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A B S T R A C T

Translocation of animals in fragmented habitats is an important means of dispersal and gene flow, however, the
movement of animals has led to the spread of various diseases globally and wildlife are often the reservoirs of
these diseases. Currently, Cape mountain zebra are translocated within South Africa as a management method
for augmentation of isolated and fragmented populations. The movement of pathogens due to translocations in
local regions have gone largely unchecked, particularly where there may still be isolated regions that can be
negatively affected. Equine piroplasmosis is a tick-borne disease caused by Theilaria equi and/or Babesia caballi
reported to occur in equids (Bhoora et al., 2010; Zweygarth et al., 2002). Here, the presence of T. equi and B.
caballi was detected in 137 clinically healthy Cape mountain zebra from three South African reserves, Mountain
Zebra National Park (MZNP), De Hoop Nature Reserve (DHNR) and Karoo National Park (KNP) using the
multiplex EP real-time PCR (qPCR) assay. We observed 100% prevalence for T. equi and identified only one
animal from MZNP with B. caballi. These results affirm that precautions should be taken prior to founding new
populations of Cape mountain zebra and that potential farms and properties adjacent to prospective reserves
should be screened for the presence of the organisms in order to mitigate risks of infection to domestic animals.

1. Introduction

The Cape mountain zebra is endemic to South Africa and is a sub-
species of mountain zebra (Equus zebra). Due to various threats in-
cluding hunting and habitat loss, the population declined in the early
twentieth century to less than 100 animals (Moehlman, 2002). From the
1960's, due to population growth in the Mountain Zebra National Park
(MZNP), approximately 91% of Cape mountain zebra were translocated
to 75 different localities, including 18 reserves that are formally pro-
tected (Hrabar et al., 2016; Hrabar and Kerley, 2015). Currently, it is
estimated that there are more than 4000 Cape mountain zebra (Hrabar
et al., 2016). In 2018, the Biodiversity Management Plan (BMP) for the
Cape mountain zebra was published (Birss et al., 2018). As a manage-
ment strategy it was recommended that in order to maintain the current
population growth rates while preventing the loss of genetic diversity,
animals need to be further translocated into different areas. Although
translocation is considered an important management tool for dispersal
in isolated species (IUCN, 1987), it is also known as a mode for the

spread of diseases (Fèvre et al., 2006; Woodford and Rossiter, 1994).
Humans and wildlife in the areas receiving translocated animals are
particularly at risk of infection (Kock et al., 2010). For example, plains
zebra (Equus quagga) translocated from Namibia to Spain, is suspected
as the mode of transmission of African Horse Sickness to domestic
horses (Mellor et al., 1990; Rodriguez et al., 1992).

Equine piroplasmosis (EP) is a tick-borne disease of equids (horses,
donkeys, zebra and mules) (Equus caballus; E. asinus, Malekifard et al.,
2014; Laus et al., 2015; Schein et al., 2018) that is caused by haemo-
parasites, Babesia caballi and Theilaria equi. Piroplasm infections were
first identified in plains zebra in 1905 (Equus quagga burchelli; Koch,
1905). Inoculation of blood from this zebra into a susceptible horse
caused fever and parasitaemia, thus providing support that zebra are
carriers of the parasite (Koch, 1905). Subsequently, T. equi has been
identified in Cape mountain zebra in South Africa (E. zebra zebra;
Bhoora et al., 2010a; Zweygarth et al., 2002) and Babesia spp. Has been
reported in plains and Grevy's zebra (Equus grevyi) from East Africa
(Brocklesby and Vidler, 1965). Clinical signs vary from asymptomatic
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to severe and in acute cases with fever, hemolytic anaemia, jaundice,
hemoglobinuria, and death. Mortality rates are reported to vary be-
tween 10% and 50% (De Waal, 1992). However, the disease may be
associated with other non-specific clinical signs (De Waal, 1992). Nu-
cleic acids of T. equi and B. caballi have been detected in several species
including dromedary camels and domestic dog (Beck et al., 2009;
Qablan et al., 2012). In a few cases, T. equi nucleic acids have been
reported in sheep, goat, cow, South American tapir (Tapirus terrestris)
and South American rodent (Thrichomys foster; Spickler, 2018i). In ad-
dition, organisms potentially related to T. equi have been observed in
coati (Nasua nasua) (de Sousa et al., 2018), waterbuck (Kobus defassa;
Githaka et al., 2014) and a Malayan tapir (Tapirus indicus; Spickler,
2018).

