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SUMMARY
Equine haemotropic mycoplasmosis (EHM) is a condition rarely reported worldwide. A horse

presented with unspecific clinical findings and non-response to treatment to the common and
endemic haemoparasitic and bacterial infections, warranted a thorough molecular investigation
of suspected haemoparasitic infection given the fluctuating parasitaemia and the low sensitivity
and specificity of Light Microscopy (LM) detection of haemoparasitic infections. Blood
collected from an adult horse, domiciled at the University of Ibadan Veterinary Teaching
Hospital, Ibadan, Nigeria was screened by LM and PCR techniques for haemo-parasites. The
16S rRNA gene of pan-Hemoplasma spp was targeted amplified and sequenced using Sanger
automatic sequencing techniques. This case shows the very first molecular evidence of EHM in
Africa and Nigeria, and the third case in the World. Microscopic examination of the horse’s
blood smear presented with signs of lethargy, inactivity, anorexia and moderate emaciation,
showed numerous coccoid-shaped epierythrocytic parasites. Subsequent 16S rRNA sequence
data and phylogenetic analyses confirmed the presence of a haemotropic mycoplasma
(‘Candidatus M. haemocervae’—like) in the horse. The hemoplasma sequence obtained falls in
the same clade with some Candidatus Mycoplasma haemocervae sequences with which it shared
more than 98.7% homology. This finding suggests that horses in this geographical region may
also be suffering from EHM and calls for the need of epidemiological surveillance of equine
hemoplasmosis with emphasis on their clinical, economic, performance and zoonotic
implications in the sub-region.
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Haemotropic mycoplasmas (hemoplasmas)
are small, pleomorphic,
obligate blood cell parasites that infect a
wide range variety of vertebrates throughout
the world. Hemoplasmas infect mammalian
hosts such as pigs (Hoelzle, 2008; Groebel
et al., 2009), cattle (Hoelzleet al., 2011),
sheep (Adejinmi et al., 2004), cats (Messick,
2004) and dogs (Aquino et al., 2016; Happi
et al., 2018) including several reports of
human infection (Maggi et al., 2013).
Hemoplasmas have characteristics and
morphologic features of rod, coccoid, and
ringed-shaped structures found individually
or in chains on the red blood cell (Messick,

non-cultivable

2004). Animal infections with hemoplasmas
are clinically marked either by an overt live-
threatening haemolytic anaemia or a subtle
chronic anaemia, ill thrift, infertility, and
immune suppression (Hoelzle, 2008;
Messick, 2004).

Reports of equine hemoplasma are
rare. The first incidence of

hemoplasma infection was provided by light

equine

microscopic finding four decades ago in a
case of equine “hemobartonellosis” in Niger
Republic (Gretillat, 1978). Affected horses
exhibited clinical signs including fever,
apathy, lymphadenitis, circulatory disorders,
and pale mucosa. Blood smears from these
animals revealed bacteria of approximately
0.3 um on the surface of red blood cells
(Gretillat, 1978). Hemoplasma species,
closely related to ‘Candidatus Mycoplasma
haemobos’, was also detected in two horses
from Germany suffering from poor
performance, apathy, weight loss, and
anaemia (Dieckmann et al., 2010), and a
survey of horses at a single breeding farm in
Northern Germany recorded a prevalence of
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26.5% of hemoplasmas (Dieckmann et al.,
2012). However, in Nigeria, there are scanty
reports of hemoplasmosis
animals and human except a very few in
dogs (; Leeflang and Ilemobade, 1977;
Aquino et al., 2016; Happi et al., 2018) and
cattle (Obi and Anosa, 1980; Happi et al.,
2019), Sheep (Adejinmi et al., 2004) and
pigs (Dipeolu et al., 1982; Ola-Fadunsin,
2017). The paucity of reports of
hemoplasma infections may be due to the
low sensitivity of the commonly used
microscopic detection method for diagnosis
(Happi et al., 2018) in most veterinary
hospitals in the country or the microscopist

described in

experience.

Light microscopy diagnosis is
neither sensitive nor specific (Happi et al.,
2018; 2012).
Development of sensitive PCR assays
capable of discriminating between various
hemoplasmas has greatly enhanced the
diagnosis of these parasites and has led to
identification of
haemotropic Mycoplasma spp (Vandervoort
et al., 2001; Iso et al, 2013; Meli et al.,
2010). Thus, PCR-based assays are
suggested as the diagnostic methods of
choice (Happi et al., 2019; Santos et al.,
2009; Tasker et al., 2010). To the best of our
knowledge, this report provides the first
molecular evidence and characterization of

Dieckmann et al,

several new

hemoplasma infection in horses in Africa as
a whole and Nigeria in particular.

