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2 R. N. H ull: The Simian Viruses 

I. Introduction 

The extensive use of the techniques of tissue culture during the past 15 years 
has permitted the isolation of many new viral agents both from man and lower 
animals. These viruses have been isolated either by the inoculation of body fluids, 
excreta, or tissue homogenates, into previously prepared cultures, or by direct 
isolation of viruses from cultures prepared from apparently healthy animal 
tissues. This latter technique has been referred to as "unmasking of viruses". 
It was first demonstrated by the recovery of adenoviruses from cultures of 
"normal" human adenoid tissue (111), but we now know that a number of viruses 
can remain latent in tissues, and are undetectable by ordinary methods of virus 
isolation. When cells from such tissues are cultured in vitro, these latent viruses 
are freed, or released, from whatever bond (specific antibody, interferon) has held 
them in a state of equilibrium with their host. The virus so "freed" may produce 
a cytopathic effect (CPE), which indicates its presence, but, in some instances, 
such as in the case of rubella or SV 5 viruses, it may be necessary to use other 
technics to detect the presence of the virus. By these methods, virologists have 
recovered many new agents from both healthy and sick individuals, but in the 
latter case, it frequently was difficult to determine whether or not the virus 
isolated was the cause of the illness. Such determination was further complicated 
by the fact that the virus which was thought to have been isolated from the 
patient, may have been a latent virus in the tissue culture cells employed in the 
isolation studies. The virologists, therefore, have experienced essentially the 
same dilemma as the early bacteriologists, who attempted to determine the etio
logy of infectious diseases before they were fully aware of the "normal flora" of 
the species under study. Although the bacteriologist picked up contaminants on 
his lifeless media, and these resulted in misinterpretations, he did not have quite 
the same problern that confronts the virologists in relation to the presence of 
latent viruses in his culture systems. 

Throughout the l950s and l960s, many virologists contributed toward the 
unraveling, systematic study and classification of the many new groups of viruses 
isolated from man and the lower species. Of the viruses isolated from man, we 
now reeognize large groups of agents which can be placed in common families, 
such as adenoviruses, enteroviruses (with several sub-divisions) reoviruses, myxo
viruses, herpesviruses, poxviruses, et cetera. Although there is yet much to be 
learned, it already has become apparent that groups of similar viruses are indigen
ous in sub-human primates and even lower animals (70). It has come to light, 
for example, that many species harbor viruses belanging to the adenovirus family. 
These viruses all possess the same general chemical and physical characteristics, 
including a common CF (complement fixing) group antigen. They are, however, 
serologically type specific, and in general are only infectious for their native 
host. 

A similar parallel can be drawn with other major groups of viruses. This 
finding, again, is much like those made previously in the field of bacteriology, 
where it was demonstrated that most animals carried similar types of organisms 
in their intestinal tracts, or other tissues, but that antigenic differences exist 
between organisms isolated from different species. The streptococci offer a good 
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example, in that Group A streptococci are common to man, while animals harbor 
the serological Group C streptococci. With the increased knowledge of the "nor
mal viral flora" of man, and of the animal species which he uses in his studies, 
the virologist is now more competent to interpret, or to determine, the etiological 
significance of agents which he recovers from clinical specimens. 

Monkeys and cultures of monkey cells have been used more widely in virological 
studies in recent years than any other animal species. Two Asiatic species, the 
rhesus and cynomolgus monkeys, were employed extensively in the 1950s, 
principally for research, production, and testing of poliomyelitis, adenovirus, 
and measles virus vaccines. In these efforts, thousands of monkeys and monkey 
kidney tissue cultures were used, and in the course of this work, many new viral 
agents were encountered. Although the complete story cannot be written, this 
chapter endeavors to bring together what is known about the "simian viruses", 
and to provide some information relating to their recognition, their significance 
in the monkey colony, and to the laboratory scientist. 

Table 1. Original Cytopathologic Classification of Simian Viruses 

CPE Group I 

CPE Group 11 

CPE Group I11 

CPE Group IV 
][ iscellaneous 

sv~' svw SV15, SV17, SV20, SV23, SV25, SV27 , SV30, 
sva1, SVa2, SV33, sva4, svas, sva7 

SV2, SVw sv1s' SV19 

Many of these agents were isolated, or studied and classified by HULL et al. 
(54, 55, 56) but many other investigators have contributed to the present know
ledge. SABIN's (117) isolation and characterization of B virus in 1934, was the 
first report of the isolation of a virus indigenous in rhesus monkeys. The "foamy 
viruses" commonly found in uninoculated cultures of rhesus monkey kidney 
cells, were described by RusTIGAN et al. in 1955 (116). As many additional agents 
were isolated in the early phases of the poliomyelitis virus vaccine program, an 
attempt was made to place them into groups in order to facilitate identification. 
The first obvious property of the viruses was the type of CPE which they produced 
in primary cultures of rhesus monkey kidney cells. Thus, in the first report by 
HuLL et al. (54) the lO agents described at that time were placed into 4 CPE 
groups. In a later publication, these groups were expanded to include additional 
viruses (56). This original classification by CPE groups is seen in Table l. As 
additional agents were encountered, many fitted into these same groups, but 
others required the establishment of new CPE groups, and as more information 
became available, some of those agents listed in the miscellaneous category, 
were moved to the other more specific groups. When criteria were established to 
classify viruses into families such as adenoviruses, enteroviruses, et cetera, it 
was obvious that the various CPE groups of simian viruses possessed characteristics 
which allowed them to be classified into such recognized groups of viruses. Thus, 

I • 
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all agents included in CPE Group I, for example, were found to be adenoviruses. 
With the greater knowledge now available, the simian viruses should be reclas
sified, or regrouped, as suggested in Table 2 according to the general scheme 
suggested by ANDREWES et al. (1). This classification with nine groups of viral 
agents accommodates not only the agents with SV designations, but also permits 

Table 2. Proposed N ew Classification of Simian Viruses 

D NA Ether Resistant V iruses 

Adenoviruses 

Papovaviruses 

DN A Ether Sensitive Viruses 

Rerpesviruses 

Group A 

Group B 

Poxviruses2 

svl' SV11, sv1s• svl7• SV20, SV23, SV25, SV27, sv ar•· 
SV3p SV32, SV33, SV34, SV36, SV37, SV38 , SA 7 

sv4o (SA12)1 

B-Virus, SA 8, MRV, SMV 

Cytomegaloviruses SA6 

YABA, Monkey pox, YLD 

RN A Single Stranded Ether Resistant V iruses 

Picorna viruses 

Enteroviruses sv2, SV6, SV16, SV18, SV19, SV42, SV43, SV44, SV45 , 

SV46, SV47 , SV48 , SV49, SA5 

Enteroviruses ~ 

Not Enteroviruses 

SV26 , SV35 

SV4 , SV28, SA4 

RN A Single Stranded Ether Sensitive Viruses 

Myxoviruses 

Group A 

Group B 

Remadsorption positive SV5, SV41 

Remadsorption negative FVl' FV2, FV3, I<'V4, FV 5. 

RN A Double Stranded Ether Resistant Viruses 

Reoviruses 1 SV12, SV59, SA 3 

1 Questionahle classification. 
2 Ether sensitivity is questionable. 

SA1 

the inclusion of other known viruses of simian origin, such as B virus, the "foamy 
viruses", and pox viruses. In the SV series of viruses, the missing numbers were 
held by isolates which were later found to be identical with previously isolated 
viruses, or were found not to be viruses at all. sv24• for example, proved to be 
an amoeba of the genus Acanthamoeba. 
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II. Simian Adenoviruses 
The viruses listed in CPE Group I produced a rounding of cells and formation 

of grape-like clusters when inoculated into cultures of monkey kidney cells 
(Fig. 1), which very closely resembled the CPE produced by human strains of 
adenoviruses in the same culture system. The viruses were not neutralized by 
antiserum prepared against the more common strains of human adenoviruses, 
but it was found that the simian variety contained the CF group antigen of 
the human strains. Electron micrographic studies have also revealed that the 
simian adenoviruses are 70 to 80 millimicrons in diameter, have a polyhedral 
shape, and an arrangement of subunits, with a 5:3:2 symmetry. The subunits 
are 50 to 60 angstroms in diameter. Such observations were reported, first, by 
TYRRELL et al. (132), in stud.ies with SV17, but were d.escribed. in greater detail 
by ARCHETTI et al. (2), who studied a virus id.entified. at that time as SV39. In a 
second report, ARCHETTI and. STEVE-BocCIARELLI (3), extend.ed. these observations 
to include SV1, SVw SV20, SV23, and SV34• At this time, they concluded that the 
virions were regular icosahedrons with a 5: 3: 2 symmetry, and. contained a total 
of 252 capsomeres. These observations agreed with those of HoRNE et al. (49), for 
human adenovirus type 5. REIMER (107) studied all of the SV classified simian 
adenoviruses by electron-micrographic methods, and confirmed that they have 
the dimensions and morphology as described by ARCHETTI. Representative 
electronmicrographs are seen in Fig. 2. 

In experiments not reported in the literature, the author and his associates 
found that all of the simian adenoviruses possessed DNA in their nucleic acid 
core. These determinations were made by inhibition tests with a DNA inhibitor, 
FUDR. The viruses were also shown to be resistant to ether. Thus, the CPE 
Group I simian viruses met the physical and chemical criteria for adenovirus 
classification. 

Simian adenoviruses also share many biological properties in common with 
the human strains. They are commonly isolated from the respiratory and intes
tinal tracts of monkeys, but like the human strains, certain types are more pre
valent in the respiratory tract than others. In general, SV1, SVw SV15, SV17, 

SV 23, and SV 32, would be more likely to occur in the respiratory tract than the 
other members of the group, many of which were stool isolates. TYRRELL et al. 
(132) reported the isolation of svl7 from patas monkeys in a colony experiencing 
an epidemic of conjunctivitis and rhinorrhoea. In an investigation of conjunc
tivitis in rhesus monkeys, the author and associates found that about one-half 
of the non-bacterial infections were due to simian adenoviruses, and that the 
predominant agent isolated was SV32. BuLLOCK (14) reported further similarities 
between the human and simian adenoviruses ~n isolations made from the nose 
and throat of monkeys and. by the unmasking of latent viruses from monkey 
tonsillar tissue. svl7 and sv32 were isolated from nose and throat swabs of mon
keys with acute respiratory illness, and the same viruses, plus svl5• were also 
recovered from healthy animals. The same three viruses were recovered from 
cultures of monkey tonsil tissue. 

The experimental infection of vervet monkeys with SV17 and its similarity 
to the disease seen in man infected with adenoviruses was reported by HEATH 
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et al. (41). Six antibody negative (by both HI and neutralization tests) monkeys 
were given a dose of 106•7 TCID50 of virus by the intranasal route. All became 
infected as judged by clinical symptoms, virus recovery, and antibody response. 
The principle symptoms were redderring and swelling of the pharyngeal mucous 
membranes and the tonsils. This was similar to the findings in humans infected 
with adenoviruses. It was noted in the monkeys, also, that spieen enlargements 
followed infection with SV17 virus. Virus was excreted in the nose and throats 
from three to nine days after infection. Post infection antibody titer by HI test 
ranged from 1 : 64 to 1 : 256 and from 1 :48 to 1 :512 by virus neutralization tests. 

Fig. 2. Electronmicrographs of Simian Adenovirus, SV", and an AAV (adeno associated virus) isolated 
from Simian Adenovirus, SV.,. Negative stained with phosphotungstate. x 200 ,000. 

There has been no evidence that vervet monkeys experience natural infection 
with the rhesus monkey adenovirus, SV 17, but these experimental infections 
point out their potential susceptibility to this agent. 

HuLL et al. (61) described the oncogenic properties of certain of these simian 
adenoviruses for newborn hamsters, which, again, paralleled findings with strains 
of human origin. Five of the 17 adenoviruses in the SV series were found to produce 
tumors following subcutaneous inoculation, as well as SA7 isolated from the 
African green monkey. This group included SV20, SV33, SV34, SV37, and SV38• 

None of the viruses commonly found in the respiratory tract of monkeys proved 
to be oncogenic. The tumors produced by the viruses were undifferentiated neo
plasms with some characteristics of lymphomas of the reticulum-cell type, and 
in this respect, were like those produced by human adenoviruses. Histologically, 
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the tumors were quite unlike the fibrosarcomas produced by SV40 virus (Fig. 3). 
The tumors contained a "T" antigen which reacted in CF tests only with sera 
from animals bearing tumors produced by the homologous viruses. There were 
no cross-reactions amongst the "T" antigens of the tumors produced by the dü
ferent simian adenoviruses, nor did they react with those produced by human 
adenoviruses or by SV40• 

The simian adenoviruses share yet another property in common with the human 
types, in that some of them have a smaller associated virus or particle called AA V, 
Adeno Associated Virus, by ATCHINSON et al. (4). REIMER (107) studied all the 
adenoviruses in the SV series except SV36, by electron micrographic methods 
and found that five of them, SV1, SVw SV15, SV25, and SV34 contained a smaller 
particle in addition to the 70 m[L adenoviruses, and suggested that these could 
be viral in nature or sub-units of the adenovirus. These particles ranged in size 
from 15-20 m[L (those seen in preparations of SV1) to 30 m[L (seen in electron 
micrographs of SV15). A thorough search of many electron microscopic fields of 
preparations of all the other simian adenoviruses failed to detect these smaller 
particles seen in the above-mentioned strains. The report by ATCHINSON et al. 
(5) presented a very thorough and comprehensive study of the smaller particle 
associated with SV15 virus. These authors describe the virus as a hexagonal, 
24 m[L particle, containing double stranded DNA. By centrifugation and filtration 
they were able to obtain purüied preparations of AAV free of SV15 virions. Such 
material failed to proliferate, or to produce CPE in monkey kidney culture, and 
in many other cell types tested. When the pure AA V preparation was inoculated 
into cultures along with an AA V free strain of SV15, multiplication of AA V 
occurred. Further, they demonstrated that AA V could be cultivated, using human 
adenovirus type 2 as the "helper virus". Many other DNA and RNA containing 
viruses capable of growth in monkey kidney cultures failed to serve as a "helper 
virus'' for growth of AA V. Antiserum was prepared against the pure AA V prepara
tion which inhibited AA V, but not SV15• They also failed to show any antigenic 
relationship between AAV and SV15 by CF and precipitation tests. These authors 
concluded that AA V was an incomplete or defective virus. 

A report by MAYOR et al. (86) appeared at about the same time as the above
described paper which also dealt with a small particle found in SV15 virus SUS

pensions. These authors described it as 20 m[L polyhedral particle with a density 
of 1.43. These particles contained protein and double stranded DNA. They had 
a cubic symmetry of the icosahedral type with a coat composed of 12 sub-units, 
each at the vertex of an icosahedron. They found also that the particles had a 
hemagglutinin which was inhibited by sv15 antiserum, and that it fixed comple
ment with a human adenovirus reference 8erum. These authors, therefore, con
cluded that it was an internal component of the mature sv15 virion, and was 
related to the adenovirus genome. 

In a subsequent paper, ATCHINSON et al. (5) described further electron micro
scopic studies of the AA V agent and reported that replication of AA V and SV15 

occurred simultaneously in the nucleus of a single cell. In such doubly infected 
cells, however, one or the other of the two viruses was predominant in number. 
These data were presented as further evidence of their contention that the AA V 
particle is a separate entity and not a sub-unit, or part of svlli virus. 
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RAPOZA (106) has made some interesting observations relating to the inter
actions, or relationships between AA V and the simian adenoviruses. He reports 
that simian adenovirus seed pools should be free of AA Vif they aretobe employed 
in hemagglutination tests, as AA V inhibits the production of adenovirus hem
agglutinins. sv36 has been a difficult virus to propagate as its growth has been 
limited to primary rhesus monkey kidney culture and virus yields have been 
low, rarely exceeding titers of 10-3·0/0.5 ml of culture fluid. RAPOZA states, how
ever, that SV36 is heavily contaminated with AAV particles, and once the culture 
is freed of AA V, that it grows well in strain LLC-MK2 (59) or in primary African 
green monkey kidney cultures. Yields of SV 36 under these conditions were as 
high as 10-6•0/0.1 ml. (This has not yet been confirmed in the author's laboratory, 
although RAPOZA indicated that it had been noted independently by CASTO at 
the University of Pittsburgh.) Both RAPOZA and CASTO stated further that the 
presence of AA V in the culture of an oncogenic adenovirus inhibited the ability 
of the virus to produce tumors. 

The primary concern of many investigators with simian adenoviruses (as weil 
as with other types of simian viruses) lies in their need to distinguish them from 
adenoviruses of human origin. There is no certain way of doing this short of mak
ing a serological identification. The pattern of growth, however, in monkey 
and human cells gives a degree of presumptive evidence. All of the simian adeno
viruses will grow in rhesus monkey kidney cells in the absence of sv40 and all 
but SV36 (data from author's laboratory) will grow in strain LLC-MK2. Of the 
more common types of human adenoviruses only type 2 will grow in strain LLC
MK2 cells, and as had been reported by BEARDMORE et al. (10) and others, 
at least some types of human adenovirus cannot be cultivated in monkey kidney 
cultures unless SV40 virus is present. Further, we have found (54, 56) that only 
SV 1, SV w SV 25, SV 33, and SV 34, will grow in cells of human origin while the other 
Serotypes failed to grow. (Data to the contrary relating to sv36 found in Refer
ence 56 has since been disproved.) Thus, by determining the pattern of growth 
in the cell systems mentioned, it is possible to make at least a tentative determina
tion of the type of adenovirus with which one is dealing. 

Serological identification is best accomplished by quantitative serum neutrali
zation tests, and for some types, cross-neutralization tests are necessary. Rem
agglutination-inhibition tests may also be employed. A number of cross-reactions 
are seen within the simian adenovirus group, and while some of these are fairly 
consistent from one set of typing sera, to another, a great deal of variation is 
also encountered, both in the degree of cross-reaction and in respect to which 
agents demonstrate such reactions. The practice of giving multiple injections 
of antigens andfor of holding immunized animals as a source of typing sera and 
periodically giving booster doses tends to broaden the antigenic spectra of the 
viruses and this results in more extensive cross-reactions. More type specific 
sera are obtained when reduced amounts of antigen are administered; however, 
as might be expected, the titers of these sera are lower. Cross-reaction data obtain
ed with such sera are seen in Table 3. These data, as weil as similar findings with 
numerous sets of typing sera indicate two groups of viruses which consistently 
show some degree of cross-reactions within the groups. One such group (Group A) 
includes SV15, SV17, SV27, and SV31 ; the other group (Group B) involves SV1 , 



SV33, SV34, and SV38. Ear
lier findings reported in 
Reference No. 56 are re
produced in Table 4 for 
comparison with the more 
recent cross-reaction data 
seen in Table 3. SV15 and 
SV 17 generally have shown 
cross-reactions, while SV 27 

and sv31 are either iden
tical, or very closely rela
ted. The data in Table 3 
suggests that they areiden
tical, while the earlier re
sults seen in Table 4 indi
cate a very close serological 
relationship, with the only 
difference being that sv31 

was neutralized by anti
SV 27 sera to a 16-fold lower 
titer than was the homol
ogous virus. SV 31 antise
rum neutralized both vi
ruses to the sameterminal 
dilution. Although some 
cross-reactions have been 
noted between the SV 15 

and svl7 pair of viruses, 
and sv27 and sv31• these 
reactions have been far 
less significant than those 
noted between the two 
members of each pair of 
viruses. Althoughnot doc
umented in Tables 3 and 
4, theresultsofmany cross
neutralization tests over 
the years have suggested 
that svl5 and svl7 were 
more closely related to 
SV 27 than to SV 31. 

SV 1 and SV 34, as seen 
in both Tables 3 and 4, 
showed some degree of 
cross-reaction which was 
intensified in high titered 
serasuch asthat listed in 
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Table 4. The lower titered sera used in Table 3 (which, as mentioned above, was 
prepared by immunization with fewer doses of antigen) failed to show these higher 
levels of cross-reaction. SV33 and SV34 revealed antigenic similarity in both sets of 
typing sera, but only SV 34 showed any serological relationship to SV 1 • SV38 harl not 
yet been isolated when the data presented in Table 4 were recorded. In Table 3, 
it is seen that a strong, but distinguishable, serological relationship exists between 
SV33 and SV38• SV38 appeared to be unrelated to SV1 and SV34• 

'fable 4. Cross Reactions of Selected Simian Adenoviruses1 

Viruses I SV., I 

Sera 

SV17 I SV" 
I Sera 

sv" --V-i-rus-es----c--s-v-.-~-s-v-.. ~~--sv--,-, 

svls 2048 4 <4 16 SV1 4096 4 64 
sv17 16 256 16 16 SVaa <4 1024 64 
sv27 256 64 1024 1024 SVa4 512 16 128 
SVai <10 <10 64 1024 

1 Extracted from an earlier publication (Ref. No. 56, 'fable 4) 

'fable 5. Identification of Simian Adenoviruses by Intersecting Serum Pools 

Pools 

A 
B 
c 
D 
E 
F 
G 

Neutralized by 
pools 

A+B 
A+C 
A+D 
A+E 
A+F 
A+G 
B+C 
B+D 

Key to identification 

Virus identification 

SV1 

SV11 

svls 
svl7 
sv2o 
sv2a 
sv25 
sv27 

Sera contained in pools 

N eutralized 
by pools 

B+E 
B+F 
B+G 
C+D 
C+E 
C+F 
C+G 
D+E 

Key to identification 

Virus identification 

SVao 
SV31 

sva2 
SVaa 
SVa4 
svas 
sva7 
SVas 

The new classification of the simian viruses seen in Table 2 did not include 
SV39 in the simian adenovirus group. This virus, isolated in our laboratory, 
has never been described in the literature by the author, but it has been men
tioned by others (2) and has been discussed at several informal meetings on simian 
viruses. Since its original identification and assignment of an SV number, it has 
been found tobe identical with sv23' and, therefore, has been dropped from the 
simian adenovirus classification. 

In spite of the cross-neutralization amongst some members of the simian 
adenovirus group, a scheme has been devised for more rapid identification by 
the use of intersecting serum pools. This method, as outlined in Table 5, was 
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developed in the author's laboratory and has proved to be valuable in quickly 
determining the likely identity of a new isolate, or unknown virus. When coded 
samples of virus were supplied to two different laboratories as unknowns, both 
were able to identify the virus in each of the samples using these pooled sera. 
As a matter of practice, however, a virus tentatively identified by this method 
is assayed further with specific monovalent serum in order to confirm the identifi
cation. 

RAPOZA and CHEEVER (105) have studied the hemagglutination (HA) patterns 
of the simian adenoviruses and have performed hemagglutination-inhibition (HI) 
tests amongst the member viruses. These authors have proposed three HA 
groups based on the ability of the virus to hemagglutinate rat, guinea pig, or 
rhesus monkey red blood cells (RBC) at either 4 a C or 37° C. These HA groups 
are seen in Table 6. It was interesting to note that all of the oncogenic types of 

Table 6. Simian .Adenovirus Hemagglutination Groups (RAPOZA and CHEEVER} 

Rhesus RBC only at Rat', rhesus, G. pig incomplete No agglutlnation 
agglutination of rat, rhesus or 

4° C and 37° C RBC at 4°C of rat RBC at 37° C' G. pigRBC 

Group I Group Il Group III Group IV 

SVaa SV16 SV1 SA7 
SV17 SV11 

SV23 sv2o 
SV27 sv2. 
SVat SVao 
sv32 SVas 
SVa7 SV3, 

sva9 SVas 

1 Agglutination of rat cells is incomplete and not temperature dependent. 
2 These viruses also hemagglutinate rhesus and guinea pig cells at 4°C, except for SV w 

SV25 , and SV30• Agglutination of rat cells at 4°C is incomplete for all viruses ex
cept for SV 25 and SV ao· 

simian adenoviruses feil into HA Group III except for SV37, and that most of 
those generally associated with respiratory diseases in the monkey were included 
in HA Group II. No cross-reactions were obtained between viruses listed in sepa
rate groups, but some reactions were noted amongst the viruses within Group II 
or Group III. In Group II they found that SV 27 and SV 31 were identical, which 
agrees with the neutralization test data in Table 3. They also found that SV23 

and SV39 were very closely related, but felt that they could distinguish between 
them. This finding is in agreement with our earlier experience with these two 
viruses, although more recent data obtained from neutralization tests indicated 
they were identical. Thus, the elimination of SV39 from the classified listed 
simian adenoviruses may be premature. By HI tests, RAPOZA and CHEEVER 
found sv32 and sv37 to be identical, but stated that this was not true in virus 
neutralization tests. They found, also, minor HI cross-reactions amongst the 
SV15, SV17, SV27, and SV31 group of viruses much as previously noted in neutral
ization tests with these viruses. In the HA Group III viruses, they reported that 
SV 33 and SV38 were identical, both by HI and serum neutralization tests. Data 
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in Table 3, however, indicated these viruses to be very closely related, but not 
identical. A minor one way cross-reaction was seen between SV34 and SV38, and 
this, too, is in keeping with the data presented in Table 3. With few exceptions, 
therefore, the serological interrelationships amongst the simian adenoviruses 
were found to be the same by either serum neutralization or HI tests. 

Although neutralizing antibodies against some of the simian adenoviruses 
have been found in human sera, or human y-globulin, there are no significant 
cross-reactions between the simian and human strains of adenoviruses either by 
serum neutralization or HI tests. These studies were undertaken in a joint effort 
by the author and Dr. J. L. SEVER (N.I.H.). All of the simian adenoviruses 
and their respective antisera were included in these studies, and of the 28 types 
of human adenoviruses available at that time, all, except for types 19 through 
24 were included. Reference sera prepared against the human strain were used and 
included all types but 8, 14, 18, and 20. Neutralization tests were performed in 
the author's laboratory with these reagents, while Dr. SEVER carried out the HI 
tests. In the neutralization tests, SV11 antiserum neutralized adenovirus type 25 
at 1: 10, but not at a 1 :20 dilution, and the same Ievel of neutralization was noted 
with SV 25 serum against adenovirus type 12. None of the antisera prepared against 
the human strains neutralized any of the simian adenoviruses. Equally negative 
results were obtained by the HI test method. 

The simian adenoviruses are stable at -70°0 for years, for many months 
at 4°0, and will even survive for several weeks at 37°0. They can be preserved 
by lyophilization and are stable in this state either at 4°0, or room temperature. 
It is possible, therefore, to ship them over long distances without refrigeration 
if some c.rop in titer can be accepte.i. 

III. Simian Picornaviruses 

The simian Picornaviruses have received far less attention in the Iiterature 
than have the adenoviruses. This, perhaps, is because they rarely occur as latent 
viruses in monkey kidney cultures (except for SV4 and SV28), and when they 
are isolated from such cultures, it most often is the result of fecal contamination 
at the time of kidney removaL Although they are readily isolated from monkey 
stool specimens (except for SV4 and SV28), they are rarely recovered from other 
tissues, and, again, when such isolation is made, one should consider fecal con
tamination. At least in respect to SV 2, few monkey sera are found to contain 
antibody which further suggests that these viruses do not invade tissue other 
than the intestinal tract. In unpublished studies, VANFRANK (133) recovered 
numerous strains of simian enteroviruses by exposing Petri dish cultures of 
monkey kidney cells to the air in large monkey storage rooms. No other types 
of simian viruses were isolated. 

The CPE of the first four viruses isolated, SV2, SV16, SV18, and SV19 suggested 
that these viruses might belong to the enterovirus family. sv2, svl6• and svl8 
were originally recovered from cultures of monkey kidney cells, but svl9 was 
a stool isolate recovered by HoFFERT, BATES and ÜHEEVER (44). SV 6 , originally 
was not included in the same group with these four viruses, since its CPE and 
growth characteristics were considerably different. It was known, however, 
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that it was a frequent virus in monkey stool samples, and, therefore, in the new 
classification (Table 2) it has been placed in the enterovirus group, along with 
the other agents mentioned above. sv29 described in previous reporls {56) has 
since been shown to be identical to SV 6, and has, therefore, been removed from 
the classification. SV 26 was originally recovered from the central nervous system 
(CNS) tissues of a rhesus monkey, but its size and other properties suggested that 
it, too, belonged in the Pieomavirus group. SV35 also was isolated from mon
key CNS tissues, but further studies of its properlies indicated that it was a 
member of the Pieomavirus group. Neither SV26 nor SV35 have been isolated 
from stool samples. The newest members of this group, SV42 through SV49, 

were isolated and characterized by HEBERLING and ÜHEEVER (42), and have 
not been studied in the author's laboratory. These authors have made the most 
thorough study of the simian enteroviruses published to date. Their findings 
will be discussed subsequently. 

In addition to the cytopathic effect which these viruses produce in tissue 
culture and their frequent isolation from monkey stool specimens, their physical 
and chemical properlies are like those of the members of the Pieomavirus family. 

Table 7. CPE and Plaque Formation Grouping of Simian Enteroviruses 
(HEBERLING and CHEEVER) 

Gt'OUPB Viroses 

A 
B 
c 
D 

SV8 , SV19, SV43, SV44, SV46 , SV47 , SV48 

SVw SV18, SV42, SV46 

SV2 

SV49 

They are ether resistant, and contain RNA in their nucleic acid core as determined 
by specific nucleic acid inhibitors. By ultrafiltra.tion experiments, ATOYN.ATAN 
and HsiUNG (6) found SV18, SV18, SV26, SV29 (identical to SV8), and SV35, tobe 
sma.ller than 50 ID[L, which placed them in the general size range of the human 
enteroviruses. HEBERLING and ÜHEEVER (42) found by electron microscopic 
studies that SV2, SV18, SV19, SV42, SV45, SV48, and SV49 were uniform in size 
between 32.1 and 38.4 ID[L. The viruses are resistant to low pH, which distinguishes 
them from the rhinovirus group. SV19 and SV44 are virulent for suckling mice 
(44). sv2 agglutinates rhesus RBC's at 4°0. HEBERLING and ÜHEEVER (42) 
confirmed this, and reporled further that sv45 agglutinated African green monkey 
red cells at 4°0 and SV46 agglutinated chicken red cells at 4°0. These simian 
enteroviruses in general more nearly resemble the Coxsackie B viruses, and some 
of the ECHO viruses, than they do polioviruses. Only their physical and chemical 
properlies are similar to poliovirus as is true of all the members of the Picorna
virus group. 

The simian enteroviruses are not a homogenous group of agents as is readily 
demonstrated in the reporl by HEBERLING and ÜHEEVER (42). Basedon growth 
properties in rhesus monkey kidney cultures alone, these authors have sub
divided the group into four categories. This grouping is seen in Table 7. The mem
bers of these groups, however, did not share other properties in common such as 
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hemagglutination, ability to grow in N ew W orld, or African monkey kidney cul
tures or animal virulence. These workers also reported further chemical and phys
ical properties of these viruses. They demonstrated stability in the presence of 
molar magnesium chloride at a temperature of 50°0 for one hour which further 
characterized the viruses as enteroviruses. The viruses were resistant to photo
inactivation when grown in the presence of toluidine blue, but were sensitive in 
the presence of neutral red. Attempts to inhibit the simian enteroviruses by treat
ment with guanidine and HBB produced results which varied from those pre
viously reported by TAMM and EGGERS (128) for strains of human enteroviruses. 
Only the Group A viruses (Table 7) showed some inhibition by guanidine, while 
HBB failed to inhibit any of the viruses. This latter finding was in keeping 
with the properties of Group A Coxsackieviruses, but what resemblance these 
simian enteroviruses have to the Coxsackieviruses, in all other respects reflects 
Group B, rather than Group A. 

Table 8. Gross-neutralization Data Obtained with the First 7 Simian Picornaviruses 

Antisera 
'-'""1ruses SV, SV, svl8 sv .. sv .. SV,. SV,. 

SV2 128 
SV6 128 
sv16 128 
svls 64 
svl9 32 
sv26 32 
SVas 32 226 

1= <1:16. 

Serological identification of some of the simian enteroviruses has frequently 
caused difficulty due to cross-reactions, principally amongst the SV2, SV16, 

svlS• and sv19 group. As with the simian adenoviruses, however, these cross
reactions can be reduced or eliminated by immunization with lesser amounts of 
antigen. Results obtained with such sera are presented in Table 8, where it is 
seen that no cross-reactions occurred at the levels of antisera tested except for 
sv26 and sv35' Table 5 in reference (56) showed a greater degree of Cross-reaction 
when higher titered sera were employed. SV 2 appeared to be the broadest antigen 
as its serum most frequently neutralized, to some extent, other viruses within 
the group. SV16 and SV18 also CrOSS-react when high titered antisera are USed. 
sv19 is the poorest antigen in the group; thus, its generally low titered antiserum 
seldom neutralized the other viruses. sv19 virus, however, has been neutralized 
at low levels by SV2, sv16• and svlS antisera when the homologaus titers of 
those sera were high. 

HEBERLING and ÜHEEVER (42) in their report did not give cross-reaction 
data on all the viruses in the enterovirus group, but did present such data for 
agents contained within their proposed CPE groups. Of the Group A viruses 
(see Table 7) the mostextensive cross-reactions occurred between SV19 and SV48. 

sv48 antiserum neutralized svl9 to within 2-fold of the homologaus titer, although 
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SV19 antiserum failed to neutralize SV48. Other cross-reactions amongst members 
of this group were of a minor nature. The viruses in Groups B, C, and D were 
examined collectively in serological studies. Data taken from a table in the manu
script by these authors (HEBERLING and CHEEVER) have been rearranged and 
are presented in Table 9. SV designations have been used for all the agents listed 
in the table to avoid confusion, and agents Pll and P17 included in the original 
manuscript were eliminated from consideration at the time, due to indecision 
over their identity. It is read.ily seen in Table 9 that SV2 antiserum had the 
broadest antibody coverage as it neutralized svl6' svl8' and sv42 viruses, as well 
as the homologaus sv2 virus. sv2 and sv16 showed two-way cross-reactions, 
as did also, SV42 and SVw SV45 and SV49 crossed one-way, as SV49 antiserum 
neutraJized sv45 virus. 

It is unfortunate that, as yet, all 15 of the simian enteroviruses have not 
been studied for cross-reactions at the sg,me time in one laboratory. HEBERLING 
and CHEEVER may have done this, however, as they state in their publication 
that they observed no cross-reactions between members of their CPE Group A 
viruses and agents belanging to other groups. 

l= 

Table 9. Cross-neutralization Data Obtained from a Selected Group of Simian 
Enteroviruses (HEBERLING and CHEEVER) 

Viruses 
SV, sv .. 

