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In the dromedary she-camel, the impact of parturition on composition and phenotype
of blood immune cells has not been evaluated so far. Therefore, the current study
aimed to investigate the composition of blood leukocytes and their cell adhesion
molecules expression in she-camels during the periparturient period. Using flow
cytometry and membrane immunofluorescence, leukocyte composition and adhesion
molecules expression were analyzed in blood samples collected from she-camels at
days -28, -14, 0, +14 and +28 relative to calving. At parturition, she-camels showed
a significant rise in the number of total leukocytes with increased numbers of
neutrophilic granulocytes. Two weeks after calving, the number of total lymphocytes
was significantly elevated. Among lymphocytes, the numbers of CD4+ T cells and B
cells were expanded. Although the cell number of total monocytes did not change
significantly during the periparturient period, significant differences in the fractions
of monocyte subsets were observed. The number of the CD14"9" MHCII'® monocyte
subset was significantly decreased at calving and remained at a low abundance during
the postparturient time, while the numbers of the CD14"9" MHCI1"9" and the CD14'o%
MHCIIM" monocyte subsets was increased after calving. For neutrophils (at calving
and at day +14 after calving) and monocytes (at calving), a significant increase in the
expression of the cell adhesion molecule CD11a was observed. Collectively, the
present study identified several alterations in the leukogram and distribution of blood
monocyte and lymphocyte subpopulations during the periparturient period in
dromedary she-camels.
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INTRODUCTION

The periparturient period is characterized by major
changes in different body systems including the immune
system (Jongh et al., 1996; Lessard et al., 2004; Caroprese
et al., 2015; Hernandez-Castellano et al., 2019). For
different veterinary species, including the cow (Jonsson et
al., 2013; Eger et al., 2015), the sheep and goat (Hernandez-
Castellano et al., 2019), the sow (Schalk et al., 2019), and
the mare (Bazzano et al., 2014), considerable research has
been conducted into the time-dependent changes in
systemic immunity around parturition. The leukogram of
the dairy cow at calving is characterized by increased
numbers of leukocytes, which is mainly due to higher
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numbers of neutrophils and monocytes (Meglia et al.,
2001). Also in mares, leukocyte count is significantly
increased around foaling. While the neutrophil fraction
continuously increased starting from the 4th week prepartal
and peaked at the time of foaling, the lymphocyte fraction
gradually decreased around parturition (Bazzano et al.,
2014). In addition, parturition is associated with significant
changes in the composition of blood lymphocytes and
monocytes in cows (Ohtsuka et al., 2004; Eger et al., 2015)
and sows (Ohtsuka et al., 2004).

For the dromedary camel, different subpopulations of
blood leukocytes have been recently characterized (Hussen
et al., 2018; Hussen et al., 2020). The camel monocyte
population consists of three different subsets with
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phenotypic and functional differences (Hussen et al.,
2020). The main fraction of camel monocytes expresses
high levels of CD14 and CD163, but low levels of MHCII
(Mo-1, CD14"9" CD163"" MHCII'™"). Camel inflammatory
monocytes display a high expression density for all three
markers (Mo-11, CD14"d" CD163""MHCI1MI"). The third
monocyte fraction shows low expression of CD14 and
CD163 but high MHCIl expression (Mo-llI,
CD14'°“CD163""MHCII"9") (Hussen et al., 2020).

Adhesion molecules are cell surface molecules with
essential roles in leukocytes adhesion and migration (Ley
et al., 2007; Soehnlein and Lindbom, 2010; Amulic et al.,
2012; Muller, 2013; Mitroulis et al., 2015; Eger et al.,
2016; Hussen et al., 2016; Kourtzelis et al., 2017). CD11a
dimerizes with CD18 to form the adhesion molecule
lymphocyte function antigen-1 (LFA-1) expressed on all
leukocytes (Roos and Law, 2001; Ley et al., 2007; van de
Vijver et al., 2012; Muller, 2013).

In the dromedary she-camel, the impact of parturition
on the composition of blood immune cells has not been
evaluated so far. Therefore, the current study aimed at the
evaluation of the leukogram and the composition of blood
lymphocytes and monocytes during the periparturient
period in she-camels.

MATERIALS AND METHODS

Animals and blood sampling: Seven multiparous she-
camels (Camelus dromedarius) housed at the farm of the
Camel Research Center, King Faisal University, Saudi
Arabia were involved in the present study. Blood was
collected from each animal at days -28 and -14 relative to
predicted calving time, at calving day, and postpartum at
days +14 and +28. Blood was obtained by jugular vein
puncture into EDTA-containing vacutainer tubes (Becton
Dickinson, Heidelberg, Germany). All experimental
procedures and management conditions used in this study
were approved by the Ethics Committee at King Faisal
University, Saudi Arabia (Permission number: KFU-
REC/2019-10-01).

