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I t  is generally agreed that cells obtained 
from human fetal tissues may vary in their 
susceptibility to viral infection in tissue cul- 
ture (1-5). Differences in the susceptibility 
of cells obtained from different donors to 
infection by poliomyelitis virus were initially 
described by Hayflick and Moorhead (1). 
Brown and Tyrell ( 2 )  and Embil and 
Faulkner (3) have reported similar observa- 
tions for rhinoviruses, enteroviruses, adenovi- 
viruses, mumps, measles and Herpes hominis 
viruses. More recently, Potter, Potter and Ox- 
ford (4) and Aaronson ( 5 )  prepared fibro- 
blast cultures from explants of skin fragments 
obtained from newborn children and adults 
including some subjects with genetic dis- 
eases, and assessed the susceptibility of 
such preparations to infection by viral 
agents. Variations in the susceptibility of 
cells obtained from individual donors to in- 
fection by any one given virus were 
documented, although the etiology of such 
variations was not clear. 

Recent observations indicate that a num- 
ber of genetic factors, and particularly the 
genetically determined systems of histocom 
patibility, such as the murine H-2 system, for 
example, may play an important role in con- 
ditioning host resistance or susceptibility to 
virus-induced neoplastic diseases ( 6 ,  7 ) .  This 
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consideration raised the possibility that the 
tissue culture technique, utilizing primary 
fibroblast lines obtained from the skin of 
related and unrelated donors genotyped for 17  
different genetic marker systems, including 
HL-A, might provide a useful approach to 
further studies of this question in man. 

Materials and Methods. Normal primary 
fibroblast lines were prepared from s k' in ex- 
plants isolated from 30 Caucasian donors in 
the course of studies of the responses of HL- 
A genotyped subjects to skin allografts (8). 
The fibroblasts were cultured by the plasma 
clot technique; they were grown in McCoy's 
5a modified medium (Grand Island Labora- 
tory) containing 15% fetal calf serum and 
100 IU of penicillin, 50 pg of streptomycin 
and 25  pg of Fungizone/ml of medium. The 
same medium, containing 5% fetal calf serum, 
was used for maintenance of the cultures 
when the cells had formed a confluent mono- 
layer. For passage, the cells were detached 
from the culture dish by treatment with 
0.25% trypsin solution. For preservation of 
the cell lines, aliquots of each fibroblast sam- 
ple were frozen by graded cooling in 
McCoy's medium, with 30% calf serum and 
10% dimethylsulfoxide; the cells were then 
stored in liquid nitrogen. All studies were 
done with cell lines which had been passaged 
10 to 30 times. In  addition to these fibro- 
blasts, WI-38 cells were obtained from Flow 
Laboratories after 21 passages, and were han- 
dled in the same manner. 

The genetic markers known for each of the 
fibroblast donors included HL-A, erythro- 
cyte groups ABO, rhesus, MNSs, Duffy, 
Kell, Lu, Lewis, P, and Secretor; platelet 
groups KO", Kob, Zwb; serum groups Gm, 
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Inv, Gc, Tf;  erythrocyte enzyme groups PAC 
(acid phosphatase) , PGM- 1 (phosphoglu- 
comutase- 1 ) and AK (adenylate kinase) . 
Fourteen of the donors were members of 
three families (Vin, Pet and Piq) . In the Vin 
family, fibroblasts were available from the 
father (No. 36), the mother (No. 309), three 
genotypically HL-A identical siblings (Nos. 
38, 39, 40) and two HL-A different siblings 
(Nos. 37, 308). Fibroblasts from the mother 
(Nos. 271) and two HL-A different children 
(Nos. 269, 270) were available from the Pet 
family. In the Piq family, fibroblasts from 
the father (No. 279), the mother (No. 282) 
and two HL-A different offspring (Nos. 280, 
281) were studied. The remaining 16 fibro- 
blast lines were obtained from unrelated sub- 
jects of known HL-A genotypes. 

