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from Iraq Using 7188 rRNA Gene Analysis
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Abstract | Entamoeba species are common intestinal protozoa infecting humans and many animals, including wildlife.
However, limited molecular data are available on infections in captive ungulates in Iraq. This study aimed to assess
the prevalence of Entamoeba using microscopy and to identify the species at the molecular level through partial 185
rRNA gene sequencing and phylogenetic analysis. A total of 180 fresh fecal samples were collected from four captive
ungulate species belonging to the families Cervidae (Axis axis and Dama mesopotamica) and Bovidae (Gazella gazella
and Gazella marica) in Baghdad, Hilla, and Karbala, Iraq. Samples were examined microscopically using direct wet-
mount and formalin—ether concentration techniques. A stratified selection of ten microscopy-positive samples was
further analyzed by PCR targeting the partial 78S rRNA gene, followed by DNA sequencing, BLAST comparison,
and phylogenetic analysis. Microscopic examination revealed Enfamoeba cysts in 90 of 180 samples (50.0%), with
significant regional differences (P < 0.05): 41.38% in Baghdad, 52.38% in Hilla, and 70.00% in Karbala. Molecular
analysis identified two Entamoeba species, E. histolytica (GenBank accession numbers PQ661235.1-PQ661236.1) and
E. coli (PQ661237.1-PQ661239.1). The sequences shared over 99% identity with reference sequences in GenBank, and
phylogenetic analysis placed the Iraqi isolates within the respective E. histolytica and E. coli clades. This is the first study
to molecularly identify Enfamoeba spp. in captive ungulates in Iraq, providing baseline epidemiological and genetic
data for these parasites in wildlife. While the results indicate the presence of potentially zoonotic Entamoeba species,
turther research with larger molecular samples, higher-resolution genetic markers, and integrated human, livestock,
and environmental sampling is necessary to better understand transmission dynamics within a One Health framework.
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INTRODUCTION

a non-pathogenic indicator of fecal contamination.
Transmission occurs primarily via the faecal-oral route,

tamoeba species are intestinal amoeboid protozoa

that infect humans and a wide range of domestic and
wild animals worldwide. While most species are considered
commensal, Enfamoeba histolytica is an important
pathogenic protozoan responsible for amoebiasis, a disease
of considerable public health and veterinary importance.
By contrast, Entamoeba coli is generally regarded as

with environmentally resistant cysts contaminating food,
water, or the environment. Despite advances in sanitation
and disease management, amoebiasis continues to be a
significant public health concern in many low- and middle-
income countries. Since Enfamoeba species can infect
both humans and animals, studying their epidemiology is

important from a One Health perspective (World Health

March 2027 | Volume 15 | Issue 1 | Page 66

) :
Sold Links
OResearchers


https://dx.doi.org/10.17582/journal.jahp/2027/15.1.66.75
https://crossmark.crossref.org/dialog/?doi=10.17582/journal.jahp/2027/15.1.66.75&domain=pdf&date_stamp=2008-08-14

OPEN 8ACCESS

Journal of Animal Health and Production

Organization, 2023; Stanley, 2003).

Recent molecular research has significantly advanced our
knowledge of the epidemiology, host range, and genetic
diversity of Entamoeba species in wildlife. These surveys
have detected Entamoeba infections in captive and wild
ungulates, zoo animals, wild boars, and other wildlife
across Asia, Australia, Europe, and Africa, illustrating the
wide host range of these protozoa (Hasegawa ez a/., 2015;
Taniuchi e al., 2020; Huaman ez a/l., 2022). In Australia,
Huaman ez /. (2022) found Entamoeba spp. in wild deer
and cattle, indicating potential sharing of parasites among
sympatric hosts. Likewise, Huang ez 2/. (2022) identified E.
histolyticaand E. disparin farmed sika deer in China. Overall,
these findings underscore the importance of molecular
surveillance for precise identification of Enfamoeba species
in wildlife and for enhancing our understanding of host
distribution and molecular epidemiology.