The occurrence of the disease is associated with the tick vector
distribution (De Waal, 1992). Worldwide, ticks from the genera Der-
mecentor, Hyalomma, Rhipicephalus (De Waal, 1990; Mans et al., 2015;
Scoles and Ueti, 2015) as well as experimentally infected Amblyomma
(Scoles et al., 2011) have been identified as vectors for both parasites.
In South Africa, Rhipicephalus evertsi evertsi and Hyalomma truncatum are
the vectors of EP (Madder et al., 2013). The tick vectors are reported to
be common within the Savannah and Grassland biomes of South Africa,
which includes the natural distribution range of Cape mountain zebra
(Spickett, 2013) and prefer domestic and wild equids, although sheep,
goats, cattle as well as a range of antelope species will be fed upon
(Spickett, 2013; Horak et al., 2017).

Various methods can be used to detect the parasites including the
use of blood or organ smears stained with Romanowsky-type stains.
Serological tests may be used to measure antibodies and therefore ex-
posure to the parasite. The most commonly used tests are the indirect
fluorescent antibody (IFA) assay, enzyme-linked immunosorbent assay
(ELISA) as well as the competitive-inhibition ELISA (CI-ELISA).
However, there are limitations with serological assays due to problems
with non-specificity, cross-reactivity and antibody detection limits
(Bruning et al., 1997). Lastly, in cases where it needs to be determined
if treatment has eliminated the parasites from a carrier, more labour
intensive diagnostic methods may be employed such as in vitro culture
(Spickler, 2018). Advances in molecular biological techniques have
resulted in the improved detection, identification and genetic char-
acterization of many haemoparasites (Caccio et al., 2000 and Nagore
et al., 2004). Various PCR tests are available for the identification of T.
equi and B. caballi, and are more sensitive than direct observation.
(Bhoora et al., 2010b; Malekifard et al., 2014; Zweygarth et al., 2002).
The real-time PCR (qPCR) test has been described as being more sen-
sitive than standard PCR analysis (Bhoora et al., 2010b; Laus et al.,
2015).

In the present study, we investigated the prevalence of equine pir-
oplasms in Cape mountain zebra from three South African nature re-
serves in order to increase our knowledge of the epidemiology of equine
piroplasmosis in this sub-species. This work will inform conservation
management strategies as directed by the BMP of Cape mountain zebra
with regards to mitigating and managing the impact of current and
emerging diseases.

2. Materials and methods

2.1. Ethical considerations

The samples used in this study were obtained through CapeNature
and South African National Parks (SanParks) and the National
Zoological Garden, South African National Biodiversity Institute (NZG
SANBI). Ethical clearance was obtained through the University of the
Free State's Animal Ethics Committee (Ref: UFS-AED2017/0011), The
NZG Research Ethics and Scientific Committee (Ref: NZG/RES/P17/19)
and approval was also granted under the Department of Agriculture
Forestry and Fisheries Section 20 of the Animal Disease Act 1984 (Ref:
12/11/1/1/8).

2.2. Sample collection and DNA extraction

Whole blood was collected in ethylene diamine tetractic acid
(EDTA) vacuum tubes from a total of 137 Cape mountain zebra at the
two points, 2016 and 2018 (Supplementary Table 1). These Samples
were collected from individuals from MZNP (n= 100) prior to trans-
location to a holding farm in the Eastern Cape for resale, and a private
game reserve in the Western Cape respectively. In addition, samples
collected from Karoo National Park (KNP, n=10) (Fig. 1) were ob-
tained from the NZG Biobank. The blood was stored at the NZG Biobank
at −20 °C until use. DNA was extracted from 500 μl of whole blood
using the Quick-DNA™ Universal Kit (Zymo Research) as per the man-
ufacturer's instructions. The extracted DNA was stored at −20 °C until
analysis.

2.3. Statistical analysis

Confidence intervals (CI) of the sample proportion were determined
for a representative sample at a 95% confidence level for the popula-
tions based on Czaplewski et al. (1983). The Formula is as follows:

=

−

−

CI Z
pq N n
n N

( )
( 1)

Where: CI is the confidence interval, Z is the Z-index (Set to 1.96 for
95% Confidence), n is the sample size, p is the assumed proportion of
population infected (Set at 0.5, for a conservative estimate), q is (1-p)
and N is the total population size.

