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Tick-borne haemoparasites (TBH) greatly threaten cattle production and cause economic losses
to the cattle industry in Zimbabwe. In Mashonaland East Province, severe cattle mortalities
have been occurring due to infection with TBH, especially Theileria parva (T. parva). Despite
the huge challenge posed by tick-borne diseases (TBD) to cattle production, very little work
has been conducted to detect TBH in cattle in Zimbabwe utilising molecular techniques,
particularly in hotspots like Mashonaland East Province. Furthermore, no attempts have been
made to characterise T. parva in cattle despite its importance in disease outbreaks in the

province.

The objectives of the current study were, to determine whether cattle at Goromonzi and Seke
Districts in Mashonaland East Province, Zimbabwe are infected with Theileria, Babesia,
Anaplasma and Ehrlichia parasites using the Reverse Line Blot - Polymerase Chain Reaction
(RLB-PCR) hybridization assay. Furthermore, to characterise the p67 antigen gene from T.

parva positive samples.



A total of 264 communal cattle were sampled in Goromonzi and Seke districts of Zimbabwe,
and their blood was spotted onto Flinders Technology Associates (FTA) cards.
Deoxyribonucleic acid (DNA) extracted from FTA cards was screened for the presence of TBH
using the RLB. Samples that hybridised to the T. Parva species-specific probe were subjected
to hybridization probe-based real-time PCR to confirm T. Parva infections. The T. parva strains

were characterised by amplification and sequencing of the p67 gene.

About 95.5% (252/264) of cattle sampled were positive for TBH as detected by the RLB
hybridisation assay. Using the T. parva-specific gPCR, 40 (15.2%) of the 264 sampled cattle
were positive, which was similar (p> 0.05) to the detection rate using the RLB hybridisation
assay (41 or 15.5%) by hybridisation to the T. parva species-specific probe, although the latter
is known to be less sensitive. Overall, infection with multiple TBH were detected in 24.6%
(65/264) of the cattle samples analysed. Theileria parva (29%), which is pathogenic parasite
was detected at a higher rate in Goromonzi than in Seke district, whereas Anaplasma sp.
Omatjenne (24%) which is non-pathogenic parasite was detected at a higher rate in Seke than
in Goromonzi district (p < 0.05). The size of the p67 PCR product obtained from amplification
was approximately 900 base pairs (bp) which was associated with the cattle-derived allele 1
that has a 129 bp insert deletion. The p67 sequences were aligned against cattle-derived and
buffalo-derived allele 1 references from the Genbank, and they showed 99% similarity to the
sequence of a cattle-derived isolate T. parva Muguga isolate (accession number: M67476) and
97% similarity to sequences from buffalo-derived isolates KNP_MN_C81 3 (Mukolwe et al.
2020), KNP_MN_C89 2 (accession number MT199346) and KNP_MN_C108 6 (Mukolwe

et al. 2020).



In conclusion, Theileria, Babesia, Anaplasma and Ehrlichia parasites infect cattle in Seke and
Goromonzi districts. Cattle-derived T. parva with the p67 allele genotype 1 is responsible for
theileriosis outbreaks and massive cattle mortality in the two districts sampled. In Zimbabwe
ticks are controlled by dipping. It is recommended that farmers and state veterinary authorities
improve on their control measures to control ticks through intensified dipping and by
vaccination of cattle to reduce the impact of TBH on the cattle. Further studies are required to
determine the extent of spread of TBH and characterisation of the T. parva countrywide.

Key words: cattle, haemoparasites, p67 gene, reverse line blot, Zimbabwe
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CHAPTER 1 GENERAL INTRODUCTION

1.1 Background

Livestock and livestock products contribute significantly to the economy of Zimbabwe, with
cattle production accounting for 35-38 % of the Gross Domestic Product (GDP) (FAQ, 2015).
Cattle are the most important livestock species in Zimbabwe as they provide milk, meat and
other by-products to the general public (Bennett et al., 2019). The estimated cattle population
in Zimbabwe is about 5.5 million, of which 3.5 million are reared by communal and small
holder farmers, while the balance is reared by small scale farmers (Bennett et al., 2019;
Tavirimirwa et al., 2013). The former two systems are subsistence-oriented and geared toward
raising cash for family savings, social capital, status, milk production and draft power,
compared to the latter two which are market-oriented and more focused on profit (Masama, et
al., 2016). Cattle production in both communal and commercial management systems is limited
by diseases and parasites, especially ticks and tick-borne diseases (TBD) (Tavirimirwa, et al.,

2013).

Tick-borne diseases greatly threaten cattle production and cause economic losses in the dairy
and beef industry worldwide (Kanyari and Kagira, 2000). Babesiosis, theileriosis,
anaplasmosis and ehrlichiosis are the most important TBD affecting cattle in Zimbabwe (Adjou
Moumouni et al., 2015). The occurrence of these diseases is often linked to the distribution of
vector ticks. Babesiosis or redwater is caused by the protozoan parasites Babesia bigemina and
B. bovis. The boophilid tick species Rhipicephalus decoloratus which is widely distributed
especially in the communal areas of Zimbabwe transmits Babesia bigemina (Smeenk et al.,
2000; Hove et al., 2008). Another boophilid tick Rhipicephalus microplus transmits B.
bigemina and additionally Babesia bovis. The latter is more confined to the east and north-

eastern areas of Zimbabwe with periodical spread into other regions of the country (Smeenk et
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al., 2000). The rickettsia Anaplasma marginale causes bovine anaplasmosis. It is transmitted
by two boophilid tick species, R. decoloratus and R. microplus, and is widely distributed

especially in the communal areas across Zimbabwe (Sungirai et al., 2015).

Theileriosis, caused by the apicomplexan protozoa Theileria parva, is transmitted by
Rhipicephalus appendiculatus in the high and middle veld of Zimbabwe, or Rhipicephalus
zambeziensis in the low veld of the country (Olds et al., 2018). Heartwater or ehrlichiosis is
caused by the rickettsial organism Ehrlichia ruminantium, is transmitted by Amblyomma
hebraeum which is widely distributed across Zimbabwe and A. variegatum which is confined

to the north central parts of the country (Sungirai et al., 2015).

Tick-borne pathogens cause various clinical effects which have direct impacts on cattle
production. Clinically, TBD commonly cause fever and decreased appetite in cattle (Regitano
etal., 2011). They reduce growth rates, body condition and milk production (Rodriguez-Vivas
et al., 2018), and may affect reproduction through abortions, reduced birth rates and infertility
in both bulls and heifers/cows (Demmessie and Derso, 2015). In endemic areas, TBD are an
impediment to livestock improvement programmes. They prevent the introduction of highly
productive cattle breeds to upgrade the local breeds, as the former are more susceptible to these
diseases (Mapiye et al., 2019). The control and prevention of TBD is thus important to preclude

their devastating effects on the cattle industry in Zimbabwe.

From about 1910, Zimbabwe and other southern African countries employed cattle dipping
with acaricides on a weekly basis as the main measure to control ticks and TBD (Norval et al.,
1983). This method seemed to work in controlling TBD, however, due to economic and

environmental factors that are associated with intensive dipping, the Zimbabwean government
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switched to strategic dipping and vaccination to control TBD (Turton et al., 1998). Strategic
dipping involved dipping cattle weekly in summer and monthly in winter in the communal
areas (Peter et al., 1998). A breakdown of the dipping programme due to economic hardships,
dilapidation of dipping tank infrastructure and water shortage due to frequent droughts have
greatly impacted the control of ticks and associated TBD. Furthermore, farmers were not able
to pay dip fees, and others experienced administrative difficulties and impaired freedom of
movement (Chikwati, 2018). The importing of vaccines has also become unsustainable as
vaccines are unaffordable for communal farmers (Turton et al., 1998) and some of the imported
vaccines do not cross protect against local strains of parasites (Merino et al., 2013). These

shortcomings have further led to the frequent outbreaks of TBD in cattle in the country.

Between November 2017 and May 2018, about 3430 cattle succumbed to TBD in Zimbabwe,
with Mashonaland East Province recording the highest deaths (Parlzim, 2018). The TBD
responsible for this outbreak were thought to be bovine theileriosis (popularly known as
January disease), babesiosis, heartwater, anaplasmosis and sweating sickness. Theileriosis was
reported to have killed 1751 cattle, babesiosis 235, heartwater 816, and anaplasmosis 596
countrywide (Parlzim, 2018). Mashonaland East had the highest cases of TBD recorded, there
were 2698 cases with 1441 deaths recorded (Chikwati, 2018). Cattle mortalities were related
to challenges experienced by farmers in accessing curative drugs, the unavailability of drugs

and the shortage of dip chemicals in the country (Ndebele et al., 2007)

1.2 Problem Statement
There have been increasing reports of widespread cattle mortalities in Zimbabwe recently and
this has been attributed to TBD as a result of poor tick control strategies, uncontrolled

movement of animals, resistance of ticks to acaricides and climate change (Sungirai et al.,
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2017). Despite the huge challenge posed by TBD to cattle production in Zimbabwe, very little
work has been conducted to detect TBD in cattle in the country utilising more sensitive
molecular techniques, especially in Mashonaland East Province where severe cattle mortalities
have been occurring. Furthermore, there is scanty and outdated information on the tick-borne
haemoparasites (TBH) occurring in these TBD hotspots, and little work has been conducted to

identify the pathogens responsible for severe cattle deaths in these areas.

Farmers in Zimbabwe rely mainly on clinical and post-mortem signs to diagnose these TBD
(Sungirai et al., 2015). For the effective control of tick-borne infections, there is a need for
surveillance and accurate diagnosis using laboratory tests which are highly sensitive and
specific, especially in Mashonaland East Province which is experiencing high cattle mortalities.
Diagnosis of tick-borne infections has been based on the knowledge of the distribution of
vector ticks, clinical signs and microscopic identification of pathogens on Giemsa-stained
smears (Hove et al., 2018). These methods have low specificity and low sensitivity and may
not give accurate diagnosis of the pathogens to species level (Chaisi et al, 2011). Serological
methods have been used to diagnose subclinical infections; however, these often lack
specificity and false positive results often occur due to cross-reactions (Sibeko et al., 2008).
There are several molecular techniques that have been developed to accurately screen cattle for
TBH, these include the species-specific polymerase chain reaction (PCR) and reverse line blot
(RLB) hybridization assay (Sibeko et al., 2008). Despite their high sensitivity and specificity,
no attempts have been made to employ any of the PCR-based methods, including the widely
used RLB, in surveillance programmes to diagnose the TBH suspected to be responsible for

cattle mortalities.



Furthermore, T. parva infection (commonly known as January disease) has been implicated to
be the cause of the greater proportion of the recent cattle mortalities (Manyenyeka et al., 2021)
based on field post-mortem examinations conducted by the Department of Veterinary Services
of Zimbabwe. In South Africa, amplification and sequencing of the variable region of the p67
gene has been shown to be a reliable tool in characterising T. parva strains (Sibeko et al., 2010).
There have been, however, little to no attempts to isolate and characterise T. parva isolates
especially in areas experiencing massive cattle mortalities in Zimbabwe especially in areas

experiencing massive cattle mortalities in Zimbabwe.

1.3 Justification

The significant contribution of cattle production to food security and to the agricultural
economy of Zimbabwe make it imperative to investigate the recently reported cattle mortalities
which are suspected to be caused by TBD, particularly in the most affected areas of the country.
Investigating the prevalence of TBD in cattle utilising molecular techniques with higher
sensitivity and specificity, such as the RLB hybridization assay and DNA sequencing will
enable the accurate diagnosis and possibly inform the design of specific and effective control
strategies to curb the losses to the cattle industry due to TBD in Zimbabwe. The RLB assay
simultaneously detects rickettsial and protozoan cattle pathogens. The highly sensitive and
specific quantitative real-time assay, based on hybridisation probe-based chemistry will be
used for the specific and quantitative detection of T. Parva. The assay is far more sensitive than
traditional PCR methods, allowing for the rapid, real-time detection of parasites in carrier
animals with low parasitaemia. The results can be followed in real time, thus saving time.
Furthermore, characterisation of T. parva isolates from cattle in areas most affected by
mortalities will improve the understanding of the epidemiology and distribution of this rampant

TBH in Zimbabwe.



1.4 Aim and Objectives
The aim of the current study was to identify TBH infecting cattle in Goromonzi and Seke
Districts of Mashonaland East Province, in Zimbabwe, using molecular tools and to

characterise T. parva isolates circulating in these cattle populations.

1.4.1 Objectives

Specific objectives of the current study were to:

1. Screen samples for the presence of haemoparasites using the reverse line blot hybridisation
assay.

2. To detect T. parva using an established hybridisation-probe based gPCR assay.

3. Characterization of the p67 gene from T. parva isolates identified in Goromonzi and Seke

districts.

1.5 Hypotheses

The alternate hypotheses tested were that:

1. More than half of the cattle population in Goromonzi and Seke Districts of Mashonaland
East Province in Zimbabwe are infected with at least one of the four important tick-borne
pathogens, namely Theileria, Babesia, Anaplasma and Ehrlichia species.

2. The T. parva isolates from cattle in the study areas possess the p67 allele 1 genotype,

associated with cattle-derived parasites.



CHAPTER 2 LITERATURE REVIEW

2.1 Introduction

Cattle production in Zimbabwe is severely impacted by TBD including theileriosis,
ehrlichiosis, babesiosis and anaplasmosis, which cause severe economic losses through
morbidity and cattle mortalities (Eygelaar, 2015). Recently, theileriosis has been reported to be
a major cause of cattle mortalities particularly in Mashonaland East Province of Zimbabwe
(Chikwati, 2018). Despite the huge challenge posed by TBD to the beef industry in Zimbabwe
very little work has been conducted to detect the presence of TBH in cattle in areas where
outbreaks have been occurring in the country. Furthermore, no attempts have been made to
characterise T. parva which has been causing widespread cattle mortalities. The current review
discusses cattle production systems, the most important TBH in Zimbabwe, their impact,

control measures and methods of detection.

2.2 Cattle production systems in Zimbabwe

The cattle population in Zimbabwe is estimated to be at about 5.5 million, with the largest
portion farmed using a fully communal farming system, followed by a partially
communal/commercial farming system and lastly a fully commercial farming system (Bennett

et al., 2019). These cattle production systems are discussed in more detail below.

2.2.1 Communal cattle production

Cattle are the most important livestock species in Zimbabwe (Tavirimirwa et al., 2013). About
3.5 million (64 %) of the cattle population are found in the communal areas (Ndebele et al.,
2007). The cattle in communal areas provide, meat, milk and manure, and fulfil socio-cultural
roles like lobola, employment, generate income, investment, or cash when needed and most

importantly, draught power (Tavirimirwa et al., 2013). Communal cattle share an open grazing
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land and are kraaled at night. The high prevalence of TBD (theileriosis, heartwater, babesiosis,
and anaplasmosis) is a result of the lack of tick control and proper animal health management,
which are a major constraint to communal cattle production in Zimbabwe (Masama, et al.,
2016). Most of the communal farmers rely on the government-run communal plunge dip tanks
which are often non-functional due to erratic acaricide supplies and unavailability of water
(Nkomboni et al., 2014). Thus, communal cattle are at a higher risk of TBD with severe

negative economic impacts including up to 60% of herd mortality (Tavirima et al., 2013).

