
SHORT REPORT Open Access

Occurrence of Hepatozoon canis
(Adeleorina: Hepatozoidae) and Anaplasma
spp. (Rickettsiales: Anaplasmataceae) in
black-backed jackals (Canis mesomelas) in
South Africa
Barend L. Penzhorn1,2*, Edward C. Netherlands3,4,5, Courtney A. Cook3,6, Nico J. Smit3, Ilse Vorster1,
Robert F. Harrison-White7 and Marinda C. Oosthuizen1

Abstract

Background: Domestic dogs are not native to sub-Saharan Africa, which may account for their susceptibility to
Babesia rossi, of which endemic black-backed jackals (Canis mesomelas) are natural reservoirs. There is virtually no
information on the occurrence of potentially pathogenic haemogregarines (e.g. Hepatozoon canis) or even rickettsial
bacteria (e.g. Ehrlichia spp. and Anaplasma spp.) in indigenous canids in sub-Saharan Africa. Such organisms could
pose a risk to domestic dogs, as well as to populations of endangered indigenous canid species.

Results: Genomic DNA extracted from blood samples taken from 126 free-ranging and 16 captive black-backed
jackals was subjected to reverse line blot (RLB) hybridization assay; 82 (57.8%) specimens reacted only with the
Ehrlichia/Anaplasma genera-specific probe. Full-length bacterial 16S rRNA gene of five of these specimens was
cloned and the recombinants sequenced. The ten 16S rDNA sequences obtained were most closely related, with
approximately 99% identity, to Anaplasma sp. South African Dog, various uncultured Anaplasma spp., as well as
various Anaplasma phagocytophilum genotypes. Ninety-one specimens were screened for haemogregarines
through PCR amplification using the 18S rRNA gene; 20 (21.9%) specimens reacted positively, of which 14 (15.4%)
were confirmed positive for Hepatozoon genotypes from within H. canis. Two (2.2%) specimens were found positive
for two different Hepatozoon genotypes.

Conclusions: Sequence analyses confirmed the presence of 16S rDNA sequences closely related to A. phagocytophilum
and Anaplasma sp. South African Dog as well as two H. canis genotypes in both free-ranging and captive black-backed
jackals. Distinguishing between closely related lineages may provide insight into differences in pathogenicity and
virulence of various Anaplasma and H. canis genotypes. By building up a more comprehensive understanding of the
range and diversity of the bacteria and eukaryotic organisms (piroplasms and haemogregarines) in the blood of
indigenous canids, we may gain insight to such infections in these often-endangered species and the potential for
horizontal transmission to and from domestic dogs via ticks where favourable conditions exist.
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Background
Domestic dogs are not native to sub-Saharan Africa [1].
This may account for their susceptibility, especially
recently introduced pure-bred dogs, to pathogens har-
boured by endemic indigenous canids [2]. Black-backed
jackals (Canis mesomelas) have recently been shown to be
natural reservoirs of Babesia rossi which causes a poten-
tially fatal disease in domestic dogs [3], but it is not known
whether the same applies to other potentially pathogenic
apicomplexan protozoa (e.g. Hepatozoon canis) and rick-
ettsial bacteria (e.g. Ehrlichia spp. and Anaplasma spp.).
Knowledge about the occurrence of such organisms in
indigenous canids such as jackals and African wild dogs
(Lycaon pictus) is important to assess the risk that
indigenous canid species could pose as reservoirs of path-
ogens that could be transmitted to domestic dogs.
Conversely, domestic dogs could serve as reservoirs of
infection with pathogens that could negatively affect pop-
ulations of rare or endangered indigenous canids.
Apart from black-backed jackals, sub-Saharan Africa

hosts three indigenous Canis species, i.e. the side-striped
jackal (C. adustus), the African golden wolf (C. anthus)
and the Ethiopian wolf (C. simensis). Of these, side-striped
jackals have the widest distribution, followed by black-
backed jackals which occur in two discrete geographic
ranges, separated by 900 km: Northeast Africa and
Southwestern Africa [4, 5]. African golden wolves occur
from northern Tanzania northwards and westwards
through the Sahelian region [6]. Ethiopian wolves, an
endangered species, occur only in the highlands of
Ethiopia [7]. Previously widespread, African wild dogs
have disappeared from most of their historic range due to
on-going habitat fragmentation, livestock ranching and
infectious disease; they are also regarded as endangered [8].
Anaplasma phagocytophilum, an emerging pathogen

of humans, horses and dogs worldwide, was recently
reported from South Africa [9]. A closely related but dis-
tinct species, referred to as Anaplasma sp. South African
Dog, had previously been reported from domestic dogs
in South Africa [10]. Since A. phagocytophilum has
zoonotic potential, it would be important to determine
whether the widespread black-backed jackals also
harbour these infections.
It has recently been demonstrated that there is marked

genetic diversity in Hepatozoon spp. in coyotes (Canis
latrans) in the USA [11]. The same may therefore apply
in canid populations elsewhere. Hepatozoon spp. have
occasionally been identified in African canids [12–14];
whether this was H. canis is a moot point, since identifi-
cation was not based on molecular characterisation, but
on morphology.
Black-backed jackals are known to host Hepatozoon

spp. Significant lesions attributed to hepatozoonosis
were described in three black-backed jackals from

