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ABSTRACT

Background: Babesia/Theileria species are intra-erythrocytic protozoa of the phylum apicom-
plexa. The merozoite stage of Babesia/Theileria have diagnostic significance and are found as
intracellular inclusions of infected red blood cells. The trophozoite stages appear as ring forms
which measure about 1.0 to 5.0um. These parasites are transmitted by hard ticks and can cause a
zoonotic disease known as babesiosis/theileriosis. Human babesiosis/theileriosis are usually
asymptomatic except in immuno-compromised people in whom symptoms present like malaria,
yet treatment for these diseases can be different. These similarities can increase the possibility of
misdiagnosing a patient with malaria when he or she is really suffering from babesiosis/theileriosis
or vice versa leading to an inappropriate treatment choice. Ghana is a malaria endemic country;
thus, general malaise is usually treated as malaria.

Aim: The aim of this study was to investigate the occurrence of Babesia/Theileria species in
cattle, dogs and humans at the Middle Belt of Ghana.

Methodology: A cross-sectional study involving humans, sick dogs and cattle was undertaken
at communities within the Techiman and Kintampo municipalities. Microscopy (Giemsa stained
thin smears), serology (RDT) and polymerase chain reaction (PCR) were techniques employed in
the study. Whole blood samples were taken from sick cattle, sick dogs and human malaria positive
cases (that were negative for rapid diagnostic test). Blood samples of all study subjects were mi-
croscopically screened to suspect Babesia/Theileria infection. Suspected samples were subse-
quently subjected to PCR amplification and sequenced for specific piroplasm and strain identifi-
cation.

Results: Out of seventy-one (71) sick dogs, 30 (42.3%) were suspected by microscopy whiles 14
out of the suspected cases (14/30, 46.7%) were amplified by PCR. For sick cattle, 33 (15.9%) were
suspected out of the two hundred and seven (207), out of which 20 (20/33, 60.6%) were amplified
and subsequently sequenced. The piroplasm identified in the cattle after sequencing was Theileria
velifera. Twenty (10.7%) out of the one hundred and eighty-seven (187) Plasmodium-like smear
positive cases, were suspected (smear positive but RDT negative) of Babesia/Theileria infection,
with 6 (30.0%) amplified and identified as Theileria velifera after successful sequencing.

Conclusion: Babesia/Theileria has been found in all the study groups (dogs, cattle and humans).
This is the first report of human theileriosis (caused by Theileria velifera) in Ghana.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background

Babesiosis/Theileriosis is a tick-borne disease caused by intraerythrocytic protozoan parasites
known as Babesia/Theileria species. Domestic animals that serve as reservoir hosts are cattle,
horses, dogs, cats, and mice (Hasheminasab et al., 2018; Ascencio et al., 2018; Vannier & Krause,
2012) whiles in humans, it is considered zoonotic. Humans are accidental/opportunistic hosts for
Babesia/Theileria species who get infected when an infected nymph or adult tick bites them. It
starts by infecting their RBCs then the parasite invades the RBCs of the infected person and lyses
them, similar to Plasmodium species. This results in febrile hemolytic anemia (Hunfeld et al.,
2008; Uilenberg, 2006; Diuk-Wsser et al., 2014; Roshni et al., 2017; Safar, 2017; Akel & Mo-
barakai, 2017). Babesia and Theileria infections are widespread, especially in the Tropical and

sub-tropical regions (Wagner et al., 2002).

There are a number of Babesia and Theileria species with species-specific characteristics in terms
of disease severity, transmission, epidemiology and susceptibility to drugs. Therefore, accurate
ways of identifying these causative agents is very crucial (Lempereur et al., 2017). Even among
Babesia species, drug susceptibility is different (Solano-Gallego & Baneth, 2011; Mosqueda et
al., 2012). Babesia divergens, Babesia bigemina, Babesia bovis, and Babesia major have been
associated with Babesiosis in cattle whiles Babesia equi is the main specie that causes Babesiosis
in horses. Babesia canis, Babesia felis and Babesia microti are the main species in dogs, cats and
mice, respectively (Vannier & Krause, 2009; Jane & Adam, 2014; Abdela et al., 2018). Babesia

1



microti, B. duncani, B. divergens, B. bovis and B. venatorum are the species that are known to

mostly infect human beings (Vannier & Krause, 2009; CDC, 2012; Knapp & Rice, 2015).

For theileriosis, Theileria microti is the causative agent associated with human theileriosis. T. an-
nulata and T. parva are responsible for Bovine Theileriosis; T. annulata also causes tropical theil-
eriosis, whilst; T. parva is the causative agent for East Coast Fever. Babesia rossi is the main
causative agent of canine Babesiosis in sub-Saharan Africa. Babesia and Theileria species infect
a wide range of both domestic and wild animals (Bishop et al., 2004; Gupta et al., 2017). Canine
Babesiosis is very common in South Africa but it was first isolated or discovered in Kenya (Pen-
zhorn, 2011). Babesiosis has become an emerging health problem in humans, attracting worldwide

attention (Akel & Mobarakai, 2017).

Babesia/Theileria infection can occur in everyone, though some are more at risk. Infection with
Babesiosis can be severe/complicated at old age, in splenectomized patients, and in the immuno-
compromised (Babesiosis Fact Sheet, 2017; Linden et al., 2018). Example, it can be severe in
cancer, HIV/AIDS, or transplanted patients because they mostly have weak immunities. Severe
cases of Babesia can lead to blood clots, multi organ failure, unstable blood pressure, and some-

times death (Babesiosis Fact Sheet, 2017; Linden et al., 2018).

1.2 Problem statement

The symptoms of Babesia/Theileria infection are similar to that of malaria, and the morphology
of Plasmodium is similar to that of Babesia/Theileria sp (Hunfeld et al., 2008). Therefore, accurate
diagnosis of babesiosis/theileriosis and malaria continues to be a challenge. If Babesia/Theileria
infection is misdiagnosed as malaria, or in the case of mixed infection (Plasmodium and Babe-

sia/Theileria), the patient is likely to suffer adversely because, babesiosis/Theileriosis cannot be



treated with the current combination of anti-malarial drugs for uncomplicated malaria (Quick et
al., 1993). Furthermore, immuno-competent asymptomatic carriers of human Babesia/Theileria
sp. are likely to donate blood to possibly already immuno-compromised patients. These individuals
are at higher risk of being infected with Babesia/Theileria, which may lead to severe disease.
Ghana is a malaria endemic region and there is the possibility that babesiosis/theileriosis might be

misdiagnosed as malaria even after laboratory investigations.

Routine diagnosis of malaria in Ghana mainly employs microscopic examination of Giemsa-
stained thick blood smears as well as rapid diagnostic test kits. These thick smears may not reveal
the features (such as the tetrad and classical Maltese cross or paired pear-shaped morphology),
which differentiate Plasmodium from Babesia/Theileria. Some cases of babesiosis/theileriosis
found in other parts of the world were not confirmed until there was a review of slides initially
misdiagnosed as malaria in patients’ blood smears (Nagano et al., 2013; Quick et al., 1993;
Skrabalo & Deanovic, 1957; Smeenk et al., 2000). A negative result from the rapid test kit (espe-
cially types that are made to detect all four major Plasmodia species that infect man) is usually
assumed to mean no Plasmodium infection, even though there have been cases where smears have
been positive (Ramharter et al., 2010; Rollend et al., 2013). This discrepancy has brought suspi-
cion as to what those intracellular parasites (piroplasms) may be, if not Plasmodium. Further in-
vestigation about Babesia/Theileria in those samples (that are negative for rapid test kit but show

intracellular parasites in smear) will be helpful.

Since babesiosis/theileriosis is a zoonotic infection transmitted by ticks, screening of cattle and
dogs could help give an idea of the Babesia/Theileria species infecting them, and whether those

species have been known to infect humans. Knowing this can help hypothesize possible zoonotic



infection since animals could be found living in close proximity with humans in most parts of

Ghana.

Apart from the five reported zoonotic Babesia species that infect man (Babesia microti, B. dun-
cani, B. divergens, B. bovis and B. venatorum), a novel type of Babesia (KO1), similar to ovine
Babesia was found infecting man in Korea (Kim et al., 2007). This suggests that there may be
more species types of Babesia zoonotically infecting man, but are yet to be identified. There is
little documented information on the presence or absence of Babesia/Theileria species infecting
humans at the middle belt of Ghana, although some reports have been made on animals (Krause
et al., 2000; Kunimoto et al., 1998), and the southern belt of Ghana (Owusu, 2015). Contrastingly,
infections in humans have been established and documented elsewhere, such as the United States
of America, Europe and some other parts of the world (Chen et al., 2014; Leiby, 2011; Marathe et
al, 2005; Nagano et al., 2013; Persing et al., 1995). Therefore, this study will provide information

about the state of babesiosis/theileriosis in the Middle Belt of Ghana.

1.3 Justification

At many locations (Skrabalo & Deanovic, 1957; Fang & McCullough, 2016; Scott, 2017; Huang
et al., 2018) including Africa (Vermeil et al., 1983; Bush et al., 1990), Babesia/Theileria infection
which has mostly been associated with animals (especially cattle and dogs) have now been de-
tected in humans. Most cases of babesiosis/theileriosis were not confirmed until a review of slides,

initially diagnosed as Plasmodium falciparum malaria in blood smears of patients due to

the morphological similarities between the two parasites under the microscope (Kunimoto et al.,
1998; Scott, 2017; Huang et al., 2018). Therefore, knowledge of the state of babesiosis/theileriosis

in different parts of Ghana will enable medical laboratory personnel to critically examine intra-



erythrocytic parasites that look like malaria parasites before reporting. Rather than assuming that
any intra-erythrocytic Giemsa-stained parasite is possibly Plasmodium spp since Ghana is a ma-

laria endemic country.

Most human cases of babesiosis has been identified to occur in the summer (hot weather) and in
areas where the vectors (tick, rodents, and deer) are in close proximity to humans (Spielman et al.,
1985) of which Ghana is not an exception of such factors. Therefore, it is important to carry out
studies aimed at searching for Babesia/Theileria species in animals (especially dogs and cattle)

and in humans.

The outcome of this study could also inform health personnel on the relevance of continued use of
antimalarial drugs in “persistent malaria” cases as well as extending investigations of unexplained
febrile illnesses to Babesia/Theileria sp. (Stoler & Awandare, 2016). This study could also raise
concerns about the need to include babesiosis/theileriosis screening in criteria to declare a person
fit to donate blood. This is because, recipients of blood are mostly immune-compromised and will
be at a higher risk of being infected if the blood they receive is infected with human Babesia/Theil-

eria sp.

1.4 Main Aim
To determine the occurrence of Babesia/Theileria species in humans, cattle, and dogs at the

middle belt of Ghana.



1.5 Specific objectives
1. To investigate Babesia/Theileria species in blood samples of humans, sick cattle, and dogs;
especially persons who would be negative for malaria rapid test kit but show intracellular par-
asites in their smears.

2. To determine the specific Babesia/Theileria species in the sick cattle, dogs and humans.

1.6 Hypothesis
Cattle and dogs, as well as humans in the Middle Belt of Ghana, might have been infected with

Babesia/Theileria.



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Overview Babesia/Theileria species

Babesia/Theileria species are tick-borne intraerythrocytic protozoan parasites that cause a disease
known as Babesiosis/Theileriosis (Lempereur et al., 2017; Huang et al., 2018; Abdela et al., 2018).
The genus, Babesia, is named after a Hungarian Pathologist and Microbiologist called Victor
Babes who first discovered them in cattle, 1888 (Babes, 1888). He identified over 100 species of
Babesia, describing them as intraerythrocytic “bacteria” that killed 30,000 to 50,000 heads of Ro-
manian cattle with febrile hemoglobinuria. His discovery was later identified by Smith and Kil-
borne as protozoan parasites transmitted by blood-sucking ticks (Babes, 1888; Smith & Kilborne,
1893; Mosqueda et al., 2012). Arnald Theiler also first discovered Theileria species but the dis-
ease, “Theileriosis” was first identified by Dschunkowsky in 1904 (Jithendran et al., 1997). Safar,
(2017), described Babesia as part of “Laboratory-acquired blood-borne parasites from accidental

exposure” which are found worldwide.

Tick-borne diseases (caused by bacteria, viruses, and parasites), like Babesiosis, have been in-
creasing for the past two decades, particularly in North America and Europe (Paddock et al., 2016).
The intermediate host for Babesia is the same hard-bodied tick that transmits B. burdorferi causing
lyme disease (Dunn et al., 2014), a single tick bite is reported to transmit multiple pathogens (Dunn
et al., 2014; Rizzoli et al., 2014; Moutailler et al., 2016). Ticks transmit babesiosis attributed to B.
microti in the US, Babesia duncani confirmed in patients in Western States, B. divergens is mostly

responsible for Europe’s babesiosis (Abdela et al., 2018; CDC, 2012). Currently, B. microti is



mostly reported to the US Food and Drug Administration as the common RBC transfusion-trans-
mitted pathogen. Blood transfusion from an infected donor with B. microti (FDA, 2015) is com-
mon. Mothers who might be infected may also transplacentally transmits it to the fetus (Adaszek

et al., 2016).

It is then recommended that, blood donors should be screened for Babesia species before blood
donation (US Food and Drug Administration, 2014; Vannier & Krause, 2012; Herwaldt et al.,
2011; Leiby, 2011). Undiagnosed immunocompetent donors remain Babesia/Theileria carriers,
infecting immunocompromised persons, which can result in high morbidity and mortality (Cush-

ing & Shaz, 2012; Owusu, 2015; Kitt et al., 2016).

2.1.1 Classification, Similarities, and Differences between Babesia and Theileria species

Even though Babesia and Theileria species are similar, there are some differences between them.
These differences could be grouped into: Morphological differences, differences from molecular
investigations, difference found in their life cycle, differences in their treatments, differences in
the tick species that transmit the parasites and difference in the family, genus, and species of the
parasite (Sivakumar et al., 2014; Uilenberg, 2006; Solano-Gallego et al., 2016; Solano-Gallego et
al., 2011; Gupta et al., 2004; Ganga, et al., 2010). In this study morphological and molecular

differences were mainly focused on.

Babesia and Theileria can be differentiated morphologically using microscopical examination of
their stained smears. Piroplasms are obligate intracellular hemotropic protozoan parasites of ver-
tebrates with a global distribution caused by the genera Babesia, Theileria, and Cytauxozoon (Al-

varado-Rybak et al., 2016; Allsopp & Allsopp, 2006). The name piroplasm describes the pear-
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shaped appearance of the parasites often seen within erythrocytes on Romanowsky-stained cyto-
logical slides during microcopy (Uilenberg, 2006). Microscopy was the central point for taxonom-
ically classifying parasites earlier in the genus Babesia; grouping Babesia species as large and
small, using how they appear in terms of shape and size during their intra-erythrocytic stages
(Solano-Gallego et al., 2016; Solano-Gallego et al., 2011). With this classification, large Babesia
species included B. bigemina, B. canis, and B. divergens, whiles B. microti was regarded as the
small Babesia (Mandal et al., 2014; Gray et al., 2010). These species can be differentiated from
each other, based on their sizes and trans-ovarian transmission from female adult ticks to their
offsprings, which occurs in large Babesia species but not in small Babesia species (Uilenberg,
2006). Molecular methods have also been used for classifications (Akoolo et al., 2017), where a
phylogenetic tree can sometimes be used to differentiate large Babesia species from small ones
based on the 18S rRNA gene sequence as seen in Figure 1 (Criado-Fornelio et al., 2003; Mandal

et al., 2014; Gray et al., 2010).

