recurrences. Second, 
epidemiological studies have shown that genital herpes, a concern for 
public health, is transmitted as a venereal disease and although its pattern 
of incidence is strongly influenced by socioeconomic factors, the major 
determinant of the risk is obviously the sexual behavior and the greatest 
age-specific incidence is found among young adults who are sexually ac
tive. The estimated cumulative age-specific incidence of HSV-2 shows 
that 60% of primary infections are contracted between the ages of 15-
35 (Rawls and Campione-Piccardo, 1982). This means that a vaccine, in 
order to protect efficiently the population at risk, should be given before 
the beginning of sexual activity (to children or young students) and it 
should induce a long-lasting immunity. Interestingly enough, the pre
vention of type 1 infection would also benefit from such a schedule as 
the same authors have estimated that after the wave of primary infections 
in early childhood, a second peak of infections occurs in adolescence and 
early adult life among people living in industrialized societies. 

Several laboratories are investigating the potential of developing live 
vaccines against HSV; at this point, all of them are still at the laboratory 
stage. 

A. HSV Mutants 

The first experimenters recognized very early that the virulence of 
HSV in animals may differ enormously from one isolate to another (Lev
aditi, 1926) but the suggestion that spontaneous low-virulence strains 
might be useful in immunization procedures (Wheeler, 1960) was not
to our knowledge-put into application. 

It is not uncommon that mutants, whatever marker was used for 
their selection, are less pathogenic than wild-type parents and proposals 
have been made to take advantage of that situation to prepare vaccine 
strains by selection for thermosensitivity (Zygraich and Huyegelen, 1974) 
or in two steps for double mutation for resistance to 5-ethyl-2'-desox
yuridine and phosphonoformic acid (Gauri et al., 1981). 

Whether obtained spontaneously or induced, mutants cannot be con
sidered a promising way of obtaining vaccine candidates because they 
occur as a result of what Chanock (1982) referred to as "genetic roulette" 
and it is impossible to anticipate to what extent virulence, latency, and 
other biological properties of the mutants will be affected. Furthermore, 
there is no assurance of their genetic stability if they happen to be passed 
among susceptible individuals, and there are examples of the reversion 
to pathogenicity of nonpathogenic strains by serial passage in mice 
(Thompson and Stevens, 1983; Kaerner et al., 1983). 
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B. Heterologous Herpesviruses 

The use in man of heterologous herpesviruses, which worked well 
with Mareks disease, has been evoked by Parks and Rapp (1975) as a 
frightening prospect in view of the virulence of different primate her
pesviruses in the heterologous host. It is likely that safety concerns would 
actually limit the application in man of the thymidine kinase-negative 
marmoset herpesvirus deletion mutant isolated by Kit et al. (1983) al
though it was found to be attenuated when tested for lethality in mice. 

C. Antigens Expressed by Non-HSV Viral Vectors 

Vaccinia virus was recently suggested as a possible vector for the 
expression of antigens of unrelated pathogens (Smith et al,., 1983). A 
chimera was constructed where the HBs Ag gene of B hepatitis virus was 
inserted within the vaccinia virus genome. The technique has been fur
ther exploited to construct engineered vaccinia viruses expressing foreign 
genes from a variety of sources, including the gD gene of HSV (Paoletti 
and Panicalli, 1984; Smith et al., 1984). The recombinant prepared by 
Paoletti and Panicalli was able to elicit neutralizing antibodies in rabbits 
and to protect mice against homotypic type 1 intraperitoneal challenge. 
However, this very interesting approach raises several difficult problems 
(Beale, 1983). One is that the take of "vaccinia carrier" inoculation might 
be impaired by the immune memory of the world population because a 
high proportion have been vaccinated with vaccinia virus. Also, the gen
eral usefulness of the method might be limited by the fact that the first 
campaign with one vaccinia virus vehicle would create immunity det
rimental to the efficacy of further vaccinations with other immunogens. 
Finally, vaccinia virus has been responsible for rare but dramatic post
vaccination accidents, which led the World Health Organization to rec
ommend discontinuance of its use after the achievement of smallpox 
eradication. 

D. Genetically Engineered HSV 

The principal objections to the use of live attenuated HSV as a vac
cine stem from some of their unwanted biological properties: ability to 
establish latency, ability to undergo reactivation, transforming proper
ties, and oncogenic potential. It has already been noted that the classical 
procedures of selection of either spontaneous or induced attenuated mu
tants usually leave these properties unaffected. The basic principle of 
genetic engineering of an HSV virus for use as a vaccine is that the un
wanted properties are dependent on the function of one, or a few, specific 
gene products of the herpes genome and they do not belong to the minimal 
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set of functions necessary for replication and packaging of the genome. 
Rather, they represent functions developed by the virus to survive in 
nature. It is therefore conceivable to construct viruses that would main
tain the ability to replicate but in which sequences responsible for neu
rovirulence, latency, or oncogenicity would be inactivated or deleted 
(Roizman et a1., 1982). 

Two procedures might be expected to yield strains suitable for testing 
as vaccines. 

1. Intertypic Recombination 

The first one involves the selection of HSV-1 x HSV-2 recombinants 
obtained by double infection of cultured cells. Recombination is possible 
because of the colinearity of the genomes of HSV-1 and HSV-2; however, 
because the genomes differ significantly in nucleotide sequences and in 
the properties of the proteins they specify, mismatches are expected to 
happen at the site of recombination, which would yield viruses crippled 
in some of their functions. Representatives of four series of recombinants 
(Morse et a1., 1977) have been found to be able to grow at least as well 
as the wild-type viruses in HEp-2 and Vero cells but they showed reduced 
pathogenicity when inoculated intra cerebrally route in mice; although 
they showed an impaired ability to replicate in the brain of mice, they 
were still able to protect mice against lethal injection with virulent HSV-
1 and HSV-2 (Roizman et a1., 1982). Data shown in Fig. 1 confirm both 
the attenuation and the immunogenicity of several recombinants. 

Recombinants have the advantages that they can be selected for op
timal growth in culture and that they may be selected to specify both 
serotypes. The recombination procedure, however, has two limitations: 
(1) it occurs randomly, and it does not allow precise intervention in se
lected genes; and (2) in spite of the very low probability of reversion, not 
all recombinants are genetically stable (see below), which limits the gen
eral usefulness of the approach. 

2. Construction of Specific Deletion Mutants 

The second approach has been technically made possible by the de
velopment of procedures that permit the deletion of specific genes as well 
as the construction of rearrangements in specific locations on the genome 
(Post and Roizman, 1981; Post et a1., 1981). The advantages of this ap
proach are the following: 

1. The mutants are selected for ability to grow. 
2. Because of the deletion the virus cannot revert. 
3. It opens the possibility of constructing recombinants carrying de

terminant sites of both HSV-1 and HSV-2. 
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PFU / PD50 
AGAINST HSV2 I G I CHALLENGE I C 

10 
PFU / LD50 

II CI 

10 

FIGURE 1. Attenation and immunogenicity of several intertypic HSV-1 x HSV-2 recom
binants. Attenuation: Groups of 20 BALB/c mice were injected intra cerebrally with serial 
10-fold dilutions of titered suspension of intertypic recombinants. Based on the pattern of 
death, lethal doses 50% were calculated. The number of plaque-forming units that would 
kill 50% of the mice (PFU/LDso ) is used as an index of attenuation and the strains have 
been plotted on the abscissa according to that index. Immunogenicity: Survivors of the 
attenuation tests were challenged 7 weeks later intra cerebrally with 3000 LDso of HSV-2 
genome. Based on the pattern of survival and referring to the amount of recombinant virus 
received initially, the number of PFU necessary to protect 50% of the mice against the 
challenge was determined (PFU/PDso ). The PFU/PDso index was used to plot the strains on 
the ordinate. The oblique lines represent the LDso/PDso ratios: (----) 1; (_._) 104 ; ( ..... ) 106 . 

F and G stand respectively for wild-type viruses HSV-1(F) and HSV-2(G). The first letter of 
the recombinant denomination indicates different crosses used to produce the recombinants 
(Morse et ai., 1977). All recombinants had a ts+ phenotype. 

4. It might be possible to construct recombinants in which increased 
production of antigen could be obtained by substituting more ef
fective promoters for the natural ones. 

5. It might be possible to alter the order of expression of some genes 
in order to change the appearance of their products in the infected 
cells (Roizman et a1., 1982). 

Several constructs have been prepared so far, all of which are derived 
from HSV -1. Details of their construction and properties are reported 
elsewhere (Mocarski: et a1., 1980; Poffenberger, et ai., 1980; Post et ai., 
1980; Post and Roizman, 1981). They have been used to test the practic
ability of genetic engineering for the design of vaccines. For that purpose 
they have been tested in animals to determine whether they meet the 
criteria that a vaccine strain would be expected to meet: attenuation, 
latency, and immunogenicity. Schematic representations of the genomes 
of the viruses tested to date are given in Fig. 2. 
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TK ~ r-:I HSY-1 F 1!:!If-------=.;:.:......-----------::2::'i1~ 
ocO 0 4 4 

.6.305 Df-------fl ~--------I 
TK-

R 325 Dt---------------c::p t--O 

ocTK 

,358Df--------------;[~}__{] 

ocTK 

R316c:J--------~s-7L-----------------e:t:r___eJ 
FIGURE 2. Schematic structure of the genome of constructs tested in animals. The top line 
illustrates the prototype arrangement of the sequences of wild-type HSV-l DNA. The rec
tangles represent the inverted repeat sequences flanking the long (left) and short (right) 
sequences. TK refers to the location of the thymidine kinase gene. The numbers 0, 4, 22, 
47 indicate the location of the a genes. ~305 is deleted in the TK gene, R325 is deleted in 
the a22 gene. 1358 is deleted in the junction region and a TK gene has been inserted in place 
of the deletion, under an a promoter. In R316, TK gene under a regulation has been inserted 
at the deleted site of the normal TK gene. 

a. Studies in Mice 

Table IV summarizes the data obtained in mice. Geneticallyengi
neered viruses were found to be markedly attenuated, yielding plaque 
forming units per lethal dose 50% ratio (PFU/LDso ) greater than or equal 
to 6 x lOS by the intracerebral route whereas wild-type strains (subse
quently used for challenges) have a PFU/LDso ratio of less than 10. 

None of the attenuated viruses were able to establish latent infec
tions when inoculated into the pinna of the ear and their ability to es
tablish latent infection in the trigeminal ganglia when inoculated into 
the eye varied from being unable (~305) to establishment of latency in 
50% of the animals (R325), while, in contrast, 100% of the mice inoc
ulated with wild-type HSV-l(F) developed latent infections. 

Immunogenicity was tested by intracerebral challenge with 3000 
LDso, a severe test, 6-7 weeks after immunization. The potency of the 
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FIGURE 3. Effect of the challenge doses on 
the evaluation of immunogenicity. Groups 
of 10 BALBI c mice were immunized with 10-
fold serial dilutions of a titered suspension 
of R325 virus by intracerebral (i.c.) or intra
peritoneal (i.p.) routes. They were chal
lenged 7 weeks later i.c. with 30, 300, or 
3000 LDso of wild-type viruses, either HSV
l(MGH IO ) (solid symbols) or HSV-2(G) (open 
symbols). Based on the pattern of survival 
the amount of R325 expressed in plaque
forming units necessary to protect 50% of 
the mice against challenge was calculated 
(PFU/PDso ). This experiment also confirmed 
that the i.p. route (circles) was less effective 
in mice than the i.c. route (triangles) and 
that protection against type 2 requires 
higher immunization doses than protection 
against type 1. 

viruses was assessed by determining the number of PFU necessary to 
protect 50% of the animals (PFU/PDso ) against the challenge. The ratio 
was found to be minimal in mice immunized intra cerebrally (survivors 
from virulence test) against homotypic type 1 challenge where values 
were on the order of magnitude of 102 . Intraperitoneal and subcutaneous 
routes of immunization required higher doses to achieve the same level 
of protection (from 105 to > 108 PFLU/LDso ). As would be expected, 
protection against heterotypic challenge required an even larger dose for 
a given route of immunization. The dependence of the results on size of 
the challenge dose has been explored with one virus (R325): groups of 
immunized mice, challenged with lO-fold serial dilutions of the same 
wild-type virus suspension, were protected with reduced amounts of im
munizing virus (Fig. 3). The effect was more pronounced when immu
nization was done intraperitoneally, probably because of the even poorer 
multiplication of the vaccine by this route. 

Genetic stability was tested by serial passages in mice intra cere
brally. Because of the poor replication of the virus in the brain, virus 
recovered from one animal had to be grown in culture in Vero cells before 
further inoculation. R325 was found stable over nine passages; that is, 
no significant change was observed in the ratios of virus recovered in 
mouse brain per amount of virus inoculated and, moreover, restriction 
enzyme patterns of both the ninth passage isolate and the original strain 
were identical. By comparison, the HSV-l x HSV-2 recombinant AsC 
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2 J 4 5 6 7 8 9 

Mouse passage number 

FIGURE 4. Genetic stability of virus R325 through serial passages in mice. BALB/c mice 
were injected intracerebrally with lOs_106 PFU of each virus. They were killed 3-4 days 
later and the homogenate of a pool of three brains was plated on Vero cells in order to 
produce virus suspensions that served to inoculate the next group of mice. The alternation 
in mice and cells was necessary owing to the poor replication of the virus in the mouse 
brain. In one preliminary experiment, direct inoculation from brain to brain could not be 
pursued beyond the second passage. At each mouse passage, virus titers of both the inoculum 
and the brain suspension were determined on Vero cells to calculate the ratios plotted on 
the ordinate. R325 derives from HSV-l(F) by deletion of the 0:22 gene. AsC and C 7D are 
intertypic recombinants. The sensitivity of the procedure is attested by the fact that it 
detected recovery of both ability to grow in mouse brain and neurovirulence with the two 
recombinants. Restriction enzyme analysis showed that AsC was a mutant that has regained 
virulence, but C7D was found to be contaminated with an HSV-l wild-type virus. R325 
remained genetically stable over the ninth passage as shown by the regularly low levels of 
multiplication in brain. No difference could be found between the ninth passage isolate and 
the initial strain in the restriction endonuclease pattern or in the PFU/LDso ratio. 

yielded a virulent mutant between the sixth and the ninth passage, which 
was not a contaminant as the mutant and AsC shared similar restriction 
endonuclease patterns (Fig. 4). 

b. Studies in Monkeys 

Experiments were done in two species. Saguinus fuscicollis (brown
headed marmoset) is a tamarin, which preliminary experiments showed 
susceptible to small amounts of wild-type HSV-l (MCH lO ) or HSV-2(G) 
by intracerebral route but not by eye or vaginal inoculation. Monkeys 
died 6-8 days after being injected into the brain with 102 PFU of either 
type of virus. The intracerebral route was, therefore, used to test the 
attenuation of the deleted virus R325. The survival rates were 6/8, 4/4, 
and 7/8 in animals injected with 102 , lOS, and 108 PFU, respectively. 
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TABLE V. Protection Test in Saguinus fuscicollisa 

Survivors/total after i.c. challenge 

Immunizing dose (PFU) of 
HSV-1(MGHIO ) PFU HSV-1(G) PFU 

HSV-1(R325) TK+ 200 2000 200 2000 

1Q2 111 111 112 
Ht 111 0/2 
let 111 Oil 2/2 

None 0/2 012 012 

a S. fuscicollis (brown-headed marmosets) were first used to test the attenuation of R325 virus. The 
survivors were challenged 6 weeks later by intracerebral injection of 200 or 2000 PFU of either HSV
l(MGH IO ) or HSV-2(G) and subsequently followed-up for 6 weeks. The data shown in this table were 
obtained in a group of monkeys well adapted to captivity. The experiment included another group of 
six monkeys recently delivered who were poorly immunized as 5/6 died after the challenge with 200 
or 2000 PFU of HSV-2(G). 

Almost all Saguinus tamarins were heavily parasitized with Filaria and 
the relative roles of parasitism, stress of intracerebral inoculation, and 
virus infection in the cause of death are difficult to determine. It is sig
nificant, however, that deaths did not follow a dose-effect relationship. 

Challenge of the survivors from attenuation studies with either HSV-
1 or HSV-2 virus by the intracerebral route showed better protection 
against HSV-l(MGH lO ) than against HSV-2(G) (Table V). 

Monkeys that survived challenge with virulent virus were tested for 
the presence of latent virus in the trigeminal ganglia 6 weeks later. In
terestingly, no virus could be isolated from type I-challenged tamarins 
whereas all three survivors of type 2 challenges carried latent virus that 
was identified as type 2 by restriction enzyme analysis. 

The second species of monkeys, Aotus trivirgatus or owl monkey, 
was chosen because of its known susceptibility to HSV infection by pe
ripheral routes (Katzin et al., 1967; Melendez et a1., 1969). In fact, in 
preliminary experiments, an inoculum as small as 1()2 PFU of either HSV
I(MGH lO ) or HSV-2(G) killed the monkeys. Vaginal inoculation of mon
keys with lOB PFU of R325 resulted in two monkeys shedding virus for 
a few days, but both survived infection with no symptoms or signs other 
than a discrete and transient vulvar inflammation. Following infection 
with R325, both monkeys developed antibodies against a range of viral 
polypeptides, as detected by immune precipitation (B. Norrild, personal 
communication). 

Confirmation of the take of the infection by R325 Aotus monkeys, 
despite the paucity of clinical signs, came from the isolation of latent 
R325 virus from lumbosacral ganglia 2 months after infection. 

In summary, genetically engineered HSV strains exhibited some of 
the features required for vaccine strains. They are attenuated, antigenic, 
and immunogenic. Depending on the animal species tested, they were 
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also able to establish latent infections. The ability to establish latent 
infection is diversely affected in mice. 

VI. CONCLUSION 

The field of antiherpetic vaccines is equally exciting and despairing. 
One is tempted to say that with the contribution of the new disciplines 
of virology, such as molecular biology, immunochemistry, and genetic 
engineering, unprecedented possibilities are open for the development of 
vaccines. But on the other hand, one is tempted to be extremely circum
spect for too many enthusiastic predictions, based on progress in virology, 
have later turned into frustrations. 

Several important points that deal with the general approach to eval
uation of vaccines against herpetic disease have emerged from past stud
ies. The lack of evidence of efficacy of the vaccines in patients with 
recurrent herpesvirus has several implications. One implication is that 
such patients can no longer be considered as a suitable population for 
testing new vaccines, except in the very first stage, to assess their safety 
and antigenicity. Efficacy testing should be performed in individuals 
without past history of herpetic infection and because they are at greater 
risk of infection, consorts of patients with genital herpes represent the 
most appropriate group for field trials. It is unlikely that vaccination will 
be beneficial for already infected individuals. Therefore, vaccination 
should be scheduled in infancy or adolescence prior to the time of max
imum risks of infection and immunity induced so that it covers several 
years. As it is difficult to implement vaccination programs that include 
booster injections (e.g., tetanus), the number of repeated administrations 
will be an important determinant of success. 

Because of the diversity of clinical forms of herpetic diseases, the 
unpredictability of the patterns of recurrences, combined with the im
pact of the placebo effect, the evaluation of the vaccines will require 
studies with a careful definition of objectives (prevention of primary in
fection and/or prevention of subsequent recurrences, etc.). Careful ex
perimental design will be necessary, in particular, including the presence 
of placebo subjects in appropriate numbers and the double-blind collec
tion of data. It is also essential that biological measurements (viral expres
sion, antibody-and cell-mediated responses, etc.) complement the clinical 
observations. 

Animal models may not have the predictive value of the efficacy in 
man with which they have been credited. The diversity of susceptibility 
of the different species as well as the effect of doses and routes of either 
immunization or challenge makes it necessary to define the systems used 
for testing new vaccines and some standardization would be useful 
to allow comparisons. It is noteworthy that all the vaccines have been 
found to be effective in animals, no matter what the results were in man. 
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One consequence might be that animals should primarily serve to as
sess the safety of vaccines, preparing the way for efficacy assessment in 
humans. 

Within the past few years the conceptual design of vaccine has moved 
from global to analytical approaches. 

In the past, either live virulent or killed vaccines were used in at
tempts to evoke immune responses mimicking the ones observed in spon
taneous infections. The present orientation of research on subunit vac
cines is based on the idea that a limited number of viral antigenic 
structures-among which glycoproteins come in first place-are respon
sible for immunity. Those structures could therefore be prepared under 
purified form either by extraction from HSV-infected cells or by cloning 
and expression in any of the systems used by genetic engineering-eu
karyotic cells, yeasts, or E. coli. A better understanding of the immu
nobiology of HSV is required to establish the validity of this approach; 
particularly, to determine the respective roles played by each glycoprotein 
in the induction of the immunity and whether one or a few of them would 
induce strong and durable immunity. The degree of protection against 
both types will be of particular importance to cope with a recent tendency 
of finding increased proportions of type 1 isolates in genital infections 
and type 2 in infections other than genital. 

The same remarks apply to vaccinia recombinants as the appropriate 
antigenic determinants will have to be selected in order to be introduced 
into the construct. Vaccinia virus as a carrier offers space for many ad
ditional genes and if it were necessary it could serve as a vector to express 
several antigenic determinants. The usefulness of this approach will 
greatly depend on the intensity of the replication of recombinants in the 
host. 

All arguments in favor of live vaccines apply to live genetically en
gineered HSV vaccines. One may expect them to induce immune re
sponses at least equal to those evoked by spontaneous infections, or even 
stronger and broader responses because of the incorporation of both types 
of immunogenic determinants and by the enhancement of their expres
sion. Preliminary experiments in animals have indicated the feasibility 
of this approach but its achievement depends on the knowledge still to 
be developed of the genes involved in virulence, latency, and ability to 
transform, to enable a rational design of the construction of the vaccine 
virus. Of particular importance will be the answers to the safety concerns, 
and specifically answers regarding the oncogenic potential of a vaccine 
that would contain HSV DNA. 
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CHAPTER 14 

CMV Vaccines 
STANLEY A. PLOTKIN 

I. INTRODUCTION 

The prevention of infections by human CMV presents a number of vexing 
problems common to the herpesviruses. Latency and reactivation, the 
possible oncogenicity of the virus, and the imperfection of even natural 
immunity with respect to CMV conspire together to make prospects for 
vaccination complex and daunting. Nevertheless, a good deal of progress 
has been made, if we define progress as movement in a forward direction, 
without drawing any inference as to proximity to the goal. 

It is unnecessary to go into detail about the complicated natural his
tory of CMV (reviewed by Meyers, this volume); however, for the purposes 
of this chapter, we do have to ask: at what steps in viral transmission is 
prevention possible? Table I lists the principal means by which trans
mission of CMV occurs, and the means by which prevention might be 
effected. 

Vaccination would appear to be the only feasible strategy for pre
vention of transplacental infection of the fetus following primary infec
tion of the mother. There is no way to prevent transplacental or perinatal 
infection of the fetus of immune mothers, but it may be unnecessary to 
do so, as the epidemiologic evidence thus far suggests that primary in
fection is much more likely to cause disease (Stagno et ai., 1982, 1984). 

Similarly, prevention of transmission by breast milk and respiratory 
secretions may be unnecessary, as little or no disease is produced (Stagno 
et ai., 1980). Sexual transmission may occasionally result in an infectious 
mononucleosis (IM)-type syndrome (Chretien et ai., 1977), and vaccina
tion of seronegative sexual partners might be feasible, but is of doubtful 
necessity. Most homosexual men are already seropositive (Drew et ai., 
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TABLE I. Strategies for Prevention of HCMV Disease 

Type of infection 

Transplacental 

Perinatal 
Breast milk 
Respiratory 
Sexual 

Blood transfusion 

Allograft transplantation 

Means of prevention 

Vaccination of mother before pregnancy Iprimary 
infection only) 

? 
Prevention may be unnecessary 
Prevention may be unnecessary 
Vaccination of seronegative partners Imay be too late in 

homosexuals) 
Selection of donors 
Hyperimmune globulin 
Donor selection Iseronegative kidney recipients) 
Hyperimmune globulin Ibone marrow) 
Vaccination Iseronegative kidney recipients) 
Interferon Iseropositive kidney recipients) 

1981), but it may be mentioned parenthetically that vaccination of ser
onegatives might reduce the immune suppression caused by natural CMV 
infection. 

Transfusion-transmitted CMV might be prevented by selection of 
donors (Monif et a1., 1976) or by administration of hyperimmune globulin 
to the recipients (Condie and O'Reilly, 1984). Finally, transmission of 
CMV by organ grafts is susceptible to prevention by several of the strat
egies listed in Table I. 

The methods of CMV prevention currently available to us are four: 
donor selection, administration of passive antibody, vaccination, and pro
phylactic antivirals. 

II. DONOR SELECTION 

Donor selection is useful in reducing infection due to blood trans
fusion, particularly in premature newborns; in renal transplant recipi
ents; and perhaps in bone marrow transplant recipients (reviewed by Mey
ers, this volume). Yeager and her colleagues demonstrated originally that 
transfusion-acquired CMV is a significant threat to premature infants, 
who develop pneumonia, hepatitis, thrombocytopenia, and hemolytic 
anemia in response to infection (Yeager, 1974; Yeager et a1., 1981). This 
syndrome could be prevented by transfusion with blood from donors who 
were antibody-negative, as shown in Table II. 

III. PASSIVE CMV ANTIBODY 

At first thought it seems strange that a pathogen generally considered 
to be one of the most cell-associated could be prevented by passive an-
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TABLE II. CMV Infection in Infants According to 
Antibody Status of Their Mothers and Blood 

DonorsQ 

Mother's antibody 

Positive 
Negative 

a From Yeager et al. (1981). 

Donors' antibody 

Positive 

9/60 (15%) 
10/74 (14%) 

Negative 

23/131 (18%) 
0/9 (0%) 
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tibody, yet that is the case. Evidence for the efficacy of passive CMV 
antibody has been elicited in transfusion disease of newborn and in post 
bone marrow transplant pneumonia. 

In the studies from the Stanford group, Yeager et al. (1981) showed 
that premature infants who acquired CMV antibodies from their mothers 
did not develop illness despite having later received blood from seropo
sitive donors. Thus, their maternal antibody protected them from the 
CMV syndrome to which seronegative-transfused infants are subject 
(Table III). The Stanford group (Yeager et al., 1983) also showed recently 
that maternally derived perinatal infection could result in severe disease 
in prematures, but that this disease occurred when the passive antibody 
had declined to negligible levels. 

As previously stated, bone marrow transplant patients also appear to 
acquire significant disease from blood transfusion (Meyers, this volume). 
Condie and O'Reilly (1984) prepared CMV hyperimmune human IgG for 
intravenous use, and antibody-deficient human IgG as a control. Three 
infusions of 200 mg/kg were administered at 25, 50, and 75 days post
transplant. During the first 120 days posttransplant the patients who 
received CMV hyperimmune globulin were completely protected against 
CMV infection and disease (Table IV), indeed a remarkable result. 

The group at UCLA (Winston et al., 1982) had previously used both 
CMV immune plasma and ordinary intravenous ),-globulin in bone mar
row transplant recipients. They found that CMV infection was not in
hibited by either form of therapy, but the clinical outcome of infection 
was better in the treated patients. 

TABLE III. Rate of Serious 
Illness in CMV-Infected 

Prematures According to Prior 
Serologic StatusQ 

Antibody negative 
Antibody positive 

Q From Yeager et al. (1981). 

5/10 
0/32 
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TABLE IV. Incidence of CMV Infection and Interstitial 
Pneumonia in Prophylactic Globulin Triala 

CMV 
hyperimmune CMV-negative No therapy 

globulin globulin control 

CMV infection 0/17 6/18 10/20 
Pneumonia 0 3 6 

a From Condie and O'Reilly (1984). 

Meyers et al. (1983) have tested intramuscular CMV immune glob
ulin on a weekly schedule. Patients who received only whole blood had 
a significantly lower CMV infection rate if they also received prophylactic 
globulin. On the other hand, this effect was abolished in patients who 
received granulocyte transfusions. 

It is interesting to speculate about the meaning of these positive 
results. The simplest explanation is that CMV carried in blood must go 
through an extracellular phase before it reaches a susceptible tissue cell. 
If there is enough CMV antibody this passage is blocked, but the larger 
the virus dose, the less likely the protection. CMV is carried in several 
types of white blood cell, the granulocyte and probably both T and B 
lymphocytes and macrophages (Winston et al., 1980; Wu and Ho, 1979). 
Apparently, genomic material is not transferred by cell-to-cell contact, 
but rather complete virions must be synthesized and pass out of the cell 
before infection is established. 

The implication for active vaccination is important: namely, that 
induction of an antibody response may be sufficient to protect against 
certain types of primary infection, or at least to cut down the dissemi
nation of CMV within the body. 

IV. VACCINATION 

All through the history of vaccination there has been the dichotomy 
between live and killed vaccines, between the disciples of Jenner and 
Pasteur on the one hand and of Theobald Smith and Alrnroth Wright on 
the other. CMV has been no exception. The protagonists of live vaccines 
cry efficacy while the protagonists of killed vaccines cry safety. No futile 
attempt to settle this issue will be made here but before reviewing data 
on vaccination in man, it is profitable to examine the experience with 
animal models. 

Two animal CMVs have been extensively studied as models for 
human infection. Mouse CMV has received the most attention, despite 
the fact that it does not cross the placenta. Attenuated viruses developed 
for experimental work have in general only been slightly more attenuated 
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TABLE V. Protection of Mice by TS Variants of 
MCMva 

Immunizing Virus-positive 
agent Morbidity Mortality tissues 

Wild 0/9 0/9 5122 
ts 21 2/8 0/8 0122 
ts 29 0/9 0/9 1122 
Control 8/8 8/8 20122 

a From Minamishima and Tonari (1984). 
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than wild virus. Recently, however, Minamishima and Tonari (1984) have 
developed a further attenuated MCMV that protects against wild virus 
challenge without becoming latent in the mouse (Table V). 

Guinea pig CMV is even more interesting. Bia, Hsiung, and their 
colleagues have demonstrated the GP CMV simulates human infection 
in many ways, including transplacental infection (Bia et a1., 1983). They 
have compared attenuated virus and inactivated virus for protective ef
fect, with results summarized in Table VI. Whereas both live and killed 
GP CMV showed significant protection of mother and fetus, live vaccine 
was significantly better in reducing maternal viremia. 

The start of our work on live attenuated CMV vaccine was the iso
lation in WI-38 cultures of a virus from the urine of an infant named 
Towne (Plotkin et a1., 1975). The original strain was passaged in WI-38 
at various temperatures, but eventually it was decided to use an ordinary 
37°C passaged virus that had been cloned three times by plaquing. Pools 
were made at the 125th to 133rd passages for testing in man (Plotkin et 
a1., 1976). 

Normal volunteers have been inoculated by us and by others (Starr 
et a1., 1981; Plotkin, 1979; Friedman et a1., 1982) with consistent results. 
Towne vaccine elicits CMV antibodies and cellular responses that are 
qualitatively similar to those following natural infection, but without 
clinical or laboratory evidence of systemic reaction or of virus excretion. 
There is a local reaction to subcutaneous inoculation. 

TABLE VI. Effect of Vaccination on Guinea Pig CMV Infection in Pregnant 
Animalsa 

Maternal Fetal Fetal 
Vaccination viremia death virus 

None 9/10 13126 7126 
Passive Ab 5/9 0125 
Envelope Ag 9/10 5/16 0/16 
Live attenuated virus 2/9 1125 1125 

a From Bia et al. (1983). 
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TABLE VII. Comparison of Infection Due to Natural Virus and Towne Live 
Vaccine 

Natural Live vacine 

Febrile illness + 0 
Lymphocytosis + 0 
Increase in transaminases + 0 
Local reaction 0 + 
Reversed T-cell helper/suppressor ratio + 0 
Virus excretion + 0 
CF antibody + +(1 year) 
ACIF antibody + + 
Neut. antibody + + 
IgM antibody + + 
Early antigen antibody + + 
Lymphocyte proliferation (CMV Ag) ±~+ + 
T-cell cytotoxicity + + (shorter 

duration) 

Table VII compares the results of vaccination with events following 
natural infection in normal individuals. Vaccine-induced infection is ex
tremely mild, but nevertheless many immune responses common to nat
ural infection are stimulated. 

A question that frequently arises with respect to CMV is the breadth 
of immunity. We have not seen strain-specificity with respect to lym
phocyte proliferation or to fluorescent antibodies when various different 
strains have been used to prepare antigens. However, in testing for neu
tralizing antibodies a higher response has been noted to the Towne virus 
than to heterologous strains. 

Thus, the studies in normal volunteers give evidence for short-term 
innocuity and immunogenicity of Towne. How do we prove that a live 
vaccine virus does not become latent in the vaccinee? And how do we 
provide evidence for efficacy in preventing what is largely a subclinical 
infection? The renal transplant candidate (RTC) seemed to provide a pop
ulation in which to answer these questions for the following reasons: 

1. RTC who are seronegative and who receive a kidney from a ser
opositive donor almost always become infected. 

2. RTC who sustain primary infection frequently manifest signifi
cant serious CMV disease. 

3. Seropositive RTC who have had previous natural infection will 
often reactivate the latent virus after transplant immunosuppres
sion. 

Accordingly, we believed that an attempt to convert seronegative 
RTC to seropositive by vaccination was justified. Unfortunately, one 
problem we might have anticipated was that the RTC are immunode
bilitated even before transplant. As shown in Table VIII, antibody re-
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TABLE VIII. Serologic Responses to Towne at 8 Weeks Postvaccinationa 

Antibodies 

Subjects CF ACIF Neut. 

Normals N 41 41 10 
% positive 95 100 100 
GMT 25 54 28 

RTC N 37 37 15 
% positive 76 83 87 
GMT 9 19 12 

" CF, complement fixation; ACIF, anticomplement immunofluorescence; Neut., neutralizing antibodies; 
GMT, geometric mean titer; RTC, renal transplant candidate. 

sponses in RTC were considerably lower than in normals. Table VIII also 
shows the rather uniform responses of normal volunteers. 

Similarly, CMV-specific lymphocyte proliferation responses in RTC 
are considerably less striking in comparison to normals (Fig. 1). 

Although the immune stimulus generated by vaccine is blunted in 
RTC, we did go on to evaluate the effect of such immune responses on 
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FIGURE I. Stimulation indices against CMV antigen at the time of vaccination and 8 weeks 
postvaccination. 
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TABLE IX. Scoring System for CMV DiseaseQ 

Manifestation Points Manifestation Points 

Fever 1-3 Glomerulonephritis 1-3 
Leukopenia 1 Arthritis 2 
Thrombocytopenia 1 Superinfection 3 
Hepatitis 1-3 GI bleed 3 
Pneumonia 1-3 Death 4 
Encephalitis 1-3 

a Defined as febrile illness occurring contemporaneous with laboratory evidence of CMV infection. 

subsequent challenge by CMV (Glazer et al., 1979; Plotkin et al., 1984). 
The trial was conducted by a double-blind randomized protocol in which 
patients received either vaccine or placebo. Transplantation was then 
done as soon as a kidney became available, providing 8 weeks had passed 
since vaccination, and the patients were then observed for CMV infection 
and disease. Infection was defined as virus excretion of fourfold antibody 
rise, while disease consisted of a febrile illness occurring in time relation 
to laboratory evidence of infection. The CMV syndrome in renal trans
plant patients is well described, but it is often difficult to distinguish it 
from other syndromes unless virologic data are considered. 

