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Cold Stress Modulates the Phenotype of Lymphocyte Subsets and the
Function of Blood Phagocytes in Goats
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Abstract | The accelerated climate change, resulting in sudden fluctuations in ambient temperatures, is one of the most
important challenges for animal health and production worldwide. Few studies focused on the impact of cold stress on
the immune response of goats. The aim of the present study was to investigate the impact of changes in ambient temper-
ature (normal versus cold temperatures) on the distribution of lymphocyte subsets in goat blood and the antimicrobial
activity of blood phagocytes. Composition of lymphocyte was analyzed by using flow cytometry and antibody staining.
In addition, the ability of neutrophils and monocytes to engulf S. aureus was investigated ex vivo. The drop in ambient
temperature was associated with a decrease in the percentage and absolute count of T helper cells with increased fre-
quency of cytotoxic T cells, indicating a negative impact of cold stress on the cell-mediated immunity in goats. This was
also supported by the cold-stress-induced decrease in the CDD4/CD8 ratio as well as the observed decrease in CD44
expression on CD8+ T cells. In addition, the reduced capacity of both phagocytic cells after ambient temperature drop
indicates reduced antimicrobial functionality of these innate immune cells. Collectively, the results indicate a com-
promising effect of ambient temperature drop on the adaptive and innate immune cells in goats. Further studies are
required to identify the mechanisms mediating the observed changes in immune cell phenotype and function in goats.
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INTRODUCTION

he impact of thermal stress on the immune system has

been extensively investigated in several veterinary spe-
cies (Alhussien e# al., 2024; Morgado ez al., 2023). Most
studies, however, focused on the adaptation of the immune
system to heat stress conditions (Hoter ez a/., 2019; Wor-
ku ez al., 2023). Although climate change-induced colder
winter is currently observed in several desert areas, only
tew studies investigated the impact of cold stress on the

immune system of livestock animals in these area (Becker
et al., 2019; Kang ez al., 2016; Hu ez al., 2021; Xu et al.,
2017; Kim ez al., 2023; Vialard and Olivier, 2020; Hu ez
al., 2016; Hangalapura ez a/., 2006). In pigs, cold stress was
associated with increased basal levels of the pro-inflam-
matory cytokines IL-1P, and IL-6 with enhanced upreg-
ulation of tissue cytokines in response to LPS stimulation
(Frank ez a/.,2003). Studies in rodents showed that housing
at sub-optimal temperatures is associated with reduced en-
ergy availability for driving the immune responses resulting
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in significant changes in the functionality of the immune
system (Vialard and Olivier, 2020). In rats, short-term cold
stress resulted in decreased plasma levels of the T cell cy-
tokines IFN-y, IL-2, IL-4, and the percentage of regulato-
ry CD4°CD25Foxp3* T cells (Hu ez a/.,2016).

CD4" helper T cells and CD8* cytotoxic T cells are two
lymphocyte subsets with key roles in the adaptive immune
response to intracellular and extracellular pathogens, re-
spectively (Ron ez al., 2023). On the other hand, neutro-
phils and monocytes are innate immune cells of the first
line of defense with the capacity to phagocytose and kill
pathogens (Sochnlein and Lindbom, 2010).

Limited data are available on the impact of low ambient
temperatures on the immune system of goat kids. The cur-
rent study aimed, therefore, to investigate the impact of
ambient temperature drop on some phenotypic and func-
tional parameters related to innate and adaptive immune
response in goat kids.

MATERIALS AND METHODS

STUDY DESIGN

The study was conducted between October and Decem-
ber 2024 in the eastern province of Saudi Arabia. For
this arid region (Al-Ahsa region; N 25°17'8.0844", E
49°29'11.3316"), the climate is characterized by a long hot
and dry summer from April to November (day temperatures
range between 40°C and 50°C) and a short moderate win-
ter from December (day temperatures range between 15°C
and 29°C). Environmental temperatures (Table 1) were
measured using a digital thermometer (ThermoPro TP50
Digital Hygrometer) with the measurement range from -40
to + 80°C. Blood samples were collected at 07: 00 am on
the following dates: 01.10.2024, 07.10.2024, 14.10.2024,
28.10.2024, 04.11.2024, 20.11.2024, and 03.12.2024.

Table 1: Time-related changes in ambient temperature

(eC) and humidity level.