2.2.2 Partially communal/commercial cattle production

In the partially communal/commercial production system, cattle are used for both subsistence
and commercial purposes including sales, providing meat and raw materials (hides for
producing leather, tallow for soap making and stock feeds), which are used in the
manufacturing sector (Masama, et al., 2016). This system focuses on profit, benefiting traders
and abattoirs rather than the farmers. Farmers use a graze and kraal system combining home
farm and communal grazing (Svinurai et al., 2017). The livestock production challenges
include the shortage of land for pastures, the rise in temperature, destructive veld fires and the
spread of vectors and TBD (Nyamushamba et al., 2017). Most farmers in this system source
their own chemicals and conduct their own dipping programme (Sungirai et al., 2016). A few
farmers still use the government-run communal dipping system for tick control (Bennet et al.,
2019). Tick-borne diseases interfere with the export and import of live animals and items made

from animals (e.g., meat, milk and leather) which is a great loss to the farmer.

2.2.3 Commercial cattle production
The commercial farming system is much more market-oriented contributing up to 80% of all

commercial beef sales (Chiremba and Masters, 2003). Commercial cattle farmers in Zimbabwe
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trade at large auctions and sell their cattle to abattoirs and to butchers where higher prices can
be obtained (Bennett et al., 2019). They buy stock, usually steers, from partially communal
farmers and sell heifers to communal farmers (or exchange them for steers) (Bennett et al.,
2019). In this system, livestock are kept in paddocks, grazing is controlled, cattle are fed
commercial feed supplements and improved forage species are sometimes introduced
(Manyenyeka, 2021). Due to the availability of resources, commercial farmers rear exotic high
performing cattle breeds such as the Hereford, Sussex, Simmental and Limousin (Tavirimirwa
et al., 2013). Commercial cattle farmers have the resources to conduct their own dipping
programme to reduce the impact of heavy tick burden and TBH infections (Chiremba and

Masters, 2003).

2.3 Tick-borne diseases of cattle in Zimbabwe

Ticks play a very important role in the transmission of many haemoparasite infections (Haji,
et al, 2014). In Zimbabwe tick-borne infections are the most economically important cattle
diseases (Haji, et al, 2014). The most important TBD of cattle in Zimbabwe are theileriosis or
January disease (caused by Theileria parva), red water or babesiosis (caused by Babesia
bigemina and Babesia bovis), gall sickness or anaplasmosis (caused by Anaplasma marginale)

and heartwater or ehrlichiosis (caused by Ehrlichia ruminantium) (Simuunza et al, 2011).

2.3.1 Theileriosis

Theileriosis results from infection of cattle by T. parva parasites (Gul et al., 2015), in the
presence of the primary vector the three-host tick, R. appendiculatus (Hemmink et al., 2018).
The parasite causes three forms of theileriosis, East Coast fever (ECF), Corridor disease and
January disease, with the latter strictly occurring in Zimbabwe (Norval et al., 1991). It is

estimated that about one million cattle die annually from T. parva (Gul et al., 2015) resulting
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in an economic loss of US$168 million in the eastern, central, and southern parts of Africa

(Olwocha, 2008).

Theileriosis is widely distributed in Zimbabwe and occurs on the highveld and middleveld of
the country, where favourable climatic conditions promote the maintenance of the vector ticks
R. appendiculatus and R. zambeziensis (Zerihun and Adugn, 2017; Morrison, 2015; Gul et al.,
2015). In Zimbabwe, the distribution of theileriosis coincides with the seasonal distribution of
the adult tick vector R. appendiculatus (December to May) and during the winter months
(January to March) due to the peaks in nymphal activity (Lawrence et al., 2017). During these
periods, outbreaks are expected to occur. The T. parva sub-species known to occur in
Zimbabwe include buffalo-derived strains (previously known as Theileria parva lawrencei)
which are known to be the causal organism of Corridor disease and the cattle-derived strains
(formerly known as Theileria parva bovis) responsible for a disease syndrome unique to
Zimbabwe, known as January disease or Zimbabwe theileriosis (Latif et al., 2001). Although
January disease is caused by cattle-derived isolates, the disease is distinguishable from ECF,
and the differences are discussed later in this review. Other Theileria species infecting cattle
include Theileria taurotragi which is a non-pathogenic parasite transmitted by R.
appendiculatus and Theileria mutans which is known to be a non-pathogenic parasite in

Zimbabwe and is transmitted by Amblyomma spp. (Yusufmia et al., 2010).

Theileria parva parasite types are either described as cattle- or buffalo-derived based on the
host of origin. The disease caused by buffalo-derived T. parva is called Corridor disease, and
it is usually more acute than ECF (Nene et al., 2016a). January disease or Zimbabwean
theileriosis is a milder form of theilerosis caused by cattle-derived parasites. Both parasite types

are transmitted by R. appendiculatus. In the case of cattle-derived T. parva, the transmission is
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between infected and susceptible cattle (Yusufmia et al., 2010), while buffalo-derived parasites
are transmitted from buffalo to cattle. Buffaloes serve as natural reservoirs of T. parva and
cattle may be infected with the buffalo-derived T. parva strain if a suitable vector species
(usually R. appendiculatus) is present (Kazungu et al., 2015). The T. parva infection in African
Cape buffalo (Syncerus caffer), does not normally result in clinical disease as T. parva has co-
evolved with the African Cape buffalo, undergoing a “host jump” to cattle, where it causes
ECF (Nene et al., 2016a). Cattle infected with cattle-derived T. parva either recover naturally
or require treatment. These animals do not eliminate the parasite completely and therefore,
remain carriers and act a source of infection to competent tick vectors (Nene et al., 2016a). In
the case of infections with buffalo-derived T. parva isolates, not all cattle die some animals

recover fully (Mbizeni et al., 2013).
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2.3.1.1 Theileriosis diagnosis, treatment and control
Clinical symptoms are usually used to diagnose theileriosis. Other methods used to detect
theileriosis include, microscopic examination, serological tests, and molecular techniques (Gul
et al., 2015). These methods are discussed in detail in section 2.6. Diagnostic tests that are
sensitive and specific need to be conducted to identify infected cattle. For chemotherapy,
buparvaquone is the drug that is used to treat T. parva infections (Lizundia et al., 2009). The
drug needs to be administered early in infection for it to be completely effective (Nene et al.,

2016a).

2.3.1.2 Theileriosis disease syndromes

East Coast fever

East Coast fever was first recognized in Zimbabwe between 1901-02, when cattle from
Tanzania and Kenya were being imported for restocking (Gul et al., 2015). The disease was
eradicated in 1954 using compulsory dipping (Uilenberg et al., 1999); where cattle and wildlife
were in close contact, strict control of movement was implemented, quarantine measures were
observed, and infected animals were slaughtered (Oberem, 2019). East Coast fever is caused
by cattle-derived T. parva infection transmitted by adult R. appendiculatus (Olwocha et al.,
2008). It is an acute disease of cattle characterized by high fever, swelling of the lymph nodes
and dyspnea, resulting in high mortality which has greater effect on the economy (Demessie,
and Derso, 2015). Cattle may die 18-30 days after the tick has infected them (Eygelaar, 2015).
The use of acaricides, separating infected cattle from the healthy cattle, immunization, and
chemotherapy are methods widely used to control this TBD. Diagnosis is performed using
serological tests, molecular techniques, and microscopic examination of blood and lymph node

smears stained with Giemsa especially in acute cases (Demessie, and Derso, 2015).
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Corridor Disease

Corridor disease is an acute and fatal form of theileriosis that cattle acquire from asymptomatic
carrier African Cape buffalo (Eygelaar, 2015). It is caused by buffalo-derived T. parva and is
transmitted from infected buffalo to susceptible cattle by R. appendiculatus or R. zambeziensis
(Yusufmia et.al, 2010). Clinical symptoms of Corridor disease in cattle include pyrexia (fever),
anorexia (lack of appetite and associated weight loss), oedema (accumulation of fluid) in the
eyelids, and lachrymation (weeping from the eyes), corneal opacity (oedema of the cornea,
resulting in a cloudy appearance), generalised lymphadenopathy (swollen lymph nodes), and
dyspnoea (laboured breathing). Death usually occurs after 3-4 days of onset of clinical signs
(Sibeko et al., 2008). Both the buffalo and cattle-derived T. parva cause severe disease in cattle,
however the buffalo-derived parasites are usually not transmissible from the infected cattle

therefore not posing a risk to other cattle (Morrison et al., 2020).

January Disease/ Zimbabwean Theileriosis

January disease, also known as Zimbabwe theileriosis, is an acute form of theileriosis that
occurs only in Zimbabwe (Stolz, 2018). It is officially known as ‘theileriosis’ in Zimbabwe
and is a fatal form of ECF caused by cattle-derived T. parva infection transmitted by adult R.
appendiculatus (Norval, 1992). The difference from ECF is that January disease occurs
seasonally in Zimbabwe causing acute infections (Stoltsz, 2018). January disease was first
identified in 1936 (Stoltsz, 2018); it was named January disease, because it is common from
December to May but mostly common from January to March, because of the vector R.
appendiculatus nymphal and adult seasonal activity (Norval, 1992, Latif et al., 2001).
Zimbabwe theileriosis outbreaks are associated with moderate or heavy tick burden, if good
tick control is not achieved the disease may recur each year on the infected property. The

disease affects animals over the age of one year (Pegram et al., 1996).
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The most practical and widely used method for the control of theileriosis is the chemical control
of ticks with acaricides (OIE, 2018). Chemical tick control has the several limitations which
include the high costs of acaricides, lack of dipping infrastructure, lack of funding for dipping
infrastructure maintenance, inconsistent or erratic provision of acaricides, inadequate water
supply, tick resistance to acaricides and environmental pollution from acaricides (Jongejan and
Uilenberg, 1994). Regular rotation of acaricides should be practised to avoid acaricide

resistance which may give rise to TBD outbreaks.

2.3.2 Babesiosis (Red water)

Babesia bigemina is known to cause African red water, which results in morbidity and
mortality in cattle in Zimbabwe (Smeenk et al., 2000). This organism has been known to exist
in the country since the 1890s; during that period, it caused mortality in imported cattle
(Smeenk et al., 2000). During the early 1980s, serological studies were conducted and showed
that B. bigemina infections were very common in Zimbabwe, and its principal vector,
Rhipicephalus decoloratus, was found to be widely distributed in the country (Smeenk et al.,
2000). Another form of bovine babesiosis known as Asiatic red water, caused by B. bovis, also
occurs in Zimbabwe. Babesia bovis is transmitted by Rhipicephalus microplus and was
introduced into Zimbabwe from Mozambique in the mid-1970s (Latif et al., 2001).
Rhipicephalus microplus and Asiatic red water spread from the eastern border areas into the
north-eastern and central areas of Zimbabwe during the mid-1970s (Latif et al., 2001). After
the years of drought between 1981 and 1984, R. microplus disappeared from Zimbabwe due to
the unfavourable climatic conditions and interspecific competition with R. decoloratus
(Smeenk et al., 2000). However, at the turn of the 21% century it was reported that there were

antibodies reactive with B. bovis in cattle from the northeast of the country and clinical cases
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of Asiatic red water were found in the eastern, north-eastern, and north-western areas of

Zimbabwe, due to the presence of R. microplus (Smeenk et al., 2000).

2.3.2.1. Babesiosis clinical signs
Babesiosis incubation period is usually 2-3 weeks or longer after tick infestation. Shorter
incubation periods are sometimes observed (4-5 days for B. bigemina and 10-12 days for B.
bovis) (Spickler, 2019). The first clinical sign is fever (41°C), followed by inappetence, weight
loss, haemoglobinuria, anaemia, CNS involvement (B. bovis only), late term pregnant animal

may abort, bulls may undergo temporary infertility (Bock et al., 2004).

2.3.2.2 Babesiosis diagnosis, treatment and control
Clinical signs and examination of Giemsa-stained blood or organ smears have been used
initially to diagnose babesiosis (Bal et al., 2016). The detection of B. bigemina and B. bovis
organisms has also been conducted by using polymerase chain reaction (PCR)-based detection
methods that have been shown to be extremely sensitive and specific (Smeenk et al., 2000).
Babesiosis can be controlled by immunization, tick management and anti-babesial drugs are

used as a treatment to field cases during chemotherapy (Mosqueda et al., 2012).

2.3.3 Anaplasmosis (Gall sickness)

Anaplasmosis is a TBD of cattle and other ruminants, caused by the intraerythrocytic
rickettsiae of the genus Anaplasmataceae. The two species that infect cattle are A. marginale
and A. centrale (Aubry and Geale, 2011). The less virulent A. centrale has been naturally
isolated in South Africa and used as a vaccine to protect against anaplasmosis caused by the
virulent A. marginale (Lew-Tabor and Jorgensen 2005). The latter occurs in Argentina,

Australia, Israel, Malawi, South Africa, Uruguay and Zimbabwe.
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Compared to babesiosis, anaplasmosis is more widespread due to a larger number of tick
vectors present in tropical and subtropical parts of the world. The disease is transmitted by
Amblyomma variegatum, R. microplus and Rhipicephalus evertsi evertsi (Sungirai et al., 2017).
Younger animals do not show any clinical signs, while animals that are older than one year
show mortal symptoms (Whittier et al., 2005). The animals that are affected show fever (which
in later stages of disease will disappear), depression, inappetence, weight loss, pale to yellow
mucous membranes, rumen stasis constipation, pregnant animals are set to abort, and dairy
cows experience a decrease in milk production (Kumar, 2015). The animals that survive have

a recovery period of about seven months to regain their former condition states (Kumar, 2015).

2.3.3.1 Anaplasmosis diagnosis, treatment and control
The clinical symptoms of acute anaplasmosis caused by A. marginale are anaemia and
jaundice; clinical signs determine the presumptive diagnosis test. It has been observed that the
gall sickness can be easily confused with red water during its early stages. Animals that are
carriers need to be diagnosed using serological tests before the infection is introduced to the
herd (Haji et al., 2014). Gall sickness is controlled by controlling ticks and vaccination. The
active ingredients, imidocarb diproprionate or oxytetracycline are used to treat infected animals
(Price and Dolan, 1980). Animals that recover continue to be lifelong carriers of the parasite
and relapses may occur. Previously infected animals remain carriers and are likely to cause a

new outbreak in the herd as infection is not cleared by treatment.
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2.3.4 Heartwater

Heartwater is caused by the rickettsial organism Ehrlichia ruminantium, transmitted by the
ticks Amblyomma hebraeum and Amblyomma variegatum (Peter et al., 1998). Vertical
transmission of heartwater from dams to their calves through infected immune cells in the
colostrum has been demonstrated in cattle in Zimbabwe (Deem et al., 1996). The first outbreak
in Zimbabwe that is recorded happened in the 1920s, since then, heartwater has become one of
the economically most important TBD of cattle, sheep and goats in the country (Chamboko et
al., 1999). It was initially thought that heartwater was confined to the southern low veld of the
country (Norval et al., 1992), but it has since been reported to be well established on the high

veld mirroring the distribution of its Amblyomma tick vectors (Peter et al., 1998).