SV2 40 
svl6 20 160 
svls 160 ·10 
SV42 11) 
sv45 
sv49 
<1: 10. 

Antisera 

sv" 

80 

SV., 

10 
1280 

sv .. 

so 
so 

RV49 

10 

320 160 
1280 

The simian enteroviruses are quite stable, surviving for years at -70oC and 
for long periods at 4°C. Lyophilization of SV2, SV6, SV16, SV18, SV19, and SV26 

has not been accomplished. 
SV4 , SV28, and SA4 are listed under the Pieomavirus group because SV4 

possesses the physical and chemical properties of this family of viruses. sv28 

and SA4 have not been studied as extensively as has SV4 , but because of the 
similar CPE which they produce in monkey kidney cultures and some serological 
relationships, it is assumed. for the time being, that they belong in the same 
group as d.oes SV4. It is known that both SV28 and SA4 are RNA, ether resistant 
viruses. Although both SV4 and SV28 were frequently isolated from rhesus mon
key kidney cultures, they were never isolated from stool samples, and it is for 
this reason that they are not included in the enterovirus group. 

sv4 was most thoroughly studied by TAYLOR (129) and by SATTAR and 
RoZEE (118). TAYLOR found by electron microscopic examination that sv4 was 
a particle of 25-30 m[L in diameter. It had a density of 1.31. The CPE, as evalu
ated in Hand E stained thin sections examined by electron microscopy, consisted 
of margination of chromatin and vacuolization of the cytoplasm. These two groups 
of workers likened SV4 to the enteroviruses, or the Columbia SK group, based 

Virol. ~lonogr. 2 2 
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on the above observation, plus stabilization by molar magnesium chloride and 
resistance to a pH of 3.5. They found the virustobe non-pathogenic for suckling 
mice and to agglutinate rhesus RBC at 4°0, but not human type 0, or sheep 
cells. Cross-neutralization tests with EMC and Mengo viruses of the Columbia 
SK group revealed no serological relationship of sv4 to these viruses. SATTAR 
and RozEE, based Oll their Observation, concluded that sv4 was not like the Co
lumbia SK or Coxsackie groups of viruses, and suggested that it should be classified 
as an enteric cytopathogenic orphan virus of simian origin. While it is true that 
it has many properties in common with the human ECHO viruses, there remains 
the fact that apparently it is not an enteric virus, since it has never been isolated 
from the intestinal tract. 

RoSEN (llO) has suggested that sv4 and sv28 may be reoviruses, but admits 
that they are distinguishable from the three established serological types of reo
viruses. Other properties such as size, and lack of recovery from the intestinal or 
respiratory tracts would tend to contradict this. Further, these viruses do not 
produce the large globular cytoplasmic inclusion seen in reovirus infected cells. 
These viruses also probably contain single stranded RNA based on their rapid 
inactivation by formaldehyde. 

During the mid-1950s, SV4 was the mostfrequent contaminant occurring in 
rhesus monkey kidney cultures in our laboratory (SV40 was not yet known at 
this time, nor was hemadsorption used to detect SV 5). Many viruses received 
from other laboratories during this same period were found also to be SV 4 • Of 
918 simian virus isolations made between April 1, 1955, and October 1, 1957, 
504 were identified as SV4. Sixty-five of these were SV28. During a later period 
of time, between January 1, 1958, and May 1, 1962 (when fewer rhesus monkeys 
were being used) 68 simian virus recoveries were made from uninoculated cultures. 
Of these, 15 proved tobe SV28, and only one was identified as SV4 • This experience 
has continued to the present time. SV4 , once the most commonly isolated virus, 
has practically dropped out of existence as an adventitious agent in rhesus mon
key kidney cultures. There is no explanation for this, except as suggested below. 

sv4 and sv28 are very closely related agents with sv28 being the dominate 
member in respect to antigenicity. sv28 antiserum generally neutralizes sv4 
to about the samelevelas it does sv28> but sv4 antiserum, although neutralizing 
sv28> generally does so, to 4-fold or lower titer than it does with the homologous 
virus. In effect, therefore, SV4 could be considered a "prime strain" of SV28, 
or a very slight serological variant of SV 28. Our more recent experience in virus 
recovery from rhesus monkey kidney cultures then would suggest that the domi
nant SV28 virus has replaced the "prime strain" (SV4) which was so prevalent 
during the earlier period of observation. 

SA4 virus isolated from the African green monkey has received little attention 
in our laboratory. In some cross-neutralization tests it was found to cross one-way 
with SV4, but not with SV28. In tests with other antiserum preparations there has 
heen no cross. reactions. For further information concerning this virus the reader 
is referred to the papers by MALHERBE and HARWIN (83, 84). 

Like the enteroviruses, these related types are quite stable at -70°0 and 
at 4°0 for long periods of time, and even survive 37°0 for one month. They 
cannot be lyophilized. 
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IV. Simian Reoviruses 

The simian reovirus group includes two viruses isolated from rhesus monkeys, 
SV12 and SV59 and one from the African green monkey, SA3. Whether or not 
these viruses contain double stranded RNA is unknown, but since the human 
strains do, it is assumed that these simian varieties also do. They are fairly re
sistant to inactivation by formalirr which would further suggest that their nucleic 
acid may be of the double stranded type. All three viruses produce the typical 
large globular type of acidophilic cytoplasmi~ inclusions as seen in cells infected 
with the human prototype, ECHO lO virus (Fig. 4). In the original classification 
by CPE, SV12 and SV 59 were placed in a common group with SV4 and SV28 

since the CPE prod.uced by these agents was similar. A slight difference, however, 
was noted between the CPE of the SV4 and SV28 pair, and that of SV12 and SV 5 9• 

The first timethat ECHO 10 virus CPE was observed in our laboratory it was 
immediately recognized as being essentially identical to that which was produced 
by SV12 and SV 59. This lead to an extensive investigation into the possible serolo
gical relationship of SV12 and SV 59 to ECHO 10 virus. This will be discussed sub
sequently. 

sv12 has been isolated frequently from rhesus monkey kidney cultures and 
once from monkey stool (88). Of the 918 simian virus isolations made in our 
laboratory between April, 1955, and October, 1957, SV12 accounted for 173, 
or about 18 per cent. Its isolation rate has declined sharply in recent years. 
SV 59 was originally isolated from lung tissue of a monkey with a respiratory 
illness by Miss Nancy G. Rogers (Department of Virus and Rickettsial Diseases, 
A.M.S.G.S., Walter Reed, Washington, D.C.). It was received in our laboratory 
labelled agent No. 59, and for this reason, was given the SV designation, SV 59, 

which resulted in the break in consistency of the numbering system. It has 
been recovered only one time from monkey kidney cultures in our laboratory. 

The ultrafiltration studies reported by ATOYNATAN and HsruNG (6) placed 
sv12 in the medium size range of 50 to 130 mfL which was in agreement with the 
size of other known reoviruses. I am unaware of any electron microscopic studies 
with this group of simian viruses. MrNNER (94) in our laboratory found that 
SV12 would hemagglutinate chick, monkey, and human type 0 RBC's at 5°C 
and. that SV59 agglutinated human RBC at 5°C. Both SV12 and SV59 were 
virulent for monkeys by intracerebral inoculation, but infection was limited to 
the epithelial cells of the chorioid plexus. This infection resulted in a flaccid 
type paralysis and d.eath of the monkey. Identical findings were made in monkeys 
inoculated with ECHO 10 virus. Neither virus was pathogenic for small animals. 
Both SV12 and SV59 were found capable of growth in human cells. 

The serological identification of these viruses and their differentiation from 
ECHO 10 virus by neutralization tests was d.ifficult, especially when high titered 
antisera were employed. In an earlier report (56) we showed cross-neutralization 
between SV12 and SV 59 in which the heterologous viruses were neutralized at 
a 4-fold lower titer than were the homologaus viruses. Later when the similar
ity of these viruses to ECHO lO was noted, and also that SA3 isolated by MAL
HERBE and HARWIN (83, 85) was also found tobelang in this group, moreextensive 
tests were performed, not only in our laboratory, but in those of MALHERBE 
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and WENNER. The generaltype of cross-reaction data obtained in our laboratory 
are seen in Table 10. We did not have antiserum to SA3 ; thus, only one-way 
crosses with this virus are indicated. MALHERBE (84), however, did have all 
the antisera and the results obtained 
from his laboratory are seen in 
Table 11. WENNER (135) also per
formed numerous tests with this 
group of viruses, both by determi
nation of serum endpoints, and by 
virus neutralization indices. His data 
from the latter type of assay are 
presented in Table 12. Considering 
the data in all three tables, the sero
logicalrelationship between sv12 and 
SV 59 is confirmed, and it appears 
also that SA3 and ECHO 10 are more 
closely related to SV12 than to SV 59• 

RosEN ( 109) has studied SV 12 and 
SV 59 along with a group of other reo
viruses by the hemagglutination
inhibition method. Based on his fin
dings, he concludes that sv12 is a 
type 1 strain and that SV 59 isatype 2. 
He also mentions in his text that SA3 

is a type 1 strain. Employing only 
antisera prepared against the human 
prototype strains of each of the 3 
serological types of reoviruses, he has 
shown a greater distinction between 
SV12 and SV 59 by HI tests than was 
possible by serum-neutralization 
tests. Certainofthese data taken from 
Table 1 of his paper have been reas
sembled into Table 13. Since he did 
not include antisera prepared against 
SV 12 and SV 59 in his studies, these 
data do not show the complete cross
reaction possibilities by HI tests. His 
findings do, however, demoostrate 
the close relationship between ECHO 

Table 10. Cross-neutralization Data Obtained 
with Simian and Human Reoviruses 

Antisera 
Viruses 

ECHO 10 SVu sv59 

ECHO 10 1024 128 64 
SV12 256 128 32 
sv.a 128 16 128 
SA 3 64 16 16 

Table 11. Cross-neutralization Data Obtained 
with Simian and Human Reoviruses 

(MALHERBE) 
Antisera 

Viruses 
I ECHO 10 SV, sv" SV" 

ECHO 10 89 20 
25 ! 10 

SA 3 320 562 56 25 
SV12 47 117 1~~ I 

11 
sv.a 56 I 12 80 

Table 12. Virus Neutralization Indices jor 
Simian and Human Reoviruses (WENNER) 

Sera 

ECHO 10 

TCID" of viruses neutralized 

ECHO 10 

100,000 
100 

10 

sv" 

20,000 
2,000 

320 

SV" 

320 
320 

1000 

Table 13. Typing of Human and Simian 
Reoviruses by Hemagglutination-inhibition 

(ROSEN) 
Sera 

Viruses Type 
ECHO 10 I D.5 Abney 

ECHO 10 I :2'-1280 <10 <10 
D5 li <10 40 <10 
Abney I li <10 <10 320 
SV12 I 640 <10 <10 
sv.9 li <10 20 <10 

10 and SV12 and between SV 59 and the D5 prototype strain of Group II reoviruses. 
With this human prototype virus antisera RosEN showed no cross-reaction be
tween sv12 and SV 59' ROSEN's data suggest that HI tests may be more specific 
for determination of serotypes amongst this group of viruses than were the neu
tralization tests employed in the other laboratories. 

These simian reoviruses are quite stable, surviving -70oC for years and 4oC 
for many months. They can also be preserved by lyophilization. 
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V. Simian Herpesviruses 

Four viruses have been isolated thus far from monkeys which can be classified 
~s herpesviruses, based on their physical and chemical properties, their culture 
characteristics and the production of Type A intranuclear inclusion bodies in 
jnfected cells. B virus originally described by SABIN (117) is commonly isolated 
from rhesus monkeys and other Asiatic species. Wehave recovered the virus on 
several occasions from cynomolgus monkeys, as has been reported, also, by W oon 
and SHIMADA (136). There is a question, however, in these two laboratories as 
to the possible spread of the virus from rhesus monkeys to the cynomolgus, as 
both species were present. HARTLEY (39), on the other hand, has observed natural 
infection in cynomolgus monkeys which had not been exposed to rhesus monkeys. 
ENDO et al. (29) have reported the presence of B virus antibodies in three Asiatic 
species, Macaca fuscata, M. cyclopsis and M. iris. Thus, it seems safe to conclude 
that B virus is indigenous in various species of Asiatic monkeys, but it has not 
been isolated, as yet, from African, or New World monkeys under natural condi
tions. That it can be artificially passed to African monkeys was demonstrated 
by KIRSCHSTEIN (73). She successfully, although by accident, transmitted the 
virus from rhesus to African green monkeys, and patas monkeys by the oral 
route. In the same experiment she also infected cynomolgus monkeys. 

Although the African green monkey does not appear to be a carrier of B. 
virus, it does have a herpesvirus of its own, SAg, isolated and described by MAL
HERBE and HARWIN (83, 85). In over six years' experience with African green 
monkeys we have never encountered, or isolated, SAg virus in our laboratory. 
It is likely, therefore, that SAg is not nearly so common a virus in the African 
green monkey as is B virus in the Asiatic species. 

MHV, the marmoset herpesviruswas isolated from marmosets independently 
by HoLMESet al. (45) and by MELNICK et al. (91). HoLMESet al. have suggested 
that this virus be called Herpesvirus tamarinus after the animal species from 
which it was first isolated. This virus is essentially 100 per cent fatal to the mar
moset; thus, it seemed unlikely that this was the natural host of the virus. Further 
studies (20) have indicated that squirrel monkeys generally have high levels 
of antibody against this virus; thus, they may be the natural host. Antibody also 
was found in an occasional capuchin and spider monkey. The virus has been 
isolated also from owl monkeys by HUNT and MELENDEZ (65). 

SMV is a temporary designation for a new herpesvirus not yet described in 
the literature. It was isolated from a spider monkey by LENNETTE and has been 
further studied and characterized in our laboratory. Preliminary serological studies 
with different species of South American monkey sera suggest that the virus 
may be more or less restricted to spider monkeys in their native habitat, although 
an occasional squirrel or capuchin serum showed low levels of neutralizing anti
body. This virus will be described in greater detail in a forthcoming publication 
from our laboratory. 

Since these four simian herpesviruses are indigenous in monkeys from widely 
.separated geographical areas it would not seem necessary to go into great detail 
as relates to the differentiation of the four types; however, as many laboratories 
now use, and frequenly house together, monkeys of different species, it does 
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become important to study isolates carefully in order to determine if cross
infection of species has occurred. The viruses can be distinguished by serological 
tests, but there are also some other differences within the group. All four simian 
strains, plus herpes simplex virus, grow readily in primary rabbit kidney cells, and 
in strain LLC-RK1 (60). B virus, MHV and SMV all grow in human cells, but no 
information is available on the susceptibility of human cells to SAg virus. SMV, 
MHV, and herpes simplexviruswill not grow in the rhesus monkey kidney strain, 
LLC-MK2 (59), but B virus is readily cultivated in this strain. Again, no informa
tion is available concerning SAg. All the viruses will infect African green mon
key kidney cells. In rabbit kidney cells SAg and MHV are more destructive 
than are the other three viruses. The CPE produced by B virus in rabbit kidney 
is quite unlike that produced by the same virus in monkey kidney cells. In the 
latter, large multinucleated giant cells are seen with spike-like processes extend
ing from the cytoplasm. It is a very striking CPE, which, in itself, is essentially 
adequate to identify the virus. The CPE in rabbit kidney, on the other hand, 
amounts essentially to rounding up of the cells without enlargement. The in
fected cells eventually undergo necrosis and slough off of the cell sheet. Herpes 
simplex virus tends to produce a CPE in rabbit kidney cells somewhat more 
like B virus does in monkey cells. The other simian herpesviruses produce CPE 
in rabbit kidney cells somewhat like that seen with B virus. 

The virulence of these viruses for small animals also aids in their differenti
ation. B virus is highly virulent for the rabbit by all routes of inoculation. Herpes 
simplex virus, likewise, possesses considerable virulence for the rabbit, but requires 
larger doses by some routes of inoculation than does B virus. All five viruses will 
produce local skin lesions in rabbits, andin respect to SAg, this is about the extent 
of its virulence. SMV produces local lesions which in some animals is followed 
by CNS involvement and death. MHV by the intracerebral route produces me
ningoencephalitis and death. MHV, SMV, and herpes simplex virus allarevirulent 
for mice, while B virus infects only an occasional animal and the infection cannot 
be further passaged to other mice. All of these viruses will produce local lesions 
on some occasions following intradermal inoculation in guinea pigs. None produce 
generalized disease and death in this species. 

What these viruses will do in respect to infecting other monkey species is 
little known, but such information is badly need.ed. As mentioned previously it 
has been shown that some African species can be infected. experimentally with 
B virus but no generalized. or paralytic type disease was evident. MHV, which 
probably is ind.igenous in squirrel monkeys without producing fatal d.isease is 
highly virulent for the marmoset. Beyond these observations our knowledge, 
relating to the susceptibility of various species of monkeys to these viruses, is 
a blank. 

As already indicated, it is necessary to include herpes simplex virus in any 
comparative studies of this group of viruses since it is a common human virus 
closely related to this group of simian herpesviruses. Some cross-neutralization 
is seen amongst members of this group, but the degree of crossing will vary 
with different lots of typing sera. We also have noted some differences between 
rabbit and guinea pig antisera, but this may be due to the fact that guinea pigs 
generally produce higher titer sera than do rabbits immunized with these viruses. 
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Table 14 indicates the cross-reactions obtained in recent tests with guinea pig 
antisera. Some of these cross-reactions, especially those between SA8 and B virus, 
are greater than those obtained in earlier studies, and are much more extensive 
than those obtained with lower titered rabbit produced antisera. SA8 also s:b.ows 
cross-reactions with herpes simplex virus. The usual, one-way cross between B 
virus and herpes simplex virus is evident. MHV and SMV show only low Ievel 
crossing with each other, and not with any of the other agents. NowAKOWSKI and 
DEINHARDT (97) have shown an extensive one-way cross between thesetwoviruses 
which we have yet to confirm in our laboratory. 

The performance of neutralization tests with these viruses needs special 
comment. These viruses all require complement, or a complement-like accessory 
factor for neutralization. If fresh sera are employed satisfactory tests generally 
can be performed without "potentiating" the sera, but as a routine procedure, 
we add 5 per cent fresh normal guinea pig serum to the virus-serum mixture. 

Table 14. Oross-netttralization Data Obtained with Simian Herpesviruses 

Sera 
Viruses 

B·virus \ H. simplex I MHV SA, SMV 

B Virus 64 <8 <8 32 <8 
H Simplex 32 ::;:._ 1024 <8 64 <8 
MHV <8 <8 ::;:._ 2048 <8 8 
SA8 16 8 <8 ;:::::256 <8 
SMV <8 <8 8 I <8 128 

This can best be accomplished by adding 10 per cent serum to the virus challenge 
dose, which, when mixed with equal parts of antiserum, reduces the guinea pig 
serum to 5 per cent. If sera are heat inactivated, then the addition of "potentiating" 
factor is a necessity to obtain the full potential titer of the antiserum. Low 
titered antisera (1 :32 or less) when heat inactivated show no titer at all. If fresh 
normal guinea pig serum is add.ed to such sera, the full titer is restored. The 
higher the titer of the serum, the lesser the effect of heat inactivation is noted. 

The simian herpesviruses are quite labile viruses and. will lose some titer 
on prolcnged. storage at -70°0. They survive for a few weeks at 4°0 but with 
a consid.erable d.rop in titer. B virus is inactivated after 7 days' exposure at 
37°0. We have not attempted lyophilization of these viruses; however, SABIN 
did lyophilize B virus successfully. 

One agent, SA6, is included in Group B liste«:J. under the herpesviruses (Table 2) 
as a representative of the simian cytomegaloviruses. This viruswas isolated from 
African green monkey kidney cultures and described by MALHERBE and HARWIN 
(83, 85). Wehave been unable to cultivate the virus in our laboratories. The original 
investigators recovered a number of strains of this virus from kidney cultures, 
but found also that a similar agent (by histological studies) could be recovered 
from green monkey salivary glands. Focallesions were proiuced in cultures, and 
by cytophagocytosis several cells were seen to combine. Eosinophilic inclusion 
bodies were seen in the nuclei of infected cells. Serological studies were limited 
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due to the poor antigenicity of the virus. Thus, it is not known if all the strains 
iso1ated were identical. For very beautiful colored photographs of cells infected 
with this and other SA viruses, the reader is referred to reference (85). 

VI. Poxviruses 
Three viruses are included in this group but perhaps only one, monkey pox

virus, is a true poxvirus. Yaba virus has some poxvirus-like properties, while 
YLD is a newly isolated agent which produces a Yaba-like disease in monkeys. 
lt has properties, however, which differ from those of Yaba virus. 

Monkey poxvirus was first iso1ated and described by VON MAGNUS et al. (81). 
Two outbreaks of pox-like disease occurred in cynomolgus monkeys in their 
institute. The first outbreak Iasted two weeks and involved 20 per cent of the 
monkeys in the group. In the second outbreak 30 per cent of the animals in the 
colony showed evidence of infection. The clinical disease in the monkey was 
characterized by a generalized petechial rash which progressed into a maculo
papular eruption. Lesions were seen over the entire body. The animals were not 
morbid, or otherwise affected by the disease except that scratching of the lesions 
suggested itching. The lesions gradually were covered with a crust which eventu
ally sloughed, leaving a distinct scar. 

A viruswas isolated from the dermallesions which grew in monkey kidney, 
human amnion and HeLa cells. It was cultivated also in embryonated eggs and 
was virulent for rabbits, adult and suckling mice. The cultivated virus, on rein
oculation, produced dermallesions in cynomolgus monkeys. Guinea pigs and chick
ens were resistant to infection. Electron micrographs of the virus obtained directly 
from the pustular lesions, and from the chorioallantoic membrane of egg passaged 
material, revealed the brick-shaped elementary bodies common to the pox
viruses with dimensions of approximately 200 by 150 m[J.. 

Serological studies revealed that the monkey poxvirus was closely related 
to vaccinia, but not identical to it. Hyperimmune rabbit and human vaccinia 
antisera extensively neutralized both viruses, although less monkey poxvirus 
was neutralized than vaccinia. In CF tests with this hyperimmune rabbit serum, 
complement fixation was about 2-fold lower with monkey poxvirus than it was 
with the homologous vaccinia antigen. Hyperimmune rabbit serum prepared 
against the monkey poxvirus fixed complement with vaccinia virus to consider
ab1y higher titer than it did with the homologous virus. Both vaccinia and mon
key poxvirus harvested from chick embryo chorio-allantoic membranes hem
agglutinated chicken RBC's. Tissue culture grown virus did not. In HI tests, 
4HA units of vaccinia virus titered both vaccinia and monkey poxvirus antisera 
to the same Ievel. An antigenic difference was demonstrated in agar-diffusion 
precipitation tests. Both viruses were tested against vaccinia antiserum. The 
precipitation patterns were divided into two major zones, each of which contained 
minor zones. The vaccinia virus produced three zones in one of the patterns while 
in the same area, monkey poxvirus produced only two zones of precipitation 
which were spaced further apart than the similar zones produced by vaccinia 
virus. These authors showed further that monkey poxvirus was serologically 
unrelated to herpes simplex or to B virus. In addition to the serological data, 
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the similarity of monkey poxvirus to vaccinia was demonstrated by cross-protec
tion tests in rabbits. Rahbits which recovered following scarification with either 
virus were immune to challenge with both viruses. 

Monkey poxvirus produced lesions on the chorio-allantoic membranes of 
embryonated eggs and on the scarified rabbit eye very similar to those produced 
by variola virus. The fact, however, that it could be continuously passaged in 
adult mice by the intracerebral route, and in the rabbit by intradermal inocul
ation, served to distinguish the virus from variola. Further, no evidence was 
obtained that continued passage of the virus in mice or rabbits led to a trans
formation to vaccinia virus. The ability to produce variola-like pocks on the 
chorio-allantois was retained through three passages. The failure of the virus 
to infect mice by intradermal or intraperitoneal inoculation, along with its in
ability to agglutinate mouse red blood cells served to differentiate it from ectro
melia virus. Attempts to identify the virus as cowpox by precipitation diffusion 
tests failed, and, also, the lesions produced on the chorio-allantoic membrane 
were unlike those produced by cowpox. 

In embryonated eggs, the virus produced titers of I0-8 or greater, while in 
tissue culture the titers varied between I0-4 and I0-6• Tissue culture fluids titered 
in eggs, however, werein the 10-6 to 10-7 range. The virus could be lyophilized 
and was stable for several months at -60°C. Considerable viruswas lost during 
a week's storage at -15°C and a gradual decrease occurred over several weeks 
at 4°C. The virus was quite resistant to inactivation by ether. Inactivation by 
a 1 in 4000 formaldehyde concentration at 37aC was accomplished after 50 hours' 
exposure. 

Various other reports of the isolation of monkey poxvirus have appeared in 
the literature, most of which confirmed or extended the studies of VON MAGNUS 
et al. SAUER et al. (119) and PRIER et al. (101) in 1960, described their experiences 
with outbreaks of monkey pox in laboratory colonies. They found the infection to 
be both more severe and more prevalent in Macaca philippinesis (cynomolgus) 
than in M. mulatta (rhesus). The more severe infections in M. philippinesis pro
duced generalized edema, respiratory failure and some deaths. In one group of 
18M. philippinesis, all had HI antibody to monkey poxvirus, while only 6 in a 
group of 23 M. mulatta were positive. In a colony of 2000 monkeys composed 
of 56 per cent M. mulatta, 41 per cent M. philippinesis, and 3 per cent Cerco
pithecus aethiops, sporadic clinical disease occurred in about 10 per cent of the 
animals. Most of these cases were seen in M. philippinesis monkeys. These authors 
isolated and grew the virus in rabbit and monkey kidney cultures and in embryo
nated eggs. By cross-HI tests they were unable to distinguish the virus from 
vaccinia, but by cross-CF tests a slight serological difference was noted. They 
confirmed the virulence of the virus for the rabbit and for the mouse by intracere
bral inoculation. They also produced lesions by inoculation of the guinea pig foot 
pad, but could not produce dermal lesions in this animal. Infected cells from 
monkey lesions or from tissue cultures, contained cytoplasmic inclusion bodies 
similar to those seen in vaccinia or variola infected cells. The lesions seen in the 
monkeys were described as similar to those seen in humans infected with smallpox. 

Another interesting report by McCoNNELL et al. (87) described an episode of 
monkey pox disease in cynomolgus monkeys following whole body X-irradiation. 
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These monkeys had been in the laboratory for some time, and were in apparent 
good health prior to X-irradiation. Forty-five days after a dose of 350 r one 
animal showed clinical evidence of pox disease, and a second animal did so four 
days later. Severe facial and cervical edema, hemorrhagic ulceration, dyspnea, 
and bloody diarrhea, depicted the severity of the disease. Both animals died 12 
days after onset. The infection spread to one non X-ray treated monkey which 
survived. The virus was isolated and cultivated in rabbit and monkey kidney 
andin embryonated eggs. Like the other authors, they also found the virus to be 
identical with vaccinia by cross-HI tests, and to have virulence for adult mice by 
the intracerebral route. A survey of the colony of 28 cynomolgus monkeys revealed 
that 89 per cent possessed HI antibody to monkey poxvirus. One group of 45 
cynomolgus monkeys in a separate area showed only 11 per cent positive for anti
body. In cantrast to some of the other reports, they found that 77.5 per cent of 67 
rhesus monkey sera were antibodypositive at levels of 1:80 or greater. They conclu
ded that monkey poxvirus was a latent infection, activated by the X -ray treatment. 
VON MAGNUS et al. (81) reported also that they recovered the virus from kidney 
cultures prepared from monkeys in their colony at the time the outbreak of d.isease 
occurred. It may well be that monkey poxvirus is a latent virus in cynomolgus 
and rhesus monkeys, but, if so, the recovery of this virus from monkey kidney 
cultures is a rarity. It has never been isolated in our laboratory, nor identified 
in any of the many samples of simian viruses sent to us by other investigators. 
Based on our experience (unpublished) in the recovery of latent vaccinia virus 
from rabbits, the spieen is much more likely to contain virus than is the kidney. 
Perhaps if many monkey spleens were cultivated, more evidence of latent monkey 
poxvirus infection would be detected. 

Yaba is a pox-like virus which produces histiocytomas in monkeys. The 
disease was first recognized by BEARCROFT and JAMIESON (9), in rhesus mon
keys at Yaba, near Lagos in Nigeria. A tumor-like growth was first observed on 
the eyelid of a rhesus monkey. Within six months, 20 of 35 animals in the colony 
became infected. The infection spread naturally to one dog-faced baboon and was 
experimentally transmitted to cercopithecus monkeys. Patas and cercocebrus 
monkeys resisted the infection. The infected animals showed no evidence of mor
bidity or emaciation. Multiple tumors developed along the course of lymphatic 
drainage of the original tumor site. The growth eventually sloughed, and the 
area healed. No metastases to the viscera were noted. Histologically, the tumors 
were pleomorphic with a predominance of large cells with abundant cytoplasm. 
Acidophilic rounded, or irregular-shaped bodies, of 1 to 5 fL were seen in thc 
cytoplasm. 

The viruswas studied in greater detail by NIVEN et al. (96). They found that 
cynomolgus and cercopithecus monkeys were susceptible, but that patas, cerco
cebrus and capucin monkeys were resistant. Mice, rabbits, and embryonated 
eggs also were resistant. The virus particles seen in the cytoplasm of infected 
cells possessed the morphological and cytochemical properties of vaccinia virus. 
Electron micrographic studies of tumor sections revealed changes similar to those 
seen in poxvirus infected cells, but they could show no immunological relation
ship to vaccinia or Orf viruses. Dense particles of 280 IDfL size were seen in cyto
plasm. Some evidence of virus growth with CPE was obtained in monkey kidney 
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cultures, but not in HeLa or chick embryo tissue cultures. OPE in monkey kidney 
cultures consisted of cellular enlargement with intense granulation of the cyto
plasm. In later passages multinucleated cells with highly vacuolated cytoplasm 
were seen. Following three passages in culture, the virus retained its ability to 
produce tumors in monkeys but lost this on further passage. 

Gradocol membrane ultrafiltration studies revealed that the virus would 
pass 0.65 [l, but not 0.23 [l membranes. The virus was successfully lyophilized, 
and was stable for at least eight months. The elementary bodies were visible 
by Victoria blue stain, and shown tobe DNA by acridine orange. 

The growth and assay of the virus in tissue culture was further studied by 
LEVINTH.AL and SHEIN (79) who employed immunofluorescent technics to follow 
the development of the virus. They obtained growth in both primary human and 
primary green monkey kidney cultures. The human cells produced less virus than 
did the monkey cells. Little virus was released into the culture fluids, and the 
authors described contiguous spread of the virus from cell to cell. OPE was seen 
only when massive doses of antigen were present in the cells as determined by 
immunofluorescent staining. The virus was carried through three passages in 
monkey kidney and six in the human cells. Growth was slow with long periods 
between subcultures. 

YoHN et al. (137, 138, 139, 140) have undertaken extensive studies with Yaba 
virus, including investigation of its growth and assay properties, purification and 
chemical characterization. Information relative to the latter two subjects was 
very kindly supplied by Dr. YoHN (141). In their initial studies they obtained 
growth of the virus in LLO-MK2, MA-10 (human embryonie kidney) and BS-0-1 
cell strains. No growth was noted in bovine kidney or chick embryo cell cultures. 
BS-0-1 cells were the mostsensitive for assay of the virus extracted from tumors 
andin this respect were equal to assay by monkey inoculation. BS-0-1 cells were 
used for further studies of the growth kinetics of the virus in vitro. Virus syn
thesis was followed sequentially with light and immunofluorescent microscopy, 
and by histochemical technics. The virus grew in foci of infections and spread 
contiguously from cell to cell. Oytoplasmic inclusions were apparent after 4 d.ayE 
of incubation. The complete synthetic cycle required 50-60 hours. OPE was 
observed in five days in heavily infected cells, but with 100 infectious units or 
less per culture, 10 to 14 days were required to detect OPE. The foci developed 
the characteristics of "microtumors", three to four cell layers thick. Mitotic 
cells were seen at the periphery of the microtumors, but not in the center of the 
lesion. In further studies the optimal method for Yaba virus assay in BS-0-1 
cells was determined. Medium 199 containing 50 per cent bovine amniotic fluid 
with 2.0 mM calcium and l.O mM of magnesium at pH 7.0 was the most satis
factory diluting fluid. Adsorption at 25°0 for 18 hours followed by incubation 
at 35°0 gave the most reproducible assay results. Direct enumeration of foci of 
infection by microscopic examination or by immunofluorescence was employed to 
determine end-points. End-points were expressed as FFU (focus forming units). 

The synthetic cycle in BS-0-1 cells of Yaba virus extracted from tumor 
tissue was unlike that of vaccinia, rabbit pox or Shope fibroma virus. The vaccinia 
infectious cycle was four to six times more rapid than was that of Yaba virus. 
· A further characteristic which distinguished Yaba virus from vaccinia was in 
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respect to its ready inactivation by ether. Vaccinia viruswas relatively resistant 
to such inactivation. In this respect Yaba virus was said to be more like the 
myxoma poxvirus group. 

The virus has been carried through eleven passages in BS-C-1 cells with 
titers in the range of 106 to 108 FFUJml obtained on the fifth to eighth day after 
inoculation. Virus neutralization tests were accomplished by determining the 
per cent inhibition of FFU. 

YoHN and co-workers (141) have gathered extensive data relating to the ex
traction, purification and chemical analysis of Yaba virus, as weil as from studies 
of metabolic inhibitors, and surveys of simian and human populations for anti
body to Yaba virus. Details of these findings will be published in the near future. 
Virus was purified by means of Genetron treatment, Sedimentation in sucrose 
gradients, digestion with nucleases and by isopycnic banding in CsCl gradients. 
From these studies they found the buoyant density tobe 1.291. DNA was ex
tracted from purified virus and analyzed chemically for base ratios. The guanine 
plus cytosine ratio for the virus was in the order of 33.0 to 36.0 moles per cent. The 
tumor tissue DNA contained ratios of 44.2 to 45.3 which was essentially the 
same value obtained with monkey liver DNA. Determination of virus base ratios 
by melting point curves and isopycnic density gradient centrifugation methods 
yielded guanineplus cytosine values of 32.0 and 33.0 per cent. 

