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Abstract

Anaplasmosis is a tick-borne rickettsial disease affecting domestic and wild animals, particularly in tropical and subtropical regions world-

wide. Over the years, several species of Anaplasma have been identified. Although numerous studies have documented their prevalence and

distribution, gaps remain in our understanding of their pathogenic mechanisms and optimal treatment strategies, particularly in goats. This

study aimed to identify Anaplasma species using both microscopic and molecular diagnostic techniques. A treatment regimen consisting of

oxytetracycline and enrofloxacin was administered to infected goats. Following the implementation of this protocol, a significant reduction in

mortality within the herd was observed, leading to the cessation of deaths in a relatively short period. This study underscores the effectiveness

of the proposed treatment and contributes to the understanding of anaplasmosis management in goats.
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Introduction

Tick-borne diseases have significantly increased over the
past 30 years, particularly in tropical and subtropical re-
gions, posing a major threat to livestock health and pro-
ductivity. Among these, Anaplasma spp. infections in small
ruminants cause severe economic losses due to reduced
productivity, increased morbidity, and mortality. The
widespread adoption of molecular diagnostics, with their
enhanced sensitivity and reliability, has improved the ac-
curate detection of these pathogens in livestock. Ticks are
major vectors of bacterial and protozoal infections affect-
ing farm animals, including anaplasmosis, which remains
a significant concern in goat herds(1-4).

Anaplasma species have been identified as causative agents
of diseases in a wide range of domestic and wild animals on
a global scale (1,5,6). Notably, certain species, including A.
phagocytophilum, A. ovis, A. capra, and A. platys, have been

demonstrated to possess zoonotic potential, underscoring
highlighting their significance in public health(5,6,7-10).

These rickettsia are capable of affecting various cell types,
including monocytes, neutrophils, erythrocytes, and plate-
lets, depending on the host species(2,11). Anaplasma
phagocytophilum primarily targets neutrophils and eo-
sinophils in both infected animals and humans, while A.
marginale, A. centrale, and A. ovis predominantly affect
the erythrocytes of ruminants, and A. bovis targets bovine
monocytes. A. platys has been observed to impact canine
platelets; however, A. capra has been shown to affect en-
dothelial cells, and its detection in blood smears remains
questionable(2,5,8,11,12).

The present study aimed to investigate the presence of
Anaplasma spp. in a goat herd in Turkey exhibiting clin-
ical signs consistent with anaplasmosis through clinical
evaluations, laboratory analyses, and molecular testing.
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Moreover, the objective was to evaluate, for the first time,
the therapeutic efficacy of a combination of oxytetracycline
and enrofloxacin in the treatment of goats affected by an-
aplasmosis.

Material and Methods

Animals and Herd Anamnesis

Firstly, the animal material consisted of two goats from an
extensive family farm in Canakkale, which were brought to
Bursa Uludag University (BUU) Veterinary Faculty Animal
Hospital Subsequently, 22 goats from the same flock were
included in the study. The herd consisted of 190 Saanen
and Saanen crossbred goats. This research was conducted
with the ethical approval of the Committee of Animal Ex-
perimentation of BUU University (Bursa Uludag Universi-
ty-2020-06/90). The herd anamnesis revealed that the herd
had been affected by a disease for the past month, despite
treatment with various medications, including imidocarb,
oxytetracycline LA, tulathromycin, and doramectin. This
treatment had no success in halting the disease, which re-
sulted in the death of 35 goats. The herd owner reported
that the disease was characterized by high fever, and some
of the deceased animals displayed icterus; however, none
showed signs of hemoglobinuria.

The samples collected from the herd were subjected to test-
ing for C. perfringens (ELISA), infectious necrotic hepatitis
(FAT), goat liver pain, and sheep-goat plague (molecular
techniques). However, the results of these tests were nega-
tive. It was reported that the animals were primarily raised
on pasture and were also given pellet milk feed.

Two goats brought to our faculty were found to have vary-
ing degrees of anemia and pneumonia. A detailed exam-
ination of blood smears revealed the presence of inclusions
within neutrophils, suggesting the existence of Anaplasma
spp. Based on the clinical and laboratory findings, the dis-
ease was suspected to be consistent with Anaplasma spp.
infection. Therefore, the objective was to elaborate the di-
agnostic process in the herd through clinical, hematolog-
ical, and molecular diagnostic methods, followed by the
development of a treatment plan.