PRESENTATION AND METHODS
Case History and Presenting Signs

An adult male Dongola horse (stallion)
domiciled at the Veterinary Teaching
Hospital (VTH), Faculty of Veterinary
Medicine, University of Ibadan, Ibadan,
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Nigeria, and that has been used for two
years for students’ teaching was reported to
be lethargic, inactive,
moderately emaciated. It was reported to
have been in a slightly inactive state for over
a month. The animal examined
physically and blood samples were collected

anorexic and

was

for haematology, serum chemistry and
haemoparasite screening. After the first
blood collection, the horse was treated for

trypanosomosis/babesiosis using
diaminazine aceturate injection  with
multivitamin and dextrose saline as

supportive therapy, despite negative result
by microscopy and because of the endemic
nature of those diseases in this environment
and their fluctuating parasitaemia. However,
there was no improvement. Ten days later, a
second blood sample was
examined similarly. However, the result of
equine hemoplasmosis was refuted as a
condition not found in horses by the treating
clinician.  Afterward, the horse became
gradually more emaciated, weak, recumbent

taken and

and succumb 6 weeks later. Unfortunately,
the necropsy findings were not reported nor
shared with us.

Sample  Preparation —and  Laboratory
Evaluation

Giemsa-stained thin blood and buffy coat
smears examined under light

microscopy at x 100 oil immersion. The

were

haematological analysis was done manually
as described by Jain, (1986) and the findings
were compared with the reference values of
Duncan and Prasse (Latimar, 2011) as
previously reported by Happi et al. (2018).
Similarly, serum chemistry analysis was
performed using manual standard methods
and the values of the analyte evaluated were
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compared with the reference values of
Duncan and Prasse (Latimer, 2011).

From the second EDTA blood sampled, 500
ul were aliquoted into two other tubes and
stored at -20°C for DNA extraction and
molecular investigation by polymerase chain
reaction (PCR).

DNA extraction from whole blood and PCR
detection of hemoplasma

Genomic DNA was extracted from 200ul of
whole blood using QIAmp DNA mini Kkits
(Qiagen, Hilden, Germany) according to the
manufacturer’s instructions.

To detect hemoplasma in the sample, a set
of primers was used for the amplification of
the entire group of hemoplasma employing a
slightly  modified PCR
described by Nishizawa et al. (2010).
About175-195 bp nucleotide fragment of the
16S rRNA gene Hemoplasma spp was
amplified wusing the wuniversal primers
HEMO-F (5’- ATA TTC CTA CGG GAA
GCA GC -3’) and HEMO-R (5’- ACC GCA
GCT GCT GGC ACA TA -3’) (Ootake et
al., 2010). Positive controls were also used
as previously reported by Happi et al.
(2018). The PCR reaction was performed
using the PuReTaq Ready-To-Go™ PCR
Beads from GE Health care as previously
reported by Happi and colleagues (2019),
briefly, the PCR program was set with an
initial denaturation cycle at 94°C for 30
seconds, followed by 39 cycles at 95°C for 5
seconds for subsequent denaturation, 57°C
of annealing for 20 seconds, initial extension
at 72°C for 15 seconds and a final extension
of 72°C for 10 minutes as described by
Nishizawa et al. (2010) with a slight
modification in an Eppendorf AG Vapo-
Protect Master Cycler 6321. Five (5) pul of

conventional
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amplicon was visualized by ethidium
bromide staining after electrophoresis in a
2% agarose gel. The PCR amplification of
the DNA extracted from this sample was

performed three (3) times.

In addition, aliquots of purified DNA were
subjected to two series of reactions targeting
a 460-520 bp DNA fragment of the 16S
rRNA gene for the detection of
Anaplasma/Ehrlichia spp and 460-540 bp of
the 18S rRNA gene for the detection of
Babesia/Theileria  spp as  previously
described by Happi ef al. (2019).

