ACTA VET. BRNO 2003, 72: 359–364

Dynamics of Lymphocyte Subpopulations in Immune Organs of Chickens Infected
with Salmonella enteritidis
A. A. ASHEG, M. LEVKUT, V. REVAJOVÁ, Z. ·EVâÍKOVÁ, L. KOLODZIEYSKI, J. PISTL
University of Veterinary Medicine, Ko‰ice, Slovak Republic
Recieved June 20, 2002
Accepted September 22, 2003
Abstract
As h e g A. A. , M . Le v k u t , V. R ev aj o v á, Z . · ev ãí k o v á, L . K o l o d zi ey sk i , J. P i st l :
Dynamics of Lymphocyte Subpopulations in Immune Organs of Chickens Infected with Salmonella
enteritidis. Acta Vet. Brno 2003, 72: 359-364.
To determine the effect of different doses of Salmonella enteritidis on immunocompetent cells,
the thymus, bursa of Fabricius, and peripheral blood were examined. One-day-old chickens were
orally infected with 2 × 102 CFU/ml (low dose) and 2 × 108 CFU/ml (high dose) of S. enteritidis PT4.
Subsets of T lymphocytes (CD3, CD4, and CD8), and BU1b cells using an indirect
immunofluorescent method and flow cytometry were analysed on days 7, 10, 14, 21, and 27 postinoculation (dpi). The actual number of lymphocytes in the peripheral blood showed a significant
increase in the low dose group (P < 0.05) on day 21 pi, and in the high dose group on day 27 pi
(P < 0.001) compared to controls. The increase of CD3+, CD4+, and CD8+ T cells was observed in both
infected groups compared to the controls from day 14 pi, significant on day 21 pi (P < 0.05) in the
high dose group. The subpopulation of CD8+ was higher also on day 27 pi (P < 0.01) compared with
the values of the control group. The subpopulation of BU1b+ B cells in both infected groups showed
higher values, but without significant differences from controls. The thymus T lymphocytes showed
a significant decline in CD3+ T cells on day 7 pi, whereas CD4+ T cells were significantly (P < 0.05)
increased on day 7 pi in both infected groups. The bursal lymphocytes showed a decrease in BU1b+
B cells in both infected groups compared with the control group, significant in the high dose group
on day 21 pi (P < 0.05). These results indicate that S. enteritidis infection induced the changes in
immunocompetent cells, included cellular and humoral immune response. Salmonella infection
accelerated the maturation and differentiation of thymus T cells in the first phase of infection, what
was secondarily reflected by increased number of studied T lymphocyte subpopulations in the
peripheral blood from day 14 to 27 after infection. Similarly, it appears that the activation of B cells
in bursa of Fabricius caused the decrease number of bursal B lymphocytes and increased number of
these cells in the peripheral blood from day 14 to 27 pi in both infected groups.
Salmonella enteritidis, immune response, flow cytometry, lymphocyte subpopulations, chickens

