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have undoubtedly contributed greatly to the elucidation of 
the etiologies of diseases. With these techniques, differ-
ent strains and genotypes of many pathogens have been 
revealed, progress has been made in their classification, and 
they have enabled the discovery of previously unidentified 
species (Dumler et al. 2001). In the study conducted in Cen-
tral and Southern China in 2012, the isolate obtained from 
goats, which was different from other Anaplasma species 
according to its 16S rRNA gene sequence, was recorded in 
the GenBank as Uncultured Anaplasma sp. (Liu et al. 2012). 
In 2015, in China, a novel Anaplasma species different from 
all known Anaplasma species was identified in 28 of 477 
(6%) humans with tick bite history. It has been shown that 
the 16S rRNA gene full sequence (1,499 bp) of this isolate, 
which is an important marker in genotyping, has 27–73 
nucleotide differences with other Anaplasma species (Li 
et al. 2015). The species revealed in this study was named 
“Anaplasma capra” because goats were the host from which 
the agent was first isolated. In the study, A. capra was also 
detected in a tick species (Ixodes persulcatus) for the first 
time (Li et al. 2015). There is an important point to point out 
here; it is thought that A. capra was circulating in domestic 
and wild animals before 2012 when it was first reported. 

Introduction (the great progress in a short 
time in history of Anaplasma capra)

Anaplasma (family Anaplasmataceae, order Rickettsiales) 
species are obligate intracellular alphaproteobacteria that 
multiply within membrane-bound vacuoles and can cause 
disease in humans and a wide range of domestic animals 
(Dumler et al. 2001; Rar et al. 2021). The first clinical infec-
tions in animals were described in 1910 (Theiler 1910). 
Today, it still has effects on human and animal health at the 
global level (Rar et al. 2021). According to the classification 
based on 16S rRNA and groEL genes, there are six Ana-
plasma species (A. bovis, A. ovis, A. marginale, A. centrale, 
A. phagocytophilum, and A. platys) in humans and animals 
(Dumler et al. 2001).

Developments in molecular genetics and the increased 
use of these techniques in the identification of pathogens 
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Phylogenetic analysis based on 16S rRNA has shown that 
the species (A. centrale Aomori strain, AF283007, Inokuma 
et al. 2001) identified in cattle in Japan in 2001 is A. capra 
(Khumalo et al. 2018). Likewise, BLAST analyses of A. cen-
trale (AB211164) detected in deer in Japan in 2005 (Kawa-
hara et al. 2006) and Anaplasma sp. (AB509223) detected in 
serow in Japan in 2009 (Sato et al. 2009) revealed that they 
were A. capra. On the other hand, A. capra was detected in 
2020 in blood samples taken from goats in 2011 (Zhang et 
al. 2020).

The detection of the zoonotic potential in a short time 
(this period reached 60 years for A. phagocytophilum) 
resulted in the intense interest of the scientific community 
to A. capra. Anaplasma phagocytophilum was detected in 
sheep in 1932 (Gordon et al. 1932), but it took 62 years for 
it to be identified in humans (Chen et al. 1994). A. capra 
was detected for the first time in sheep and cattle in 2017 
and 2018, respectively (Guo et al. 2018; Koh et al. 2018; 
Yang et al. 2017). In a study conducted in Malaysia in 2018, 
A. capra was detected for the first time in a country other 
than China (Koh et al. 2018). In the same year, A. capra was 
detected in takin, reeves’ muntjac, and forest musk deer, thus 
showing that it also infects wild animals (Yang et al. 2018). 
In 2018, A. capra was detected outside the Asian continent, 
with its discovery in Sweeden (Grandi et al. 2018). In 2019, 
the agent was detected in dogs in China. Thus, its presence 
in carnivores was determined for the first time (Shi et al. 
2019). With the detection of A. capra in cattle from Angola 
in 2021, it was detected for the first time on the African con-
tinent (Barradas et al. 2021). It has been shown that A. capra 
invades host erythrocytes in 2021 (Peng et al. 2021a, b). 
Finally, in 2023, the full genome sequences of A. capra was 
obtained, and it was determined that the approximately 1.07 
Mp genome contained 862 protein-coding genes (Lin et al. 
2023a). It took a total of 12 years from the detection of A. 
capra to the disclosure of its full genome. The cornerstones 
of the short-fast historical process are summarized in Fig. 1.