Four different strains of viruses known to 
produce cytopathogenic effects (CPE) in cul- 
tures of WI-38 cells were selected for study. 
Two strains, herpes hominis and adenovirus, 
are DNA viruses, and the other two, echovi- 
rus and measles virus, are RNA viruses. Two 
of the viruses, herpes hominis and the 
measles viruses are considered to be envel- 
oped viruses and the other two are consid- 
ered to be naked (9).2 A11 viruses were 
passed at  least once in WI-38 cells in this 
laboratory before use in the susceptibility 
tests. The seed virus for all tests consisted of 
measured aliquots of a pool of infected nutri- 
ent medium, which was frozen and stored at 
-70” until used. The susceptibility of fibro- 
blast lines obtained from individual donors to 
infection by a given virus was evaluated on 
the basis of the production of a cytopath- 
ogenic effect (CPE). In  a typical screening 
test, 10 fibroblast lines and WI-38 cells, 
which served as conltrols, were tested with 
two or more viruses in the same experiment. 

Each cell line was grown in 35 X 10 mm 
plastic petri dishes (Falcon) until a confluent 
monolayer was formed. The growth medium 

2The herpes hominis Type 1 virus was obtained 
frGm Drs. P. Brunell and A. Gershen at  New York 
University; the adenovirus Type 7 was obtained 
from Dr. Stephen Millian, New York City Depart- 
ment of Health Laboratories; the measles virus was 
provided by Dr. John Enders, Harvard Medical 
School. 

was then replaced by 2 ml of maintenance 
medium, and 0.1 ml of four serial loglo dilu- 
tions of the virus under study was added to 
petri dishes containing fibroblasts from the 
same donor. Each test was performed in du- 
plicate or triplicate, and was accompanied by 
one or two preparations of each cell line to 
which no virus was added (uninfected con- 
trols). 

The cultures were examined daily for the 
presence of a CPE. The latter was graded 
from zero if no CPE was observed to 4+ if 
the entire monolayer was involved. The oc- 
currence of spotty areas throughout the mon- 
olayer was graded as t; a rating of 1+ 
referred to involvement of 25% of the mono- 
layer: of 2+ to SO% and of 3+ to 75% de- 
struction of the entire monolayer. The sus- 
ceptibility of each fibroblast line to a given 
virus was gauged by a comparison of its CPE 
at the highest dilution of that virus giving a 
1+ or greater CPE in WI-38 control cells at  
a specific time after infection. This time, 
which was determined after preliminary tests 
of each virus with WI-38 cells, was 2 days for 
the echovirus, 3 days for the herpes virus, 
and 7 days for adenovirus and the measles 
virus. Fibroblasts which showed less reaction 
than the WI-38 cells were considered rela- 
tively resistant under these experimental con- 
ditions; cells showing a 1+ or 2+ CPE were 
termed susceptible, and those with a 3+ or 
4+ CPE were considered very susceptible. 

Serum samples from each fibroblast donor 
were tested for antibody titers against the 
four viruses under study. Standard hemagglu- 
tination-inhibition tests were used for deter- 
mination of measles and adenovirus-7 anti- 
body titers; the standard complement 
fixation test was employed for determination 
of herpes simplex antibody; and the neutrali- 
zation test for determination of echovirus-11 
antibodies3 

Results. The results of a representative 
screening test are illustrated in Table I. In 
this particular experiment, the highest dilu- 
tion of herpes virus giving a 1+ CPE in 
WI-38 cells after 3 days was low6, At this 

3Lennette, E. H., and Schmidt, N. J., eds., “Diag- 
nostic Procedures for Viral and Rickettsia1 Infec- 
tions.” Amer. Pub. Health Ass., New York (1969).. 
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TABLE I. Comparison of the OPE Caused by the Same Inoculum of Herpes Ilominis Virus 
in Susceptible WI-38 Fibroblasts and in  Skin Fibroblasts Obtained from a Genotyped Panel 

of Normal Human Subjects. 

