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Anaplasma species are obligate intracellular rickettsial pathogens that impact the health of humans and animals. Few studies
have been carried out on Anaplasma infections in central and southern China. This study was conducted to determine the coin-
fection rates of Anaplasma ovis, A. bovis, and A. phagocytophilum from 262 field blood samples of goats in these regions. The
average prevalences of single infection of A. ovis, A. bovis, and A. phagocytophilum were 15.3, 16.0, and 6.1%, respectively. Coin-
fection of A. ovis and A. bovis was dominant, with an infection rate of 27.1%. Coinfection of A. ovis and A. phagocytophilum was
1.9% and that of A. bovis and A. phagocytophilum was 4.2%. Three-pathogen coinfection was found in three of four investigated
provinces with a prevalence between 0 and 5.3%. The accuracy of the PCR results was corroborated by sequencing. Analysis of
the 16S rRNA gene sequences of A. bovis and A. phagocytophilum confirmed the presence of these pathogens at the investigated
sites and indicated the possible genetic diversity of A. phagocytophilum. Field blood inoculation of experimental animals led to
successful identification and observation of the morphological shapes of A. bovis in the infected monocytes of sheep. Phyloge-
netic study with msp4 sequences of A. ovis indicated that the A. ovis genotypes from sheep in the north differed from the geno-
types of goats in the investigated sites.

Bacteria of the genus Anaplasma are obligate intracellular etio-
logical agents of tick-borne diseases of mammalian hosts (9).

The major species that impact animal and human health are Ana-
plasma marginale, A. ovis, A. centrale, A. bovis, A. phagocytophilum,
and A. platys. Among these, A. marginale and A. ovis are the main
inter-erythrocytic pathogens of bovine and ovine animals. They
are responsible for bovine anaplasmosis and ovine anaplasmosis
in tropical and subtropical areas (1, 18). A. centrale is less patho-
genic than the closely related A. marginale. A. centrale has been
used as a live vaccine for cattle in Israel, South Africa, South Amer-
ica, and Australia (7). A. phagocytophilum, also known as Ehrlichia
equi and Ehrlichia phagocytophila, is the causative agent of human
granulocytic anaplasmosis, tick-borne fever of ruminants, which
infects a wide range of hosts, including humans and wild and
domestic animals (8, 9). A. bovis is another leukocyte pathogen of
ruminants that is usually found in professional phagocytes, such
as monocytes (21). A. platys (formerly E. platys) is a platelet patho-
gen that infects dogs (24).

A. marginale and A. ovis are the main ruminants pathogens
found in northern China (2, 15), and few studies have been carried
out in central and southern China. A. phagocytophilum infections
have been detected not only in ticks, rodents, and ruminants but
also in the blood of human patients (4, 27). Domestic ruminants
infected with A. bovis have mainly been reported in African coun-
tries, but the pathogen has also been found in Japan and Korea in
recent years (12, 17, 20). The 16S rRNA gene sequences of A. bovis
have been identified in both goats and cattle in China (29).

Although the presence of Anaplasma spp. in China is certain, to
our knowledge, coinfection of these pathogens in domestic rumi-
nants has never been investigated before. In the present study,
through PCR-based molecular investigation, Anaplasma spp. had
a high prevalence in goats in central and southern China. The PCR
results were corroborated by 16S rRNA gene and MSP4 gene se-
quence analysis, and the genetic diversity of Anaplasma spp. was
analyzed. We also provide the first report of a morphological ob-

servation of A. bovis from blood samples from small ruminants in
China.

MATERIALS AND METHODS
Blood and DNA specimens. Blood samples were collected from 69 goats
in Suizhou in Hubei Province, 46 goats in Shangcheng in Henan Province,
90 goats in Guiyang in Guizhou Province, and 57 goats in Lishui in Zhe-
jiang Province between May and September in 2010. The sampling sites
are indicated in Fig. 1. The samples were taken from the jugular vein of
each animal and collected in a sterile tube containing an anticoagulant
(EDTA). DNA was extracted from the field-blood samples and from ex-
perimental sheep blood using a genomic DNA extraction kit (Qiagen,
Germany) according to the manufacturer’s instructions.