Because CMV illness involves many clinical abnormalities, we set 
up an objective scoring system. This scoring system gave points for such 
changes as fever, thrombocytopenia, hepatitis, pneumonia, glomerulo
nephritis, arthritis, and bacterial or fungal superinfection (Table IX) that 
occurred concomitant with laboratory evidence of CMV infection. Al
though the scoring system is arbitrary, it was applied blindly to both 
vaccine and placebo groups. 

In Table X are shown the infections and CMV illnesses analyzed 
according to the serologic status of both donors and recipients. It is ap
parent that the seronegative donor-seronegative recipient combination 
almost never resulted in infection or disease, whereas the seropositive 
donor-seronegative recipient combination frequently resulted in both. 
Therefore, the efficacy of the vaccine could be evaluated only in the latter 
group of 30 patients, supplemented by two patients who were originally 
seronegative and who developed CMV infection after receiving a kidney 
from a donor whose serology was not measured. 

The 32 patients are displayed in Table XI, according to their clinical 
scores and their vaccine or placebo status. The placebo patients had sig
nificantly more severe CMV disease, with mean clinical scores more than 
twice that of vaccinees (5.67 versus 2.70). The distribution of disease with 
a score of 7 or greater was significantly different in vaccine and placebo 
group (p < 0.05). 

A study with Towne strain vaccine similar to ours has been under 
way at the University of Minnesota, under the leadership of Dr. Henry 
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TABLE XII. Nonliving CMV Vaccine Preparations 

Inactivated virions 
Detergent-separated envelope 
Dense bodies 
Noninfectious enveloped particles 
Glycoproteins purified by affinity chromatography 
Cloned genes with expression of immunogenic proteins 
Synthetic peptides corresponding to neutralizing epitopes 
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Balfour. The Minnesota results have been entirely comparable to our own 
(Balfour et al., 1984). Combining the results of the two studies the risk 
of severe disease was 46% in placebo recipients and 43% in vaccinccs, a 
protective effect of 93%. 

Thus, the vaccine seems to have been moderately effective in pre
venting severe disease, though ineffective in preventing infection of renal 
transplant patients. 

What about long-term safety? This may be divided into two ques
tions: Is latent infection established with the vaccine virus, and are there 
long-term ill effects of the virus? The second question may be answered 
simply, at least for the time being. To date no vaccinee has developed a 
tumor or other manifestation that could be attributed to latent or recru
descent CMV. 

We have two pieces of information that bear on the question of la
tency. First, there are the observations on seronegative recipients who 
were vaccinated but who received a kidney from a seronegative donor. 
Their only CMV experience was with vaccine virus. Twenty of those 
have been observed with no evidence of reactivation despite immuno
suppression for transplant. 

Second, there were 22 seronegative vaccinees who received a kidney 
from a seropositive donor and who excreted virus. We tested 44 isolates 
from these patients for their similarity to vaccine virus by restriction 
endonuclease assays (Huang et al., 1976). All 44 were different from vac
cine virus. Therefore, the evidence for latency of vaccine virus is negative. 

Recently, we have been attempting to study vaccine efficacy by ar
tificial challenge. A new isolate from an infant was prepared as a pool at 
the fifth tissue culture passage. This virus, called Toledo-I, is being used 
as a challenge to both natural and vaccine-induced immunity, to deter
mine if they are the same or different. 

V. SUBUNIT VACCINES 

It is obvious that a subunit vaccine, if efficacious, would bypass con
cerns about latency and oncogenicity of a living preparation. At least 
seven types of nonliving preparations are possible, listed in Table XII. 
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TABLE XIII. Responses of Guinea Pigs to HCMV Antigens 

Immunizing antigen 

Testa Virion Nucleocapsid Envelope 

IFA 
LA-NUCL 50 400 <10 
CYTO 1000 1600 1600 
EA-NUCL <10 200 <10 
CYTO 400 200 400 
NI-NUCL <10 <10 <10 
CYTO 400 200 200 

CF 
CMV 128 128 16 
NI 64 <8 8 

NEUT 320 40 128 
LPR + + + 

a IFA, indirect fluorescence; LA, CMV-infected cells expressing late antigens; NUCL, nuclear staining; 
CYTO, cytoplasmic staining; EA, CMV-infected cells expressing early antigens; NI, noninfected cells; 
CF, complement fixation; CMV, CF antigen made from infected cells; NEUT, neutralizing antibodies; 
LPR, lymphocyte proliferation response to CMV antigen. 

The first two possibilities are not really feasible, for killed virions 
still contain DNA and viral envelope is too expensive to prepare directly 
from virions for general use. However, it is useful to show that virions 
and envelope are immunogenic, as lesser units of the virus are unlikely 
to work if these two preparations do not. 

We have made both formalin-inactivated virus and detergent-freed 
envelope vaccines for tests in guinea pigs, shown in Table XIII (Furukawa 
et al., 1984). It was possible to induce immune responses with both types 
of preparation. The results with the viral envelope and with the whole 
virion vaccines show the induction of anticellular antibody, suggesting 
that cellular proteins are part of the viral envelope. Nevertheless, it was 
certainly of interest that antibody that neutralizes HCMV could be in
duced in guinea pigs, at least with the use of Freund's adjuvant. Lym
phocyte sensitization to HCMV antigens was also evoked. 

The next two possibilities are naturally synthesized particles that 
are largely free of viral DNA: dense bodies and noninfectious enveloped 
particles (NIEP). Dense bodies are spherical bodies larger in diameter than 
virions and surrounded by an outer envelope containing the viral gly
coproteins (Craighead et aI., 1972). Dense bodies are produced in quantity 
in infected cells, and can be separated from virions by centrifugation. 
They contain relatively large amounts of CMV matrix protein (69K) (Sarov 
and Abady, 1975; Stinski, 1976; Kim et al., 1976). 

NIEP are similar in diameter to infectious virions and are synthesized 
in similar amounts by strain AD-169 (Kanich and Craighead, 1972; Ir
miere and Gibson, 1983). They lack DNA cores and indeed have less 
matrix protein, but they have all the envelope glycoproteins. Gibson and 
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TABLE XIV. Major Proteins of HCMV 

153-155 
150 
130-145 

72 
68-69 
64-66 
55-57 

Location 

Capsid 
Tegument 
Envelope 

Matrix 
Envelope 
Envelope 
Capsid? 
Tegument 

Functional data 

Abundant 
Phosphoprotein 
Glycoprotein with neut. specificity 
Immediate-early, size variable 
Abundant 
Glycoprotein with neut. specificity 
Glycoprotein 
DNA polymerase-early 
Protein kinase 

Irmiere (1984) report that inhibitors of viral DNA synthesis do not prevent 
synthesis of NIEP. Both dense bodies and NIEP contain viral protein kin
ase activity. 

At least in principle it would be possible to concentrate and treat 
preparations of dense bodies or NIEP to inactivate all DNA and to use 
these preparations as immunogens. 

More esthetically attractive approaches are based on single polypep
tides: either by affinity chromatography purification of immunogenic gly
coproteins; by cloning of the genes for these proteins and obtaining 
expression; or by chemical synthesis of peptides carrying neutralizing 
specificities. 

For any of these approaches to succeed, one must know the antigenic 
structure of the virion. Our current information is summarized in Table 
XIV, which represents an interpretation of the notable work performed 
by Pereira, Stinski, and Gibson, among others (Stinski, 1977; Gibson, 
1981; Pereira et a1., 1982). From the point of view of vaccination, the two 
glycoproteins with neutralizing specificities are the most significant pro
teins. However, it is possible that immunization against other important 
functional proteins would be necessary. 

Zaia et a1. (1984a) have started to isolate and characterize the 64-
66K glycoprotein. They find that it can induce neutralizing antibodies in 
guinea pigs if injected with complete Freund's adjuvant. More recently 
they have obtained some data on the nucleotide sequence of the gene 
coding for that protein (Pande et a1., 1984b). 

One must of course point out that any peptide to be used as a vaccine 
will have to be capable of inducing cellular as well as humoral antibody. 

VI. INTERFERON 

The prophylactic use of IFN in renal transplant patients was recently 
studied by Hirsch et a1. (1983). Based on earlier work (Cheeseman et a1., 
1979), they realized that IFN might have an effect on reactivation of CMV 
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occurring in patients who were seropositive before transplant. They ad
ministered 3 x 106 units of IFN-a, thrice weekly for 6 weeks, and then 
twice weekly for 8 weeks. Although the CMV infection rates were not 
significantly different in IFN-treated or placebo recipients, disease was 
less in the former: 7 of 22 placebo recipients developed CMV illness, while 
only 1 of 20 IFN recipients did so. 

VII. SUMMARY 

Prevention of HCMV disease is possible through donor selection in 
certain blood transfusion and organ transplant situations. When infection 
is by blood products, ,),-globulin containing high-titer CMV antibodies 
can exert significant protection. 

Active immunization is also practicable. The Towne live vaccine 
produces an essentially asymptomatic infection with induction of hu
moral and cellular immune responses. Efficacy against severe CMV dis
ease has been demonstrated under adverse immunologic conditions in 
renal transplant patients. 

Subunit vaccines containing noninfectious particles appear to be the
oretically possible, and two major glycoproteins have been identified with 
properties that suggest their potential utility for immunization. 

ACKNOWLEDGMENTS. The author's research was supported by the Na
tional Institutes of Health (Grant AI-14927) and The Hassel Foundation. 
The author wishes to acknowledge the contributions of Clyde F. Barker, 
Donald C. Dafoe, Gary R. Fleisher, Allan D. Friedman, Harvey M. Fried
man, Robert A. Grossman, M. Lynn Smiley, Stuart E. Starr, and Cliff 
Wlodaver to the work described herein. 

REFERENCES 

Balfour, H. H., Jr., Sachs, G. W., Welo, P., Gehrz, R. c., Simmons, R., and Najarian, J. S., 
1984, Cytomegalovirus vaccine in renal transplant candidates: Progress report of a ran
domized, placebo-controlled, double-blind trial, in: CMV: Pathogenesis and Prevention 
of Human Infection (S. A. Plotkin, S. Michelson, J. Pagano, and F. Rapp, eds.), Liss, 
New York. 

Bia, F. J., Griffith, B. P., Fong, C. K. Y., and Hsiung, G. D., 1983, Cytomegaloviral infections 
in the guinea pig: Experimental models for human disease, Rev. Infect. Dis. 5:177. 

Cheeseman, S. H., Rubin, R. H., Stewart, J. A., Tolkoff-Rubin, N. E., Cosimi, A. B., Cantell, 
K., Gilbert, J., Winkle, S., Herrin, J. T., Black, P. H., Russell, P. S., and Hirsch, M. S., 
1979, Controlled clinical trial of prophylactic human-leukocyte interferon in renal 
transplantation: Effects on cytomegalovirus and herpes simplex virus infections, N. 
EngJ. f. Med. 300:1345. 

Chretien, J. H., McGinniss, C. G., and Muller, A., 1977, Venereal causes of cytomegalovirus 
replication, f. Am. Med. Assoc. 238:1644. 

Condie, R. M., and O'Reilly, R. J., 1984, Prevention of CMV infection in bone marrow 
transplant recipients by prophylaxis with an intravenous, hyperimmune CMV globulin, 



CMV VACCINES 311 

in: CMV: Pathogenesis and Prevention of Human Infection (S. A. Plotkin, S. Mich
elson, J. Pagano, and F. Rapp, eds.), Liss, New York. 

Craighead, J. E., Kanich, R. E., and Almeida, J. D., 1972, Nonviral microbodies with viral 
antigenicity produced in cytomegalovirus-infected cells, r. Virol. 10:766. 

Drew, W. 1., Mintz, 1., Miner, R. c., Sands, M., and Ketterer, B., 1981, Prevalence of cy
tomegalovirus infection in homosexual men. f. Infect. Dis. 143:188. 

Friedman, A. D., Furukawa, T, and Plotkin, S. A., 1982, Detection of antibody to cyto
megalovirus early antigen in vaccinated, normal volunteers and renal transplant can
didates, f. Infect. Dis. 146:255. 

Furukawa, T, Gonczol, E., Starr, S., Tolpin, M. D., Arbeter, A., and Plotkin, S. A., 1984, 
HCMV envelope antigens induce both humoral and cellular immunity in guinea pigs, 
Proc. Soc. Exp. Biol. Med. 175:243-250. 

Gibson, W., 1981, Structural and nonstructural proteins of strain Colburn cytomegalovirus, 
Virology 15:516. 

Gibson, W., and Irmiere, A., 1984, Selection of particles and proteins for use as human 
cytomegalovirus subunit vaccines, in: eM V: Pathogenesis and Prevention of Human 
Infection (S. A. Plotkin, S. Michelson, J. Pagano, and F. Rapp, eds.), Liss, New York. 

Glazer, J. P., Friedman, H. M., Grossman, R. A. Starr, S. E., Barker, C. F., PerloH, 1. J., Huang, 
E.-S., and Plotkin, S. A., 1979, Live cytomegalovirus vaccination of renal transplant 
candidates: A preliminary trial, Ann. Intern. Med. 91:676. 

Hirsch, M. S., Schooley, R. T, Cosimi, A. B., Russell, P. S., Delmonico, F. L., TolkoH-Rubin, 
N. E., Herrin, J. T, Cantell, K., Farrell, M.-1., Rota, T. R., and Rubin, R. H., 1983, Effects 
of interferon-alpha on cytomegalovirus reactivation syndromes in renal-transplant re
cipients, N. Engl. r. Med. 308:1489. 

Huang, E.-S., Kilpatrick, B. A., Huang, Y. T, and Pagano, J. S., 1976, Antisera to human 
cytomegaloviruses prepared in the guinea pig: Specific immunofluorescence and com
plement fixation test, r. Immunol. 112:528. 

Irmiere, A. F., and Gibson, W., 1983, Isolation and characterization of a noninfectious virion
like particle released from cells infected with human strains of cytomegalovirus, Vi
rology 130:118. 

Kanich, R. E., and Craighead, J. E., 1972, Human cytomegalovirus infection of cultured 
fibroblasts. II. Viral replicative sequence of a wild and an adapted strain, Lab. Invest. 
27:273. 

Kim, K. S., Sapienza, R. I., Carp, R. I., and Moon, H. M., 1976, Analysis of structural po
lypeptides of purified human cytomegalovirus, f. Virol. 20:604. 

Meyers, J. D., Leszczynski, J., Zaia, J. A., Flournoy, N., Newton, B., Snydman, D. R., Wright, 
G. G., Levin, M. J., and Thomas, E. D., 1983, Prevention of cytomegalovirus infection 
by cytomegalovirus immune globulin after marrow transplantation, Ann. Intern. Med. 
98:442. 

Minamishima, Y., and Tonari, Y., 1984, A murine model for immunoprophylaxis of cyto
megalovirus infection, in: CMV: Pathogenesis and Prevention of Human Infection (S. 
A. Plotkin, S. Michelson, J. Pagano, and F. Rapp, eds.), Liss, New York. 

Monif, G. R. G., DaicoH, G. I., and Flory, 1. F., 1976, Blood as a potential vehicle for the 
cytomegaloviruses, Am. r. Obstet. Gynecol. 126:445. 

Pande, H., Baak, S., Zaia, J. A., Clark, B. R., Shively, J. E., and Riggs, A. D., 1983, Isolation 
and characterization of a gene fragment coding for a 64K dalton glycoprotein of human 
cytomegalovirus (HCMV) using synthetic gene-specific oligonucleotide probe(s), Eighth 
International Herpesvirus Workshop, Oxford, England, p. 272. 

Pereira, 1., HoHman, M., Gallo, D., and Cremer, N., 1982, Monoclonal antibodies to human 
cytomegalovirus: Three surface membrane proteins with unique immunological and 
electrophoretic properties specify cross-reactive determinants, Infect. Immun. 36:924. 

Plotkin, S. A., 1979, Is it possible to vaccinate against herpes virus infections and their 
effects?, Behring Inst. Mitt. 63:123. 

Plotkin, S. A., Furukawa, T, Zygraich, N., and Huygelen, c., 1975, Candidate cytomega
lovirus strain for human vaccination, Infect. Immun. 12:52l. 



312 STANLEY A. PLOTKIN 

Plotkin, S. A., Farquhar, J., and Hornberger, E., 1976, Clinical trials of immunization with 
the Towne 125 strain of human cytomegalovirus, f. Infect. Dis. 134:470. 

Plotkin, S. A., Smiley, M. L., Friedman, H. M., Starr, S. E., Fleisher, G. R., Wlodaver, c., 
Dafoe, D. c., Friedman, A. D., Grossman, R. A., and Barker, C. F., 1984, Prevention of 
cytomegalovirus disease by Towne strain live attenuated vaccine, in: CMV: Pathogen
esis and Prevention of Human Infection (S. A. Plotkin, S. Michelson, J. Pagano, and 
F. Rapp, eds.), Liss, New York. 

Sarov, I., and Abady, I., 1975, The morphogenesis of human cytomegalovirus: Isolation and 
polypeptide characterization of cytomegalovirions and dense bodies, Virology 19:243. 

Stagno, S., Reynolds, D. W., Pass, R. F., and Alford, C. A., 1980, Breast milk and the risk 
of cytomegalovirus infection, N. Engl. J. Med. 302:1073. 

Stagno, S., Pass, R. F., Dworsky, M. E., Henderson, R. E., Moore, E. G., Walton, P. D., and 
Alford, C. A., 1982, Congenital cytomegalovirus infection: The relative importance of 
primary and recurrent maternal infection, N. Engl. f. Med. 306:945. 

Stagno, S., Pass, R. F., Dworsky, M. E., Britt, W. J., and Alford, C. A., 1984, Congenital and 
perinatal CMV infections: Clinical characteristics and pathogenic factors, in: CMV: 
Pathogenesis and Prevention of Human Infection (S. A. Plotkin, S. Michelson, J. Pa
gano, and F. Rapp, eds.), Liss, New York. 

Starr, S. E., Galzer, J. P., Freidman, H. M., and Plotkin, S. A., 1981, Specific cellular and 
humoral immunity following immunization with live Towne strain cytomegalovirus 
vaccine, f. Infect. Dis. 143:585. 

Stinski, M. F., 1976, Human cytomegalovirus: Glycoproteins associated with virions and 
dense bodies, f. Virol. 19:594. 

Stinski, M., 1977, Synthesis of proteins and glycoproteins in cells infected with human 
cytomegalovirus, f. Virol. 23:75I. 

Winston, D. J., Ho, W. G., Howell, C. L., Miller, M. J., Mickey, R., Martin, W. J., Lin, c.
H., and Gale, R. P., 1980, Cytomegalovirus infections associated with leukocyte trans
fusions, Ann. Intern. Med. 93:67I. 

Winston, D. J., Pollard, R. B., Ho, W. G., Gallagher, J. G., Rasmussen, L. E., Huang, S. N. 
Y., Lin, C.-H., Gossett, T. G., Merigan, T. c., and Gale, R. P., 1982, CMV immune 
plasma in bone marrow transplant recipients, Ann. Intern. Med. 97: II. 

Wu, G. c., and Ho, M., 1979, Characteristics of infection of Band T lymphocytes from mice 
after inoculation with cytomegalovirus, Infect. Immun. 24:856. 

Yeager, A. S., 1974, TransfuSion-acquired cytomegalovirus infection in newborn infants, 
Am. f. Dis. Child. 128:478. 

Yeager, A. S., Grumet, F. c., Hafleigh, E. B., Arvin, A. M., Bradley, J. S. and Prober, C. G., 
1981, Prevention of transfusion-acquired cytomegalovirus infections in newborn in
fants, f. Pediatr. 98:281. 

Yeager, A. S., Palumbo, P. E., Malachowski, N., Ariagno, R. L., and Stevenson, D. K., 1983, 
Sequelae of maternally derived cytomegalovirus infections in premature infants, J. Pe
diatr. 102:918. 

Zaia, J. A., Clark, B. R., Ting, Y.-P., Vanderwal-Urbina, E., Troiannello, L. J., Balce-Director, 
L., and Eberle, R., 1984, Production, detection, and characterization of antibody to a 
64-66,000 dalton glycoprotein of human cytomegalovirus, in: CMV: Pathogenesis and 
Prevention of Human Infection (S. A. Plotkin, S. Michelson, J. Pagano, and F. Rapp, 
eds.), Liss, New York. 



CHAPTER 15 

Live Attenuated Varicella 
Vaccine 
ANNE A. GERSHON 

I. HISTORICAL PERSPECTIVE 

Natural History of the Clinical Illness 

1. Varicella 

Most physicians regard varicella (chicken pox), primary infection with 
varicella-zoster virus (VZV), as merely a mild infection of childhood. It 
might even be viewed by some as a prerequisite of normal growth and 
development, a traditional milestone that almost all individuals have 
endured and that new generations ought to endure as well. Clearly, how
ever, this is an old-fashioned view. Recent advances in medical treatment 
such as chemotherapy of childhood cancer and organ transplantation re
quire clinicians and virologists to reassess the impact of this disease 
today. 

It is now known that varicella may be severe or even fatal in children 
with a deficit in cell-mediated immunity (CMI), due to treatment of an 
underlying disease or on a congenital basis, and in newborn infants and 
adults. In actual numbers of patients, those with iatrogenic depression 
of CMI due to treatment of cancer constitute the largest group at highest 
risk. 

The propensity for children with an underlying malignancy to de
velop severe varicella was first noted by Cheatham et al. (1956). The exact 
mortality rate for children with malignant disease who contract varicella 
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remains unknown, and certainly it varies with the type of disease and 
its form of treatment. It is known that the majority of immunocom
promised patients who experience varicella will survive. One retrospec
tive study of 77 patients with varicella, most of whom had underlying 
leukemia, followed at St. Jude Children's Research Hospital from 1962 
through 1973 (Feldman et a1., 1975), demonstrated a 32% incidence of 
severe disseminated varicella with spread to the lungs and/or CNS, and 
a 7% mortality rate. It is possible that more recently, as chemotherapeutic 
regimens for cancer have become more immunosuppressive, the mor
tality rate from varicella in these high-risk children may now be greater. 
In some series of patients the mortality rate has approached 50% (Ger
shon, 1980), but these studies have included only small numbers of pa
tients, and the populations were often selected to include only children 
who were sick enough to require hospitalization for varicella. In a recent 
study of the efficacy of vidarabine for treatment of varicella in immu
nosuppressed patients, most of whom had underlying cancer, the mor
tality rate for varicella in the group of 15 patients who received placebo 
was 13% (Whitley et a1., 1982). However, even if the mortality rate from 
varicella in children with cancer is only 7%, obviously something must 
be done about it. 

Varicella in normal children is still thought to be a relatively benign 
illness. Most individuals acquire varicella before 10 years of age, and they 
experience an illness that lasts for 5-7 days. The incidence of compli
cations in normal children appears to be very low, but a wide range of 
complications have been reported. These include bacterial superinfection 
of skin and lungs, encephalitis, arthritis, glomerulonephritis, Reye's syn
drome, purpura fulminans, and gangrene (Gershon, 1980). 

Following an attack of varicella, both antibody and CMI to VZV de
velop and often persist for life. Because most persons acquire varicella as 
children, it might be predicted that the incidence of varicella in adults 
would be rather low, which it is. Unfortunately, however, those adults 
who have escaped varicella as children and then later contract it, often 
from their own children, are at risk to develop severe disease. This risk 
appears to be lower than it is for children with an underlying malignancy, 
but its exact magnitude is unknown. Occasional fatalities due to chicken 
pox in adults have been reported (Gershon, 1980). 

2. Zoster 

Individuals with a prior history of varicella are potentially at risk to 
develop zoster. This localized rash illness is a secondary infection with 
VZV. It is believed to be due to reactivation of latent VZV, acquired during 
the attack of chicken pox. The reasons why latent VZV reactivates and 
causes zoster are still unclear, but zoster is more common in immuno
compromised persons than in those with normally functioning immune 
systems. The incidence of zoster also increases with age, reaching a rate 
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of 1 % in persons in the 10th decade of life (Hope-Simpson, 1965). This 
may be due to loss of VZV CMI secondary to aging. The occurrence of 
zoster clearly does not seem to be related to a loss of specific antibody 
(Gershon, 1980). 

II. DEVELOPMENT OF VARICELLA VACCINE 

A. First Studies in Japan 

In 1974, Takahashi and his colleagues reported the development of 
a live attenuated varicella vaccine. This vaccine had been prepared by 
passage of a VZV isolate, obtained from a 3-year-old normal boy with 
varicella, 11 times in human embryonic lung cells at 34°C, 12 times in 
guinea pig embryo cell cultures at 37°C, and 1 to 21 times in WI-38 cells 
at 37°C. As there is no practical animal model of varicella infection, all 
studies had to be performed in humans. At first, 71 normal children were 
inoculated, and when it was clear that there were only mild side effects, 
39 chronically ill children were vaccinated on a hospital ward, in an at
tempt to terminate a nosocomial outbreak of chicken pox. The only side 
effect noted in these vaccinees was an occasional mild rash. 

Takahashi's early studies were hampered by the lack of availability 
of a sensitive test for susceptibility to varicella. Therefore, some of his 
vaccinees may have been immune before immunization. In addition, it 
was impossible to distinguish between rashes secondary to vaccination 
and mild natural varicella that might have been caused by the wild virus. 
His overall experience, however, strongly suggested that vaccination 
against varicella could be accomplished. This publication also served to 
stimulate strong opinions both for (Sabin, 1971; Plotkin, 1977; Kempe 
and Gershon, 1977) and against (Brunell, 1975, 1977a,b) further use and 
testing of the vaccine. Fortunately, this controversy in America did not 
inhibit the Japanese who continued to pursue their studies vigorously. 

Alternatives to varicella vaccine for prevention of severe varicella in 
high-risk children were not available in Japan in 1974. In the United 
States, it had been shown that passive immunization of immunocom
promised patients could be successfully accomplished by the use of zoster 
immune globulin (ZIG) (Gershon et a1., 1974), but this drug was not li
censed even in the United States until 1981. Antiviral therapy for vari
cella was also very much in the experimental stage in 1974, so that it 
seems quite justifiable for the Japanese to have approached the problem 
of prevention of severe varicella by immunization. It appears that the 
rationale was to develop the vaccine mainly for high-risk varicella sus
ceptibles but that eventually the vaccine might be used in normal chil
dren. 
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B. Subsequent Studies in Japan 

Following the initial publication concerning varicella vaccine (Tak
ahashi et al., 1974), a spate of articles from these investigators appeared. 
The rationale appeared to be, as there was no appropriate animal model, 
to immunize first those individuals at little or no risk from any potential 
side effects of the vaccine, and then to proceed gradually to immunize 
those hosts at greater potential risk, assuming that side effects were min
imal at each stage of the investigation, and that immune responses to 
VZV developed. These subsequent studies were also performed by uti
lizing neutralization and other sensitive VZV antibody assays such as the 
fluorescent antibody to membrane antigen assay (FAMA) (Williams et a1., 
1974) and immune adherence to test for susceptibility to chicken pox 
prior to vaccination (Gershon, 1980). 

In one important study that followed, not only safety of the vaccine 
but also its protective effects were demonstrated (Asano et a1., 1977). 
Eighteen normal varicella-susceptible children were immunized within 
3 days of the occurrence of varicella in a sibling. There was a control 
group of 19 similar children who were not immunized and who also had 
a sibling who had contracted varicella. All of the controls became ill, 
while none of the vaccinees developed varicella. In addition, all of the 
18 vaccinees developed detectable antibody to VZV within 4-8 weeks 
after vaccination. 

The vaccine had been given to children on steroids for renal disease 
without untoward effects. These children were at moderate risk to de
velop severe varicella (Takahashi et a1., 1974). Subsequently, it was re
ported (Izawa et al., 1977; Asano and Takahashi, 1977) that children with 
an underlying malignancy could also be safely immunized against vari
cella. Eleven children with acute leukemia in remission from 1 to 43 
months were given 200 to 1500 PFU of varicella vaccine virus. Apparently 
on an arbitrary basis, their maintenance cancer chemotherapy, consisting 
of daily 6-mercaptopurine, weekly methotrexate, and intermittent vin
cristine and steroids, was suspended for 1 week before and 1 week fol
lowing immunization. All vaccinees developed VZV-neutralizing anti
body within 4 weeks after immunization. Side effects of vaccination were 
minimal. Two vaccinees (18%) developed extremely mild papulovesi
cular rashes that did not seem to correlate with either a larger dose of 
immunizing virus or a shorter interval between the time of remission 
and vaccination. One of these children subsequently had a household 
exposure to varicella 11/2 years later, and he did not contract varicella 
after the exposure. In this same study, six children with neuroblastoma 
or retinoblastoma were also immunized with 200 PFU of VZV vaccine, 
with no significant side effects. All had suspension of cancer chemo
therapy for 2 weeks as did the leukemics, and all developed VZV antibody 
(Izawa et a1., 1977). At about the same time, at another institution in 
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Japan, four additional leukemic children and two additional children with 
solid tumors were safely and successfully immunized with varicella vac
cine (Asano and Takahashi, 1977). 

Because it seemed preferable from the point of view of treatment of 
the underlying malignancy to avoid suspension of chemotherapy if pos
sible, this was then tried (Ha et a1., 1980). Of 15 children with acute 
leukemia in remission for 1 to 53 months who were vaccinated with 500 
PFU of Oka varicella vaccine without suspending their chemotherapy, 
10 (67%) developed mild papular rashes with 3-32 lesions, occurring 3-
4 weeks after vaccination. Eight children (53%) also had fever in con
junction with rash. Of 13 children with solid tumors whose chemother
apy was also not suspended, only 1 developed a rash, but it was extensive, 
lasted 4 days, and was accompanied by fever to 39°C (Ha et al., 1980). 
The virus isolated from this patient was recently demonstrated to be 
vaccine virus on the basis if its DNA and growth in guinea pig tissue 
culture cells (M. Takahashi personal communication). It was pointed out 
(Ha et al., 1980) that while vaccination without suspending chemother
apy was in all likelihood not particularly dangerous, it would probably 
be preferable to suspend chemotherapy in most instances, to decrease the 
possibility of complications from the vaccine. It was further stated that 
there was no relationship between relapse of leukemia and suspension 
of chemotherapy for 2 weeks for vaccination against varicella, although 
no data were given to support this statement (Ha et al., 1980). 

III. STUDIES IN THE UNITED STATES ON VARICELLA 
VACCINE 

A. Studies in Normal Children 

When it became clear from studies in Japan that live attenuated var
icella vaccine appeared to be safe and effective, investigators in this coun
try began clinical trials. While most studies of varicella vaccine have 
employed the Oka strain, a few studies have been performed with a vac
cine strain developed in the United States, the KMcC strain (Neff et al., 
1981; Arbeter et al., 1983). In contrast to the Oka strain, KMcC was 
passaged exclusively in WI-38 cells. In the first published clinical study 
(Neff et a1., 1981), doses of 190-9500 PFU of passage levels 10, 30, 40, 
45, 50, and 60 were administered. In these studies a dose of 1150 PFU of 
passage 40 virus caused 100% seroconversion, and 6500 PFU of passage 
50 virus provided 83% seroconversion, as determined by the immune 
adherence assay for VZV antibody. It was felt that passage 50 gave the 
best degree of immunogenicity without significant toxicity (Neff et al., 
1981). 

In the subsequent study of KMcC vaccine, the responses of 26 normal 
children to passage 40 vaccine virus and of 17 to passage 50 vaccine virus 
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were examined in greater detail (Arbeter et al., 1983). Passage 40 was used 
at a dose of 1150 PFU, and passage 50 was used at a dose of 6500 PFU. 
There was 100% seroconversion to VZV induced by both vaccines, de
termined by the F AMA method, and every child also manifested evidence 
of VZV CMI measured by lymphocyte stimulation. Mild papular skin 
reactions were noted in 31 % of vaccinees who received passage 40 but 
in only 6% of those who received passage 50 virus, although the dose 
was 10 times higher. The difference in seroconversion rates for the two 
study groups at passage 50, 83 versus 100%, may probably be explained 
by the fact that FAMA is slightly more sensitive for measurement of VZV 
antibody than is immune adherence (Gershon, 1980). It was proposed that 
passage 50 KMcC strain would be safe to administer to leukemic children 
(Arbeter et al., 1983), but this has not yet been done. 

Arbeter et al. (1982) also administered the Oka strain to 91 healthy 
children in order to gain information on the safety of this vaccine in 
American children and thereby determine if it would be safe to administer 
this vaccine to children with leukemia in the United States. These studies 
served to confirm those performed in normal Japanese children. They also 
indicated that American children reacted similarly to the Oka strain of 
vaccine as did Japanese children. There was a 100% conversion rate in 
vaccinees who received 540 PFU of vaccine prepared in Japan, and a 94% 
seroconversion rate in vaccinees who received 600 PFU of a commercially 
prepared Oka strain vaccine made in Europe from a Japanese seed lot; 
the latter was used at passage 36. Side effects of vaccination were unusual 
and consisted only of minor papular rashes, and there was no evidence 
of transmission of virus to others. 

B. Studies in Children with an Underlying Malignancy 

Brunell et al. (1982) immunized 23 children with leukemia with ap
proximately 500 PFU of Oka strain, passage 29 or 33. Twelve of the vac
cinees were no longer receiving chemotherapy, and in the other 11 chem
otherapy was suspended for 2 weeks. The results of this study essentially 
confirmed those of Japanese investigators in that none of the immuno
compromised vaccinees experienced adverse reactions from the vaccine, 
and all developed immune responses to VZV. As in data on immuno
compromised children vaccinated in Japan, there was little or no infor
mation concerning the protective efficacy of the vaccine in these patients. 
From this study, however, came the first evidence that vaccinees could 
be contagious to others. One varicella-susceptible sibling of a vaccinee 
developed VZV antibody several weeks after the vaccinee had manifested 
a mild rash. Formerly, there had been no evidence of spread of VZV to 
contacts of vaccinees (Gershon, 1980). In addition, one vaccinee in this 
study developed a mild case of varicella after a household exposure to 
the disease; it occurred 2 years after vaccination. Breakthrough cases of 
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varicella had also been reported in some children vaccinated in Japan 
(Sakurai et al., 1982). 

