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Surra-affected dromedary camels show reduced numbers of blood
B-cells and in vitro evidence of Trypanosoma-induced B cell death
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Abstract

Trypanosomosis due to Trypanosoma evansi (surra) is one of the most important diseases with a significant impact on
camel health and production. Trypanosoma-induced immunosuppression mechanisms, which are key factors of disease
pathogenesis, have been characterized in several animal species. The present study investigated, therefore, the impact of
trypanosomosis on the immunophenotype of blood leukocytes in camels. For this, the relative and absolute values of blood
leukocyte populations, their expression pattern of cell surface molecules, and the numbers of the main lymphocyte subsets
were compared between healthy camels and camels with clinical symptoms of chronic surra and serological evidence of
exposure to Trypanosoma infection. Leukocytes were separated from the blood of healthy and diseased camels, labeled with
fluorochrome-conjugated antibodies, and analyzed by flow cytometry. Compared to healthy camels, the leukogram of diseased
camels was characterized by a slightly increased leukocyte count with moderate neutrophilia and monocytosis indicating a
chronic inflammatory pattern that may reflect tissue injury due to the long-lasting inflammation. In addition, the analysis of
lymphocyte subsets revealed a lower number and percentage of B cells in diseased than healthy camels. In vitro incubation of
camel mononuclear cells with fluorochrome-labeled 7. evansi revealed a higher capacity of camel B cells than T cells to bind
the parasite in vitro. Furthermore, cell viability analysis of camel PBMC incubated in vitro with 7. evansi whole parasites
but not the purified antigens resulted in 7rypanosoma-induced apoptosis and necrosis of camel B cells. Here we demonstrate
an association between trypanosomosis in camels and reduced numbers of blood B cells. In vitro analysis supports a high
potential of 7. evansi to bind to camel B cells and induce their elimination by apoptosis and necrosis.
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Introduction

Camels are important livestock species with an estimated
world population of more than 35 million head (Faye
2020). Camels have high economic value, especially in
arid and semi-arid regions, due to their high thermotoler-
ance being able to survive, reproduce, and produce milk
and meat under harsh environmental conditions with lim-
ited food and water resources (Faye 2020).
Trypanosomosis represents one of the most important
diseases of camels with significant impact on animal health
and production due to reduced fertility, high losses in milk
and meat production, and high mortality rates (Birhanu,
et al. 2016). Trypanosoma evansi (T. evansi), a member
of the subgenus Trypanozoon (Oldrieve et al. 2021) is the
most common cause of trypanosomosis in camels (Gerem
et al. 2020; Tran et al. 2009). The parasite, which causes
a disease known as surra, is the most widely distributed
animal trypanosome (Birhanu, et al. 2016; Magez et al.
2021) affecting a wide range of species including camels,
equines, dogs, and to a lesser extent cattle, sheep, goats,
buffalo, elephants, deer, gazelles, and pigs (Desquesnes
et al. 2013; Golombieski et al. 2023; Holland et al. 2003;
Jawalagatti et al. 2023). In addition, recent studies that
reported occasional 7. evansi infections in humans, shed
light on the zoonotic potential of the pathogen (Joshi et al.
2005; Powar et al. 2006; Shegokar et al. 2006; Van Vinh
Chau et al. 2016, World Health Organization 2005). In
camels, the disease course takes most commonly a chronic
form that can last several years leading to reduced fer-
tility and generalized loss of body condition. The clini-
cal symptoms typically include appetite and weight loss,
muscular atrophy and drooped hump, general weakness
with slow and short distance walking, lacrimation, anemia
with pale mucous membranes, petechial haemorrhages,
oedema in different body areas, and neurological symp-
toms (Desquesnes, et al. 2013)(Wilson and Dioli 2021).
Direct diagnosis of surra is based on the detection of
the parasite by microscopic analysis of Giemsa-stained
blood smears or the demonstration of actively moving
parasites in concentrated hematocrit tubes preparations;
infection can also be objected by the detection of parasite
genetic material in buffy coat samples by PCR (Kim et al.
2023). Besides these agent detection methods, serological
evidence of exposure to 7. evansi can be brought by the
detection of anti-Trypanosoma antibodies in camel serum.
For this, the card agglutination test for 7. evansi (CATT/
T. evansi ) and the enzyme-linked immunosorbent assay
(ELISA) for T. evansi can be used (Tran, et al. 2009).
Innate immune response against trypanosomes is medi-
ated by activation of the complement system and early
induction of the inflammatory cytokine interferon (IFN)
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gamma by innate lymphocytes leading to activation of
macrophages and enhancement of their killing poten-
tial (Baral et al. 2007; Engstler et al. 2007; Harris et al.
2007). The adaptive immune response to the parasite is
characterized by an early production of IgM antibodies
that target the mannose-rich residues of the VSG coat fol-
lowed by IgG production; the IgGs are directed against the
N-terminal epitopes of VSG with IgM having the supe-
rior role over IgG in parasitemia control (Nguyen et al.
2021). In their mammalian host, trypanosomes are known
for their strategies to escape the host’s innate and adap-
tive immune responses (Magez, et al. 2021). In addition
to evading the antibody-mediated destruction through the
continuous switch of their surface antigenic coat, trypa-
nosomes induce loss in distinct immune cell populations
from their host. Studies in a mouse model for T. brucei,
another Trypanozoon member, revealed that especially
the infection-induced depletion of several B cell subsets
renders the host unable to mount a protective humoral
immune response (Radwanska et al. 2008).