Kruger National Park, South Africa [12]. Schizonts were
found in skeletal muscles, lungs and bone marrow, with
the diaphragm, muscles of the limbs and pectoral
muscles being most heavily parasitized. Although focal,
the accompanying myositis was severe, with necrosis of
individual cells [12].
A project aimed at developing ecologically friendly strat-

egies for managing problem carnivores on farmland in
South Africa offered an opportunity to collect a large set
of blood specimens from free-ranging black-backed
jackals [3]. Specimens taken routinely whenever jackals
were handled, e.g. for fitting radio collars, were submitted
to the Department of Veterinary Tropical Diseases
(DVTD), University of Pretoria (UP) to determine the
occurrence of haemoprotozoa and rickettsial bacteria [3].

Methods
Sample collection
Free-ranging black-backed jackals (n = 126) at Mogale’s
Gate Biodiversity Centre (25°55'51"S, 27°38'33"E) at the
border between North West Province and Gauteng
Province, South Africa, were immobilised by intramus-
cular injection of a combination of tiletamine and
zolazepam (Zoletil®, Virbac RSA, Centurion, South
Africa). Blood specimens collected into EDTA tubes
from the cephalic vein were frozen and submitted to the
Molecular Biology Laboratory, DVTD, UP. For compara-
tive purposes, blood specimens were collected from
captive black-backed jackals (n = 16) at S.A. Lombard
Nature Reserve (27°37'35"S, 25°34'51"E), North West
Province, South Africa.

DNA extraction
To determine presence of Anaplasma spp. and/or
Ehrlichia spp., genomic DNA was extracted at the DVTD,
UP, from the EDTA blood samples (n = 142) using the
QIAamp® DNA Mini Kit (Qiagen, Southern Cross
Biotechnologies, Cape Town, South Africa) according to
the manufacturer’s instructions. DNA was eluted in 100 μl
elution buffer and stored at -20 °C. To determine the pres-
ence of haemogregarines a subset of blood samples
(n = 91) was submitted to the Unit for Environmental
Sciences and Management, North-West University,
Potchefstroom, South Africa, where genomic DNA was
extracted using the KAPA Express Extract Kit (Kapa
Biosystems, Cape Town, South Africa).

Reverse line blot (RLB) hybridisation
The RLB hybridisation assay was done according to
Gubbels et al. [15] and Nagore et al. [16]. The V1
hypervariable region of the bacterial 16S rRNA gene was
amplified using primers Ehr-F (5'-GGA ATT CAG AGT
TGG ATC MTG GYT CAG-3') [17] and Ehr-R (5'-Bio-
tin-CGG GAT CCC GAG TTT GCC GGG ACT TYT
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TCT-3') [17]. The touchdown PCR thermocycler pro-
gram, as described by Nijhof et al. [18], was used to per-
form the DNA amplification. Anaplasma centrale DNA
extracted from a commercial bovine anaplasmosis vac-
cine (Onderstepoort Biological Products, Tshwane,
South Africa) was used as a positive control; the negative
control was water. The PCR products were subjected to
RLB hybridization as described by Nijhof et al. [18] using
Anaplasma and Ehrlichia genera- and species-specific
oligonucleotide probes at predetermined concentrations,
including Anaplasma bovis [19], A. centrale [19],
Anaplasma marginale [19], Anaplasma phagocytophilum
[19], Anaplasma sp. Omatjenne [19], Ehrlichia canis
[17], Ehrlichia chaffeensis [17] and Ehrlichia ruminantium
[17]. An Anaplasma platys probe (A.M. Nijhof,
unpublished observations) was added to the membrane
before the last 35 specimens, all from free-ranging jackals,
were tested.