Degree of CPE observed a t  virus cone of: 

After inoculation Unin f ect ed 
Cell line (day> 10-4 1 0 6  10" lo-' control cells 

WI-38 1 f 0 0 0 0 
2 2+ 1+ 0 0 0 
3 2+ 2+ 1+ 2 0 

279 1 * 0 0 0 0 
2 1+ * 0 0 0 
3 2+ 1+ 1+ f 0 

280 1 
2 
3 

281 1 
2 
3 

282 1 
2 
3 

0 
f 
1+ 

2+ 
3+ 

1+ 
3+ 
4+ 

2 

0 
0 
f 
0 
1+ 
2+ 

2+ 
3+ 

4 

0 
0 
0 

0 
f 
1+ 

0 
I+ 
2+ 

0 
0 
0 

0 
0 
1+ 

0 
f 
I+ 

concentration of the virus, fibroblast culture 
Nos. 279, 281 and 282 were susceptible, and 
culture No. 280 was relatively resistant to 
herpes virus. A similar experiment performed 
under the same conditions 3 months later 
gave the same results. 

In  repeated experiments, the optimal dilu- 
tion of each virus for comparing susceptibili- 
ty to infection was found to be for 
herpes hominis, for adenovirus, and 

for echovirus. In  one experi- 
ment with measles virus, i t  was in 
another test, it was lo-*. 

The results of screening fibroblast lines 
from 30 normal human subjects are summar- 
ized in Table 11. Twenty-seven of the fibro- 
blast lines were susceptible to infection by 
the herpes virus; 4 of them were very suscep- 
tible. Three other cell lines were classified as 
resistant. Only 2 of 26 cell lines were resis- 
tant to adenovirus. These two cell lines were 
also resistant to the measles virus. All of the 
18 cell lines tested were susceptible to echovi- 
rus. The resistance of individual cell lines 
was usually virus-specific; and resistance to 
one given virus was not necessarily associated 
with resistance to others. 

or 

Cell lines obtained from the parents (Nos. 
36 and 309) and three HL-A genotypically 
identical siblings (Nos. 38, 39, 40) in family 
Vin (Table 11) were equally susceptible to 
infection by the viruses used in this study. In 
contrast, fibroblasts obtained from an HL-A 
different sibling in this family (No. 308) 
were resistant to the herpes, adeno- and 
measles viruses. In  the Piq family, cells from 
the parents and one sibling (Nos. 279, 282 
and 2 8 1 , respectively) were susceptible 'to the 
herpes, adeno- and echoviruses, while cells 
prepared from an HL-A different sibling 
(No. 280) were resistant to the herpes virus. 

Interpretation of the CPE as evidence of 
viral infection of the affected cells was sup- 
ported by additional studies designed to as- 
sess the ability of the cells to support viral 
growth, as reflected by viral replication and 
the production of viral hemagglutinins. Fig- 
ure 1 illustrates a representative experiment. 
Petri dish cultures of a resistant cell line 
(No. 280) and a susceptible line (No. 38) 
were inoculated with 0.1 ml of a dilu- 
tion of herpes virus. The preparations were 
examined at  24 hr intervals, the CPE was 
recorded, and 2 samples of each cell line were 
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TABLE 11. Summarized Results of Testing the Susceptibility of 30 Different Human Fibro- 
blast Lines t o  Viral Infection." 

Virus utilized 

Cell strains tested Herpes hominis Adenovirixs-7 Echovirus-11 Measles 

Control cells 

Families studied (No.) 
Vin, F 36 

M 309 
Sib 37 
Sib 38+ 
Sib 39+ 
Sib 40+ 
Sib 308 

Pet, M 271 
Sib 269 
Sib 270 

Piq, F 279 
M 282 

Sib 280 
Sib 281 

Unrelated individuals (No.) 

