CeLL “SEx” AND VIRAL GROWTH

of a small difference in the effect of cis- and
trans-isomers on serum cholesterol. How-
ever, they do not indicate any major influ-
ence of isomerization such as would be ob-
tained in commercial hydrogenation on the
serum cholesterol level.

Summary. Adult sows were fed a purified
diet and in alternate 3-week periods were
fed the diet either with a low fat or a high fat
(40% of calories) content. In the high fat
periods hydrogenated fats were compared
with natural plant fat mixtures designed to
have the same fatty acid composition. The
difference in the fats studied was in their con-
tent of isomerized fatty acids. Also triolein
was compared with trielaidin. The hydro-
genated fats gave the same serum cholesterol
response as their corresponding natural plant
fat mixtures. Trielaidin gave a lower (P<
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0.05) serum cholesterol response than trio-
lein.
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The fact that the sex of the host may con-
dition both susceptibility and response to vi-
ral infection has been established for natu-
rally-occurring poliomyelitis(1,2). That this
is also true in experimentally-produced dis-
ease has been noted by Weinstein and Chang
(3) who found that the LD;, of several vi-
ruses was influenced, to a varying degree, by
the sex of the animal. Male mice were ob-
served to be much more susceptible to en-
cephalomyocarditis virus, females were less
resistant to poliovirus, while little or no sex
differences were demonstrable with the agents
of influenza and vaccinia.

These observations, together with the dem-
onstration that cells derived from males and
females may multiply at different rates(4,5),
suggested the possibility that degree of sus-
ceptibility of isolated tissues to viral invasion
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might be influenced by the sex of the animal
from which they were derived. This paper
reports the results of studies with encephalo-
myocarditis virus which indicate that the
“sex” of the mouse muscle culture into which
it is inoculated, determines rate and extent of
its growth.

Materials and Metkods. Cultures of mus-
cle of mature male and female mice were pre-
pared by a previously described method(6)
and grown in a medium consisting of 10%
horse serum, 5% beef embryo extract, 45%
bovine amniotic fluid, and 40% Hanks’ solu-
tion.

A 10% mouse brain pool of encephalomyo-
carditis virus was titrated for LDj;, by intra-
peritoneal injection into 6-week old animals,
and stored at —20°C until used. The mus-
cle cultures were inoculated with varying
doses of the brain-virus preparation. Only
those tubes showing good growth of cells and
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FIG. 1. Relation of size of inoculum to growth of
EMC virus in male and female tissues.

FIG. 2. Ratios of degree of growth of EMC virus
in male and female tissues.
in which the degree of multiplication of the
muscle from both sexes was approximately
the same were infected; 10 tubes of “female”
and “male” tissue were used for each experi-
ment which was repeated at least 3 to 4 times.
The cultures were incubated in a stationary
position at 37°C. Aliquots (0.1 ml) were re-
moved from each tube after 24, 48, 72, 96,
120, and 144 hours and stored at -- 20°C°
until titrated.

Virus growth curves were determined by
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FIG. 3. Effect of age of tissue culture on growth
of EMC virus in male and female cells.

FIG. 4. Effect of age of mice from which muscle
was obtained on growth of EMC virus.

titration in animals. The fluid removed
after varying periods of incubation was di-
luted by 10-fold steps and 0.2 ml of each
dilution injected intraperitoneally into 4 to
6 week old male mice; 6 animals were used
for each dilution. The LDjo was calculated
each day until the end of experiment; deaths
occurring in the first 24 hours were not in-
cluded.

Results. As can be seen in Fig. 1, the rate
and extent of growth of encephalomyocarditis



CeLL “SEx” aND VIRAL GROWTH

virus were different in cultures of “male” and
“female” muscle. Degree of difference was
dependent on size of the inoculum with which
the tissues were infected. It was maximal
when the quantity of virus used was small
and decreased to the vanishing point as this
was increased. Thus, with an inoculum of
10 LDjy, rate of multiplication and total vi-
rus yield during the first 2 days of incubation
were greater in “female” cultures while with
an infecting dose of 300 LDj, no difference
between the sexes was noted. These obser-
vations were confirmed in another experiment
in which inocula varying from 1 to 200 LD
were employed. Data calculated on the ba-
sis of the female/male difference are pre-
sented in Fig. 2 in which it can be seen that
the yield of virus was almost 500 times higher
in “female” tissue when the inoculum was
1 LDso and that, with 200 LDs, no differ-
ence was present.

Since uninfected cultures of cells from male
and female tissues may grow at different rates
(4,5), a study was carried out to determine
whether this was responsible for the observa-
tions described above. Cultures of muscle
from male and female mice were grown for 5
and 12 days respectively; degree of cellular
multiplication was greatest in the latter.
Tubes from each period of growth were se-
lected so that the number of cells in the
“male” and “female” ones were approxi-
mately the same and all were infected with
10 LDs of encephalomyocarditis virus. Ali-
quots were removed every 24 hours during 5
days of incubation at 37°C and titrated by
intraperitoneal injection into mature male
mice. The virus was found to grow at a
more rapid rate and to a greater extent in
“female” cells of both the 5- and 12-day old
tissues (Fig. 3). Despite the fact that the
speed and degree of viral replication were
less in the younger cells, the differences be-
tween female and male cultures in relation
to multiplication of virus were greater in
them than in the older ones.

