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Abstract
Background: As evidence of the infection of domestic animals by Anaplasma phagocytophilum and Anaplasma sp.
‘Omatjenne’ is presently becoming available, understanding the epidemiological and ecological significance of infection
is important to quantify the clinical and socio-economic impact of the diseases they cause.
Methods: The first aim of this study was to analyse the occurrence of A. phagocytophilum and Anaplasma sp.
‘Omatjenne’ in cattle samples collected from selected African countries using a polymerase chain reaction and
restriction enzyme fragment length polymorphism. Secondly, this study was aimed at the molecular identification of
Ehrlichia spp. and Anaplasma spp. infection in ruminants raised under different production systems in selected sites in
central Ethiopia.
Results: In total, 695 samples from cattle in six African countries were analysed. Overall, 45 positive results were
obtained for Anaplasma sp. ‘Omatjenne’ (6.47%) and 19 for A. phagocytophilum (2.73%). Anaplasma sp. ‘Omatjenne’
was detected in all countries except Tanzania while A. phagocytophilum was detected only in samples from Ethiopia.
The proportion of samples tested positive for Anaplasma sp. ‘Omatjenne’ ranged from 1.2% in Morocco to 16% in
Rwanda. The occurrence of both agents is now confirmed in African cattle. For the survey in Ethiopia a seminested 16S rDNA polymerase chain reaction followed by restriction fragment length polymorphism was used
for the identification of Ehrlichia spp. and Anaplasma spp. in blood samples. Randomly selected samples were also
analysed by pCS20 polymerase chain reaction for the detection of E. ruminantium. Positive results were obtained for E.
ruminantium and five species of Anaplasma including a zoonotic species. To our knowledge, this is the first report of
infection of domestic ruminants with A. phagocytophilum, A. ovis and Anaplasma sp. ‘Omatjenne’ in Ethiopia.
Conclusion: The present study showed widespread occurrence of Anaplasma sp. 'Omatijenne' in African cattle and five
Anaplasma species in Ethiopia.
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Background
Anaplasma phagocytophilum is a recently emended species of bacteria that comprises Ehrlichia phagocytophila,
Ehrlichia equi and the agent of human granulocytic ehrlichiosis [1]. The bacterium appears to be a generalist, infecting a wide range of domestic and wild animals
(causing tick-borne fever) and humans (causing human
granulocytic anaplasmosis) [2]. Most outbreaks of tickborne fever have been recorded in sheep flocks and cattle
herds but isolated outbreaks have also been documented
in goats. Although mortality and morbidity due to A. phagocytophilum infection is low in animals, economic losses
due to a reduction in milk yield, abortion, infertility and
reduced weight gains have been observed in pastured animals [3, 4]. Death can also occur in weaker animals if left
untreated [5]. Since its recognition, an escalating number
of human cases of A. phagocytophilum have been reported
in the USA, Europe, Middle East and Asia, causing hospitalisation of 36% in the USA and a mortality of 26.5% in
China [3]. Although tick attachment is thought to be the
main route of human infection, contact with infected animal blood and prenatal infection has been reported [6].
Despite its veterinary and public health importance, data
on the occurrence of A. phagocytophilum are lacking for
the African continent. Only a few published articles reported its occurrence and detection of the bacterium was
coincident with detection of other tick-borne pathogens.
For instance, Muhanguzi et al. [7] detected DNA of this
pathogen in 2.7% of cattle blood in Uganda while Sarih et
al. [8] detected its DNA in two Ixodes ricinus specimens
in Tunisia. Recently, the bacterium was detected in ticks
in Ethiopia [9]. Apart from these, no systematic and predesigned epidemiological studies were undertaken to explore A. phagocytophilum. Empirically, several tick associated febrile diseases, whose etiologic agents remain
obscure, have been reported frequently by field veterinarians. Elsewhere, it has been shown that 8.6% of such tickassociated febrile diseases (15% in horses and 6% in
dogs) are caused by A. phagocytophilum [10]. The
possibility of A. phagocytophilum being involved in
such cases in Africa cannot be ruled out. Investigation into the occurrence of A. phagocytophilum from
different areas of Africa is needed.
Anaplasma sp. ‘Omatjenne’, a rickettsia belonging to
the family Anaplasmataceae, was described for the first
time by Allsopp et al. [11] and was detected in healthy
Boer goats in heartwater-free areas of South Africa using
molecular methods. The distribution and epidemiology
of this genotype of rickettsia has not been investigated
in Africa. However, infection with it has been reported
in wild and domestic animals in Africa and the Mediterranean. It was detected in 1.9% of cattle in Uganda [7]
and in Turkey [12]. It has also been reported in the
Nyala (Tragelaphus angasii) in four game ranches
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sharing grazing areas with cattle in KwaZulu-Natal [13]
and African buffaloes (Syncerus caffer) in the Kruger National Park and in the Hluhluwe-iMfolozi Park [14]. It
was also detected in Amblyomma ticks collected from
animals in Ethiopia [9]. Since the role of this Ricketssia
in producing clinical disease remains obscure, study on
its occurrence in Africa is required.
The epidemiological and ecological significance of infection with A. phagocytophilum has not been elucidated
and the importance of Anaplasma sp. ‘Omatjenne’ in
causing disease has not been clarified despite its occurrence in ruminants. The first aim of this study was to
analyse the occurrence of A. phagocytophilum and Anaplasma sp. ‘Omatjenne’ in bovine samples collected
from several African countries.
Secondly, a detailed field survey was conducted trying
to elucidate the occurrence of infection by species of
Erhlichia and Anaplasma in cattle, sheep and goats in
central Oromia (Ethiopia) using molecular methods. The
information was used to answer the following questions:
(i) Which Ehrlichia spp. and Anaplasma spp. infect ruminants in central Ethiopia? and (ii) What is the prevalence of infection of these pathogens in ruminants in
central Ethiopia? Ticks are widespread in all agroecological zones of Ethiopia [15–17] and empirical evidence shows heartwater and anaplasmosis problems in
areas where Amblyomma spp. and Rhipicephalus spp.
are encountered. However, epidemiological investigation
of tick-borne diseases is either absent or inadequate in
the country [18]. The available information is obsolete
because the results are based on serology and microscopy with obvious limitations [19]. Only limited molecular studies have been carried out so far by Tomassone et
al. [20], Kumsa et al. [21] and Teshale et al. [9], mostly
in ticks. Since Ethiopia has diverse agro-climatic regions
that support several vector species, mixed infections
with Ehrlichia spp. and Anaplasma spp. are common.
Molecular characterisation is essential for accurate differential diagnosis and detection of mixed infections of
species belonging to the two genera. This leads to a
better understanding of the epidemiology in order to
minimise losses incurred in livestock during genetic improvement and translocation programs. Making an inventory of tick-borne Erhlichia spp. and Anaplasma spp.
is an important pre-requisite to understand their role in
constraining ruminant production.

