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Extract

Specific antibody production by spleen cells of male and female mice during a non-
invasive enteric infection with Escherichia coli and after parenteral injection of heat-
killed E. coli was studied by use of the Jerne-Nordin agar plaque technique. Following
experimental enteric colonization with E. coli 0127 significantly greater proportions
of spleen cells produced specific anti-0 antibody in immature weanling female mice
than in their male littermates. Anti-ii. coli 0127 plaque-forming cells were also found
in significantly greater numbers in the spleens of immature females than in males
following intraperitoneal injection of small numbers of heat-killed E. coli. Although
many spleens from male mice produced no cell plaques after a small dose of antigen,
responses by the sexes were comparable after injection of large numbers of heat-
killed bacteria.

Production of plaques by spleen cells from female animals after injection of small
amounts of antigen increased significantly with age, but the responses observed in
adult male mice were only slightly and insignificantly greater than those of male
weanlings. Studies of the sizes of plaques produced by spleen cells of male and female
animals showed no statistical differences. Young ovariectomized females responded
in the same way as their sham-operated male littermates to small amounts of E. coli
antigen. Administration of small doses of estrogen increased plaque formation by
spleen cells of weanling males.

It appears that an effect of female sex hormones is production of greater numbers
of antibody-producing cells; yet in the final phase of antibody production, individual
cells from each sex produce on the average the same amounts of antibody.

Speculation

The better ability of the immature female to respond immunologically to a small
amount of E. coli 0 antigen may be a significant factor in her superior resistance to
invasive disease with E. coli. Differences in the immune response of the two
sexes appear to occur in the proliferative phase of antibody-producing process
or steps leading up to this phase, but not in the final phases of antibody production
by the cell. By mechanisms not yet defined, estrogen appears to enhance the prolif-
eration of immunocompetent cells, and secretion of estrogen by the female may
explain her superior immunologic responsiveness.
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Introduction

Little or no antibody against gram-negative enteric
bacteria crosses the human placenta [12, 22]. Enteric
bacteria which colonize the infant soon after birth are
significant causes of severe infection and death during
early life. For reasons presently unknown, male infants
are particularly susceptible to systemic infections with
gram-negative organisms during the first 2 months of
life [15, 30]. Meningitis and sepsis are three times more
frequent in male than in female infants, and death
due to these infections is also more common in infant
boys [37]. Recent data indicate that the newborn in-
fant responds immunologically during the first few
days of life to antigens derived from bacteria in his
enteric tract [12]. The question is raised whether the
immature male responds less well than the female to
these antigens during these initial stages of antibody
production and is thus more susceptible to invasive
disease.

In the studies reported in this paper the Jerne-Nor-
din technique [13] has been used to study antibody
production by spleen cells of immature male and fe-
male mice. Data show that following experimental en-
teric colonization with E. coli or after parenteral injec-
tion of small doses of E. coli 0 antigen significantly
larger numbers of cells from immature females than
from males produce specific antibody. Differences be-
tween male and female responses were most demon-
strable when small doses of antigen were injected and
became less distinct and statistically insignificant when
larger doses were administered. Comparative studies of
sizes of plaques produced by spleen suspensions of male
and female animals showed no significant differences,
suggesting that the better response of the female was
probably attributable to production of antibody by
more cells rather than to the production of more anti-
body per cell. Preliminary studies of the responses of
gonadectomized females and males treated with estra-
diol suggested that estrogen influenced immunologic
responsiveness and could be responsible for the sex dif-
ferences observed.

Methods and Materials

Test Organism

A streptomycin-resistant strain of E. coli 0127: K63
(B8): NM was used to establish enteric colonization
and prepare E. coli 0 antigen for injection. Character-
istics of this strain of E. coli have been previously
reported [16]. Although isolated from a human diar-

rheal stool, this organism causes no disease in the
mouse and following oral infections in weanling or
adult animals bacterial growth remains confined to the
lumen of the enteric tract [16]. An 18-hr broth growth
stabilized with 15% glycerol was frozen at —50° in
0.5-ml aliquots, one of which was used to prepare sub-
cultures for each experiment. The numbers of bacteria
in suspensions were adjusted by nephelometry with a
spectrophotometer [16].