Theileria is also categorized as schizont “transforming” and “non-transforming” species where the
transforming species are all grouped as T. taurotragi clade (Sivakumar et al., 2014). Proliferation
of schizonts without control leads to pathologies found in corridor disease and East Coast fever
caused by Theileria parva as well as tropical theileriosis by T. annulata. All the transforming
species have a monophyletic origin because; they are able to cause schizont associated pathology
in which the schizonts can be cultured (Bishop et al., 2004, Pienaar et al., 2014, Sivakumar et al.,
2014). Though the non-transforming Theileria are noted as benign, they still have the ability of

causing diseases since the piroplasmid stage induces anemia (Sivakumar et al., 2014).



Many Babesia species that have been informally classified as ‘small’ Babesia, in particular, are
more closely related to Theileria (Beck et al., 2009). Example, B. equi is now called Theileria equi
because of its pre-erythrocytic development found in other Theileria species (Kumar et al., 2009).
Without molecular investigation, the differences and similarities between these organisms is

mostly undistinguishable (Figure 1).
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B.gibsoni India (Bareilly-1)-KC811801
B.gibsoni India (Dehradoon)-KF171470
B.gibsoni India (Assam-2)-KF928958
B.gibsoni India (Siliguri)-KF171471
B.gibsoni India (Uttar Pradesh)-KC461261
B.gibsoni India (Kolkata-2)-KF171474
B.gibsoni India (Assam)-KC811802
B.gibsoni India (Kolkata-1)-KC811803
B.gibsoni India (Kolkata-4)-KF171472
B.gibsoni India (Ludhiana-2)-KF511955
84 L———— B gibsoni India (Punjab)-KC954653
B.gibsoni India (Ludhiana-3)-KF511956
100 B.gibsoni India (Kolkata-3)-KF171473
B.gibsoni Japan-AB118032
B.gibsoni USA-DQ184507
B.gibsoni Taiwan-JQ710685
B.gibsoni Japan-AB478329
B. gibsoni Spain-AY278443
B.canis rossi Nigeria-JQ613105
99 B.canis vogeli France-AY072925
—92: B.canis canis Russia-AY962187
B.bigemina China-JQ723014
Babesia sp. Kashi-1 China-AY726556
B.orientalis China-AY596279
100 B.occultans Tunisia-HQ331478
B.orientalis China - HQ840969
Babesia sp. India (Malbazar)-KC954652
76 Babesia sp. India (Ludhiana)-KC954651
—88: Babesia sp.India (Bareilly)/Buffalo-KC461260
 — B.conradae USA-AF 158702
0 L— T.equi South Korea-HM229408

B.ovis Spain-DQ287954

T B.bovis India (Bareilly)-KF928959
100 L— B bovis China-JX495403

P.falciparum India-JQ627149

Figure 1: Phylogenetic tree based on 18S rRNA gene of Babesia isolates using Maximum Likeli-
hood method (Adapted from Mandal et al., 2014).

In the case of B. equi, it was reclassified as T. equi after molecular investigations and 18S rDNA
sequencing was done to bring out the differences and similarities (Mehlhorn & Schein, 1998;
Bilgic et al., 2012). Western US Theileria — like group is closely related to Babesia conradae
(Bock et al., 2004; Hunfeld et al., 2008). B. microti, the causative agent of human babesiosis in
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Wisconsin and Minnesota, US, was named again as T. microti a few years ago (Vannier et al.,
2008). Some scientist also use both names at the same time as Theileria/Babesia microti and Babe-

sia (Theileria) (Clancey et al., 2010; EI-Ashker et al., 2015; Zanet et al., 2014).

Theileria annae was previously detected in a Spanish sick dog and is shown to be most closely
related to B. microti in terms of phylogenetic analysis. Therefore, it was first named as Babesia
microti-like (Zahler et al., 2000; Ascencio et al., 2018). Later, when it was observed to show dif-
ferent segregation from that of Babesia species known as Babesia sensu stricto group, it was then

concluded that it belongs to the genus, Theileria (Schnittger et al., 2012; Zahler et al., 2000).

The placement of T. annae into the genus, Theileria, proved confusing (Criado-Fomelio et al.,
2003) and was therefore given different names in several publications (Zahler et al., 2000; Birken-
heuer et al., 2010; Camacho et al., 2005; Camacho, 2005; Clancey et al., 2010). Names such as
Babesia Spanish dog isolate (Yeagley et al., 2009), Babesia-microti-like (Zahler et al., 2000; Bir-
kenheuer et al., 2010), Babesia annae (Camacho et al., 2005; Camacho, 2005), Babesia (Theileria)
annae (Clancey et al., 2010), and Babesia cf. microti (Karbowiak et al., 2010) were used as syno-
nyms to avoid the confusion. To overcome these disagreements, phylogenetic investigation was
done that confirmed that T. annae is not part of the genus, Theileria (Baneth et al., 2015; Ascencio

et al., 2018).

Babesia/Theileria has a taxonomic classification. They belong to the same kingdom Protoctista;
Phylum, Alveolata; Subphylum, Apicomplexa; and Order, Priroplasmida. Babesia, however, be-

longs to the Family, Babesiidae; and Genus, Babesia. (Solano-Gallego & Baneth, 2011; Lempe-
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reur et al., 2017; Abdella & Jilo, 2016; Pohl, 2013). Theileria also belongs to the family, Theil-
eriidae and the genus, Theileria. Unlike Babesia, the genus, Theileria is differentiated by sporo-
zoites’ infection of leukocytes. Schizonts mature into merozoites, subsequently infecting RBCs to
produce piroplasms (Uilenberg, 2006). Figure 1 shows the Phylogenetic or molecular identification
of Babesia species as an example. Most Babesia species that were first detected in cattle and dogs are
same/similar species that are found to infect humans, hence they are described in human infection

as zoonosis (Diuk-Wasser et al., 2014; Gupta et al., 2017).

The same Ixodidae’s ticks can transmit Babesia/Theileria species but the same/different genera of
Ixodid’s ticks are involved in transmitting Babesiosis/Theileriosis caused by the agents above.
Example; Ixodidae’s ticks of the genera Hyalomma and Rhipicephalus transmit tropical theilerio-
sis (Mediterranean coast fever) and East Coast Fever in cattle respectively (Nejash & Bekele, 2016;
Gul et al., 2015). Major vectors that transmit B. bigemina are Rhipicephalus microplus (originally,
Boophilus microplus) and R. annulatus (previously, Boophilus annulatus). Haemaphysalis punc-
tata, Haemaphysalis longicornis, and Hyalomma marginatum transmit B. major, B. ovata, and B.
occultans respectively in cattle (CFSPH, 2008). Bovine theileriosis is caused by tick-borne blood
protozoan, Theileria orientalis, in Australia, 2006 (Kamau et al., 2011; Eamens et al., 2013; Pul-

ford et al., 2016; Gupta et al., 2017).

2.1.2 Life Cycle and Transmission of Babesia/Theileria species
Babesia/Theileria species have an indirect life cycle consisting of two hosts; the vertebrate (as the
intermediate) host and an Ixodes’ tick as the definitive host (Moustafa et al., 2016). The hosts are

involved in developmental stages and the transmission of Babesia species. Different species of
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ticks in the ixodidae family are involved in the transmission of different Babesia species amongst

humans and animals (Figure 2).
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Figure 2: Life Cycle of Babesia species, B. microti (Adapted from CDC, 2015)

The piroplasms (Babesia and Theileria) are normally differentiated using the absence of pre-eryth-
rocytic cycle in Babesia (Rudzinska et al., 1976) and no transovarian’s transmission in Theileria
(Mehlhorn et al., 1993). Babesia and Theileria spp go through both sexual and asexual part of their
lives where sporogony follows the sexual part of their life cycle (Lempereur et al., 2017). Babe-
sia’s sporozoites are transmitted in the saliva of the tick when feeding on blood, directly infecting
erythrocytes and multiplying asexually to form pyriform merozoites during merogony. However,
as seen in Figure 3, a pre-erythrocytic schizogonic life form in WBCs is present in Theileria before

merogony (Lempereur et al., 2017; Uilenberg 2006; Hunfeld et al., 2008).
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The life cycle of Babesia microti, for example, involves two hosts. These are a rodent, primarily
the white — footed mouse, Peromyscus leucopus (same for Theileria, Figure 3), and a tick from the
genus Ixodes. During a blood meal, a Babesia-infected tick injects sporozoites into the mouse host
(Figure 3). The sporozoites enter into the erythrocytes and at this stage, asexual reproduction takes
place through budding (Figure 3). In the blood, some of the parasites divide into male and female
gametes but show no difference when observed under the light microscope (Figure 3). Transmis-
sion to man is possible, the moment the gametes are introduced into the definitive host - tick (Fig-
ure 3). However, transmission to man is accidental (just as in Theileria), humans are seen in the
cycle when they are bitten by infected ticks (Vannier & Krause, 2012). The gametes become fused
(united) and undergo a sporogonic cycle leading to the production of new sporozoites in the tick

(Figure 3).

Babesia - infected tick injects sporozoites into the human host (Figure 3) when it goes for a blood
meal. The sporozoites go straight into the erythrocytes and, from there, they undergo asexual rep-
lication (budding) like what happened in the first intermediate host (mouse). When the blood stage
parasites are multiplying, the clinical manifestations of Babesiosis are noticed. Humans serve as
the dead-end hosts for both Babesia and Theileria species (Figure 3). However, human-to-human
transmission is well noted to occur through transfusion with contaminated Babesia species’ blood
and from mother to child (CDC). Transovarian transmission which is also called “vertical or he-
reditary transmission” is documented for “large” Babesia species. This occurs at low rate in Theil-
eria species (Swilks et al., 2017). The protozoan parasites initially named as Piroplasma parva by
Theiler, (1904), established as the genus Theileria in 1907 (Bettencourt et al., 1907) were first

identified by Koch, (1898) as immature Babesias.
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Figure 3: Life cycle Theileria species, T. microti (Adapted form https://en.wikipedia.org/wiki/Theil-
eria_microti#/media/File:Babesia_life_cycle_human_en.svg. Date retrieved: 26/07/2018).

Babesia/Theileria species infection is transmitted through tick bites (example, Ixodes scapularis
ticks; in the case of B. microti), blood transfusion, and vertical transmission (Vannier et al., 2015;
Jane & Adam, 2014; Fang & McCullough, 2016; Tolkacz et al., 2017). Babesiosis can also be
transmitted through organ transplantation (Meghan et al., 2016; Jane & Adam, 2014). The disease
is called Human Babesiosis when the susceptible host is a human being (Moustafa et al., 2016;
Vannier & Krause, 2012; Vannier et al., 2008). Generally, in animals, Babesiosis is normally

called Tick Fever. In cattle, it is sometimes referred to as Bovine Babesiosis, Cattle Fever or Texas
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fever (Abdella & Jilo, 2016; Owusu, 2015). It is also specifically known as Canine Babesiosis
when the Babesia species infect dogs (Baneth, 2018; Corali¢ et al., 2018). In small ruminants,
Ovine Babesiosis, is amongst the serious haemoparasitic tick-borne diseases (Gholamreza et al.,

2017). The same applies to Theileria species too.

2.2 Infection of Humans with Babesia/Theileria Species (Human Babesiosis/Theileriosis)

Human babesiosis occurs when a Babesia/Theileria infected tick bites a susceptible human during
a blood meal by injecting the parasites into him/her (Human Babesiosis, 2018; Lempereur et al.,
2017; Meghan et al., 2016). Human babesiosis was first detected in 1957 (Skrabalo & Deanovic,
1957). B. microti, B. duncani, B. divergens, B. bovis, and B. venatorum are humans’ pathogens

(Vannier & Krause, 2009).

In a study that examined 256 transfusion cases in search of possible Transfusion-Transmitted
Babesiosis (TTB) in the USA, it was observed that, Babesia parasites were present in 165 of the
blood samples (Fang & McCullough, 2016) which emphasized an increasing trend in Transfusion-
Transmitted Babesiosis cases, in United States. In 2011, another study reported 159 TTB cases
attributed to B. microti from 1979 to 2009. Theileria microti is also transmitted through blood
transfusion. It has caused 27% (4/15) of transfusion-transmitted microbial infections. This has re-
sulted in the US FDA approving an antibody-based screening test for blood and organ donors in
2018 (FDA, 2014). Babesia can be transmitted from mother to child. Babesia microti, the causative
agent of zoonotic babesiosis, is confirmed to be transmitted vertically in laboratory mice, dogs,
and humans (Tolkacz et al., 2017; Fox et al., 2006). Babesia microti has been demonstrated clearly
to be vertically transmitted recently in BALB/c mice with a 100% success (Bednarska et al., 2015).

Congenital human babesiosis are also seen in newborn human babies in the USA (Esernio-Jenssen
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et al., 1987; New et al., 1997). Congenital cerebral theileriosis was confirmed in eight (8) days

newborn female twin Holstein (black-and-white) calves (Kaleibar et al., 2014).

2.2.1 How Babesia/Theileria complicates human malaria diagnosis and treatment
Plasmodium which causes malaria has similar morphology to Babesia/Theileria and uncompli-
cated malaria has clinical presentation similar to babesiosis/theileriosis, although treatment proce-
dure varies (Whegang Youdom et al., 2017; Tivura et al., 2016; Quick et al., 1993).

Microscopic morphological features of Babesia/Theileria and Plasmodium include intra-erythro-
cytic rings which can sometimes look like oval, round, pear-shaped, tetrads and Maltese cross
(Conrad et al., 2006), which can sometimes be confusing. This situation could complicate the
diagnosis and treatment of Babesia/Theileria, especially in Africa, where malaria is endemic

(Huang et al., 2018; Hunfeld et al., 2008).

Misdiagnosing babesiosis/theileriosis as malaria and vice versa (though in rare cases) could lead
to wrong or inappropriate treatment (Kunimoto et al., 1998; Scott, 2017; Huang et al., 2018), and
subsequent development of complicated form of the disease, such as disseminated intravascular
coagulopathy (DIC), acute respiratory distress syndrome (ARDS), kidney or congestive heart fail-

ure, and coma that can lead to death (Wormser et al., 2011).