The hosts of Anaplasma capra

The life cycle of Anaplasma species circulates between ver-
tebrate hosts and ticks (de la Fuente et al. 2016). The fact 
that A. capra was first detected in goats and then revealed in 
humans can be considered an indication that the host group 
will be interesting.

Vertebrates The domestic and wild animals in which A. 
capra was detected by molecular methods are given in 
Fig. 2. Studies on A. capra using molecular methods were, 
as expected, mostly conducted on goats. This was fol-
lowed by sheep and cattle. The study in China continued to 
be the first and only study in which A. capra was detected 
in humans (Li et al. 2015). While Li et al. (2015) reported 
that human-derived A. capra was demonstrated to infect 
HL-60 and THP-1 cells, Peng et al. (2021b) reported that 
the goat-derived A. capra can infect human erythrocytes, 
HL-60 and TF-1 cells as in vitro. The results can be con-
sidered as strong evidence for the zoonotic potential of A. 
capra. Except for humans, cattle, sheep, and goats, A. capra 
was detected in domestic animals such as buffalo (Sahin et 
al. 2022), dog (Shi et al. 2019), horse (unpublished data, 
GenBank; ON872236), cat (unpublished data, GenBank; 
MW520360), and wild animals such as roe deer (Remesar 
et al. 2022; Wang et al. 2019), sika deer (Kawahara et al. 
2006), water deer (Shin et al. 2020), red deer (Jouglin et al. 
2019), swamp deer (Jouglin et al. 2019), forest musk deer 
(Yang et al. 2018), yak (Wang et al. 2021b), onegar (Staji et 
al. 2021), serow (Sato et al. 2009), takin (Yang et al. 2018), 
mouflon (Isaq et al. 2022), and reeves’ muntjac (Yang et al. 
2018), albeit in one or at most two studies (Fig. 2). Although 
some studies state that the main host of A. capra may be 
domestic ruminants, it seems that it is too early to say this. 

Fig. 1 The cornerstones of Anaplasma capra history
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As a matter of fact, studies in this field were mostly con-
ducted on domestic ruminants.

It is known that wild animals, especially wild ruminants 
such as red deer (Cervus elaphus), roe deer (Capreolus cap-
reolus), white-tailed deer (Odocoileus virginianus), mou-
flon (Ovis musimon), and chamois (Rupicapra rupicapra), 
serve as reservoir hosts for Anaplasma species (Rar and 
Golovljova 2011). Among the animals in which A. capra 
has been detected, it is seen that wild ruminants are pre-
dominant (Fig. 2). Wild ruminates play an important role in 
the bioecology of Anaplasma species (Woldehiwet 2010). 
Anaplasma ovis has a high positivity rate in roe deer and 
red deer, and these species are reservoirs for A. ovis (de la 
Fuente et al. 2008; Renneker et al. 2013). A similar relation-
ship is observed in A. phagocytophilum and deers (Teodor-
owski et al. 2020). The prevalence of A. phagocytophilum 
is up to 98% in roe deer and 87% in red deer (Stuen et al. 
2013). It has also been reported that A. marginale is per-
sistent in deer and has a high positivity rate in these ani-
mals (Atif 2016). Understanding the reservoir role of wild 
ruminants for Anaplasma species is important to explain 
the epidemiology of the species. Although de la Fourniere 
et al. (2023) recently showed transovarial transmission of 
A. marginale in Rhipicephalus microplus and Baldridge 
et al. (2009) demonstrated transovarial transmission of A. 
phagocytophilum in Dermacentor albipictus, it was gener-
ally thought that Anaplasma species were not transovarially 

transmitted in ticks (Aubry and Geale 2011; Kocan et al. 
2010; Woldehiwet 2010). In this case, the reservoir role of 
wild animals increases their contribution to the epidemiol-
ogy of A. capra.

