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Background: Visceral leishmaniasis (VL) is responsible for mortality, especially among

&
children in developing countries. Stray dogs are reservoir of VL infection. Infecte%s that are

asymptomatic can act as a source of infection for humans. h N

Objectives: This study aimed to investigate the seroprevalence of Viscer‘ X&aﬁs in stray

@

dogs from Kermanshah area and also evaluate clinical an%aq{)gical alterations in dogs
A

naturally infected with Leishmania infantum. \

Methods: Ninety-two stray dogs aged from 1 to 8 year, were sampled. Serum samples were
evaluated for the presence of anti—LeiShmanim htibodies using enzyme-linked
immunosorbent assay (ELISA). All positivxmpWe titrated by direct agglutination test
(DAT). ( \

Results: In total, 11 (11.95%) ’o?t an‘%'ned dogs were infected with L. infantum. Among
seropositive dogs, only 4 ca*(%. %) showed clinical signs. Three infected cases had anemia,
while two had hemocc@n\i According to blood count, most alterations were observed
with MCHC, band neutrophils, and lymphocytes.

Conclu‘&e N gequency of asymptomatic dogs indicates that these reservoirs must be

considered as‘ne principal source of VL infection in this area. To decrease disease incidence in



human, frequent surveillance and monitoring of canine visceral leishmaniasis (CVL) is critical,

especially in stray dogs.
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1. Introduction ‘ \\ y
&

N

Leishmania species are digenetic protozoa that cause a zo@dis\ea‘inﬁne mammalians
called leishmaniasis (Silva et al., 2018). The parasrte ecies are transmltted by Phlebotomus
spp. sandflies. Leishmania infantum is the main causative age tbof Vlsceral leishmaniasis (VL) in
Iran (Moradi-Asl et al., 2020; Najafi et al. 91)%65‘[10 dogs (Canis familiaris), especially
stray dogs, are considered the most important er host for L. infantum (Estevam et al.,
2022; Carneiro et al., 2023; David u il‘ al., 2023).

Canine visceral leishmaniasi (%VL) 1 (,st infected dogs is asymptomatic which carry the
parasite and can act as \ mfection to other hosts including humans (Silveira et al.,
2021; Chiyo et al., @ T 1nlcal signs of CVL may appear over a long period of time, from

3 months to, 7 ye Mnfection, and include hepatomegaly, dermatitis, anorexia, cachexia,

OCT nychogryphosis, and cutaneous ulcerations (World Health Organization, 2010;
Sousa et'al., ;6).



Currently, CVL is common at least in some districts of more than half of the provinces of the

| &
country (Razzaghi Manesh et al., 2012). The prevalence rate of CVL in Iran Varie% 2.6% to

1S rrﬁmiasis

is partly resistant to routine therapeutic protocols that are used for peopl‘ Me, one of the
€

93.3% from endemic to non-endemic regions (Shokri et al., 2017). Canine ViS(ﬁ

best measures to prevent human infections is rapid identificati a\d contr‘(L infected stray
dogs (Chiyo et al., 2023; de Castro et al., 2022). Alt{)ugh boratory\sts abnormalities are
usually unspecific in CVL, they are important for dia is, staging of the disease, therapeutic
monitoring, and determination of the prognosis (W t aI& 2013). Hematologic alterations
commonly reported in CVL are mild me normocytic-normochromic anemia,
neutrophilia, and mild to moderate thro&cyt&a (Almeida et al., 2021; Paltrinieri et al.,
2016). . B )

Detection of anti—LeiShmaI‘ ant\odies is the method of choice for mass screening in
epidemiological studie@s\\al., 2022). Currently, several diagnostic methods including
indirect fluorescent antibody“test (IFAT), enzyme-linked immunosorbent assay (ELISA), direct
agglutiw&t Wand western blotting have been described for the detection of anti-

Leishmania a‘bodies in human and canine sera (Olfaty-Harsini et al., 2017; Duthie et al., 2018;

Pessoa-e-Silva et al., 2019; Fujisawa et al., 2021). The present study aimed to investigate the
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seroprevalence and risk factors of CVL in stray dogs of Kermanshah using ELISA and DAT, and

¢
also to evaluate the hematological alterations in dogs naturally infected with L. infw.