DNA sequencing and Phylogenetic Analysis
for species differentiation

The three (3) PCR products obtained from
each of the reactions were purified using a
Qiaquick PCR purification kit (QIAGEN)
and sent for sequencing by Eton Bioscience,
Inc, (56 Roland Street, Suite 306 Floor 3R
Boston, MA 02129 USA). They were
sequenced in both forward and reverse
directions, and a consensus sequence was
derived from the alignment of all sequences.
Chromatogram of each sequence was
viewed using Geneious (Kearse ef al., 2012)
and manual base calling was carried out for
regions of ambiguities and consensus
sequence was obtained. Following manual
base call, consensus nucleotide sequence
was analyzed by a BLASTn search on
GenBank data base to identify the organism.
The consensus nucleotide sequence was
subsequently submitted to the NCBI
database with accession number MN462840.

Following BLASTn analysis, the sequence
(H15) was aligned with thirty-four (34)
representative sequences of the top blast hits
(Mycoplasma ovis, Candidatus Mycoplasma
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haemocervae, and Mycoplasma wenyonii)
obtained from the National Centre for
Biotechnology Information (NCBI) database
using Clustal W version 2.1 (Larkin et al.,
2007) with further adjustment made
manually as necessary in Geneious. A
maximum likelihood phylogenetic tree was
constructed using IQ-tree software version
1.6.3 (Nguyen et al., 2015). IQtree Model
Finder (Kalyaanamoorthy et al., 2017)
selected TN+F+G4 as the best-fit model
according to Bayesian Information Criterion
(BIC) for the dataset and ultrafast bootstrap
(Minh et al., 2013) with 1000 replicates was
carried out. The tree was viewed and
manually edited using FigTree
(http://tree.bio.ed.ac.uk/software/figtree/).

RESULTS

Clinical, Haematological and Microscopic
Findings

The clinical examination revealed weight
loss, rough hair coat, severe dehydration,
anorexia, pale oral and conjunctival mucous
membranes, and a few ticks on the neck,
thorax, inguinal and scrotal regions amidst
normal respiratory rate, heart rate and rectal
temperature.  Haematological  analysis
revealed PCV values of 29% and 30%
within the 10-day period. In addition, other
red blood cell parameters (Hb, RBC) were
low, while MCV, MCH and MCHC were
high, slightly high/normal and low,
respectively, with mild difference between
the two sampling periods (Tablel). There
was a mild macrocytic hypochromic
anaemia at both times, but an haematologic
diagnosis of a mild regenerative anaemia
was inferred. However, the platelet counts,
leukocyte values, plasma protein and
fibrinogen levels were within normal
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reference intervals at both time-points.
There were no remarkable deviations in the
levels of the serum chemistry analytes
evaluated except  for  the mild
hypoalbuminaemia  recorded at both
sampling periods (Table 1). However, as
limitations the reference intervals used were
neither breed nor laboratory specific, and
could alter interpretation.

The thin blood and buffy coat smears
revealed numerous small epierythrocytic
coccoid to rod-shaped parasites (Figure 1),
some of which were found around and in the
neutrophil cytoplasm (Figurel). No other
parasites were observed. A tentative
diagnosis of equine hemoplasmosis was
made. The horse was placed on
oxytetracycline  antibiotics and  other
supportive therapy for 7 days. The clinician
reported a transient improvement in the
horse condition by a slight increase in
activity,appetite and alertness for about three
weeks. Afterward, the horse became
gradually more emaciated, weak, recumbent
and died 6 weeks later. It was also reported
that the horse suffered from regular
insufficient food supply due to inadequate of
resources.

PCR, DNA Sequencing and Phylogenetic
Analysis

The PCR results confirmed the microscopic
finding of hemoplasma positivity with about
195bp DNA fragment (Figure 2). The horse
tested negative for Babesia/Theileria spp
and Anaplasma/Ehrlichia spp.

Sequencing of the PCR product was
successful, and alignment of the consensus
sequence (Figure 3) using BLAST showed
that it shares more than 98.7% homology
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with ~ Mycoplasma  ovis, Candidatus
Mycoplasma haemocervae and Mycoplasma
wenyonii. On the phylogenetic tree, the
hemoplasma sequence obtained from the
horse falls in the same clade with some
Candidatus  Mycoplasma  haemocervae
sequences. It shared a most recent common
ancestor with one suggesting a high level of
relatedness. However, it branched out
singularly on its own (Figured4) in the

Wenyonii (or Heamominutum) cluster.
Furthermore, BLAST alignment of our
sequence  with  other  Mycoplasma

haemocervae sequences from the database
shows the presence of four insertions, which
are non-synonymous as they resulted in
amino acid changes.