Salmonella enteritidis (S. enteritidis) has become the most important cause of human food
poisoning throughout the world in recent years. Current research has attempted to identify
the defence mechanism of chickens against S. enteritidis (Arnold and Holt 1995).
Salmonella invades the intestinal epithelium and stimulates mucosal immunity. In chickens
the cell-mediated immune response has been shown to play an important role in host
protection against many intracellular pathogens (Schat 1994; Kaufmann 1995;
Lillehoj and Trout 1996). Sasai et al. (1997) reported that S. enteritidis infection
induces changes in the lymphocyte subpopulations in the spleen and thymus that reflect the
dynamics of the host’s protective immune response. Although some aspects of cellular
immune responses to S. enteritidis have been examined in chickens, the exact protective
immune mechanism remains to be determined.
In the present study, the percentage of CD3, CD4, CD8 T cells, and BU1b B cells in the
thymus, bursa of Fabricius and peripheral blood of one-day-old chickens orally infected with
S. enteritidis were investigated.
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Materials and Methods
Chickens
A total of ninety, one-day-old White Plymouth Rock chickens were randomly divided into three groups,
containing 30 birds each. The birds were kept in isolation in floor pens of 1 m2 per group on wood shavings that
were not changed during the experiment. The pen was lit continuously. The temperature was maintained at that
required for the age of the birds (32 ˚C at first week and was reduced weekly by about 2 ˚C). Water and feed were
available ad libitum.
Reagents
Mouse monoclonal antibodies (Mab) against chicken CD3, CD4, CD8 T lymphocytes (Scandic, Czech
Republic), and BU1b (Southern Biotechnology Associates, Inc., Birmingham, USA) expressed on B cells at
a dilution of 1:25 were used for flow cytometry.
Salmonella
Experimental infection was carried out with S. enteritidis PT4. Bacterial culture and doses were previously
described (As h e g et al. 2001a).
Experimental design
Chickens in the first and second groups were orally inoculated with 2 × 102 CFU/ml (low dose) and 2 × 108
CFU/ml (high dose) of S. enteritidis PT4, respectively. Chickens of the third group were used as control animals
and obtained a placebo (1 ml PBS per os). Five birds from each group were venipunctured and then killed by
cervical dislocation on days 7, 10, 14, 21, and 27 post-inoculation (dpi). The peripheral blood, the thymus, and
bursa of Fabricius were used for flow cytometry analysis.
White blood cell count (WBC)
Leukocytes were counted by a routine laboratory method using Fried-Lukáãová solution (475 µl solution plus
25 µl blood). Differential cell counts were made on blood smears after Hemacolor (Merck, Germany) staining by
counting 100 cells per slide.
Flow cytometry in the peripheral blood and organs
The thymus and bursal lymphocytes were removed by teasing through a 70 µm mash screen (Heller and Schat
1987) and then isolated on a density gradient - Telebrix (SEVAC, Prague, Czech Republic). Telebrix was also used
for the separation of lymphocytes from the peripheral blood. After separation, the lymphocytes were twice washed
with phosphate buffer saline (PBS). Fifty l of cellular suspension (1 × 106 lymphocytes in PBS) and 50 l of
specific MoAb (Tab. 1) were mixed and incubated at 4 °C for 30 min. After incubation the cells were washed twice
in the PBS and pellets were mixed with 25 l of the secondary antibody (FITC-conjugated goat antimouse
immunoglobulin; Dakopatts, Germany) in a dilution of 1:50 and incubated in the dark as described above. The cells
were washed twice in the PBS and resuspended in 0.5 ml of 1% paraformaldehyde in PBS.
Samples were analysed by FACScan flow cytometer (Becton Dickinson, Germany). Data on 1 × 104 viable cells
were collected using the Cell Quest program (Becton Dickinson, Germany). For the peripheral blood the absolute
lymphocyte counts were computed as follows: WBC count × % of the relative lymphocytes × % lymphocyte
subpopulation.
Table 1
Primary monoclonal antibodies used in the experiment
Specificity
CD3
CD4
CD8
BU1b

MoAbs

Isotype

RTMCA1378
SRTMCA1473
SRTMCA1377
8370-01

mouse IgG1
mouse IgG1
mouse IgG1
mouse IgG1

Dilution
1:25
1:25
1:25
1:25

Statistical analysis
All data were tested by one-way ANOVA using the Bonferoni test. Differences between the mean values for the
groups of chickens were considered significant, when probabilities of less than 0.05 were obtained.

Results
Thymus
A significant decline in CD3+ T cells was determined in both infected groups compared
with controls on day 7 pi (P < 0.05), whereas CD4+ cells in these groups showed a significant
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increase (P < 0.05) on the same day. A significant decrease (P < 0.05) was detected in CD8+
cells in the high dose group compared with the control chickens at the end of experiment
(day 27 pi). The percentage of BU1b+ showed an increase on day 10 pi in both infected
groups, with the highest values in the high dose group on day 14 pi, and in the low dose group
on day 21 pi. But the decrease of values in both infected groups was ascertained on day 27
pi compared with the controls (Tab. 2).
Table 2
Relative percentage of subpopulations in thymus in the control
and S. enteritidis infected group (percentage; mean ± SD)
Days after infection
Marker
CD3