Cell separation: Separation of whole camel leukocytes
was performed after removal of blood erythrocytes using
hypotonic lysis (Hussen et al., 2017). Blood samples (4 ml)
were diluted in phosphate buffered saline (PBS) (1:2) and
were then centrifuged at 4°C for 10 min at 1000 xg without
break. After centrifugation, the supernatant was descanted
and the cell pellet, including white and red blood cells, was
suspended in 10 ml distilled water for 20 sec (hypotonic
shock to lyse red blood cells) followed by the addition of
double concentrated PBS to restore tonicity. This was
repeated (usually twice with centrifugation at 500 xg and
250 xg for each 10 min with break) until complete
erythrolysis. Separated leukocytes were finally washed
with 10 ml PBS (centrifugation at 100 xg for 10 min with
break) and the cell pellet was suspended in membrane
immunofluorescence (MIF) buffer (PBS containing bovine
serum albumin (5 g/l) and NaNs; (0.1 g/l)) at 5 x 10°
cellssrml. The mean viability of separated cells was
evaluated by flow cytometry using the dye exclusion
method of propidium iodide (2 pg/ml, Calbiochem,
Germany) and was consistently above 95 %.
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Cell counting of leukocytes: After diluting camel blood in
PBS (1: 4) and mixing with Tiirk’s solution (final dilution
1:20; Merck Millipore), 10 pl of the mixture was poured
onto the hemocytometer (Neubauer cell counter).
Leukocytes were identified by microscopic analysis (cells
in blue color), and cells were counted in four big squares of
the cell counter. The total leukocyte count was calculated
as 1000 cells per ul blood (Camacho-Fernandez et al.,
2018).

Membrane immunofluorescence and flow cytometry: In
the current study nine commercially available antibodies
with cross-reactivity against camel leukocyte antigens
(Hussen et al., 2017; Hussen et al., 2018; Hussen et al.,
2020) were used for cell labeling (Table 1). Separated
leukocytes (5 x 108 / ml) in MIF buffer were labeled with
two combinations of monoclonal antibodies: (anti-CD4 &
anti-wC1) and (anti-CD172a & anti-MHCII) in 96 well
round-bottom microtiter plates (1 x 108/ well; 20 min;
4°C) (Eger et al.,, 2015; Hussen et al., 2018). After
incubation with primary unlabeled antibodies, cells were
washed twice and incubated with secondary antibodies
specific for murine IgG1, IgM, or IgG2a (BD) labeled with
different fluorochromes. After washing the cells, directly
labeled monoclonal antibodies to CD11a and CD14 were
added. Finally, cells were washed and analyzed by flow
cytometry (FACSCalibur, Becton Dickinson Biosciences).
For each measurement, 100 000 events were acquired and
data were analyzed with the flow cytometric software FCS
Express software Version 3 (De Novo Software, Thornton,
Ontario). After microscopic estimation of total leukocyte
counts (using Turk Solution and Neubauer counting
chamber), absolute cell counts of leukocyte subsets were
calculated based on their relative fractions determined by
flow cytometry according to an established gating strategy
(Hussen et al., 2018; Hussen et al., 2020). Briefly, camel
granulocytes and mononuclear cells were gated based on
their scatter characteristics in a side scatter height (SSC-H)
against forward scatter (FSC)-H dot plot. After setting a
gate on granulocytes, camel neutrophils and eosinophils
were identified within the granulocyte population based on
their different autofluorescence in FL-1. Within the
mononuclear cells population, monocytes and lymphocytes
were identified as CD14-positive and CD14-negative
mononuclear cells, respectively.

Statistical analyses: Statistical analysis was performed
using the software Graph Pad Prism 5.01 (Graph Pad
Software, San Diego, CA, USA). Data were checked for
Gaussian distribution using the Shapiro-Wilk normality
test and analyzed with repeated measurements one-way
ANOVA. The Bonferroni post-test was used to analyze
time-dependent differences within groups. Data are
presented as means + SEM.

RESULTS

Cell count of blood leukocytes and their main
populations in she-camels around parturition: Total and
differential cell counting of blood leukocytes revealed
significant alterations during the periparturient period in
dromedary camels. The number of total leukocytes



increased continuously from day -28 to day +14, peaked at
day +14 (P<0.05, compared to day +14) and remained
slightly elevated until day +28 (Fig. 1A). The number of
neutrophils raised at parturition (day 0) to a significantly
(P<0.05) higher value in comparison to neutrophil count at
day -28 and -14 and remained significantly higher at day
+14 and +28 (P<0.05; Fig. 1B). For lymphocytes count, a
significant rise was observed at day +14 (P<0.05, compared
to day O, Fig. 1D). No significant time-dependent changes
were found in the number of eosinophils (Fig. 1C) or total
monocytes (Fig. 1E) during the periparturient period.

