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Abstract:

Anaplasma phagocytophilum is a multi-host pathogen that causes granulocytic an-
aplasmosis. The aim of the study was to determine the percentage of donkeys chroni-
cally infected with A. phagocytophilum, molecular detection , the DNA sequencing
and phylogenetic tree analysis of this bacterium. A total of 100 donkeys were exam-
ined ,100 blood samples were collected and examined by blood smear and by nested
PCR using primers specific for /16 SrRNA and msp4 genes. The phylogenetic tree was
built in MEGA 6.0 using the Unweighted Pair Group Method with Arithmetic Mean
(UPGMA tree). The Results showed that the blood smear tested under microscope
out of 100 samples 7(7%) were positive for the (morula).In Nested PCR out of 100
sample 14(14%) were positive for 16 SrRNA and 10(10%) for msp4 . The DNA se-
quencing and the phylogenetic tree showed that the isolate A. phagocytophilum was
closely related to the NCBI-BLAST A.phagocytophilum Hungary isolate at total ge-
netic changes of (0.1%) .

Keywords: Anaplasma phagocytophilum, donkeys, hematology,Nested PCR, Iraq.
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Introduction

The newly authorized term Ana-
plasma  phagocytophilum  replaces
three granulocytic bacterial species:
Ehrlichia phagocytophila, Ehrlichia
equi, and the agent of human granu-
locytic Ehrlichiosis, following a reor-
ganization of the families Ricketttsia-
ceae and Anaplasmataceae under the
order Ricketsiales (1). The bacterium
Anaplasma phagocytophilum affects
humans, horses, domestic ruminants,
dogs, cats, and ticks and causes granu-
locytic anaplasmosis. equine granulo-
cytic anaplasmosis (EGA) was origi-
nally identified as a horse illness in
California (1, 2) and has subsequently
spread to other regions of the United
States , Europe and South America
(3,4). The intensity of the clinical symp-
toms varies,fever, anorexia, apathy, leg
oedema, and petechial hemorrhages
are common symptoms (5). In labo-
ratory diagnosis (leukopenia, anemia,
thrombocytopenia, and identification
of intracytoplasmic inclusion bodies in
leukocytes) and clinical findings (fe-
ver, anorexia, lethargy, limb oedema,
and petechial hemorrhages) are used to
diagnose 4. phagocytophilum in ani-
mals in the acute phase (6). The earliest

laboratory diagnosis for acute infec-
tion is blood smear; the presence of the
distinctive cytoplasmic inclusion bod-
ies in neutrophils and, less frequently,
cosinophils in blood smears is diagnos-
tic (7). A.phagocytophilum DNA can
be detected by PCR in unclotted blood
or Buffy coat smears and DNA may
also be detected in host blood using a
sensitive and specific PCR. (8). Previ-
ous studies conducted on A. phagocy-
tophilum by another researcher’s for
identification it on another animals and
those researchers are:(9). This study
was directed to investigate the preva-
lence of Anaplasma phagocytophilum
in Iraq and samples were taken from
cattle, (10) The study was designed to
record the percentage of infection and
presence of A. phagocytophilum infec-
tion within sheep and ticks in Iraq, (11)
The study was designed to record First
detection of equine anaplasmosis and
hemoplasmosis of horses in mosul city,
Iraq, and another study was by (12)
The study was designed to record the
percentage of infection and presence
of canine anaplasmosis (4. phagocyto-
philum and A.platys) in dogs in Iraq.
The aim of the present study was to
determine the percentages of clinically
and chronically infected carrier’s don-
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keys for A. phagocytophilum, at the
molecular level in donkeys by using
nested PCR fallowed by DNA sequenc-
ing and phylogenetic tree analysis.

Materials and Methods:

Sampling: one hundred donkeys
(Equus asinus) from different places
Erbil and Duhok in Iraq were use in this
study in which 100 blood samples were
taken aseptically. Blood was collected
from the animals via jugular vein punc-
ture with test tubes containing (EDTA)
anticoagulant.  These samples were
used for screening the presence of A.
phagocytophilum by making thin film
slides of blood smear was diagnosed
based on blood abnormalities and the
discovery of A. phagocytophilum or-
ganisms (morula) in blood. Positive
and negative samples were subjected
to DNA extraction.