In the dromedary camel, although several studies evalu-
ated the serologic response to 7. evansi (Al-Harrasi et al.
2023; Habeeba et al. 2022), the impact of infection on the
cellular immune system has not been investigated so far. The
present study compared the immunophenotype of blood leu-
kocytes in T evansi serologically positive and negative cam-
els. In addition, in vitro stimulation studies were performed
to explore the mechanisms behind the observed changes
in leukocyte composition. Given the lack of effective vac-
cines against the disease, such studies will support a better
understanding of host-pathogen interaction mechanisms in
camel trypanosomosis, paving the way for the development
of effective control strategies.

Materials and methods
Animals

Fifty-five animals, including thirty diseased and twenty-five
healthy dromedary camels (Camelus dromedarius), were
involved in the present study. The study was conducted
between January 1, 2022 and June 30, 2023. The diseased
camels originated from 5 different camel herds in the east-
ern province of Saudi Arabia. The diseased animals were
brought to the KFU Veterinary Teaching Hospital (King
Faisal University in Al-Ahsa, Saudi Arabia) with symp-
toms compatible with the chronic form of camel trypano-
somosis (Surra). The healthy camels were selected from the
animals reared on the camel farm of the Camel Research
Center at King Faisal University. All camels in the healthy
and diseased group were from the black Almajaheem camel
breed. For all camels, clinical examination was performed
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by a trained veterinarian. The majority of diseased camels
showed signs of weakness, inappetence, emaciation, mus-
cle atrophy, hollow left flank, and retracted abdomen due
to anorexia, pale mucous membrane of the conjunctiva,
and lacrimation. In addition, some camels showed edema,
urticaria plaques, and thinning of the hump and dropping
it to one side. Abortion with elevation of body temperature
was observed only in one camel (Supplementary Table 1).
The control animals were clinically healthy with no signs
of injury or disease (respiratory or gastrointestinal disease,
mastitis, or metritis) and had no history of any 7. evansi
infection.

Collection of serum and whole blood samples

Blood samples were collected by venipuncture of the jugu-
lar vein (vena jugularis externa) into clot activator vacu-
tainer tubes for serum collection and into BD Vacutainer™
K3EDTA Tubes for collection of whole blood samples.
Serum samples were collected after centrifugation of the
tubes for 15 min atx 1000 g and stored at -20°C for further
analysis.

Parasitological examination

Thin blood smears were prepared from fresh whole blood
followed by air-drying, fixation in absolute methanol, and
staining with Giemsa’s stain. Stained smears were examined
for trypanosomes with a light microscope using X 40 mag-
nification and oil immersion objective (Gerem, et al. 2020).

Whole-cell lysate antigen ELISA

The detection of antibodies to pan-trypanosome anti-
gens was performed by ELISA-PanTryp, using 7. evansi
WCLAS in a protocol derived from Bossard & Desquesnes
(Bossard and Desquesnes 2023). Briefly, 96 well NUNC
Maxisorp plates were coated with 100 uL of the whole
cell lysate antigen (WCLA) at a concentration of 5 pg/
mL in 0.05 M carbonate-bicarbonate buffer, pH 9.6. After
incubation overnight at 4 °C, the plate was emptied by
reversion, and 150 pL blocking buffer (PBS containing 1%
bovine serum albumin and 0.008% tween 20) was added
to the plate followed by incubation for 30 min at 37 °C
with shaking at 300 rpm. After blocking, the plate was
washed three times with washing buffer (PBS contain-
ing 0.1% Tween 20). Positive and negative camel control
sera and test serum samples were diluted 1:100 in block-
ing buffer and 100 pL of diluted serum were added to the
plate in duplicates. After incubation for 30 min at 37 °C
with shaking at 300 rpm, the plate was washed three times
with washing buffer. After that 100 uL of Protein A con-
jugated with horseradish peroxidase diluted 1:10,000 in

blocking buffer were added to each well. After incubation
for 30 min at 37 °C with shaking at 300 rpm, the plate
was washed three times before adding 100 uL per well
of the 3, 3',5,5'-Tetramethylbenzidine (TMB) substrate
solution followed by incubation for 30 min at RT in the
dark. Finally, the reaction was stopped by the addition of
0.2 M sulfuric acid followed by reading at 450 nm using
the IMARK ELISA reader (Bio-Rad Laboratories GmbH,
Munich, Germany). The results were expressed as the
percentage ratio of the positive control serum (Relative
percentage of positivity; RPP) by dividing the corrected
mean OD value of test serum (after subtracting the mean
OD value of negative control serum) by the corrected OD
value of the positive control serum (after subtracting the
OD value of the negative control serum). Samples with
an RPP >20% were considered positive (Bossard and
Desquesnes 2023). The WCLA and the positive and nega-
tive camel sera were purchased from CIRAD, IRD, Mont-
pellier, France. The ELISA plates, coating buffer, BSA,
Protein A conjugate, and the substrate and stop solutions
were from Sigma-Aldrich.