GRACE et al. (36) have demonstrated the susceptibility of man to Yaba virus. 
Six volunteers were inoculated intradermally and all developed nodules at the 
site of injection within five to seven days. The nodules grew slowly to a size of 
2 cm, then rapidly sloughed. Virus was readily recovered from these lesions. 
The histology of the nodules was similar to that described for the monkey tumors. 
Serial passage was accomplished in man, and CF antibodies developed in infected 
individuals. Human susceptibility had been first demonstrated through a labor
atory accident. A worker was accidentally stuck in the web of the hand with a 
Yaba virus contaminated needle. A slight erythema appeared several days later, 
but quickly disappeared. Four months later a nodule appeared and grew to a 
size of 2 cm before it was excised. The histopathology was like that of a Yaba 
tumor and CF antibody was present in the serum. 

Yaba-like-disease virus, YLD, was isolated by EsPANA (30) from monkeys 
during an outbreak of Yaba-like-disease at the National Center for Primate 
Biology, Davis, California. Ten different species of monkeys werein the compound 
but only the rhesus and cynomolgus monkeys became infected. About 40 per cent 
of the animals in gang cages became infected. The lesions were unlike those of 
vaccinia or smallpox. They were more tumor-like, but had soft crater-like centers. 
The lesions involved the epidermis like vaccinia or molluscum contagium, whereas, 
Yaba tumors do not. These tumor-like lesions did not exceed 25-40 mm in size, 
and, thus, were smaller than Yaba tumors. The lesions healed in about two weeks, 
and the monkeys showed no other clinical signs of illness. A viruswas isolated 
from the monkeys' lesions in BS-C-1 cells. The virusalso was cultivated in primary 
green monkey kidney cultures, human embryonie skin-muscle cultures, Wl38, 
a.nd human embryo kidney, but grew poorly in HeLa and rabbit embryo kidney 
cells. No growth was obtained in LLC-MK2 or RK13 cell strains. The virus grew 
in foci as does Yaba virus, but progressed more rapidly. CPE with celllysis was 
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observed in three to five days and titers were in the order of 10-4.0(1.0 ml. In
clusion bodies were prominent in the cytoplasm. Following 12 tissue culture 
passages, the virus was still infectious for monkeys. Mice, guinea pigs, rabbits, 
and embryonated eggs resisted infection with YLD virus. In cross-CF tests with 
SJlecific anti-sera against Yaba and YLD, no cross-reactions were seen. 

During the course of this outbreak, eleven cases of the disease occurred in 
animal handlers. Bites, scratches, or some trauma preceded the human infections. 
The skin lesions in man were similar to those seen in monkeys, but other clinical 
symptoms were also present. These were marked by severe lymphadenopathy 
and high fever. All patients survived and developed CF antibody to YLD virus. 
These sera, with one exception, however, did not fix complement with Yaba virus. 

YoHN and his associates (141) also studied the YLD virus obtained from 
EsPANA. By electron microscopic studies they concluded that it was a poxvirus, 
and also found that cells infected with YLD showed immunofluorescence with 
Yaba virus antiserum. They agreed, however, that it grew more rapidly in tissue 
culture than did Yaba virus, and that it produced smaller cytoplasmic inclusion 
bodies. Yaba virus CF antihoclies were detected in two of six monkey sera tested 
but in only one of forty-two sera from animal handlers. The one positive serum 
was from a patient with active lesions. Sera from six other individuals who had 
previously been infected with YLD virus failed to react at significant Ievels with 
Yaba CF antigen. Stained sections of YLD tumors failed to reveal typical cyto
plasmic inclusions and the histology was unlike that seen in the Yaba virus-in
duced tumors. Grossly, however, the two tumors appeared similar. Thus, from 
what is now known, YLD virus appears to be related to Yaba, but has certain 
features which distinguishes it from the original Yaba strain. 

VII. Myxoviruses 

This group contains two true myxoviruses, SV 5 and SV4v as weil as the foamy 
viruses, which, like measles virus, resemble the myxoviruses. SV 5, a frequent 
contaminant was one of the earliest recognized latent viruses in simian kidney 
cultures. It, perhaps, has attracted more attention in the Iiterature than any of 
the other simian viruses with the exception of SV 40• SV 5 is indigenous in Asiatic 
and African monkeys, but has been isolated from man (53, 121) and antibody 
to SV 5 has been demonstrated in human serum (7). Its similarity to mumps 
and to CA viruses (now called parainfluenza 2) was recognized early (55) and later 
it was clearly shown to be a member of the parainfluenza group by CHANOCK 
et al. (16). Its identity as a myxovirus is confirmed by the following propertieR: 

1. Remagglutination of erythrocytes. 

2. Sensitivity of red cell receptor sites to RDE. 

3. Ether sensitivity. 

4. Growth in embryonated chicken eggs. 

5. Size: 90-150 m[L. 

6. Nucleic acid core contains RNA. 

7. Virus matures at cell surface. 
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It was reported previously (55) that SV 5 showed a marked seasonal variation 
in its occurrence as a latent virus in rhesus monkey kidney cultures, with the peak 
in the fall months. ÜHANOCK et al. (16) reported similar observations. Our original 
findings, however, were based on the appearance of CPE in the infected cultures, 
but, later, when hemadsorption was employed, the virus was isolated at other 
times of the year when CPE was not evident. More recent experience gained through 
studies with the African green monkey revealed that in this species, SV 5 was 
most prevalent in the kidneys from early spring to late fall, but produced a detect
able CPE much less often than it did in rhesus monkey kidney cultures. Cultures 
prepared from monkeys received from December to April were rarely found to 
contain SV 5. 

The CPE produced by SV 5 was characterized by patches of fused or coalesced 
cells containing from several to many nuclei and resembled giant cells. These 
areas of coalesced, or fused cells, in monkey kidney cultures never were as large 
nor contained as many nuclei as did the syncytia produced by foamy viruses, 
respiratory syncytial or measles viruses. HoLMES and ÜHOPPIN (47) however, 

Table 15. Cross-neutralization Tests w-ith SV 5 

Mumps and Parainfluenza Viruses 

Sera 
Viruses Para 1 Para 2 Para 3 SV, Mumps 

Parainfluenza type I 32 <32 <32 <4 4 
Parainfluenza type 2 <4 512 <32 4 <4 
Parainfluenza type 3 <4 <32 256 <4 <4 
SV5 4 <32 <32 1024 32 
Mumps 4 32 32 32 512 

did observe large syncytia in BHK-21-F cultures infected with SV5 , but these 
cells produced little infectious virus. These authors also commented on the minimal 
cytopathic effects seen in monkey kidney cultures. This is true sometimes as the 
extent of CPE may range from none at all, to extensive degeneration of the cul
tures. As previously noted, the extent of the CPE varied at different times of 
the year when the virus occurred as a contaminant in rhesus monkey kidney 
cells. In the serial passage of the virus in primary rhesus monkey kidney cultures 
the extent of CPE varied from time to time. Whether these observations reflected 
differences in the cells, or in the virus seed, remains to be determined. When the 
virus is continuously propagated in strain LLC-MK2, however, CPE is a con
stant property. 

The serological relationship of SV 5 to the parainfluenza viruses and to mumps 
is seen in Table 15. Immune rabbit sera were employed in these studies, prepared 
from animals whose pre-immunization sera were negative for antibody to this 
group of agents. The parainfluenza 2 and 3 sera were toxic at Ievels below 1 :32, 
thus, possible low Ievels of crossing with these two sera were undetected. It is 
seen from these data that SV 5 and mumps viruses crossed both ways at low Ievels. 
Mumps virus was also neutralized to some extent by the parainfluenza antisera. 
ÜHANOCK et al. (16), compared SV 5 to parainfluenza Type 2 virus by CF and HI 
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technics. Their findings are presented in Table 16. As noted, they found a one way 
cross-reaction by CF tests, as the parainfluenza 2 antigen reacted with SV 5 

antiserum, but SV 5 antigen did not fix complement with parainfluenza 2 anti
serum. No cross-reactions were obtained in the HI tests. 

Two viruses isolated from man and described in the literature under düferent 
names appear to be serologically identical with SV 5. The SA virus was isolated 
by ScHULTZ and HABEL (121) in 1951 from nasal washings of an individual with 
a respiratory infection. These washings were inoculated into embryonated eggs, 
and then sub-passaged by the intracerebral route into hamsters. Mild to severe ill
ness occurred in hamsters, in some cases, progressing to spastic paralysis and death. 
The virus isolated possessed all the properties of a myxovirus and was described 
as a new member of the group. Later, CHANOCK et al. (16) stated, but without 
supportive data, that the SA virus was serologically identical to SV 5• If this is 
true, the virulence of the SA virus for hamsters is not common to the SV 5 proto
type virus (strain 2105-2WR). DA virus reported by HsruNG and IsACSON (53) 
was isolated from the post mortem blood of a patient with infectious hepatitis. 

Table 16. Serological Relationskips between SV 5 and Parainfluenza 2 Virus 
by Complement Fixation and Hemagglutination-inhibition 

Viral antigens 

Sera CF Hl 

SV, Parainfluenza 2 SV, Parainfluenza 2 

SV5 pre <10 <10 <10 <10 
SV 5 post 32 80 1280 <10 
Para 2 pre <10 <10 <10 <10 
Para 2 post <10 320 <10 640 

The virus was isolated both in human and in monkey kidney cells, and was 
repeatedly isolated from the same specimen in human kidney cultures. No other 
organs or tissues yield virus in either culture system. It appeared unlikely, there
fore, that the virus recovered was a latent agent in the monkey kidney cultures 
employed. These authors demonstrated, however, that the viruswas serologically 
identical to SV 5. 

Many isolations of SV 5 virus have been made in numerous laboratories, and 
from a variety of sources. There is but little evidence that antigenic difference 
exists amongst these isolates. One strain was isolated in our biological control 
laboratories which did show some slight serologic variation from the prototype, 
but this was only evident when cross-neutralization tests were performed. SV 5 

antiserum neutralized this new strain to the same extent as the homologaus 
virus, but antiserum prepared against the new isolate neutralized the prototype 
SV 5 strain to 4-fold, or less, titer than it did the homologaus virus. Thus, if one 
had only SV 5 antiserum available for identification purposes, this variant would 
not be detected. The designation of SV sA was given to the variant, and, although 
it has never been described in the literature, its existence has been known by people 
working in the field through communication with our laboratory, and as the result 
of discussions held during meetings of the N.I.H. Simian Virus Committee. 
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EsPMARK (31) detected a difference in strains of SV5 isolated in his laboratory 
in respect to hemagglutination, egg inoculation, serology, and plaque morphology. 
His strains were isolated from uninoculated primary cultures of cynomolgus 
monkey kidney. One strain designated A V188 was more like the prototype strain 
of SV 5 than was the other, referred to as AV174. Strain AV188 hemagglutinated 
fowl cells at all temperatures, as does the prototype strain, but the AV174 strain 
agglutinated cells only at 4°C and eluted rapidly at 37°0. Strain AV188 also 
produced hemolysis at high concentration. Cells from which strain AV174 had 
been eluted could be agglutinated by strain A V188, which suggested that the 
two strains had düferent positions in the "receptor gradient". By HI tests anti
AV188 serum inhibited both strains to the same degree, whileanti-AV174inhibited 
A V188 at a 4-fold lower titer than it did its homologous virus. In this respect 
these two strains behaved very much like SV 5 and SV 5A did in cross-neutralization
tests. In plaque assays, in monkey kidney cultures, strain AV174 produced smaller 
plaques than did strain A V188. In attempts to cultivate the two viruses in em
bryonated eggs, strain AV174 grew readily by the allantoic route of inoculation, 
while strain AV188 required three amniotic passages before adaptation to the 
allantoic sac was attained. The latter finding again was in agreement with our 
experience with the prototype strain of SV 5. Although we have not compared 
SV 5 and SV oA by all the methods employed by EsPMARK, the indications are, that 
SV 5 and strain AV188 are similar, as are also, strains AV174 and SV oA· 

CHOPPIN (18), CHOPPIN and STOEKENIUS (19), and HoLMES and CHOPPIN 
(47) have made a very thorough study of the structure and growth properlies 
of SV 5• Their work was not done with the prototype strain, but with one referred 
to as W3 shown to be serologically identical to the prototype virus. By electron 
micrographic studies, CHOPPIN and STOEKENIUS (19) found the virus to be similar 
to the NDV, mumps and parainfluenza group. Most particles were spherical and 
approximately 120 IDfL in diameter, but some pleomorphic particles measured 
up to 460 mfL in their largest dimension. The complete virions contained an 
internal component which was a flexible single stranded helix with an elliptical 
cross section. It appeared to be composed of ellipsoidal subunits with a long axis 
of 55 to 70 A, and about 25 A on the short axis. The diameter of the internal 
component was in the order of 150 to 180 A. Projections, 100 A in length were 
seen on the surface of the virus envelope. These findings were in keeping with 
similar observations made on other members of the NDV, mumps and parainflu
enza group of viruses. 

CHOPPIN (18) described a minimal CPE produced by his strain of SV 5 in mon
key kidney cells, but which was similar tothat previously described (55). Follow
ing inoculation of 40 to 70 PFU (plaque forming units) per cell there was a latent 
period of 6 to 7 hours. Exponential growth occurred between 12 and 30 hours 
with a doubling time of 50 minutes. Virus production continued for 31 days in 
such cultures. By 24 hours after inoculation, the virus concentration had increased 
to 500 to 1500 PFUJcell. When cultures were inoculated at high multiplicities 
of virus to cells, no autointerference, production of interferon, nor development 
of incomplete virus occurred. Cells heavily infected with SV 5 virus retained their 
sensitivity to Coxsackie, ECHO, poliovirus, vaccinia, VSV, and influenza viruses. 
Although the virus produced minimal Ievels of CPE in tube cultures it readily 
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produced plaques under agar which were detected by staining with neutral 
red. The plaques were turbid and appeared to be lightly or irregularly stained 
as compared to the surrounding normal cell sheet. The cells were still intact, 
but appeared to have lost their ability to take up the vital dye. Plaques generally 
were 1.5 to 2.5 mm in diameter and appeared on the fourth day after inoculation. 
Peaktiters were obtained at six or seven days. A linear relationship existed be
tween the number of plaques counted and the virus concentration. In comparison 
to tube assays the ratio of PFU to TCID60 was essentially unity. Adsorption of 
SV 6 to monkey kidney cells was 50 per cent complete after 30 minutes and 
90 per cent after two hours. The latter period of adsorptionwas employed in the 
plaque assays. 

Virus synthesis and its effect on host cells was studied further by HoLMES 
and ÜHOPPIN (47). BHK-21-F cell strain (80) and primary monkey kidney cul
tures were employed. As mentioned previously, SV 6 caused fusion of cells and 
formation of large syncytia in BHK-21-F cultures which later disintegrated, 
but only low Ievels of infectious viral progeny were produced. A 7-hour latent 
period elapsed following inoculation of 15 PFU fcell. Doubling time in the virus 
growth cycle was 60 minutes. Giant cell formation began at six hours and progres
sed to a single large syncyticum. With high Ievels of virus multiplicity, the syncytia 
appeared in one hour. Time-lapse photomicrography demonstrated that giant cells 
formed by fusion of infected cells and that some of these polykaryocytes divided. 
Synthesis of cellular RNA, DNA, and proteinwas not inhibited in monkey kidney 
cells and not in BHK-21-F cells until extensive fusion of cells had occurred. The 
complete virion in monkey kidney cells was assembled at the cell membrane and 
released by budding. By immunofluorescence, specific fluorescence was first 
observed in the perinuclear region at about 3 hours after infection. By 7 hours 
the antigens were seen in the cytoplasm of all cells in the monolayer. These fluores
cent foci increased in size, and number, and were found throughout the cytoplasm 
by 24 hours. These findings were again in keeping with the placement of SV 5 in 
the NDV, mumps and parainfluenza virus group. 

These authors concluded that the principal difference in the growth and the 
effect of SV 5 on these two cell systems was its effect on cell membranes. In support 
of this they summarized the following observations: 

1. Inverse relationship between degrees of cell fusion and virus yield; 

2. Kinetics of virus multiplication similar during early stages of growth in 
both cell systems ; 

3. In spite of the low yield of virus, cytoplasm of BHK-21-F cells appeared to 
contain much viral antigen; 

4. BHK-21-F cells contained large aggregates of the helical internal com
ponent of SV 5 in their cytoplasm. The altered membranes seemed unable to 
incorporate the internal component into complete SV 5 virions. 

The prototype strain of SV 5 has shown no virulence for small laboratory 
animals, or rhesus monkeys as determined by clinical illness. Antibody response, 
however, has suggested that inapparent infections may occur. ÜH.A.NG and HsmNG 
(17) reported that DA virus did produce inapparent infections in mice, hamsters, 



Myxoviruses 35 

and monkeys. Hamsters and monkeys responded with higher antibody titers 
than did mice and were resistant to reinfection. The virus multiplied in the lungs 
and tracheas of mice and hamsters following intranasal inoculation and produced 
titers of 106 or greaterfgm in hamster tissues and about 104jgm in mouse tissues. 
Mice of all ages were susceptible. A viremia occurred between the second and 
seventh days afte:r injection, and virus was present in the lungs and trachea on 
days one through ten. After 11 days, the viruswas recovered from kidney, liver, 
and brain tissue, and frequency of isolation increased between the sixteenth and 
twenty-first days. After 21 d.ays no virus was recovered. Mice could also be in
fected by the intraperitoneal route, in which case, the urine was the most fre
quent site of virus recovery. No viremia occurred, but a few mice yielded virus 
from their lung and trachea tissues, the liver, and occasionally the kid.neys. The 
viruswas recovered also from brain tissues between 11 and 15 days after infection. 
Histopathologie changes were limited to lung tissues. Minimal perivascular and 
peribronchial edema was observed on the fifth and sixth days. Infiltration with 
large and small mononuclear and plasma cells occurred, but no intra-alveolar 
exudate was noted. Focal atelectases was seen on the seventh day. That mice 
could be infected by direct contact with the viruswas demonstrated by housing 
normal young animals in cages previously occupied by infected mice. In such 
experiments approximately 10 per cent became infected. 

Attempts to produce infection in rhesus monkeys with SV 5 were hindered by 
the high incidence of natural antibody in these animals. A group of 26 monkeys, 
some negative, and some with low antibody titers (1: lO to 1: 20) were inoculated 
intranasally with DA virus. Three of 26 became infected as evidenced by virus 
recovery from the lungs and trachea. Virus was not isolated from blood, urine, 
liver, or kid.ney by direct tests but the kidneys from two monkeys did yield virus 
following trypsinization and growth in monolayers. There was no clinical symptoms 
in any of the three monkeys which became infected.. Pre-antibody titers of 1:10 
or greater protected the monkeys against infection. The natural transmission of 
the virus in monkeys was demonstrated by placing two infected animals in 
common housing with six antibod.y negative monkeys. Five of the six contact 
animals became infected as evid.enced by virus recovery from their lungs and 
tracheas. Virus, again, could not be recovered from suspensions of kidney tissue, 
but the kidneys did. yield virus when grown in tissue culture. They emphasize 
the late recovery of the virus from such cultures as the cultures required 35 to 
65 days' incubation before the latent virus was detected. This was in accord 
with the usual experience in the isolation of SV 5 from kidney cultures as the 
virus is most frequently detected in cultures which have been held for long periods 
of time, such as in vaccine safety testing, or from second generation 
cultures. 

Transmission of SV 5 and disease production in young baboons was reported 
by LARIN et al. (77). Fifty-one animals free of respiratory illness were selected, 
and housed two or three to a cage. All animals were bled to obtain serum for anti
body determination and nasopharygeal swabs were taken for virus isolation 
studies. One animal had a titer of 1 : 7 against SV 5 virus, and no virus was isolated 
from any of the swabs. One baboon in each cage was inoculated intranasally 
with SV 5 virus. All inoculated animals yielded virus and 25 of 26 contact controls 
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also showed evidence of infection. The one contact animal which remained free 
of infection was the one with the pre-inoculation antibody titer of 1 : 7. By 40 
days, however, this titer increased to 1:128. The inoculated animals excreted 
virus 24 hours after inoculation and for long periods thereafter. The contact 
baboons first excreted virus between 5 and 21 days after the start of the experi
ment, but they excreted virus for a shorter period of time (8-14 days) than 
did the inoculated animals. There was no viremia in any of the animals and anti
body response was weak, in the order of 1:8 to 1:64. Mild clinical evidence of 
respiratory disease was noted. 

TRIBE (131) has described experience in the infection of patas and cynomolgus 
monkeys with SV 5 and has reported favorable results in suppressing the incidence 
of latent virus in the kidney through immunization with an inactivated SV 5 

virus vaccine. Observation on the frequency of kidney contamination with SV 5 

in his laboratory revealed that 6 per cent of 312 patas monkeys and 13 per cent 
of 147 cynomolgus monkeys were positive. Sera from about 85 per cent of the patas 
monkeys had HAI antibody in the range of 1 : 7 to 1 : 224. Most feil into the 1 : 7 
to 1:14 range. All monkeys whose kidneys were infected at the time of sacrifice 
had titers greater than 1 :56. Monkeys which had passed through the unit and were 
then placed in quarantine were found to have virus in their throats 28 days 
later. Thus, a 4 week quarantine period was inadequate to eliminate the virus 
from the colony. Antibody studies revealed that nearly all monkeys passing 
through the unit became infected before being put into quarantine. A small 
percentage of patas monkeys developed viremia and this persisted for long periods. 
The author suggested that possibly only these animals have virus in the kidneys. 
Cynomolgus monkeys were more susceptible than patas. He suggested further 
that the viruswas transmitted by human contact during feeding and cage clean
ing. 

The vaccine was prepared from virus passed through patas monkey kidney 
and then inoculated into calf kidney which gave the highest virus yields (256 
HAUJ0.25 ml). The virus also could be cultivated in pig and dog kidney culture. 
The virus was inactivated with 10 per cent perchlorethylene and adsorbed to 
aluminium phosphate. One ml doses given intramuscularly to antibody free patas 
monkeys failed to stimulate detectable antibody levels, but a second dose given 
eight weeks later, produced titers to 1:900 eighteen days following the booster 
dose. Challenge experiments were done in which one-half of a group of patas 
monkeys were given a single dose of vaccine and 18 days later both groups were 
inoculated intramuscularly with live SV 5 virus. No detectable antibody was 
present at the time of challenge. Eighteen days following the challenge dose the 
vaccinees had HAItiters of 1: 64 to 1 : 128, while the non-vaccinated group remained 
essentially negative. By 35 to 38 days the titers of the vaccinated group had 
increased by 4- to 6-fold, and at this point in time the control animals, now 18 
days post challenge, had developed titers of 1:128. Viremia occurred in both 
groups three days after challenge, but terminated by the tenth day in the vaccin
ated group. The contact group still had virus in the bloodstream after 35 to 38 
days. All animals were sacrificed, and their kidneys planted in tissue culture. 
None of the cultures prepared from the vaccinated monkeys were found to be 
infected with SV 5, but a 100 per cent incidence occurred in cultures prepared 
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from the kidneys of the control group. Although a single dose of vaccine did not 
stimulate detectable antibody levels it did restriet the duration of the viremia 
and prevented the contamination of cultures prepared from the kidneys of such 
animals. In more extended experience, over a 5-month period., the kidneys from 
143 vaccinated patas monkeys were found to be free of SV 5 contamination. During 
the same period the kidneys from 2 of 30 (6.6 per cent) non-vaccinated animals 
yielded SV 5. In cynomolgus monkeys none of 32 vaccinated animals whose kid
neys were used for culture preparation were infected, while 6 of 47 (14.8 per cent) 
non-immunized monkeys d.id have virus in their kidney tissue. These results are 
most encouraging and suggest that other laboratories should investigate the 
possibility of vaccinating monkeys against SV 5 . It would be even better if vaccine 
could be made available to the collecting companies, so that animals could be 
immunized immediately after trapping. One dose given at this time, followed 
by a second dose given upon arrival in the user's laboratory might eliminate the 
problern of SV 5 as a contaminant in monkey kidney cultures. 

The laboratory infe:Jtion of vervet monkeys with SV 5 was studied by HEATH 
et al. (41). The SV5 prototypestrainwas employed. The animals were inoculated 
intranasally with l.O ml of virus. Antibody titers were followed by the HI test 
and virus isolation attempted from the nose, throat, and blood. Various levels 
of virus infection from 30 to 30,000 TOID50 were studied. Infection resulted 
from all dosage levels, but was most consistent at the highest dose. Virus was 
excreted from the nose and throat for eight to nine days after inoculati0n, but 
no evidence of viremia was obtained. An antibody rise occurred in all inoculated 
animals, but, again, was greatest in those receiving the highest dose of virus. 
All animals had some HA inhibitor in their pre-inoculation blood, rauging from 
1 : lO to 1 : 40. Infected monkeys showed some clinical evidence of disease such as 
nasal discharge and. inflammation of the pharyngeal mucous membranes. Some 
of the inoculated. monkeys were rechallenged twice, at two and nine months after 
the first dose. The second dose produced a marked increase in antibody, but 
only two of seven monkeys shed virus from the nose and throat and for a period 
of only three d.ays. The third infection produced a less dramatic response in 
the antibody titers and no virus was detected in the nose and throat following 
this dose. 

SV 5 is a rather labile virus which can be preserved by freezing at -70° 0 or 
greater, but some loss of infectivity may occur over prolonged storage. At 4°0 
the viability is lost in several weeks. Its half life at 37°0 is one hour. The virus 
can also be preserved. by lyophilization but some loss in titer is generally 
Heen. 

Before leaving the subject of SV 5 and contamination of primary monkey 
kidney culture with hemadsorbing agents one should note the paper by DowDLE 
and RoBINSON (22) which describes non-viral induced hemadsorption in monkcy 
kidney cultures. In their experience only 24 of 144 monkeys yielded SV5 in cul
tures of their kidneys. On the other hand, 67 per cent were antibody positive 
at the time of sacrifice. Non-specific hemadsorption occurred, without accompany
ing virus isolation, which was related to the age, or condition, of the red cells 
cmployed in the test. Freshly prepared RBO's, regardless of the solution used 
for collecting, washing and suspension never produced non-specific hemadsorp-
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tion. Oells stored for 24 hours at 37°0, 48 hours at room temperatures, or for 7 
to 10 days at 4°0 in any of several suspending solutions, did produce the non
specific reaction. Those stored at 4°0 first showed evidence of this after 72 hours 
whichincreased on further storage. Fresh cells pre-treated with trypsin, potassium 
periodate or RDE, also produced non-specific hemadsorption. This observation 
was made in Mrican green monkey kidney cultures as well as in those prepared 
from rhesus cells, and also in cultures of rabbit, cat, and dog kidney. Several 
continuous cell strains of monkey kidney origin also demonstrated non-specific 
hemadsorption, but a number of human cell strains of non-kidney origin did not. 
Thus, the phenomenon appeared tobe a characteristic of kidney cells. Our own 
experience concurs with their findings, as many times, hemadsorption has been 
noted in primary monkey kidney cultures when a virus could not be isolated from 
the supernatant fluids. This was a point of considerable concern until the report 
by DowDLE and RoBINSON explained this phenomenon. 

SV41 is a myxovirus very similar to SV5, but which differs primarily with re
spect to its animal virulence. The virus originally isolated from cynomolgus 
monkey kidney cultures was described by MILLER et al. (93). Following their 
initial isolation of the virus, 16 additional lots of cynomolgus kidney cultures 
were found to be contaminated with this agent. W e first encountered the virus 
about a year later when it was recovered from the lumbar cord of a rhesus mon
key employed in a measles virus neurotropic test. The monkey died 12 days after 
inoculation, but without clinical evidence of disease. Histopathological examin
ation revealed a diffuse, mild leukoencephalitis with very mild chronic, or sub
acute meningitis in brain tissue, but both the cervical and lumbar cord sections 
were negative except for traumatic changes at the site of inoculation in the 
lumbar cord. During the succeeding year, sv41 was encountered in 12 different 
plantings of monkey kidney cells, but then disappeared as it has not been isolated 
at any time during the past four years. 

M!LLER et al. recognized the OPE produced by sv41 to be similar to that 
seen in cultures infected with SV 5• The virus, however, could not be neutralized 
with SV 5 antisera prepared in their laboratories nor with commercially available 
SV 5 antiserum or with serum supplied from our laboratories. This was confirmed 
by tests performed in our laboratory. The further study and characterization 
of SV41 was done by M!LLER and his associates, and the results are contained in 
the paper referred to above. Its identity as a member of the myxovirus group was 
confirmed by its sensitivity to ether, its growth in embryonated eggs, its ability 
to hemagglutinate red blood cells, its size of 180-250 m!.l-, and its serological 
relationship to SV 5 and parainfluenza type 2. It grew and produced a OPE in 
primary cultures of cynomolgus and African green monkey kidney and chick 
embryo cells. Growth was obtained also in primary bovine kidney, but without 
a OPE. Titers in these systemswerein the range of 10-6•5 to 10-7•5/0.5 ml. The 
virus grew and produced OPE also in two continuous cell strains of human origin, 
HeLa and HEp-2. A virus pool titered simultaneously in green monkey kidney 
cells, embryonated eggs and weanling mice was found to have approximately 
the same titer in each assay system. In our laboratory it was readily grown and 
assayed in strain LLO-MK2 cells. 

SV41 possessed a surprising virulence for 1aboratory animals. By the intra-
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cerebral route it was infectious for mice, hamsters, guinea pigs, monkeys, and 
young chickens. Clinical signs of central nervous system disease was observed 
in all species. In the small animals this was marked by lack of Co-ordination, 
involuntary movement, spastic paralysis, weight loss and ruffled hair. The 
monkeys showed muscular incoordination and generalized tremor. Histopatholo
gie changes were evident only in the tissue of the central nervous system. Mice 
and hamsters had a mild lymphocytic meningoencephalitis with necrosis of the 
pyramidal neurons in the hippocampus. Beetions from infected guinea pigs revealed 
a disseminated lymphocytic encephalitis and choriomeningitis, but with no neu
ronal involvement. Chickens developed a disseminated lymphocytic encephalitis 
with necrosis of the neurons. The monkeys which had been pre-treated with 
cortisone and inoculated with 0.5 ml of sv41 intraspinally, and 1.0 ml intramuscu
larly, in addition to the intracerebral inoculation, developed severe lymphc
cytic choriomeningitis, but without 
neuronal changes. 

Serologically, the virus showed 
some cross-reaction with SV 5 and 
parainfluenza 2 viruses by CF tests, 
but not by hemagglutinin-inhibi
tion, serum neutralization or 
hemadsorption-inhibition tests. 
Da.ta obtained from the CF tests 
are seen in Table 17. It. is noted 
that sv41 antiserum fixed comple-

Table 17. Complement-fixation Cross Reactions 
amongst SV410 SV5 and Parainfluenza Type 2 

Virus 

Antigens sv., 

160 
160 
160 

Sera 

SV, 

20 
320 
4J 

Para 2 

40 
10. 

3'!0 

ment to the same level with all three antigens and that some crossing occurred 
amongst all three viruses. Based on these findings, the authors suggested that 
sv41 might be the "master virus" in this group, due to its broader antigenicity. 
Tests with all other recognized myxoviruses failed to reveal any serological re
lation of any of these to SV41. The virus was not neutralized by either human 
or monkey gamma globulin. 

SV41 produced hemagglutination of chicken RBC's only at 4°C, but aggluti
nated guinea pig cells equally as well at 4°C, 25°C, and 33°C. In respect to the 
chicken cell agglutination it behaved more like the AV174 variant of SV5, as 
described by ESPMARK (31), than it did like the prototype SV5• 

As mentioned previously, SV41 was readily inactivated by ether. It was some
what more resistant to inactivation with 1 to 4000 formaldehyde at 37°C, how
ever, than was SV 5. SV 5 was inactivated under these conditions in less than 
24 hours, but SV 41 required 72 hours' exposure before titratable virus was lost. 
SV41 was found also to be more resistant to heat than was SV 5, as temperature 
of 56°C for one hour, while greatly reducing the titer, did not totally inactivate 
the virus. It was stable at 4°C for over one year. Preservation by freezing at 
-70°C resulted in loss of titer unless a stabilizer was used. Skim milk, lactose 
glutamate or glycerin provided stabilization of infe:Jtivity at low tempera
ture. 

In respect to its animal virulence, SV41 was more like the SA virus isolated 
by SCHULTZ and HABEL (121) than was sv5. A comparative study of the SA 
virus and SV41 has not been reported, but perhaps should be investigated. 
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VIII. Myxo-like Viruses 
This group of viruses is composed of those agents which have been referred 

to as "foamy viruses" due to the vacuolization which occurs in infected epithelial 
cultures. It probably would have been more appropriate to have called these 
agents "syncytial viruses" as the first, and most consistent cytopathic effect, 
is the formation of large giant cells, or syncytia, which sometimes develop vacuo
lization later in the infection. This gives the cell sheet a "foamy" or "lacy" 
appearance. The syncytia without vacuolization are a little difficult for the novice 
to see, or to recognize, in unstained preparations as they can be missed easily 
if cultures are rapidly scanned under the low power of the microscope. It is im
portant that the light be not too bright, and that careful adjustment of the mi
croscope focus be made so that different plains of focus in the cultures are viewed. 
Sometimes it is more or less what is not seen that suggest the presence of a foamy 
virus syncytium rather than what is seen. An otherwise healthy appearing cell 
sheet, which has areas in which individual cells cannot be seen, but which has 
some density, is likely to be infected with foamy virus. Careful focusing and 
adjustment of the light source will generally reveal that these areas are large 
giant cells, or syncytia, containing many nuclei. The nuclei in these syncytia 
are not necessarily arranged in rings as is common in measles virus infected cells, 
and there is no evidence of either cytoplasmic or intranuclear inclusion bodies. 
This latter feature, distinguishes foamy viruses from all other syncytial or giant 
cell producing viruses. They are very common contaminants in kidney cultures 
prepared from numerous species of monkeys. This will be considered in greater 
detail below. 

What is now known as foamy virus was first recognized by ENDERS and 
PEEBLES in 1954 (28) when they encountered the agent in monkey kidney cul
tures used for the isolation and propagation of measles virus. Uninoculated control 
cultures were observed to have a CPE indistinguishable from measles virus in 
the unstained cultures, but virus recovered from such cultures did not fix com
plement with measles immune sera. In stained preparations it was observed that 
syncytia produced by foamy virus did not contain the typical cellular changes 
seen in measles virus infected cells. Measles virus produces an acidophilic inclusion
like body in the nucleus and margination of the chromatin. The new agent was 
further studied and proved tobe a virus by RusTIGIAN, JoHNSTON and REIHART 
(116). One of these authors, JoHNSTON, has continued to study this group of 
viruses over the intervening years and has become the authority on simian foamy 
viruses. These authors isolated a syncytial forming agent which they called MK-D. 
Subsequent isolates of similar agents were designated MK1 , MK3, and MK4 . 