Inoculation of experimental animals. Three-month-old sheep pur-
chased from Jingtai in Gansu Province were used as experimental animals.
The sheep were born in winter and fed in indoor conditions, which guar-
antees the animals had almost no chance for contact with hard ticks.
Before experiment, the experimental animals were examined weekly for a
month by microscopic examination of thin blood smears and by PCR
detection (described below) of Anaplasma infection. Only Anaplasma-
free animals were used. The blood samples from Suizhou were pooled,
and 5 ml was injected into an experimental sheep (animal 1019, female, 6
months old) via the jugular vein. Blood samples from Shangcheng were
also pooled and injected into a splenectomized sheep (animal 1090, fe-
male, 6 months old) using the same method. The animal experiments
were performed according to the approved Institutional Animal Care and
Use Committee guidelines. The experimental animals were examined
daily for body temperature and clinical signs, and thin blood smears were
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prepared daily for microscopic examination. Blood was collected from the
experimental animals weekly and subjected to DNA extraction as de-
scribed above.

PCR. Nested PCRs were carried out to detect A. bovis and A. phagocy-
tophilum infection. During the first round, genomic DNA from field
blood samples was amplified using the primers EE1 and EE2 (3). The PCR
products were used as templates for the second round using the A. bovis-
specific primers AB1f and AB1r, which generate a product of 551 bp, and
the A. phagocytophilum-specific primers SSAP2f and SSAP2r, which gen-
erate a product of 641 bp (11). A. ovis infection in the field samples was
detected with the MSP45 and MSP43 primers (5). These amplify entire
major surface protein 4 (MSP4) gene. The reactions were performed in a
final volume of 50 �l, containing 1.0 mM concentrations of each primer,
5 �l of PCR buffer, 4 �l of deoxynucleoside triphosphates, 0.25 �l of
TaKaRa Taq (5 U/ml) (TaKaRa, China), and 1 �l of DNA sample. Reac-
tions were conducted in an automated DNA C1000 thermal cycler (Bio-
Rad, Beijing, China). For the EE1 and EE2 primers, the cycling conditions
were denaturation for 4 min at 94°C, followed by 94°C for 30 s, 62°C for 30
s, and 72°C for 30 s. The annealing temperature was stepped down four
times by 2°C every two cycles. The final annealing temperature used was
54°C for 28 cycles, followed by a final extension for 5 min at 72°C. For the
nested PCR, 1 �l of the product from the first amplification was used for
amplification with specific primers; the amplification consisted of 40 cy-
cles, each of 1 min at 94°C, 1 min at 55°C, and 1 min at 72°C. For MSP4

amplification, after an initial denaturation step of 30 s at 94°C, each cycle
consisted of a denaturing step of 30 s at 94°C, an annealing for 30 s at 60°C,
and an extension step of 1 min at 68°C. Sheep genomic DNA and distilled
water were used as negative controls. The PCR products were subjected to
electrophoresis on 1% agarose gels containing 0.5 �g of ethidium bro-
mide/ml and visualized under UV light.

DNA sequencing and data analysis. Positive PCR products from
primers SSAP2f/2r and AB1f/AB1r were cloned into pGEM-T vector
(Promega, Madison, WI) and then sequenced by Sangon Biotech Com-
pany (Shanghai, China). The obtained sequences were analyzed by a
BLASTn search in GenBank or by using the ClustalW method in the
MegAlign software (DNAStar, Madison, WI) for determining the accu-
racy of the PCR method. For genotyping A. phagocytophilum and A. bovis,
positive PCR products from the EE1 and EE2 primers from the field sam-
ples at different sites and experimental animals were cloned and se-
quenced. The sizes of the obtained sequences were �1,433 bp, and these
sequences were used alongside known 16S rRNA sequences longer than
1,300 bp from the other Anaplasma species in GenBank for phylogenetic
analysis using MEGA5 program (23). A phylogenetic tree was inferred
using the neighbor-joining method (19). For genotyping A. ovis, MSP4
gene sequences obtained from different sampling sites were translated
into amino acid sequences and then used for phylogenetic analysis using
MEGA5 software.