Date TEMP. TEMP. TEMP.AV- Humidity
MAX. MIN. ERAGE level
01.10.2024 41.3 33.6 37.5 60.8
07.10.2024 40.2 31.6 35.9 61.2
14.10.2024 39.3 28.5 33.9 68.2
28.10.2024 37.7 25.3 31.5 42.7
04.11.2024 35.2 24.8 30.0 59.3
20.11.2024 33.6 14.6 24.1 53.5
03.12.2024 17.3 9.4 13.4 50.8

ANIMALS AND SAMPLING

Blood samples were collected from five goat kids aged be-
tween 4 and 6 months including two males and 3 females
of the Jabali goat breed. The goats were kept on the farm

of the Scientific Research Station at King Faisal University
in Al-Ahsa region (Saudi Arabia). Blood samples (5 mL)
were collected from the jugular vein into vacutainer hepa-
rin tubes (Guangzhou Improve Medical Instruments Co.,
Ltd; Guangzhou, China) and transported to the laboratory
for further processing.

CELL SEPARATION

Separation of white blood cells (WBC) by hypotonic lysis
of red blood cells was performed according to a previously
published protocol for camel leukocytes (Hussen, 2021).
For this, 6 mL of distilled water was added to 2 mL blood
for 20 seconds in a 15 mL sterile falcon tube followed by
the addition of 6 mL 2x PBS to restore tonicity. After cen-
trifugation at 1000 xg for 15 min at 4°C, the lysis step was
repeated twice (two rounds of centrifugation at 500 and
250 xg for 10 min each round) for complete removal of

erythrocytes. Finally, the pellet was resuspended in cold
PBS (2 x10° cell / mL).

FLow CYTOMETRIC ANALYSIS OF LEUKOCYTE SUBSETS
Staining of separated cells with monoclonal antibodies
(mAbs) was performed as previously described for bovine
leukocytes (Hussen ez a/., 2013). Briefly, isolated WBCs
(1 x 10° cell/well) were incubated in a 96-well plate for
15 min at 4°C with monoclonal antibodies to the lym-
phocyte markers CD4, CD8, CD335 (NKp46), BAQ44A
(B cell), WC1 (Y3 T cell), and CD44. After washing in
PBS-containing bovine serum albumin (BSA; 0.5%), the
cells were subsequently incubated with secondary antibod-
ies to mouse immunoglobulin isotypes (Table 2) for 15 min
at 4°C. Labeled cells were finally washed two times and
analyzed by flow cytometry (Becton Dickinson Accuri C6
flow cytometer; Becton Dickinson Biosciences, San Jose,

California, USA).

Table 2: Monoclonal antibodies.

Antigen Antibody Labe- Source Isotype
clone  ling
CD4 GC50A1 - Kingfisher =~ Mouse IgM
CDs8 CC63 - Biorad Mouse IgG2a
WC1 CC15  FITC Biorad Mouse IgG2a
CD335 EC11 - Kingfisher =~ Mouse IgG1
CD44 BAT31A - Kingfisher =~ Mouse IgG1
Mouse IgM  poly APC  Thermofisher GoatIgG
Mouse IgG1 poly FITC Thermofisher Goat IgG
Mouse IgG2a poly PE Thermofisher Goat IgG

PHAGOCYTOSIS

'The phagocytosis activity of neutrophils and monocytes
was analysed according to a protocol previously described
for bovine phagocytes (Hussen ez a/., 2016). Briefly, sepa-
rated WBC (1 x 10° cell/well) were incubated in vitro in a
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96-well plate with 50 pL of FITC-conjugated inactivated
Staphylococcus aureus (8. aureus) bacteria (2 x 10 cells/mL in
RPMI medium; Institute of Immunology, Hannover Uni-
versity of Veterinary Medicine, Germany). After incuba-
tion for 45 min at 37°C, flow cytometric analysis of phago-
cytosis was performed on the Accuri C6 flow cytometer.
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Figure 1: Gating strategy for the flow cytometric analysis
of lymphocyte subsets. Leukocytes were separated from
goat blood, labeled with antibodies to cell surface markers,
and analyzed by flow cytometry. After gating on signle cells
(for the exclusion of cell doublets) in a forward scatter aria
(FSC-A) against forward scatter height (FSC-H) density
plot (A), lymphocytes (L) were gated based on their FSC
and side scatter (SSC) characteristics (B). The lymphocyte
subsets CD4+ ab T cells, CD8+ ab T cells (C), BAQ44A+
B cells (D), NKp46+ (CD335) natural killer (NK) cells (E),
and WC1+ gd T cells (F) were identified based on positive
staining with the corresponding mAb. Isotype control
staining with secondary anti-mouse IgG2, anti-mouse IgM

(G), and anti-mouse IgG1 (H) was performed in parallel.