According to Birkenheuer et al (2004b), no specific drug is the drug of choice for treating canine
babesiosis but a combined azithromycin and atovaquone therapy can successfully treat Babesia
gibsoni infections in dogs with no infected erythrocytes in blood smear. This was showed when

dogs who have been on this combined therapy for about four (4) months continued to produce
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negative results as revealed by PCR tests (Birkenheuer et al., 2004b). Meanwhile, using a mono
therapy of atovaquone, B. gibsoni were intermittently detected in DNA of experimental infected
dogs, thirty-three (33) days when the last treatment was done (Matsu et al., 2004). This confirms
the assertion of Choidioni et al (1995) and Wittner et al (1996) that, in humans or animals infected
with protozoans such as P. falciparum and B. microti, when atovaquone is used as a mono thera-
peutic agent, it is effective but recrudescence rates are high and there is a decreased susceptibility

of the parasite after treatment.

Increase in the discovery of different species of Theileria in dogs (Dixit et al., 2010) has raised the
concerns of researchers about mixed Babesia/Theileria infection in domestic animals (Criado-For-
nelio et al., 2004, Sivakumar et al., 2014). Similarly, in humans, multiple infections as a result of
different pathogens in the same host might cause nonspecific effects on each other caused by host
immune responses (Homer et al., 2000). Researchers have reported on the begrudging or syner-
gistical consequence of mixed infectious agents (Homer et al., 2000). Other unexplained febrile
illnesses which are mostly misdiagnosed as malaria, might wrongly be treated as malaria though
the patient might be suffering from a different disease (Stoler & Awandare, 2016; Hildenwall et
al., 2016; Feachem et al., 2010; Reyburn et al., 2004) like Babesia/Theileria. Only those with

strong immunity may be able to withstand this condition (Djokic et al., 2018).

In most situations, patients have been previously misdiagnosed as malaria and this resulted in in-
appropriate treatment and delaying of appropriate treatment, this for serious cases like B. diver-
gens’ infections may be too late (Homer et al., 2000). Using antigenic-based malaria RDTs

(mRDTSs) in Tanzania, it was confirmed that some patients who were initially treated for malaria
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were rather having non-malaria diseases (Hildenwall et al., 2016; Feachem et al., 2010; Reyburn
et al., 2004). Other investigators have indicated that malaria has traditionally been the de facto
presumptive diagnosis for patients experiencing acute febrile iliness (AFI), a category that encom-
passes half of clinical visits in many Sub-Saharan Africa’s (SSA) nations (O’Meara et al., 2010;
Stoler & Awandare, 2016). Evidently, how malaria complicates the diagnosis and treatment of
other fibrile illness such as Babesiosis/Theileriosis and vice versa should be considered a very

important discussion for both scientific researchers and practitioners.

2.3 Babesia/Theileria species In Cattle (Bovine Babesiosis/Theileriosis)

Among animals and humans, Babesia species in cattle were the first to be detected and identified,
as early as the 19" Century. A Romanian physician, Dr. Victor Babes detected the microorganism
in the RBCs of cattle and sheep that have hemoglobinuria, which were later identified and named
as Babesia bovis and Babesia ovis (Uilenberg, 2006). Up till now, Babesiosis is a very important
haemoparasitic diseases in cattle, since it is responsible for significant morbidity and mortality
among them (Abdella & Jilo, 2016; Mans et al., 2015; Tarimo, 2013) whiles it can be considered
emerging in human beings (Abdella & Jilo, 2016). A study done (in central and southern regions
of Portugal) among cattle randomly taken in four different Portuguese districts detected Babesia
and Theileria spp. using PCR-reverse line blotting (RLB). That investigation was able to confirm
74.7% of the bovines as positive for Babesia/Theileria spp. Five apicomplexan spp; Theileria buf-
feli, Theileria annulata, Babesia divergens, B. bovis, and B. bigemina were identified with RLB

in the bovines tested (Silva et al., 2010).

In Ghana, out of 397 cattle (4 breeds) sampled at three ecological zones, co-infection of Theileria

spp., Anaplasma marginale, and Babesia bigemina was observed. In another project done at the

20



Southern part of Ghana, Greater Accra region, it was observed that, out of 10 cattle from a total of
30 samples that were microscopically suspected, 9 of them were confirmed with PCR as Babesia
spp. (Owusu, 2015). This indicated the presence of bovine babesiosis in the southern belt of the
country (Ghana), meanwhile, there is little or probably no information on the disease at the Middle
Belt of the country. Bovine babesiosis/theileriosis can be detected, wherever the tick vectors are
present, but it is mostly identified in the tropics and subtropics. B. bigemina and B. bovis which
are of importance to cattle are widespread in the tropics and subtropical areas (Abdella & Jilo,

2016; CFSPH, 2008).

Babesia bovis is normally infective between 2-3 days after attachment of larval tick, and it can live
in cattle for years. In R. microplus, however, B. bovis cannot survive after the larval period. For B.
bigemina, it matures almost 9 days after the hatching of larval tick; and is therefore only transmit-
ted by nymphs and adults. It can survive in cattle for only few months. Interestingly for R. ricinus,
all the three stages are able to transmit B. divergens (CFSPH, 2008). Vertical transmission reported
in humans (Joseph et al., 2012) and dogs (Adaszek et al., 2016; Fukumoto, et al., 2005) is also
found here because these species which are vectored by the same tick host, Rhipicephalus species,
are mostly transmitted transovarially (Abdella & Jilo, 2016; CFSPH, 2008). B. divergens, B. ve-
natorum, and B. microti first detected in cattle were later observed to also cause human and canine
babesiosis respectively (Vannier & Krause, 2009; Abdullah et al., 2018) B. bovis infecting humans

as well.
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2.4 Babesia/Theileria species in Dogs (Canine Babesiosis/Theileriosis)

The first and early description of Babesia infection in dogs was done in Africa, 1893 (Hutcheon,
1893). Two years later, infection with Babesia species in Dogs was also described in Italy, (Ron-
calli, 2001) and then later (1934) in Florida, United States (Eaton, 1934). Protozoan diseases like
babesiosis/theileriosis are major tick-borne infections in dogs, they are found worldwide (Irwin,
2009; Boozer & Macintire, 2003; Solano-Gallego & Baneth, 2011). Dogs served as one of the
reservoirs from which infected ticks infect majority of domestic animals, wild animals, and human
beings (Schnittger et al., 2012). Several Babesia spp that causes canine babesiosis have different
susceptibility to anti-protozoal drugs (Baneth, 2018). Theileria species which are pathogenic to

dogs are: T. annae (Simde et al., 2011; Garcia, 2006), Theileria-like group (Babesia conradae),

T. annulata (Criado et al., 2006), and T. equi (Criado-Fornelio et al., 2003).

The full geographical range of canine piroplasms has been found in dogs in the Middle East, parts
of Africa, North America, and Europe. Theileria annulata was detected in two herd dogs in Iran
using their 18S rRNA gene sequence (Bigdeli et al., 2012). Two PCR positive dogs from Shiraz
were infected with T. annulata (first reported case in Southern Iran, and the second reported case
of T. annulata in dogs worldwide) and B. canis (Bigdeli et al., 2012). Theileria annae, Theileria
equi, and Theileria annulata were identified in sick dogs in Spain (Garcia, 2006), South Africa
(Matjila et al., 2008), Croatia (Beck et al., 2009), France (Fritz, 2010) and Portugal (Simdes et al.,
2011). Beck et al., 2009 in Croatia detected T. annae in sick dogs using PCR. T. equi too was
amplified in three (3) asymptomatic dogs and one sick dog (Criado-Fornelio et al., 2003). Species
like B. divergens, B. venatorum, and B. microti that infect dogs were also found to be associated

with zoonotic human babesiosis (Vannier & Krause, 2009). Since just a proportion of some dogs
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some show clinical signs and symptoms of the infection, there are more questions on the clinical

importance of theileriosis in dogs.

2.5 Pathogenesis, Signs and Symptoms of Babesia/Theileria Infection

The signs and symptoms associated with Babesiosis and theileriosis are similar to that of malaria.
In most cases, the parasites involved in these disease conditions causes haemolysis, which results
in anaemia and jaundice (Gray et al., 2010; Kappmeyer et al., 2012). The disease condition pro-
gresses to anoxia and increased cell toxicity, leadig to death in some cases. Although haemolysis
is linked with infected cells, it can also occur in uninfected erythrocytes due to excessive produc-
tion of pro-inflammatory cytokines. These cytokines cause symptoms including fever, myalgia,
renal insufficiency, coagulopathy and hypotension (Clark and Jacobson, 1998; Krause et al.,

2007).

The clinical manifestations of Babesia/Theileria progresses from mild anaemia to severe pancyt-
openia, rapture of the spleen, disseminated intravascular coagulation (DIC) as well as hemopha-
gocytic lymphohistocytosis (HLH) (Akel & Mobarakai, 2017; James, 2015). Although immuno-
competent individuals are usually asymptomatic, the persistence of these parasites could be dele-
terious, and in some cases, life threatening. However, in immunocompromised persons, the disease
could lead to multiple organ failure (Genda et al., 2016; Akel & Mobarakai, 2017; Roshni et al.,
2017; Linden et al., 2018). Human Babesiosis symptoms can be from subclinical to severe (Leibly,

2011; James, 2015; Human Babesiosis, 2018).

23



2.6 Laboratory Diagnosis of Babesia/Theileria

The first method of diagnosis of Babesia/Theileria species was by microscopy (Babes, 1888;
Theiler, 1904). The parasites are usually identified in Giemsa stained blood smears (Gunes et al.,
2017). The diagnostic tests include microscopy, serology and molecular techniques, chest radiog-
raphy, bone marrow aspirate (biopsy) (Mosqueda et al., 2012; Gupta et al., 2017; Hassan et al.,
2018). Diagnosis using an indirect fluorescent antibody (IFA) test has much higher specificity
compared to staining of blood smears. Molecular methods of detection are by far, the most sensi-
tive and reliable tool for detecting infecting parasites (Mosqueda et al., 2012; Hassan et al., 2018).
PCR targeted at the V4 hyper-variable region of 18S rDNA has the ability to identify wide varieties

of Babesia/Theileria species (Bastian et al., 2012).

2.7 Epidemiology of Babesiosis/Theileriosis

The geographical distribution of Babesiosis/Theileriosis causing organisms varies from country to
country. In the United States where Babesiosis is endemic, most of the cases are caused by B.
microti (Vannier et al., 2008). In Europe, most reported cases have been attributed to B. divergens.
Results obtained from a previous study revealed that, Theileria parva is most abundant in sub-
Saharan Africa (Tarimo, 2013). In recent times, there are several species of Babesia and Theileria
which affect humans and animals in the sub-Saharan countries, and this has necessitated further
research into other infecting species besides B. microti (Akel & Mobarakai, 2017; Solano-Gallego
and Baneth, 2011; Dixit et al., 2010). The infecting species of Theileriosis is also widely distrib-
uted, among domestic and wild animals, as well as humans (Mans et al., 2015). A new Babesia
strain (KOL1 strain) has been identified in South Korea (Kim et al., 2007). Other cases caused by
uncharacterized Babesia species has been documented in Egypt, Mozambique, and South Africa

(Kjemtrup & Conrad, 2006). A case of B. divergens—like infection was reported on the Canary
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Islands, off the coast of West Africa (Gray et al., 2010). Bovine and canine babesiosis has also be

reported in Ghana (Beckley, 2013).

2.7.1 Babesiosis/Theileriosis in Ghana

There is little information about Babesia/Theileria infection in Ghana, especially in the Middle
Belt. Even though there has not been report of Babesia/Theileria in humans, there had been few
reports in animals. Bell-Sakyi et al., (2004), in addition to detecting Theileria species in sheep and
Anaplasma species in goats, found Babesia bigemina, Theileria mutans, and Theileria velifera in
cattle. In that study, T. mutans was found to be the most prevalent tick-borne pathogen in cattle
(Bell-Sakyi et al., 2004). Nine years later, Beckley (2013) detected Babesia bigemina, Theileria
species, as well as Anaplasma marginale amongst local breeds of cattle (Sanga, Gudali, West Af-
rican Shorthorn and White Fulani) in three agro-ecological areas of Ghana (Coastal Savana,

Guinea Savannah and Transitional zone).

Adzigbe (2017) also investigated hemoparasites among cattle in Southern part of Ghana (Accra
and Adidome). Two genera of hemoparasites caused by ticks were detected by the research —
Theileria and Babesia species with Theileria velifera as the predominant one (Adzigbe, 2017). The
study also detected T. mutans and B. bovis in the two study areas. Meanwhile, there is little infor-

mation on the status of Babesia/Theileria in the Middle Belt of Ghana.

Blood samples of one hundred and fifty malaria positive patients, thirty sick cattle and thirty-three

sick dogs were screened for the detection of Babesia species in the Greater Accra Region of Ghana
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(Owusu, 2015). After Giemsa stain microscopy and PCR, nine out of the thirty sick cattle, and one

of the dogs was found to be infected with Babesia/Theileria, but none in human.

2.8 Prevention and Control of Babesia/Theileria species

The best way to eradicate Babesia/Theileria species that cause babesiosis/theileriosis, is to elimi-
nate the definite host, tick(s). So many methods are available to control theileriosis, likewise
babesiosis. Practically, chemical control with acaricides and vaccinations is mostly used world-
wide (Morrison, 2015). Acaricides have been tried in U. S., aimed at eliminating ticks where all
cattle were treated every 2 or 3 weeks with it (CFSPH, 2008). Despite this effort, cases of babesi-
osis are still reported in some parts of the world. There is a steady increase of diseases caused by
ticks for the past two decades in North America and Europe (Dunn et al., 2014; Rizzoli et al.,

2014; Moutailler et al., 2016).

In some nations cattle are prevented from the disease through vaccination with live attenuated
strains of B. bovis and B. bigemina or B. divergens. In locations where these diseases are endemic,
it is encouraged that sick animals are given antiparasitic drugs to treat them as quickly as possible.
Treatment is most likely to succeed when they are diagnosed early. Example, Atovaquone/Bupar-
vaguone plus azithromycin can be used to treat babesiosis in both human beings and animals
(Tanyel et al., 2015; Plumb, 2015; Checa et al., 2017). Buparvaquone along with other supportive
therapies like azithromycin can be used to treat both Babesiosis/Theileriosis (Ganga et al., 2010;
Plumb, 2015; Checa et al., 2017). Treatment may also fail if the sickness makes the animal anemic
and weak. Disinfectants and environmental cleanliness, one of the best preventive methods for

most diseases like malaria, are generally not effective against them. However, if care is taken not
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to transfuse unscreened blood from one animal to another, it can reduce the spread of babesiosis

(CFSPH, 2008).