DISCUSSION
Haemotropic mycoplasmais rarely reported

in horses (Vieira et al., 2015a; Vieira et al.,
2015Db). This case reports the first molecular
characterization of haemotropic
mycoplasma from a horse in Nigeria and
Africa as a whole. Before now, a
microscopic ~ finding of  hemoplasma
infection in a horse in Niger was reported by
Gretillat 41 years ago (Gretillat, 1978).
World-wide, the first molecular proof of
hemoplasma in horses was not reported until
2010, when hemoplasmas were detected
using the SYBR Green gPCR assay and the
16S rRNA gene sequencing in two horses
from Germany in 2010 (Dieckmann et al.,
2010). Subsequently, a prevalence of 26.5%
of hemoplasmas in horses from one breeding
farm in Northern Germany was recorded
(Dieckmann et al., 2012). A recent study
reported the occurrence (6.77%) of
hemotropic Mycoplasma ovis-like species in
horses | some localities in Iran (Kalantari et
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al., 2019). Other molecular investigations of
hemoplasma infection in horses from Brazil
tested negative (Vieira et al., 2015a; Vieira
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year-old case  report of  equine
hemobartonellosis in Niger (Gretillat, 1978)
and also very similar to the 2010 cases of

et al., 2015b).

The clinical signs in this case were in some
respects similar to those found with the 40-
Table 1. Haemogram and serum chemistry findings of a horse infected with Hemoplasma spp.

hemoplasmosis in horses in Germany
(Dieckmann et al., 2010).

Parameters First sample Second sample Reference values*
Values Values
Hb (g/dl) 8.7 7.7 10.1-16.1
PCV (%) 29 30 27-43
RBC (x10%/pul) 4.36 4.26 6.0-10.43
MCV (fl) 67 70 37-49
MCHC (g/dl) 30 32 35.3-39.3
MCH (pg) 19.9 18.1 13.7-18.2
Platelets (n/ul) 223,000 224,000 100000 — 600000
Total WBC (n/pl) 6800 7000 5600-12100
Segmented Neutrophil (n/ul) 3536 4343 2900 - 8500
Band Neutrophils (n/ul) 0 0 0-100
Lymphocytes (n/ul) 3060 2310 1160 - 5100
Monocytes (n/ul) 68 210 0-700
Eosinophils (n/ul) 136 140 0-780
Basophils (n/ul) 0 0 0-330
Albumin (g/dl) 2.15 2.3 26-4.1
AST (u/l) 200 200 160 — 412
Total Bilirubin (mg/dl) - 0.7 0.0-3.2
Conjugated Bilirubin (mg/dI) - 0.5 00-04
Creatinine (mg/dl) 1.8 15 04-22
Urea-BUN (mg/dI) 16 14 11-27

« Reference values from Duncan and Prasse’s Veterinary Laboratory Medicine: Clinical
Pathology 5™ Edition (Latimer, K.S., 2011).

-

Figure 1. Giemsa-stained blood smear of an adult Dongola horse showing numerous small
coccoid and rod-shaped epierythrocytic hemoplasmas (arrows) some of which are attached on
the surface and in the cytoplasm of neutrophil (black arrow head) (oil Immersion)
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Figure 2. Agarose gel image of
equine hemoplasma PCR
positive blood obtained from the
horse at the Veterinary Teaching
Hospital, Faculty of Veterinary
Medicine, Ibadan. Lane 2 shows
band at 195 bp (equine
hemoplasma +ve (H+)); lane 1 is
the DNA ladder while lanes 4
and 6 are the positive (PC) and
negative (NC) controls,
respectively.

Happi and Oluniyi.

The origin of this rare M. haemocervae that infected this
horse in Nigeria remains unknown. Microscopic findings
from blood smear also revealed bacteria on the surface of
the red blood cells as described previously by Gretillat
(1978). The similarities recorded in the physical
presentation (weight loss, rough hair coat, anorexia,
lymphadenopathy) and haematological findings of the
horse in this case and the German cases suggest that equine
hemoplasmosisis a disease associated with a debilitating
state of affected horses.The haematological findings
characterized by mild macrocytic hypochromic anaemia
were recorded at the two periods of collection. Given the
severity of the anaemia (mild), the history more than 2
weeks ofillness) and the physical finding (weight loss), it
was inferred that it was a mild regenerative anaemia yet
chronic. In addition, extravascular haemolytic anaemia
could not be ruled out in this case. Haemoplasmosis has
also been described as a disease, which ranges from overt
life-threatening haemolytic anaemia to subtle chronic
anaemia, ill thrift and infertility in some animals (Messick,
2004; Hoelzle, 2008). In a previous study, only young
horses infected with hemoplasma showed a significantly
lower hematocrit value compared to adult and non-infected
horses, which had their values within normal reference
intervals, while in the overall infection, hemoplasma
positive horses were not anaemic (Dieckmann et al., 2012).
However, Iranian horses infected with M. ovis-like species
showed a mild anaemia compared to the non-infected group