They demonstrated its filterability and that infectious material was bacteriologi
cally sterile. In addition to monkey kidney cells they found that the virus could 
be propagated in HeLa cells, and human embryo kidney cells in which the typical 
CPE was produced. In fibroblastic cultures of monkeys testicular cells and human 
embryo skin-muscle cells degeneration occurred, but syncytia and vacuolization 
did not occur. They were unable to infect monkeys, rabbits, adult mice, one-day
old chickens and embryonated chicken eggs with the virus, but an occasional 
suckling mouse inoculated intracerebrally did become infected and died. Serial 
passage in suckling mouse brain was attempted, but could not be carried beyond 
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5 passages. Sera from normal rhesus monkeys, man, rabbits, mice, horses, chickens, 
cattle and pigs were screened for antibodies, but only the monkey sera were posi
tive. Sixteen of 29 sera tested neutralized the virus. Immune sera to a number 
of recognized viruses were tested also, but none neutralized the foamy virus. 
The MK-D strain was sent to our laboratory where it was compared with some 
of the earlier isolated simian viruses (SV1 , SV2, SV4, and SV5) and found not to 
be related to any of these agents. 

Although we were able to cultivate the MK-D agent in primary rhesus mon
key kidney cultures the "foamy viruses" were a source of frustration, and often 
aggravation, in our earlier studies in the isolation and characterization of latent 
viruses recovered from monkey kidney cultures. The foamy degeneration was 
frequently seen, but we were unable to obtain continued passagein order to charac
terize the agent. At one time, a few successful sub-passages were made in primary 
rhesus monkey kidney cultures and the temporary designation of sv13 (55) was 
given to the agent. It was lost, however, before the studies were completed, and 
as a result, the foamy viruses did not receive SV numbers. Possible reasons 
for these difficulties were defined later by PLUMMER (100). Foamy virus growth 
curve studies in monkey kidney cultures revealed that infectivity peaked sharply 
on day eleven, and then fell off, while marked CPE did not occur until the nine
teenth day when the virus titer was quite low. Thus, by harvesting fluids at the 
peak of CPE, very low levels of infectious virus were obtained. The susceptibility 
of rabbit kidney cultures to foamy virus waEO reported by BROWN (13) and the 
use of this cell system has greatly facilitated the isolation and study of these 
agents. 

During the mid and late 1950's numerous reports appeared in the literatme 
describing the recovery of foamy viruses from various sources, their incidence 
in monkey colonies, etc. (15, 32, 43, 50, 51, 78, 114), but all of these probably 
involved the original serotype virus. JOHNSTON in 1961 (67) reported the isolation 
of a second serotype, as well as the recovery of virus from monkey throat swabs, 
and the incidence of the two types in different species. These studies were carried 
out in Taiwan, where 56 of 126 monkeys studied, yielded foamy viruses either 
from the throat, or kidney, or both. Throat isolates were made by inoculation 
of throat swabs into rabbit kidney cultures, while most of the kidney isolations 
were mad.e by "unmasking" the virus through cultivation of the cells. In one 
experiment, kidneys from 13 of 22 monkeys were positive by the "unmasking" 
technic, whereas, ground tissue suspensions prepared. from the same kidneys, 
and inoculated into previously grown cultures, yielded only two isolations. In 
comparing the rates of recovery from the two sites, 21 monkeys were examined. 
Seven had positive throat isolations, but were negative in respect to kidney tis
sue; three were kidney positive and throat negative; while eleven were positive 
in both. The virus was not only more prevalent in the throats of monkeys, but 
it was also present in higher titer. Virus was never isolated from urine, the urinary 
bladder, rectal swabs, or from other tissues. It was proposed, therefore, that 
the throat infection was the principle source of virus which spread through 
colanies of monkeys. Virus was recovered from the throats of infected animals 
continuously over a 10-week study period, but the monkeys never showed any 
signs of respiratory or other illnesses. 
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Of the 56 positive monkeys, 6 were cynomolgus, 50 were M. cyclopsis. Forty
nine of the strains were identified serologically, of which 35 were found to be 
identical to the original type 1 (FV1) virus, while 14 were a new serotype, designatei 
type 2 (FV2). All 14 type 2 strains were isolated from Taiwan, M. cyclopsis. 
The cynomolgus monkeys yielded only type 1 virus. The viruses were widespread 
in different regions of Taiwan and were isolated from animals of all ages. The 
type 2 strain was identical to type 1 in respect to physical and biological charac
teristics. 

Human sera were assayed for antibody to both types in order to determine 
if infection occurs in man. One-hundred sera from Taiwan natives living in areas 
with large monkey populations were tested. None were found to possess anti
body to either virus. Five different pools of human gamma globulin, some obtained 

Table 18. Cross-neutralization Tests with Three Types of Foamy Viruses 

Strain 

FV21 
FVso 
FV2o14 

Virus 

Type 

1 
2 
3 

Type 1 

1250 
<4 
<4 

Rab bit antisera 

Type 2 

<4 
360 
<4 

Type 3 

4 
<4 
125 

Table 19. Cross·neutralization Tests with Four Strains of Foamy Virus 

Virus 
FY1 

512 
<4 

4 
<4 

1 Monkey antiserum, all others are rabbit. 

FV, 

<4 
256 
<4 
<4 

Sera 

FV 3 

64 
<4 

1024 
<4 

FV 41 

<4 
<4 
<4 
64 

from Japan and some from the U.S.A. were also found tobe negative for antibody 
to the two foamy viruses. There was no cross-reaction with measles virusimmune 
sera. Antibody was frequently found, however, in monkey sera. 

A third serotype of foamy virus was reported by STILES et al. (125). In a 
study of foamy virus isolates from rhesus and African green monkeys these 
authors recovered type 1 virus from kidney cultures of rhesus monkeys, type 2, 
plus a new serotype from the African green monkeys. The new isolate was serologi
cally distinct from types 1 and 2 as seen in Table 18, but was similar in respect 
to other properties. In studying the distribution of these viruses in monkeys 
from different geographical areas, they found that 45 of 100 cultures prepared 
from North Indian rhesus monkeys contained type 1 virus. Thirty-six of 100 
kidney cultures of East African cercopithecus monkeys were positive for virus. 
Twenty-one of these isolates proved to be type 3; 14 were type 2, and only one 
was a type 1 strain. This is in direct cantrast to our own experience, as over a 
7-year period, we have isolated only SA1 , which is identical to FV1, from latent 



Myxo-like Viruses 43 

infections in green monkey kidney cultures. The frequency of isolation has been 
quite high in our laboratory, exceeding similar experiences with rhesus mon
keys. 

Type 4, FV4 , was isolated by JOHNSTON (68) from South American squirrcl 
monkeys. Of 17 animals studied, three were positive for virus isolation from either 
the throat or kidney. The virus isolated could not be neutralized with antisera 
prepared against the known types. JoHNSTON has supplied cross-neutralization 
data as seen in Table 19. Although it was stated above that FV3 was serologically 
distinct from FV1 and FV2, Table 18 does show a slight neutralization of FV1 

by anti-FV3• JoHNSTON's data presented in Table 19 indicate a much stronger 
one-way cross, in that FV3 serum neutralized FV1 in dilutions of 1 to 64. The 
homologous titer of the FV3 serum, however, was considerably higher than that 
of STILESet al. (125). JoHNSTON also found that FV1 serumneutralizedFV3 at 1 to4. 
The new type 4 isolate from squirrel monkeys showed no cross-reaction with 
any of the other serotypes. JOHNSTON has summarized the distribution of foamy 
virus serotypes in the various species as follows: 

Serotype 

FV1 

FV2 

FV3 

FV4 

Species from Which Isolated 

Rhesus, grivet, vervet, cynomolgus, M. cyclopsis 

Grivet, cynomolgus, M. cyclopsis 

Grivet 

Squirrel 

Table 2, lists another foamy virus, FV 5, and there most likely is also an 
FV 6• JOHNSTON (68) had tentatively reserved FV 6 for a new serotype isolated 
from the throats of African bush babies, but it appears that an agent isolated 
from chimpanzees by RoGERS (108) may have been isolated first, in which case 
it would be given the FV 5 designation and that from the bush babies, FV 6. Neither 
of these two agents were neutralized by antisera prepared against the first four 
serotypes, but they have not, as yet, been compared with each other. For the time 
being, therefore, it will be necessary to indicate, only, that a fifth type of foamy 
virus has been encountered and that possibly a sixth type also exists. The isolation 
of these two agents from two additional species further points to the wide distri
bution of this type of virus in subhuman primates. The foamy viruses resemble 
both respiratory syncytial (RS) and measles viruses of man in respect to the CPE 
which they produce, but there is no evidence that these viruses produce any 
disease in monkeys resembling the illnesses produced by RS or measles virus 
in man. 

The grouping of the foamy viruses in a myxo-like virus category is based 
on some properties which they share in common with the myxovirus group. 
They are ether and chloroform sensitive, and contain RNA in their nucleic 
acid core. Their size and structure has been described as myxovirus-like by J OR
DAN et al. (69). Four fresh isolates, one from rhesus monkey and three from 
green monkeys were studied by electron microscopic technics. The virions were 
found to be 100-300 m[L in diameter, and to have protrusions on their surface 
membrane of about 10 m[L in length. The virus had an internal helical component, 
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10-12 lli[L in diameter and more than 100 ID[L in length. There was no "herring 
bone markings" and very little evidence of fine structure within the internal 
component. The lack of detail in the internal component was a specific charac
teristic of foamy virus and distinguished it from the myxoviruses. In respect 
to its structure, foamy virus was more like the NDV, mumps, parainfluenza 
group of myxoviruses than it was like influenza or fowl plague. 

SA1 virus originally isolated from vervet monkeys by MALHERBE and. HARWIN 

(83) is also listed in the foamy virus group, but it is essentially identical to FV1 . 

It is included in the classification because it is frequently referred to in the 
literature. 

Foamy viruses are rather heat labile as 60°0 for 30 minutes completely 
inactivates the virus, and survival at 30°0 is limited to two to three days. They 
can be stored at 4°0 for several weeks without loss of titer, but will eventually 
be lost if held for prolonged periods at this temperature. Preservation at -70o 0 
or lower is satisfactory and viability can be further stabilized by the addition 
of 10 per cent serum to the freezing medium. The viruses also can be stored in 
the lyophilized state. 

IX. Papovaviruses 
Although two viruses are listedunder this category in Table 2, it is doubtful 

at this time that SA12 belongs in such a group. This agent was isolated but one 
time by MALHERBE and HARWIN (85) from cultures of vervet monkey kidney. 
It produces a OPE in green monkey kidney cells similar to SV40, but vacuolization 
is less prominent. Nuclear changes are seen in stained preparations which some
what resemble those in SV40 infected cells. Nuclear hypertrophy occurs, but the 
inclusions produced are more clearly defined than those produced by SV40 . 

Growth in green monkey kidney is slower than is that of SV 40 , and there is no 
significant neutralization of the agent by SV40 antiserum. Wehave not been able 
to definitely determine if the virus is of the DNA type, nor has it producecl. 
tumors in suckling hamsters during many months of observation. Thus, its in
clusion in the group is based solely on some common cytopathogenic properties 
which it shares with SV40• 

The papovavirus group name was proposed by MELNICK (89) to include 
papilloma, polyoma and the vacuolating agent (SV40), which, according to him, 
possess a nurober of common properties. The name was devised by using the first 
two letters of each virus in the group, i.e. pa-po-va. Papilloma virus includes 
both the rabbit virus and the human wart virus. Properties common to this 
group are: 

Size: 40-50 ID[L 

Oapsomeres: 42 

Buoyant density in OsOl : 1.30 gjml 

Double Stranded DNA 

Absence of essential lipids 

Thermal stability 

Enhanced inactivation by divalent Oations 
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Slow growth, about 24 hours doubling time 
Multiplication in nucleus with involvement of the nucleolus. 

4 ,. 
" 

There are those who disagree with the similarity of some of these properties 
within the group, in particular, the size and number of capsomeres. GRANBOULAN 
et al. (37) have taken exception to this grouping, as they felt that more infor
mationwas needed in respect to the structure of these viruses before they were 
placed in a common group. 

sv40 is not only the most common contaminant of rhesus monkey kidney 
cultures, but is also the most talked about and most extensively investigated 
virus in the simian virus group. Literature reports dealing with investigations 
relating to SV40 virus exceed the combined reports Ollall of the other 56 classified 
agents. Many of these studies deal with work relating to the oncogenicity of the 
virus. It is neither the intent, nor within the scope of this review, to include an 
extensive coverage of such work. Remarks, therefore, will be more or less limited 
to various properties of the virus and to its significance to laboratory workers 
employing monkeys and monkey kidney cultures in their investigations. 

The virus was first recognized by SwEET and RILLEMAN (127) when they 
attempted to pass rhesus or cynomolgus monkey kidney grown viruses into cul
tures of grivet monkey kidney. The viruses under study were neutralized with 
specific antiserum, but SV40 , present in the seeds as a contaminant broke through 
the serum and produced the characteristic CPE which led to its being dubbed 
"the vacuolating virus". They also recovered the virus from normal rhesus and 
cynomolgus monkey kidney culture. Eight strains were described in the original 
report, of which, strain 776 was designated the prototype. In a limited effort to 
determine the incidence of SV40 in rhesus and cynomolgus kidney cultures, 
ten different lots of cultures of each monkey species were examined. Each of these 
culture lots were prepared from the pooled kidneys of two to three monkeys. 
Seven of the 10 lots of rhesus monkey kidney cultures yielded SV40, while only 
one of 10 lots of the cynomolgus cultures did so. Virustiters of 10-6·0 or higher 
were present in the rhesus kidney culture, but there was no evidence of CPE. 
No hemadsorption was seen in SV40 infected rhesus cells, and it was for these 
reasons, that this very common virus went undetected for so many years in spite 
of the extensive use of rhesus monkey kidney culture for virus research and 
vaccine production. 

Doses of 1000 TCID50 will usually elicit the first signs of CPE 3 to 4 days post 
inoculation. The outstanding cytopathic feature of SV40 in green monkey kidney 
cultures is the vacuolization of the cytoplasm. These vacuoles, however, are 
quite small as compared to those seen in foamy virus infected cells, and further 
SV40 does not produce giant cells or syncytia. Some cells in the cultures may 
show no vacuoles, others only a few, but as the infection advances, many cells 
are full of vacuoles and have a honeycomb-like appearance. The vacuoles seen 
in living cells are highly refractile and the smaller ones are difficult to distinguish 
from granules. In hematoxylin and eosin stained cultures the vacuoles appear 
as holes in the cytoplasm with intensely stained boundaries. The same appear
ance is seen in cultures stained with acridine orange and viewed by ultraviolet 
fluorescent microscopy. Thus, no stainable material has been detected inthe vacu-
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oles. As infection progresses toward the terminal stage, five to ten d.ays, the cells 
show degenerative changes, reduction in size and aggregates form which detach 
from the glass. The CPE of SV 40, plus serological studies performed by SwEET 
and RILLEMAN (127) eliminated the identification of the vacuolating agent as one of 
the previously recognized latent viruses of rhesus or cynomolgus monkeys. This 
was confirmed in our laboratory, and by mutual agreement this new agent was 
given the designation of SV 40 . 

The high incidence of SV 40 in cultures of rhesus monkey kid.ney has rendered 
them useless for virus vaccine production under existing regulations, as weil as 
for any other purpose in which the presence of a second, or contaminating agent, 
would influence the results of the experiment. SwEET and RILLEMAN suggested 
about a 70 per cent incidence in rhesus monkeys when the kidneys of two or three 
animals were pooled. RAVENS (40) in our Biological Development Laboratories, 
found a 100 per cent incidence in 354 rhesus monkeys tested in groups of 10 to 
26 for cell culture preparation. Five-hundred and sixty-nine cynomolgus monkeys 
from Vietnam, and 714 from Java, however, testedunder similar conditions, were 
all negative for SV40. These observations were marle on the presence of virus in 
monolayer cultures as determined by sub-inoculation of fluids into green monkey 
kidney cultures. sv40 isolations from MAlTLAND type cultures (82) of either 
species however, was much less frequent, and by experimentation it was shown 
that SV 40 grew more slowly and to lower titer in these cultures. MAlTLAND cultures 
of rhesus, cynomolgus, and green monkey kidney were seeded with SV 40 virus. 
Fluids from inoculated cultures were assayed six and ten days later. Titer increase 
in green monkey kidney over lO days ranged from 1 to 3 log units. Rhesus cultures 
either did not support growth, or in a few instances, increases as much as 4 log 
units were obtained. Cynomolgus cultures produced only one log of virus during ten 
days' growth. The inocula used in these cultures probably were much greater than 
would be present in latently infected kidneys (before placed in culture) and since, 
even under these conditions, poor growth and low yields of virus were obtained, 
it seemed likely that the infrequency of sv40 recovery from MAlTLAND cultures 
of monkey kidney was the result of the low levels of virus present in the kidney 
tissue, plus the inadequacy of the MAlTLAND type culture system to support 
growth of sv40 virus. Thus, the use of MAlTLAND cultures prepared from cyno
molgus monkey kidney virtually eliminated the SV40 problern in virus vaccines 
prepared in such cultures in our laboratories. Unfortunately, poliovirus is one 
of the few viruses which can be propagated in MAlTLAND cultures for vaccine 
preparation. 

Although the data presented above indicated that sv40 viruswas not latent in 
cynomolgus monkeys, this was true only for those tested at that time. SwEET 
and RILLEMAN reported that 60 per cent of the cynomolgus monkeys which they 
tested were carrying SV40, and the recovery from Indonesian cynomolgus mon
keys was reported by ZElTLYONOK et al. (142). The recovery of sv40 from patas 
monkeys was reported by RslUNG and GAYLORD (52). There are no reports, how
ever, of its isolation from African grivet, or vervet monkeys which have not been 
in contact with cynomolgus or rhesus monkeys. 

Further data relating to the incidence of SV40 in monkeys as they arrived 
in the United States, were reported by MEYER et al. (92). These determinations 
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were made through antibody assays of sera from rhesus, cynomolgus and African 
green monkeys. Sixty-nine per cent of 58 rhesus sera were positive, 3 per cent of 
39 cynomolgus sera, and none of 65 green monkey sera. They reported further, 
that arrivals with antibody were likely to yield virus positive kidney cultures, 
but that monkeys held in isolation for long periods of time, and which remairred 
antibody free, did not have latent SV40 virus infection in kidney tissues. Although 
the green monkeys showed no evidence of natural infections, these authors demon
strated their susceptibility, both to experimental infection with SV40 virus, and 
through contact with infected animals. Monkeys inoculated by the intranasal 
route developed no signs or symptoms of illness, but did have a viremia, and 
shed virus in nasopharyngeal secretions and in the feces. Thus, African green 
monkeys should never be shipped, housed, or otherwise exposed to Asiatic monkeys. 

SV 40 can be cultivated in several cell systems, but generally produces the typical 
OPE only in green monkey, patas monkey, and baboon kidney cultures (52). 
The production of OPE and virus assay in established cell strains of green monkey 
kidney has been reported also. These included BS-0-1 (48), GMK, AH-1 (38), 
OV-1 (74), and LLO-MK3 (64). Experience with both BS-0-1 and LLO-MK3 

strains has revealed a decreased sensitivity to SV40 in advanced culture passage 
Ievels. Thus, for best results it is desirable to maintain low passage frozen stocks 
which can be returned to as the passage Ievel increases to the point where sen
sitivity to SV 40 begins to decline. Growth does occur in rhesus and cynomolgus 
kidney cultures, but OPE is generally not seen. According to MEYER et al. (92) 
growth of SV40 occurred in the rhesus strain, LLO-MK2, and some OPE without 
vacuolization was noted between 17 and 31 days after inoculation. W e have been 
unable to obtain either growth or OPE in this strain in our laboratory. Growth 
without OPE has been obtained also in human kidney culture and some established 
human cell strains. Virus could not be cultivated in such non-primate cultures 
as rabbit, dog, swine, bovine, or duck kidney, nor in cultures of chick embryo 
cells (52). 

Although most authors have reported that SV40 did not produce a cytopathic 
effect in rhesus kidney cultures, EASTON (24) has described such an observation 
in rhesus kidney cultures held for long periods of time. He reported that the virus 
grew slowly, but progressed to high titer, and after several weeks' incubation 
destroyed the cell sheet without producing vacuolization. Inocula of 5.5 log 
units added to cultures seven days after planting produced peak titers of 109·0/ 

6.0 ml of medium on the thirty-sixth day. Granulation of cytoplasm was seen 
and intranuclear changes occurred like those seen in green monkey kidney cells. 
EASTON (23) also studied the infection of rhesus cells by electron microscopy. 
In these cells the virus was seen only in the nuclei, whereas in green monkey 
kidney cells, viruswas found in both the nuclei and cytoplasm. Naturally infected 
rhesus cells were observed to have 20-30 mf.L particles in the nuclei twelve days 
after planting when the titer of the supernatant fluid was 107•3/ml. In experiment
ally infected rhesus cells as many as 105•7 particles (by calculation) per nucleus 
were obtained 22 days after infection. No cytoplasmic particles were seen, and 
there was no evidence of OPE in the culture at this point in time. 

The growth and changes produced in green monkey and baboon kidney cells 
by SV40 as observed by electron microscopy were reported by GRANBOULAN 
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et al. (37). Thin sections of infected cells were prepared and examined periodically 
from three hours after infection to the eleventh day. At 3 to 6 hours slight nuclear 
hypertrophy was noted which became prominent at ten hours with involvement 
of the nucleoli and disturbance in the nucleolonema. Such changes increased in 
intensity until 48 hours when large numbers of virus particles were first seen in 
the nucleus and the homogenicity of the chromatin was lost. The nucleoli became 
smaller and contained dense areas of substance formed by the accumulation of 
finely granular material. The number of nuclei with virus particles gradually 
increased between days three and seven. Spherical bodies with clusters of virus 
particles were seen which appeared tobe surrounded by a thin outer membrane. 
These structures were said to be similar to ones seen in polyoma infected cells. 
Crystalline aggregates of virus were also noted. The cytoplasmic vacuoles were 
evident at this point in time, and appeared as holes in the cytoplasm just as they 
did under the light microscope. Virus particles were seen in the cytoplasm by the 
sixth day. The vacuolization, however, was not regarded as the result of virus 
migrating to the cytoplasm as the authors felt that the cytoplasmic changes 
were a consequence of the nuclear pathology. By the tenth and eleventh days 
when celllysis had started, the nuclei were densely packed with virus. The virus 
in these thin sections, embedded in Epon and double stained, were 33 ID[L in size 
and showed a striking regularity in size. Particles seen in crystal-like arrange
ments were 40-44 ID[L in diameter. The development of virus in baboon kid
ney cells paralleled these findings described for the green monkey kidney cell. 

As previously mentioned, SV40 is an ether resistant double stranded DNA 
virus which is extremely stable at various temperatures, including 37°C, where 
it is stable for over two weeks. Although in their original report SWEET and 
RILLEMAN stated that SV40 was inactivated by 1 in 4000 formaldehyde at 37°C, 
and thus, was not a problern in inactivated virus vaccines, this has since been 
disproved. GERBER et al. (35) described a biphasic inactivation curve with 1 in 
4000 formaldehyde at 37° C, in which a first order reaction was obtained during 
the first 50 hours of treatment, but the inactivation then leveled off, and one to 
two log units of virus were still detectable after fourteen days of exposure. Similar 
studies in our laboratories have confirmed the rapid inactivation of virus during 
the first three days of treatment, but in some instances viable virus was still 
detectable after 30 days of treatment. With concentrations of formaldehyde as 
great as 1 in 400, viable sv40 viruswas still recovered after fourteen days, at which 
point the experiments were terminated. The virus was inactivated with a 1 in 
500 concentration of BPL, but not with concentrations of 1 in 2000. Throughout 
these studies it was obvious that the initial titer of the virus was the important 
factor in respect to inactivation with formaldehyde. In low concentrations, of 
three log units or less, it was generally inactivated by 1 in 4000 formaldehyde 
within the thirteen-day period employed in the inactivation of poliovirus for 
vaccine preparation. Higher concentrations in the order of five logs, or more, 
could not be completely inactivated even under the extreme conditions mentioned. 
Thus, SV40 still presents a serious problern even to formaldehyde inactivated 
vaccines. Even if it could be reliably inactivated, regulations now do not permit 
the processing into vaccine of any virus harvests containing sv40 or other ad
ventitious agents. 
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The high incidence of SV40 contamination in rhesus monkey kidney culture, 
plus its other peculiar biological and physical properlies has created many prob
lems for the vaccine manufacturer and virus researcher, but the most devastating 
finding was the demonstration of its oncogenicity for suckling hamsters. In 1961, 
EnnY et al. (25) reported that they had produced tumors in one to three-day 
old hamsters by the inoculation of extracts of rhesus monkey kidney cells. This 
report was disturbing to many people and it caused great concern in our laboratory 
in respect to whether or not our established monkey kidney cell strains possessed 
such properties. W e, therefore, inoculated suckling hamsters with both primary 
rhesus monkey kidney cell extracts and similar ones prepared from strain LLC
MK2 according to the technics described by EnnY et al., and since it was then 
known that SV40 was a common contaminate of primary rhesus cultures we also 
inoculated hamsters with SV40 virus. At the time of the second report by EnnY 
et al. (26) in which they defined the oncogenic property of the cell extract as being 
SV 40 virus, we had tumors in the hamsters which were inoculated with SV 40 

virus, but not with extracts of either primary cells or of strain LLC-MK2• EnnY 
et al. proved that SV40 was the causative agent in these experiments by recovering 
it from tumors produced by the cell extracts and by reproducing tumors upon 
its further passage into suckling hamsters. They also obtained tumors in 11 of 
13 hamsters inoculated with the prototype SV40 virus. Many reports have since 
been published describing the oncogenicity of SV40 for suckling hamsters and 
many ramifications of this property. 

EnnY (27) reported also that tumors were not produced in mice, guinea pigs, 
or rabbits following SV40 inouulation. KIRSCHSTEIN and GERBER (72) described 
ependymomas produced in newborn hamsters following intracerebral inoculation 
of SV40• Similar lesions produced in an African rodent, Rattus natalensis, follow
ing subcutaneous inoculation were described by RABSON et al. (102). 

The in vitro "transformation" of cells by SV40 also has been the subject of 
1mmerous reports. Such phenomena have been reported for cells of several species 
including man. SHEIN and ENDERS (123), for example, obtained "transformation" 
of human kidney cells and KoPROWSKI et al. (75) reported transformation of 
human tissue grown in organ culture. For additional information relating to the 
"transformation" of human, monkey, hamster, rabbit, mouse, porcine and bovine 
cells by SV40 in vitro, attention is directed to references (11, 12, 21, 66, 103, 
104, 130). These represent but a few of such reports available in the literature. 

The impact of the discovery of the latent SV40 virus on virus vaccine studies 
has been tremendous in spite of the early impressions of SWEET and RILLEMAN 
who stated: "In the practical sense, the vacuolating agent appears to be just 
'one more' of the troublesome viruses to be conquered in the quest for vaccines 
which are safe and effective when used in man." This statementwas made prior 
to the demonstration of the oncogenicity of sv40• before its extreme resistance 
to formaldehyde was fully recognized, and before regulations were written which 
prohibited the processing, into vaccine, of any virus harvest found to contain 
adventitious agents. As SwEET and RILLEMAN pointed out, many vaccines, 
both live attenuated, and inactivated products produced in monolayer cultures 
of rhesus, or cynomolgus monkey kidney were found to be contaminated with 
SV40• This was true also of most seed viruses. The continued supply of some vac-

Virol. Monosn-. 2 4 
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eines was impaired and further clinical tests with new experimental immunizing 
agents were delayed due to the presence of this contaminant. In many instances 
new seeds had tobe obtained and acceptable culture systems other than rhesus 
monkey kidoey sought. Greatest difficulties were encountered in the case of tho 
adenoviruses, which as demonstrated by BEARDMORE et al. (10) as well as others, 
would not grow in monkey kidney (rhesus or green monkey) unless sv40 was 
present. It was further shown, that on some occasions, adenovirus hybridized 
with sv40 (112) do yield a progeny with an adenovirus coat, containing an sv40 

genome. 
Many people were inoculated with vaccines containing live SV 40 virus and many 

more ingested the virus along with experimental live, attenuated poliovirus vaccine. 
Although SV40 antibody developed following inoculation of the virus, no dernon
strahle acute illness was recognized nor was there any evidence for increased 
incidence of malignant disease in recipients within the limits of the observation 
made (33). Likewise, no ill effects were noted from ingestion of the virus, but 
MELNICK and STINEBAUGH (90) reported that some children became carriers of 
the virus and excreted it in the stool for periods up to five weeks. Experimental 
infections of man by the respiratory tract was demonstrated by MoRRIS et al. 
(95). Intranasal installation of 10,000 TCID50 produced a subclinical infection, 
but which was low grade based on the levels of antibody produced (1 to 5 to 1 to 
80) and infrequency of recovery of virus from throat swab specimens. Twenty
two of 35 subjects given a mixture of respiratory syncytial (RS) virus and SV40 

developed antibody to SV40. Three of seven volunteers given the same material, 
but in which the RS virus had been neutralized by specific antiserum, yielded 
positive sv40 isolations from throat swabs taken 7 to 11 days after infection. 
That man probably becomes naturally infected by exposure to infected rhesus 
monkeys was demonstrated by SHAH (122). Sera collected from residents of 
Uttar Pradesh in Northern India, an area in which rhesus monkeys are pre
valent, were assayed for SV40 antibody. Fourteen of 161 were positive at levels 
rauging from undiluted sera to 1 to 16 dilution. Ten of 37 workers engaged in 
the capture and care of monkeys also were found to possess SV40 antibody. None 
of these people bad histories of ever receiving vaccines prepared in monkey kid
ney cultures. Thus, it is evident that man is susceptible to SV40, but to date no 
ill effects have been encountered resulting from such infection. New regula
tions on vaccine production and the inclusion of additional testing procedures 
have eliminated the possible contamination of viral vaccines now in use with 
SV.w 

X. General Discussion and Considerations 

Fifty-seven agents isolated from various species of sub-human primates were 
listed in the proposed classification presented in Table 2. This group represents 
agents which have been studied to sufficient degree to permit at least tentative 
classification into known, or recognized families, of viruses. Many additional 
agents have been recovered from monkeys, or from latent infections in tissue cul
ture, which were not included in the table or in the text. A number of such agents 
were listed in Table 2 of reference 56. One virus, not considered in the discussion 
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was MINIA, monkey-intra-nuclear-inclusion-agent, reported first by RuCKLE 

(113). It was later confirmed by RuCKLE (115) that this agent was immunologi
cally and biologically identical to measles virus. The virus isolated from mon
keys, undoubtedly was picked up through human contact, as it is well known 
that rhesus and cynomolgus monkeys become antibody positive for measles virus 
shortly after they are trapped and brought into close contact with man. The CPE 
produced by MINIA, like measles virus was similar to that produced by foamy 
virus. The intra-nuclear inclusion bodies, however, readily distinguished it from 
foamy virus in stained preparation. Unlike foamy virus, MINIA, or measles virus, 
does not persist as a latent infection in monkey kidneys as it disappears with the 
development of serum antibody titers. Thus, it would be encountered only during 
the early stages of infection. 

The isolation of enteric viruses from baboons has been reported by FuENTES

MARINS et al. (34). KALTER (71) has isolated five adenoviruses and several entero
viruses from baboons which are not typeable with sera prepared against known 
human and simian strains. We have received from other investigators several 
strains of adenoviruses isolated from African green monkeys, only one of which 
was found to be identical with SA7, the only previously described adenovirus 
isolated from this species. Likewise, we have on hand, a number of viruses sent 
to us by other laboratories which were isolated from chimpanzees. These have 
not yet been studied, or identification attempted with simian virus typing sera. 
None of these, however, could be identified with sera prepared against known 
human serotypes. PARKS (98) has mentioned the recovery of an adenovirus, SAB, 
from a baboon and another one, Agent No. 364, from the South American marmo
set. Thus, many more viruses indigenous in lower primates exist, and a great 
deal more effort will be necessary before all of these can readily be identified and 
placed into a classification such as that proposed in Table 2. The increased 
interest in the use of sub-human primates, principally for cancer and chronic 
degenerative disease research has lead to the study and investigation of many 
types of primates in search for a suitable experimental animal for such studies. 
Virologists, some years ago, passed over the South American primates, primarily 
because they were resistant to infection with poliovirus, and other agents receiv
ing intensive study at the time, and the use of African monkeys was minimal until 
after 1960. The rhesus and other Asiatic species not only were readily available 
in earlier years, but also met the needs of the virologists at the time. 

Many laboratories now use and house monkeys of various species from wide 
geographical origins. lmproper isolation of the species, either by the distributor, 
by the research laboratory, or by both, plus the close contact with man, has compli
cated the attempts to define the "natural viral flora" of a given species. The use 
of live virus vaccines in both the animals and the animal handler has added further 
to the confusion. KALTER (71) mentioned the spread of live, attenuated poliovirus 
vaccine from animal handlers to chimpanzees, and other larger primates. He stated 
further, from serological studies with gorillas, chimpanzees, orangutans, 
baboons, and monkeys, that these animals reflect in their antibody spectra 
their experiences in respect to association with man. Most viruses recovered from 
chimpanzees could be identified as recognized human viruses. A paper describing 
these studies is in press. Such experience with the larger species more closely 
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related to man phylogenically, is in contrast tothat gained through experience 
with rhesus and other species of monkeys. Throughout all of our studies of viruses 
isolated from monkeys, only once was a recognized human virus recovered and this 
was Asian influenza virus in the year 1957 when the virus was widespread through
out the world (see reference 56). Measles virus as mentioned previously, has been 
isolated also from monkeys. Just recently we identified an agent isolated by STAN
TON (Maj. Veterinary Corp., U.S. Army) from a gibbon with encephalitis. The 
viruswas shown serologicallyto be Herpessimplex virus. In spite of these compli
cations, it appears from data collected thus far, that for the most part, different 
species of primates, and those from different geographical areas, more or less, 
carry their own specific serological types of viruses. SV 5 and some types of foamy 
virus appear to be the exception to this. SV 5 is quite common in both Asiatic 
and Mrican species, but thus far, has not been recovered, or reported, in South 
American species. FV 1 and FV 2 are also found in some species of both African 
and Asiatic monkeys, but FV3 has been isolated only from Mrican monkeys and 
FV4 only from South American squirrel monkeys. SV40 is carried by several 
Asiatic monkeys, but thus far has been isolated from only one African monkey, 
Erythrocebus patas. 

