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ABSTRACT

Background: Breed-specific differences in humoral and cellular immune parameters have been reported in different
species. The Pygmy and Ardi goat populations are two local breeds in Saudi Arabia.

Aim: The aim of the present study was to compare the distribution of lymphocyte subsets in the blood of goats of the
Ardi and Pygmy breeds.

Methods: Monoclonal antibodies against lymphocyte cell surface markers were used in combination with flow
cytometry to determine the percentages and absolute numbers of lymphocyte subsets in blood samples collected from
the two Saudi Arabian local breeds.

Results: The results of the present study show an overall dominance of goat CD4+ T helper cells within blood
lymphocytes, followed by comparable percentages of CD8+ cytotoxic T cells, BAQ44A+ B cells, and yd T cells, and
a less frequent fraction of NKp46+ NK cells. This indicates lymphocyte subset frequencies that are in agreement with
previous reports on the lymphocyte composition in goat blood. The comparison of lymphocyte composition among the
goat breeds identified higher percentages as well as absolute numbers of both helper and cytotoxic T cells in Pygmy
than in Ardi goats. In contrast, the abundance of yoT cells was higher in Ardi vs. Pygmy goats.

Conclusion: The different percentages and absolute numbers of helper and cytotoxic T cells indicate different immune
responsiveness of the two goat breeds to extracellular and intracellular pathogens, respectively. The clinical significance
of these findings will be investigated in future studies focusing on the comparative immune responses of the two breeds

to experimental infections with distinct intracellular and extracellular pathogens.
Keywords: Pygmy goats, Ardi goats, Breed, Flow cytometry, Lymphocyte subsets.

Introduction

The most commonly known goat breeds in the world
are the Alpine, Boer, Cashmere, Pigmy, Le Mancha,
Nubian, Angora, and Saanen breeds (Chiejina and
Behnke, 2011). In Saudi Arabia, the Ardi, Hollandji,
and Shami goats are among the main goat breeds (Al-
Saef, 2013). Pigmy goats, also known as West African
dwarf goats, are found in some regions of Saudi Arabia
where they are mainly used as zoo animals or kept as
companion animals. In addition, they are currently
used in beauty competitions and exhibition activities
organized in different regions of Saudi Arabia. Recent
studies reported an immunologically based higher
capacity of Pigmy goats to resist trypanosome and
intestinal nematode infections than other goat breeds
(Chigjina and Behnke, 2011).

The analysis of cellular populations using flow
cytometry has been proven to be an accurate
methodology for evaluating the competence of the
immune system in health and disease (Akanni and
Palini, 2006; Davis and Hamilton, 2008; DiGiuseppe

and Wood, 2019). The distribution of caprine
lymphocyte subsets in the peripheral blood and in
several lymphoid and non-lymphoid tissues has been
investigated in several studies (Kim et al., 2016; Ismail
et al., 1996, Perez-Martinez et al., 2002). In goats,
lymphocytes dominate other leukocyte subpopulations
in the blood (Kaba ef al., 2011). The blood lymphocyte
population includes T, B, and natural killer (NK) cells.
The T cell population comprises alpha beta T cells,
which recognize their antigens in the context of major
histocompatibility molecules (MHC), and gamma delta
T cells, which dominate the blood of newborn and
young ruminants and recognize antigens independently
of MHC receptors. CD4+ helper T cells and CD8+
cytotoxic T cells are the major subsets of alpha-beta
T cells with an essential role in the response to peptide
antigens presented on MHC class I and MHC class 1
molecules, respectively.

As the relative and absolute composition of
lymphocytes in the peripheral blood of Pygmy and
Ardi goats have not been investigated, the present study
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used monoclonal antibodies to lymphocyte cell surface
markers to determine the percentages and absolute
numbers of lymphocyte subsets in blood samples
collected from these two local breeds in Saudi Arabia.

Materials and Methods

Animals and blood sampling

Blood samples were collected from 13 goats, including
six of the Pygmy goat breed (two males and 4 females)
and seven of the Ardi goat breed (three males and four
females). The goats were aged between 4 and 8 months
(mean age was 5.2 for the Pygmy goats and 6.0 months
for the Ardi goats). The goats were reared on a private
farm in the Al-Ahsa region (Eastern Saudi Arabia).
Blood samples (3 ml) were collected from the jugular
vein into vacutainer EDTA tubes (Guangzhou Improve
Medical Instruments Co., Ltd; Guangzhou, China) and
transported to the laboratory within 1 hour for cell
separation.

Cell separation

For leukocyte isolation via hypotonic lysis of red blood
cells, 6 ml of distilled water was added to 2 ml of blood
for 20 seconds in a 15 ml sterile falcon tube, followed
by the addition of 6 ml 2x PBS to restore tonicity. After
centrifugation at 1,000 g for 15 minutes at 4°C, the
lysis step was repeated twice for complete removal of
the erythrocytes. Finally, the pellet was resuspended in
cold PBS (2 x 10° cells/ml).