Nucleotide sequence accession numbers. The 16S rRNA gene se-
quences of A. phagocytophilum from the YDH6, HB322, and HB231 iso-
lates from Hubei, the XT1 isolate from Zhejiang, the GZ691 isolate from
Guizhou, and the HN301 isolate from Henan have been deposited in
GenBank under accession numbers JN55811 to JN55816. The 16S rRNA
gene sequences of A. bovis from the G41 isolate from Henan, from the
YX4, B7, R7, and Yu12 isolates from Zhejiang, from the G1, G21, G49, and
G55 isolates from Guizhou, and from experimentally infected animals
were deposited in GenBank under accession numbers HQ913646,
JN558817, JN558819, JN558822 to JN558825, JN558828, JN558829,
HQ913644, and HQ913645. The 16S rRNA gene sequences of other Ana-
plasma species were deposited under accession numbers JN558818,
JN558820, JN558821, JN558826, and JN558827. The MSP4 gene se-
quences obtained from goat blood from the field samples were deposited
in GenBank under accession numbers JN572927 to JN572939.

RESULTS
Incidence of Anaplasma coinfection. As shown in Table 1, of 262
studied samples, 71 (27.1%) were free of Anaplasma infection.
The infection rates at different sites varied from 60.9 to 77.8%. The
single-pathogen infection rates with A. bovis and A. ovis were 16.0
and 15.3%, respectively, which were higher than the rate for A.
phagocytophilum infection (6.1%). Single infection with A. phago-
cytophilum was not found at the studied sites in Guizhou or Zhe-
jiang. The most common type of infection (27.1%) was A. ovis and
A. bovis coinfection, which reached 40% in the samples from Gui-

FIG 1 Distribution of the sampling sites and of goat infections with A. ovis, A.
bovis, and A. phagocytophilum.

TABLE 1 Numbers of goats multiply infected with Anaplasma pathogens at various geographic sites

Site

No. (%) of goats infected with:

No
pathogens

One pathogen Two pathogens Three pathogens

TotalProvince County A. ovis A. phagocytophilum A. bovis
A. ovis � A.
phagocytophilum

A. ovis � A.
bovis

A.
phagocytophilum
� A. bovis

A. ovis � A.
phagocytophilum
� A. bovis

Henan Shangcheng 18 (39.1) 4 (8.7) 6 (13.0) 6 (13.0) 2 (4.3) 4 (8.7) 4 (8.7) 2 (4.3) 46 (100)
Hubei Suizhou 19 (27.5) 5 (7.2) 10 (14.5) 14 (20.3) 3 (4.3) 18 (26.1) 0 (0) 0 (0) 69 (100)
Guizhou Guiyang 20 (22.2) 16 (17.8) 0 (0) 15 (16.7) 0 (0) 36 (40.0) 2 (2.2) 1 (1.1) 90 (100)
Zhejiang Lishui 14 (24.6) 15 (26.3) 0 (0) 7 (12.3) 0 (0) 13 (22.8) 5 (8.8) 3 (5.3) 57 (100)

Total 71 (27.1) 40 (15.3) 16 (6.1) 42 (16.0) 5 (1.9) 71 (27.1) 11 (4.2) 6 (2.3) 262 (100)
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zhou Province. At other sites, single infection was dominant. The
coinfection rates (1.9%) of A. phagocytophilum and A. ovis were
lower than the coinfection rates (4.2%) of A. phagocytophilum and
A. bovis. Three-pathogen coinfection occurred in only 2.3% of
the animals studied. Generally, A. bovis was the most common
of the three pathogens, with an infection rate of 49.6%. It was
followed by A. ovis with a rate of 46.6% and A. phagocytophilum
with 14.5%.

Identification of A. bovis infection. Sheep 1019 was inocu-
lated with blood from the field samples collected in Suizhou, and
daily examination was carried out for a month. Physical examina-
tion revealed no signs of debility or enlarged peripheral lymph
nodes, and body temperatures ranged from 39.2 to 39.9°C, which
is within the normal range. Morulae of A. bovis were observed by
light microscopy in host monocytes in blood smears stained with
Giemsa at 10 days postinoculation (dpi) (Fig. 2). The number of
morulae in the monocytes varied from several to dozens (Fig. 2A
and B). Morulae were also occasionally observed outside the
monocytes (Fig. 2C). The morulae disappeared rapidly, and none
were observed by the following day. PCR successfully amplified
the 16S rRNA gene segment from the blood DNA samples at 10
dpi, indicating successful infection. Sheep 1090 was a splenec-
tomized sheep and was inoculated with the field-blood samples
from Shangcheng. Daily examination revealed no clinical signs
except for pyrexia that developed by 9 dpi, with a body temper-
ature of 41.3°C, increasing to 41.5°C by 10 dpi. The fever sub-
sequently declined, and the body temperature returned to nor-
mal. No morulae were observed in host cells in blood smears at
any point during the examination period. However, the 16S
rRNA gene segment was successfully amplified by 9 dpi, and the
target gene was detectable by PCR 4 months after inoculation
(data not shown), indicating the presence of persistent infec-
tion.