The significance of these breakthrough cases of varicella in vaccinees 
has become clearer in studies conducted by Gershon and colleagues in 
the Collaborative Varicella Vaccine Study sponsored by the National In
stitute of Allergy and Infectious Diseases (Gershon et al., 1984a,b). In 
these studies, over 200 children with leukemia in remission have been 
vaccinated. Thus far, over 20 of these vaccinees have subsequently had 
household expsoures to VZV. One would expect an incidence of varicella 
in 80-90% of susceptible children after this type of exposure (Ross et al., 
1962). In contrast, the attack rate in leukemic vaccinees was significantly 
lower, about 20%. In addition, all of the cases of varicella were extremely 
mild, even though the children who developed chicken pox were receiv
ing chemotherapy for their underlying disease. 

Mild cases of varicella have occurred, however, not only in some of 
the vaccinees with household exposures, but also in several children who 
have not had household exposures. For example, one child with leukemia 
in remission, off chemotherapy, developed a mild varicelliform rash 10 
months after immunization. She had no known exposure to VZV. Two 
weeks prior to the onset of her illness her FAMA titer was 1: 8 (> 1: 4 is 
positive) and her VZV CMI lymphocyte stimulation index was 7 (> 3 is 
positive). VZV was isolated from her rash, and when it was analyzed by 
restriction endonucleases (see below) it was found to be wild virus (Ger
shon et al., 1984a). These observations, and additional similar ones, re
quire a reevaluation of the factors that provide immunity to VZV. Ap
parently having demonstrable specific antibody and CMI in the peripheral 
blood does not guarantee that an individual will be completely protected 
from varicella, particularly if that person is immunocompromised. 

On a practical level, however, this experience has indicated that 
while varicella may occur in immunocompromised vaccinees, they are 
clearly protected from severe disease. First, the attack rate of vaccinees 
with household exposures, about 20%, is significantly lower than the 
attack rate for normal susceptible children with household exposures, 
80-90%, reported by Ross et al. (1962), (Gershon et al., 1984b). Second, 
based on the severity of disease in immunocompromised children re
ported by Feldman et al. (1975), vaccinated children receiving chemo
therapy at the time of exposure to varicella have a signifcantly milder 
disease, if they do become ill, than unvaccinated ones. Immunized chil
dren off chemotherapy at the time of exposure are likely to develop sub
clinical varicella manifested only by a significant increase in antibody 
titer (Gershon et al., 1984b). 

Immunologically normal children, in contrast to those with leuke
mia, probably achieve more complete protection from vaccination against 
varicella. In a study by R. Weibel and colleagues (1984), two groups of 
normal children were given either varicella vaccine or placebo in a double
blind placebo-controlled randomized study. During the course of a sub-
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sequent outbreak of varicella in the community, 39 cases of varicella 
occurred, but only in those who had received placebo. Not a single case 
of varicella occurred in children who received vaccine. Thus, 100% pro
tection was seen in normal children, even after household exposure to 
varicella. Two issues concerning this study must be raised. First, the 
immunizing dose of virus was higher than that used in leukemic children, 
8700 PFU of VZV. Second, the children were vaccinated within a few 
months to a few weeks before they were exposed to varicella. It will be 
very important, therefore, to follow the vaccinees who did not yet have 
household exposures for additional exposures to varicella in ensuing years 
to obtain data concerning the duration of protection against varicella and 
whether it remains complete in normal children. 

One of the most helpful advances in the analysis of data from vari
cella vaccine studies has been the development of a marker for the vaccine 
virus. Based on restriction endonuclease studies, the DNA of VZV vaccine 
has been found to be clearly different from that of wild virus (Martin et 
ai., 1982). In studies by Gershon et al. (1984a,b), it has been possible to 
demonstrate that vaccinees with mild breakthrough varicella have been 
infected with wild virus. Therefore, the possibility that they had expe
rienced disseminated zoster due to reactivation of latent vaccine virus 
was ruled out. Vaccine-type virus, however, has been isolated from pa
tients with vaccine-associated rashes, on occasion. 

IV. PROBLEMS REQUIRING FURTHER RESOLUTION 

A. Persistence of Immunity after Vaccination 

1. Reinfection with VZV 

A recent follow-up study of 26 healthy children immunized in Japan, 
revealed that 100% had VZV-neutralizing antibody, and 96% had VZV 
FAMA antibody detectable 5 years after immunization (Asano et al., 
1983). None of these vaccinees developed varicella during that interval 
although many had been exposed to the virus. Because no decrease in 
antibody titer was observed during this time, and because of the many 
exposures, the authors postulate that subclinical reinfections may have 
occurred, causing boosts in VZV antibody titer. Other investigators have 
also observed the phenomenon of subclinical reinfection in recipients of 
VZV vaccine (Brunell et al., 1982; Gershon et ai., 1984a,b). Subclinical 
reinfection with VZV has also been observed after natural varicella (Bru
nell et al., 1975; Gershon et ai., 1982; Arvin et al., 1983). In addition, 
occasional mild clinical reinfections with VZV have been observed in 
normal persons after natural varicella (Gershon et ai., 1984a). Whether 
these secondary booster responses are important in maintaining long
term immunity to VZV is an extremely important subject for further 
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research and may have significant implications for the future use of var
icella vaccine. The relative importance of local immunity in the respi
ratory tract also deserves further evaluation. In one such study, it was 
found that while secretory IgA could be detected after natural varicella, 
it could not be found after varicella vaccination of normal children, even 
if the vaccine was given by inhalation (Bogger-Goren et al., 1982). 

2. Loss of Detectable VZV Antibody in Vaccinees 

Loss of detectable VZV F AMA antibody has also been observed in 
leukemic vaccinees 1-2 years after immunization (Gershon et al., 1984b). 
The significance of this phenomenon is unknown, as a booster antibody 
response was usually found after a second dose of vaccine had been given, 
suggesting that the child was immune to varicella despite the lack of 
detectable antibody. In addition, as has been mentioned, the presence of 
detectable antibody in leukemics does not necessarily indicate complete 
protection against clinical varicella but at times only partial protection. 
Our studies strongly suggest the necessity for a second dose of vaccine 
in leukemic children for yet another reason. Only 82% of leukemic vac
cinees have been found to seroconvert after 1 dose of 1000 PFU of Oka 
commercially prepared vaccine (Gershon et al., 1984b). Thus, further ob
servations concerning the duration of protection in immunocompromised 
vaccinees, the specific factors responsible for protection, and whether 
booster injections are required, are crucial. 

A 6-year follow-up of leukemic children immunized in Japan indi
cates persistence of VZV-neutralizing antibody in those tested (Sakurai 
et al., 1982). A major difference between studies carried out in Japan and 
in the United States, however, has been that in Japan routine skin testing 
every 6-12 months with an intradermal injection of VZV antigen is per
formed. We have found that skin testing boosts VZV antibody (La Russa 
et al., 1984), which may account for the better persistence of VZV an
tibody in Japanese vaccinees compared with American vaccinees. Our 
experience with the skin test is that it is too cumbersome for routine use 
in young children. Therefore, we have been approaching the problem of 
apparent declining immunity in vaccinees by routinely giving two doses 
of vaccine 3 months apart rather than by skin testing. 

B. Dose of Vaccine Virus Necessary to Induce Immunity 

Doses employed by various investigators have ranged from 20 to 8700 
PFU of VZV vaccine. For example, in the study of Weibel and colleagues 
(1984) in which normal vaccinees were totally protected against varicella, 
a dose of 8700 PFU was given. In contrast, we have employed 1000 PFU, 
but our leukemic patients have not been completely protected against 
varicella, and their immune responses have waned (Gershon et al., 1984b). 
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Whether this is a reflection of the host or of the dose of immunizing virus 
deserves further study. 

C. Safety 

1. Short Term 

In the short run, varicella vaccine is clearly safe, in both normal and 
certain immunocompromised patients. It is likely, based on the studies 
of M. Takahashi (personal communication), that severely immunocom
promised patients, such as those with lymphosarcoma and Hodgkin's 
disease, will not necessarily tolerate the vaccine well, and extreme cau
tion must be exercised if such patients are to be immunized. Certainly 
for children with leukemia in remission on maintenance therapy, the 
vaccine has proved to be safe. Because of the possibility of spread of vac
cine virus to other high-risk children, especially if the vaccinee develops 
a rash, follow-up examinations of vaccinees with rash should not be per
formed in a clinic setting. In our study (Gershon et ai., 1984b) the inci
dence of spread of vaccine virus to varicella-susceptible household mem
bers was 3% overall and 10% in children with rash. Other serious 
complications of varicella, such as Reye's syndrome, have not been ob
served in vaccine recipients, although this merits further study, as large 
numbers of children would have to be immunized to rule out this pos
sibility as a complication because its incidence is very low even after 
natural varicella. 

2. Long Term 

Concern for long-term safety of the vaccine involves two issues, zos
ter and malignancy. As is true for any phenomenon, it is easier to rule 
in a causal factor than to rule one out. It is difficult to rule out VZV as 
a cause of malignancy, but this particular herpesvirus has never been 
linked to any form of cancer. It has been found that infected cells possess 
transforming ability in vitro although cell-free material (e.g., the vaccine) 
does not have this property (Yamanishi et ai., 1981). In addition, the 
clinical relevance of this experimental observation remains unknown. 

Another issue with regard to malignancy is whether there is an in
crease in the relapse rate of leukemia after varicella vaccination. It is 
especially important to look for this because chemotherapy is stopped 
for at least 2 weeks in vaccinees. There has been no reported increase in 
relapse of leukemia in vaccinees in Japan (Ha et ai., 1980). In the NIAID 
Collaborative Varicella Vaccine Study there has also been no difference 
in relapse rate between leukemic children who have been vaccinated 
( 13 %) and those who have experienced natural varicella (8 %) (Gershon 
et ai., 1984b). 
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It was feared that zoster might be a serious complication of varicella 
vaccination (Brunell, 1975). A 7-year follow-up of leukemic children in 
Japan has revealed that although some vaccinees have developed zoster, 
the incidence, 10-15%, and severity are no different than that seen in 
leukemics who have had natural varicella (Sakurai et a1., 1982). It is un
fortunate that no virus isolates have been obtained from any of these 
cases of zoster. It would be of great interest to determine whether they 
were caused by vaccine virus or by wild virus. One of our 240 vaccinees, 
followed for as long as 3 years in some cases, has developed zoster (Ger
shon et a1., 1984b), and further long-term follow-up of these vaccinees 
will be important. 

V. LOGISTICS OF FUTURE VACCINE USE 

A. Potential Vaccine Candidates 

It seem fairly obvious that children with leukemia in remission and 
probably children with solid tumors ought to be offered protection from 
severe varicella by immunization. Other groups that would potentially 
benefit from the vaccine include varicella-susceptible adults, especially 
those who work in hospitals and/or those who have close contact with 
young children. We have immunized 35 normal adults with no adverse 
effects in the Collaborative Varicella Vaccine Study. One of the 35 has 
failed to seroconvert, even after three doses of vaccine. Immune responses 
to VZV in adults as well as leukemic children are improved by giving two 
doses of vaccine. Loss of detectable VZV antibody has also occurred in 
adult vaccinees after 1-2 years. Of three adults who have had household 
exposures to varicella, none has developed clinical chicken pox. 

Varicella vaccine has been employed in Japan to terminate hospital 
outbreaks of varicella (Takahashi et a1., 1974; Baba et a1., 1978). This is 
another potentially useful approach to nosocomial varicella, as it may be 
extremely difficult to terminate and may impose great danger on hos
pitalized immunocompromised patients. It has been found that one sim
ple means to identify varicella-susceptible normal adults is the intrad
ermal skin test for varicella (Steele et a1., 1982; LaRussa et a1., 1984). 
One can determine whether an individual is susceptible to varicella in 
48 hr, and susceptibles may be immunized immediately. Unfortunately, 
however, the skin test appears to be accurate only in immunologically 
normal persons. 

Whether varicella vaccine will be used in normal children on a rou
tine basis is, at this time, difficult to predict. One of the greatest reasons 
for caution at this time is that the duration of immunity to varicella after 
vaccination is still unknown. One would not want to convert clinical 
varicella from a childhood disease into an illness of adulthood by ad
ministering a vaccine that induces only temporary immunity. In addition, 
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as has been mentioned, the importance of reexposure to varicella or zoster 
with boosts in immune responses in maintaining immunity is unknown. 
Finally, it is unknown how often VZV vaccine virus becomes latent after 
its administration. It is possible that some of the cases of zoster observed 
in Japan were due to wild VZV. The role that silent reactivation of latent 
infection might play in maintaining immunity to VZV is also unknown. 
If the vaccine virus does not become latent, it may not provide long
lasting immunity to VZV. Subclinical boosts in VZV antibody titer due 
to silent reactivation of latent VZV after infection with wild virus have 
been described (Gershon et al., 1982). It is obvious that we have much 
to learn about the factors that contribute to immunity to VZV. Until 
more is known about them, it is difficult to recommend widespread use 
of varicella vaccine in normal children. 

B. Future Planning 

The major decision as to whether to use varicella vaccine routinely 
in normal children is not one that can be made now. It will have to be 
clear that potential benefits outweigh potential risks before the vaccine 
can be used extensively in normal children. Decisions as to the future 
use of this vaccine will require stepwise analysis of the data obtained 
from various groups. Gradually a reasoned, practical approach to the use 
of the vaccine in various populations should emerge. 
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CHAPTER 16 

A Subunit Vaccine against 
Epstein-Barr Virus 
M. A. EpSTEIN 

I. INTRODUCTION 

Epstein-Barr virus (EBV) was discovered in 1964 (Epstein et a1., 1964) and 
since that time an enormous amount has been learned about the biolog
ical and molecular attributes of this agent (Epstein and Achong, 1979a). 
In consequence, it is no longer difficult to explain how a unbiquitous 
virus that infects huge numbers of normal individuals in all human pop
ulations (W. Henle and Henle, 1979) is also both the cause of infectious 
mononucleosis (1M) in developed countries with high living standards (G. 
Henle and Henle, 1979), and involved in the induction, together with 
essential cofactors, of endemic Burkitt's lymphoma (BL) (Epstein, 1978) 
and undifferentiated nasopharyngeal carcinoma (NPC) (Klein, 1979). 

A. Immunological Control of EBV Infection 

It has been clear for some years that 1M accompanies primary EBV 
infection in young adults (G. Henle and Henle, 1979) and the role of 
kissing in this context was recognized (Hoagland, 1955) long before the 
mechanisms were understood (Epstein and Achong, 1977). Once initiated, 
the disease runs its course until the patient develops virus-neutralizing 
antibodies which arrest the spread of infection in the body, and a full 
cellular immunological response which eliminates most virus-infected 
cells. This cellular reaction includes multiple T and NK responses to
gether with the crucial, HLA-restricted, specific cytotoxic T-cell re-
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sponse, which maintains surveillance of the lifelong carrier state that 
always follows primary EBV infection (Rickinson et ai., 1980, 1981). As 
regards the carrier state, the fact that latently infected B cells are liberated 
into the circulation throughout life while being steadily eliminated by 
specific cytotoxic T cells (Rickinson et ai., 1981) indicates that there must 
be an immunologically privileged site where infection of target cells con
tinues at a low level. Shedding of virus particles into the buccal fluid, 
the source of person-to-person infection, is another indication of contin
uing infection of cells but in this case the result is virus replication (see 
Epstein and Achong, 1979b). It would appear that exactly similar control 
mechanisms operate in those whose primary infection is silent, i.e., with
out the clinical manifestations of 1M. 

Where immunological controls fail, other clinical conditions arise. 
Thus, an X-linked recessive, fatal lymphoproliferative syndrome (XLP 
syndrome or Duncan's disease) has been recognized in which males in 
affected families die, following primary EBV infection, from 1M or even 
lymphomas owing to a genetically determined lack of EBV specific cy
totoxic T cells (Bar et al., 1974; Purtilo et al., 1975, 1982). Lesser degrees 
of failure are responsible for chronic 1M, while immunosuppression in
duced therapeutically in organ graft recipients gives rise to EBV carrying 
lymphomas seemingly as a result of impaired specific cytotoxic T-cell 
function (Crawford et ai., 1981; Gaston et ai., 1982). 

B. EBV and Human Tumors 

1. Burkitt's Lymphoma 

The strikingly close association of EBV with endemic BL has been 
fully documented and reviewed (Epstein and Achong, 1979c) and quite 
recent work on cellular oncogene activation in BL suggests possible ex
planations for it. Thus, as discussed elsewhere (Epstein and Morgan, 
1983), EBV appears to act on a target B-Iymphocyte population altered by 
hyperendemic malaria, an essential cofactor in endemic BL (Burkitt, 
1969), to give either specially large numbers of transformed B cells or B 
cells transformed in an unusual way, such that repeated cell divisions 
increase the likelihood of one or other of three specific chromosomal 
translocations (Lenoir et ai., 1982) occurring. It is now thought that these 
translocations ensure that the cellular myc oncogene is moved from its 
normal site on chromosome 8 to the immediate vicinity of one of the Ig 
genes active in the lymphoid cells (Dalla-Favera et ai., 1982; Taub et ai., 
1982) where it could be affected by the Ig gene promoter, with subsequent 
selection of an myc oncogene-driven clone of malignant BL cells. Other 
new findings also implicate the cellular HuBlym-l oncogene (Diamond 
et ai., 1983) but how these contribute has not yet been determined. Never
theless, it is evident that progression to the full malignancy of endemic 
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BL involves numerous interdependent steps for one of which at least, 
EBV seems to be essential. 

EBV is also apparently involved in the causation of about 20% of 
cases of sporadic BL (Philip et al., 1982) but in the absence of such co
factors as hyperendemic malaria this is a relatively rare disease. 

2. Nasopharyngeal Carcinoma 

As regards NPC, EBV is associated only with the undifferentiated 
form and this holds good for tumors from all parts of the world; 100% 
of this type of NPC carry EBV DNA in the malignant epithelial cells 
(Wolf et al., 1973; Pagano et al., 1975; Andersson-Anvret et al., 1977, 
1979). A full account of this and all other aspects of the relationship of 
the virus to the tumor has been published (Klein, 1979). 

C. Comment 

The foregoing sections give a brief outline of those aspects of EBV 
that are relevant to a consideration of vaccination against the agent. It 
should be noted that other features of EBV are dealt with in depth else
where in this volume (Chapters 8, 9, 11, 12). 

II. REASONS FOR AN ANTIVIRAL VACCINE 

The weight of evidence implicating EBV in the causation of endemic 
BL and undifferentiated NPC when considered in conjunction with the 
numerical importance of these tumors in world cancer terms first 
prompted proposals for a vaccine against the virus (Epstein, 1976). For 
although endemic BL is not of particular significance, undifferentiated 
NPC is, being the most common cancer of men and the second most 
common of women among southern Chinese (Shanmugaratnam, 1971) 
and Eskimos (Lanier et al., 1980), and having a moderately high incidence 
in north Africa (Cammoun et al., 1974), east Africa (Clifford, 1970), and 
through most of southeast Asia (Shanmugaratnam, 1971). Arguments for 
the development of such a vaccine to prevent or modify EBV infection 
and thereby reduce the occurrence of the malignancies have become more 
cogent, as current studies continue to clarify the agent's role (Epstein and 
Morgan, 1983). 

Furthermore, herpesvirus-induced animal cancers provide encour
aging precedents. The lymphoma of chickens caused by Marek's disease 
herpesvirus has been largely eliminated by inoculation of apathogenic 
virus (Churchill et al., 1969; Okazaki et al., 1970), and is thus the first 
example of antiviral vaccination reducing the frequency of a naturally 
occurring cancer. Similarly, in the case of the malignant lymphoma that 
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can be induced experimentally with Herpesvirus saimiri in subhuman 
primates (Melendez et al., 1969), animals given heat- and formalin-treated 
virus were protected against infection and the consequential development 
of tumors (Laufs and Steinke, 1975). Other work with these systems has 
shown that injection of antigen-containing membranes from cells in
fected with Marek's disease herpesvirus markedly reduces the incidence 
of lymphomas in chickens (Kaaden and Dietzschold, 1974), while mem
brane preparations from H saimiri-ihfected cells induce virus-neutraliz
ing antibodies when inoculated into marmosets (Pearson and Scott, 1977). 
In the context of a vaccine against EBV these results with membrane 
preparations have focused attention on the EBV-determined membrane 
antigen (MA) (Klein et ai., 1966) and the importance of the latter has been 
further emphasized by well-established observations showing that anti
bodies from EBV-infected individuals that neutralize the virus are those 
directed against MA (Pearson et ai., 1970, 1971; Gergely et ai., 1971; de 
Schryver et al., 1974). 

III. EBV MEMBRANE ANTIGEN 

The EBV MA complex consists largely of two high-molecular-weight 
components of 340,000 and 270,000 (gp340 and gp270) (Qualtiere and 
Pearson, 1979; Thorley-Lawson and Edson, 1979; Strnad et al., 1979), 
which are also present on the viral envelope (North et al., 1980); these 
molecules elicit virus-neutralizing antibodies (North et al., 1982a) and 
monoclonal antibodies that react with both components are likewise 
virus-neutralizing (Hoffman et al., 1980; Thorley-Lawson and Geilinger, 
1980; Thorley-Lawson and Poodry, 1982). 

A. Quantification of MA gp340 

In order to work out a satisfactory method for the preparation of MA 
molecules, it was necessary to be able to measure the product so as to 
introduce modifications giving the most efficient yields. A quantitative 
radioimmunoassay (RIA) was therefore elaborated based on small 
amounts of highly purified [125Ijgp340 and a full account of this procedure 
has been given elsewhere (North et al., 1982b). 

B. A Preparation Method for MA gp340 

Most EBV-carrying, virus-producing, lymphoid cell lines synthesize 
roughly equal amounts of gp340 and gp270. However, certain lines are 
anomalous in this respect, and the B95-8 marmoset lymphoblastoid line 
(Miller et ai., 1972) presents special advantages for molecular-weight-
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based isolation techniques because it expresses almost exclusively the 
larger molecule, gp340. 

With the indispensable help of the RIA, a preparative SDS-PAGE 
procedure was developed for the isolation of gp340 in tractable amounts 
from B95-8 cell membranes. The procedure included essential steps to 
renature the product and ensure that it retained antigenicity; these con
sisted of separation of the gp340 from SDS in the presence of urea to 
prevent protein refolding, followed by removal of urea during dialysis 
against buffer containing nonionic detergents. Details of this preparation 
method have been reported (Morgan et al., 1983). 

C. Immunization with MA gp340 Using Novel Adjuvants 

Preliminary experiments with gp340 prepared by the above technique 
showed it to be only rather weakly immunogenic when given to mice 
and rabbits in microgram amounts in Freund's adjuvant, and virus-neu
tralizing antibody could only be obtained after multiple injections. 

In order to overcome the disadvantages of repeated immunization 
with scarce, purified glycoprotein and the need for Freund's adjuvant 
which could never be suitable for administration to man, alternative 
methods were sought. In addition, comparative immunogenicity studies 
were undertaken in mice and rabbits using various adjuvants, routes of 
injection, and dose schedules. The only animals known to be fully sus
ceptible to experimental infection with EBY are the owl monkey (Aotus) 
(Epstein et a1., 1973a,b, 1975) and the cotton-top tamarin (Saguinus oed
ipus oedipus) (Shope et a1., 1973) (see Miller, 1979, for review). The former 
"species" has recently been found to have considerable karyotypic het
erogeneity (Ma et a1., 1976, 1978; Ma, 1981) and shows much variation 
in disease susceptibility, so that the cotton-top tamarin is preferable for 
in vivo studies with EBY. Although this endangered species can now be 
bred very successfully in captivity (Brand, 1981; Kirkwood et a1., 1983; 
Kirkwood, 1983), it is nevertheless necessary to work out methodologies 
with banal laboratory animals before applying them to the rare and costly 
tamarins. Reports of highly effective immunization with viral antigens 
incorporated in artificialliposomes (Morein et a1., 1978; Manesis et al., 
1979) and of the benefit of adding lipid A (Naylor et al., 1982) suggested 
a fruitful approach. 

Any method using liposomes gave better results as assessed by an
tibody titers than antigen presented with Freund's adjuvant. Where mice 
were immunized i.p., antigen in liposomes with killed B. pertussis or
ganisms was more effective than without, although antigen in liposomes 
alone was highly immunogenic when given i.v. More important, irres
pective of the mode of administration, gp340 in liposomes with lipid A 
always engendered superior responses. This last finding also held good 
for the cotton-top tamarins where antibodies were seen earlier after im-
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munization with gp340 in liposomes incorporating lipid A than without 
lipid A. 

All the sera reacted specifically with MA gp340 from B95-8 cells and 
failed to recognize other molecules from either the surface or the interior 
of such cells. However, when tested against cells that expressed both 
gp340 and gp270, the latter antigen was recognized as well, indicating 
once again the immunological relatedness of the two molecules. Finally, 
the sera obtained after presenting gp340 in these novel ways were virus
neutralizing, and for vaccine studies, this is of particular importance in 
the case of the tamarins. These experiments have been described in full 
(North et ai., 1982b; Morgan et a1., 1984a). 

D. Structure of MA gp340 

Although purified gp340 has been prepared and shown to be both an
tigenic and immunogenic, it seems likely that any EBV MA subunit vac
cine for human use will ultimately be made by recombinant DNA tech
nology or chemical synthesis of peptides. Understanding of the structure 
of gp340 and the role, if any, of the sugar moiety is obviously a prerequisite 
for either of these procedures and the molecule has therefore been studied 
by analyzing the effects on it of various glycosidases and V8 protease. 

After treatment with glycosidases or exposure to tunicamycin during 
synthesis, the carbohydrate moiety has been found to constitute about 
50% of the molecular mass and to consist of both O-linked and N-linked 
sugars. This high carbohydrate content of gp340 conferred resistance to 
proteolysis so that V8 protease was only effective at concentrations above 
1 mg/m!. Removal of sialic acid before V8 protease digestion did not alter 
the pattern or antigenicity of digestion fragments. Antigenicity of the 
intact molecule was likewise unaffected by removal of sialic acid nor 
were the O-linked or N-linked carbohydrate moieties necessary for this 
property. The binding of virus-neutralizing human sera and monoclonal 
antibody by gp340 from which either O-linked or N-linked sugars had been 
removed indicates that the sites on the molecule that generate neutral
izing antibodies are present in the protein component. 

It would appear, therefore, that only the polypeptide of gp340 is rel
evant for use as an immunogen and further vaccine studies need only 
concentrate on this portion of the molecule (for details, see Morgan et 
a1., 1984b). 

IV. DISCUSSION 

Having successfully induced EBV-neutralizing antibodies in cotton
top tamarins by immunization with gp340, it is clear that the protective 
effects of this procedure must be investigated in vivo as the next step. 
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These key experiments are no longer inherently difficult now that breed
ing colonies of the necessary animals are available (Brand, 1981; Kirkwood 
et al., 1983; Kirkwood, 1983) and it is likely that results will be obtained 
in the near future. If agp340 vaccine can indeed be shown to protect cotton
top tamarins against challenge with disease-inducing doses of virulent 
EBV, the way will be open for the evaluation of vaccination in man. 

The efficacy of subunit antiviral vaccines has been demonstrated in 
both human and veterinary diseases (Szmuness et a1., 1981; Bittle et al., 
1982) and development of an EBV vaccine must surely proceed in this 
direction. While recombinant DNA experiments, and sequencing and 
synthesis studies, are going forward, the most satisfactory human system 
in which to assess gp340 would be in the context of 1M. It has long been 
possible to determine who among a group of young adults in Western 
countries has escaped silent childhood infection with EBV (Pereira et al., 
1969) and is therefore at risk for delayed infection with its accompanying 
clinical 1M in 50% of cases (Niederman et al., 1970; University Health 
Physicians and PHLS Laboratories, 1971). Groups of such populations at 
risk come into universities and other training establishments each year 
and the effectiveness of immunization with gp340 in preventing infection 
and reducing the expected incidence of 1M would rapidly be evident using 
quite small numbers. Thereafter, the effect on tumor incidence of an 
efficacious vaccine against EBV could be tested in one of the well-rec
ognized high-incidence areas of endemic BL, and because this type of BL 
has its peak incidence around the age of 6 years (Burkitt, 1963), the results 
of a blanket vaccination program covering all 3- to 12-month-old children 
could be judged in less than 10 years. Such a program would involve no 
greater logistic problems than the large-scale WHO prospective seroe
pidemiological study of EBV and BL carried out over 7 years in Uganda 
(de The et al., 1978) and would share many features with hepatitis B 
vaccine trials already under way in several Third World countries (Cour
saget et al., 1980; Anonymous, 1983). 

Success in reducing the incidence of endemic BL analogous to the 
antiviral vaccine control of Marek's disease lymphomas (Biggs, 1974) 
would then provide inescapable arguments for addressing the much more 
difficult task of intervention against undifferentiated NPC. This is a dis
ease of middle and later life in the high-incidence areas (Shanmugarat
nam, 1971) and thus calls for the maintenance of immunity over a great 
many years. However, the huge numbers of cases in high-incidence pop
ulations must surely serve as sufficient incentive for such an undertaking. 
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CHAPTER 17 

A Perspective on the Therapy 
of Human Herpesvirus 
Infections 
RICHARD J. WHITLEY 

I. INTRODUCTION 

In less than a decade, significant advances have been made in developing 
antiviral drugs for the therapy of human viral infections. In large part, a 
foundation for these advances was set in the late 1950s when Prusoff 
(1959) synthesized the pyrimidine analog 5-iodo-2'-deoxyuridine (idox
uridine), which was shown to have both antitumor and antiviral prop
erties. Subsequently, the in vitro antiviral activity of idoxuridine against 
several DNA viruses was elucidated (Herrmann, 1961). Kaufman reported 
the activity of this drug in both animal (Kaufman et al., 1962a,b) and 
human studies of herpes simplex keratoconjunctivitis (Kaufman, 1962). 

These studies led to idoxuridine ophthalmic ointment becoming the 
first licensed antiviral compound in the United States. Toxicity prevented 
this useful drug from being extensively utilized for parenteral therapy. 
The recognition of the potential toxicity both in vitro and in vivo of the 
first-generation antiviral drug likely slowed enthusiasm for the devel
opment of new antiviral agents. Thus, it was not until the 1970s that the 
realistic possibilities for therapy of herpesvirus infections began to attract 
the attention of biochemists, pharmacologists, virologists, and biomed
ical investigators. As the field of antiviral therapy has evolved, the family 
of herpesviruses, among the most common of viral pathogens of humans, 
became the most likely targets for controlled trials and, ultimately, the 
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most amenable to therapeutic success. In part, these successes have been 
the consequence of prompt and specific clinical diagnosis, resulting from 
the cutaneous manifestations of varicella-zoster (VZV) and herpes sim
plex virus (HSV) infections. These clinical manifestations lead to the early 
introduction of therapy, a necessity for chemotherapeutic successes. 

The propensity of these infections to be of enhanced severity during 
symptomatic primary infections or when occurring in the immunocom
promised host offered a broader therapeutic window for the demonstra
tion of clinical effectiveness. This review will focus on the prospects and 
problems encountered in achieving successful therapy for human her
pesvirus infections, particularly as it relates to establishing a therapeutic 
index or ratio of efficacy to toxicity, predicated upon successfully altering 
the natural history of disease. Ultimately, the success of any therapeutic 
program must be weighed against the enhanced benefits that might be 
achieved if the disease could be either prevented or ameliorated by vac
cination. Some background, however, is essential before considering spe
cific therapeutic approaches to different diseases. 

A. Development of Antivirals for Clinical Evaluation 

Two approaches have led to the introduction of antiviral drugs into 
evaluation programs: the random screening of newly synthesized com
pounds to determine antiviral activity and the synthesis of ~ompounds 
targeted specifically to inhibit enzymes unique for viral replication. The 
former approach has generally been an outgrowth of screening trials for 
anticancer drugs, as was the case with synthesis of idoxuridine. Com
pounds with known cellular inhibitory activity underwent structural al
terations and, then, were tested for both anticancer and antiviral activity. 

This approach has led to compounds that have been defined as first
generation antiviral drugs because, for the most part, they are nonselec
tive inhibitors of both host-cell and viral replication. It is conceivable 
that a selective inhibitor of only viral replication might be developed in 
such a random fashion. Examples of these compounds other than idox
uridine include vidarabine (9-!3-D-arabinofuranosyl adenine) and cytara
bine (l-!3-D-arabinofuranosyl cytosine). With the exception of.vidarabine, 
these two drugs demonstrated significant evidence of toxicity both on a 
cellular level as well as in clinical trials. More recently, the structure of 
nucleoside analogs has been specifically altered in order to create antiviral 
drugs that act at targets unique for viral replication. These specific in
hibitors of viral replication have become identified as second-generation 
antiviral drugs and include acyclovir, bromovinyl deoxyuridine, and phos
phonoformate. In fact, the development of acyclovir was in part fortui
tous, arising from a synthetic program designed to develop inhibitors of 
adenosine deaminase. 
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After structural identification, new compounds are screened in vitro 
for antiviral activity against a variety of RNA and DNA viruses. Any 
indication of drug activity is confirmed in a variety of cell culture systems 
and further defined for the specific site of action on a molecular basis. 
Of those compounds considered for human trials, acyclovir and phos
phonoformate are prototypic models, as will be discussed below. 

Compounds that survive in vitro screening programs may still fail 
when efficacy is assessed in the intact host, be it animal or, ultimately, 
humans. Discrepancies between the in vitro single-cell systems and those 
of intact multi organ systems should be identified prior to controlled trials 
in humans. Cellular considerations of importance, aside from the issue 
of specificity of drug action, include the need to determine the ability of 
a compound and its metabolites to traverse the cell membrane and attain 
an optimal intracellular concentration, the site where the active com
pound(sJ must be present to effectively inhibit viral replication. This is 
a particularly important problem with nucleoside analogs, especially 
when applied topically to the skin. In addition, the metabolic fate of the 
drug and its derivatives within the cell must be defined. This knowledge 
would allow for some judgment of either potential toxicity or efficacy 
prior to the initiation of expensive and difficult human trials. 

Translating cellular events to an intact host introduces new, more 
complex variables that must be assessed before proceeding to controlled 
trials designed to determine efficacy. A useful intermediary stage of de
velopment has been the utilization of animal models for the purpose of 
testing potential usefulness. Depending upon the animal species selected 
for the model, drug metabolism may well vary, resulting in metabolites 
capable of mediating either beneficial or harmful effects. A drug that 
exemplifies this principle is vidarabine, a compound discussed in detail 
below. Additional considerations when evaluating animal model data in
clude the strain of virus, animal species selected, quantity and route of 
virus inoculated, and host manipulation with drugs. Importantly, animal 
models of human disease remain imperfect as they do not truly mimic 
the human illness as demonstrated by no animal model reflecting the 
true course of herpes simplex encephalitis. 