Recent molecular studies in Iraq have documented
Entamoeba infections in humans and domestic animals (Al-
Sudani, 2023; Al-Jubori ez al., 2024; Hussain and Mahdi,
2024). However, comparable molecular investigations of
captive wildlife have not been conducted. Consequently,
information on the prevalence, species composition,
genetic diversity, and phylogenetic relationships of
Entamoeba spp. infecting captive ungulates in Iraq remains
unavailable. This absence of molecular epidemiological
and phylogenetic data limits current understanding of
Entamoeba diversity in captive ungulates in Iraq and
highlights the need for molecular characterization of
circulating isolates.

Captive wildlife populations serve as unique ecological
interfaces where close contact among animals and
enclosure management may promote parasite persistence.
Nonetheless, no molecular research has explored Entamoeba
species infecting captive ungulates in Iraq.

This study aimed to assess the prevalence of Entamoeba
infection in captive ungulates in central Iraq through
microscopic examination and to genetically characterize the
identified isolates via partial 78S RNA gene sequencing,
tollowed by phylogenetic analysis. It also aimed to establish
baseline molecular epidemiological data on Entamoeba spp.
in captive wildlife in Iraq.

MATERIALS AND METHODS

STUDY AREA AND SAMPLING SITES

The study was conducted between October 2023
and August 2024 in three provinces of central Iraq:
Baghdad (33°20'00.0"N, 44°24'00.0"E), Babil (Hilla)
(32°28'00.0"N, 44°25'00.0"E), and Karbala (32°36'00.0"N,

44°00'00.0"E). Sampling was performed throughout the
study period in protected wildlife enclosures managed by
the Iraqi Ministry of Environment.

'The taxonomic classification of the deer species examined
in the present study were shown in Figure 1. While, the
geographical distribution of the study sites was shown in
Figure 2. The sites comprise protected wildlife enclosures
managed by regional authorities under the Iraqi Ministry
of Environment and are located in central Iraq.

Kingdom: Animalia

Phylum: Chordata
Class: Mammalia

Order: Artiodacyla
|

Family: Cervidae Family: Bovidae

Genus: Axis
| l

Species: ‘ Species: W v Species: |
Axis axis Gazella & Gazella gazella,
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Figure 1: Taxonomic classification of the deer species
examined in the present study in Iraq.

Species:

Dama
mesopotanica

SAMPLE COLLECTION AND PRESERVATION

A total of 180 fresh fecal samples were collected from
captive ungulates aged 6 months to 3 years between
October 2023 and August 2024. Samples were collected
immediately after spontaneous defecation to minimize
environmental contamination and to avoid repeated
sampling of the same individual whenever possible.
Each sample was transferred into a sterile screw-capped
container containing 2.5% potassium dichromate solution
and labeled with a unique identification code indicating
the host species, sampling location, approximate age class,
and date of collection. The samples were transported to the
laboratory under cooled conditions and stored at 4 °C until
microscopic examination, after which aliquots designated
for molecular analysis were preserved at -20 °C prior to
DNA extraction. The sample size was calculated according
to the accessibility and availability of captive deer within
the participating conservation enclosures during the study
period.

MICROSCOPIC EXAMINATION AND MORPHOLOGICAL
DIAGNOSIS

Each fecal sample was examined using direct wet mounts
and the formalin—ether concentration technique (FECT),
following protocols from Cheesbrough (2006) and Allen
and Ridley (1970). For microscopic analysis, saline and
Lugol’s iodine smears were prepared and examined under
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a light microscope at 100x and 400x magnification. The
FECT procedure involved mixing 1 g of faeces with 10
mL of 10% formalin, filtering through gauze, adding 3
mL of diethyl ether, and centrifuging at 2000 rpm for 5
minutes. The sediment was examined for Entamoeba cysts,
noting their size and the number of nuclei in mature cysts.
Microscopic identification was based on the morphological
criteria described by Williams (1998), Cheesbrough
(2006), and Garcia (2016), including cyst size, number of
nuclei, and the morphology of chromatoidal bodies. Figure
3 depicts these features, aiding in cyst identification.
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Figure 2: Map showing the sampling locations across
three central Iraqi provinces (Baghdad, Babil/Hilla, and
Karbala), indicating protected deer breeding enclosures
and the observed epidemiological gradient.

