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ABSTRACT The aim of this study was to examine the
response of cell-mediated ovarian immunity against Sal-
monella infection in hens. Laying hens were injected intra-
peritoneally with PBS (control) or Salmonella enteritidis
(SE). Ovarian stroma containing stromal follicles, small
white follicles (SWF), and third largest (F3) and the largest
(F1) follicles were collected 12 or 24 h after inoculation
and fixed in periodate-lysine-paraformaldehyde. Frozen
sections were stained first for CD3+, CD4+, or CD8+ T
cells and then for SE by a double immunostaining
method. Immunoreaction products for SE were detected
in the ovarian stroma, theca of stromal follicles, SWF, F3,
and F1 at 12 and 24 h after inoculation. Immunopositive
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INTRODUCTION

Pathogenic agents may infect hen ovarian tissues and
subsequently be transmitted to the eggs (Blaxland et al.,
1982). Salmonella enteritidis (SE) is one such agent that can
be transmitted to the eggs from infected hens and cause
food poisoning in humans (Cowden et al., 1989; Natasi
et al., 1998; Tansel et al., 2003). Eradication of SE contami-
nation is one of the most important problems in the poul-
try industry worldwide (Hopper and Mawer, 1988; Lister,
1988; Barrow et al., 2003).

Eggs may be contaminated by SE during formation in
the ovary and oviduct (in-egg contamination) or by fecal
contamination on the shell surface (on-egg contamina-
tion). Although the route of on-egg SE contamination has
been thoroughly reported (Gast and Beard, 1990), the
routes of in-egg contamination have not yet been estab-
lished. Salmonella enteritidis has been isolated from the
reproductive tissues of infected hens in the absence of
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T-cell subsets were localized in the stroma and theca of
follicles in birds inoculated with or without SE. The popu-
lations of CD3+, CD4+, and CD8+ T cells were signifi-
cantly greater in the stroma and the theca of follicles 12
h after SE inoculation than in those of control birds (P <
0.01). Their frequencies were further increased in those
tissues 24 h after inoculation (P < 0.01). Injection of SE
did not cause significant differences in the CD4+:CD8+
T-cell ratio as both subsets increased proportionately. The
current results indicate that the population of T-cell sub-
sets increases in the ovarian stroma and the follicular
tissues in response to SE invasion within 12 h of inocula-
tion. Thus, cell-mediated immune response against SE,
their products, or both may be induced in the hen ovary.

cecal colonization (Lister, 1988). We have reported that
SE organisms could invade and colonize the ovary and
oviduct from the peritoneal cavity in Japanese quail (Ta-
kata et al., 2003). These reports suggest that the ovary
may be a source of egg contamination by SE that may
infect ovarian tissues from peritoneal colonization. There-
fore, induction of immunity against SE infection in the
ovary is important for defending the tissues and reducing
the transmission of these bacteria.

Cell-mediated immunity has been reported to play im-
portant roles against intracellular pathogens such as SE
(Schat, 1994; Lillehoj and Okamura, 2003). T cells are the
regulators of cell-mediated immunity. In chickens, T cells
bear surface antigens, namely CD3, CD4, and CD8. The
CD3 antigen is the common T-cell surface antigen (Vainio
and Lassila, 1989) and there are 2 subsets of T cells includ-
ing helper/inducer T cells with CD4 antigen, and cyto-
toxic/killer T cells with CD8 antigen (Chan et al., 1988).
We have localized all the subsets of T cells in the hen
ovarian stroma and theca layer of healthy follicles (Barua
and Yoshimura, 1999; Yoshimura and Kitamura, 2002),
but the response of these immunocompetent cells in the
ovary of infected hens is not well known. There are only
few reports that examined the responses of these immu-

Abbreviation Key: F1 = large follicle; F3 = third largest follicle; SWF =
small white follicles.
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nocompetent cells against pathogenic agents in the ovary.
Withanage et al. (1998) reported that T cells increased
in the oviduct and ovary of hens at 7 d of intravenous
inoculation with SE. McSorley et al. (2002) reported that
infiltration of CD4+ T cells was induced within 3 h of
Salmonella infection in mice. Thus, it remains unknown
whether T cells in the hen ovary respond to SE at an
earlier phase of infection.