Cell separation from camel blood

For all healthy and diseased camels, leukocytes were iso-
lated from EDTA blood by centrifugation after hypotonic
lysis of red blood cells (RBC). For this, 5 mL aqua dest
was added to 2 mL blood for 20 s followed by the addi-
tion of 5 mL of 2 X phosphate buffered saline (PBS). After
centrifugation for 15 min at 1000 X g in a cooled centri-
fuge (4 °C), the supernatant containing the lysed RBC was
removed and the pellet was gently resuspended. This step
was repeated three times with centrifugation at 500X g
and 250 X g. Finally, the WBC pellet was suspended in
PBS containing 1% BSA and sodium azide (MIF buffer)
and adjusted to 5 x 10° cells/mL. The propidium iodide
(PI) exclusion assay was used to check the viability of
separated cells. For all experiments involving cell stain-
ing and flow cytometry, cell viability was higher than 96%
(Supplementary Fig. 1).

Peripheral blood mononuclear cells (PBMCs) were sepa-
rated from buffy-coat blood by density gradient centrifuga-
tion over Lymphoprep™ (STEMCELL Technologies, Van-
couver, Canada). For this, 5 mL blood was diluted 1:2 with
phosphate buffered saline (PBS) and the mixture was layered
on 5 mL of Lymphoprep™ in a 15 mL sterile falcon tube.
After centrifugation at 4°C for 30 min at 800 X g without
break, the PBMC-containing interphase was collected care-
fully using a 10 mL pipette. After three washes in cold PBS
(400x g, 200x g, 100 x g for 10 min at 4°C), the cells were
counted, and suspended in RPMI culture medium at 2 X 10°
cells / mL.
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Labeling of cells with monoclonal antibodies

For the immunophenotyping of blood leukocytes, separated
cells were incubated in a round-bottomed 96-well plate for
15 min at 4°C with a combination of unlabeled monoclonal
antibodies (mAbs) to cell surface molecules (Table 1 and
Table 2). In the second step and after washing (two times)
with cold MIF buffer for 3 min at 300X g and 4°C, the cell
pellet was resuspended and incubated for 15 min at 4°C with
a combination of secondary antibodies against mouse IgM,
IgG1, and IgG2a (Life Technologies, California, USA).
Finally, the cells were washed two times with cold MIF
buffer for 3 min at 300 X g and 4°C and the cell pellet was
resuspended in MIF buffer for flow cytometry.

For the experiments with separated camel PBMCs, cells
were incubated in a round-bottomed 96-well plate for 15
min at 4°C with a combination of the following monoclonal
antibodies (mAbs) in a two-step staining procedure: mouse
IgM against the cluster of differentiation (CD)4, mouse
IgG1 against the workshop cluster (WC)1, and mouse IgG2a
against the major histocompatibility complex (MHC) class II

molecules (all from Kingfisher Biotech, Minnesota, USA).
In the second step and after washing (two times) with cold
MIF buffer for 3 min at 300 X g and 4°C, the cell pellet was
resuspended and incubated for 15 min at 4°C with a com-
bination of an APC-conjugated goat IgG antibody against
mouse IgM, PE-conjugated goat IgG antibody against mouse
IgG2a, and FITC-conjugated goat IgG antibody against
mouse IgG1 (Life Technologies, California, USA). Finally,
the cells were washed two times with cold MIF buffer for 3
min at 300X g and 4°C and the cell pellet was resuspended
in RPMI medium for further analysis.

In vitro incubation of camel PBMCs with T. evansi

A freeze-dried suspension of inactivated, purified, and
fixed trypanosomes of the Variable Antigen Type (VAT)
Rode Trypanozoon antigen type (RoTat) 1.2 (WOAH (for-
merly OIE)-Reference Laboratory for surra, Institute of
Tropical Medicine, Antwerp, Belgium) was reconstituted
with 1 mL PBS and the suspension was labeled (incu-
bation for 5 min at RT) with 7-Aminoactinomycin D

Table 1 List of antibodies

Antigen Antibody clone Target species Labeling Source Isotype

CD45 LT12A Llama - Kingfisher Mouse IgG2a
CD44 LT41A Llama - Kingfisher Mouse IgG2a
CD14 CAM36A Camel - Kingfisher Mouse IgG1
MHCII TH81AS5 Swine - Kingfisher Mouse IgG2a
CD172a DH59 Bovine Kingfisher Mouse IgG1
CD163 LND68A Bovine - Kingfisher Mouse IgG1
CD4 GC50A1 Bovine - VMRD, Mouse IgM
WC1 BAQI128A Bovine - VMRD, Mouse IgG1
CD18 6.7 Human FITC BD Mouse IgG2a
Mouse IgM poly Mouse APC Thermofisher Goat IgG
Mouse IgG1 poly Mouse FITC Thermofisher Goat IgG
Mouse IgG2a poly Mouse PE Thermofisher Goat IgG

MHC Major Histocompatibility Complex, WCI workshop cluster 1, APC Allophycocyanin, FITC Fluo-
rescein isothiocyanate, PE Phycoerythrin, poly polyclonal. Reactivity with camel leukocyte antigens was
reported in previous studies (Hussen and Schuberth 2020)

Table 2 Staining combinations

Combination Primary antibody cocktail Secondary antibody cocktail

1 CDA45/CD172a Mouse IgG1-FITC / Mouse 1gG2a-PE
2 CD4/WC1 Mouse IgG1-FITC / Mouse IgM-APC
3 CD14 /MHCII Mouse IgG1-FITC / Mouse 1gG2a-PE
4 CD163 / CD44 Mouse IgG1-FITC/ Mouse IgG2a-PE
5 CD18-FITC