Experimental Animals

For most experiments litters of randomly bred Swiss
Webster mice were adjusted at the time of weaning (3
weeks of age) to contain equal numbers of males and
females. With the exception of those studies specifi-
cally described below all experiments were performed
with equal numbers of male and female weanling lit-
termates that were 3-3.5 weeks old and weighed be-
tween 12 and 15 g. In one experiment in which the
effects of aging on response were studied, 120 animals
were acquired at 3 weeks of age; half were studied at
this time and half when they were 9 weeks old, at a
time when they weighed between 30 and 35 g. In one
group of experiments in which the effects of ovariec-
tomy on immune response were studied, 11 litters with
90 weanlings were adjusted to contain approximately 2
females to 1 male. Equal numbers of female litter-
mates were ovariectomized or sham-operated and the
males were sham-operated. Ovariectomies and sham
operations were performed through bilateral flank in-
cisions under ether anesthesia when animals were 3-4
weeks old. Immune responses of the three operated
groups were then compared when the animals were 6
weeks old.

Fifteen litters consisting of 103 male weanlings were
used for experiments in which the effect of treatment
with estradiol on plaque formation was studied. Half
of each litter was designated as part of the treatment
group, the other half as controls. On day 6 and day 3
prior to death animals in the treatment groups re-
ceived by intramuscular injection 250 ng estradiol 17/3
suspended in 0.1 ml saline [41]; controls received sa-
line alone.

Previous studies in this laboratory showed that natu-
ral antibody to E. coli was usually not passively trans-
ferred in significant amounts to the infant mouse and
these antibodies were not detected in the serum of
most mice until after 3 weeks of age. Significant quan-
tities of E. coli antibody were not produced in re-
sponse to stimulus from the enteric tract until after
this time [16].
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Enteric Infection

Enteric infection with E. coli 0127 was established
following oral pretreatment with streptomycin and
other antibiotics as in previous studies [16]. The in-
fecting dose consisted of 108 E. coli in 0.1 ml sterile
saline which was administered by stomach tube. To
insure that colonization had been established and was
persistent, stool cultures were obtained 2 days after
oral feeding of bacteria and then again on the day
before killing. Organisms in the stool were identified
by agglutination with specific OB antiserum. For rea-
sons to be discussed, mice were killed 8 days after oral
infection.

Parenteral Immunization

Escherichia coli 0127 antigen was prepared by heat-
ing a 6-hr broth culture at 100° for 1.5 hr. Heat-killed
bacteria were washed three times in saline and ad-
justed to a suspension containing 108 bacteria/ml and
stored at 4°. As required, 10-fold dilutions of this sus-
pension were prepared in sterile saline for injection.
Antigen was injected intraperitoneally in 0.3- to 0.5-ml
amounts. Spleens were removed 4 days after injection,
the time expected for maximum plaque counts [14].

Immune Response

Following oral infection and parenteral injection of
0 antigen the numbers of antibody-producing cells in
the spleen were determined by the counts of hemolytic
plaques according to the technique of Jerne and Nor-
din [13]. The direct technique which permits enumera-
tion of cells producing IgM antibody of high hemolytic
efficiency was used; only primary responses were stud-
ied. The technique was adapted for detection of cells
producing antibody to E. coli antigen [21]. Sheep eryth-
rocytes that had been stored 1-3 weeks in Alsevers solu-
tion were washed three times and modified with soluble
heat-extracted 0127 antigen [23] and then washed three
times with saline before use. Spleen cells were suspended
in 5 ml Eagles medium and plated in 0.1-ml amounts.
Plates containing both E. coh'-modified and -unmodified
cells were prepared simultaneously in duplicate, and to-
tal cells producing antibody to E. coli were corrected for
those producing natural antibody to sheep erythrocytes.
Guinea pig serum, used as complement, was either
freshly frozen or lyophilyzed; it was diluted with saline
to contain 20-25 units/ml as determined by the method
of Mayer [19] and applied to plates in 2-ml amounts.
Plaques on each plate were counted without knowledge
of the sex or experimental group of the animal. Count-

ing was facilitated by application of a benzadine stain
[14]. Following dilution of spleen cell suspensions 1 /100
in 0.1 N HC1, total mononuclear cells for each spleen
were estimated by counting nucleated cells in a Neu-
bauer chamber. Sizes of plaques were measured under
20 x magnification with an eyepiece micrometer accu-
rate to 0.001 mm. Two diameters for each plaque were
measured and averaged.