CD4

CD8

BU1b

Groups
control
low
high
control
low
high
control
low
high
control
low
high

7
77.76±4.95a
19.06±12.24a
32.00±9.01a
59.30±1.75a
82.48±3.25a
75.18±7.19a
75.11±0.77
70.37±0.40
81.84±12.03
1.10±0.57
0.86±0.33
1.29±0.92

10
86.00±0.00
58.50±30.40
88.19±3.10
63.18±7.06
63.40±0.66
64.73±10.36
66.53±13.28
78.46±3.47
74.00±11.31
1.84±0.78
2.41±0.55
3.20±1.27

14
72.83±6.81
70.10±2.24
39.16±15.78
64.71±8.94
62.18±4.91
54.22±11.05
48.20±3.34
38.92±7.55
60.75±20.11
2.80±1.51
2.05±1.16
4.54±0.26

21
46.15±8.49
69.57±18.31
41.33±18.67
54.52±10.78
67.02±9.45
56.13±5.69
51.05±16.55
40.04±8.13
42.86±2.81
4.72±2.29
7.99±0.64
2.87±2.26

27
70.36±26.99
46.19±6.16
42.51±0.35
60.45±1.12
59.59±2.69
54.04±3.18
69.45±2.61a
71.97±0.63
60.23±0.16a
4.94±2.16
3.90±1.22
2.48±0.26

a, significant difference of infected groups to control group (P < 0.05);

Bursa of Fabricius
Examination of T cells in bursa showed a non-significant increase in the CD3, CD4 and
CD8 positive cells of both infected groups compared with control group on day 27 pi. On
the contrary, the decrease of BU1b+ cells of both infected groups was determined from day
10 pi, significant (P < 0.05) on day 21 in the high dose group (Tab. 3).
Table 3
Relative percentage of subpopulations in Bursa of Fabricius in control
and S. enteritidis infected group (percentage; mean ± SD)
Days after infection
Marker
CD3

CD4

CD8

BU1b

Groups
control
low
high
control
low
high
control
low
high
control
low
high

7
1.53±0.35
2.24±0.62
1.37±1.12
2.24±0.74
1.64±0.33
0.92±0.18
1.64±1.00
1.24±0.33
1.52±1.07
78.66±12.29
90.56±0.20
80.20±2.19

10
2.73±0.52
3.99±0.52
7.34±3.57
2.39±1.84
2.31±0.74
1.52±0.64
2.05±1.37
2.17±1.70
2.37±0.08
72.07±21.97
64.32±21.45
63.01±1.25

14
7.94±1.34a
5.91±1.53
20.24±4.40a
4.27±0.75
3.70±0.19
9.40±4.78
3.93±0.90
4.03±0.65
8.41±3.07
92.86±0.31
82.34±0.21
54.59±18.19

a, significant difference of infected groups to control group (P < 0.05)

21
6.23±4.57
6.21±2.59
6.39±4.18
3.06±1.75
2.72±2.02
3.92±2.2
7.84±2.09
5.26±2.85
2.10±1.00
92.76±0.16a
69.21±11.24
66.74±0.01a

27
1.73±0.77
7.2±2.83
17.09±11.00
1.21±0.72
5.16±1.19
18.46±13.64
1.23±0.17
4.21±0.40
18.54±13.12
93.50±7.78
67.92±15.96
60.76±22.56
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Peripheral blood
Table 4 summarizes the absolute values of peripheral white blood cells. The total number
of leukocytes was non-significantly higher on day 21 pi in infected groups compared with
the controls. The actual number of lymphocytes showed a significant increase in the low
dose group on day 21 pi (P < 0.05), and in the high dose group on day 27 pi (P < 0.01)
compared with the control. A mild elevation of monocyte numbers was detected in both
infected groups on days 14 and 21 pi, whereas the heterophiles had declined in both infected
groups on days 21 and 27 pi. The actual number of CD3+ T cells had a significant increase
in the high dose group on day 21 pi (P < 0.05), and no significant elevation was observed in
the low dose group (Fig. 1). Also the actual number of CD4+ (Fig. 2), and CD8+ T cells (Fig.
3) showed a significant increase in the high dose group compared with the control group on
day 21 pi (P < 0.05), and day 27 pi (P < 0.01). The actual number of BU1b+ B cells had
increased values in both the high and low dose groups compared with the control group, but
without significance (Fig. 4).
Table 4
Actual numbers of peripheral white blood cells (1.109.l-1; mean ± SD)
Days after infection
Marker