Human trials of antiviral agents magnify the difficulties encountered 
in assessing improvement because of variables such as the natural history 
of the infection and peculiar propensities of the infecting virus. In contrast 
to bacterial infections where signs and symptoms of disease parallel mi
crobial replication, clinical illness associated with viral infections occurs 
only after an appropriate incubation period during which time viral rep
lication peaks. Thus, therapy initiated at the appearance of clinical illness 
will actually be late in the course of infection at a time when productive 
viral replication is waning. Extending these observations to human illness 
introduces fascinating new variables. Namely, there is a broad spectrum 
of illness with any viral infection, ranging from the totally asymptomatic, 
the most usual occurrence, to symptomatic illness with its obvious clin-
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ical manifestations. Because of the difficulties of laboratory diagnosis of 
most viral infections, only a few, at least at the present, are targets for 
antiviral chemotherapy; such targets include those previously noted as 
herpes simplex and herpes zoster, where skin manifestations can allow 
for early clinical diagnosis. 

The unique characteristics of the infecting organism must be taken 
into consideration, as well. Herpesviruses provide excellent examples of 
organisms with such unique characteristics, as they are subject to latency, 
chronicity, and recurrences. Whatever the therapeutic approach, active 
or productive infections must be controlled and, ideally, the state of la
tency must be abated or blocked so as to significantly reduce recurrent 
attacks. This must be accomplished without subjecting the patient to 
undue acute or chronic toxic effects such as a propensity for developing 
cancer or harboring a drug-resistant virus with unknown pathogenic po
tential. This is especially true for herpetic infections as the natural history 
is most often clinically silent or, with notable exceptions, results in an
noying medical problems rather than life-threatening disease. Thus, ther
apeutic measures, including prevention, must be devoid of adverse acute 
or chronic reactions, particularly for nuisance herpesvirus infections. 

To determine the potential effects, good or bad, following adminis
tration of any presumed antiviral compound, evaluation must proceed 
through blind and controlled trials that employ a placebo, at least at the 
outset. Such an approach allows for the definition of the natural history 
of the disease in the patient population evaluated and can provide a crit
ical baseline for the evaluation of any future experimental compounds. 
In so doing, the therapeutic index or ratio of efficacy to toxicity can be 
established. In diseases with predictably high mortality rates or severe 
permanent morbidity (e.g., herpes simplex encephalitis), the allowable 
index can be much lower than when the disease is less severe (e.g., herpes 
labialis). This is especially important when distinguishing the effect of 
a drug on outcome from that of a natural host response; thus, each dis
order and drug must be evaluated separately. For those diseases where 
an appropriate therapeutic index is achieved, dosage duration of therapy, 
and route of administration will be further predicated on such critical 
variables as age, severity of the underlying disease process, concomitant 
medications administered, site of involvement, and intactness of the im
mune system, to mention but a few. Purine and pyrimidine derivatives 
have the potential for toxicity; therefore, it is important that proof of 
diagnosis be mandatory. 

With these considerations in mind, topical and systemic therapy of 
herpesvirus infections are discussed from the standpoint of the mecha
nism of drug action, development for potential clinical usefulness, and 
clinical relevancy. The focus will be on herpes simplex and herpes zoster 
viral infections as treated with idoxuridine, vidarabine, trifluorothymi
dine, acyclovir, phosphonoformate, and bromovinyl deoxyuridine. 
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B. Antiviral Drugs 

Idoxuridine was the first of the antiviral agents tested on both in 
vitro and in vivo levels of antiviral activity. The replacement of the 
methyl group at the 5' position of the pyrimidine ring with a halogen 
results in alterations of the electron configuration of thymidine. Although 
the pKa becomes more acidic, the van der Waal radii remain nearly iden
tical, allowing the halogenated compounds and subsequent derivatives 
to enter similar reactions as thymidine and its intermediaries. The mech
anism of action of this drug focuses on its steric similarities to thymidine. 
The three sites of action by idoxuridine are: (1) competitive inhibition of 
the phosphorylating system leading to incorporation of thymidine into 
DNA, (2) feedback inhibition by idoxuridine triphosphate of thymidine 
kinase, dCMP deaminase, and ribonucleotide reductase, and (3) alteration 
of DNA expression after incorporation of idoxuridine. Of note, trifluo
rothymidine acts in a similar fashion. Notably, the activity of this drug, 
as is the case for other antiviral agents currently available, is at the level 
of (3 gene expression during the replicative cycle of HSV. It is during this 
phase of viral replication that enzymes essential for the production of 
progeny virus are synthesized. Although usefulness of idoxuridine for 
therapy of herpes simplex keratoconjunctivitis is established, toxicity in 
the form of bone marrow suppression precludes parenteral therapy. 

Vidarabine was first synthesized in the early 1960s, as a potential 
anticancer agent, and was found to have antiviral activity against HSV 
and vaccinia virus in cell culture (Privat de Garilhe and De Rudder, 1964). 
These findings were extended at approximately the same time by inves
tigators at Parke-Davis and Company (Ann Arbor, Mich.) and Southern 
Research Institute (Birmingham, Ala.) who found similar significant an
tiviral activity of an antibiotic concentrate derived from fermentation 
with Streptomyces antibioticus (Lee et ai., 1964; Dixon et al., 1968). 
However, this compound was soon identified as vidarabine, which could 
be prepared inexpensively from fermentation or laboriously isolated along 
with other arabinosyl nucleosides, such as cytosine arabinoside, from the 
Caribbean sponge Cryptotethia crypta. Detailed reviews of these com
pounds appeared soon after their discovery (Cohen, 1966; Schabel, 1968; 
Suhadolnik, 1970). 

Following the initial in vitro reports of Privat de Garilhe and De
Rudder (1964) of the antiviral activity of adenine arabinoside against HSV, 
Miller et al. (1968) demonstrated that other DNA viruses, particularly 
two other members of the herpesvirus family, VZV and cytomegalovirus 
(CMV), were sensitive to this compound when studied in other cell cul
ture systems. In vitro assessment of this drug when compared with cy
tarabine, idoxuridine, and trifluorothymidine indicated a higher thera
peutic index than the others, primarily because of lower cellular toxicity 
within an apparent efficacious dose range (Schabel, 1968). Each of these 
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drugs acts to varying degrees on the incorporation of its triphosphate 
derivative into host-cell DNA, as noted previously. 

The mechanism of action of the arabinosyl nucleosides has recently 
been reviewed by Cohen (1966). Vidarabine, in spite of deamination to 
arabinosyl hypoxanthine (Ara-Hx), is transported into cells where phos
phorylation to the mono-, di-, and triphosphate derivatives occurs. The 
triphosphate derivative acts as a competitive inhibitor of the DNA po
lymerase, perhaps even more so for the virus-induced than for the host
cell ex- or I3-DNA polymerases. It is also a potent inhibitor of ribonu
cleoside diphosphoreductase. In addition, vidarabine is incorporated into 
the growing DNA molecule, with the 3'-exonuclease of HSV DNA po
lymerase acting as a pseudo-chain terminator. Vidarabine itself is capable 
of binding to 5-adenosyl homocysteine hydrolase, leading to the accu
mulation of 5-adenosyl homocysteine, an inhibitor of methylation re
actions such as the capping of mRNA. Even though vidarabine acts at 
many other sites, its essential mechanism of action, although not clearly 
defined, appears to be similar to idoxuridine. Because of the lack of spec
ificity, toxicity is potentially inherent in any of these first-generation 
antiviral agents. 

Second-generation antiviral compounds, namely specific inhibitors 
of viral replication, have recently been introduced into clinical trials. One 
drug attracting significant attention in the biomedical community is acy
clovir, 9-(2-hydroxyethoxymethyl)guanine. This compound was synthe
sized by Schaeffer at Burroughs Wellcome Company Research Labora
tories in the late 1960s (Schaeffer et ai., 1971, 1978). The compound was 
fortuitously discovered through a biosynthetic program designed to syn
thesize inhibitors of adenosine deaminase and was found to have excel
lent antiviral activity against herpesviruses and, in particular, HSV. Fur
ther laboratory studies comparing acyclovir to other antivirals 
demonstrated a significantly higher relative potency when compared to 
vidarabine, cytosine arabinoside, and idoxuridine. More importantly, 
however, the mechanism of action of acyclovir was found to be unique 
when compared to the already existing agents. Elion et ai. (1977) deter
mined that acyclovir is selectively phosphorylated by HSV-specified 
thymidine kinase to acyclovir monophosphate, which is then converted 
by cellular kinases to di- and triphosphate derivatives. Acyclovir tri
phosphate can be found in HSV-infected cells in concentrations 40-100 
times higher than that found in uninfected cells. The triphosphate de
rivative of acyclovir then acts as a competitive inhibitor of HSV DNA 
polymerase by competing with deoxyguanosine triphosphate for viral 
DNA polymerase (Elion et ai., 1977). HSV DNA polymerases exhibit a 
10- to 30-fold greater affinity for acyclovir triphosphate than do cellular 
DNA polymerases. Small quantities of acyclovir triphosphate, however, 
are incorporated into host-cell DNA. Furthermore, the bioactivation of 
acyclovir can occur with other herpesviruses, namely Epstein-Barr virus 
(EBV), which does not produce its own thymidine kinase. Thus, vagaries 
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remain both about its activity (EBV) and incorporation into DNA (host 
cell). These studies, nevertheless, have provided a landmark foundation 
for the development of specific inhibitors of viral replication, recognizing 
again that HSV inhibition is at the level of [3 gene expression. 

Two other specific inhibitors have approached clinical trials for 
which data in vitro indicate specificity of action. The first, phosphono
formate, was synthesized 60 years ago by Nylen (1924) but was not rec
ognized to have activity as an antiviral agent until recently when selective 
inhibition of cell-free DNA polymerase activity induced by HSV was dem
onstrated. This drug can be considered an analog of pyrophosphate. The 
mechanism of action is similar to the structurally related compound, 
phosphonoacetate, a drug not considered for clinical trials because of 
potential toxicity. The activity of the compound is attributed to its in
hibitory effect on herpesvirus-induced DNA-dependent DNA polymerase 
while sparing host-cell polymerases. Inhibition of the polymerase is likely 
the result of direct interaction at the pyrophosphate-binding site (Hel
egstrand et al., 1978). It is unclear whether drug binds at or overlaps the 
pyrophosphate-binding sitej yet, both HSV DNA polymerase activity and 
the associated 3' -exonuclease activity are inhibited. 

Several other compounds are nearing clinical evaluation for therapy 
of herpesvirus infections. One of the most promising of the compounds 
to approach clinical trials is (E)-S-(2-bromovinyl)-2' -deoxyuridine, re
portedly a specific inhibitor of HSV replication and extremely potent 
against HSV-l. This compound can be utilized to distinguish between 
HSV-l and HSV-2 by differences in the concentration of bromovinyl deox
yuridine required to inhibit replication (DeClercq et ai., 1979). Com
pounds of similar activity exist in a class of deoxycytidine derivatives of 
which 1-(2-deoxy-2-fluoro-[3-o-arabinofuranosyl)-S-iodocytosine (FIAC) is 
the progenitor. The complicated metabolism of FIAC leads to S-iodouracil 
(FIAU) and S-methyluracil (FMAU) derivatives, which also have signifi
cant antiviral activity. However, because of only limited amounts of these 
compounds being available, clinical studies remain very preliminary and 
inconclusive. Numerous other compounds, perhaps with less likelihood 
for reaching clinical trials in therapy of herpesvirus infections, include 
ribavarin, amino and ethyl derivatives of idoxuridine, AIU, and EtdUrd, 
and 1-[3-o-arabinofuranosyl thymine, among others. 

II. THE ROAD TO CONTROLLED TRIALS 

Studies of the clinical pharmacology, safety, and tolerance of idox
uridine, trifluorothymidine, phosphonoformate, and bromovinyl deox
yuridine are limited. Idoxuridine is rapidly excreted and metabolized so 
that nearly all drug and metabolites are recovered from the urine within 
24 hr after single-dose administration (Calabresi et ai., 1961). Drug does 
not enter the CNS after intravenous administration. The remainder of 
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this section will focus upon the currently popular antivirals vidarabine 
and acyclovir. 

A. Vidarabine 

Studies of the pharmacokinetics, safety, and potential clinical use
fulness of vidarabine have been detailed (Whitley et al., 1980c). Early 
studies show that when man and higher animal species, such as simians, 
are given vidarabine, they deaminate the parent compound to Ara-Hx, a 
derivative that has antiviral activity, although less than the primary com
pound. Lower animal forms primarily oxidize vidarabine to xanthine, 
which is freely excreted in the urine (Glazko et al., 1975). This latter 
observation implies the need for caution when interpreting experimental 
data generated from animals that oxidize rather than deaminate vidara
bine. Second, results from radioactive tracer studies indicate that the 
plasma half-life of vidarabine approximates 4 hr. These studies have been 
performed primarily in adults; thus, age variation may well occur. Third, 
similar radioactive tracer studies demonstrated the accumulation of ac
tive drug and metabolites within erythrocytes over 5-7 days, with per
sistence as long as 3 weeks. These observations were extended to several 
terminal leukemia patients whose tissues were examined several weeks 
after dosing for the presence of active compound. The highest drug levels 
were found in kidney, liver, and spleen; somewhat lower levels were 
obtained from skeletal muscle and, importantly, brain. Fourth, during 
and as long as 10 days after therapy, vidarabine and its metabolites can 
be found in the cerebrospinal fluid at approximately one-half the serum 
levels. Fifth, multidose pharmacokinetic studies in humans demon
strated that the primary extracellular metabolite was Ara-Hx. Because of 
its poor solubility, the drug was administered by constant infusion over 
12 hr. During such infusions of dosages of 10-15 mg/kg per day, Ara-Hx 
peaks at termination of administration at 4-8 j.Lg/ml. Vidarabine is pres
ent but only at barely detectable levels of approximately 0.2 j.Lg/ml, the 
lower limit of detection. These data imply no extracellular accumulation 
following multiple-dose administration. Finally, vidarabine is cleared 
from the body by the kidney with nearly 60% appearing in the urine 
primarily as Ara-Hx over the first 24 hr after administration. All of these 
data provided the foundation for field trials in man designed to test clin
ical usefulness. 

This basic understanding of drug disposition in man led to uncon
trolled field trials designed to determine a safe dosage range or human 
tolerance for targeted herpesvirus infections. The targeted diseases in
cluded only those with potentially significant morbidity and/or mortality 
such as herpes simplex encephalitis, neonatal HSV infection, progressive 
mucocutaneous HSV infections, and VZV infections in the immunocom
promised host. Numerous investigators in this country and abroad con-
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tributed to these endeavors by performing open drug evaluations. These 
studies provide a logical sequential step in the development of any an
tiviral drug for clinical trials and have helped in the determination of a 
safe dose range to be used in later controlled studies. 

These early phase II trials of vidarabine can be summarized as follows. 
First, vidarabine therapy of progressive and prolonged (longer than 21 
days) mucocutaneous HSV-l infections of the immunosuppressed patient 
resulted in decreased virus shedding paralleled by clinical resolution of 
lesions. These patients demonstrated a 90% or greater reduction in the 
quantity of virus excreted from the involved site within 72 hr of initiation 
of therapy. The response to genital HSV, due to type 2, was less remark
able than that to mucocutaneous HSV, due to type I, a finding not com
pletely surprising based upon in vitro sensitivity data (Chien et a1., 1973). 
Second, a similar acceleration of cutaneous healing in VZV infections 
was noted as evidenced by decreased new vesicle formation and elimi
nation of virus from vesicles. For both of these studies, vidarabine at 
dosages of 5-15 mg/kg per day over 5-10 days suppressed or reduced viral 
replication and allowed the altered host to control the infection without 
signs of toxicity (Johnson et a1., 1975). It appears as though some degree 
as of yet undefined host response was necessary to bring the infection 
under control. Third, vidarabine therapy of newborns infected with HSV 
appeared to decrease mortality if instituted early in the course of infection 
(Chien et a1., 1975). Fourth, systemic administration of this compound 
to patients with deep herpetic uveitis and topical administration to pa
tients with herpes keratoconjunctivitis resulted in prompt healing with
out adverse reactions (Kaufman et a1., 1972). Fifth, data have become 
available that demonstrate suppression of the virus-induced DNA poly
merase in patients with chronic hepatitis B infection who received ther
apy with vidarabine (Hafkin et a1., 1979). In this patient population, unex
plained toxicity has appeared at seemingly appropriate dosages; however, 
mainly in combination with interferon. This finding may be related to 
the diseased liver, a site necessary for deamination of vidarabine. From 
these trials, a safe dose range was established at 5-15 mg/kg per day given 
as a continuous intravenous infusion over 12 hr. At these dosages, no 
clinically significant laboratory toxicity was detected. The only adverse 
clinical effects were nausea with or without vomiting and diarrhea in 
small percentages of drug recipients. Exceeding these doses, at least in 
adults, can result in evidence of overt toxicity. At 20 mg/kg per day, 
evidence of weight loss, tremors, and megaloblastosis of the erythroid 
series occurred (Ross et a1., 1976). If the dosage exceeded 30 mg/kg per 
day, severe thrombocytopenia and leukopenia were detected after 10-14 
days of therapy (Bodey et a1., 1975). 

B. Acyclovir 

Pharmacokinetic studies to establish the appropriate dose and fre
quency of administration have been conducted with acyclovir for each 
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of the three major routes of drug administration: topical, oral, and intra
venous. These studies have recently been reviewed along with therapeu
tic trials (Gnann et aI., 1983). It is important to recognize that, at this 
stage in the development of antiviral drugs, many questions regarding 
pharmacokinetics remain unresolved. For example, plasma concentra
tions of antiviral drugs may not reflect drug concentrations within host 
cells, the site where viral replication occurs. Similarly, peak and trough 
plasma drug concentrations are of unknown importance in the therapy 
of viral infections. Nevertheless, the systemic and thorough evaluation 
of the clinical pharmacology of acyclovir in a variety of patient popula
tions provides a model for the development of future antiviral drugs. It 
is worth briefly reviewing these developments. 

1. Plasma Concentration 

Single-dose pharmacokinetic studies were performed in human vol
unteers by infusing 0.5, 1.0, 2.5, or 5.0 mg/kg of acyclovir intravenously 
over 1 hr and serially measuring plasma and urine acyclovir concentra
tions. These studies demonstrated that the postinfusion plasma concen
trations of acyclovir declined biphasically such that plasma concentra
tion-time data fit a two-compartment open model with zero-order input 
(deMiranda et aI., 1979ai Laskin et al., 1982ai Spector et al., 1981). The 
mean peak plasma concentrations at each of the four doses studied was 
6.4 ± 1.2, 12.1 ± 4.7, 14.9 ± 3.8, and 33.7 ± 15.8 f-LM, respectively 
(deMiranda et aI., 1979). Each of these peak plasma acyclovir levels ex
ceeds concentrations required to inhibit replication of HSV-l, HSV-2, and 
VZV in vitro. The mean half-life of infused acyclovir was 3.16 ± 0.20 hr 
and did not vary significantly with dosage. There was proportionality 
between the area under the plasma concentration-time curve from zero 
to infinity (AUC) and the dose. 

The single-dose study was followed by a single-day, multidose study 
utilizing dosages of acyclovir of 2.5, 5.0, and 10 mg/kg per day divided 
into three I-hr infusions 8 hr apart (deMiranda et al., 1979b). These data 
also demonstrated biphasic clearance of acyclovir. Trough plasma con
centrations were achieved at 1.0 to 4.1 f-LM for the dosages studied, while 
peak plasma concentrations ranged from 10 to 80 f-LM (Whitley et aI., 
1982a). 

Multiday, multidose studies were conducted in which peak plasma 
concentrations could be measured after repetitive dosing and steady-state 
plasma concentrations and disposition kinetics determined. The mean 
peak plasma drug levels after the first dose of 2.5, 5.0, 10.0, or 15.0 mg/kg 
were 22.5 ± 12.0,38.2 ± 5.5, 86.8 ± 18.1, and 94.8 ± 30 f-LM, followed 
by steady-state plasma levels of 30.1 ± 12.8,43.2 ± 4.3, 88.9 ± 5.5, and 
91.7 ± 11.1 f.1M, respectively. There was a linear correlation between 
steady-state peak concentrations and AUC with dosage when data from 
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two patients with unusual creatinine clearance values were excluded 
(Whitley et al., 1982a). 

The half-life data indicate that an appropriate dosing interval for acy
clovir is every 8 hr and that there is no accumulation of drug with re
petitive dosing. Similar plasma levels are achieved for adults and children 
when equivalent doses are calculated on the basis of body surface area. 

2. Urinary Clearance of Acyclovir 

Cumulative urinary recovery of unchanged drug ranged from 30 to 
69% of the dose in the single-dose study and from 38 to 76% in the single
day, multidose studies. The mean urinary recovery in the multi day, mul
tidose study was 68 ± 14% with a range of 33-84%. Patients with the 
highest serum creatinines and lowest creatinine clearances had the low
est total urinary recovery of acyclovir. The mean renal clearance of acy
clovir for each of the three studies was 125 ± 54, 177 ± 87, and 184 ± 
79 ml/min per 1. 73 m 2 , each being significantly higher than the corre
sponding creatinine clearance (57 ± 13, 62.9 ± 3.3, and 70.2 ± 40.7 
mllmin per 1.73 m 2 ) and indicating tubular secretion (Whitley et a1., 
1982a). 

Analyses of selected urine samples by high-performance liquid chro
matography indicated the presence of a metabolite identified as 9-car
boxymethoxymethylguanine (deMiranda et al., 1981). Quantitative as
says for this compound showed that 2.4-13.6% of the acyclovir dose was 
present in the urine as this metabolite in patients with normal renal 
function. These data indicate that the kidney is the major route for clear
ance of acyclovir and that both glomerular filtration and tubular secretion 
are important mechanisms of elimination. Tubular secretion of acyclovir 
can be partially blocked with probenecid, though any clinical applica
bility of this observation remains to be defined (Laskin et al., 1982c). 

3. Acyclovir Concentrations in Cerebrospinal Fluid 

Samples of cerebrospinal fluid from two patients, obtained 2 hr after 
infusion of 5 mg/kg doses of acyclovir, showed drug levels of 16.6 and 
17.8 f1M. Model-predicated plasma levels at the times of cerebrospinal 
fluid collection were 35.0 and 36.1 f1M, respectively. These data are im
portant if therapy of HSV infections of the brain with acyclovir are an
ticipated (Whitley et al., 1982c). 

4. Acyclovir Pharmacokinetics in Renal Failure 

Data have been generated for clearance of acyclovir in end-stage renal 
disease (Laskin et al., 1982b). From these studies the following relation
ships between drug half-life and clearance and renal function have been 
established, indicating that with decreasing creatinine clearance the half-
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life of acyclovir in the plasma increases significantly. In the anuric pa
tient, hemodialysis will eliminate drug as indicated by an extraction coef
ficient of 0.45 ± 12 with a fourfold enhancement in the elimination of 
acyclovir during dialysis (Laskin et al., 1982b). A 6-hr dialysis period will 
reduce the plasma acyclovir concentration by 60%. 

5. Alternative Routes of Drug Delivery 

Pharmacokinetic properties of acyclovir following oral administra
tion and topical application have been determined. Peak plasma levels 
after oral administration of 200 mg of acyclovir were found at 1.5-1.75 
hr postdose and ranged from 1.4 to 4.0 J.LM (Van Dyke et a1., 1982; 
deMiranda et a1., 1982). Further studies are currently under way utilizing 
400- and 800-mg doses. Studies of topical application indicate that cu
taneous absorption is minimal through intact skin. Application of acy
clovir 5% ointment in a polyethylene glycol base to intact skin (surface 
area of 40 cm2 ) four times daily for 7 days did not result in detectable 
drug levels in either plasma or urine. However, utilizing a similar regimen 
of application on lesions of herpes zoster, acyclovir was detected in the 
plasma at very low concentrations (1.20-3.35 J.LM) (M. J. Levin, Sidney 
Farber Cancer Institute, personal communication). Similar absorption 
studies performed in patients with initial genital HSV infections have 
not yet been reported; however, it is unlikely that systemic absorption 
would exceed that found in therapy of localized zoster where the surface 
area of damaged skin involved is greater. 

III. CLINICAL TRIALS 

A. Herpes Simplex Keratoconjunctivitis 

Herpetic infection of the eye has become recognized as one of the 
most common infectious causes of blindness in the United States. Of all 
modalities of antiviral chemotherapy available to date, the earliest ad
vances were in the area of topical therapy of herpes keratoconjunctivitis. 
Interestingly, these infections are most commonly treated as recurrences. 
Indoxuridine, trifluorothymidine, and vidarabine all can abort individual 
attacks, each with varying but acceptable degrees of toxicity, the most 
pronounced being the allergic reactions witnessed with idoxuridine ther
apy. The genesis of this allergic raction remains undefined. All three of 
these drugs are licensed by the Food and Drug Administration for therapy 
of herpes simplex infection of the eye. 

It is important to recognize that topical therapy of HSV infections 
of the eye simply accelerates the time to total healing, hopefully im
proving visual acuity in the process. Therapy does not influence latency 
and, therefore, recurrences are problematic. The eye represents a unique 
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organ of the body for which therapy of a recurrent herpes simplex infec
tion is not only possible but feasible, a rare demonstration indeed. 

B. Cutaneous HSV Infections 

A major focus of antiviral research in the United States has been 
attempts to develop therapeutically useful and simple modalities of ther
apy for herpes labialis and genital HSV infections. As reviewed recently 
by Overall (1980), numerous compounds have been tested for these dis
eases with limited evidence of success. No doubt these failures are in 
large part related to the inability of these nucleoside derivatives to pen
etrate the skin and reach the site of viral replication. 

In marked contrast to the availability of topical therapy for herpetic 
eye infections, evidence of efficacy for therapy of individual attacks has 
only recently been demonstrated for local treatment of mucocutaneous 
disease due to HSV-2 but not HSV-l. The compounds successful for ther
apy of eye infections were similarly tested on patients with genital herpes 
and recurrent nuisance fever blisters. To date, only the British experience 
with 5% idoxuridine in dimethylsulfoxide (DMSO) applied topically or 
administered by air gun injection has been useful for therapy of acute 
disease (Juel-Jensen and MacCallum, 1965). In this country, the Food and 
Drug Administration has only recently allowed trials utilizing the vehicle 
DMSO; however, no data have been reported from American trials. 

The introduction of acyclovir into clinical trials in the formulation 
of polyethylene glycol or modified aqueous cream has spawned many 
studies of primary and recurrent HSV infections of the skin. It is essential 
to distinguish between the type of skin infections and the site of involve
ment as outcome expectations will be markedly different. 

No studies, to our knowledge, have utilized topically applied acy
clovir for primary herpes simplex gingivostomatitis, an extremely com
mon clinical problem encountered in the practice of pediatrics. Recog
nizing that most HSV-l infections are asymptomatic, latency with the 
subsequent potential for recurrences is established. It is recognized that 
the prevalence of antibodies to HSV is from 50 to 80%, depending upon 
socioeconomic status. As many as 70 million Americans suffer from re
current herpes labialis, a disease of 7 days' duration and one that uncom
monly leads to facial disfigurement in the normal host. In acyclovir treat
ment of active recurrent herpes labialis, no benefit could be demonstrated 
for time to total healing, crusting, and loss of pain; however, there was 
a trend to accelerated loss of virus from lesions (Spruance and Crum
packer, 1982). A follow-up study to determine if therapy instituted during 
the prodomal phase of illness similarly failed to show evidence of a drug 
effect (Spruance et a1., 1982). 

Before leaving the subject of orolabial HSV infections, it is worth 
briefly noting findings of two series of studies to determine both pro-
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phylactic and therapeutic effects of systemic drug for these infections in 
the immunocompromised host. A unique study performed by Saral et al. 
(1982) demonstrated that acyclovir could be successfully utilized to pre
vent severe HSV infections after bone marrow transplantation. Similarly, 
Wade et al. (1982) were able to demonstrate the clinical usefulness of 
intravenous therapy for disease in bone marrow transplant recipients. 
These studies as well as others indicate that acyclovir is a useful antiviral 
for immunocompromised patients at high risk for developing severe and 
progressive HSV infections. Clearly, in contrast to normal hosts with 
genital HSV infections, the risks of the infection, particularly the mor
bidity from continuous viral excretion and expanding lesions, far out
weigh those of therapy. Likely, oral therapy will be useful in these pa
tients as well. 

Genital HSV infections are of increasing public health significance. 
It has been estimated that in the United States between 300,000 and 
500,000 new cases occur annually and as many as 10-20 million indi
viduals have recurrent infections. The actual prevalence of genital HSV-
1 and HSV-2 remains unknown because of the difficulty distinguishing 
between antibodies to these two viruses. Primary genital infection is de
fined as first exposure to either type of HSV. It is associated with systemic 
symptoms in over 50% of patients and between 16 and 26% develop 
meningitis (Corey et al., 1983a). The mean duration of viral shedding and 
pain is 11-12 days. Lesions persist on the average of 3 weeks. Recurrent 
disease is much less severe such that pain persists 4-6 days, viral shedding 
ceases in approximately 4 days, and lesions are healed in 10 days. Disease 
of intermediary form is nonprimary but initial genital HSV infection. In 
this situation, preexisting antibodies and/or cell-mediated immune re
sponses to labial or cutaneous herpes simplex infection ameliorate the 
clinical course such that systemic symptoms are decreased to 16% and 
pain and viral shedding are decreased to 9 and 7 days, respectively (Corey 
et al., 1983a). 

Recently, data have been presented to show clinical usefulness for 
topical therapy of primary genital HSV infections. In a study of 77 patients 
with first-episode genital herpetic infection, topical acyclovir applied six 
times daily reduced the duration of viral shedding, alleviated local symp
toms, and accelerated time to crusting by mean times of approximately 
3, 2, and 4 days, respectively. Topical therapy, however, did not signifi
cantly shorten the duration of total disease or decrease the appearance 
of new lesions. These data did not appear to be mediated by sex or preex
isting antibodies to HSV. Furthermore, therapy did not alter the frequency 
or severity of recurrences (Corey et al., 1982). 

In the same study, III patients were similarly evaluated for the ther
apeutic effectiveness of acyclovir on the management of recurrent genital 
herpes infections. The data suggest an effect on shedding of virus from 
lesions and, perhaps, the time to crusting of lesions in men but not 
women. Overall, topical application of acyclovir to existing lesions had 
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no effect on the symptoms of disease or healing time in either sex, with 
the exception of crusting in women. Similarly, no effect on recurrences 
was apparent. A follow-up study to determine therapeutic effectiveness 
when application of medicine is introduced during the prodrome has been 
completed and similarly appears to show no benefit (Luby et al., 1983). 

These trials encapsulate the difficulties encountered in topical stud
ies of antiviral agents. Specifically, issues regarding penetration of nu
cleoside derivatives to the site of viral replication and the clinical value 
of therapy become foremost questions. In that recurrences are not pre
vented following therapy of either primary or established latent infec
tions, improved therapeutic modalities must be developed. Furthermore, 
the potential for development of drug resistance is apparent in a disease 
such as genital HSV infection with a known propensity for recurrence. 
The probability of developing a resistant virus increases with repeated 
exposure to medications following each episode (Crumpacker et a1., 
1982). Such resistant viruses have been documented, following repeated 
systemic therapy with acyclovir. The frequency of development of re
sistance and the potential pathogenicity of these isolates will require 
further extensive investigation. Nevertheless, one must weigh the value 
of topical therapy of HSV infections against the need to reserve such 
potentially useful drugs for truly life-threatening disease lest problems 
of drug resistance encountered in the management of bacterial disease 
occur also with viral infections. 

Only recently have field trials been initiated with phosphonoformate, 
a compound developed in Sweden, for topical therapy of both herpes la
bialis and genital HSV infections. These trials have employed crossover 
study designs and can only be considered preliminary because of the lim
ited numbers of patients studied and, consequently, an inability to ap
propriately stratify analyses for demographic characteristics as well as 
for treatment responses. Regardless, these initial studies demonstrate a 
trend toward accelerated healing, particularly loss of virus from lesions 
and time to total crusting. A larger, collaborative trial has recently been 
initiated to assess clinical usefulness in Scandinavia. With phosphono
formate, as with acyclovir, resistant strains of virus have been encountered 
and, clearly, this possibility must lead to careful definition of frequency 
of occurrence. Should this occur even as frequently as 1-2% following a 
course of therapy, serious consideration must be given to the possible 
resultant harm that could result from drug application to a usually benign 
illness. 

With the apparent difficulties of skin penetration of nucleoside an
alogs when applied topically, two alternate systemic routes of therapy 
have been studied; these are oral and intravenous administration of acy
clovir. Preliminary findings from these studies are encouraging for ac
celeration of skin healing. Findings of a study of intravenous adminis
tration of acyclovir at 15 mg/kg per day for 5 days to 31 hospitalized 
patients with initial disease demonstrated a reduction of viral shedding 
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by a mean of 11 days (p = 0.001), in symptoms by a mean of 5 days, and 
acclerated time to total healing (Corey et a1., 1983b). Furthermore, com
plications of infection were eliminated in those who received drug. Pla
cebo recipients had complications that included extragenital dissemi
nated lesions (2 of 16 patients) and urinary retention (2 of 16 patients). 
These data clearly indicate enhanced healing when compared to data 
derived from the topical trial; however, cost-effectiveness of intravenous 
therapy, which requires 5 days of hospitalization, can only be justified if 
recurrences are prevented or for therapy of severe complications. In the 
follow-up of these 31 patients, 60% of acyclovir recipients versus 88% 
of placebo recipients experienced a recurrence within 10 months of in
fection. These data can be transposed to a recurrence frequency per month 
of 0.26 and 0.50 for acyclovir and placebo recipients, respectively. A larger 
number of patients is being assessed to determine the effect of intra
venous therapy on recurrences. In this trial there was no evidence of 
significant clinical or laboratory toxicity nor the appearance of resistant 
virus in either randomization group. 

A double-blind placebo-controlled study has been completed for oral 
therapy of initial genital HSV infections. This study involved 48 patients 
who received 200 mg of acyclovir or placebo five times daily for 10 days 
(Bryson et a1., 1983). The data from this trial are similar to those found 
following intravenous administration of drug; thereby, a much less costly 
modality of therapy is available. A beneficial effect on the frequency of 
recurrences was seen but this remains to be verified. Here also, however, 
the physician must be concerned with the possibility of drug resistance 
following repeated exposures to medication. 

Unique study designs have examined the potential beneficial effect 
of continuous acyclovir suppressive therapy on the frequency of recurr
ences of genital herpes. These trials (Larson et a1., 1983; Corey et a1., 
1983a; Straus et a1., 1983) all suggest benefit by continuous therapy such 
that recurrences are significantly diminished in number. These beneficial 
effects must be weighed against the possible harmful effects of continuous 
administration of a nucleoside analog capable of becoming incorporated 
in its normal host-cell DNA. 

Although the results of several trials substantiate the antiviral effects 
of acyclovir for genital HSV infections, the effect focuses on acceleration 
of healing of acute disease. These findings alone represent major advances 
in therapy of viral disease. Yet, clinical usefulness may be short-lived if 
recurrences are not prevented and resistant virus develops. 