Recently, genetically resistant cattle, known as B. indicus, is a proposed sustainable approach that
can help decrease the incidence of Babesiosis (Abdella & Jilo, 2016). However, there is still the
need of continue searching for new innovative methods that can serve as better alternative preven-
tive and control methods. Prevention of B. divergens infection is possible, if persons with weak
immunity are careful when travelling to babesiosis endemic regions, particularly within the sea-
sons that ticks are prevalent. Putting on particular clothing like; long-sleeved shirts, long pants,
and using tick repellents can help prevent B. divergens infection. After outdoors’ activities, the

skin and clothing should be checked for ticks and removed if found (CFSPH, 2008).
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CHAPTER THREE

3.0 METHODOLOGY

3.1 Study design

A cross sectional study was used in this research, where blood samples were collected at a point

in time, from a population.

3.2 Study sites
The project was done among selected people and animals in the Middle Belt of Ghana using two

municipalities: Techiman South and Kintampo North Municipalities (Figure 4).
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Figure 4: Map of Ghana Showing Study Sites of the Project at the Middle Belt (Adapted from;
wikipedia.or./wiki/File:Brong_Ahafo_districts.png. Date retrived: 02/06/2018)
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3.2.1 Techiman South Municipality

The Techiman Municipality is found at the central part of the Brong-Ahafo Region, and shares

common boundaries with four districts/municipalities: Techiman North, Wenchi, and Nkronza

Municipalities of the Brong-Ahafo Region, as well as Offinso-North District in the Ashanti Region

(Figure 5A). The municipality had a population of 147,788 in the most recent census (Ghana Sta-

tistical Service, 2014). This represented 6.4% of the total population of the Brong-Ahafo Region.

According to the Ghana Statistical Service (2014), the second most important agricultural activity

in the Techiman Municipality is rearing of livestock; practiced in both rural and urban areas within

the municipality.
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Figure 5A. Map of Techiman South Municipality (Adapted from Ghana Statistical Service, 2014.
Date retrived: 02/06/2018).
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According to the Ghana statistical service (2014), cattle represents the most reared livestock in the
municipality in terms of “average animal per keeper. Techiman Market (where variety of agricul-
tural products are sold) is one of the largest markets in Ghana, that brings people from various
parts of the country (especially the three Northern regions) and other neighboring countries to the
municipality for business purposes. This market can also be classified as a trans-national market
that attracts people from other West African countries such as Mali, Burkina Faso, Nigeria and

Niger. Humans, dogs and cattle samples were collected from a number of areas within the munic-

ipality.

3.2.2 Kintampo North Municipality

The Kintampo North Municipality shares boundaries with five Municipalities: Central Gonja Mu-
nicipal to the North; Bole Municipal to the West; East Gonja Municipal to the North-East, Kin-
tampo South Municipal to the South; and Pru Municipal to the South- East, respectively (Figure
5B). The municipality had a population of 95,480 in the most recent census by the Ghana statistical
service (2014). Geographically, the Municipality is strategically located at the Centre of Ghana,
serving as a transit point between the northern and southern sectors of the country (Figure 3.2B).
In the Municipality, 60.2% of households are engaged in agricultural activities (GSS, 2014). Sim-
ilar to the Techiman South municipality, humans, dogs and cattle samples were collected from a

number of areas within the Kintampo South municipality.
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Figure 5B: Map of Kintampo North Municipal (Adapted from Ghana Statistical Service, 2014, Date
retrived: 02/06/2018)

3.3 Sample size determination

Sample size for the humans, cattle and dogs used in the current study was calculated using the
formula: n = [Z2. P. (1-P)] / C2

Where: n=sample size; Z= standard value at a certain confidence level; P= estimated prevalence;
C= margin of error. The proposed samples sizes for this study were calculated with the following

parameters.

3.3.1 Sample size for Human Subjects

For the human samples, a confidence level of 95% with a corresponding z-value (Z) of 1.96; a
prevalence (P) of 10.81% obtained from a study by Herrera et al., 2017 was used. With a confi-
dence interval (C) of 0.05, the sample size of human beings used for the project was calculated as:

=>[Z2. P. (1-P)] / C? = [1.962.0.1081. (1-0.1081)]/0.052 = [3.8416x0.1081x (0.8919)] / 0.0025
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=> [Z2 P. (1-P)] / C> = 0.3704/0.0025 = 148.2 = 148.0.

Therefore, a minimum sample size of one hundred and forty-eight (148) people was used.

3.3.2 Sample size for Sick Cattle and Dogs

Using a prevalence rate of 5.5% also obtained from a study by Jirapattharasate et al., 2016; the
sample size for cattle using the same calculation from the formula above was Eighty (80.0). That
1s 79.87 = 80.

With the same prevalence of 5.5%, 79.87 =~ 80.0 dogs were also sampled.

3.4 Selection of Study participants and sample collection

3.4.1 Human samples

Blood samples were collected from smear positive malaria patients from the Holy Family Hospital
at Techiman and Kintampo Municipal Hospital. Cattle rearers from Techiman and Kintampo who
consented (especially those that complain of not feeling well at the time of the study) were also
sampled. At Techiman, the human samples were collected from three (3) areas within the munic-
ipality: Holy Family Hospital, Tanoso, and the Abattoir. The smear positive malaria samples were
all collected at Holy Family Hospital whiles samples from the cattle rearers were taken from Ta-
noso and the Abattoir. At Kintampo, samples of smear positive malaria patients were taken at the
Kintampo Municipal Hospital whiles samples from the Cattle rearers were collected from three
(3) communities in the municipality, namely; Kaaka, Komadai and Kwabena Num. From each

patient, two to three milliliters (2-3ml) of venous blood were collected for investigation.
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3.4.2 Animal samples

At Techiman, the cattle samples were collected from communities in Tanoso, James’ Town, Ab-
attoir (Slaughter house) and Sansama. Blood samples from dogs were collected from the two vet-
erinary offices within the municipality. At Kintampo, cattle blood samples were collected from
four (4) communities in the municipality, namely: Komadai, Techira Number 2, Mossi-Akura, and
Suronuase. Blood samples form dogs were collected from the Kintampo Veterinary office. Whole
blood samples were taken from the jugular vein of the sick cattle and the cardiac vein of sick dogs,
according to Laboratory Standard Operation (Appendix 1V). All blood samples were collected into
well labeled EDTA tubes and kept in cold boxes for transportation to the parasitology laboratory
of the Department of Medical Microbiology, SBAHS, University of Ghana. About 2 ml venous

blood sample was taken from each of the selected animals for screening.

3.5 Inclusion/exclusion criteria

The following criteria were used for inclusion and exclusion of study subjects.

Inclusion Criteria
e Sick cattle and dogs whose owners have given their consents
e Cattle rearers who have given their consents were sampled

e People who were diagnosed as malaria patients through microscopy of stained smear

Exclusion Criteria
e Sick dogs and cattle who have been vaccinated / treated less than two weeks to sampling

were excluded.
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3.6 Laboratory Procedures

A summary of laboratory procedures employed in the current study is presented in Figure 6. Ques-
tionnaires were used to gather demographic data for both humans and animals (Appendix I11). Care
takers of the animals provided the demographic data about the animals. Blood samples collected
from humans were screened for Babesia/Theileria infection by microscopically examining Giemsa
stained thin blood smears. Deoxyribonucleic acid (DNA) was extracted from the blood samples
that were suspected to be infected with Babesia/Theileria for amplification. Samples that success-
fully amplified were sequenced. For samples from sick animals, those that showed intra-erythro-
cytic parasites microscopically were selected for DNA amplification. Similarly, samples that suc-

cessfully amplified were chosen for sequencing (Figure 6).

Questionnaires,
to Owners

Figure 6: Diagrammatic Presentation of the Laboratory Procedures
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3.6.1 Microscopy (Thin and thick blood smears)

Thin and thick blood smears were made on clean labeled glass slides for each blood specimen. The
smears on the slides were air-dried after which the thin smears were fixed in methanol. The slides
were then flooded with 1 in 10 dilution of Giemsa stain and held for 10 minutes. Afterwards, the
stain was gently washed off with clean water and the slides were air dried. Slides were viewed
with oil emersion under high power lens using a light microscope (Olympus, UK). During the
examination, samples with Plasmodium-like features in addition to characteristics (such as triad,
tetrad, and classical Maltese cross or paired pear-shaped morphology) suggestive of possible Babe-
sia/Theileria infection were selected, and after testing with rapid diagnostic test kit (Clinogen Di-
agnostics, Japan), those that were negative for the four human Plasmodium sp were labeled as
“suspected” Babesia/Theileria-infected samples and selected for molecular analyses (Figure 6).
The RDT kit contained a membrane strip pre-coated with two monoclonal antibodies as two dis-
tinct lines which detect antigens in whole blood. One line had antibodies specific for P. falciparum
histidine rich protein-2 (Pf HRP-2) whiles the other line contained antibodies that were pan spe-
cific to the lactate dehydrogenase of Plasmodium species (P. falciparum, P. vivax, P. ovale and P.
malariae). In the animals (cattle and dogs), the suspected samples included those whose thin

smears showed intra-erythrocytic parasites.

3.6.3 DNA extraction

Extraction of total DNA from both blood samples and ticks were performed using the QI Amp
DNA mini kit (QIAGEN, Hilden, Germany) according to the manufacturer’s instructions. Twenty
microlitres (20 pl) of protease was dispensed into the bottom of a well labeled 1.5 ml eppendorf
tube. Two hundred microlitres (200 pl) of whole blood was added into the tube after which two

hundred microlitres 200 pl of lyse buffer (Buffer AL) was added and mixed by pulse vortexing for
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15 seconds. The mixture was incubated at 56°C for 10 minutes and briefly centrifuged to remove
drops from the inside of the lid. Two hundred microlitres (200ul) of cold absolute ethanol was
added to each sample and mixed by pulse vortexing for 15 seconds and briefly centrifuged to
remove drops from the lid. The mixture was carefully transferred into a labeled QlAamp Mini spin
column (in 2 ml collection tube) without wetting the rim. The cap of the column was closed and
centrifuged at 6000 x gravity (8000 rpm) for a minute. The collection tube containing the filtrate

was discarded and replaced with a clean tube.

Five hundred microlitres (500 pl) of wash buffer (Buffer AW 1) was carefully added to each spin
column and centrifuged at 6000 x gravity (8000 rpm) for 1 minute. The filtrate was again discarded
with the tube and the spin column was placed in a clean collection tube. Five hundred microlitres
(500 pl) of a second wash buffer (Buffer AW2) was added to each spin column and centrifuged at
full speed (14,000 rpm or 20000 x gravity) for 3 minutes and the collection tube containing the
filtrate was discarded. Each spin column was then placed in a labeled 1.5 ml eppendorf (microcen-
trifuge) tube. The spin column was carefully opened and two hundred microlitres (200 pl) of elu-
tion buffer (Buffer AE) was added and incubated at room temperature for 5 minutes. The sample
was centrifuged at 6000 x gravity for 1 minute and the spin columns discarded. The extracted DNA

samples were frozen at -20°C for future use.

3.6.4 Detection and identification of Babesia/Theileria species from Extracted DNA

For the humans and cattle’s samples, extracted DNA were amplified by PCR using primers that
can detect either Babesia or Theileria DNA (Table 1). The genus sets of primers that are specific
for Babesia/Theileria in humans and cattle and were used in the running of the nested PCR are:

Bab5 (5-AATTACCCAATCCTGACACAGG-3’) and Bab8 (5”-TTTGGCAGTAGT
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TCGTCTTTAACA-3’) were used for the first round of amplification. Whilst an expected band
sizes of 430bp after amplification, the primers: Bab6 (5’-GACACAGGGAGGTAGTGACAAGA-
3’) and Bab7 (5’-CCCAACTGCTCCTATTAACCATTAC-3") were also used for the second-
round amplification (Wei et al., 2001). As seen in Table 1, highly conserved primers that can
amplify many different Babesia and Theileria species were used (Gubbels et al., 1999; Centeno-

Lima et al., 2003).

Table 1. Species specific primers that were used for amplification of PCR products positive after
genus primer amplification

References Species  Primers and Sequence (5"-3") Amplifiable
Microbes

Wei et al., B. mi-  Bab5 AATTACCCAATCCTGACACAGG Some Babesia

2001 croti- and Theileria

Bab8 TTTCGCAGTAGTTCGTCTTTAACA

. spp.
like Bab6 GACACAGGGAGGTAGTGACAAGA

Bab7 CCCAACTGCTCCTATTAACCATTAC

Sobczyk etal., B.canis BcW-A: CATCTAAGGAAGGCAGCAGG Babesia canis

2005; 2000 BcW-B: TTAATGGAAACGTCCTTGGC

T: thymine; A: adenine; C: cytosine; G: guanine

For the dogs’ samples, primers specific for Babesia canis (BcW-A: CATCTAAGGAAGGAG-
CAGG and BcW-B: TTAATGGAAACGTCCTTGGC) were used (Table 1). The reaction solution
for PCR contained 12.5ul of One Taq 2X master mix with GC buffer (New England Bio labs Inc.),
0.5ul of 10uM of each primer, 3.5ul of One Taq high GC enhancer and 8l of the DNA in a final
volume of 25ul. PCR products positive for this primer were amplified using species specific pri-

mers (B. canis, for the dogs’ samples). Thirty-five cycles were carried out for the dog samples
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which involved denaturing at 94°C for 120 seconds, annealing at 60°C for 30 seconds, and exten-
sion at 72°C for 30 seconds. For the human samples, a total of 30 cycles was carried out for nest
one; consisting of denaturing at 94°C for 30 seconds, annealing at 55°C for 30 seconds, and ex-
tension at 68°C for 1 minute, with an initial pre-incubation at 94°C for 30 seconds and a final
extension at 68°C for 10 minutes. Nest two was carried out for 40 cycles with the same cycling

conditions as nest one except an annealing temperature of 58°C (Table 2).

Table 2. Cycling Conditions for Humans, Cattle and Dog Samples

Cycles Expected

Primer Used Denaturation Annealin Extension
g Used Bands’ Size

First Round Amplification for Humans and Cattle

Bab 5, Bab8 94°C(30seconds) 55°C(30seconds) 68°C (1minute) 30 No Gel

Second Round Amplification for Humans and Cattle

Bab 6, Bab7  94°C(30seconds) 58°C(30seconds) 68°C (1minute) 40 430bp

Amplification for Dog samples

B. canis 94°C(2minutes)  60°C(30seconds) 72°C (30seconds) 35 509bp

Electrophoresis in 2% agarose was then carried out on the amplified DNA (5 ul) which was de-
tected by ethidium bromide staining and UV trans-illumination. The expected target size was 509-
bp and the band size was measured using 100bp and 1000bp DNA ladders (New England Biolabs

Inc.).
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3.6.5 Gel electrophoresis

Briefly, agarose gel with wells was placed in the electroploresis gel tank ensuring that the wells
were correctly positioned at the negative terminal of the tank. After, filling the tank with 1X TAE
buffer until completely covering the gel with the buffer, a mixture (two microlitre volume of blue
loading buffer mixed with ten microlitres of PCR products on a paraffin film) was carefully loaded
into the gel wells submerged in buffer with the help of a micropipette. The first well contained the
ladder whiles each of the subsequent wells were loaded with the PCR products were loaded after
mixing with the loading buffer. A voltage of 100V was used to run the set-up until the dye line
was approximately eighty percent of the way down the gel. The gel was subsequently viewed after

the run on an ultra-violet light screen and the image of the gel was captured using a camera.