Groups

7

10

14

21

27

Leukocytes

control
low
high
control
low
high
control
low
high
control
low
high

5.52±1.46
4.06±0.46
7.60±4.21
3.99±0.98
3.45±0.44
5.52±2.70
1.50±0.62
0.55±0.12
1.90±1.45
0.05±0.01
0.06±0.02
0.19±0.11

9.80±1.05
9.32±3.69
9.74±1.80
6.33±0.77
8.19±3.23
7.82±1.15
3.29±1.22
0.97±0.35
1.60±0.85
0.23±0.09
0.17±0.15
0.31±0.08

6.10±1.32
6.95±3.8
14.22±7.28
3.87±0.53
5.57±2.49
9.83±4.80
2.63±1.28
1.18±1.04
3.08±1.63
0.14±0.07
0.26±0.25
0.30±0.18

12.76±2.24
19.26±6.52
18.24±5.58
8.06±0.95a
15.86±4.99a
14.56±3.72
4.52±1.41
3.13±1.52
3.27±1.74
0.18±0.06
0.46±0.18
0.41±0.18

13.94±2.48
12.28±1.22
16.10±2.00
8.81±1.36b
9.59±0.85
13.30±1.44b
5.95±2.80
2.34±0.84
2.50±0.60
0.30±0.09
0.38±0.19
0.30±0.08

Lymphocytes

Heterophils

Monocytes

a, significant difference of low dose group compared with control group (P < 0.05);
b, significant difference of high dose group compared with control group (P < 0.001)
control group

high dose SE
a

7

7

6

6

5

5

4

1.109.I-1

1.109.I-1

8

low dose SE

4
3

a
b

3
2

2

1

1

0

0
7

10

14
21
days after infection

27

Fig. 1. Actual number of CD3 positive T cells in the
peripheral blood of control and S. enteritidis infected
group (a, significant difference P < 0.05)

7

10

14

21

27

days after infection

Fig. 2. Actual number of CD4 positive T cells in the
peripheral blood (a, significant difference P < 0.05; b,
P < 0.01 of experimental groups in comparing to the
control group). For legend, see Fig. 1.
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1
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Fig. 3. Actual number of CD8 positive T cells in the
peripheral blood of control and S. enteritidis infected
group (a, significant difference P < 0.05; b, P < 0.01).
For legend, see Fig. 1.

Fig. 4. Actual number of BU1b positive B cells in the
peripheral blood of control and S. enteritidis infected
group. For legend, see Fig. 1.