WI-38 

111 
106 
124 
141 
126 
109 

6 
123 
100 
117 
153 
252 
154 
265 
118 
121 

S 

S 
S 
S 
S 
S 
S 
R 
S 
S 
S 
S 
S 
R 
S 

S 
vs 
VS 
vs 

S 
S 
S 
S 
S 

vs 
S 
S 
R 
S 
S 
S 

S 

S 
S 
S 
S 
S 
S 
R 
S 
S 
S 
S 
S 
S 
S 

S 
VS 

S 
S 
S 
S 

VS 
VS 

R 
VS 

nd 
nd 
nd 
nd 

vs 
vs 

S 

S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 

nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
S 
S 
8 
S 
nd 
nd 

S 

S 
S 
S 
nd 
S 
S 
R 
nd 
nd 
nd 
nd 
nd 
nd 
nd 

S 
S 
S 
S 
S 
S 
S 
S 
R 
S 
nd 
nd 
nd 
nd 
S 
S 

"F = father; M = mother; Sib = sibling; S = susceptible; VS = very susceptible; 
R = resistant; + = HL-A identical. 

frozen daily a t  -70'. On day 4, the dishes 
were thawed, and the supernatant, fluid from 
each set of 2 dishes was removed, serially 
diluted, and titrated for its viral concentra- 
tion by inoculating 0.1 ml of serial dilutions 
of the sample into each of 3 culture tubes 
containing WI-38 cells. The end point was 
the highest dilution of each sample giving a 
CPE at  48 hr after inoculation. As noted in 
Fig. 1: a 1+ CPE was observed in the suscep- 

tible cells (No. 38) after 24 hr; i t  increased 
to 2+ at 48 hr and 3+ at  96 hr. The viral 
content of the frozen and thawed supernatant 
also increased progressively; its viral titer 
was 
on day 3. In  contrast, no CPE was noted in 
the resistant cells (No. 280) until day 4, and 
no virus was detected in the supernatant un- 
til day 2, when the viral titer of the superna- 
tant was only This ,result suggests that 

on day 1, lo-* on day 2 and 
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FIG. 1. Comparison of the CPE and rate of repli- 
cation of herpes virus in a susceptible (No. 38) and 
a resistant (No. 2 8 0 )  cell strain. Titration of herpes 
virus in the supernatants obtained daily from cell 
strains Nos. 38 and 280, performed in tubes of 
WI-38. The end point was determined as the highest 
dilution producing a cytopathogenic effect at  48 
hr after inoculation. 

although resistance to viral infection is rela- 
tive in nature, there is a direct relationship 
between the degree of resistance or suscepti- 
bility to viral infection, as evidenced by the 
CPE, and the ability of a virus to replicate in 
the susceptible cells. The possibility that the 
resistance of some of the cell strains tested 
might have been a consequence of interfer- 
ence by saprophytic organisms, such as My- 
coplasma, for example, was tested by omit- 
ting the thallium acetate from the 'Hayflick 
culture media in a number of experiments, 
thereby removing its inhibitory effect on the 
growth of nonhuman strains of myoplasma. 
Both liquid and agar media were used, and 
no evidence for the presence of PPLO organ- 
isms was found in three resistant cells strains 
(Nos. 100, 154, 280). More rigorous tests 
will be required, however, to conclusively 
eliminate this possibility. 

Evidence of a correlation between the CPE 
and the production of viral hemagglutinins, 
as an expression of the rate of intracellular 
replication 9f the virus in susceptible cells, 

was sought in another experiment. For this 
purpose, petri dishes containing monolayer 
cultures of cell line No. 308 which had been 
found susceptible to echovirus were inocu- 
lated with serial dilutions of this virus. Pairs 
of dishes were frozen at  -70' at  24 hr inter- 
vals after inoculation. These were then 
thawed and centrifuged, and the supernatant, 
which contained intracellular and extracellu- 
lar components, was tested for the presence 
of viral hemagglutinins a t  4' with human 
blood group 0 erythrocytes. The supernatant 
obtained at 24 hr after inoculation, when no 
CPE had been observed, contained no detec- 
table viral hemagglutinins. In  contrast, super- 
natants obtained on days 2 and 3, when the 
CPE was 2+ and 3+, respectively, contained 
hemagglutinin titers of 1:32 and 1:64, re- 
spectively. 