6 - Mouse IgG1-FITC / Mouse I1gG2a-PE

/ Mouse IgM-APC

MHC Major Histocompatibility Complex, WC1 workshop cluster 1, APC Allophycocyanin, FITC Fluores-
cein isothiocyanate, PE Phycoerythrin
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(7-AAD), a fluorescent dye with strong affinity for DNA
which only penetrates the membrane of dead cells (in
this case the fixed T. evansi parasites) and undergoes a
spectral shift upon association with DNA. It is used as a
fluorescent marker for DNA in place of propidium iodide
(PI) with the advantage of its ability to be used with phy-
coerythrin (PE)- and fluorescein isothiocyanate (FITC)-
labeled monoclonal antibodies in 2-color analysis, with
minimal spectral overlap. After washing with cold PBS
for 10 min, the labeled parasites were suspended in RPMI
medium, counted on the flow cytometer (Accuri C6; BD),
and adjusted to 4 x 10° parasites / mL (Barr et al. 2021;
McGrath et al. 2017). Purified and antibody-labeled camel
PBMCs were incubated in vitro with 7-AAD-labeled T.
evansi for 30 min at 37 °C and 5% CO,. For this, 1x 10
cells (in 50 uL RPMI medium) were added to 50 uL RPMI
medium containing 1 X 10° trypanosomes in the wells of a
96-well sterile cell culture plate. Control cells were incu-
bated in medium alone.

Cell vitality assay

Cell vitality was measured by flow cytometry using the
Annexin V-FITC Apoptosis Kit according to the kit pro-
tocol (Abcam; ab14085). The washed cell pellet of stimu-
lated and non-stimulated cells was stained in cell culture
plates (96-wells) with Annexin V-FITC and propidium
iodide (PI) diluted 1:100 in KIT buffer (100 uL /well) for
5 min at RT in the dark. Cells were classified upon exci-
tation at 488 nm into Annexin V +/PI- apoptotic cells,
Annexin V +/ positive/PI + necrotic cells, and Annexin V-/
PI- (Hussen et al. 2023a).

Statistical analyses

Data normality, mean, and standard error of the mean
(SEM) were measured using the column statistics func-
tion in combination with the Shapiro—Wilk normality test
of the statistical program Prism (GraphPad Software VS5,
California, USA). For the comparison between two groups,
the unpaired two-tailed T-test was used for normally dis-
tributed data, and the Mann—Whitney test was used if
either one or both group's data was not normally distrib-
uted. For the comparison between data from more than two
groups, the one-factorial analysis of variance (ANOVA)
with Bonferroni’s correction was used for normally dis-
tributed data, while the Kruskal-Wallis test was used
with the Dunn's Multiple Comparison test for comparison
between not normally distributed data. Differences were
considered significant if the P value was less than 0.05.

Results
Clinical disease and serological findings

All camels with clinical symptoms of surra were found
sero-positive for 7. evansi using the WCLA-based indi-
rect ELISA, while anti-Trypanosoma antibodies were only
detected in one out of the 25 clinically healthy camels
(Fig. 1A, Table 3). The parasite could be detected in only
one animal by microscopic analysis of Giemsa-stained
blood smear. Only one animal from the healthy group
tested positive using the WCLA ELISA. In the WCLA
ELISA, the healthy camel group showed a mean RPP
of 9.3% + 1.4 compared to 37.7% + 3.3 in the diseased
group (P <0.01). The antibody level (RPP) of individual
camels within the seropositive group ranged between 22

Serum antibodies detected by ELISA T. evansi (WCLA)
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Fig.1 Serum level of antibodies to the whole cell lysate antigen
(WCLA) of T. evansi. Serum samples collected from clinically healthy
(n=25) dromedary camels and camels with clinical symptoms of
surra (n=30 animals) were tested for antibodies to the WCLA using
ELISA. For each serum, the antibody level was expressed as the rela-
tive positivity percentage (RPP) of the positive control serum. A blue
dotted line was drawn to indicate the cut-off value. Healthy camel sera
were presented in black, while those of diseased camels were pre-
sented in red. P values were calculated using the student's 7-test

Table 3 Serological results

Animal group Gender Age WCLA
ELISA
Male Female Mean + SEM +
Healthy (25) 2 23 8.7+0.8 1 24
Diseased (30) 3 27 79+0.8 30 0

WCLA Whole cell lysate antigen
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Fig.2 Identification and enumeration of total leukocytes and their
subpopulations in blood from healthy and diseased camels. Leu-
kocytes were separated from blood and labeled with antibodies to
CD14. (A) After gating on singlets (using FSC height (FSC-H)
against FSC area (FSC-A) dot plot) and defining the leukocyte popu-
lation (based on FSC and SSC signals), eosinophils (E), granulocytes
(G), monocytes (M), and lymphocytes (L) were gated based on their
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staining with CD14 antibodies and SSC characteristic. Total cell
count of leukocytes (B), the percentages (C), and the absolute num-
bers (D) of eosinophils, granulocytes, monocytes, and lymphocytes
were calculated for healthy and diseased camels and presented as
scattered plot graphs and p values less than 0.05 according to the stu-
dent's T-test were indicated
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and 93 (Supplementary Table 1). The positive animals
were classified into a low (RPP > 20 and < 30) and a high
(RPP >30) seropositive group with a mean antibody level
of 24.7+0.9 and 48.8 +4.8, respectively. No differences
in the severity grade of the clinical symptoms could be
identified between the low and the high seropositive cam-
els. As no molecular test was used for the identification
of the agent, the classification of animals as healthy and
diseased is based on the clinical symptoms and supported
by the serology.