(Kalantari et al., 2019) but show no clinical
sign. The hypoalbuminaemia recorded in
this case could be ascribed to anorexia and
insufficient food supply. This suggests that
the insufficient food supply contributes to
worsening the condition.

The PCR and sequencing analysis
confirmation was important to erase any
doubt and the confusion that could be
caused by artifact and other haemoparasites
with similar light microscopy morphological
characteristics (Theileria spp, Babesia spp).
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It was also necessary to ascertain infection,
given that hemoplasmosis in horses is
sparingly reported.

The BLAST results showed that the
sequence shared 98.7% pairwise identity
with  Mycoplasma  ovis, Candidatus
Mycoplasma haemocervae and Mycoplasma

wenyonii. Interestingly, phylogenetic
analysis (Figure 3), showed that the sampled
sequence branched out singularly on its
own, but shared a most recent common
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Figure 3: Maximum likelihood tree showing relationship between the sequence from this study
(coloured blue) and representative sequences of the top BLAST hits obtained from the NCBI

database (coloured black).

ancestor with a Candidatus Mycoplasma
haemocervae sequence from the United
Kingdom, showing that it is more related to
M. haemocervae than to M. ovisor M.
wenyonii. In addition, the phylogenetic
analysis revealed that the parasite sequence
from our horse sample is different from the
previous hemoplasma detected in two horses
in Northern Germany as they fall in different
clades on the tree. BLAST alignment of our
sequence with other sequences from the
database shows the presence of four
insertions, which are non-synonymous as
they resulted in amino acid changes thereby
indicating a higher degree of genetic change.
In position 41, there was a gap in the
database sequences and insertion of a
Guanine nucleotide base in our sequence
resulted in the formation of a new amino
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acid Arginine (Arg); in position 123,
insertion of a Thymine nucleotide base
resulted in the formation of a new amino
acid Serine (Ser) where a gap once existed
in the database sequences; in positions 150
and 151, insertions of two Adenine
nucleotide bases resulted in the formation of
a new amino acid Isoleucine (lle).

The hemoplasma sequences previously
reported from the two horses in Germany
(which we also include in our phylogenetic
analysis) were closely related to
“Candidatus Mycoplasma haemobos” and
Mycoplasma haemofelis, while the Iranian
horses had M. ovis-like species and fell in
the Haemofelis cluster. The sequence in this
case however shared a most recent common
ancestor (MRCA) with a ‘Candidatus
Mycoplasma  haemocervae’  sequence
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showing that it is more related to it than to
M. ovis and M. wenyonii. Previous studies
have shown ‘Candidatus M. haemocervae’
and ‘Candidatus M. erythrocervae’ in sika
deer (Cervusnippon centralis) in Japan
(Peters et al.., 2008; Watanabe et al ., 2010;
Tagawa et al ., 2013) but none has been
reported in horses.

Given the short nucleotide length (195bp) of
the hemoplasma sequenced the actual specie
cannot be ascertained. However, the light
microscopy and the sequence evidence of
mycoplasma species in the here with
reported horse case strongly indicates the
occurrence of hemoplasmosis horses in
Nigeria. Thus, molecular epidemiological
investigation and genomic characterization
of hemoplasma among a larger population of
horses in Nigeria should be envisaged. The
pathogenic significance of hemoplasma in
horses is still unclear as well, and needs
further studies in a larger sample population
with the conduct of experimental infections,
which  will be useful to study the
pathogenicity of the infection in horses.

This case presents the first molecular proof
of equine hemoplasmosis in Africa and the
third molecular evidence of hemoplasma
infection in horse worldwide. Our sequenced
hemoplasma although different, showed the
highest ~ homology  to ‘Candidatus
Mycoplasma haemocervae’, member of the
haemominutum group  within the
hemoplasma cluster. Therefore, there is a
need for a large-scale investigation of horses
in Nigeria, as that is critical for
epidemiological  surveillance,  accurate
diagnosis, successful treatment and control
of the disease with resultant improvement in
performance.

