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Abstract Early diagnosis of Ehrlichia ruminantium in

cattle is a recipe for effective control of heartwater in

ruminants. Hence, we assessed the presence of E. rumi-

nantium in the blood of cattle and the engorged Ambly-

omma variegatum by nested PCR. The electrophoresed

PCR products obtained after primary and secondary

amplifications revealed amplicon sizes of about350 bp and

280 bp respectively, which corresponded with the partial

region of pSC20 gene amplified. Sequences obtained had

95–99% homology with those sequences available in

GenBank. The prevalence of the E. ruminantium in ticks

(50%; 126/252) was significantly (p\ 0.05) higher than

that in cattle blood 23.55% (61/259). The prevalence was

significantly (p\ 0.05) higher in ticks from adult cattle

51.47% (133/259) than those from the young cattle 44.86%

(116/259) and in tick from females 54.55% (141/259) than

in ticks from the males 41.38% (107/259). Alignment of

autochthonous sequences revealed that the three sequences

were polymorphic with two sequences showing similar

nucleotides deletion at points 87–91 and 107–108. The

phylogenetic trees inferred by ML showed topologies with

two autochthonous sequences, one each from cattle blood

and tick, clustering together in one clade and the other

clustering within those sequences from South Africa and

Zimbabwe in another clade. In conclusion, this study

revealed a higher prevalence of E. ruminantium in

engorged A. variegatum than in the blood of infected cattle.

Hence, it is suggested that the amplification that targets the

pCS20 gene in engorged ticks may be more suitable to

determine the E. ruminantium carrier status of cattle.
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Introduction

Cowdriosis, also known as heartwater, is a rickettsial dis-

ease of ruminants caused by Ehrlichia ruminantium. It is

transmitted by the hard ticks of the genus Amblyomma

(Allsopp 2010; Kasari et al. 2010). The organism is pleo-

morphic in nature but the coccoid shape is usually

encountered in naturally infected ruminants (Hart et al.

1991). Though the organisms are found in the granulocytes

of the infected animals, the replicating stage is found

within the endothelial cells of the blood vessels (Kasari

et al. 2010). The occurrence and distribution of heartwater

is well documented with its animal reservoir poorly

understood (Deem et al. 1996) but infections in ruminants

have been reported where the tick vectors are present

(Deem et al. 1996; Yunker 1996). Heartwater is an

important disease that could result in the death or survival

of the infected ruminants and in the recent past, it has been

listed among the emerging zoonoses (Louw et al. 2006;

Esemu et al. 2011; Chitanga et al. 2014) as well as a potent

agricultural biothreat (Esemu et al. 2011).

The clinical manifestation of heartwater depends on the

strain of the infecting parasite, the breed of animal infected

and its immune system. The infection may be peracute

(characterized by sudden death of the infected animal) or
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acute (in which the infected animal has fever, anorexia,

listlessness, congested mucous membranes and respiratory

signs). In these two forms of heartwater, nervous signs

characterized by chewing movements, protrusion of the

tongue, twitching of the eyelids and walking in circles with

a high-stepping gait are observed. Terminally, the animal

often goes into lateral recumbency with paddling move-

ments before death (Van de Pypekamp and Prozesky

1987).

Detection and diagnosis of heartwater can be achieved

by xenodiagnosis (Peter et al. 2000), a method with its own

limitations. Aside the fact that it is time consuming,

cumbersome and expensive, it has been shown to have low

sensitivity in mice infected with stabilate from infected

ticks (Peter et al. 2000). However, the definitive diagnosis

of cowdriosis has been achieved by examination of capil-

laries in brain smears. These two methods are not suit-

able for wide scale epidemiological study of heartwater.

Hence, more sensitive PCR-based assay methods for the

detection of Ehrlichia ruminantium in blood sample or

ticks have been developed and applied worldwide (Peter

et al. 2000; Martinez et al. 2004; Sayler et al. 2016).