C. Herpes Simplex Encephalitis 

1. Background 

Herpes simplex encephalitis is the most common cause of sporadic 
fatal encephalitis in the United States today. It is estimated to occur in 



THERAPY OF HUMAN HERPESVIRUS INFECTIONS 355 

1 in 750,000 to 1,000,000 individuals annually; and as many as one-third 
of individuals with biopsy-proven disease are children. Patients with 
herpes simplex encephalitis have clinical evidence of an acute febrile 
encephalopathy, temporal lobe signs with disordered mentation, evidence 
of localized CNS disease by diagnostic studies (brain scan, computerized 
axial tomography, and/or electroencephalography), and CSF findings com
patible with viral encephalitis. In the presence of any evidence of local
ization on neurodiagnostic assessment and excluding alternative diag
noses, these patients should be referred for diagnostic brain biopsy in 
order to confirm the etiology of the focal CNS process and for treatment 
by experienced physicians. No other clinical or laboratory method cur
rently exists to allow the physician to establish the diagnosis unequi
vocally. Brain biopsy specimens should be examined by culture and for 
histologic evidence of perivascular cuffing, hemorrhagic necrosis, and in
tranuclear inclusions. Each of these pathologic findings is suggestive but 
not pathognomonic of HSV infection (Whitley et a1., 1982c). Other rapid 
diagnostic techniques include direct fluorescence microscopy and elec
tron microscopy performed by the pseudoreplica method. 

2. Therapy 

The treatment of herpes simplex encephalitis introduced new vari
ables into the clinical assessment of antivirals. Because of flawed study 
designs and inadequate diagnostic methods, idoxuridine had become the 
standard therapeutic agent for the disease in the late 1960s and early 
1970s. To some extent, this level of acceptance was by default in that no 
other antiviral drug was available for treatment. However, by 1974 the 
cooperative efforts of the National Institute of Allergy and Infectious 
Diseases Antiviral Study Group and the Boston Interhospital Study Group 
(1975) had shown that idoxuridine was both ineffective and profoundly 
toxic for biopsy-proven disease. Clearly, the therapeutic index was neg
ative for utilization of this drug to treat herpes simplex encephalitis. 

These double-blind placebo-controlled studies were continued uti
lizing vidarabine and were reported (Whitley et al., 1977). In these studies, 
mortality was decreased from 70% in placebo recipients to 28% in drug 
recipients with biopsy-proven disease. These findings were statistically 
significant 30 days after the onset of therapy (p = 0.03). Quality of life 
of survivors in both groups varied strikingly. Overall, 20% of placebo 
patients had an acceptable outcome, returning to normal function or suf
fering from moderate debility (returned to functional existence but with 
some impairment) compared to 39% of drug recipients. Nevertheless, 
many questions remained, including verification of mortality with ther
apy, precise definition of morbidity to determine clinical usefulness, elu
cidation of diseases that mimic herpes simplex encephalitis in those bi
opsy-negative, and the value of brain biopsy of ineffective or placebo 
therapy could be verified from other studies employing identical criteria. 
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FIGURE l. Mortality in biopsy-proved herpes simplex encephalitis. Comparisons of results 
from double-blind study with those from open therapeutic trial. Reprinted with permission 
from N. EngJ. f. Med. 304:313-318, 1981. 

These findings indicate that without efficacious therapy, mortality will 
exceed 70%. Overall, 13% will return to normal function or have mod
erate neurologic impairment following placebo or ineffective drug treat
ment (Whitley et ai., 1981). These results further support the placebo 
data from the original vidarabine controlled trial. 

The NIAID Collaborative Antiviral Study Group pursued these. ob
servations in order to answer several unresolved questions by performing 
an open and uncontrolled assessment of therapy in all biopsy-proven pa
tients treated with vidarabine (Whitley et ai., 1981). The findings can be 
summarized as follows. First, the reduction of mortality in 75 biopsy
proved patients was virtually identical to that of the first trial as displayed 
in Figure 1. With this larger series of patients, it was possible to combine 
data from the first and second trials to assess factors that influenced 
outcome, namely level of consciousness and age, as summarized in Fig. 
2. Individuals lethargic at the time of diagnosis and institution of therapy 
and those less than 30 years of age have the best prognosis, as only 10% 
die and more than 60% return to a prior level of function. Lethargic 
individuals, irrespective of age, return to the same level of function as 
prior to the onset of the encephalitis in 50% of all cases studied. Delaying 
diagnosis and institution of therapy until semicoma or coma ensues de
creases the number of normal individuals at 1 year or older to approxi-
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FIGURE 2. Influence of level of consciousness and age on outcome following Ara-A therapy. 
(0) Returned to normal function. (0) Moderate debility. (~) Severe impairment. (_) Death. 
Reprinted with permission from N. Engl. 1. Med. 304:313-318, 1981. 

mately 20% overall. On long-term follow-up, significant neurologic im
provement is evident in all survivors but particularly so in those who are 
young. For those less than 18 years, improvement continues over a 2-
year period following therapy. 

Therapy of herpes simplex encephalitis with vidarabine results in 
decreased mortality and improved morbidity. Nevertheless, mortality and 
morbidity remain significant; therefore, second-generation antiviral 
agents, such as acyclovir, are currently in clinical trials. It is hoped that 
the advent of newer therapeutic agents for this disease process and the 
development of noninvasive diagnostic procedures will further improve 
the outcome of this devastating infection. In the ongoing trials of con
firmed herpes simplex encephalitis, a comparison of vidarabine to acy
clovir has led to the enrollment of 52 patients with proven disease. Ad
equate numbers of patients have not been entered in order to allow for 
breaking the code; however, the 6-month follow-up mortality, irrespec-
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tive of treatment group, is 35% hardly different from that in the prior 
vidarabine studies. 

D. Neonatal HSV Infections 

1. Background 

First reported in the mid 1930s, neonatal HSV infection has attracted 
particular attention because of its relationship to maternal genital herpes, 
the patient's age, and the resulting mortality and morbidity. The finding 
that most cases of neonatal herpes are caused by HSV-2 provided support 
for the theory that acquisition occurs at the time of delivery from infected 
maternal genital secretions. Infrequently, transplacental transmission 
and spread of virus from one infant to another by hospital personnel or 
from family members have also been implicated as modes of spread. Man
ifestations of disease, the hallmark being skin vesicles, can be noted at 
birth or delayed up to 1 month of age. However, clinical manifestations 
occur most often between 1 and 2 weeks of life. Infection may be either 
disseminated with multiple organ involvement, often including the CNS, 
or can be localized to the CNS, skin, eye, and/or mouth without evidence 
of visceral involvement. Historically, disseminated and localized CNS 
disease have accounted for over 80% of the cases with mortality rates of 
approximately 80 and 50%, respectively. Severe CNS damage and, less 
frequently, ocular sequelae are common among survivors. 

Of all the perinatal infections, neonatal herpes offers the greatest 
prospect for antiviral therapy because infants usually acquire infection 
at the time of delivery rather than early gestation. This is in contrast to 
the situation with congenital rubella and cytomegalovirus infection. 
Hence, it is conceivable that effective therapy can be delivered early in 
the course of disease rather than long after infection. 

2. Prevention 

Administration of biologic materials (interferon or antibodies) and 
chemotherapeutic drugs to the pregnant woman with genital herpes at 
the time of delivery has not been studied as a means of preventing ne
onatal HSV infection. The major concern in this situation is the toxic 
effects on the developing fetus either acutely or chronically. Cesarean 
section has been recommended as an effective measure for preventing 
neonatal HSV infection when performed within 4 hr after the onset of 
labor. These recommendations remain to be verified in larger studies. 
However, the management of each pregnant woman with genital HSV 
infection must be individualized in order to avoid unnecessary abortions 
or cesarean sections. 

Recommendations for these situations have recently been reviewed 
(Nahmias et a1., 1983). It is important to note that the great majority of 
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these mothers had clinically recognizable infections. The question 
whether or not to intervene surgically when asymptomatic genital in
fection is diagnosed fortuitously by virologic or cytologic methods near 
term is unresolved. That clinically silent infection can be transmitted to 
the newborn infant is suggested by occurrences of HSV-2 infections in 
many newborn infants whose mothers denied genital lesionsj the fre
quency of such occurrences is unknown. These findings suggest that ce
sarean section is warranted if genital lesions, especially internal lesions, 
are present at the onset of labor. Intervention in silent maternal infection 
can be considered only in the presence of cytologic or virologic evidence 
of infection. It is clear that information is needed concerning the per
sistence of virus in silent HSV maternal infection detected near term in 
order to make an informed decision about the need for cesarean section. 
Virus isolation should be used to assist in making this decision. However, 
once the decision is made to intervene, cesarean section should be ac
complished as soon after rupture of membranes as possible. 

3. Therapeutic Considerations 

In contrast to other perinatally acquired infections, the chances for 
successful therapy should be greater in neonatal HSV infection simply 
because the disease is generally acquired intrapartum. Therefore, treat
ment can theoretically be instituted early in the course of disease, pro
vided the infection is diagnosed promptly. Herein lies a problem of con
siderable importance. In a recent study of the natural history of maternal 
and newborn infection, an assessment of population data revealed that 
most women (70%) who delivered babies developing neonatal HSV in
fections were completely without signs or symptoms of infection. Ad
mittedly, a few of these mothers noted a prior history of herpetic infection 
as well as presumed penile herpetic lesions of a sexual partner. Never
theless, over half of the population was devoid of history, signs, or symp
toms of genital herpetic infection surrounding the time of delivery. Thus, 
identification of babies born to women with genital infection will be 
difficult at best (Whitley et al., 1982b). 

A compounding problem is the presentation of disease in the new
born infant. Specifically, skin vesicles, the hallmark of infection, never 
develop in approximately 10-20% of babies with HSV infection. These 
babies have evidence of encephalitis or visceral disease. As a consequence, 
diagnosis and appropriate institution of therapy are frequently delayed. 
An aggressive approach to diagnosis of herpetic infection in the newborn 
infant is essential. Aside from searching for virus in cultures of vesicular 
fluid, CSF, mouthwash, urine, conjunctival swab, and stool, a maternal 
history of genital infection should be sought and maternal genital cultures 
obtained. Once the diagnosis is confirmed by culture or implicated by 
more rapid means (electron miscroscopy or Papanicolaou smear of the 
lesion base), therapy must be instituted immediately. 



360 

~ 100 
Z 

> 
> 
Q:: eo 
::l 
(J) 

(J) 
I-
Z 60 
UJ 

I-
<:( 
Q. 

*" 40 

20 

RICHARD J. WHITLEY 

\', 

'-- ---------------
-- -- - 0 - - - - -- _____ _ .. _~~ ~~ __ VIOARABINE 

N= 19 ________________________ PLACEBO 

30 60 90 120 150 leo 

DAYS AFTER ENROLLMENT 
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4. Therapy 

Many drugs have been attempted for experimental therapy of neonatal 
HSV infections. However, only one drug, vidarabine, has shown an in
dication of effectiveness as a therapeutic. Mortality was reduced from 
74% to 38% (Fig. 3). For this study, drug was given intravenously at a 
dosage of 15 mg/kg per day over 12 hr for 10 days. A recent study was 
performed to verify effectiveness at this dosage and to determine if a 
higher dose, 30 mg/kg per day, further influenced mortality. The analyses 
of these data reinforce the observation of decreased mortality (Whitley 
et a1., 1984). However, therapy at this higher dose did not have a further 
beneficial effect on decreasing mortality or improving morbidity. The 
type of neonatal herpetic infection was the major determinant of mor
tality as displayed in Fig. 4. Recognizing the limited number of patients 
in each category, mortality rates were reduced with therapy from 50% 
to 10% in infants who had localized CNS disease and 85% to 57% in 
those with disseminated infection. These observations have also been 
verified in a larger series of treated newborns (Whitley et a1., 1984). Drug 
did not appear to prevent the development of more severe disease, as an 
equal number of drug and placebo recipients progressed during the study. 

The true usefulness of a therapeutic agent can only be gauged by the 
quality of life of the survivors. Babies with disseminated and CNS in-
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fection are reported for normalcy according to treatment regimen. Those 
babies assessed as normal from both trials (Whitley et al., 1980a, 1984) 
occurred approximately 2.5 times more frequently following therapy than 
did their placebo counterparts. Of the severe groups, treated babies with 
localized CNS disease appeared to derive the greatest benefit. Vidarabine 
therapy appears to reduce viral replication but obviously cannot reverse 
existing damage; thus, survivors had, as would be expected, a broad range 
of neurologic impairment. 

Outcome is significantly improved if therapy is instituted prior to 
the appearance of brain or disseminated disease. When the disease re
mains limited to the skin, eye, or mouth, death is most uncommon, as 
revealed in a recent study. In this study, one-third of the placebo recip
ients had severe developmental impairment (microcephaly and spasticity) 
on long-term assessment. In contrast, only one of the drug recipients had 
evidence of minimal chorioretinitis, which did not appear until nearly 2 
years of age. For therapy to be effective, it must be instituted with the 
earliest evidence of disease, especially as 70% of patients who present 
with skin vesicles alone progress to exhibit more severe forms of disease 
(disseminated and CNS infections). As HSV infections of the newborn 
infant are fulminant, it is essential to establish the extent of involvement 
and progression with appropriate monitors in order to define the prognosis 
following treatment. 

At the dosages employed, evidence of adverse clinical reactions and 
laboratory toxicity did not occur. Bone marrow and liver function did not 
show evidence of impairment with therapy and, in fact, improved more 
rapidly in those babies receiving therapy for disseminated disease. 

Vidarabine is beneficial for treatment of neonatal HSV infection, but 
therapy must be improved. Whether increasing the dose of drug or using 
other potentially effective drugs, such as acyclovir, might improve the 
outcome is the aim of future trials. Similarly, usefulness of administering 
HSV antibodies to infected newborn infants is yet to be determined. Pro
spective studies are under way to determine the frequency and risk of 
transmission of virus from mother to baby in relationship to transpla
cental antibodies and development of cell-mediated immunity. Manage
ment of the newborn infant with HSV infection is most complicated. 
Identification of babies with herpetic infection should lead to prompt 
transfer to regional centers that have experience in evaluation and treat
ment of these high-risk infants. 

E. VZV Infections 

1. Chicken Pox 

At this time the only experience available on treatment of VZV in
fections is in the immunocompromised host and with the drug vidara-
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bine. The most common infection caused by this virus is chicken pox, a 
benign and self-limited disease of short duration in normal children in 
whom serious complications are rare. In immunocompromised children, 
chicken pox can be severe and even life-threatening. Of particular concern 
is the prolonged state of the acute disease, which is associated with vis
ceral spread, especially pneumonitis. In leukemia and other childhood 
malignancies, exaggerated disease is particularly likely; and there is a 
substantial case fatality rate. Preventive and therapeutic approaches are 
currently being assessed. 

Presently the most acceptable preventive approach is administration 
of zoster immune globulin. Several groups are currently evaluating pro
phylaxis by active immunization with attenuated live virus or by ad
ministration of transfer factor, interferon, or vidarabine. 

Data on vidarabine treatment of chicken pox in immunocomprom
ised children are now available through the NIAID Collaborative Study 
Group (Whitley et a1., 1982d). In this study of 34 patients, vidarabine was 
administered intravenously at a dosage of 10 mg/kg per day for 5 days in 
a fashion similar to that for herpes simplex encephalitis. Significant im
provement in outcome was demonstrated when therapy was adminis
tered within 72 hr of the onset of chicken pox. New vesicle formation, 
the hallmark of continued viral replication, ceased significantly sooner 
in drug-treated patients than in placebo-treated controls. Additionally, 
the duration of fever was decreased from a median of 6 days in the control 
patients to 3 days in those who received therapy. Finally and most im
portantly, early institution of therapy significantly diminished the fre
quency of visceral complications. Specifically, pneumonitis, which is re
ported to occur in at least 30% of immunocompromised children with 
chicken pox, was reduced from 27% to 5 % with vidarabine therapy. There 
were no deaths when treatment was instituted early in the course of 
disease in spite of an expected mortality rate of 10-15% in untreated 
patients. The mortality rate in placebo recipients was 13%. A similar 
study reports the benefits of acyclovir for therapy of varicella in a trial 
involving a more limited number of patients (Prober et a1., 1982). 

Ideally, our best approach to the control of this disease is prevention. 
Even so, however, cases will likely occur. It is unlikely that data on any 
other antiviral will generate better outcome data. Nevertheless, an oral 
medication, such as acyclovir or bromovinyl deoxyuridine, with estab
lished usefulness for outpatient therapy would be desirable. 

2. Herpes Zoster 

Herpes zoster, a common infection in immunocompromised pa
tients, particularly those with lymphoproliferative malignancies, can be 
life-threatening if the viscera become involved. As a consequence, these 
infections have become a prime target for experimental antiviral drug 
trials. In 1976, results of a blind, controlled, crossover study of vidarabine 
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therapy for herpes zoster infections in the immunocompromised host 
demonstrated accelerated cutaneous healing, as measured by loss of virus 
from lesions, cessation of new vesicle formation, time to total pustula
tion, and reduction of the pain of acute neuritis. In addition, the greatest 
benefit for cutaneous healing was derived by those patients who were ::s 
38 years of age, with lymphoproliferative malignancies and, importantly, 
received therapy within 6 days of disease onset. Because of the crossover 
study design (mandated by ethical concerns at the time), the value of 
vidarabine for the prevention and treatment of complications (posther
petic neuralgia, skin and visceral dissemination), the major medical prob
lems associated with herpes zoster in the immunosuppressed host, could 
not be evaluated. The true clinical usefulness of vidarabine consequently 
remained poorly defined (Whitley et al., 1976). 

A follow-up study was performed to specifically determine if treat
ment instituted within 72 hr of disease onset: (1) prevented cutaneous 
dissemination, (2) decreased the frequency and severity of visceral com
plications, (3) decreased the frequency or ameliorated the severity of 
postherpetic neuralgia, and (4) had additive toxic effects when adminis
tered with concurrent chemotherapeutic regimens. In addition, risk fac
tors that might alter the course of herpes zoster in the immunocom
promised host with or without treatment were also sought. Results from 
this study established clinical usefulness of early vidarabine therapy 
when administered early in the course of localized herpes zoster infec
tions in the immunocompromised patient (Whitley et a1., 1982b). In this 
study of 121 patients with localized herpes zoster ::s 72 hr in duration, 
63 received vidarabine (lOmg/kg per day for 5 days) and 58 got placebo 
intravenously for 5 days. Populations were matched for pertinent char
acteristics. Therapy accelerated cutaneous healing as evidenced by more 
rapid cessation of lesion formation and reduction in time to both total 
pustulation and scabbing. Furthermore, and more importantly, it de
creased cutaneous dissemination from 24% to 8% (p = 0.014), zoster
related visceral complications from 19% (11 patients) to 5% (p = 0.015) 
(Fig. 4) and the duration of postherpetic neuralgia (p = 0.047). In this 
study, patients with lymphoproliferative cancers and those ~ 38 years of 
age were at greatest risk for complications and benefited most from ther
apy. Significant drug toxicity was not encountered. Vidarabine therapy 
is valuable for reduction of herpes zoster-related complications in im
munocompromised patients when given early « 72 hr) in the course of 
the infection; however, because natural healing is common, an oral med
ication for outpatient therapy is essential. 

Utilizing a similar study design, the Burroughs Wellcome Coopera
tive Study Group has demonstrated that acyclovir administration will 
decrease progression to visceral complications in a similar high-risk pop
ulation (Balfour et a1., 1983). Nevertheless, therapy did not accelerate the 
events of cutaneous healing, a major component of this disease. Likely, 
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FIGURE 4. Outcome of HSV infection in neonates with disseminated and localized CNS 
disease-effect of vidarabine therapy. Vidarabine recipients 1"'--); placebo recipients 1-). 
Statistical assessment by generalized Wilcoxon's test shows a p value of O.0l4Itwo-tailed). 
Points represent study deathls). Reprinted with permission from N. EngJ. 1- Med. 304:313-
318, 1981. 

it will be essential to accelerate the time to total healing in order to 
impact on the expression of pain. 

IV. CONCLUSION 

The introduction of vidarabine for intravenous therapy and acyclovir 
for topical, oral, and intravenous therapy of herpesvirus infections has 
created a wave of enthusiasm for the development of newer and more 
specific antiviral agents. The data available for the aforementioned drugs 
clearly delineate the progress achieved in the therapy of these diseases. 
In the published literature, significant progress has only been achieved 
in the most severe of herpesvirus infections, namely herpes simplex en
cephalitis, neonatal HSV infections, primary genital herpes simplex, and 
VZV infections in the immunocompromised host. Obviously, with each 
of these diseases, their severity or protracted nature provides "time-to
event" outcomes that can be significantly altered. Less severe diseases, 
as recurrent genital or labial HSV infections, have not been particularly 
responsive to therapy. Whether the failure to impact on these clinical 
manifestations of HSV is a function of the propensity of virus to become 
latent, the short duration of disease, the failure of drug delivery to the 
involved site of viral replication, or the fact that each of these drugs acts 
at an intermediary site of viral replication (/3 gene expression) remains 
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unknown. This latter point is not trivial as the newer drugs, including 
bromo vinyl deoxyuridine, DHPG, and fluoroarabinosylpyrimidine deriv
atives, all act at similar sites. Whether these newer antivirals can decrease 
the mortality and improve morbidity for severe herpesvirus infections 
remains unanswered at the present time; but, for some diseases (e.g., 
herpes simplex encephalitis), it is unlikely. Perhaps, the future of the 
control of herpesvirus infections rests in a better understanding of the 
mechanism of latency as well as those portions of the viral genome that 
control this occurrence. Then, and only then, can true prevention via 
vaccination or other methods be undertaken. 

A great deal has been learned with respect to the application of chem
otherapeutic agents in man. Such lessons include the need for an under
standing of the natural history of the disease, host factors that influence 
pathogenesis and, therefore, outcome, the necessity for definitive diag
nosis, and the establishment of a therapeutic index through blind and 
controlled efforts. Most importantly, therapy must be targeted for specific 
disease states. Only by so doing can an appropriate risk-benefit ratio be 
determined. At least now, the recognition of inherent difficulties en
countered in evaluating these compounds as well as the specific areas of 
present achievement should lead to refinements both of agents and of 
designs for their study. 
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CHAPTER 18 

The Role of Interferon in 
Immunity and Prophylaxis 
FRANc;OIS LEBEL AND MARTIN S. HIRSCH 

I. INTRODUCTION 

The term interferon (IFN) was first used by Isaacs and Lindenmann in 
1957 to describe a factor, present in the supernatant of cultured chick 
chorioallantoic membranes previously injected with heat-inactivated in
fluenza virus, that could render fresh chick membranes resistant to chal
lenge with live virus. Since that time, studies performed in many labo
ratories have not only confirmed this phenomenon, but have greatly 
expanded our understanding of the IFN family of proteins and their role 
in viral infections. Moreover, a number of clinical trials have suggested 
that IFNs may be of use in the prophylaxis and therapy of herpesvirus 
infections. We will discuss the role of IFNs in the biological response to 
herpesviruses and review the trials addressing their clinical utility. 

II. THE INTERFERONS 

IFNs are presently defined as proteins that exert virus-nonspecific 
antiviral activity in homologous cells through cellular metabolic pro
cesses involving synthesis of both RNA and protein. They are classified 
into three types of functionally related proteins, a, 13, and 'V, largely on 
the basis of their antigenic specificities. This classification was adopted 
in 1980 by an international committee (NIAID et ai., 1980) to replace 
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the old nomenclature of Type I leukocyte, Type I fibroblast, and Type II 
immune IFN, interferon, which was based on cell of origin and physi
ochemical properties. 

IFN -0: are produced mainly by leukocytes and to a lesser extent by 
fibroblasts. Human leukocyte-derived IFN-o: were initially shown on 
SDS-PAGE to consist of a population that migrated at 20,000-25,000 
daltons and another at 15,000-18,000 daltons (Stewart and Desmyter, 
1975). Since then, IFN-o: have been further resolved into over a dozen 
distinct isoelectric forms, partially attributable to their differing carbo
hydrate moieties (Stewart et a1., 1977). This heterogeneity of human IFN-
0: has been confirmed by recombinant DNA cloning techniques. Over a 
dozen different human IFN-o: genes have been cloned (Nagata et a1., 1981), 
and have been found to have unique nucleotide sequences. Most studies 
on the biological activity of human IFN-o: have employed relatively crude 
preparations with specific activities of 104 to 106 U/mg protein, whereas 
pure IFN-o: can have a specific activity of the order of 109 U/mg protein 
(Berg and Heron, 1980). Most clinical studies of IFN-o: were done with 
preparations containing less than 1 % IFN, the small amount present 
being a mixture of subtypes of IFN-o:, some of which have already been 
shown to have different biological properties (Weck et a1., 1981). Con
sequently, before ascribing any particular property or side effect to IFN 
with confidence, one must ensure that the preparation used is homoge
neous and has a high specific activity. 

IFN-f3 is a glycoprotein of 22,000 daltons (Heine et a1., 1980) produced 
by fibroblasts when stimulated by viruses or nucleic acids. It has been 
purified to homogeneity, but subtypes probably exist, based on analysis 
of mRNA coding for IFN-f3 (Sehgal and Sagar, 1980). IFN-o: and IFN-f3 
have similar molecular weights and stability at pH 2, but they differ in 
their host range and their antigenicity. In contrast to IFN-f3, human IFN-
0: has significant antiviral activity on bovine cells, and this property can 
be used in assays to differentiate the two types (Gresser et a1., 1974; Hayes 
et a1., 1979). IFN-o: and IFN-f3 can also be distinguished by the use of non
cross-reacting neutralizing antibodies (Havell, 1975). To date only one 
gene for human IFN-f3 has been cloned (Taniguchi et a1., 1980). Both IFN-
0: and IFN-f3 genes are located on human chromosome 9 (Owerbach et 
a1., 1981). Until very recently, supplies of IFN-f3 have been scarce and 
fewer clinical trials have been performed with this IFN type. Recombi
nant DNA technology has eliminated this problem, and many trials are 
currently under way. 

IFN-'Y, formerly known as Type II or immune IFN, is a glycoprotein 
that is sensitive to pH 2. Recent studies suggest that human IFN-'Y may 
be composed of dimers of 20,000- and 25,OOO-dalton subunits (Yip et a1., 
1982). IFN-'Y is produced by T lymphocytes following nonspecific stim
ulation by mitogens in vitro or by sensitized lymphocytes stimulated 
with specific antigen in vitro or in vivo (Epstein, 1979). IFN-'Y can be 
considered a member of the large family of more than 60 lymphokines, 
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as it is a nonantibody soluble mediator of cellular immunity produced 
by lymphocytes as a result of immune recognition (Epstein, 1979). IFN
"y may possess greater immunomodulatory and antiproliferative effects 
than IFN-a or IFN-(3 (Epstein, 1979; Rubin and Gupta, 1980a). A single 
gene for human IFN-"y has been identified and cloned (Gray et al., 1982). 

Recently, and unusual acid-labile human IFN-a has been described 
in the blood of certain patients with connective tissue diseases (e.g., sys
temic lupus erythematosis) and in patients with AIDS (DeStefano et al., 
1982; Eyster et al., 1983). A similar IFN was also found in many patients 
with chronic active infections with Epstein-Barr virus but without other 
clinical manifestations of AIDS (Preble and Friedman, 1983). This acid
labile IFN is produced by immune lymphocytes in vitro (Balkwill et al., 
1983). Whether it is normally present as a minor component of human 
IFN-a or is a specific marker if immune dysfunction is unknown at the 
present time. 

III. ANTIVIRAL MECHANISMS OF INTERFERON 

RNA viruses were originally shown to induce IFN (Isaacs and Lin
denmann, 1957); subsequently, IFN-a and IFN-(3 have been induced by 
double-stranded (ds) RNAs in the form of synthetic polyribonucleotides 
(Field, 1967). It has been suggested that ds RNA might be the common 
link among all IFN inducers, as even a ds viral RNA could be extracted 
from cells infected with vaccinia, a DNA virus. Indeed, in the case of 
DNA viruses, the inducer may be ds RNA resulting from symmetrical 
transcription. No ds RNA has been extracted from cells infected with 
herpesviruses. However, in some viral infections, although ds RNA is 
below threshold detection levels, it can induce IFN (Marcus, 1982); this 
possibility cannot be excluded with the herpesviruses. Once induced, 
IFNs are secreted or shed by virus-infected cells into the extracellular 
environment and bind to specific cell surface receptors composed of gan
gliosides and/or glycoproteins (Vengris et al., 1976). Development of the 
antiviral state is dependent upon intact ATPase functions (Lebon et al., 
1975). IFN-a and IFN-(3 appear to compete for the same receptor, while 
IFN-"y does not compete with IFN-a (Branca and Baglioni, 1981). In human 
cells, the gene for the IFN receptor resides or chromosome 21 (Tan, 1975). 
Following the binding of IFN to the receptor, an undefined cellular mes
sage leads to a new mRNA and protein synthesis, which in turn induces 
an antiviral state. Several new proteins are synthesized (Rubin and Gupta, 
1980b) and begin to appear after 2-4 hr, peaking at 18-24 hr (Revel et 
al., 1980). At least three of these proteins have been shown to be asso
ciated with antiviral activity: a protein kinase, a 2',5'-oligoadenylate (2-
SA) synthetase, and a phosphodiesterase. The protein kinase and 2-5A 
synthetase are both activated by ds RNA. The 2-5A synthetase catalyzes 
the synthesis of 2-5A, an oligonucleotide made of ATP. The 2-5A in turn 
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activates an endogenous ribonuclease that can degrade the viral mRNA. 
The protein kinase exerts its antiviral effect by phosphorylating the a 
subunit of eukaryotic initiation factor 2, with the utilization of ATP. 
This in turn inhibits the binding of initiator tRNA to ribosomes, resulting 
in diminished protein synthesis. The third enzyme associated with the 
development of the antiviral state is a phosphodiesterase that does not 
require ds RNA for activation. It degrades the C-C-A terminus of tRNA, 
preventing peptide chain elongation, and also degrades the 2-SA with 
consequent regulation of 2-SA synthetase activity (Baglioni, 1979; 
Schmidt et a1., 1979). 

IFN has also been reported to affect other steps in the viral infectious 
cycle. For instance, in some DNA viruses, IFN interrupts viral mRNA 
transcription rather than translation (Oxman, 1977). High-dose IFN has 
recently been shown to strongly inhibit receptor-mediated endocytosis 
of vesicular stomatitis virus, resulting in much less virus entering IFN
treated cells (Whitaker-Dowling et a1., 1983). 

The mechanisms by which IFNs inhibit herpesviruses are poorly 
understood. The complexity of these viruses has made such analysis dif
ficult. Recent studies suggest that in a herpes simplex virus (HSV) in vitro 
infection of mouse L cells, virus replication is inhibited at an early step 
prior to DNA synthesis (Panet and Falk, 1983). HSV-1 DNA polymerase 
and thymidine kinase, both 13 proteins that precede viral DNA synthesis, 
were reduced in IFN-treated cells. These results are perhaps analogous 
to the inhibition of SV40 T antigen by IFNs. Both involve inhibition of 
a DNA virus at a very early step in replication. The existence of multiple 
IFN subtypes and multiple sites of action suggest that no simple conclu
sions on IFN mechanisms will soon be forthcoming. Moreover, evidence 
from murine models that host genes can influence IFN-mediated resist
ance to individual viruses suggests that an individual's IFN response may 
be quite specific. This could explain, in part, the differential susceptibility 
of individuals to viral infections, as well as differential responses to ex
ogenously administered IFN (Hirsch and Hammer, 1982). 

IV. IMMUNOMODULATORY EFFECTS OF INTERFERON 

The antiviral action of IFN is due in part to its direct induction of 
an "antiviral state" in host cells. However, many other non-antiviral 
activities of IFN result indirectly in an enhanced ability of the host to 
combat viral infection. These other effects of IFNs on cellular structure 
and/or function can be divided into two general categories: 

A. Immunoenhancement 

Low-dose IFN-a and IFN-13 in an in vivo mouse model have been 
shown to result in an enhanced antibody response (Braun and Levy, 1972). 
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Increased expressions of IgG Fc receptors (Itoh et a1., 1980), as well as ~r 
microglobulin and HLA-A, B, and C antigens have been demonstrated on 
human peripheral blood lymphocytes exposed to purified IFN-a in vitro 
(Hokland et a1., 1981). Human IFN--y has been reported to be more potent 
then IFN -a or IRN-~ in inducing HLA and ~2-microglobulin mRNA and 
protein synthesis (Wallach et a1., 1982). All three species of IFN may 
stimulate NK cells, at least in vitro (Perussia et a1., 1980). Enhanced 
phagocytosis by macrophages exposed to IFN has been described, as well 
as enhanced T-cell-mediated and antibody-dependent cellular cytotox
icity (ADCC) (Epstein, 1979; Zarling et a1., 1978). 

B. Immunosuppression 

High-dose IFN can suppress both primary and secondary antibody 
responses, possibly by its antiproliferative effect on B cells (Epstein, 1979) 
or by the activation of suppressor T cells (Aune and Pierce, 1982). IFN 
can decrease the number of IgM Fc receptors on human lymphocytes (Itoh 
et a1., 1980). It has also been shown to depress delayed hypersensitivity 
reactions in vitro (DeMaeyer et a1., 1975), to decrease leukocyte migration 
inhibition (Szigeti et a1., 1980), and to inhibit monocyte maturation (Lee 
and Epstein, 1980). Chronic administration of IFN can result in marked 
depression of NK cell activity (Maluish et a1., 1982). 

At first glance, many of the described effects of IFN appear contra
dictory. These effects can vary markedly, depending upon the type or 
dose of IFN, the timing and duration of exposure, the dose of antigen, the 
type of assay system, and the genetic makeup of the host (DeMaeyer and 
DeMaeyer-Guignard, 1980). Clinical trials of human IFNs have yet to 
define consistent stimulatory or suppressive effects on immune respon
siveness. 

V. INTERFERON AND THE HERPESVIRUSES 

A. Cytomegalovirus 

The inherited susceptibility or resistance to lethal CMV infection in 
congenic strains of adult mice appears linked to the H-2 complex (Grundy 
et a1., 1981); the mechanisms of this resistance are unclear but are not 
related to antibody levels, nor to loss of ability by the cells to support 
viral replication. In some strains, resistance is controlled by non-H-2 
genes and the ability to produce IFN and to develop NK cell activity 
appear to be of critical importance (Grundy et a1., 1982; Bancroft et a1., 
1981). In man, no clear-cut pattern of inherited resistance has been de
scribed for primary CMV infections, and no particular HLA types appear 
to predispose to CMV infections (Patel et a1., 1978). However, NK cells 
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recovered from healthy young adults are capable of cytotoxic activity 
against both uninfected and CMV-infected fibroblasts, independent of 
donor immune status (Starr and Garrabrant, 1981). Preincubation of NK 
cells with IFN enhances the killing. These cells could play an important 
role as a front line of defense in primary CMV infection, prior to the 
generation of specific antibody and immune T lymphocytes. 