STATISTICAL ANALYSES

Statistical analysis was performed using Prism software
(GraphPad). The comparison between means at different
timepoints of the study was performed using the repeated
measure One way analysis of variance (ANOVA) test in
combination with Bonferroni test for normally distribut-
ed data and the Friedman test with Kruskal-Wallis test for
not normally distributed data. P values less than 0.05 indi-
cate significant effects. The Common Language Effect Size
(CLES) and the confidence intervals were calculated based
on Cohen’s d using an online calculation tool (https://
www.psychometrica.de/effect_size.html) and presented it
alongside the p-values.

RESULTS

RELATIVE COMPOSITION OF BLOOD LYMPHOCYTES
The relative frequency of lymphocyte subsets was analyzed
using flow cytometry (Figure 1A, 1B, 1C,1D, 1E, 1F, 1G
and 1H). The fraction of CD4" T cells showed a gradual
decrease with decreased ambient temperatures. The per-
centage of CD4* T cells reached the lowest value on time
point 7. The difference was, however, only significant (p <
0.05) in comparison to values of time points 2 (CLES =
0.96; CI = 0.82 - 4.1) and 3 (CLES = 0.97; CI = 0.90 -
4.25) (Figure 2). In contrast to this, the percentage of CD8*
T cells was significantly (p < 0.05) higher on time point 7
than at time point 1 (CLES = 0.97; CI = -4.35 - -0.95), 3
(CLES = 0.893; CI = -3.2 - -0.29), and 6 (CLES = 0.725;
CI = -0.45 - 2.1). This change in the percentages of CD4*
and CD8" T cells resulted in significantly lower CD4 to
CDS8 ratio (CD4/CD8) on time point 7 than time points
1 (CLES=1;CI=2.5-7.6)and 3 (CLES =0.99; CI =
1.92 - 6.3) (p < 0.05). The lowest percentage of B cells was
tound on time point 7, which was significantly lower than
time points 1 (CLES = 0.66; CI = -1.86 — 0.67) and 4
(CLES = 0.65; CI = -1.80 — 0.73). No significant changes
were observed in the percentages of WC1* T cells or nat-
ural killer (NK) cells at any time point (p > 0.05) (Figure
2). No data was available for WC1* T cells on time point 3
due to low cell staining quality. Descriptive statistics of the
analyzed parameters are presented in Table 3. In addition,
the raw data for each time point and each animal and each
analyzed parameter is shown in supplementary Table S1.

CounT OoF BLOOD LYMPHOCYTE SUBSETS IN GOAT
BrLoop

The absolute number of total lymphocytes was calculated
by counting leukocytes under microscope after the addition
of Turk solution, to lyse the red blood cells, followed by
multiplication of lymphocyte percentage with total white
blood cell count (Table 3). The total lymphocyte count did
not show any significant changes at any time point (p >

0.05) (Figure 3). Only CD4* T cells were significantly re-
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duced on point 7 compared to time point 5 (CLES = 0.98;
CI =1.3-5.0; p < 0.05) (Figure 3). Although some ten-
dential differences were observed over the study period, the
numbers of CD8* T cells, B cells, Y3 T cells (WC1),or NK
cells did not show significant changes on any time point (p

> 0.05) (Figure 3).
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Figure 2: Relative percentages of Iymphocyte subsets in
goat blood. Leukocytes were separated from goat blood,
labeled with fluorescent antibodies, and analyzed by flow
cytometry. The percentage of CD4* T cells, CD8" T cells,
natural killer (NK) cells, B cells, and WC1* Y8 T cells
in addition to the CD4 to CDS8 ratio (CD4/CDS8) were
calculated and presented in graph (n = 5 goats; * indicates

significant differences ((One-Way Anova; p < 0.05).