Although the classification of the simian viruses into recognized families of 
viruses has not proved difficult, the problern of nomenclature remains a serious 
one. For some purposes, a name which designates the type of virus, and distingui
shes it as a simian, rather than a human virus, is adequate. Thus, the proposal 
by PEREIRA et al. (99) that the simian adenoviruses be placed in the adenovirus 
classification with M1, M2, M3, etc., designations meet those demands. Many 
investigators, however, would like the name to indicate not only the type of virus, 
but further, which species of monkey it is native to. For this latter reason, we 
have declined to place new viruses isolated from African or South American 
monkeys into the SV series, since most interested investigators now know, or 
recognize, a virus with an SV designation, to be one of rhesus or cynomolgus 
origin. Likewise, the SA (simian agent) designation used by MALHERBE and 
HARWIN (85) denotes viruses isolated from African vervet monkeys. For the unin
formed, however, neither SV nor SA carries any meaning other than virus of simian 
origin. If more appropriate names are selected for these viruses, and a new number
ing system developed for serotypes such as in the proposal of PEREIRA et al. 
it will cause a great deal of confusion in the minds of investigators already familiar 
with these agents. It would be helpful, however, to the novice and to generations 
to come. This problern is under study by the N.I.H. Simian Virus Committee. 
(This committee, referred to frequently throughout these discussions, and in the 
reference list, was organized under the auspices of the National Cancer Institute, 
National Institutes of Health, Bethesda, Maryland. Dr. R. L. HEBERLING is the 
current chairman. The principal assignment of the committee is to collect inform
ation on simian viruses, establish prototype strains, and to arrange for the prepar
ation and evaluation of standardized serological reagents to be made available 
for virus identifications.) 

For the most part, the simian viruses are of little consequence to the general 
health of monkeys maintained in a colony. They constitute principally a nuisance 
factor to the investigators employing the animals in their reE=earch studies. A few 
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exceptions to this have been noted. Several of the adenoviruses have been incre
mented in OUtbreaks of clinical disease, caused primarily by SV17 and SVa2· 
Same of the enteroviruses were isolated from monkeys with diarrhea, but it 
was never established that the virus was the etiological agent. B virus produces 
lip, buccal mucosa and eye lesions, but seldom causes death, or encephalitic 
disease in monkeys. The marmoset herpesvirus on the other hand, produces 
essentially a 100 per cent fatality rate when it invades a marmoset colony (46). 
As noted previously, however, this virus is probably indigenous in squirrel mon
keys in which it produces little consequence. The new spider monkey herpesvirus 
(63) was isolated from an animal which developed crusty, brownish lesions on 
the lips and nose, and large, deep ulcerated areas on the tongue, palate and gums. 
Death occurred 24 hours later. The viruswas recovered from brain tissue. There 
is no information, however, which indicates that the virus might occur in epidemic 
proportions. Yaba, Yaba-like disease, and monkey pox viruses produce disease 
in monkey colanies which spreads rapidly, but which is non-fatal, or otherwise 
of any great problern to the general health of the colony. The reoviruses, some of 
the adenoviruses and sv41 produce flaccid or spastic paralysis and death in some 
animals after intracerebral inoculation, but there is no evidence that such disease 
occurs under natural conditions. 

The control, or eradication of latent viruses in monkeys, or in cultures prepared 
from their tissues, perhaps has not received the serious attention that it deserves. 
With either the Asiatic or African species commonly used, the control of SV 5 , 

SV40, and the foamy viruses most likely would eliminate in excess of 90 per cent 
of the infections. Our own experiences with African green monkeys over a seven
year period, revealed that SV 5 and SA1 accounted for over 99 per cent of the latent 
virus isolations. SA3 and SA5 were isolated once or twice, but with one exception, 
no new, unidentifiable viruses were isolated. The exception was the appearance 
of a typical adenovirus type CPE in cultures held for lang periods of time. This 
cytopathic effect, however, could not be sub-passaged to other primary cultures 
of green monkey kidney, established cell strain of rhesus or green monkey origin, 
or in a nurober of human cell strains. Similar findings have been made in other 
laboratories. Thus, in the African green monkey, only two latent viruses occur 
with any degree of frequency. SV 5 and foamy viruses are also quite prevalent in 
rhesus and cynomolgus monkeys, but in these species, they are second to sv40 
as the principle problem. Although many other agents have been isolated from 
rhesus monkeys, the frequency of their occurrence was such that they would 
create but little problem, especially to laboratories employing relatively few 
monkeys. 

Various approaches to the control of latent virus infections have been tried. 
Attempts to suppress SV 5 by the incorporation of high titered antiserum in the 
medium at the time of cell planting, and during virus assays, has been practiced 
by many laboratories and this method apparently does suppress the appear
ance of the virus for a while, but if cultures are held for lang periods, three weeks 
or more, the virus eventually breaks through the antiserum. This method, how
ever, cannot be used for vaccine manufacture where the virus must be grown in 
serum free medium. W ALLIS and MELNICK (134) described the inhibition or sup
pression, of foamy virus, herpesviruses, and mycoplasma in cultures when 0.2 mM, 
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aluminum chloride was included in the culture medium. It was shown further 
that no toxic or adverse effects occurred in respect to cell growth and mainten
ance, and that the sensitivity of cultures to a large number of other viruses was 
not impaired by the presence of aluminum chloride. Some laboratories hold 
frozen portions of the trypsinized cell preparation in liquid nitrogen, while the 
remainder of the preparation is planted in culture and observed for the appear
ance of latent agents. If none are noted, the frozen portion is then thawed, planted 
in culture and employed for whatever purpose was intended. Some loss in viability 
occurs during low temperature storage; thus, if this procedure is employed, the 
laboratory must be prepared to accept such loss. In our experience this amounts 
to about 20 per cent. If one-half of a cell suspensionwas frozen, while the other 
one-half was examined for latent virus, and found to be negative, this would 
provide fairly good evidence that SV 5, foamy virus and SV40 was not present in 
the preserved sample. These viruses, when they occur as latent infection, are 
generally present in sufficient titers to produce infection in all, or at least a large 
portion of the cultures, prepared from infected kidneys. Many of the other SV 
agents, however, including B virus, occur more sporadically, thus, testing of only 
one-half of the cell suspension would not necessarily provide assurance that the 
other half would be free of such agents. 

Isolation, or quarantine of monkeys, is practiced in many laboratories and 
is a requirement for animals to be used in the production of live, attenuated 
virus vaccines. This is an effective measure if antibody negative (SV 5, SV40, 

and foamy virus) animals are selected for the quarantine, and if they remain 
antibody negative during a period of approximately six weeks. Isolation, without 
serological tests, is of little value, since, as it has been pointed out in previous 
discussions, monkeys harbor some of these viruses for long periods of time, even 
though high titer, homotypic serum antibody is present. The isolation facility 
must be adequate to prevent the possibility of virus spread by direct contact, 
via air droplets, fomites, or animal caretakers. It is doubtful that many laboratories 
have isolation or quarantine quarters which provide such assurance. 

The control of latent infections in monkeys by active immunization has been 
but slightly explored. As mentioned, and described earlier, TRIBE (131) has 
attempted immunization with an inactivated SV 5 virus vaccine, which in his 
preliminary study, appeared to be highly effective in reducing the incidence of 
latent SV 5 infection in the kidneys of vaccinated animals. In view of our experience 
with the use of B virus vaccine, it was surprising that TRIBE obtained apparent 
success in animals vaccinated so long after their initial capture, since by the time 
the animals reached the laboratory the infection should have been established 
in the group comprising the shipment. The B virus vaccine study referred to above 
(57), was initiated in India at the time the animals were first trapped. One-hundred 
monkeys were pre-bled and 50 were given the first dose of vaccine as they were 
taken out of the traps. The remainder were held as uninoculated controls. Ten 
per cent were antibody positive at the time of capture. A second dose was admini
stered two weeks later when they were in our laboratories, and a third dose given 
17 days after the second dose. The results can be very briefly summarized by 
pointing out that infection spread rapidly through the control group (and probably 
also the vaccinated group) during their first two weeks in captivity and did so 
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probably before any effect of the vaccine was obtained. Vaccine response was 
difficult to asses due to the rapid development of natural antibody in the control 
group, but as best it could be determined, responsewas poor. This probably was 
due to the stress factors involved, since studies in other antibody negative monkeys 
which had been maintained in our laboratories for eight months before immuni
zation, revealed good response to the vaccine. Animals with no detectable anti
body developed titers in the order of 1 to 16 to 1 to 32 while others with low 
levels of pre-antibody obtained 4- to 32-foldincrease in titerfollowingimmunization. 

The susceptibility of man to infection with simian viruses is of considerable 
concern to all laboratories employing monkeys in their research programs. It 
also should be of concern to zoos, pet shops and to people who buy monkeys for 
pets. The greatest danger, of course, is readily recognized to be B virus, since 
this virus produces essentially a 100 per cent fatality rate in man. Various figures 
have been mentioned in the lay-press and in the scientific Iiterature concerning 
the total nurober of human cases of B virus infection, but to the bestofmyknow
ledge, 18 is the nurober accounted for to date, and one of these is somewhat in 
question. Sixteen of these cases resulted in death. SoPER (124) prepared a review 
in August, 1959, which listed 15 cases reported tothat date, and three additional 
ones have occurred in the meantime. Of particular interest is the fact that only 
four of the cases resulted directly from monkey bites, while in eight, the source 
of infection was undetermined. One case resulted from infection of a laceration 
received from a bottle containing monkey kidney cells, and one other was acquired 
while cleaning the skull of a monkey tobe used as a curio. The fact that SABIN's 
original report (117) involved a case with monkey bite has lead people to believe 
that this is the chief source of infection, but as readily seen, neither a bite, nor any 
detectable wound may be necessary for infection to occur. Although the mor
tality rate is quite high in human infection, the morbidity rate appears to be 
low, and there is no evidence of sub-clinical infection. The low morbidity rate is 
evident from the fact that only 18 cases have been reported during the more 
than 30 years which have elapsed since the viruswas first recognized. The extensive 
use of monkeys by industry during the past 12 years or more, and the relatively 
large numbers of people potentially exposed to infection through the use of mon
keys, or monkey tissue cultures, plus the high incidence of B virus infection in 
rhesus monkeys, further attests to the low morbidity rate in man. Many bites, 
scratches, and other accidents have occurred without incidence. Several factors 
probably influence this low infection rate in man. First, the monkey involved 
presumably must have an active infection and be excreting virus. In well estab
lished colonies it is less likely that any given animal will be so infected than 
it is in a new group of animals just recently captured and shipped to the labora
tory. Second, by antibody studies, we have found that about 50 per cent of the 
adult population has some B virus antibody, apparently as a result of Herpes 
simplex infection. Antibody toB virus produced in rabbits by hyperimmunization 
with Herpes simplex is fully as protective as is antibody developed against the 
homologous B virus. Negroes appear to have higher levels of Herpes simplex 
antibody than do Caucasians, and, thus, are more likely to have antibody to B 
virus. No case of B virus infection has been reported as yet in a negro. It should 
be stressed that Herpes simplex antibody, without the accompanying B virus 
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antibodies, is ineffective. Third, in tissue culture, human cells are two to three 
log units less sensitive to B virus than are monkey or rabbit cells. The intact 
rabbit is only about 0.5log units less sensitive than are tissue cultures prepared 
from rabbit kidney. Thus, one might project that man is relatively resistant to 
the virus, and that large doses might be necessary to elicit the infection even in 
an antibody negative individual. 

In spite of the unlikelihood of any single accident resulting in a human infec
tion, every precaution should be taken to avoid the possibility of infection. The 
first rule in any laboratory should be that rhesus, or other Asiatic species, will 
not be used unless they are paramount to the needs of the experiment. There 
may be equally as serious a problern with other species, but if so, these have not 
yet been defined. One possible B virus infection occurred in an individual bitten 
by an African green monkey (126). About one month prior to this accident, how
ever, rhesus monkeys were introduced into the laboratory (8) and most likely 
were the source of the virus carried by the green monkey. If rhesus, or any mon
keys forthat matter, are used, every effort should be made to maintain a barrier 
between the monkey and the operator and no animal should be handled unless 
it is anaesthetized or heavily tranquillized. Visitors should be denied access to 
monkey storage areas, and personnel should refrain from playing with the animals 
or making pets of them. The strictest of personal hygiene and sanitation measures 
should be employed by all persons coming into contact with monkeys, monkey 
tissues, or items of equipment which are potentially contaminated. All primary 
monkey kidney tissue cultures, as weil as all equipment used in the preparation 
and maintenance should be handledas though they were known to be contamina
ted with B virus. As a further precaution, but not as a substitute for the fore
going factors, active immunization of laboratory personnel against B virus in
fection would be a valuable adjunct. Wehave prepared an experimental B virus 
vaccine (57, 58, 62) which is highly effective in protecting rabbits against severe 
challenge with live virus, and which produces comparable antibody levels in 
man. This vaccine had been used for the immunization of approximately 300 
persons in our laboratories during the past six years. Although no further cases 
of B virus infection have occurred in our laboratories since initiating the vaccine 
program, this does not constitute a measure of its effectiveness due first, to the 
low morbidity rate, and second, to the fact that far less rhesus monkeys have 
been used than in previous years. The efficacy of the vaccine in man probably 
can never be adequately demonstrated. A license application has been filed for 
this product, and hopefully, sometime in the futurewewill be able to distribute 
the vaccine to other laboratories who wish to use it. 

Although several species of monkeys carry herpesviruses other than B virus, 
there is but one suggestion that any of these are virulent for man. This one case 
was referred to in an issue of the PRIMATE NEWSLETTER (120) and pertained to 
a report by N. W. KING, presented at the Annual Meeting of the Animal Care 
Panel, held in Chicago, Illinois; September, 1966. A research psychologist who 
had been in contact with squirrel monkeys, but who had received no known 
bites or scratches, developed an encephalitic disease. A rising titer to the mar
moset herpesvirus (herpesvirus tamarinus) was noted in his convalescent 
serum aud provided circumstantial evidence that infection was due to this virus. 
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As recorded previously, Yaba viruswill produce Yaba tu.mors in man follow
ing experimental, or accidental infection. No incidence of natural infection has 
been reported, however. The infection in man with Yaba virus appeared tobe of 
little consequence as it was limited to locallesions which healed without sequellae. 
Transmission of the Yaba-like-disease virus to man does occur, but in the one 
instance reported, it was emphasized that bites, scratches, or some trauma pre
ceded the infections. Local nodules or tumors developed at the site of infection, 
and spread to other areas. A rather severe clinical syndrome followed, but all 
eleven patients survived the disease. Rhesus and cynomolgus monkeys were 
the source of the infection. Monkey pox virus has not been incremented in human 
infection, but it seems likely that man might be susceptible. The virus is so 
closely related to vaccinia, however, that man probably is immune as the result 
of smallpox immunization. Complete cross-protection in rabbits was demonstrated 
between monkey pox and vaccinia viruses. 

The simian adenoviruses may be a potential source of infection and disease 
in man; however, only one frank infection has been observed. RAPOZA (106) 
reported an accidental eye infection produced by SV 23• In the course of animal 
inoculation, a plugged hypodermic needle resulted in a drop of virus being sprayed 
into the left eye of the investigator. Within 24 hours reddening of the eye appeared 
which increased in intensity with severe lacrimation. A full- blown conjunctivitis 
was present 48 hours after inoculation. Within a week, the right eye also became 
involved. The conjunctivitis persisted for five weeks. SV 23 virus was recovered 
from the left eye four days after the infection. Serum obtained during, and after 
the episode, contained neither neutralizing nor HI antibody to SV23• It appeared, 
therefore, that infection was limited to the eye. Recovery was complete without 
sequelae. 

AULISIO, WoNG, and MoRRIS (7) reported an interesting situation in natives 
of New Guinea in respect to the incidence of antibody against SV20. Sera from 
267 infants, children, and adults living in two markedly different ecologic settings 
were assayed for antibody against this simian adenovirus. In the age group, 
6 months to 2 years, 67 per cent were antibody positive, and the incidence in
creased with age to a peak of 82 per cent in the 15- to 18-year-old group. Antibody 
titers ranged from 1 to 10 to 1 to 160. In a similar survey of 42 sera collected in 
the United States, eight were found to contain antibody to SV 20, but these were 
in the age group from 10 to 18 years. Titers also were somewhat lower than in 
the New Guinea group. It appeared, therefore, that the New Guinea natives were 
experiencing an infection by a virus either identical to, or very closely related 
to SV 20, and that this experience increased with age. There are no naturally occur
ring primates in New Guinea other than man. We have been quite interested 
in these findings, since SV 20 was one of the more highly oncogenic viruses in 
hamsters (61), and since a lymphoma-like disease occurs in the New Guinea po
pulation. 

Antibody to SV1 has been detected in human sera also. Of 80 sera collected 
from all ages between infancy and adulthood, we found ten to contain neutral
izing antibody against SV1. Titers were generally low, in the order of l to 2 to 
1 to 20. Only one of the positiveserawas obtained from an infant. SV1, and the 
other simian adenoviruses, react with many human sera in CF tests due to the 
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common group antigen which they share with the human strains. A pool of human 
gamma globulin at a I to 10 dilution neutralized SV1, SV20, and SV25, but none 
of the other viruses in the group through SV27• The higher numbered simian 
adenoviruses have not been so tested. The significance of this antibody in human 
sera to simian adenoviruses is as yet unexplained. Since there was no cross
neutralization between the human and simian strains when specific antisera were 
tested, it would seem unlikely that the antibody found in human sera was the 
result of infection with human strains. AULISIO, WoNG, and MoRRIS' interest 
in testing human sera for SV 20 antibody resulted from the apparent isolation 
of this virus from children with respiratory disease. It was never definitely 
determined, however, whether the virus came from the patients, or if it was 
present as a latent infection in the monkey kidney culture employed in the 
study. 

That SV40 virus can infect man under experimental conditions by intranasal 
inoculation has been reported, and it also has been demonstrated that antibody 
is produced following parenteral inoculation. The natural infection of man by 
SV40 in India through close contact with rhesus monkeys has been determined 
also by antibody studies. No ill effects of such infections have been recorded to 
date. 

SV 5 virus has been isolated from man on several occasions and antibody to 
this virus has been found in human sera. The significance of the latter observation, 
however, is questionable, due to cross-reactions of SV 5 with mumps and parain
fluenza viruses. SV 5 is a very widespread virus and has been isolated from various 
sources where monkeys, or monkey tissue cultures were not present. W e recovered 
it on one occasion from chick embryos and KRm et al. (76) isolated it from a 
clone of human cells in a laboratory where there was no possible chance of contam
ination from a monkey source. 

All of the viruses in the SV series with numbers below 30, plus SV 59, were 
studied for neutralization with human gamma globulin. Those which were neutral
ized included, SV1, SV2, SV5, SV6, SV12, SV19, SV20, and SV25• These findings 
with the tbree adenoviruses included in this group already have been discussed. 
The neutralization of SV 5 and SV12 is understandable due to their recognized 
relationship to the human parainfluenza and reoviruses. In this respect it was 
surprising that SV 59, a Type 2 reovirus, was not neutralized. The neutralization 
of the three enteroviruses, SV2, SV6, and SV19, was unexpected, especially since 
relatively few monkey sera inhibit sv2, although it is a common isolate from 
monkey stool specimens. The significance of these findings, again, is difficult 
to interpret in respect to the possible etiology of human infections. 

The monkey has been a very valuable animal to medical scientists, as noted 
in the tribute by PHILLIP A. GoLAY, entitled, "Simian Sentiment". It is as 
follows: 

Where does the descent of man come in 1 

For monkeys are monkeys and always have been. 

If they were our ancestors, as some folks say, 

How come the monkeys are with us today 1 
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The whole tribe so intelligent and cute, 
Sure did a smart thing to not evolute; 
Give nothing but praise to the tail-swinging clan 
In retaining their monkhood, regardless of man. 

Thus, the monk, through the ages, by keeping his place, 
Ras proven a friend to the whole human race, 

And really does something noble and big, 

By giving his life as man's guinea pig. 

We will praise Mr. Monk for giving us aid, 

For through his blood our serums are made; 
And our children are saved from dreaded disease, 
By monks that live in their own family trees ... 

59 

Mr. GoLAY has noted that the monkey has done "something noble and big, 
by giving his life as man's guinea pig". No one can dispute this contribution on 
behalf of "the tail-swinging clan", but we might enlarge upon Mr. GüLAY's sen
timents with the following thought: 

Monks of all species carry many viral agents 
These frequently create problems as they remain latent; 
But what would there be for scientists to do 

If they didn't have such problems to pursue. 
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I. History of Virus Isolations 

The aetiology of colds was studied for many years before rhinoviruses were 
cultivated but recent work indicates that many of the cases of common colds 
occurring in the general population are due to infection with these organisms 
(TYRRELL and BYNOE, 1966); it is therefore probable that many of the early 
efforts to study and cultivate "the common cold virus" were, in fact, experiments 
on one strain or other of the rhinoviruses. Consequently it may be of interest 
to start this introduction with a brief history of early experiments on the problern 
of the cause of the common cold. 

The first experiment to show that a cold could be due to a virus was that of 
KimsE (1914). He made bacteria-free filtrates of the nasal secretions of cold
sufferers and inoculated these into the noses of 36 healthy volunteers. Fifteen 
of these volunteers developed colds and he concluded that the disease was due 
to a virus. However the time was not ripe for the exploitation of this discovery. 
Techniques for the cultivation of viruses were limited to the inoculation of 
experimental animals and there was a widespread and firmly-held belief that 
colds were due to the bacteria which could, of course, often be cultivated from 
the nasal secretion of patients with the disease (see THOMSON and TnoMSON, 
1932). However, shortly afterwards, FosTER (1916) repeated and confirmed the 
experiments of KRUSE but he also claimed to have cultivated a cold-producing 
agent anaerobically. 

Little real progress was made until some particularly thorough studies were 
carried out by DocHEZ and his colleagues at the Rockefeiler Institute, New York 
(DocHEZ et al., 1938). They made long-term observations on normal subjects 
and showed that colds might come and go but the bacterial flora of the upper 
respiratory tract remained largely unchanged (SHIBLEY et al., 1926). They also 
showed that filtered nasal secretions which contained no ordinary bacteria or 
"filter-passing anaerobes" usually induced typical colds when inoculated into 
the upper respiratory tract of chimpanzees and also of volunteers who were simi
larly inoculated; both the animals and volunteers were kept in strict isolation 
from other sources of infection. They concluded that colds were due to viruses 
(DocHEZ et al., 1930). They also claimed that this virus could be propagated in 
cultures of chick embryo tissue. However, this last point could not be confirmed 
by ANDREWES and ÜAKLEY (1933). 

In 1946 the CoMMON CoLD RESEARCH UNIT was set up at Salisbury, England 
by the Medical Research Council. There ANDREWES and his colleagues began a 
long series of studies on the viruses of colds using batches of up to 30 isolated 
human volunteers every two weeks to test for and sometimes to produce the 
viruses in which they were interested. 

A most valuable part of their early work was to find a reliable and agreeable 
way of isolating volunteers and assessing their symptoms. The volunteers were 
put in pairs or threes in separate huts. Their daily food and other requirements 
were brought to them but they were free to leave the huts to walk or play games 
provided they did not come closer than 30 feet to other people. They were examined 
daily for several days during a preliminary period of isolation. They were then 
inoculated with nasal drops which contained either sterile diluent or test material. 
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Neither they nor the clinical observer had any means of lmowing which volun
teers had received which material, and this was not revealed until the end of a 
period of five further days of isolation and observation when the clinician's 
conclusion had been recorded. (ANDREWES, 1951; TYRRELL, 1963 b). With this 
procedure there were very few "false positive" results which may easily occur 
if rigid quarantine is not enforced or enthusiastic volunteers or staff have a clue 
that they may have had infect.ious material. Provided groups of at least six or 
eight are used this is also a 
reliable,if cumbersome, way 
of detecting the presence of 
a cold-producing agent 
(RODEN, 1958). ANDREWES 
and his colleagues then 
showed that certain obser
vations which had been 
made by others and which 
suggested that human com
mon cold virus would cause 
colds in various sorts of 
animals could not be con
firmedexperimentally.They 
also failed to confirm reports 
that these viruses would 
multiply in chick embryos 
(ANDREWES, 1951, 1953). 
This period of "clearing the 
ground" was valuable but 
not very encouraging, but 
in 1953 a virus was appar
entlycultivatedsuccessfully 
(ANDREWES et al., 1953). 
Roller tube cultures of ex
plants of human embryo 
lung were prepared and 
inoculated with washings 
from a patient with a cold. 
Therc was no cytopathic 

Fig. I. The technique of inoculating human volunteers in order 
to induce colds with rhinoviruses and similar agents. The virus 
is suspended in 1 ml of buffered saliue. The volunteer hangs the 
head back over the end of a bed and keeps it there for 1 minnte 
after the instillation of drops into each nostril. It is forbidden 
to blow tho nose for the next hour. Other workers (KNIGHT, 

1964) a lso sp1·ay v irus into the pharynx. 

effect but the culture fluids were passaged serially. The fluids were al5o inoc
ulated into volunteers and it appeared that although fluids from uninoculated 
cultures had no effect, those from inoculated cultures up to the tenth serial pas
sage produced colds. It seems that the virus must have been multiplying, and 
subsequent studies revealed that it was an H rhinovirus (TYRRELL et al., 1962). 
At that time however, the results could not be repeated, probably because the 
cells used in the first experiment were unusually sensitive to the virus and rela
tively irrsensitive strains of cells were used in later experiments. 

A little later two groups of worlwrs in the U.S.A. recovered a new type of 
virus which was provisionally designated as ECHO virus type 28. PRICE and 
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colleagues recovered the agent by inoculating monkey kidney cultures with 
specimens from patients at the Johns Hopkins Hospital, Baltimore (PRICE, 
1956; PRICE et al., 1959). They observed a cytopathic effect resembling that 
due to enteroviruses. They recovered the virus in this way from some patients 
and detected rising titres of neutralizing antibody. After a time, however, the 
virus apparently disappeared from the area, but while it was present they accu
mulated evidence from family studies that the virus was aetiologically related 
to minor respiratory illness and that persons possessing antibody did not become 
infected. The illness of the patients was clinically that of a typical common cold, 
in which nasal discharge was the main symptom. After passage in tissue cultures 
JH virus was administered to volunteers at Salisbury. It clearly multiplied in 
the nasopharynx and could be passed from volunteer to volunteer, but it could 
not be conclusively shown that it caused colds - perhaps because it had lost 
some virulence by being adapted to monkey kidney cells (TYRRELL and BYNOE, 
1958). 

MaGABGAB and his colleagues studied naval personnel at a U.S. Navy base 
at Great Lakes, Illinois (PELON et al., 1957). Their patients also had minor upper 
respiratory illnesses and the specimens were inoculated into roller tube cultures 
usually of monkey kidney. A cytopathogenic viruswas isolated wbich was desig
nated 2060. It produced a cytopathic effect which resembled that due to entero
viruses and was found to grow freely under a rather limited range of pH. Rising 
titres of antibody were detected in infected subjects and the characteristics 
of the virus like those of JH made it clear that it was different from viruses such 
as the influenza viruses and adenoviruses which at that time were the only 
known causes of respiratory disease. These studies did not prove that the virus 
caused colds but later work byJACKSON et al. (1960a) showed that thevirus caused 
colds in volunteers and confirmed that it was antigenically very similar to JH. 

At Salisbury it was found that the type of cultures which would support 
the growth of ECHO virus type 28 would not reveal the presence of a virus 
in washings which were known to induce colds in human volunteers. It never
theless seemed likely that if appropriate cells and conditions could be found 
these viruses might grow in tissue cultures. However, previous experience sug
gested that it might be very difficult to forsee or predict what combination of 
cells and conditions would be required to grow them. It was therefore decided 
to attempt to grow these "uncultivable" viruses in several cell types, in several 
mcdia, and at the temperature of the nose, namely 33°C, as weil as at the usual 
temperature of 36oC or 37°C. Roller tube cultures were therefore inoculated 
with infected nasal washings and the culture media were collected at intervals 
and stored at -70°C. Later the fluids were thawed and pooled, and the pools 
were inoculated into volunteers. As expectcd only limited success was achieved 
at first, but it was iound that fluids from human embryo kidney cultures main
tained at 33°C in medium 199 for five days induced colds in volunteers although 
the culturcs appeared normal microscopically and when tested in other ways 
(TYRRELL et al., 1960). They were tested for virus interference and it was found 
that at tbe time when the fluid induce colds in volunteers the cells of the cultures 
were partially resistant to infection with a number of viruses, of which ECHO 
virus ll was the most convenient to use (HITCHCOCK and TYRRELL, 1960). The 
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medium was next modified by the addition of bovine plasma albumin and glucose 
and the viral interference was then fot1nd to be more marked. In addition, using 
the modified medium it was possible to transmit the interference effect and the 
capacity to produce colds through eight passages in tissue culture, whereas 
previously only two passages were successful. Finally, following some accidental 
changes in the medium it was discovered that a cytopathic effect developed in 
infected cultures maintained with a rather low concentration of sodium bicarbo
nate (TYRRELL and PARSONS, 1960). This cytopathic effect resembled that due 
to enteroviru&es, from which however, these Salisbury viruses, as they were then 
called, were entirely distinct antigenically. It was found that viruses ofthistype 
could be recovered from 20-30% of patients with colds (TYRRELL and BYNOE, 
1961) bub that the viruses were not uniform; most of them multiplied only in 
human kidney cells, but others grew equally well in monkey kidney cells. The 
former were therefore called H strains and the latter M strains. There were several 
different serotypes of both Hand M strains although all that were tested produced 
colds in volunteers (TAYLOR-ROBINSON and TYRRELL, 1962a). The growth 
requirements and the type of illness they produced indicated that these viruses 
were so highly adapted to life in the nose that the name rhinovirus was tentatively 
suggested; although other workers isolated many other strains under somewhat 
different conditions and gave them different names such as coryzavirus (HAM
PARIAN et al., 1961), enteroviruses (JoHNSON and RosEN, 1963), muriviruses 
and respiroviruses (MoGABGAB, 1962), ERC group (HAMPARIAN et al., 1963); 
the name rhinoviruses was agreed upon in the end (ANDREWES, 1961-62; 
ANDREWES et al., 1961; TYRRELL and ÜHANOCK, 1963, Vmus SuBCOMMITTEE, 
1963) and has since come into general use. 

HAYFLICK and MooRHEAD (1961) developed techniques for the regular serial 
propagation of strains of human embryo diploid fibroblast cells. These cells 
were different from malignant or transformed human cell lines which were not 
only heteroploid but apparently immortal; the diploid cells could not be estab
lished in permanent culture but began to degenerate and died out usually between 
the 30th and 50th passage. It was also shown that certain diploid cell strains were 
highly susceptible to rhinoviruses and could be used for their isolation and 
propagation and this discovery accelerated progress in isolating and serotyping 
these organisms. It was also found that rhinoviruses could be adapted to trans
formed or malignant human celllines such as HeLa and KB (TAYLOR-ROBINSON 
et al., 1963; JoHNSON and RosEN, 1963) and this has assistedgreatlythe production 
of virus for antigens and for purification and similar studies. 

By 1962 a great many virus strains had been isolated, particularly in the 
U.S.A. and several different laboratories were studying their serology. This 
work began at that time to be co-ordinated under the auspices of the World 
Health Organization. The object was to obtain well-characterized pure stocks 
of prototype virus, distribute these to collaborating laboratories, and finally to 
agree on which viruses were antigenically distinct and to give them serial num
bers. The first group of 55 rhinovirus serotypes has now been agreed upon and 
numbered (KAPIKIAN et al., 1967). 

More recently still it has been found possible to cultivate further viruses. 
These are viruses which cannot apparently be propagated or detected by inocul-
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ating specimens into the most carefully prepared and sensitive cultures of human 
embryo kidney cells or human fibroblast cells. They do however, multiply in 
the ciliated epithelial cells of human embryo nasal epithelium maintained in 
organ cultures. Many of these "new" viruses have been shown tobe rhinoviruses 
although several others are not (TYRRELL and BYNOE, 1965, 1966; ALMEIDA 
and TYRRELL, 1967). The ciliated epithelium of organ cultures is often destroyed 
by rhinoviruses so that ciliary movements cease andin this way organ cultures 
may be used to detect rhinoviruses. Some of these rhinoviruses, after a few 
passages in organ cultures can be grown in tissue cultures oi human embryo 
fibroblasts, while others seem to be unable to reproduce in anything but human 
ciliated respiratory epithelial cells (HooRN and TYRRELL, 1966; HIGGINS, 1967). 

li. Classification and Nomenclature 

Soon after the first group of rhinoviruses had been studied it was clear that 
the rhinovirus particles were ether-stable and of the same size and density as 
well-studied enteroviruses such as the polioviruses. It was suspected and later 
confirmed that they also contain infectious RNA. Furthermore the cytopathic 
effect produced was similar qualitatively to that of enteroviruses although the 
range of susceptible cells and the optimal conditions for growth were different. 
At the same time it was recognised that in man the rhinoviruses seemed to be 
particularly weil adapted to multiply in the nose and to cause nasal and other 
respiratory symptoms and also that they were almost never found in the faeces; 
by contrast, the enteroviruses multiplied freely in the lower alimentary tract 
and were not regularly associated with upper respiratory disease. The optimal 
growth requirements, such as a temperature of 33°0 rather than 37°0 did not 
unequivocally distinguish rhinoviruses from enteroviruses, but rhinoviruses 
were found tobe inactivated rapidly in weakly acidic solutions (pH 3-5) which 
had no effect on enteroviruses. These facts, which are elaborated in later sections, 
are the basis on which the viruses are now grouped together and called rhino
viruses. However, this grouping is not without difficulties, some of which should 
be discussed here. 