282

Happi and Oluniyi.

ACKNOWLEDGEMENTS
We greatly appreciate Prof. Christian Happi

for allowing us to use his laboratory
facilities at the African Centre of Excellence
for Genomics of Infectious Disease
(ACEGID), Redeemer’s University, Ede,
Osun State, Nigeria. Part of this research
work was supported by ACEGID,
Redeemer’s University, Ede. We are also
grateful to Drs. O. A. Adedokun for his
laboratory assistance.

REFERENCES

ADEJINMI, J.0., SADIQ, N.A.,
FASHANU, S.O., LASISI, O.T. and
EKUNDAYO, S. (2004): Studies on
the blood parasites of sheep in
Ibadan, Nigeria. Afr. J. Biomed. Res.

7(1).
AQUINO, L.C., KAMANI, J., HARUNA,
AM. PALUDO, G.R., HICKS,

C.A., HELPS, C.R. and TASKER, S.
(2016): Analysis of risk factors and
prevalence of hemoplasma infection
in dogs. Vet. Parasitol. 221: 111-

117.
DIECKMANN, S.M., WINKLER, M,
GROEBEL, K., DIECKMANN,

M.P., HOFMANN-LEHMANN, R.,
HOELZLE, K., WITTENBRINK,
M.M. and HOELZLE, L.E. (2010):

Haemotrophic mycoplasma
infection in horses. Vet.

Microbiol. 145(3-4): 351-353.
DIECKMANN, S.M., HOELZLE, K.,

DIECKMANN, M.P., STRAUBE, I.,
HOFMANN-LEHMANN, R. and
HOELZLE, L.E. (2012): Occurrence
of hemotrophic mycoplasmas in
horses with correlation to



Nigerian Veterinary Journal 41(3). 2020

haematological findings. Vet.
Microbiol. 160(1-2): 43-52.
DIPEOLU, 0.0., MAJARO, O.M,

AKINBOADE, O.A. and NWUFOR,
K.J. (1982): Studies on the blood
parasites of pigs in Ibadan, Nigeria.
Vet. Parasitol. 10(1): 87-90. FigTree
(http://tree.bio.ed.ac.uk/software/figt
ree/)

GRETILLAT, S. (1978):
L’hémobartonellose equine au
Niger. B. Acad. Vet. France 51: 351-
358.

GROEBEL, K., HOELZLE, K.,
WITTENBRINK, M.M., ZIEGLER,
U. and HOELZLE,L.E. (2009):
Mycoplasma suis invades porcine
erythrocytes. Infect. Immun. 77(2):
576-584.

HAPPI, A.N., TOEPP, AJ., UGWU, C.A,,
PETERSEN, C.A. and SYKES, J.E.
(2018): Detection and identification
of blood-borne infections in dogs in
Nigeria using light microscopy and
the polymerase chain reaction. Vet.
Parasitol. Reg. Stud. Reportsl11l: 55-
60.

HAPPI, N.A., OSIFADE, O., OLUNIYI,
P.E. and OGUNRO, N.B. (2019):
Comparison of light microscopy and
polymerase chain reaction for the
detection of haemoparasites in cattle
in Nigeria. Acta Parsitol. pp 1-13.

HOELZLE, L.E. (2008): Haemotropic
mycoplasmas: recent advances in
Mycoplasma suis. Vet. Microbiol.
130(3- 4): 215-226.

HOELZLE, K., WINKLER, M., KRAMER,
M.M.,  WITTENBRINK, M.M.,,
DIECKMANN, S.M. and

283

Happi and Oluniyi.

HOELZLE, L.E. (2011): Detection
of ‘Candidatus’ Mycoplasma
haemobos in cattle with anaemia.
Vet. J. 187(3): 408-410.

ISO, T., SUZUKI, J.,, SASAOKA, F.,
SASHIDA, H., WATANABE, Y.,
FUJIHARA, M., NAGAI, K. and
HARASAWA, R. (2013):
Haemotropic mycoplasma infection
in wild black bears (Ursusthibetanus
japonicus). Vet. Microbiol. 163(1-2):
184-189.