Ticks Ticks are the main vector for numerous haemopatho-
gens such as Anaplasma, Babesia, Theileria, and Hepato-
zoon (Dumanli et al. 2012; Inci et al. 2016). Anaplasma 
species are transmitted to hosts biologically through ticks 
belonging to the Ixodidae family, they are also transmitted 
mechanically through surgical instruments contaminated 
with the blood of infected animals, during surgical opera-
tions (such as castration or dehorning), through blood-suck-
ing arthropods, or even transplacental (Aubry and Geale 
2011; Dumler et al. 2001; Kocan et al. 2010). Many issues 
need to be clarified regarding the biology of A. capra, but 
its detection in blood-sucking arthropods is an indication of 
indirect development. The significantly higher prevalence 
of the agent in the summer months may be associated with 
vector activity (Shi et al. 2019; Wang et al. 2021b). The tick 
species in which A. capra was detected by molecular meth-
ods are given in Fig. 2. Haemaphysalis longicornis is the 
tick species on which the most studies have been conducted 
and for which A. capra has been detected the most (Guo et 
al. 2018; Lu et al. 2023; Qin et al. 2018; Seo et al. 2020; Sun 
et al. 2015; Teng et al. 2023; Yan et al. 2021). In much more 
limited work, A. capra was detected in H. ginghainensis 
(Han et al. 2019; Yang et al. 2016), Ixodes persulcatus (Li et 

Fig. 2 The countries and hosts (domestic animals, wild animals and ticks) which Anaplasma capra has been detected
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wild animals, and ticks, and that these hosts are important 
factors determining the epidemiology of A. capra.

The molecular prevalence of Anaplasma 
capra

Although the studies on A. capra were mostly conducted in 
China, in a short time its presence has been revealed in 18 
different countries including China (Liu et al. 2012), South 
Korea (Seo et al. 2018), Türkiye (Altay et al. 2022a), Kyr-
gyztan (Altay et al. 2022b, c), Malaysia (Koh et al. 2018), 
Japan (Kawahara et al. 2006), Iraq (unpublished data Gen-
Bank; ON872236), Iran (Staji et al. 2021), India (Kumar et 
al. 2023), Pakistan (Isaq et al. 2022), France (Jouglin et al. 
2019), Sweeden (Grandi et al. 2018), Portugal (unpublished 
data, GenBank; OK091153), Spain (Remesar et al. 2022), 
Greece (Saratsis et al. 2022), Angola (Barradas et al. 2021), 
Morocco (Elhachimi et al. 2021), and Ghana (Addo et al. 
2023) by molecular techniques (Fig. 1). Since, A. capra is 
a newly discovered species, studies have generally focused 
on its identification and determination of its phylogenetic 
position.

 The prevalence of tick-borne pathogens is affected by 
many different factors such as the host, age, season, man-
agement systems, tick infestation density, climatic char-
acteristics of the region, host immunity, time of sampling, 
sample size, and detection methods (Belkahia et al. 2017; 
Ben Said et al. 2018; Kabir et al. 2011; Nguyen et al. 2020; 
Wang et al. 2021a). According to a meta-analysis study 
conducted in 2023, the average prevalence of A. capra was 
found to be 5.9% in humans, 11.3% in animals, and 7.8% 
in ticks (Lin et al. 2023b). Despite this undoubtedly valu-
able information, it is still very difficult to determine the 
limits of the prevalence of A. capra. The positivity rate of 
A. capra in cattle was 0.28% in Kyrgyzstan (Altay et al. 
2022c), 0.30% in South Korea (Miranda et al. 2021), 0.41% 
in Türkiye (Altay et al. 2022a), and 11.3% in Morocco 
(Elhachimi et al. 2021). Similarly, while the positivity rate 
in goats is 0.30% in South Korea (Miranda et al. 2021), this 
rate reaches 44.6% in China (Wei et al. 2020). Its preva-
lence in wild animals starts from 0.6% (Wang et al. 2021b) 
and reaches 17.7% (Amer et al. 2019). The positivity rates 
obtained from molecular studies conducted on domestic and 
wild animals can be viewed in Table 1.