There was no apparent correlation between 
the presence of humoral antibodies against 
measles, adenovirus, and echovirus 11 and the 
in vitro susceptibility of fibroblasts obtained 
from these donors to infection by these vi- 
ruses. On the other hand, three individuals 
(Nos. 124, 141, 117) who were very suscepti- 
ble to infection by the herpes simplex virus 
had antibody titers exceeding 1:8 against this 
virus. 

Discussion. Recent studies of the suscepti- 
bility of mice to oncogenic viruses have 
provided convincing evidence that the host 
genome, and particularly genes closely linked 
to or identical with the H2 locus play an 
important role in conditioning host resistance 
to viral infection (6, 7). Previous reports 
suggest that human fetal and adult fibro- 
blasts may differ in their in vitro response to 
viral infection (1-5). These observations 
have raised the possibility that a systematic 
investigation of the HL-A genotypes and oth- 
er biological markers present in the individu- 
al cell donors may provide some information 
regarding hitherto unrecognized host varia- 
bles capable of conditioning human suscepti- 
bility to viral infection. Variations in the 
susceptibility of cells obtained from different 
normal individuals to infection by one or 
more viruses have been observed during this 
study. The number of subjects studied thus 
far is evidently insufficient to warrant any 



SUSCEPTIBILITY TO VIRAL INFECTION 1349 

conclusions regarding possible relationships 
between individual host cell resistance to vi- 
ral infection and the biological markers of 
that subject. It is of interest, however, that 
the resistance of an individual cell line to a 
given virus appeared to be specific for that 
virus, and did not imply resistance of the 
same cells to other viruses. This observation 
supports the contention that the variations in 
cell susceptibility to viral infection de- 
scribed in the present study were not a con- 
sequence of nonspecific mechanisms of host 
resistance to viral infection. Rather, such 
variations may have been related to genetic 
factors conditioning the host cell membrane 
proper ties. 

I t  is of interest that some correlation has 
been noted between fibroblast susceptibility 
to infection by herpes virus and the titer of 
humoral antibodies against this virus in the 
cell donor. This preliminary observation 
raises the intriguing possibility that there 
may be a relationship between levels of circu- 
lating antibodies against a given virus and its 
ability to replicate in the host cells. Exten- 
sive further studies will be required, however, 
to confirm this possibility. 

The further screening of cell lines isolated 
from a large number of families genotyped 
for 17 different genetic marker systems (8) 
may be of value in delineating possible pat- 
terns of inheritance of resistance to viral in- 
fection. The possibility that the host’s HL-A 
genotype or genes closely linked to the HL-A 
chromosomal region may play a role in con- 
ditioning resistance to viral infection may be 
particularly deserving of further study. No 
pattern of dominant inheritance has evolved 
as yet from the limited studies performed 
here. I t  is of interest, however, that cells 
obtained from donor No. 280 (family Piq) 
were resistant to herpes virus, and cells from 
donor No. 308 (family Vin) were resistant to 
herpes, adeno- and measles viruses, while cell 
lines obtained from their respective parents 
and from other siblings in the same families 
were susceptible to these viruses. This obser- 

vation suggests that if susceptibility to viral 
infection in man is determined by a host cell 
genome, this control is likely to be of a multi- 
genic nature. 

Summary. In vitro tests of the susceptibili- 
ty of 30 normal human fibroblast lines to 
infection by herpes hominis, adenovirus-7, 
echovirus-1 1 and measles viruses have shown 
significant variations in individual host sus- 
ceptibility to infection by me or more of 
these agents. Resistance of an individual cell 
line to a given virus appears to be specific for 
that virus, and is not necessarily associated 
with resistance of the same cells to other 
viruses. 

Family studies utilizing fibroblasts ob- 
tained from parents and from siblings geno- 
typed for the HL-A system and other biologi- 
cal markers suggest that, if susceptibility to 
viral infection in man is determined by a 
host cell genome, this type of genetic control 
may be of a multigenic nature. No pattern 
of dominant inheritance has been observed in 
the limited studies reported here. The re- 
sults suggest, however, the possibility that 
the host’s HL-A genotype or genes closely 
linked to the HL-A chromosomal region may 
play a role in conditioning resistance to viral 
infection. 
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