Methods
International study

Samples used in this study were DNA samples extracted
from bovine blood collected from selected African countries. The samples (238 in total), originating from Ivory
Coast (n = 53), Morocco (n = 81), Rwanda (n = 50),
Tanzania (n = 17) and Zambia (n = 37), were obtained
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Table 1 Description of the study sites in the three districts in Ethiopia
Description

Ada’a Liban

Bako

Adami-Tullu-Jiddo-Kombolcha

Location

9°N, 4°E

9°8’ N, 37°5′E

7°9’N, 38°7′E

Mean temperature (°C)

8.5–30.7

13.5–27.9

22.3–28.8

Mean annual RF (mm)

1156

1227

760.9

Mean relative humidity (%)

61.3

85

63

Mean altitude (m above sea level)

1550

1650

1650

Farming type

Mixed

Mixed

Livestock based

Main livestock raised

Cattle, sheep, goats

Cattle and sheep

Cattle and goats

Premises selected

Bishoftu farms

Bako Research farm

Habernosa ranch, Alage dairy farm,
Adami Tullu farm

Animals sampled

Cattle (n = 125), sheep (n = 125),
goats (n = 51)

Cattle (n = 149), sheep (n = 164)

Cattle (n = 183), goats (n = 125)

Samples collected

Blood and ticks

Blood and ticks

Blood and ticks

from the Department of Biomedical Science, Institute of
Tropical Medicine (Antwerp, Belgium) and were analysed using 16S rDNA PCR-RFLP as described by
Teshale et al. [9].
Oromia survey
Study areas

