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Abstract
Background and Aim: IPB-D2 chickens are selected from IPB-D1 due to their disease-resistance characteristics. One-
way to evaluate the strength of a chicken’s immune system is by examining the number of circulating T lymphocytes. This 
assessment can be conducted using a modern analytic method called flow cytometry which relies on monoclonal antibodies 
to detect the relative proportions of each cell and measure the quality and quantity of biological and physical features 
of cells, including specific membrane or intracellular glycoprotein markers. Therefore, this study aimed to evaluate the 
population of lymphocytes, cluster of differentiation (CD)4+ and CD8+ in IPB-D2 chickens.

Materials and Methods: Flow cytometry was used to evaluate the population of lymphocytes, CD4+, and CD8+ in IPB-
D2 chickens. The data obtained in this study were analyzed by Minitab, and the mean values were compared using a t-test.

Results: The lymphocytes, CD4+, and CD8+ populations of IPB-D2 chicken with high Newcastle disease (ND) antibody 
titers were 65.04%, 10.53%, and 5.47%. Meanwhile, this breed, with low ND antibody titers had lymphocytes CD4+ and 
CD8+ population of 57.19%, 8.40%, and 4.11 %. The comparison of CD4+ and CD8+ populations in chickens with high and 
low ND antibody titers was 1.92 and 2.04, respectively.

Conclusion: IPB-D2 chickens with high ND antibody titers exhibited increased lymphocyte, CD4+, and CD8+ cell 
populations in comparison to those with low ND antibody titers. However, the high ND antibody titer group had a lower 
CD4+/CD8+ ratio.
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Introduction

The demand for local chicken in Indonesia has 
increased significantly as the lifestyle and preferences 
of people have evolved. However, local chicken farm-
ing poses the risk of disease incidence and mortality. 
Poultry production is a complicated system influ-
enced by management, disease agents, and the envi-
ronment. Despite efforts to address disease problems 
in local chickens farm, they continue to be a signifi-
cant challenge that can result in substantial economic 
losses. To combat this, IPB-D2 chickens have been 
developed as an Indonesian breed selected based on 
their disease-resistant traits [1]. They are selected 
from IPB-D1 based on immunocompetence such as 
immunoglobulin Y concentration ≥10  mg/mL and 
Newcastle disease (ND) antibody titer ≥3 log2 HI unit.

Immunocompetence refers to the ability of an 
individual to mount an effective immune response 
against a pathogen [2], which can be evaluated by 
several parameters including circulating T lympho-
cyte populations. The amount and proportion of T 
cell subsets in circulation and organs have been cor-
related with disease susceptibility [3]. T lymphocytes 
play a key role in activating the immune system in 
response to specific diseases and stressors [4]. These 
cells are grouped into cluster of differentiation (CD)4+ 
and CD8+. This is because CD4 and CD8 bind major 
histocompatibility complex (MHC) Class II and MHC 
Class  I molecules, respectively. T  helper (Th) cells, 
also known as CD4+ T cells, produce cytokines and 
co-stimulatory molecules that aid other immune cells, 
such as B cells and innate immunity cells. On the 
other hand, CD8+ cells produce cytotoxic molecules 
such as perforin that can eliminate host cells infected 
by bacteria [5]. Cluster of differentiation molecules 
are surface indicators that determine the type of cell, 
stage of differentiation, and activity. These markers 
are recognized by particular sets of antibodies. CD4+ 
is located on Th cells, regulatory T-cells, monocytes, 
macrophages, and dendritic cells. Meanwhile, CD8+ 
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is expressed on the surface of cytotoxic T-cells and 
natural killer cells [6].

Flow cytometry analysis of avian immune cells 
is an important and promising technique that enables 
studies on immunological competence and function 
in significant livestock species such as chicken or 
Turkey [7]. 