DNA extraction:

Blood genomic DNA was isolated
from the frozen blood samples accord-
ing to the manufacturer’s instructions
using the gSYAN DNA extraction kit
(Geneaid, USA). The extracted ge-
nomic DNA was examined with a
Nanodrop spectrophotometer (THER-
MO. USA), to assess DNA purity by
measuring absorbance at 260 /280 nm.

PCR Reaction

Molecular characterization by us-
ing conventional PCR for detection
of A. phagocytophilum. The Green
PCR Master Kit (Promega, USA) was
used in the PCR reaction. Tap DNA
polymerase, dNTPs (dATP, dCTP,
dGTP, dTTP) Tris-HCI pH 9.0, KCI,
MgCl,,Stabilizer and Tracking dye.
PCR thermocycler (T100 Thermal cy-
cler PCR Bio-Rad/ USA) settings
were accomplished using fallowing
program: PCR program for 16srRNA:
35 time (denaturation at 95°C 30sec ,
Annealing at 55°C 30sec, Extension at
72°Clmin) . Nested PCR program for
16srRNA: 35 time (Denaturation at
95°C30sec , Annealing at 55°C30sec,
Extension at 72°C1min). PCR program
for msp4 : 35 time (Denaturation at
95°C30sec , Annealing at 54°C30 sec,
72°Clmin). Nested PCR program
for msp4 : 35 time (Denaturation at
95°C30sec , Annealing at 55°C 30sec,
Extension at 72°Clmin). Agarose gel
electrophoresis was used to examine
the Nested PCR results, it was made
by dissolving 1X TBE in a water bath,
then stained with 3ul of ethidium bro-
mide stain, 10pul of PCR product was
put to each comb well, along with 3pul
of (100bp Ladder) in the first well. The
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electric current was then applied for 1
hour at 100 volts and 80 ampere, UV
Transilluminator was used to visualize
nested PCR products s . The positive
amplified genes sequences with spe-
cific ladder marker (100-2000bp) to
specify the molecular weight of ampli-
fied genes sequences which appear as
bands. DHL delivered the nested PCR
product of Msp4 gene positive items to
Macrogen Company in Korea in an ice
bag for DNA sequencing using the AB

DNA sequencing technology DNA
sequencing was performed using Mo-
lecular Evolutionary Genetics Analy-
sis version 6.0 (MEGA 6.0) and Mul-
tiple sequence alignment analysis of
the incomplete Msp4 genes based on
ClustalW alignment analysis. The evo-
lutionary distances were determined
using the phylogenetic tree UPGMA
technique and the Maximum Compos-
ite Likelthood method.

Table 1: Primers used in 1% and 2% run of nested PCR

Gene  Primer Sequence (5- 3) Amplicon Size [bp] Reference

16SrRNA F CACATGCAAGTCGAACGGATTATTC (932bp) ( 13 )
R TTCCGTTAAGAAGGATCTAATCTCC
16SrRNA nested PCR primers

F  AACGGATTATTCTTTA TAGC TTGCT

R  GGCAGTATTAAAAGCAGCTCCAGG

(546bp)

MSP4 F ATGAATTACAGAGAATTGCT TGTAGG (849bp) (14, 15)
R TTAATTGAAAGCAAATCTTGCTCCTATG
MSP4 Nested PCR primers
F  CTATTGGYGGNGCYAGAGT (381 bp)

R GTTCATCGAAAATTCCGTGGTA.

Statistical Analysis: The current
study’s data were statistically analyzed
using the Statistical Package For Social
Sciences version 28. The chi-square
test was done to determine the relation-

ship between the variable percentages.
To compare the mains of two groups at
a 95% confidence interval (p0.05), de-
scriptive statistics and an independent
t-test were utilized to examine clinical
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and hematological variables. Test re-
sults were considered statistically sig-
nificant if their P value was less than
0.05 at the level of significance. 2016
(16).
Results

Clinical signs: All of the donkeys in
the study clinically assessed for tem-
perature, respiration, and heart rate,
were normal, while The infection was
persistent in those animals, varied
clinical symptoms were detected, in-
cluding emaciation and a pale mucosal
membrane.