Phylogenetic analysis of Anaplasma species on the basis of
the 16S rRNA gene sequences. Nearly the full length (�1,432 bp)
of the 16S rRNA gene sequences from selected positive samples
from different sampling sites was used to corroborate the results of
the PCR and to determine Anaplasma species identity. Phyloge-
netic analysis revealed that not only were A. ovis, A. bovis, and A.
phagocytophilum present in the investigated goats in different
studied sites but A. platys-like (GenBank accession numbers
JN558826 and JN558821) and A. marginale-like (GenBank acces-
sion numbers JN558820 and 558827) pathogens were also present
(Fig. 3). ClustalW analysis showed that most of the Chinese iso-
lates of A. bovis had similarities between 99.0 and 99.9%, but the
R7 isolate (maximum of 99.3%) from Zhejiang and the G1 isolate
(maximum of 98.9%) from Guizhou showed relatively little sim-
ilarity (data not shown). Most of the Chinese isolates formed two
main clusters in the phylogenetic tree (Fig. 3). One showed a close
relationship with the sequence from Japanese deer (GenBank ac-
cession number AB211163). Another presented a independent
cluster with six isolates, B7, YX4, and Yu12 isolates from Zhejiang,
G55 and G21 from Guizhou, and ES1090 from experimental
sheep inoculated with goat blood from Henan. No geographic
segregation of A. bovis isolates was observed.

A. phagocytophilum infections in goats from different sites were
confirmed by 16S rRNA gene sequencing. The sequence of the
YDH6 isolates was the longest (1,332 bp). It was used for phylo-
genetic analysis (Fig. 3), which was classified into a cluster to-
gether with isolates from South African dogs (GenBank accession
number AY570539) and Japanese deer (GenBank accession num-
ber AB196721). This cluster was separated from the cluster con-
taining the U.S. human isolate, a Swedish horse isolate, and north-
eastern Chinese isolates (GenBank accession number GQ412338).
Two Chinese isolates distributed into two clusters indicated the pres-
ence of different A. phagocytophilum strains in China. ClustalW anal-

FIG 2 Microscopic examination of blood smears from the experimental sheep (animal 1019) stained with Giemsa. (A to C) Inclusions of A. bovis in ovine
monocytes are visible. (D) Uninfected control monocyte.
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ysis of the partial 16S rRNA gene sequence (641 bp) of different
isolates (YDH6, HB322, and HB231 isolates from Hubei, XT1 iso-
late from Zhejiang, GZ691 isolate from Guizhou, and HN301 iso-
late from Henan in GenBank under accession numbers JN55811
to JN55816) showed that the similarities of these isolates were
between 96.3 and 99.7% (data not shown), further indicating the
genetic diversity of A. phagocytophilum in China.

Genetic identification of A. ovis using MSP4 gene sequences.
A. ovis infections were confirmed by sequencing msp4 from ran-
domly selected positive samples from each sampling site. The A.
ovis msp4 sequences identified in the present study were used with
sequences reported previously for the characterization of the ge-
netic diversity of A. ovis strains relative to other Anaplasma spp.
(Fig. 4). As a result, the sequences from goats in southern of China
constituted genotypes I, II, III, and IV, while previously obtained
sequences (GenBank accession numbers HQ456347 to
HQ456350) from sheep in the north included genotypes V and VI.

No geographic segregation of A. ovis genotype was observed. In
addition, one sequence in a GZ8 isolate from Guizhou and a pre-
viously obtained sequence from a Jingtai isolate from Gansu
showed similarity to A. marginale, indicating that goats and sheep
are the likely alternative hosts of A. marginale in China.