The study was carried out in five livestock premises:
Bishoftu, Bako, Habernosa, Alage and Adami-Tullu.
They are distributed in three districts (Ada’a-Liban,
Bako-Tibbe and Adami-Tullu-Jiddo-Kombolcha) in central Oromia (Ethiopia) (Table 1). Selection of the study
sites was based on previous clinical and post-mortem reports of heartwater using microscopic examination of
brain squash smears at the National Animal Health Research and Diagnostic Centre (Sabata, Ethiopia) [22],
serological reports of anaplasmosis at the International
Livestock Research Institute (Addis Ababa, Ethiopia)
[18] and molecular evidence of infection in ticks in the
area [9, 21].
Heartwater was suspected to occur in exotic dairy cattle in Ada’a-Liban District, in and around Bishoftu on
several farms. Bishoftu is one of the international tourist
destinations, located in the Eastern Shewa Zone of the
Oromia Regional State southeast of Addis Ababa. It is
the main town of Ada’a-Liban district, situated on two
international trade routes: (i) the Franco-Ethio-Djibouti
railway and (ii) the Addis-Moyale-Nairobi international
asphalted route. It is one of the main milk producing
areas for Addis Ababa and is known for its commercial
livestock production. Commercial dairy farms raising
exotic dairy cattle (Holstein cattle and their crosses with
zebu) and smallholder farmers rearing zebu cattle as well
as Menz sheep and local goats were included in the
study. Data were collected in February 2012.
The Bako Agricultural Research Centre with a history
of clinical heartwater cases in lambs and calves, detected

by pathology, was also selected for this study. Teshale et
al. [9] detected DNA of E. ruminantium and Anaplsma
spp. in ticks collected from cattle raised on this premise.
The Bako region has a warm and humid climate that
supports survival and proliferation of several tick species. The main vegetation of the area is a forest type,
which is favorable for wildlife. Mixed crop-livestock production is the economic mainstay for communities in
the area. Data collection was carried out in December
2012.
The remaining three selected livestock premises
(Habernosa, Adami-Tullu and Alage farms) are found in
Adami-Tullu-Jiddo-Kombolcha district. The district is
located in the middle of the Rift Valley of Ethiopia to the
south of Addis Ababa. Data from this district were collected in January 2012. The main climate type of the district is semi-arid and livestock production is the
dominant farming system. Dairy cattle are mostly reared
in small-scale dairy operations under different levels of
management. These three livestock premises were selected based on their previous history of mortality of
dairy cattle due to tick-borne diseases [22]. Habernosa is
a private ranch where exotic (Holstein) animals and their
crosses with Borana cattle are raised and distributed to
nearby smallholder farmers. On this ranch heartwater
was confirmed in 17 of 40 cattle that died after showing
clinical signs of the disease [22]. The occurrence of Ehrlichia spp. and Anaplasma spp. in ticks collected from
this ranch was confirmed by molecular techniques [9].
Currently the ranch has introduced goats of the Arsi
breed obtained from the south-eastern highlands. The
goats are at risk of tick-borne infections since they are
introduced from areas where tick challenge is low.
Adami-Tullu is an agricultural research centre breeding
mainly Arsi goats and cattle for distribution to nearby
farmers. Alage is a small village with commercial dairy
and swine farms. Samples were collected from dairy
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cattle as clinical cases of heartwater have been experienced on this farm.
Sample collection

For the survey in Ethiopia, blood samples were collected
from cattle, sheep and goats using EDTA coated vacutainer tubes. In addition, information on the type of farms
(commercial, ranch or smallholder) and the type and frequency of tick control was recorded. Convenience sampling was used throughout with the primary aim to
detect and describe the occurrence tick-borne diseases.
Statistical analysis was not envisaged as controlling for
possible confounders proved impossible. Overall, 922
blood samples (457 cattle, 289 sheep and 176 goats)
were collected. Ticks infesting the study animals were
also collected and identified based on morphological
identification keys described in [23]. The identification
was carried out in the Veterinary Parasitology Laboratory of the College of Veterinary Medicine and Agriculture of the Addis Ababa University (Bishoftu, Ethiopia).
DNA samples were extracted from whole blood using
Gentra (Puregene® 2010, Qiagen, Mainz, Germany) as
described by the manufacturer and stored at -18 °C before transferring them to the Biomedical Sciences Department of the Institute of Tropical Medicine
(Antwerp, Belgium) for molecular characterisation.
Molecular analysis of the samples
16S rDNA polymerase chain reaction

