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ABSTRACT

Equine piroplasmosis, caused by Babesia caballi, Theileria equi and Theileria haneyi,
iIs endemic and causes mortality and poor performance of horses in Nigeria, which
oftentimes predispose to misdiagnosis and development of carrier status. This study
sought to characterize the haemato-biochemical alterations in symptomatic and
asymptomatic horses with piroplasmosis, in relation to the parasites’ biodiversity in
horses. A total of 152 horses, comprising 72 symptomatic and 80 asymptomatic horses
were sampled. Ticks were collected from symptomatic horses for morphological
identification. Blood samples were collected for parasitological, haematological,
biochemical investigations, molecular studies andCompetitive Enzyme Linked
Immunosorbent Assay. Complete Babesia and Theileria 18S rRNA and species-specific
primers were used to amplify the hypervariable regions, equine merozoite antigen-1 and
the coding region on chromosome 1 of the parasites. The PCR positive samples were
sequenced, and those suspected of mixed infections were cloned and sequenced.The
ticks identified were Rhipicephalus evertsi evertsi (58.1 %), Rhipicephalus species
(23.1 %), Amblyomma variegatum (9.2 %), Hyalomma dromedarii (6.4 %), Hyalomma
impeltatum (0.6 %), Hyalomma truncatum (0.2 %), Hyalomma species (0.7 %) and
Boophilus decoloratus (1.6 %).Parasitological examinations of Giemsa-stained thin
blood smears were all negative. The 18S rRNA PCR revealed 54 positive samples,
comparative genomic analysis of the sequences showed five distinct phylogenetic
clades, A, B, C, D and E of Theileria species with eight samples having multi-clades
infection. Symptomatic and asymptomatic horses demonstrated high anti-T. equi
antibodies (84.7 % and 90 %, respectively)while anti-B. caballiantibodies were 0 % and
3.8 % respectively. Three asymptomatic horses, H44, H67 and H78 with mixed B.

caballi and T. equi infections were seropositive to both parasites using cELISA. The
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mean serum BUN and creatinine concentrations (5.87 + 1.80 mmol/L and 153.0+38.10
pmol/L, respectively) in B. caballi- and the values (5.87 + 1.80mmol/L and
153.0£38.10 pumol/L, respectively) in B. caballi-T. equi-infectedasymptomatic horses
were significantly higher (P < 0.05) than T. equi-infected (1.98 £ 0.15 mmol/L and
83.13+£3.45umol/L, respectively) and non-infected (2.01 + 0.42 mmol/L and
67.65+9.31umol/L, respectively) asymptomatic horses. The mean plateletcrit (0.16 +
0.07 %) in symptomatic horses with multi-clade infectionwas significantly higher (P <
0.05) than the values inT. equi andT. haneyi(0.06 = 0.00 %, 0.07 £ 0.01 %,
respectively) infected horses. Also, mean percent platelet distribution width (PDW) in
T. haneyi-infected horses (14.61 + 0.10 %) was significantly higher (P < 0.05) than the
value (12.93 £ 0.40 %) in T. equi-infected horses. The mean corpuscular haemoglobin
concentration (MCHC) (32.90 + 0.80 g/dL), RDW (19.04 £ 0.22 %) were
significantlylower (P < 0.05), while mean lymphocyte counts (6.89 + 1.08 x10%/L),
mean platelet volume (8.60 + 0.40 x10%/uL), PDW (14.54 + 0.11%), serum direct
bilirubin (0.56 £ 0.05 mg/dL) were significantly higher (P < 0.05) in T. equi-infected
symptomatic Mares compared to Stallions (35.60 = 0.46g/dL, 20.41 + 0.28 %, 4.03
0.41 x10%L, 6.92 + 0.20 fL, 11.84 + 0.52 %, 0.34 + 0.04 mg/dL, respectively). The
mean neutrophil counts (4.30 + 1.20 x10%L) and concentrations of globulin (7.50 +
1.83 g/dL) and phosphate (7.80 + 0.50 mmol/L) were significantly higher (P < 0.05) but
albumin (2.90 + 0.10 g/dL) was significantly lower (P < 0.05) in Geldings compared to
the values in Stallions (1.81+ 0.26 x10%/L, 4.27 + 0.54 g/dL, 3.08 + 0.42 mmol/L, 6.54
+ 0.47 g/dL, respectively) and Mares (1.40 + 0.62 x10%/L, 3.20 + 0.53 g/dL, 4.04 + 0.97
mmol/L, 7.90 + 0.99 g/dL, respectively). The mean corpuscular volume (MCV) (47.60
*+ 0.80 fL) was significantly lower (P < 0.05) but MCHC (35.60 £ 0.46 g/dL), RDW
(20.41 = 0.28 %) and indirect bilirubin (0.73 + 0.10 mg/dL) inT. equi-infected
symptomatic West African Barb horses were significantly higher (P < 0.05) than the
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values (50.25 + 0.74 fL, 33.23 + 0.61 g/dL, 19.52 + 0.30 %, 0.38 £ 0.11 mg/dL,
respectively)in Argentine Polo Ponies. The MPV (8.45 £+ 0.30 fL), PDW (14.52 £+ 0.08
%), serum phosphate (5.06 £ 0.88 mmol/L) and direct bilirubin (0.51 + 0.05 mg/dL)
concentrations were significantly higher (P < 0.05) in Argentine Polo Ponies than the
values (6.92 + 0.20 fL, 11.84 + 0.52 %, 3.08 £ 0.42 mmol/L, 0.34 = 0.04 mg/dL,
respectively) in West African Barb horses. The study showed remarkable haemato-
biochemical alterations in symptomatic horses than asymptomatic horses without
marked oxidative damage. Heterogeneity in the 18S rRNA gene of Theileria speciesin
Nigeria exist. Establishing and domesticating haemato-biochemical reference ranges for
horses in Nigeria as guide to clinical laboratory diagnosis and interpretation is
essential. There is need to carry out routine treatment of horses against piroplasm

infection to prevent development of fulminant disease.
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CHAPTER ONE

1.0 INTRODUCTION

1.1Background of the Study

Equine piroplasmosis (EP) is an emerging disease that has cosmopolitan distribution,
and is mostly endemic in tropical and subtropical regions of the world (Hunfeld et al.,
2008; Lobo et al., 2013). The disease is caused by Babesia caballi, Theileriaequi and
Theileria haneyi, which are intraerythrocytic protozoans that elicit diverse
inflammatory responses (Krause et al., 2007; Knowles et al., 2018) in humans and
animals. Though biologically different, the three parasites share similar pathologies, life
cycles and transmission agents. The major route of transmission is through the saliva of
infected Ixodes ticks during bite for blood meal; other routes are transplacental,
intrauterine, blood transfusion and organ transplant (Phipps and Otter, 2004). The
predominant vectors are a wide-range of tick species of the genus Amblyomma,
Dermacentor andRhipicephalus transmitting pathogens that cause equine piroplasmosis

(Alvarez et al., 2005; Garba et al., 2011).

Infection with the tick-transmitted haemoprotozoan parasites can be clinical or
subclinical, but can persist even with resolution of clinical signs (Ueti et al., 2005;
Ribeiro et al., 2013). Incubation period for B. caballi is from 10 to 30 days, T. equi is
12 to 19 days (CFSPH, 2008) whereas that for T. haneyi is unknown, but the prepatent
period in splenectomized horses varies from 14 to 30 days (Knowles et al., 2018). The
synonyms of equine piroplasmosis include Tick fever, Texas fever, Red water and

equine malaria.



In Nigeria, equine piroplasmosis (EP) is a clinically important tick-borne disease
affecting equine populations. The disease, which is among the World Organization for
Animal Health (OIE)-listed notifiable diseases of animals (OIE, 2012), has caused
economic losses due to impaired health, cost of treatment, decreased productivity and

death of horses.

