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INTRODUCTION 

 

Anaplasmosis is caused by obligatory intra-erythrocytic 

bacteria called Anaplasma (Order: Rickettsiales, Family: 

Anaplasmatacae, Genus: Anaplasma). The disease caused by 

Anaplasma is called anaplasmosis and is characterized by 

anemia, high fever, jaundice, abortion and death (Waruri et al. 

2021). There are different species of genus Anaplasma (A.) 

cause disease in humans and animals including A. marginale, A. 

phago¬cytophilum and A. ovis (Fishbein et al. 1994; Dumler and 

Bakken 1998; Dumler and Broqui 2004; Zobba et al. 2020). 

Anaplasmosis is transmitted through infected tick-bite, biting 

flies and contaminated fomites. Bovine anaplasmosis is 

commonly known as gall sickness and is prevalent throughout 

the world (Rochlin and Toledo 2020). 

 

Etiology 

 

The word Anaplasma is a combination of Greek words ana 

means without and plasma means molded or produce (Dumler 

et al. 2004; Atif et al. 2021). On the basis of phylogenetic analysis, 

family Anaplasmataceae includes following genera Anaplasma, 

Aegyptianella, Candidatus, Neorickettsia, Ehrlichia and 

Wolbachieae (NCBI gene bank information). Genus Anaplasama 

comprises of various species including A. marginale, A. centrale, 

A. ovis, A. bovis, A. phagocytophilum, A. platys and A. odocoilei 

(Dumler et al. 2001). A. marginale, A. centrale, A. bovis and A. ovis 

are the species prevalent in ruminants (Table 1). A. 

phagocytophilum causes granulocytic anaplasmosis in both 

equines (EGA-Equine Granulocytic Anaplasmosis) and humans 

(HGA-Human Granulocytic Anaplasmosis). 

Development of Anaplasma spp. occurs in the vertebrate host 

and arthropod vector. In case of vertebrate host, Anaplasma 

persists in their bodies for long duration and they act as 

reservoir host. When a vector feed on infected reservoir host, 

becomes infected. Anaplasma spp. grows in gut cells as well as 

in salivary glands of ticks and is transmitted through tick saliva 

during blood feeding (Villar et al. 2016). 

Occurrence of species of genus Anaplasma is sporadic 

throughout the world but endemic in tropical and subtropical 

regions of world due to high tick burden in these areas and 

high risk of carrier animals (Smith et al. 1986; Wickwire et al. 

1987; Allred et al. 1990; Rodriguez et al. 2000; de la Fuente et 

al. 2001; Palmer 2001; Maggi and Krämer 2019). A. marginale 

infected final hosts as well as vectors (ticks) acts as reservoirs 

of infection to other susceptible hosts. A. marginale only resides 

inside the cytoplasmic vacuoles of erythrocytes (Richey 1981; 

Raboloko et al. 2020). About four rickettsias are present in 

each erythrocyte while more than 70% of erythrocytes become 

infected with Anaplasma during the acute phase of the disease. 

Reticuloendothelial system removes infected erythrocytes 

which results in development of anemia and icterus (Richey 

1981; Saetiew et al. 2020). 

 

Transmission of Anaplasma Species 

 

The mode of Anaplasma species transmission is based on the 

ecological conditions and availability of final host. Different 

geographical strains of Anaplasma are identified which have 

different morphological features, characteristics of antigen and 

their ability to disseminate by vectors (Cabezas-Cruz et al. 

2013). 

Various routes observed for the transmission of Anaplasma 

species includes vectors, fomites and transplacental 

transmission. Ticks play the role of biological vector whereas, 

flies are mechanical vectors. There are about twenty species of 

ticks; belonging to genus Rhipicephalus and Dermacentor, 

involved in the transmission of Anaplasma species (Aubry and 

Geale 2011). Unlike Genus Babesia, trans-ovarian transmission 

(transmission from female ticks to larvae) of Anaplasma species 

does not occur in ticks. So, persistent infection in host is 

needed for spread of Anaplasma species. Hematophagous flies 

including families Culicidae, Muscidae and Tabanidae are 

important in the transmission process of Anaplasma species. 

Fomites include surgical instrument, needles and piercing 

objects. Infected mothers may pass the infection to their claves, 

which end up in calf mortality (Kocan et al. 2010). It is 

noteworthy that there is still a conflict on transplacental 

transmission of Anaplasma species as some reports did not 

verify transplacental transmission (Aubry and Geale 2001). This 

conflict could be due to genetic variations among Anaplasma 

species and level of host immunity. 
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Table 1: Molecular diagnosis of various species of genus Anaplasma 

Species Molecular test Animal screened Reference 

A. phagocytophilum Nested PCR Goat Tumwebaze et al. 2020 

A. ovis PCR, PCR-RFLP Goat Aguirre et al. 2006 

A. marginale PCR-RFLP Cattle Ayyez et al. 2019 

Anaplasma spp. PCR, ELISA, Nested PCR Sheep Fuente et al. 2001 

 

Characterization of Genus Anaplasma 

 

Below given is the detailed description of various species of 

genus Anaplasma: 

 

A. marginale 

 

A. marginale is an obligate species of Anaplasma which causes 

‘bovine anaplasmosis’ or ‘gall sickness’. A variety of wild and 

domestic ruminants are infected by A. marginale including Bos 

taurus, Bos indicus, Bubalus bubalis, Cervids and Giraffa etc. 