A semi-nested PCR described by [9] was used to amplify
a fragment of 16S rRNA gene. Primers designated EHR
16SD [24] and EBR3 [9] were used for the first round of
PCR amplification. For the second round of amplification the same EHR 16SD was used as forward external
primer while EBR2 [9] was used as internal primer. Details of the primers used are presented in Table 2. The
reaction mix consisted of HotStartTaq Master Mix
(2.5 units of DNA polymerase, PCR buffer containing
1.5 mM MgCl2 and 200 μM of each dNTP), 0.2 μM of
each primer and PCR water. The PCR reaction was carried out in a total volume of 25 μl using a programmable
thermocycler (T3 thermal cycler Biometra® Kit, Westburg, the Netherlands). All PCR products were visualised by gel electrophoresis in TAE buffer (0.04 M Tris,
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0.4 mM EDTA, pH = 7.7–8.8) using 2% agarose at 100 V
for 20 min and staining with ethidium bromide.
Throughout the PCR procedures, a PCR mix without
DNA template was used as negative control while DNA
from in vitro cultures of A. phagocytophilum, Anaplasma sp. ‘Omatjenne’, A. marginale and E. ruminantium were used as positive control. Negative samples
were retested at 1/10 dilution to check if a high concentration of DNA inhibited the reaction.
Identification to species level of the detected Anaplasma
was carried out by using restriction with MboII (5000 U/
ml, Biolabs, New England, USA), HhaI (20,000 U/ml, Biolabs) and MspI (20,000 U/ml, Biolabs) as described earlier
by [9]. Restriction was carried out in a final volume of
15 μl mix consisting of 4 μl DNA (PCR product from positive samples) and 11 μl reaction mix. Incubation was done
overnight following the manufacturer’s instructions. The
restricted fragments were separated on 2% high resolution
agarose gel by electrophoresis in TAE buffer (0.04 M Tris,
0.4 mM EDTA, pH = 7.7–8.8) at 100 V for 40 min and
visualised under UV illumination after staining with ethidium bromide (final concentration of 0.5 μg/ml).

Identification of E. ruminantium using pCS20 PCR

A semi-nested pCS20 PCR assay was used to identify
E. ruminantium DNA on randomly selected samples
and samples collected from clinical cases of heartwater
in Ethiopia. The assay was carried out as described by
[25, 26] using AB129 and ITM130 as external reverse
and forward primers, and AB128 and AB129 as internal primers (Table 2). After initial denaturation of
DNA at 94 °C for 3 min, the first round of amplification was carried out using 40 cycles of 30s denaturation at 94 °C, 45 s annealing at 62 °C, 1 min
elongation at 72 °C and a final extension of 10 min at
72 °C. For the second round amplification, 0.5 μl of the
PCR product of the first round amplification was used
as template. The amplification process consisted of
25 cycles of the same PCR conditions as in the first
round except that the annealing temperature was set at
58 °C. The amplification process was carried out in the
thermocycler described above. The presence of E. ruminantium DNA was analysed using a 2% agarose gel

Table 2 List of primers used for PCR amplifications and their sequences
Primer

Sequence (5′-3′)

Target gene

Size (bp)

HER 16SD

GGTACCYACAGAAGAAGTCC

16S rDNA

EBR2

TGCTGACTTGACATCATCCC

EBR3

TTGTAGTCGCCATTGTAGCAC

AB128

ACTAGTAGAAATTGCACAATCTAT

AB129

TGATAACTTGGTGCGGGAAATCCTT

[21]

ITM130

TCAATTGCTTAATGAAGCACTAACTCAC

[21]

925

Reference
[20]
[16]
[16]

pCS20

280

[21]
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electrophoresis, giving a 280 bp DNA fragment for a
positive sample. A PCR mix without DNA template was
used as a negative control while DNA from E. ruminantium was used as a positive control.

Results
Anaplasma phagocytophilum and Anaplasma sp.
‘Omatjenne’ survey

The results of the international survey and the results of
the Ethiopian survey are combined for clarity. A total of
695 samples from cattle were assayed for the presence of
DNA of A. phagocytophilum and Anaplasma sp. ‘Omatjenne’. Of these, 19 (2.7%) and 45 (6.5%) yielded positive
signals, respectively (Table 3). Anaplasma sp. ‘Omatjenne’ was detected in all countries except Tanzania while
A. phagocytophilum was detected only in samples originating from Ethiopia.
Oromia survey
Identification of Ehrlichia spp. and Anaplasma spp. using
molecular tools