Flow cytometric analysis of leukocyte subsets

Isolated cells (5 x 10° cells/well) were incubated in a
96-well plate for 15 minutes at 4°C with monoclonal
antibodies (Table 1) to the lymphocyte markers cluster
of differentiation (CD) 4, CD8, CD335 (NKp46),
BAQ44A (B cell),and WC1 (y5 T cell). Except for CD4
and CD8 antibodies, which were used in combination,
all other antibodies were used for single staining. After
incubation, the cells were washed with PBS/BS A buffer
(150 ul) and centrifuged for 3 minutes at 300 g and 4°C.
To detect primary antibodies, cells were subsequently
incubated with fluorochrome-labeled antibodies
against mouse immunoglobulin isotypes (Invitrogen).
Additional setups were prepared with cells incubated
with only isotype control antibodies (goat anti-mouse

Table 1. Monoclonal antibodies.

IgG1-FITC, goat anti-mouse IgG2a-PE, and goat anti-
mouse I[gM-APC). Staining with propidium iodide
(PI) was used to evaluate cell viability with only dead
cells stained positive with PI. Finally, the cells were
washed (3 minutes at 300 g and 4°C), resuspended
in 100 pl buffer, and analyzed by flow cytometry
(Becton Dickinson Accuri C6 flow cytometer; Becton
Dickinson Biosciences, San Jose, California, USA) by
the acquisition of 50.000 cells for each sample.
Statistical analyses

Means and standard error of the mean were calculated
using the column statistic function of the Prism
software (GraphPad). The comparison between means
was performed using an unpaired student’s #-test, with
p values less than 0.05 indicating significant effects.

Results

Relative composition of blood lymphocytes

The lymphocyte count was calculated by multiplying
the percentage of lymphocytes by the total number of
leukocytes counted using a Neubauer hemocytometer
and light microscopy after the addition of Turk
solution. Lymphocyte composition was analyzed by
flow cytometry (Fig. 1 A-I). The comparison between
the two breeds revealed a significantly (p <0.05) higher
percentage of CD4+ aff T helper cells in the Pygmy
(mean + SEM = 33.0% =+ 2.6 % of total lymphocytes)
than the Ardi (22.1% + 3.5 % of total lymphocytes)
goat breed (Fig. 2). Similarly, the percentage of CD8+
cytotoxic ap T cells was significantly higher in the
Pygmy (24.7% + 3.7 % of total lymphocytes) than in the
Ardi (13.0% + 1.8 % of total lymphocytes) goat breed.
The higher frequency of both helper and cytotoxic
T cells in Pygmy goats resulted in similar (p > 0.05)
CD4/CD8 ratios between the two groups. In contrast,
the percentage of o T cells was significantly (p < 0.05)
higher in the Ardi (16.7% + 2.9 % of lymphocytes) than
in the Pygmy (7.8% + 2.1 % of lymphocytes) goat. The
Ardi goats also showed higher (p < 0.05) percentages
of B cells (18.7% + 4.2 % of lymphocytes) than the
Pygmy (9.6% £ 1.5 % of lymphocytes) goat. For NK
cells, a significantly higher frequency was found in
blood from the Pygmy 5.5% + 0.3 % of lymphocytes

Antigen Antibody clone Labeling Source Isotype

CDh4 GC50A1 - Kingfisher Mouse IgM
CD8 CC63 - Biorad Mouse [gG2a
B cells BAQ44A - Kingfisher Mouse IgM
WC1 CCl15 FITC Biorad Mouse IgG2a
CD335 ECI.1 - Kingfisher Mouse IgGl
Mouse IgM poly APC Thermofisher Goat IgG
Mouse IgG1 poly FITC Thermofisher Goat IgG
Mouse IgG2a poly PE Thermofisher Goat IgG
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Fig. 1. Separated leukocytes were labeled with fluorescent antibodies and analyzed by flow cytometry. After the exclusion of cell
doublets based on forward scatter aria (FSC-A) and forward scatter height (FSC-H) properties (A), viable cells were gated based on
negative staining with propidium iodide (PI). (B), Subsequently, a gate was set on lymphocytes based on their FSC and side scatter
(SSC) characteristics (C). The populations of CD4+ o T cells, CD8+ af T cells (D), BAQ44A+ B cells (E), NKp46+ (CD335),
natural killer (NK) cells (F), and WC1+ y3 T cells (G) were identified. In addition, isotype control staining with mouse IgG1, IgM,

and IgG2a secondary antibodies was performed (H-I).
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Fig. 2. Frequency of lymphocyte subsets in blood from Pygmy (gray color) and Ardi
(black color) goats. Leukocytes were separated from goat blood, labeled with fluorescent
antibodies, and analyzed by flow cytometry. The percentages of CD4+ af T cells, CD8+
af T cells, NKp46+ natural killer (NK) cells, BAQ44A+ B cells, and WC1+ yd T cells
were calculated and presented as a graph. In addition, the CD4 to CD8 ratio (CD4/CD8)

was calculated for both goat breeds.

than the Ardi (3.3% + 0.7 % of lymphocytes) goat
(Fig. 2).