JAIN, W.C. (1986): Schalms Veterinary

Haematology (4"Edtn), Lea and
Febriger, Philadelphia,
USA.KALANTARI M,
SHARIFIYAZDI H, GHANE M,
and NAZIFI, S. (2019): The
occurrence of hemotropic
Mycoplasma ovis-like species in
horses. Prev. Vet. Med.

doi:https://doi.org/10.1016/j.prevetm
ed.2019.104877

KALYAAN, A. MOORTHY, S., MINH,
B.Q., WONG, T.KF, VON
HAESELER, A. and JERMIIN, L.S.
(2017): Model Finder: fast model
selection for accurate phylogenetic

estimates. Nat. Methods, 14:587-
589.KEARSE, M., MOIR,
R., WILSON, A., STONES-
HAVAS, S., CHEUNG,

M., STURROCK, S., BUXTON, S.,
COOPER, A., MARKOWITZ, S.,
DURAN, C. and THIERER, T.
(2012):  Geneious  Basic: an
integrated and extendable desktop
software platform for the
organization and  analysis  of


http://tree.bio.ed.ac.uk/software/figtree/
http://tree.bio.ed.ac.uk/software/figtree/

Nigerian Veterinary Journal 41(3). 2020

sequence  data.  Bioinformatics
28(12): 1647-1649.

LATIMER, K.S. (2011): Duncan and
Prasse’s  Veterinary  Laboratory
Medicine: Clinical Pathology
(5"Edtn), Wiley-Blackwell

Publications, UK.
M.A., BLACKSHIELDS,
N.P., CHENNA,

LARKIN,
G., BROWN,
R., MCGETTIGAN,
P.A., MCWILLIAM,

H., VALENTIN, F., WALLACE,
.M., WILM, A., LOPEZ,
R., THOMPSON, J.D., GIBSON,

T.J. and HIGGINS, D.G. (2007):
Clustal W and Clustal X version 2.0.
Bioinformatics 23 (21): 2947-8.
LEEFLANG, P. and ILEMOBADE, AA.
(1977). Tick-borne diseases of
domestic animals in  Northern
Nigeria. Trop. Anim. Health Prod.
9(4): 211-218.
MAGGI, R.G., COMPTON, S.M., TRULL,
C.L, MASCARELLLI, P.E.,
MOZAYENI, B.R., and
BREITSCHWERDT, E.B. (2013):
Infection with hemotropic
Mycoplasma species in patients with
or without extensive arthropod or
animal contact. J. Clin. Microbiol.
51(10): 3237-3241.
M.L., WILLI, B., DREHER, U.M,,
CATTORI, V., KNUBBEN-
SCHWEIZER, G., NUSS, K.,
BRAUN, U., LUTZ, H. and
HOFMANN-LEHMANN, R.
(2010): Identification, molecular
characterization, and occurrence of
two bovine Hemoplasma spp. in
Swiss cattle and development of

MELI,

284

Happi and Oluniyi.

real-time TagMan quantitative PCR
assays for diagnosis of bovine
hemoplasma infections. J. Clin.
Microbiol. 48(10): 563-3568.

MESSICK, J.B. (2004):Hemotrophic

mycoplasmas  (hemoplasmas): a

review and new insights into

pathogenic potential. Vet. Clin. Path.

33(1): 2-13.

B.Q., NGUYEN, M. and
HAESLER, A. (2013): Ultrafast
approximation  for  phylogenetic
bootstrap. Mol. Biol. Evol. 5:1188-
1195.

NGUYEN, L.T., HEIKO, A.VON
HAESELER, S.A. and MINH, B.Q.
(2015): IQ-TREE: A Fast and
Effective Stochastic Algorithm for
Estimating Maximum-Likelihood
Phylogenies. Mol. Biol. Evol. 32(1):
268-274.

NISHIZAWA, |., SATO, M., FUJIHARA,
M., SATO, S. and HARASAWA, R.
(2010): Differential detection of
hemotropic Mycoplasma species in
cattle by melting curve analysis of
the PCR products. J. Vet. Med. Sci.
72(1): 77-79.

OBI, T.U. and ANOSA, V.O. (1980):
Haematological studies on domestic
animals in Nigeria: 1V. Clinico-
haematological features of bovine
trypanosomiasis, theileriosis,
anaplasmosis, eperythrozoonosis
and helminthiasis. J. Vet. Med.
27(9-10): 789-797.