2.3.4.2 Heartwater diagnosis, treatment and control
Heartwater is characterised by high fever followed by depression, appetite loss, and respiratory
signs. An increase in respiratory rate may be experienced, which is soon followed by acute
respiratory distress. The respiratory symptoms of nervous illnesses are frequently followed by
abnormal behaviours, such as excessive chewing movements, lack of coordination, head tilting
upward, inflexible posture, and high-stepping stride walking (Deem, 2008; Spickler, 2015).
Diagnosis of heartwater is by demonstration of colonies of the organism in endothelial cells of
Giemsa stained brain crush smears, or through ELISA or PCR (OIE, 2009). Convulsions or a
lack of ability to stand is possible in several animals. The animal normally dies after
experiencing these anxious symptoms for no more than 24 to 48 hours. Tetracyclines may be
used to treat heartwater when administered during the early stages of the disease; sulfonamides

may also be used but are less effective; however, treated animals remain carriers of the disease
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(Spickler, 2015). Heartwater can be controlled by tick control and immunization (Spickler,

2015).

2.4 Impact of tick-borne diseases

Theileriosis, ehrlichiosis, babesiosis, and anaplasmosis are widely distributed throughout
Zimbabwe, these TBD directly affect cattle productivity in the country. The cost of tick control
and treatment of TBD has a huge negative financial impact on farmers (George et al., 2015;
Gul et al., 2015; Njiiri et al., 2015). Tick-borne diseases cause economic loss due to high
mortality, decreased production of meat, milk, and other livestock by-products which affects
livelihoods (George et al., 2015; Njiiri et al., 2015) as there is a reduction on family income in
livestock dependent communities (Bilgi¢c and Karageng, 2018). The TBD also prevent the
stocking of exotic breeds in communal areas as these are very susceptible and succumb to TBH
infections (Musemwa et al., 2008). In Zimambwe, TBH infections are responsible for more
than 60% of cattle mortalities (Sungirai et al., 2015) while also causing morbidity (e.g.,

anorexia jaundice and anaemia) and abortions in pregnant animals.

2.5 Control of tick-borne diseases

2.5.1 Tick control by dipping

In Zimbabwe a policy of compulsory dipping of cattle with acaricides was introduced in 1914,
to control the vector ticks. This measure was introduced for the control of ECF (Gul et al.,
2015). Compulsory dipping was very effective in controlling ECF and eradicating the disease
by 1954 (Perry, 2016). Compulsory dipping also resulted in the control of other TBD such as
redwater, heartwater, Corridor disease and gallsickness in the country (Norval, 1992). The
strategy for tick and TBD control was changed from intensive dipping to integrated tick and

tick-borne disease control, which included the eventual attainment of endemic stability to these
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diseases through immunisation coupled with strategic seasonal tick control in the mid-1990s
(Madzima and Mutugi, 1996). Subsequently, there was a lapse in the government-run dipping
programme as a result of economic hardship faced by the country from 1998 to date
(Manyenyeka, 2021). Due to the increase in cattle mortalities caused by TBD recently, the
Zimbabwean government has taken a central role in tick control programmes by introducing
compulsory short interval dipping especially in communal areas (Sungiria et al., 2015).
Farmers are required to pay a fee of USD$2 per animal annually to purchase the supply of
acaricides as part of the government-initiated programmes (Sungiria et al., 2015). Most farmers
cannot afford to pay this price and do not take their cattle for dipping, hence the country is

experiencing outbreaks.

Marcellino et al. (2015) highlighted the importance of acaricide usage to control ticks. They
also detailed the shortcomings of this method preventing reliance on it as a single control
measure such as: financial unsustainability, the rapid development of acaricide resistance by
ticks, and increasing public health and environmental safety concerns. Due to the stated
limitations of acaricide usage, it is important to consider other control measures such as

vaccination and chemotherapy (Mukhebi et al., 1999).

2.5.2 Vaccination

For the control of ECF in Southern Africa, excluding South Africa where ECF has been
eradicated and vaccination is not practiced, an infection treatment method (ITM) is performed
using live sporozoites for immunization against T. parva infections (Sibeko, 2010). In parts of
eastern Africa, a composite ITM vaccine, the Muguga cocktail is used (Bishop et al., 2001).
Heterologous immunity cannot be achieved for T. parva strains from different geographic sites

(Nambota, 1994), thus the use of the Muguga cocktail may not be beneficial in Zimbabwe. Efforts
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to characterise local T. parva strains in the country resulted in the identification of the Boleni
T. parva stock, which has been used in Zimbabwe to immunize cattle without the use of
tetracycline on a commercial basis (Perry, 2016). The Boleni vaccine and immunisation
programme against bovine theileriosis were discontinued in the early 2000s in Zimbabwe, due
to challenges with the standardization of the vaccine (Latif & Hove, 2011; Lawrence &

Waniwa, 2020).

A bivalent chilled babesiosis vaccine is used to control babesiosis in other countries (de Waal
and Combrink, 2006). The challenges with the production of this vaccine include high
production cost, long ordering process that needs to be done well in advance and the need for
cold chain distribution network which is a huge challenge for the distribution of the vaccine
especially in rural areas. To overcome these challenges a deep-frozen vaccine needs to be

produced (de Waal and Combrink, 2006).

No vaccines have been commercially developed against anaplasmosis in Zimbabwe. Live A.
central vaccines have been imported from South Africa and Australia and are used in pen and
field trials against A. marginale infection. These vaccines have been shown to provide, modest
to poor protection in pen trials and adequate protection in field trials (Turton et al., 1998).
Another vaccine developed from outer membrane proteins of the Virginia strain of A.
marginale was reported to induce significant protection against field strains of anaplasmosis in
cattle in Zimbabwe. Despite these promising results, there has been no commercial

development of a local A. marginale vaccine for the protection of cattle in the country.

To overcome the effects of live blood vaccines of E. ruminantium, a beta-propiolactone-

inactivated vaccine was developed in Zimbabwe. This inactivated vaccine prepared from the
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Mbizi strain of E. ruminantium was tested and shown to be adequately protective against
homologous field strains by reducing mortality in cattle, sheep and goats (Mahan et al., 2001).
Despite these promising results, and the advantage that the vaccine did not require concurrent
antibiotic treatment, it did not undergo further development or commercialisation in the

country.

The development of recombinant vaccines for TBD has resulted in several challenges, with the
use of live attenuated vaccines proving to be more effective (Bhowmick, et al., 2020).
Recombinant vaccines have however not been developed for control of TBD in Zimbabwe and
importing vaccines from other regions may not be beneficial as they provide low

immunogenicity, which necessitates repeated vaccinations.

2.5.3 Chemotherapy

During the early attempts in chemotherapy, tetracyclines were used however they supressed
the schizogony in cattle which is useful in the ITM method of control (Tembo, 2012).
Hydroxynaphthoguinone menoctone was the first compound that was effective in treating
recurring ECF; however, this compound was difficult to manufacture, expensive and toxic
(Kipronoh, 2009). Therefore, simpler compounds were produced, namely parvaguone
marketed as Clexon™ and buparvaquone marketed as Butalex™. The latter compound was
more effective at lower dosages than parvaquone. Halofuginone lactate (Terit™) can also be

used for the treatment of ECF in cattle (Kipronoh, 2009).

For the short-term control and prevention of babesiosis in cattle, imidocarb and diminazene are
used. Imidocarb may affect the development of immunity after vaccination due to the residual

effect of the drug causing the infection to be suppressed or eliminated (Tembo, 2012).
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Imidocarb provides protection for babesiosis for about four weeks and eliminates B. bovis and

B. bigemina from carrier animals (Demessie and Derso, 2015).

For acute and chronic anaplasmosis and heartwater, tetracyclines which include
chlortetracycline, oxytetracycline and doxycycline are commonly used. Tetracyclines work by
inhibiting the multiplication of rickettsia in blood cells (Tembo, 2012). These antibiotics are
effective during the early stages of heartwater (OIE, 2009). Imidocarb dipropionate is also used

to effectively treat A. marginale infection in cattle (Doyle et al., 2016).

Chemotherapy is an effective means of controlling TBD and the impact they have on infected
livestock; however, there is a risk of resistance from over usage of chemotherapeutic agents,

which may be toxic and even kill the animal.

2.6 Methods of diagnosis of tick-borne diseases

Haemoparasites can be diagnosed by detection of the parasites in blood or tissues (lymph node,
liver, spleen, brain, Kidney, heart muscle) using the light microscopy (LM), molecular
techniques, serology or animal inoculation experiments (Happi et al., 2020). In Zimbabwe

farmers diagnose their cattle using clinical and post-mortem signs (Manyenyeka et al., 2021).

2.6.1 Microscopic detection

The microscopic detection of TBH on Giemsa-stained blood or tissue smears is the most
frequently and widely used method to detect haemoparasites as it is quick and cheap. This
method however can yield false negative or false positive results due to the low level of
parasitaemia in carrier animals, and therefore requires operation by skilled personnel.

Additionally, the species or genotype of TBH cannot be determined morphologically (Happi
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et al., 2020). This method is simple, doesn’t require maintenance of expensive equipment

(Happi et al., 2020) and is still widely used to detect TBH in Zimbabwe.

2.6.2 Serological tests

Serological tests are used for the detection of antibodies or antigens in samples. The most
important serological tests are; complement fixation test (CFT), indirect fluorescent antibody
technique (IFAT) and enzyme-linked immunosorbent assay (ELISA) (Salih et al., 2015). The
CFT shows high antibody titres during the active phase of a disease and low titre in carrier
animals and has possibilities of giving false negative results (Eshetu, 2015). This method also
lacks sensitivity and fails to detect a significant proportion of carrier cattle (Sibeko et al., 2008).
Serological tests have the major shortcomings including, inability to detect current infection,
poor specificity, cross-reactions especially in mixed parasitic infections, low sample
throughput and subjectivity in cases of large samples (Eshetu, 2015). These methods are time

consuming, and they are also lack sensitivity and specificity (Sibeko et al., 2008).

2.6.3 Molecular detection methods

Traditionally, observation for clinical signs and microscopic analysis of blood and/or tissue
smears are more common in the early and late phases of infection however, these are less
sensitive than molecular methods. Recent methods used for TBH diagnosis are based on
molecular assays, particularly PCR and include PCR coupled with oligonucleotide probes and
gPCR (Kong and Gilbert, 2006). PCR assay is more specific and sensitive which allows direct
confirmation of infection and detection of multiple organisms in a single assay and it takes less

time to perform.
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Improvements made to PCR includes detection of multiple TBH infections with multiplex
PCR. The RLB hybridization assay is used to differentiate between the different species of
TBH. The PCR-restriction fragment polymorphism (PCR-RFLP) and real-time PCR are

sensitive and specific, and takes less time to perform.

The multiplex PCR uses several primer sets in a single PCR reaction, based on the number of
parasites species that should be detected; this tends to restrict the efficiency and sensitivity of
specific assays (Lew-Tabor and Jorgensen, 2005). Other methods, such as PCR-RFLP, applies
restriction enzyme digestion analysis following PCR amplification, to identify specific species
(Chaisi, et al, 2011). Methods in which PCR is coupled with oligonucleotide probes, such as
the Reverse line blot hybridization (RLB), primers are designed to target the conserved
sequence of the target gene for PCR amplification and the oligonucleotide probes target the
variable region for specific detection of parasite species. The RLB is known to rely on the
initial amplification of 18S and/or 16S rDNA conserved regions followed by hybridisation of
the PCR product to a membrane with covalently linked species-specific oligonucleotides (Lew-
Tabor and Jorgensen, 2005). It has been proven to be the best method to detect a broad range
of important TBH infecting cattle including Theileria spp. and three Babesia spp. (Sparagano
et al., 2000); five Anaplasma spp. and three Ehrlichia spp. (Bekker et al., 2002). Hence, this is
the method that will be used to detect TBH in the current study. The use of RLB for detection
of T. parva infections has shown sensitivity equitable to that obtained with individual PCRs
(Lew-Tabor and Jorgensen, 2005). In addition, to detect T. parva DNA, both in cattle and
buffalo, a real-time PCR test is used because of its high sensitivity, detecting parasitaemia as
low as 8.79 x 10* in carrier animals, high specificity and it takes less time to perform (Sibeko
et al., 2008). Together with the RLB assay, the real-time PCR test will be used specifically to

detect T. parva infections in the current study.
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2.7 Molecular characterization of Theileria parva

Several genes have been studied to investigate discriminatory sequences that differentiate
between T. parva isolates (Sibeko et al., 2008). The p67 gene was used for discrimination of
T. parva parasites causing ECF and Corridor disease. The gene showed no deletion in the
buffalo-derived isolates (allele type 2) from East Africa but showed 129 bp deletions (allele
type 1) in the central region in cattle-derived T. parva isolates associated with ECF (Nene et
al., 1996). Collins (1997) also discovered the two allele types in buffalo in South Africa causing
classical Corridor disease in cattle, also had the deletion in p67 gene, casting doubt on the use
of the p67 gene to differentiate between ECF and Corridor disease. Four allele types of the p67
gene were later reported in Southern Africa through amplification and sequencing of the p67
gene. These were identified as, the two allele types (allele type 1 and 2) first reported in East
Africa and two other novel alleles with similar sequences (allele type 4 had no deletions but
was similar to allele type 3 which had 174bp deletions) but different from the East African

strains (Sibeko et al. 2010).

Recently, Mukolwe et al. (2020) detected a subtype of p67 allele type 1 associated with T.
parva parasites transmissible from buffalo to cattle in southern Africa, with sequence variations
that differentiates against the same allele in ECF and Corridor disease isolates from East Africa.
These studies prove the importance of the p67 gene in the epidemiology of T. parva, however
this gene has not been characterised in outbreaks causing severe cattle mortalities in Zimbabwe.
The present study therefore sought to characterise T. parva strains circulating in the cattle

population in the study areas in Zimbabwe.

