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Modification of Salmonella typhimurium Infection of Embryonated Eggs by
Antiserum, Adult Splenic Tissue and Combinations of these Agents.*
(28047)
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Numerous investigators have observed that
chick embryos are unable to respond to anti-
genic stimulus by the production of specific
antibody (1-8).

As long ago as 1906, Levaditi(9) observed
that embryonated eggs derived from immu-
nized mother hens were less susceptible to
challenge by spirilla which were otherwise

“lethal. Buxton(10) demonstrated the trans-
ference of bacterial antibodies from the
mother hen to the egg, and Watanabe and his
co-workers(11) have demonstrated that such
passive transfer of antibody leads to increased
resistance of the embryos to challenge by
Salmonella pullorum. Thus, it appears that
although the embryonated egg is unable to
produce antibody in response to antigenic
stimulus, it is able to make use of antibody
when the latter is incorporated by the mother
hen.

To our knowledge, the study of antibody
mechanisms of resistance to infectious chal-
lenge in embryonated eggs has been limited
to the neutralization approach (reviewed by
Smadel, 12), whereby an infectious agent is
mixed with diluted antiserum, allowed to re-
act for a time, then injected into eggs by vari-
ous routes. Apparently, this technic depends
on the direct virucidal or bactericidal activ-
ity of the antiserum on the infectious agent,
the host animal being used merely to titrate
the infectious agent.

Sibal and Olson(13) showed that antibody
may be produced in the embryonated egg by
transfer of spleen cells or leukocyte suspen-
sion from an immunized adult donor, without
further contact with antigen. These results
were confirmed by Isacson(14).

In these experiments antibody production
has been evaluated by serological methods.
Various workers have noted phagocytosis in
embryonic tissue and convincing evidence has

*This work was supported by grant from Nat.
Inst. Health, U. S. Public Health Service. .

left no doubt that the phagocytic activity be-
gins early in embryonic development (re-
viewed by Kent, 15).

During research directed toward the eval-
uation of reticuloendothelial - stimulating
agents(16), we observed that injection of an-
tiserum into embryonated eggs prior to chal-
lenge modified their susceptibility to S. typhi-
murium, and that implantation of splenic tis-
sue from adult normal or immunized donors
also modified susceptibility. Furthermore,
combinations of spleen tissue and antiserum
induced further modifications. This paper
describes the alterations in susceptibility ob-
served.

Materials and methods. Immunization of
adult White Leghorn hens, weighing 2 to 3
kg, obtained from a commercial hatchery,
was accomplished by repeated injections of
an alcohol-killed vaccine, prepared from the
stock Salmonella typhimurium used for chal-
lenge (agglutination titre anti “O” 1:640 to
1:1280). The donor hens (normal or im-
mune, in this case 3 days after the final stim-
ulation) were killed by decapitation. Imme-
diately thereafter the abdomen was opened
and the spleen removed aseptically. The ex-
cised spleen was then rinsed with sterile Me-
dium 180 (Capellt), cut into 5-6 large frag-
ments, rinsed again, and minced with scissors
in sterile Medium 180 until an adequate
number of approximately 1 mm fragments
were obtained. Tissue fragments were intro-
duced onto the chorioallantoic membrane
(CAM) of 8-day-old embryonated White Leg-
horn eggs, obtained from the same commercial
hatchery, with sterile forceps. The eggs were
incubated at 35°C in a humidified incubator
and were observed daily for mortality. Vas-
cularization of the implant on the CAM is
readily observed in 80 to 90% of the eggs at
3-4 days and only eggs showing definite
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TABLE 1. Fifty Percent Survival Time (Days)
of Embryonated Eggs Challenged with Salmonella
typhimurium 20-40 Eggs Per Trial.

95%
confidence
Treatment SD;* limits* Trials
None 1.56 1.28-1.91 3
Normal hen'’s serum 1.70 1.43-2.02 2
Antiserum 2.67 1.99-3.60 3
Implant normal spleen  2.00 1.72-2.45 2
” ” ” 3.06 2.12-4.25 2
plus antiserum
Implant immune spleen  2.13 1.27-2.94 3
” ” ” 4.43 2.55-7.28 3
plus antiserum
* Average from trials shown; computed by

method of Litchfield (24).

TABLE II. Average Gain in 50% Survival Time

(Days).
Avg gain
Treatment in SD;, Rank

Implant immune spleen 2.53 1

plus antiserum
Implant normal spleen 1.61 2

plus antiserum
Antiserum 1.12 3
Implant normal spleen .54 4
Implant immune spleen .49 5
Normal serum .25 6

“takes” were included
results.