In Nigeria, information on the prevalence of heartwater

in cattle and E. ruminantum in Ambyomma ticks is scanty

due to the difficulty in the diagnosis of the infection in

ruminants and ticks. Two studies in the Northern part of the

country attempted to characterize the strains of E. rumi-

nantum by xenodiagnostic method (Leeflang and Ile-

mobade 1977) and shed light on the prevalence of E.

ruminantium in cattle using generic PCR assay and

sequencing (Lorusso et al. 2016) but to the best of our

knowledge, there is no report on the prevalence and

molecular detection of the parasite in the blood of cattle

and engorged ticks infesting them using species specific

PCR assay. Hence, this study attempted to shed light on the

E. ruminantium carrier status of Amblyomma variegatum

ticks and cattle that were under semi-intensive manage-

ment in Abeokuta, in southern part of Nigeria using species

specific nested PCR, sequencing and sequence analysis in

an effort to add to the existing body of knowledge on

epidemiology and genetic diversity of Ehrlichia

ruminantium.

Materials and methods

Study area

The animals sampled were cattle under semi-intensive

system of management in Abeokuta, Ogun State. The State

is very close to Lagos, the major entry point into Nigeria.

Ogun State is bordered by Oyo and Osun States to the

north, Lagos State to the south, Ondo State to the east and

Republic of Benin to the west. It is located between Lon-

gitude 3.0� E and 5.0� E and Latitude 6.2� N and 7.8� N.
The weather in the state is favorable for tick development

all year round with average temperature of 27.2 �C.

Animals, sample collection and preservation

Semi-intensively managed cattle of different breeds and

ages were randomly sampled from Abeokuta and environs.

For the purpose of analysis, the cattle (259) were grouped

into two, the Bos indicus (218) and Bos taurus (41). Blood

samples were collected from the jugular vein into 5 ml

tubes containing Disodium ethylenediaminetetraacetic acid

(EDTA) as anticoagulant. The samples were transported on

ice packs to the laboratory. Ticks were collected manually

from various body regions of the sampled cattle as

described by Okello-Onen and Hassan (2006). The ticks

collected from each cattle were kept in separate bottles

containing 70% ethanol, labelled appropriately and trans-

ported to the laboratory. The ticks were identified as

described by Okello-Onen and Hassan (2006). 252

engorged Amblyomma ticks, one each from a cattle, was

collected and checked for presence of E. ruminantium

DNA.

DNA extraction

Genomic DNA was extracted from the EDTA anti-coagu-

lated blood samples using Quick-gDNATM BloodPrep

(Zymo Research Corporation, Irvine, CA 92614, U.S.A) as

described by Takeet et al. (2013). Genomic DNA was

extracted from the ticks using the Zymo kit above but with

slight modification. Briefly: one engorged tick collected

from an animal was thoroughly washed in sterile water and

dried. The ticks were crushed using clean sterilized pestle

and mortar. About 400 ll of nuclease free water was added
to the crushed ticks and thoroughly mixed to form a

homogenous mixture. 200 ll of Genomic Lysis Buffer and

15 ll of proteinase K was added to 50 ll of the mixture,

vortexed for 30 s and incubated at 55 �C for 10 min. The

mixture was transferred into a Zymo-spinTM IC column in

a collection tube and then centrifuged at 10,0009g for

1 min. The collection tube with the fluid was then dis-

carded. The Zymo-spinTM Column was put into a new

collection tube, 200 ll of DNA pre-wash buffer added and

centrifuged at 10,0009g for 1 min. The genomic DNA was

further washed by adding 500 ll of g-DNA wash buffer to

the spin column and centrifuged at 10,0009g for 1 min.

The DNA was eluted in 1.5 ml Eppendorf tube by adding

50 ll of DNA Elution Buffer, incubated at room temper-

ature for 2–5 min and then centrifuged at 16,5009g for

30 s. The eluted DNA was then stored at - 20 �C until

use.
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Amplification of PCS20 fragment

A nested PCR, targeting partial region of pSC20 gene,

specific for E. ruminantium was performed to amplify E.

ruminantium DNA from cattle and Amblyomma ticks found

on each animal. Two pairs of primer sets, U24, L24 and

AB128, AB129 (Table 1) obtained from Bioneer Inc, USA

were used for the primary and nested PCR, respectively.

The reactions were performed in 20 ll final volume con-

taining 10 ll of 2x PCR premix, with dye (SydLabs, Inc.

USA), 8 ll of nuclease free water (Qiagen, USA) and

0.5 ll (40 ng) each of the forward and reverse primers and

1 ll of the genomic DNA.