CHANGES IN THE EXPRESSION LEVEL OF THE
AcTivaTioON MARKER CD44 ON GOAT LYMPHOCYTES
'The expression density of CD44 was analysed by flow cy-
tometry (Figure 4A, 4B, 4C and 4D). The abundance of the
activation marker CD44 showed significant time-related
changes only for CD8* T cells (Table 3). The mean fluores-
cence intensity (MFI) of CD44 on CD8* T cells was low-

est on time point 7. The difference was significant between

time point 7 (effect sizes fand & = 0.85 and 2.55; calculated
based on group means from ANOVA) and all other time
points (p < 0.05) (Figure 4E and 4F).
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Figure 3: Cell counts of goat lymphocytes subsets in blood.
Leukocytes were separated from goat blood, counted
under microscope, labeled with fluorescent antibodies,
and analyzed by flow cytometry. The absolute numbers of
CD4ab'T cells, CD8* ab T cells, the NKp46* natural killer
(NK) cells, B cells, and WC1* Y3 T cells were calculated
by multiplication of their percentages with the absolute
number of lymphocytes. As the absolute leukocyte count
was missing for the time point 2, no absolute count of
lymphocyte subsets could be calculated for this time point.
(n = 5 goats; * indicates significant differences (One-Way
Anova; p < 0.05)).

IMpACT OF AMBIENT TEMPERATURE CHANGE ON
PHAGocyTIC ACTIVITY OF GOAT NEUTROPHILS AND
MONOCYTES

'The phagocytosis function of neutrophils and monocytes
were analyzed by using flow cytometry after incubating the
cells with FITC-labeled and inactivated szaphylococcus au-
reus bacteria (Figure 5A). For both neutrophils and mono-
cytes, the percentage of phagocytosis-positive cells was sig-
nificantly lower on time point 7 (effect sizes fand 4=1.9
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and 5.9; calculated based on group means from ANOVA)
than on all other time points (p < 0.05) (Figure 5B).
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Figure 4: Flow cytometric analysis of the abundance of
CD44 on goat CD4* and CD8" T cells. Leukocytes were
separated from goat blood and labeled with fluorescent
antibodies to CD4, CD8, and CD44 and analyzed by
flow cytometry. After the identification of CD4+ (A) and
CD8+ (B) cell subsets within the lymphocyte population,
overlapping histrograms were prepared to show the
abundance of CD44 on CD4* (C) and CD8* T cells (D).
Staining with anti-CD44 antibody was shown as black
line, while control antibody staining was shown as red
line. The expression levels of CD44 were calculated as
mean fluorescence intensity (MFI) for CD4+ T cells (E)
and CD8+ T cells (F). (n = 5 goats; * indicates significant
differences (One-Way Anova; p < 0.05)).

DISCUSSION

'The evaluation of changes in the distribution of lympho-
cyte subsets in blood is one of the most popular methodol-
ogies for evaluating the status of the immune system. The
present study investigated the impact of changes in am-
bient temperature on the distribution of lymphocyte cell

subsets in goat blood and the phagocytic function of blood
neutrophils and monocytes.
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Figure 5: Phagocytosis activity. Blood leukocytes were
incubated in vitro with FITC-labeled and inactivated
Staphylococcus  aureus bacteria and analyzed by flow
cytometry. A) Cell duplets were excluded based on forward
scatter (FSC) and side scatter (SSC) properties. After gating
on neutrophils (N) and monocytes (M), phagocytic cells
were identified based on the increased fluorescence in the
FITC channel. B) the percentage of phagocytosis-positive
cells within neutrophils and monocytes was calculated and
presented. (n = 5 goats; * indicates significant differences

(One-Way Anova; p < 0.05)).

Although the total number of lymphocytes did not show sig-
nificant changes during the study period, lymphocyte com-
position was significantly affected by the change in ambient
temperature. The drop in ambient temperature was associ-
ated with a decrease in the percentage and absolute count
of CD4*'T cells (T helper cells) with increased frequency of
CD8* T cells (cytotoxic T cells). Due to their essential role
in all immune cell activities including the activation of B
cells for antibody production and cytotoxic T cells for kill-
ing virus-infected cells, reduced numbers of T helper cells
usually reflect compromised adaptive immune responses
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Table 3: Lymphocyte populations, marker expression, and phagocytosis activity.