Infection rates

Infection rates based on blood
smear staining

The presence of morula in the cy-
toplasm of granulocytes during blood
smear testing 1s strongly predictive of
a diagnosis(figure 1). For the first time,
A. phagocytophilum was found in the
blood of a donkey suffering from poor
performance, weight loss, and ane-
mia. The percentage of positive cases
of blood smear in microscopic exami-
nation were 7(50%) out of 14(100%)
positive samples (table 1) in PCR test
out of 100 donkeys. the result of blood
smear in infected donkeys was signifi-
cant at p< 0.001.

Figure 1: The morula in the blood of donkeys.
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Table 2: Distribution of positive blood smears in donkeys.

Blood Smear Total
Positive Negative
infected Count 7 7 14
% of infection 50 % 50 % 100 %
Count 0 86 86
-inf
Non-infected % of infection 0% 100 % 100 %
Total Count 7 93 100
% of infection 7% 93 % 100 %
Pearson Chi-Square 0.000*
Infection rate in Molecular detection (figure 2), the percentage of infected

The Nested PCR product analysis of
the 16S RNA gene in A. phagocytophi-
lum from donkey blood samples, where
M represents the DNA marker and Lanes
(1-14) only Positive samples at (546bp)

animal was 14 (14%) and 86 was Non-
infected out of 100 donkeys (table 3). the
result of nested PCR test of 16STRNA
gene in A. phagocytophilum in infected
donkeys was significant at p< 0.001.

S00bp

100bp =

e . .7..8.9 1011 12 13 14

Figure (2) The Nested PCR product analysis of the 16S RNA gene in
A. phagocytophilum from donkey blood samples.

Table 3:Distribution of positive /65rRNA gene in donkeys.

16SrRNA gene Total
Positive Negative
) Count 14 0 14
infected % within infection 100 % 0 % 100 %
) Count 0 86 86
Non-infected - == = i infection 0% 100 % 100 %
Count 14 86 100
Total o . 5 p o
% within Infection 14 % 86 % 100 %
Pearson Chi-Square 0.000*
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Nested PCR product analysis of the
msp4 gene in A. phagocytophilum blood
samples, M stands for marker (2000-
100bp). Lanes (1-14) only had a few
positive samples at the (381bp) (figure
3)Nested PCR product. Table3 shows
the positive samples in nested PCR test

of msp4 gene of A. phagocytophilum
isolates from donkeys blood samples
and the percentage of infected animals
was 10 (10%) out of 100 donkeys. the
result of nested PCR test of msp4 gene
in A. phagocytophilum in infected don-
keys was significant at p< 0.001.

Figure (3): Nested PCR product analysis of the msp4 gene

in 4. phagocytophilum blood samples.

Table 4 : Distribution of msp4 gene positive cases in donkeys.

msp4 gene Total
Positive Negative
) Count 10 4 14
infected . .
% within infection 71.4 % 28.6 % 100 %
Non-infected Count 0 86 86
on-infecte
% within infection 0% 100 % 100 %
Count 10 90 100
Total . .
% within infection 10 % 90 % 100 %
Pearson Chi-Square 0.000*
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DNA Sequence results:

The examination of the phylo-
genetic tree revealed that 4. phago-
cytophilum 1solate from the donkey
were closely related to NCBI-BLAST
A.phagocytophilum the Hungary iso-
lates at total genetic changes of 0.1%.
The genetic homology sequence iden-
tity between A. phagocytophilum iso-
lates from donkeys and NCBI-Genbank

deposited related A. phagocytophilum
Hungary isolates ranged from 99.21-
99.23%, and the phylogenetic tree sim-
ilarity was 97%, as shown in Table (4).
Finally, two 1isolates of A. phagocy-
tophilum from donkey were success-
fully registered within the NCBI Gen-
Bank and assigned accession numbers
(OP244687.1-and OP244688.1).

e

Ansplazma phagocytophilem K-Dontey izolste Mo 1 {OF244687 1)

_— MF974854.1 Anaplazms phagooybphilumizolste 4289

o —— & Anzplazms phagooytophilum K0-Donbey izolate No.2 (OP244555 1)