16S amplification, cloning, sequencing and phylogenetic
analysis
The full-length 16S rRNA gene of five of the jackal spec-
imens that reacted with the Ehrlichia/Anaplasma
genera-specific probe only was amplified using universal
primers fD1 (5'- AGA GTT TGA TCC TGG CTC AG-
3') and rP2 (5'-ACG GCT ACC TTG TTA CGA CTT-3')
[20]. Five separate reactions were prepared per sample,
pooled (to avoid Taq polymerase-induced errors) and
cleaned-up using the QIAquick PCR Purification Kit
(Qiagen). Anaplasma centrale-positive DNA and water
were used as positive and negative controls, respectively,
for the PCR amplification.
Using the CloneJET PCR Cloning Kit (Thermo Fisher

Scientific, Waltham, MA, USA), the purified PCR
fragment was ligated into the CloneJET vector and
transformed into competent Escherichia coli JM109 cells
(JM109 High Efficiency Competent Cells, Promega,
Madison, WI, USA). Recombinant plasmids were
isolated using the High Pure Plasmid Isolation Kit
(Roche Diagnostics, Mannheim, Germany). Sequencing
was performed at InqabaBiotec™ (Pretoria, South Africa).
The obtained sequences were assembled and edited

using the GAP4 program of the Staden package (version
1.6.0 for Windows) [21]. A BLASTn homology search
[22] of GenBank was done using the full length consen-
sus sequences. These were then aligned with 16S rRNA
gene sequences of related genera using ClustalX (version
1.81 for Windows) [23]. The alignments were manually
examined and then truncated to the size of the smallest
sequence (1323 bp) using BioEdit version 7 [24]. Ten
16S rRNA gene sequences were analysed. Estimated
evolutionary divergence was calculated by determining
the number of nucleotide differences between similar
sequences. All positions containing gaps and missing

data were eliminated. There was a total of 1318 positions
in the final dataset.

18S rRNA gene amplification, cloning and sequencing
Once extracted, DNA was used for PCR amplification.
Following the methods of Cook et al. [25], identification
of haemogregarines was initially completed using the
primer set HepF300 (5'-GTT TCT GAC CTA TCA
GCT TTC GAC G-3') and HepR900 (5'-CAA ATC TAA
GAA TTT CAC CTC TGA C-3'). The PCR reactions
were run targeting a fragment (approximately 600 bp) of
the 18S rRNA gene [26]. A second PCR was carried out
using the primer set 4558 (5'-GCT AAT ACA TGA
GCA AAA TCT CAA-3') and 2733 (5'-CGG AAT TAA
CCA GAC AAA T-3') [27], targeting a fragment (ap-
proximately 1120 bp) of the 18S rRNA gene. PCR reac-
tions were performed with volumes of 25 μl, using
12.5 μl Thermo Scientific DreamTaq PCR master mix
(2×) (final concentration: 2× DreamTaq buffer, 0.4 mM
of each dNTP, and 4 mM MgCl2), 1.25 μl (10 μM) of
each of the primer sets mentioned above, and at least
25 ng DNA. The final reaction volume was made up
with PCR-grade nuclease-free water (Thermo Scientific).
Reactions were undertaken in a Bio-Rad C1000 Touch™
Thermal Cycler PCR machine (Bio-Rad, Hemel Hemp-
stead, UK). PCR conditions were as follows: initial de-
naturation at 94 °C for 3 min, followed by 40 cycles,
entailing a 94 °C denaturation for 1 min, annealing at
55 °C for 2 min with an end extension at 72 °C for
2 min, and following the cycles a final extension of 72 °C
for 10 min [25]. Resulting amplicons were visualised
under UV on a 1% agarose gel stained with gel red. PCR
products from each sample were sent to a commercial
sequencing company (InqabaBiotec™) for purification
and sequencing in both directions. Resultant sequences
were assembled using Geneious R9.1 (http://www.ge-
neious.com) [28] and chromatogram-based contigs were
generated, trimmed and manually corrected for ambigu-
ous base calls. Sequences were identified using the Basic
Local Alignment Search Tool (BLAST) [22].
Comparative sequences of Hemolivia, Hepatozoon and

Haemogregarina spp. parasitising reptiles, amphibians,
mammals and ticks were downloaded from GenBank
and aligned to the sequences generated within this study.
Babesiosoma stableri (GenBank: HQ224961) and
Dactylosoma ranarum (GenBank: HQ224957) were chosen
as outgroup, as in Netherlands et al. [29]. Sequences were
aligned using the ClustalW alignment tool [30]. The align-
ment (553 bp) consisted of 32 sequences. A model test was
performed to determine the most suitable nucleotide sub-
stitution model, according to the Akaike information criter-
ion using jModelTest version 2.1.7 [31, 32]. The model
with the best AICc score was the Transitional model [33]
with estimates of invariable sites and a discrete Gamma
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distribution (TVM + I + Γ). However, this model was
substituted by the General Time Reversible model with
estimates of invariable sites and a discrete Gamma distribu-
tion (GTR + I + Γ) in RAxML [34], as this was the next
model available with the best AICc score. To infer phylo-
genetic relationships, maximum likelihood (ML) analysis
was performed using RAxML version 7.2.8. [35], imple-
mented in Geneious R9.1. Nodal support was undertaken
with 1000 bootstrap replicates. Only nodal support greater
than 70% is shown.

Statistical analysis
The Chi-square test was performed utilising an open-
access online calculator (http://www.socscistatistics.com/
tests/chisquare/).