The clinical signs of EP are variable and non-specific. However, they consist of mainly
fever, inapettence, anaemia, haemoglobinuria, icterus, ventral oedema, mild colic and
reduced faecal output (Deger et al., 2009; Kappmeyer et al., 2012; Laus et al., 2013;
Abedi et al., 2014; Hussain et al., 2014). Many pathophysiological mechanisms have
been adduced to explain the development of the anaemia observed during EP.
Excessive intravascular haemolysis along with the phagocytic role of neutrophils and
monocyte, which are cellular responses to the parasite antigen adherence to RBCs
surface and the toxic haemolytic factor that is released by the parasite, was one of the
mechanisms reported (Zygner et al., 2007; De Gopegui et al., 2007). Another possible
cause of anaemia include oxidative stress, as indicated by the high level of
malondialdehyde (MDA), which is accompanied by reduction of packed cell volume
(PCV), haemoglobin concentration (HB) and red blood cell count (RBC) in infected
horses (Nazifi et al., 2008; 2009; 2011; Celi et al., 2010; Esmaeilnejad et al., 2012;

Salem and EI-Sherif, 2015).

Haematological alterations that occur in equines with piroplasmosis were well
described. Further understanding of the serum biochemical alterations and physic-
chemical changes in the erythrocyte membrane following infection with these protozoal

organisms is vital to fully unravel the mechanisms leading to the disease. Equally



important is the need to understand the biology of the parasites using molecular

techniques.

1.2Statement of Research Problem

In countries such as the United State, Japan and Australia,there are strict federal
regulations for the elimination of infected horses in order to maintain piroplasmosis-
free status in non-endemic countries (Ueti et al., 2012; Committee on Infectious
Diseases of Horses, 2014). Nigeria, being an endemic country for EP is a signatory to
the Economic Community of West African Countries (ECOWAS) Charter on the free
movement of people, livestock, goods and services among member nations (ECOWAS
Cross-border Trans-human Agreement, 1998). This policy on the unrestricted
transboundary movement of livestock is of infectious disease regulatory and public
health concern as it promotes disease dissemination and is a challenge to effective

control strategy for transboundary zoonoses (Howell et al., 2007; Bowman et al., 2009).

Diagnosis of equine piroplasmosis using the conventional thin blood smear is less
sensitive especially in sub-chronic, chronic and even acute infections (Posada-Guzman
et al., 2015). Misdiagnosis due to non-availability of more sensitive and specific
diagnostic techniques or over reliance on the less sensitive microscopic examination
was thought to be responsible for the development of carrier states of the infection
(Kumar et al., 2008; Kamyingkird et al., 2014). This is a major limitation to the control
of the disease in Nigeria. Haemato-biochemical abnormalities are dynamic, non-
specific and variable clinical occurrences in EP (Takeet et al., 2009; Mahmoud et al.,
2016), thus, necessitating their evaluation with the view to establishing their profiles in
acute and chronic forms of the disease. This is particularly so as transportation of horses
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IS a stress factor that triggers the transformation of subclinical piroplasmosis to
fulminant form of the disease. Stress, in addition to other predisposing factors,
stimulates a host of physiological responses that may cause alterations in haemato-
biochemical and oxidative biomarkers (NemecSvete et al., 2012; Kumar et al., 2013;
Cai et al., 2014). These stress-induced inflammatory mediators cause severe
immunosuppression leading to clinical form of EP (Hodgson, 2002; Servic et al., 2008;

Onmaz et al., 2011; Bahrami et al., 2014).

Competitive-ELISA (CELISA) is a diagnostic method generally in use but it is
inefficient for confirmation ofT. equi clearance owing to persistence of relatively
constant positive antibody titer by cELISA 48 months post treatment with imidocarb
(Wise et al., 2017). This is worrisome and calls for concerted efforts by scientists in
Nigeria to carry out detailed molecular studies of the causative pathogens of EP in the
country with a view to developing peculiar indigenous diagnostic tests to effectively

control the disease.

Furthermore, reports on haematological changes in T. equi and/or B. caballi-infected
horses are as conflicting (Ike et al., 2005; Alsaad and Al-Mola, 2006; Zobba et al.,
2008; Pitel et al., 2010; Ibrahim et al., 2011; Alsaad, 2014; Al-Obaidi et al., 2015;
Mahmoud et al., 2016) as the numerous cause(s) of these abnormalities (De Gopegui et
al., 2007; Zygner et al., 2007; Cary et al., 2009; Jain et al., 2011). It is therefore
important to characterize the organisms prevalent in various areas using molecular
technique. Also, thorough understanding of the haemato-biochemical abnormalities that
occur in clinical and subclinical EP especially with regard to the physicochemical
changes on erythrocyte membrane following infection is important, thus, necessitating

this study.



1.3 Justification

In Nigeria, tick-borne diseases of horses, especially EP is endemic and well
documented (Oduye, 1976; Leeflang and llemobade, 1977; Aliu, 1983; Oladosu and
Dipeolu, 1983; Lawal et al., 1999; Garba et al., 2012; Sanusi et al., 2014; Turaki et al.,
2014; Oladipo et al., 2015; Mshelia et al., 2016). These epidemiological data on EP in
Nigeria were based on microscopy and in very few cases, serology. Aside the poor
sensitivity associated with microscopic diagnosis (Wong et al., 2014), studies have
shown lack of concordance or inability of cELISA to detect B. caballi infection in
horses that were confirmed positive for EP using nPCR and indirect fluorescent
antibody test (IFAT) in South Africa (Bhoora et al., 2009), Israel (Rapoport et al.,
2014) and Egypt (Mahmoud et al., 2016). The reasons adduced for these failures were
diversity in rap-1 genes repertoire and the remarkable polymorphisms including indel
mutations in B. caballi isolates in the respective countries (Bhoora et al., 2009;
Rapoport et al., 2014; Mahmoud et al., 2016) when compared to the Bc48/rap-1 gene
of the Florida strain of B. caballi that was used to develop the monoclonal antibody

(mAB) included in the commercial B. caballi ELISA kit (Kappmeyer et al., 1999).

Conversely, several years after the first documented evidence of EP in Nigeria (Oduye,
1976), no molecular studies were carried out to characterize the aetiologic agents in
Nigeria, except, the recent reports by Idoko et al. (2020), Mshelia et al. (2020) and
Onyiche et al. (2020). Therefore, molecular characterization and sequence analyses of
the aetiologic agents of EP in Nigeria is vital to predict possible identity or variability
with amino acid sequence in genes of the B. caballi or T. equi strains used to develop

this commercial ELISA Kkits. This is also of regulatory importance to check



misdiagnosis during screening of horses imported into Nigeria, confirmatory diagnosis

in Veterinary hospitals/clinics, in addition to research purposes.

Nested Polymerase Chain Reaction was used in this study because of the very high
sensitivity to detect parasitaemia as low as 0.000006 (6.0 x 10°) (Nicolaiewsky et al.,
2001; Rampersad et al., 2003; Sumbria et al., 2016) and its reported importance as a
good confirmatory test for successful chemotherapeutical clearance of T. equi infection

in horses (Ueti et al., 2012; Wise et al., 2013).

Several factors such as climate, season, host-specificity, tick’s life cycle and the
strain(s) of the parasites (Scoles et al., 2011) may have peculiar effects on the haemato-
biochemical alterations that are often evident in the clinical disease. This partly
accounted for this study, with a view to investigating the isolate(s) of B. caballi and T.

equi in the study areas vis-a-vis the peculiarities in their host blood picture.

Infection and inflammation play vital role in activating a cascade of inflammatory cells
(neutrophils, eosinophils, mononuclear phagocytes and macrophages) (Belardelli, 1995;
Oppenheim et al., 2000; Jacobson et al., 2002; Kiral et al., 2005; Kocyigit et al., 2005;
Tajima and Rikihisa, 2005) that play significant roles in the host defense (Djaldetti et
al., 2002). These cells generate large amounts of highly toxic molecules such as
reactive oxygen species ROS (superoxide anion, hydrogen peroxide and hydroxyl
radicals) and reactive nitrogen species (nitric oxide NO) as essential effector
mechanism of immune control against the immunodominant proteins expressed by T.
equi and B. caballi (Knowles et al., 1994).These free radicals have the tendency to
degrade numerous biomolecules including DNA, carbohydrates, lipids and proteins

(Bogdan et al., 2000; Goff et al., 2002) when the antioxidant capacity of the host, which



ordinarily should protect these biomolecules and tissues, including the erythrocytes, are

overwhelmed (Soares et al., 2011).