Tick activation is generally highest between spring and 
autumn (Dumanli et al. 2012). The prevalence of A. capra 
was found to be higher in the summer months, which are 
more suitable for the activation of ticks, as in other tick-
borne pathogens (Seo et al. 2018; Shi et al. 2019). Addi-
tionally, it was observed that its prevalence increased with 
age, and in this case, it was associated with the extension of 

al. 2015), I. kashmiricus (Numan et al. 2023), Rhipicepha-
lus sanguineus (unpublished data, GenBank; OK091153), 
R. microplus (Addo et al. 2023; Guo et al. 2018, 2019) Der-
macontor nuttali, D. everestianus, and D. abaensis (Han et 
al. 2019).

Anaplasma capra has been identified in both parasitic ticks 
(H. longicornis, R. microplus, I. kashmiricus) collected from 
domestic animals (Guo et al. 2018; Numan et al. 2023) and 
host-seeking (H. longicornis, H. qinghaiensis, I. persulca-
tus, D. abaensis, D. everestianus, D. nuttalli) ticks (Han et 
al. 2019; Li et al. 2015; Seo et al. 2020). The positivity rate 
in ticks is quite variable. It was detected in I. persulcatus 
at 3.0% (Li et al. 2015), in H. longicornis at 0.43–63.27% 
(Guo et al. 2018; Lu et al. 2023; Seo et al. 2020; Sun et al. 
2015; Teng et al. 2023; Yan et al. 2021;), in H. qinghaiensis 
at 4.5–5.8% (Han et al. 2019; Yang et al. 2016), in R. micro-
plus at 0.81–40.4% positive rates (Addo et al. 2023; Guo 
et al. 2018, 2019). Almost all of the studies on ticks were 
conducted in China, where A. capra was first detected and 
where most studies were conducted on vertebrates. A very 
high positivity rate (63.27%) was determined in H. longi-
cornis collected from goats in China (Lu et al. 2023). On 
the other hand, H. longicornis is the most prevalent tick spe-
cies in China and is especially parasitized in sheep (Teng et 
al. 2023). It may support the relationship between A. capra 
infections and both small ruminants and H. longicornis. 
Although the current studies have revealed the presence of 
A. capra in ticks, there is a need to be further studies by 
transmission experiments. Anaplasma marginale is known 
to be transmitted by more than 20 tick species, including 
D. andersoni, D. variabilis, D. albipictus, R. microplus, 
and R. annulatus (Ben Said et al. 2018; Kocan et al. 2010). 
Anaplasma capra is likely to be identified in many more 
tick species. It has been detected in R. sanguineus from 
Portugal (unpublished data, GenBank; OK091153) and I. 
kashmiricus from Pakistan (Numan et al. 2023). Addition-
ally, in two studies conducted in the same region (Sivas) 
in Türkiye, A. capra was detected at a rate of 14.28% in 
buffalos and 0.41% in cattle (Altay et al. 2022a; Sahin et 
al. 2022). The tick infestation rate is much lower in water 
buffalos than in cattle. However, the above prevalence con-
tradicts this. It should be taken into consideration that A. 
capra can be transmitted by other means. It is known that 
some Anaplasma species are transmitted by other blood-
sucking arthropods (Aubry and Geale 2011; Dumler et al. 
2001; Kocan et al. 2010). Recently, Ehrlichia and Rickettsia 
species were detected in all developmental stages of mos-
quitoes, and it was reported that mosquitoes may transmit 
these species both transtadially and transovarially (Guo et 
al. 2016). When all this information is evaluated together, 
it shows that A. capra circulates among domestic animals, 
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wide host group. Considering the current prevalence of the 
agent and the fact that it has been identified in different tick 
species, studies are needed to determine its situation in other 
continents.