Leukocyte composition in healthy and diseased
camels

Flow cytometric analysis (Fig. 2A) was used in combination
with absolute counting to calculate the relative and absolute
numbers of leukocyte populations (Table 4). The diseased
animal group (12.8 +1.4) showed a significantly (P=0.03)
higher total leukocyte count (Fig. 2B) in their blood com-
pared to the healthy group (9.4 + 1.0). Differential leukocyte
count revealed no significant differences (p>0.05) in the
relative leukocyte composition with comparable percent-
ages of neutrophils, eosinophils, monocytes, and lympho-
cytes between the two groups (Fig. 2C). The diseased group,
however, showed significantly (p <0.05) higher numbers
of neutrophils (10.0 + 1.3 x 10° cell/uL) and monocytes

(0.65+0.06% 10° cell/uL) in their blood than the neutrophils
(6.8+0.8x 10° cell/uL) and monocyte (0.45 +0.04 x 10
cell/uL) count in blood of the healthy group (Fig. 2D).

Lymphocyte composition in healthy and diseased
camels

Flow cytometric analysis of lymphocyte composition
(Fig. 3A) revealed a significantly lower (P =0.02) frac-
tion of B lymphocytes in the blood of the diseased animals
(14.1 £0.9% of lymphocytes) compared to the healthy ani-
mals (17.8 +£1.5% of lymphocytes), while no significant dif-
ferences in the percentages of helper and y6 T cells were
observed between the two groups (Fig. 3B). Similarly, the
absolute count of B lymphocytes was significantly (P=0.02)
lower in the blood of the diseased animals (183.4 +22.0 cell/
pL) compared to the healthy (277.9 +41.1 cell/uL) animals
(Fig. 3B). Neither the percentages nor absolute counts of
helper T cells or Y8 T cells showed significant differences
between the two groups (Fig. 3B-C and Table 4).

Immunophenotype of leukocyte subsets
Immunophenotyping of monocytes revealed significantly

(P=0.04) higher abundance of the major histocompat-
ibility complex (MHC) molecule class II on the surface of

Table4 WCLA antibody level and leukocyte immunophenotype in healthy and diseased camels

Healthy Diseased WCLA-AD titer in diseased camels
N=25 N=30 -
Low (n=15) High (n=15) P value
(20<PP<30) (RPP>30)

WCLSA antibody level 93+14 377433 P<0.01 24.7+0.9 48.8+4.8 P<0.01
Leukocyte populations WBC 94+1.0 12.8+1.4 P=0.03 11.9+2.0 13.8+1.5 P=0.25
(x10%uL) PMN 6.8+0.8 100+1.3 P=0.03 8.7+1.6 11.1+2.0 P=0.36
Eos 0.51+0.10 0.42+0.06 P=0.22 0.33+0.08 0.51+0.09 P=0.14

Mon 0.45+0.04 0.65+0.06 P=0.01 0.67+0.09 0.61+0.10 P=0.52

Ly 1.46+0.17 1.52+0.17 P=0.39 1.71+0.29 1.31+0.15 P=0.23

Leukocyte populations PMN 70.6+1.9 72.8+2.7 P=0.49 68.6+4.7 77.2+2.0 P=0.04
(% of WBC) Eos 49406 4.0+0.6 P=0.17 2.9+0.6 53+1.0 P=0.04
Mon 54404 5.8+0.6 P=0.28 6.7+1.0 48+05 P=0.11

Ly 172+1.9 151+1.9 P=0.22 18.1+3.6 11.8+1.4 P=0.04

NLR 53407 9.12+19 P=0.01 9.0+1.9 89+16 P=0.43

Ly. sub CD4 272.7+28.7 275.0+25.1 P=0.93 3243+414 22254214 P=0.04
(cell/ pL) WCl1 94.8+16.3 137.0+£29.6 P=0.10 120.9+35.0 154.2+49.5 P=0.58
B cell 277.9+41.1 183.4+22.0 P=0.02 180.2+39.1 186.2+£22.3 P=0.90

Ly. sub. % CD4 193+1.6 19.8+1.2 P=0.38 21.6+1.9 17.9+1.3 P=0.12
WCl 6.3+0.7 84+13 P=0.07 63+19 10.6+2.4 P=0.11

B cell 17.8+1.5 14.1+0.9 P=0.02 13.8+1.4 144+12 P=0.75

RPP Relative percent positivity indicates the anti-trypanosoma antibody level as measured by ELISA, WBC white blood cells, PMN neutrophils,
Eos eosinophils, Mon monocytes, Ly lymphocytes, Sub subsets,values presented as Mean+SEM; p values in bold indicates significant differ-

ences between the groups (z-test)
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«Fig. 3 Identification and enumeration of lymphocyte subsets in blood
from healthy and diseased camels. Leukocytes were separated from
blood and labeled with antibodies to CD4, WC1, and MHCII or with
corresponding isotype controls and analyzed by flow cytometry. (A)
After gating on singlets and defining the lymphocyte (L) population
(based on FSC and SSC signals), T helper cells, yd T cells, and B
cells were identified based on their staining with CD4, WCI, and
MHCII, respectively (representative dot plots showing positive stain-
ing and isotype control staining). The percentages (B) and the abso-
lute numbers (C) of lymphocyte subsets were calculated for healthy
(black dots) and diseased (red dots) camels and presented as scattered
plot graphs and p values less than 0.05 according to the student's
T-test were indicated

monocytes from the diseased animal group (14,654 + 1427
MFI) compared to the healthy (10,729 + 1150 MFI) animal
group (Fig. 4A). The expression densities of the monocyte
markers CD14 and CD163, the myeloid marker CD172a,
or the cell adhesion molecules CD45, CD44, and CD18 did
not differ significantly (p > 0.05) between the two groups
(Fig. 4A).