The reaction conditions were as follows for the primary

reactions: initial denaturation of DNA was 94 �C for

5 min, 35 cycles of 94 �C for 1 min, 55 �C for 1 min and

72 �C for 2 min, this was followed by final extension of

72 �C for 10 min. For the nested reaction, 1 ll of the

product from the primary reaction was added to 10 ll of
the 2x PCR premix with dye, 8 ll of nuclease free water

and 0.5 ll (40 ng) each of the AB128 and AB129 primer

set, with the same conditions as the primary reaction. It

should be noted the amplifications were carried out blindly

as we did not optimize the synthesized primers with a

known positive sample but in every reaction, nuclease free

water was used as negative control.

Ten microliter of the PCR products was electrophoresed

through 1% agarose gel stained with Gel Red (Phoenix

Research Product, Candler, NC, USA) in 1 x TAE buffer

solution at 90 V for 60 min. 10 ll of a 100 bp DNA ladder

(BiolabInc, USA) was also electrophoresed alongside.

Sequencing and phylogenetic analysis

To validate our results, four PCR products (consisting of

two each for cattle and Amblyomma) from those showing

the expected band size were randomly selected and unidi-

rectionally sequenced using the forward (AB129) of the

secondary primer in a commercial molecular laboratory

(Sequetech, Mountain View, California, USA). The

nucleotide sequences obtained were viewed on FinchTV

(Geospiza, Inc. Seattle, WA, USA) and manually cleaned.

The sequences were subjected to BLAST search for

homology in the GenBank of NCBI data base and highly

similar nucleotide sequences of E. ruminantium from the

GenBank and those from this study were aligned in BioEdit

software. The phylogenetic tree was constructed using

Maximum Likelihood (ML) algorithm in the Molecular

Evolutionary Genetic Analysis (MEGA) software version

5.

Nucleotide sequence data reported in this paper are

available in the DDBJ databases under the accession

numbers: LC385765, LC385766 and LC385767.

Data analysis

Estimate of the sample size required to generate a true

prevalence was based on an equation described by Thrus-

field (1995). Where n = [Z2 9 P 9 (1 - P)] 7 d2. At a

confidence level of 95% (Z = 1.96), with an expected

prevalence of 19% in cattle (P = 0.19) and precision of 5%

(d = 0.05) the calculated minimum sample size (n) to

obtain a statistically significant estimate of true prevalence

was 250. The expected prevalence of 19% adopted in this

study was that of Faburay et al. (2007) who employed

similar detection method used in this study. Descriptive

statistic was used to summarize the data obtained from this

study. The prevalence was compared with Chi square in

SPSS version 19.

Results

Animals and tick identification

Two hundred and fifty-nine cattle consisting of 90 (34.7%)

males and 169 (65.3%) females were sampled. The Bos

indicus sampled consisted of 179 White Fulani, 21 Sokoto

Gudali, 12 Red Bororo, 4 Keteku and 2 Jali while the Bos

taurus included 24 N0 Dama and 17 Muturu. Their ages

were grouped into two,\ 24 months referred to as young

Table 1 Primer sets used for nested PCR to detect E. ruminantium from the blood and Amblyomma ticks obtained from extensively grazed cattle

from Nigeria

Primer name Primer sequence

50–30
Expected size (bp) Reference

U24 TTTCCCTATGATACAGAAGGTAAC

L24 TGATAA CTTGGTGCGGGAAATCCTT 350 Mahan et al. (1992)

AB128 ACTAGTAGAAATTGCACAATCTAT

AB129 TGATAACTTGGTGCGGGAAATCCTT 279 Peter et al. (2000)
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(109) and C 24 months referred to as adult (150). 252

engorged ticks were all identified Amblyomma species.

Detection of Ehrlichia DNA by PCR

The electrophoresed PCR products obtained after amplifi-

cation with primary and secondary primers sets revealed

amplicon sizes of about 350 bp and 280 bp, respectively.

These corresponded with the expected band sizes of the

amplified partial region of pSC20 gene using the listed

primers. The sequences obtained from this study had

between 95 and 99% homology with those sequences

derived from the NCBI data base (Table 2). Among the

259 cattle and 252 A. variegatum ticks screened for E.

ruminantium, 23.55% (61/259) and 50% (126/252)

respectively showed amplicon size 280 bp following the

nested PCR. The prevalence of E. ruminantium DNA in

ticks was significantly (p\ 0.05) higher than in the cor-

responding cattle blood.

