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Abstract

Ovine hemotropic Mycoplasma (Ohm)are zoonotic pathogens that are emerging and are
responsible for severe hemolytic anemia and substantial financial losses. The purpose of this
study was to use the conventional polymerase chain reaction (C-PCR) method to molecularly
detect Ovine hemotropic Mycoplasma spp. in infected sheep in Nineveh Province, Iraq.
Additionally, the phylogenetic analysis of Ohm spp. diagnosed in this study was investigated.
Sheep from various regions of Nineveh province were collected to provide a total of 241 blood
samples (3 ml). Results revealed that the infection rates of Mycoplasma ovis and Candidatus
Mycoplasma haematovis were 52.6% and 23.2%, respectively, using C-PCR with a primer
specific to the species. Four 16S rRNA gene sequences were extracted from sheep blood for
individual sequencing analysis. The NCBI GenBank contains the sequences of Ohm under the
accession numbers PV273224 and PV273225 (Mycoplasma ovis) and PV273226 and PV273227
(Candidatus Mycoplasma haematovis). These sequences were identical (100%) to those
associated with Mycoplasma ovis found in the following databases: NCBI GenBank (GU230142
and AF338268 in the United States), MH379799 in Brazil, MF377458 in Turkey, JF931138 in
Japan, MW547439 in Poland, ON202709 in Germany, and EU828582 in Switzerland.
Additionally, OQ310852 was identified in Egypt as Candidatus Mycoplasma haematovis.
Mycoplasma ovis and Candidatus M. haemovis, two ovine hemotropic mycoplasmas, were first
detected in sheep in the Nineveh province in this study. It was observed that they are ubiquitous,
and this discovery may prove advantageous for future research and strategic management of this
mycoplasma species in the study region
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Introduction

Hemoplasmas, although never cultivated in
vitro,  are epierythrocytic
microorganisms that, like other
mycoplasmas, lack a cell wall and exhibit
heightened susceptibility to tetracyclines.
Animals can develop hemolytic anemia as a
result of infections; however, the lack of
appropriate  diagnostic  techniques has
hindered veterinary research. Although the
majority of research uses cytological
identification on blood smears to check for
these organisms, this method has poor
diagnostic sensitivity and can't tell distinct
species apart (1). Furthermore, because
hemoplasmas and Howell-Jolly bodies
contain DNA, are often seen after
splenectomy, and are associated with
anemia, this diagnostic technique may
mistakenly identify the hemoplasmas as the
latter. There currently exist only two
hemoplasma species known to exist in sheep
(Ovis aries): Mycoplasma ovis (formerly
Eperythrozoon ovis) was categorized (2) and