Determination of alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
should not be restricted to being a mere routine test for detection of hepatocellular
damage (Sookoian and Pirola, 2012), but also an essential diagnostic tool in the
pathophysiology of anaemia development in haemolytic diseases in which hepatic and
skeletal/cardiac muscles damage do not occur directly. This is important because these
enzymes, particularly ALT, is solely responsible for the synthesis of alanine in
erythrocytes and both enzymes also contribute most of the cytosolic glutamate
requirement for erythrocyte glutathione biosynthesis (Ellinger et al., 2011). Since
erythrocyte membrane is impermeable to glutamate (Young et al., 1987), the
erythrocytes rely on de novo glutamate biosynthesis to maintain their intra-cytosolic
amino acids requirements which are furnished by the transferases (Ellinger et al., 2011).
Variations in the concentrations of these enzymes may have possible effects on
erythroid in the absence of hepatocellular damage or steatosis. Therefore, establishing
the haemato-biochemical profiles in horses with piroplasmosis may provide useful

clinical guide to the diagnosis of the disease.

1.4Aim of the Study

This study sought to characterize the haemato-biochemical alterations in symptomatic
and asymptomatic horses with piroplasmosis in relation to the parasites’ biodiversity in

horses.

1.5 Objectives of the Study

The objectives of this study were to:



Detect T. equi and/or B. caballi infections from the blood of horses suspected of
piroplasmosis using microscopy, nested polymerase chain reaction (nPCR), and
competitive enzyme-linked Immunosorbent assay (c-ELISA) for both
symptomatic and asymptomatic horses.

Determine and sequence the 18S rRNA, ema-1 and rap-1 genes of the nPCR-
positive T. equi and/or B. caballi with the view to determining the strain(s) of
the parasites.

Determine the prevalent tick species infesting horses infected with equine
piroplasms

Determine the activities of serum enzymes (ALT, AST and ALP),
concentrations of blood urea nitrogen (BUN), creatinine, bilirubin, total protein,
albumin, globulin, glucose and total cholesterol in horses presenting clinical
signs suggestive of piroplasmosis with the view to relating changes with
development of the disease, and/or changes in relation to the breed and sex of
the horses.

Determine the haematological parameters and erythrocyte membrane surface
and serum sialic acid profile in symptomatic horses with piroplasmosis and
asymptomatic horses with the view to possibly relate changes to development of
anaemia as well as ascertain possible changes in relation to breed and sex of the
horses.

Determine the profiles of enzymes (ALT, AST) and antioxidants (SOD, CAT,
GSH) and MDA in erythrocyte membrane of horses with symptomatic and
asymptomatic piroplasmosis with the view to relating changes to development

of the disease, and/or variation in relation to the breed and sex of the horses.



1.6Research Questions

Is microscopy more sensitive and specific than competitive enzyme linked
immunosorbent assay (CELISA) and polymerase chain reaction (PCR) in
detecting B. caballi and T. equi infections in horses?

. What are the prevalent strain(s) of Theileria or Babesia species that naturally
infect horses in the study areas?

. What are the prevalent tick species infesting horses with piroplasms in the study
areas?

Do the strain(s) of Theileria and Babesia cause remarkable haemato-
biochemicalalteration based on the sex and breed of horses?

. Are there significant alterations in serum biochemical profile in symptomatic
and asymptomatic horses with piroplasmosis?

Do the strain(s) of Theileria and Babesia cause significant physicochemical
changes on erythrocyte membrane in the infected horses?

Is oxidative stress a major factor in development of the diseases in horses?



CHAPTER TWO

2.0 LITERATURE REVIEW

2.1 Background on Equine Piroplasmosis

Equine piroplasmosis (EP) is an emerging zoonosis that has cosmopolitan distribution,
and is mostly endemic in tropical and subtropical regions of the world (Hunfeld et al.,
2008; Lobo et al., 2013). Emerging infectious diseases constitute serious threat to
global health (Jones et al., 2008; Lloyd-Smith et al., 2009; Smith et al., 2014). Various
environmental and man-made factors, particularly, the effect of climate change on mean
temperature, seasons, floods and storms, deforestation, land-use conversion, use of
pesticides,etc, continuously impact tick-pathogen-host relationship (Buegnet and Marie,
2009; Karbowiak, 2014; Mierzejewska et al., 2015). Similarly, unrestricted movement
of livestock readily translocates ticks during host movement; introduces them into new
areas and ultimately exposes naive livestock to tick infestation (Ikpeze et al., 2015).
Understanding the dynamics of tick epidemiology is critical to developing measures to

control and prevent tick-borne diseases (Young et al., 2017).

Equine piroplasmosis is caused by B. caballi, T.equi and now T. haneyi, which are
intraerythrocytic protozoans that elicit diverse inflammatory responses (Krause et al.,
2007; Knowles et al., 2018) in humans and animals. Although they are biologically

different, infections with the three parasites share similar pathologies, life cycles and
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transmission agents. The major route of transmission is through the saliva of infected
Ixodes ticks during bite for blood meal; other routes are transplacental, intrauterine,
blood transfusion and organ transplant (Phipps and Otter, 2004; Imes et al., 2011). The
predominant vectors are wide-range tick species of the genus Amblyomma,
Dermacentor, Boophilus and Rhipicephalus transmitting EP and other diseases (Alvarez
et al., 2005; Garba et al., 2011). Infection with the tick-transmitted haemoprotozoan
parasites can be clinical or subclinical, but can persist even with resolution of clinical
signs (Ueti et al., 2005; Ribeiro et al., 2013). Incubation period of infection withB.
caballi is from 10 to 30 days whereas infection withT. equi is 12 to 19 days (CFSPH,

2008).

In Nigeria, EP is a clinically important tick-borne disease affecting the equine
population. The disease, which is among the World Organization for Animal Health
(OIE)-listed notifiable diseases of animals (OIE, 2012), has caused untold economic
losses due to impaired health, cost of treatment, decreased productivity and death of

affected horses.

2.2 Historical Perspective of Equine Piroplasmosis

Theileria equi, first called Piroplasma equi but later reclassified as Babesia equi (B.
equi), was first discovered in South Africa in 1901 (Laveran, 1901 as cited by Mehlhorn
and Schein, 1998). A few years later, it was discovered that two biologically distinct
parasites could infect the erythrocyte and co-habit within it to cause pathologies
associated with EP (Koch, 1906 as cited by Mehlhorn and Schein, 1998). One of the
parasites was larger, and so named Piroplasmacaballi, but now called Babesia caballi,
whereas, the second parasite was the earlier reported B. equi (Nuttal and Strickland,

1910 as cited by Mehlhorn and Schein, 1998). Babesia equi was reclassified to T. equi
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in 1998 because of extra-erythrocytic evidence of the parasite within peripheral blood
mononuclear cells (PBMC), absence of transovarial transmission which occurs in other
Babesia species, presence of small erythrocytic stages measuring only 1.5-2.5 um in
length instead of the 3-6 um long erythrocytic stages of Babesia species, distinction in
the formation and shape of sexual stages of T. equi in the tick vector from those of
typical Babesia species, and the close identity of their surface proteins to those of other
Theileria species (Mehlhorn and Schein, 1998). Furthermore, phylogenetic and
genomic analyses showed that T. equi possesses characteristics of both Babesia and
Theileria lineages (Allsopp et al., 1994; 2006; Uilenberg, 2006; Allsopp et al., 2007),

thus, supporting the concept of a new genus for T. equi (Kappmeyer et al., 2012).