Sample Collection and Laboratory Analysis

In this study, a total of 24 goats were selected for analy-
sis, including two goats that were brought to our hospital
and 22 out of 100 diseased goats from the flock that were
found to be diseased. Blood samples were collected from
each animal, with two millilitres of blood with EDTA and
five millilitres of anticoagulant-free blood being obtained.
The white blood cell (WBC) count, packed cell volume
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(PCV), and platelet (PLT) levels were then measured us-
ing conventional methods. Furthermore, the activities of
aspartate aminotransferase (AST) and gamma-glutamyl
transferase (GGT) in the blood serum of the two goats ini-
tially brought to our faculty were determined using a dry
chemistry analyzer (Ref: 10745081; Reflotron Plus, Roche
Diagnostic GmbH, Germany). Additionally, the lungs of
the necropsied goat were sent to the laboratory for bacte-
rial culture.

The microscopic evaluation

Blood smears were prepared and stained with Diff-Quick
stain. The presence of Anaplasma species in erythrocytes
and granulocytes was evaluated by examining the samples
at 100x magnification using a light microscope. As a result
of parasitological examinations, the presence of A. phago-
cytophilum or an A. capra-like morula in granulocytes was
observed under the microscope, prompting the use of mo-
lecular diagnostic methods.

DNA extraction, PCR amplification, and sequencing
The total genomic DNA (gDNA) was extracted using the
GeneJET Genomic DNA Purification Kit (Thermo Scien-
tific, Waltham, MA, USA) in accordance with the manu-
facturer's protocol. The final nucleic acid was eluted in 50
uL of eluent buffer and stored at -20 °C. The DNA concen-
trations of the samples were then measured using Qubit 3.0
Fluorometer Quantitation (Thermo Scientific, Waltham,
MA, USA) in order to standardise the amount of gDNA
used in the subsequent PCR amplifications.

The gDNAs extracted from blood samples were then sub-
jected to a series of PCR analyses utilizing the primers
EHR16SD (5-GGTACCYACAGAAGAAGTCC-3') and
EHRI16SR (5'-TAGCACTCATCGTTTACAGC-3") which
were designed to amplify a ~345 base pair (bp) fragment
of the 16S ribosomal RNA (16S rRNA) gene(13). The am-
plifications were carried out in a total volume of 25 puL,
including 12.5 pL of commercial ready to use mastermix
(DreamTaq Green PCR Master Mix, Thermo Fisher Sci-
entific, Waltham, MA, USA), 1 uM of each primer and
10 to 30 ng of gDNA. The reactions were performed in a
C1000 Touch™ Thermal Cycler (Bio-Rad, Hercules, CA,
USA), with the cycling parameters described by Inoku-
ma et al.(14). All PCR experiments contained one positive
control (gDNA of A. phagocytophilum infected dog blood)
and one negative control (sterilized ddH,O). The amplifi-
cation products (5 ul) were electrophoretically resolved in
1.5% agarose gels containing GelRed™ gel stain (Biotium,
Inc., Hayward, CA, USA) and were then visualisedon a
Fusion FX Gel Documentation System (Vilber Lourmat,
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Collégien, France).

All positive products of the Polymerase Chain Reaction
(PCR) were purified from an agarose gel for the purpose of
sequencing. This was achieved by means of the High Pure
PCR product purification kit (Roche, Mannheim, Germa-
ny). The purified amplicons were then sequenced in both
directions using corresponding PCR primers by Macrogen
Inc. (Macrogen, Amsterdam, The Netherlands). The prim-
er sequences were subsequently trimmed from all reads.
The forward and reverse sequences were then edited and
aligned with Geneious Prime software (http://www.gene-
ious.com) to obtain a single consensus sequence. The fi-
nal sequences were then aligned to homologous sequences
available from GenBank using the BLASTn algorithm with
the default settings. The sequence divergences were calcu-
lated using a Kimura 2-parameter substitution modell5
implemented in the program MEGA X16.

Treatment protocols

Following the diagnosis of pneumonia and anaplasmosis
in the herd, oxytetracycline LA (Primamycin LA®, Zoetis)
was administered intramuscularly at a dose of 20 mg/kg
every 48 hours for a total of three doses. In addition, en-
rofloxacin (Baytril 10%°, Bayer) was administered subcu-
taneously at doses of 8 mg/kg, 5 mg/kg, and 5 mg/kg for
three consecutive days, respectively, and B complex vita-
mins (Berovit®, Ceva) were administered intramuscularly
at a dose of 5 ml for five consecutive days.