diminutive

the "Candidatus Mycoplasma haemovis"
was studied by (3,4) The earliest known
Ovine hemotropic Mycoplasma organisms in
small  ruminants  were Candidatus
Mycoplasma haemovis and Mycoplasma
ovis, which was formerly known as
Eperythrozoon ovis (5). The identity of the
strain or species represented by these
hemoplasmas remains unknown. There is
some doubt around the identification of M.
ovis strain Michigan due to the fact that its
complete genome sequence contains two
sets of 16S rRNA genes that are identical to
those of M. ovis and "Ca. M. haemovis" (6).
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Many different clinical presentations,
including asymptomatic courses, moderate
hemoglobin deficiency, poor performance,
reproductive abnormalities, or even fatal
anemia, can result from hemoplasma
infections. Before molecular research
reclassifies the organism as a Mycoplasma,
it is vital to include the hemoparasite
Mycoplasma ovis -formerly known as
Eperythrozoon ovis and classified as a
Rickettsia in the Anaplasmataceae family in
the differential diagnosis of anemia in small
ruminants (2). Global populations of small
ruminants, humans, and reindeer are infected
with the pathogen Mycoplasma ovis (7).
Infections caused by dirty sharp objects and
bites from blood-sucking insects that are
drawn to open wounds are the ways that
field studies show Mycoplasma ovis spreads.
Severe hemolytic anemia and mortality are
common outcomes of acute mycoplasmosis
in young animals. Factors like age, nutrition,
immune system strength, gender, and other
infections can influence how serious mild
anemia and other symptoms are in animals
with chronic Mycoplasma ovis infections
(7). In areas where sheep production is high,
hemotropic Mycoplasma ovis 1is often
assumed to be endemic, even though there is
a lack of data on the disease's prevalence
and social and economic impacts (8). It's
noteworthy that more and more cases of
hemoprotozoa infections in humans are
being reported, especially in
immunocompromised patients, pregnant
women, and those who frequently interact
with animals and arthropods. Furthermore,
relying solely on microscopic examination
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of Giemsa-stained smears of blood remains
diagnostically challenging, even though M.
ovis often disappears in animals with severe
anemia. There are not enough reliable
published studies on whole genome and
phylogenetic tree analysis, despite the
growing importance of PCR diagnostics.
Finally, the potential transboundary spread
of Mycoplasma ovis and other parasites,
germs, and viruses from infected small
ruminants to uninfected regions is a threat to
the expanding global trade in these animals
(9). It is appropriate to review the
information  currently  available  on
Mycoplasma ovis as an illness that affects
small ruminants and potentially other kinds
of animals. It is being considered a newly
discovered pathogen that deserves more
study. Since the disease is linked to other
blood diseases in sheep, including
trypanosomiasis, babesiosis, and theileriosis,
clinical signs are rarely useful in diagnosing
it (10,11). Therefore, three studies were
conducted in Mosul by blood smears, Basrah
Governorate using ELISA, and in the city of
Diwaniyah using PCR in southern and
central Iraq (12,13,14). No research has been
done on northern Iraq, more especially the
Nineveh province. Consequently, the
purpose of the present research was to
examine the phylogenetic analysis of
Mycoplasma  ovis  and  Candidatus
Mycoplasma haemovis, both of which were
identified in the present study. Additionally,
for the first time ever, in Nineveh Province,
Iraq, the C-PCR technique was used to
identify ovine hemotropic mycoplasma
species in sheep.

Material and Methods
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Ethical approval

Permission to conduct the study was granted
by the Institutional Animal Care and Use
Committee of the University of Mosul’s
College of Veterinary Medicine on July 9,
2024 (UM.VET.2024.04).

Animals and collections of samples

The study included 241 sheep, consisting of
both males and females, with ages ranging
from 1 to over 3 years, different breeds, and
management approaches. These sheep were
clinically suspected of being infected with
ovine hemotropic Mycoplasma spp. 241
sheep had their blood drawn from the
jugular vein between July 2024 and January
2025; the samples were then preserved in
tubes  containing the  anticoagulant
ethylenediamine acetic acid (EDTA). Before
being tested using the C-PCR method, the
tubes were kept at -20°C (15,16,17).

DNA extraction for C-PCR technique

The DNA from 241 sheep blood samples
was extracted using the AddPrep DNA
Genome Extraction Kit (Add Bio, Korea) as
directed by the manufacturer. The
concentration of the extracted DNA varied
between 80.9 and 370.5 ng/ul, as determined
by a Nanophotometer (BioDrop, Germany).
The A260/A280 nm ratio, which ranged
from 1.7 to 1.9, was used to measure the
DNA purity (18,19).