Theileria haneyi is a serendipitous apicomplexan parasite discovered in a stray horse
that was restrained along Eagle Pass at the United States-Mexico border. Like T. equi, it
has intraerythrocytic merozoite stages but they are morphologically distinct owing to
their smaller asexual (merozoite) stages. The mean length and width of each T. haneyi
merozoite are 1.15 + 0.16 mm and 0.70 £ 0.07 mm respectively (Knowles et al., 2018)
while those of T. equi are 1.88 + 0.21 mm and 0.91 £ 0.13 mm respectively (Yokoyama
et al., 2003). Theileria haneyiis a distinct parasite closely related to the Theileria spp
isolated from Waterbucks (Kobus defassa) and South African mountain Zebras based
on phylogenetic analysis of their 18S rDNA. Based on the unique differences in
morphology and 18S rDNA between this parasite and other Theileria species, the
parasite was namedT. haneyi in honour of the Veterinarian, Dr. D. Haney, who first
restrained and clinically examined the stray horse from which the parasite was detected

(Knowles et al., 2018).

12



2.3Epidemiology of Equine Piroplasmosis (EP) in Nigeria

Piroplasmosis is one of the most important parasitic diseases of horses in Nigeria
(Mayaki, 2017). Despite the economic losses associated with the disease in Nigeria, it
remained under reported at the global stage. This is attested by the conspicuous absence

of Nigeria in the list of EP endemic countries in the world (OIE, 2018).

Authors, such as Oduye (1976), and Leeflang and llemobade (1979) were the first to
report EP in Nigeria. These early reports were followed by those of Aliu (1983), and
Oladosu and Dipeolu (1983). As EP continued to devastate the equine industry, further
interest to detect and identify the aetiologic agents continued. Study by Lawal et al.
(1999) reported T. equi and B. caballi infections in horses and found to occur with
prevalence rates of 33% and 2%, respectively, in Zaria, northwest Nigeria. In Abeokuta,
Ogun State, south-west Nigeria, T. equi infections were identified in horses using
Giemsa-stained thin blood smear (Takeet et al., 2009). As the morbidity and mortality
associated with EP in Nigeria persisted, equids in Niger State, north-central Nigeria
were screened for EP. The report indicated an overall point prevalence of 20.1%, with
T. equi accounting for 80.4% whereas B. caballi was 19.6% in the sampled population
(Garba et al., 20114, 2011b). Further, Garba et al. (2012) screened 87 royal horses from
different emirate councils in Northern Nigeria and reported that 29 of the horses were
naturally infected with T. equi and B. caballi. A prevalence of 50% for T. equi and
46.7% for B. caballi was reported from 83 horses sampled from Jos North and Jos
South Local Government Areas (LGAS) respectively in Plateau State, North-central
Nigeria (Pam et al., 2013). In the neighbouring state of Bauchi, north-east Nigeria,
Sanusi et al. (2014) reported an overall prevalence of 18% due to B. caballi (83.3%)

and T. equi (11.1%) following random sampling of 400 horses from the three ecological
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zones of the state. Similarly, an overall prevalence of 41.7% (100 horses) was reported
from the same region but from different states (Borno, Gombe and Taraba) following
screening of blood samples collected from 240 West African Barb horses (local horses).
Theileria equi accounted for 94% (94), whereas, infection due to B. caballi was 6% (6).
The authors reported a state-wide prevalence of 48.8% (39), 41.3% (33) and 35.05%
(28) for Borno, Gombe and Taraba, respectively (Turaki et al., 2014). Although,
Oladipo et al. (2015) did not indicate the species distribution of the parasites they
detected from their study in Ibadan, Oyo State, south-west Nigeria, they reported a
prevalence of 22% EP in West African Barb horses from the total horses sampled from
the study area. Mshelia et al. (2016) reviewed 572 cases in horses showing variable
non-specific clinical signs of EP in four widely distributed states in Nigeria from
September 2007 to June 2014 with the aim of determining the prevalence of
piroplasmosis in Polo and pleasure horses, and to clinically correlate the non-specific
signs observed with those of EP. The results obtained showed that out of the 156 blood
samples tested between years 2007 and 2010, 16 (10.3%) were positive for T. equi,
while 4 (2.7%) were positive for B. caballi. Over all, they documented a total of 20
(12.8%) out of the 156 horses to be EP positive. In 2011, the authors analyzed 252
samples using c-ELISA and observed that 196 (77.8%) were positive for T. equi, while
12 (4.8%) were positive for B. caballi. A total of 90 sera were assayed in 2013, with 54
(60%) being positive for T. equi while 3 (3.3%) were positive for B. caballi. In 2014, 74
samples were assayed using c-ELISA and a prevalence of 31.3% (23) due to T. equi
was observed (Mshelia et al., 2016). The only documented report of EP in South-East
Nigeria was a case of B. caballi infection in a 6-month old colt in Umudike, Abia state

(Ememe et al., 2018).

14



Thus, the epidemiological data of EP in Nigeria showed nationwide distribution of the
causative pathogens. Exception to this is south-south Nigeria where epidemiological
evidence of EP is lacking. Sadly, several years after the first report of EP in Nigeria, no
molecular studies have been carried out to characterize the aetiologic agents in Nigeria.

All published reports were based on microscopy and in a few cases, serology (CELISA).

2.4. Aetiology, Life Cycle and Transmission of Equine Piroplasmosis

The life cycle of the aetiologic agents of equine piroplasmosis,B. caballi, T. equi and T.
haneyi, involves three distinct stages; the asexual transmission stage (Sporozoite),
asexual blood stage (merozoite), and the sexual blood stage (gametocyte) (Schein et al.,
1981; Moltmann et al., 1983; Scoles and Ueti, 2015; Knowles et al., 2018) (Fig.2.1
and2.2). Variations in tick species can impact the development of the parasites within
the tick vector (Wise et al., 2013). Regardless of variations in the infesting tick species,
the infectious sporozoites of B. caballi, T. equi and T. haneyi are transmitted through
tick-saliva during blood meal intake (Uilenberg, 2006). The precise duration of the
extrinsic acquisition feeding; parasite replication time within the tick vector and
transmission feeding (incubation period) is not well defined. But once within the host
parasite, the B. caballi sporozoites directly invade erythrocytes where they multiply and
develop first into trophozoites and later to merozoites. These blood stages (merozoites)
are subsequently released and invade the uninfected erythrocytes sequel to erythrocyte
rupture. On the other hand, T. equi and T. haneyi initial invasion is different in that it
first enters peripheral blood mononuclear cells (PBMCs) (Mehlhorn and Schein, 1998;
Knowles et al., 2018). This particular life cycle event for T. equi partly accounted for
the taxonomic reclassification as Theileria (formerly Babesia equi) (Kappmeyer et al.,

2012). Once inside the PBMCs, the sporozoites develop into large schizonts and then
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merozoites at about 9 days later. These merozoites are released and invade erythrocytes.
Asexual replication results in an expanding population of merozoites and parasitized
erythrocytes. Some of the merozoites develop into gametocyte forms within equine
peripheral blood and upon ingestion of merozoites and/or gametocytes by a competent
tick vector; the parasites undergo sexual reproduction, with the gametocytes developing
into gametes, which combine to form zygotes within the tick midgut (Mehlhorn and
Schein, 1998; Ueti et al., 2003; Uilenberg, 2006). The zygotes develop differently
depending on the tick species and the parasite. Babesia caballi zygotes multiply and
invade numerous tissues and organs of the ticks, including the ovaries, but not, initially,
the salivary glands. Babesia caballi infection can be passed transovarially to the next
tick generation, and development to an infective stage for horses occurs in the salivary

glands of immature and adult ticks (Uilenberg, 2006; Rothschild and Knowles, 2007).

In contrast, T. equi zygotes develop into kinetes, which invade the ticks” haemolymph
and salivary gland cells (Mehlhorn and Schein, 1998; Ueti et al., 2003; Uilenberg,
2006; Rothschild and Knowles, 2007). After a period of 6-24 days, continued
development results in the presence of sporozoites within the salivary gland of the tick

(Moltmann et al., 1983; Zapf and Schein, 1994; Guimaraes et al., 1998).