Generally, CD8+ cells kill the pathogens directly when
presented by antigen-presenting cells, whereas CD4+
cells stimulate inflammatory responses and induce B-cell
activation (Gobel, 1996; Davison, 1996). The relative
involvement of different T-cell subsets against SE has
been a matter of controversy in some mammalian species
(Hughes and Galan, 2002). It remains unknown which T-
cell subsets respond to SE in the early phase of infection
in the hen ovary.

The aim of this study was to determine how the cellular
immune responses occur in the ovary against SE during
the early phase of infection and to examine which T-cell
subsets respond to SE invasion. We have identified each
subset of T cells and SE by double immunostaining.

MATERIALS AND METHODS

Birds

White Leghorn laying hens of approximately 71 to 74
wk of age laying 6 or more eggs in a sequence were used
in this experiment. Handling of chickens was done in
accordance with the Hiroshima University regulations for
the conduct of animal experiments. Birds were kept in
individual cages under 14L:10D and provided with feed
and water provided ad libitum.

Bacterial Inoculation

Chickens were divided into 3 groups with 5 hens in
each group. They were intraperitoneally injected within
30 min of oviposition with sterile PBS (control, 1 group)
or live SE suspended in PBS at 5.0 × 109 bacteria/bird
(2 groups). This dosage did not elicit physiological side
effects in a preliminary experiment. The bacteria were
donated by Hiroshima Prefectural Health and Environ-
mental Center3 and have been reported to be invasive in
quail (Takata et al., 2003).

Tissue Preparation

All birds were euthanized by carbon dioxide inhalation
12 or 24 h after of injection with SE or PBS and dissected

3Hiroshima, Japan.
4Miles Inc., Elkart, IN.
5Bright Instrument Company Ltd, Huntingdon, UK.
6Nacalai Tesque, Kyoto, Japan.
7Southern Biotechnology Associates Inc., Birmingham, AL.
8HyTest, Turku, Finland.
9Nichirei, Tokyo, Japan.
10Sigma, St. Louis, MO.
11KPL, Gaithersburg, MD.

for tissue collection. The largest (F1) and third largest (F3)
follicles, small white follicles (SWF, 5 from each hen),
and the ovarian stroma containing stromal follicles were
collected from each bird (n = 5 for each tissue in all groups
of hens).

Tissues were immediately fixed in periodate-lysine-
paraformaldehyde solution overnight as described by
McLean and Nakane (1974). Small specimens (approxi-
mately 1 to 2 cm in length) of F1 and F3 follicular tissues
were embedded in cryoembedding medium, OCT com-
pound4 and snap frozen in a mixture of isopentane and
solid carbon dioxide. Frozen sections (15 µm thick) were
prepared using a cryostat5 and air-dried on slides treated
with 3-aminoprpyl-triethoxysilane.6 Whole SWF (approx-
imately 3 to 4 mm in diameter) and stromal tissues were
processed in the same manner. Sections were further fixed
with cold acetone and methanol for 10 min each.

Antibodies

Anti-chicken CD3, CD4, and CD8 (CD8-α) monoclonal
antibodies7 and anti-Salmonella O-9 monoclonal antibod-
ies8 were used as primary antibodies for the localization
of T-cell subsets and SE, respectively. A Histofine SAB-
PO (M)9 immunodetection kit was used for the detection
of immunoprecipitates of primary antibodies.