Time 1 Time 2 Time 3 Time 4 Time 5 Time 6 Time 7
Mean+SEM Mean+tSEM Mean+SEM MeantSEM Mean+tSEM Mean+tSEM Mean+SEM
Total lymphocyte count! 3146 + 397 2747 +82  3030=+445 3123 +380 3651435 - 3324 + 525
CD4+ T cells %? 21 +4%® 24 + 42 22 + 42 19+ 3% 20 =A™ 18+ 2% 14+ 1"
CD8+ T cells %? 12 +2¢° 18 + 4 15 + 32 16 + 3% 16 + 3% 14 + 3° 21 £ 4P
B cells %? 20+5¢® 16 £+ 4 18 £ 4 19 £ 42 18 £+ 4% 16 £ 3% 14 + 40
Y3 T cells %2 18 £ 3® 16 + 32 - 17 + 3° 23 + 4+ 24 +3° 22 + 40
NK cells %? 3+0.9° 4+0.7° 2+0.4¢° 2+04® 5+2° 4=+1¢° 3+0.5¢
CD4/CDS8 ratio 2+04° 1£0.4® 2+02° 1£0.1% 1+0.1% 1+£0.2% 0.7 £ 0.06°
CD4+ T cells count! 625+91® 632 +108%® 645+105® 558 +29® 802+ 147* - 455 £ 53P
CDS8+ T cells count! 393 +71* 495+ 114* 465+105* 481 +50° 622+155* - 643 £ 70*
B cells count! 685 +235* 439 £107* 574+162* 615=+161* 675+190* - 554 +211°®
Y3 T cells count! 582 +133* 433 +£83* - 551 £152* 799+ 141* - 699 + 119°*
NK cells count! 122 +52* 97 £19* 61 132 72 +12° 173 £ 53* - 95 + 29
CD44 MFI on CD4 T cells - 36566+2449* 320241818 30207+1881* 30409+1509* 32853+1809* 31535+1145°
CD44 MFIL on CD8 T cells - 16946+2191* 16152+1176* 13214+£929* 16693+ 667 15926+1186* 10801+313°
Phagocytic neutrophils (%)° - 64 +1° 62 2 65+1° 69 +0.9* 70 = 2* 48 +2°
Phagocytic monocytes (%)* - 54 +1* 502 53+1® 57 +1* 55+1¢ 39+1°

1.

: cell/pl blood; %:percent of total lymphocytes; MFI: mean fluorescence intensity; *: percent of total neutrophils; *:

percent of total monocytes. Different small letters indicate significant differences between the means (p < 0.05).

(Luckheeram ez al., 2012). This indicates that cold stress
negatively affects T helper-cell-mediated immunity in
goats. The cold-stress-induced decrease in the CD4/CD8
ratio, which represents a marker of immune competence
(Ron ez al., 2023), is in support of this. The frequency of
immune cells in blood is regulated by the balance between
their production in the bone marrow and cell migration
and mobilization to tissues. For the identification of the
mechanisms responsible for the observed change in the fre-
quency of lymphocyte subsets one may discuss the role of
altered thymic output (Thapa and Farber, 2019), changes in
peripheral survival of lymphocytes, or changed migration
patterns of these cells under cold stress. As the exposure of
broiler chicken to cold stress was associated with improved
development and function of the thymic gland reflected in
an altered expression of several TLRs and cytokines (Fu 7
al., 2022), a role of altered thymic output in the observed
changes in CD4 and CDS8 frequencies seems unlikely. Al-
though short-term cold exposure in humans was associated
with decreased numbers of CD4+ cells without changing
the abundance of CD8+ cells (Hennig ez a/., 1993), the
study did not identify the exact mechanism behind this
effect. Furthermore, cold-stress induced cell apoptosis has
been reported in the published literature (Kizaki ez a/,
2001; Cong ez al., 2018). Identified mechanisms include
the inhibition of the Nrf2-Keapl signaling pathway and
modulation of the AMPK/PI3K/AKT/mTOR pathways.
However, it is still unknown whether exposure of goats to
cold stress may differently impact cell apoptosis in T cell

subsets leading to selective decrease in CD4+ T cells. As
the mobilization of T cell subsets between their compart-
ments in the bone marrow, blood, and lymphatic tissues
is regulated by several cytokines and chemokines as well
as the expression of homing receptors, gene expression
analysis of distinct T cell chemokines, colony stimulating
factors, and homing receptors would support a better un-
derstanding of the mechanisms behind the observed al-
terations in the distribution of T cell subsets. In addition,
the analysis of lymphocyte functions such as proliferation
and cytotoxicity would uncover the impact of cold stress
on immune cell function in goats. Furthermore, cytokine
production measurement or gene expression analysis of T
helper type 1 and type 2 cytokines after in vitro stimula-
tion may provide insights into T helper cell polarization in
goats under cold stress.