Murine models have shown the importance of cytotoxic T cells in 
recovery from CMV infection (Quinnan et al., 1980; Ho, 1980). In hu
mans, the importance of cytotoxic mechanisms in recovery has been eval
uated in bone marrow transplant recipients (Quinnan et al., 1982). The 
outcome of CMV infections did not correlate with the nature of the un
derlying disease, the type of transplant, the pre transplantation CMV an
tibody status, nor the lymphocyte proliferative responses to CMV anti
gens or Can A. There was, however, a significant correlation between 
recovery from CMV infection and the development of a CMV-specific 
cytotoxic response by both HLA-restricted and nonrestricted T lympho
cytes. The presence of depressed NK and antibody-dependent killer cells 
also correlated with increased mortality. As IFN can augment cytotox
icity in vitIO, it may be critical to development of an effective response. 

In acute CMV mononucleosis, decreased lymphocyte responsiveness 
has been documented, as manifest by decreased proliferative responses 
to mitogens and antigens (Rinaldo et al., 1980; Carney and Hirsch, 1981). 
In addition, lymphocytes from CMV mononucleosis patients show di
minished levels of IFN production following challenge with mitogen or 
antigens (Levin et al., 1979; Rinaldo et al., 1980). During convalescence 
these responses normalize. In addition, there is a reversal of the normal 
ratio of peripheral blood lymphocytes with phenotypic markers of T
helper and T-suppressor cells (Carney et al., 1981). The increase in T
suppressor cells may help explain the immunosuppression, but a mon
ocyte-macrophage population was also found to reduce the cellular re
sponse to Con A (Rinaldo et al., 1980; Carney and Hirsch, 1981). Whether 
exogenous IFN will help to reconstitute these deficient responses is under 
investigation. 

CMV infection is believed by most investigators to be capable of 
inducing IFN in mice (Hamilton, 1982). The ability of CMV infection to 
elicit production of IFN in humans has been more difficult to demon
strate. Although some investigators have detected circulating IFN during 
active CMV infections (O'Malley et al., 1975; Rhodes-Feuillette et al., 
1983), further studies are necessary to confirm these observations. 

That CMV infection is susceptible to IFN is well established (Glas
gow et al., 1967; Postic and Dowling, 1977). Several factors can influence 
the IFN sensitivity of CMV in vitIO, such as the source of virus, the 
indicator cells employed, the size and timing of the inoculum, and 
whether the inoculum is cell-free virus or not. An infected cell inoculum 
is 300-fold less sensitive to IFN than its cell-free counterpart (Holmes et 
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a1., 1978). Clinical isolates appear more susceptible to IFN in vitro than 
are laboratory strains. 

B. Varicella-Zoster Virus 

An association has been described in the immunocompromised host 
between recovery from varicella and a specific cell-mediated immune 
response, indicated by lymphocyte blastogenesis or lymphocyte-mediated 
cytotoxicity (Steele et a1., 1977), as well as the local production of IFN 
within the vesicles (Armstrong et a1., 1970). Absent or low levels of cir
culating IFN have been documented in varicella-zoster infections (Ste
vens and Merigan, 1972). Delayed local production of IFN has been de
scribed in patients with extradermatomal spread or prolonged disease 
associated with the use of immunosuppressive drugs such as cytosine 
arabinoside (Stevens et a1., 1973). During recovery from herpes zoster, 
peak intravesicular IFN titer correlated better than cell counts with ces
sation of dissemination (Stevens et a1., 1975). It was hypothesized that a 
few sensitized lymphocytes produce IFN, which subsequently helps aug
ment an effective cellular response. IFN production occurred well before 
detection of any antibody response. VZV has been shown to be sensitive 
to the antiviral effects of IFN (Rasmussen et a1., 1977). Sensitivity is 
increased by low-input multiplicity of virus and by a cell-free inoculum 
in a similar fashion to CMV. 

Various classes and types of antibodies have been described during 
varicella-zoster infections. IgG antibodies have been found to persist for 
life while IgA and IgM antibodies disappear after a few months (Brunell 
et a1., 1975). The ability of zoster immune globulin (ZIG) to completely 
prevent varicella in normal children (Brunell et a1., 1969) would support 
a protective role of humoral immunity. However, in immunocomprom
ised patients, larger doses of ZIG may only modify the disease but do not 
prevent varicella (Brunell et a1., 1972; Gershon et a1., 1974), suggesting 
a major role for cell-mediated immune mechanisms, including IFN pro
duction, in these hosts. Moreover, varicella-zoster infections are major 
complications of disorders of cellular, but not humoral, immunity. 

Transfer factor was found to be protective against varicella when 
administered to a group of leukemic children with no previous immunity 
to the virus (Steele et a1., 1980). Previously, the same transfer factor was 
shown to be capable of inducing VZV-specific lymphocytotoxicity, lym
phocytic blastogenic response, and production of leukocyte inhibitory 
factor in individuals without prior exposure to VZV antigen (Steele, 1980). 
This would suggest a direct effect of transfer factor on lymphocytes, pos
sibly through the production of lymphokines such as IFN. 

C. Epstein-Barr Virus 

The pathogenesis of human EBV infections has been extensively 
studied. The virus is thought to replicate initially in the oropharynx 
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where it presumably gains access to local B lymphocytes. Infection of the 
lymphocyte population triggers them to proliferate, and results in the 
appearance of a series of specific antibodies to EBV as well as a more 
general polyclonal B-cell activation (Rosen et ai., 1977). Anti -early antigen 
(EA) antibodies and anti-viral capsid antigen (VCA) antibodies of the IgM 
class appear first. These are followed by anti-VCA antibodies of the IgG 
class and eventually by the appearance of anti-Epstein-Barr nuclear an
tigen (EBNA) antibodies. The increased number of EBV-infected B cells 
also results in the proliferation of different subclasses of T lymphocytes, 
which constitute the majority of the circulating atypical lymphocytes 
during infectious mononucleosis (Pattengale et al., 1974). Among the T 
cells are found a population with suppressor activity, which have been 
shown to be capable of inhibiting the outgrowth of EBV-transformed B 
cells (Schooley et al., 1981). The mechanisms of this suppression are not 
entirely clear, but T cells from normal donors are capable of suppressing 
EBV infection in vitro (Thorley-Lawson et al., 1977). This suppressive 
effect has been shown to have a biphasic nature (Thorley-Lawson, 1980). 
An early phase is manifest within 24 hr of the EBV infection, prior to 
transformation of the B cells. A second phase of suppression then occurs, 
which is mediated through EBV-specific, HLA-restricted cytotoxic T cells 
(Misko et al., 1980; Slovin et al., 1983), as well as through non-specific 
cytotoxic T cells (Moss et al., 1979). The early suppression of B-cell pro
liferation following infection can be blocked by the use of anti-IFN an
tibodies, and human leukocyte IFN, in the absence of T-suppressor cells, 
can produce similar suppression. These findings implicate IFN as the 
mediator of the early suppressive effect on the infected B cells (Thorley
Lawson, 1981). The exact cellular source of IFN in these in vitro exper
iments has not been established. Peripheral T lymphocytes can produce 
IFN in response to autologous EBV-infected lymphoblastoid cell lines 
(Trinchieri et ai., 1977). If the T cells were the only source, one would 
expect IFN--y production, which would not be neutralized by anti-IFN-u 
antibodies. According to Thorley-Lawson (1981), neonatal B cells were 
resistant to the suppressive effect of IFN. Similar results have been re
ported by Menezes et al. (1976). However, other investigators (Lai et al., 
1977; Doetsch et al., 1981; Garner et al., 1984) have found cord blood 
mononuclear cells to be equally susceptible to the suppressive effect of 
IFN-u. These conflicting observations remain largely unexplained. 

Whether or not the same mechanisms are operative during infectious 
mononucleosis is unclear at the present time. In support of these mech
anisms, there is a report of a young girl who died of a severe persistent 
EBV infection and who was found to have normal humoral and cellular 
immunity except for a defect in IFN--y production (Virelizier et al., 1978). 
The second phase of suppression of an EBV infection in vitro also has a 
counterpart in vivo during infectious mononucleosis. In the convalescent 
phase of infectious mononucleosis, an EBV-specific memory T cell ap-
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pears that is cytotoxic when tested in vitro against EBV-infected B cells 
(Rickinson et aI" 1980), 

Non-EBV-specific cellular immunity has been found to be depressed 
during infectious mononucleosis, as expressed by cutaneous anergy and 
depressed T-cell responsiveness to mitogens, recall antigens, and allo
geneic lymphocytes in vitro (Mangi et aI" 1974), The role, if any, of IFN 
in affecting these functions is not known, 

EBV has been shown, like the other herpesviruses, to be able to induce 
IFN production in human cell lines (Adams et aI" 1975) and to be sus
ceptible to the antiviral effects of IFN (Lvovsky et aI" 1981 j Garner et 
aI" 1984), 

D, Herpes Simplex Virus 

Animal models of HSV infection have suggested a major role for the 
genetic background of the host in susceptibility to infection (reviewed 
by Lopez, this volume), Natural resistance (the ability of an organism to 
resist an infection never having encountered it before) to HSV-l is gov
erned in mice by two independently segregating dominant genes that are 
independent of the H-2 locus (Lopez, 1980), The expression of this re
sistance is felt to be mediated through NK cells, HSV-2-induced hepatitis 
in young mice was found to be controlled by one X-linked dominant gene 
(Mogensen, 1977), In this model, macrophages were felt to be the main 
effector cells, It is unclear whether similar patterns of genetic resistance 
apply to man, The only support for this comes from reports of increased 
susceptibility of patients with HLA-DRw3 to recurrent herpes keratitis 
and HLA-Al patients to herpes labialis infections (Meyers-Elliott et aI" 
1980: Russell and Schlaut, 1975), Human neonates with disseminated 
HSV infection (Ching and Lopez, 1979) and certain AIDS patients with 
chronic ulcerative herpes lesions (Siegal et aI" 1981) have also been re
ported to have depressed NK activity, although it is uncertain what role 
genetic factors have in this diminished activity, 

HSV spreads by causing fusion of cells and can escape neutralizing 
antibodies, It does, however, induce new antigens on infected cell sur
faces, which may elicit a response from cytotoxic cells, Various cell types 
are capable of killing HSV-infected cells: nonadherent mononuclear cells 
(K cells), monocyte-macrophages, and granulocytes have been reported 
to participate in ADCC (Shore et aI" 1976 j Kohl et aI" 1977 j Oleske et 
aI" 1977), Macrophages are capable of restricting HSV infection within 
surrounding permissive Vero cells (Morahan et aI" 1980), and appear im
portant in age-dependent resistance to this agent (Hirsch et aI" 1970), 
Adult stimulated mouse macrophages produce more IFN than neonatal 
macrophages and are better able to destroy intracellular HSV, The use of 
substances that are selectively cytotoxic to macrophages, e,g" silica and 
antimacrophage sera, results in increased mortality of HSV-l-infected 



380 FRAN~OIS LEBEL AND MARTIN S. HIRSCH 

mice (Zisman et al., 1970). Substances stimulatory to macrophage activ
ity, such as C. parvum and pyran blue, decrease mortality to HSV in mice 
(Starr et al., 1976). HSV-infected human fibroblasts can be killed by mac
rophages and the killing is enhanced by IFN j this occurs in the absence 
of specific antibodies (Stanwick et al., 1980). 

Human IFN-a. has been found in very high titer (mean 20,200 U) in 
vesicle fluid from lesions of recurrent herpes labialis (Overall et al., 1981). 
In another study by the same group (Spruance et al., 1982), IFN titers in 
vesicular fluid correlated with the age of the lesions and the virus titer 
within the fluid but not with the clinical severity of the illness. The titers 
observed in vesicle fluid are much higher than those required to inhibit 
HSV replication in human cell cultures (Overall et al., 1980 j Lazar et al., 
1980 j Matsubara et al., 1980). This implies that local production of IFN 
might playa role in localization of the infection and might contribute to 
recovery. IFN production has also been reported in the CSF of patients 
with HSV encephalitis (Hilfenhaus and Ackerman, 1981 j Vezinet et al., 
1981). Recently, peripheral mononuclear cells from patients with recur
rent herpes labialis have been shown to spontaneously secrete IFN -"I and 
small amounts of IFN-a. when cultured in vitro (Cunningham and Mer
igan, 1983). No serum IFN could be detected. Peak supernatant IFN-'Y 
levels were proportionate to the time interval to the next recurrence. 
This study confirms the report by Rasmussen et al. (1974) that IFN-'Y 
titers generated by HSV antigen-stimulated macrophage-lymphocyte 
cultures correlated directly with the time elapsed to the next recurrence. 
No correlation has been demonstrated between titers of mononuclear cell 
IFN and severity or duration of the herpetic lesions. 

VI. PROPHYLAXIS AND THERAPY WITH INTERFERON 

The ideal antiherpes agent would be one that limits viral replication, 
prevents or cures latency, is relatively nontoxic, and promotes repair in 
virus-damaged tissue. No agent thus far fulfills such stringent require
ments. IFN, being a natural substance, was once thought to be nontoxic. 
However, more extensive experience with both impure and cloned prep
arations suggests both immediate toxicity (fever and local pain), as well 
as dose-dependent adverse effects on bone marrow, eNS, and possibly 
other organs. Most of these side effects are reversible on discontinuation, 
and are relatively easily controllable. IFN s are active in vitro against each 
of the four human herpesviruses, possess the ability to contain herpes 
infections in animal models, and are potent immunomodulators. These 
attributes continue to render IFNs prime candidates for clinical trials. 
We shall briefly outline important animal and human trials on the po
tential use of IFN against herpesvirus. 



INTERFERON IN IMMUNITY AND PROPHYLAXIS 381 

A. Animal Studies 

The species specificity of VZV, EBV, and human CMV has prevented 
the study of animal models with these agents. In contrast, a number of 
studies have addressed the role of IFN in murine HSV infections. The 
use of a variety of different routes of inoculation, varying doses of virus, 
and varying endpoints has made the interpretation of murine studies dif
ficult. 

DeClercq and Luczak (1976) studied a model of disseminated human 
newborn HSV infection and were able to show decreased mortality in 
young mice infected with intranasal HSV-l when they were pretreated 
with high-dose mouse IFN. IFN failed to reduce the mortality if given 
after the viral challenge. IFN also could not reduce the mortality of im
munosuppressed (antithymocyte serum) mice with disseminated HSV-l 
infection (Worthington et al., 1977). Exogenous IFN has reduced the mor
tality of mice infected intraperitoneally with HSV-2 when administered 
as late as 24 hr after viral inoculation, but when HSV was inoculated 
intranasally, no reduction in mortality or increased survival could be 
shown (Olsen et al 1978). 

Although human CMV is species specific, Cruz et al. (1981) were 
able to demonstrate reduced murine CMV replication in liver and spleen, 
and delayed seeding of salivary gland in newborn mice pretreated with 
low-dose IFN. However, no protection or delay in time of death could be 
documented by Kern et al. (1978) using high-dose IFN in another murine 
CMV model. 

Arvin et al. (1983) administered high-dose human leukocyte IFN to 
Erythrocebus patas monkeys during the incubation phase of a laboratory 
outbreak of simian varicella and demonstrated a marked reduction in 
attack rate. This study supports the possible use of IFN as a postexposure 
prophylaxis among immunosuppressed humans exposed to VZV. 

B. Human Studies 

1. Herpes Simplex Virus 

Prophylactic IFN-a has been evaluated in a double-blind study of 
systemic administration on the reactivation of HSV (Pazin et al., 1979). 
Thirty-seven patients with a past history of herpes labialis who had been 
suffering from trigeminal neuralgia and were undergoing microvascular 
decompression of the trigeminal sensory root were evaluated. None of 
the patients in this study was receiving radiation or chemotherapy; all 
were relatively healthy but had received high-dose corticosteroids before 
and after surgery. The administration of 7 x 104 U IFN/kg body wt per 
day for 5 days starting on the day before surgery resulted in a statistically 
significant reduction in reactivation of HSV, as determined by the number 
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of herpetic lesions or positive throat cultures, taken together. Taken 
alone, the frequency of herpetic lesions and their size was decreased but 
not in a statistically significant manner (5 of 19 patients on IFN vs. 10 
of 18 patients on placebo). A telephone survey published 1 year later 
(Haverkos et al., 1980) showed that of the 37 patients contacted, 9 in the 
placebo group and 9 in the IFN group recalled having had one or more 
lesions in the interval since the original study. The authors concluded 
that there is no evidence that the brief course of IFN had any effect on 
subsequent reactivation. Whether higher IFN dosage or alteration in its 
administration schedule could have improved results remains unre
solved. 

Prophylactic trials of IFN-a were also conducted in renal transplant 
recipients, using 3 x 106 U twice weekly for 6 weeks (Cheeseman et al., 
1979). Eleven of sixteen IFN-treated seropositive patients excreted HSV, 
as compared to 13 of 14 placebo-treated patients. Virus shedding began 
1-3 weeks after transplantation in both groups. Approximately half the 
seropositive patients and two-thirds of those who excreted HSV had le
sions. No relation was observed between the presence, severity, or extent 
of lesions and IFN treatment. 

Several trials of recombinant IFN-a, alone or in combination with 
acyclovir, are currently under way in the prophylaxis and treatment of 
human genital herpes infections. IFN-13 and IFN-'Y have not yet been stud
ied in this disorder. 

The earliest controlled trial of the use of IFN in human herpetic 
infection was in recurrent HSV keratitis, using topical therapy. A study 
comparing 49 patients treated topically with human leukocyte IFN (6.4 
x lQ4 U/ml, twice daily) to 46 placebo-treated patients showed an equal 
number of recurrences in both groups when evaluated at 18 months (Kauf
man et al., 1976). In another study, 78 patients were treated with minimal 
debridement and then stratified to receive high-dose (33 x 106 U/ml, one 
drop per day) or moderate-dose (11 x 106 U/ml, one drop per day) topical 
IFN or placebo; a statistically significant difference in the number of 
recurrences was found between the high-dose treatment group and the 
placebo group (Coster et al., 1977). Other studies have concluded that 
there is no significant difference between human leukocyte IFN or human 
fibroblast IFN in this infection, and that as little as 106 U/ml can be of 
benefit as long as it is combined with debridement (Sundmacher et al., 
1978a,c). 

Treatment of acute herpes keratitis is amenable to many antiviral 
agents. However, the requirement for debridement with its attendant 
morbidity has led to a trial of trifluorothymidine (TFT) alone or in as
sociation with high- or low-dose IFN (Sundmacher et al., 1978b). No sig
nificant differences were found between TFT alone and TFT plus low
dose human leukocyte IFN (1 x 106 U/ml), but corneal healing time was 
significantly improved in the group receiving TFT plus high-dose IFN (30 
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X 106 U/ml). Topical IFN-a also potentiates the antiviral activity of top
ical acyclovir against dendritic herpes keratitis (Colin et al., 1983). 

2. Varicella-Zoster Virus 

In 1978, a well-designed therapeutic study of 90 patients with herpes 
zoster and cancer provided strong evidence for the ability of IFN-a to 
reduce cutaneous dissemination (Merigan et al., 1978). This was a ran
domized double-blind placebo-controlled study of three dosage schedules 
of IFN-a. The two higher doses, 1.7 or 5.1 x 105 U/kg per day, were found 
to be much more effective than the lower dose regimen of 4.2 x 104 UI 
kg per day in reducing cutaneous dissemination and the severity of posth
erpetic neuralgia. Visceral complications were six times less frequent in 
the IFN recipients compared to the placebo group. 

A follow-up study of short course therapy with 2.55 x 105 U/kg of 
IFN-a intramuscularly every 12 hr for four doses demonstrated no effect 
on acute pain or disease progression in the primary dermatome. IFN
treated patients had a modest diminution in distal cutaneous spread and 
in both severity and duration of postherpetic neuralgia (Merigan et al., 
1981). 

A randomized double-blind controlled trial in children with varicella 
undergoing either chemotherapy or radiotherapy for malignancy has 
shown beneficial effects of IFN-a (Arvin et al., 1978,1982). Nine patients 
received high-dose IFN (minimum of 4.2 x 104 U/kg body wt per day), 
until no vesicles had appeared for 24 hr (average of 6.4 days) and an equal 
number received placebo. Subsequently, 14 similar patients received an 
initial dose of 3.5 x 105 U/kg body wt per day for 48 hr, followed by 1. 75 
X 105 U/kg body wt per day for 72 hr, and 12 patients were given placebo. 
The IFN was administered intramuscularly at 12-hr intervals. All patients 
were enrolled within 72 hr of onset of the exanthem. The IFN group had 
significantly fewer new lesions, especially those on the higher dose reg
imen, and the number of patients with life-threatening dissemination 
was also reduced. Mortality consisted of two patients in the IFN group 
and three patients in the placebo group. IFN levels in the blood were 200-
400 U/ml in the patients given the higher dose and 40-190 U/ml in the 
other IFN group, when measured 6-8 hr after intramuscular injection. 

These studies indicate that in the immunocompromised host, rela
tively high-dose IFN-a can reduce the morbidity associated with VZV 
infections. Similar results have been obtained with vidarabine (Whitley 
et al., 1982) and acyclovir (Balfour et al,. 1983). Direct comparisons be
tween IFN-a and these other agents have not been conducted. 

3. Cytomegalovirus 

The first placebo-controlled double-blind study of leukocyte IFN pro
phylaxis against CMV infections was reported in 1978 (Weimar et al., 
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1978, 1979). Eight renal allograft recipients received 3 x 106 U of human 
IFN-13 intramuscularly twice weekly for 3 months, starting a few hours 
prior to transplantation. Comparison was made with eight patients who 
received placebo. CMV infections occurred in four patients in the placebo 
group and in five of the IFN group as determined by antibody rises. Blood 
levels of IFN-13 could not be detected after intramuscular injections, pos
sibly because of local inactivation (Hanley et a1., 1979). Drawing any 
conclusion from this study is difficult because of the documented absence 
of circulating IFN, the small number of patients in each group, and the 
attempt at virological isolation only when viral infections were suspected 
on clinical grounds. 

A larger randomized placebo-controlled double-blind study of renal 
allograft recipients who were studied with frequent virological and se
rological monitoring, was conducted by Cheeseman et a1. (1979). Twenty
one patients received 3 x 106 U of IFN-a twice weekly for 6 weeks start
ing on the day of transplantation, and 20 patients received placebo. 
Twenty-four patients were seropositive for CMV prior to transplantation. 
Onset of CMV excretion was delayed in the IFN group to 7.2 weeks com
pared to 4.2 weeks in the placebo group. CMV viremia was more frequent 
in placebo (9/10) than in the IFN group (5/11), p = 0.04. Overall, the 
clinical outcome was not significantly altered. 

Recently, a follow-up double-blind trial in renal transplant recipients 
has been reported (Hirsch et a1., 1983). Longer courses of prophylaxis were 
evaluated in seropositive patients susceptible to CMV reactivation. IFN
a (3 X 106 U) or placebo was administered three times a week for 6 weeks 
and then twice a week for 8 weeks (total of 102 x 106 U). Clinical signs 
of CMV infection were markedly reduced in IFN recipients. Seven of 
twenty-two placebo recipients and one of twenty IFN recipients devel
oped CMV syndromes (p = 0.03). Opportunistic superinfections occurred 
only in placebo recipients, and CMV-associated glomerulopathy devel
oped in one IFN and three placebo patients. 

IFN therapy of ongoing CMV infections has not been encouraging. 
Uncontrolled trials in congenital infection, CMV pneumonia, or CMV 
retinitis have not suggested significant benefits (Chou et ai., 1984; Meyers 
et a1., 1980; Arvin et a1., 1976). These clinical trials indicate that while 
IFN may be of considerable use in the prophylaxis of CMV syndromes 
among high-risk patients, they are unlikely, as single agents to provide 
therapy for serious ongoing infections. 

4. Epstein-Barr Virus 

The only controlled study to evaluate IFN in EBV infections was 
conducted by Cheeseman et a1. (1980) as part of a larger prophylactic trial 
in renal transplant recipients. Thirty-eight of the patients were seropo
sitive for EBV. At the onset of the study, 8.6% of the patients excreted 
EBV from their oropharynx and this increased to 50% at the 5th month 
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and beyond. Excretion of EBV was significantly more frequent in patients 
receiving antithymocyte globulin (65 versus 33%). Virus shedding could 
not be correlated with a fourfold or greater rise in titer of antibodies to 
VCA or EA of restricted type. IFN-a reduced the virus excretion from 
65% in the placebo group to 38% (p = 0.08). The reduction was more 
impressive in the patients receiving antithymocyte globulin where ex
cretion in the placebo group was 83% versus 45% in the IFN group (p = 
0.07). IFN had no apparent effect on serological markers of EBC infection, 
or on clinical EBV syndromes. 

EBV is implicated in a variety of lymphoproliferative neoplasms, as 
well as in nasopharyngeal carcinoma. Trials of recombinant and natural 
IFNS, either alone or in combination with other agents, are awaited in 
these conditions. 

VI. FUTURE DIRECTIONS 

Over the last 25 years, IFN s have gradually moved from the laboratory 
to the clinic. Much has been learned concerning the antiviral and im
munomodulatory roles of IFNs, although information concerning their 
antiherpesvirus mechanisms remains meager. 

The ultimate place of IFNs in the management of human herpesvirus 
infections is unclear. It is likely that prophylaxis in high-risk patients 
will be more useful than treatment of ongoing disease. Combination ther
apy with agents such as acyclovir holds promise against various herpes
viruses (Levin and Leary, 1981; Starwick et al., 1981; Hammer et al., 
1982; Smith et al., 1983), although such combinations may also prove 
more toxic than treatment with single agents. Combinations of different 
IFN types, such as a and "I, may also be more beneficial than either type 
alone. The availability of multiple subtypes of recombinant IFNs assures 
us that considerable additional information will be obtained in the years 
to come, not only on their mechanisms of action, but on their clinical 
utility in human herpesvirus infections. 
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CHAPTER 19 

Effects of 
Immunopotentiating and 
Immunomodulating Agents 
on Experimental and Clinical 
Herpesvirus Infections 
GEORGES H. WERNER AND AURELIO ZERIAL 

I. INTRODUCTION 

As pointed out by Ching and Lopez (1979), patients with some types of 
immunodeficiency disorders, newborn infants, and patients treated with 
cytotoxic immunosuppressive drugs, either for cancer or for organ trans
plantation, are prone to unusually severe infections with herpesviruses 
(herpes simplex, cytomegalovirus, varicella-zoster). Herpes simplex virus 
(HSV) and cytomegalovirus (CMV) are a common cause of morbidity and 
mortality in bone marrow, renal, and cardiac allograft recipients. A defect 
in cell-mediated immunity to CMV has been reported both in children 
who excrete CMV in the first year of life and in their mothers (Starr et 
a1., 1979). It appears reasonable therefore to assume that restoration of 
the immune capacity by appropriate immunopotentiating agents might 
be a way to control the severity of herpesvirus infections in immuno
deficient patients and, by some stretch of the imagination, that such drugs 
might even be useful in the management of herpesvirus infections in 
immunologically normal subjects. 
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Indirect evidence for the beneficial effect of improving the immune 
capacity simply by providing an adequate diet is illustrated by events that 
occurred in 1960 in Capetown, South Mrica (Tyrrell, 1982). Seriously ill 
children were admitted to the hospital suffering from a generalized, often 
fatal, infection due to HSV and involving the liver. Quite suddenly, how
ever, the disease disappeared and, on investigation, it was found that the 
likely reason was that a voluntary group, with no thought of preventing 
infection, was supplying milk supplements to children living in under
privileged areas. 

Within the last few years, a fairly large number of immunopoten
tiating (or immunomodulating) drugs have been described, some of which 
have already been used clinically. Our purpose is to review what has been 
achieved, experimentally in laboratory animals and clinically in humans, 
with these drugs in the treatment of primary or recurrent herpesvirus 
infections. In view of the fact that immunopotentiating agents may exert 
a variety of actions on the diverse effector mechanisms of the immune 
system, it is first necessary to delineate the immune mechanisms of re
sistance to and recovery from herpesvirus infections. Most studies have 
been performed in the mouse, in which a systemic, usually rapidly lethal, 
infection can be induced by intraperitoneal (i.p.) inoculation of human 
HSV-1 or HSV-2 or of murine CMV. This is also the system that has been 
most commonly used to test the activity of immunopotentiating agents 
on such infections. 

When the viruses are introduced i.p., the first line of defense they 
encounter is the peritoneal macrophage. (Zisman et ai., 1970; Hirsch et 
al., 1970; Lopez, this volume). Important roles for NK cells (Lopez, 1975, 
and this volume; Lopez et al., 1980; Bancroft et al., 1981, Morahan et 
al., 1982) and interferons (IFN) as resistance mechanisms against HSV 
infections have also been well established (Gresser et al., 1976; Engler et 
ai., 1982; Kirchner et ai., 1983). Evidence supporting these conclusions 
is reviewed by Lopez (this volume). Participation of T lymphocytes in the 
recovery mechanisms from HSV infections is suggested by studies from 
several laboratories (summarized by Nash et al., this volume). Specifi
cally, both cytotoxic T cells and delayed-type hypersensitivity are re
quired for protection. 

Other, still unknown, mechanisms may playa role in the resistance 
against HSV, as shown by studies performed with a strain of HSV-1 that 
does not cause lethal encephalitis in various inbred mouse strains, when 
injected by all routes except the intracerebral one (Kiimel et al., 1982). 
This strain replicates in various organs to an extent similar to that of 
lethal strains, but transport of this virus to the CNS or replication therein 
is efficiently restricted after peripheral inoculation. The blocking mech
anism is not, however, a function of IFN induction or sensitivity nor is 
it due to enhanced NK cell activation; it appears to be independent of T
cell or macrophage functions but it is age-dependent, as newborn mice 
are fully susceptible to i.p. infection with this strain. 
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Thus, any substance capable of exerting stimulating or suppressive 
activities on macrophages and monocytes, on the NK cell system, on 
endogenous production of IFNs, on cytotoxic T lymphocytes, on poly
morphonuclear leukocytes, or on antibody-producing cells will in theory 
be able to influence in a beneficial or harmful manner the outcome of a 
primary or recurrent infection with herpesviruses. Although this is likely 
the case when immunomodulating drugs are administered in the course 
of natural infections in humans or animals, it is doubtful that all the 
mechanisms described above come into play when a relatively simple 
system is used in testing these drugs, such as the i.p. inoculation of large 
doses of highly virulent HSV strains into fully susceptible mice. Yet, as 
will be seen, this is the way most natural or synthetic immunopotentia
tors have been studied thus far. 

II. MICROBIAL AGENTS AND SUBSTANCES OF MICROBIAL 
ORIGIN 

It has been known for many years that nonlethal infections of the 
mouse with bacteria or parasites can enhance the animal's resistance 
against antigenically unrelated infectious agents. Such a nonspecific im
munostimulating effect has been examined by a number of authors 
against parenteral (usually i.p.) infection of the mouse with HSV-l or 
HSV-2. BeG, a bovine strain of Mycobacterium tuberculosis of atten
uated virulence, has been most extensively tested in this respect. It was 
shown (Starr et a1., 1976) that live BeG administered Lp. to newborn 
mice 6 days before i.p. challenge with HSV-2 increased the survival rate 
of the animals. Typhoid or brucella inactivated vaccines were ineffective 
in this system. In adult mice, intravenous (Lv.) infection with 106 live 
BeG bacilli increased their resistance against lethal challenge 15-30 days 
later with a strain of HSV-l, but it was without effect when challenge 
was performed with a strain of HSV-2 requiring immunosuppression of 
the animals with cyclophosphamide to be lethal (Floc'h and Werner, 
1976). On the other hand, BeG infection by the i.v. route 7-10 days before 
intravaginal inoculation of HSV-2 in adult female mice did not protect 
against disease (vaginitis, posterior paralysis, encephalitis, and death) but 
rather tended to enhance its severity, whereas passive immunization with 
specific antiserum 4 hr before viral challenge afforded significant protec
tion (Baker et a1., 1974). The same authors noted, however, that com
bination of BeG inoculation (-7 days) and antiserum treatment (- 4 hr) 
provided the highest degree of protection. 

As early as 1972, Larson et a1., showed that BeG immunization of 
rabbits increased their resistance to HSV-2 infection: whereas control 
rabbits died from encephalitis following vaginal or corneal inoculation 
of the virus, animals that had received 4 x 107 viable units of BeG i.v. 
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4 weeks before viral challenge also developed encephalitis but, in most 
cases, recovered. 

All these experimental data suggest that in animals whose mono
nuclear phagocytic system has been stimulated through infection with 
mycobacteria, an enhanced resistance exists against dissemination of 
HSV to the brain. Attempts have been made to treat recurrent herpes 
genitalis in men and women by BCG immunotherapy. In one study (An
derson et al., 1974) 15 such patients were injected intradermally (i.d.) 
with BeG; all of them experienced a decrease in frequency and severity 
of the recurrences, the best response being found in the patients becoming 
and remaining tuberculin skin test-positive following BCG injection. 
These results were not confirmed in a later, more extensive trial, carried 
out in 100 patients (Corey et al., 1976): patients suffering from recurrent 
herpes genitalis were injected i.d. with BCG or a placebo (Candida an
tigen); the average number of recurrences per 100 days was similar in 
both groups, the mean duration of the lesions during the recurrences was 
also similar but, among women, the mean duration of pain was signifi
cantly shorter in the BCG recipients than in the placebo group. 

Next to live BCG, heat- and formaldehyde-killed microorganisms of 
the anaerobic Corynebacterium genus (c. granulosum, C. parvum) have 
been extensively tested, in laboratory animals and in man, as nonspecific 
stimulants of the immune system and a number of studies have been 
devoted to the effects of such inactivated microbial preparations in mice 
infected with herpesviruses. Kirchner et al., (1977) showed that i.p. in
jection of C. parvum (10 mg/kg) 1 week before i.p. infection of adult mice 
with HSV-l protected them from encephalitis and death, even when they 
had been rendered more susceptible to the virus by cyclophosphamide
induced immunosuppression. Treatments performed shortly before or 
after virus inoculation were ineffective. Similarly, mice treated 7-10 days 
before virus inoculation with C. parvum exhibited enhanced resistance 
against lethal infection with HSV-2 or with murine CMV (Glasgow et 
al., 1977). The increased resistance against HSV-2 could be transferred to 
recipient mice by peritoneal exudate cells from Corynebacterium-treated 
animals. The same authors (Morahan et al., 1977a) showed that inhibition 
of macrophage function by in vivo treatment of the mice with silica, 
while greatly increasing their susceptibility to HSV-2 infection, did not 
affect the antiviral activity of the immunostimulant. Contradictory re
sults were reported more recently (Gabrielson et al., 1980): in BALB/c 
mice, silica treatment did not enhance susceptibility to HSV-2 infection 
but markedly reduced the protective activity of c. granulosum. Attempts 
to passively transfer protection to suckling mice with peritoneal cells 
from C. granulosum-treated adult mice were unsuccessful. In our labo
ratory (A. Zerial unpublished data), protection of adult mice against lethal 
i.p. challenge with HSV-l was evident only when treatment with C. par
vum was performed at least 5 days before virus inoculation; in vivo trans
fer of resistance was achieved with spleen or peritoneal cells from C. 
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parvum-treated mice. In the case of HSV-2 infection of adult mice, two 
treatments with C. parvum, 7 days and 1 day before virus inoculation, 
provided greater protection than a single treatment 7 days before infec
tion. 