2. Materials and Methods

\ ’
Study area and sampling \

The sampling was done in Kermanshah area, west of Iran, 1@ 2\1 %ermanshah has a hot-
summer Mediterranean climate which is heavily influénced b}tl“e proximity of the Zagros
Mountains. The annual precipitation average in Ker nshalbis 149 mm with a maximum
temperature of 45 °C and a minimum tempe*e of=10 °C. Blood samples were collected from
a dog shelter for stray dogs located in th northNart of the city. Ninety-two mature dogs of
both genders (30 males and 62 fema g‘om 1 to 8 years old were enrolled in this study.

The age of the dogs was esti ated acc dlng to dental abrasion and tartar. The age, sex, and

clinical signs of each d(e\\rded

Hematological e uatlonw
A 5-m oc&mkwas collected from the cephalic vein of each dog. Immediately, 1 ml of
each ‘sample ‘as transferred to an EDTA-containing tube (K3-EDTA, FL Medical, Italy) for

complete blood count analysis. The rest of the sample was dispensed in a gel and clot activator-
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containing tube (Vacumed®, FL Medical, Italy) for obtaining serum. Samples were transferred to
the Diagnostic Laboratory of the Veterinary Hospital of Lorestan University in a' container.
All CBC analyses were performed in less than 18 hours from the time of sa&sgblood
smears were prepared and stained with Giemsa on the same day. \ J

The blood leukocyte count (WBC), erythrocyte count (RB Hw'oglobin b), mean cell
volume (MCV), hematocrit (HCT), mean -cell lgnogl in (MC& mean corpuscular
hemoglobin concentration (MCHC) and platelet cou re detetmined using Celltac-alpha

hematology analyzer (MEK-6550, Nihon Kohdefi; . [hfferential leukocyte count was
performed on Giemsa-stained blood smears. ‘ g

Immunological evaluations ( J

For immunological analyses, the glcgll’:ted in a coagulation tube was allowed to clot and
then centrifuged at 2100x g*r 15\nutes. Sera were collected and kept at -18°C for further

evaluation. ( \

=
Enzyme-li i WSorbent assay (ELISA)

Al@n samples were evaluated for the presence of anti-Leishmania infantum antibodies

using a dir!t ELISA kit (ID Screen Leishmaniasis Indirect, ID.vet, France) according to the



manufacturer's instructions adopted from Mary et al. (1992). Briefly, 190 ul of buffer was
[ &
transferred to the wells of the ELISA plate. Then, 10 pl of negative and positiv&trols and

serum samples were added to the wells and incubated for 4545 minutes at 37ﬁ. fter that,

wells were washed three times with the washing solution avoiding d' Xwﬂl} between

washing times. Next, 100 pl of 1x conjugate was added t vgls and_they were further
incubated for 3043 minutes at 37+2 °C. The wells Were was a1n the times and then 100
ul of substrate solution was added to the wells and left other 15+2 minutes at 21%5 °C. In

the final step, 100 pl of stop solution was added tm S a&l the absorbance optical density
(OD) of wells was read using a microplate rxer (W, BioTek, USA) at the wavelength of
450 nm. The ratio of OD of each sampleQ M of positive control was expressed as S/P
values (%) according to the fo*o fo‘mula Samples with the S/P values >50% were

considered as positive.

le
f?"ﬂ - samsr
u‘r"pa gl lm't':'l:l

Direct &13& est (DAT)

For tion o‘nti\-LeiShmania antibodies, ELISA-positive samples were investigated with DAT

according to Harith et al. (1989) procedure. The L. infantum antigen was prepared by the School
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of Public Health, Tehran University of Medical Sciences. DAT antigens were made using mass
production of promastigotes of L. infantum (MCAN/IR/07/Moheb-gh) in RPMI' plus 10%
fetal bovine serum, trypsinization of the parasites, staining with Coomassie hixlge, and
fixing with formaldehyde 1.2% (Harith et al., 1989). ‘ \ /

Previous studies showed cutoff points of 1:80 and 1:320 in as onétic and lsyn ptomatic dogs,
respectively (Mohebali et al., 2005). A two-fold diluti({ series of serum &nples was made from
1:80 to end-point dilution of 1:20480 in a V-shaped mic te and ineubated for 1 hour at 37 °C.
Fifty microliters of reconstituted DAT antigen waq entb added to each well containing
50 ul of diluted serum. Quantitative results MneWhe DAT are expressed as an antibody
titer, i.e. the reciprocal of the highest dil&)n %ch agglutination (large diffuse blue mats)
was still visible after 18-hour ir’lc}ant ‘oom temperature, compared with negative control
wells, which had clear blu*)ts. %standard positive control serum was prepared from dog
with L. infantum infec€ t\N confirmed by culture and animal inoculation with 1:20480

titers (Harith et al.,1989; Méhebali et al., 2005).