Antisera against Salmonella typhimurium
were produced in rabbits or White Leghorn
hens and evaluated by agglutination titre
(anti “O” 1:640 to 1:1280) after heating at
56°C for 30 minutes. Sera were always in-
activated before being injected into eggs.

Salmonella  typhimurium, strain SR-11
(ST), was the challenge organism used. The
challenge dose consisted of 9 to 50 wviable
cells, equivalent to 9-50 lethal doses.

Spleen implants were always made when
the eggs were 8 days old. Antiserum was ad-
ministered 90 minutes before challenge. Eggs
were challenged when they were from 13 to
15 days of age.

All injections were made on the CAM, the
same site being used when repeated injec-
tions were required. The dose of inoculum
used was delivered in 0.1 ml amount.

Results are summarized in Tables I and IT.
In the experiments shown, the 50% survival
time in days (SDjo) of embryonated eggs,

in the experimental
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challenged with ST was 1.56. Eggs receiving
antiserum, having an anti “O” titre of 1:640
or more, administered on the CAM’s before
challenge, responded in a variable manner.
They experienced increased survival time
(SD3¢ — 2.67), and average gain in 50% sur-
vival time was 1.12 days. When the serum
used was from an unimmunized adult fowl,
the gain in survival time or in survivorship
was not significant (SDjzy — 1.70; average
gain-in SDyo — 0.25).

Chick embryos implanted with splenic tis-
sue from a normal unimmunized adult fow]
or from an adult fow! donor which had previ-
ously been immunized, showed a slight en-
hancement of resistance (SD;, — 2.00 and
2.13 respectively; average gain in SDgjp —
0.54 and 0.49 respectively).

Increased resistance became truly signifi-
cant when a combination of spleen and anti-
serum was used. When the splenic tissue was
taken from an immunized adult fowl, the ef-
fect was greater (Table I).

The average gain in 50% survival time in
days permits us to rank the various categories
from greatest to least enhanced resistance
(Table II).

Discussion. These experiments demon-
strate that resistance to infection of embry-
onated eggs by ST may be qualitatively modi-
fied by antiserum, by implantation of splenic
tissue from normal or from immune adult
fowl, or by combinations of these. The op-
timum category (rank 1, Table II) is related
to both the presence of antiserum and tissue
with a history of previous exposure to the
antigen. The second category (rank 2, Ta-
ble II) is that produced by the presence of
antiserum and immunologically competent
tissue which has not been previously stimu-
lated with antigens of the challenge organ-
isms. The chief determinant in each case
was antiserum, since the absence of the latter
reduced the difference between these cate-
gories (ranks 4 and 5, Table II).

Known mechanisms which may be invoked
to explain these phenomena include (1) en-
hanced phagocytic capacity of the reticulo-
endothelial system; (2) increase in ability of

-RES cells to destroy captured organisms in-
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tracellularly; (3) direct bactericidal effect of
antiserum.

It is known(17) that Gram negative bacilli
are slowly phagocytosed unless opsonized by
antiserum, and that opsonins, in addition to
promoting phagocytosis, may also accelerate
the intracellular destruction of ingested bac-
teria. Antiserum alone does enhance resis-
tance (Table I), and this fact may be related
to a combination of increased clearing power
and increased intracellular destruction of the
challenge organisms. The observation that
normal splenic tissue, and -especially splenic
tissue from a previously .immunized adult
donor, markedly enhances these functions
could be explained by the addition of cells of
phagocytic capacity. However, the statistical
difference between results obtained with nor-
mal and previously immunized cells can only
be explained if one assumes, as pointed out by
Mackaness(18) and Miya et al.(19,20)
that the cells themselves carry some addi-
tional competence as a result of the immu-
nization process. On the other hand, this ad-
ditional competence should be expressed in
the absence of antibody. This does not ap-

pear to be the case (compare again ranks 4

and 5, Table II). Evidence from this labora-
tory(16) indicates that some activity of cir-
culating antibody other than phagocytosis is
operant in mice challenged with ST. The na-
ture of this activity, both in eggs and mice, is
being investigated.