The close interaction between the life cycles of ticks and the pathogens they carry
determine the mode of transmission of tick-borne pathogens (Scoles and Ueti, 2015).
Tick-borne transmission can be biological, when the parasites undergo asexual and
sexual developmental stages within the equine host and vectors; mechanical, by
contaminated mouthparts; or iatrogenically by contaminated needles or blood
transfusion. A successful pathogen transmission is dependent on a host of complex

interactions between the tick population dynamics, host density, and closely associated
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vector-host behaviours (Ueti et al., 2005). The transmission of tick-borne pathogens of
EP fall into three unique models; intrastadial transmission, in which case one life stage
of the tick acquires the pathogen and transmit it; intersstadial or transtadial
transmission, in which one life stage of the tick acquires the pathogen and the
subsequent stage transmit it; and transovarial transmission, wherein a female tick
acquires the pathogen and her offspring transmit it (Ueti et al., 2008). Parasites such as
B. caballi are transovarially transmitted by one-host ticks, whereas, T. equi is
intrastadially or transstadially transmitted by only the nymphal or adult ticks (Schein,
1998; Scoles and Ueti, 2015). Persistently infected horses are also reservoirs for

transmission aside biological transmission (Ueti et al., 2005).
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a Theileria equi

Figure 2.1: Developmental stages of T. equi within the tick vector (sexual stages)
and equine host (asexual stages) adapted from Scoles and Ueti (2015).

Keys: PBMCs (peripheral blood mononuclear cells); RBCs (red blood cells).
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b Babesia caballi

0‘090 Salivary glands

Figure 2.2: Developmental stages of B. caballi within the tick vector (sexual stages)
and equine host (asexual stages) adapted from Scoles and Ueti (2015).

Keys: PBMCs (peripheral blood mononuclear cells); RBCs (red blood cells).
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2.5 Pathogenesis of Equine Piroplasmosis

2.5.1 Horse Erythrocyte

The matured erythrocytes of horses are round, elastic, biconcave with a central pallor.
The diameter is 5-6 pum and has no nuclei and organelles, with a lifespan of 140-165
days (Carter et al., 1974). Blood film in apparently healthy horses is characterized by
rouleaux formation and occasional Howell-Jolly bodies (Kramer, 2000). The equine
reticulocytes mature within the bone marrow even in the presence of increased
erythropoiesis, thus, accounting for rare occurrence of immature polychromatophilic
cells in peripheral blood of horses (Latimer and Rakich, 1992; Grondin and Dewitt,
2010). Therefore, assessing regenerative responses is dependent on measuring
parameters such as the red blood cell distribution width (RDW), a coefficient of the
degree of anisocytosis of circulating erythrocytes (Jain, 1986). The value of this
parameter is significantly altered in microcytic and/or macrocytic anaemias (Kramer,
2000).Evaluation of erythrocytes alteration and anaemia development in EP is central to
understanding the mechanism that is vital to successful immune invasion by merozoites

and the subsequent erythrocytes colonization and multiplication.

2.5.2 Anaemia

Pathophysiological mechanisms such asdirect mechanical effect of merozoites on
erythrocytes; intra-erythrocyte trophozoite and merozoite binary fission; decreased life
span due to chelation of sialic acids;alteration of other components of the erythrocyte
membrane; suppression of bone marrow erythropoiesis have been adduced to explain
the development of the anaemia observed in EP(Dewaal , 1992; Halat et al., 1997,
Ambawat et al., 1999; Al Sa’ad et al., 2010); effect of the toxic haemolytic factors
produced by the parasites on erythrocyte membrane (De Gopegui et al., 2007; Zygner et

20



al., 2007); and immune mediated mechanism by auto antibodies directed against
erythrocyte membrane component both in the infected and uninfected cells (Oladosa
and Olufemi , 1992; Knowles et al., 1994; De Gopegui et al., 2007; Zygner et al.,
2007). The sequalae of the deleterious effect of toxic metabolites produced by the
parasites on erythrocyte membrane components are lipid peroxidations evident by
elevated MDA levels and oxidative stress (Ambawat et al., 1999; Nazifi et al., 2008;
2009; 2011; Celi et al., 2010; Esmaeilnejad et al., 2012; Ali et al., 2013; Osama and
Gaada, 2013; Salem and El-Sherif, 2015). The development of anaemia may result to
tissue hypoxia and consequently anaerobic metabolism and hyperlactaemia
((McMichael et al. 2005; Ayers and Warrington, 2008). Tissue hypoxia reflects
decreased percent haemoglobin saturation with oxygen and may result to metabolic
acidosis. Blood gas parameters such as blood pH, Pco2, bicarbonate, base access and
oxygen saturation percentage are decreased in such anaemic condition with increased
anion gap indicative of titrational metabolic acidosis (Alsaad, 2014). Also, the anaemic
hypoxia characterized by decreased tissue oxygenation is responsible for the panting
that manifest clinically as tachypnoea and tachycardia (Radostitis et al., 2000).
Continuous cellular lysis results in the liberation of endogenous pyrogens which
ultimately stimulate the thermoregulatory centers of the hypothalamus to cause pyrexia
(Svendson and Carter, 1984). The severity of the pyrexia can be affected by the degree

of parasitaemia, clinical phase of the disease and systemic involvement (Krause, 2002).

Furthermore, increased plasma ALT and AST due to disruption of erythrocyte
membrane and ischaemia-induced hepatocellular damage may occur. Other sequalae of
anaemia, especially, haemolytic anaemia in EP is reduction in haptoglobin
concentration, an important plasma protein that binds free haemoglobin, sequesters the

haem component of haemoglobin and prevents iron utilizing pathogens from benefiting
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from the haemolysis (Tecles et al. 2005; Cary et al. 2009). The clinical significance of
the reduction in haptoglobin concentration is excessive breakdown of haemoglobin into
haem and globin components. The globin or protein components are usually recycled
while the haem component which is cytotoxic, in addition to been utilized by some
pathogens, is first converted to a green pigment called biliverdin, and subsequently, to
an orange pigment called unconjugated or indirect bilirubin in a reaction catalyzed by
biliverdin reductase (Radostitis et al., 2008; Cary et al., 2009; Jain et al., 2011; Salib et

al., 2013).

Therefore, the development of anaemia is central to the variable, non-specific clinical
signs observed in EP (Deger et al., 2009; Kappmeyer et al., 2012; Laus et al., 2013;
Abedi et al.,, 2014; Hussain et al., 2014). The anaemia could be microcytic
hypochromic (Al-Obaidi et al., 2015), macrocytic normochromic (Takeet et al., 2009),
macrocytic hypochromic (Alsaad and Al-Mola, 2006; Zobba et al., 2008; Ibrahim et al.,
2011; Alsaad et al., 2014; Mahmoud et al., 2016) and normocytic hypochromic (Idoko

etal., 2018).

Leukocytic alterations associated with EP include leukocytosis due to lymphocytosis
(Sandhu et al., 1998; Ike et al., 2005; Alsaad and Al-Mola, 2006; Zobba et al., 2008;
Ibrahim et al., 2011) caused possibly by the stimulation of bone marrow response,
lymphoid depletion and disorganization with massive lymphocytosis (Salem et al.,
1986; Mohri and Sardari, 2000). Also, leukocytosis due to neutrophilia and eosinophilia
has been reported in the disease caused by cellular response to the parasites’ antigens

and tick infestations (Ibrahim et al., 2005; Ibrahim et al., 2011; Al-Obaidi et al., 2015).