The phenotype of blood neutrophils from the diseased
group was characterized by lower expression density of the
cell adhesion molecule CD18 when compared to the healthy
group (21,238 + 885 MFI versus 23,464 + 549 MFI in the
healthy group), while the expression of CD14, MHCII,
CD45, or CD44 did not differ significantly between the two
groups (Fig. 4B).

For blood lymphocytes, the cell adhesion molecules
CD44 and CD45 were significantly (P=0.04 and p = 0.04
for CD45) higher expressed on lymphocytes from the dis-
eased (33,065 + 1291 MFI for CD44 and 53,487 + 2500 for
CD45) compared to the healthy group (29,210 + 1395 MFI
and 45,180 +3026 for CD45), while no significant differ-
ences in the expression of CD18 were observed between the
two groups (Fig. 4C).

Impact of anti-trypanosoma antibody level
on the immunophenotype of leukocytes

The comparison between the animals with low and high
antibody levels revealed higher percentages of neutrophils
and eosinophils but a lower percentage of lymphocytes com-
pared to the low antibody level group. The absolute count-
ing, however, did not show significant differences between
the two groups (Table 4). In addition, with the exception
of lower number of helper T cells in the high group, the
low and high antibody level groups did not show significant
differences regarding their lymphocyte composition or the
expression density of surface markers on their monocytes,
neutrophils, or lymphocytes.

Binding of T. evansi to camel lymphocyte
subpopulations

Incubation of mononuclear cells (PBMCs) separated from
healthy camels with inactivated (formalin-fixed) and 7-AAD-
labeled T. evansi revealed different capacities of lymphocyte
subpopulations to bind to 7. evansi. Camel B cells and T cells
were identified as small SSC'**/FSC'*¥ lymphocytes based on
the differential expression of MHCII. Camel helper T cells,
vd T cells were identified based on the expression of CD4 and
WCI surface antigens. T cell subsets other than helper T cells
and v T cells were identified as CD4"MHCII"WC1~ lym-
phocytes (Fig. 5A). Within lymphocytes, B cells showed the
highest (p <0.05) binding capacity (measured as the mean
fluorescence intensity of cell staining with 7. evansi-7-AAD)
to T. evansi (Fig. 5B). The binding of 7. evansi to camel
monocytes was, however, higher (p <0.05) than all lympho-
cyte subpopulations (Fig. 5C).

In vitro stimulation with T. evansi selectively
induced cell death in camel B cells

The impact of T. evansi stimulation on cell vitality of
camel lymphocyte subpopulations was evaluated by flow
cytometric measurement of cell apoptosis and necrosis in
camel B cells (Fig. 6 A) and T cells (Fig. 6 B). Spontane-
ous cell death (measured in cells incubated in medium)
resulted in a percentage of 6.3 £0.2% and 4.5 +0.2%
apoptotic cells within total B cells and T cells, respec-
tively (Fig. 6C), while the percentage of necrotic cells
was 3.7+ 0.2% and 0.9 +0.1% of total B cells and T cells,
respectively (Fig. 6D). Incubation with T. evansi signifi-
cantly (p <0.05) increased the percentage of apoptotic
cells (13.5+0.2%) and necrotic cells (4.9 +0.2%) within
total B cells, while incubation with the purified T. evansi
Ro Tat 1.2 antigen did not affect (p > 0.05) B cell apopto-
sis (5.9+0.4%) or necrosis (3.8 +0.1%). Neither incuba-
tion with 7. evansi nor with the purified RoTat 1.2 antigen
affected cell apoptosis or necrosis of T cells (p > 0.05)
when compared to incubation in medium control alone
(Fig. 6C and 6D).

Discussion
African trypanosomes of the Trypanozoon sub-genus are

extra-cellular parasites responsible for infections in several
livestock species. In their host species, trypanosomes are
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«Fig. 4 Phenotype of leukocyte populations in healthy and diseased
camels. Separated leukocytes were stained with monoclonal antibod-
ies to some cell surface molecules and analyzed by flow cytometry.
The abundance of myeloid markers and cell adhesion molecules was
measured on monocytes (A) and neutrophils (B). For lymphocytes
(C) only the abundance of the cell adhesion molecules was measured.
For each molecule, the mean fluorescence intensity (MFI) was meas-
ured and presented graphically as Mean+SEM for healthy and dis-
eased camels. P values less than 0.05 according to the student's 7-test
were indicated

known for their immune evasion strategies (Dos Santos et al.
2020; Pays et al. 2023). In camels, although trypanosomosis
is a serious disease challenging camel health and production
due to the high impact on productivity and the disease-asso-
ciated economic losses (Ogolla et al. 2023; Rottcher et al.
1987; Salim et al. 2011), studies on the impact of trypano-
somosis on the camel immune system are rare. The present
study investigated, therefore, the impact of camel trypa-
nosomosis on the immunophenotype of blood leukocytes.
For this, the relative and absolute values of blood leukocyte
populations, their expression pattern of cell surface mol-
ecules, and the numbers of the main lymphocyte subsets
were compared between healthy camels and camels with
clinical symptoms for chronic surra and serological evidence
of exposure to Trypanosoma infection.