Amplification of DNA

The objective is to enhance the C-PCR
amplification of the ovine hemotropic
mycoplasma sixteen-small subunit rRNA
gene, which is highly conserved. The DNA
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sample from a sheep that showed positive
results for ovine hemotropic mycoplasma in
both clinical and laboratory tests was used as
a reference sample. Aside from DNA, the
negative control included all PCR-
competent samples (except DNA) and DNA
isolated from healthy samples. Hampel et al.
(20) generated the oligonucleotides of the
primers that were prescribed. In order to
improve the ovine hemotropic mycoplasma
16S rRNA gene, primers were donated by
Macrogen Inc. of South Korea. A C-PCR
reaction was performed with particular
primers (F 5" ACG AAA GTC TGA TGG
AGC AAT A 3" and R 5" ACG CCC AAT
AAA TCC GRA TAA T 3') to identify
hemoplasma species in sheep who tested
positive. Mycoplasma ovis has a band size of
193 base pairs, and Ca. Mycoplasma
haemovis has a band size of 176 base pairs.
The following components were needed for
the traditional PCR procedure, which called
for a volume of 25 pl: The required
components for the traditional PCR
procedure were eight and a half microliters
of PCR-grade water, twelve and a half
microliters of 2X AddBio Master Mix, ten
micromoles of each primer (H16S-F and
H16S-R), two microliters of DNA (150
ng/L), and one microliter of each primer.
Another group served as a control; they also
had all the necessary components, but the
template DNA was omitted. Here is the
setup of the thermocycler (BIO-RAD/USA):
When the temperature is 95 degrees Celsius,
the polymerase activation phase lasts for 10
minutes, according to Hampel et al. (20).
After that, there will be a 45-second
annealing phase at 55°C, a I-minute
extension phase at 72°C, and a 45-second
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denaturation phase at 95°C. The procedure
goes on for 35 cycles, with the last extension
phase lasting five minutes at 72°C. Three
microliters of GelRed dye and 1.5% agarose
(AddBio, Korea) were used to separate the
amplification outputs. Each PCR product
was added to the agarose gel in five
microliters. The electrophoresis was carried
out at 75 V for one hour using a genotyping
container (Bio-Rad, United States of
America) and a 300-mA power supply with
a cycle TBE buffer (GeNetBio, Korea). The
hundred base-pair DNA marker (6 puL) was
derived from GeneDirex H3 in Korea and
functioned similarly to the standard
molecular mass biomarker.

Sequencing of DNA

From sheep blood samples that tested
positive  for  Mycoplasma ovis  and
Candidatus Mycoplasma haematovis using
the C-PCR technique, four PCR fragments
were sent to the Macrogen Company (South
Korea) to be purified and sequenced. An
online software program called
CLUSTALW GenomeNet was used to align
the 16S rRNA sequences before they were
compared with other mycoplasma sequences
in GenBank. Following that, we used NCBI
BLAST (BLASTn) from
http://www.ncbi.nlm.nih.gov to compare the
findings. Using MEGAI12 software and
bootstrap analysis with 1000 resamplings,
neighbor-joining on the Tamura-Nei model
was conducted (21). And using its 16s rRNA
gene sequence, the phylogenetic tree used

Mycoplasma bovoculi (GenBank:
NR122008) as the outgroup.
Statistical Analysis
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The data used for this study were analyzed
using the Chi-square test in IBM-SPSS
Version 22 (Inc., Chicago, USA). If the P
value was less than 0.05, the data was
deemed to have statistical significance.

Results

Depending on C-PCR results, the overall
prevalence of ovine hemotropic mycoplasma
was 75.9% (Mycoplasma ovis was 52.6%
(127 of 241), with positive bands at about
193 bp) and (the incidence of Candidatus
Mycoplasma haematovis was 23.2% (56 of
241), with positive bands at about 176bp)
(Figure 1, Table 1).

Four 16S rRNA gene sequences were
subjected to individual sequencing analysis
(BLASTn) in this study. One of these
sequences was taken from sheep blood. The
ovine hemotropic Mycoplasma sequences
under accession numbers PV273224,
PV273225 (Mycoplasma  ovis), and
PV273226, PV273227 (Candidatus

Mycoplasma haematovis) are accessible in
the NCBI GenBank (Table2). These
sequences were 100% identical to those
found in the NCBI GenBank, including
(GU230142.1, AF338268.1) in the USA,
(MH379799.1) in Brazil, (MF377458.1) in
Turkey, (JF931138.1) in Japan,
(MW547439.1) in Poland, (ON202709.1) in
Germany, and (EU828582.1) in Switzerland
with Mycoplasma ovis, and (0Q310852.1)
in Egypt with Candidatus Mycoplasma
haematovis. (Table 3,4). Furthermore, the
MEGA12  program's  neighbor-joining
phylogenetic tree analysis proved that Ca.
M. haemovis and M. ovis native sequences
were 100% similar to the GenBank
sequences of the same species. As an
outgroup, Mycoplasma bovoculi (GenBank:
NR122008) was used to root the tree (Figure
2).