Statistical Analysis

Total plaque counts for individual male and female
animals or for control and experimental groups were
ranked according to total plaques per spleen and per
108 spleen cells. Data were analyzed by median and H
tests [6]. Counts of total cells per spleen for males and
females were analyzed by median tests, and, in addi-
tion, mean counts of mononuclear cells per spleen
were compared by Student's t test. Plaque sizes were
compared by Student's t test.

Results

Enteric Infections

Plaque counts per spleen obtained in a preliminary
experiment for which 4-15 animals a day were killed
at intervals following experimental colonization with
E. coli 0127 are shown in Table I. Small numbers of
background hemolytic plaques specific for E. coli 0127
were found in animals prior to infection. Data from
larger numbers of normal animals of different ages
showed that a few background plaques were usually
produced by the spleens of most animals older than 3
weeks of age that have not had any known exposure to
this bacteria. After oral infection, anti-£. coli plaque-
forming cells continued to increase in number for 12
days, although most animals on day 12 had plaque
counts similar to those on day 8, indicating a probable
leveling off of response during week 2 of infection.
After week 1, colonization with E. coli 0127 became
irregular as increasing numbers of animals acquired
other coliforms in their stool. For this reason the 8th
day following oral infection was chosen for studies of
larger numbers of male and female animals. It ap-
peared to be the optimal time for studies because sig-
nificant immune responses had occurred at this point
and because coliform flora in the stool was still almost
exclusively E. coli 0127.

In three experiments 49 male and 50 female wean-
lings were killed 8 days after oral infection. Distribu-
tion of total plaques per spleen and per 108 spleen
cells for males and females are shown in Figures 1 and
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Table I. Anti-£. coli
with E. coli 0127

Male
Female

0127 plaques produced by spleen

P reinfection

0.70
1.55

(2)2

(2)

suspensions

1.
1.

.66
,93

Di

±
db

i from

i y 5

0.54
0.40

weanling mice at

Plaques/spleen1

(6)
(6)

2.00
2.91

intervals following

Day 8

± 0.
± 0.

37 (7)
15 (8)

enteric infection

2.
2.

.29
95

Day 12

± 0.23
± 0.46

(4)
(4)

1 Expressed as logio of the geometric mean ± 1 SEM.
2 Number in parentheses indicates number of animals.

25 r

15

i
1I5

• MALE
• FEMALE

20 | -

n
15-1.9 2X5-14 25-29 S0-3.4 35-40 4.1-43

w PLAQUES/SPLEEN

Fig. 1. Frequency distribution of total anti-E. coli 0127 plaques
produced by spleen suspensions o£ male and female weanling
mice 8 days after oral infection with E. coli 0127.

2. Spleen suspensions from 7 of 49 males (14%) pro-
duced no plaques and 6 males (12%) had fewer than
100/spleen. None of the spleen suspensions from fe-
males produced less than 100 plaques. Frequency dis-
tribution of plaque counts per 108 spleen cells was
similar to that for plaques per total spleen, indicating
that not only were more cells producing antibody in
the female but also greater proportions of total spleen
cells were producing antibody. Ranges and medians of
plaque counts for all animals and each sex individu-
ally for this and other experiments are summarized in
Table II. It was noted that twice as many females as
males had plaque counts above the population me-
dian.

• MALE
• FEMALE

Itonc Ifl-U 15-1.9 20-2.4 25-25 3.0-J4 >35

U)^ PLAQUE5/1O8 SPLEEN CELLS

Fig. 2. Frequency distribution o£ anti-it coli 0127 plaques per
108 spleen cells produced by spleen suspensions of male and fe-
male weanling mice 8 days after oral infection with E. coli 0127.