the tick contact period (Shi et al. 2019; Zhou et al. 2023). 
It should be taken into consideration that A. capra may be 
chronic or persistent and its prevalence may increase with 
age (Rar et al. 2021). Jouglin et al. (2019) reported that A. 
capra can persist in red deer for four months. The persis-
tently infected hosts may serve as reservoirs for ticks, and 
these hosts are important in the epidemiology of the Ana-
plasma species (Brown and Barbet 2016; Kocan et al. 2010). 
Although the prevalence of A. capra varies, the important 
point is that its circulation is in a wide geography and a very 

Country Host Number of samples Positivity rate (%) References
China goat 731 3.4 Zhou et al. 2023

943 9.4 Peng et al. 2018
174 9.8 Guo et al. 2018
357 12.3 Yang et al. 2017
491 26.6 Wang et al. 2021a
92 44.6 Wei et al. 2020
72 59.7 Lin et al. 2023a

sheep 510 7.8 Peng et al. 2018
341 10.0 Shi et al. 2020
95 10.5 Guo et al. 2018
190 16.3 Yang et al. 2017
435 18.2 Yang et al. 2018
18 53.7 Lin et al., 2023
309 56.0 He et al. 2021

cattle 36 5.6 Guo et al. 2018
dog 521 12.1 Shi et al. 2019
roe deer 9 33.3 Wang et al. 2019
forest musk deer s1 100 Yang et al. 2018
reeve’s muntjac 3 66.7 Yang et al. 2018
takin 5 60.0 Yang et al. 2018
yak 330 0.6 Wang et al. 2021b

South 
Korea

cattle 384 0.3 Miranda et al. 2021
1,219 0.4 Seo et al. 2018*

goat 302 0.3 Miranda et al. 2021
water deer 28 14.3 Shin et al. 2020

198 17.7 Amer et al. 2019
Türkiye cattle 241 0.41 Altay et al. 2022a

goat 200 0.5 Oguz et al. 2023
sheep 155 3.22 Altay et al. 2022a
water buffalo 364 14.28 Sahin et al. 2022

Kyrgyzstan sheep 391 5.3 Altay et al. 2022b
cattle 358 0.28 Altay et al. 2022c

Malaysia cattle 224 1.4 Koh et al. 2019
Pakistan sheep 105 29.52 Ishaq et al. 2022

mouflon (wild sheep) 105 11.43 Ishaq et al. 2022
Iran onegar 20 20.0 Staji et al. 2021
France sheep 70 30.0 Jouglin et al. 2022

goat 38 13.2 Jouglin et al.2022
red deer 59 3.4 Jouglin et al. 2019
swamp deer 7 14.3 Jouglin et al. 2019

Spain roe deer 224 5.8 Remesar et al. 2022**
Morocco cattle 257 11.3 Elhachimi et al. 2021
Angola cattle 98 6.12 Barradas et al. 2021