Changes in the numbers of lymphocyte subpopulations
during the periparturient period: Although the number
of total lymphocytes did not show significant changes
during the studied periparturient period, lymphocyte
composition was significantly affected by parturition. The
number of CD4* T cells increased significantly at day -14
(P<0.05, compared to day -28), followed by a slight
decrease at day 0. After parturition, the number of CD4* T
cells peaked at day +14 ((P<0.05, compared to day -28) and
decreased slightly at day +28 (Fig. 2A). Although a slight
decrease in their count was observed at parturition, the
number of WC1* T cells (yd T cells) did not change
significantly during the studied period (Fig. 2B). For the
number of B cells, a significant increase was observed at
day +14 (P<0.05, compared to day -28, Fig. 2C).

Changes in monocyte subsets during the periparturient
period: The periparturient period was associated with
significant changes in the composition of blood monocytes.
Before parturition, the monocyte population composed
mainly (approximately 80% of the total monocytes count)
of CD14"gh MHCII'™ monocytes (camel Mo-1) with minor
fractions (4-6% of total monocytes count) of CD14"igh
MHCII""  (camel Mo-11) and CD14"% MHCI|""

A) Total leukocytes
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monocyte subset (camel Mo-IIl). The number of the
CD14"sh  MHCII'™™ monocyte subset decreased
significantly at parturition and remained low postpartum at
day +14 and +28 (P<0.05, compared to day -14, Fig. 3A).
The number of the CD14"d" MHCIIM" showed a
significant increase at day -14 (P<0.05, compared to day -
28) followed by a slight decrease at day 0. After parturition,
Mo-I1 count started to rise at day +14 and peaked at day
+28 (P<0.05, compared to day -28, Fig. 3B). For the
CD14"" MHCIIM" monocyte subset, a significant increase
was found at day +14 (P<0.05, compared to day -28, Fig.
3C).

Adhesion molecules expression on the main leukocyte
populations during the periparturient period: CD11la
expression on neutrophils started to increase at day -14,
peaked at parturition (P<0.05, compared to day -28) and
remained high at day +14 (P<0.05, compared to day -28)
with a slight decrease at day +28 (Fig. 4A). Although
CD11a expression on lymphocytes showed a continues
decrease until day +14 followed by a slight increase at day
+28, the changes were not statistically significant (Fig. 4B).
For CD11la expression on monocytes, the MFI values
increased slightly at day -14 and remained high until day
+28 (changes were only significant at day 0 compared to
day -28, Fig. 4C).

DISCUSSION

For the dromedary she-camel, limited information is
available on the impact of parturition on immune cell
composition and phenotype in peripheral blood. The aim of
the current study was to follow up the time-dependent
changes in the leukogram pattern and the composition of
lymphocytes and monocytes subsets in blood of she-camels
during the periparturient period.
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Fig. I: Absolute cell count of the main populations of camel blood leukocytes. Blood samples were collected from dromedary she-camels at days -28
and -14 relative to predicted calving, at calving day and postpartum at days +14 and +28. Total blood leukocytes of she-camels were counted under
microscope and were presented graphically (A). Absolute counts of blood neutrophils (B), eosinophils (C), lymphocytes (D) and monocytes (E) were
calculated after flow cytometric estimation of their percentages and calculating their absolute numbers relative to total leukocyte count. Cell counts
were presented graphically. Differences between groups were considered significant (¥) if P<0.05.
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Fig. 2: Cell count of camel lymphocyte subpopulations around parturition. A) After gating on lymphocytes based on their FSC/SSC properties, camel
CD4+ T helper cells, y8 T cells (WCI+), and B cells (MHCII+) were identified based on their specific labeling with monoclonal antibodies. B) The
absolute numbers of CD4-positive T helper cells (A), v T cells (B), and B cells (C) were calculated and presented for the days -28 and - 14 relative to
predicted calving, for the calving day and postpartum for the days +14 and +28. Differences were considered significant (*) if P<0.05.