It is generally agreed that the classification of viruses by the type of disease 
they produce has little or nothing to commend it. It is also clear that rhino
viruses are of the same size, shape and basic structure and have the sametype 
of nucleic acid and presumably the same method of reproduction as entero
viruses such as polioviruses, Coxsackie viruses and ECHO viruses. There is 
therefore no doubt that rhinoviruses and enteroviruses all belong to one large 
group of viruses. It would be straining the term to enlarge the group of entero
viruses to include agents which rarely, if ever, grow in the lower alimentary tract; 
therefore a new group name was proposed, namely tbat of picornaviruses (INTER
NATIONAL ENTEROVIRUS STUDY GROUP, 1963) to include all those small (pico) 
viruses containing infectious ribonucleic acid (RNA). The properties of typical 
members of the group are shown in Table l. 

The subdivision of the viruses shown is generally useful and the viruses which 
have the in vitro properties of rhinoviruses generally seem to produce rather 



P
ar

ti
cl

e:
 S

y
m

m
et

ry
 

N
 u

cl
ei

c 
ac

id
 

St
ab

il
it

y 
to

 
et

h
er

 
an

d
 c

h
lo

ro
fo

rm
 

S
ta

b
il

it
y

 a
t 

p
H

 3
-
5

 

M
a

in
 s

it
e 

o
f 

in
fe

ct
io

n
 

in
 m

an
 

H
os

t 
ra

ng
e 

o
f 

vi
ru

s 
M

o
n

k
ey

 C
.N

.S
. 

S
u

ck
li

n
g

 m
o

u
se

 

G
ro

w
th

 i
n

 t
is

su
e 

cu
lt

ur
e 

T
ab

le
 1

. 
T

he
 P

ro
pe

rt
ie

s 
of

 S
om

e 
T

yp
ic

a
l 

P
ic

or
na

vi
ru

se
s 

cu
b

ic
al

 
R

N
A

 

st
ab

le
 

st
ab

le
 

P
o

li
o

v
ir

u
s 

u
p

p
er

 
an

d
 

lo
w

er
 

al
im

en


ta
ry

 t
ra

ct
 +

 C
.N

.S
. 

o
ft

en
 p

ar
al

y
si

s 

N
o

n
e 

g
ro

w
 w

el
l 

in
 p

ri
m

ar
y

 a
n

d
 

se
co

n
d

ar
y

 
m

o
n

k
ey

 
an

d
 

h
u

m
an

 k
id

n
ey

 a
n

d
 f

ib
ro


b

la
st

s 
an

d
 tr

an
sf

o
rm

ed
 c

el
l 

li
ne

s.
 

E
n

te
ro

v
ir

u
se

s 

C
o

x
sa

ck
ie

 v
ir

u
s 

cu
b

ic
al

 
R

N
A

 

st
ab

le
 

st
ab

le
 

u
p

p
er

 
an

d
 

lo
w

er
 

al
im

en


ta
ry

 t
ra

c
t 

+
 C

.N
.S

.,
 r

es


p
ir

at
o

ry
 t

ra
c
t 

an
d

 m
us

cl
e 

es
pe

ci
al

ly
 i

n
 G

ro
u

p
 B

 

ra
re

ly
 p

ar
al

y
si

s 

G
ro

u
p

 A
 -

m
y

o
si

ti
s 

G
ro

u
p

 
B

 
-

en
ce

p
h

al
it

is
, 

p
an

cr
ea

ti
ti

s 
et

c.
 

S
om

e
ti

m
es

 l
it

tl
e 

o
r 

n
o

n
e 

C
er

ta
in

 A
 s

tr
ai

n
s 

g
ro

w
 i

n
 

h
u

m
an

 a
m

n
io

n
 a

n
d

 f
ib

ro


b
la

st
s 

an
d

 
o

n
e 

o
r 

tw
o

 i
n

 
m

o
n

k
ey

 k
id

n
ey

 c
el

ls
. 

T
h

e 
B

 
st

ra
in

s 
re

se
m

b
le

 p
ol

io


vi
ru

se
s.

 

cu
b

ic
al

 
R

N
A

 

st
ab

le
 

st
ab

le
 

E
C

H
O

v
ir

u
s 

u
p

p
er

 
an

d
 

lo
w

er
 

al
im

en


ta
ry

 t
ra

c
t 
+

 C
.N

.S
.,

 s
k

in
 

et
c.

 

ra
re

 

n
o

n
e 

g
ro

w
 fr

ee
ly

 i
n

 m
o

n
k

ey
 k

id


n
ey

 
an

d
 

p
ri

m
ar

y
 h

u
m

an
 

k
id

n
ey

. 
O

ft
en

 g
ro

w
 p

o
o

rl
y

 
in

 t
ra

n
sf

o
rm

ed
 c

el
ls

. 

R
h

in
o

v
ir

u
s 

l\
'l 

a
n

d
 H

 s
tr

ai
n

s 

cu
b

ic
al

 
R

N
A

 

st
ab

le
 

u
n

st
ab

le
 

u
p

p
er

 
an

d
 

so
m

et
im

es
 

lo
w

er
 

re
sp

ir
at

o
ry

 
tr

ac
t 

? n
o

n
e 

g
ro

w
 

o
n

ly
 

in
 

h
u

m
an

 
em

b
ry

o
 k

id
n

ey
 o

r 
fi

br
o

b
la

st
s 

(t
h

e 
la

tt
er

 
af

te
r 

p
as

sa
g

e 
in

 
ti

ss
u

e 
cu

l
tu

re
).

 C
an

 b
e 

ad
ap

te
d

 t
o

 
ce

rt
ai

n
 t

ra
n

sf
o

rm
ed

 c
el

l 
li

ne
s.

 

g ~ [!l
. 
~
 

~
 

II
' 
~
 

c;·
 

~
 ~ z 0 ~ g.
 [ -
t
 

~
 



74 D. A. J. Tyrrell: Rhinoviruses 

similar mild infections of the upper respiratory tract. On the other hand, some of 
the Subdivisions within the rhinovirus and enterovirus groups are hased largely 
on the host range of viruses and these are not clearcut in every case. For example, 
Coxsackie viruses of group A are generally speaking enteroviruses which pro
duce a necrosis of the striated muscle of suckling mice. But in the case of Cox
sackie virus A23, which is also called ECHOvirus 9, some strains may be isolated 
and propagated regularly in suckling mice, others may be isolated in tissue 
culture and then adapted to mice and still others can he grown only in tissue 
cultures like a typical ECHO virus (e.g. TYRRELL et al., 1958). It is therefore 
not surprising to find viruses which have biological properlies which put them 
on the borderline between rhinoviruses and enteroviruses. For example, Cox
sackie viras A24 which was first recovered in suckling mice is now commonly 
recovered from the faeces of children by inoculation into human embryo kidney 
or amnion cells and will not multiply in suckling mice (HENIGST, 1965; BEH
BEHANI, 1966). It therefore has an in vitro host range reminiscent of a rhino
virus although it grows freely in the alimentary tract and apparently does not 
cause respiratory disease when inoculated into the upper respiratory tract of 
volunteers (KASEL and KNIGHT, 1963). Coxsackie virus A21 is isolated most 
frequently from respiratory secretions obtained from patients with acute upper 
respiratory infections. However, the prototype virus was obtained in suckling 
mice from the faeces of a child and a virus isolated in HeLa cells has been adapted 
with difficulty to grow in suckling mice. Nevertheless recent work shows that 
the virus may be most readily isolated and propagated in tissue cultures of human 
kidney or human embryo fibroblast cultures (e.g. JoHNSON et al., 1962; BucK
LAND et al., 1965) which also support the growth of H rhinoviruses, although 
in the case of Coxsackie virus A21 the optimal temperature of growth is above 
33°C. Both these Coxsackie viruses are apparently typical enteroviruses when 
studied in the laboratory, and in particular both are acid-stable like all other 
known enteroviruses (KETLER et al., 1962; KAWANA et al., 1965). Similarly, 
Coxsackie viruses of group B are now isolated by inoculation of tissue cultures 
and are recovered as often from the respiratory secretion of cases of febrile 
respiratory infections as they are from the alimentary tract of cases of pleuro
dynia or aseptic meningitis with which they were first associated (e.g. WaRKING 
PARTY, 1965; HoLZELet al., 1965a). 

In the first experiments at Salisbury it was noticed that within the rhino
virus group there were strains which would multiply freely within monkey kid
ney cells and others which would grow only in human cells - either human em
bryo kidney or human embryo fibroblast cells. This led to the separation of 
M (monkey) and H (human) strains and subsequent experience has shown that 
the M character is possessed by a rather limited number of widely distributed 
serotypes, while strains with the H character belong to many more serotypes. 
It is also clear that the M character is not completely clear cut, for some viruses, 
for example the 30/60 strain may be grown in monkey kidney cells only with 
considerable difficulty. In additionhigh concentrations of certain M and H strains 
will produce a cytopathic effect in another type of non-human cells, namely calf 
kidney cells, although these viruses have not been successfully adapted to this 
cell type (VARGOSKO, unpublished). Similarly, after adaptation to human fibro-
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blasts high concentrations of H rhinoviruses will produce a typical cytopathic 
effect when inoculated into monkey kidney cultures (DouGLAS et al., l966b). 

Wehave recently been tempted to use the term 0-strains for viruses which 
are cultivated in organ cultures of human respiratory epithelium. But this is an 
over-simplification for although there are some strains which multiply only in 
organ cultures and not in tissue cultures of human and other cells, there are other 

Table 2 
A. Gertain General Properties of Typical Rhinoviruses 

I M I H 1o-n1 o 
Passage through 50 m[J. filter + + + + 
Stability to ether or chloroform + + + + 
pH 3-5 0 0 0 0 

Inhibition by BUDR + + + + 
Growth and cytopathic effect in: 

1. Monkey kidney + 0 0 0 

2. Humanembryo kidney, epithelium or lung fibro- + + +1 0 
blast cells 

3. Humanembryo nasal or tracheal cells in organ + + + + 
culture 

1 after passage. 

B. Physical Properties of Gertain Rhinoviruses 

1A lB 2 

Size by filtration (m{L) 31 31 

by electron microscopy (m{L) 22-23 30 

Sedimentation coefficient equal to 1658 1558 
poliovirus 

Density in CsCl2 of upper compo- 1.30 1.28-1.30 1.31-1.30 
nent 

Density in CsCl2 of lower compo- 1.41 1.38-1.39 1.40-1.41 
nent 

DIMMOCK and TYRRELL (1964). CHAPPLE and HARRIS (1966). McGREGOR et al. 
(1966). DANS et al. (1966). 

viruses which can at present be recovered from clinical material only by inocu
lation of organ cultures but can later be adapted to grow in human embryo fibro
blasts. The former might be called 0 and the latter 0-H strains, but all of them 
so tested have the same physical properlies and the sameoptimal temperature 
and pH for growth as typical M and H rhinoviruses (Table 2). 

In conclusion it seems reasonable to separate a group of acid-labile human 
picornaviruses and to name them rhinoviruses since their most striking charac
teristic from the point of view of their ecology and pathogenesis seems to be 
their ability to infect the human nose. Naturally a number of other related 
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and unrelated viruses also infect the human nose. There are some viruses in 
fact which represent intermediate organisms between typical enteroviruses and 
rhinoviruses. Within the rhinovirus group there are extremely fastidious organ
isms which multiply only in human ciliated epithelial cells, and other strains 
which infect and darnage human fibroblasts and embryo kidney cells and some
times monkey kidney cells. All so far studied seem able to produce colds in man. It 
has been pointed out elsewhere that Foot-and-Mouth disease virus is an acid-labile 
picornavirus of cattle and might be considered to be a rhinovirus if acid lability 
were tobe a sole criterion (PLUMMER, 1965). However, it causes a disease quite dif
ferent from those produced by the rhinoviruses of cattle, horses and cats which 
have so far been described and it seems premature at the moment to force it into 
the same group as these. The work of numerical taxonomists indicates that an 
objective method of classification would be based on a }arge number of inde
pendent characters of the organism. The trouble at the moment is that we possess 
too few such characters to use this approach for the separation of viruses within 
the picornavirus group. Some hold the view that because picornaviruses cannot 
be separated into completely distinct subgroups they should be numbered in 
serial sequence according to the date on which they were discovered or certain 
tests were completed (ROSEN, 1965). The present author has no sympathy with 
this view. Because of the large number of organisms involved it is better to 
place them in groups, and so to gather together viruses with broadly similar 
characteristics. By so doing one need not blind oneself to the fact that such a 
grouping inevitably represents an oversimplification of the subtle gradations 
which exist between different varieties of even such a simple organism as a rhino
virus. ANDREWES has picturesquely called this the "viro-astronomical" concept, 
likening groups of viruses to constellations. He feels that it is better to be able 
to place the majority of viruses clearly in one group or another than to abandon 
attempts at classification because a few viruses are intermediate and have to 
be allocated to a group in a rather arbit.rary way. 

III. Properfies of the Virus 
A. Antigenie Structure 

Early experiments on the antigenic composition of rhinoviruses were ham
pered by difficulties in performing neut.ralization tests, because the sensi+.ivity 
of successive batches of monkey-kidney or of human embryo-kidney cells varied 
considerably and the neutralizing titre of serum depended to a great extent 
on the amount of virus used in the ~est. The problern was solved in two ways. 
Firstly, it was found that microplaques were formed in roHer tube cultures 
and that, provided these were counted before about the third day of incubation, 
the counts were directly proportional to the concentration of virus added (PAR
SONS and TYRRELL, 1961). It was then shown that for several hours after the 
mixture of antiserum and a rhinovirus the inactivation of infectivity as detected 
by microplaque counts was described by a simple exponential curve and 'Ghat 
the rate of inactivation was directly proportional to the amount of serum added 
(TAYLOR-ROBINSON and TYRRELL, 1962 b ). It was thus possible to use the reduction 
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in microplaque count as a delicate and precise method of measuring antiviral 
activity, for a reduction of 50% or more in plaque count was significant even 
when quite small numbers were counted; since the result depended on the ratio 
between the nurober of plaques produced by the virus with and without the 
admixture of serum the result was largely independent of variations in the 
exact sensitivity of the cells. The second solution to the problern was to use cul
tures of human diploid fibroblast strains as the tes-t object. These varied less 
in their sensitivity to the virus than did the cells previously used and it was 
therefore possible to perform the usual type of end-point neutralization tests 
using serial dilutions of serum and lO -100 infectious doses of virus ( e.g. KETLER 
et al., 1962; JoHNSON and RosEN, 1963). This test was slightly less sensitive 
than the microplaque reduction test but detected almost all the neutralizing 
antibody rises which followed natural infections and was satisfactory for sero
typing when using specifio animal sera (TAYLOR-ROBINSON et al., 1963). The 
test requires less time for examination of the cultures than the microplaque 
redu·ction test. It has therefore been widely used, particularly where large num
bers of tests have to be performed and there is an abundance of cultures. HAM
PARIAN and co-workers (1964) adapted their viruses to a sensitive line of HeLa 
cclls and then did end-point neutralization tests in tube cultures of these. The 
sensitivity of HeLa cells to rhinoviruses can be enhanced still further by addition 
of magnesium ions and this has made it possible to cary out plaque reduction 
tests {FIALA and KENNY, 1966) and colour tests (STOTT and TYRRELL, 1967) 
similar to those used in work with certain enteroviruses. Two other methods, 
namely reduction of plaques in monolayers of human diploid cells under agar 
(PoRTERFIELD, 1962) and a microtest using these cells and observing them 
under the microscope in disposable plastic trays (GWALTNEY, 1966) have been 
described but have proved difficult to reproduce regularly in other laboratories. 

When first isolated, ECHO 28 virus was shown to be distinct from all the 
then known enteroviruses (PELON, 1961). Preliminary studies of the "Salisbury 
strain" rhinoviruses showed that they represented six serotypes, one of which, 
a M strain, was related to the ECHO 28 virus and all of which were unrelated 
to the then known enteroviruses (TAYLOR-ROBINSON and TYRRELL, 1962a). 
The viruses used for these tests had not been "purified" by Iimit dilution or 
plaque-picking procedures and the tests were performed by microplaque neu
tralization tests with rabbit sera. The coryza viruses studied in Philadelphia 
seemed to be antigenically distinct from these, but again were tested without 
"purification" and using low titre guinea pig sera {KETLER et al., 1962). Strains 
studied in Bethesda (JOHNSON and RosEN, 1963) and Chicago (e.g. HAMRE 
et al., 1964) were tested after limit-dilution-purification and using high-titred 
sera and appeared to be different from the Salisbury strains. It was therefore 
thought desirable that all the apparently new serotypes should be tested against 
each other using a uniform technique; in all cases, "purified" viruses should 
be employed and sera should be prepared in large batches. A study was there
fore set up under the auspices of the WHO as a collaborative venture which 
was to be co-ordinated by the International Reference Centres for Respiratory 
Virus Diseases in Salisbury, England, and in Bethesda, U.S.A. Most of the 
laboratories were supported by the Vaccine Development Board of the U.S. 
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National Institutes of Health. This Board also backed the production of anti
sera and the set~ing up of a rhinovirus reference laboratory which was to dupli
cate and check the neutralization tests performed by each laboratory which 
contributed to the study one or more new viruses and the corresponding anti
sera. It was hoped that out of this co-operative venture would emerge carefully 
checked laboratory results which would warraut the allocation of viruses to a 
number of agreed serotypes, and also a supply of exhaustively tested sera and 
virus seeds which could be used for reference purposes and for the testing of 
further rhinoviruses isolated. 

The chart given as Table 12 is a summary of the results collected and also 
gives the names of many of the laboratory workers who contributed their results. 
Several points of importance emerge. 

Firstly there are a great many distinct serotypes of rhinoviruses. Although 
the titres of many of the sera were high, several thousand in fact, there were many 
occasions on which no neutralization was detected with serum diluted only 
1/20 and tested with scores of other viruses. Although not shown in this table 
the viruses had also been tested against high titre antisera prepared against 
prototype enteroviruses. Slight cross reactions have been detected, but these 
have been very rare. On only one oeeasion was there a substantial degree of cross 
reaction between two rhinoviruses. This was the two-way cross reaction between 
ECHO 28 and the Salisbury B 632 strain. So far "broad" and "narrow" reacting 
strains of viruses, resembling those found earlier among the enteroviruses, have 
not been found. 

Secondly, occasional minor cross reactions do occur. It is not possible to 
establish their significance completely at the moment. Usually the pre-immuniza
tion serum specimen from the animal concerned contained no antibodies to the 
virus in question. Often however it was found possible to eliminate these cross 
reactions by adsorbing the sera with preparations of human cells or human liver 
powder. Cross reactions have been found particularly with sera from calves 
(FENTERS et al., 1966), while sera from guinea pigs and goats seem to give more 
specific results. As tissue cultures containing rhinoviruses are poor autigens for 
animals they were mixed with FREUND's adjuvant and administered several 
times and were sometimes purified and concentrated by ultracentrifugation 
and treatment with fluorocarbon before this. It is therefore more impressive 
tha~ the sera obtained were so specific rather than that they cross reacted1. 

It has been shown that following natural infections antibody response~ mav 
be detected against a number of different picornaviruses, particularly, whe.>l 
complement-fixa~ion tests are used. It had of course been known for some years 
that in natural infections with enteroviruses one might detect antibody responses 
against several different serotypes by complement fixation and also by neutraliza
tion tests. The latter probably often represent "recall" or "boost" responses in 
subjects who have previously been infected with several related viruses; this 

1 It is satisfactory that a clear cut numbering system has been agreed on but 
it is necessary to warn the reader that a numbering system devised by the Merck 
group for coryzaviruses, was then called by them a rhinovirus numbering system. They 
have reported viruses using this system which do not agree with the international 
system and should not be used (HAMPARIAN et al., 1964a, b). 
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is particularly strongly suggested by experimentalinfections with a series of entero
viruses. However, the antibody responses of one group of 18 child and adult 
patients from whom 12 different rhinoviruses were recovered showed small 
rises in the titre of homotypic antibody and only 3 rises in one patient agairrst 
ll other rhinoviruses (HAMPARIAN et al., 1964a); in addition volunteers were 
infected in isolation with ECHO virus ll, Coxsackie virus A21 or one of two 
rhinoviruses, and there was no evidence of heterotypic responses by neutralization 
and similar tests (BucKLAND et al., 1964). Finally rabbits which were repeatedly 
inoculated with three different rhinoviruses in succession showed no evidence of 
heterotypic responses against any of the three used in the test (ScHILD, personal 
communication). On the other hand when calves were immunized by intramuscular 
injection of successive different human rhinoviruses, there appears to be booster 
responses in the titres against first viruses given when later, apparently quite 
distinct antigenic types were given (FENTERS et al., 1966)2• It was suggested 
at first th'1t there was so much cross reaction among rhinoviruses that a few 
diagnostic antigens would suffice to recognise infection with most members 
of this group and that a vaccine containing a few components would protect 
against infection with many of them (MoGABGAB, 1963 b). Recent experience 
does not support this view - in particular the protection afforded by vaccination 
seems to be effecti ve only against infection with the serotype used in the vaccine 
(SCIENTIFIC CoMMITTEE, 1965; MuFSON et al., 1963), although only a few sero
types have been tested so far. 

Concentrated preparations of rhinoviruses will fix complement, apparently 
specifically, with most human sera. Using type 2 (HGP) virus most sera are 
positive from about one year of age up to 70 or 80 years. Many young subjects 
have complement-fixing antibody and no neutralizing antibody and unebanging 
titres of CF antibody are observed in subjects infected with the virus or success
fully vaccinated with it (CHAPPLE et al., 1967). It therefore seems that in addition 
to a strain-specific antigen the HGP rhinovirus produces a broadly reacting 
antigen. Antibody to the latter is probably induced in the first place by infection 
with an agent other than the HGP strain, probably another rhinovirus, and this 
antibody persists at high titre through life. Recent work suggests that this 
group-specific type of antibody response is shown by less dense virus particles, 
comparable to the C particles of poliovirus type 1 and to similar antigens found 
in preparations of Coxsackie viruses (DANS et al., 1966). 

It may be possible in the future to prepare Suspensions of full virus particles 
which react strain specifically in the complement-fixation test, but this is not so 
at the moment, and so we stilllack an in vitro test for the specific antigens and 
antibodies of these viruses. Specific complement-fixation, immuno-diffusion or 
other type of test may be developed soon. Preliminary results indicate that 
rhinoviruses inhibit the haemagglutination of trypsin-treated red cells suspended 
in buffered glucose. This inhibition can itself be inhihited by antisera and this 
procedure may some day be made the basis of a useful in vitro serological test 
(TYRRELL et al., 1967). 

2 These results may indicate that there are subgroups of rhinoviruses which have 
some distaut antigenic relationships with each other. 
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B. Resistance to Physical and Chemical Reagents 

Experience over many years with volunteers has shown that if nasal secre
tion or nasal washings are mixed with a final concentration of 50% bacteriological 
broth as is usually done at Salisbury or with 2.5% haemoglobin (JACKSON, 
1958) the infectivity of "cold viruses" for volunteers will be preserved for many 
years when frozen at about -70°0. In some recent studies rhinoviruses in clinical 
specimens have been satisfactorily preserved in transport media containing 2% 
bovine plasma albumin or veal infusionbrothat -70°0 (WORKING PARTY, 1965; 
HAMPARIAN et al., 1961). Infectivity may be preserved for a while at -20°0 
but seems in some cases tobe slowly lostat -40°0 (BLOOM et al., 1963). 

The infectivity of tissue culture fluids is slowly lost at 4°0 and rapidly at 
37°0 or higher and the inactivation process has been studied in detail by DIM
MOCK (1967). It appears that different processes determine inactivation of HGP 
virus above and below about 37o 0. The process occurring at the higher tempera
ture has a high activation energy of about 101 Kalsfmole which falls to 75 Kais/ 
mole in the presence of molar magnesium chloride. That occurring at the lower 
temperature has a lower activation energy, 19 Kalsjmole, very close to that of 
the loss of infectivity of isolated poliovirus RNA and is not reduced by Mg. 
At the higher temperature antigenic activity is impaired by heating while the 
RNA within the particle apparently retains its infectivity, whereas at lower 
temperature the antigenicity is unaffected and the infectivity of the extractable 
RNA is lost (DIMMOCK, 1967). The results are similar to those obtained with the 
LSc strain of type I poliovirus except that this rhinovirus, like many others, is 
relatively more stable in the high temperature range and that M Mg012, which 
completely stabilizes all enteroviruses at 55°0, is much less effective in stabilizing 
rhinoviruses at this temperature (DIMMOCK and TYRRELL, 1962, 1964). These 
facts suggest that there is a difference between the stability of the proteins of 
rhinoviruses and of enteroviruses and this is confirmed by the further fact that 
rhinoviruses are acid-labile and rapidly lose infectivity between pH 3 and 5 
while enteroviruses are stable down to pH 2 (DIMMOCK and TYRRELL, 1962, 
1964; KETLER et al., 1962), and rhinoviruses are inactivate.d by urea while 
polioviruses are generally not (DIMMOCK, 1968). The relative stability of rhino
viruses at high temperature in neutral solutions and their instability at lower 
temperatures in acid solutions have been confirmed for a large number of sero
types and the acid lability test is now widely used to distinguish between rhino
viruses and enteroviruses when they are isolated from clinical specimens (see 
TYRRELL and 0HANOCK, 1963, and most papers describing the isolation of rhino
viruses since that date). 

All rhinoviruses tested are unaffected by treatment with ether, chloroform 
or fluorocarbon (TYRRELL and PARSONS, 1960; PELON, 1961; KETLER et al., 
1962; GwALTNEY and JoRDAN, 1964 and others). Freezing and thawing has 
little effect on infectivity (PARSONS and TYRRELL, 1962). However caesium 
chloride in high concentrations and vigoraus resuspension from a pellet obtained 
in an ultracentrifuge may both reduce infectivity (OHAPPLE and HARRIS, 1966; 
McGREGOR et al., 1966; DANs et al., 1966). When allowed to dry in air on a 
glass surface or in airborne droplets much of the infectivity is lost in a few minutes 
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(BucKLAND and TYRRELL, 1962). However, freeze-drying is not so delcterious 
and when lyophilized in a final concentration of 5% dextran and. 5% glucose 
there may be no detectable loss of virus infectivity by M strains and not more than 
10-fold by H strains; the residual infectivity may be satisfactorily preserved 
for years at 4oC (TYRRELL and RIDGEWELL, 1965). 

C. Physicochemical Structure 
Because rhinoviruses do not usually grow to high titre in tissue cultures, 

particularly when they have only recently been isolated, early attempts to obtain 
preparations for electron microscopy failed or were only partly successful. Recently 
it has been found that starting material with a high titre may be obtained by 
inocula-ting ]arge doses of a well-adapted strain of virus to cultures of susceptible 
lines of human heteroploid cells such as KB and HeLa. The virus produced has 
been concentrated and purified in various ways. CHAPPLE adsorbed it onto 
a]uminium phosphate gel, e]uted it with phosphate buffer treated with fluoro
carbon and fractionated it on a caesium chloride density gradient in the ultra
centrifuge (CHAPPLE and HARRIS, 1966). DANS et al. (1966) processed similar 
tissue culture fluids and McGREGOR et al. (1966) either deposited the virus 
onto a "cushion" of caesium chloride solution to avoid darnage or deposited the 
virus in the usual way and allowed the virus pellet to stand in fluid overnight 
before resuspending it. 

D. Electi·on l\Iicroscopy 
Electron microscopy of rhinovirus type 2 (HGP strain) shows numerous 

outlines of uniformly sized particles about 30 IDfL in diameter (CHAPPLE and 
HARRIS, 1966). The outlines are often hexagonal suggesting a symmetrical type 
of structure and dis-integrating particles which are occasionally seen suggest 
that there is an outer "shell" containing subunits (Fig. 2b). Particles may be 
seen which are of the same size and apparently "hollow" or "empty" when exam
ined in phosphotungstate. Particles which are presumed to ]ack nucleic acid 
because they are found in the less dense fraction on a caesium chloride gradient 
may also show some "full" and many "empty" forms, and similarly dense par
ticles may appe<tr empty, so it is not wise to interpret the electron micrograph 
appearance of this particular virus as meaning the presence or aLsence of nucleic 
acid (CHAPPLE and HARRIS, 1966). The subunit structure is difficult to resolve 
lmt certainly seems to resemble that of poliovirus although it gives the impression 
of being rather more loosely knit. MAYOR (1964) believes that she has evidence 
that there is icosahedral symmetry based on the rhombic triacontahedron but 
the data to support this have not yet been presented in full. Similar 
regular particles were seen in preparations of type 1B and 45 by McGREGOR 
et al. (1966). They estimate the size as 20-23 IDfL. The figure of 17-18 IDfL 

given by HAMPARIAN et al. (1961) was based on particles seen in sections of 
infected cells and is not acceptable. 

E. Filtration and Ultracentrifugation 

Before satisfactory electron micrographs had been taken the size of the 
infectious units of rhinoviruses had been estimated by biophysical methods, 

Virol. l\lonogr. 2 
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It was found that the retention of sever:tl rhinoviruses in filtration through a 
series of collodion membranes was identical with that of poliovirus and calcula
tion from the average pore diameter of the filters which retained the particles 
indicated a diameter of 31 mfJo (DIMMOCK and TYRRELL, 1964). All the 55 sero
types have been shown to pass a 50 mfJo collodion membrane (KAPIKIAN et al., 
l967). In these studies virus particles were also sedimented in a low concentration 
of sucrose and this showed that the sedimentation coefficient of many strains 
was the same as that of poliovirus. From these data it could be calculated that 
the density in dilute sucrose was about 1.3 and equal to that of poliovirus. On 
the other hand severallaboratories have shown that on equilibration in a caesium 
chloride density gradient the density of infectious particles is about 1.4 while 
it is the less dense non-infectious particle and much of the complement fixing 
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Fig. 2a. The banding of rhinovirus type 2 (strain HgP) by equilibrium centrifugation in a caesiun1 
chloride density gradient. Particles of two densities are separated. The more dense is infectious. 

activity which are found at about 1.3 (Fig. 2a). The serotypes shown to behave 
in this way are 1A, 1B and 2 (Table 2B, CHAPPLE and HARRIS, 1966; DANSet al., 
1966; McGREGOR et al., 1966). This suggests that exposure to caesium chloride 
produces some change in the rhinovirus particle which it does not produce in 
poliovirus particles. Perhaps caesium ions penetrate the particle or dehydrate 
it. On the other hand, the existence of particles of two densities resembles closely 
the phenomenon observed in polio- and other enteroviruses, and there is even 
preliminary evidence that, like enteroviruses, the less dense fraction of rhino
viruses is also less specific antigenically than the more dense fraction (DANS 
et al., 1966). 

It has been shown by all those groups that have studied the matter that 
the growth of rhinoviruses is not prevented by the presence in the tissue culture 
medium of 5-fluoro-2'-deoxyuridine (FUDR) or of the corresponding bromo-
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compound (BUDR). (KETLER et al., 1962; MuFSON et al., 1965; HooRN and 
TYRRELL, 1966; GWALTNEY and JoRDAN, 1964; JoHNSON and RosEN, 1963; CoN
NELLY and HAMRE, 1964.) The experiments were well controlled and since these 
compounds arepotent inhibitors of the multiplication of DNA viruses it has been 
concluded that all rhinoviruses are probably RNA viruses. There has also been 
a short undocumented report of the extraction of infectious RN A from an H 
rhinovirus (KETLER et al., 1962). Recently a phenol extract of a concentrated 
preparation of an M rhinovirus was shown to contain material which was only 
infectious for cells which were treated with concentrated salt solution and which 
was susceptible to RNase, insusceptible to antibody and of a low Sedimenta
tion coefficient and therefore presumably infectious viral RNA (DIMMOCK, 
1966). This direct evidence makes it certain that these H and M rhinoviruses 

Fig. 2b. The morphological appearances of a typical "full'', "empty" and "unfolding" particle obtained 
after such a separation and stained by phosphotungstate are also shown 200,000 x (CHAPPLE and 
HARRIS, 1966). By permission of Nature. (British Crown Copyright reserved. Reproduced with the 

permission of the Controller, Her Britain Majesty's Stationary Office.) 

contain infectious RNA and it is reasonable to assume that it is a character of 
the whole group. 

So far no work on the chemical analysis of the nucleic acid and protein of 
rhinoviruses has been reported but it should be possible before long to prepare 
sufficient quantities of sufficiently pure virus to make studies of this kind possible. 
Meantime it is clear that on morphological and physicochemical examination 
rhinoviruses are similar to but distinct from the enteroviruses. Although its 
mode of action is uncertain it may be mentioned at this point that the multi
plication of rhinoviruses is usually not inhibited by HBB (2-o:-hydroxybenzyl
benzimidazole) (EGGERS and TAMM, 1962) a substance which inhibits the growth 
of enteroviruses other than Coxsackie viruses. However, some rhinoviruses are 
inhibited, so that, like heat stability, the test is of little value for classification 
(HAMRE et al., 1964). 

6* 



Fig. 3 a- d. The cytopa thic effects of rhinoviruses in tissue culture cells. a ) Unstained cultures of 
monkey kidney cells infected with rhinovirus type 2 (By pennission Lancet) . b) Unsta ined cultures of 
human embryo kidney infected wit.h a recently isolated virus (Dr. A. HORNSLETH). c) Unstained 
·cnltures of HeLa cells both uninfected and infected with rhinovil"lUJ type 2 (E. J. STOTT). d) Unstained 
·Cultures of human embryo fibroblasts (strain WI -38) infected 48 hours previously with rhinovirus type 50, 
150 x (CONANT and HAMPARIAN). Note the focal degeneration in a -d and the rounding and shrinking 

of infected cells. 

Fig. 3b Fig. 3d 



F. Cultivation 
The DC strain of rhino

virus was shown to be grow
ing in cultures of human 
embryo lung in roller tubes 
at 37°0 because although 
the cells were unchanged 
morphologically the medi
um produced colds in vol
unteers (ANDREWES et al., 
1953). The ECHO 28 virus 
was first recognised by the 
cytopathic effect which it 
produced when inoculated 
into cultures of rhesus mon
key kidney cells in roller 
tubes at 35°0 (PELON et al., 
1957; PRICE, 1956). It was 
later shown that the opti
mal conditions for the 
growthofmany rhinoviruses 
were the use of trypsin-dis
persed human-embryo-kid
ney cells in rolled tubes, 
at 33°0 using a medium 
with a pH between about 
6.8 and 7.3 (PARSONS and 
TYRRELL, 1960). In such 
conditions a cytopathic ef
fect appears in from 18 
hours to two weeks depend
ing on the dose and type 
of virus used (Fig. 3). When 
high concentrations areused 
the cytopathic effect is dif
fuse but in low concentra
tions small foci are seen 
which may enlarge and coa
lesce with other foci which 
appear later, or, if condi
tions are unfa voura ble, may 
disappear again. These foci 
or microplaques are appar
ently each initiated by a 
single infectious virus par
ticle (P ARSONS and TYR
RELL, 1961). They may be 

Fig. 3c 
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counted under the low power of the microscope, and provided thc counts are 
made before secondary plaques appear they are an accurate measure of the 
amount of infectious virus added to a tube. 