OLA-FADUNSIN, S.D. (2017): Prevalence,
risk factors and parasitic diseases co-
infection of pigs in Osun State,
south-west Nigeria, 2006-2015. Bull.

MINH,



Nigerian Veterinary Journal 41(3). 2020

Anim. Health. Prod. Afr. 65(4):
845-53.

VANDERVOORT, J.M., BOURNE, C,

CARSON, R.L., HEATH, A.M. and
BOUDREAUX, M.K. (2001): Use of
a polymerase chain reaction assay to
detect infection with Eperythrozoon
wen yoni in cattle. J. Am. Vet. Med.
219 (10): 1432-1434.

SANTOQOS, A.P., MESSICK, J.B., BIONDO,

AW., OLIVEIRA, S.T,
PEDRALLI, V. LASTA, CS,,
LACERDA, L.A., ESTEVES, V.S,
HOFMANN-LEHMANN, R.,

WILLI, B. and GONZALEZ, F.H.
(2009): Design, optimization, and
application of a conventional PCR
assay with an internal control for
detection of Candidatus
Mycoplasma turicensis’ 16S rDNA
in domestic cats from Brazil. Vet.
Clin. Pathol.38(4): 443-452.

TASKER, S., PETERS, I.R.,, MUMFORD,

A.D., DAY, MJ. GRUFFYDD-
JONES, TJ, DAY, S,
PRETORIUS, A.M., BIRTLES,
RJ., HELPS, C.R. and
NEIMARK, H. (2010): Investigation
of human haemotropic Mycoplasma
infections using a novel generic
hemoplasma gPCR assay on blood
samples and blood smears. J. Med.
Microbiol. 59(Pt 11): 1285.

OOTAKE, Y., NISHIZAWA, |., SATO, M.,

WATANABE, Y., NISHIMURA, T.,
MATSUBARA, K., NAGAI, K. and
HARASAWA, R. (2010):
Mycoplasma ovis detected in free-
living Japanese serows, Capricorni

285

TAGAWA, M,

VIEIRA,

VIEIRA,

Happi and Oluniyi.

scrispus. J. Vet. Med. Sci. 73: 371-
373.

PETERS, I.R., HELPS, C.R., MCAULIFFE,

L., NEIMARK, H., LAPPIN, M.R.,
GRUFFYDD-JONES, T.J., DAY,
M.J., HOELZLE, L.E., WILLI, B.,
MELI, M. and HOFMANN-
LEHMANN, R. (2008): RNase P
RNA gene (rnpB) phylogeny of
hemoplasmas and other Mycoplasma
species. J. Clin. Microbiol. 46:
1873-1877.

MATSUMOTO, K,
YOKOYAMA, N. and
INOKUMA, H. (2013): Prevalence
and  Molecular  Analyses  of
Hemotrophic Mycoplasma spp
(Hemoplasmas) Detected in Sika
Deer (Cervus nipponyesoensis) in
Japan. J. Vet. Med. Sci. 76(3): 401-
407.

TSWJ., VIDOTTO, O,
GUIMARAES, A.M.S,, DOS
SANTOS, AP, DO

NASCIMENTO, N.C., FINGER,
M.AP., BARROS-FILHO, IR,
DORNBUSCH, P.T., BIONDO,
AW., DA COSTA VIEIRA, R.F.
and MESSICK, J.B. (2015a): Use of
pan-hemoplasma PCR for screening
horses highly exposed to tick bites
from southern Brazil. Semin. Ciénc.
Agrar.36(3):291-294.

R.F.D.C., VIDOTTO, O,
VIEIRA, T.S.W.J., GUIMARAES,
AMS., SANTOS, A.P.D,
NASCIMENTO, N.C., SANTOS,
N.J.R.D., MARTINS, TF,
LABRUNA, M.B., MARCONDES,
M. and BIONDO, A.W. (2015b):



Nigerian Veterinary Journal 41(3). 2020

Molecular investigation of
hemotropic mycoplasmas in human
beings, dogs and horses in a rural
settlement in southernBrazil. Rev.
Inst. Med. Trop. S&o Paulo57(4):
353-357.

286

WATANABE, Y.,

Happi and Oluniyi.

FUJIHARA, M,
OBARA, H., MATSUBARA, K,
YAMAUCHI, K. and HARASAWA,
R. (2010): Novel hemoplasma
species detected in free-rangignsika
deer (Cervus nippon). J. Vet. Med.
Sci. 72: 1527-1530.