Double Immunostaining

Immunopositive CD3+, CD4+, or CD8+ T-cell subsets
and SE bacteria were localized by double immunostaining
methods. In the first staining, sections were immuno-
stained for CD3+, CD4+, or CD8+ T-cell subsets as de-
scribed previously (Barua and Yoshimura, 1999), and in
the second staining, each section was immunostained
again for the localization of SE. Five sections per tissue
from each hen were used for immunostaining for each
T-cell type. Briefly, sections were incubated in 1% (vol/
vol) goat serum for 15 min to block the nonspecific bind-
ings of antibodies. They were then incubated overnight
with mouse anti-chicken CD3, CD4, or CD8 antibodies
diluted with PBS containing 0.5% (wt/vol) BSA at 1:100.
Immunoreaction products were identified using a Histof-
ine SAB-PO (M) kit; that is, sections were incubated with
biotinylated anti-mouse IgG + IgM + IgA and avidin-
biotin-peroxidase complex for 1 h each. Immunoreactions
were visualized by incubating the sections with a reaction
mixture consisting of 0.02% (wt/vol) 3,3′-diaminobenzi-
dine tetra hydrochloride10 and 0.005% (vol/vol) H2O2 in
0.05 mol/L Tris-HCl buffer (pH 7.6). After the first se-
quence, sections were washed with PBS for 15 min (5 min
× 3 times) followed by 0.1 mol/L glycine for 90 min
(30 min × 3 times). They were then incubated with anti-
Salmonella O-9 antibody for 2 h. Immunoreaction products
were identified by using Histofine SAB-PO (M) as men-
tioned above except for the color development, which
was performed with TrueBlue peroxidase substrates.11

Sections were then washed in distilled water for 10 min
(5 min × 2 times), dehydrated with graded alcohol, thor-
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FIGURE 1. Sections of ovaries of hens (Gallus domesticus) inoculated i.p. with or without 5 × 109 Salmonella enteritidis (SE). Sections were double
immunostained for CD3+ T cells and SE. White arrows and black arrows indicate the examples of SE and CD3+ T cells, respectively. G = granulosa
layer; O = oocyte; T = theca layer; TI = theca interna; TE = theca externa; S = stroma. Scale bar = 20 µm. a) Ovarian stroma of control (PBS-treated)
hens. Few CD3+ T cells are shown in the stroma and in the theca layer of stromal follicles. b) Ovarian stroma of birds 24 h after SE inoculation.
Multiple SE have invaded stroma and theca layer of stromal follicles. Many CD3+ T cells are also shown in these tissues. c) Largest follicle of
control hens. Few CD3+ T cells can be observed in the theca externa and interna layers. d) Largest follicle of birds 24 h after SE inoculation.
Multiple SE have invaded in the theca interna layer. In comparison to the control birds many CD3+ T cells are shown in the theca layer.

oughly air-dried, and covered. Control staining was car-
ried out simultaneously in which primary antibodies
were replaced with normal mouse IgG. Positive staining
was not observed on the control slides.

Counting of T Cells

All sections were examined under a light microscope
with image analysis software,12 and immunopositive cells
were counted as described previously (Barua and Yoshi-
mura, 1999). The numbers of immunopositive T-cell sub-
sets were determined by observing 3 different areas of
the theca of each follicle and the ovarian stroma on a
section. Then the cell number was calculated to be the
number of cells within 1 × 104 µm2. The average of the 3
counts was expressed as the cell number in 1 × 104 µm2

area in one tissue of a bird.

Statistical Analysis

The significance of differences in the immunopositive
T cells within 1 × 104 µm2 among the control and SE-
injected birds (after 12 and 24 h of injection) was deter-
mined by one-way ANOVA (Snedecor and Cochran,
1967) followed by Duncan’s multiple range test (Duncan,
1955). Differences were considered significant when P
< 0.05.

12Image-ProPlus, Media Cybernetics, Silver Spring, MD.

RESULTS

The ovarian stroma consisted of the loose connective
tissue in which stromal follicles were embedded. The
small white follicles and preovulatory follicles protruded
from the ovarian surface. The theca layer was differenti-
ated into the theca interna and theca externa in SWF, F3,
and F1 follicles but was undifferentiated in the stromal fol-
licles.