25



2.8 Summary

The recent cattle mortalities especially in Mashonaland East Province of Zimbabwe were
thought to be caused by several TBD outbreaks and associated with lack of vector control
measures (Manyenyeka et al., 2021). It is important to identify the TBD responsible for these
outbreaks so that effective surveillance, control and preventative measures may be applied to
prevent future cattle losses. Theileria parva has been implicated as a leading cause of cattle
mortalities in these outbreaks. However, in Mashonaland East Province the parasite has not
been detected by molecular tools, which are more specific, sensitive and can differentiate
various Theileria species infecting cattle. Furthermore, the T. parva strain causing the outbreak
has not been characterised. Characterising the local field strains with genes encoding antigenic
proteins is crucial for disease control, especially immunization with live vaccine using ITM.
The aim of the current study was to provide baseline data about TBH occurring in cattle in the
study areas (Goromonzi and Seke districts) in Zimbabwe and to characterise T. parva to have

insight on the strains responsible for theileriosis in these regions.
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CHAPTER 3

3. MATERIALS AND METHODS

3.1 Ethical clearance

The research approval according to Section 20 of the Animal Diseases Act (35 of 1984),
together with the Veterinary import permit for import of blood/DNA samples from Zimbabwe
to the Department of Tropical Diseases, at the Faculty of Veterinary Science, University of
Pretoria, South Africa, were obtained from the Department of Agriculture, Land Reform and
Rural Development of South Africa (Appendix 1&2). Ethical clearance for the study was
obtained from the Faculty of Veterinary Science Research and Animal Ethics Committees

(Reference Number: REC058-20) of the University of Pretoria (Appendix 3&4).

3.2 Study area

The samples used in the study were collected from the Goromonzi and Seke Districts which
fall under Mashonaland East Province in Zimbabwe. These districts are known to be hotspots
of infection with tick-borne haemoparasites (TBH). There are two game parks which are known
to have buffalo; Imire Game Park in Marondera, which is approximately 115 km away from
each study area and Bally Vaughan Game Park which is approximately 84 km away from each
of the study areas. The cattle population in Mashonaland East is estimated to be about 600 000
(ZSRCLAR, 2020) and the most preferred cattle breeds are Mashona, Tuli, Nkone, Brahman
and Afrikaner (Gororo et al., 2017). Blood sample collection from cattle was done in two sites,
namely Goromonzi communal area in Goromonzi District, and Seke communal area in Seke
District (Figure 1) Mahawusekwa falls under Goromonzi District however, due to the new

demarcations it falls outside of the district.
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Figure 1: Map indicating the sampling sites (Goromonzi and Seke districts) in Mashonaland East Province in Zimbabwe (Chinyoka, 2022).
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Goromonzi is located 32 kilometres southeast of Harare with the following GPS coordinates
17° 51' 30" South and 31° 22' 56" East. It has an altitude of 1300 to 1550m above sea level
(asl) and it falls under the Natural Region 2 (Mudimu, 1999), with a human population of about
223 879 (ZNSA National Census Report, 2012). The area/region has two major seasons, the
summer (October-March) which is wet and hot, and winter (April -September) which is dry
and cold. The average temperatures vary between 15-20°C, with annual rainfall between 800-
1000 millimetres (Mudimu, 1999). Soils vary from pale sandy soils to deep red soils.
Goromonzi has mixed farming with large communal areas and some medium-scale and large-
scale commercial farming (Chambati, 2013). The main economic activity is agriculture
involving major farming activities which are crop cultivation; livestock rearing; vegetable and

dairy production (Chambati, 2013).

Seke communal areas are located 41 kilometres south of Harare (18° 06' 00" South, and 31°
10" 00™) East (Mugandani et al., 2012) at an altitude of 1455 meters asl. This district lies in the
Natural Region 2 with an annual rainfall between 750 -1 000 millilitres (Mugandani et al.,
2012). This area has a population of 223 879 people (ZNSA National Census Report, 2012).
The temperature ranges between 22 and 30°C (Mugandani et al., 2012). The wet and hot season
stretches from November to March/April, the cool dry season stretches from May to September
(Mudimu, 1999). Sandy nutrient rich soils are characteristic of this area which is suitable for
intensive farming, based on maize, tobacco, cotton and livestock (Mudimu, 1999). Seke is
known for communal farming with livestock, horticulture and cash crop as the main economic

activities (Mukamuri, 2009).
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3.3 Sample size and collection strategy

Stratified random sampling was used to select cattle from districts, which were the main strata,
and dip tanks, which were the substrata. There are 35 registered government community dip
tanks in Seke District and 32 dip tanks in Goromonzi District. The dip tanks were selected
based on accessibility to the area, the presence of a handling facility and the community’s
willingness to participate in the related study. Sample size was calculated using the Cochran

formula shown below:

_Z*p(1-p)
"TTar

Where n is the sample size (300), Z is the critical value (1.96), d is the margin of error (0.05)
and p is the sample proportion (60%). The desired number of samples was 300, however, only
264 cattle were sampled due to logistical difficulties and the absence of handling facilities at
some locations. The 264 blood samples consisted of 135 samples from Goromonzi and 122
from Seke communal areas. Information on the owner, and well as the age and sex of each

animal sampled was captured for each study site.

Whole blood samples were collected by coccygeal venepuncture from cattle restrained in a
crush pen or race, as described by Marufu et al. (2010). About 5 ml of blood was collected into
EDTA vacutainer tubes and the tubes were stored at 4°C. Samples were transported to the
Central Veterinary Laboratory in Harare for further processing. Each sample was spotted on to
a Flinders Technology Associates (FTA) card and labelled with the animal information taken
from the blood tube before airdrying. The FTA cards containing the dried blood spots were
placed inside a ziplock plastic sleeve to secure the content. The ziplock plastic sleeves were
prepared for export to the Department of Veterinary Tropical Diseases of the University of

Pretoria, South Africa, by placing them inside an IATA-approved envelope, which was
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subsequently placed in a courier container with both the sender and the receiver’s addresses,

completing the tri-layer packaging requirement for bio-hazardous samples.

3.4 DNA Extraction

DNA was extracted from dried FTA card blood spots using the PureLink® Genomic DNA Kit
(Invitrogen by life technologies) according to the manufacturer’s extraction protocol. Small
pieces (three millimeters in length) of filter paper with cattle blood were cut out using a sterile
sharp blade and placed into a 1.5 ml microcentrifuge tube. The PureLink® Genomic Digestion
Buffer (180 ul) and 20 pl Proteinase K were added, and the samples were incubated at 56 °C
for 30 minutes (min) followed by centrifugation at 14000 rpm for 3 minutes at room
temperature. The sample lysate was then transferred to a clean microcentrifuge tube and 20 pl
of RNase A was added, mixed well by vortexing and incubated at room temperature for 2
minutes. The DNA was precipitated by adding 200 ul of 96-100 % ethanol and 200 pl
Lysis/Binding Buffer, mixed well by vortexing and centrifuged at 14000 rpm for 3 minutes.
The lysate (~640 pl) was then added to the PureLink® Spin column and centrifuged at 14000
rpm for 1 minute at room temperature. The spin column was transferred into a clean PureLink®
collection tube and 500 pl of Wash Buffer 1 was added before centrifuging at room
temperature, at 14000 rpm for 1 minute. The spin column was transferred into another clean
PureLink® collection tube and 500 pl of Wash Buffer 2 was then added to the column and
centrifuged at 14000 for 3 minutes at room temperature. Finally, the spin column was placed
in a sterile 1.5 ml microcentrifuge tube and 100 pl of PureLink® Genomic Elution Buffer was
added to the column and incubated at room temperature for 1 minute. The column was then
centrifuged at 14000 rpm for 1 minute at room temperature to elute the extracted DNA. The

tube containing purified genomic DNA was stored at 4 °C until further analysis.
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3.5 Screening for haemoparasite infections using reverse-line blot-PCR hybridization
assay

3.5.1 PCR amplification

For the simultaneous detection of haemoparasites, the RLB hybridization assay was used as
described by (Gubbels et al., 1999 and Chaisi et al., 2011) to test 264 DNA samples. For
detection of Theileria and Babesia species, the V4 hypervariable region of the 18S rRNA was
amplified using the Theileria and Babesia genus-specific forward primer RLB-F2 (5-GAC
ACA GGG AGG TAG TGA CAA G-3') and reverse primer RLB-R2 (biotin-5-CTA AGA
ATT TCA CCT CTG ACA GT-3"). The hypervariable V1 region of the 16S rRNA gene was
amplified using Anaplasma and Ehrlichia genus-specific primers, Ehr-F (5'-GGA ATT CAG
AGT TGG ATC MTG GYT CAG-3’) (Schouls, et al., 1999) and biotin-labelled reverse primer
Ehr-R (5'-Biotin-CGG GAT CCC GAG TTT GCC GGG ACT TYT TCT-3') (Bekker, et al.,
2002). The 25 ul PCR reaction mixture consisted of 12.5 ul of Platinum® Multiplex Master
Mix (Invitrogen, The Scientific Group, South Africa), 0.5 pl (10 uM) of each primer and 2.5
pl of DNA and 9 pl water. The gradient PCR program used was previously described by
(Nijhof et al., 2003). The program included initial denaturing (to unwind the double-stranded
template DNA into single strands) for 10 minutes at 94 °C; 10 cycles of denaturing at 94 °C
for 20 sec, primer annealing at 67 °C for 30 sec, and product extension at 72 °C for 30 sec. The
annealing temperature was dropped by 2 °C after every second cycle from 67 °C to 57 °C,
followed by 40 cycles of 94 °C for 20 sec, 57 °C for 30 sec, and 72 °C for 30 sec were

performed, and one cycle of final extension at 72 °C for 7 minutes.

3.5.2 Preparation of the reverse-line blot membrane
The Biodyne C (nylon) blotting membrane (Pall Biosupport, Ann Arbor, USA) was activated
by incubation in 10 ml of 1-Ethyl-3-(3-dimethyl-animo-propyl) carbodiimide (EDAC) (16%)
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(Sigma—Aldrich, South Africa) at room temperature (20 - 25 °C) for 10 minutes. Distilled water
was then used to wash the membrane for 2 minutes, then the membrane was placed in the
MNA45 mini blotter (Immunetics, Cambridge, UK). The genus and species-specific probes
(Table 1) were covalently linked to the membrane by an incubation period of 1 minute at room
temperature. The membrane was inactivated with 100 ml of NaOH (100 mM) for 10 minutes
at room temperature. The inactivated membrane was washed with 2x SSPE containing 0.5 %
sodium dodecyl sulphate (SDS). The membrane was then stored in 20 mM EDTA, pH 8, at 4

°C until use.
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Table 1: Sequences of genus and species-specific oligonucleotide probes used for the RLB

hybridization assay.

Target Species

Probe Sequence (5'—37) *

Reference

Anaplasma bovis GTA GCT TGC TAT GRG AAC A | Bekker et al., 2002
Anaplasma centrale TCG AAC GGA CCATACGC Georges et al., 2001
Anaplasma marginale GAC CGT ATACGCAGCTTG Bekker et al., 2002

Anaplasma phagocytophilum

TTG CTA TAA AGA ATA ATT

AGT GG

Schouls et al., 1999

Anaplasma sp. (Omatjenne)

CGG ATT TTT ATC ATA GCT

TGC

Bekker et al., 2002

Babesia genus-specific

probe 1 (“B catch-all 17)

ATT AGA GTG TTT CAA GCA

GAC

Nijhof (unpublished)

Babesia genus-specific

probe 2 (“B catch-all 2)

ACT AGA GTG TTT CAA ACA

GGC

Nijhof (unpublished)

Babesia bicornis

TTG GTAAAT CGCCTT GGT C

Nijhof et al., 2003

Babesia bigemina

CGTTTTTTCCCTTTT GTT GG

Gubbels et al., 1999

Babesia bovis

CAG GTT TCG CCT GTA TAA

TTG AG

Gubbels et al., 1999

Babesia caballi

GTG TTT ATC GCA GAC TTT

Butler et al., 2008

TGT
Babesia canis TGC GTT GACCGT TTG AC Matjila et al., 2004
Babesia divergens ACT RAT GTC GAG ATT GCA C | Nijhof et al., 2003

Babesia felis

TTA TGC GTT TTC CGA CTG

GC

Bosman et al., 2007
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Babesia gibsoni CATCCCTCT GGTTAATTT G | Bosman et al., 2007

Babesia occultans CCT CTT TTG GCC CAT CTC | Heetal.,, 2011
GTC

Babesia leo ATCTTGTTGCTT GCAGCTT | Bosman et al., 2007

Babesia lengau CTCCTG ATAGCATTC Bosman et al., 2010

Babesia major TCCGACTTT GGT TGG TGT Georges et al., 2001

Babesia microti

GRC TTG GCA TCW TCT GGA

Nijhof et al., 2003

Babesia sp. (sable) GCTGCATTGCCTTTT CTC C | QOosthuizen et al.,
2008

Babesia rossi CGGTTTGTTGCCTTT GTG Matjila et al. 2004

Babesia vogeli AGC GTGTTCGAGTTT GCC Matjila et al., 2004

Ehrlichia/Anaplasma  group-

specific probe (“E/A catch-all”)

GGG GGA AAG ATT TAT CGC

TA

Bekker et al., 2002

Ehrlichia canis

TCT GGC TAT AGG AAA TTG

TTA

Schouls et al., 1999

Ehrlichia chaffeensis

ACC TTT TGG TTA TAA ATA

ATTGTT

Schouls et al., 1999

Ehrlichia ruminantium

AGT ATC TGT TAG TGG CAG

Bekker et al., 2002

Theileria/Babesia group-

specific probe (“T/B catch-all”)

TAA TGG TTA ATA GGA RCR

GTTG

Gubbels et al., 1999

Theileria genus-specific probe

(“T catch-all”)

ATT AGA GTG CTC AAA GCA

GGC

Nijhof (unpublished)

Theileria annae

CCG AAC GTA ATT TTA TTG

ATTTG

Matjila et al., 2008
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Theileria annulata

CCT CTG GGG TCT GTG CA

Georges et al., 2001

Theileria bicornis

GCGTTGTGGCTTTTTTCT G

Nijhof et al., 2003

Theileria buffeli

GGC TTA TTT CGG WTT GAT

TTT

Gubbels et al., 1999

Theileria equi

TTCGTT GAC TGC GYT TGG

Butler et al., 2008

Theileria lestoquardi

CTTGTGTCCCTCCGG G

Nagore et al., 2004

Theileria sp. (buffalo)

CAGACGGAGTTTACTTTGT

Oura et al., 2003

Theileria sp. (kudu)

CTG CAT TGT TTC TTT CCT

CGT

Nijhof et al., 2005

Theileria mutans

CTT GCG TCT CCG AAT GTT

Gubbels et al., 1999

Theileria ovis

TTT TGC TCC TTT ACG AGT

CTTTGC

Bekker et al., 2002

Theileria parva

GGACGG AGT TCGCTT TG

Nijhof et al., 2003

Theileria sp.(sable)