3.7 Statistical analysis

Data obtained from this study were stored using the Microsoft office Excel 2016 software (Mi-
crosoft® Office Professional 2016, Microsoft Corporation, USA) and analyzed using SPSS soft-
ware version 16. Descriptive statistics was the main tool employed to analyze data collected. Ta-
bles and graphical displays were used where necessary and appropriate to summarize data. Fre-
guency as well as mode was mainly used to analyze data. The frequencies of samples positive for
Babesia/Theileria were used to determine which vertebrate species (humans, cattle and dogs) was
more infected. Chi square (X?) was used to find association between variables and a P-value less

than 0.05 was considered statistically significant.

3.8 Research Clearance
This work received ethical clearance from the Ethics and Protocol Review Committee of the
School of Biomedical and Allied Health Sciences, under the College of Health Sciences of the
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University of Ghana (Protocol Identification number: CHS-Et/M.6 — P 4.3/2016-2017) (Appendix
IA). Permission to collect samples for the study were also sought from the Holy Family Hospital,
Techiman (Appendix IB), the Kintampo Municipal Hospital (Appendix IC), the Techiman Veter-
inary Office (Appendix ID) and the Kintampo Veterinary Office (Appendix IE). Also, samples
were collected with the consent of patients and owners of animals (cattle and dogs) (Appendix I1).
All subjects/patients who took part in the study were number coded for identification instead of

being identified by name or personal data. This was done for security and confidentiality reasons.
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CHAPTER FOUR

4.0 RESULTS

4.1 Overview of Results

A total of 464 blood samples (comprising of 71 dog, 207 cattle and 187 humans) were used for the
current study (Table 3). Thirty (representing 42.3%) out of the 71 dogs sampled were microscop-
ically suspected for Babesia. Fourteen (46.7%, 14/30) out of the microscopically suspected sam-
ples, when subjected to PCR, were successfully amplified. For the cattle samples, 33 (representing
15.9%) were microscopically suspected of Babesia/Theileria, out of which 20 (66.6%) were am-
plified by PCR and subsequently sequenced. The human samples were made up of 95 smears
positive for Plasmodium-like parasite and 92 cattle rearers from the two study sites. Meanwhile,
20 (10.7%) of these human samples which showed Plasmodium-like parasites microscopically,
but RDT negative were suspected for Babesia/Theileria infection. When subjected to PCR, six
(30.0%) out of the 20 suspected human samples were amplified (for Babesia/Theileria) and sub-

sequently sequenced (Table 3).

Table 3. Summary of microscopic result of suspected Babesia/Theileria in the various sample
populations

Samples Number, Microscopy Suspected, PCR Positive,
N n (%) n (%)
Humans 187 20 (10.7) 6 (30.0)
Cattle 207 33 (15.9) 20 (66.6)
Dogs 71 30 (42.3) 14 (46.7)
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4.1 Results on dog samples

4.1.1 Demographic Data of Dogs and Babesia Infection

Thirty-seven (representing 52%) of the dogs sampled for the current study were within the age of
less than or equal to six months, followed by those within the age of 7-13 months (Table 4). Re-
garding age and microscopic suspicion of Babesia in dogs, half (50.0%, 15/30) of the positive
cases were less than or equal to six (< 6) months, with 2 (6.7%) of the suspected cases above 27
months (Table 4). Babesia canis infection was confirmed in 35.7% of the doges within the age
group of 7-13 months, followed by those within the age of < 6 months with 28.6%, although 50%
(15/30) of the suspected cases were within that age-group (< 6 months). Meanwhile, the age of
one of the dogs could not be ascertained. Statistically, there was no association between age and
Babesia infection by PCR (P-value = 0.1298). With regards to gender, Babesia was microscopi-
cally suspected in 56.7% male dogs as compared to 43.3% females. Meanwhile, in terms of PCR
confirmation of the microscopy suspected cases, the numbers were evenly distributed among the
male and female dogs (Table 4). No significant association was observed between gender and

Babesia in infection by PCR (P-value = 0.2833).

Fourty-five, (representing 63.4%) of the dogs sampled recorded temperature between the range of
35-40°C, with 2 (representing 2.8%) recording temperature above 45.1°C. Meanwhile, majority
(53.3%) of the microscopically suspected dogs were within the temperature range of 40.1-45.1°C,
and half (50.0%) of the PCR confirmed samples were also within that range (Table 4). Statistically,
there was no significant association between temperature and Babesia infection by PCR (P- value

= 0.4242).
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Table 4. Demographic data of dogs sampled and Babesia Infection

Parameter Number Microscopically Suspected PCR Positive
sampled  Tech. K’po Total  Tech. K’po Total
n (%) n (%) n (%)

Ages(mths)

<6 37(52.1) 14(50.0) 1(50.0) 15(50.0) 4(30.8) 0(0.0) 4(28.6)
7-13 15(21.1) 5(17.9)  1(50.0)  6(20.0) 4(30.8) 1(100.0) 5(35.7)
14-20 7(9.9) 3(10.7) 0(0.0) 3(10.0) 1(7.7) 0(0.0) 1(7.1)
21-27 7(9.9) 4(14.3) 0(0.0) 4(13.3)  3(23.1) 0(0.0) 3(21.4)
Above 27 4(5.6) 2(7.1) 0(0.0) 2(6.7) 1(7.7) 0(0.0) 1(7.1)
Nil 1(1.4) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

P —value 0.1298
Sexes

Male 45(63.4) 17(60.7) 0(0.0) 17(56.7) 7(53.8) 0(0.0) 7(50.0)
Females 26(36.6) 11(39.3) 2(100.0) 13(43.4) 6(46.2) 1(100.0) 7(50.0)
P —value 0.2833

Temp. °C
35.0-40.0  45(63.4) 12(42.9) 1(50.0) 13(43.3) 6(46.2) 0(0.00 6(42.9)
40.1-45.1  24(33.8) 15(53.6) 1(50.0) 16(53.3) 6(46.2) 1(100.0) 7(50.0)
Above 45.1  2(2.8) 1(3.6) 0(0.0) 1(3.3) 1(7.7) 0(0.0) 1(7.1)
P —value 0.4242

Symptoms
Weakness  25(35.2) 14(50.0) 1(50.0) 15(50.0) 7(53.8) 0(0.0) 7(50.0)
Weight Loss  19(26.7)  7(25.0) 0(0.0) 7(23.3) 2(15.4) 0(0.0) 2(14.3)
Anorexia  17(23.9) 6(21.4) 1(50.0) 7(23.3)  3(23.1) 1(100.0) 4(28.6)
Others 10(14.1) 1(3.6) 0(0.0) 1(3.3) 1(7.7) 0(0.00 1(7.1)
P —value 0.1342

Dog Types
Mongrel  47(66.2) 16(57.1) 1(50.0) 17 (56.7) 7(53.8) 0(0.0) 7 (50.0)
G. Shepherd 8 (11.3)  4(14.3) 0(0.0) 4(13.3) 1(7.7) 0(0.0) 1(7.1)
Bullmastiff 7 (9.9) 3(10.7) 1(50.0) 4(13.3) 2(15.4) 1(100.0) 3(21.4)
Hybrid 3(4.2) 1(3.6) 0(0.0) 1(3.3) 0(0.0) 0(0.0) 0 (0.0)
Pit Bull 2(2.8) 2(7.1) 0(0.0) 2 (6.7) 1(7.7) 0(0.0) 1(7.1)
Poodle 2(2.8) 1(3.6) 0(0.0) 1(3.3) 1(7.7) 0(0.0) 1(7.1)
Boerboel 1(1.4) 1(3.6) 0(0.0) 1(3.3) 1(7.7) 0(0.0) 1(7.1)
Doberman 1(1.4) 0(0.0) 0(0.0) 0 (0.0) 0(0.0) 0(0.0) 0 (0.0)

P —value 0.0004

Tech. represents Techiman, K’po represents Kintampo, Temp represents Temperature, G. Shep-
herd represents German shepherd, n represents number, % represents percentage
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Regarding symptoms, 35.2% of the dogs sampled presented with weakness and half of the dogs
that were microscopically suspected of Babesia showed signs of weakness, which all amplified as
Babesia canis (Table 4). Some of the sick dogs laid helpless on the floor as seen in the case of a
weak poodle dog in Figure 7F. Meanwhile, no significant association was observed between symp-

toms and Babesia in infection by PCR (P-value = 0.1342).

With type of dogs, more than half (66.2%) of the dogs sampled were mongrel, followed by German
shepherd (8/71, 11.3%) and Bullmastiff with 9.9% (Table 4). Pitbull and Poodle (2.8%) apiece
whiles Boerboel Dobermanwere 1.4% each. Most of the suspected Babesia cases were mongrel
17 (17/30, 56.7%) with 7 (7/14, 50.0%) of them amplified as Babesia canis. There was a significant

association between type of dog and Babesia in infection by PCR (P- value = 0.0004).
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Fig-
ure 7: Types and symptoms of some of the dogs sampled for the study.

(A) German shepherd dog that loss appetite and was not eating, (B&D) Sick older and puppy
mongrel dogs (C) A sick Bullmastiff dog (E) A sick PitBull Puppy dog, (F) A weak Poodle dog
lying helpless on the floor. (G) A sick Boerboel dog (H) Sick hybrid dog that has lost weight
(emaciated). Except, B and H, blood samples from all the dogs in this figure were amplified by the
Babesia canis specific primers.
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4.1.2 Microscopic Suspicion of Canine Babesia Infection

Microscopic examination of Giemsa stained thick and thin smears recorded thirty (42.3%, 30/71)
suspected Babesia cases. Infection with two or more intra-erythrocytic parasites per Red Blood
Cells (RBCs) was observed through microscopy (Figure 8A, E and F). One of the samples showed
an intra-erythrocytic parasite that has a Maltese cross configuration (Figure 8F). More paired con-

figurations were observed (Figure 8A, B, E, and F) but no tetrad formation was identified.
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Figure 8: Thick and Thin Blood Films Revealing Intra-erythrocytic Parasites in Dogs.
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4.1.3 Molecular Detection of Babesia in Dogs

Polymerase Chain Reaction (PCR) amplified fourteen samples out of the thirty microscopically
suspected Babesia cases as Babesia canis, representing 46.7%. Since the primers used were spe-
cifically for Babesia canis amplification, the number (14) amplified represented an overall Babesia
canis positivity of 19.72% in the 71 dogs used for the current study. Visible DNA bands (which
were in some instances not very clear) at size of 530bp were visualized for the Babesia positive

samples after electrophoresis (Figure 9).

Figure 9: Samples of agarose gels showing PCR amplification for Babesia canis in Dogs. (A)
Lanes 1 - 10 are dog samples amplified at a size of 530bp. (B) Lanes 1,2,3,5 are dog samples amplified at
a size of 530bp whiles lanes 4 and 6 are samples that were not amplified. L and L2 represents 100bp and
50bp ladders respectively. Primer diamers were observed in the visualized gels.
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4.2 Results on Cattle samples

4.2.1 Demographic Data of Cattle and Babesia/Theileria Infection

Out of the total of 207 cattle used for the study, the number of adults (105) and juveniles (102)
were almost evenly distributed with percentages of 50.7 and 49.3, respectively (Table 5). Micro-
scopically, 18 (representing 54.5%) juvenile cattle were suspected of bovine Babesiosis/Theleiri-
osis compared to adults with 15 (45.5%). Statistically, there was significant association between
age of cattle and Babesia infection by PCR (P-value = 0.0355, Table 5). Out of the thirty-three-
microscopy suspected Babesia/Theileria species, twenty-one (64%, 21/33) were males whiles the
rest were females (Table 5). PCR amplified 16 out of the 21 male cattle whiles 4 out of the 12
suspected female cattle were amplified. Meanwhile, there was no significant association between

gender and Babesia/Theileria infection among the cattle (P-value = 0.1368).

In terms of colour description, 75% (15/20) of the samples what were amplified by PCR were from
white-coloured cattle. Interestingly, there was a significant association between colour description

and Babesia/Theileria infection among the cattle (P-value = 0.004).

It was noticed that, though most cattle showed signs and symptoms of weight loss 88 (43%,
88/207), those that were weak 75 (36%, 75/207) were more infected with Babesia/Theileria spe-
cies. Fifteen (46%, 15/33) of cattle showing signs and symptoms of weakness were microscopi-
cally infected with Babesia/Theileria species, but 8 (24%, 8/33) of the emaciated (weight loss)
cattle were found to also be infected (Table 5). Statistically, no significant association was ob-

served between symptoms displayed and Babesia/Theileria infection (P-value = 0.1935).
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Table 5. Demographic characteristics of Cattle sampled and Babesia/Theileria infection

Parameter No. Sam- Microscopically suspected PCR Positive
pled,n (%) Tech. K’po Total,n (%) Tech. K’po Total, n
(%)
Ages
Adults 105 (50.7) 8 7 15 (45.5) 3 2 5 (25.0)
Juveniles 102 ((49.3) 9 9 18 (54.5) 11 4 15 (75.0)
P-value 0.0355
Gender
Males 123 (59.4) 13 8 21 (63.6) 11 5 16 (80.0)
Females 84 (40.6) 4 8 12 (36.4) 3 1 4 (20.0)
P-value 0.1368
Description
White 111 (53.6) 9 1 19 (57.6) 11 4 15 (75.0)
Black 19 (9.2) 0 2 2 (6.1) 1 0 1(5.0)
Brown 23 (11.1) 1 2 3(9.1) 1 1 2 (10.0)
Ash 5(2.4) 1 0 1(3.0) 0 0 0 (0.0)
Black/White ~ 26(12.6) 2 0 2(6.1) 0 0 0 (0.0)
Others 23 (11.1) 4 2 6 (18.2) 1 1 2 (10.0)
P-value 0.0004
Symptoms
Weight Loss 88 (42.5) 5 3 8(24.2) 3 1 4 (20.0)
Weakness 75 (36.2) 7 8 15 45.5) 7 4 11 (55.0)
Anorexia 22 (10.6) 3 3 6 (18.2) 1 1 2 (10.0)
Dermatitis 16 (7.7) 1 2 3(9.1) 1 0 1(5.0)
Nil 6 (2.9) 1 0 7 (3.0) 2 0 2 (10.0)
P-value 0.1935