Localization of T-Cell Subsets
and SE in the Ovary

The CD3+ T cells were localized in the stroma and the
theca of the stromal follicles of control and SE-injected
birds (Figure 1, a and b). The CD4+ and CD8+ T cells
were similarly observed in these tissues (data not shown).
Immunoreaction products for SE were detected in the
stroma of birds 12 h after SE injection, whereas they were
identified in the stroma and theca of stromal follicles 24
h after SE injection (Figure 1b). However, an influx of T
cells at the site of SE invasion was not observed. Figure
2 shows the frequencies of T-cell subsets in the ovarian
stroma and the theca layer of stromal follicles of control
and SE-injected birds. The frequencies of CD3+, CD4+,
and CD8+ T cells increased significantly in the stroma
and theca layer of stromal follicles 12 h after SE injection
as compared with control birds (P < 0.01). Furthermore,
their frequencies were greater in the birds 24 h after SE
injection than 12 h after injection (P < 0.01).
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FIGURE 2. Changes in the frequency of T-cell subsets in the a) ovarian
stroma and b) the theca layer of stromal follicles in response to Salmonella
enteritidis (SE) invasion. Hens were examined 24 h after PBS injection
and 12 and 24 h after i.p. inoculation with 5 × 109 SE. Each value shows
mean ± SEM of the number of T cells within 1 × 104 µm2 (n = 5 hens
in each group). a–cBars with different letters are significantly different
(P < 0.01).

Localization of T-Cell Subsets
and SE in Follicular Tissues

Immunopositive CD3+ cells were localized in the theca
interna and externa layers in the F1 (Figure 1, c and d),
F3, and SWF of the control and SE-injected birds. The
CD4+ and CD8+ T cells were similarly observed in these
tissues (data not shown). Many SE were detected in the
theca interna of F1 follicles 24 h after injection (Figure
1d). Similar patterns of SE invasion were also detected
in the SWF and F3 follicles 24 h after SE inoculation. As
in the stroma, the influx of T cells at the site of SE invasion
was not observed. The frequencies of CD3+, CD4+, and
CD8+ T cells were greater in the theca layer of 12 or 24
h after SE injection than that of control birds (P < 0.01)
(Figure 3). In comparison to the birds 12 h after SE injec-
tion, the frequencies of T-cell subsets in the theca layer
increased in birds 24 h after SE injection (P < 0.01).

Injection of birds with SE did not change the ratio
between CD4+ and CD8+ T cells in the ovarian stroma

FIGURE 3. Changes in the population of T-cell subsets in the theca
layer of a) small white follicle, b) third largest follicle and c) largest
follicle in response to Salmonella enteritidis (SE) invasion. Hens were
examined 24 h after PBS injection and 12 and 24 h after i.p. inoculation
with 5 × 109 SE. Each value shows mean ± SEM of the number of T
cells within 1 × 104 µm2 (n = 5 hens in each group). a–cBars with different
letters are significantly different (P < 0.01).

or follicular theca (Figure 4). This result was due to the
proportionate increase in the population of the T-cell sub-
sets in each group of SE-injected birds.

DISCUSSION

To our knowledge this is the first report in which SE
and T-cell subsets were localized in the same tissues in
hens. The significant finding was that the population of
CD3+, CD4+, and CD8+ T cells increased with the inva-
sion of SE in the ovarian stroma and follicular theca within
12 h of the i.p. inoculation, suggesting that cell-mediated
immunity to SE could be induced in the ovary for de-
fending against these pathogens.
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FIGURE 4. Ratio of CD4+:CD8+ in the ovarian stroma and the theca
layer of follicles of hens inoculated with or without Salmonella enteritidis.
Hens were examined 24 h after PBS injection and 12 and 24 h after i.p.
inoculation with 5 × 109 SE. a) ovarian stroma and the theca layer of
stromal follicles. b) small white follicle (SWF), third largest follicle (F3),
the largest follicle (F1). Each value shows mean ± SEM of the CD4+:CD8+
T cell ratio within 1 × 104 µm2 (n = 5 hens in each group).