GCTGCATTGCCTTTTCTCC

Nijhof et al., 2005

Theileria separata

GGT CGT GGT TTT CCT CGT

Schnittger et al.,,

2004

Theileria taurotragi

TCTTGG CACGTGGCTTTT

Gubbels et al., 1999

Theileria velifera

CCTATTCTCCTTTACGAGT

Gubbels et al., 1999

* Degenerated positions are shown by the letters R = A/G, W = A/T,Y =C/T
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3.5.3 Hybridization of PCR products onto the oligonucleotide probe-linked membrane

The oligonucleotide probe-linked nylon membrane was placed in a plastic container with 50
ml 2 x SSPE / 0.1 % and incubated for five minutes at room temperature under gentle shaking
to prepare the membrane for hybridization. About 30 pl of PCR product was diluted in 130pul
2 X SSPE /0.1 % SDS buffer. The diluted PCR products were then denatured at 99.9 °C for 10
minutes in a thermal cycler and immediately cooled on ice. The membrane was placed in the
miniblotter with slots perpendicular to the line pattern of applied probes and the residual fluid
removed by vacuum aspiration. The miniblotter slots were then filled with 146 pul; the first slot
with 2 X SSPE/0.1 % SDS buffer, second slot with the positive control (DNA of E.
ruminantium and B. bigemina), the third slot with the negative control and the rest with the
diluted PCR product according to the sample list. Hybridization was achieved by placing the
miniblotter in an incubator on a horizontal surface at 42 °C for 60 minutes. The diluted PCR
product was then removed by aspiration, thereafter the membrane was removed from the
blotter. The membrane was washed twice in preheated 2 X SSPE/0.5% SDS for 10 minutes at
50 °C, in an incubator with a shaking platform to allow gentle shaking. The 2 X SSPE/0.5 %
SDS was discarded after each wash. The membrane was then incubated with pre-heated 10 ml
2 X SSPE/0.5% SDS and 12.5 ul peroxidase labelled streptavidin-POD conjugate (1.25 U)
(Roche diagnostics, South Africa) for 30 minutes at 42 °C under gentle shaking. The solution
was discarded before washing the membrane twice in preheated 2 X SSPE/0.5% SDS for 10
minutes in a 42 °C incubator under gentle shaking. The 2X SSPE/0.5% SDS was discarded
after each wash. The membrane was then washed twice with 2X SSPE for 5 minutes at room
temperature under gentle shaking and 2X SSPE was discarded after each wash. 6 ml of
enhanced chemiluminiscence (ECL) (Separation Scientific, South Africa) was added to the
membrane and the container placed on a shaker for gentle mixing at room temperature for one

minute, to keep the membrane covered with ECL.
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3.5.4 X-ray analysis

For X-ray analysis, the membrane was removed from the ECL solution and placed between the
two clean overhead sheets. Air bubbles were removed by gently pressing out extra fluids to the
side of the membrane. In the darkroom, the X-ray film was placed on the overhead sheets in
the X-ray cassette and closed properly then exposed for 20 seconds. The X-ray was then
developed and fixed by washing in developing and fixer solutions, respectively. The film was
air-dried then placed on a grid corresponding to each sample slot, which was in correlation
with the oligonucleotide probes. This was done to detect the hybridized PCR products that were

visible by chemiluminescence.

3.5.5 Stripping of oligonucleotide/probe membrane

To strip the membrane of PCR products and other chemicals after use, it was washed twice in
preheated 1% SDS for 30 minutes at 80 °C under gentle shaking and then once with ~50 ml
(20 mM) EDTA at room temperature for 15 minutes under gentle shaking. The stripped

membrane was then stored in ~50 ml (20 mM) EDTA, pH 8 at a 4 °C in a plastic container.

3.6 Specific detection of Theileria parva by real-time Polymerase Chain Reaction

The T. parva-specific hybridization probe real-time PCR assay (Sibeko et al., 2008) was
conducted to detect T. parva DNA with high sensitivity. This assay targets the V4 variable
region of the 18S rRNA gene, using the T. parva-specific forward [5-CTG CAT CGC TGT
GTC CCT T-37] and Theileria genus reverse [5-ACC AAC AAA ATA GAA CCA AAG TC-
3'] primer set to amplify a 230 bp product. The specific detection of T. parva amplicon was
accomplished with a pair of hybridization probes, T. parva anchor: 5-GGG TCT CTG CAT

GTG GCT TAT-FL / T. parva sensor: 5'-LCRed640-TCG GAC GGA GTT CGC T—PH and
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Theileria genus anchor: 5-AGA AAA TTA GAG TGC TCA AAG CAG GCT TT-FL /
Theileria genus sensor: 5°-LCRed705-GCC TTG AAT AGT TTA GCA TGG AAT—PH
(Sibeko et al. 2008). The DNA isolated from an in vitro cultured T. parva Muguga strain was

used as a positive control.

The amplification mixture consisted of 4 pl of 10 X LightCycler-FastStart DNA Master™!s
Hybridization Probe mix (Roche Diagnostics, Mannheim, Germany), 0.5 uM of each primer,
0.1 uM of each hybridization probe, (Ingaba Biotechnical Industries, Pretoria, South Africa)
and 2.5 ul of template DNA in a final volume of 20 pl. The amplification was done using a
programme that included 45 cycles, each constituting denaturing at 95 °C for 10 sec, annealing
of primers at 58 °C for 10 sec, and the extension of the product at 72 °C for 15 sec. For specific
detection of T. parva amplicons the melting curve analysis was performed, which involves
increasing the temperature from 40 °C to 95 °C at a heating rate of 0.2 °C/sec. The fluorescence

values were then measured at 640 nm for T. parva and 705 nm for all Theileria species.

3.7 Characterization of T. parva

3.7.1 Amplification of the p67 gene

For characterization of T. parva isolates occurring in samples under investigation, part of the
p67 gene, encompassing the epitope regions was amplified using a published primer set p67
forward primer IL 613 (ACAAACAC AATCCCAAGTTC) and p67 reverse primer IL 792
(CCTTTACTACGTTGGCG) (Nene et al., 1996). This p67 gene region was amplified in a
reaction that consisted of 12.5 pl of the 2x Phusion™ Flash High-Fidelity PCR Master Mix
(ThermoFisher Scientific™, Waltham MA, USA), 0.2 uM forward primer and 0.2 uM reverse
primer. The total volume of the PCR reaction was 25 pl including 2.5 pl of DNA. The PCR

conditions included initial denaturation at 98 °C for 10 sec, followed by 35 cycles of 98 °C for
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1 sec, 57 °C for 5 sec and 72 °C for 15 sec, followed by a final extension step at 72 °C for 1
minute. The amplicons were visualised by 2% agarose gel electrophoresis. The PCR products
were loaded into wells and separated by electrophoresis at 120V for 30 minutes. A 100 bp
DNA ladder was added to every gel for fragment size determination. The gel was visualized
under UV light.

For samples with low parasitaemia, 5 pl of the PCR product was used as a template for re-
amplification using the same PCR protocol as above, with the number of amplification cycles
reduced from 35 to 20. The PCR products were analyzed by gel electrophoresis as described

above.

3.7.2 p67 gene amplicons sequencing and sequence analysis.

The p67 PCR product was sent to INQABA Biotechnologies, Pretoria, South Africa for
sequencing. Bidirectional sequencing was performed using POP-7™ (ThermoFisher
Scientific™, Waltham MA, USA) an ABI 3500XL Genetic Analyzer (Applied Biosystems,
Foster City, USA). The evaluation of sequences’ quality, and the assembly were done using
the Staden package 2.0 (Staden et al., 2000). The Pregap analysis was performed to prepare
the forward and reverse sequences for quality evaluation and assembly in Gap. The generated
*.aux file was analysed in Gap to generate a contig or consensus sequence. The reverse and
forward sequences were examined for any nucleotide base disagreements or discrepancies,
which were verified by inspecting the chromatograms. The consensus sequences were edited
accordingly, as necessary, and saved as a fasta file.

The fasta files were used to confirm the sequence identity in Basic Local Alignment Search
Tool (BLAST) (Atschul et al., 1990), in the National Center for Biotechnology

Information (NCBI) GenBank. Theileria parva p67 reference sequences were downloaded
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from GenBank for comparison with sequences generated in the current study in a multiple
sequence alignment. The reference sequences (Table: 2) included sequences representing the
p67 allele 1 from cattle-associated T. parva parasites from the Muguga (accession number:
M67476) and Katete isolates (accession number: MG952926), and sequences representing the
p67 allele 1 from buffalo-associated parasites from KNP_MN_C81 3 (Mukolwe et al., 2020),
KNP_MN_C89 2 (accession number MT199346), and KNP_MN_C108 6 (Mukolwe et al.,
2020). The multiple sequence alignment was generated using MAFFT version7 (Katoh, et al.,
2013). The alignment was edited using BioEdit version 7.2 (Hall, 1999) to ensure that the
sequences are the same length and run in the same orientation. The edited alignment was used
to infer the evolutionary relationships of taxa using the Neighbor-Joining method (Saitou and
Nei 1987). The evolutionary distances were computed using the Maximum Composite
Likelihood method (Tamura et al., 2004). Codon positions included were
1st+2nd+3rd+Noncoding. All ambiguous positions were removed for each sequence pair
(pairwise deletion option). The phylogenetic tree was constructed in MEGA 11 (Tamura, et al.,

2021), using 1000 bootstrap replicates.
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Table 2: p67 gene reference sequences from T. parva parasites

Names of reference | Accession (Cattle- or | Corresponding | Reference
sequences number Buffalo- p67 allele.

derived
Muguga M67474 Cattle Allele 1 Nene et al., 1992
Katete MG952926 Cattle Allele 1 Mkhize, 2019
KNP_MN_C81 3 Buffalo Allele 1 Mukolwe et al. 2020
KNP_MN_C89 2 | MT199346 Buffalo Allele 1 Mukolwe et al. 2020
KNP_MN_C108_ Buffalo Allele 1 Mukolwe et al. 2020
6
7014 U40703 Buffalo Allele 2 Nene et al.,1996
ILRI-4 KY912965 Cattle, Buffalo | Allele 2 Sittetal., 2019
KNP102-9 JX442247 Buffalo Allele 3 Sibeko et al., 2010
KNPW8-35 JX442249 Buffalo Allele 3 Sibeko et al., 2010
KNP102-26 JX442250 Buffalo Allele 4 Sibeko et al., 2010
KNPW8-48 JX442251 Buffalo Allele 4 Sibeko et al., 2010
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3.8 Statistical analysis

Descriptive statistics were conducted to determine the frequency (and 95% confidence interval)
of different TBH infections in blood samples collected from cattle in Zimbabwe, as determined
using the RLB hybridisation assay. Statistical significance of difference in frequency of
infections (single and mixed) between Goromonzi and Seke districts for all parasite species
was determined in univariate analyses using the Chi-square test. Univariate analyses were
extended for other variables (age, breed, sex, and body condition score), but only for infections
with an occurrence of >15%. To determine association with infection, significant variables
(p<0.05) from univariate analysis were analysed using multivariable binomial Generalised
Linear mixed-effects Models (GLMM). The fixed effects in the GLMMs were age, district,
breed, body condition score and sex, while dip tank was the random effect. The level of
agreement between RLB and gPCR tests for the detection of T. parva was determined using
the Cohen’s kappa (k) test (Landis and Koch, 1977). The Cohen’s kappa value was categorized
as poor (<0.00), slight (0.00-0.20), fair (0.21-0.40), moderate (0.41-0.60), substantial (0.61-
0.80) and almost perfect (0.81-1.00). Data were analyzed using R software version 4.0.5 (R

Core Team, 2021) at 5% significance level.
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CHAPTER 4 RESULTS

4.1 Occurrence of tick-borne haemoparasites

Most (95.5%, 252/264) of the 264 cattle sampled in Zimbabwe tested positive for TBH (genus-
specific and/or species-specific) as detected by the RLB hybridisation assay (Figure 2). Of the
positive samples, 132 (52.4%) were from Goromonzi and 120 (47.6%) from Seke. There was

no significant difference in overall infection rates between the two districts (p=0.079).

Theileria velifera
Theileria taurotragi
Theileria parva
Theileria mutans

Babesia bigemina

Babesia catch-all 1
Theileria catch-all
Theileria/Babesia catch-all

Anaplasma sp. omatjenne
Anaplasma platys

Ehrlichia ruminantium

Anplamasma marginale
Ehrlichia/Anaplamsa catch-all

CN1 10 20 30 40

Figure 2: Representative reverse line blot showing results of the infection detected from 40 of
the 264 cattle samples tested. Lane C = positive controls: DNA of (E. ruminantium and B.
bigemina); Lane N = negative control (no DNA template); Lanes 1 — 40 = PCR products from

40 cattle samples.
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The most prevalent TBH species detected were T. mutans (22.3%, 59/264), followed by A. sp.
‘Omatjenne’ (16.7%, 44/264), T. parva (15.5%, 41/264) and T. velifera (12.5%, 33/264)
(Figure 3). Apart from T. parva, other pathogenic species of cattle detected in this study were
A. centrale (2.7%, 7/64), A. marginale (6.1%, 16/64), B. bigemina (1.1%, 3/264) and E.

ruminantium (0.8%, 2/264) (Figure 3).