In layer chickens, the average CD4 and CD8 pop-
ulations were highest at day one and lowest at twenty 
weeks of age [3]. According to Lee [8], the gut micro-
biota controls CD4+CD8-CD25+ and CD4+CD8+CD25+ 
population and function. T  cells in the cecal tonsils 
and acetate can be crucial for maintaining the bal-
ance of the gut immune system. However, there are 
no investigations about the lymphocyte population 
in Indonesian local chickens, particularly the IPB-
D2 breed. Therefore, this study aimed to evaluate the 
lymphocyte, CD4+, and CD8+ populations in IPB-D2 
chickens.
Materials and Methods
Ethical approval

This study and all the tests and procedures were 
approved by the Institutional Animal Care and Use 
Committee (IACUC) at IPB University (approval 
number: 224-2021).
Study period and location

This study was conducted between October 
and December 2021, and the maintenance of IPB-
D2 chicken was performed in the field laboratory of 
The Faculty of Animal Science at IPB University. The 
flow cytometry analysis was conducted at the Mochtar 
Riady Institute for Nanotechnology, Universitas Pelita 
Harapan, Tangerang-Banten, Indonesia.
Animals and blood collection

The samples used in this study were 8 IPB-D2 
chickens aged 21 weeks. They were divided into high 
(3.25 ± 0.5 log2 HI unit) and low (1.00 ± 1.15 log2 HI 
unit) ND antibody titers. The blood sample was col-
lected from the vena brachialis using a 3 mL syringe 
and stored in a cool box for further analysis.

The chickens used in this study were raised 
in intensive systems and housed in cages equipped 
with resources for food, water, egg laying, and 
cage husks. They were fed twice a day, with 100% 
commercial feed provided for day old chick up to 
4 weeks of age, and a mixture of 70% commercial 
feed and 30% rice bran for 4–12 weeks of age. From 
12 to 21 weeks of age, the chickens were given com-
mercial feed and rice bran in a 60:40 ratio, while 
water was provided ad libitum. Finally, they were 
vaccinated with the ND vaccine (Medivac ND La 
Sota, Bandung, Indonesia) on 3  days, 3  weeks, 
and 3  months of age (Medivac ND Hitchner B1, 
Bandung, Indonesia).
Peripheral blood mononuclear cells (PBMCs) isolation

Peripheral blood mononuclear cells were iso-
lated based on the procedures of [9], with some 

modifications. The blood samples from each group 
were diluted with phosphate-buffered saline/bovine 
serum albumin (PBS/BSA) at 1:1. Subsequently, 
10  mL of the solution was carefully layered on top 
of Ficoll in a 15 mL centrifuge tube and centrifuged 
for 30 min at 350× g with no brake. The cells from 
the serum or separation media were harvested using 
a pipette and placed in a 15  mL conical centrifuge 
tube. Phosphate buffered saline/BSA was added to a 
total volume of 10 mL and centrifuged at 350× g for 
5 min. The supernatant was removed and a pellet of 
PBMCs was collected. Finally, the cells were resus-
pended and adjusted with PBS/BSA to a concentration 
of 1 × 107 cells/mL.
Flow cytometry analysis

The percentage of lymphocytes, CD4+, and 
CD8+ in the PBMCs were analyzed using flow cytom-
etry [10]. Briefly, 100 μL of the PBMCs were incu-
bated at 4°C for 30 min in a dark place with anti-CD4 
and anti-CD8 mouse antibodies which are conjugated 
with the label PE for CD8 and CD45, as well as FITC 
for CD4. After incubation, the cells were washed with 
2 mL cold PBS/BSA, centrifuged at 350× g for 5 min, 
and the supernatant was then discarded. Following 
this, the samples were supplemented with 1  mL of 
PBS/BSA and placed in a flow cytometer cuvette 
where the total number of cells was counted. The 
results obtained were subsequently processed using 
BD cellquest Pro™ (San Jose, USA).
Statistical analysis

Lymphocytes, CD4+, and CD8+ populations were 
analyzed using Minitab, and their means were com-
pared with the t-test.
Results

Immunophenotyping of peripheral blood lym-
phocyte subpopulation was performed by flow cytom-
etry using two different staining panels. Examples 
of the gating strategies are shown in Figure-1. The 
results of immunophenotyping in the control sample 
are presented in Figure-1a. The lymphocyte popula-
tion, represented by CD45+, was located in the lower 
right position (Figure-1b), while the CD4+ and CD8+ 

populations were situated in the upper left (Figure-1c) 
and upper right (Figure-1d), respectively.