There are reports that SE bacteria were isolated from
ovaries and egg yolk following oral and intravenous ex-
perimental inoculation (Shivaprasad et al., 1990; Barrow
and Lovell, 1991; Keller et al., 1995, 1997; Withanage et
al., 1998, Okamura, 2001). Isolation studies of Salmonella
by organ culture have suggested the possibility of infec-
tion of ovary through colonization of the peritoneum by
SE (Timoney et al., 1989). In the present study, after i.p.
inoculation bacteria were detected in the ovarian stroma
and in the follicular theca of infected hens that exhibited
no significant side effects, including ovulation and fecal
appearance. This finding supports those of Takata et al.
(2003), who examined SE infection in Japanese quail.

The cellular immune response is considered more im-
portant for the development of a protective immune re-
sponse to SE infection than antibodies (Desmidt et al.,
1998). The present study supports our earlier findings in
which T cells were present in the ovarian stroma and the

theca of follicles of healthy hens (Barua and Yoshimura,
1999; Yoshimura and Kitamura, 2002). In the present
study, no consistent co-localization of SE and T cells was
observed in the tissues, and correlation between the SE
and the population of T cells was not tested. However,
the frequency of T cells was significantly greater in the
ovarian tissues of hens 12 h after SE injection than those
of control hens, and further increased in hens 24 h after
SE injection. These results suggest that tissue invasion of
SE might be one of the reasons for the increase in T-cell
population in these tissues. Substances released from the
damaged cells and bacterial products are powerful che-
motactic factors for immune cells (Mosser, 1994). Bacterial
toxins secreted from Salmonella are active participants in
the induction of host responses and, therefore, have the
potential to modulate the immune response (Hughes and
Galan, 2002). Therefore, comparisons of T-cell popula-
tions in the ovarian tissues between control and SE-in-
jected birds indicated that the influx of T cells in the
hen ovarian tissues might be caused in response to the
invasion of SE bacteria and their products.

The relative contribution of each of the T-cell subsets
in the mediation of immunity against SE infection is not
well known in hens. The populations of the CD4+ and
CD8+ T cells were significantly increased by SE invasion,
whereas their ratio (CD4+ T:CD8+ T) was not affected
(Figure 4). These results indicate that the CD4+ and CD8+
T-cell subsets increased proportionally in response to SE
invasion. CD4+ T cells induce immune responses when
presented by antigen-presenting cells containing major
histocompatibility complex class II, leading to the activa-
tion of humoral immunity (Gobel, 1996). On the other
hand, CD8+ T cells induce cytotoxic affects when pre-
sented by major histocompatibility complex class I (Davi-
son, 1996). Therefore, present results suggest that both
pathways of cell-mediated immunity are active in re-
sponse to SE invasion in hens. McSorley et al. (2002)
reported that intestinal mucosal CD4+ T cells were in-
creased in response to oral inoculation of Salmonella or-
ganism in mice. In contrast, CD8+ T cells have also been
reported to play important roles in SE clearance from the
spleen in mice (Nauciel, 1990). A balanced CD4+ T:CD8+
T ratio is essential for normal immune function, and im-
balance in this ratio may increase susceptibility to disease
(Michael, 1983; Hirokawa, 1992). It is assumed that the
proportional increase of the CD4+ and CD8+ T cells may
be necessary to defend hen ovary against SE infection.

In conclusion, the present study showed that the popu-
lation of T-cell subsets in the ovarian stroma and follicular
tissues increased in response to SE invasion. It is sug-
gested that cell-mediated immune functions become ac-
tive in the hen ovary in response to SE bacteria, their
products, or both.
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