It is unlikely that heat-inactivated anti-
serum acts directly upon the challenge or-
ganisms, because such bactericidal action is
known to be complement-dependent(21,22).
The absence of C’ in the embryonated chicken
egg is well known(5,6). The only conceiv-
able source of C’ in these experiments would
be in the spleen explants from adult donors,
but the dilution (at least 1 in 5,000) would
be beyond the usually accepted range of C’
activity. Synthesis of C’ after transfer to
the embryonated egg is a possibility which
remains to be investigated. The evidence so
far suggests that the action is indirect and
host-mediated.

Procedures similar to those described may
prove useful for study as a model of the host-
parasite relationship with a balance very
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much against the host.

Summary. Embryonated chicken eggs
showed increased resistance to infection with
lethal doses of S. typhimurium as a result of
treatment with specific antiserum, or by im-
plantation of splenic tissue from adult chick-
ens, or by combinations of these treatments.
The treatments studied, in order of decreas-
ing effectiveness, were: implantation of
spleen tissue from immunized donor on 8th
day, together with inoculation of antiserum
on the day of challenge (13th or 15th day);
implantation of spleen tissue from non-immy-
nized donor together with antiserum treat-
ment; antiserum alone; implantation of
spleen tissue alone, either from normal or im-
munized donor; normal serum.

The authors are indebted to Miss Gloria Lavatori
and Miss Liisa Suomela for technical assistance.
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Deoxyribonucleic acid (DNA) content as
a measure of cell numbers and ribonucleic
acid (RNA) content as an estimate of pro-
tein synthesis were first applied to mammary
tissue by Kirkham and Turner(1). Since
DNA content per mammary cell nucleus was
constant in glands of pregnant and of lactat-
ing rats(2), DNA content of mammary tissue
may be used directly as an index of develop-
ment. Histological studies of the mammary
gland of the rat have indicated that the gland
reached its maximum growth, so far as the
number of epithelial cells was concerned, by
the thirteenth day of pregnancy(3) and that
evidence of cellular proliferation was ex-
tremely rare in the second half of pregnancy
(4). Results of a cytological study(5) and
experiments based on colchicine technic(6)
and DNA content (7,8) however, have indi-
cated that mitosis continued throughout
pregnancy. A very limited number of RNA
values have been reported for rat mammary
glands during pregnancy(1,7).

DNA and RNA content of mammary
glands of the hooded Norway rat was deter-
mined at 7 stages of pregnancy. Protein syn-
thetic activity per cell was estimated from
the RNA/DNA ratio.

Methods. Six abdominal-inguinal mam-
mary glands were obtained from rats preg-
nant 0, 4, 8, 12, 14, 18, and 20 days (12 ani-
mals per stage). Adult virgin female rats,
sacrificed at a weight (approximately 170 g)
corresponding to that of other female rats

* Paper of the Journal Series, N. J. Agri. Exp. Sta-
tion, Rutgers, The State University, New Brunswick.

t This study was supported by a grant from the
Frelinghuysen Foundation.

when first placed in breeding cages, repre-
sented day zero of pregnancy. Day one of
pregnancy was the day sperm were noted in
vaginal smears. DNA and RNA content was
determined as previously described(2). The
pattern of mammary gland development was
obtained from mg of DNA per 100 g of body
weight(9) and from total mg of DNA in the
6 glands. Amount of protein synthesis was
estimated from total mg of RNA and the ra-
tio of total RNA and total DNA estimated
protein syntheic activity per cell.

Results and discussion. Six abdominal-
inguinal mammary glands contained 2.77,
2.80, 3.33, 4.47, 5.69, 7.36, and 7.89 mg of
DNA per 100 g of body weight as stage of
pregnancy advanced. Thus, little mammary
gland growth occurred during the first 4 days
of pregnancy; by the eighth day, however,
mammary development increased 20.2% over
virgin controls (day zero). Glands contin-
ued to grow throughout pregnancy and at the
20th day the number of cells had increased
184.8% over virgin controls. Rate of cellu-
lar proliferation was greatest between days
12 and 14. Total mg of DNA showed a some-
what similar pattern. Averages obtained for
the 7 stages of pregnancy were 4.76, 4.85,
6.03, 8.86, 11.50, 15.97, and 17.19 mg. Total
DNA on days 8 and 20 increased 26.7 and
261.1%, respectively, over virgin controls.
These values are greater than those observed
when body weights were standardized (Table
I). These results indicate that mammary hy-
perplasia occurs throughout pregnancy.

Advancing pregnancy caused total RNA to
increase, as follows: 3.06, 3.08, 4.04, 7.00,
8.87, 13.94, and 1544 mg. On the eighth