In the present study, the high positivity of the ELISA
test, which detects IgG antibody isotypes, together with the
low parasitological detection within animals with clinical
symptoms, indicate the chronic nature of infection with low
parasitaemia levels in the diseased animals. In addition, the
clinical signs of emaciation, anorexia, thinning of the hump,
anemia, and abdominal oedema are consistent with chronic
trypanosomosis (Wilson and Dioli 2021).

Although the whole cell lysate antigen ELISA was able to
identify antibodies in all camels with clinical symptoms, the
results of the present study is limited by the lack of differen-
tiation between past and current infections which requires
the employment of parasites molecular detection tests like
the polymerase chain reaction (PCR) (Tran, et al. 2009).

In the present study, the observed leukocytosis with neu-
trophilia in the diseased animal group indicates an inflam-
matory leukogram pattern (Hussen and Schuberth 2020). In
addition, the increased numbers of monocytes in the blood
of the diseased animals, which may or may not be part of
an inflammatory leukogram, is usually indicative for tissue
injury due to long-lasting inflammation. It could be a result
of increased production of monocytes in the bone marrow
to replenish tissue macrophages for resolving the inflamma-
tion (Soehnlein and Lindbom 2010). Their enhanced expres-
sion of MHCII, a marker of inflammatory monocytes and

macrophages, reflects an early polarization of these circula-
tory cells toward a classically activated M1 macrophage phe-
notype. This seems in agreement with the recently reported
phenotype of monocyte-derived macrophages generated
in vitro under the effect of 7. evansi antigens (AL_Hilal
et al. 2023).

As extracellular blood pathogens, the continued exposure of
parasites from the trypanozoon sub-genus to antibody-medi-
ated destruction demonstrates the protective role of B cell-
mediated humoral immune response (Onyilagha and Uzonna
2019; Otesile and Tabel 1987). Using fluorochrome-labeled 7
evansi, the present study confirmed the high binding potential
between camel monocytes and 7. evansi (Hussen et al. 2023b)
and revealed a higher capacity of camel B cells than T cells
to bind the parasite in vitro, indicating the key role of B cells
in the early interaction with the pathogen. In support of this
is the marked difference in the B cell count between healthy
and diseased animals with a lower percentage and absolute
count of B cells in the blood of diseased compared to healthy
animals. This seems in agreement with the destructive effect
of trypanosomes on B lymphocytes reported in other species
(Bockstal et al. 2011; Dos Santos, et al. 2020; Obishakin et al.
2014; Onyilagha and Uzonna 2019; Radwanska, et al. 2008).
In an experimental multi-wave chronic 7. brucei infection in
mice, a recent study focused on the analysis of the splenic
marginal zone B cells, which are responsible for protective
antibody response to the blood-born extracellular trypano-
somes (Radwanska, et al. 2008). The study demonstrated an
early increase in several B cell populations in the spleen associ-
ated with the parasitemia peak and followed by a rapid disap-
pearance of B cells from the spleen marginal zone, rendering
the immune system unable to mount a long-lasting protective
humoral response against re-infections with trypanosomes and
to establish immune memory responses against other irrelevant
pathogens (Radwanska, et al. 2008). Similarly, Trypanosoma-
induced B cell depletion from the bone marrow as well as the
periphery was also reported after experimental infection of
mice with 7. congolense (Obishakin, et al. 2014). In the present
study, looking for an explanation for the reduced B cell count
in the blood of diseased camels, one may discuss two possible
mechanisms, including infection-induced modulation of B cell
production and differentiation in the primary immune organs
and a direct or indirect effect of the parasite on B cell viabil-
ity. To address the first hypothesis, experimental infections of
camels are required with subsequent characterization of the
whole B cell compartment in the bone marrow, the spleen,
and peripheral blood. Although previous studies in mice sup-
port a negative effect of 7. brucei on all B cell developmental
stages in the bone marrow (Bockstal, et al. 2011), the inves-
tigation of this approach in camel is, however, limited by the
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«Fig. 5 Differential binding of 7. evansi to camel lymphocyte sub-
sets. Separated PBMC were labeled with mAbs to CD4, WCI, and
MHCII and labeled cells were incubated with whole 7. evansi para-
sites stained with 7-AAD. (A) Gating strategy of camel PBMC. After
the exclusion of cell duplicates in a FSC-A against FSC-H gate, lym-
phocytes (L) were differentiated from monocytes (M) based on their
FSC and SSC properties. Camel T cells and B cells were identified
based on the expression of MHCII molecules. T helper cells and y8T
cells, and other lymphocytes were identified based on the differen-
tial expression of CD4 and WC1. (B) Representative histograms of
the comparative binding potential of 7. evansi to camel monocytes,
T cells, and B cells determined by the increase in 7-AAD fluores-
cence intensity of gated cells. (C) The binding potential of 7. evansi
to monocytes, T cells, B cells, T helper cells, yd T cells, and other
T cells were calculated as the mean fluorescence intensity (MFI) of
7-AAD and presented graphically. Different small letters indicate sig-
nificantly different values (p <0.05)