The data presented in Fig. 4 indicate that
age of the animal from which the muscle used
for infection was derived played some part in
determining the magnitude of viral multipli-
cation. Mice of both sexes, aged 6 months,
6 weeks, and 14 days respectively were used
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in these studies. The muscles of the male
and females in each of these groups were cul-
tured. Tubes exhibiting approximately the
same degree of cell growth were selected, in-
oculated with 10 LD of EMC virus, and
incubated at 37°C. Aliquots were with-
drawn once daily for 5 days and LDj, deter-
mined by inoculating varying dilutions intra-
peritoneally into 6-week old male mice. Al-
though the virus was found to multiply more
rapidly and to a greater degree in “female”
muscles of all age groups, the differences from
the males were greatest in the 6-month old
animals and least in the 2-week old ones.
When titrated after 24 hours of incubation,
the quantity of virus present in cultures of
muscle of 6-month old mice was found to be
5700 times greater than could be demon-
strated in “male” muscle of the same age;
the female to male ratio of virus in tissue of
2-week old animals was only 8 to 1.
Discussion. These results indicate that
susceptibility to viral invasion is conditioned
by the sex of the host at all levels of com-
plexity of cellular organization ranging from
the whole animal to isolated tissue growing
in artificial media. The fact that differences
in growth of encephalomyocarditis virus in
“female” and “male” cells were greater in
muscle removed from fully mature animals
raises the possibility that the determinant
factor was the influence of sex hormones dur-
ing life. However, a similar effect of lesser
degree was also noted in cultures of the tis-
sues of sexually-immature mice. This sug-
gests that the basic mechanism involved in
determining sex differences in susceptibility
of cells to virus infection is not endocrine
activity alone, although this may influence
quantitative aspects of the phenomenon.
The possibility that variations in extent of
cell growth present at the time of viral in-
fection may have been responsible for the
observed differences in susceptibility to virus
invasion of male and female tissues merits
consideration. The data, however, do not
support this hypothesis for the following rea-
sons: (a) At the time of infection with EMC
virus, the number of cells in the cultures of
both the male and female muscle were ap-
proximately equal. (b) Despite the fact that
there were fewer cells in 5-day than in 12-
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day old cultures of mouse muscle, the d’ffer-
ences in speed and extent of growth of virus
were greatest in the younger tissues. If de-
gree of viral multiplication were dependent
only on the number of muscle cells available
for invasion, the female to male ratio of virus
should have been highest in the 12-day old
cultures because they contained a greater
number of cells than the 3-day old ones at
time of infection.

It is striking that differences in degree of
growth of EMC virus in cultures of muscle
from male and female mice could be demon-
strated only with inocula of certain size.
With small dose of virus, the difference be-
tween the 2 sexes was maximal: as quantity
of infecting agent was increased. it became
less marked until it was no longer noted when
200 to 300 LD, were used. The reason for
this phenomenon is not apparent.

Summary. When EMC virus was grown

HI ANTIBODY IN ADENOVIRUS INFECTIONS

in cultures of mouse muscle, it multiplied
more rapidly and to a greater degree in the
tissue obtained from female animals. The
quantity of virus used to produce infection
was an important determinant in demonstra-
tion of this phenomenon. The sex differences
did not appear to be related to the number of
cells present in the muscle culture at time of
viral inoculation.
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Although neutralizing antibody responses
in persons infected with adenoviruses tend to
be type-specific, heterotypic responses occur
frequently (1). Furthermore, because of cer-
tain unusual aspects of adenovirus neutral-
ization tests it is difficult to equate the find-
ings from different laboratories or even those
obtained in the same laboratory at different
times(1). Complement-fixing (CF) anti-
body responses generally show no type-speci-
ficity in human adenovirus infections(1).

Preliminary data indicating that adenovi-
rus hemagglutination-inhibition (HI) anti-
body responses in man might be type-specific
have been presented(2). This report is con-
cerned with additional data subsequently ob-
tained from a study of paired sera from 36
children naturally infected with adenovirus
types 1, 2, 3, or 5 and from 27 adults natu-

rally infected with adenovirus types 4 or 7.

Materials and methods. The children
with adenovirus type 1, 2, 3, or 5 infections
were residents of an institution (Junior Vil-
lage) and were part of a population whose
microbial experiences were the subject of in-
tensive study(3). Paired sera were selected
so that they spanned the first known isolate
of a given adenovirus serotype in a child, yet
did not include adenoviruses of other sero-
types. The first serum of each pair ante-
dated the adenovirus isolate and second was
collected at varying times thereafter as indi-
cated in the tables.

The adults with adenovirus type 4 or 7 in-
fections were naval recruits from whom these
particular serotypes were isolated during a
study of respiratory illness. The first serum
from these individuals was obtained at onset





