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Abstract
In order to assess chicken T cell-mediated responses after immune stress, 200 two-week-old
chickens were randomly divided into control group(C) and treatment groups (T1 and T2). The live
I-type of Newcastle disease vaccine (ND) was taken as the source of immunological stress. The
chickens in group (T2) were injected with overdose of live I-type Newcastle disease vaccine. After
vaccination, the dynamic changes of CD4+, CD8+T cells on thymus were detected by immunohistochemistry. The ultra-structure of T cells on thymus of the chickens in group (T2) was observed by
electron microscopic. The result showed: (1) After immune stress, from day 1 to day 5, the number
of the CD4+T cells significantly declined and reached the bottom at day 5, but the number of the
CD8+T cells increased dramatically and peaked at day 5. (2) After immune stress, from day 1 to
day 5, part of T cells of chicken thymus came with apoptotic and pathological changes of putrescence continually. These results underscore: the immune stress can cause transient immune adjustment. These changes for chickens were the self-protection mechanism of immune system to
adapt to survival and avoid immune disorder.
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1. Introduction
Vaccines, which could induce protective immunity while producing a minimal antagonistic response in the bird,
play an increasing role in disease control of poultry [1]. To strengthen the immunity of chicken to decrease economic losses at harvest, nowadays, poultry producer tends to overdose on vaccines. However, it may trigger
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immune stress. When the tissues of animal body are invaded by pathogens, naturally or artificially, it can cause
immune stress. Immune stress can cause decline of poultry feed intake, weight gain and lean meat deposition
and lead to secrete epinephrine and activate hypothalamus-pituitary-adrenal (HPA) axis, these, in turn, increase
the circulating glucocorticoid levels [2]. Reported responses to immune stress also include: reduced antibody response and damaged immune organ [3]-[5]. The mechanisms involved in immune stress include organ-, celland molecular-level alterations of the nervous, endocrine, immune systems. All these reports suggest that immune stress could be immunosuppressive for animals. In the first of our immune stress studies, we reported that
immune stress was associated with high production of Glucocorticoids, low levels of IgG and pathological tissue
changes of immune organ [6] [7]. But the study only shows the changes of the humoral immune function. As in
chickens, T cell-mediated immunity plays a crucial role in vaccine-induced protective immunity. The continuous
output of naive T cells from the thymus allows for the increased ability of the host to respond to neo-antigens.
So the thymus microenvironment is an excellent example of immune stress. The purpose of the present investigation was to examine its complex relationship with immune stress.

2. Materials and Methods
2.1. Chickens
Mixed sex, White Leghorn chickens were obtained from the chicken farm of ShanXi Agricultural University.
All chickens were maintained in brooder cages with feed and water ad libitum. The chickens were randomly divided into control group (C) and treatment groups (T1 and T2). At 15 days-of-age, Chickens in group(C) were
vaccinated with Saline. Chickens in group (T1) were normally vaccinated with the IV live I-type of Newcastle
disease vaccine. Chickens in group (T2) were vaccinated five times live I-type Newcastle disease vaccine. After
vaccination, on day 1, 3, 5, 10, 15, 21, five of birds from control group and treatment groups (T1 and T2) were
caught to further test respectively.

2.2. Immunohistochemistry
The presence of CD4+, CD8+T cells was investigated in thymus using the avidin-biotin complex (ABC) method
for immunohistochemistry [8]. The sections were counter-stained with Mayer’s haematoxylin and mounted with
aqueous mounting medium. The staining intensities observed microscopically were divided into four grades: (negative = no positive cells), + (weak = small number of positive cells per high power field [HPF, approx.
400×]), ++ (moderate = moderate number of positive cells per HPF), +++ (strong = accentuated staining pattern
with large numbers of positive cells per HPF). In each tissue 10 randomly selected areas of each compartment
were evaluated at high power by light microscopy. The judgments were made by calculating percentage of positive T cells accounted for 100 T cells.

2.3. Specimen Preparation for Transmission Electron Microscopy
The chickens were sacrificed by carotid. After the vaccination, at 8:00 am on the 1d, 3d, 5d, 10d, 15d, 21d, five
chickens from every group were killed. Approximately 1 - 2 mm2 segments of thymus were extracted with cyclohexane-ethanol and embedded in Spurr’s epoxy resin. Sixty-ninety nanometers thick sections were cut with a
diamond knife on a Reichert ultramicrotome and stained for 10 min with 1% KMnO4. Photographs were taken
using a Zeiss 10C TEM operated at 80 kV and a Philips CM20 with FEG operating at 160 kV (resolution 0.1
nm).

3. Results
3.1. The Dynamic Changes of CD4+T Cells
There were many positive CD4+T cells in the cortex and medulla of thymus, especially in the medulla. On third
day after vaccination, the numbers of CD4+T cells began to decline in groups (T1 and T2) compared with group
(C). The numbers of CD4+T cells in groups (T1 and T2) were significantly lower than them in group (C) on fifth
day (P < 0.05). There was no difference in the number of CD4+T cells between groups (T2) and group (C) on
other days. But On fifteen day after vaccination, the numbers of CD4+T cells began to rise, the numbers of
CD4+T cells in groups (T1) were significantly higher than them in group (C) (P < 0.05).
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3.2. The Dynamic Changes of CD8+T Cells

There were many positive CD8+T cells in the cortex and medulla of thymus, especially in the medulla. On third
day after vaccination, the numbers of CD8+T cells began to rise in groups (T1 and T2) compared with group (C).
The numbers of CD8+T cells in groups (T2) were significantly higher than them in group(C) on fifth day (P <
0.05). On tenth day after vaccination, the numbers of CD8+T cells began to decline, but the numbers of CD8+T
cells in groups (T2) were significantly higher than them in control group on fifteen day (P < 0.05).