DNA EXTRACTION, AMPLIFICATION, SEQUENCING,
AND PHYLOGENETIC ANALYSES

Comprehensive  DNA  analyses were conducted to
investigate genetic variation among FEnfamoeba species,
revealing evolutionary patterns across diverse ecological
niches. DNA was extracted, amplified, and sequenced to
test the central hypothesis and explore genetic diversity
and phylogenetic relationships.

Karyosome

Nucleus

Nucleus
E. histolytica E. coli
~10 ym ~20 um

Figure 3: Schematic illustration of typical Entamoeba cysts
and their principal morphological characteristics.

DNA EXTRACTION

For molecular analysis, ten microscopically confirmed
positive samples were selected. The selected samples
represented all available PCR-positive specimens from
different host species and geographical locations. To
ensure host diversity, all four deer species were represented.
Infection intensity was also considered by including samples
with both high- and low-intensity infections. Additionally,
the species were represented by both E. histolytica and E.
coli, based on initial cyst morphology. DNA quality was
assessed by electrophoresis on 1% agarose gel prior to PCR
amplification.

Genomic DNA was extracted from these ten fecal samples,
which were stored at =20 °C with minimal freeze-thaw
cycles to maintain integrity. The Intron Biotechnology
DNA Extraction Kit (Korea) was used according to the
manufacturer’s instructions, yielding DNA of suitable
quality for subsequent molecular applications.

TARGET LOCUS AMPLIFICATION AND PCR SETTINGS

A ~585 base pair (bp) segment of the 78S rRNA gene was
amplified via polymerase chain reaction (PCR) using a
standard thermocycler. The primer pair described by Ver-
weij ez al. (2003) was used for molecular identification.
The forward primer was 5-GTTGATCCTGCCAG-
TATTATATG-3', and the reverse primer was 5'-CAC-
TATTGGAGCTGGAATTAC-3'.

Each PCR (polymerase chain reaction) was prepared in
a 25 pL volume containing 12.5 pL of GoTaq Green
Master Mix (2x, Promega, USA), which includes DNA
polymerase, dNTPs, magnesium chloride, and buffers.
Additionally, 1 uL. of each primer (10 pmol/pL), 1.5 pL
of DNA template, and 9 pL of nuclease-free water were
added. The thermocycling protocol commenced with an
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initial denaturation at 95 °C for 5 minutes, followed by 35
cycles of 95 °C for 45 seconds (denaturation), 56 °C for 45
seconds (annealing), and 72 °C for 1 minute (extension).
A final extension at 72 °C for 5 minutes concluded the
process. The annealing temperature of 56 °C was selected
based on prior calculations of primer melting temperature
and gradient PCR experiments.

Each PCR run included a positive control (previously
confirmed Entamoeba DNA), a no-template negative
control containing nuclease-free water, and an extraction
blank to monitor possible contamination during DNA
extraction. DNA extraction, PCR preparation, and post-
amplification procedures were performed in physically
separated laboratory areas using aerosol-resistant filter tips.

DNA SEQUENCING AND SEQUENCE PROCESSING

Ten PCR-positive amplicons representing different
host species and sampling locations were selected for
sequencing to confirm species identity and obtain
representative molecular data from the study population.
The selected amplicons encompassed the available PCR-
positive specimens from the different host species and
geographic regions included in this study. PCR products
were purified using the StrataPrep PCR Purification Kit
(Agilent Technologies, USA) to remove residual primers,
nucleotides, and other reaction components prior to
sequencing. The purified amplicons were then submitted
to Macrogen Inc. (Seoul, South Korea) for bidirectional
Sanger sequencing. The resulting nucleotide sequences
were aligned using the ClustalW algorithm implemented
in MEGA version 12, and species identity was verified
by comparison with reference sequences in the NCBI
GenBank database using the BLAST algorithm (Kumar
et al., 2018; Tamura e al., 2021). Chromatograms were
visually inspected, and ambiguous nucleotide calls were
manually edited before sequence alignment.

PHYLOGENETIC ANALYSIS AND DATA SUBMISSION
Phylogenetic relationships among the obtained sequences
and selected reference sequences retrieved from the NCBI
GenBank database were inferred using the Maximum
Likelihood (ML) method implemented in MEGA version
12. The Tamura—Nei model was selected as the best-fit
substitution model according to the lowest AIC value
K2P. Node support was evaluated using 1,000 bootstrap
replicates (Kumar ez 4/, 2018).