Results of the molecular analysis are given in Table 4.
Out of the 922 blood samples from cattle, sheep and
goats from five different localities analysed by 16S rDNA
PCR, 523 (56.7%) tested positive. The lowest proportion
of positive samples was observed at Habernosa (44%)
while the highest was observed at Alage (79%). None of
the samples collected from Adami-Tullu yielded a positive result. The variation in the proportion of positive
samples among the locations could not be compared statistically as the species composition (and thus the resulting sample) in the five livestock premises was not the
same. The highest proportion of positive samples was
observed in cattle followed by sheep and the lowest in

goats. Overall, 67.4% of cattle, 65% of sheep and 18% of
goats tested positive for one or more Anaplasma spp.
The difference in prevalence among the species could
again not be tested statistically, as an effect of sampling
location could not be excluded (e.g. a comparison at
Bishoftu, the only location where all three species were
sampled, was not significant). Mixed infections, mostly
with A. marginale and A. centrale were detected at all
four sites with a proportion of 11% at Bishoftu, 13.4% at
Bako, 15% at Habernosa and 15.8% at Alage.
Restriction fragment length polymorphism (RFLP) analysis resulted in the diagnosis of A. marginale, A. centrale,
A. phagocytophilum, A. ovis and Anaplasma sp. ‘Omatjenne’ (Table 5). This is the first report of the infection of
domestic ruminants with A. phagocytophilum, A. ovis and
Anaplasma sp. ‘Omatjenne’ in Ethiopia. The occurrence of
A. phagocytophilum together with Anaplasma sp. ‘Omatjenne’ outside Europe and South Africa was observed for
the first time. The proportion of samples that tested positive for A. marginale was higher at Bako and Alage than at
Habernosa and Bishoftu. The occurrence of A. centrale
was highest at Alage and lowest at Bako. Only samples
from Bako and Bishoftu gave positive results for A. phagocytophilum and A. ovis and the proportion of samples positive for both pathogens was higher at Bako than at
Bishoftu. Almost the same numbers of positive samples for
Anaplasma sp. ‘Omatjenne’ were found at Bako and
Bishoftu, and half of these numbers at Habernosa.
Results of pCS20 PCR amplification

Since none of the 16S rDNA PCR-RFLP analyses yielded
positive results for E. ruminantium, pCS20 PCR was
used to analyse randomly selected samples. Thus,
from the 922 DNA samples, 493 samples (271 cattle,

Table 3 Results of molecular analysis of bovine samples from selected African countries for infection with Anaplasma sp. ‘Omatjenne’
and A. phagocytophilum
Country
Ivory Coast

No. tested
53

Anaplasma sp. ‘Omatjenne’

A. phagocytophilum
No. positive

Prevalence (95% CI)

No. positive

Prevalence (95% CI)

0

0 (0.000–0.055)

2

0.038 (0.004–0.130)

Morocco

80

0

0 (0.000–0.036)

1

0.012 (0.001–0.067)

Rwanda

50

0

0 (0.000–0.058)

8

0.160 (0.072–0.291)

Zambia

37

0

0 (0.000–0.078)

5

0.135 (0.045–0.288)

Tanzania

17

0

0 (0.000–0.162)

0

0 (0.000–0.162)

Bako

149

16

0.17 (0.063–0.169)

13

0.087 (0.047–0.144)

Bishoftu

125

3

0.024 (0.005–0.069)

11

0.088 (0.045–0.152)

Habernosa

145

0

0.000 (0.000–0.020)

5

0.034 (0.011–0.079)

Alage

38

0

0.000 (0.000–0.076)

0

0.000 (0.000–0.076)

Overall

457

19

0042 (0.025–0.064)

29

0.063 (0.043–0.090)

695

19

0.027 (0.017–0.042)

45

0.065 (0.048–0.086)

Ethiopia

Total
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Table 4 Number and percentage of samples tested positive by
16S rDNA in cattle, sheep and goats in five sites in central
Oromia, Ethiopia (n = 922)
Bako

Alage

A/Tullu

Habernosa

Bishoftu

Number tested

149

38

–

145

125

Number positive

99

30

–

104

75

Proportion (%)

66.4

79

–

71.7

60

Number tested

164

–

–

–

125

Number positive

124

–

–

–

63

Proportion (%)

75.6

–

–

–

48

Number tested

–

–

20

105

51

Number positive

–

–

0

5

26

–

–

0

4.8

51

71.3

79

0

43.6

53.5

Cattle

Sheep

Goats

Proportion (%)
Overall (%)