Results
Anaplasma and/or Ehrlichia spp.
On RLB none of the specimens reacted with any species-
specific probe; 82 (57.7%) specimens reacted only with the
Anaplasma/Ehrlichia genera-specific probe, which could
suggest the presence of a novel species or variant of a spe-
cies. Eleven (68.8%) of the 16 specimens from captive jackals
reacted positively, while 71 (56.3%) of the 126 specimens
from free-ranging jackals reacted positively. The difference
was not significant (χ2 = 0.8949, df = 1, P = 0.344187).
Nine of the ten 16S rDNA sequences obtained (origin-

ating from five jackals) were identical (over 1323 bp);
the other sequence (RE17/019/3), obtained from a free-
ranging jackal, differed by 1 bp. BLASTn homology
search results revealed no identical sequences in the
public databases. The most closely related sequences,
with approximately 99% identity, were Anaplasma sp.
South African Dog (GenBank: AY570539 and
AY570538), various uncultured Anaplasma spp., as well
as various A. phagocytophilum genotypes.

Hepatozoon spp.
Ninety-one blood samples were screened for haemogre-
garines through PCR amplification. Twenty samples
(21.9%) reacted positively, from which 14 (15.4%)
sequences were successfully generated. All 14 were
positive for a genotype of Hepatozoon designated here as
Hepatozoon genotype A. Of these, two were mixed
infections of Hepatozoon genotype A and a second
genotype designated here as Hepatozoon genotype B
(Fig. 1). BLAST results of the 18S rDNA sequence
fragments (1024 bp) revealed a 99% identity to H. canis
(GenBank: DQ111754).
Hepatozoon genotypes from this study are well nested

within H. canis. Furthermore, these sequences fall separ-
ate from other Hepatozoon spp. clusters, isolated from
amphibian, reptile and small mammal/rodent hosts, and

the Hepatozoon americanum, Hepatozoon ursi, and
Hepatozoon felis clusters, respectively (Fig. 1).

Discussion
Domestic dogs are absent from Mogale’s Gate Biodiver-
sity Centre, our main study site, but black-backed jackals
move freely between this conservancy and surrounding
farming areas where domestic dogs are kept. Therefore,
tick transfer of infectious agents between domestic dogs
and jackals cannot be ruled out.
Anaplasma phagocytophilum, which poses a known

human-health risk, was recently reported from a dog in
South Africa [9]. It is known to occur in golden jackals
(Canis aureus) in Israel [36]. Although the occurrence of
A. phagocytophilum was not confirmed in black-backed
jackals, the presence of closely related organisms may be
cause for concern. Anaplasma sp. South African Dog
has been recovered from domestic dogs and ticks that
had engorged on dogs in various provinces of South
Africa [9, 37]. It is imperative, therefore, that the
relationship between the various organisms should be
elucidated.
None of our specimens reacted with the E. canis

species-specific probe. This is in striking contrast to a
report from Kenya, where black-backed jackals were
regarded as a potential reservoir host for E. canis [38].
Eight of 16 jackals examined in that study were positive
for E. canis on a modified cell culture test [38]. In a
subsequent study in Kenya, however, only one of 36
black-backed jackals was seropositive to E. canis [39]. In
South Africa a black-backed jackal exposed to infected
ticks contracted fatal ehrlichiosis [40]. After intravenous
transmission of blood from infected dogs, four jackals
showed no clinical signs but became subclinically
infected with E. canis [41, 42]. One of these jackals
remained infected for at least 112 days [41].
Rhipicephalus sanguineus (sensu lato) [43] is the only

proven vector of E. canis [44, 45]. Price et al. [38], who
reported a 50% prevalence of E. canis in black-backed
jackals in Kenya, also reported five of 12 jackals to be
infested with R. sanguineus (s.l.). This record was over-
looked or rejected by Walker et al. [46], who did not list
jackals as hosts of R. sanguineus. This tick species was
also not recovered from African wild dogs (n = 29) in
the Kruger National Park, South Africa, which were all
seronegative to E. canis [14].
Our results are the first confirmation of the occur-

rence of H. canis in black-backed jackals. In a study
conducted in northern Africa, the overall prevalence of
Hepatozoon spp. was higher in foxes (Vulpes spp.) than
in jackals (Canis spp.) [47]. The Hepatozoon sp. reported
from a single Cape fox (Vulpes chama) in South Africa
had a genetic lineage very similar to that found in foxes
(Vulpes spp.) in northern Africa [47, 48].
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Our phylogenetic analysis shows a close relationship for
the two Hepatozoon genotypes identified during the current
study to Hepatozoon genotypes from other hosts of the
family Canidae, which were generally regarded as belonging
to the H. canis group, sister to the H. americanum group
(Fig. 1). Recent studies on other vertebrate classes using
both morphological and molecular techniques have proven
useful to distinguish between closely related species of
Hepatozoon [29, 49, 50].
Being able to distinguish between closely related

lineages might provide better insights into the patho-
genicity and virulence of H. canis genotypes, which
is often but not always (depending on the parasit-
aemia) subclinical in dogs [51, 52]. In contrast to
the usually mild H. canis, H. americanum, which is
a more virulent species and can be fatal, may have
only recently crossed the species barrier from a wild
host to the domestic dog [51, 52]. If Hepatozoon
spp. which naturally infect wild hosts pose a poten-
tial cross-over threat not only to domestic hosts, but

also to other wild host species, such as in the case
of H. americanum, it is important to closely monitor
these parasites by screening more taxa and building
up a more comprehensive molecular database where
needed.