Effect of age, sex and breed on the prevalence of E.

ruminantium

The prevalence of E. ruminantium in different age and sex

are shown in Table 3. There was no significant (p[ 0.05)

difference in the prevalence of E. ruminantium either

amongst the sexes or age groups, but there was significant

difference (p\ 0.05) in the prevalence of E. ruminantium

among the breeds of cattle sampled with the highest

prevalence in White Fulani cattle (25.70%; 46/179). Also,

there was significant (p B 0.05) difference between the E.

ruminantium prevalence in A. variegatum collected on

male and female and on young and adult groups.

Sequencing and phylogenetic analysis

Four PCR products were sent for sequencing but only three

of the obtained sequences were readable and were used for

the construction of phylogenetic tree. The sequences were

deposited in GenBank with accession number LC385765

(ErB388Nig), LC385766 (ErT389Nig) and LC385767

(ErT390Nig). The lengths of the three sequences were

248 bp, 248 bp and 399 bp, respectively with G-C content

that range from 34.3 to 50.4%. The aligned autochthonous

sequences (Fig. 1) revealed that the three sequences were

polymorphic. The phylogenetic trees inferred by ML show

topology with two autochthonous sequences, one each

from cattle and tick, clustering together in one clade and

the other clustering between those sequences from South

Africa and Zimbabwe (Fig. 2).

Discussion and conclusion

A better understanding of the epidemiological distribution

and genetic variation of E. ruminantium in cattle and tick

vector infesting them is important for effective control of

the disease cause by the parasite. To contribute to this, we

Table 2 Autochthonous sequences compared to reference isolates with their accession number, percentage homology, source and country of

origin

Isolate Accession number Identity (%) Source Strain/country of origin

ErB338Nig AB218277 96 A. lepidum Gedaref/Sudan

AY236061 95 NS Gardel/Caribbean

DQ631922 96 R. evertsi Ree5_2/S. Africa

JQ039931 96 A. variegatum Dumbo/Cameroun

GU797236 96 A. gemma 20/Ethiopia

ErT389Nig AB218277 99 A. lepidum Gedaref/Sudan

DQ631925 99 Cattle MB9_02/S. Africa

AY236060 99 MO Vosloo/S. Africa

JQ039923 99 A. variegatum Buea55/Cameroun

ErT390Nig JQ039939 97 A. variegatum Dumbo48/Cameroun

GU644448 97 A. gemma 31/Ethiopia

DQ655712 97 CS Kiswani/S. Africa

JQ039914.1 98 A. variegatum Buea20/Cameroun

GU797236.1 98 A. gemma 20/Ethiopia

Key: ErB338Nig; Ehrlichia ruminantium from blood of cattle, ErT389Nig; Ehrlichia ruminantium from haemolymph of Amblyomma varie-

gatum, ErT390Nig; Ehrlichia ruminantium from haemolymph of Amblyomma variegatum, NS not stated, MO multiple origin, CS Cultured

strains
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assessed the presence of E. ruminantium DNA in the blood

of cattle and the engorged A. variegatum infesting them by

nested pCS20-PCR and sequence analysis.

Majority of the cattle sampled were White Fulani. This

observation is consistent with the reports of RIM (1993)

and Ahamefule et al. (2007) in Nigeria. The preference of

farmers for this breed has been associated with their high

calving and feed conversion rate (Synge 1980; Otchere

1983) and tolerance to trypanosomosis in tsetse infested

areas.

The E. ruminantium prevalence of 23.55% reported in

the blood of cattle sampled in this study is much higher

than 1.1% reported by Lorusso et al. (2016) who utilized

Reverse Line Blotting (RLB) for the parasite detection.

The variation in the results may not be unconnected with

PCR probes utilized in the study, as many reports have

adjudged the pCS20-PCR detection of E. ruminantium as

the most specific and sensitive (Peter et al. 2000; Steyn

et al. 2003; Mahan et al. 2004; Steyn et al. 2008); whereas

the PCR detection method in the report of Lorusso et al.

(2016) utilized a catch it all PCR (generic for Anaplasma

and Ehrlichia species), the sensitivity and specificity of

which has not been determined. The higher prevalence

recorded in cattle in this study may underscore the

importance of cattle as reservoir of E. ruminantium in the

study area, especially to small ruminants. But the high

prevalence of 50% recorded in the engorged Amblyomma

spp. in this study could not be compared due to paucity of

information on the prevalence of the parasite in A. varie-

gatum ticks in Nigeria. However, a study in two states

(Plateau and Nassarawa) of Nigeria by Reye et al. (2012)

indicated detection of E. ruminantium in two unidentified

ticks whereas, in a similar study conducted by Ogo et al.