Response to Parenteral Antigen

Results of responses of male and female weanlings
studied 4 days after the injection of 3 x 105 and 3 X
108 heat-killed E. coli are shown in Figures 3 and 4.
Each figure represents the results obtained from 80
mice during two experiments for each of which 20
males and 20 females were killed. Following the
smaller dose of antigen females responded significantly
better than males. As noted in Table II, similar to
the findings with enteric colonization, twice as many
females as males had plaque counts above the popula-
tion median. After the large dose of antigen, male and
female responses were comparable. Males still predom-
inated among animals with very low counts (six males
and two females had fewer than 100/spleen) and one
female had an extremely good response (31,725
plaques/spleen). Following the large dose of antigen,
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Table II. Anti-is. coli 0127 plaques produced by spleen suspensions from weanling mice in three groups of experiments

Exp.

0127 Enteric infection
plaques/total spleen
plaques/108 spleen cells

3 X 105 heat-killed E. coli*
plaques/total spleen
plaques/108 spleen cells

3 X 108 heat-killed E. coli"
plaques/total spleen
plaques/108 spleen cells

No.
of

animals

99

80

80

Range

0-14,200l

0-4190

0-1125
0-780

0-31,725
0-25,200

Popula-
tion

median

425
206

75
51

950
476

Counts above
median,
% total

Males

29
35

28
33

52
51

Fe-
males

71
65

72
67

48
49

Range
of males

0-4-550
0-1390

0-1125
0-625

0-10,675
0-9100

Male
median

225
108

25
15

975
476

Range of
females

100-14,200
22-4190

0-975
0-780

0-31,725
0-25,200

Female
median

575
272

125
91

825
436

Comparison
male-female

responses

P < 0.001
P < 0.001

P < 0.001
P < 0.001

NS
NS

1 Total anti-i?. coli plaques were calculated following correction in each instance for naturally occurring anti-sheep cell plaques ob-
served on control plates prepared with unmodified sheep erythrocytes. In every experiment background plaques for one fiftieth of the
spleen averaged less than 2/plate. For the three groups of experiments mean background plaque counts for females were 1.3 ± 0.2
and for males 1.8 ± 0.2 per plate.
2 Intraperitoneal administration.
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Fig. 3. Total anti-£. coli 0127 plaques per spleen in male and
female weanling mice 4 days after intraperitoneal injection of
3 X 10= heat-killed E. coli 0127.

however, the responses of the two sexes, when analyzed
by median test, were not statistically different (Table
II).

Effect of Age

The effect of aging on the ability to respond to a
small dose of antigen is shown in Figure 5. Responses
of mature adults of 9 weeks of age were compared with
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Fig. 4. Total anti-£. coli 0127 plaques per spleen in male and
female weanling mice 4 days after intraperitoneal injection of
3 X 108 heat-killed E. coli 0127.

those of 3-week-old weanlings, both of which were in-
jected with 3 X 105 organisms from the same lot of
antigen. This lot of antigen was different from that
used for the preceding experiments. As judged by
plaque counts, responses of males and females im-
proved with age but those of the females remarkably
more than those of the males. Large numbers of ma-
ture males, as well as immature males, failed to dem-
onstrate any response whereas spleen suspensions from
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all adult females produced plaques. Statistical compar-
ison of the responses of males at 3 and 9 weeks of age
showed no significant difference whereas female re-
sponses at 3 and 9 weeks of age compared by median
test were significantly different (P < 0.001).

Plaque Size

In one experiment 4 days following the injection of
3 X 108 E. coli intraperitoneally, total plaque counts
for 22 weanlings (10 females and 12 males) were enu-
merated and then two diameters of all plaques situ-
ated on the central flat surface of the agar were meas-
ured. Results are shown in Table III. While there was
considerable variation in sizes of individual plaques
and mean plaque sizes for individual animals, this var-

100
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Fig. 5. Comparison of total anti-£. coli 0127 plaques produced
by spleen suspensions o£ male and female weanling and adult
mice 4 days after intraperitoneal injection of 3 X 105 heat-killed
E. coli 0127.

iation was similar for males and females. Mean plaque
size for 10 females with total plaque counts ranging
from 75 to 6400 was 0.400 ± 0.028 mm; for 12 males
with total plaque counts ranging from 50 to 1175
mean plaque size was 0.411 ± 0.027 mm. Mean plaque
sizes for male and female animals were not statistically
different, and for individual animals, there was no
relation between mean plaque size and plaque count.