(Kocan 2003; Aubry and Geale 2011; Ayyez et al. 2019). Unlike 

transovarial transmission of Babesia, transstadial transmission 

occurs in case of A. marginale (Kocan et al. 1981; Stich et al. 

1989; Kocan et al. 1992; Madison-Antenucci 2020). 

Transmission of A. marginale occurs through ticks, biting flies, 

fomites. Moreover, tans-placental transmission occurs during 

second and third trimester of pregnancy (Dikmans 1950; Zaugg 

1985; Atif et al. 2021). More than 20 species of ticks are 

involved in transmission of A. marginale (Dikmans 1950; Kocan 

2003; Da Silva et al. 2015). The mechanical routes of A. 

marginale transmission are significant in tick free areas 

(Dikmans 1950; Da Silva et al. 2013; Solomon and Tanga 2020). 

Clinical signs of gall sickness include high fever, emaciation, 

abortion, lethargy and death in few cases (Barbet et al. 1999; 

Kocan 2003; Sazmand et al. 2020). Incubation period of A. 

marginale is variable from days to months. During acute phase 

of infection, A. marginale infects up to 70% erythrocytes. During 

blood smear examination of infected animals, 2 to 4 intra-

erythrocytic inclusion bodies are seen, and this could be major 

reason of high erythrocytic destruction (Barbet et al.1999; 

Kocan et al. 2010; Berthelsson et al. 2020). 

 

A. centrale 

 

A. central, is morphologically similar to A. marginale but it 

resides inside the erythrocytes but its inclusions are more 

central (Khodadadi et al. 2021). A. centrale was identified by Sir 

Arnold Theiler in 1911. Prevalence of A. centrale is high in 

tropical and subtropical areas (Rar and Golovljova 2011; 

Sarangi et al. 2021). It causes mild anemia in infected animals 

being less pathogenic by its nature and that is why it is 

preferred to be used as vaccine agent against anaplasmosis 

(Zaugg 1985; Kocan 2003; Rajput et al. 2005; Abdullah et al. 

2021). A. centrale transmission occurs through ticks, biting flies 

and fomites. Only tick species involved in transmission of A. 

centrale is Rhipicephalus simus (Calleja‐Bueno 2021) but with 

the help of molecular techniques, its presence in Haemaphysalis 

punctate and Amblyomma sp., has also been reported (Palomar 

et al. 2015; Teshale et al. 2015). A. centrale cause mild disease 

in cattle (Rar and Golovljova 2011). For control of bovine 

anaplasmosis live attenuated vaccine of A. centrale is being used 

in Australia, Africa, Latin America and Israel (Kocan et al. 2010; 

Waruri et al. 2021). 

A. bovis 

 

A. bovis was first time identified in cattle in 1936. Unlike A. 

marinale and A. centrale, A. bovis is also an obligate intra-

monocytic species of Anaplasma in cattle (Donatien and 

Lestoquard 1936). Prevalence of A. bovis has been reported in 

United States, Europe, Asia and Africa (Uilenberg 1995; 

Goethert and Telford 2003; Kawahara et al. 2006; Santos and 

Carvalho 2006; Ceci et al. 2014; García-Pérez 2016; Consolaro 

et al. 2019). A. bovis can cause disease in cattle, buffalo, goat, 

dog, deer, Mongolian gazelle, raccoon, leopard cat, cotton-tail 

rabbit and eastern rock sengi but bovines (cattle and buffalo) 

are the usual host (Goethert and Telford 2003; Guo et al. 

2020). Tick genera involved in its transmission are 

Amblyomma, Hyalomma, Rhipicephalus and Haemaphysalis 

(Uilenberg 1995; Dumler et al. 2001; Goethert and Telford 

2003; Harrus and Waner 2011; Palomar et al. 2015). Clinical 

signs develop in infected cattle and buffalo include fever, 

emaciation, decrease in weight gain, icteric mucous 

membranes, inflamed pre-scapular lymph node and sometime 

death may occur in later stages of the disease (Donatien and 

Lestoquard 1936; Uilenberg 1995; Uilenberg 1997; Santos and 

Carvalho 2006; Arulkumar et al. 2016). 