2.4. Quantitative PCR assay

The presence of T. equi and B. caballi was detected using the mul-
tiplex EP real-time PCR (qPCR) assay as described by Bhoora et al.
(2018). The samples were run using Luna® Universal qPCR Master Mix
(New England Biolabs) as per manufacturer's instructions. Briefly, re-
actions prepared in a final volume of 20 μl contained 10 μl Luna uni-
versal probe qPCR master mix (New England Biolabs), 2 μl of 10 x
primer/probe mix and 5 μl of template DNA. Quantitative PCR assays
were performed using the Quantstudio™ 5 Real-time PCR system
(Thermo Fisher Scientific). Cycling conditions included enzyme acti-
vation at 95 °C for 30 s, followed by 45 cycles of 10 s at 95 °C, 45 s at
60 °C. Data was analysed using QuantStudio™ Design analysis software.

Fig. 1. A map of south-western South Africa, showing the localities of the 3
reserves from which samples were obtained (black circles) namely Mountain
Zebra National Park (MZNP), De Hoop Nature Reserve (DHNR) and Karoo
National Park (KNP). The grey diamonds show other known municipal nature
reserves and national parks which contain Cape Mountain zebra sourced from
Cradock, Eastern Cape, South Africa.
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3. Results

3.1. Quantitative PCR assays

All Cape mountain zebra included in this study tested positive for T.
equi and two specimens were identified to have a co-infection of T. equi
and B. caballi. A summary of these results can be found in Table 1 and
Supplementary Table 1. Quantification cycle (Cq) values of each of the
animals are provided in Table 1. The multiplex EP qPCR assay detected
T. equi parasite DNA in 100% of samples tested; with Cq values between
19 and 31 indicating high levels of parasitaemia. In contrast, B. caballi
was detected in only 2 of the 137 samples (∼1.5%) and as a mixed
infection with T. equi. One of these samples was detected at a Cq value
below the reported 95% sensitivity of the assay. At higher Cq values, the
sensitivity of the assay is highly compromised and therefore results
below the reportable range of the assay are regarded as false-positives.
The samples for MZNP and DHNR were shown to be statistically re-
presentative samples of the population determined through the con-
fidence interval of the sample proportion. Based on these results we
show that 100% of the populations MZNP (± 9.38 CI) and DHNR
(±16.57 CI) are infected with T. equi, and that only 2% (±9.38 CI) of
MZNP is infected with B. caballi.

4. Discussion

In this study, we report the prevalence of equine piroplasmosis in
Cape mountain zebra (Equus zebra zebra) from MZNP, KNP and DHNR.
Molecular screening using qPCR detected T. equi parasite DNA in 100%
of samples, while B. caballi infections could only be detected as a mixed
infection in 1 of the samples (animal from MZNP). The results reported
here are similar to previous studies where T. equi was detected in ten
Cape mountain zebra in the Bontebok National Park (100% tested po-
sitive; Bhoora et al., 2010a) and six Cape mountain zebra from the KNP
(100% tested positive, Zweygarth et al., 2002). Equine piroplasmosis is
endemic in South Africa and the associated tick vectors have an over-
lapping distribution, thus it is not surprising that Cape Mountain zebra
were found to be positive for T. equi. The zebra tested in our study were
positive for T. equi with Cq values that range between 19 and 35. In a
tick transmission study conducted by Ueti et al. (2005), the authors
used a real-time PCR assay targeting the equi merozoite (ema-1) gene of
T. equi to quantify the parasite load required for ticks to successfully
transmit the parasite from chronically infected horses. The authors re-
port that ticks infected with a minimum dose of 105.5 parasites/ml were
able to transmit the parasites. Determining the minimum parasite dose
required by the vectors in South Africa to transmit these parasites does
not fall within the scope of this study and therefore a tick transmission
study was not conducted. However, we could infer that based on the
95% sensitivity of the T. equi qPCR assay (Bhoora et al., 2018), at a cut-
off Cq value of 37, the multiplex EP assay could detect as little at 105.1

parasites/ml. Given that the observed Cq values of T. equi detected in
zebra, fall below the reported cut-off Cq of 37, we can conclude that the
observed parasitaemia is zebra could allow for successful transmission
by the tick vectors.