The use of additional markers was beyond the scope of the
present study and is recommended for future investigations
requiring strain-level discrimination.

STATISTICAL ANALYSIS
Prevalence (%) was calculated as the number of positive
samples divided by the total number of examined samples.

Associations between infection status and geographical
location were evaluated using Pearson’s Chi-square (x°)
test. Statistical significance was set at P < 0.05. All analyses
were performed using IBM SPSS Statistics version 25
(IBM Corp., Armonk, NY, USA).

RESULTS

MICROSCOPIC EXAMINATION

Microscopic examination of 180 fecal samples revealed
Entamoeba cysts in 90 samples, corresponding to an overall
prevalence of 50.0%. Based on established morphological
criteria (Garcia, 2016; Cheesbrough, 2006), the observed
cysts were spherical to oval, measured approximately
10-20 pm in diameter, and contained 1-4 nuclei with
characteristic chromatoidal bodies (Table 1). Mature E. co/i
cysts were generally larger and contained up to eight nuclei,
whereas mature E. histolytica cysts measured approximately
10-20 pm and contained up to four nuclei (Figure 4A, B).
Because microscopy alone cannot reliably distinguish E.
histolytica from morphologically similar species, molecular
analysis was subsequently performed to confirm species

identity.

Table 1: Morphological characteristics of cystic stages of
Entamoeba species identified in the present study.

Species Size Nuclei Chromatoidal Pathogenic
range (mature barappearance status
(pm) cyst)

Entamoeba  10-20 1-4 Smooth, Potentially

histolytica rounded ends  Pathogenic

Entamoeba  10-35 1-8 Splintered or ~ Commensal

coli irregular

The prevalence differed of Entamoeba infection varied
significantly among the three study provinces (y* = 8.45, P
= 0.015). The highest prevalence was recorded in Karbala
(70.0%; 21/30), followed by Babil (52.38%; 33/63) and
Baghdad (41.38%; 36/87) (Table 2; Figure 5). The spatial
distribution of infection is illustrated in the epidemiological

map (Figure 2).

Differences in infection prevalence were also observed
among the host species examined. Gazella marica showed
an observed prevalence, particularly in Karbala (68.75%),
whereas Dama mesopotamica showed prevalence values
ranging from 40% to 50%. The prevalence recorded for
each host species is presented in Table 2.

MOLECULAR CHARACTERIZATION AND PHYLOGENETIC
RELATIONSHIPS

PCR amplification of the partial 78S rRNA gene yielded
the expected 585 bp amplicon in 10 of the microscopically

positive samples, confirming the presence of Entamoeba
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DNA (Figure 6). Ten representative PCR-positive
amplicons selected from different host species and
sampling locations were subjected to sequencing.

Table 2: Distribution of Entamoeba infection among deer
species across selected Iraqi provinces.

Baghdad Gazella gazella 32 14 43.75 LC

25 10 50.00 LC

Gazella marica

Babil 5417 LC

(Hilla)

Gazella marica 24 13

40.00 EN

Dama mesopotamica 10 4

Karbala Gazella marica 16 11  68.75 LC

50.00 EN

Dama mesopotamica 6 3

Total 180 90  50.00

LC= Least Concern; EN= Endangered (based on the IUCN
Red List, 2024). Infection rate = (Positive/Total samples) x 100.

Sequence analysis and comparison with reference sequences
in the NCBI GenBank database identified two Entamoeba
species: E. histolytica and E. coli. The obtained sequences
shared nucleotide identities ranged from 99.57% to
99.76% with corresponding reference sequences deposited
in GenBank (Table 3). Specifically, E. histolytica isolates
(PQ661235.1 and PQ661236.1) showed 99.57% identity
with reference isolate KJ870203.1 from Cameroon,whereas
E. coli isolates (PQ661237.1-PQ661239.1) shared 99.76%
identity with reference isolate MH133210.1 from China.