For the purpose of prophylaxis, oxytetracycline LA (Pri-
mamycin LA®, Zoetis) was administered intramuscularly
to the entire herd at a dose of 20 mg/kg every 48 hours for
two doses, followed by a single subcutaneous dose of gami-
thromycin (Zactran®, Merial) at 6 mg/kg to the whole herd.
The decision not to include a negative control group in this
study was taken in view of the ethical concerns and the risk
of exacerbating morbidity and mortality, as the disease is
associated with fatalities.

Statististics

The comparison was made of PCV%, WBC, and WBC
counts between the parasitemia-positive and negative
groups. This was performed using the SigmaPlot® statis-
tical software. Initially, normality was assessed using the
Shapiro-Wilk test, followed by t-tests for group compari-
sons. A significance level of P < 0.05 was considered to be
statistically significant in all evaluations.

Results
A physical examination of two goats brought to our hospi-
tal, as well as a general examination of the herd, revealed
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varying degrees of anemia and pneumonia, particularly in
both young and adult animals. The primary clinical signs
exhibited by the affected animals included weakness, reluc-
tance to move, open-mouth breathing, mucopurulent to
purulent nasal discharge, lacrimation, general weakening,
painful breathing, and pain during costal and abdominal
palpation in some animals. The respiratory rates of the two
goats admitted to our hospital were recorded at 136/min
and 100/min, respectively, while their heart rates were doc-
umented as 148/min and 140/min. Additionally, the body
temperatures of the affected animals were measured to be
37.2°C and 37.7°C. It is noteworthy that one of the goats
exhibited signs of abdominal discomfort during physical
palpation.

In one of the two goats brought to the animal hospital,
mild leukocytosis (12,300/mm?®) and elevated aspartate
transaminase (AST) levels (519 U/L) were observed. In the
second goat, significant anemia (PCV 16%) and thrombo-
cytopenia were detected. The second goat exhibited symp-
toms consistent with severe anemia (PCV 16%), throm-
bocytopenia (45,000/mm?®), neutrophilia (63%), mild
leukocytosis (11,200/mm?®), and increased levels of AST
(338 U/L) and GGT (113 U/L).

A necropsy of deceased goats revealed findings indicative
of pneumonia. However, a bacteriological examination of
the lungs revealed no identification of Pasteurella spp. or
Mycoplasma spp..

The findings from the two necropsied goats, in conjunc-
tion with the clinical and laboratory examinations of other
goats in the herd, led to the identification of pneumonia
and severe anemia in the affected animals. Parasitological
examinations revealed the presence of A. phagocytophilum
or an A. capra-like morula in granulocytes under micro-
scopic analysis, thus necessitating the implementation of

molecular diagnostic methods.

’ P K v
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Figure 1. Microscopic view of Anaplasma spp. (Diff-quick stain of blood

smear)
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The PCV, WBC and PLT levels of a total of 24 goats' blood
samples are presented in Table 1. These samples were ob-
tained from two goats that were admitted to the hospital
and a subsequent examination of 22 goats in the herd. The
samples were examined microscopically for the presence of
Anaplasma spp., with positive and negative results.

Table 1. Comparison of PCV%, WBC, and PLT levels of microscopically

Anaplasma spp. positive and negative goats in the herd.

Anaplasma spp. positive Anaplasma spp.negative P value

(n=13) (n=11)

Mean Min-Max Mean Min-Max
PCV 26,92+1,93 16,00- 28,54+1,13 24,00-  P=0,498
(%) 41,00 36,00
WBC 12.115,042.066,0  3.600,0-  10.691,0:2.304,0  1.700,0- P=0,649

31.200,0 22.500,0

(/mm?)
PLT 155.100,0+58.575,0  39.000,0- 265.800,0+81.667,0 54.000,0- P=0,293
(/mm?) 660.000,0 468.000,0

All blood samples yielded positive PCR amplifications
(Fig. 2). The amplified target fragment of 16S rRNA was
successfully sequenced. In the sequence analyses, 305 bp
covering the fragments were obtained from all isolates.
The BLASTn analysis of the sequences revealed that all
the isolates belonged to Anaplasma sp.. No intraspecific
differences were identified among the Anaplasma sp. se-
quences, which collectively represented a single haplotype
based on the 16S rRNA fragment. The sequence of this
haplotype has been submitted to GenBank (accession no:
MT632469). Furthermore, the partial 16S rRNA sequence
of Anaplasma sp. isolates exhibited 100% identity with the
sequences of previously reported Anaplasma isolates from
multiple geographical regions.