Previous studies also reported lower prevalence of B. caballi infec-
tions in horses (Bhoora et al., 2010b; Zweygarth et al., 2002). Lower
prevalence of B. caballi infection has also been reported in zebra. A
study conducted by Bhoora et al. (2010a) that included 70 plains zebra
and 10 Cape mountain zebra samples, detected T. equi parasite DNA in
90% of the samples tested, while B. caballi could only be detected in
27% of the samples at high Cq values, indicative of low parasite para-
sitaemia. Zweygarth et al. (2002) reported two out of six Cape moun-
tain zebra obtained from KNP tested positive for B. caballi (Zweygarth
et al., 2002). In addition, three animals tested positive for B. caballi
from the Bontebok National Park (Zweygarth et al., 2002). It has been
previously noted that B. caballi is typically present in their respective
hosts at very low parasitaemia at 1%–0.01% (De Waal, 1992). In ad-
dition, T. equi has been found to remain as a lifelong infection, whereas
B. caballi occurs in its host for approximately 1.5 years (Rüegg et al.,
2008).

The Cape mountain zebra sampled in this study showed no indica-
tions of chronic infection, thus it is highly likely that sub-clinical in-
fection is common in Cape mountain zebra. Previous reports have
shown a prevalence of 26.4% of T. equi in clinically healthy horses from
six geographical regions within Israel, thus providing support for sub-
clinical infection (Steinman et al., 2012). In endemic areas (or enzootic)
such as South Africa, constant infections with equine piroplasmosis
induces stable immunity and therefore a state of endemic stability. This
is similar to the observation in cattle, where super infections with ba-
besiosis have been reported to induce stable immunity (De Vos, 1979).
Fenton and Perkins (2010) suggested that in certain cases, it may be
advantageous for the host to tolerate the parasitic infection/s rather
than attempt to clear them in order to maintain a more stable, con-
trolled dynamic for the entire parasite community.

Cape mountain zebra are currently regarded as a single meta-po-
pulation where dispersal is exclusively through translocation activities.
It has been suggested that in order for the population to continue to
expand and maintain genetic diversity, animals should be translocated
to new suitable localities (Hrabar and Kerley, 2015). A molecular epi-
demiology study of equine piroplasmosis in South Africa has identified
as many as 25 distinct T. equi sequences belonging to three distinct
genotypes (Bhoora et al., 2010a). In addition, eleven distinct T. equi
sequences has been observed in horses from Sudan (Salim et al., 2010)
and genetic variants within T. equi has been identified in Spanish horses
based on 18 S sequence data (Criado-Fornelio et al., 2004; Nagore et al.,
2004). In addition, Githaka et al. (2014) reported an organism poten-
tially related to T. equi was transmissible to waterbuck in Kenya. A
study in Kenya conducted by Hawkins et al. (2015) reported infection
in zebra (Equus grevyi) and due to their proximity to domestic donkeys
the authors suggested that transmission between the two species was
likely. Thus, precautions pertaining to the movement of animals are
recommended when new reserves are selected for founding Cape
mountain zebra populations, to ensure these vectors and novel geno-
types are not introduced into non-endemic areas. In addition, the
movement of zebra that test positive for equine piroplasms may be a
risk to other equids and possibly to other animal species in proximity to
their release location. In equids, particularly horses, the control of
piroplasmosis infections is desirable in order to avoid abortions, in-
trauterine transmission and clinical disease which restrict the interna-
tional movement of horses for equestrian sporting events.

In conclusion, this study provides additional data with regards to
the epidemiology of equine piroplasmosis in Cape mountain zebra.
While Cape mountain zebra are largely asymptomatic carriers, trans-
location on to new reserves may prove to be challenging for adjacent
farms where domestic equids may be present. It will thus be useful to
screen the other reserves from which translocations are set to take
place. In addition, it is recommended that when founding new popu-
lations in regions where there are no wild equids, surrounding farms
first be screened for the presence of equine piroplasms as well as to
genotype these piroplasms so as to mitigate risks of transmission to

Table 1
Summary of the real time PCR results obtained when screening the Cape
Mountain zebra. Nd=nothing detected, CI= confidence interval at 95%.

Reserve Population Samples T. equi B. caballi CI (95%)

No
of
(+)

Prevalence No
of
(+)

Prevalence

MZNP 1191 100 100 100% 2 2% ±9.38
DHNR 115 27 27 100% nd 0% ±16.57
KNP 842 10 10 100% nd 0% ±30.82
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animals that are not currently affected.
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