According to this study, IPB-D2 chicken with 
high ND antibody titer had higher lymphocytes, CD4+, 

and CD8+ than those with low ND antibody titer, as 
shown in Figure-2. Based on statistical analysis, there 
were no significant differences in the population of 
these cells within each group of ND antibody titer lev-
els. The CD4+ and CD8+ populations in IPB-D2 chick-
ens with high and low ND antibody titers were 1.92 
and 2.04, respectively.
Discussion

Several attempts are being made to understand 
the immune cells and pathways in local chickens due to 
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the economic importance of these breeds. It is observed 
that peripheral blood lymphocyte populations are under 
genetic regulation, hence, providing an important bio-
marker for evaluating immunocompetence. This study 
aimed to investigate T lymphocyte subpopulations in 
IPB-D2 chicken with varying ND antibody titers.

Flow cytometry is a preferred method to pheno-
type ex vivo-derived individual leukocytes. Changes 
in individual lymphocyte cell concentration are an 
indicator of pathogen-host interactions. T  cells with 
CD4 and CD8 markers are essential for controlling 
acute viral infection, while B lymphocytes produce 
antibodies specific to pathogens [11].

CD45+ was discovered on the surface of T and 
B lymphocytes as well as other leukocytes. It played 
a specific function by supporting the activation of 
lymphocytes after binding antigens [12]. The CD45+ 

population in IPB-D2 chickens with high ND anti-
body titers was higher than those with low ND anti-
body titers. Furthermore, the increased proliferative 
activity in peripheral blood lymphocytes showed the 
strengthening of T and B cells function and increased 
cellular immunological function [13].

Chickens have CD8+ and CD4+ T cell subsets, 
which are parts of cellular immunity. CD8+ T cells play 
a role in cytotoxic responses by killing infected tar-
get cells, while CD4+ T cells help to eliminate patho-
gens  [14]. These cells are essential for an effective 
immune response to viral diseases. The majority of 
CD4+ cells are Th and T regulatory lymphocytes [15]. 
Furthermore, CD4 is a glycoprotein discovered in 
membranes and functions as a coreceptor in the activa-
tion of T-cells expressing restricted Class II MHC. The 
CD4+ marker has been linked to helper T-lymphocytes, 
and inductively active T-lymphocytes [16].

This study showed that IPB-D2 chickens with 
high ND antibody titer had higher lymphocytes, 
CD4+, and CD8+ than those with low ND antibody 
titer. The result is consistent with the study by Luo 
et al. [17] that CD4 coded glycoprotein on the surface 
of Th cell through the interaction with MHC Class II. 
Furthermore, CD4-activated Th cell and the level of 
transcription is directly related to the development of 
T lymphocyte. Mature naïve T cells move from the 
thymus to peripheral circulation and secondary lym-
phoid organs, where they are activated in response to 
antigen exposure [18].

The cytotoxic T-lymphocyte (CTL) response, 
which is produced by activated CD8+ T cells, fights 
against pathogenic microorganisms. The CD8+ CTL 
response functions by recognizing foreign antigens 
presented by MHC Class I of infected cells. This rec-
ognition triggers the release of perforin and granzyme, 
causing apoptosis of the infected cells [19].

The CD4+ CD8+ cell ratio is used to assess the 
effectiveness of the immune system in various spe-
cies, including chickens, mice, and humans. Typically, 
healthy individuals have a CD4+:CD8+ cell ratio 
greater than 1, indicating that there are more CD4+ 
cells [20]. This ratio was calculated to determine 
the relative fluctuation of CD8+ cells in comparison 
to CD4+. CD4+ and CD8+ populations in IPB-D2 
chicken with high ND antibody titer were lower than 
those with low ND antibody titer. Furthermore, a 
lower ratio of CD4+ and CD8+ shows that the number 
of CD4+ cells in the circulating T cell population is 
higher. This is consistent with the category of IPB-D2 
chickens with high ND antibody titers, as they have a 
higher CD4 population. Cluster of differentiation 4+ 
T cells play an important role in adaptive immunity 
by differentiating and having various functions after 
being activated by antigens. In addition, it helps in 
the production of antibodies by B cells [21]. Normal 
individuals have a CD4+ and CD8+ ratio of 1–4 [22], 
and its lower value in chickens has been associated 
with decreased humoral immunocompetence. IPB-D2 
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chickens in each category of ND antibody titer have a 
ratio that is included in normal conditions, indicating 
that they have good humoral immunity.
Conclusion

This study concluded that IPB-D2 chickens with 
high ND antibody titers had higher lymphocyte, CD4+, 
and CD8+ populations compared to those with low ND 
antibody titers. In addition, CD4+ and CD8+ ratio in IPB-
D2 chickens with high ND antibody titers was lower.
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