Thrombocytopaenia is a common clinical sequalae in EP (Radostitis et al., 2008; Al-

Obaidi et al., 2015; Osman, 2017). Sometimes, it is accompanied by an increase in
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mean platelet volume (MPV), suggesting that the juvenile platelets are becoming bigger
and more active indicating a regenerative response. During platelet activation, their
shapes changes from biconcave to spherical discs with resultant pseudopod formation
(Ustundag Budak et al., 2016). Clinically, an increase in MPV could suggest a severe
infection, systemic inflammatory process (Margetic, 2012; Safak et al., 2014) or other
chronic disorders (Beyazit et al., 2012; Chu et al., 2010; Giines et al., 2015) where the
consumption and sequestration of platelets in the spleen and/or reticuloendothelial
system is evident, or it be could due to small fibrin clots or platelets clumping
(Freeman, 2010).The overall clinical sequalae of the haematological alterations
associated with EP are systemic inflammatory syndrome, which culminates in multi-

systemic dysfunction and hypercoagulopathy (Donnellan and Marais, 2009).

2.5.3 Biochemicalalterations

Liver transferases (ALT and AST) should not only be routine tests that measure
hepatocellular damage alone (Sookoian and Pirola, 2012) but as contributors in the
pathophysiology of anaemia development in haemolytic diseases. This is important
because the enzymes, especially ALT, is solely responsible for the synthesis of alanine
in erythrocytes and both enzymes also contribute most of the cytosolic glutamate
requirement for erythrocyte glutathione biosynthesis (Ellinger et al., 2011). Since
erythrocyte membrane is impermeable to glutamate (Young et al., 1987), the
erythrocytes rely on de novo glutamate biosynthesis to maintain their intracytosolic
amino acids requirements which are furnished by the transferases (Ellinger et al., 2011).
Aside erythrocyte membrane transferases alterations, variations in serum activities of
ALT, AST, ALP, gamma glutamyl transferase (GGT), lactate dehydrogenase (LDH)

and creatine kinase (CK) also occurs in EP (Camacho et al., 2005). These changes
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result from centrilobular degeneration and necrosis of hepatocytes (Camacho et al.,
2005) and hypoxia-induced hepatobiliary system damage resulting from anaemia and
icterus (Sandhu et al., 1998; Al-Obaidi et al., 2015). Similarly, haemolytic anaemia can
predispose to decreased blood osmotic pressure characterized by hypoproteinaemia
(Salib et al., 2013). Hyperbilirubinaemia, due to high indirect bilirubin manifest
clinically as icterus in B. caballi and T. equi infected horses (OIE, 2008; Radostitis et
al., 2008; Rothschild, 2013) and is also a net result of haemolytic anaemia. The
continuous formation of unconjugated bilirubin can cause elevation in hepatic enzymes

(ALT, AST and ALP) (Radostitis et al., 2008)

254 Oxidative stress

Stressors such as transportation, extreme exercise during polo, racing, durbars and even
pleasure riding, in addition to intraerythrocytic activities of merozoites trigger a host of
behavioural changes and physiological responses that alter heart, respiratory rates as
well as stress-related hormones (Jagri et al., 2012; Nemec Svete et al., 2012). These
changes impact on haematological, biochemical and oxidative stress parameters via
generation of reactive oxygen species (Uchino et al., 2012; Kumar et al., 2013; Cai et
al., 2014; Wessely-Szponder et al., 2015). Erythrocyte membranes have high
polyunsaturated fatty acid content and are thus very sensitive to oxidative damage
evident by haemolysis (Szweda-Lewandowska et al., 2003), decreased deformability
and impairment of transport via microcirculation (Bellary et al., 1995; Chung and Ho,
1999). Horse erythrocytes are particularly more sensitive to oxidative damage and have

lower deformability than human erythrocytes (Baskurt et al., 1997).

Lipid peroxidation, an important sequalae of oxidative stress (Gibson et al., 2000) is

implicated in the alterations of erythrocyte membrane structure and function, and causes
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increased osmotic fragility and decreased cell fluidity (Hebbel, 1986). Additionally,
lipid peroxidation positively correlates with alterations in plasma sialic acid level

(lijima et al., 2009; Surapaneni and Priya, 2009).

Desialylation of erythrocyte membrane results in the loss of the very important high
molecular weight glycoprotein mucin, a hydroxyl radical scavenger which is an
important component of sialic acids. This invariably makes underlying structures to
become increasingly susceptible to oxidative damage and also alters the biophysical and
biochemical functions of the cells (Ogasawara et al., 2007; Mehdi et al., 2012).
Similarly, removal of sialic acid by pathogens can be exploited via “molecular

mimicry” to evade host immune responses (Vimr et al., 2004).

The deleterious effects of reactive oxygen species and lipid peroxides are protected by
an array of endogenous antioxidant defense systems, which serve as potent scavenger of
free radicals (Kolanjiappana et al., 2002). Alterations in erythrocyte surface membrane
molecules caused by invading merozoites of apicomplexan parasites other than T. equi
have been widely reported (Carruthers and Boothroyd, 2007; Harvey et al., 2014;
Lamarque et al., 2014). Parasites within the phylum apicomplexan, especially members
of the genera Babesia and Theileria possess important antioxidant systems which they
deplore to maintain redox homeostasis as well as survival against host immune
responses (Bosch et al., 2015). These antioxidant systems comprises of the thioredoxin-
and glutaredoxin- systems. These systems control intracellular redox homeostasis by
the close synergistic action of thiol/disulfide pairs. The antioxidant capacity of the cell
is controlled by the predominant redox pairs, glutathione/glutathione disulfide
(GSH/GSSG), while the thioredoxins (Trxrd/Trxox) form a complementing redox

system that interacts with a different subset of proteins (Jones and Go, 2010). The
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enzymatic antioxidants, broadly classified into primary and secondary antioxidants are
also present in addition to the thiol/disulfide pairs. The secondary antioxidants are
involved in the regeneration of low molecular weight antioxidant species (Halliwell,
1999), whereas, the primary antioxidants react directly with prooxidants (Bosch et al.,
2015). Catalase (CAT) and superoxide dismutase (SOD) are examples of primary
antioxidant enzymes. The CAT catalyses the reduction of hydrogen peroxide to water
and oxygen (2H,0, — 2H,0 + Oy), thereby decreasing its cellular buildup. On the other
hand, SODs are metallo- (M-) proteins that catalyse the dismutation of superoxide

anions to form molecular oxygen and hydrogen peroxide (Bosch et al., 2015).

255 Immune mechanisms

In equine piroplasmosis, both humoural and cellular immunologic factors are involved
as protective immune responses to the aetiologic agents (Mealey et al., 2011). At the
initial stage, following tick bite, when sporozoites are released into the plasma,
immunoglobulin G (1gG), specifically of the subclass 1gG3 antibodies, prevents
infection by binding and neutralizing the sporozoites before they target the peripheral
blood mononuclear cells (PBMCs) (Cunha et al., 2006; Lewis et al., 2008; Awinda et
al., 2013). This humoural immune response is therefore critical as the first line of
defense between the moment the parasite gains access to the blood stream and the time
it invades the target cells (Homer et al., 2000). This stage may be preceded by
intraerythrocytic infection in immunocompromised horses where the sporozoites
overwhelms the humoural immune responses, and transforms to merozoites, thereby
invading circulating erythrocytes to cause haemolysis. After lysis has occurred, two
major events occur; first, the parasites reach the bloodstream again to initiate a new

round of invasion. This repeated cycle of invasion and infection of new erythrocytes
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cause the overall parasitaemia level to increase and acute disease develops. On the other
hand, haemoglobin (Hb) is released from the lysed infected erythrocytes, thereby
scavenging nitric oxide, which is an important regulator of smooth muscle relaxation,
endothelial adhesion molecule expression, platelet activation, and platelet aggregation
(Rother et al., 2005). Free hemoglobin is hydrophobic, thus, it interact with and disrupt
lipid membranes and other lipophilic structures (Balla et al., 1993). Free Hb, which
may act as a secondary modulator of the anti-inflammatory role of Hp can be removed
from the circulation by three major mechanisms: high affinity binding of Hb to
haptoglobin (Hp); high affinity binding of haem to haemopexin (Hpx); and low affinity
binding of Hb to cluster of differentiation 163 (CD163). The mechanisms involving
Hpx and CD163 appear to function during massive or localized haemolysis, where Hp

concentration is overwhelmed or limited (Quaye, 2008).