Absolute count of blood lymphocyte subsets

The absolute number of total lymphocytes was
calculated after counting leukocytes under the
microscope after adding Turk solution to the blood
sample (1:10), followed by the multiplication of the
lymphocyte percentage with the total white blood
cell count. The numbers of total lymphocytes were
comparable between the two goat breeds (Fig. 3).
Similar to their higher percentages, the absolute
numbers of CD4+ aff T cells and CD8+ off T cells
were significantly (p < 0.05) higher in the blood from
Pygmy goat (1085 + 92.5 cell/ul for CD4+ and 827.7
+ 142.9 for CD8+ T cells) than those from Ardi goat
(678.3 + 91.3 cell/ul for CD4+ and 430.2 + 68.8 for
CDB8+ T cells). In contrast, the number of YT cells was
significantly (p < 0.05) higher in Ardi (540.5 + 116.2
cell/ul) than in Pygmy (241.5 £+ 57.8 cell/ul) goat. The
two breeds did not differ (p > 0.05) in the absolute
counts of NK and B cells (Fig. 3).

Discussion

The immune response to infection or vaccination
is usually associated with changes in immune cell
production in the bone marrow and mobilization to
tissues, which are reflected by significant changes in
the lymphocyte composition of the blood. Therefore,
monitoring changes in the distribution of lymphocyte
subsets in the blood is one of the most popular

methodologies for evaluating the immune system
status after infection or vaccination. Species- and
breed-specific differences in lymphocyte composition
have been reported for several animal species (Faldyna
et al., 2001; Macedo et al., 2013; Kim et al., 2016;
Yirsaw et al., 2022). In the present study, lymphocyte
subsets were identified in blood from two local goat
breeds in Saudi Arabia, the Pygmy and the Ardi Saudi
goat breeds. In agreement with previous reports on
the composition of blood lymphocytes in goats,
the results of the present study showed an overall
dominance of goat CD4+ T helper cells within blood
lymphocytes, followed by comparable percentages of
CD8+ cytotoxic T cells, BAQ44A+ B cells, and 0
T cells, and a less frequent fraction of NKp46+ NK
cells (Kaba et al., 2011; Totte et al., 2002; Bezos et
al., 2012). According to Baliu-Pique et al. (2019), T
helper cells are the predominant subset in neonatal and
young goat kids, while CD8+ T-cells predominate in
the blood of adult animals (Baliu-Pique et al., 2019).
The comparison of lymphocyte composition among
the goat breeds identified significant differences in
the numbers of helper and cytotoxic aff T cells as well
as yO0 T cells. The capacity of Pygmy goats to resist
infectious pathogens such as 7rypanosomes has been
described in the literature (Chiejina and Behnke, 2011).
Higher numbers of both helper and cytotoxic T cells
indicate different immune responsiveness of the two
goat breeds to extracellular and intracellular pathogens,
respectively. To confirm the clinical significance of these
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Fig. 3. Absolute numbers of lymphocytes and lymphocyte subsets in blood from Pygmy
(gray color) and Ardi (black color) goats. Leukocytes were separated from goat blood,
counted under a microscope, labeled with fluorescent antibodies, and analyzed by
flow cytometry. The absolute numbers of CD4+ af3 T cells, CD8+ aff T cells, NKp46+
natural killer (NK) cells, BAQ44A+ B cells, and WC1+ yd T cells were calculated by
multiplying their percentages by the absolute number of lymphocytes.

results, further studies should focus on the comparative
immune responses of the two breeds to experimental
infections with distinct intracellular or extracellular
pathogens. Several studies have linked breed-specific
immunophenotypes to resistance or susceptibility to
infectious diseases (Sayers et al., 2008; Corripio-Miyar
et al., 2022; Makau et al., 2020). A study by Barbour
et al. (2012) identified significant differences between
local and imported Saanen goats regarding lymphocyte
composition and immune response (Barbour ef al.,
2012). The authors linked the higher frequency of
CD8+ T cells to higher immune responsiveness toward
intracellular pathogens. Age-related changes in the
maturation status of the goat immune system have
been reported in the scientific literature (Baliu-Pique et
al., 2019; Koets et al., 2019; Abdelsattar ef al., 2021).
The present study was limited by the narrow age range
of the animals, with all goats aged between 4 and 8
months. An additional limitation of the study is the
small number of animals. Therefore, further studies
with animals of different ages could be conducted to
determine whether the observed differences would still
exist among animals of different ages.
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