Table 1: The prevalence of the ovine heamotropic Mycoplasma spp. type in sheep in the Nineveh
region (n=241) was determined using the C-PCR technique.

Type of pathogen C-PCR method Percentage (%)
Positive number

Mycoplasma ovis 127 52.6*

Candidatus Mycoplasma 56 23.2°

haematovis

Total 183 75.9

Different superscript letters (a, b) were used to indicate values that showed significant differences (P < 0.05).
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Figure 1: PCR of sheep blood samples for Mycoplasma spp. 16SrRNA gene with HO primer
produced 176 bp for Ca. M. haematovis and 193 for M. ovis. Lane M: 100-bp DNA ladder. Lanes 2,
3,9, 11, and 17 are 193 bp positives. Lanes 4, 7,10, 11, 14,15,16 are 176 bp positives. Lanes

1,5,6,8,12,13 are negative. Lane 18 control-negative.

Discussion

The use of C-PCR in conjunction with
phylogenetic analysis to detect infections in
sheep from various parts of Nineveh
Province with the species "Mycoplasma
ovis, Candidatus M. haematovis" has never
been done before. The overall prevalence in
this study was 75.9%. In the Nineveh
province, the incidence rate of Mycoplasma
ovis was 52.6%, and Candidatus M.
haematovis was 23.2% when C-PCR was
used. In previous studies in Iraq Using
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Microscopic examination of blood-stained
smears, (12) noticed that 40% of sheep in
Mosul, Iraq, had an infection. Using C-PCR
(14) observed a 25.5% the rate in sheep in
Al-Diwaniyah, Iraq, while (13) found that
the prevalence of Ovine hemotropic
mycoplasma (Ohm) in Basrah, South Iraq,
was 100% based on ELISA and stained
blood smears viewed under a microscope in
2017, According to (13), there are a number
of possible explanations for the regional
variation in sheep infection rates of Ovine
hemotropic mycoplasma.
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Table 2: Genomic DNA for ovine hemotropic mycoplasma isolates that were entered into the gene

bank, including the 16S ribosomal RNA gene sequence.

Accession No. of 16S rRNA

gene

Pathogen

Local Strain

PV273224
PV273225

PV273226

PV273227

Mycoplasma ovis

Mycoplasma ovis isolate SSM 1
Mycoplasma ovis isolate SSM2

Candidatus Mycoplasma
Candidatus Mycoplasma haematovis isolate SSM3
haematovis Candidatus Mycoplasma

haematovis isolate SSM4

Table 3: Using NCBI, compare the genomes of local Mycoplasma ovis strains to those in GenBank
BLASTnN that have the same disease.

Name of isolate Accession no. Name of gene  Country Percent
name identity
GU230142.1 16STRNA USA 100%
partial gene
MH379799.1 16STRNA Brazil 100%
partial gene
AF338268.1 16SrRNA USA 100%
partial gene
Mpycoplasma ovis MF377458.1 16SrRNA Turkey 100%
partial gene
JF931138.1 16SrRNA Japan 100%
partial gene
MW547439.1  16SrRNA Poland 100%
partial gene
EU828582.1 16STRNA Switzerland 100%
partial gene
Uncultured ON202709.1 16SrRNA Germany 100%
Mpycoplasma sp. partial gene
Candidatus KF306249.1 16SrRNA Japan 99%
Mpycoplasma partial gene
haemocervae

Bas J Vet Res, 24(2), 2025
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Table 4: According to NCBI, there is a high degree of similarity between the initial Ca. M.
haemovis genotypes and additional sequences of the same infection that can be obtained in

GenBank.