145 sheep and 77 goats) were randomly selected and
tested for E. ruminantium. Three of the 75 cattle
blood samples tested from Bako gave a positive result
giving an apparent prevalence of 4% in the area.
Overall, the prevalence of E. ruminantium in the cattle included in this study was 0.6%.
Active clinical search

The prevalence of E. ruminantium detected was very
low. This is contrary to the fact that several outbreaks of
heartwater have been reported based on clinical

observations. This active clinical search was done to
check if the outbreaks are caused by E. ruminantium or
other pathogens. Thirteen blood samples (ten from the
dairy farm in Bishoftu and three from the dairy farm of
Haramaya University) were collected from clinically affected animals and analysed by pCS20 PCR. Three (30%,
95% CI: 6.7–65.2%) and two (66.7%, 95% CI: 9.4–99.2%)
of the samples from Bishoftu and Haramaya University,
respectively, tested positive for E. ruminantium. Overall
38.46% (95% CI: 13.86–68.42) of the clinically affected
cows were found positive.

Discussion
Since it was first recognised, anaplasmosis caused by A.
phagocytophilum is considered to have a worldwide distribution. However, studies about the extent of its occurrence in animals and humans have been limited to
Europe and the USA. Advances in molecular diagnosis
have resulted in new evidence for the wide occurrence
of this pathogen in the Northern Hemisphere [27]. In
Africa, where many tick-borne diseases are encountered
[28], data that support the occurrence of A. phagocytophilum is lacking, possibly due to lack of appropriate
diagnostic tools: diagnosis of anaplasmosis, based on
microscopic examination of stained blood smears and
serologic tests, is unable to differentiate the various species and requires a high level expertise and skill [3, 29].
In this study we used molecular methods to investigate
the occurrence of A. phagocytophilum in Africa.
So far no reports of clinical cases associated with A.
phagocytophilum have been published in Africa. Very

Table 5 Frequency of infection with Anaplasma spp. in cattle, sheep and goats in five livestock premises in central Oromia, Ethiopia
Location

Number (%) positive for
AM

AspO

APH

AC

AO

Cattle (n = 149)

67 (44.97)

13 (8.72)

16 (10.74)

14 (9.40)

0 (0)

Sheep (n = 164)

120 (73.17)

10 (6.09)

2 (1.22)

3 (1.83)

26 (15.85)

23 (60.53)

0 (0)

0 (0)

11 (28.95)

0 (0)

Cattle (n = 145)

67 (46.21)

5 (3.45)

0 (0)

50 (34.48)

0 (0)

Goats (n = 105)

3 (2.86)

2 (1.90)

0 (0)

0 (0)

0 (0)

Cattle (n = 125)

45 (36.00)

11(8.80)

3 (2.40)

48 (38.40)

0 (0)

Sheep (n = 125)

27 (21.60)

5 (4.00)

4 (3.20)

7 (5.60)

22 (17.60)

Goats (n = 51)

15 (29.41)

1 (1.96)

3 (5.88)

5 (9.80)

4 (7.84)

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

367 (39.80)

47 (5.10)

28 (3.00)

138 (15.00)

52 (5.60)

Bako

Alage
Cattle (n = 38)
Habernosa

Bishoftu

A/Tullu
Goats (n = 20)
Overall (n = 922)