DISCUSSION

Northwestern China is the country’s main grazing area for sheep
and goats. Investigation of ovine anaplasmosis using 2,813 field
samples from five northwestern provinces had been carried out
using serological methods from 1986 through 1991. The results
showed that the seroprevalence varied from 10.0 to 60.8% (14).
Since then, no similarly large-scale investigation has been con-
ducted. However, reports of A. ovis can occasionally be found in
the literature (16, 29). The results of the present study showed that
the prevalences of A. ovis in the central and south provinces
Henan, Hubei, Guizhou, and Zhejiang were 26.1, 37.7, 58.9, and

FIG 3 Phylogram of Anaplasma inferred with long (�1,432 bp) sequences of the 16S rRNA gene using the neighbor-joining method. The optimal tree with a
branch length sum of 0.16815385 is shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1,000 replicates)
is shown next to the branches. The evolutionary distances were computed using the maximum-composite-likelihood method. Sequences newly identified in the
present study are indicated in boldface.
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54.4%, respectively. The average prevalence was 46.6%. These fig-
ures are similar to those found decades ago, indicating wide dis-
tribution and enzootic stability. For confirmation of the PCR re-
sults, selected positive PCR products from different sites were
used to sequence the MSP4 gene, which has proved useful for
phylogenetic studies of A. ovis and for the genetic characterization
of Anaplasma spp. (5, 7). Phylogenetic analysis of msp4 sequences
from goats in Hubei, Guizhou, and Zhejiang and previously ob-
tained msp4 sequences from sheep in northern China revealed six
A. ovis msp4 genotypes in goats and sheep (Fig. 4). Genotypes I, II,
III, and IV consisted exclusively of A. ovis msp4 from goats in the
south, whereas genotypes V and VI included A. ovis msp4 from
sheep in the north. The results suggest that A. ovis msp4 genotypes
may vary between sheep and goats. Similar variations have been
observed in between sheep and deer and in the hosts of other
Anaplasma spp. (5, 8, 25). However, no phylogeographic informa-
tion was obtained from msp4 sequence analysis in the present
study. Interestingly, one msp4 sequence (GenBank accession
number JN572928) from an isolate of Anaplasma sp. in Guizhou
showed great similarity to A. marginale, and similar results were
observed in sheep in Gansu (16), indicating that sheep and goats
are very likely natural reservoir hosts of A. marginale. This is not
surprising because A. marginale infection of ruminants other than
cattle has been documented (1, 26). Experimental infection of
splenectomized sheep with A. marginale has been shown to cause
subclinical symptoms (13).

Investigation of A. bovis infections showed that the prevalences
of the investigated goats in Henan, Hubei, Guizhou, and Zhejiang
were 34.8, 46.4, 60.0, and 49.1%, respectively, with an average of

49.6%, which was higher than the prevalences of A. bovis in deer
(9.0%) and Haemaphysalis longicornis (12.0%) in Japan but similar to
the prevalence in Japanese cattle (53.3%) (11, 17). A. bovis infection
rates (average, 49.6%) in goats were higher than A. ovis infection rates
(average, 46.6%) in central and southern China. Infections with A.
bovis were confirmed by sequencing the 16S rRNA gene sequence
and inoculation of experimental animals with the blood from field
samples in the Henan and Hubei provinces. The results demon-
strated that A. bovis caused subclinical symptoms in sheep. Both
splenectomized and intact sheep experimentally infected with A.
bovis developed either a short fever or no fever at all and recovered
rapidly. However, studies with larger numbers of animals must be
conducted to properly evaluate the pathogenicity of this organism
in sheep and goats. In intact experimental sheep, inclusions were
only found in the monocytes for a very short period (1 day). They
later disappeared. This may lead to the underdiagnosis of A. bovis
infection when light microscopic exanimation of blood smears is
used for diagnosis. Regarding morphology, in 1996 Sreekumar et
al. identified A. bovis cells of different shapes and sizes in bovine
monocytes, including small (1-�m), medium (1- to 3-�m), and
large (3- to 6-�m) forms (21). The forms found in ovine mono-
cytes in the current study were exclusively small and roughly
spherical (Fig. 2A, B, and C), similar to those found in bovine
monocytes (21). Some organisms were also observed outside the
cells (Fig. 2C). However, it is likely that the intracellular organisms
increase the fragility of the cells, and we cannot exclude the possi-
bility that these extracellular organisms may have been released
during blood smear preparation when their hosts were crushed.
These forms resemble the cellular debris phagocytosed by the

FIG 4 Phylogenetic analysis of A. ovis strains based on the protein sequences of MSP4 gene was inferred using the neighbor-joining method. The optimal tree
with a branch length sum of 0.22235680 is shown. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1,000
replicates) is shown next to the branches. The evolutionary distances were computed using the Poisson correction method. All positions containing gaps and
missing data were eliminated. Sequences newly obtained in the present study are indicated in boldface.
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monocytes, which might also lead to confusion when identifying
the organism by microscopic examination.