Table I: List of antibodies

Antigen Antibody clone Labelling Species reactivity Source Isotype
CDI72a DH59b - bovine Kingfisher mlgGl
CDl4 Tuk4 PerCP bovine Biorad migG2a
MHCII TH8IAS - bovine Kingfisher mlgG2a
CDlla G43-25B PE human BD mlgG2a
WCI BAQI28A - bovine Kingfisher migGl
CD4 GC50A - bovine Kingfisher mlgM
mlgG2a polyclonal PE mouse Invitrogen glgG
mlgGl polyclonal FITC mouse Invitrogen glgG
migM polyclonal APC mouse Invitrogen glgG

Ig: Immunoglobulin; m: mouse; MHC-II: Major Histocompatibility Complex class I, g: goat.
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Fig. 3: Cell number of camel monocyte subsets in blood of she-camels around calving. A) In a FSC/SSC dot plot, a gate was formed on camel monocytes.
In a separate dot plot, monocytes were identified as CDI72a+ cells. In a CDI4/MHCIl dot plot, camel Mo-lI (CDI4"&MHCII**), Mo-lIl
(CDI4"¢"MHCII""), and Mo-IIl (CD14°*MHCII"e") were identified. B) Total numbers of camel monocyte subsets in blood of she-camels were calculated
and presented for the periparturient period. Differences between groups were calculated using the one-way ANOVA test. Different lowercase

superscript letters indicate statistical significance (P<0.05).

In the current study, the increased number of total
leukocytes and neutrophils and the decreased numbers of
lymphocytes at parturition are in line with the observation
in dairy cows, where parturition was associated with
leukocytosis, neutrophilia and a slight decrease in the
lymphocyte fraction (Meglia et al., 2001). However, the
unchanged number of monocytes during the periparturient
period contrasts with the reported monocytosis in dairy
cows at calving (Meglia et al., 2001; Ohtsuka et al., 2004).
Whether the higher expression of CD11a on neutrophils at
calving and during the postparturient period contributes to
an enhanced migration of this innate immune cell to the
reproductive tract around parturition still to be investigated.

In the present study, the significant rise in lymphocyte
count two weeks after calving seems to be due to increased
numbers of CD4* T cells and B cells. Similar expansion of
bovine CD4* T cells and IgM+ cells (B cells) was observed
in dairy cows at the end of first month after calving
(Ohtsuka et al., 2004).

Although the cell number of total monocytes did not
change significantly during the periparturient period,
significant differences in the fractions of monocyte subsets
were observed. In contrast to bovine monocytes, where all
subsets followed the same time-dependent course around
parturition (Eger et al., 2015), camel monocyte subsets
showed different subset-specific time-dependent charges
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presented graphically. Differences between groups were calculated using
the one-way ANOVA test. Different lowercase superscript letters
indicate statistical significance (P<0.05).

during the periparturient period. While all bovine
monocyte subsets expanded in blood of dairy cows after
calving (Eger et al., 2015), only camel CD14"s" MHC] ["igh
and CD14"% MHCII"" monocyte subsets increased after
calving in the current study. The decrease in the main
subset of camel monocytes, the CD14M" MHCII'w
monocyte subset, at calving and during the postparturient
time may be due to selective recruitment of this subset into
the uterus or the mammary gland. This is supported by the
significantly higher expression of CD11a on monocytes at
calving. Camel monocyte subsets differ in their expression
pattern of cell adhesion molecules (Hussen et al., 2020).
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However, we did not evaluate the time-dependent change
in the subset-specific expression pattern of adhesion
molecules.

In several species, hormonal changes during
pregnancy and parturition have shown major effects on
several elements of the immune system (Arbib et al., 2016;
Nowak et al., 2016; Gat et al., 2019). In the dromedary
camel, this is supported by the recently reported differences
in leukogram and immunophenotype of leukocytes in
pregnant and non-pregnant she-camels (Hussen et al.,
2019). The role of hormonal changes in the observed
alterations in camel leukocyte composition and phenotype,
however, needs to be investigated. Although the increased
numbers of neutrophilic granulocytes, which play essential
role in innate defense against bacterial infections (Ge et al.,
2020; Lentini et al., 2020; Xie et al., 2020), may indicate
their contribution to enhanced antimicrobial capacities of
the post-parturient dromedary she-camel, further functional
studies are required to study the role of the parturition-
associated changes in the susceptibility of the dromedary
she-camel to post-parurient infections such as metritis and
mastitis.

Conclusions: Collectively, the present study identified
alterations in the composition of blood leukocyte
subpopulations during the periparturient period of she-
camels. Parturition was associated with a significant rise in
the numbers of leukocytes and neutrophils but reduced
numbers of the CD14"g" MHCII' monocyte subset. The
postparturient period of she-camels was characterized by
increased numbers of CD4+ T cells, B cells and the two
monocyte subsets CD14Mh MHCIIM" and CD14'""
MHCIIMe" monocytes. Alterations in the expression of cell
adhesion molecules around parturition may have
contributed to the changed composition of blood leukocyte
subsets.
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