Univariate analysis for determining the association between the district and each of the 13
parasite species showed significantly higher occurrence of A. sp. ‘Omatjenne’ (p = 0.002), A.
marginale (p = 0.018) and T. parva (p < 0.0001) in Seke district than in Goromonzi (Figure 3).
Some samples displayed a reaction with genus-specific probes without species-specific
signals: 59.5% (157/264) for Anaplasma/Ehrlichia, 9.5% (25/264) for Theileria/Babesia, and
0.4% (1/264) for both Theileria and Babesia. Occurrence was significantly higher for
Anaplasma/Ehrlichia (p = 0.025), Theileria (p = 0.002) and Babesia/Theileria (p < 0.0001)

genus specific signals in samples from Seke than Goromozi.
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Figure 3: The occurrence of tick-borne haemoparasites in blood samples of cattle from Goromonzi and Seke districts in Zimbabwe, as determined

by the RLB hybridisation assay.
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4.2 Mixed tick-borne haemoparasite infections

Overall, mixed TBH infections were detected in 24.6% (65/264) of the tested samples (Figure
4). There was no significant difference in the overall mixed TBH infection rates between
Goromonzi and Seke districts (p = 0.828) (Figure 4). Considering mixed infections with two
species, the highest frequency was for T. mutans/T. velifera (11.0%, 29/264), followed by A.
platys/A. sp. ‘Omatjenne’ (9.8%, 26/264) and T. mutans/A. platys (5.3%, 14/264). Mixed
infections of a combination of three or four species were also detected, and the highest
frequency was for A. platys/A. sp. ‘Omatjenne’/T. mutans (4.5%, 12/264), followed by A.
platys/A. sp. ‘Omatjenne’/T. velifera/T. mutans (2.7%, 7/264) Figure 4). Notably, there was a
higher infection rate of T. mutans/T. velifera mixed infection in Goromonzi than Seke district

(p = 0.042).
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= All mixed infections = T. mutans, T. velifera = A. platys, A. marginale

T. mutans, A. platys = A. platys, A. sp. ‘Omatjenne’ * A. platys, A. sp. ‘Omatjenne’, T. velifera, T. mutans

« T. velifera, T. mutans, T. taurotragi = T. mutans, T. taurotragi = A. marginale, T. parva

= A. centrale, T. taurotragi = 4. platys, A. sp. ‘Omatjenne’, T. mutans » T. velifera, Anaplasma sp. ‘Omatjenne’

= E. ruminantium, A. platys = E. ruminantium, T. mutans E. ruminantium, A. sp. ‘Omatjenne’
Theileria sp. (sable), T. mutans = Theileria sp. (sable), T. mutans, T. velifera = Theileria sp. (sable), T. velifera

= A. centrale, T. parva, T. taurotragi = A. centrale, T. velifera = A. centrale, T. parva

= A. centrale, T. mutans = A. bovis, A. platys, A. sp. ‘Omatjenne’, T. mutans, T. taurotragi = A. bovis, T. mutans

= B. bigemina, T. taurotragi B. bigemina, T. velifera B. bigemina, A. centrale, T. mutans, T. parva, T. velifera
B. occultans, T. velifera A. bovis, A. platys, A. sp. ‘Omatjenne’

Figure 4: Mixed tick-borne haemoparasite infections in cattle samples from two districts in Zimbabwe, as determined using the reverse line blot

hybridization assay.
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4.3 Univariate associations between tick-borne infections and predictor variables

Three TBHs (A. sp. Omatjenne, T. mutans and T. parva) whose frequency was above 15%
(Figure 2) were each analysed for association with potential risk factors (sex, district, age, body
condition score and breed) in univariate models (Table 3). Infection with A. sp. ‘Omatjenne’
was significantly associated with district of origin (p = 0.002), while infection

with T. mutans was significantly associated with body condition score (p < 0.001), age (p =
0.033) and breed (0.041) of cattle. There was a significant association between occurrence of

T. parva and district (p < 0.001) and age (p = 0.015).

Table 3: Univariate analysis for association between potential animal-level risk factors and

frequency of tick-borne haemoparasite infections amongst cattle in Zimbabwe.

Parasite species Variables No. positive (%) | p-value
District Goromozi (n=135) 13 (9.6) 0.002
Seke (n=129) 31 (24.0)
210 2.5 (n=68) 12 (17.6) 0.025
*BCS | 3t03.5(n=103) 25 (24.3)
410 4.5 (n=72) 6 (8.3)
1 to 2 years (n=67) 8 (11.9) 0.12
Age 3o 4 years (n=91) 13 (14.3)
A. sp. ‘Omatjenne’ 25 years (n=61) 15 (24.6)
Beefmaster (n=10) 1 (10) 0.723
Holstein-Friesian 0 (0)
Breed | (n=1)
Mixed-Mashona 42 (18.1)
(n=232)
Sex Female (n=166) 31 (18.7) 0.300
Male (n=95) 13 (13.7)
o Goromozi (n=135) 28 (20.7) 0.521
T. mutans e e (7=129) 31 (24.0)

49



2 t0 2.5 (n=68) 18 (26.5) <0.001
*BCS | 3t03.5(n=103) 35(34.0)
410 4.5 (n=72) 4 (5.6)
1 to 2 years (n=67) 10 (14.9) 0.033
Age 310 4 years (n=91) 29 (31.9)
>5 years (n=61) 12 (19.7)
Beefmaster (n=10) 0(0) 0.041
Holstein-Friesian 1 (100)
Breed | (n=1)
Mxed-Mashona 56 (24.1)
(n=232)
Sox Female (n=166) 38 (22.9) 0.884
Male (n=95) 21 (22.1)
District Goromozi (n=135) 43 (31.9) <0.001
Seke (n=129) 1(0.8)
2 t0 2.5 (n=68) 8 (11.8) 0.764
*BCS | 3t03.5(n=103) 15 (14.6)
410 4.5 (N=72) 8 (11.1)
1 to 2 years (n=67) 9(13.4) 0.015
Age 3o 4 years (n=91) 4 (4.4)
T. parva? 25 years (n=61) 1(1.6)
Beefmaster (n=10) 1 (10) 0.895
Holstein-Friesian 0(0)
Breed | (n=1)
Mxed-Mashona 30 (12.9)
(n=232)
Sox Female (n=166) 26 (15.7) 0.978
Male (n=95) 15 (15.8)

8A Theileria parva consolidated result including reverse line blot hybridisation assay and
species-specific quantitative real-time PCR (results shown below; section 4.4), was used in this
multivariable analysis.

*BCS: body condition score, score of 1 denotes a very thin cow, 3 is an average body condition

and 5 denotes a very fat cow.
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4.4 Multivariable analysis

Significant variables in the univariate analysis (p < 0.05) (Table 3) were analysed further using
mixed effects multivariable regression models (Figure 4) for each of the three TBHSs, A. sp.
‘Omatjenne’, T. mutans and T. parva. The dip tank was added as a random variable effect in
each of the three multivariable models. Of all multivariable mixed effects models, only age
was significantly associated with T. mutans infection, where cattle that were 3 to 4 years of age
were 3.65 times more likely to be infected with this TBH than those 1 to 2 years old (Table 3).
Other associations between the predictor variables and the three TBHs were not statistically

significant (p > 0.05).
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4.5 Comparison of detection of Theileria parva using RLB and gPCR
A total of 264 samples were subjected to T. parva specific gqPCR, to confirm T. parva infection.
Theileria parva infection was detected in 40 samples (14.0%). Figure 5 shows representative

amplification curves of T. parva positive samples.

Amplification Curves
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Figure 5: Graphical representation of gPCR amplification curves confirming the presence of T.
parva using the T. parva-specific Hybridization probe real-time PCR assay targeting the V4
variable region of the 18S rRNA gene. Sample 29 = positive control (T. parva Muguga DNA),

Samples 2-31 = Test samples and Sample 32 = Negative control (hno DNA template).
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The Cohen’s kappa test showed an almost perfect level of agreement between the RLB

hybridization and gPCR assays (kappa = 0.898, p < 0.0001) for the detection of T. parva. Using
the T. parva specific qPCR, [n =40 (15.2%)] of the 264 cattle were positive for T. parva, which
correlates with the results obtained using the RLB hybridisation assay [n =41 (15.5%) ] (Table

4).

Table 4: Comparison of T. parva infection results in cattle from Goromonzi and Seke districts

of Zimbabwe, determined using g°PCR and RLB hybridisation assays.

Number of cattle (%0)
gPCR
Positive Negative Total
Reverse line blot Positive 37 (14.0) 4 (1.5) 41 (15.5)
Negative | 3 (1.1) 220 (83.3) 223 (84.5)
Total | 40 (15.2) 224 (84.8) 264

4.5 Characterization of Theileria parva isolates using p67 gene sequences

Figure 6 shows 37 samples that tested positive for T. parva, using the RLB and real-time
assays were selected for further characterisation. The p67 gene was amplified from 28 of these
samples. Twenty samples had good amplification, showed by high intensity bands; eight
samples showed poor amplification indicated by low intensity bands and nine showed no

amplification.
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Figure 6: 37 samples that tested positive for T. parva, using the RLB and real-time
assays were selected for further characterisation. Molecular weight marker (M) = 1 kb DNA
ladder; C and C1 = T. parva positive control (T. parva Muguga DNA); N = negative control

(no DNA template); 1 — 37 = PCR products from cattle samples under investigation.
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Ten samples with good amplification were selected for sequencing and 13 good quality
sequences were obtained and confirmed to be p67 gene sequences by Blast analysis. The
multiple sequence alignment of the p67 sequences (Figure 7), showed good alignment with
reference sequences from cattle-derived isolates, T. parva Muguga (accession M67474) and
Katete (accession MG952926), compared to KNP buffalo-derived isolates ((KNP_MN_C81 3
(Mukolwe et al. 2020), KNP_MN_C89 2 (accession number MT199346), and
KNP_MN_C108 6 (Mukolwe et al. 2020)). The cattle-derived p67 sequences obtained are
similar to allele type 1, characterized by a 129 bp deletion (Sibeko et al., 2010), which starts
from position 530 to 662 bp in the alignment shown in Figure 8. Accordingly, sequences from
the current study had a high percent similarity with reference sequences from Muguga (99 %)

and KNP T. parva strains (97 %) (Table 2).
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Figure 7: Multiple sequence alignment of the partial p67 gene showing nucleotide base
similarities and the 129bp deletion between sequences generated from cattle samples from
Goromozi and Seke districts of Zimbabwe, and references representing sequences from cattle-
derived T. parva strains, Katete (accession number MG952926) and Muguga (accession
number M67474), and those from buffalo-derived strains, allele 1: KNP_MN_C81 3
(Mukolwe et al. 2020), KNP_MN_C89 2 (accession number MT199346), KNP_MN_C108 6
(Mukolwe et al. 2020), allele 2: 7014 (accession number U40703), ILRI-4 (accession number
KY912965), allele 3: KNP102-9 (accession number JX442247), KNPW8-35 (accession
number JX442249), allele 4. KNP102-26 (accession number JX442250), and KNPW8-48

(accession number JX442251) showing.
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The Neighbor-joining phylogenetic tree depicting taxonomic relationships of p67 allele type 1
gene sequences confirmed a close relationship between the sequences generated from cattle
samples in the current study and p67 allele type 1 (group 1) reference sequences from cattle-
derived T. parva isolates, Muguga and Katete, which grouped together in clade A (Figure 8).
While sequences representing buffalo-associated p67 allele type 1 (group 2) grouped together

in a separate clade (B).
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Figure 8: Evolutionary analysis by Neighbor-joining method based on the T. parva p67 allele
type 1 partial gene data (— 900 bp) from 18 sequences. Sequences obtained from the cattle
samples from Gomozori and Seke districts, reference sequences from two cattle-derived strains
(Katete and Muguga isolate (M67476)) and three from buffalo-derived strains
(KNP_MN_CB81_3; KNP_MN_C89 2; KNP_MN_C108 6). The tree with the highest log
likelihood (-1360.94) is shown. The bootstrap values associated taxa clustered together is

shown next to the branches.
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CHAPTER 5 DISCUSSION

To the author’s knowledge, this study reports on the first molecular detection of TBH in cattle
in Mashonaland East Province of Zimbabwe following suspected outbreaks of TBD.
Furthermore, the current study characterised for the first time, T. parva isolated from cattle in
TBD hot spots in the same province. In Zimbabwe, methods that are mainly used to detect TBD
include clinical and post-mortem signs, and microscopic examination of stained blood and
tissue smears (Sungirai et al., 2015). In the current study, molecular techniques, RLB
hybridization and qPCR assays, were employed to analyse samples from known hotspots of

TBD outbreaks following cattle deaths in some of the most affected areas.

The high rate of TBH infection in cattle detected using the RLB hybridization assay observed
in the present study was expected because the study areas were known hotspot areas of TBD
outbreaks. The present findings concur with reports of high cattle mortality rates due to TBH
infections in Mashonaland East Province (Chikwati, 2018). Moreover, Chinyoka (2022)
reported a high prevalence of ixodid ticks in the same study areas, which would suggest that
there is a high rate of transmission of TBH from tick vectors to cattle that may likely be
responsible for disease outbreaks. There were, however, no differences in the TBH species
observed and the overall TBD prevalence between Goromonzi and Seke districts. This could
be expected since the two districts lie in the same agroecological zone and share similar

attributes thus cattle were likely exposed to similar ticks and TBH.

The most prevalent TBH species in the present study were T. mutans, Anaplasma sp.
‘Omatjenne’, T. parva, T. velifera, A. platys and T. taurotrogi. Apart from T. parva which
causes severe disease, the other five TBH are considered non-pathogenic and do not cause

disease in cattle (Lawrence et al., 2017; Teshale et al., 2018). The Theileria species T. mutans,
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T. velifera and T. taurotrogi have been reported to be transmitted by Amblyomma hebraeum
and A. variegatum ticks and are considered to be benign, causing inapparent to mild disease in
cattle in Zimbabwe (Lawrence., 1992; Lawrence et al., 2017). Moreover, T. velifera has been
reported to be widespread in southern Africa, being non-pathogenic to cattle, but causing
confusion in the diagnosis of T. parva (Lawrence et al., 2017) as they are morphologically
similar under the light microscopy. Caution should be taken, as these non-pathogenic or benign
Theileria species (with non-transforming schizonts) are not consistently benign and may be
pathogenic in some mammalian hosts (Clift et al., 2020). This is because they induce changes
in immune cells resulting in immune-inflammatory to parasites. They can also complicate the
diagnosis of the pathogenic species, especially when using microscopic examination of blood

smears or non-species-specific serology-based tests.

The current study may be the first to report A. platys, the aetiology of canine infectious cyclic
thrombocytopenia (Chien et al., 2019), in cattle in Zimbabwe. The detection of this TBH in
cattle could be due to contamination of the samples or an incidental infection that has no
epidemiological impact. Another possible explanation could be cross-reaction/non-specific
reaction of the A. platys RLB probe with another Anaplasma species. Nonetheless, this TBH
has also been detected in cattle in other parts of Africa and with a higher prevalence than in the
present study (Loruso et al., 2016; Teshale et al., 2018; Kamani et al, 2022). Rhipicephalus
sanguineus transmits A. platys in dogs and is commonly found on dogs in communal areas of
Zimbabwe (Kelly and Mason, 1991) but its parasitism of cattle has not been reported. The role

of A. platys in clinical disease in cattle is unknown and requires investigation.

Anaplasma sp. ‘Omatjenne’ is also reported in this study for the first time in cattle in

Zimbabwe. The tick vectors for Anaplasma sp. ‘Omatjenne’ are yet to be identified (Allsopp,
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2010). This TBH has also been detected in cattle in other African countries including, Ivory
Coast, Morocco, Rwanda, Zambia and Ethiopia (Teshale et al., 2018). The prevalence of
Anaplasma sp. ‘Omatjenne’ reported in the present study is higher than that reported by Teshale
and colleagues (2018) in these countries. These discrepancies most likely reflect differences in
agroclimatic variables of areas sampled or variations in sampling strategy between studies.
This TBH is reported to be non-pathogenic in ruminants (Allsopp et al., 1997), however, may
protect the animal from infection by a pathogenic species such as E. ruminantium (Achukwi et
al., 2020). The higher detection rate of A. sp. ‘Omatjenne’ in Seke than Goromonzi district
could not be explained. This finding may, however, most likely be linked to favourable
conditions for the transmission of parasites by competent tick vectors in Seke district. Further
studies are thus required on the ecology and epidemiology of A. sp. ‘Omatjenne’ to understand

its distribution dynamics.