The 16S rRNA gene sequences of A. bovis from both field iso-
lates and experimental animals were used to infer a phylogenetic
tree (Fig. 3), and most of the sequences were composed of two
major clusters. One presented an independent cluster, and an-
other was placed together with the sequences from a Japanese deer
(GenBank accession number AB211163) and from an unidenti-
fied Anaplasma species in goat in the Chongqing region in south-
western China (29). Regarding the unidentified Anaplasma spe-
cies found in southwestern China, in 2010 Zhou et al. obtained
16S rRNA gene sequences from seven isolates from sheep and
goats (29). A phylogenetic study placed all seven isolates in two
clusters in an inferred phylogenetic tree, separate from the clusters
comprising A. centrale, A. marginale, A. ovis, and A. phagocytophi-
lum (29). However, Zhou et al. did not include sequences from A.
bovis in their study. They therefore missed a chance to infer A.
bovis infection in that region. PCR detection found a high preva-
lence of A. bovis in the sites studied here, but none of the animals
investigated showed any clinical signs. This is in agreement with
the findings of Zhou et al. indicating the limited pathogenicity of
A. bovis in sheep and goats. This could explain why A. bovis has
gone unnoticed in these regions. We also demonstrated that A.
bovis infection could persist in experimentally infected sheep for
over 4 months, indicating that sheep and goats may be an impor-
tant natural reservoir for this organism. The possible presence of
A. bovis should therefore be taken into account as a potential cause
of illness in other species.

A. phagocytophilum has been identified in rodents, sheep,
goats, dogs, ticks, and human patients in northern China (24, 27,
28). A large-scale investigation of ticks (n � 2,429) showed that
the prevalence of A. phagocytophilum was between 1.1 and 6.0% at
different sites near the China-Russia border (10). Our results
showed that the prevalence in goats ranged from 3.3 to 30.4% in
the four investigated provinces, higher than in ticks in the north.
Although only three positive samples were found in Guizhou
Province, the 16S rRNA gene sequence obtained from GZ691 iso-
late confirmed the accuracy of the PCR. The 16S rRNA gene se-
quence analysis indicated that A. phagocytophilum is probably ge-
netically diverse within China, but the limited data in this study do
not provide phylogeographic information. Further genetic iden-
tification must be performed using encoding genes, since high
conservation of the rRNA gene means they provide poor informa-
tion to distinguish closely related species and strains (8).

To our knowledge, this is the first study on the coinfection of
Anaplasma species in ruminants in China. A. ovis, A. bovis, and A.
phagocytophilum were shown to be present at the investigated
sites. Surprisingly, A. bovis rather than A. ovis was found to be the
dominant Anaplasma species in goats. Coinfection of A. ovis and
A. bovis is much more common than other combinations.
Whether this is due to competition among Anaplasma species
remains to be elucidated, although it has been shown that some
Anaplasma genotypes can prevent the multiplication of other ge-
notypes. This has been observed in A. marginale, A. ovis, and A.
phagocytophilum (5, 6, 22). In addition, sequence analysis revealed
that goats are the most likely potential hosts of A. marginale and
Anaplasma species closely related to A. platys.

In conclusion, we demonstrated here the presence of A. ovis, A.
bovis, and A. phagocytophilum in goats in central and southern
China. Coinfection of these three species was found in all of the

investigated provinces. A. bovis infection in goats was found here
for the first time, and its prevalence was higher than A. ovis infec-
tion. After identification of A. bovis through inoculation of the
experimental animals, A. bovis pathogens were observed in the
monocytes of infected sheep. Phylogenetic studies showed that A.
phagocytophilum is probably highly diverse within China. Genetic
identification of the msp4 gene of A. ovis indicated that its geno-
types are likely host specific. These results may promote our un-
derstanding of the etiological situation of Anaplasma spp. in
southern China and the construction of risk assessment models in
the investigated regions.
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