Later studies have shown that rhinoviruses may also be grown in human
embryo-fiht·oblast-cell-strains in semi-continuous culture (HAYFLICK and 
MüüRHEAD, 1961; HAMPARIAN et al., 1961; BROWN, et al., 1963). Primary cul
tures of human-embryo-lung are rather resistant to vims, but after a few serial 
passages their sensitivity to virus increases (BROWN and TYRRELL, 1964). How
ever, the final level of sensitivity attained varies considerably from one strain 
to another and only a small proportion of embryos (2 out of 33 in the author's labora
tory) yield cell strains which are as sensitive as the widely used strains WI-26 and 

Fig. 4. Plaques produced by rhinovirus type 2 in monolayers 
of the M strain of HeLa cells in the presence of 30 mM mag· 
nesium chloride under an overlay of NaCl agar. The culture 
was fixed with formalin, the agar was removed and the cell 
sheets were stained with gentian violet (Preparation by STOTr). 

WI-38. Similarly, kidneyH 
from different embryos yield 
primary cell cultures of dif
fering sensitivity to rhino
viruses, and there is a little 
evidence that the sensitivity 
of the lung and kidney cells 
may be correlated (BROWN 
and TYRRELL, 1964). Never
thelessit seemsthatthemaxi-
mum number of virus iso
lations are made when both 
human embryo kidney and 
one or pcrhaps several lines 
of fibroblasts are used (PHIL
LIPS et al., 1965b and per
sonal communication; HIG
GINS, 1966a; STOTT and 
WALKER, 1967). Even if a 
cell strain is basically sensi
tive it may fail to detect 
small amounts of virus if the 
culture medium is not quite 
satisfactory or if the cells 

are approaching the end of their capacity to multiply in vitro. Recent 
studies have suggested that a cell strain derived from human aorta may 
be particularly sensitive to rhinoviruses but this has not yet been confirmed in 
other laboratories (BEHBEHANI et al., 1965). Cell strains have also been derived 
from human embryo kidneys (STOTT and WALKER, 1967) and found tobe parti
cularly sensitive to certain strains of rhinoviruses but not better than lung 
fibroblasts for others. 

Many M rhinoviruses may he ,quite readily adapted to grow in human hetero
ploid cell lines such as HeLa, HEp-2 and KB. Not all lines of the two former 
cells are equally sensitive (TAYLOR-ROBINSON et al., 1963a). while the KB cells 
seem capable of producing particularly high titres of viru& (MUFSON, personal 
communication; CHAPPLE and HARRIS, 1966). These cells are not suitable for 
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general use in titrations as the cytopathic effect is often indistinct, and recently 
isolated viruses grow poorly. 

Initial attempts to produce typical plaques in cells under overlays were 
unsuccessful (PELON, 1961; PARBONSand TYRRELL, 1961). This was then achieved 
using HGP, B632 and strain Norman (types 2, 1b and 5) virusesinhumanembryo 
fibroblast cells under an agar overlay (PoRTERFJELD, 1962). Others have improved 
the results by adding dextran sulphate or DEAE dextran to the standard agar 
overlay (WEBB et al., 1964). Recently FIALA and KENNY (1966) have used 
monolayers of rhinovirus-sensitive HeLa cells (Fig. 4) in a medium with additional 
magnesium and DEAE. Overlays of ion agar, agarose and methyl cellulose have 
also been used to solidify the overlay; normal agar may be inhibitory but the 
inhibition may be eliminated by addition of DEAE. However, the techniques 
are not easy and this has hampered the making of thorough going studies of the 
growth cycle of these viruses. 

Haemagglutination of tcypsin treated human red cells by rhinovirus 1A 
was reported by PELON et al. (1957). However, haemagglutination has not been 
observed by others (e.g. HAMPARIAN et al., 1961; MUFSON et al., 1965; TYRRELL 
et al., 1960) and in one case a rhinovirus preparation which agglutinated un
treated red cells was shown at Salisbury to be coni;aminated with SV5 (PmLIP
SON, unpublished). 

It is possible however that rhinoviruses as a group react under certain specific 
circumstances with trypsin treated red cells. It was shown by DRESCHER and 
SeHRADER (1964) that red cells suspended in glucose buffered at about pH 5 
agglutinate or aggregate. This haemaggregation is inhibited by sodium chloride 
and also by polioviruses, heated influenza viruses, adenoviruses, tuberculin and 
purified nucleic acids, both DNA and RNA. Some preparations of rhinoviruses 
do so also; the inhibition is not prevented by treatment with nucleases and al
though it is not sedimented at 80,000 g for 60 min. it is prevented by anti
serum and the phenomenon appears tobe strain specific (TYRRELL et al., 1967). 

The M rhinoviruses were first shown to grow in rhesus kidney cells, but will 
also multiply in similar cells from vervet, patas and cynomologus monkeys, both 
in primary or secondary cultures, andin some continuously cultivable monkey 
cell strains (Fig. 3). Some preliminary growth curve experiments were done 
with an M rhinovirus in rhesus monkey kidney cells (TYRRELL, 1963a). These 
showed that in cultures in optimal conditions the latent periodwas about 12 hours 
and that large amounts of virus were produced and quite rapidly shed into the 
medium. If the temperature was reduced from 33°0 to 30°0 the latent period 
was slightly prolonged but the virus was produced in large amounts and largely 
retained within the cells. These and other changes produced by varying the 
conditions are shown in Fig. 5. The reasons underlying the relatively specific 
effects of the different changes are not known but it may be significant that 
in studying the growth of several viruses in tissue culture cells it has been found 
that lowering the temperature to about 30°0 hinders release (e.g. herpes and 
poliovirus) while increase of temperature above the optimum prevents virus 
synthesis (e.g. poliovirus and arboviruses). 

The cytopathic effect of these viruses has been studied to some extent al
though much still remains to be done. Cells in unstained preparations can be 
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seen to draw away from one an
other. They tend to become ir
regular in outline and rounded up 
and refractile, the cytoplasm often 
appears granular and strands 
which end in irregular fragments 
of cytoplasm may be seen to ex
tend from the surface of the cell 
(Fig. 6). Eventually the cells be
come completely rounded, some 
f'hrink or disintegrate into a mass 
of granules and others become 
detached and float away in the 
medium. The same major changes 
can be seen in cells which have 
been stained. These showalso tha t 
at an early stage an eosinophilic 
area develops in the cytoplasms 
which seems to push the nucleus 
aside. Fragments of cytoplasm 
seem to be detached from the 
surface of the cell which then be-
comes irregular in outline, the 
patternof chromatinirr thenucleus 
becomes coarsened and eventually 
pyknotic (TYRRELL and BYNOE, 
1961; TYRRELL, 1962, 1963a). 
Acridine orange staining shows 
an increased red staining of the 
cytoplasm of infected cells 
(TYRRELL, unpublished; DEIBEL 
and DucH.ARME, 1965). Because 
the initial pathological changes 
take place in the cytoplasm and 
because ofthe analogywith entero
viruses it is tempting to believe 
that rhinoviruses replicate in the 
cytoplasm but this is not proven 
by direct experiments. Particles 
seen in electron micrographs of 
the cytoplasm of infected cells 
could not be positively identified 
as being virus particles (ARM
STRONG and TYRRELL, 1963, 
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There is no information on 
many other aspects of rhinovirus 
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multiplication such as, for in
stance, whether the replication 
is inhibited by Actinomycin D 
and therefore whether it is 
dependent on DNA induced 
RNA. We should also like to 
know more about the synthe-

100 

sis of viral RN A and protein 
and possible precursors such as 
polymerase and other antigens. 
Such work depends on the ~ 
development of a system in 
which definitive sturlies of one-

-10 

2 
Q. step growth curves can be per

formed. It is possible that 0 
further modifications of the 9 
techniques developed by FIALA 
andKENNY(l966) may achieve 
this. Rhinovirus type 2 will 
multiply in HeLa cells in spin-
ner cultures (STOTT and TYR
RELL, 1967). Much further work 
is needed and the results might 
help to explain the means by 
which the adverse effects, such 
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as change of temperature, in
hibit the multiplica~ion of 
these virus. 
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As ment;ioned earlier it has 
been shown that rhinoviruses 
multiply in organ cultures of 
human embryo tissues. A rep
resentative experiment with 
an M rhinovirus is shmvn in 
Fig. 7. This shows that virus 
is produced to the highest titre 
by nasal and tracheal epithe
lium. There is little or no 
growth in oesophageal and 
none in palatal epithelium. A 
few days after virus multipli
cation ha.s reached its peak 
the ciliary activity which can 
be seen by reflected light is 
reduced, and sections of fixed 
tissue show that there is degen
eration of the epithelial sheet. 
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Fig. 6. Stained cultures of monkey kidney cells infected with an M rhinovirus (type 2) and showing 
moderately advanced degenerative changes and a typical eosinophilic cytoplasmic mass. Haematoxylin 

and eosin x 560. (TYRRELL and BYNOE, 1961. By permission Brit. med. J.) 
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When washings from which no virus 
can be isolated are inoculated into organ 
cultures ciliary activity may cease and it 
may be presumed that a virus is present. 
In other cases after 1 or 2 passages inocu
lation of medium from the organ cultures 
induces the typical cytopathic effect of 
rhinoviruses in cultures of human fibro
blasts although there may be no clear cut 
reduction in the ciliary activity in the 
organ culture (TYRRELL and BYNOE, 

1965, 1966; TYRRELL and BLAMIRE, 

1967). In other cases the cilia of organ 
cultures are damaged only after the virus 
has been adapted to the cultures by serial 
passage and even then it may produce 
only a low titre of virus. Rhinoviruses 
which produce a cytopathic effect when 
organ culture fluid is inoculated into 
tissue cultures may be adapted with 

Fig. 7. The multiplication of rhinovirus type 2 in 
organ cultures of human embryo tissues. Virus grew 
to dillering extents in different type of cells and 
not at all in palatal epithelium. (HooRN and 
TYRRELL, 1965. By permission Brit. J. exp. Path. 

and H. K. Lewis.) 
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difficulty to serial passage in fibroblast cells but it has nevertheless been 
possible to show that many of them have the essential properties of rhinoviruses 
(TYRRELL a.nd BYNOE, 1966). Other rhinoviruses may be propagated only by 
serial passage in organ cultures and recognised by their destructive effect on 
cilia; they fail to multiply at all in other cells and may be called 0 strains. One 
such virus, known as HS, has been studied in some detail by the tests mentioned 
earlier, all measurements of infectivity being made by inoculating serial dilutions 
of virus into groups or organ cultures of human nasal or tracheal epithelium 
(HooRN and TYRRELL, 1966). The tests showed that it was ether-stable, acid-labile, 
and multiplied best at 33°0, with low concentrations of bicarbonate in the 
medium. Multiplication was not inhibited by BUDR, and the infectious particle 
passed a 50 mtJ. filter. It is therefore a typical rhinovirus and Fig. 8 portrays a 
growth curve in human nasal epithelium in which the latent period is evidently 