lack of antibodies to cell markers of B cell subsets and their
differentiation stages in camels. To prove the second possibil-
ity, cell viability analysis of camel PBMC incubated in vitro
with T. evansi whole parasites revealed a higher fraction of B
cells that were positive for Annexin V and Propidium Iodide,
indicating Trypanosoma-induced apoptosis and necrosis of
camel B cells. In an ex vivo setting, Bockstal, et al. (2011)
blocked the infection-induced B cell apoptosis by preventing
the direct contact between 7. brucei surface coat and mouse B
cells using a VSG-specific nanobody (Bockstal, et al. 2011).
In the present study, purified 7. evansi Ro Tat 1.2 antigen was
unable to induce B cell apoptosis, suggesting that trypanoso-
mal antigens other than the VSG Ro Tat 1.2 are responsible
for the pro-apoptotic effect on camel B cells or a purification-
induced change in the antigenic structure or conformation of
the VSG antigen rendering it unable to stimulate B cell apopto-
sis. Trypanosoma-induced B-cell apoptosis has previously also
been reported to occur in experimental infections with extra-
cellular and intracellular parasites. The mechanisms reported
for Trypanosoma-induced B cell apoptosis include Fas/Fas
Ligand interactions (Zuniga et al. 2002), caspase-7 activation,
and cleavage of phospholipase Cy1 (Dos Santos, et al. 2020)
in the case of T cruzi infections as well as 7. brucei-induced
caspase 3 activation (Radwanska, et al. 2008). Additionally,
Frenkel et al. (2016) confirmed the association between Afri-
can trypanosomiasis and the loss of humoral immune com-
petence due to the depletion of several subtypes of splenic B
cells. The study identified an NK cell activating phenotype in
mice experimentally infected with 7. brucei that was respon-
sible for the selective killing of B cells via antibody-independ-
ent, perforin-mediated cytotoxicity (Frenkel et al. 2016). In
the dromedary camel, the exploration of the role of NK cells
in the T. evansi-induced depletion of B cells requires further
research. For the identification and enumeration of camel NK
cells, cross-reactive mAbs with camel NK cell marker antigens

such as the NKp46 or CD57 are essential. Furthermore, the
characterization of the trypanosomal antigens and the molecu-
lar mechanisms that are involved in the observed pro-apoptotic
effect of T. evansi antigens on camel B cells could be the focus
of future research.

Helper T cells are critical players that decide the out-
come of infection with trypanosomes by providing help to
B cells for antibody production and isotype switching (Shi
et al. 2006; Tellier and Nutt 2013). Especially the genera-
tion of IFN-gamma-producing T helper 1 cells was asso-
ciated with IgM to IgG2a class-switching in B cells and
protective humoral responses in mice (Tabel et al. 2008). In
addition, some studies reported the involvement of T helper
cells in disease pathogenesis and death in mice trypanoso-
mal infections (Liu et al. 2015; Shi, et al. 2006). Evasion
of cell-mediated immune responses by trypanosomes has
also been reported in some studies (Onyilagha et al. 2014).
Trypanosoma congolense, for example, suppresses CD4 +T
cell proliferation and IFN-gamma production, resulting in
higher susceptibility of mice to the parasite (Onyilagha et al.
2018). In the present study, although their number did not
differ between healthy and diseased animals, T helper cells
were significantly reduced in camels with high anti-Trypa-
nosoma antibody levels, indicating a role of these cells in
protection or pathogenesis. However, the coincidence of low
T helper cell numbers and high anti-trypanosoma antibody
levels suggests a T-independent B cell activation and argues
against a role for T helper cells in B cell activation and class-
switching to IgG.

Conclusions

In conclusion, the present study investigated the immu-
nophenotype of blood leukocytes in camels with the clini-
cal surra and serum antibodies against 7. evansi. The study
demonstrates an inflammatory leukogram with slight leuko-
cytosis, neutrophilia, and monocytosis associated with camel
trypanosomosis. Ex vivo and in vitro analysis indicate the
potential of T. evansi to bind to camel B cells and induce
their elimination by apoptosis and necrosis. Together, the
higher NLR with the reduced numbers of B cells in the dis-
eased group with reduced numbers of T helper cells in the
high antibody level group indicate a suppressive effect of T.
evansi on both humoral and cellular immunity in camels. In
addition, the present study indicates that camel trypanoso-
mosis is still present in the Eastern Province of Saudi Arabia
and strengthens the need for detailed epidemiological studies
to identify the risk-associated predisposing factors includ-
ing age, vectors, gender, season, breed, and other diseases.
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«Fig. 6 Analysis of cell apoptosis and necrosis. Camel PBMC were
incubated in vitro with whole inactivated 7. evansi parasites or with
purified Ro Tat 1.2 antigen for 72h and were labeled with MHCII-
APC antibodies for the identification of B cells and T cells. The per-
centages of apoptotic and necrotic cells were determined after stain-
ing with Annexin V and propidium iodide (PI). Annexin V against
PI dot plots were used for the identification of apoptotic (Annexin+/
PI-) and necrotic (Annexin+/ PI+) cells within camel B cells (A)
and T cells (B). The percentage of apoptotic (C) and necrotic (D)
cells within camel B cells and T cells were presented for stimulated
and unstimulated cells (n=4 animals). * indicates significant differ-
ences with p value less than 0.5

Such studies would support future control strategies, given
the significant impact of the disease on camel health and
production.
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