4.2.2 Microscopic Suspicion of Babesia/Theileria Infection in Cattle

Microscopic examination revealed that 33 (15.9%) of the cattle were suspected of Babesia/Theil-
eria infection. Trypanosoma species were also observed during the microscopic examination of
cattle samples as shown by the blue arrows of Figure 10 I. Amongst the intra-erythrocytic parasites

seen, more paired configurations were seen (Figure 10A, 10C, 10E, & 10H). No tetrad nor triad

configurations were seen, but pyriform configuration was seen (Figure 10G).
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Figure 10: Stages of microscopic intra-erythrocytic parasites seen in thick and thin blood smears
samples from Cattle. (Green Arrows show suspected Babesia/Theileria species, Sea Blue Arrows
— Trypanosoma species)

4.2.5 Molecular Detection of Babesia/Theileria Infection in cattle
Twenty (20, 66.6%) out of the thirty-three (33) cattle samples that revealed intra-erythrocytic par-
asites and were suspected as Babesia/Theileria positives were found to be PCR positive. Very faint

band of 430kb DNA size were observed in some cases, whiles in other cases, the bands were
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clearly visible (Figure 11 A). Sequencing results of the successfully amplified cattle samples re-
vealed Theileria velifera isolates as the intra-erythrocytic parasites infecting the cattle (Figure 11

B).
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Figure 11: Molecular results of PCR and sequencing (A) Samples of agarose gels showing PCR am-
plification for Babesia/Theieria species in cattle. Lanes 1 - 10 are dog samples amplified at a size of 530bp.
L and L2 represents 100bp and 50bp ladders respectively. Primer diamers were observed in the visualized
gels
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4.3 Results on Human Samples

4.2.1 Demographic Data of Humans and Babesia/Theileria Infection

Most of the humans sampled from both the cases that showed Plasmodium-like parasites (34) and cattle

rearers in the communities (31) were within the ages of below 10 years, followed by those in the age range

of 11 — 20 years (Table 6). Meanwhile the number of microscopically suspected Babesia/Theileria cases

was similar for age ranges of <10, 11-20 and 21-30 years, among the smear positives cases and the cattle

rearers sampled (Table 6). There was a significant association between age and Babesia/Theileria infection

(P-value = 0.0124)

Table 6: Demographic Data of Human samples and Babesia/Theileria infection

Parameters SPMs M. suspected Cattle  M.suspected Total Hu- Total M. sus-
n (%) n (%) rearers n (%) mans pected
n (%) n (%) n (%)
Age
<1010 34 (35.8) 2(20.0) 31(33.7) 3(18.8) 65(34.8) 5(19.2)
11-20. 21(22.1) 2(20.0) 24(26.1) 3(18.8) 45(24.1) 5(19.2)
21-30 17(17.9) 2(20.0) 20(21.7) 3(18.8) 37(19.8) 5(19.2)
31-40 10(10.5) 1(10.0) 11(12.0) 3(18.8) 21(11.2) 4(15.3)
41-50 8(8.4) 3(30.0) 1(1.1) 0(0.0) 9(4.8) 3(11.5)
51-60 3(3.2) 0(0.0) 2(2.2) 2(12.5) 5(2.7) 2(7.7)
Above 60 2(2.1) 0(0.0) 3(3.3) 2(12.5) 5(2.7) 2(7.7)
P-value 0.0124
Gender
Males 31(32.6) 4(40.0) 63(68.5) 13(81.2) 94(50.3) 17(65.39)
Females 64(34.2) 6(60.0) 29(31.5) 3(18.8) 93(49.7) 9(34.62)
P-value 0.1455
Study Sites
Techiman  52(54.7) 8(80.0) 22(23.9) 5(31.2) 74(39.6) 13(50.0)
Kintampo  43(45.3) 2(20.0) 70(76.1) 11(68.8) 113(60.4) 13(50.0)
P-value 0.2228

SPMs represents Smear Positive Malaria patients, % represent percentage, n represents number

In terms of gender, the total number of sampled male (50.3%) to female (49.7%) proportion was

almost evenly distributed (Table 6). Meanwhile, 65.4% of the microscopically suspected Babe-

sia/Theileria cases were males. Meanwhile, the association between gender and Babesia/Theileria
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infection in the humans was not statistically significant (P-value = 0.1455). Also, regarding loca-
tion, the number of positivity at the two study sites (Techiman and Kintampo) was evenly distrib-
uted (Table 6). There was no significant association between location and Babesia/Theileria infection (P-

value = 0.2228)

4.3.2 Microscopic Results of Babesia species in Humans

Twenty (20) representing 10.7% (20/187) of the humans were microscopically suspected (smear
positive but Plasmodium- RDT negative) as Babesia/Theileria cases (Table 6). Stages of intra-
erythrocytic parasites were found in thick and thin smears showing features such as tetrad config-

uration, triad configuration/Maltese-cross and paired Shaped Parasites (Figure 12).

52



University of Ghana http://ugspace.ug.edu.gh

Figure 12. Blood Stages of Intra-erythrocytic parasites found in thick and thin smears of humans.
(Green Arrow—Tetrad Parasites Configuration, Golden Arrow—Triad Configuration/Maltese-cross, Red Ar-
row-Pyriform/Paired Shaped Parasites, Sea Blue Arrows-Single Parasites, and White Arrow-Maltese-
Cross.)

4.3.3 Molecular Detection of Babesia/Theileria in Humans
Six (6) of out of the microscopically suspected Babesia/Theileria cases displayed a band size
around 430pb after amplification, electrophoresis and visualization, hence they were considered

PCR positive (Figure 13A). Four of the 6 positive samples qualified for sequencing and one was
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successfully sequenced. Sequencing results confirmed that sample as Theileria velifera isolate

(Figure 13B), same as what was observed from the sequencing results of the cattle,
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Figure 13: Molecular results of humans. (A) Agarose gel showng amplified band and (B) Sequencing
Results of Babesia/Theileria specie in Humans at the Middle Belt of Ghana. L1-Hundered base pair (100bp)
ladder, L2-Fifty base pair (50bp) ladder.

4.4 The interaction between Humans and Animals (Dogs and cattle)

A close interaction was observed between humans and the animals (dogs and cattle). In the case
of the dogs which mostly serve as the pets of the humans, they held them in their arms (Figure
14A) whiles in the case of the cattle the humans usually get very close when milking them (Figure
14B). Meanwhile, ticks that serve as a vector for transmitting the parasites were observed on the
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breast of some of the cattle (Figure 14B). Some of the cattle, especially the bulls, were used for
farming whilst other times the humans ride them for fun (Figure 14B). It was also observed in the

study that the cattle were mostly reared under poor conditions (Figure 14C).
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Figure 14: Close interaction between humans and anmals (A) owners carrying their dogs and veteri-

narians treating the dogs without wearing gloves (B) Cattle, golden arrows showing people milking cattle,
Blue Arrows showing ticks around breasts of cattle. (C) Poor condition under which cattle were reared
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CHAPTER FIVE

5.0 DISCUSSION

5.1 Canine Babesiosis

The 42.3% microscopically suspected Babesia infection with PCR detection of 46.6% suggests
the presence of Canine Babesia infection in the middle belt of Ghana; emphasizing its global dis-
tribution (Irwin, 2009; Solano - Gallego & Baneth, 2011). This observation agrees with Corali¢ et
al., (2018) and Cannon et al., (2016) who through thin smears suspected B. canis in dogs using
microscopy which was later confirmed by PCR. The microscopically suspected samples which
were not amplified by PCR could be attributed to two reasons; firstly, the intra-erythrocytic para-
sites seen in those cases could be other piroplamsms (suchs as Cytauxzoon) which could not be
amplified with the Babesia canis primers. Secondly it could be other Babesia species (such as
Babesia gibsoni) which cannot be amplified by the primers specific for Babesia canis (Anderson

et al., 1979; Apanaskevich et al., 2007).

Meanwhile, Babesiosis in dogs have mostly been observed by microscopy (Schetters et al., 1997,
Zahler et al., 1998; Irwin, 2009; Solano-Gallego & Baneth, 2011) based on the morphological
appearances of the parasites in the RBCs. Microscopic observation of intraerythrocytic forms have
earlier led to the description of B. canis as “large Babesia” (Uilenberg et al., 1989; Uilenberg,
2006) compared to smaller ones such as B. gibsoni (Anderson et al., 1979; Apanaskevich et al.,
2007). Therefore, microscopy examination of a typical pear-shaped large intraerythrocytic parasite
inside of the RBCs led to the suspicion of canine babesiosis in the dog samples, similar to what

was done by Salem & Farag, (2014).
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The current study therefore emphasizes the suggestion that the infection is in Ghana and could be
transmitted from animals (such as dogs) to humans. EI-Bahnasawy et al., (2011) reported on a case
of Babesiosis in an Egyptian boy which was suspected to have been from his pet dog. Therefore,
it was very necessary that dogs were included in the current study, particularly because of the close

interaction between humans and dogs as compared to cattle.

Most of the Babesia detected among the sampled dogs falling within the age group of <6 months
could be attributed to the reason that, more dogs in that age group were sick and have been brought
to the veterinary clinics at the period of collecting the dog samples. This could be because, the
older dogs might have developed some immunity or most of them were asymptomatic due to their
immuno-competence, therefore they were not at the veterinary clinics during the sampling. In a
study which looked at occurrence of Babesia canis vogeli in Egyptian dogs, in terms of age, the
dogs were grouped into < 3 years, 3 — 5 years and > than 5 years. Most of the positive cases were
within the age group of 3-5 yrs, followed by the age group of less than 3 years. Therefore, similar
to the current study, the lower age groups recorded high number of positivity. On the contrary, it
was observed in a study which used mice to specifically find the link between age and ones being
infected with Babesia that, older mice were more susceptible to being infected with B. microti
(Vannier et al., 2004). All the same, age has been established as a risk factor for most infections,

and canine Babesiosis is no exception (Krause, 2002).

Chauvin et al., (2009) realized that, there were low parasitemia in older dogs that had Babesia for
a longer period of months or years. This normally results in the Babesia species adapting to the
host’s environment, thereby helping it to survive for a longer period; in this case they become

asymptomatic carriers to transmit Babesia species to immunocompromised individuals
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Regarding gender, more females were infected with Babesia than male dogs in the current study
(although not statistically significant at a P-value of 0.2833); a finding that contradicts what was
reported by Salem & Farag, (2014) and Nalubamba et al., (2015), where more Babesia were found
in the male dogs than in the females. Meanwhile, Martinod et al., (1986) found no difference in
sex susceptibility between males and females. In the study by Salem & Farag (2014), the ratio of
positivity in terms of females and males was 1:3. The aggressiveness and hormonal status of male
dogs may be a contributory factor for this observation which was contrary to what was found out

in this study (van Zyl, 1995).

From this project, higher temperature was shown to have a link with Babesia infection in the dogs,
and this agrees with many projects in which changes in body’s temperature was revealed to be
associated with morbidities like Babesiosis/Theileriosis. Even though there was not statistically
significant association between Babesia infection and temperature in the current study, more dogs
were within the temperature of 35.0 - 40.0°C whiles more positive cases were observed in the
temperature range of 40.1-45.1°C, agreeing with 107°F (41.67°C) observed by El-Deeb & Younis,
(2009). Similarly, Cunha et al (2015) reported that five out of the ten hospitalized adults with
babesiosis had temperatures of greater than 39°C. This means that high body temperature may be
indicative of Babesia/Theileria infection as in the case of malaria. This agrees with literature where
high body or too cold body temperatures are considered among the sign and symptom of most

diseases like babesiosis/theileriosis and malaria (James, 2015).

In the current study, fever was the most common symptom observed among the dogs which were
found to be infected with Babesia with a percentage of fifty-six (56%), which is lower, in compar-
ion with the 87.3% observed by Nalubamba et al., (2015). Similarly, the percentage of infected

dogs showing symptoms of anorexia was lower (23.3%) when compared to the 65.3% identified
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in the infected dogs from the study by Nalubamba et al., 2015. Anorexia has been reported as a

frequently found symptom caused by B. canis (Taboada & Merchant, 1991).

As in Cook et al., (2018), PCR detection of Babesia canis in 46.6% of the microscopically sus-
pected samples was a confirmatory procedure in the current study since Babesia canis specific
primers were used, unlike the cattle and human samples where the primers used could amplify
some Babesia and Theileria species. Same primers have been used to amplify Babesia canis earlier
in Accra, Ghana (Owusu, 2015). Elsewhere, various researchers have confirmed canine Babesiao-
sis with the use of Babesia specific primers such as what was used in this study (Sobczyk et al.,

2000; 2005; lonita et al., 2012; Andersson et al., 2017).

A close interaction between sick dogs and their owners or veterinarians observed during the study
suggests that dog owners and caretakers would need to put in measures to control ticks on the dogs,
which could go a long way to help both the dogs and the owners/caretakers. Direct contact with
dogs (especially ticks' infested ones) should be discouraged to some extent in order to reduce
chances of being bitten by ticks, which serve as vectors of human pathogens that cause Babesiosis,
spotted fever and Q-fever. This possibility has been established in Mexico, by Osorno et al., (1976)
where they identified 38 asymptomatic humans out of 101 carry antibodies against Babesia canis,
indicative of an infection at one time or the other. A possible reason could be that, these individuals
were immuno-competent, however, the story might not be same for immuno-compromised per-

Sons.
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5.2 Bovine Babesiosis/Theileriosis

The housing system of cattle in Ghana (where several cattle share the same kraal) could explain
the observation of microscopically suspected Babesia/Theileria spp. in 15.9% of the cattle sam-
pled. Therefore, until a cow among the group is carrying an infected tick, it is difficult for the

other cattle to get bitten and get infected.

In this study, a high percentage (60.61%, 20/33) of the microscopically suspected Babesia/Theil-
eria positive samples were amplified by PCR, implying that the “catch-all” primers (primers that
amplify some Babesia and Theileria) increases the probability of picking a suspected Babesia or
Theileria than a Babesia specific primer (as used for the dog samples in the current study). This
ability of the “catch-all” primers was demonstrated by Silva et al., (2010) where 11.5% of their
samples were PCR positive for Babesia/Theileria when “catch-all” primers were used; however,
all the samples were negative when Babesia genus-specific primers were used. A similar study
conducted by Owusu (2015) in Accra, using the same “catch-all” primers had a high (90%) per-

centage of microscopically suspected Babesia cattle being confirmed as PCR positives.

Among the PCR positive samples, sequenced result of those that qualified showed that the ampli-
fied samples were Theileria velifera and that is not surprising since T. velifera is among the species
that can be amplified by the “catch-all” primers. Also, Theileria velifera has earlier been reported
in Ghana by Bell-Sakyi et al., (2004) in a study that examined Giemsa-stained thin blood smears
prepared monthly from cattle, sheep and goats in the Greater Accra region of Ghana between the
period of May 1994 and December 1996 for presence of tick-borne hemoparasites. Among cattle,
mixed infection of Theileria, Babesia species as well as Anaplasma marginale has also been re-
ported by Beckley, (2013) in Ghana. Tanzania is among the few African countries that have re-

ported Theileriosis caused by T. velifera in cattle (Uilenberg and Schreuder, 1976). The other cattle
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samples that were negative for Babesia/Theileria with PCR using the “catch-all” primers, though
showed intra-erythrocytic parasites might have been infected with other piroplasms that are not

able to be amplified by the primers used.