500 bp
~345 bp

Figure 2. PCR amplification of Anaplasma spp. 16S rDNA partial gene
region on gel electrophoresis. M: 100 bp marker; 1-12: positive samples;

13: positive control; 14: negative control.

It is noteworthy that a mere two goats perished as a con-
sequence of their critical condition on the second day of
treatment. Subsequent to the conclusion of the treatment
regimen, no further fatalities occurred.
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Discussion

Anaplasma ovis is the primary species responsible for
anaplasmosis in sheep and goats(17,18). Additionally, A.
phagocytophilum-associated anaplasmosis has been report-
ed in some cases of small ruminants(18,19). Although less
common than A. ovis and A. phagocytophilum, infections
with A. marginale, the causative agent of cattle anaplasmo-
sis, have been detected in sheep(20) and goats(21). Ana-
plasma capra was first described by Li et al.(5) and has been
reported to cause anaplasmosis in sheep and goats(22). In
this study, anemia in the herd was suspected to be asso-
ciated with anaplasmosis based on clinical and laborato-
ry findings. Microscopic examination suggested that the
causative agent of anaplasmosis was likely not A. ovis but
might instead be A. capra. Consequently, molecular diag-
nostic methods were further explored, and the discussion
centered on diagnostic techniques and the effectiveness of
treatment within the herd.

The diagnosis of anaplasmosis can be made using a variety
of methods, including microscopic examination of blood
smears; serological methods such as the indirect fluores-
cent antibody test (IFAT) and competitive ELISA (cELISA);
and molecular analyses such as PCR(18,19). However, as
asserted by Shabana et al.(19) the reliability of microscopic
diagnosis is questionable in non-symptomatic animals and
carriers, due to the low number of circulating Anaplasma
sp.-infected cells. Consequently, the microscopic detection
of morulae or agents in peripheral blood is neither sen-
sitive nor reliable for diagnosis(5). It has been stated that
IFAT and cELISA techniques are highly effective in diag-
nosis due to their high specificity and sensitivity, and PCR
offers an advantage with its superior sensitivity, enabling
the differentiation of Anaplasma subtypes(2,6,19,23,24).
Peng et al.(25) also stated that the multiplex PCR scanning
method can be used for species determination. In accor-
dance with these findings, in our study, only 13 of 24 an-
imals were detected as suspected positive for Anaplasma
spp. based on blood smear examination, and the definitive
presence of the agent was determined only by molecular
methods.

In this study, during the microscopic examination, an A.
capra-like morula was observed, and PCR tests detected
the presence of Anaplasma species DNA in the samples.
However, the BLASTn analysis of partial 16S rRNA se-
quences was inconclusive in identifying the Anaplasma
species as A. capra, due to the amplification of a conserved
gene region. Consequently, the employment of more spe-
cific markers, such as the citrate synthase (gltA) or GroEL
genes, which exhibit greater sequence variation, is required
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to accurately confirm the species(26). The isolate obtained
in the present study has been registered in GenBank under
the name of Uncultured Anaplasma sp. clone AncapTR1
and its accession number is MT632469.

It has been documented that individuals infected with
species belonging to the Anaplasmataceae family exhibit a
range of nonspecific symptoms, including fever, malaise,
muscle-joint pain, vomiting, diarrhea, nausea, and anorex-
ia. Laboratory examinations have revealed the presence of
leukopenia, thrombocytopenia, elevated lactose dehydro-
genase enzyme activities, and increased blood urea nitro-
gen (BUN) levels(1). Concurrently, Li et al.(5) identified
fever, headache, dizziness, chills, and in some cases, muscle
pain, rash, nausea, vomiting, diarrhea, regional lymphade-
nopathy, cough, arthritis, and confusion in a study with
A. capra infecting 28 people. Laboratory examinations
further revealed increased liver enzyme activity (AST and
ALT), leukopenia, and thrombocytopenia(5). However, in
this research, no complaints about health were reported
during the disease period and the following 1 year in the
owner and other caregivers of the goat herd. Nevertheless,
the increase in liver enzyme activity and signs of leukope-
nia and thrombocytopenia have been identified in some of
the goats which are the subject of our research.