Discussion
In our study, the immunocompetent cells in the thymus, Bursa of Fabricius, and peripheral
blood after S. enteritidis infection of one-day-old chickens, were evaluated. At the first
sampling significant changes of CD3+ and CD4+ T cells were found in the thymus. This
finding documents the primary role of thymus cells in the protective immune response
against S. enteritidis infection. Similar results were published by Sasai et al. (1997) in the
study of lymphocyte subpopulations in chickens inoculated with S. enteritidis.
In the peripheral blood the immunocompetent cells reflected the S. enteritidis infection
from day 21 of infection. It is interesting, that the increase in CD4+ T cells in the peripheral
blood followed the increase of these cells in the thymus. The increase in CD4+ and CD8+
T cells in the peripheral blood may indicate higher production of macrophage activating
factors such as IFN- and IL-2, which are crucial for protection against intracellular
microbial pathogens (Mosmann and Coffman 1989). Briles et al. (1986) demonstrated
that Salmonella-immune T lymphocytes secrete factors that activate macrophages to kill
Salmonella typhimurium, and Kauffman (1988) observed that CD8+ T lymphocytes
mediate the cytolysis of Salmonella-infected target cells in an IFN-dependent mechanism.
A significant decrease in BU1b+ B cells in the Bursa of Fabricius in the infected group
can be connected with these cells moving into peripheral blood. Our results indicate
a tendency of BU1b+ B cells to increase in the circulatory blood system. This is in agreement
with study of Paramithiotis and Ratcliffe (1993) who found emigrant bursal B-cells
primarily in the blood and spleen. As with the results obtained earlier, which supported the
assumption of cells moving from the bursa of Fabricius, we found a significant increase in
the number of BU1b+ B cells in the caecum and an increase in the percentage of splenic
BU1b+ cells in both inoculated groups (Asheg et al. 2001b).
Phagocytic cells such as macrophages and heterophils migrate to the area of inflammation
invaded by S. enteritidis. In our study there was a tendency in the number of phagocytic cells
in the peripheral blood to change.
These results indicate that S. enteritidis infection induced the changes in
immunocompetent cells included cellular and humoral immune response. Salmonella
infection accelerated the maturation and differentiation of thymus T cells in the first phase
of infection, what was secondarily reflected by increased number of studied T lymphocyte
subpopulations in the peripheral blood from day 14 to 27 after infection. Similarly, it appears
that the activation of B cells in bursa of Fabricius caused the decrease number of bursal
B lymphocytes and increased number of these cells in the peripheral blood from day 14 to
27 pi in both infected groups.
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Infekcia kurãiat Salmonella enteritidis a dynamika subpopulácií lymfocytov
v imunitn˘ch orgánoch
JednodÀové kurãatá boli perorálne infikované nízkou (2 × 102 KTZ/ml) a vysokou (2 ×
108 KTZ/ml) infekãnou dávkou S. enteritidis PT4. Periférna krv, burza a t˘mus boli
odoberané a vy‰etrované za úãelom stanovenia úãinku rozdielnych dávok na
imunokompetentné bunky.
Subpopulácie T lymfocytov (CD3, CD4 a CD8) a BU1b B buniek pouÏitím nepriamej
imunoflorescenãnej metódy a prietokovej cytometrie boli analyzované na 7, 10, 14, 21 a 27
deÀ po infekcii (pi). Absolútny poãet lymfocytov v periférnej krvi ukázal signifikantné
zv˘‰enie v skupine s nízkou infekãnou dávkou (P < 0,05) na 21. deÀ pi, a s vysokou infekãnou
dávkou na 27. deÀ pi. (P < 0,001) v porovnaní s kontrolami. Zv˘‰enie CD3+, CD4+ a CD8+
T buniek bolo pozorované u oboch infikovan˘ch skupín oproti kontrolám od 14. dÀa pi, so
signifikanciou na 21. deÀ (P < 0,05) po aplikácií vysokej infekãnej dávky. Subpopulácia
CD8+ T buniek bola zv˘‰ená u tejto skupiny tieÏ na 27. deÀ pi (P < 0,01) oproti kurãatám
kontrolnej skupiny. Subpopulácia BU1b+ B buniek u oboch infikovan˘ch skupín preukázala
vy‰‰ie hodnoty v porovnaní s kontroln˘mi skupinami, ale bez signifikantn˘ch rozdielov.
T˘musové T lymfocyty ukázali signifikantn˘ pokles CD3+ T buniek na 7. deÀ pi, k˘m CD4+
T bunky boli signifikantne zv˘‰ené na 7. deÀ pi u oboch infikovan˘ch skupín. Lymfocyty
burzy ukázali pokles BU1b+ B buniek oboch infikovan˘ch skupín oproti kontrolám, so
signifikantnosÈou po vysokej infekãnej dávke na 21. deÀ pi (P < 0,05). Salmonelová infekcia
ur˘chlila dozrievanie a diferenciáciu T buniek v t˘muse v prvej fáze infekcie, ão sa
sekundárne prejavilo zv˘‰en˘m poãtom jednotliv˘ch subpopulácií T lymfocytov v periférnej
krvi od 14. do 27. dÀa po infekcii. S t˘m súvisel aj pokles poãtu BU1b lymfocytov v burze
Fabricii v uveden˘ch dÀoch u infikovan˘ch kurãiat obidvoch skupín.
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