The cells of the innate immune system are expected to control the growth rate of the
parasites and the extent of parasitaemia (Imes et al., 2011; Villoria et al., 2012). The
inhibition is accomplished by the production of soluble factors such as gamma
interferon (IFN-y), tumour necrosis factor alpha (TNF-a), nitric oxide (NO), and
reactive oxygen species (ROSs) by the natural killer cells (NK Cells) and macrophages
(M¢). The absence of these cellular protective immune responses will result to the
development of higher parasitaemia and a cascade of systemic effects (Krause et al.,

2007; Saleh et al., 2010; Woldehiwet et al., 2010).

Protective maternal antibodies can be detected in foals up to 5 (Heerden 1996; de Waal
et al., 2004) or 6 (Phipps et al., 1996) months of age. These foals are thought to be
protected by the passively-acquired immunity and non-specific factors during the first

6-9 months of age (de Waal et al., 2004). Transmission feeding by competent ticks
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during this time usually produces only subclinical disease, but with constant super
infections, a stable immunity may develop (Phipps et al., 1996). Cross-immunity in mix
infection of B. caballi and T. equi is unlikely (Schein 1988; Donnellan et al., 2003b; de
Waal et al., 2004), but co-infection with both parasites is common (Donnelly et al.,
1980). Acquired maternal immunity is transitory, and as it wanes off, foals become

more susceptible to neonatal EP (Kumar et al., 2008).

The precise function or role of the individual nine members of the ema gene family in
the T. equi life cycle or the host innate response is idiopathic (Kappmeyer et al., 2012).
High antibody titer to these proteins are mounted within 2-6 weeks following natural
infection (Cunha et al., 2006) and may persist for life or for a long time with or without
chemotherapeutic clearance of the parasite (Cunha et al., 2006; Ueti et al., 2012).
Persistence of antibody titers in the absence of ongoing infection is adduced to be due
to “memory” B cells continuous secretion of antibody, particularly IgG, without
continued antigenic stimulation (Slifka and Ahmed, 1998; Bernasconi et al., 2002; Wise

etal., 2017).

2.6 Clinical Signs of Equine Piroplasmosis

Equine piroplasmosis should be included in the differential diagnosis for horses with
anaemia, icterus, pyrexia, and signs of chronic inflammatory disease. However, the
clinical signs in EP are variable and non-specific, and so cannot be diagnosed based on
clinical signs alone (Rothschild and Knowles, 2007; Center for Food Security and
Public Health, 2008). Babesia caballi, T. equi and T. haneyi infections cannot be
distinguished clinically, but differentiation between the three infections using molecular
tools may be important for successful treatment and control of the disease (Rothschild

and Knowles, 2007; Knowles et al., 2018).
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The incubation period, or time from infection to manifestation of clinical signs, ranges
from 10 to 30 days for B. caballi, 12 to 19 days for T. equi (de Waal, 1992) and 14 to
30 days for T. haneyi in splenectomized horses (Knowles et al., 2018). The course of
the disease may be peracute, acute, subacute, or chronic (Rothschild and Knowles,
2007). Peracute and acute signs may include pyrexia, icterus, anaemia,
haemoglobinuria, bilirubinuria, splenomegaly, digestive or respiratory signs, and
occasionally, death (de Waal, 1992; Ambawat et al., 1999; Deger et al., 2009; Laus et
al., 2013; Abedi et al., 2014). Horses with subacute piroplasmosis may display
anorexia, lethargy, weight loss, anaemia, limb oedema, poor performance, tachycardia
and tachypnoea (Takeet et al., 2009; Mshelia et al., 2013; Wise et al., 2013; Turaki et
al., 2014). Chronic piroplasmosis is clinically indistinguishable from other chronic
inflammatory diseases and generally presents with nonspecific signs, such as
inapettence, poor body condition, poor performance and weight loss (Kappmeyer et al.,
2012; Montes-Cortes et al., 2016). Gastrointestinal complications such as colic,
impaction and diarrhoea, in addition to pulmonary oedema, pneumonia, cardiac
arrhythmias, laminitis, ataxia, myalgia and seizures develop secondary to EP (de Waal
et al., 2004; Diana et al., 2007; Zobba et al., 2008; Hussain et al., 2014). Anaemia may
be minimal or absent in horses with chronic or persistent infection; these animals are
termed carriersand are reservoirs for tick and iatrogenic transmission (via blood
transfusion, reuse of needles or intravenous sets, or touching a wound on an infected

horse and then handling another horse) (Rothschild and Knowles, 2007).
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2.7GrossLesions of Equine Piroplasmosis

At necropsy, there is yellowish discolouration of subcutaneous tissue, congested cardiac
lobe of the left lung with presence of multiple solid nodules. Emphysematous
pulmonary lesion and atelactetic areas are evident at the cardiac lobe. Distended bladder
and filled with dark coloured urine. Haemorrhagic and hypertrophied lymph nodes,
especially mesenteric lymph nodes (Al-Obaidi et al., 2015), splenomegaly, swollen
dark kidneys, liver and myocardial echymosis (de Waal, 1992; Zaugg, 1996) are often

associated with Equine piroplasmosis.

2.8 Diagnosis, Diagnostic Features and Antigenic Targets on the Parasites

2.8.1 Diagnosis

The diagnosis of EP is based on clinical examination, microscopic examination of
Giemsa stained blood smear, molecular detection based on polymerase chain reaction
(PCR) (Vial et al., 2006; Knowles et al., 2018), serological detection using complement
fixation test (CFT), enzyme linked Immunosorbent assay (ELISA) and indirect
fluorescent antibody test (IFAT) (OIE, 2008; Rothschild, 2013) and animal inoculation
(OIE, 2008; Schwint et al., 2009). These techniques are valuable tools for accurate

diagnosis and epidemiological investigation (Terkawi et al., 2012).

2.8.1.1Clinical examination

The mere presence of clinical signs, revealed by anamnesis and clinical examination is
insufficient to making an accurate diagnosis of EP. This is because the varied and non-
specific clinical signs associated with the disease could also manifest in other diseases
such as, equine ehrlichiosis, African horse sickness, equine infectious anaemia, equine

viral arteritis, purpura haemorrhagica, immune-mediated haemolytic anaemia, and red
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maple leaf toxicity (Alward et al., 2006; World Animal Health Information Database,
2012). Therefore, arriving at an accurate diagnosis will involve detailed history,
thorough clinical examination and laboratory confirmation of the causative pathogens

(Rothschild and Knowles, 2007; Center for Food Security and Public Health, 2008).

2.8.1.2Microscopy

Diagnosis of clinical cases of B. caballi, T. equi and T. haneyi can be made by
identifying the parasites within erythrocytes using Giemsa, Leischemann, Wright, or
Diff-Quick stains (Donnellan and Marais, 2009; Knowles et al., 2018). Blood smears
must be thoroughly examined, as the level of parasitaemia, even in acute cases, can be
low. Theileria equi trophozoites are predominantly oval organisms up to 3 pum. The
infective merozoites usually occur as four piriform parasites, measuring 1.5 pm in
length, in the characteristic Maltese cross formation, amoeboid, or signet-ring shaped
with a halo. The percentage of erythrocytes parasitized is usually 1 to 5 percent in
clinically diseased horses, but may exceed 20 percent (Donnellan and Marais, 2009).
Parasitaemia with T. equi often ranges from 1-7% of erythrocytes, with a maximum of
95% (Rothschild and Knowles, 2007). Babesia caballi is larger than T. equi. and T.
haneyi. Babesia caballi trophozoites are oval or elliptical with pear-shaped basophilic-
staining merozoites occurring in pairs and measuring about 4 um in length in a single
erythrocyte (Retief, 1964). The percentage of detectable erythrocytes in peripheral
blood parasitized by B. caballi typically does not exceed 1% and may be lower than
0.1% (Rothschild and Knowles, 2007; Donnellan and Marais, 2009). The sensitivity of
detecting parasitized erythrocytes can be increased by using thick blood smears
(Rothschild and Knowles, 2007). Additionally, blood samples that are collected and

maintained in cold chain prior to slide preparation, and the concentration of parasitized
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cells by centrifugation, are some useful steps that optimizes parasitaemia detection

((Theiler, 1902; Sippel et al., 1962).