GENE BANK SUBMISSIONS

The nucleotide sequences generated in the present study
were deposited in the NCBI GenBank database under
accession numbers PQ661235.1-PQ661239.1 (Table 3).
'These represent the first publicly available molecular records
of Entamoeba spp. obtained from captive ungulates in Iraq.

PHYLOGENETIC ANALYSIS
Phylogenetic analysis of the partial 78S rRNA gene using

the Maximum Likelihood method with 1,000 bootstrap
replicates divided the sequences into two well-supported
clades, representing E. histolytica and E. coli (Figure 7).
Iraqi isolates grouped within their respective species clades
alongside homologous reference sequences from GenBank.
Pairwise sequence comparisons yielded p-distance values
below 0.005 among the analyzed sequences.

:,-‘ it Fd L {-.
i RO 0 SO SRt A Q CAERORN
Figure 4: Representative mature cysts of Entamoeba

species: (A) Entamoeba coli cyst with eight nuclei; (B)
Entamoeba histolytica cyst with four nuclei.

Table 3: Molecular identification and BLAST analysis of Entamoeba isolates obtained in this study.

PQ661235.1 E. histolytica

PQ661237.1

E. coli

Cameroon (KJ870203.1)

China (MH133210.1)

99.29% Pathogenic

99.76%

Commensal

PQ661239.1 E. coli

China (MH133210.1)

99.57%

Commensal
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Figure 5: Prevalence of intestinal protozoan infections
among captive deer across the three central Iragi provinces.
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Figure 6: Agarose gel electrophoresis showing PCR
amplification of the partial 78§ rRNA gene (~585 bp)
from faecal samples of captive deer.
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Figure 7: Phylogenetic relationships of Entamoeba species
isolated from captive deer in Iraq based on partial 78§
rRINA gene sequences.

DISCUSSION

The current study differentiates molecularly between
Entamoeba spp. infecting captive ungulates in Iraq and
builds on prior microscopic surveys of the country’s wildlife.
Microscopy showed a prevalence of 50.0%, and molecular
analysis identified the presence of E. histolytica and E.
coli. Although E. histolytica is recognized as a pathogenic
species, the present study confirmed only species identity
and did not evaluate clinical disease or pathogenicity in the
sampled animals. These results broaden our understanding
of intestinal protozoan infections in Iragi wildlife and
provide molecular data for future epidemiological research.
While Al-Khaiat ez a/. (2025) previously documented
intestinal parasites in captive deer, including Entamoeba
spp., this study builds on those findings by providing
molecular confirmation and phylogenetic analysis, thereby
enhancing the accuracy of parasite identification.

The overall prevalence found in this study (50.0%) aligns
with figures reported for both captive and wild ungulates
across various countries, although notable variation
exists among different studies. These prevalence rates
are affected by factors such as host species, sample size,
location, climate, management practices, and diagnostic
techniques. Molecular methods generally yield more
accurate species identification than microscopy alone, as
morphological similarities among Enfamoeba species can
hinder distinction based solely on cyst appearance. Similar
findings have been observed in captive wildlife from Egypt,
India, and other regions, where Entamoeba infections are
often detected in herbivorous mammals kept in captivity
(El-Badry ez al., 2017; Das et al., 2018; Ghoneim e# al.,
2020).

Significant geographical variation in infection prevalence
was observed across the three study provinces, with the
highest prevalence recorded in Karbala. Although the
present study was not designed to determine the causes
of these regional differences, variations in enclosure
management, differences in husbandry practices, sanitation
practices, water quality, environmental conditions, and
animal contact rates may have contributed to the observed
differences. Similar environmental and husbandry-related
factors have previously been associated with variation in
intestinal protozoan infections among captive wildlife
populations (Fotedar ez a/., 2007; El-Badry ez al., 2017).
However, additional epidemiological studies incorporating
environmental ~sampling and management-related
variables are required to clarify the factors influencing
parasite distribution under Iraqi conditions.

Microscopic ~ examination  enabled  preliminary
recognition of Entamoeba cysts based on established
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morphological criteria, including cyst size, number of
nuclei, and chromatoidal body morphology (Garcia,
2016; Cheesbrough, 2006). Nevertheless, microscopic
examination alone cannot reliably distinguish E. histolytica
from morphologically similar species such as E. dispar
and E. moshkovskii. Consequently, molecular confirmation
using PCR amplification and sequencing of the partial 78S
rRINA gene was essential to accurately determine species
identity. The combined application of microscopy and
molecular techniques therefore increased the diagnostic
reliability of the present investigation and reduced the
possibility of species misidentification.