Table 1 Molecular prevalence 
studies of Anaplasma capra in 
domestic and wild animals
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this grouping had no geographical relationship (Jouglin et 
al. 2022). In the analysis of 203 gltA gene sequences, water 
buffalo, sheep, goat, wild animals, and tick isolates were 
included in the genotype-1 group, and human, sheep, cattle, 
goat, dog, wild animals, and tick isolates were in the geno-
type-2 group. In the analysis of 158 groEL gene sequences, 
water buffalo, sheep, goat, wild animals, and tick isolates 
were included in genotype-1, and human, dog, cat, sheep, 
goats, cattle, wild animals, and tick isolates were included 
in genotype-2 (Sahin et al. 2022). When the gltA DNA 
sequences of 21 A. capra isolates detected in Kyrgyzstan 
in 2022 were compared with the existing gene sequences in 
the Gene Bank, one group with a difference of 0–7 nucleo-
tides within themselves and the second group with a differ-
ence of 68–70 nucleotides from those were formed. The first 
group includes the sequences from red deer, swamp deer, 
Siberian roe deer, takin, reeves’ muntjac, forest musk deer, 
D. everestianus, Korean water deer, cattle, and sheep, while 
the second group includes dog, cattle, sheep, goat, human, 
H. qinghaiensis, H. longicornis, and R. microplus (Altay 
et al. 2022b). In another study conducted on the basis of 
gltA, isolates from France (red deer, swamp deer), South 
Korea (water deer), China (D. everestianus), Türkiye (cattle 
and sheep) were classified in the genotype-1 group, China 
(human, dog, sheep, goat and R. microplus) and South Korea 
(cattle) were included in the genotype-2 group (Altay et al. 
2022a). Anaplasma capra isolates obtained from sheep in 
Kyrgyzstan are in the genotype-1 group with isolates from 
France (swamp deer and red deer), and China (roe deer, 
takin, forest musk deer, revees’ muntjac and D. everestia-
nus) but China (human, goat, sheep, dog, H. longicornis, 
H. qinghaiensis, and R. microplus) isolates were included 
in the genotype-2 group (Altay et al. 2022b). According to 
these data, it can be thought that human isolates are geno-
type-2 and while only genotype-1 is found in Europe, both 
genotypes are found in Asia. This situation may change 
with the addition of more sequences from different isolates. 
There is a need for comprehensive and detailed research to 
reveal the relationship between host, tick species, geogra-
phy, and pathogenicity of these isolates.

In this review, a phylogenetic tree based on gltA and 
groEL genes, which are more informative to understand 
genotypic variation of the pathogen than other gene regions, 
like 16S rRNA was constructed by selecting some of the A. 
capra isolates detected in different parts of the world. In this 
phylogenetic tree, A. capra genotype-1 and A. capra geno-
type-2 are shown (Fig. 3).

The genotypes of Anaplasma capra

In recent years, intensive studies have been carried out on the 
genetic differences of Anaplasma species and the relation-
ship of some genetic groups with geography, vector and host 
is emphasized (Rar et al. 2021). In the multilocus sequence 
analysis of 520 samples of A. phagocytophilum, eight clus-
ters that could be separated according to geography, vector, 
and host were obtained (Langenwalder et al. 2020). Twelve 
clusters emerged in phylogenetic analyses based on the A. 
phagocytophilum ankA gene (Langenwalder et al. 2020). 
In the analysis of groEL sequences of A. phagocytophilum 
from Europe and Russia, four different ecotypes with host 
tropism were identified (Jahfari et al. 2014). The 11 5’-UTR 
microsatellite genotypes and 193 msp1a tandem repeats 
of A. marginale have been identified worldwide, but it has 
been reported that they have no geographical relationship 
(Rar et al. 2021). The 47 msp1aS repeats and 32 genotypes 
of A. centrale have been identified only in Africa (Khumalo 
et al. 2018). msp2 gene analyses of A. ovis have revealed 
between 2 and 17 genotypes in different countries (Belkahia 
et al. 2014, 2017; Cabezas-Cruz et al. 2019; Torina et al. 
2010; Zhou et al. 2017). Anaplasma bovis groEL sequences 
form four and gltA sequences form three lineages. There are 
findings that ecotypes formed on this basis show host and 
vector specificity (Rar et al. 2021).