3.3. Ultra-Structure of T Cells in Thymus
The heterochromatin of normal T cells nucleus distributed uniformly. There were more ribosomal particles in
the cytoplasm (Figure 1). On first day after vaccination, compared with group (C), the basic structure of the
thymus began to disorder in the group (T2). There were many lymphoid apoptotic T cells and a few necrotic T
cells. The characteristics of apoptotic T cells included cell irregular, nuclear condensation, irregular shape, reduced the ratio of nuclear and cytoplasm. Many vacuoles occupied the cell. The nuclear chromatin concentrated
to crescent or massive body (Figure 2). The characteristics of necrotic cells included nuclear concentration, cell
swelling, membrane rupturing, cytoplasm spillover (Figure 3). On third day after vaccination, the basic structure of the thymus had been damaged. The number of necrotic T cells increased. T cells showed nuclear condensation, cytoplasm out flowing, adjacent cell boundaries being unclear (Figure 4). The nuclear chromatin
concentrated to crescent body. The budding membrane formed the apoptotic bodies (Figure 5). Nuclear chromatin gathered the massive body, Many vacuoles occupied the cytoplasm of cell (Figure 6). On fifth day after
vaccination, the characteristics of T cells included nuclear condensation, mitochondrial vacuolar degeneration
cytoplasm out flowing, cell lysis. The characteristics of apoptotic T cells appeared (Figures 7-9). On tenth day
after vaccination, the necrotic T cells could not be observed.

Figure 1. Normal ultra-structure T cells.

Figure 2. The first day after vaccination.
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Figure 3. The first day after vaccination.

Figure 4. The third day after vaccination.

Figure 5. The third day after vaccination.
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Figure 6. The third day after vaccination.

Figure 7. The fifth day after vaccination.

Figure 8. The fifth day after vaccination.
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Figure 9. The fifth day after vaccination.

4. Discussion
Whether vaccination will trigger immune stress appears to depend on several factors, including the vaccine of
the challenge to the immune system, acupuncture, capture, because the live I-type of Newcastle disease vaccine
has moderate virulence, adding the role of acupuncture and capture the chicks. These are strong stresses for
chicken [9]. Our preliminary studies also showed that the model of experimental immune stress could be built
by overdose of live I-type Newcastle disease vaccine [10].
Thymocyte developmental stages can readily be defined by the expression of the cell surface receptors CD4+
and CD8+. CD4+ and CD8+T cells maintain a state of equilibrium, as the foreign antigen stimulation [11]. According to the characteristics of T cells, they fall into two categories. One is defined as T-helper cells (TH) and
suppressor T cells (TS). The other is defined as cytotoxic lymphocyte (CTL) and delayed type hypersensitivity
(TDTH). TH cells and TS cells belong to the CD4+ and CD8+T cells respectively. TH cells can stimulate B cells
to proliferate and produce antibodies, and also participate in cell-mediated immunity. TS cells can inhibit the activation of the immune response. TS cells play an important role in the regulation of immune cells. The main
targets of TS cells are TH cells and B cells [12]. CTL is the inactive precursor forms of CD8+T cells. Our preliminary studies showed the titer of ND antibody and IgG in Serum tended to decline after immune stress. These
studies showed that the numbers of CD8+T cells in groups (T1 and T2) were significantly higher than those in
group (C) on fifth day. Thus, according to these results, CD8+T cells may inhibit the part activation of TH cells
and B cells. The number changes for CD8+T cells could be the self-protection mechanism of immune system to
face plenty of viruses.
The immune system should not be viewed as an autonomous entity, but rather as one component of an interactive network constituted by the immune, nervous, and endocrine systems. Various studies have focused on the
relationships between GC and the development of T cells in the thymus. Due to an increase of GC, for the thymus, the observed involution could be associated with an increase of thymocyte apoptosis. To avoid the disorder
of immune system, many T cells were induced apoptosis after immune stress. It may help immune response to
clear the excess activated T cells thereby and maintain stability of immune response. At the same time, the immune stress caused the pathological changes of T cells [13]. On the tenth day after vaccination, the pathological
T cells could not be observed. The result showed that immune stress, as an acute stress, could cause the damage
to the body. But the damage was temporary, it may be restored by regulating its own immune system.
It has been suggested that immune stress is immunosuppressive. Dhabhar and McEwen have argued that immunoenhancement by acute stress would be adaptive from an evolutionary stand point, and might be regarded as
an integral component of the fight or flight response [14]. From this perspective, circumstances that initiate a
fight or flight response are also likely to involve exposure in antigens and, therefore, a robust immune response
would be adaptive for survival. Our results underscore: the immune stress could cause transient immunosuppresstion. The reasons in this study are as follows: (1) CD8+T cells may inhibit part of the activation of TH cells
and B cells and the changes for CD8+T cells could be faced plenty of viruses. (2) part of T cells of chicken thy-
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mus came with apoptotic and pathological changes of putrescence continually. But, the aim of these changes for
chickens was the self-protection mechanism of immune system to avoid immune disorder and adapt to survival.
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