Total Mononuclear Cells per Spleen

Total mononuclear cells per spleen for males and
females for each group of experiments in which nor-
mal weanling animals were studied are noted in Table
IV. It has been reported that on a weight basis female
mice have proportionately more lymphoid tissue for
their body weight than males [28.] In these experi-
ments, total counts of cells per spleen were not statisti-
cally different for males and females. Although values
are not shown, older animals studied in other experi-
ments had total spleen counts in the same range as the
younger animals, and there were no significant differ-
ences between counts of mononuclear cells in 9-week-
old and 3-week-old animals. There was no correlation
between total plaque count and total mononuclear
cells in the spleen in either males or females.

Table IV. Numbers of mononuclear cells, per spleen for male
and female weanling mice in three groups of experiments

Range,
X 10s Mean ± 1 SE,

X 108

Males
Injected with 3 X 105 heat- 0.31-4.33 2.02 ± 0 . 1 9

killed E. coli
Injected with 3 X 108 heat- 0.58-7.13 2.36 ± 0.23

killed E. coli
Orally infected with E. coli 0.74-4.67 2.43 ± 0.15

Females
Injected with 3 X 106 heat- 0.40-4.85 1.97 db 0.15

killed E. coli
Injected with 3 X 108 heat- 0.48-4.83 1.78 ± 0.16

killed E. coli
Orally infected with E. coli 0.50-4.50 2.50 ± 0.15

Table III. Plaque size1 in one experiment for which animals received 3 X 106 heat-killed E. coli 0127

Range

Plaque counts/
spleen

Individual
plaque sizes

Mean size for
individual animals

Mean size
for all animals

Females (10)2

Males (12)2
75-6400
50-1175

0.123-0.884
0.188-0.875

0.288-0.559
0.202-0.583

0.400 ± 0.0283

0.411 ± 0.027

1 In millimeters.
2 Numbers in parentheses indicate numbers of animals.
3 Mean db 1 SEM.
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Effects of Ovariectomy and Treatment with Estradiol
17 p

Female mice that had been ovariectomized at 3-4
weeks of age and their male and female littermates
that had been sham-operated at the same time received
3 X 105 heat-killed bacteria 1.5-2 weeks after opera-
tion and were killed 4 days later. Results are shown in
Figure 6. Though responses of these animals were
quantitatively less than those observed in the normal
animals studied, it was apparent that sham-operated
females responded considerably better than the ovar-
iectomized females or sham-operated males. Responses
of the ovariectomized females and sham-operated
males were alike whereas the responses of the sham-op-
erated females were significantly better when com-
pared statistically with either of the other groups (P
< 0.001).

Comparison of the responses of estrogen-treated
weanling males and their control littermates are shown
in Figure 7. Animals received 250 ng estradiol 6 and
3 days prior to death and 5 X 105 heat-killed bacteria
4 days before death. Males treated with this relatively
small dose of estrogen responded better than controls
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Fig. 6. Comparison of anti-iS. coli 0127 plaques per 10s spleen
cells produced by spleen suspensions of ovariectomized females
and their sham-operated female and male littermates. All animals
received 3 X 106 heat-killed E. coli 0127 intraperitoneally 4 days
previously.
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Fig. 7. Total anti-£. coli 0127 plaques produced by spleen suspen-
sions of male weanlings pretreated with 500 ng estradiol 17/3 and
saline-injected controls. Results were obtained 4 days after all
animals received 5 X 105 heat-killed E. coli 0127 intraperitoneally.

(P < 0.05). Spleen cells of 98% of the estradiol-treated
males produced anti-£. coli plaques in contrast to only
68% of the spleen cells from saline-injected controls
(P < 0.001). Sham-operated and ovariectomized animals
and estrogen-treated animals had mean total counts of
mononuclear cells in the spleen similar to the normal
animals studied.