In the present study, no temperature-induced changes were
observed in the abundance of NK cells in goat blood. NK
cells represent only a minor fraction of lymphocytes in
blood. Therefore, the observed minimal changes in their
tfrequency under cold stress could be due to small sample
size. In addition, the reported enhancement of NK cell
function in humans after exposure to cold temperatures
suggests possible positive effect of cold stress on NK cell
function (Brenner ez al., 1999). Therefore, future studies
with larger animal size are important to answer the ques-
tion whether goat NK cells are affected by or might possess
higher resistance to cold stress.
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Caprine Y3 T cells can be divided into different subsets
(Yirsaw and Baldwin, 2021; Yirsaw ef a/.,2021). Therefore,
although the total number of or Y8 T cells was not affected
by cold stress, the detailed enumeration of all subsets in
goat blood may uncover possible changes in distinct Y3 T
cell subsets.

'The hyaluronan receptor CD44 is a glycoprotein with wide
range cellular expression and involvement in several cel-
lular activities, including cell adhesion, migration, and ac-
tivation (Ponta ez a/., 2003; Guan e al., 2009). Although
not proven through in-vitro analysis in this study, the
observed decrease in CD44 expression on CD8* T cells
suggests reduced activation status of these cytotoxic cells
under cold conditions. Given their role in the immune re-
sponse to viruses (Brooks ez a/., 2021), these results suggest
impaired immune response to viral infection in goats under
cold stress. The identification of exact mechanisms through
which cold stress impairs T cell functions and the involve-
ment of CD44 in these effects represent interesting areas
for future in vitro or in vivo studies. It is especially impor-
tant to see whether cold stress directly modulates distinct
pathways such as mMTOR (Xu ¢z a/., 2023) leading to mod-
ulated expression of CD44 on CD8+ T cells or wheth-
er the effect is indirectly mediated by changed cytokines
expression such as the proinflammatory cytokine IL-1beta

(Foster et al., 1998).

Neutrophils and monocytes represent cells of the first de-
fense barrier contributing to effective innate immunity
against microbes through their ability to engulf and kill
pathogens (Dale ez 4/, 2008). In the present study, the re-
duced phagocytosis percentages of both phagocytic cells
in goats after ambient temperature drop indicate reduced
antimicrobial functionality of these innate immune cells.
However, additional functional analysis on phagocytes by
analyzing oxidative burst, bacterial killing, Netosis, and
degranulation is required to confirm the observed cold
stress-induced reduction in antimicrobial activity. Bacteri-
al phagocytosis by neutrophils and monocytes is mediated
by opsonin receptors, IgG receptors FeyRII and FeyRIII
and the C3b receptors CR1 and CR3, and phagocytosis
priming receptors. As the bacteria used for the phagocyto-
sis assay in the present study was non-opsonized bacteria,
the role of altered expression of FC and complement re-
ceptors in the observed changes in phagocytosis function
can be excluded. It is most likely that cold stress aftects the
expression of other receptors involved in the direct priming
of phagocytosis. Such receptors include scavenger recep-
tors, TLRs, the complement receptors C3aR and C5aR,
IL-8R, and TNFR (van Kessel ez al., 2014). Additional-
ly, it is also possible that cold stress-induced changes in
the cytoskeletal dynamics in neutrophils and monocytes
are responsible for the observed decrease in their phago-

cytosis function (Mylvaganam ez a/., 2021). Furthermore,
the impact of energy availability and nutrient status on the
immune system has been intensively investigated in the lit-
erature (Iddir ef a/., 2020; Pikula ez a/., 2020). Whether the
observed decrease in phagocytic activity could be linked
to changes in metabolic pathways or energy availability in
immune cells under cold stress, is still to be investigated.

The results of the current study were generated based on
samples collected from only five goat kids, which is a limi-
tation of the present study. Therefore, future studies should
consider increasing the number of animals and including
animals of different age groups and breeds in order to pro-
vide conclusions that are more robust.

CONCLUSIONS AND
RECOMMENDATIONS

The present study evaluated the impact of cold stress on
the immunophenotype of blood lymphocytes and the an-
timicrobial function of neutrophils and monocytes. The
results indicate a compromising effect of ambient temper-
ature drop on adaptive and innate immune cells in goats.
Whether these effects are related to the young age of the
goat kids used in this study and whether older goats may
show higher resistance to cold stress is still to be investigat-
ed in future studies. Additionally, as the current study only
focused on the short-time effects of temperature change
on selected parameters of goat immune cells, it would be
interesting to see how chronic cold stress for a longer pe-
riod or how the exposure to extremely colder temperatures
would modulate the goat immune system. Especially lon-
gitudinal studies would help in answering the question
whether chronic and or extreme cold stress will more pro-
foundly impact the goat immune system or whether the
animals will adapt to the chronic cold stress after a specify
time of exposure.
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