(2012) in the same states, no E. ruminantium DNA was

detectable in all the ticks sampled including A. variegatum.

Though both studies utilized generic primers, there is need

for further studies that employs species specific primers to

throw more light on the possible role play by other genera

of ticks in the epidemiology of heartwater. This suggestion

becomes imperative as reports on the detection of E.

ruminantium in tick genera, other than Amblyomma, is on

the increase (Allsopp et al. 2007; Reye et al. 2012;

Biguezoton et al. 2016). The prevalence of heartwater in

cattle and A. variegatum has been studied extensively in

Table 3 Effect of age and sexon the prevalence of Ehrlichia ruminantium in cattle

Age Group Blood Tick

Number of cattle Number positive (%) Number of cattle Number positive (%)

Young 109 24 (22.01)a 107 48 (44.86)a

Adult 150 36 (24.10)a 145 78 (53.79)b

Total 259 60 (23.17) 251 126 (50.0)

Sex

Male 90 24 (26.67)a 87 36 (41.38)b

Female 169 37 (21.89)a 165 90 (54.55)a

Total 259 61 (23.55) 252 126 (50.0)

Variables with different superscript are significantly (p\ 0.05) different

Fig. 1 Aligned sequences of pCS20 gene of Ehrlichia ruminantium detected in Amblyomma variegatum ticks and blood of cattle with natural

infection in Abeokuta, Nigeria
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Africa and the Caribbean Islands (Bell-Sakyi et al. 1996;

Awa 1997; Knopf et al. 2002 Faburay et al. 2007 and Molia

et al. 2008) but all their reports are at variant with the

prevalence reported in this study. For instance, studies of

heartwater carried out by Molia et al. (2008) in the Car-

ribean, Faburay et al. (2007) in the Gambia and Esemu

et al. (2012) in Cameroun reported prevalences of 19.1%,

1.6–15.1% and 28.4%, respectively in A. variegatum ticks

using pCS20-PCR.

The polymorphism shown by the aligned autochthonous

pCS20 sequences may suggest that more than one strain of

E. ruminantium exists in the study area which has been

reported in other part of West Africa (Adakal et al. 2010).

The pathogenicity of these strains may need further

investigation as our study did not assess the clinical/health

status of the sampled cattle. Though the cattle looked

apparently healthy, which may suggest that the local breeds

seem not to suffer from E. ruminantium infection but act as

sentinel of the infection to other susceptible ruminants

especially exotic breeds.

The phylogenetic tree of the E. ruminantium pCS20

partial sequences from this study separated to two different

clades, the autochthonous sequences. This may support the

suggestion vide supra that there may be more than one

strain of the parasite in circulation in the study area. One of

the sequences has affinity for those sequences from the

South Africa and Zimbabwe, and the remaining two

sequences were well separated into a separate clade which

suggests that those autochthonous sequences represent two

distinct genotypes. It must be mentioned that the analysis

of these three sequences may not be good enough to draw

genetic diversity inference in Nigeria therefore, there is the

need to carry out extensive molecular detection and

sequences analysis in other regions in order to understand

the epidemiological distribution of different strains and

genotypes among E. ruminantium in ruminants and ticks in

Nigeria. The clustering together of those sequences from

South Africa may be an indication that the pCS20 gene is

highly conserved as against those sequences obtained from

this study that exhibited some level of variation. This

variation is not in agreement with the report of Heerden

et al. (2004) and Allsopp and Allsopp, (2007) who sug-

gested that pCS20 gene is more conserved in West the

African strain of E. ruminantium.

In conclusion, this study revealed higher prevalence of

E. ruminantium in engorged Amblyomma ticks than in the

blood of infected cattle from the study area. Hence, it is

suggested that the amplification that targets the pCS20

gene in engorged ticks may be more suitable to determine

the E. ruminantium carrier status of cattle.

Acknowledgements We thank Mr Olugbogi, E. I. of the Department

of Veterinary Microbiology and Parasitology for technical support

rendered during the course of this study.
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Kimurra-2 parameter
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