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ABSTRACT

Background: Canine leishmaniasis is an infectious protozoan disease transmitted by sand fly bites. The parasite
infects the macrophages of vertebrates during the amastigote stage.

Aim: This study aimed to detect the causative species for infections between dogs with Leishmania in Iraq and to
determine the relationship between isolates that infect Iraqi animals and other animals worldwide.

Methods: Fifty dogs of various breeds, ranging from 1 month to 7 years old of both sexes. Then, blood samples
were collected from the cephalic vein into an EDTA tube; DNA was extracted using a commercial kit. Afterward,
conventional PCR was performed using universal primers to detect 18S in Leishmania.

Results: Most dog infections were caused by Leishmania infantum. The age of the infected dogs ranged from a few
months to 7 years. Our results indicate that most infections with Leishmiania spp. occurred between older males
and younger females. Most dogs were asymptomatic, and a small percentage exhibited clinical signs, such as skin
lesions, rough coats, hair loss, and onychogryphosis. To confirm the results and gain insight into the origin of the
positive L. infantum isolates, 10 samples were sequenced. Interestingly, L. infantum isolates were typical of those
recorded in Brazil, France, and the USA, except for one isolate, which was slightly different from the detected isolates.
Therefore, our results showed that most infections were between older males rather than younger females, and the
DNA sequencing results indicated that only 1 isolate out of 10 had a different demographic origin.

Conclusion: Dogs in this study were infected mainly with L. infantum without any clinical signs; most isolates
resemble those recorded in Brazil, France, and the USA.

Keywords: Leishmania, Canine, PCR, Phylogenetic analysis, Al-Qadisiyiah.

Introduction Leishmaniasis is endemic in Iraq, and both cutaneous
and visceral forms have been reported (AlSamarai
and Al Obaidi, 2009; Gani ef al., 2010). Diagnosis of
Leishmania is based on the detection of amastigote
in biopsy/sample smears of lymphoid organs such

as bone marrow, lymph nodes, and spleen, as well

Canine leishmaniasis is a zoonotic protozoan disease
caused by Leishmania infantum, which is transmitted
by phlebotomine sand flies. It is considered a relevant
veterinary and public health problem in various

countries, where dogs are considered the main reservoir
(Albuquerque et al., 2017). Dogs can develop clinical
signs or be asymptomatic; nevertheless, they can spread
the protozoan within the dog population and remain a
source of infection for sand flies, which transmit the
parasite to other hosts (Solano-Gallego et al., 2017).
The clinical form of the disease varies from cutaneous
leishmaniasis (CL), mucocutaneous leishmaniasis, and
visceral leishmaniasis (VL); CL is the most prevalent
form of the disease (Eshetu et al., 2016). VL, also
known as kala-azra, is caused by both L. infantum and
L donovani. Moreover, several signs and symptoms are
associated with its pathogenesis, such as fever, weight
loss, paleness, and enlargement of the spleen and liver
(hepatosplenomegaly) (Najafi ez al., 2021; Costa et al.,
2023).

as liver and skin (Tafuri et al., 2001; Sundar and
Rai, 2002). Molecular diagnosis is based on the
amplification of several targets, including ITS-
1, hsp70, 18S, and cathepsin L-like, by PCR, as
referred by da Silva et al., (2019); Giraldo-Martinz
et al., (2022); and Osorio-Peralta et al., (2024),
which allow phylogeny and taxonomy studies.
Thus, the aim of this study was to detect species that
mainly infect dogs and to determine the phylogenetic
relationship between the detected isolates and other
globally recorded species.

Materials and Methods

Study area and sample collection

The investigation was performed from February to
October 2023 in Al-Diwaniyah, Iraq. A total of 50
blood samples were collected from randomly stray
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and domestic dogs via cephalic venipuncture under
sterile conditions. Aggressive dogs were sedated with
ketamine 10%/xylazine 2% (Alfasan, Holland) in 1:1/2
ml i.m. Blood was collected in tubes with EDTA as
anticoagulant and stored in a cooling box with ice until
delivery to the biological laboratory for analysis and
stored at —20°C until DNA extraction.

DNA extraction

Genomic DNA was extracted from whole blood
using a tissue DNA extraction kit (AddBio, Korea),
and the DNA concentration was measured using a
Quantus™ Fluorometer (Promega, USA) following the
manufacturer’s instructions. The extracted DNA samples
were stored at —20°C until use. Molecular diagnosis was
performed by conventional PCR using universal primers
targeting the partial regions of the small ribosomal RNA
gene 18S (F-5° GCCTCTAGGCTACCGTTTCG ’3; R-
5> GTAAGGTGGTAAAAGCGGGC ‘3). Primers were
designed using the National Center for Biotechnology
Information (NCBI) service with the relevant accession
numbers of (MN757921) related to Leishmania spp. The
PCR was run in 20 pl total reaction volume in which
10 pl master mix (AddBio, Korea), 2 ul of each primer
(forward and reverse), 4 pl of nuclease-free water, and
2 ul of template DNA. The thermal conditions were
achieved in a thermal cycler system (BioRad, USA) with
an initial denaturation of 95°C for 3 minutes, followed by
39 cycles of denaturation at 95°C for 30 seconds, 55°C
for annealing, and 72°C for 30 seconds as an extension
step and final extension at 72°C for 1 minutes.