Theileria velifera is mainly located in Africa and its association with cattle has earlier been re-
ported and categorized among the species of Theileria that causes benign theileriosis (Gubbels et
al., 1999; Adjou Moumouni et al., 2015). All the same this species need to be given attention since
T. orientalis which was normally associated with benign theileriosis in some parts of the world is
now causing outbreaks and has now been considered to be pathogenic (Hammer et al., 2015; Kolte

etal., 2017; Aparnaetal., 2011; George et al., 2015; Kakati et al., 2015; Vinodkumar et al., 2016).

The most widespread and malignant Theileria specie is Theileria annulata, causing tropical theil-
eriosis, which occurs around the Mediterranean basin, in the Middle East, and in Southern Asia.
The other malignant Theileria specie is T. parva, which occurs in East and Southern Africa and
causes East Coast fever. Bovine babesiosis is caused by Babesia bovis and B. bigemina, both of
which occur worldwide in tropical and subtropical regions. B. divergens occurs in cattle in Europe
and extends into North Africa (Bouattour and Darghouth, 1996). Evidently, tick-borne protozoan
diseases (e.g., theileriosis and babesiosis) pose important problems for the health and management

of domestic cattle in the tropics and subtropics (Jongejan and Uilenberg, 1994).

Microscopically, more male cattle were suspected with Babesia/Theileria species than the females;
an observation which agrees with the findings from a study by Choramo & Ibrahim, (2017) who

identified more (16.6%) Babesia spp in male cattle than females (10.5%).
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Age has been shown to be linked with Babesia infection (Behera, 2016; Owusu, 2015; Chauvin et
al., 2009) and this was emphasized in the current study where more juveniles (young) cattle were
microscopically suspected of Babesia/Theileria species. This observation could be attributed to
the reason that the older cattle might have stronger immune system compared to the younger ones
or might have attained adaptive immunity due to previous exposure to the infection, as in the case
of the T-helper immune response in the mice study (Djokic et al., 2018). In an attempt to explain
how age is a contributory factor to immunity, Giefing-Kroll et al (2015) suggested that, during
aging, interventions that specifically use the changing levels of individual’s hormones normally

provide strong alternatives to maintain ideal immune responses.

In terms of signs and symptoms, similar to Taboada & Merchant (1991), the current study identi-
fied anorexia as the most prevalent symptom among the Babesia/Theileria positive cattle, followed
by weakness and weight loss. This finding was also in accordance with Choramo & lbrahim
(2017). Taboada & Merchant (1991) revealed an association between Babesia infection and signs
and symptoms like pallor (anemia), fever, anorexia, depression, and splenomegaly. Also, Behera

(2016) noticed anorexia as one of the signs and symptoms of babesiosis in cattle.

The significant association between color description and Babesia/Theileria infection, where
Babesia infection was detected in more of the white-colored cattle supports the report by Stjern-
berg & Berglund (2005) that, ticks are more attracted to light colored clothing compared do dark

ones.

For the cattle samples, Trypanosoma species were microscopically detected, mostly in the adult
cattle emphasizing that Trypanosomosis is one of the most important diseases restricting livestock

development in Africa (Panin & Mahabile, 1997). Bovine Trypanosomiasis have been reported in
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other African countries including Nigeria (Ameen et al., 2008; Ahmed & Agbede, 1993) which
share a lot of activities with Ghana, including animal agriculture. Earlier in Ghana, Nakayima et
al., (2012), showed that there is a high prevalence of Trypanosoma parasites in Ghana, when they
conducted molecular epidemiological studies on animal trypanosomiases, using tsetse flies, pigs
and cattle blood samples collected from Adidome and Koforidua environs in Ghana in the year
2010. Also, the occurrence of bovine Trypanosomosis has been reported in two districts (Savelugu
and West Mamprusi) of Northern Ghana with different land use and environmental characteristics
(Mahama et al., 2004). Therefore, the environmental characteristics of the current study might
have made it possible for the survival of vectors of the Trypanosoma parasites which in turn infect

the cattle.

5.3 Human Babesiosis/Theileriosis

Human Babesiosis has been mainly associated with B. microti (Abdullah et al., 2018; Abdella &
Jilo, 2016; Vannier & Krause, 2009). Babesia microti has sometimes been referred to as Theileria
microti because of its close relatedness to Theileria microti (even more than other Babesia spe-
cies). Some schoolers have therefore sometimes joined the two names as Babesia/Theileria (EI-

Ashker et al., 2015; Zanet et al., 2014) and this approach was adapted in the current study.

The amplification of 30% of the suspected Babesia/Theileria by PCR is a very important outcome
since human Babesiosis/Theileriosis can be considered an important emerging disease capable of
posing a public health problem, especially in connection with malaria diagnosis and management
(Akel & Mobarakai, 2017; Demessie & Derso, 2015; Yabsley & Shock, 2013). Unlike Theilerio-
sis, Babesiosis continue to emerge in various countries (Scott, 2017; Huang et al., 2018). In 2017,

B. duncani was detected in a patient in Canada for the first time using serology and molecular tests
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(Scott, 2017). A female patient, aged 60, from a province in Southeast China was also confirmed
for Babesia species in May 2017 at Yuying Children’s Hospital of Wenzhou Medical University
(Huang et al., 2018). Meanwhile, there is scanty report on human Theileriosis worldwide. There-
fore, outcome of the current study is notable since it confirmed human theileriosis for the first time
in Ghana. Another worth mentioning fact is that, human theileriosis caused by Theileria velifera
has never been reported, thus this is the first report of human theileriosis caused by Theileria velif-

era, worldwide. Interestingly the same species of Theileria (velifera) was confirmed in the cattle.

The human Theileria case in this study was that of a 34 years old male smear positive malaria
case. He confirmed living in a cattle rearing community where he has at some point in time been
involved in taking care of the cattle. He remembered being bitten by ticks from the cattle on a

number of occasions.

This case highlights the zoonotic nature of Babesia/Theileria (Lempereur et al., 2017; Homer et
al., 2000), thus he might have gotten infected through a thick bite during the period when he took
part in taking care of the cattle. Although it has been a long time since that happened, this is so a
possibility since Theileria has been identified to mostly present asymptomatically (Cushing &
Shaz, 2012; Owusu, 2015; Kitt et al., 2016). PCR for Babesia/Theileria which was positive in
three (3) of the cattle rearers who were not sick during sampling in this study also confirms the
assertion that healthy people can be asymptomatic carriers of these piroplasms without knowing

(Krause et al., 1996; Allred, 2003).

Also, infection with Babesia/Theileria normally results in disease with signs and symptoms (clin-
ical manifestations) which might vary with respect to the different Babesia/Theileria species and

strains responsible for the infection, as well as their specific virulence. The variations in these
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Manifestations may also be due to factors which are determinants of the host’s response to infection
like age and the person’s state of immunity (Birkenheuer et al., 1999; Jacobson, 2006; Irwin,
2009). This makes the identification of human infected with Theileria in the study more worrying,
since the infected person could end up infecting others in case he happens to donate blood for those

individuals. If they happen to be immune compromised, it could be detrimental to them.

Most of the humans infected with Babesia/Theileria being children agrees with others studies
where it was noticed that majority of humans sampled and those infected were children (Birken-
heuer et al., 1999; Jacobson, 2006; Irwin, 2009). Reason for this observation could be that younger
persons are more prone to infections for which Babesiosis/Theileriosis is not an exemption. Van-
nier et al., (2008) also stated that although the majority of Babesiosis/Theileriosis cases are re-
ported in adults, there is evidence that the disease is more common in children than is currently

reported, and the current study has highlighted this assertion.

These non-malaria patients and cattle rearers who were suspected through microscopy (Plasmo-
dium-like parasites but Plasmodium RDT negative) could also be carriers of other piroplasms like
Anaplasma or Borrelia species, some of which could be a co-infection. It also agrees with the
literature that, a single tick bite can transmit multiple pathogens (Dunn et al., 2014; Rizzoli et al.,
2014; Moutailler et al., 2016). Though the study by Owusu in 2015 did not confirm human babesi-
osis in six (6) of them were suspected of having intra-erythrocytic parasites that were not Plasmo-
dium species (Owusu, 2015). Likewise, even though the current study did not also confirm human

Babesiosis, Human theileriosis caused by Theileria velifera has been confirmed.
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CHAPTER SIX

6.0 CONCULUSION AND RECOMMENDATIONS

6.1: CONCULUSION

In this study B. canis was detected in 14 (14/30, 46.6%) dogs by PCR, whiles Babesia/Theileria
species were detected in 20 (20/33, 60.61%) cattle and 6 (30%, 6/20) humans. The amplified cattle
and human samples were confirmed as Theileria velifera after sequencing. This imply that, Babe-
sia/Theileria infection (Babesia canis in dogs, T. velifera in cattle and humans) is in circulation
among both animals and humans in the middle belt of Ghana and must be given critical attention,
in view of the connection with malaria misdiagnosis and inappropriate management of Babe-
sia/Theileria infected individuals, who might have been taken as unresponsive malaria patients.
This is the first report of human Theileria infection in Ghana, and human theileriosis caused by

Theileria velifera, worldwide.

6.2: RECOMMENDATIONS
1. Samples should be collected at other locations of the country for the detection of Babe-
sia/Theileria species.
2. Other tests that can confirm the presence of other piroplasms should be included in subse-
quent projects.
3. Clinicians should request further investigations (especially Babesia/Theileria) in malaria

patients who may not respond to treatments.
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Review Committee of the College of Health Sciences, University of Ghana to do my project.

I will start the project this month with sample collection, and every week or two weeks, 1 will
send the samples to the Department of Medical Microbiology - School of Biomedical and Allied
Health Sciences of the University of Ghana, Korle-Bu for molecular testing.

| would be grateful if management could support me either materially or financially to do the
project. Any support given would be appreciated. Attached are the clearance letter and budget for
the project. Thank you,

BENJAMIN PULLE NIRIWA (Lab.).
Tel: 0242015959761
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C. Clearance from Kintampo Municipal’s Hospital

Holy Family Hospital

Post Office Box 36

Techiman, Brong Ahafo Region.
14" July, 2017

The Administration
Kintampo Municipal Hospital
Post Office Box 192

Kimampo, Brong Ahalo Region,

I am parsuing MPhil Medical Microbiology at the Department of Medical Microbiology, School
of Biomedical and Allied Health Sciences a1 the College of Health Sciences, University of Ghana
Korle-Bu Campus,

| am conducting a rescarch project entiticd “Babesiosis™. 1 would be grateful if management could
permit me 10 use sumples collected from potients who are tested as malaria positives, for my
project. 1 have been ethically cleared by the Ethical and Protocol Review Commitice of the College
of Health Sciences, University of Ghana, and have attached a copy of the clcarance report to this
application

.................................

BENJAMIN PULLE NIRIWA

Tel. 0242015959
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D. Clearance from Techiman Veterinary Office

UNIVERSITY OF GHANA

DEPARTMENT OF MEDICAL MICROBIOLOGY
SCHOOL OF BIOMEDICAL AND ALLIED HEALTH SCIENCES

..................................

29" June, 2017

THE DIRECTOR

VETERINARY HOSPITAL

TECHIMAN

BRONG-AMAFQ REGION

Dear Sir,
WMW‘

Mr. Benjamin Niriwa Pullie is an MPhil student in the Department of Medical Microbiology, School of
Biomedical and Allied Health Sciences, College of Health Sciences, Korle Bu.

He Is working on a project entitled “Babesiosis”™,

The project is under the supervision of Dr. Patience Tetteh-Quarcoo and Prof. Patrick F. Ayeh-Kumi
(Department of Medical Microbiology, SBAHS, Korle Bu).

| write 1o seek your permission to allow Mr. Benjamin Ninwa Pulle to use your laboratory Department
to enable him undertake his project.

Your kind assistance is highly solicited.

Thank you .—rf\/.) U N th/;#

Yours faithfully, f-ﬁ_‘\"’ E&%#M - I/’U..L(.L
Bl N1 1 008 4058 allense)
.Dr Paﬁtﬁe Tetteh-Quarcoo i} Catlect .,8..,.,. ey
For: Head of Department o "“’]7(""5 b /c m) | L
M >

NP P

Frve 2/f1%,

COLLEGE OF HEALTH SCIENCES
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E. Clearance from Kintampo Veterinary Office

SCHOOL OF BIOMEDICAL AND ALLIED HEALTH SCIENCES
COLLEGE OF HEALTH SCIENCES
UNIVERSITY OF GHANA
DEPARTMENT OF MEDICAL MICROBIOLOGY

Phone: +233-302-665404/665383 , P O Box 4236
Fax:  +233.302-668286 Accra.

E-mail: ugmsmécrobdiichs ug.edu gh Ghana

My Ref. No.

Your Rel. No. 12" July, 2017

The Laboratory Manager

Veterinary Hospital
Kintampo
Brong-Ahafo Region.

Dear Sir,
LETTERC

Mr. Benjamin Pulle Niniwa is an Mphil student in the Department of Medical Microbiology,
School of Biomedical and Allied Health Sciences, College of Health Sciences, UG, Korle - Bu.

He is working on a project entitled “'Babesiosis™

The project 1s under the supervision of Dr. Patience B. Tetteh-Quarcoo and Prof. Patrick F. Aych
= Kumi (all of Department of Medical Microbiology, SBAHS, Korle-Bu)

1 write 10 seek your permission to allow Mr. Benjamin Pulle Ninwa to use your laboratory to
enable him undertake his project.

Your king assistance is highly solicited.

Thank you : f . /

Yours faithfully, LS 4

LY ZANR . e frar ' '.\ . n
‘ \ ) g S < A
Dr. Patience B. Tetteh-Quarcoo ) Wl

¥
~ M el LB
For, Head of Department. \'\:\'\Mw > "
& W B WIS AL

101



APPENDIX 11

INFORMED CONSENT FORM

University of Ghana
School of Biomedical and Allied Health Sciences
Department of Medical Microbiology
P.0.BOX 4236
Korle-Bu, Accra.
Study Title: Occurrence of Babesia/Theileria in the Middle Belt of Ghana
Dear Participant,
INFORMED CONSENT FORM

Your permission is being sought to participate in a study which is described below. Before you
decide whether or not to participate, you can talk to anyone you feel comfortable with. If certain
aspects are not clear to you, you are at liberty to seek further clarification and I will take time to
explain better. If there are other questions or issues bothering your mind, do not hesitate to ask me
for answers. Your participation in this study is entirely voluntary. The information you will provide
and the outcome of the analysis of your samples provided will not be used in any way that would
go against your interest. Your participation and test results will be coded, instead of your name
and therefore will remain confidential. Therefore, if you decide not to consent or you consent and
later decide to withdraw, there shall be no consequences attached to it and your decision shall be

accepted.
THE STUDY IN FEW WORDS

Piroplasms (order Piroplasmida) are eukaryotic parasites of the phylum Apicomplexa. Two main
genera (Babesia and Theileria) of the piroplasmorida are responsible for diseases in both humans
and animals. Babesia species are tick-transmitted parasites that cause diseases in domestic animals

like dogs and cattle are usually infected with the disease but the species that infect the cattle have
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been known to also infect humans. Theileriosis is caused by parasites of the genus Theileria.
Babesiosis and theileriosis can be transmitted from animals to humans through the bite of infected
ticks; human to human transmission can be through blood transfusion or from mother to child
during pregnancy. Symptoms of babesiosis in humans are similar to those of malaria but different
drugs are used for treatment. Also, in terms of diagnosis, some Babesia and Theileria species can
microscopically be mistaken as Plasmodium species. | am therefore conducting this study to de-

termine the occurrence of Babesia/Theileria in the Middle Belt of Ghana.
Procedure

Your venous blood sample will be taken using a sterile needle and syringe. The blood will then be
processed for the detection of Babesia/Theileria spp.