The fact that in the hands of Morahan et ai., (1977a) abrogation of 
macrophage function through silica injection did not significantly reduce 
the protective activity of Corynebacterium against HSV infection sug
gests that this protection may not be entirely mediated by the mono
nuclear phagocyte system-contrary to what is likely the case with BeG. 
Indeed, it has been shown (Ojo et ai., 1978) that i.p. injection of C. parvum 
into adult mice causes a sharp increase of NK activity in peritoneal ex
udate cells, and a certain population of NK cells may thus be the most 
likely candidate as the target of Corynebacterium antiviral activity. NK 
cell activity is stimulated by IFN; it has been shown (Gabrielson et ai., 
1980) that injection of BALB/c mice with HSV-2 caused a threefold in
crease in splenic IFN level within 3 hr and that pretreatment with C. 
granuiosum 1 week before HSV-2 inoculation increased the splenic IFN 
level an additional threefold. Whether NK cells are activated directly by 
C. parvum or indirectly through IFN induction remains to be elucidated. 
The important participation of the NK system in the protection against 
HSV infection by corynebacteria is also suggested by the observation that 
newborn mice, practically devoid of such a system, are not protected by 
C. parvum against HSV-2 infection. 

As far as we known, in spite of the rather widespread use of Coryne
bacterium immunotherapy in cancer patients, and in contrast to what 
has been attempted with BeG in humans, no clinical study has been 
performed with Corynebacterium in patients suffering from herpesvirus 
infections. It would be worthwhile to investigate whether or not C. par
vum-treated cancer patients are less prone to herpes simplex or zoster 
infections. 

Besides live BeG and killed whole Corynebacterium microorga
nisms, a number of bacterial extracts and substances produced by bacteria 
have been tested for their capacity to stimulate the resistance of mice to 
HSV infection. Lipopolysaccharides (endotoxins) from gram-negative ba
cilli, given parenterally and at appropriate times before infection, do exert 
a protective effect against the infection of mice with bacteria and viruses, 
including HSV, but of all the viruses tested the latter appear to be the 
least sensitive to that effect (Rolly et ai., 1974; A. Zerial unpublished 
data). 

Extraction of live Brucella abortus microorganisms with aqueous 
ether yields an insoluble residue with low toxicity (BRU-PEL), which 
induces IFN (Youngner et ai., 1974). Given shortly before intranasal in
fection with HSV-2 in 3-week-old mice, BRU-PEL decreased their mor
tality. In adult mice infected i.p. with HSV-2, protection by BRU-PEL was 
significant when it was injected by the same route 24 hr before virus 
challenge, nonexistent when treatment was performed 4 days before virus 
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inoculation, but again significant when injection took place 7, 10, or 14 
days before challenge (Kern et a1., 1976). When BRU-PEL was adminis
tered as an IFN inducer (i.e., 24 hr before infection), its antiviral activity 
was less marked than that of a synthetic IFN inducer such as poly I: C, 
but when it was given several days before infection, its antiviral activity 
was comparable to that of live Brucella organisms. In the latter case, this 
insoluble substance, which may persist in the macrophages having in
gested it, protects against viral infection through stimulation of the phag
ocytic cells rather than through IFN induction. 

Glucan, a water-insoluble 1,3-glucopyranose polysaccharide ex
tracted from yeast cell walls, has been shown, when given i.v. to adult 
mice 2,4,6,8, or 19 days before i.p. inoculation of HSV-2, to decrease mor
tality in a highly significant way (DiLuzio et al., 1982). When given by 
this route, glucan causes granuloma formation in the liver and the mech
anism of its nonspecific antiviral activity may well be similar to that of 
BCG. 

In conclusion, bacterial organisms or extracts that enhance the re
sistance of mice to HSV infection are those that exert a powerful and 
sustained stimulation of the mononuclear phagocyte system (e.g., BCG, 
glucan) or those that activate NK cells concomitantly with IFN induction 
(e. parvum). 

Chemically defined substances have been isolated from bacterial cell 
walls and shown to possess most of the immunostimulating activities of 
whole bacteria or crude extracts. The best example is provided by mur
amyl dipeptide (MDP), a minimal structure of bacterial cell wall endowed 
with adjuvant activities on humoral and cellular immunity (Ellouz et a1., 
1974). In spite of its marked enhancing activity on resistance of mice to 
a number of bacterial, parasitic, and fungal infections, MDP was not 
shown to protect mice against viral infections, notably against infection 
with HSV. Similar negative findings were made with a synthetic im
munostimulating lipopeptide, lauroyl-L-alanyl-o-glutamyl-diaminopi
melamic acid (Migliore-Samour et al., 1980), first obtained by chemical 
coupling of a microbial tetrapeptide with lauric acid. This substance (L TP) 
protects mice against infection with Listeria monocytogenes or Klebsi
ella pneumoniae and, given subcutaneously (s.c.) at 1 or 3 mg/kg, mark
edly increases NK cell activity (tested against HYAC cells) in mouse pe
ripheral blood. However, it was not found to enhance resistance of mice 
to HSV-l infection, when administered at various intervals before and/ 
or after viral challenge (A. Zerial unpublished data). On the other hand, 
a synthetic lipophilic distant relative of MDP, namely MTP-PE [N-acetyl
muramyl-L-alanyl-o-isoglutaminyl-L- alanine- (1', 2'-dipalmitoyl-sn-gly
cero-3'-hydroxyphosphoryloxy)-ethylamine] has been shown, when given 
intranasally 7 days before infection, to protect mice against mortality 
caused by intranasal infection with HSV-l and guinea pigs against par
alysis following intravaginal challenge with HSV-2 (Dietrich et a1., 1983). 
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III. TRANSFER FACTOR 

This is not the place to speculate about the chemical nature and the 
possible mechanisms of immunomodulating activity of transfer factor 
(TFL a term used to describe a dialyzable extract of human or animal 
leukocytes, which can transfer specific cellular immunity from a skin 
test-positive donor to a skin test-negative recipient. For instance, mar
mosets were protected from fatal experimental infection with HSV-l 
when they were treated with TF obtained from a human donor exhibiting 
a high degree of cellular immunity to that virus (Steele et al., 1976). 

A double-blind placebo-controlled study was undertaken to evaluate 
the efficacy of TF (obtained and pooled from 8 donors with evidence of 
humoral and cellular immunity to HSV of either type but free from re
currences) in patients with severe recurrent herpes simplex of type 1 (6 
patients) or type 2 (22 patients). Each patient received TF or saline s.c. 
every 2 months for a total of six doses. The results of this study (Oleske 
et al., 1978) were negative: TF therapy neither decreased the number or 
severity of recurrences nor modified in vitro responsiveness of the recip
ients' lymphocytes to HSV antigens. Subjective improvement was re
ported, however, by more than 50% of the patients both in the placebo 
and in the TF group: such a "placebo effect" must indeed be taken into 
consideration in all therapeutic trials involving patients with recurrent 
herpes. . 

Cellular immune reactivity to varicella-zoster virus (VZV) was trans
ferred to 15 children with acute lymphocytic leukemia who were pre
viously negative (lymphocyte cytotoxicity against VZV-infected cells, 
VZV-induced lymphocyte transformation), using TF obtained from adults 
who had recovered from chicken pox (Steele, 1980). No patients in relapse 
(3) converted immune response whereas 10 of 12 in remission developed 
positive reactivity in at least one of the assays; cytotoxicity was the most 
consistently positive test following TF administration. In a subsequent 
study (Steele et al., 1980L 61 children with acute lymphocytic leukemia 
and no immunity to varicella, were given TF (doses of 108 lymphocyte 
equivalents/7 kg body wt, s.c.) or placebo (saline) and followed for 12-30 
months in a double-blind trial. Sixteen patients in the TF group and fifteen 
in the placebo group were exposed to varicella or zoster during this period 
and most of them (9 of 16 in the TF group, 8 of 15 in the placebo group) 
showed a serum antibody titer rise. Clinical chicken pox developed in 13 
of the 15 exposed children in the placebo group versus only 1 of 16 in 
the TF group. 

IV. THYMIC HORMONES (FACTORS) 

Thymic hormones (or factors) is the name given to soluble mediators 
produced by the thymus, which act within this gland or at a distance to 
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induce T-Iymphocyte differentiation and maturation. They comprise po
lypeptides of various degrees of purity such as thymosin, thymopoietin, 
thymic humoral factor (THF), thymostimulin, serum thymic factor (FTS), 
and much work has been performed lately to characterize them better. 
Available now for clinical studies are: fraction 5 of thymosin, TP-l (an 
extract prepared in a way similar to that of thymosin fraction 5), THF 
(prepared from calf thymus by ultracentrifugation and dialysis), thymos
timulin (also prepared from calf thymus), and synthetic polypeptides pre
pared with the recently acquired knowledge of the amino acid sequence 
of some of the thymic hormones. The latter include: thymuline (FTS), a 
Zn-containing nonapeptide, thymosin alpha-I, and TP-5, a pentapeptide 
patterned after thymopoietin. 

Thymic hormones are capable of restoring to normal levels some of 
the functions of T lymphocytes (such as E rosette formation or response 
to T-cell mitogens) in animals and humans exhibiting corresponding de
ficiencies. Thymuline can also stimulate NK cell activity in vitro and in 
vivo in the mouse and in vitro in human peripheral blood (Dokhelar et 
a1., 1983). 

The first report of application of a thymic factor to the treatment of 
a herpesvirus infection in immunocompromised patients concerned THF 
therapy in four children who were treated with immunosuppressive cy
tostatic drugs for lymphoproliferative malignancy and who came down 
with varicella, a life-threatening infection in such patients. They received 
daily intramuscular (i.m.) injections of THF for 5-16 days, beginning on 
the first day of the varicella eruption. All four children recovered un
eventfully; an increase in the count of peripheral blood lymphocytes and 
in rosette-forming cells was seen following THF treatment (Zaizov et a1., 
1977). In a more recent study by the same group (Handzel et a1., 1981), 
63 patients suffering from herpes zoster or varicella complicating various 
malignancies were treated with daily i.m. injections of THF: clinical and 
laboratory findings gave evidence of a positive effect of this treatment on 
the immunological mechanisms of recovery, including five cases of en
cephalitis (presumably herpetic) which showed rapid clinical improve
ment after a short course of THF therapy. 

Clinical studies are under way with thymuline and encouraging re
sults are being reported in some viral infections, such as generalized 
herpes in a thymectomized patient (Bach and Dardenne, 1982). Fiorelli 
et a1., (1983) treated with thymostimulin or a placebo 21 patients with 
primary or secondary immunodeficiencies (details of which were not 
given) suffering from recurrent herpes labialis. Thymostimulin-treated 
patients showed a significant reduction in the number and severity of 
recurrences together with higher levels of circulating T cells, of HSV
specific lymphocyte transformation, and of NK activity in peripheral 
blood. The same authors have initiated a double-blind study of thymos
timulin treatment of recurrent HSV keratitis in immunologically normal 
patients. Therapy was started on the occasion of a recurrence of keratitis 
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(1 mg/kg i.m. per day for 1 week followed by the same dose twice a week 
for 3 months). Of the 22 patients who accomplished the l~year period of 
observation required before breaking the code, 2 of the 12 thymostimulin
treated individuals and 6 of the 10 placebo recipients had recurrences. 
Thymostimulin treatment counteracted the decrease of circulating T 
cells that was associated with the infectious episode. 

In conclusion, there appears to be an interesting potential for the use 
of thymic hormones in the treatment of HSV, VZV, and CMV infections, 
especially in immunocompromised patients but also in subjects in whom 
recurrence of HSV infection may be associated with transient impairment 
of T-cell functions. 

V. SYNTHETIC INTERFERON INDUCERS 

The possibility of using exogenous IFN for treating herpesvirus in
fections is discussed by Lebel and Hirsch in this volume. Mention must 
be made, however, of experimental work performed with synthetic IFN 
inducers, for these substances, in addition to (or in connection with) their 
IFN-inducing activity, exert bona fide immunomodulating effects. For 
instance, the double-stranded polyribonucleotide poly I: C is a good ad
juvant of humoral immunity, whereas tilorone (a fluorenone derivative 
active orally) inhibits delayed-type hypersensitivity reactions. Figure 1 
shows the protective activity in adult mice of poly I: C administered i.v. 
6 hr before their i.p. infection with an HSV-2 strain. Figure 2 summarizes 
the results of an experiment in which tilorone was administered orally 
to adult mice 24 hr before their i.p. infection with an HSV-1 strain (A. 
Zerial unpublished data). In both cases, maximum efficacy was obtained 
when treatment with the inducer was performed in such a way that sub
sequent viral challenge coincided in time with peak IFN activity in the 
animals' plasma. One may therefore assume that protection of the mice 
was mediated through the antiviral activity of the IFN that was induced. 

Poly I: C was shown to be a mediocre IFN inducer in humans but a 
poly I: C-polylysine complex has been described that is markedly more 
resistant than poly I: C to human serum nucleases and thus produces 
good plasma levels of IFN in man (Levine et al., 1979). Tilorone does not 
induce IFN in man and, furthermore, exerts severe toxic effects. Other 
synthetic IFN inducers have been prepared more recently, such as pyr
imidinones (Lotzova et al., 1983), which are undergoing phase I trials in 
cancer patients. It might be of interest to study the efficacy of these novel 
IFN inducers in patients with severe herpesvirus infections. 

Mention should also be made of pyran, a copolymer of divinyl ether 
and maleic anhydride, which induces IFN in mouse and man and en
hances macrophage function. Administered i.v. or i.p. 24 hr before virus 
challenge, pyran increased resistance of adult mice to i.v. or intravaginal 
infection with HSV-2 (Morahan and McCord, 1975; Breinig et al., 1978). 
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FIGURE 1. Activity of poly I:C (IFN inducer) on the infection of adult mice with a lethal 
strain of HSV-2. (0) Intravenous treatment (5 mg/kg body wt.) 6 hr before i.p. virus challenge; 
(e) HSV-2 controls. 

Depression of macrophage function by in vivo treatment with silica did 
not inhibit this activity of pyran /Morahan et a1., 1977b). 

Carbopol, a polymer of acrylic acid cross-linked with allyl sucrose, 
administered i.p. to mice enhanced their resistance to intranasal chal
lenge 1-4 days later with HSV-l, and a modest peak of IFN activity was 
found in the serum between 20 and 40 hr after treatment /DeClercq and 
Luczak, 1976). While in the case of pyran, IFN induction may be the chief 
mechanism of action, activation of the alveolar macrophages of the lung 
may better explain the effect of carbopol. 
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FIGURE 2. Activity of tilorone IIFN inducer) on the infection of adult mice with a lethal 
strain of HSV-l.IO) Oral treatment 1100 mg/kg body weight) 24 hr before i.p. virus challenge; 
Ie) HSV-l controls. 

VI. LEV AMISOLE 

Tetramisole, an imidazothiazole compound, and its levorotatory iso
mer levamisole (formula in Fig. 3) have been used successfully for several 
years to treat nematode infestations in animals and man. In 1971, Renoux 
and Renoux found that treatment of mice with levamisole or tetramisole 
at the time of their immunization with a Brucella vaccine increased the 
protective efficacy of the latter. It was the first time that a simple syn
thetic compound had been shown to exert an immunoadjuvant effect, 
and because levamisole was already in use in humans as an anthelmintic 
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FIGURE 3. Chemical formula of levami
sole. 

drug, clinical studies of its immunomodulating activities were readily 
possible. 

The nature and mechanisms of the immunomodulating activities of 
levamisole may be sketchily summarized as follows: "Under a narrow 
range of doses and time of administration to normal or immunocom
promised men and laboratory animals, levamisole stimulates recruitment 
and functions of monocytes and T lymphocytes. Strain, sex, age and an
tigen modulate the activity of levamisole from enhancement to inhibi
tion; stimulation is mediated through a serum factor, which is able to 
promote thymocytes in thymusless mice" (Renoux, 1978; Symoens, 
1978). In several ways, levamisole appears to mimic hormonal regulation 
of the immune system and it has been stressed (Bach and Edelman, 1980) 
that there are similarities of action between thymic hormones, TF, and 
levamisole on immunocytes, as shown by the analogies of their effects 
on delayed-type hypersensitivity. These agents may share the capacity 
of nonspecific ally "activating" T lymphocytes, possibly through an ac
tion on their membranes. 

As could be expected, the effect of levamisole on herpesvirus infec
tions in laboratory animals and in man has been extensively studied. 

As far as laboratory animals are concerned, the only positive result 
reported was that levamisole treatment (3 mg/kg s.c., 4 and 24 hr after 
infection) significantly increased the survival rate of suckling rats inoc
ulated i.p. at 10 days of age with a strain of HSV-2 (Fischer et al., 1975, 
1976). Such an effect was not reported by other investigators and we could 
not confirm it with the strain of HSV-2 that we used, which was markedly 
more virulent for suckling rats than that employed in the study sum
marized above (G.H. Werner, unpublished data). On the other hand, stud
ies in mice have yielded uniformly negative results, with respect to pro
tection by levamisole of newborn or adult animals infected i.p. or 
intravaginally with various strains of HSV-1 or HSV-2 (Starr et al., 1976; 
Morahan et al., 1977b). 

Many clinical studies have been performed with levamisole in 
human patients afflicted with recurrent herpes labialis or genitalis. The 
protocols of treatment (dosage and frequency of administration of the 
drug) varied greatly from one study to another, making comparison of the 
conclusions difficult. Most early clinical studies were uncontrolled (i.e., 
did not include placebo-treated subjects): clinical improvement and de
creased frequency of recurrences were claimed in several cases of facial, 
labial, corneal, or genital herpes (Kint and Verlinden, 1974; Kint et al., 
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1974; Lods, 1976). Clinical improvement was associated with enhanced 
in vitro response of peripheral blood lymphocytes to HSV antigen in one 
study (O'Reilly et a1., 1977) and with a decreased response in another 
(Spitler et a1., 1975). Rabson et a1. (1977) studied the random migration 
and chemotaxis of neutrophils of 10 patients suffering from recurrent 
mucocutaneous lesions due to HSV-l or HSV-2. Chemotaxis to endo
toxin-activated serum (but not to hydrolyzed casein) was significantly 
lower than in healthy subjects; random migration was slightly reduced. 
After treatment with levamisole (150 mg/day orally for 3 days), 5 of the 
10 patients showed improved chemotaxis of their neutrophils. In all pa
tients, the defective chemotactic response could be corrected in vitro by 
addition of levamisole (10- 3 M) to the culture medium. 

More recently, several double-blind placebo-controlled studies of the 
efficacy of levamisole in recurrent herpes labialis or genitalis have been 
performed. Reviewing 10 such studies, Symoens et a1., (1979) found that 
overall, 107 of 172 patients (i.e., 62%) improved with levamisole versus 
86 of 194 (44%) who improved while receiving a placebo. This marked 
placebo effect is, of course, a complicating factor. The beneficial effects 
of levamisole varied in nature from one study to another: decrease of 
recurrence frequency, decrease of severity of the recurrence episodes, 
more rapid healing of the lesions (which were almost never very obvious). 
Symoens et a1. (1979) stress the point that the difference between placebo 
and levamisole appears to be most pronounced when individual respon
siveness is considered rather than mean differences between groups and 
they cautiously conclude that patients with recurrent herpes simplex are 
a very heterogeneous population, comprising subpopulations that respond 
to levamisole, placebo, both or neither. 

Very few new studies have been published in recent years about the 
use of levamisole in treating recurrent herpes, this may be due to growing 
disenchantment with the drug for this application as well as to recog
nition of the potential risk of long-term levamisole therapy, namely the 
rare but severe occurrence of agranulocytosis. 

VII. INOSIPLEX 

At the present time, inosiplex is the sole immunomodulating agent 
on the pharmaceutical market in several countries (usually under the 
trade name Isoprinosine) with, as its main indication, the treatment of 
viral diseases, including herpes. 

Inosiplex is a compound formed from inosine and the para-acetami
dobenzoate salt of N,N-dimethylamino-2-propanol, with a molar ratio of 
1: 3 (formula in Fig. 4). Its main characteristic is a very low level of tox
icity, allowing daily oral dosages of 4 g or even more in humans. 

Early studies led to consideration of inosiplex as an antiviral com
pound (in the usual meaning of this word): for instance, it was shown 



408 GEORGES H. WERNER AND AURELIO ZERIAL 

OH COOH 

~N0N 
HOCH2 N-lLJ 

kH0;J N 

tiHH 
HO OH 

CH 3 

I 
CHOH 

3 I 3 
CH 2 NH 
I I 
N(CH 3 )2 CO 

I 
CH 3 

FIGURE 4. Chemical formula of inosiplex. 

(Gordon et al., 1974) that, under precise conditions of concentrations, 
timing of application, and methods of evaluation, inosiplex could inhibit 
the cytopathic effect of an HSV-2 strain (but not of an HSV-l strain) in 
primary rabbit kidney cells. The same authors indicated that, given in 
the drinking water at large doses, inosiplex could protect hamsters from 
the encephalitis following corneal inoculation of HSV-l or HSV-2. More 
recently, it became apparent that the in vivo antiviral effect of the com
pound is rather due to its immunomodulating properties than to a direct 
inhibitory activity on viral replication. These immunomodulating activ
ities have been summarized as follows: "Inosiplex is a nontoxic inducer 
of lymphocyte differentiation and a potentiator of mitogen and/or virus
induced lymphocyte proliferation in vitro and in vivo; it modulates active 
T lymphocytes, cytotoxic T lymphocytes, lymphokine secretion and 
helper, as well as suppressor, functions" (Simon et al., 1981). Taking all 
this into consideration, such a compound might be expected to exert a 
variety of effects on experimental and natural viral infections. Evidence 
for an in vivo activity of inosiplex on viral infections of laboratory animals 
has thus far been scanty. Negative results were reported when inosiplex 
was evaluated in a coordinated study in five different laboratories (Glas
gow and Galasso, 1972): no protection was seen in mice and other animals 
experimentally inoculated with a variety of viruses, including HSV-2. 

More recently, however, inosiplex was shown to exert some protec
tive effects on experimental viral infections in laboratory animals when 
care was taken to administer the drug according to a therapeutic schedule 
(i.e., starting treatment after infecting the animals) and at an appropriate 
dosage (e.g., at a 1 % concentration in the drinking water). NJ mice, nor
mally highly susceptible to the lethal effect of an i.p. inoculation of HSV
I, were converted to moderate susceptibility when inosiplex was present 
in their drinking water from 24 hr after virus challenge (Hadden et al., 
1977). In our own unpublished studies, in which the compound was ad-
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ministered in the same way, increased survival was seen in mice inoc
ulated i.p. with murine hepatitis virus or with HSV-1; this protective 
effect was slight, however, and not always reproducible. Inosiplex was 
tested in golden hamsters inoculated on their scarified cornea with a 
strain of HSV-2 (Ohnishi et a1., 1983). Treatments were performed orally 
four times a day, starting 1 hr after virus inoculation, and for 21 days. 
Under these conditions, survival at 21 days was 20% in the control ham
sters and 80% in the animals receiving a total daily dose of 100 mg/kg 
of inosiplex. The effect of lower doses was not significant statistically. 

Altogether, inosiplex has been more extensively studied in humans 
than in laboratory animals. In addition to trials performed in volunteers 
(challenged with influenza or rhinoviruses), clinical studies of inosiplex 
have been conducted in several areas. According to an overview by Glasky 
et a1. (1978), 165 such studies had been performed, involving more than 
4000 patients with viral illnesses as diverse as influenza, hepatitis A, 
mumps, measles, recurrent herpes simplex, varicella, and herpes zoster. 
The general conclusion was that the drug exerted a favorable influence 
on the intensity and duration of the symptoms and accelerated recovery. 

In a double-blind placebo-controlled study of the therapeutic activity 
of inosiplex on recurrent herpes labialis and herpes genitalis (Bradshaw 
and Sumner, 1977), the cellular immune status of the patients was eval
uated prior to and after initiation of therapy. After a week of treatment, 
13 patients on inosiplex showed an increase and 7 a decrease in the PHA 
responsiveness of their peripheral blood lymphocytes; in the group re
ceiving the placebo, 9 patients showed an increased and 12 patients a 
decreased response. The ability of the lymphocytes to produce a lym
photoxin following PHA stimulation was more often augmented in the 
patients treated with the drug than in those receiving the placebo. Clin
ically, there was an indication that inosiplex therapy reduced the inten
sity of symptoms of recurrent herpes, reduced the frequency of new lesion 
formation, and increased the proportion of patients relieved of lesions 
during the first week of treatment. As in the case of levamisole, it appears 
that the response to treatment with inosiplex may vary from one indi
vidual to another. 

In another double-blind placebo-controlled study (Corey et a1., 1979), 
the immunomodulating and therapeutic effects of inosiplex were eval
uated in patients affected by genital herpes. Thirty-nine patients were 
enrolled within 7 days after appearance of the lesions: 19 received 4 g 
daily of inosiplex orally and 20 were given a placebo. The responses of 
peripheral blood lymphocytes to PHA, Con A, and PWM were not sig
nificantly different between the two groups, but the lymphocytes from 
the drug-treated patients (especially those affected by a primary infection) 
displayed a higher response to HSV antigens than those from the placebo 
group. Clinical course of the primary infections was favorably affected 
by inosiplex: shorter duration of itching, shorter duration of virus shed
ding from genital lesions, and more rapid healing. 
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Beneficial effects of inosiplex against various forms of herpesvirus 
infections have been claimed in a number of other clinical studies, in
cluding open studies in herpetic keratitis (DiTizio et al., 1979), herpetic 
encephalitis (Lesourd et al., 1980), zoster (Torregrossa, 1978; Carco et ai., 
1979), and a double-blind placebo-controlled study on recurrent muco
cutaneous herpes (Bouffaut and Saurat, 1980). 

VIII. MISCELLANEOUS IMMUNOMODULATING AGENTS 

Over the last few years, several synthetic substance exhibiting im
munomodulating activities have been described, some of which have 
reached the stage of phase I or phase II clinical studies (mainly for im
munotherapy of cancer). These include azimexon, 1-[1-(2-cyano-1-aziri
dinyl-1-methylethyl]-2-aziridine carboxamide (Bicker et ai., 1979), bes
tatin, a Streptomyces metabolite of known chemical structure, [(2S,3R)-
3-amino-2-hydroxy-4-phenylbutyryl]-L-leucine (Umezawa, 1981), and so
dium diethyldithiocarbamate (Renoux and Renoux, 1979). In spite of the 
numerous studies performed in vitro and in laboratory animals with these 
substances, no report is available concerning their possible effects on viral 
infections. 

Therafectin, a synthetic glucofuranose derivative [1,2-0-isopropyli
dene-3-0-3 / -(N' ,N' -dimethylamino-propyl)-D-glucofuranose hydrochlo
ride] first described by Majde and Gordon (1976), has been shown to stim
ulate in vitro and in vivo macrophage activities (Hadden et ai., 1979). In 
vitro, therafectin stimulates blood monocytes from healthy human sub
jects to secrete interleukin-1 (Horwitz et ai., 1983). Favorable effects of 
oral administration of low doses of the compound on experimental in
fections of laboratory animals with influenza, vaccinia, and herpes sim
plex viruses have been reported (P. Gordon and Greenwich Pharmaceut
icals, personal communication); for instance, delayed and decreased 
mortality were observed in hamsters infected by the ocular route with 
HSV-1 or HSV-2 and treated with therafectin throughout the period fol
lowing virus challenge. 

NPT 15,392 is a synthetic immunomodulating substance [(erythro-
9-(2-hydroxy,3-nonyl)hypoxanthine] currently under clinical evaluation 
in cancer patients. Like inosiplex, it induces in vitro T-cell markers on 
bone marrow prothymocytes and possesses stimulating properties on 
neutrophils, T lymphocytes, and NK cells (see review by Renoux and 
Wybran, 1983). We do not know of any study concerning the effects of 
this drug on experimental or clinical HSV infections. 

Finally, it is interesting to note that an antiviral drug, with dem
onstrated clinical efficacy in HSV and VZV infections, has been shown 
to posses immunomodulating properties. Administered to mice at high 
but nontoxic doses, 9-I3-D-arabinofuranosyladenine (vidarabine, Ara-A), 
an inhibitor of the DNA polymerases of herpesviruses, enhanced antibody 
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production and delayed hypersensitivity reactions to various antigens 
(Hinrichs et ai., 1983). It is speculated that these immunostimulating 
activities may result from a selective inhibition by vidarabine of sup
pressor cell functions. 

IX. CONCLUSION 

At the present time, definite proof of the usefulness of immunopo
tentiating (or immunomodulating) agents in the nonspecific prevention 
and/or treatment of herpesvirus infections is lacking. Conflicting results 
have been reported with respect to the efficacy of such agents in exper
imental and in clinical infections. On the one hand, there are some pow
erful immunostimulants (such as BCG, C. parVUill, glucan), which exhibit 
significant protective activities against HSV infections in the mouse but 
which are probably much too pleiotropic to be used in human medicine. 
On the other hand, at least two immunomodulating drugs (levamisole, 
inosiplex) are being used to treat HSV infections in man but they show 
only modest activity in experimental HSV infections of laboratory ani
mals. IFN inducers show activity in murine systems but the efficacy 
against herpes-virus infections of the inducers that could be used in man 
is yet to be assessed. Encouraging results have been recorded with thymic 
hormones in immunocompromised patients but clinical and laboratory 
data are still preliminary. No finding has been reported as yet about the 
possible activities of monokines and lymphokines (other than some of 
the IFNs) in herpesvirus infections. 

As things stand now, we see two essential requirements to make 
significant progress in this area. First, it is imperative that more sophis
ticated and relevant models of herpesvirus infections in laboratory ani
mals be used to test immunomodulating agents, in place of the rapidly 
lethal systemic infection of the mouse with a virulent strain of HSV. 
Models of local and of recurrent HSV infections exist now in mice, guinea 
pigs, hamsters, and rabbits and they can be used to study pharmacological 
manipulation of the immune reactions that are involved in such infec
tions. Because of the exacerbated pathogenicity of herpesviruses in im
munocompromised patients, it will be important to design animal models 
of combined herpesvirus infection and immunodeficiency, in particular 
those in which virus reactivation would result from immunosuppressive 
therapy. Second, better knowledge must be gained of the mechanisms of 
action and precise cellular targets in the immune system of the various 
immunomodulating drugs, in order to define how and when they could 
be tested and used in experimental and clinical herpesvirus infections. 

It must also be considered that a number of antiviral drugs, exhibiting 
high degrees of selectivity against herpesviruses, have been discovered in 
the recent past and are already used clinically, for the treatment of pri
mary or recurrent HSV and VZV infections or for the prophylaxis of such 
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infections in patients undergoing organ or bone marrow transplantation. 
These include, among others, acyclovir, bromovinyldeoxyuridine, and 
phosphonoformic acid. These drugs show unquestionable efficacy (by 
local, oral, or parenteral administration, depending on the case and on 
the agent) in treating primary infections caused by HSV-l, HSV-2, or VZV j 

they also tend to shorten the course of the recurrent episodes but they 
do not affect significantly the frequency of episodes in patients with re
current herpes. The possible usefulness of immunomodulating drugs 
must therefore be viewed in connection with these novel chemothera
peutic approaches: one may, for instance, envisage the combination of 
an antiviral drug and an immunomodulating agent to achieve elimination 
of the virus and thereby prevention of recurrences. Again, a better knowl
edge of the immune mechanisms that should be activated to achieve this 
aim and of the modes of action of the immunomodulating drugs will be 
necessary for adequate therapeutic strategy. 