PCR products were analyzed by agarose gel
electrophoresis, and amplicons were selected from
positive PCR samples for sequencing using the Sanger
method at Macrogen Inc. (South Korea). Sequence
data were deputed and submitted to GenBank (NCBI)
for assignment of accession numbers. A phylogenetic
tree was built using Molecular Evolutionary Genetics
Analysis version 10 (Mega x) and multiple sequence
alignment analysis based on Clustal W alignment
analysis using sequences reported in GenBank. This
analysis was performed using the software provided by
Stecher et al. (2020): Molecular Biology Evolutionary
Genetics Analysis for macOS from Molecular Biology
and Evolution (http://doi.org/10.1093/molbev/msz312).
Statistical analysis

All the statistical analysis depending on chi square
was done by using Statistical Package for the Social
Science (SPSS) program (version-10) (SPSS, 2006). In
all cases, p < 0.05 was considered significant.

Ethical approval

The study protocol was approved for animal care and
use by the College of Veterinary Medicine, University
of Al-Qadisiyah, Al-Diwaniyah province, Iraq. The
study was approved on November 22, 2022 (No. 1890).

Results

The dog population consisted of 50 random dogs
domesticated by rural people; almost all the animals

were healthy except 6 dogs exhibited scattered clinical
signs, such as skin lesions, particularly in the hips,
legs, around the eyes, and tail, with a rough coat,
dehydration, segregation, and skin wounds in different
parts of the body due to fighting with other dogs in
the herd. Occasionally, a high temperature, redness
of one or both eyes, anemia, thickening of paws
hyperkeratinization, loss of hair in the infected area,
and onychogryphosis. Age was determined after asking
the owner or by examining the teeth of the calming
animals.

PCR amplification showed that 24 animals were
positive for Leishmania spp. by amplification of the
18S gene. Regarding age, a higher prevalence rate was
detected in dogs older than 1 year old, mostly males
compared to females. All animals with symptoms
were infected and almost all asymptomatic dogs. The
highest distribution rate of infected dogs was in the
Saniya district at 20% (Figures 1 and 2); Table (1-4).
Results showed that 10 Iraqi isolate records (PP033598;
PP033599;  PP033600; PP033601; PP033602;
PP033603; PP033604; PP033605; PP033606; and
PP033607) of L. infantum submitted to GenBank were
based on phylogenetic analysis of similarly nucleotide
sequence recorded isolates; these isolates were as
follows: Brazilian (MN757921.1; MH410817.1;
OR814200.1; OR656595.1; and 0Q581239.1)
(Marcili et al., 2020; Rogerio et al., 2023); French
(MK495995.1 and MK495992.1) (Medkour et al.,
2019); and American (XR_001203206.1) (Peacock
et al., 2007), as seen in Figure 3.

Depending on the phylogenetic tree analysis of the
S18 sequence in Leishmania, we can notice the typical
identity range (100%) of isolates PP033598 and
PP033599 (remarked with a red circle) to the global
isolates such as MN757921.1 Brazil; MH410817.1
Brazil; ORS814200.1 Brazil; OR656595.1 Brazil,
0Q581239.1 Brazil;  MK495995.1 France;  and
XR 001203206.1 USA (remarked with a blue circle),
while the isolates PP0033600, PP0033602, PP0033605,
and PP0033606 showed a wide identity range (99%)
for the previously recorded isolates in Brazil, France,
and USA.

The isolates PP0033601, PP0033603, and PP0033604
have a slight identity (98%—-99%), and PP0033607 has
little difference from all other isolates, as shown in
Figure 3 of the phylogenetic tree.

When compared to the new isolates, such as PP033598
to other cosmopolitan isolates such as MN757921.1
Brazil showed 100% identity, while PP033599,
PP033600, PP033601, PP033604, and PP033605
showed 99.74%, 99.48%, 99.48%, 99.48%, and
99.48% identity, respectively.