N
Statistm*ysi\

The se reva‘nce of CVL in stray dogs of Kermanshah was estimated from the ratio of results

positive by the ELISA technique to the total number of dogs examined. Hematological
8



parameters of infected dogs were compared with normal ranges and alternations were
. - . €
summarized. Assessment of the associations between the seroprevalence with age&fﬁx of the

dogs were made with Chi-square and Fisher's exact tests. Statistical analysehe

using GraphPad Prism 6.0 (GraphPad Software Inc., San Diego, CA). TV\NS’).OS were
B
considered statistically significant.
o R \ -

3. Results

r{ormed

From 92 serum samples that were examined by ELISA ;11 samples (11.95%) were positive. The
anti-Leishmania antibody titration of sero ples was assessed by DAT (Table 1).
Among seropositive dogs, 4 cases 36‘Nhowed CVL clinical signs, including
lymphadenomegaly and depllatlon Qpa mucus membranes and emaciation (3 cases),
and skin ulcers (1 case). The malmng 0s1t1ve dogs were asymptomatic (Table 1).

Hematology results are 2. The most alterations were observed with MCHC, band
neutrophils, and ly@‘lo tes wo out of 11 infected cases (18.18%) have shown microcytosis.

According Q::“ € rit of infected dogs, 3 cases (27.27%) had anemia, while 2 cases
d h

Qconcentration. There was no association between DAT titers and the level of

O X
hemato 'cal\bnormalities.



According to the serological results, the difference between the two genders and between the

| &
different age groups were not statistically significant (P>0.05; Table 3). \

4. Discussion

N

Leishmania infantum is the main cause of Mediterranean VL in humans ‘mm\voir: (Moradi-
Asl et al., 2020). The number of urban CVL cases is const@cbaﬂg,m more domestic
dogs and humans are at risk. The number of serolfh*itive d@ {rom each zone should be
considered an important risk factor of VL in humans (de Vas $elos etal., 2019). In the present
study, 11.95% of the examined stray dogs f*Kegnsha were seropositive for L. infantum.
Similar seroprevalences of L. infantum w othfrom stray dogs of other provinces such as
in Esfahan (10.8%) (Razzaghi Ma & J12), in Kohgiluyeh and Boyer-Ahmad (10%)
(Moshfe et al., 2012), and i E’as: Az ijgn (9.1%) (Fallah et al., 2011). On the other hand,
higher seroprevalence lgs%exfou d in Ardebil (43.6%) (Taran et al., 2007), in Mazandaran
(34.6%) (Fakhar et@, 11):' Golestan (32%) (Fakhar et al., 2014), and in Fars (30%) (Rassi

etal., 2007)§i1 IMCS (from 2.6% to 4.98%) were observed in some other regions of the
n

co&(\n\ ohammadi et al., 2008; Malmasi et al., 2014). These differences can be
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attributed mainly to the weather and humidity conditions, geographical and seasonal distributions
of vectors, and the serological methods applied for diagnosis. ¢

The results of our CBC analyses showed alteration in some parameters. Moﬁﬁ igfected
dogs had an increased number of band neutrophils (9 cases), which is in?: Wf}ammatlon
in these animals. This result was not surprising as inflammati Ken descr1 d as a frequent
laboratory finding in CVL in other studies (Paltrlmerl et al,, 6) M& of our infected dogs
had lymphocytosis (7 cases), while a few had lympho ia (2 caseﬁ. Heidarpour et al. (2012)
identified lymphocytosis in 21% of Leishmania-i S ibMashhad area. They concluded
that lymphocytosis is due to persistent antigx stiWon from chronic Leishmania infection
(Schultze, 2000). The lymphocytosis in ov%lfe%ogs may be indicative of chronic infection,
but lymphopenia in two other posiﬁ es Pay be due to stress response or acute inflammation
(Meléndez-Lazo et al. 2018