Conclusions
Sequence analyses confirmed the presence of 16S rDNA
sequences closely related to A. phagocytophilum and
Anaplasma sp. South African Dog in both free-ranging
and captive jackals. Since A. phagocytophilum poses a
threat to human health, this should be further investi-
gated. Sequence analyses also confirmed the presence of
two Hepatozoon genotypes nestled within H. canis. Dis-
tinguishing between closely related lineages may provide
insight into differences in pathogenicity and virulence of
various H. canis genotypes. Such genotypes naturally
infecting wild canids may pose a potential cross-over
threat to domestic dogs and other wild hosts, as possibly
occurred with H. americanum. By building up a more

Fig. 1 A maximum likelihood tree based on 18S rDNA nucleotide sequences showing phylogenetic relationships between the apicomplexans.
The evolutionary distances were computed using the GTR + I + Γ model. All positions containing gaps and missing data were eliminated. There
was a total of 969 positions in the final dataset
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comprehensive understanding of the range and diversity
of the bacteria and eukaryotic organisms (piroplasms
and haemogregarines) in the blood of indigenous canids,
we may gain insight to such infections in these often-
endangered species and the potential for horizontal
transmission to and from domestic dogs via ticks where
favourable conditions exist.

Abbreviations
DAFF: Department of Agriculture, Forestry and Fisheries, South Africa; DVTD,
UP: Department of Veterinary Tropical Diseases, University of Pretoria;
EDTA: Ethylenediaminetetraacetic acid; PCR: Polymerase chain reaction;
RLB: Reverse line blot

Acknowledgements
We thank the management of Mogale’s Gate Biodiversity Centre for
permission to perform the study on their property, as well as the North West
Park and Tourism Board for their support. The contribution by Ms Ashley
Hodge, RFH-W’s field assistant, is gratefully acknowledged. Publication of this
paper has been sponsored by Bayer Animal Health in the framework of the
13th CVBD World Forum Symposium.

Funding
The following funding is gratefully acknowledged: Foundational
Biodiversity Information Programme, National Research Foundation of
South Africa (Grant 98110) to BLP; Flemish Interuniversity Council (VLIR-
OUS project - ZEIN21013PR396) and university scholarship (ID 0620854/
Contract 000000076310) and DAAD-NRF doctoral scholarship (Grant UID:
108803) to ECN; and Scarce Skills Postdoctoral Scholarship, National
Research Foundation of South Africa (Grant SFP13090332476) to CAC.

Availability of data and materials
The datasets used and/or analysed during the current study are available
from the corresponding author upon reasonable request. The newly
generated sequences were submitted to the GenBank database under the
accession numbers MG919973-MG919987 (Hepatozoon canis).

Authors’ contributions
RFH-W collected the blood specimens. IV performed the RLB and 16S RNA
sequencing. MCO analysed the 16S rRNA sequence data. ECN, CAC and NJS
analysed the 18S rDNA sequence data. BLP wrote the manuscript, with input
from ECN, MCO and IV. All authors read and approved the final manuscript.

Ethics approval and consent to participate
Specimen collection was approved by the Deputy Director Animal Health,
Gauteng Province. The Department of Agriculture, Forestry and Fisheries (DAFF)
authorised the research in terms of Section 20 of the Animal Diseases Act (Act
35 of 1984) (Reference: 12/11/1/1/6). The South African Veterinary Council
authorised RFH-W to administer specific chemical immobilisation compounds
and the Mogale’s Gate Biodiversity Centre management approved RFH-W’s
ethical approach during darting and collaring of jackals, as well as regular
monitoring of the jackals’ condition while collared.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Vectors and Vector-borne Diseases Research Programme, Department of
Veterinary Tropical Diseases, Faculty of Veterinary Science, University of
Pretoria, Private Bag X04, Onderstepoort 0110, South Africa. 2National
Zoological Gardens, Boom Street, Pretoria, South Africa. 3Water Research
Group, Unit for Environmental Sciences and Management, North-West

University, Private Bag X6001, Potchefstroom 2520, South Africa. 4African
Amphibian Conservation Research Group, Unit for Environmental Sciences
and Management, North-West University, Private Bag X6001, Potchefstroom
2520, South Africa. 5Laboratory of Aquatic Ecology, Evolution and
Conservation, University of Leuven, Charles Debériotstraat 32, B-3000 Leuven,
Belgium. 6Department of Zoology and Entomology, University of the Free
State, Qwaqwa, South Africa. 7Wildlife Damage - Research and Management,
P.O. Box 783540, Sandton 2146, South Africa.