Name of isolate Accession Name of Country Percent
no. gene name identity

Uncultured 0Q310852.1 16S  rRNA Egypt 100%

Mpycoplasma  sp. partial gene

clone Haemovisl1

Mpycoplasma ovis  EU165509.1 16S  rRNA Switzerland 99%

partial gene

Uncultured 0OP860306.1 16S rRNA Sweden 99%

Mpycoplasma sp. partial gene

Mpycoplasma ovis  MF377460.1 16S  rRNA Turkey 99%

partial gene

These include differences in breeding
practices, testing protocols, the prevalence
of tick carriers, the quantity of specimens
collected, and environmental factors that
influence tick populations (22) Additional
global research has demonstrated that
varying experimental approaches reveal
varying levels of hemoplasma spp.
Prevalence in sheep is similar to other
livestock HM species (7) Instances include
Tunisia 6% (23), the Philippines 36% (24),
Argentina 81% (25 ), Hungary 52%( 3),
Turkey 54% (26), USA 69-79% (8), Brazil
79% (27), Malaysia 50.7% (28), Japan 50%
(29) and China 45% (30). The prevalence of
Hemoplasma species can differ from
continent to continent depending on some
factors, including ecology, management
practices, diagnostic effectiveness, tick
prevention strategy effectiveness, and the
presence of efficient tick vectors (30,31,32).

Bas J Vet Res, 24(2), 2025

After 1000 generations, the evolutionary tree
of local ovine hemotropic mycoplasma
sequences was created using the bootstrap
technique and the neighbor-joining method
based on the Tamura-Nei model in the
MEGAI12 program (21) revealed that it
shares common phylogenetic traits and an
exceptionally tight progressive relationship
with the remaining DNA sequences of ovine
hemotropic mycoplasma documented in the
GenBank database of the NCBI for different
nations, including the USA. (2, 33), Brazil
(27), Turkey (26), Japan (29, 34), Poland
(35), Germany (36), Switzerland (3),
Sweden (37), and Egypt (38), with the 100%
Identity, the reason for this may be
attributed to the local adaptation of
mycoplasma and genetic branching in
different parts of the world as contributing
factors to this (39).
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g4 [ JF931138.1: Mycoplasma ovis Japan
MF377458.1: Mycoplasma ovis , Turkey
AF338268.1: Mycoplasma ovis,USA

MH379799.1: Mycoplasma ovis, Brazil
GU230142.1: Mycoplasma ovis , USA

MW547439.1: Mycoplasma ovis, Poland

MF377460.1: Mycoplasma ovis, Turkey

———

0.10

EU828582.1: Mycoplasma ovis, Switzerland

‘ PV273225:Mycoplasma ovis isolate SSM2 , Nineveh Iraq
’ PV273225:Mycoplasma ovis isolate SSM2 e Nineveh Iraq

ON202709.1: Uncultured Mycoplasma sp, Germany

KF306249.1: Candidatus Mycoplasma haemocervae Japan

0Q310852.1: Uncultured Mycoplasma sp. clone Haemovis] Egypt

. PV273226: Candidatus Mycoplasma haematovis isolate SSM3 , Nineveh Iraq
‘ PV273227: Candidatus Mycoplasma haematovis isolate SSM4 Nineveh Iraq
OP860306.1: Uncultured Mycoplasma sp. , Sweden

EU165509.1: Mycoplasma ovis , Switzerland

NR 122008.1: Mycoplasma bovoculi strain outer group

Fig. (2): The neighbor-joining 16S rRNA gene phylogenetic tree of Mycoplasma species recovered
for this investigation is shown here. Branch numbers indicate bootstrap support (1000 replicates).

Outgroup: Mycoplasma bovoculi (GenBank: NR122008). Diamond (
and Candidatus Mycoplasma haemovis sequences.

Conclusions

We need more research to assess the
pathogenicity and transmission of sheep
hemoplasmas in the New World. Extensive
research is required to confirm its presence
in other parts of Iraq. Based on phylogenetic

Bas J Vet Res, 24(2), 2025

) indicate Mycoplasma ovis

studies, the four patterns of Candidatus
Mycoplasma haematovis and M. ovis that
were produced for this work clustered with
the M. ovis and Candidatus Mycoplasma
haematovis 16S TRNA sequences that were
available in GenBank. Iraq has little data on
cases of Mycoplasma ovis and Candidatus
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Mycoplasma haematovis infections, and
nothing is known about how these illnesses
affect the country's economy or the health of
animals. This study found that within sheep
populations,  Candidatus ~ Mycoplasma
haematovis and Mycoplasma ovis are
common. Whether this infection is present
alone or in conjunction with other diseases,
it nevertheless causes substantial anemia and
economic losses for sheep breeders. This
finding should raise serious concerns.
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