Abbreviations: AM A. marginale, AspO Anaplasma sp. ‘Omatjenne’, APH A. phagocytophilum, AC A. centrale, AO A. ovis
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few studies have reported its occurrence in animals and
ticks within the continent. Overall, the proportion of infected animals reported by earlier authors is consistent
with our findings. For example, the overall prevalence
observed in this study (2.73%) agrees with the prevalence
reported by Muhanguzi et al. [7] in cattle (2.70%) from
Uganda and Teshale et al. (unpublished data) in sheep
and goats (2.49%) from Ethiopia. The present result is
higher than the prevalence reported by M’Ghirbi et al.
[30] in horses (0.90%) in Tunisia, where the same authors do, however, report a prevalence of 13% in dogs
[31]. The apparent variability in the prevalence of A.
phagocytophilum can, in the first instance, be explained
by the different host species examined and differences in
environmental conditions between Tunisia and Ethiopia
also cannot be excluded; Tunisia is characterised by a
mediterranean/subtropical climate while Ethiopia features tropical conditions, a difference that affects tick
species, their numbers, distribution and infection rate
with tick-borne pathogens [32]. Anaplasma phagocytophilum has also been detected in ticks in Africa: in
questing Rhipicephalus pulchelus in Ethiopia [33] and in
I. ricinus in Tunisia [8]. It must be noted that higher
prevalence levels of A. phagocytophilum have been reported outside Africa, e.g. 16.7% cattle in Italy [34]. Furthermore, the prevalence, based on the detection of
DNA, was shown to be as high as 51% in Guatemala,
20% in France, 13–19% in Spain and 1–80% in Japan [3].
In the present study, no samples collected from Ivory
Coast, Morocco, Rwanda, Tanzania and Zambia were
positive for A. phagocytophilum, possibly due to the
small sample sizes tested, collected only from cattle
(95% confidence intervals shown in Table 3; all include
expected prevalence levels). Secondly, it could be due to
the low level of A. phagocytophilum circulating in the
persistently infected hosts, characterised by intermittent
periods of bacteraemia; earlier studies have shown that
domestic animals are persistently infected with A. phagocytophilum causing cyclic bacteraemia featured by periodic peaks [35]. Hence, sampling done during the
periods when there is no or low bacteraemia would yield
negative results. The effect of the distribution of vectors
and reservoirs on the occurrence of A. phagocytophilum
in domestic animals was discussed recently [36]. Absence of positive samples in the above African countries
does not, therefore, rule out the occurrence of this
pathogen. Further work involving larger samples is
needed to clarify this situation.
Infection with Anaplasma sp. ‘Omatjenne’ was recognised for the first time in cattle in an Amblyomma-free
farm in Namibia. At that time it was shown that 81% of
the cattle on the farm were seropositive to heartwater
but no evidence of clinical cases of the disease was
found. The extent of its occurrence and importance was
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then not explored, mainly due to a lack of differential
diagnosis [37], a situation that has changed since PCRRFLP targeting 16S rDNA was able to differentiate between this pathogen and other Anaplasma spp. [9]. Infection with this pathogen was detected in samples
collected from Ivory Coast, Morocco, Rwanda, Zambia
and Ethiopia but not from Tanzania. The prevalence of
samples that tested positive ranged from 1.23% in
Morocco to 16% in Rwanda with an overall average of
6.47%. This shows that it is widespread in African countries. The proportion of samples from Morocco giving a
positive signal is similar to reports of Muhanguzi et al.
[7] and Aktas et al. [12]. In contrast, the proportion of
samples from Ivory Coast, Rwanda, Zambia and Ethiopia
testing positive is higher, agreeing with previous reports
[14]. This variation may be due to differences in sampling strategy, sampling season and cattle breeds sampled. The difference in the sensitivity of the assay
methods used in this study, compared to previous work
[7, 14], could also be another factor that contributes to
the variation.
In this study we provide the first molecular evidence
for the occurrence of infections with E. ruminantium
and five Anaplasma spp. (A. marginale, A. phaocytophilum, A. ovis, A. centrale and Anaplasma sp. ‘Omatjenne’) in domestic ruminants in Ethiopia. To our
knowledge this is the first report of the presence of A.
phagocytophilum, A. ovis and Anaplasma sp. ‘Omatjenne’ infection in domestic ruminants in the country.
Anaplasma spp. were more prevalent than Ehrlichia
spp. at all sites and in all animal species. Overall more
than half of the animals examined tested positive for
Anaplasma spp. and the proportion might even be
higher during the wet season. Even though samples were
collected from apparently healthy animals, infections
with these pathogens are not without negative effects.
Anaplasma spp. have been known to cause a reduction
in body weight, milk yield, abortions in pregnant animals
[5] and immune-suppression in infected animals [38].
Moreover, it has been shown that the outcome of infection with Anaplasma spp. can be more severe in the
presence of co-infection [39]. In line with this we detected mixed infections at all sites during this study.
Results of earlier serologic surveys for anaplasmosis in
cattle in Ethiopia showed a prevalence ranging from 84%
[18] to 99% [22], which is higher than our observation.
This may be attributed to the persistence of antibody at
detectable levels among infected and immune animals