Received: 15 November 2017 Accepted: 15 February 2018

References
1. Mitchell P. Did disease constrain the spread of domestic dogs (Canis

familiaris) into sub-Saharan Africa? Azania: Arch Res Afr. 2015;50:92–135.
2. Penzhorn BL. Why is Southern African canine babesiosis so virulent? An

evolutionary perspective. Parasit Vectors. 2011;4:51.
3. Penzhorn BL, Vorster I, Harrison-White RF, Oosthuizen MC. Black-backed

jackals (Canis mesomelas) are natural hosts of Babesia rossi, the virulent
causative agent of canine babesiosis in sub-Saharan Africa. Parasit Vectors.
2017;10:124.

4. Hoffmann M. Canis adustus. The IUCN Red List of Threatened Species. 2014.
https://doi.org/10.2305/IUCN.UK.2014-1.RLTS.T3753A46254734.en. Accessed
14 Nov 2017.

5. Skinner JD, Chimimba CT. The mammals of the Southern African subregion.
3rd ed. Cape Town: Cambridge University Press; 2005.

6. Koepfli K-P, Pollinger J, Godinho R, Robinson J, Lea A, Hendricks S, et al.
Genome-wide evidence reveals that African and Eurasian golden jackals are
distinct species. Curr Biol. 2015;25:2158–65.

7. Marino J, Sillero-Zubiri C. Canis simensis. The IUCN Red List of Threatened
Species 2011. https://doi.org/10.2305/IUCN.UK.2011-1.RLTS.T3748A10051312.en.
Accessed 14 Nov 2017.

8. Woodroffe R, Sillero-Zubiri C. Lycaon pictus. The IUCN Red List of Threatened
Species 2012. https://doi.org/10.2305/IUCN.UK.2012.RLTS.T12436A16711116.en.
Accessed 14 Nov 2017.

9. Kolo AO, Sibeko-Matjila KP, Maina AN, Richards AL, Knobel DL, Matjila PT.
Molecular detection of zoonotic rickettsiae and Anaplasma spp. in domestic
dogs and their ectoparasites in Bushbuckridge, South Africa. Vector Borne
Zoonotic Dis. 2016;16:4.

10. Inokuma H, Oyamada M, Kelly PJ, Jacobson LA, Fournier P-E, Itamoto K,
et al. Molecular detection of a new Anaplasma species closely related to
Anaplasma phagocytophilum in canine blood from South Africa. J Clin
Microbiol. 2005;43:2934–7.

11. Starkey LA, Panciera RJ, Paras K, Allen KE, Reiskind MH, Reichard MV, et al.
Genetic diversity of Hepatozoon spp. in coyotes from the south-central
United States. J Parasitol. 2013;99:375–8.

12. McCully RM, Basson PA, Bigalke RD, De Vos V, Young E. Observations on
naturally acquired hepatozoonosis of wild carnivores and dogs in the
Republic of South Africa. Onderstepoort J Vet Res. 1975;42:117–34.

13. Peirce MA, Laurenson MK, Gascoyne SC. Hepatozoonosis in cheetahs and
wild dogs in the Serengeti ecosystem. Afr J Ecol. 1995;33:273–5.

14. Van Heerden J, Mills MGL, Van Vuuren M, Kelly PJ, Dreyer MJ. An
investigation into the health status and diseases of wild dogs (Lycaon
pictus) in the Kruger National Park. J S Afr Vet Ass. 1995;66:18–27.

15. Gubbels JM, De Vos AP, Van Der Weide M, Viseras J, Schouls LM, De Vries E,
et al. Simultaneous detection of bovine Theileria and Babesia species by
reverse line blot hybridization. J Clin Microbiol. 1999;37:1782–9.

16. Nagore D, García-Sanmartín J, García-Pérez AL, Juste RA, Hurtado A.
Detection and identification of equine Theileria and Babesia species by
reverse line blotting: epidemiological survey and phylogenetic analysis. Vet
Parasitol. 2004;123:41–54.

17. Schouls LM, Van De Pol I, Rijpkema SG, Schot CS. Detection and
identification of Ehrlichia, Borrelia burgdorferi sensu lato, and Bartonella
species in Dutch Ixodes ricinus ticks. J Clin Microbiol. 1999;37:2215–22.