MWS31455.1 Anaplaasms phagocybphilumizolate LU-AZD

MFS74856.1 Anaplazma phagooybophilumizolate 4319

KM205424 1 Anaplasms phagocybphilumztrain red-473

MFET4850.1 Ansplzzms phagocytophilum izolste G171

1
100

Figure 4: Phylogenetic tree analysis based on the partial sequence
of the msp4 gene in local A. phagocytophilum donkey isolates
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The phylogenetic tree was built in
MEGA 6.0 using the Unweighted Pair
Group Method with Arithmetic Mean
(UPGMA tree) for genetic relation-
ship investigation at total genomic
alterations (0.1%), A. phagocytophi-
lum donkey isolate was found to be
closely related to the NCBI-BLAST
A. phagocytophilum Hungary isolate.
Table 4 displays the percentage of NC-
BI-BLAST Homology Sequence iden-

tity between local A. phagocytophilum
donkey isolates and NCBI-BLAST
closely related isolates of. A. phagocy-
tophilum in other countries. The result
show that the tree similarity for the first
isolate was 96% and identity 99.21%
with the Hungary isolate, the tree simi-
larity for the second isolate was 96%
and identity 99.23% with Hungary iso-
late.

Table 5: The percentage of NCBI-BLAST Homology Sequence identity between local
A. phagocytophilum donkey isolates and NCBI-BLAST closely related isolates .

Homology sequence identity (%
A. phagocytophi- | Accession gy 5ed y (%)
lum isolate number Identical A. Accession | Similarity | Identity
phagocytophilum number % (%)
Anaplasma Anaplasma
phagocytophilum phagocytophilum o 0
1Q-Donkey iso- OP244687.1 d289 Hungary MF974854.1 96% 99.21%
late No.1 isolate
Anaplasma Anaplasma
phagocytophilum phagocytophilum o o
1Q-Donkey iso- OP244688.1 d289 Hungary MF974854.1 96% 99.23%
late No.2 isolate
Discussion signs, which was consistent with pre-

A. phagocytophilum causes granu-
locytic ehrlichiosis in various species
of domesticated mammals, includ-
ing equids. According to this study,
A. phagocytophilum infects donkeys
in northern Iraq. The donkeys in this

investigation did not exhibit clinical

vious findings. (17-18). This could be
due to a number of factors such as in-
fection phase (acute or carrier), immu-
nological status, age, infective dose,
environment, and management. This
makes them chronically infected carri-
ers and keeps their clinical symptoms



First Hematological and Molecular Detection of Anaplasma phagocytophilum
in Donkeys in Iraq ... Mohanad Mohammed jameel ,

|| ¢14

Saleem A. Hasso

under control (13). In this investiga-
tion, A. phagocytophilum organisms
were detected microscopically in Iraqi
donkeys. The anaplasma’s intracellular
replication results in the formation of
these morulae. The findings demon-
strated that 4. phagocytophilum ob-
viously replicates within neutrophils.
The presence of morulae in neutrophil
cytoplasmic vacuoles in blood smears
is considered diagnostic for ehrlichio-
sis. (19-20) and the results were agree
with another study (10). on donkey in
(Sicily- Italy) . A. phagocytophilum
molecular characterization and utili-
zation of the 16SrRNA gene and the
result in this study were agree with
previous study conducted by (21 in
Italy and22 in Spain) for detection of
A. phagocytophilum in donkey. The di-
agnosis of A. phagocytophilum by us-
ing msp4 gene and result agree with
study of (21) in Italy through the num-
ber of animals in the survey and through
the number of positive infections. The
msp4 gene is expressed on the outer
membrane of A. phagocytophilum, this
gene product is thought to be involved
in the host pathogen interaction, and
may evolve more rapidly than other
nuclear gene proteins, and thus may
show host specific characteristics due

to selective pressures exerted by the
host immune systems, resulting in a
high sequence heterogeneity among
A. phagocytophilum strains in this par-
ticular gene (9;10) Separate cluster-
ing in ruminants is another example of
evolution connected to host sensitivity
and geographical distribution of this or-
ganism (10). The ability to distinguish
A. phagocytophilum samples based on
their mammalian host of origin sug-
gested that msp4 sequences could be
employed for coevolutionary investi-
gations (10). The msp4 sequences of
the MRK 1isolate, which was originally
1solated from a horse in California, and
the Italian strains from donkeys were
identical (10).

Conclusion:

It can be concluded from the result
that the chronic form of the disease
was prevalent, the acute form was not
recorded. A. phagocytophilum was re-
corded for the first time in the donkeys
in Iraq. The use of specific primer for
nested PCR test was extremely specific
and sensitive than microscopic exami-
nation.
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