for longer periods of time than rickettsiaemia. Differences in sampling season and management of animals
might be other causes of variation in the prevalence of
infection. The previous studies were carried out during
the rainy season whilst our study was done during the
dry season. However, our study reports a much higher
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prevalence of anaplasmosis than the 2.2% reported using
microscopy [22]. The overall prevalence of infection with
Anaplasma spp. observed in this study is higher than
previous reports from Kenya [40, 41], Tanzania [42],
Uganda [7] and Turkey [12], probably due to a difference in environmental factors and management practices. Our finding is comparable to results of earlier
authors from Zambia [43] and Costa Rica [44]. The
prevalence of infection with A. marginale reported in
this study is also comparable to the earlier reports in
Italy [34] and Ghana [45]. The prevalence of A. marginale reported in this study is, however, higher than the
earlier reports [12, 46]. The prevalence of A. ovis reported in this study is lower that the prevalence reported
previously [34, 47–49]. In Ethiopia, the agro-climatic
conditions are favorable for many tick species and no
tick or tick-borne disease control is practiced. Previous
field studies showed that more than 60 species of ticks
are present in the country [50]. The dominant production system is extensive resulting in free contact between
livestock and wildlife. The absence of tick control allows
infestation of domestic animals by ticks and free ranging
domestic animals that share grazing areas with wildlife
would increase the chance of circulation of tick-borne
pathogens. Kocan et al. [51] (but also [4, 52]) pointed
out that the ultimate reservoir of tick-borne rickettsia is
wildlife. Within Ethiopia, higher prevalence of Anaplasma spp. were recorded in wetter, more humid localities, favouring higher densities of ticks (e.g. Bako), and
localities where exotic animals are kept (e.g. Alage). This
is consistent with earlier reports [43, 51]. The higher
prevalence of A. ovis at Bako and Bishoftu is most likely
due to the sampling of sheep in these areas whereas no
sheep were sampled at the other sites.
Anaplasma sp. ‘Omatjenne’ was detected at three localities within Ethiopia. It was also detected in five out
of six African countries. Although it has been suggested
to be apathogenic to cattle by some authors [11, 52], the
parasite seems to be widespread. Its occurrence in cattle
on farms and ranches where outbreaks of tick-borne diseases were reported on the basis of clinical and postmortem examination warrant further epidemiological
studies. The proportion reported for Anaplasma sp.
‘Omatjenne’ in this study is higher than that of [7, 12].
As explained before, such variability in the proportions
could arise from differences in season of study, management of study animals and type and frequency of control
activities. The previous detection of infection with this
pathogen in the African buffalo (Syncerus caffer) [14]
and in the nyala (Tragelaphus angasii) [13] confirms the
occurrence of natural infection in these wildlife species.
Systematic investigations of heartwater are not undertaken in Ethiopia. The occurrence of the disease has
been suspected either on the basis of clinical signs or
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based on brain squash smear examination. We provided
the first molecular evidence of infection with E. ruminantium in blood samples collected from ruminants. It
was detected in 0.6% of samples from cattle. Previously,
DNA belonging to this pathogen was detected in
Amblyomma spp. with a prevalence ranging from 0.9 to
11.67% [9]. The proportion of samples that tested positive for E. ruminantium in this study is lower than the
previous reports [7, 26, 43, 53–55]. Although ruminants
remain the primary mammalian hosts of E. ruminantium, possible canine infection [56] and its association
with several cases of rapidly fatal encephalitis in humans
[52] in South Africa, raises the question about the importance of this pathogen in causing disease in pets and
humans. Hence, this study provides preliminary information for the veterinary and public health authorities
for further investigation. Anaplasma phagocytophilum
has been shown to cause clinical disease and impair ruminant production [38] and human granulocytic anaplasmosis [4]. The occurrence of A. phagocytophilum in
domestic animals and ticks raises the question of
whether human granulocytic anaplasmosis occurs in Africa in general and in Ethiopia in particular. The absence
of published clinical cases caused by A. phagocytophilum
in the continent, however, could be due to lack of differential diagnosis of febrile diseases other than malaria.

Conclusions
The occurrence of both Anaplasma sp. ‘Omatjenne’ and
A. phagocytophilum in African cattle is confirmed. Although humans may be bitten by ticks or biting flies carrying zoonotic anaplasmas, the public health implication
of A. phagocytophilum in Africa remains to be elucidated. Similarly the occurrence of Anaplasma sp.
‘Omatjenne’ infection in cattle in Africa raises the question of whether or not it is involved in clinical diseases.
Livestock improvement plans such as smallholder dairy
development schemes through introduction of high
yielding breeds should be aware of the importance of
these diseases and take the necessary precautions to
avoid losses. Further epidemiological investigation of
tick-borne diseases is needed to fully understand their
impact. Detailed studies on Anaplasma sp. ‘Omatjenne’
infections and the public health roles of A. phagocytophilum and A. ovis infection are recommended.
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