Discussion

That human males are more susceptible to certain
infections, including those with gram-negative bacteria
in infancy, has been frequently noted, and this suscep-
tibility has been extensively reviewed recently [37].
While the reasons for these sex differences in suscepti-
bility to infection are unclear, data from recent studies
indicate that females respond better immunologically.
Kunin [18] studied naturally occurring bacterial he-
magglutinins to 11 nonenteropathogenic serogroups of
E. coli in the sera of over 200 human beings from 1
week to 37 years of age. Females tended to have higher
titers, most notably in infancy and later childhood and
adulthood. While mean titers of males and females in
different age groups were not different statistically ex-
cept in one instance (probably because of small num-
bers in each group) the trend for high titers among
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females was consistent for all the E. coli serogroups
studied. Quantitative immunoglobulin studies have
shown that in later childhood and adulthood females
also tend to have higher IgM levels than males [7].

There is evidence that certain animals demonstrate
similar sex differences in susceptibility to experimen-
tally induced infections and in antibody production.
Wheater and Hurst [39] showed a higher morbidity
and mortality among male mice than female mice in-
fected intraperitoneally with streptoccocci and other
organisms. The better resistance of the female was evi-
dent when infections were modified by immunization
or antibiotics; overwhelming infections tended to
cause equal morbidity and mortality in both sexes.
Other evidence shows that female mice also produce
more specific antibody. Degradation of bovine serum
albumin was more rapid when injected into females
previously immunized with this protein than in males
[32]. Titers of antibody to sheep red cells [31] and
tumor cells [1] were higher in immunized females of
certain strains of mice.

The results of the present studies are consistent with
these previous findings and suggest that the better im-
mune response of the female is the result of the func-
tion of larger numbers of antibody-producing cells.
Plaque size may depend on a number of factors includ-
ing availability of complement, number and age or
lysability of the erythrocytes, as well as the kind and
amount of antibody produced by the cell during the
incubation period. However, in a single experiment
where the same lots of reagents, complement, and
erythrocytes have been used (thus minimizing the ef-
fects of these variables), and assuming in this primary
response that all antibody is IgM, measurement of
plaque size seemed a reasonable way of estimating
whether there were significant differences in the
amounts of antibody produced by individual male and
female cells. Although there was much variation in
plaque size for both sexes, mean plaque sizes were not
different. Thus, data suggest that the proliferative
phase of antibody production, i.e., that involving divi-
sion of the antigen-sensitive lymphoid cells or the steps
leading up to this phase, is different but that in the
final phases of antibody production individual cells
from each sex produce on the average the same amount
of antibody.

That females respond better than males following
small doses of antigen but that males are capable of
significant responses following larger doses is of inter-
est and suggests more efficient phagocytosis or process-
ing of antigen by the female or that smaller amounts

of antigen are required to stimulate proliferation of
antigen-sensitive lymphocytes in the female. Why the
sex differences become less distinct following large
doses of antigen is as yet unexplained. Studies with
increasing doses of sheep erythrocytes show that maxi-
mum cell-plaque responses are achieved with 4 X 107

cells; plaque counts tend to plateau or even decline
with larger doses [17, 40]. Further investigations are
necessary to determine what dose of E. coli 0127 satu-
rates the response system and whether the saturating
dose differs for the two sexes. There is some evidence
that antigen-sensitive progenitors of antibody-produc-
ing cells may have varying degrees of affinity for anti-
gen; those with high antigen affinity proliferate follow-
ing small doses of antigen and those with less affinity
proliferate with larger doses [25]. It is conceivable that
females have more of those cells with high antigen
affinity, thus showing better response with lower doses.
Large doses of E. coli antigen or endotoxin suppress
response [2] as does specific antibody [3]. Whether the
suppressive effects of these agents differ for males and
females is not yet known, although this information
might be useful in interpreting the results obtained
with the large dose of antigen. It is conceivable that
the responses of some females had been suppressed at
the higher dose. That the female does respond better
to a small dose of antigen may be a significant factor
in her better resistance to invasive disease. After en-
teric colonization, when initial growth of an organism
remains confined to the lumen of the intestine, it is
likely that relatively small amounts of 0 antigen are
systemically absorbed [8, 27]. Ability to produce anti-
body at this point might prevent parenteral invasion
which could occur at a later time when the organism
has become well established in the host.