The 16S rRNA gene is frequently used in molecular sur-
vey studies. However, 16S rRNA gene is not very useful in 
Anaplasma species genotyping studies, more variable genes 
(groEL, gltA, msp2, and msp4) are preferred in these stud-
ies (Caudill and Brayton 2022; Rar et al. 2021). After the 
naming of A. capra in 2015, especially the groEL and gltA 
gene sequences were recorded in GenBank (NCBI). Thus, 
a sequence pool of this isolate was formed, which enabled 
intraspecific genetic comparisons. Yang et al. (2017) 
reported that the 16S rRNA gene of A. capra exhibits high 
sequence similarity (similarity of 99.8–99.9%), but the gltA 
and groEL genes were relatively less identical (88.6–88.7% 
for gltA and 90.6–91.0% for groEL). They concluded that; 
one genotype contains strains isolated from goats, sheep, I. 
persulcatus, and humans, while the other from deer, serows, 
and H. qinghaiensis. Wang et al. (2021a) similarly reported 
that A. capra was divided into two clusters, and cluster I con-
tained isolates with zoonotic potential (from human), and 
clade II contained isolates obtained from goats. However, it 
has been reported that A. capra exhibits at least two differ-
ent genotypes, both are likely zoonotic (Peng et al. 2021a). 
Jouglin et al. (2022) reported that A. capra divides in two 
separate clades based on gltA or groEL, clade I includes A. 
capra sequences from sheep, goats, cattle, dogs, humans, 
and ticks, and clade II includes from sheep and goats, and 
also from a variety of wild ruminants. They reported that 
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surface of the erythrocyte. They also imaged the round or 
oval-shaped morulae stages, on the surface (0.2–0.4 μm in 
diameter) and inside (0.8 × 1 μm) of the erythrocytes. Peng 
et al. (2021b) showed that goat-derived A. capra can infect 
human erythrocytes and TF-1 cells.

The clinical course of anaplasmosis varies depending 
on the species causing the disease. Anaplasma phagocy-
tophilum is the causative agent of tick fever syndrome in 
ruminants and causes high fever, loss of appetite, cough, 
decrease in milk yield, and abortions (Woldehiwet 2010). 
Anaplasma marginale causes severe clinical symptoms in 
cattle (Kocan et al. 2010) and can cause anemia, weakness, 
fever, loss of appetite, decrease in milk yield, abortion, and 
death in untreated cases (Aubry and Geale 2011; Kocan et 
al. 2010). Anaplasma bovis can cause fever, weight loss, 
incoordination, lymph node enlargement, and rarely death 
in ruminants (Chilton et al. 2018). Anaplasma centrale is 
less pathogenic than A. marginale and usually causes sub-
clinical infections in cattle, it is used as live vaccines against 
anaplasmosis caused by A. marginale in Israel, South Africa, 
South America, and Australia (Aubry and Geale 2011; Kolo 
2023). While A. ovis generally causes mild clinical symp-
toms in sheep and goats, it can also cause acute infections 
with clinical symptoms such as hemolytic anemia, icterus, 
depression, anorexia, weight loss, and decreased milk yield 
in case the immune system of infected hosts is suppressed or 
in mixed infections with different pathogens (Dumler et al. 

Pathogenicity and public health concern of 
Anaplasma capra

Anaplasma species infect different cells of the host and mul-
tiply within these cells. While A. ovis, A. marginale, and A. 
centrale infect the erythrocytes, A. bovis, A. phagocytophi-
lum, and A. platys infect monocytes, granulocytes, and plate-
lets, respectively (Dumler et al. 2001; Kocan et al. 2010; 
Woldehiwet 2010). While the morulae of A. marginale are 
small and localized at the periphery of stained erythrocytes, 
A. centrale forms smaller and more central morulae (Theiler 
1910). Anaplasma ovis settles in the central area of sheep 
erythrocytes (Bevan 1912). Current information shows that 
A. capra invades erythrocytes like A. marginale, A. cen-
trale, and A. ovis (Peng et al. 2021b). Li et al. (2015) inoc-
ulated A. capra into human cell lines (HL-60 and THP-1 
cells) and observed the morulae stages. However, in natural 
infections, no morulae or other blood agents were detected 
in any cells of peripheral blood smears by microscopic 
examination. (Li et al. 2015). Anaplasma capra inclusion 
bodies were microscopically observed in the erythrocytes of 
naturally infected onagers, but their morphological features 
were not defined (Staji et al. 2021). The first detailed study 
on the morphology of A. capra was carried out by Peng et 
al. (2021a). The researchers examined A. capra-infected 
goat erythrocytes using electron microscope. They observed 
A. capra cells with a diameter of 0.2–0.4 μm on the outer 

Fig. 3 Phylogenetic tree of Anaplasma capra genotypes. (A) gltA gene region, (B) groEL gene region
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