 

A. ovis 

 

A. ovis is an obligate intra-erythrocytic species of Anaplasmain 

sheep. It was first identified by Bevan in 1912 (Bevan 1912; 

Dumler et al. 2001; Peng et al. 2021). A. ovis is prevalent in USA, 

Asia, Africa and Europe (Al-Hosary et al. 2021). A. ovis cause 

disease in small ruminants including wild ruminants (Bevan 

1912; Kuttler 1984; Friedhoff 1997; de la Fuente et al. 2008; Li 

et al. 2015; Enkhtaivan et al. 2019). It also has zoonotic 

importance as it has been detected in humans by Chochlakis et 

al. (2010). Intra-erythrocytic inclusions observed during A. 

ovis, are observed at central position in 35–40% cases and at 

marginal positions of erythrocytes in 60 to 65% cases 

(Shompole et al. 1989; Primo et al. 2019). Clinical signs 

observed during the course of the disease are emaciation, 

anemia, fever, depression, rumen atony, decreased production, 

abortion and death of the animal (Yousif et al. 1983; Manickam 

1987; Friedhoff 1997; Yasini et al. 2012; Tumwebaze et al. 

2020). These signs of the disease depend on the breed, age and 

body condition score of the animal (Splitter et al. 1955; 

Shompole et al. 1989; Tumwebaze et al. 2020). Development 

of anemia due to A. ovis is the main cause of huge economic 

losses at livestock farms especially in developing countries, as 

sheep and goats are mainly reared in areas of tropics and 

subtropics (Jensen 1955; Zaugg 1985; Lacasta et al. 2021). 

 

A. platys 

 

A. platys, an also an obligate intracellular pathogen which 

resides in platelets, was observed initially during blood 

examination of dog in U.S.A. (Florida) in 1978. Later on, it was 

detected in almost all continents (Harvey et al. 1978; Suksawat 
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et al. 2001; Sanogo et al. 2003; Sparagano et al. 2003; Brown 

2008; Aguirre et al. 2006; de la Fuente et al. 2006; Kawahara et 

al. 2006; Melo et al. 2016). A. platys mainly affect canines but it 

has been also reported in foxes, cats, camels, cattle, deer and 

humans (Harvey et al. 1978; Maggi et al. 2013; Qurollo et al. 

2014; Cardoso et al. 2015; Dahmani et al. 2015; Li et al. 2015; 

André et al. 2020). In canines, A. platys causes the disease 

namely Canine Cyclic Thrombocytopenia (CCT). Disease is 

characterized by fever, severe emaciation, loss of appetite, 

lethargy, respiratory distress, increased mucus secre¬tion and 

ocular discharge, muzzle hyperkeratosis and splenomegaly 

(Sainz et al. 2015; Brandão 2019). Severity and type of clinical 

signs depend mainly on dog species. Transmission of A. platys 

occurs through tick species: Rhipicephalus sanguineus, 

Rhipicephalus turanicus, Dermacentor auratus, Haemaphysalis 

longicornis, Ixodes persulcatus, Haemaphysalis longicornis, 

chewing louse, Heterodoxus spiniger and blood transfusion 

(Harvey et al. 1978; Parola et al. 2003; Martin et al. 2005). 

Severe thrombocytopenia is observed during the course of 

disease in dogs which may reoccur after two weeks of 

incomplete recovery. Thrombocytopenia probably occurs due 

to direct damage of platelets by pathogen and immune mediated 

mechanism (immune cells) (Harvey et al. 1978; Piratae et al. 

2019). Clinical signs of the disease are fever, anorexia, 

emaciation, pale mucus membranes, lethargy, pin point 

hemorrhages on oral mucosa and skin, lymph adenomegaly and 

epistaxis (Bradfield et al. 1996; Bouzouraa et al. 2016). 

 

A. phagocytophilum 

 

A. phagocytophilum, found in granulocytes of host, has great 

importance with respect to veterinary and public health (Dugat 

et al. 2015). A sheep was affected with a tick-borne disease of 

unknown etiological agent during 1932 in Scotland whose 

causative agent was described in 1940 as A. phagocytophilum. 

The host range of A. phagocytophilum includes human, 

carnivores, ruminants, reptiles, birds and rodents. Ehrlichia was 

known to cause disease in humans and horses and previously 

it was known as Ehrlichia equi (Stuen et al. 2002). During the 

course of the disease about 40% of the patients need 

hospitalization. Rate of the mortality of disease is 7-10 % in 

USA but in Europe there is no mortality (Fishbein et al. 1994; 