Finally, if the use of herpesvirus vaccines becomes a reality in the 
near future, compounds such as muramylpeptides or lipopeptides could 
be useful as adjuvants of humoral and/or cell-mediated immunity, in 
conjunction with these vaccines. 
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309 
passive antibodies, 298-300 

protein kinase, 309 
Cytomegalovirus infections 

in bone marrow transplant patients, 298, 
201-222,395 

cytotoxic lymphocyte response, 126-
129, 131, 132, 133-134 
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Cytomegalovirus infections I cont.) 
in bone marrow transplant patients !cant.) 

donor selection and, 210, 298 
incidence, 202 
interferon prophylaxis, 218 
passive immunoprophylaxis, 212-215, 

299-300 
pathogenesis, 203 
steroid therapy, 135-137 
transfusion-acquired, 206-207, 298, 

299 
vaccination against, 216, 297-310 

in cardiac transplant patients, 395 
blood transfusion transmission, 207, 

211-212 
donor selection and, 210 
incidence, 202 
transplanted tissue transmission, 208 
vaccination against, 216 

cell-mediated immunity in, 121-145 
in AIDS patients, 137-139 
antibody-dependent cell-mediated 

cytotoxicity, 123-124, 129-130 
delayed-type hypersensitivity, 139-140 
effector cell function, 122-126 
immunosuppression, 140-141 
in vitro lymphocyte blastogenesis, 141 
natural killer cells, 122-123, 132-139 
steroid therapy effects, 134-137 
vaccine response, 141-142 
virus-specific cytotoxic lymphocyte 

response, 126-132 
cytotoxic T cells in, 124-126, 134-139, 

376 
infectious mononucleosis and, 376 
interferon and, 375-377 

production, 133 
as prophylaxis, 217-219, 309-310 
therapy, 383-384 

neonatal, 122 
organ allografting and, 201-227 

antiviral agent prophylaxis, 219 
blood transfusion transmission, 205, 

206-207, 211-212, 220-221, 298, 
299-300 

donor selection and, 210-211, 220, 
221,298 

graft rejection, 205 
immunosupression and, 202-203, 

219-220 
latent virus reactivation, 208-210 
passive immunoprophylaxis, 212-215, 

229-300 

Cytomegalovirus infections Icant.) 
organ allografting and Icant.) 

pathogenesis, 202-205 

INDEX 

primary infection prevention, 210-
216, 297-300 

risk factors, 205-210 
severity of infection, 203 
superinfection, 203, 205 
T cell activity, 204, 205 
in transplanted tissue, 208, 298-299 
treatment, 220, 298-310 
vaccination effects, 215-216, 221-222, 

297-310 
virus reactivation prevention, 216-219 

prevention, 297-298 
in renal transplant patients, 395 

cytotoxic lymphocyte responses, 128, 
133-134 

donor selection and, 210-211 
graft rejection, 205 
immune complexes in, 107 
incidence, 202 
interferon effects, 218, 384 
pathogenesis, 202, 203, 205 
steroid therapy effects, 135-137 
transfusion-acquired, 207, 298 
vaccination against, 216, 302-305 

T cell cytoxicity, 128, 133-134,204, 
205, 244 

thymic hormone therapy, 403 
transmission, 297, 298-300 

nosocomial,205-206 
sexual,205 
by transfusion, 205, 206-207, 211-

212, 220-221, 298, 299-300 
vaccine, 297-312 

animal models, 300-301 
latency and, 307 
live vs. attenuated, 300 
in renal transplant patients, 302-303 
subunit, 307-309 
Towne strain, 141-142, 209-210, 301-

307 
virion, 300, 308-309 

Delayed-type hypersensitivity 
in CMV infections, 139-140 
in HSV infections, 91-92, 109-114,396 
stimulation of, 115. 116 
T cell-mediated, 91-93, 97-98 

Dense bodies, of CMV, 308, 309 
1-12-Deoxy-2-fluoro-J3-D-arabinofuranosyl)-

5-iodocytosine, 345 
DHPG,365 
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Dimethylsulfoxide, 351 
DNA 

of EBV, 147 
of herpesvirus papio, 154-155 
of herpesvirus saimiri, 160 
of lymphotropic viruses, 147 
of varicella-zoster virus, 320 

EBV: see Epstein-Barr virus infections 
Effector cells 

in CMV infections, 122-126 
in HSV infections, 103-105 
origin, 121-122 
See also specific types of effector cells 

Encephalitis, HSV -related, 15 
antibodies, 78 
incidence, 354-355 
therapy, 355-358, 411 

Endotoxins, in HSV-infections, 40, 399 
Epidemiologic studies, of genital herpes 

infections, 2-7 
Epstein-Barr virus infections 

acyclovir bioactivation, 344-345 
antibodies, 378 

antibody-dependent cell-mediated 
cytotoxicity and, 190 

anti-early antigen, 378 
anti-Epstein-Barr nuclear antigen, 378 
anti-viral capsid antigen, 378 
in neoplastic disease, 184-192, 195 
neutralizing, 330-334 

antigens 
cytotoxic lymphocyte detection, 175-

176 
induced cell surface, 175-176 
late membrane, 252-253 
in marmosets, 149-150 
membrane, 330-332 
nuclear, 149-150, 171, 177, 192 
viral capsid, 185, 186, 187 

associated diseases, 148 
B cells in, 113 

in immunopathogenesis, 230, 234, 
235, 240, 244, 345-350, 378 

in vitro growth inhibition, 173-175 
proliferation, 171-112 
receptors, 252 
regression phenomenon, 255-256, 261 
T cell interaction, 173-176 

Burkitt's lymphoma and, 324-325, 327, 
328-329,333 

antibody titers, 187 
cancer and, 183-199 

antibody-dependent cell-mediated 
cytotoxicity in, 188-190 

Epstein-Barr virus infections lcont.) 
cancer and Icont.) 
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cellular immunity and, 171-179, 193-
194 

clinical serology of, 184-190 
proteins in, 190-192 
seroepidemiological studies, 184 

cell-mediated immunity in, 171-182 
cell surface antigens, 175-176 
immunological memory, 176-178 
mechanisms, 253-254 
natural killer cell activity, 193-194 
in pathological conditions, 178-179 

DNA,147 
as glomerulonephritis cause, 107 
immunological control, 171-182, 252-

254, 327-328 
immunopathogenesis, 230-231 
infectious mononucleosis in, 150-151, 

229,231, 259 
B cell response, 178 
immunopathology, 112,327-328,332 
T cell reactions, 113-114 
X-linked proliferative syndrome, 251 

interferon interactions in, 377-379, 384-
385 

clinical applications, 257-259 
immunosuppression and, 257 
in vitro, 255-257 
infectious mononucleosis and, 259 
secretion defects, 257-259 

isolation, 183 
nasopharyngeal cancer and, 327, 329, 

385 
serological markers, 185-187 

pathogenesis, 377-379 
in primates, 147-152 

host range for disease induction, 148-
150 

tumor clonality, 150-152 
proteins, 190-192 
serology 

diagnostic value, 184-187 
prognostic value, 187-190 

T cell acti vi ty in 
B cell interactions, 173-176 
in neoplastic disease, 193 
prolifera tion, 1 12 

treatment, 246-247 
vaccine, 329-337 

adjuvants, 331-332 
animal test species, 152 
membrane antigen, 330-332 
subunit, 247 
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Epstein-Barr virus infections /cont.) 
X-linked lymphoproliferative syndrome, 

178,229,230-250,328 
B cell activity, 230, 234, 235, 240, 244 
in carrier females, 240-242 
clinical course, 233-234 
cytotoxicity studies, 236 
general characteristics, 231-232 
humoral immune response, 240, 243, 

244 
immunodeficiencies in, 178, 254 
immunologic studies, 233, 234-235, 

239-242 
in males, 232-240 
natural killer cell activity, 56, 230, 

235, 240, 245, 247 
pathogenesis, 242-245 
T cell activity, 230, 234, 235, 239, 

240, 241, 242, 244, 245 
virological studies, 235-240 

Erythema multiforme, 107-108 
[lErythro-9-/2-hydroxy, 3-

nonyl)hypoxanthinel, 411 
EsophagitiS, CMV-related, 215 
5-Ethyl-2'-deoxyuridine, 280 

Fetus, CMV infections in, 297 
Flagellin, 115 
Fluoroarabinosylpyrimidine derivatives, 

365 
Fluoro-iodo-arabinosyl-cytosine, 219, 341 
Fungal superinfection, 1 7 

Genetic engineering, of HSV vaccines, 279, 
281-89 

deletion mutants, 282-289 
intertypic recombinations, 282 

Genetic resistance 
to HSV-1, 39-42 

interferon in, 57-58 
to HSV-2, 43, 47-48 

Genital herpetic infections, 1-29 
BCG therapy, 49, 398 
clinical manifestations, 7-23 

cervicitis, II, 20-22 
clinical course, 17-18 
first episodes, 7-8, 17-18 
future research, 18-19 
proctitis, IS, 23 
recurrent, 19-20 
ulceration, 10-11, 23, 24 
urethritiS, 8, 22-23 

complications, 13-17 
of central nervous system, 13-16 
disseminated infections, 16-17 

Genital herpetic infections /cont.) 
complications /cont.) 

extragenital lesions, 16 
local extension, 17 
superinfection, 17 

epidemiology, 2-7 

INDEX 

demographic factors, 2, 3, 4, 5-7 
HSV antibody prevalence, 4-6 
incidence, 6, 352 
prevalence, 2-4 

IgM sera levels, 78 
immunoprophylaxis, 28 
natural history of, 1-35 
in pregnant women, 16 
primary, 8-13 

complications, 13-17 
concomitant infections, 11 
HSV-1-related, 81 
pharyngeal infections, 11-13 
signs, 10-11 
symptoms, 8-10 

recurrent, 23-27, 352 
neutralizing antibodies, 81 
reinfection vs. recrudescence, 26-27 
"trigger" mechanisms, 26 

sexual transmission, 27-28 
therapy 

clinical trials, 351-354 
intravenous, 353-354 
levamisole, 406-407 
oral,354 
phosphonoformate, 353 
topical, 352-353 
vidarabine, 347 

vaccines, 81, 267, 290 
Gibbon, EBV infections in, 149 
Gingivostomatitis, HSV-related, 351 
Glomerulonephritis, 107 
Glucan, 400 
Glycoproteins, of CMV, 309 
Guinea pig, CMV infections in, 301, 308 

Hemophilus ducreyi, 23 
Hemopoietic system, 41-42 
Hepatitis, HSV-2-induced, 43, 379 

macrophage function in, 47-48 
Hepatitis B, 347 
Hepatitis B virus surface antigen, 116 
Herpes ateles, 157 

lymphocyte transformation by, 161 
target cell, 158 

Herpes genitalis, 49 
Herpes labialis, 347, 351, 353, 402, 406-

407 
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Herpes simplex virus infections 
in AIDS patients, 59, 379 
antibodies, 69-81 

cytolytic, 72 
in human convalescent sera, 70-71 
19A and IgM classes, 77-78 
in vivo function, 79-81 
measurement, 71-74, 77-79 
neutralizing, 71-72 
precipitating, 72-73 

antibody-dependent cell-mediated 
cytotoxicity in, 48, 72, 379 

in bone marrow transplant patients, 395 
in cardiac transplant patients, 395 
cervical cancer and, 70, 81, 266, 273 
cutancous, 351-354 
encephalitis, 15, 78,354-358, 411 
genital, 1-35 

antibody prevalence, 4-6 
BeG therapy, 49, 398 
clinical course, 17-18 
clinical manifestations, 7-23 
complications, 13-17 
concomitant vulvar and cervical 

infections, 11 
demographic factors, 2, 3, 4, 5-7 
epidemiology, 2-7 
first episodes, 7-8 
IgM sera levels, 78 
immunoprophylaxis, 28 
incidence, 6, 352 
levamisole therapy, 406-407 
natural history, 1-2 
pharyngeal infections and, 11-13 
in pregnant women, 16 
prevalence, 2-4 
primary, 8-13 
recurrent, 19-20, 23-27, 352 
sexual transmission, 27-28 
therapy, 347, 351-354, 406-407 
vaccine, 81 

humoral response, 69-86 
antibody measurement, 71-74, 77-79 
cytolytic antibodies, 72 
ELISA antibody measurement, 70, 73-

74 
HSV-specific antibodies, 70-71 
IgA and IgM antibody classes, 77-78 
immunoblotting test, 74, 79, 80 
in vivo antibody function, 79-81 
neutralizing antibodies, 71-72 
precipitating antibodies, 72-73 
protein immunogenicity, 74-77 
radioimmunoassay, 70, 73-74 

Herpes simplex virus infections (cant.) 
immunopathology, 97-98, 103-119 

antigen-presenting cells, 103-105 
erythema multiforme, 107-108 
IgE-mediated, 105-106 
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immune complex, 106-109 
infectious mononucleosis, 107, 113-

114 
keratitis, 108-109, 111-113 
management, 114-116 
mechanisms, 103-105 
in renal transplant patients, 107 
T cell-mediated, 109-114 

immunopotentiating agent effects, 395-
416 

inosiplex, 407-411 
microbial,397-400 
synthetic interferon inducers, 403-405 
thymic hormones, 401-403 
transfer factor, 401 

interferon interactions, 53, 57-60, 379-
380, 382-383, 396 

latency 
cervical cancer and, 266 
reactivation and, 37-38 
vaccines and, 275, 281, 282, 284, 289 

natural killer cells in, 49-57, 379, 399 
natural resistance mechanisms, 37-68, 

87, 396 
endotoxins, 40 
genetic, 39-43 
hemopOietic system, 41-42 
interferon, 57-60 

neonatal 
maternal antibodies and, 80-81 
prevention, 358-359 
symptoms, 358 
therapeutic considerations, 359 
therapy, 360-361, 364 

pathogenesis, 37 
primary, 37, 38 
prophy laxis, 381-382 
protein immunoprecipitation, 72-73 
reactivation, 37-38, 69 
recurrent, 38 
in renal transplant patients, 395 
T-cell-mediated immune response, 87-

102, 109-114, 
in athymic mice, 88 
in B-cell-suppressed mice, 89 
immune response regulation, 97-98, 

114-116 
in vivo responses, 93-97 
T cell memory, 98-99 
T cell subsets, 89-93 
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Herpes simplex virus infections (cant.) 
vaccines, 265-296 

autoinoculation, 267 
development, 268, 269, 273-274, 282-

289 
developmental problems, 265-266 
efficacy, 267, 268-269, 270-271, 272, 

273, 276-278, 286, 289 
genetically engineered, 281-289 
inactivated virus, 267-273 
live, 279-289 
oncogenic, 273, 274, 281, 282 
placebo effect, 267-268, 271-273 
side effects, 271, 281 
standardization, 278-279 
subunit, 273-279 
as therapy, 267, 268-273 
virulent strains, 280 
wild-type virus, 266-267 

Virulence, 280 
in Wiskott-Aldrich syndrome, 55-56 

Herpes simplex virus 1 
cross-reactivity, 4-6 
genetic resistance to 

in animal models, 39-42 
interferon effects, 57-58 

genital infections, 81 
intertypic recombinations, 282, 283 
macrophage function and, 44-46 
mouse ear model of, 93, 94 
natural killer cell function and, 44, 45, 

53-55 
natural resistance to 

interferon in, 55 
macrophage in, 44-46 

neurovirulence, 38 
in newborn, 44, 45 
protein immunogenicity, 74-77 
recurrent infections, 73 
in trigeminal ganglia, 59-60 

Herpes simplex virus 2 
cervical cancer and, 70 
cross-reactivity, 4-5 
genetic resistance to, 43 
genital infections, 1-29 

antibody response, 4-5 
recurrent, 81 

hepatitis and, 47-48 
host defense mechanisms, 38 
immunopotentiating agent effects, 397-

398 
incidence, 280 
intertypic recombination, 282, 283 

Herpes simplex virus 2 (cant.) 
natural resistance to, 379 

macrophage function in, 46-49 
in newborn, 48-49 
protein immunogenicity, 74-77 

Herpes zoster virus 
interferon and, 377 
sacral, 14 
therapy, 362-364 

Herpesvirus(es), heterologous, 281 
Herpesvirus papio, 152-156 

antigens, 153-154 
DNA, 154-155 

INDEX 

experimental disease induction by, 155 
viral isolates, 153 

Herpesvirus pongo, 156 
Herpesvirus saimiri, 157-158,330 

lymphocyte transformation by, 161-162 
target cell, 158-159 
tumor cell lines, 159-161 

Histamine, interferon-induced release, 106 
Hodgkin's disease, 179, 183 
Homosexuals 

CMV infections in, 297-298 
HSV antibody rates in, 6 
HSV-related proctitis in, 23 

Host defense mechanisms: see Natural 
resistance mechanisms 

Human convalescent sera, HSV antibodies 
in, 70-71 

Human T-cell leukemia virus, 156 
Humoral immune response 

in EBV X-linked lymphoproliferative 
syndrome, 240, 243, 244 

in HSV infections, 69-86 
antibody measurement, 71-74, 77-79 
cytolytic antibodies, 72 
ELISA antibody measurement, 73-74 
HSV-specific antibodies, 70-71 
IgA and IgM antibody classes, 77-78 
immunoblotting test, 74, 79,80 
in vivo antibody function in, 79-81 
neutralizing antibodies, 71-72 
precipitating antibodies, 72-73 
protein immunogenicity, 74-77 
radioimmunoassay test, 70, 73-74 

Immune complex, 106-109 
Immune globulin 

CMV, 212, 213-215, 221 
zoster, 212, 315, 362 

Immune response modulation, 114-116, 
395-416 



INDEX 

Immunoblotting, 74, 79, 80 
Immunocompromised patients 

antiviral therapy in, 352 
varicella-zoster virus in, 314, 315, 318, 

319,322,323,361-362 
See also Allografting 

Immunocytolysis, of HSV-infected cells, 
70,72 

Immunodeficiency disorders 
HSV infections in, 395 
severe combined, 52 
See also X-linked lymphoproliferative 

syndrome 
Immunoenhancement, by interferon, 374-

375 
Immunofluorescence detection 

of EBV antigen, 192 
of HSV antibodies, 70, 72 

Immunoglobulin A antibodies 
assay, 185-187 
EBV-specific, 185-187, 190, 192 
HSV-specific, 77-78 
varicella-zoster-specific, 377 

Immunoglobulin E antibodies, 105-106 
Immunoglobulin G antibodies 

EBV-specific, 247 
HSV-specific, 77-78 
varicella-zoster-specific, 377 

Immunoglobulin M antibodies 
CMV-specific, 209 
EBV-specific, 192 
varicella-zoster-specific, 377 

Immunopathology 
of AIDS, 114 
of EBV infections, 230-231 
of herpesvirus infections, 97-98, 103-

119 
antigen-presenting cells, 103-105 
erythema multiforme, 107-108 
IgE-mediated, 105-106 
immune complex, 106-109 
infectious mononucleosis, 107, 113-

114 
keratitis, 108-109, 111-113 
management, 114-116 
mechanisms, 103-105 
in renal transplant patients 107 
T cell-mediated, 109-114 

Immunopotentiating agents, 395-416 
antiviral drug interaction, 411-412 
inosiplex, 407-411 
levamisole, 405-408 
macrophage effects, 45 
microbial,397-400 
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Immunopotentiating agents (cont.) 
synthetic interferon inducers, 403-405 
thymic hormones, 401-403 
transfer factor, 401 

Immunoprecipitation, of HSV proteins, 70, 
72-73 

Immunoprophylaxis 
active: see Vaccines 
passive 

CMV, 212-215, 298-300 
varicella-zoster, 212, 315, 362 

Immunosuppression 
CMV-induced, 140-141, 202-203, 219-

220 
interferon and, 257, 375 
manipulation of, 115 
T-cell-mediated immunity in, 88 
See also Allografting 

Inactivated HSV vaccine, 267-268, 271-
273 

Infectious mononucleosis 
in Chediak-Higashi syndrome, 261 
CMV-related,376 
definition, 251 
EBV-related, 150-151, 178,229,231, 

327-328, 333 
B cell response, 178 
immunopathology, 172 
interferon production, 259 
T cell response, 375, 378-379 

immunopathology, 107, 113-114, 172 
in Wiskott-Aldrich syndrome, 261 

Influenza virus, 110, 224 
Inhibition-passive hemagglutination test, 

70 
Inosiplex, 407-411 
Interferon 

in acquired immune deficiency 
syndrome, 59, 373 

in allograft recipients, 203 
Cl, 57, 58, 59,255, 256, 257 
antigen-presenting cell interaction, 103, 

105 
antiviral mechanisms, 373-374 
B cell growth inhibition, 173-174 

clinical applications, 257-259 
immunosuppression in, 257 
in vitro, 255-257 
infectious mononucleosis and, 251-

254, 259 
secretion defects, 257-259 
therapeutic applications, 246-247 

13, 57, 58, 59, 255, 256 
classification, 371-372 
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Interferon I cont. ) 
CMVand, 133,217-219,309-310,375-

377 
definition, 371 
EBV and, 377-379 
future uses, 385 
~, 57, 59, 255, 256, 257 
HSVand, 57-60,379-380,396 

effector cells, 58-59 
natural killer cell response, 53 

HSV-1 and, 57-58 
macrophage function, 46 

histamine release and, 106 
immunomodulating effects, 374-375 
in renal transplant patients, 309-310 
synthetic inducers of, 403-405 
system, 254-255 
therapeutic applications, 380-385 

animal studies, 381 
human studies 381-385 

varicella-zoster and, 377 
Idoxuridine, 339, 343, 350 

Kaposi's sarcoma, EBV-related, 184 
Keratitis, HSV-related 

immunopathology, 108-109, 111-113 
therapy, 343, 350-351 

acyclovir, 383 
inosiplex, 411 
interferon, 382-383 
thymostimulin, 402-403 
trifluorothymidine, 382-383 
vidarabine, 347 

Late membrane antigen, 252-253 
Latency 

CMV vaccine effects, 307 
ofHSV 

in cervical cancer, 266 
delayed-type hypersensitivity and, III 
reactivation, 37-38 
vaccines and, 275, 281, 282, 284, 289 

Lauroyl-L-alanyl-D-glutamyl
diaminopimelamic acid, 400 

LCMV: see Lymphocytic choriomeningitis 
virus 

Leukocyte migration inhibition factors, 
176-177 

Levamisole, 405-408 
Live vaccine, for HSV, 279-289 

advantages, 279-280 
antigen expression, 281 
geneticallyengineered,281-289 
heterologous herpesvirus, 281 
mutant virulence, 280 

INDEX 

Liver transplant patients, CMV infectIons 
in, 208 

Lymphocytels) 
large granular, 122-123, 132-134 
virus-specific cytotoxic responses, 89-

91, 109-114, 126-132 
Lymphocyte-defined membrane antigen, 

175, 176 
Lymphocytic choriomeningitis virus, 105, 

107 
Lymphoid disease, EBV-related, 150: see 

also X-linked lymphoproliferative 
syndrome 

Lymphokinels) 
in CMV-infected cells, 125-126 
in EBV-infected cells, 176-178 
natural killer cell activity and, 125 

Lymphokine production assay, 176-178 
Lymphoma 

EBV-related, 183 
animal model, 157 
antibody profile, 179 
X-linked lymphoproliferative disease 

and,231 
T -cell-tropic herpes viruses-related, 157-

162, 164 
Lymphoproliferative syndrome, 229-247 

EBV-related, 328 
in marmosets, 149-152 

herpesvirus papio-related, 152-156 
See also X-linked lymphoproliferative 

syndrome 
Lymphotropic herpesviruses, 147-170 

associated diseases, 148 
characteristics, 147-148 
DNA,147 
herpesvirus papio, 152-156 
in New World primates, 152-156 
in Old World primates, 156-157 
proteins, 147 
T-cell-tropic, 157-162 
Tupaia herpesviruses, 162-163 
See also Epstein-Barr virus infections 

Lysosomal enzymes, 44 

Macrophage 
CMV transport by, 300 
in delayed-type hypersensitivity, 109 
in HSV resistance, 379-380, 394 
in HSV -1 resistance, 44-46 

animal model, 44-46 
in man, 48-49 

in HSV-2 resistance, 46-49 
animal model, 46-48 
to hepatitis, 47-48 
in man, 48-49 
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Macrophage (con t.) 
mature cells, 43-44 
precursors, 43 

Marek's disease, 329, 330 
vaccine, 281 

Marmosets 
EBV infections in, 149-152 
herpesvirus papio in, 155 
herpesvirus saimiri in, 159-161 
T-cell-tropic herpesvirus in, 158, 159 

Mast cell, 105, 106 
Measles virus, 242 
Meningitis, gentital herpes infection and, 

13-14, 15 
Mice: see Mouse 
Microbial immunopotentiating agents, 

397-400 
Monkey 

EBV vaccination, 331-333 
HSV vaccination, 276, 287-289 

Monoclonal antibodies 
in EBV-protein purification, 190-192 
HSV vaccine antigens and, 278-279 

Monoclonal lymphoid disease, 150 
Monocyte, 43, 124 
Mouse 

CMV infections in 
cytotoxic lymphocyte response, 131-132 

natural killer cell activity, 132-133 
vaccines, 300-301 

HSV infections in, 80-81 
genetic resistance, 39-43 
vaccines, 276, 284-287 

HSV T-cell-mediated immune response, 
87-102 

in athymic mice, 88 
in B-cell-suppressed mice, 89 
immune response regulation, 97-98 
in vivo response, 93-97 
T cell memory, 98-99 
T cell subsets, 89-93 

Mucocutaneous herpes infections, therapy 
for, 347, 411 

Mumps virus, 244 
Muramyl dipeptide, 400 

Mycobacterium tuberculosis, 397 
Myelitis, HSV-related, 13, 15 

Nasopharyngeal cancer, EBV-related, 183, 
327, 329, 385 

cellular immunity in 193 
serological markers, 185-187 

Natural cytotoxic cell, 123 
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Natural killer cell 
in CMV infections, 122-123, 132-134 

depressed activity, 134-139 
lymphokine interaction, 125 

in EBV infections, 174-176, 178, 193-
194, 230, 235, 240, 245, 247 

effector cells, 51-53 
heterogeneity of, 50-52 
in HSV infections, 49-57, 396-397, 379 

cell lineage, 52 
corynebacteria activator, 399 
interferon effects, 53 

in HSV-l infections, 44, 45, 53-55 
interferon effects, 50, 53 
in Wiskott-Aldrich syndrome, 55-56 
in X-linked lymphoproliferative 

syndrome, 56 
Natural resistance mechanisms, 37-68,87, 

396 
endotoxins, 40 
genetic, 39-43 
hemopoietic system, 41-42 
interferon,S 7 -60 

Neisseria gonorrhoeae, 3, 11 
Neutrophil, 124 
Newborn 

CMV infections in 
antibodies, 122 
transfusion-acquired, 206, 298, 299 

EBV infections in, 247 
HSV infections in 

maternal antibodies and, 80-81 
natural killer cell activity, 56, 379 
prevention, 358-359 
severity, 395 
symptoms, 358 
therapeutic considerations, 359 
therapy, 347, 360-361, 364 

HSV-l susceptibility, 44, 45 
HSV-2 infections in, 48-49 
lymphocytic choriomeningitis virus in, 

107 
varicella in, 313 

Noninfectious enveloped particles, 308-
309 

Nosocomial transmission, of CMV, 205-
206 

Nucleoside analogs, 246, 340 
Null cell: see Natural killer cell 

2',5'-Oligoadenylate synthesis, 230-231 
Oncogenic viruses, virus-host relationship, 

171 
Orangutan, lymphotropic herpesvirses in, 

156 
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Organ transplants: see Allografting; 
specific types of transplants 

Osteopetrosis, natural killer cell activity 
in,49-50 

Owl monkey, T-cell-tropic herpesvirses in, 
157-158 

Pharynx, HSV infections of, 11-13 
Phosphonoformate 

clinical trials, 353 
development, 340 
HSV mutant resistance to, 280 

Placebo effect, in vaccine development, 
267-268, 271-273 

Pneumonia, CMV-related, 203, 213, 214-
215, 218 

Poly I:C, 403, 404 
Polyclonallymphoid disease, 150 
Polymorphonuclear leukocytes, 105, 106-

107, 108-109 
Polypeptides, of EBV-infected cells, 191-

192 
Prednisone, 134-135 
Pregnancy, genital herpes infections in 16 
Primates ' 

EBV infections in, 147-152 
host range for disease induction, 149-

150 
tumor clonality, 150-152 

lymphotropic viruses in, 147-170 
associated diseases, 148 
characteristics, 147-148 
DNA,147 
herpesvirus papio, 152-156 
herpesvirus pongo, 156 
proteins, 147 
T-cell-tropic, 157-162 
Tupaia, 162-163 

Proctitis, HSV-related, 15, 23 
Promonocytes, 43 
Protein(sl 

EBV-specific, 190-192 
HSV-specific 

immunogenicity,74-77 
immunoprecipitation, 72-73 

lymphotropic virus-specific, 147 
Protein kinase, CMV-associated, 309 
Pyran, 403-404 
Pyrimidinones, 403 

Radioimmunoassay, of HSV antibodies 70 
73-74 ' , 

Recombination, intertypic, 282, 283 
Reinfection, recrudescence, vs., 26-27 

INDEX 

Renal failure, acyclovir clearance in, 349-
350 

Renal transplant patients 
CMV infections in, 131,395· 

cytotoxic lymphocyte response, 128, 
133-134 

donor selection and, 210-211 
graft rejection, 205 
immune complexes, 107 
incidence, 202 
interferon interaction, 218, 384 
pathogenesis, 202, 203, 205 
steroid therapy effects, 135-137 
transfusion-acquired, 207, 298 
vaccination against, 216,302-305 

HSV infections in, 395 
interferon prophylaxis, 218, 309-310 

Reovirus, 116 
Restriction enzyme analysis, of genital 

herpetic reinfection, 26-27 
Rhesus monkey, HSV vaccination of, 276 
RNA viruses, interferon induction by, 

373-374 

Sacral radiculopathy syndrome, 13 
Salvia, CMV transmission in, 205 
Secretions, HSV excretion in, 27-28 
Sera, HSV-antibody typing in, 73 
Seroepidemiology 

of EBV, 184 
of genital herpetic infections, 4-6 

Serology, of EBV-related cancers, 184-190 
194-195 ' 

Serum thymic factor, 402 
Severe combined immunodeficiency 

disease, 52 
Sexual transmission 

of CMV infections, 205, 297 
of genital herpetic infections, 27-28 

Sodium diethyldithiocarbamate 411 
Spider monkey, T-cell-tropic h:rpesvirus 

infections in, 157 
Squirrel monkey, T-cell-tropic 

herpesviruses infections in, 157, 158 
Steroid therapy 

for CMV infections, 134-137 
for EBV infections, 246 

Subunit vaccines 
CMV, 307-309 
EBV,247 
HSV, 273-279 

in animal models, 274-276 
clinical efficacy, 276-278 
future trends, 278-279 
preparation, 274 



INDEX 

Superinfection 

in CMV infections, 203, 205 
in genital herpetic infections, 17 

T cell 
accessory cells, 123 
in AIDS patients, 137-139 
in CMV-infections, 244 

in allograft patients, 204, 205 
depressed activity, 134-139 
infected fibroblasts, 124-126 
interferon and, 376 
virus-specific cytotoxicity, 128 
virus transport by, 300 

in EBV-infections, 171-179, 261 
antigens, 175-176 
B cell interactions, 173-176, 253-254, 

261 
infectious mononucleosis, 378-379 
neoplastic disease, 193 
proliferation, 172 
X-linked lymphoproliferative 

syndrome, 230, 234, 235, 239, 240, 
241, 242, 244, 245 

in HSV-cell-mediated immunity, 87-
102, 109-114 

in athymic mice, 88 
in B-cell-suppressed mice, 89 
helper cells, 92 
as herpes saimiri target cell, 158-159 
immune response regulation, 97-98 
in influenza, 244 
in vivo response, 93-97 
in mice, 89-91 
T cell memory, 98-99 
T cell subsets, 89-93 

memory, 98-99 
precursors, 125 
suppressor cells 

in delayed-type hypersensitivity, 109-
114 

in HSV infections, 92-93 
T-cell-tropic herpesviruses, 157-162 

antigen modulation, 158-159 
herpes saimiri, 159-161 
host range, 157-158 
in vitro transformation, 161-162 
lymphocyte tropism, 158-159 
pathogenicity, 157-158 

Tetramisole, 405-406 
Therafectin, 411 
Therapy, 339-369 

antiviral drugs 
clinical trials, 350-364 
controlled trials, 345-350 
development, 339-345 

Therapy (cont.) 
interferon, 380-385 

animal studies, 381 
human studies, 381-385 
See also names of specific drugs 

Thymic hormones, 401-403 
Thymostimulin, 402 
Thymuline, 402-403 
Tilorone 403, 405 
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Towne strain, of CMV, 141-142, 209-210, 
301-307 

Transfer factor, 377, 401 
Transfusion transmission, of CMV, 205, 

206-207, 211-212, 220-221, 298, 
299-300 

Transplacental transmission, of CMV, 297, 
299 

Treponema pallidum, 23 
Trifluorothymidine 

action mechanisms, 343 
as keratitis therapy, 350, 382-383 

Trigeminal ganglia, HSV-infection in, 58-
60 

Tupaia glis belangeri, 148 
Tupaia herpesviruses, 162-163 

Ulceration, genital, 10-11, 23, 24 
Urethritis, 8, 22-23 
Urine, CMV transmission in, 205 

Vaccines 
adjuvants, 116 
anti-idiotypic, 116 
CMV, 297-312 

in allograft patients, 215-216, 221-
222 

animal models, 300-301 
latency, 307 
live vs. attenuated, 300 
in renal transplant patients, 302-305 
subunit, 307-309 
Towne strain, 141-142, 209-210,301-

307 
EBV, 329-337 

adjuvants 331-332 
animal model, 152 
membrane antigen, 330-332 
need for, 329-330 

genital herpes, 81, 267 
HSV, 265-296 

autoinoculation, 267 
cervical cancer and, 81, 273 
development, 268, 269, 273-274, 282-

289 
developmental problems, 265-266 
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Vaccines (cont.) 
HSV (cont.) 

efficacy, 267, 268-269, 270-271, 272, 
273,276-278,286,289 

genetically engineered, 281-289 
inactivated virus, 267-273 
latency, 275, 281, 282, 284, 289 
live, 279-289 
oncogenic, 273, 274, 281, 282 
placebo effect, 267-268, 271-273 
side effects, 271, 281 
standardization, 278-279 
subunit, 273-279 
as treatment, 267-273 
virulent strains, 280 
wild-type virus, 266-267 

Marek's disease, 281 
varicella-zoster virus, 315-324 

clinical trials, 316-320 
development, 315-317 
dosage, 321-322 
future use, 323-324 
malignancy and, 318-320, 321, 322-

323 
problems with, 320-321 
reinfection and, 320-321 
safety, 322-323 
zoster as complication, 322, 323 

Vaccinia virus, as adjuvant, 116, 281 
Varicella-zoster virus, 313, 361-362 

acyclovir therapy, 348 
antibodies, 377 
cancer and, 313-314, 319-320, 321, 

322-323 
thymic factor therapy, 402 

cell-mediated immunity to, 313 
transfer factor in, 401 

DNA,320 
immune globulin, 212 
interferon interactions, 377, 383 
therapy, 314, 347-348 

clinical trials, 361-364 
vaccines, 315-324 

clinical trials, 316-320 
development, 315-317 
dosage, 321-322 
future use, 323-324 
malignancy and, 318-320, 321, 322-

323 
problems with, 320-321 
reinfection and, 320-321 
safety, 322-323 

zoster rash, 314-315, 322, 323 

INDEX 

Vidarabine 
action mechanisms, 344 
controlled trials, 346-347 
as CMV prophylaxis, 219 
development, 340, 343 
immunomodulating properties, 411-412 
therapeutic applications 

encephalitis, 355-358 
genital herpes, 347 
keratitis, 350 
neonatal HSV infections, 360-361, 364 
varicella-zoster virus, 314, 361-363, 

383 
therapeutic index, 343 

Viral shedding, in genital HSV infections, 
9, II, 12,22 

Viremia, CMV-related, 215, 218 
Virion, of CMV, 300, 307-309 
Virulence, of HSV, 280, 281 
Virus-host relationship, of oncogenic 

viruses, 171 
Vulvar infections, genital herpes-related, 

11 

Wiskott-Aldrich syndrome, 252, 261 
antibody-dependent cell-mediated 

cytotoxicity in, 48 
HSV susceptibility in, 48, 55-56 
natural killer cell function in, 55-56 

X-linked lymphoproliferative syndrome, 
178,229,230-250,328 

B cell activity, 230, 234, 235, 240, 244 
in carrier females, 240-242 
clinical course, 233-234 
cytotoxicity studies, 236 
general characteristics, 231-232 
humoral immune response, 240, 243, 

244 
immunodeficiencies in, 178, 254 
immunologic studies, 233, 234-235, 

239-242 
in males, 232-240 
natural killer cell activity, 56, 230, 235, 

240,245,247 
pathogenesis, 242-245 
T cell activity, 230, 234, 235, 239, 240, 

241, 242, 244, 245 
virological studies, 235-240 

Zoster immune globulin, 212, 315, 362 
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