Theileria parva was the most prevalent pathogenic TBH of cattle detected in the present study,
further confirming the reports that it is the most important TBH causing cattle mortalities in
Zimbabwe (Manyenyeka et al., 2021, Chikwati, 2018). The agreement between RLB and gPCR
assays with regards to the detection of T. parva was unexpected, as generally, the RLB
hybridization assay is less sensitivethan qPCR, especially in the detection of infections with
low parasitaemia and in the case of mixed infections because of competition for primers which
universally amplify all species of a particular genus (Sibeko, 2010). The real-time PCR is
highly sensitive as this technology can detect a single copy of the nucleic acid in a PCR reaction
(Sibeko et al., 2008). The Ct values obtained from the samples analysed in the current study,
mostly ranging between 23 and 34, suggesting high infection or parasitemia of T. parva in the
tested animals, which explains the high rate of detection of this TBH by the RLB assay. The

higher detection rate of T. parva infection in Goromonzi than Seke district was not expected.
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The present study’s findings contrast those of Manyenyeka et al. (2021) who identified Seke
district as a T. parva hotspot due to poor tick control measures and not Goromonzi district. The
discrepancy between these two studies could likely point towards shifts in disease
spatiotemporal patterns which should be continuously monitored to detect and mitigate disease

spread in new localities.

Other TBH pathogenic to cattle that were identified in the current study were A. centrale, A.
marginale, B. bigemina and E. ruminantium albeit at very low prevalence. The low prevalence
of these TBH could be due to the use of tetracyclines to treat cattle for any perceived infection
in communal areas (Mshana et al., 2021). The two Anaplasma species, A. marginale and A.
centrale are transmitted by a number of one-, two- and three-host tick genera including
Rhipicephalus (Boophilus) species, Hyalomma rufipes, Rhipicephalus evertsi evertsi and R.
simus (Potgieter, 1981). Most of these tick vectors have been reported to infest cattle in the
study area (Chinyoka, 2022; Shekede et al., 2021; Sungirai et al., 2017). Babesia bigemina is
transmitted by one-host Rhipicephalus ticks R. decoloratus and R. microplus, which have also
been reported to be prevalent in the study area (Chinyoka, 2022). It is surprising however that
B. bigemina occurred at a lower prevalence, when the tick vector R. decoloratus was reported
to be the most abundant tick species on communal rangelands in the Mashonaland East

Province (Shekede et al., 2021, Chinyoka, 2022).

The co-infections detected were from two to four species in a single sample. The most prevalent
mixed infection of T. mutans, T. velifera, A. platys, and A. sp. ‘Omatjenne’ may suggest that
these TBHs are endemically established in Zimbabwe. The detection of T. mutans and T.
velifera co-infection in Zimbabwe suggests the presence of the transmission vector, A.

variegatum (Mandara, 2018, Shekede et al., 2021). The presence of other mixed infections
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with Theileria species such as T. parva, T. taurotragi and A. bovis; may be associated with the
previously identified vectors Rhipicephalus appendiculatus and R. zambeziensis which
transmit T. parva, T. taurotragi and A. bovis (Sungirai et al., 2015). The identification of A.
platys and A. sp. ‘Omatjenne’ in mixed infections in this study could be due contamination
with targeted DNA or to cross-reactions of RLB probes with previously unknown targets. Co-
infection with A. platys and A. sp. ‘Omatjenne’ may possibly suggest that these two TBH are
transmitted by the same vector. The tick vector for A. sp. ‘Omatjenne’ is unknown, while
Rhipicephalus sanguineus has been proven to have vector competence for A. platys in which
transovarial and horizontal transmission, as well as transstadial maintenance of the pathogen
occurs (Snellgrove et al., 2021). This tick is, however, not known to infest cattle. Therefore, a
detailed study needs to be conducted on A. sp. ‘Omatjenne’ and A. platys infections to

understand their epidemiology, clinical relevance and transmission dynamics in cattle.

There were samples that reacted with genus probes and did not have a reaction signal with
species-specific probes included in the RLB. To identify the specific parasite species the full-
length 18S and 16S rRNA genes should be amplified to respectively determine the other
Theileria / Babesia and Anaplasma / Ehrlichia species, or variants, that infect cattle in the study
areas. Due to time and financial constraints, it was not possible to perform DNA sequencing

and classify these parasites to the species level in the present study.

For these three TBHs, Anaplasma sp. ‘Omatjenne’, T. mutans and T. parva, younger animals
were more susceptible to infection than older cattle, probably the calves may have been recently
infected, therefore the detection of TBH was done before the immune system could clear
infection. For animals that were infected with Anaplasma sp. ‘Omatjenne’, T. mutans and T.

parva a low BCS was observed making the animal more susceptible to infection due to
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nutritional challenges that weaken the immune system. Farmers should aim to improve the
body condition of their cattle as this will result in a superior nutritional status (Ndlovu, 2007),

which contributes to the ability of cattle to resist TBD infections (Marufu et al., 2010).

The present study characterized for the first time T. parva isolates from cattle in Zimbabwe
using the p67 gene sequences. The p67 sequences obtained from the current study has a 129
bp deletion in the variable region, characteristic of p67 allele type 1, common in cattle-derived
T. parva parasites associated with causative agents of ECF in East Africa (Mukolwe et al.,
2020). However, Mukolwe et al., (2020) recently identified the same allele in buffalo-
associated p67 sequences from parasites from East and southern Africa, supporting an earlier
report by Sibeko et al., (2010) in which p67 allele type 1 sequences were identified from T.
parva isolates from South Africa buffalo. Mukolwe et al., (2020) further identified subtypes of
p67 allele type 1, based on the sequence variations in the epitope region of the p67 gene
products that differentiated between sequences of eastern and southern African origin. The two
p67 allele type 1 subtypes were designated allele type 1 ‘group 1° and ‘group 2’ for East and
southern African sequences, respectively. Notably, all ‘group 2’ sequences were obtained from
buffalo-derived T. parva isolates. The phylogenetic analysis in the current study illustrated the
relationship between the p67 allele type 1 (group 1) and allele type 1 (group 2) sequences from
other cattle-derived and buffalo-derived T. parva parasites with those from cattle samples from
the two districts from Zimbabwe. The results suggest that the T. parva isolates infecting cattle
in the study area are closely related to the allele type 1 (group 1) found in T. parva isolates
from East Africa (Mukolwe et al., 2020). In Zimbabwe, T. parva infections cause the form of
bovine theileriosis known as January disease or Zimbabwe theileriosis. Historically, T. parva
was divided into three subspecies: T. parva lawrencei, which is responsible for Corridor

disease, T. parva parva, which produces ECF, and T. parva bovis which causes January disease
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(Yusufmia, et al.,2010). Since there is no biological evidence to justify the classification and
the three species are morphologically and serologically indistinguishable, T. parva is now the
sole recognized species (Lawrence, et al., 1994). Henceforth, the parasites that cause Corridor
disease are known as buffalo-derived T. parva, whereas the parasites that cause January disease
and ECF are known as cattle-derived T. parva (Sibeko, et al., 2010 and Eyglaar, et al., 2015).
Therefore, it can be precautiously concluded that the parasites infecting cattle in the study areas
are cattle-derived T. parva as there is no evidence of contact between cattle and buffalo in the
study areas. However, there are reports of buffalo-derived isolates circulating in buffalo in
Zimbabwe (Eyglaar et al., 2015), although contact with wildlife is controlled by the veterinary
cordon fence in surrounding game reserves. This study revealed a close relationship between
T. parva parasites that are responsible for theileriosis in East Africa and those responsible for

this disease in Zimbabwe, at least in the areas investigated in this study.

The ITM is a common method of immunizing against T. parva infections employed in many
affected countries. To avoid introducing foreign strains, it is advisable that each country
characterizes their local strains in order to make an informed decision about which parasite
stock(s) to use for ITM (Oura et al., 2007, Nene et al., 2016b, and Bishop et al., 2020). Thus,
the characterization of T. parva based on the gene encoding the antigen p67 helps in
establishing the antigenic diversity in circulating parasite strains and in identifying local stocks
that can be used for immunization using ITM. In Zimbabwe, the T. parva Boleni stock have
been shown to be a good candidate for immunization against T. parva in Zimbabwe (Latif and
Hove, 2011). Notably, the p67 allele type for T. parva Boleni is similar to that identified in T.
parva strains characterized in the current study, p67 allele type is 1. However, the p67 sequence
for T. parva Boleni is currently not available in the sequence public databases/repositories

hence, it was not included on the sequence alignment of this study. The usage of Boleni stock
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which is a live vaccine may result in a carrier status in cattle, making immunized animals in

tick vector areas a potential source of outbreaks and subsequent diseases.

Besides p67 allele type 1, this gene has three additional allele types, including allele type 2
characterized by the 129 bp region missing in allele type 1, allele type 3 that has a deletion of
174 bp in a region that overlaps the deletion in allele type 1, and finally allele type 4 which has
the 174 bp present (Sibeko et al., 2010). These other three p67 alleles are all associated with
buffalo-derived T. parva parasites, responsible for Corridor disease (Sibeko et al., 2010, Obara
etal., 2015 and Sitt et al., 2019). The p67 gene field isolates are diverse; this is associated with
presumed adaptation event. The p67 gene is also a candidate for the development of a
subunit/recombinant DNA vaccine for ECF (Mukolwe et al., 2020); thus, its characterization
helps provide information on its diversity in field isolates and the conservation of the epitope
regions, which are important for vaccine development. The genetic diversity is associated with

presumed adaptation event.

Finally, measures need to be put in place to control the high prevalence of TBD in the study
area. These measures are not limited to the use of vaccines, but additionally tick control
including strategic dipping should be practiced. It is also important to maintain the endemic
stability by taking advantage of age-related resistance (Norval et al., 1992). Allowing
continuous exposure of cattle and calves to tick challenge while implementing strategic dipping
routine, can encourage the spread of infection while promoting the development of endemic
stability. The use of traditional microscopic techniques with the combination of molecular
methods and continuous surveillance of TBD should be employed for early detection of the
diseases which will as a result curb future outbreaks. The Zimbabwean government should

consider reviving the establishment of the ITM immunization programme based on local
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parasite strains such as T. parva Boleni (Latif and Hove, 2011), as it will be a while before a
subunit vaccine based on the sporozoite surface protein p67 or any other T. parva antigen
become available, to prevent further outbreaks and cattle mortalities from T. parva infections.
It will be valuable if the selection of parasite stocks for ITM will take into consideration
protection against infections with buffalo-derived parasites. Furthermore, screening of buffalo
and other wildlife species from neighbouring nature reserves would give a broader spectrum
of the presence of TBDs circulating in the Zimbabwe, to ensure proper direct preventative
measures are taken. The discovery of A. platys and A. sp. ‘Omatjenne’ in cattle requires further
investigations as the former has significant zoonotic implications and the latter could
potentially cause disease in livestock, however previous studies have shown that these species

are non-pathogenic to cattle (Bekker et al., 2002).
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CHAPTER 6 CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

The RLB detected the presence of Theileria, Babesia, Anaplasma and Ehrlichia species, either
as single or as mixed infections in almost all the 264 cattle sampled from Goromonzi and Seke
districts of Mashonaland Province in Zimbabwe. The most prevalent TBH species detected
using the RLB assay were T. mutans, A. sp. ‘Omatjenne’, T. velifera and the pathogenic species
of cattle T. parva, A. centrale, A. marginale, B. bigemina and E. ruminantium. The T. parva
parasites detected in the investigated cattle samples possessed the p67 allele type 1 sequence
suggesting that cattle-derived T. parva parasites are responsible for cases of bovine theileriosis,
and possibly causing massive cattle mortality, in the two districts sampled. Controlling the
vector ticks, use of TBH-based live vaccines temporarily while subunit vaccines based on the
sporozoite surface protein p67 are still being developed, and continuous surveillance, could be

the effective means for control of TBD in the study areas.

6.2. Recommendations

Important findings from the current study have led to the formulation of the following
recommendations:

1. Samples that were only classified to genus level of infection need to be analysed further by
DNA sequencing to determine the corresponding species infecting cattle in these areas, for

proper management of TBH in the Mashonaland East Province.

2. Further studies need to be conducted to screen buffalo and wildlife species from
neighbouring national parks and nature reserves for T. parva species and other TBH
responsible for cattle TBDs in Zimbabwe to assist in the management and control of the disease

while contributing to the epidemiological map of these pathogens.
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3. An integrated method should be employed to control and prevent ticks in areas in Zimbabwe
that are known as TBH hotspot areas because of the presence of multiple tick species
(Chinyoka, 2022). Farmers in communal areas depend on chemicals supplied by the
government which results in low dipping frequency. Livestock owners and veterinary services
need to engage more, so that farmers will be able to express themselves more on the challenges
they have regarding the control of TBDs. The veterinary departments should plan courses to
train farmers on methods to control ticks to assist managing tick borne diseases, including the

rotation of acaricides.
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Appendix 5: Multiple sequence alignment of the full p67 gene.
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LA G.A.
LA G.A.

240



RMS541_6_IL792R_
RMS546_8_IL613F_
RMS13_7_IL792R_
RMS17_9_IL613F_
RMS520_10_IL613F
L18_3_IL7T92_R_D
RMS07_5_IL613F_
L10_1_IL613F_F0
L20_5_IL-792-R_
Muguga_ ME7476
KNP_MN_C81_3
KNP_MMN_C89_2
KNP_MMN_C108_6
U40703_Allele 2
KY312965_Allele
JX442247_KNP102
JX442249_KNPWE_
JX442250 KNP102
KNP_MMN_C71_p67_

Katete_11_IL792
L13_1_IL792_R_B
L14_2 ILT92_ R_C
L_15_4 IL613F_D
L19_4 IL-T92R_F
RMS511_6_IL792R_
RMS516_8_IL613F_
RMS13_7_IL792R_
RMS17_9_IL613F_
RMS520_10_IL613F
L18_3_IL792_R_D
RMS07_5_IL613F_
L10_1_IL613F_F0
L20_5_IL-792-R_
Muguga_ME7476
KNP_MMN_C81_3
KNP_MMN_C89_2
KNP_MMN_C108_6
U40703_Allele 2
KY312965_Allele
JX442247_KNP102
JX442249 KNPWB_
JX442250 KNP102
KNP_MN_C71_p67_

Katete_11_IL792
L13_1_IL7T92_R_B
L14_2 ILT92_R_C
L_15_4 IL613F_D
L19_4 IL-T92R_F
RMS11_6_IL792R_
RMS516_8_IL613F_
RMS13_7_IL792R_
RMS17_9_IL613F_
RMS20_10_IL613F
L18_3_IL792_R_D
RMS07_5_ILB13F_
L10_1_IL613F_F0
L20_5_IL-792-R_
Muguga_ME7476
KNP_MMN_C81_3
KNP_MMN_C89_2
KNP_MMN_C108_6
U40703_Allele 2
KY312965_Allele
JX442247 KNP102
JX442249 KNPWS_
JX442250 KNP102
KNP_MN_C71_p67_

Katete_11_IL792
L13_1_IL792_R_B
L14_2_IL792_R_C
L_15_4_IL613F_D
L19_4_IL-T92R_F
RMS11_6_ILT92R_
RMS16_8_IL613F_
RMS13_7_ILT92R_
RMS17_9_IL613F_
RMS20_10_IL613F
L18_3_IL792_R_D
RMS07_5_IL613F_
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N e .
A..G..GGTC
.. G.. . CLC
A..G..GGTC
]

CAAAATGG
CAAAATGG
CAAAATGG
CAAAATGG

280

.CG.ACC..C
.CG.ACC..C
.CG.ACC..C
.CG.ACC..C
20

AMAAMACTCT ACAACCCGGA AAAMACATCCA CAGGTGAAAC TACATCGGGC

LT
LT
LT
TGG. .GC
TGG.G..GC
TGG.GA.GC
TGG.GA.GC
i}

20

330

340

300

ATTCAAAACA ACAGCAAACT GGTGTATCAG ATCTAGCCAG TGGATCACAC TCTTCTGGAC

TA.AA. C
TA.AA. C
TA. . A.....
TA.AA. .. ..