The agents of the genus Anaplasma are transmitted trans-
stadially by Ixodid (hard tick) ticks, thus rendering ticks
the primary vectors in Anaplasma spp. infections(1,5,8,11).
Furthermore, studies have demonstrated that migratory
birds may play a pivotal role in disseminating A. phago-
cytophilum via Ixodes ricinus ticks(27,28). In a study con-
ducted in the Canakkale region, 14 Ixodid tick species have
been identified in sheep, goats, and cattle and their season-
al activities have been demonstrated. The study revealed
Ixodes ricinus (24.45%) to be most prevalent tick species,
followed by Rhipicephalus bursa (22.06%), R. turanicus
(12.61%), R. (Boophilus) annulatus (8.8%) and Dermacen-
tor marginatus (7.12%), in that order(29). However, given
that no ticks were detected on any of the goats in the herd,
it could be hypothesized that the transmission occurred
through an alternative vector, environmental contamina-
tion, or mechanical transmission, a subject that remains
open to discussion.

It is generally accepted that the mortality rate of anaplas-
mosis is not particularly high. However, the present study
suggests that the high mortality rate may be attributable
to the presence of concomitant pneumonia in the herd
or to the occurrence of the disease in Saanen breed goats,
resulting in impaired enzootic stability. The treatment of
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anaplasmosis in sheep and goats has been demonstrated to
be effective with drugs such as oxytetracycline, imidocarb
dipropionate, and doxycycline(17,18,30). Furthermore,
doxycycline is a commonly prescribed treatment for hu-
man anaplasmosis(5,7)

A study by Facury-Filho et al.(31) compared the effects of
enrofloxacin (7.5 mg/kg single dose; 7.5 mg/kg in two dos-
es, three days apart) and long-acting oxytetracycline (20
mg/kg single dose) in cattle infected with A. marginale.
The study concluded that both enrofloxacin and oxytetra-
cycline exhibited favorable outcomes in terms of treatment
efficacy. However, enrofloxacin demonstrated a more ex-
peditious response in terms of reducing rickettsemia and
restoring normal hematocrit levels(31). Furthermore, a
separate study by Sing et al.(32) reported that the admin-
istration long-acting enrofloxacin (7.5 mg/kg SC, single
dose) and oxytetracycline (10 mg/kg, once daily for 5 days
IV) resulted in successful treatment outcomes in cattle in-
fected with A. marginale(32). Conversely, it has been as-
serted that enrofloxacin administration at a dose of 12.5
mg/kg SC, administered twice with 48-hour intervals,
in splenectomised calves with A. marginale infections,
demonstrates positive outcomes while failing to eradicate
the infection(33). Another study demonstrated that enro-
floxacin (5 mg/kg IV q24h for 5 days), imidocarb (5 mg/kg
IM twice, 7 days apart), and oxytetracycline (22 mg/kg IV
q24h for 5 days) treatments provide some efficacy in clear-
ing persistent A. marginale infections in cattle, but none
of the treatments eliminate the infection(34). However, no
research has been found regarding the use of enrofloxacin
in the treatment of anaplasmosis in goats. In the presented
study, a combination of oxytetracycline and enrofloxacin
was used for the first time to treat Anaplasma spp. infec-
tions in goats, and the treatment proved to be successful.
It is imperative to note that both oxytetracycline and en-
rofloxacin can be detected in high concentrations in goat
milk. Consequently, it is crucial to observe sufficient with-
drawal time after their administration to safeguard both
the health of the offspring and public health(35,36).

Conclusion

This study confirmed the presence of Anaplasma spp. in
goats, providing insights into clinical and laboratory find-
ings as well as treatment methods. These results highlight
the importance of considering anaplasmosis in cases with
similar clinical, microscopic, and molecular characteris-
tics. Additionally, given the zoonotic potential of Anaplas-
ma species, precautions should be taken to protect public
health, particularly for animal caregivers and veterinari-
ans. The necessity for further research is highlighted by the
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paucity of data on the disease in humans, various animal
species and breeds, different regions, predisposing factors,
and its economic impact. The present study demonstrates
the efficacy of a combination of enrofloxacin and oxytetra-
cycline in treating Anaplasma infection in goats.

Ethics statements

This research was conducted with the ethical approval
of the Committee of Animal Experimentation of Bursa
Uludag University-2020-06/90.
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