Sequence analysis demonstrated that the Iraqi isolates
shared more than 99% nucleotide identity with
corresponding reference sequences available in GenBank.
Two isolates were identified as E. histolytica,and three as E.
coli. Comparable levels of sequence conservation have been
reported in previous molecular studies of Entamoeba spp.,
reflecting the relatively conserved nature of the 78S »RNA
gene among members of the genus (Clark, 2006; Sharma
et al., 2013). Accordingly, the high sequence similarity
observed in the present study confirms the suitability of
the 18S rRNA marker for species-level identification
of Entamoeba but should not be interpreted as evidence
of recent transmission events or direct epidemiological
linkage between geographically distant populations.

Phylogenetic analysis further supported the sequence-
based identification by clustering the Iraqi isolates within
two well-supported clades corresponding to E. histolytica
and E. coli. The close association of the Iragi sequences
with homologous isolates reported from other countries
reflects the conserved nature of the analyzed gene region
rather than indicating direct epidemiological connections.
Similar clustering patterns have been described in previous
phylogenetic analyses of Entamoeba isolates obtained from
humans and animals in different geographical regions
(Clark and Diamond, 2002; Rivero-Juarez ez al., 2020).
Because only a partial fragment of the 78S 7RNA gene
was analyzed, the present data do not provide sufhicient
resolution to infer transmission pathways, host adaptation,
or evolutionary history. Such questions require more
variable molecular markers or whole-genome approaches.

Variation in the observed prevalence among host species
was noted. However, because the sampling design was
not balanced across host species and geographic locations,
these observations should be considered descriptive rather
than inferential. Future studies using balanced sampling
strategies are needed to evaluate potential host-specific
differences. Similar host-associated variation has been
reported in captive and free-ranging ungulates, although
the relative contribution of host-specific susceptibility and

environmental factors remains incompletely understood

(Das et al., 2018; E1-Badry ez al., 2017).

Adult animals showed a higher prevalence of infection than
juveniles, whereas no statistically significant association
was observed between infection status and sex. Increased
prevalence among adults has been reported in previous
studies and has been suggested to reflect prolonged
cumulative exposure to contaminated environments
rather than differences in inherent susceptibility (Stanley,
2003; Das ez al., 2018). Nevertheless, longitudinal studies
tollowing individually identified animals would be
required to determine the relative contribution of age-
related exposure, immunity, and management practices to
infection dynamics in captive deer populations.

The detection of E. histolytica in captive deer is
epidemiologically ~relevant because this protozoan
is recognized as an important pathogen of humans.
However, the present study was limited to demonstrating
the molecular presence of E. histolytica DNA in fecal
samples obtained from captive deer and did not investigate
transmission between wildlife, livestock, or humans.
Consequently, the findings should be interpreted as
evidence of parasite occurrence rather than direct evidence
of zoonotic transmission or reservoir status. Future
multidisciplinary —investigations integrating wildlife,
livestock, environmental, and human sampling would be
required to evaluate the epidemiological significance of
these findings within a One Health framework.

Although the partial 78S »RNA gene proved suitable for
reliable species identification, its conserved nature limits
its ability to discriminate among closely related strains or
infer transmission pathways. Future studies may benefit
from more variable genetic markers, including the internal
transcribed spacer (ITS) region, microsatellite loci, or
mitochondrial genes, which provide greater resolution for
investigating genetic diversity and population structure
(Clark, 2006; Sharma ez al., 2013; Stensvold e al., 2018).
In addition, multilocus sequence typing or whole-genome
sequencing may further improve our understanding
of Entamoeba population genetics and evolutionary
relationships.

The molecular detection of E. histolytica and E. coli in
captive deer emphasizes the importance of incorporating
routine parasitological surveillance into wildlife health
management programmers. Regular fecal screening,
improved enclosure sanitation, provision of clean
drinking water, and appropriate quarantine procedures
for newly introduced animals may contribute to reducing
environmental contamination and parasite transmission
within captive populations. Because endangered species
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such as Dama mesopotamica are maintained under intensive
conservation programmers, maintaining adequate health
monitoring is essential for supporting animal welfare and
long-term conservation objectives.