18. Nijhof AM, Pillay V, Steyl J, Prozesky L, Stoltsz WH, Lawrence JA, et al.
Molecular characterization of Theileria species associated with mortality in
four species of African antelopes. J Clin Microbiol. 2005;43:5907–11.

19. Bekker CPJ, De Vos S, Amar TO, Sparagano AE, Jongejan F. Simultaneous
detection of Anaplasma and Ehrlichia species in ruminants and detection of
Ehrlichia ruminantium in Amblyomma variegatum ticks by reverse line blot
hybridization. Vet Microbiol. 2002;89:223–8.

Penzhorn et al. Parasites & Vectors  (2018) 11:158 Page 6 of 7

https://doi.org/10.2305/IUCN.UK.2014-1.RLTS.T3753A46254734.en
https://doi.org/10.2305/IUCN.UK.2011-1.RLTS.T3748A10051312.en
https://doi.org/10.2305/IUCN.UK.2012.RLTS.T12436A16711116.en


20. Weisburg WG, Barns SM, Pelletier DA, Lane DJ. 16S ribosomal DNA
amplification for phylogenetic study. J Bacteriol. 1991;173:697–703.

21. Staden R, Beal KF, Bonfield JK. The Staden Package, 1998. In: Misener S,
Krawetz SA, editors. Methods in molecular biology, vol. 132. Totowa, NJ:
Humana Press; 2000. p. 115–30.

22. Altschul SF, Gish W, Miller W, Meyers EW, Lipman DJ. Basic local alignment
search tool. J Mol Biol. 1990;215:403–10.

23. Thompson JD, Gibson TJ, Plewniak F, Jeanmougin F, Higgins DG. The
CLUSTAL_X windows interface: flexible strategies for multiple sequence
alignment aided by quality analysis tools. Nucl Acids Res. 1997;25:4876–82.

24. Hall TA. BioEdit: a user-friendly biological sequence alignment editor and
analysis program for Windows 95/98/NT. Nucleic Acids Symp Ser. 1999;41:
95–8.

25. Cook CA, Netherlands EC, Smit NJ. First Hemolivia from southern Africa:
reassigning chelonian Haemogregarina parvula Dias, 1953 (Adeleorina:
Haemogregarinidae) to Hemolivia (Adeleorina: Karyolysidae). Afr Zool. 2015;
50:165–73.

26. Ujvari B, Madsen T, Olsson M. High prevalence of Hepatozoon spp.
(Apicomplexa: Hepatozoidae) infection in water pythons (Liasis fuscus) from
tropical Australia. J Parasitol. 2004;90:670–2.

27. Mathew JS, Van Den Bussche RA, Ewing SA, Malayer JR, Latha BR, Panciera
RJ. Phylogenetic relationships of Hepatozoon (Apicomplexa: Adeleorina)
based on molecular, morphologic, and life-cycle characters. J Parasitol. 2000;
86:366–72.

28. Kearse M, Moir R, Wilson A, Stones-Havas S, Cheung M, Sturrock S, et al.
Geneious Basic: an integrated and extendable desktop software platform for
the organization and analysis of sequence data. Bioinformatics. 2012;28:1647–9.

29. Netherlands EC, Cook CA, Du Preez LH, Vanhove MPM, Brendonck L, Smit NJ.
Monophyly of the species of Hepatozoon (Adeleorina: Hepatozoidae)
parasitizing (African) anurans, with the description of three new species from
hyperoliid frogs in South Africa. Parasitology. 2017; https://doi.org/10.1017/
S003118201700213X.

30. Thompson JD, Higgins DG, Gibson TJ. CLUSTAL W: improving the sensitivity
of progressive multiple sequence alignment through sequence weighting,
position-specific gap penalties and weight matrix choice. Nucl Acids Res.
1994;22:4673–80.

31. Guindon S, Gascuel O. A simple, fast and accurate method to estimate large
phylogenies by maximum-likelihood. Syst Biol. 2003;52:696–704.

32. Darriba D, Taboada GL, Doallo R, Posada D. jModelTest 2: more models,
new heuristics and parallel computing. Nat Methods. 2012;9:772.

33. Posada D, Buckley TR. Model selection and model averaging in
phylogenetics: advantages of Akaike information criterion and Bayesian
approaches over likelihood ratio tests. Syst Biol. 2004;53:793–808.

34. Tavaré S. Some probabilistic and statistical problems in the analysis of DNA
sequences. Lectures math. Life Sci. 1986;17:57–86.

35. Stamatakis A. RAxML version 8: a tool for phylogenetic analysis and
postanalysis of large phylogenies. Bioinformatics. 2014;30:1312–3.

36. Waner T, Baneth G, Strenger C, Keysary A, King R, Harrus S. Antibodies
reactive with Ehrlichia canis, Ehrlichia phagocytophila genogroup antigens
and the spotted fever group rickettsial antigens, in free-ranging jackals
(Canis aureus syriacus) from Israel. Vet Parasit. 1999;82:121–8.