Risks

Pain may be felt during the venous blood sample taking but this pain is usually mild and may last
for a few minutes. Otherwise, this study will not pose any fatal risks to your health.

Benefit

There may be no immediate personal benefit to you other than test results being communicated to
your clinician and copies kept in your folder. However, this study will go a long way to inform
some medical decisions of the Ghana health service to enable better health care services to the

nation.
Confidentiality

Any information you give us will remain confidential and your blood sample will be number coded

instead of using your name.
Contact

Any questions concerning this study may be addressed to Benjamin Pulle Niriwa - 0242015959
(or Dr. Patience B. Tetteh-Quarcoo - 0244 633251) of the Department of Medical Microbiology,
School of Biomedical and Allied Health Sciences, University of Ghana, Korle-Bu.
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Participant: | understand all the above and hereby agree to participate or allow my ward to par-

ticipate in this study.

Name of participant Signature/Thumbprint Date
Name of witness Signature/Thumbprint Date
Name of investigator Signature/Thumbprint Date
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APPENDIX 111

ADMINISTRATION OF QUESTIONNAIRES FOR DEMOGRAPHIC DATA

UNIVERSITY OF GHANA, LEGON
SCHOOL OF BIOMEDICL AND ALLIED HEALTH SCIENCES
DEPARTMENT OF MEDICAL MICROBIOLOGY, KORLE-BU

INTERVIEWER ADMINISTRATION OF QUESTIONNAIRES FOR (CATTLE REARERS)
HERDSMEN AND THEIR FAMILIES ON:

OCCURRENCE OF ZOONOTIC BABESIA AMONGST CATTLE, DOGS; THEIR TICKS AND
HUMANS IN THE MIDDLE BELT OF GHANA

Dear interviewee,

Good day, | am an MPhil Medical Microbiology final year student of University of Ghana-Legon.
I am doing my project on the, “Occurrence of Zoonotic Babesia amongst Cattle, Dogs; Their Ticks
and Humans in the Middle Belt of Ghana”. I would be grateful if you could answer some few
questions about your demography before we take your sample. The purpose of the study is to
determine zoonotic Babesia species in humans, cattle, dogs, and ticks in the Middle Belt of
Ghana.

The study’s results will help us to know whether there is Babesia infection in the middle belt of
Ghana or not. This will help to facilitate better health care and to formulate appropriate policies.
The study is taking place in two selected municipalities within the Middle Belt of Ghana. Ques-
tioning and answering would take less than five (5) minutes and would be done in a place that is

conveniently appropriate to you.
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Whatever information | would receive from you would be strictly confidential; your name/identity
would not be disclosed to any other person. All your answers would be anonymous and cannot be
traced back to you in any way. Please you are not going to be forced to provide answers to any
question you do not want to answer, and you can stop the interview at any point of time.

It is entirely your choice to decide whether you participate or not. Thank you.

Specific Research Objectives

1. To screen for possible Babesia/Theileria in humans, sick cattle, and dogs blood.

2. To use molecular technigues to determine the specific Babesia/Theileria species.

SECTION A

DEMOGRAPHIC DATA OF CATTLE REARERS AND THEIR FAMILIES
Please tick where appropriate (\)

1. What is your name please?
ANSWer ......ooooiiiiiiiiii

2. What is your sex/gender?

a. Male () b. Female ( ) c. Other (Specify) .....coeviiiiiininnin
3. How many years are you?

a. 1-10years () b. 11-20years ( ) c.21-30years ()  d.31-40years ()

e.41-50years ( ) f.51-60years( ) @.61-70years( ) h. 7lyears and above (....... )

4. Where is your present reSident? ANSWET .......ovuuevueiinieeiteieente et enieeaineenneenn

SECTION B

QUESTIONNAIRE TO CATTLE’S OWNERS FOR CATTLE’S SAMPLES
Please tick where appropriate (\)

1. What is the name of your community?

ANSWEL e



2. What is the color description of the cow?

a. White () b.Black () c¢.Brown () d.Red () e. Mixed colors ()

f. Others (Specify) .....ccoovvviiiiiin.n.

3. What is the age of your cow?
a. 1-emonths ( ) b. 6-11months ( ) c. 1-3years () d. 4-6years ()

e. 6-8years () f. 8-10years () g. 11years and above, (state age ........... ).

4. What is the sex of the cow?

a. Male () b. Female ( ) c. Other, specify ................

SECTIONC

QUESTIONNAIRE TO DOG’S OWNERS FOR DOGS’ SAMPLES
. What is the name of your dog?

ANSWET e,

. What is the age of your dog?
a. 1-émonths () b. 6-11months ( ) c. 1-3years ( ) d. 4-6years ()

e. 7years and above (state age ............ )

. What is the sex of your dog?

a. Male () b. Female ( ) c. Other, specify ...
. What is the resident of your dog?

PN 1 )

. Temperature checked, ...... °C
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APPENDIX IV

PREPARATION OF REAGENTS

Preparation of 10% Giemsa stain from the Stock

Daily preparation of a 1 in 10 dilutions (10%) of Giemsa stain is done by filtering the stock solution
of Giemsa. After that, depending on the number of slides that I get per day, 1ml or 2ml of the stock
Giemsa is take into a clean container and 9ml or 18ml of buffered water is added respectively.

Dilution of Primers with Nuclease Free Water

A 1 in 10 suspensions of the primers used for PCR were prepared by reconstituting 10ul of the
desired primers with 90ul of nuclease free water to get a 100ul prepared primers with a final con-
centration of 10uM, ready for use. The table below shows examples of how some of the primers
were reconstituted.

Reconstitution of Primers with Nuclease Free Water

Reconstitution of Primers with Nuclease Free Water

Primers Quantity of Substance (in nmol)  Volume of nuclease free water, in pL, added

BcW-A 22.9 229
BcW-B 32.7 327
Bab 5 21.8 218
Bab 8 29.6 296
Bab 6 22.5 225
Bab7 37.2 372

How 2% Agarose Gel Was Prepared

The powder used for the preparation was commercially prepared. Two (2g) grams of the agarose
gel powder were weighed with weighing balance. This was added into a clean two hundred (200ml)
milliliters conical flask that was used to measure hundred milliliters (100ml) of TAE buffer. The
mixture is heated to uniformly dissolve the powder. After that it left to cool to body temperature
and twenty microliters (20ul) of Ethidium bromide is added into it. The mixture is then poured
into a gel preparation tank containing combs with sizes that can contain up to 25ul of amplicons.

108



Dilution of 1X TAE Buffer with Distilled Water from 50X Stock Solution

To get a one litre (1L) volume of 1X TAE buffer for the Agarose gel preparation and gel electro-
phoresis; twenty milliters (20mL) of 50X concentrated TAE buffer was measured and diluted with
nine hundred and eighty milliters (980mL) of distilled water as the working buffer.

Preparation and Staining of Thick and Thin Smears with Giemsa for Microscopy and RDT for Plas-
modium species
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Summary of Demographic Data of Cattle at the selected communities of the Middle Belt of Ghana

SUMMARY OF TECHIMAN CATTLE’S SAMPLES

Samples J.LT&S.H Sansama Tanoso — Tanoso - Tanoso - Total %
G.0 Buom Mosque
No. % No. % No. % No. % No. %
Age Adults 3 12 5 3333 21 70 15 4839 18 50 62  45.26
(Years)  Juveniles 22 88 10 66.67 9 30 16 51.61 18 50 75 54.74
Total 25 100 15 100 30 100 31 100 36 100 137 100
Sex Males 18 72.0 12 80.0 29 96.7 12 38.7 22 611 93 68
Females 7 28.0 3 20.0 1 3.3 19 61.3 14 389 44 32
Total 25 100 15 100 30 100 31 100 36 100 137 100
Cattle’s White 17 68.0 5 33.3 19 63.3 14 45.2 25 694 80 58.4
Descrip- Black 0 0.0 1 6.7 1 3.3 6 194 3 8.3 11 8.0
tion Brown 1 4.0 3 20.0 1 3.3 4 12.9 3 8.3 12 8.8
Ash 0 0.0 0 0.0 2 6.7 0 0.0 0 0.0 2 1.5
B&W 3 12.0 3 20.0 3 10.0 4 12.9 4 11.1 17 12.4
Others 4 16.0 3 20.0 4 13.3 3 9.7 1 2.8 15 10.9
Total 25 100 15 100 30 100* 31 100 36 100* 137 100
SUMMARY OF KINTAMPO CATTLE’S SAMPLES
Samples Komadai Techira #2 Mossi-Akura Suronuase Total %
No. % No. % No. % No. % (M)
Age Adults 4 50 10 58.82 16 69.57 13 59.09 43 61.43
(Years)  Juveniles 4 50 7 41.18 7 30.43 9 40.91 27 38.57
Total 8 100.00 17 100.00 23 100.00 22 100.00 70 100.00
Sex Males 2 25.00 9 52.94 10 43.48 9 40.91 30 42.86
Females 6 75.00 8 47.06 13 56.52 13 59.09 40 57.14
Total 8 100.00 17 100.00 23 100.00 22 100.00 70 100.00
Cattle’s White 3 37.50 7 41.18 9 39.13 12 54.55 31 44.29
Descrip- Black 2 25.00 2 11.76 1 4.35 4 18.18 9 12.86
tion Brown 2 25.00 3 17.65 3 13.04 2 9.09 10 14.29
Ash 1 12.50 0 0.00 1 4.35 0 0.00 2 2.86
B&W 0 0.00 3 17.65 3 13.04 3 13.64 9 12.86
Others 0 0.00 2 11.76 6 26.09 1 4.55 9 12.86
Total 8 100.00 17 100.00 23 100.00 22 100.00 70 100

No. = Number, T = Total, and % = Percentages, B & W = Black and White, G. O = Godfred Oduro,
J. T & S. H =James Town and Slaughter House. 100* is 99.9 which is approximately 100% as
shown on the table 2 above. Sampling is still in progress with kraal yet to be sampled at Kintampo
and the human’s samples. In Techiman, the cattle sample is higher than that of Kintampo because
one of my kraals at Tanoso (Godfred Oduro’s kraal) was used as an index case for research into
the occurrence of Trypanosoma species amongst cattle in the Techiman Municipality.
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Demographic Data of Cattle Sampled for Babesia/Theileria species at the Middle Belt of Ghana;

Techiman,
Parameter  Freq. % Babesia/Theileria species Trypanosoma species
Pos. % Neg. % Pos. % Neg. %
Age
Adults 62 4526 8 47.06 54 45 13 59.09 49  42.61
Juveniles 75 5474 9 5294 66 55 9 40.91 66  57.39
Total 137 100 17 100 120 100 22 100 115 100
Gender
Males 93 67.88 13 7647 80 66.67 15 68.18 78 67.83
Females 44 3212 4 2353 40 33.33 7 31.82 37 3217
Total 137 100 17 100 120 100 22 100 115 100
Description
White 80 5839 9 5294 71 59.17 11 50 69 60
Black 11 8.03 0 0.00 11 9.17 2 9.09 9 7.83
Brown 12 8.76 1 5.88 11 9.17 2 9.09 10 8.7
Ash 3 2.19 1 5.88 2 1.67 2 9.09 1 0.87
Black/White 17 1241 2 11.76 15 12.5 3 13.64 14 12.17
Others 14 1021 4 2353 10 8.33 2 9.09 12 10.43
Total 137 100 17 100 120 100 22 100 115 100
Symptoms
Weight Loss 67 4891 5 2941 62 5167 10 45.45 57  49.57
Weakness 43 3139 7 4118 36 30 3 13.63 40 34.78
Anorexia 12 8.76 3 17.65 9 7.5 3 13.63 9 7.83
Dermatitis 10 7.30 1 5.88 9 7.5 22.73 5 4.35
Nil 5 3.65 1 5.88 4 3.33 1 4.55 4 3.48
Total 137 100 17 100 120 100 22 100 115 100

Terms: Freq., - Frequency, Pos., - Positive, Neg., - Negative, and % - Percentage. Trypanosoma

species were seen, so | recorded it.
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Demographic Data of Cattle’s Samples at the Middle Belt of Ghana; Kintampo, 2017-2018

Parameter Freq. % Babesia species Trypanosoma species
Pos. % Neg. % Pos. % Neg. %
Age
Adults 43 61.43 7 4375 36  66.67 1 100 42 60.87
Juveniles 27  38.57 9 56.25 18  33.33 0 0.00 27 39.13
Total 70 100 16 100 54 100 1 100 69 100
Gender
Males 30 42.86 8 50.00 22 40.74 0 0.00 30 43.48
Females 40 57.14 8 50.00 32 59.26 1 100 39 56.52
Total 70 100 16 100 54 100 1 100 69 100
Description
White 31 4429 10 6250 21 38.89 0 0.00 31 44.93
Black 8 11.43 2 12.50 6 11.11 0 0.00 8 11.59
Brown 11 15.71 2 12.50 9 16.67 0 0.00 11 15.94
Ash 2 2.86 0 0.00 2 3.70 0 0.00 2 2.90
Black/White 9 12.86 0 0.00 9 16.67 1 100 11.59
Other 9 12.86 2 12.50 7 12.96 0 0.00 9 13.04
Total 70 100 16 100 54 100 1 100 69 100
Symptoms
Weight Loss 21 30.00 3 18.75 18 33.33 0 0.00 21 30.43
Weakness 32 4571 8 50.00 24 44.44 0 0.00 32 46.38
Anorexia 10 14.29 3 18.75 7 12.96 0 0.00 10 14.49
Dermatitis 6 8.57 2 12.50 4 7.41 1 100 5 7.25
Nil 1 1.43 0 0.00 1 1.85 0 0.00 1 1.45
Total 70 100 16 100 54 100 1 100 69 100

Terms: Freq., - Frequency, Pos., - Positive, Neg., - Negative, and % - Percentage.
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