The isolates PP033602, PP033603, PP033606, and
PP033607 showed 98.96%, 98.96%, 98.45%, and
98.45% identity, respectively, depending on NCBI-
BLAST Homology sequence identity (Table 5). This
results detected according to the gene that was used in
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Fig. 1. Agarose gel electrophoresis (1.5% agarose) shows the positive product of Leishmania
spp. targeting a partial region within the small subunit ribosomal RNA gene (size = 445 bp).
M: molecular weight marker (Genedirex, South Korea). C: negative control, deionized-distilled

H,O was added as a template.

Fig. 2. Representative clinical signs of the study population with leishmaniasis. (A) Presence
of skin lesions, loss of hair, and hyperkeratinization in flank, hip, tail, and ankle. (B) Periorbital
skin lesions. (C) Wounds and inflammation in the skin polarized to insects. (D) Supraorbital
skin lesions with scales.

the study and comparison in addition to parasite species,
while another study may detect another parasite species
and use different genes for sequencing.

Discussion

Canine leishmaniasis is a zoonotic chronic disease;
the vector is mostly infected sand flies and can be
potentially fatal to humans and dogs and their diagnosis

and laboratory aspects are very difficult, especially
due to the lack of more effective drugs and vaccines
(Ribeiro et al., 2018). Difficult diagnosis may be due
to asymptomatic dogs that are predominantly infected
without symptoms.

Leishmania infantum is widely distributed throughout
the canine population, and the dog is a reservoir host
that acts as a focus for transmission of the infection;
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Table 1. Number of infected dogs according to age.

Infection  Total number of . Percentage
Infected animals o

Age tested samples (%)

<1 year 24 10 20

>1 year 26 14 28
Total 50 24 48

X 0.742

p value 0.389 (No significant difference)

Table 2. Number of infected dogs according to sex.

Infection  To¢al number of

i ()
tested samples Infected animals Percent (%)

Sex

Male 30 14 28
Female 20 10 20
Total 50 24 48
X 0.053

p value 0.817 (No significant difference)

Table 3. Number of infected dogs according to the presence of clinical signs.

Infection  Total number of

i o
tested samples Infected animals Percent (%)

Symptoms

Symptomatic dogs 6 6 12
Asymptomatic dogs 44 18 36
Total 50 24 48
X 7.38

p value 0.007 (Significant difference)

Table 4. Number of infected dogs according to location collected from.

Infection  Total number of

i o
tested samples Infected animals  Percent (%)

Location

City center 10 4 8
Nuffar 9 10
Saniya 19 10 20
Daghara 6 6
Sumer

Total 50 24 48
X 1.15

p value 0.886 (No significant difference)

the percentage of infection was 48% that was agreed
to Al Obaidii and Almashhadany (2023), who
recorded the highest risk positive results in buffy coat
samples compared to skin biopsy using the /7S] gene.

Nested PCR showed that the overall prevalence of
leishmaniasis in dogs was 88.33% based on the use of

kDNA gene primers that belonged to L. tropica in the
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Fig. 3. Phylogenetic tree of L. infantum based on 18S gene sequences. The tree was built using
the maximum likelihood method and was drawn to scale, with branch lengths measured as
the number of substitutions per site (below the branches). There were 386 positions in the
final dataset. Evolutionary analyses were conducted using MEGA10 software. The scale bar

indicates the distance between these sequences.

middle Euphrates and Al Diwanyia city (AlSeady and
Al-Dabbagh, 2024).

The prevalence of infection in younger animals (<1
year) was 20%, and the percentage recorded in older
animals (>1 year old) was 28%; there was no significant
difference at p-value and this result was similar to that
recorded by Lima et al. (2019) and Al Obaidii and
Almashhadany (2023). The reason is the chance that
older dogs have more environmental contact than
younger dogs during the suckling period, as the contact
with their moms and the risk of infection increase with
age (Lima et al., 2019). Another study by Rombola
et al., (2021) and Salant ef al., (2021) documented
that older dogs mainly had higher positivity rates than

younger strays, and rural dogs had higher infectivity
rates than owned and urban dogs. The possibility
of vertical transmission from mothers to puppies in
the cases of a small-age dog infection is one of the
transmission methods (Rosypal, 2005; Al Obaidii,
2019; Lima et al., 2019; Salant ef al., 2021).