Dumler and Bakken 1998; Blanco and Oteo 2002; Dumler and 

Broqui 2004). Situation aggravates leading to death in case of 

prevailing health issues viz; intravascular coagulation, renal 

failure, cardiac enlargement, coma and seizures. The disease is 

more harmful in immune-compromised patients of old age and 

children (Fishbein et al. 1994; Dumler and Bakken 1998; Rocco 

et al. 2020). In ruminants, disease is characterized by rise in 

body temperature, in appetence, drop in milk and meat 

production and abortion. Death occurs in infected animals 

which remains unattended during the course of the disease 

(Stuen et al. 2002; Rodino et al. 2020). A. phagocytophilum is 

transmitted by ticks belonging to genera Ixodes, Dermacentor, 

Haemaphysalis and Amblyomma in USA, Europe and Asia 

(Holden 2003; Santos et al. 2004; Woldehiwet 2010; Clark 

2012; Paulauskas et al. 2012; Tomanović et al. 2013; Rochlin 

and Toledo 2020). Transstidial transmission of A. 

phagocytophilum has also been reported (Baldridge et al. 2009; 

Dugat et al. 2015). A. phagocytophilum leads to granulocytic 

anaplasmosis in ruminants and clinical signs include fever, 

anorexia, abortion and decrease in milk production 

(Woldehiwet 2006; Stuen et al. 2002; Dugat et al. 2015). 

Furthermore, it leads to decrease in immune status of the 

animal which tends to increase in susceptibility of animal 

towards secondary or opportunistic bacterial infection 

(Woldehiwet 2006; Kahn et al. 2019).  

 
Pathogenesis 
 
Anaplasmosis is commonly categorized into four phases; 
incubation phase, developmental phase, convalescent and 
carrier phase. Incubation phase is the duration from inoculation 
of pathogen to a susceptible host until 1% of erythrocytes 
become infected (clinical signs develop). The duration of each 
phase of the disease is directly linked with the total number of 
pathogens entered into host animal. During this stage the PCV 
remains constant; erythrocytes are produced at the same rate 
as they are destroyed and no clinical signs are seen. The 
developmental stage is characterized by onset of clinical signs 
associated with mortality and sporadic abortions (Coetzee et 
al. 2010). Clinically recovered animals develop persistent 
infections and remain as carriers with undetectable parasitemia 
consequently act as reservoir of infectious agent (Kieser et al. 
1990). The pathogen enters erythrocytes through endocytosis 
and exit by exocytosis and attack on other fresh erythrocytes. 
Infected erythrocytes are destroyed by reticulo-endothelial 
cells which leads to development of hemolytic anemia and 
icterus. Oxidative stress occurs due to imbalance in 
antioxidants and oxidant ratio. Due to increased production of 
reactive oxygen species (ROS), there is increase in oxidant 
level on cellular level. This increased level of oxidants leads to 
cellular damage and lipid peroxidation “LPO”. 
 
Economic Importance of Anaplasma 
 
Anaplasma can cause huge economic losses in terms of 
decrease in productivity of animal, abortion, increase in 
treatment cost and mortality of infected animal. It can also 
cause death in new borne calves because of its trans-placental 
transmission. According to FAO report, the rate of mortality 
in case of anaplasmosis is 5 to 70%. In Norway, A. marginale 
leads to mortality of more than 0.3 million lambs each year 
(Stuen et al. 2018). 
 
Diagnosis 
 
Parasitological diagnosis provides direct evidence of Anaplasma 
infection. It includes microscopic examination of ethanol fixed 
Giemsa-stained thin blood smears. This is regarded as the best 
method of identifying A. marginale and to determine the 
parasitemias of the animals (Yoshihara et al. 2003; Siddiki et al. 
2010). Inoculation of susceptible laboratory animals with blood 
of suspected animals to demonstrate presence of A. marginale 
is another technique (Siddiki et al. 2010). Nucleic acid 
detection methods for Anaplasma infection includes PCR, 
qPCR, RT PCR and LAMP. 16S ribosomal gene is the most 
targeted gene for the detection of anaplasma species (Atif et al. 
2021). Whole blood preserved in EDTA coated tubes can be 
used for the diagnosis of anaplasma species (Hebels et al. 2014). 
Now a days rapid and sensitive real time assay is using more as 
compared to nested PCR (Atif et al. 2021).  

 

Treatment 

 

Doxycycline is the drug of choice for treatment of A. platys 

infection in canine (Sainz et al. 2015; Paterson et al. 2020). For 
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control of bovine anaplasmosis live attenuated vaccine of A. 

centrale is being used in Australia, Africa, Latin America and 

Israel (Kocan et al. 2010; Waruri et al. 2021). 

 

Conclusion 

 

Although Anaplasmosis has history of more than a century, still 

it is one of the most challenging parasites of human and animal 

health due to variety of species that are present in different 

hosts. Anaplasmosis is a bacterial disease that causes severe 

infection and leads to liver damage, severe anemia occurs due 

to lysis of erythrocytes which causes death of the animals. 

Disease is more prevalent in young animals. The only way to 

combat anaplasmosis is to adopt good precautionary measures. 
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