Eighteen percent of f N‘t\ dogs had low MCV which indicates microcytosis. This

morphologic feature of RBCs may reflect impaired iron homeostasis that has been previously

descrle&L\reguctlon in transferrin concentration has been reported in leishmaniotic
doN v‘s proposed to result in a reduction of iron (Silvestrini et al. 2014).
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Although anemia has been described as a prominent laboratory finding in dogs suffering from
leishmaniasis, in this study only 3 cases (27.27%) had anemia, while surprf y 2 cases
(18.18%) had hemoconcentration. The etiology of anemia in CVL is multifactAKv %nemia
of chronic disease being likely the most important cause and hemorrhage; ewsip, chronic
renal failure, and bone marrow hypoplasia are other possib onté)uting \causes (Meléndez-
Lazo et al. 2018). In addition, the anemia is more frqult in dogs show& clinical signs than in
subclinical seropositive dogs (Meléndez-Lazo et al. 20 The presence of hemoconcentration
in two cases could be a result of dehydration, respiq ufﬁ&ency, or cardiovascular disease.
Thrombocytopenia is considered a frequent Mrat@ﬂt in canine leishmaniasis (Paltrinieri
et al., 2016), however, this was an uncon&n fM in our study and was only identified in 2
cases (18.18%). Meléndez—LaZ% $ 1@ in Spain reported thrombocytopenia in 5.9% and
thrombocytosis in 11.8% of*ent—oqed dogs naturally infected with L. infantum. Heidarpour et
al. (2012) in Mashhad, @NM thrombocytopenia and thrombocytosis in 5.26% of infected

owned dogs, while the others (89.47%) had normal platelet count. These findings indicate that

the fred\c& th Bocytopenia in CVL may be dependent on other parameters including co-

iannd ‘\tritional conditions of infected dogs.
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Our results revealed that the high number of asymptomatic stray dogs (63.63%), could be have

an important role as reservoir host in this area. We found no significant association between
i

iﬁcantly
higher in males and in old age. This can be because of more expos‘e\?eflnd more
17;

probability of contact by vectors (Mohebali et al., 2005; S&e%l

2022; Nouroozi Kouh et al., 2023).

5. Conclusion Q

This study represents the first investigation % oprevalence in Kermanshah area, west of

seropositivity and age or sex. Some studies indicated that the infection ratehs'

osseini et al.,

Iran. The high frequency of infection améng edo dogs indicates that stray dogs from this
area have an important role as reset @p is‘al leishmaniasis. It needs early screening and

frequent surveillance of C\«’es{;ecia ig stray dogs, to decrease disease incidence in the

people. C \\\
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Table 1. Titration of seropositive dogs with the DAT according to clinical signs

No. DAT titer Clinical signs
1 1:160 - QQ
2 1:160 - \
3 1:160 - :2
4 1:160 -
5 1:320 -
6 1:640 %
X3

7 1:640

10

11
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Table 2. Frequency of hematological alterations in dogs infected with Leishmania ntum (11

cases) h . X

Number of dogs 36‘1“;;&;1-%15
Parameter”(unit) Q \”
High Low WO¥ timer, 2010

WBC (x10°/L) 5 0 6 05.0-14.1
Segmented Neutrophils (x10°/L) 2 Q} 2.9-12.0
Band Neutrophils (x10°/L) 9 x v 2 0.0-0.45
Lymphocytes (x10°/L) 7( \ 2 0.4-2.9
Eosinophils (x10°/L) J - 6 0.0-1.3
' 4 7 0.1-1.4

RBC (x10'"*/L) i\\ 2 3 6 4.95-7.87
Hemoglobin (gr/L) r( \ 1 3 7 119-189

-

Monocytes (x10%/L)

Hematocrit (L/ V 2 3 6 35-57
MCV (fxt \ 0 2 9 66-77
MCH (pg) ) % 0 5 6 21.0-26.2
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MCHC (%) 0 10 1 32.0-36.3

Platelets (x10°/L) 0 2 9 211-621

*WBC: leukocyte count; RBC: erythrocyte count; Hb: Hemoglobin; MCV: mean cell volu : atocrit;

MCH: mean cell hemoglobin; MCHC: mean corpuscular hemoglobin concentration.

*WRI: Within reference \ interval.
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Table 3. Prevalence of Leishmania infantum infection in different sex and e groups of

Kermanshah stray dogs

C\M
\\.

Results*

Risk factors ‘

Negative Positive o

\

Gender \
Male 4/30 (13.33%) 26/30 (86.66%) F
Female 7/62 (11.29%) 55/62 (88.70%)
Age ’
<2 years 4/37 (10.81%) 33/37 (89.18%)
2-5 years 7/41 (17.07%) 34/41 (82.92%)
>5 years 0/14 (0%) 14/14 (100%)
Total 11/92 (11.95%) 81/92 (88.04%)

*For each group numbers indicatﬁrepresent: the number of positive case/total number of cases (percentage of

positive cases Tl \W%S% in the group).
\ ) :
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