The infectivity rate in males was 28% and in females
was 20%; there was no significant difference at p-value,
and these results were similar to those of Al Obaidii
and Almashhadany (2023). The reason was that males
were affected by fighting between them on dominion
the herd which led to exposure of several dogs to skin
wounds; wounds may be attractive for insects that
transmit some diseases, including Leishmania.
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Table 5. The NCBI-BLAST homology sequence identity (%) of local L. infantum numbers (PP033598, PP033599, PP033600,
PP033601, PP033602, PP033603, PP033604, PP033605, PP033606, and PP033607), which were compared with other global

sequences.
NCBI-BLAST homology sequence identity (%)
Sequence Accession number Genbank accession
number Identical to Country Identity (%)
number
1 PP033598 L. infantum MN757921 Brazil 100
2 PP033599 L. infantum MN757921 Brazil 99.74
3 PP033600 L. infantum MN757921 Brazil 99.48
4 PP033601 L. infantum MH410817 Brazil 99.48
5 PP033602 L. infantum MK495995 France 98.96
6 PP033603 L. infantum MK495992 France 98.96
7 PP033604 L. infantum OR814200 Brazil 99.48
8 PP033605 L. infantum OR656595 Brazil 99.48
9 PP033606 L. infantum 0Q581239 Brazil 98.45
10 PP033607 L. infantum MK495992 France 98.45

Furthermore, the most neglected clinical signs were
skin lesions, hyperkeratinization onychogryphosis, and
skin wounds in different parts of the body, especially
the face, ears, nose, and skin around the eyes; skin
lesions were indicated for infective dogs, there was a
significant difference, and the results were similar to
those noticed by Rombola et al. (2021). Garbi et al.
(2015) noticed that there were skin ulcers on the face
and quarters and diarrhea, vomiting, and paw pad
fissure, and the other animals did not show any findings;
there was thickening in the paws (Alwan and Jassim,
2021) that differ from Garbi et al. (2015) who said that
there were 11.54% of animals are asymptomatic and
88.46% were symptomatic for canine leishmaniasis.
The infection rate was higher in Sanyia depending on
the collected samples from this district compared to
other districts; there was a significant difference and
disagreement with Al-Maeahi and Marhoon (2018)
and Alwan and Jassim (2021), who said Sanyia had
the lowest percentage than Al Hamza Al Sharqi district
when they collected blood from infected children with
VL; the reason may be due to favorable environmental
conditions for sand flies breeding in these regions,
the increased exposure of dogs to sand fly bites and
do not involved of Al Hamza Al Sharqi in the current
study it was being higher prevalence rate in canine
leishmaniasis.

The sequence results and phylogenetic tree analysis
showed that all sent isolates were positive for L.
infantum and resemble global isolates such as
Brazilian (Marcili et al., 2020; Rogerio et al., 2023),
French (Medkour et al., 2019), and American isolates
(Peacock et al., 2007). These results may be caused
by the recent breeding of animals and the mating of
local canine breeds with foreign breeds; thus, puppies
can be infected with leishmaniasis during pregnancy
(Rosypal, 2005). The weak quarantine of the Iraqi

border, especially with Iran and Turkey, aids to
introduce different foreign breeds that may carry the
infection asymptomatically attributed to the similarity
between recently recorded strains and the latest
Brazilian, French, and American strains. Nucleotide
sequence analysis indicated that all sequences have
at least 99.07% of identity with other Leishmania
(Leishmania) infantum strains and isolates were close
genetically with a very low sequence variability among
isolates and L. infantum using internal transcribed
spacer genes; identity ranged from 99.63% up to 100%
of identity (Al Obaidii and Almashhadany, 2023),
whereas Al-Ardi (2022) detected Leishmania spp.
using nanoparticles with an overall relative sensitivity
of 90% using nanoparticles of the Ist] gene.

Few studies in Iraq, especially those on canines, and
wide spectrum of Leishmania spp. and the current
study specialized on L. infantum only attributed
to recorded this results from people habit to open
mind on the world and attributed many families to
borrowing and breeding the puppies while imported or
domestic animals trading with animals and matting to
domestic breeds so the dogs can transmit the infection
that aids to the presence of Leishmania within high
percent; in addition to the dogs is a reservoir hosts
and asymptomatic reservoir host that act as focus for
transmission of the disease. This is the first study in
Iraq to report a canine L. infantum in Al Qadisiya
province using the sequence analysis of the /8S gene,
while Al-Ardi (2022); Ferreira et al. (2022); Al Obaidii
and Almashhadany (2023) reported the presence of
Leishmania DNA in blood samples when they detected
the ITS1 gene of Leishmania.

A wide range of the seriously of L. infantum lies in
infectious diseases between humans and animals and
black fever disease that infects children, which is
mainly known as VL. Many people breed dogs to guard
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and protect their livestock, houses, and wide fields, or
for ornament and entertainment, which causes a serious
problem in many areas.

Leishmaniasis is a major health problem for pets and
domestic canines in tropical and subtropical areas that
have been linked to poverty and limited access to health
care; control is difficult because the vectors are present
(Marcili et al., 2020; Rogerio et al., 2023).

Conclusion

Leishmaniasis is an endemic disease in Iraq; dogs are
the main reservoir host of the disease, which is infected
without clinical signs; a high percentage of infectivity
rate forebode is a risk to human beings and animals in
Al Diwanyia province, especially.
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