410



L10_1_IL613F_F0
L20_5_IL-792-R_
Muguga MGE7476
KNP_MMN_C81_3
KNP_MN_C89_2
KNP_MMN_C108_6
U40703_Allele 2
KY912965_Allele
JX442247_KNP102
JX442249 KNPWE_
JX442250 KNP102
KNP_MN_C71_p67_

Katete_11_IL792
L13_1_IL792_R_B
L14_2_IL792_R_C
L_15_4_IL613F_D
L19_4 IL-T92R_F
RMS11_6_ILT92R_
RMS16_8_IL613F_
RMS43_7_ILT92R_
RMS47_9_IL613F_
RMS20_10_IL613F
L18_3_IL792_ R_D
RMSO07_5_IL613F_
L10_1_IL613F_F0
L20_5_IL-T92-R_
Muguga MET4T6
KNP_MN_C81_3
KNP_MN_CB89_2
KNP_MN_C108_6
U40703_Allele 2
KY912965_Allele
JX442247_KNP102
JX442249_KNPWS_
JX442250 KNP102
KNP_MMN_C71_p&7_

Katete_11_IL792
L13_1_IL7T92_R_B
L14_2 ILT92_ R_C
L_15_4 IL613F_D
L19_4 IL-T92R_F
RMS11_6_IL792R_
RMS16_8_IL613F_
RMS513_7_ILT92R_
RMS17_9_IL613F_
RMS520_10_IL613F
L18_3_ILT92_R_D
RMS07_5_IL613F_
L10_1_IL613F_F0
L20_5_IL-792-R_
Muguga_MEG7476
KNP_MN_C81_3
KNP_MN_C89_2
KNP_MMN_C108_6
U40703_Allele 2
KY312965_Allele
JX442247_KNP102
JX442249_KNPWE_
JX442250 KNP102
KNP_MMN_C71_p67_

Katete_11_IL792
L13_1_IL7T92_R_B
L14_2 ILT92_ R_C
L_15_4 IL613F_D
L19_4 IL-T92R_F
RMS11_6_IL792R_
RMS516_8_IL613F_
RMS13_7_IL792R_
RMS17_9_IL613F_
RMS20_10_IL613F
L18_3_IL792_R_D
RMS07_5_IL613F_
L10_1_IL613F_F0
L20_5_IL-792-R_
Muguga_ME7476
KNP_MMN_C81_3
KNP_MMN_C89_2
KNP_MMN_C108_6
U40703_Allele 2

O
B
C..CGAC.AT
C..CGAC.AT
C..CGAC T
C..CGAC T

43

T.AAT.C. . A
T.AAT.C. . A

S|

a0

TC.T....A.

450

TCTC.A.AT.
TCTC.A.AT.

&G0

GG.CCAG. ..
GG.TCAG. ..

L]

TCGGGA., . .C
TCGGGA., . .C

480

A-TCTAGAGA AGGTCAGGCG CAG CATCA ACAGGTAAGA GATGGAGATG

GGC.C CA.
GGC.C CA.
500

510

.GAATA A..
.GAATA A.

AT LG

520

.TCACC.CAG
.TCACC.CAG

530

GTAGAGTTAT TGAGCCTAAA ATTGGATTAC CCGGACCTCC ATCTGCGCCA

T.6.6.6GCGC
T.6.6.6GCGC
550

GACCACCCGG

.. GAGG.
.. GAGG.

TTCATCTACA

TC.A L. CC.
TC.A L. CC.
570

540

GTACCAACAC
GTACCAACAC

CAAGGC C
CAAGGC C

GATACAAGAC CAGCCTCATC AGGACCTTCA GCACCAGGTG



KY912965_Allele
JX442247_KNP102
JX442249 KNPWS_
JX442250 KNP102
KNP_MN_C71_p67_

Katete_11_IL792
L13_1_IL792_R_B
L14_2 IL792_R_C
L_15_4_IL613F_D
L19_4_IL-T92R_F
RMS11_6_IL792R_
RMS16_8_ILE13F_
RMS13_7_IL792R_
RMS47_9_IL613F_
RMS520_10_IL613F
L18_3_ILT92_R_D
RMS07_5_IL613F_
L10_1_IL613F_F0
L20_5_IL-T92-R_
Muguga_M67476
KNP_MMN_C81_3
KNP_MMN_C89_2
KNP_MMN_C108_6
U40703_Allele 2
KY912965_Allele
JX442247_KNP102
JX442249 KNPWE_
JX442250 KNP102
KNP_MN_C71_p67_

Katete_11_IL792
L13_1_IL792_R_B
L14_2_IL792_R_C
L_15_4 IL613F_D
L19_4_IL-T92R_F
RMS11_6_ILT92R_
RMS16_8_IL613F_
RMS13_7_ILT92R_
RMS17_9_IL613F_
RMS20_10_IL613F
L18_3 IL792_R_D
RMS07_5_IL613F_
L10_1_IL613F_F0
L20_5_IL-T92-R_
Muguga_ MGT4T6
KNP_MN_C81_3
KNP_MN_CB89_2
KNP_MN_C108_6
U40703_Allele 2
KY912965_Allele
JX442247_KNP102
JX442249_KNPWS_
JX442250 KNP102
KNP_MN_CT71_p67_

Katete_11_IL792
L13_1_ILT92_R_B
L14_2 ILT92_ R_C
L_15_4 IL613F_D
L19_4 IL-T92R_F
RMS541_6_IL792R_
RMS546_8_IL613F_
RMS13_7_IL792R_
RMS17_9_IL613F_
RMS20_10_IL613F
L18_3_IL7T92_R_D
RMS07_5_IL613F_
L10_1_IL613F_F0
L20_5_IL-792-R_
Muguga_ ME7476
KNP_MN_C81_3
KNP_MMN_C89_2
KNP_MMN_C108_6
U40703_Allele 2
KY312965_Allele
JX442247_KNP102
JX442249_KNPWE_
JX442250 KNP102
KNP_MMN_C71_p67_

GACCACCCGG TTCATCTACA
T
T
CTGGAAATCC TGGACAAAAT
CTGGAAATCC TGGACAAAAT

@10

GTCCGGGTTC ATCTTCAAGA
GTCCGGGTTC ATCTTCAAGA
GAGCCCAGGG TTCATCTTCA
GAGCCCAGGG TTCATCTTCA
GAGCCTCGGG TTCATCTTCA
GAGCCTCGGG TTCATCTTCA

&

Ba0

GTACCATC ACCAGGAGCG

730

GATACAAGAC CAGCCTCATC AGGACCTTCA

TCAGG
TCAGG
TCAGG
TCAGG

AGTGGAGGCA
AGTGGAGGCA
AGAAGTGGAG
AGAAGTGGAG
ATAAGTGGAG
ATAAGTGGAG

=
CCCGGAATAA

750

CCAGATCAAC
CCAGATCAAC
GCACCAGACC
GCACCAGATC
GCACCAGACC
GCACCAGACC

700
TTGTTAGAGA

AGTACAACCT
AGTACAACCT
AGTACAACCT
AGTACAACCT

TGATTCAGTA
TGATTCAGTA
AACTGATTCA
AACTGATTCA
AACTGATTCA
AACTGATTCA

710
ATCAGGTTTG

TH

GCACCAGGTG
TCAGTACCAG
TCAGTACCAG
TCAGTACCAG
TCAGTACCAG

ACAAGGCC
ACAAGGCC
GTAACAAGGC
GTAACAAGGC
TTAACAAGGC
TTAACAAGGC

70
TTTTTTTGAG

fAn



Katete_11_IL792
L13_1_IL7T92_R_B
L14_2 ILT92_ R_C
L_15_4 IL613F_D
L19_4 IL-T92R_F
RMS11_6_IL792R_
RMS516_8_IL613F_
RMS13_7_IL792R_
RMS17_9_IL613F_
RMS520_10_IL613F
L18_3_IL792_R_D
RMS07_5_IL613F_
L10_1_IL613F_F0
L20_5_IL-792-R_
Muguga_ME7476
KNP_MMN_C81_3
KNP_MMN_C89_2
KNP_MMN_C108_6
U40703_Allele 2
KY312965_Allele
JX442247 KNP102
JX442249 KNPWB_
JX442250 KNP102
KNP_MMN_C71_p67_

Katete_11_IL792
L13_1_IL792_R_B
L14_2 ILT92_R_C
L_15_4_IL613F_D
L19_4 IL-T92R_F
RMS11_6_IL792R_
RMS16_8_IL613F_
RMS13_7_IL792R_
RMS17_9_IL613F_
RMS20_10_IL613F
L18_3_IL792_R_D
RMS07_5_IL613F_
L10_1_IL613F_F0
L20_5_IL-T92-R_
Muguga_ME7476
KNP_MMN_C81_3
KNP_MMN_C89_2
KNP_MMN_C108_6
U40703_Allele 2
KY312965_Allele
JX442247 KNP102
JX442249 KNPWE_
JX442250 KNP102
KNP_MN_C71_p67_

Katete_11_IL792
L13_1_IL792_R_B
L14_2_IL792_R_C
L_15_4_IL613F_D
L19_4_IL-T92R_F
RMS11_6_IL792R_
RMS16_8_IL613F_
RMS13_7_IL792R_
RMS47_9_IL613F_
RMS520_10_IL613F
L18_3_ILT92_R_D
RMS07_5_IL613F_
L10_1_IL613F_F0
L20_5_IL-792-R_
Muguga MGE7476
KNP_MMN_C81_3
KNP_MMN_C89_2
KNP_MMN_C108_6
U40703_Allele 2
KY912965_Allele
JX442247_KNP102
JX442249 KNPWE_
JX442250 KNP102
KNP_MN_C71_p67_

Katete_11_IL792
L13_1_IL792_R_B
L14_2_IL792_R_C
L_15_4_IL613F_D
L19_4_IL-T92R_F
RMS511_6_ILT92R_

AGAACCAAGG GCATATGAAG GGGAAAGAAC AAATGTAGCA GAACTAAAAA AATTCCTATT

GTTGCTAA

Al .o,
Al .o,
AL ..., A
AL ..., A
AL ..., A



Appendix 6: Matrix of the percentage similarities between the p67 gene sequences obtained in this study and the reference strains,

generated using BioEdit

Sequence [dentity Matrix

Input Alignment File: C:\Users\Silindile Nhlanhla\Desktop\sequences\MAFFT Ref Sli-Copy Trail3- Use.txt

Katete 11 IL792R_CO'ID
L13_1 1L792 R_BO09_311.000
L14 2 11792 R_CO9_311.000
L_15 4 IL613F_D04_101.000
L19 4 IL-792R_FO1_371.000
RMS511_6 IL792R_FO6_1.000
RMS16 8 [L613F EO5 1.000
RMS13_7 [L792R_G0& 1.000
RMS517 9 [L613F FO5_1.000
RMS520_10_IL613F_GO!1.000
L18 3 1L792 R_D09_3 0,998
RMS07 5 IL613F EO4 0,998
L10_1_1L613F_FO4_3730,997
L20 5_IL-792-R_HO07_30,995
Muguga_Mb7476 0,998
KNP _MN_C81 3 0,97
KNP_MN_CB9 2 0,99

Seq-> Katete_11113_1_IL7¢L14_2_IL7¢L_15 4_IL(L19_4 IL-7RMS11_6_ RMS16_8 RMS13_7 RMS17 9 RMS20 1CL18_3 IL7ZCRMS07_5_L10_1_IL6:L20_5_IL-7Muguga_NKNP_MN_KNP_MN_KNP_MN_
1.000 1000 1000 1000 1000 1000 1000 1000 1000 0998 0998 0897 0995 0598 057 095 0969
D 1.000 1000 1000 1000 1000 1000 1000 1000 0998 0998 0997 0995 0998 097 0969 0,969
1000 1D 1.000 1000 1000 1000 1000 1000 1000 0998 0998 0997 0995 0998 097 0969 0969
L0000 1000 1D 1000 1000 1000 1000 1000 1000 0998 0998 0997 0995 0998 097 099 0969
1.000 1000 1000 ID 1000 1000 1000 1000 1000 0998 0998 0997 0995 0998 097 0969 0969
1.000 1000 1000 1000 D 1000 1000 1000 1000 0998 0998 0997 0995 0998 097 0969 0969
1.000 1000 1.000 1000 1000 D 1000 1000 1000 0998 0998 0997 0995 0998 097 099 0,969
1.000 1000 1000 1000 1000 1000 D 1000 1000 0998 0998 0997 0995 0998 097 0969 0,969
1.000 1000 1000 1000 1000 1000 1000 D 1000 0998 0998 0997 0995 0998 097 099 0969
1000 1000  1.000 1000 1000 1000 1000 1000 D 0998 0998 0997 0995 0998 097 0969 0969
098 098 098 098 09% 09% 0998 098 0998 D 0997 099 0994 0997 0969 0968 0,968
0,98 098 098 0998 099%8 099% 09% 0998 0998 097 D 099 0994 0997 0969 0968 0968
0,97 097 09%7 0997 097 0997 097 097 097 096 096 D 092 099 0968 0967 0967
0,95 095 095 095 095 095 095 09% 095 094 0994 0992 ID 0994 0966 0964 0,964
0,98 098 098 0998 09%8 09% 09% 09% 0998 0997 097 096 0994 ID 0971 097 097
097 09 097 097 097 097 097 097 097 099 099 098 096 0971 1D 0,98 0,998
0,99 09%9 09%9 099 0969 099 0960 09O 0969 0968 0968 0967 0964 097 0998 D 1.000
0,99 099 09%9 099 099 099 099 090 099 0968 0968 0967 0964 097 0998 1000 ID

KNP MN C108 6 0,99

101