37. Mtshali K, Nakao R, Sugimoto C, Thekisoe O. Occurrence of Coxiella burnetii,
Ehrlichia canis, Rickettsia species and Anaplasma phagocytophilum-like
bacterium in ticks collected from dogs and cats in South Africa. J S Afr Vet
Ass. 2017; https://doi.org/10.4102/jsava.v88i0.1390.

38. Price JE, Karstad LH. Free-living jackals (Canis mesomelas) - potential
reservoir hosts for Ehrlichia canis in Kenya. J Wildl Dis. 1980;16:469–73.

39. Alexander KA, Kat PW, Wayne RK, Fuller TK. Serologic survey of selected
canine pathogens among free-ranging jackals in Kenya. J Wildl Dis. 1994;30:
486–91.

40. Neitz WO. The epidemiological pattern of viral, protophytal and protozoal
zoonoses in relation to game preservation in South Africa. J S Afr Vet Med
Ass. 1967;38:129–41.

41. Neitz WO, Thomas AD. Rickettsiosis in the dog. J S Afr Vet Med Ass. 1938;9:
166–74.

42. Van Heerden J. The transmission of canine ehrlichiosis to the wild dog
Lycaon pictus (Temminck) and black-backed jackal Canis mesomelas
Schreber. J S Afr Vet Ass. 1979;50:245–8.

43. Gray J, Dantas-Torres F, Estrada-Peña A, Levin M. Systematics and ecology of
the brown dog tick, Rhipicephalus sanguineus. Ticks Tick Borne Dis. 2013;4(3):
171–80.

44. Groves MG, Dennis GL, Amyx HL, Huxsoll DL. Transmission of Ehrlichia canis
to dogs by ticks (Rhipicephalus sanguineus). Am J Vet Res. 1975;36:937–40.

45. Smith RD, Sells DM, Stephenson EH, Ristic MR, Huxsoll DL. Development of
Ehrlichia canis, causative agent of canine ehrlichiosis, in the tick
Rhipicephalus sanguineus and its differentiation from a symbiotic rickettsia.
Am J Vet Res. 1976;37:119–26.

46. Walker JB, Keirans JE, Horak IG. The genus Rhipicephalus (Acari, Ixodidae): a
guide to the brown ticks of the world. Cambridge: Cambridge University
Press; 2000.

47. Maia JP, Alvares F, Boratynski Z, Brito JC, Leite JV, Harris DJ. Molecular
assessment of Hepatozoon (Apicomplexa: Adeleorina) infections in wild
canids and rodents from North Africa, with implications for transmission
dynamics across taxonomic groups. J Wildl Dis. 2014;50:837–48.

48. Harris DJ, Pereira A, Halajian A, Luus-Powell WJ, Kunutu KD. Screening for
Hepatozoon parasites in gerbils and potential predators in South Africa. J S
Afr Vet Ass. 2017; https://doi.org/10.4102/jsava.v88.1339.

49. Hodžić A, Alić A, Prašović S, Otranto D, Baneth G, Duscher GG. Hepatozoon
silvestris sp. nov.: morphological and molecular characterization of a new
species of Hepatozoon (Adeleorina: Hepatozoidae) from the European wild
cat (Felis silvestris silvestris). Parasitology. 2017;144:650–61.

50. Giannelli A, Latrofa MS, Nachum-Biala Y, Hodžić A, Greco G, Attanasi A, et al.
Three different Hepatozoon species in domestic cats from southern Italy.
Ticks Tick-borne Dis. 2017;8:721.

51. Vincent-Johnson NA, Macintire DK, Lindsay DS, Lenz SD, Baneth G,
Shkap V, et al. A new Hepatozoon species from dogs: Description of
the causative agent of canine hepatozoonosis in North America. J
Parasitol. 1997;83:1165–72.

52. Baneth G, Mathew JS, Shkap V, Macintire DK, Barta JR, Ewing SA. Canine
hepatozoonosis: two disease syndromes caused by separate Hepatozoon
spp. Trends Parasitol. 2003;19:27–31.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Penzhorn et al. Parasites & Vectors  (2018) 11:158 Page 7 of 7

https://doi.org/10.1017/S003118201700213X
https://doi.org/10.1017/S003118201700213X
https://doi.org/10.4102/jsava.v88i0.1390
https://doi.org/10.4102/jsava.v88.1339

	Abstract
	Background
	Results
	Conclusions

	Background
	Methods
	Sample collection
	DNA extraction
	Reverse line blot (RLB) hybridisation
	16S amplification, cloning, sequencing and phylogenetic analysis
	18S rRNA gene amplification, cloning and sequencing
	Statistical analysis

	Results
	Anaplasma and/or Ehrlichia spp.
	Hepatozoon spp.

	Discussion
	Conclusions
	Abbreviations
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