The basis for the better immunologic responsiveness
of the female is unknown. In the human being, the
sex-linked patterns of inheritance of phagocytic lysoso-
mal enzyme defects and certain immunodeficiency dis-
eases suggest that genes on the X-chromosome may
play a role in bacterial killing and digestion (antigen
processing) and in proliferation of immunocompetent
cells. It has been theorized that the female, by virtue
of possession of two X chromosomes, benefits from
greater genetic heterozygosity [37]. While the immatu-
rity of the animals used in most of these studies might
first indicate a genetic reason for the observed sex dif-
ferences, evidence from preliminary experiments sug-
gests that in the mouse these differences are mediated
by hormones. The better ability of the young female
mouse to respond to small doses of E. coli antigen
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increases with maturity and is lost after removal of her
ovaries. Young males respond better immunologically
to small amounts of E. coli antigen if pretreated with
small doses of estrogen. A number of previous studies
have shown that treatment with estrogen results in
enhanced reticuloendothelial function and host resist-
ence. Nicol and associates [24] demonstrated in exten-
sive studies that natural and synthetic estrogens stimu-
lated phagocytosis in the mouse. Studies more recently
reported have shown that estrogen acts by increasing
the number of phagocytic cells which take up particles
[9]. In other studies, administration of estrogen in-
creased resistence to experimental infections in mice
[24, 39] and raised the levels of gamma globulin or
antibody in guinea pigs [24], mice [31], and rabbits [5,
35, 36, 38]. It has also been observed that estrogen
increased the mitotic index of lymphatic tissues [20].

Although sensitive and accurate methods have not
been available for large scale study of estrogen secre-
tion in immature subjects, indirect evidence suggests
that the gonad of the child or immature animal is to
some degree functional [11]. In studies of urethral cy-
tology, a sensitive index of hormone balance in the
human being, prepubertal boys and girls had evidence
of difference in sex hormone secretion; females had
greater proportions of superficial squamous cells with
staining properties characteristic of "estrogen effect"
[26]. By this technique, differences in estrogen effect
have been noted even between prematurely born male
and female infants from 1 to 12 weeks of age [29]. In
some animals, it has been demonstrated that secretion
of the fetal or immature gonad is necessary for the
normal development of the male and female reproduc-
tive systems [11]. For example, vaginal opening, an
estrogen-dependent process, may occur at 3-4 weeks of
age in the mouse, although reproduction usually does
not take place until after the second month of life [4].
While many studies show that estrogen stimulates re-
ticuloendothelial activity and antibody production,
there are other studies that show that it has a suppres-
sive effect [1, 33, 34], particularly on thymic-related
lymphoid tissue [33] and still others that show no effect
[10]. No doubt dosage of estrogen and timing in relation
to the administration of antigen, the amounts and type
of antigen, and type of estrogen, are important in the
various effects observed. Further investigations are
needed to define more precisely the effects of estrogen
on various aspects of reticuloendothelial function and
the mechanisms by which it enhances the proliferation
of immunocompetent cells.

Summary

The direct Jerne-Nordin hemolysis-in-gel technique
has been used to study the production of antibody to
E. coli 0127 by single spleen cells in male and female
mice. Following enteric colonization with E. coli or
after the intraperitoneal injection of small numbers of
heat-killed E. coli proportionately more cells produced
antibody in immature weanling female mice than in
male mice. Both sexes responded similarly to an intra-
peritoneal injection of a large number of heat-killed
bacteria.

The ability of the weanling female mouse to re-
spond better than the male to small amounts of E. coli
antigen persisted and became even more evident in
adulthood. Although spleens from female animals pro-
duced more anti-£. coli plaques, the mean size of these
plaques was not different from that of the male ani-
mals. Ovariectomized female animals responded quan-
titatively to small amounts of E. coli antigen in the
same manner as males, and small amounts of estradiol
administered to male weanlings increased their immu-
nologic responsiveness.
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