7 

-4 01 2u. 
~~ Full clllary activity 

1 Titre at inoculaticn 

~~~=-- - ---) 
4fl 58 Hours 
1x O.anges af medium 

Reduced ci liary activity 0 Absent ciliary activity 

h Experiment ended 

Ordinate units are log10 I 0 /mt. medium. 

Fig. 8. The mult ip lication of t he H S rhinovirus in organ culture of human em bryo nasal epithelium. 
Adsorption WM performed at 4° C for 4 hours. lncubat ion a t 33° C st a.rted a t 0 hours. Sam pies u p 
to 6 hours a fter incubatlon were collec t ed from the sam e dish but fu r t her samples were collected 
from a. d ifferen t dish ea.ch t ime. Virus w as t itra.ted in embr yo trachea cultures using 2 dishes for ea.ch 

10-fold dilution. (HOORN a.nd TYRRELL, 1966. By permission Arch. ges. Virusforsch.) 

under 12 hours. Fig. 9 shows that at about 18 hours after infection cells are begin
ning to be shed so that by 22 hours cliliary activity is impaired and gross changes 
are visible on section. Thereafter it is interesting to note that little more virus 
is produced and that deeper layers of cells are not attacked. Evidently this virus 
is extremely fastidious and multiplies only in fully differentiated epithelial cells 
and not in their precursors. There are again great gaps in our knowledge of how 
and when the virus multiplies and produces this cytopathic effect, hut the effects 
themselves are probably very similar to those occurring in the nasal epithelium 
of patients with at least some sorts of common colds. In fact shed cells have 
heen recovered from the culture medium and these are very similar to those 
which have been found in the nasal secretions in the early st agesofa cold (Fig. 10). 
The organ culture technique developed by HoORN is thus not only a means where
by previously recalcitrant rhinoviruses can be persuaded to replicate within 
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Fig. 9. The progress of degenerative changes in cultures inoculated with HS rhinovirus. 

a) 18 hours aft.er inoculation (a.i.). Weil preserved cells except for single ciliated cells apparently 
leaving the surface. 

b) 24 hours a .i. Numerous rounded and vacuola.ting ciliated cells with pycnotic nuclei leaving the 
epithelial surface. 

c) 30 hours a.i. Still more shed cells a.nd amorphous debris a.re in tbe medium and the remaining 
superficial cells are irregnlarly shaped and appear somewhat disorganized. 

d) 58 hours a.i. Almost all the shed cells have disappeared a nd a more reg1Ilar epithelial surfaee has 
now formed, but not eiliated cells are seen. 

e) Uninoculated culture fixed at the same time as d). 

All cultures were fixed with Bouin's fluid and stained with haematoxylin and f'Osin. Photographed by 
phase contrast illumination ( x 360). (HOORN and TYRRELL, 1966. Bv permission Arch. ges. Virusforsch.) 
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the laboratory but also an elegant means whereby their effect on differentiated 
epithelial cells may be observed and studied. 

There has been little published work on the detailed study of the multiplica
tion of animal rhinoviruses; they seem to grow best under the optimal conditions 
for human viruses except that they are usually highly specific towards cells 

Fig. 10. A ciliated cell floating in the medium of a culture suchasthat shown in Fig. 9. Detached ciliated 
epithelial cells obtained from the medium of an infecte<l culture of human embryo nasal epithelium 
one day after inoculation. Air dried, stained Giemsa ( x 800). (HOORN and TYRRELL, 1966. By permission 

Arch. ges. Virusforsch.) 

derived from the animal in which they ordinarily grow (BöGEL and BöHM, 1962; 
BüRKI, 1965). The exception here perhaps is the equine rhinovirus which seems 
to be able to infect man and human cells as well as the horse (PLUMMER, 1963; 
DITCHFIELD and MACPHERSON, 1965). 
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G. Pathogenesis 
It is often necessary to study the pathogenesis of virus infections of man 

by analysing the course of events in a "model" infection in an experimental 
animal. Human rhinoviruses have not been found to cause disease in animals 
although those tested include all the common laboratory animals (PELON, 1961; 
HITCHCOCK and TYRRELL, 1960; JoHNSON and RosEN, 1963). Nevertheless 
since it is ethical to infect volunteers with these viruses it has been possible to 
make controlled studies of the replication of these viruses in man and the relation
ship of this to symptoms. 

In a short series of experiments virus infection was produced by swabbing 
a rhinovirus onto the nasal mucosa and conjunctiva but not on the throat. In 

HANDKERCHIEFS 
USED EACH OAY 

VIRUS ISOLATED 
THROAT 

NOSE 
FAECES 

0 • • 0 0 0 0 
0 0 • • 0 0 0 
0 0 0 0 0 0 0 

2 3 4 5 6 7 8 9 
DAYS OF ISOLATION 

Fig. 11. The shedding of rhinovirus during an experimental 
cold. The virus was administered on the day shown by the 
arrow. Over 20 paper handkerchiefs were used daily at the 

height of the cold. (TYRRELL and ßYNOE, 1961. 
By permission Brit. med. J.) 

the infection induced by the 
conjunctival route virus was 
found in the nose and not in 
the conjunctiva (BYNOE et al., 
1961). Similarresultshave been 
obtained with Coxsackie virus 
A21 (BucKLAND et al., 1965) 
and it is therefore probable tha t 
virus infection is initiated in 
nature by the attachment of a 
virus particle to cells of the 
nasal epithelium. This must be 
a rather remarkable pheno
menon since most of the mate
rial deposited on the nasal 
mucosa is removed in a matter 
of minutes, apparently by be
ing trapped in the mucous 
blanket and being moved into 

the pharynx by the action of cilia. Since rather small doses of virus seem 
to be able to initiate infection it is likely that the virus can nevertheless become 
attached to cells and initiate the process of infection. It has been found possible 
to infect volunteers with a fine aerosol of a rhinovirus (CATE et al., 1965). Adminis
tered in this way, virus particles impinge mainly in the lower respiratory tract 

and in correlation with this volunteers who became infected developed the symp
toms of a tracheo-bronchitis. When a coarse spray is used, droplets impinge in 

the nasal mucosa ani common colds are produced. 
On the first day after intranasal inoculation it is often impossible to detect 

virus in the nose but on the second day virus is found in the nose and throat of 

susceptible subjects. At about this time the first symptoms are noted and the 

maximum concentration of virus in the nasal secretion is usually found when a 
profuse nasal discharge develops (TYRRELL, 1963a; DouGLAS et al., 1966c). 
The concentration of virus then declines quite rapidly but may continue at a 
low level for some time. The peak concentration of virus is not closely related 

to the severity of the illness although DouGLAS et al. (1966c) distinguish volun
teers who excrete high titres of virus soon after infection ("early, high" group) 



Properlies of the Virus 95 

and often have colds, from other volunteers, also without antibody who excrete 
little virut! later on (the "late, low" group) and are less likely to get colds. Some 
representative results from our studies are shown in Fig. 11. In experiments 
at Salisbury small doses of virus in nasal washings have been given, while in the 
U.S.A. large doses of virus passed several times in tissue culture have been given 
(e.g. CATE et al., 1964). The general pattern of virus excretion is however, similar. 

Table 3. The Relation between Serum Antibody and the Response of Unvaccinated 
Volunteers to Experimental Infection with Rhinoviruses 

!5 Number of volunteers 
~ Titre of serum Developing " ... Virus inoculated antibody before Infected 
.2l inoculation colds Ex<':eting I Ant!body 
~ VIrus r1se 

1. 353 Type 13 4 or less 13/16 13/16 16/16 16/16 
Tissue culture 8-16 6/12 10/12 12/12 12/12 
fluid 32-64 7/18 10/18 13/18 15/18 

128-256 3/12 7/12 8/12 9/12 
512 or more 0/9 1/9 1/9 2/9 

2. Thompson Type 6 0.21 (less thae~) 11/11 11/11 6/10 11/11 
washingo 0.2 ormore 0/13 3/13 5/11 6/13 

3. HGP Type 2 0.22 (less than) 9/15 7/15 - -
washings 0.22 or more 2/20 3/20 - -

4. H S organ culture 5 or less 4/9 9/9 6/9 9/9 
fluid or washings 10-80 1/4 1/4 I 1/4 1/4 

1 K values of serum neutralizing activity. 
1. MUFSON et al. (1963). 2. TAYLOR·ROBINSON and BYNOE (1964). 3. BYNOE et al. 

(1961). 4. HOORN et al. (1966). 

Table 4. Ohanges in the White Gell Counts of 17 Volunteers Infected with Rhinovirus 
Type 15 (Strain 1734) 

Category of 
volunteers 

Ill 

Cell type 

Neutrophil 
Lymphocyte 

Total: 

I ·white cell counts (1000/mm') 
-----------.-------

before inoculation 2 days after inoculation 

3.83 (2.48-6.86) 
3.02 (1.61-4.23) 
7.46 (5.2 -9.4) 

5.88 (3.05- 9.48) 
2.60 (1.44-4.03) 
9.35 (6.1-12. 7) 

There was no rise in inoculated volunteers who did not become infected or became 
infected and did not develop colds. Data from DouGLAS et al. (1966) and by personal 
communication from Dr. R. G. DouGLAS, Jr. 

Five of 15 volunteers who developed rhinovirus-colds had an elevated ESR of 
27-50 minfhrs. by the Westergren method (CATE et al., 1964). 

[n both types of experiment it has been shown that volunteers without anti
body against the virus are usually infected and develop colds, those with high 
levels of antibody are neither infected nor develop colds, while those with inter
mediate levels may become infected but are less likely to develop colds than 
those without antibodies (BYNOE et al., 1961; MuFSON et al., 1963; CATE et al., 
1964). The range of response to inoculation with these viruses is shown in Table 3. 
In one study blood counts and urine tests were performed and the results of 
certain of these are summarized in Table 4. 
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The mechanism by which virus is eliminated from the nose is not properly 
understood. Antibody secretion cannot be the explanation, for virus may dis
appear and the cold may recover in subjects who do not develop an antibody 
response, at least as judged by the microplaque reduction test titrations of the 
serum (TYRRELL, 1963a; TAYLOR-RORINSON and BYNOE, 1964). It is possible 
that interferon is produced by infected cells and that this makes uninfected 
cells resistant and so limits the spread of infection. However, interferon has not 
so far been identified in the nasal secretions of subjects with colds although it 
has been found in the serum of patients with unspecified types of more severe 
respiratory disease (WHEELOCK and SIBLEY, 1964). Nevertheless it is quite likely 
that interferon does play a role for it has been shown that interferon treatment 
renders the cell of tissue cultures resistant to infection with a rhinovirus (SUTTON 
and TvRRELL, 1961), although this has not so far been shown with ciliated respira
tory epithelium. There is a third possible explanation, namely that the susceptible 
ciliated epithelial cells are completely destroyed. Such destruction apparently 
renders the ferret insusceptible to infection with inflnenza virus by the nasal 
route, but we do not know that all the ciliated epithelium is destroyed by all 
viruses; it seems unlikely that this is so. Whatever the explanation, it is clear 
that there is a virus specific resistance to infection of volunteers with rhinovirus 
which is induced by a previous infection with such an organism which is not due 
to spe;)ific antibody and may persist for weeks following infection (CATE et al., 
1964; FLEET et al., 1966). Hereis another field for further research. 

It has been mentioned that antibody against rhinoviruses may be found 
in human serum and that the presence of such antibody is correlated with resis
tance to infection. After experimental infection with small doses of an M rhino
virus there is usually an antibody response although the rises are less frequent 
after infection with an H rhinovirus (TAYLOR-ROBINSON et al., 1963b; TAYLOR
RoBINSON and BYNOE, 1964). It could be postulated that this antibody might 
find its way in the nasal secretion and there eliminate virus impinging on the 
mucosa. In support of this there is generally a correlation between the antibody 
titre of the serum and that of the nasal secretion (TYRRELL, 1963 a) ; the latter 
titre has the same strain specificity as that of the serum and is apparently due 
to true yA or yG globulin antibody (RosSEN et al., 1966a, b). Increased amounts 
of antibody are found in nasal secretion after vaccination (PRICE et al., 1959; 
TAYLOR-ROBINSON and DIMMOCK, 1964) and after rhinovirus infections (ROSSEN 
et al., 1966b). Immunological studies of volunteers infected with uncharacterised 
cold viruses show however that whether a cold develops or not a few days after 
inoculation some subjects begin to produce nasal secretion with an increased 
concentration of immunoglobulins, and since some of these are yG in type they 
may leak through an area of damaged epithelium too small to induce symptoms 
recognizable as a common cold (ANDERSON et al., 1962). This observation was 
not, however, confirmed by other observers. Probably both these mechanisms 
are important in the suppression of infection in an immune subject. Following 
infection, neutralizing antibodies against rhinoviruses persist for years (CoNNELLY 
and HAMRE, 1964; HAMPARIAN et al., 1964a; ScrENTIFIC ÜOMMITTBE ON ÜOMMON 
CoLD V ACCINES, 1965; TAYLOR-ROBINSON, 1963a) although after a few years 
there is some decline in titre in many cases. In one study the titres agairrst type 2 
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were unchanged (TAYLOR-ROBINSON, 1963a) over a period of years in one subject. 
Antibody responses are morefrequent in volunteers and patients infected with 
M rhinoviruses than with H strains (TA YLOR-ROBINSON and ßYNOE, 1964; TAYLOR
RoBINSON et al., 1963; HAMRE et al., 1964). 

Finally, in spite of one unconfirmed result of PRICE and colleagues, it has 
been the general experience that rhinoviruses cannot be recovered from the 
faeces of infected patients or volunteers (TYRRELL and BYNOE, 1961; MUFSON 
et al., 1966 b). This confirms the preference of these agents for the upper respiratory 
tract and, as mentioned earlier, presumably means that virus particles which are 
swallowed are either inactivated by the gastric acid, or fail to multiply in the 
gastrointestinal tract because the temperature is too high or because the cells 
are unsuitable. Since live virus vaccination with enteric-coated capsules does not 
seem to work well it is probable that the intestinal tract is a relatively unfavour
able site for virus multiplication. It is interesting that the Coxsackie virus A21 
which behaves in many ways like a rhinovirus can in fact be recovered from the 
faeces of both patients and volunteers although it seems to grow best in the 
respiratory tract (JoHNSON et al., 1962). 

H. Variation 
It is common experience that after many serial passages in tissue cultures 

recently isolated viruses begin to grow freely in cells in which they would not 
grow before. This, by analogy with other viruses, probably represents the selection 
of mutant rhinoviruses with a wider host range than the parent. However, no 
studies analysing the genetic basis of the phenomenon have yet been reported. 

In addition, apparent mutants have been obtained by exposing infected cul
tures to guanidine. Wild rhinoviruses all seem to be unable to multiply in cultures 
maintained in a medium containing a low concentration of guanidine but if they 
are passed in increasing concentrations of the substance they first become 
resistant and may later become dependent. These results were obtained with 
one M and one H strain and the H strain appeared to be the more unstable. In 
similar experiments using a steroid antibiotic, fusidic acid, there was no change 
in sensitivity after 10 serial passages. The same viruses were passed in increasing 
concentrations of homologous antiserum and there was evidence of a slight change 
in antigenic structure which however developed much less readily than did changes 
in sensitivity to guanidine (DoGGETT et al., 1967). 

Some strains of virus have been adapted to grow freely at 37°0 (DRAPER and 
DIMMOCK, unpublished) and these may represent "hot" mutants. One of them is 
much less sensitive to urea than the parent strain (DIMMOCK, unpublished) and 
this may reflect the same phenomenon as the greatly increased urea sensitivity 
of "cold" mutants of polioviruses. 

J. Immunitiy 
The subject of immunity to rhinovirus infections has been touched on in earlier 

sections. In early phases of work on colds one could postulate that the illness 
was common either because it was due to infection with a few organisms to which 
there was no immunity or because it was due to infection with each of a large 

Virol. Monolll'. 2 7 
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number of organisms each of which produced immunity; since there were so many 
different serotypes complete immunity was rarely achieved in a lifetime. It 
now seems that the second alternative is more true than the first. 

It was shown in experiments with uncharacterised nasal washings that volun
teers who had been infected with one virus were apparently susceptible to infec
tion with and to colds produced by any one of four others but resistant to re
infection with the same washing (JAOKSON et al., 1959, 1962). It was found 
that pooled human globulin neutralized the cold-producing-capacity of nasal 
washings and it was therefore fair to assume that there was a specific immunity 
to colds mediated by antibody (JAOKSON et al., 1958; TYRRELL et al., 1960). 

COLD NO COLD 

BeFore AFter Be Fore AFter 
inoculation inoculation inoculation inoculation 

5·0 
66 ~ 1111 t 6 ~ 

3·0 V • 
D vv 

V 

2·0 D V ~ 
• • V • 

I') • ~ • 
~ 1·0 0 • • D 

~ ...... 
§ V 

V V 0·5 ~ llc: 
v~v vvv • 

0·3 Da D 
I 

I vvv • 
O·Z ~ • ~ • • V "7 • 0 V I 

0 V •• • D V 0 "7 
0·1 ~n r-:· YY-t 

D Salisbury-virus isolated V Salisbury -virus not isolated 
• Sheffield 

Fig. 12. The relationship between serum antibody Ievels and resistance to colds induced by thinovirus 
type 2. Antibody Ievels in the serum of volunteers before and about two weeks after inl>culation. 

(BYNOE et al., 1961. By permission J,ancet.) 

It was later shown that volunteers who carried serum antibody against 
rhinoviruses were not infected when virus of the same strain was inoculated 
intranasally (BYNOE et al., 1961). There was a clear correlation between an anti
body activity (K) of 0.2 or greater and resistance to infection (Fig. 12), and 
similar results were obtained in later experiments with H rhinoviruses, although 
in both studies the presence of antibody did not regularly prevent infection 
(TYRRELL et al. 1962; TAYLOR-ROBINSON and ßYNOE, 1964); in some volun
teers who where carrying antibody, rising titres were detected although there 
were no symptoms and no virus was detected in the nasal secretion. 

Using large doses of virus which had been passed in tissue cultures and admini
stered as a spray it was found that volunteers with significant Ievels of antibody 
developed colds and most were infected, but there was a clear effect of antibody 
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on the response to infection (Table 3). Volunteers with higher titres of antibody 
developed colds less frequently and shed less virus than those with a low titre 
of circulating antibody (MuFSON et al., 1963). The high titres of antibody re
quired to prevent completely infection by such a heavy dose were in these ex
periments induced by intramuscular vaccination with a formalin inactivated 
vaccine. The strain used was a type 1A virus. Similar experiments were done 
in Britain with type 2 virus. It was shown that intramuscular injection of live 
or inactive virus gave an antibody response, whereas oral administration of live 
virus did not (DoGGETT et al., 1963). Intranasal administration only produced 
an antibody response if it induced infection and a common cold. As shown in 
Table 5 the vaccine used was prepared in monkey kidney tissue cultures. Two 
doses were given one week apart before exposure to live virus. Probably because 
of the small challenge dose used this vaccine completely prevented colds develop
ing afterintranasal administration of type 2 virus, but over one-third of vaccinated 
volunteers developed colds when inoculated in the same way with a strain of 
type 1A virus. 

Table 5 
Results o f I noculation of V olunteers Previously Given I nactivated Rhinovirus Vaccine 

" '"' Homologous = No. of No. of 
" antibody No. of ... Vaccine given Challenge virus virus antibody 
~ response to colds isolations rises 
" vaccine p:: 

l. Type 2 23/27 Type 2 washings 1/28 5/18 ll/27 
None - Type 2 washings ll/23 14/23 15/22 
Type 2 12/13 Type 1A washings 6/13 ll/13 9/13 

2. Type 1A 22/28 Type 1A tissue cul- ll/221 19/22 17/2'2 
ture fluid 

None - Type 1A tissue cul. 2/6 5/6 6/6 
ture fluid 

1 Only 1/9 voluntt~ers with antibody titres of 32 or greater developed colds. 
l. Scientific Committee on Common Cold Vaccines. 2. MuFSON et al. (1963). 

Solid protection of this sort against challenge with a rhinovirus is of scientific 
interest but little practical value. It would obviously be desirable to be able to 
vaccinate with a polyvalent vaccine but in order to be able to do this it would 
be necessary to be able to obtain a good antibody response following the injection 
of very small doses of rhinovirus. It is not feasible at the moment to manufacture 
and combine highly concentrated preparations of many different rhinoviruses. 
Attempts were therefore made to produce an adjuvant by emulsifying vaccinc 
with an oil adjuvant and by adsorbing virus onto aluminium phosphate; neither 
of these methods was successful (ScrENTIFIC CoMMITTEE, 1965). It is clear that 
many more studies are needed before rhinovirus vaccines are likely to be success
ful. For instance, although small amounts of vaccine have been made with H 
viruses grown in human diploid fibroblast cell strains it would be necessary to 
improve the techniques so that higher titre material could be obtained and 
he purified, perhaps by zonal ultracentrifugation, and then combined with other 
strains for incorporation in a polyvalent vaccine. 

;• 
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There are other approaches to the problern of vaccination. The cross reactions 
between strains mentioned earlier might make it possible to boost the anti
body response of subjects, particularly those who had already been exposed to 
some of the viruses prevalent in the community. On the other hand, it seems 
quite likely that different viruses may be found in different areas; if some epi
demiological pattern could be discerned in this it might be possible to produce 
a vaccine for the inhabitants of a particular area, which included only those sero
types to which they were likely tobe exposed. Alternatively, one might survey 
the antibody of a particular population and vaccinate them against those viruses 
to which they had no antibody; this might be reasonable if it could be shown that 
when a population was deficient in antibody against a virus, perhaps recovered 
in another part of the world, an epidemic with that virus was likely to occur. 
As will be explained below our knowledge of epidemiology is far too fragmentary 
to us to be able to speak from knowledge about any of these alternatives at the 
moment. 

K. Relationship bet.ween Rhinoviruses and Disease 
Rhinoviruses of man, as has been said before, were first recognised because 

they produced colds when administered to volunteers. It was of course realised 
that the colds might be due to some other virus with which the volunteers had 
been infected owing to failure of isolation or some other fault in the technique; 
but in many studies up to half of a group of volunteers were inoculated with 
"dummy" material of some sort and did not develop colds. It was also possible 
that the illness might be due to some virus other than that which could be re
cognised by inoculation of tissue cultures; this was unlikely because it was usually 
found by Iabaratory tests that there was a higher frequency of infection in those who 
developed colds than in those who did not, and that this difference was statistically 
significant. In addition those who possessed specific antiviral antibody were 
usually protected from illness. Finally it was possible that in experiments in which 
tissue culture fluid was used to induce colds the illness was due to some unrecog
nised virus derived from the inoculum or from the tissue cultures used. However, 
colds were not produced by medium from culture vessels which did not contain 
susceptible cells, or by medium from uninoculated cultures. Furthermore colds 
were produced by virus which had been passed serially a number of times in 
volunteers or cultures. It could be concluded that the virus really produced the 
colds observed. Virtually every virus tested so far has produced colds when 
administered to volunteers, and many of the results are summarised in Table 6. 

It can be concluded that rhinoviruses administered intranasally to volun
teers cause colds, but it is also necessary to study the relationship between 
rhinoviruses and naturally occurring disease. If rhinoviruses are responsible 
for naturally occurring colds it should be possible to detect infection more fre
quently in patients with colds than in those without. It should also be possible 
to Iook for virus infection in patients suffering from a wide range of respiratory 
infections, and possibly of other diseases as weH, and so to determine whether 
in subjects other than healthy volunteers the virus could produce different or 
more serious types of disease. A good deal of work has been done already on these 
lines. Various populations have been studied and the results are summarised 
in Table 7. This shows that there is evidence that rhinoviruses are associated 
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with colds occurring in students and similar popu
lations of young adults. It is also apparent that 
they may be recovered from a small proportion of 
normal persons - some of whom may be under
going a symptom-less infection while others may be 
still shedding virus acquired at the time of apre
vious cold. It has been shown in the course of these 
studies that successive colds may in fact be due to 
infection with a series of immunologically, and 
sometimes biologically different viruses, to each of 
which in turn antibody and therefore presumably 
immunity is acquired. An example is shown in 
Table 8. There is little evidence that rhinoviruses 
are important in the causation of severe lower 
respiratory disease of children and none that they 
are important in diseases such as pneumonia of 
adults. The latter finding, however, may merely 
mean that the virus which initiated a mild respira
tory catarrh can no Ionger be found after that 
mild illness has been made severe by infection with 
a pathogenic bacterium. 

Rhinoviruses have been recovered from patients 
with acute exacerbations of a state of chronic bron
chitis (EADIE et al., 1966; STENHOUSE, 1967). These 
patients sometimes had no upper respiratory tract 
disease but this may have been due to their breath
ing through the mouth because of their dyspnoea, 
so that the virus infection was initiated in the 
bronchial tree. The bronchi are certainly infected 
for titrai;ion of sputum may show concentrations 
of rhinoviruses in excess of 103 TCD50/ml (STOTT, 

personal communication). Fuller studies of this 
problern are needed. In addition rhinoviruses have 
been recovered from two child patients -with an 
unusual form of encephalitis accompanied by retinal 
haemorrhages (HOLZEL et al., l965b). For some 
reason viruses were not isolated by these workers 
from any patients with respiratory disease, but the 
cases reported suggest the possibility that rhino
viruses may occasionally behave like enteroviruses 
and produce viraemia and infect organs distaut 
from the respiratory tract; the possibility has not 
been seriously investigated, but it is likely to occur 
much more rarely than with enteroviruses. 

Finally, the type of illness diagnosed in volun
teers and patients shown to be infected with rhino
viruses is summarised in Table 9 and Fig. 13a and b. 



104 D. A. J. Tyrrell: Rhinoviruses 

Although the pathology of even the commonest type of human disease due to 
rhinoviruses has not been studied, the organ culture experiments described 
earlier can be regarded as a guide to what happens in nasal epithelium. HILDING 
(1930) studied biopsy and other material from uncharacterised colds, many of 
which may have been due to rhinoviruses. He observed oedema of the submucous 

Table 8. The Result oj Testing for 
Rhinoviruses in Successive Golds in a 

Ghicago Student 
{HAMRE and PROCKNOW, 1963) 

Date of specimen 
co!lection 

1960 October 4 
1961 January 3 

February 15 
April17 
November 6 
November 18 

1962 February 5 
March 27 
April17 

Result of test for 
rhinovirus 

0 
0 
+ 
+ 
+ 
+ 
0 
0 

+ 
All the rhinoviruses were anti

genically distinct and were H-type 
strains. 

tissue at the time of onset, followed by 
shedding of the surface epithelium which 
was completed by the third day of the 
disease and progressed to reach the deep
est cell layers by the fifth day. During 
the first three days epithelial cells were 
found in the nasal secretion. The epi
thelium was completely regenerated by 
the fourteenth day from onset. 

Somewhat similar observations were 
reported by ßRYAN and ßRYAN (1953) 
who examined nasal smears stained by 
the Papanicolau technique. They also 
observed inclusion-like bodies in the 
cytoplasm. 

It is still widely believed that the 
catarrhal stages of a cold are due to bac
terial infection following the invasion of a 
virus. This is still unproven and in fact it 

could weil be a reflection of the time taken by the epithelium to regenerate 
and recover its full function. On the other hand mycoplasmas would not be 
detected by standard bacteriological techniques and these organisms might mu ltiply 
in or on the damaged epithelium and retard the healing process. This possibility 
could be investigated by the application of present techniques. Nevertheless bac-

Table 9. Range of Illness Gaused by Two Types oj Rhinoviruses in Volunteers (BYNOE 

and RODEN - unpublished) 

Type and strain 

HGP and PK I 
DC 

Number 
inoculated 

213 
251 

No. of colds of indicated sev()rity 
No. of 
colds 

I Moderate I Mild Severe 

1
78 37% 

1
63 81% 

1
12 15% I 3 4% I 

77 31% 36 47% 28 36% 13 17% 

Mean 

Incub:'tion I Duration 
perwd (days) 
(days) 

2.1 
2.1 

9.0 
9.9 

The viruses were administered as nasal containing diluted nasal washings. 

terial invasion may often be responsible for cases of profuse purulent nasal catarrh 
following colds, especially in children, and also for typical cases of acute sinusitis 
and otitis media. 

L. Epidemiology 

The results which were described earlier in support of the view that rhino
viruses cause respiratory disease were obtained in long-continued sturlies which 
also yielded information on the overall epidemiology of these viruses. 
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M 
Malaise 

Headache 

Aching limbs 

Chili 

Sneezing 

Watering eyes 
Coryza 

Mucopurulent 
nasal discharge 

Nasal obstruction 

Sore throat 
lnjected fauces 

Cervical adenitis 

Pain in face 

Hoarseness 

Cough 
Sputum 

Nausea & vomiting 
Abdominal pain 

Dlarrhoea 

20 40 60 80 100 
Per cent 

Average number of hondkerchiefs 
Mean incubotion period 

12 ........................ 17 
2·1 days ....................... 2·0 

Mean durotion of cold 9·0 doys ..... ... .... ........ .... 9· 3 
Number of patients studied 78 ························ 61 

H 

Per cent 

Schoolboys at a 
boarding school 

Adults and children 
at home 

Headache \Z:2Z:ZZ:::z2::Z:ZZ:::z22! 
Aching limbs 

Chili 

Pyrexia 

Watering eyes 

Coryza 

Nasal obstruction 

Sore throat 

lnjected fauces 

Cervical adenitis 

Cough 
Rhonchi or rales 

Nausea, vomiting 
or diarrhoea 

20 40 60 
Per cent 

Average number of handkerchiefs II 
Number of patients studied 18 

Head1che 

Aching limbs 

Chili 

Nasal obstruction 

Sore throat 

lnjected fauces 

Hoarseness 

Rhonchi or r8/es 

Nausea & vomitlng 
Abdominal pain 

Diarrhoea 

80 100 20 40 60 80 /00 
Per cent 

Median duration of symptoms 2-3 doys 
Number of patients studied 48 

105 

~·ig.13 a, b. Clinical observations on a) volunteers and b) patients suffering from cold.s and other illnesses 
produced by rhinoviruses. (From TYRRELL, 1965. By permission Arnolds.) In the ca.se of thevolunteers 

the M rhinovirus was type 2 and the H rhinovirus was the strain DC. 
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Rhinoviruses can be recovered from patients of all ages from infancy to 
advanced old age. It is not easy to find figures to indicate whether infection 
is commoner at one age than another; some are given incidentally in Table 7. 
Most workers report finding rhinoviruses more commonly in the winter when 
respiratory infections are common. However, on several occasions it has been 
observed that, using tissue cultures, viruses could not be observed in the period 
around January and February (KENDALL et al., 1962; HAMRE et al., 1967), 

'l'able 10. Frequency of Golds in Volunteers Inoculated with Rhinoviruses, 1957-1966 

IJanuary-1 April- I July- I October-1 Total March June September December 

Number inoculated 159 237 148 65 609 
Number developing colds 47 72 52 20 191 
Percentage 29.5 30.3 35.1 30.8 31.4 

'l'his 'l'able was kindly prepared by Dr. M. L. BYNOE. Most of the volunteers were 
inoculated with rhinovirus type 2 (strains HGP or PK) and smaller num.bers with 
types 1, 9, 3 or 4 (strains JH, DC, FEB and 16/60). 'l'he apparent slight increase in 
frequency of colds in July- September is not statistically significant. 

'l'able 11. Frequency of N eutralizing Antibodies against Rhinoviruses in Sem Collected 
from Normal Adults in Various Parts of the World. ('l'AYLOR-ROBINSON, 1965; BROWN 

and 'l'AYLOR-ROBINSON, 1966) 

Number and percentage of 
Origin of sera Number tested positive sera against 

TypelA I Type 2 

Urban Australia 19 18 95 15 79 
Jamaica 15 12 80 10 67 
India 15 13 87 12 80 
Malaya 15 13 87 11 73 
South Africa 15 11 73 9 60 
France 11 5 45 3 20 
England 22 16 73 13 59 
Chile 15 12 80 12 80 
Czechoslovakia 15 8 53 7 47 
U.S.A. 9 6 67 4 44 
Lebanon 15 11 73 10 67 

Isolated Hottentots (South Africa) 45 41 91 27 60 
communities Eskimos (North America) 54 46 85 31 58 

Micronesians (Pacific) 65 32 49 26 39 

while others have seen epidemic waves of a rhinovirus at that time (MUFSON 
et al., 1966a). In one study it was found over a period of years that the fraction 
of all patients studied who yield rhinoviruses was higher in the summer than 
the winter (HoPE-SIMPSON, 1966). This suggests that Hand M rhinoviruses have 
a seasonal incidence which is roughly the same as that of respiratory diseases 
in general but that respiratory virus diseases in mid-winter may also be due 
to viruses which cannot be cultivated by present tissue techniques. This con
clusion, however, does not explain why the incidence fluctuates with the seasons. 
The best analysis so far was made by calculating partial correlation between 
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the incidence of colds and many different measurable parameters of the weather. 
The results so far indicate that an increase in incidence of colds occurs 2-3 
days after a drop in temperature, and that there is a weaker association with 
humidity (LIDWELL et al., 1965). This suggests that a drop in temperature in
fluences in some way the transmission of the virus. There is no evidence at the 
moment that experimental exposure to a rhinovirus during the colder seasons 
of the year is more likely to induce a cold than exposure during the warmer 
months (Table 10). Subjects have been chiiled and then exposed to uncharacter
ised viruses administered as nasal drops and generaily they were no more likely 
to develop colds than unchilled volunteers (ANDREWES, 1951). The Chicago 
group did however produce an increased nurober of colds in women who were 
chilled in the middle third of the menstrual cycle (JAOKSON et al., 1960b). It 
is possible that different results would be obtained if virus was administered 
as airborne droplets instead of in nasal drops but such experiments have not 
been reported. 

The seasonal effect might occur because airborne droplets of virus survive better 
in the indoor environment in winter when the relative humidity has been re
duced. by artificiaily heating the air. HEMMES et al. (1960) have suggested that 
influenza is prevalent in winter because this virus survives weil at low relative 
humidity while poliovirus is prevalent in summer because it survives better 
in air of high humidity. However other respiratory viruses do not behave like 
influenza. Virus on a glass slide loses its infectivity in much the same way as 
virus in airborne droplets and it has been shown in this system that rhinoviruses 
behave like other picornaviruses and are better preserved at high humidities 
(BuoKLAND and TYRRELL, 1962). This suggests that the humidity effect is not 
the determining factor in the seasonal fluctuation; it also suggests incidentally 
that infectious virus is not airborne for a long time during the normal trans
mission cycle, otherwise the effect of low humidity in winter would reduce trans
mission at that time of the year. It might however explain the observation 
in some studies that rhinoviruses are not common January and February in 
the Northern Hemisphere when external temperatures and therefore internal 
relative humidities are at their lowest. The seasonal effect which causes an 
increase of colds in the autumn might therefore occur in the patient transmitting 
infection either by increasing the amount of virus in the nasal secretions or by 
increasing the likelibood that it will be expeiled as airborne droplets. lnfection 
with Coxsackie virus A21 is in many ways like that seen in colds produced by 
a rhinovirus, and unpublished results (BuOKLAND, 1963) indicate that volunteers 
infected in cold weather shed more nasal secretion on coming indoors than do 
volunteers kept inside in a uniformly warm environment. It is in fact weil known 
that the nose tends to run and require blowing more often in cold tban in warm 
weather. It has been shown that blowing the nose is an effective way of pro
ducing an aerosol of particles likely tobe trapped in the nose (BuoKLAND et al., 
1965). The increased transmission of colds in cold weather might therefore be 
due to this winter dampness on the nose. However, by no means has the last 
word been said on the seasonal factors involved in respiratory tract infection; 
the syndrome of "shipping fever" of cattle shows how crowding and "stress", 
and changes in diet may be the determining factors in inducing an epidemic 
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of respiratory disease and it is likely that each of them plays some part 

(ANDREWES, 1964). Some workers believe that common cold viruses are com
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Fig. 14. Incidence of Rhinovirus Serotypes, 1960 -1964. 

'rhe occurrence of virus of various serotypes in a pop
ulation of young adults in Chicago. Redrawn from 

HAMRE et al. (1967). 

monly present in a ]Jatent form 

in the population and that low 

temperatures activate these in

fections in some ways so that 

symptoms deve]op. Studies on 

rhinoviruses have so far given 

no experimental support for this 
view. 

It is not possible to describe 

fully the distribution in space and 

time of the occurrence of the 

various serotypes of rhinoviruses. 

Nevertheless the general pattern 

of their behaviour is already be

coming clear. Somerepresentative 

data are given in Fig. 14. This 

makes it clear that there is a con

stant flux in the serotypesinfecting 

any population - one type enters 

a community and persists for a 

matter of weeks or a few months 

and then entirely disappears. Also, 

in one study in a school it was 

shown that two serotypes of virus 

had disappeared without inducing 

antibody in more than a minority 

of the children (KEND.ALL et al. 

1962). It appears therefore that 

even in a closed community there 

must be a rather high proportion 

of susceptibles if a rhinovirus is 

to continue to spread within it, 

and that the virus often fails to 

spread before all the susceptibles 

are exhausted. Furthermore it 

seems to be normal for several 

serotypes of rhinovirus to be cir

culating at about the same time. 

The winter respiratory "season" 

therefore appears to be formed 

by the Summation of an overlap

ping series of epidemics induced 

by a succession of new viral sero

types, many of which are rhino-

viruses. 
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Serological surveys are useful adjuncts to the study of the epidemiology of 
rhinoviruses. Several have been reported. It appears in general that maternal 
antibody is lost rather early and then antibody to one virus after another is 
acquired, often beginning in early childhood. Antibody is found in a su bstantial 
proportion of sera only in adolescence, although some studies indicate that there 
may be antibody against one serotype in the sera of many children while there 
are few with antibody agairrst an- 100 

other (Fig. 15). This suggests that M. Rhlnovirus Typa 

the interval since the last occasion ~ 80 

on which a particular virus was pre- i 60 

valent in a community mayvary over 
a range of time as great as that of 
human childhood. Therefore it is 
likely that certain serotypes may 
revisit an area at intervals of up to 
ten years or so. This is consistent 
with the data obtained so far on 
virus isolations which only extends 
over a period of four or five years -
virus serotypes were rarely recovered 
twice on an epidemic scale in any 
one area. Serological surveys against 
a few M rhinoviruses have shown 
that antibodies against these are 
common in the sera of adults living 
in many parts of the world, and 
therefore the viruses are presumably 
circulatingtheretoo (Table ll). Even 
remote communities living in Alaska, 
the Pacific Islands, the Kalahari 
desert or the island of Tristau da 
Cunha carry antibodies against 
rhinoviruses (BROWN and TAYLOR
RoBINSON, 1966; TAYLOR-RoBINSON 
and TYRRELL, 1963) and these are 
compatible with the clinical obser
vation that colds do occur in such 
communities, though they may be 
observed as distinct epidemic waves 

100 
H. Rhinovlrus l};pe 15 

80 

100 
Years 

H. Rhinovlrus TypeiS 
80 

Years 

Fig. 15. The frequency of antihoclies against rhino
viruses in suhjects of different ages. Antihoclies 
against type 2 were measured in the sera of suhjects 
from Britain and against types 15 and 16 in suhjects 
from the U.S.A. (TAYLOR·ROBINBON and TYRRELL. 
1962h; .JOHNSON and ROBEN, 1963. Figura from 
TYRRELL, 1965. By permission Arnolds.) See also 

SCHILD and HOBSON, 1962. 

rather than as a prolonged season of increased prevalence. Rbinoviruses are 
therefore apparently ubiquitous infectious agents. 

The above interpretations are probably sound but they are based on two 
assumptions, namely that antibody is induced by infecting with the virus used 
in the test or with one very much like it, and that new serotypes arenot being 
selected by the passage of virus in the respiratory tract of humans having low 
titres of antibody. Analogy with enteroviruses suggests that if new serotypes are 
appearing they are not doing so rapidly, but experience with Foot-and-Mouth 
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Tab1e 12. Proposed Rhinovirus Numbering System (KAPIKIAN et al. 1961) 

Rbinovirus No. I 
IA 
lB 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

ECHO 28 
B632 [K779] 
HGP 
FEB 
16/60 
Norman 
Thompson 
68-CV ll+ 
MRH-CV 12 
211-CV 13 
204-CV 14 
1-CV 15 
181-CV 16 

Prototype strain 1 

353 [5,007 -CV 23] 
1,059 
1,734 
11,757 
33,342 
5,986-CV 17 
6,072-CV 18 
15-CV 19 

47-CV 21 
127-CV 22 [203 F] 
5,124-CV 24 (100,319)1 
5,146-CV 25 [147H] 
5,426-CV 26 (K2,218)1 (55,216)1 
5,660-CV 27 (127-1)1 
5,870-CV 28 
6,101-CV 29 (ll3E)1 
5,582-CV 30 (179E)1 
106F 

140F 
363 
1,200 
137-3 
164A 
342H 
151-1 
CH 792 [201-3C] 
209 [00052] 

1,794 [184E] 
56,110 [137F] 
56,822 [248A] 
58,750 (E2 No. 133)1 (WIS 258E)1 [04374] 
71,560 
Bay1or 1 (037211)1 (E2 No. 46)1 
Bay1or 2 [ 4 77 -CV 50] [CH 2022] 

Bay1or 3 [1,979M-CV 46] [CH 3101] 

1,505 
8,213 
A2 No. 58 
F01-4,081 (19,143)1 [605-CV 45] [313G] 

I Referenees describing 
indicated strains 

11, 12 
13, [14] 
13 
13 
13 
13 
13 
15 
15 
15 
15 
15 
15 
16, 17, [18] 
16, 17 
16, 17 
16, 17 
16, 17 
18 
18 
18 
18 
18, [19, 6] 
18, (9) 
18, [19, 6] 
18, (20), (9) 
18, (19, 6) 
18 
18, (19, 6) 
18, (21, 6) 
21, 6 
21, 6 
22 
22 
19, 6 
19, 6 
19 
19, 6 

1, 7, [19, 6] 
23, [6] 
23, [19, 6] 
23, [19, 6] 
23, [6] 
23, (20), 24), [6] 
23 
25, (6), (20) 
25, [26], [1] 
25, [26], [1] 
9 
9 
20 
27, (9), [26], [19,6] 
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Rhinovirus No. I Prototype strain1 I Referenoes describing 
indicated strains 

52 
53 
54 
55 

F01-3, 772 (16,413)1 [515-CV 34] 
F01-3,928 [252B] 
F01-3,774 [2,253-CV 49] 
WIS 315E [Baylor 4] 

27' (9), [26] 
27, [6] 
27, [26] 
24, [28] 

1 Virus in parentheses represents a virus submitted to programme by a collaborat
ing laboratory and found to be identical to the prototype strain; virus in brackets 
represents a virus not included in first phase or not submitted to programme and 
found to be identical with the prototype strain by a collaborating laboratory. Reference 
numbers are shown in a similar manner to above. Thus, reference number not in paren
theses refers to prototype strain, number in parentheses refers to virus strain in paren
theses. Number in brackets refers to virus strain in brackets. 

2 CH 79 was formerly designated as CHV/2/59; CH 202 formerly designated as 
CHV/7/59; CH 310 formerly designated CHV/1/60. 

The number immediately following any CV ("coryzavirus") designation in this 
table represents a type number assigned to the indicated strain by the investigators 
originally describing that strain (18, 26). "Coryzavirus" was the term originally used 
to describe these strains (15, 18, 26). 

1. GwALTNEY, J. M., Jr., and W. S. JoRDAN, Jr.: Bact. Rev. 28, 409 (1964). 
2. CHANOCK, R. M., M. A. MuFSON, and K. M. JoHNSON: Progr. med. Virol. 7, 208 

(1965). 
3. PHILLIPS, C. A., S. RIGGS, J. L. MELNICK, and C. A. GRIM: J. Amer. med. Ass. 

192, 277 (1965). 
4. MuFSON, M. A., P. A. WEBB, H. KENNEDY, V. GILL, and R. M. CHANOCK: J. 

Amer. med. Ass. 195, 1 (1965). 
5. TYRRELL, D. A_ J_: in Common Coldsand Related Diseases, 155 (The Williams 

and Wilkins Co., Baltimore, and Arnolds, London, 1965). 
6. HAMRE, D., A_P,CoNNELLY, Jr.,and J. J. PROCKNOW: Amer. J. Epidem. 83, 283 

(1966). 
7. GwALTNEY, J. M., and W. S. JORDAN, Jr.: Amer. Rev. resp. Dis. 43, 362 (1966). 
8. TYRRELL, D. A. J_, and R. M. CHANOCK: Science 141, 152 (1963). 
9. KAPIKIAN, A. z_, M. A. MUFSON, H. D. JAMES, Jr_, A. R. KALICA, H. H. BLOOM, 

and R. M. CHANOCK: Proc. Soc. exp. Biol. (N.Y.) 122, 1155 (1966). 
10. HAMPARIAN, V. V., and R. M. CONANT (in preparation). 
11. PELON, W., W. J_ MoGABGAB, I. A. PHILLIPS, and W. E. PIERCE: Bact. Proc. 67 

(1956). 
12. PRICE, W. H.: Proc. nat. Acad. Sei. (Wash.) 42, 892 (1956). 
13. TAYLOR-ROBINSON, D., and D. A_ J. TYRRELL: Lancet i, 452 (1962). 
14. MoGABGAB, W. J.: Amer. J. Hyg. 76, 160 (1962). 
15. HAMPARIAN, V. V., A. KETLER, and M. R. HILLEMAN: Proc. Soc. exp. Biol. (N.Y.) 

108, 444 (1961). 
16. JOHNSON, K. M., H. H. BLOOM, R. M. CHANOCK, M. A. MuFSON, and V. KNIGHT: 

Amer. J. publ. Hlth 52, 933 (1962). 
17. JOHNSON, K. M., and L. ROSEN: Amer. J. Hyg. 77, 15 (1963). 
18. KETLER, A., V. V. HAMPARIAN, and M. R. HILLEMAN: Proc. Soc. exp. Biol. (N.Y.) 

110, 821 (1962). 
19. HAMRE, D., A. P. CONNELLY, Jr., and J. J. PROCKNOW: J. Lab. clin. Med. 64, 

450 (1964). 
20. Submitted by Dr. WILLIAM J. MoGABGAB, Tulane University, New Orleans. 
21. CONNELLY, A. P., Jr., and D. HAMRE: J. Lab. Clin. Med. 63, 30 (1964). 
22. WEBB, P. A., K. M. JoHNSON, and M. A. MuFSON: Proc. Soc. exp. Biol. (N.Y.) 

116, 845 (1964). 
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23. MuFSON, M. A., R. KAWANA, H. D. JAMES, Jr., L. W. GAULD, H. H. BLOOM, 
and R. M. CHANOCK: Amer. J. Epidem. 81, 32 (1965). 

24. DICK, E. C., and C. R. BLUMER (in preparation). 
25. PHILLIPS, C. A., J. L. MELNICK, and C. A. GRIM: Proc. Soc. exp. Biol. (N.Y.) 

119, 798 (1965). 
26. HAMPARIAN, V. V., M. B. LEAGUS, and M. R. HILLEMAN: Proc. Soc. exp. Bio!. 

(N.Y.) 116, 976 (1964). 
27. Submitted by Dr. E. H. LENNETTE and Dr. J. H. SCHIEBLE, California State 

Department of Public Health, Berkeley, California. 
28. MELNICK, J. L. (personal communication). 

dieaase shows that in the field and experimentally new serotypes of a picorna

virus may be evolved if conditions are appropriate. Prolonged epidemiological 

studies will be necessary to give a final answer to the question. 
So far, few serotypes of rhinoviruses of animals have beendescribed, although 

the syndrome of cat influenza, a common disease, especially of young animals, 

seems to be due to several viruses which are antigenically distinct; several of 

them are poised on the borderline between enteroviruses and typical rhinoviruses 

but others may not be rhinoviruses at all (BüRKI, 1965; ZWILLENBERG and BüRKI, 

1966). Respiratory disease due to equine rhinoviruses has been described so far 

in Britain, Canada, and South Africa (PLUMMER, 1963; DITCHFIELD and MACPHER

SON, 1965; ERASMUS, 1966, personal communication). The one serotype of rhino

virus isolated from a calf was isolated from a mild illness and caused little effect 

when administered experimentally (BÖGEL and BöHM, 1962)3• We have no in

formation about how bovine rhinoviruses spread and persist under normal 

conditions of husbandry. Recent work on Foot-and-Mouse disease virus suggests 

that bovine carriers might exist. There is no evidence as yet that these viruses 

are transmissible from or to man in nature. The calf rhinovirus has no effect 

on human cells in vitro, but some human rhinoviruses will produce degenera

tion in calf kidney cells (V .A.RGOSKO, personal commu.'li.cation), although they 

have not been adapted to them. The cat rhinoviruses do not affect human cells 

in vitro but the equine rhinovirus was given in a very large dose to a volunteer 

and he becam~ infected and developed pharyngitis; in addition, stable workers 

carry antibody against the virus (PLUMMER, 1963). 

IV. Appendix 

Diagnostic Tests for Rhinovirus Jnfection 

1. Clinieal Specimens 

The following have been successfully used: 
a) Nasal washingstaken with saline and supplemented with an eqru.al volume 

of bacteriological broth or a final concentration of 0.2% to 2% bovine plasma 

albumin. 
b) Nasal swabs (it is important that the swab is well wetted with nasal se

cretions), nasal "blow-outs" into a Petri dish. These are placed in a bottle with 

3 Further isolations have now been reported (WIZIGMANN and ScHIEFFER, 1966). 
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transport medium, such as Ranks' saline containing 2% bovine plasma albumin, 
or veal infusion broth. 

c) Throat swabs collected like nasal swabs - these are often satisfactory, 
but may contain less virus than nasal swabs. 

2. Paired Sera 

The first serum should be collected in the acute phase of the illness. The time 
of development of antibody is not precisely known but it may well be rather 
slow so a second specimen should not be taken before two to three weeks after 
the illness. 

3. Laboratory Tests 
The specimens should if possible be inoculated immediately into cultures 

but there is little cl.isadvantage in freezing them at -70°0 or lower. Oultures 
of human embryo cells are prepared, either a sensitive strain of human diploid 
fibroblasts such as WI 38 or primary or secondary human-embryo-kidney-cells. 
The former are maintained in 2% calf serum in 98% Eagle's medium, the latter 
cells are maintained in 2% calf serum and 0.25% Iactalbumin hydrolysate in 
Ranks' salinebuffered to give a pH of between about 7.3 and 7.0. Mixtures of 
Eagle's medium and medium 199 have been used successfully provided that 
the proper pH was obtained and the cultures were changedas necessary to prevent 
it falling too much. Even a mild degree of "toxicity" of the inoculum may inter
fere with virus isolation, and it is therefore often helpful to change the medium 
on the day after cultures have been inoculated. The amount of virus in a specimen 
may be quite small, therefore it is better to use a large total volume of inoculum. 
We add 0.2 ml of medium to each of three tubes. Oultures are always incubated 
in a rollerdrum at 33°0. H possible organ cultures of human embryo trachea or 
nose should also be inoculated, using methods already described (HoORN, 1966; 
TYRRELL and BLAMmE, 1967; HIGGINS, 1966b). After 1 or 2 passages in these 
cultures the medium should be inoculated into tissue cultures as just described. 

The cultures should be inspected regularly, if possible daily or on alternate 
days, because a focal cytopathic effect in human kidney cells may disappear 
a day or two after it appears, and passage of rhinoviruses may be difficult if not 
attempted when the cytopathic effect is steadily progressing. Passage is most 
likely to be successful if the medium is transferred to new cultures as soon as 
it seems that the nurober of freshly affected cells in the culture has reached a 
maximum. It is better not to store culture media between passages. 

A presumptive diagnosis of a rhinovirus infection can be made if a cytopathic 
effect is seen which resembles that of picornaviruses and develops rather slowly. 
However, the diagnosis must be confirmed. This may be done by comparing 
the cytopathic effect in further cultures, one set of which are set up as in the 
virus isolation while the others are maintained at pH 7.6 at 37°0 in a stationary 
rack. Rhinoviruses fail to grow under the latter conditions. This is however 
a less decisive test than that of showing that the virus is acid-labile. 

This may be done by mixing one volume of virus with one volume of 0.1 M 
phosphate buffer at pH 5 or 0.1 M sodium citrate citric acid buffer at pH 4. 
The mixtures are held at 37°0 for one hour and then neutralized by the addition 

Virol. Monogr. 2 8 
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Table I3. The Isolation of Oertain Serotypes of Rhinovir-u 

11A 11B I 2 I 3 I 4 I 5 I 6 I 7 I 8 I 9 110 111 112 113 114 115 116 I 
1959-1960 
Pennsylvania and New Jersey, 
U.S.A. (I) 9 I 4 I 3 

1960-1961 
Pennsylvania and New Jersey, 
U.S.A. (1) I I 8 3 3 

1961 
N. Carolina, U.S . .A. (2) 24 4 I8 I I I 1 3 

1961-1962 
California, U.S.A. 9 13 I I 1 

1962 
United Kingdom 2 1 I 

1962-1963 
California, U.S.A. 1 3 5 

1963 
United Kingdom I 6 2 2 I I I 
Virginia, U.S.A. I 7 2 4 I 
Texas, U.S.A. I 

1963-1964 
California, U.S.A. 4 I I I 20 3 I 1 

1964 
United Kingdom 3 4 

1964-1965 
Virginia, U.S.A. I I I 2 6 8 2 1 I 1 
California. U.S.A. 3 6 4 I 1 

1965 
United Kingdom 5 3 7 3 I 2 I 
Virginia, U.S.A. I I I I 3 I2 

1965-1966 
California, U.S.A. I5 26 I 1 I 1 

1966 
United Kingdom 5 4 2 I I I 

These results should be viewed in conjunction with those of HAMRE and PROCKNOW shc 
Certain rhinovirus serotypes have also been identified in other areas, e.g. Prague.types 2,: 
I am extremely grateful to the above and to the following workers who provided unpul 
Dr. MARGUERITE S. PEREIRA and Dr. MARY ROWLEY, Central Public Health Laboratory, Col 
Dr. J. M. GwALTNEY,Dr. W. S. JoRDAN, Jr.,Dr. J. 0. HENDLEYandDr. G. SIMON, Charlottt 
Dr. J. SCHIEBLE and Dr. E. D. LENNETTE, Department of Public Health, Berkeley, Cali: 
(I) HAMPARIAN et al. (1964b). (2) MUFSON et al. (1966). 

of one volume of 0.5M buffer pH 7.2. This mixture diluted 1:5 is then inoculated 
in tissue cultures along with a parallel culture which is incubated at pH 7 with 
0.1 M phosphate buffer before addition of 0.5M buffer. Cultures should be changed 
about three hours after inoculation. 

One alternative method is to mix one portion of the virus with nine volumes 
of Eagle's medium without bicarbonate (final pH 3.0) and another portion 
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Part of Systematic Surveys oj Acute Respiratory Tract Injections 

13 1 20 1 21 1 22 1 23 1 241251 26 1 27 1 28 1 29 1 30 1 31 1 32 1 331341 35 1 36 1 37 1 38 1 39 1 40 1 41 1 42 1 43 1 44 1 45 1 461 4' 

3 1 1 1 1 1 1 1 1 1 1 I 

1 1 

1 11 25 21 1 2 1 3 1 18 3 

1 2 1 1 1 

1 

1 1 1 1 4 4 6 

3 1 
3 1 5 4 1 2 1 13 1 6 8 

1 1 4 5 3 

1 10 12 2 3 15 

I 1 

3 1 1 4 2 1 3 2 I 2 1 
4 1 10 2 1 1 6 1 
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Fig. 14. 
31 by Dr. STRIZOVA, Glasgow- types 1B, 3, 4, 7, 10, 11, 12, 14, 16, 18, 29 and 32 by Dr. E. J. STOT~ 
results which have been incorporated in this table. 
Avenue, London, N.W. 9, England. 
Virginia, U.S.A. 
U.S.A. 

with nine volumes of Eagle's medium neutralized with 0.01 M Tris buffer. The 
mixtures are held at room temperature for three hours before titration. 

The most concentrated virus tested after treatment with acid should be 
noninfectious and the control sample should cause a cytopathic effect when 
diluted at least ten-fold more than this. 

It is often desirable to test for ether-stability also. Virus is mixed with 20% 

s• 
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of anaesthetic ether and held overnight at 4 o C alongside an untreated control 
sample. Next morning the ether is removed by standing the plugged tubein a 
water bath, or by exposing to a stream of sterile air or nitrogen. The control 
is similarly treated. The surviving virus is titrated and the titre should be within 
one ten-fold dilution of that of the control sample. 

Virus size may be roughly determined by filtration through gradocol or milli
pore membranes of about 50 m(L APD. Virus is clarified by centr]fugation at 
about 500 g for 30 min. or by passage through a filter of APD about 3-500m,u. 
The filter is then set up and "satisfied" by passing through it 5% liwrse serum 
in saline or culture medium. We use about 10 ml for a 40 mm membrane. The 
virus is then passed through the filter and the filtrate and starting fluid are titrated. 
Up to 100-fold reductions in titre may occur with certain viruses even if the filter 
has been carefully "satisfied" and the fluid has been clarified. Therefore a negative 
result, i.e. failure to pass the membrane, is only satisfactory if the starting fluid 
has a titre of at least 102 ID50• 
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