'The application of molecular diagnostic methods alongside
conventional microscopic examination provides greater
diagnostic accuracy and facilitates species confirmation,
thereby supporting evidence-based health management.
Although the present findings do not demonstrate zoonotic
transmission, they highlight the value of integrated
surveillance involving wildlife, livestock, and humans to
better understand the ecology of intestinal protozoa under
the One Health concept.

The generated sequence data expand the molecular
information available from the region and provide a
toundation for future studies employing higher-resolution
molecular markers to investigate parasite diversity, host
associations, and transmission dynamics in Iraqi wildlife
populations.

STUDY LIMITATIONS

Several limitations should be considered when interpreting
the findings of the present study. First, molecular
characterization was performed on only 10 of the 90
PCR-positive samples selected to represent different host
species and geographical locations; therefore, additional
genetic diversity may not have been captured. Second, the
use of a single genetic marker (partial 185 rRNA) provided
reliable species identification but limited discrimination
among closely related strains. Third, environmental
samples, water sources, enclosure surfaces, and sympatric
domestic animals were not examined; consequently,
potential sources of environmental contamination and
transmission pathways could not be evaluated. Finally,
the cross-sectional design of the study does not permit
assessment of seasonal variation or temporal changes
in parasite circulation. Future studies incorporating
longitudinal sampling, environmental surveillance, and
multilocus molecular analyses would provide a more
comprehensive understanding of Enfamoeba epidemiology
in captive wildlife.

Since standardized clinical indicators, body condition
scores, reproductive parameters, and quantitative
infection intensities were not systematically recorded,
the present data do not allow a direct assessment of the
relationship between Entamoeba infection and host
health or reproductive performance. Accordingly, our
findings primarily document parasite occurrence and
molecular characterization rather than clinical disease
or fitness impairment. Future longitudinal studies that
integrate quantitative parasite-load measurements with

standardized clinical, body-condition, and reproductive
assessments are warranted to further evaluate the potential
health significance of Entamoeba infection in captive
ungulates.

CONCLUSION AND
RECOMMENDATIONS

The present study provides the first molecular
characterization of Entamoeba spp. detected in captive deer
in Iraq through the combined application of microscopic
examination, PCR amplification, partial 78§ rRNA
gene sequencing, and phylogenetic analysis. Microscopy
demonstrated an overall prevalence of 50.0%, while
molecular analysis confirmed the presence of Entamoeba
histolytica and Entamoeba coli among the sequenced
isolates. The phylogenetic analysis supported species-
level identification by clustering the Iraqi isolates with
corresponding reference sequences available in GenBank.

The findings establish baseline molecular epidemiological
data for Entamoeba infections in captive ungulates in
Iraq. However, the results should be interpreted in light
of several limitations, including sequencing of only a
representative subset of positive samples, reliance on a
single conserved genetic marker (partial 18S rRNA),
and the absence of environmental, livestock, or human
samples. Consequently, the present study confirms species
occurrence and molecular identity but does not permit
conclusions regarding strain-level diversity, transmission
pathways, or zoonotic transmission. Future investigations
employing larger sample sizes, multilocus molecular
markers, and integrated epidemiological sampling
will provide a more comprehensive understanding of
Entamoeba epidemiology in captive wildlife.

Based on the findings of the current study, routine
parasitological examination of captive deer using a
combination of microscopy and molecular methods
could improve the accuracy of Entamoeba detection in
conservation facilities. Maintaining appropriate enclosure
hygiene, regular sanitation practices, and good husbandry
measures may also contribute to reducing environmental
contamination and parasite exposure.

Future studies should include larger numbers of molecularly
characterized isolates, incorporate additional genetic
markers with higher discriminatory power, and evaluate
seasonal variation, environmental contamination, and the
potential contribution of sympatric domestic animals and
humans to parasite circulation. Such investigations would
provide stronger evidence for understanding the molecular
epidemiology and transmission dynamics of Entamoeba
spp. in captive wildlife.
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