2.8.1.3Molecular diagnosis

The PCR relies on amplification of DNA from the EP pathogens and the detection of
specific, unique components of that DNA. There are four different types of PCR test
used for detecting Babesia and Theileria parasites: primary or conventional PCR, which
uses one set of primers; real-time PCR that quantifies level of parasite in peripheral
blood; nested PCR that uses two sets of primers to increase sensitivity; and nested PCR
with hybridization (probe specific for gene target results in enhanced sensitivity and
specificity) (Bashiruddin et al., 1999; Battsetseg et al., 2001). The specificity in the
PCR can be defined by the molecular mass of the band, restriction endonuclease
treatment of the band, sequencing of the band, and hybridization with specific probes
(Schwint et al., 2009; Bhoora et al., 2010; Wise et al., 2013). A real-time PCR also
allows for quantitative detection of B.caballi and T. equi (Bhoora, 2010). Quantification
of the parasite in blood would allow for studies related to factors that may alter the level
of parasitaemia. A nested PCR for T. equi based on the sequence of the ema-1 gene has
detected the equivalent calculated parasitaemia of 0.000006 percent (Nicolaiewsky et
al., 2001). The nested PCR detect 3.6 times more infections than microscopy and 2.2
times more infections than with conventional PCR (Rampersad et al., 2003). In other to
assess the diagnostic sensitivity and specificity of the PCR, studies should include
testing horses in endemic areas, defining the transmission risk posed by a seropositive,
but PCR-negative horse in order to define the horse’s status from a transmission and
regulatory perspective (United States Department of Agriculture APHIS National

Center for Risk Analysis, 2011).
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2.8.1.4Enzyme linked immunosorbent assay (ELISA)

The competitive inhibition ELISA (CELISA) was developed by Knowles et al. (1991),
and it uses the T. equi immunodominant and highly conserved surface antigen, ema-1,
as specific monoclonal antibodies for the detection of T. equi infection. This was later
improved by using recombinant protein instead of the previous culture-derived whole
parasites to detect Theileria infection in horses (Knowles et al., 1992). The use of the
recombinant protein facilitated the standardization of cELISA and overcame the need
for in vitro cultivation of T. equi as well as experimental infection of horses for antigen
production, thus, making this diagnostic tool the most suitable screening test for both
Babesia and Theileria infections (Rothschild and Knowles, 2007). The recombinant B.
caballi rhoptry-associated protein (rap-1) was developed by Kappmeyer et al. (1999) as
CELISA diagnostic test for detecting B. caballi infection. The development of cELISA
was later commercialized by Veterinary Medical Research and Development (VMRD)
into two test kits, one for detecting T. equi antibodies and the other for detecting B.
caballi antibodies (Rothschild and Knowles, 2007). The cELISA is licensed by the
United State Department of Agriculture-Animal and Plant Health Inspection Service-
Veterinary Section (USDA-APHIS-VS) Centers for Veterinary Biologics (CVB) and
approved by the World Organization for Animal Health (OIE) as regulatory test for
serodiagnosis of Equine Piroplasmosis (OIE, 2004; 2005). This test is very useful in
detecting chronic infection in horses that are PCR and Complement Fixation Test (CFT)
negative (Bruning, 1996). The test can also detect experimental T. equi infection as
early as 21 days post infection and five weeks following tick transmission (Knowles et

al., 1991).

33



2.8.1.5Complement fixation test (CFT)

Complement fixation test relies on fixation of complement during reaction between
specific antigen and antibody (Briuning, 1996; Friedhoff and Soulé, 1996). ). A CFT is
considered positive when there is a positive reaction at a dilution of 1:5. It is a very
specific test for acute infections and can detect antibodies as early as 8 days post
infection, but the sensitivity in chronic and inapparent infection is low because some of
the antibodies that develop in chronic infections do not fix complement ((Friedhoff and
Soulé, 1996). Other demerits of CFT are occurrence of false-negative results, the need
to produce large quantities of antigens and cross reactivity between antibodies against

T. equi and B. caballi (Donnellyet al., 1982; Brining, 1996).

2.8.1.6Indirect fluorescent antibody test (IFAT)

Indirect fluorescent antibody test (IFAT) was first described by Ristic and Sibinovic
(1964) to detect antibodies against B. caballi in horses that were chronically infected.
The test is more sensitive than the CFT, and involves binding parasite antigens to a
glass slide and allowing it to react with the test sera (Wise et al., 2013). The bound
antibodies are visible under ultraviolet light following the binding of fluorescein-
labeled antiequine sera (Tenter and Friedhoff, 1986). The test sera are considered
positive if they show strong fluorescence of the parasites at a dilution of 1:80 or even
higher (Mosqueda et al., 2012). Antibody responses with the IFAT was detected in
horses experimentally infected with T. equi and B. caballi as early as 3 to 20 days post
infection, with significant titers even in the chronic infection (Weiland, 1986). The
disadvantages associated with IFAT are time constraint, requires more antigens and
difficulty in standardization owing to subjectivity in interpreting fluorescence (Huang et

al., 2006).
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2.8.1.7Western blot or immunoblotting

Western blot or immunoblot is a quantitative and semi-quantitative protein analysis
developed by Towbin et al. (1979). This technique involves three elements;
namely,separation of proteins by size, transferring proteins to a solid support or
membrane, and marking proteins by primary and secondary antibodies for visualization
(Mahmood and Yang, 2012). The western blot was previously used mainly for research
but is now used as adjunct diagnostic aid for the detection of B. caballi and T. equi
(Animal and Plant Health Inspection Service, 2012). This test, like nPCR have proven
to successfully confirm chemotherapeutic clearance of T. equi by imidocarb
diproprionate, and therefore, essential for possible discovery of imidocarb-resistant

strains (Hines et al., 2015; Wise et al., 2017).

2.8.1.8Animal inoculation

This involve transmission via blood transfusion or direct blood inoculation, or by tick
feeding to either demonstrate the presence of B. caballi, T. equi or T. haneyi infections
or clearance of these parasites by antiprotozoal agents (Schwint et al., 2009; Knowles et
al., 2018). Animal inoculation test assists clinicians diagnose suspected horses with
piroplasmosis by transfusing their blood to susceptible splenectomized or naive horses.
Alternatively, transmission feeding by tick vector on acutely and chronically infected
horses can be done to identify the parasite either in the ticks or in experimentally

infected naive horses (OIE, 2008; Ueti et al., 2008; Schwint et al., 2009).

2.8.2 Diagnostic features in giemsa-stained blood smears

The presence of diagnostic features, such as, large paired pyriform intraerythrocytic

forms that are joined at their posterior ends, and measuring 2-5 um in length and 1.3—
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3.0 um in diameter represent merozoite stages of B. caballi (Mehlhorn and Schein,
1984) (Fig.2.3). The arrangement of four pear-shaped merozoites that forms a tetrad
known as ‘Maltese cross’ indicate T. equi microscopically (Fig. 2.4) (Yokoyama et al.,
2003; OIE, 2014). The Maltese cross of T. haneyi is smaller in their mean length (1.15
+ 0.16 mm) and width (0.70 £ 0.07 mm) than the mean length (1.88 £ 0.21 mm) and
width (0.91 + 0.13 mm) of T. equi (Knowles et al., 2018). Also, the minimal and
maximal lengths of individual Maltese cross masses for T. equi are 1.57 mm and 2.32
mm, while those for T. haneyi are 0.87 mm and 1.57 mmrespectfully (Fig. 2.5).
Similarly, the minimal and maximal widths of the Maltese crosses for T. equi are 0.72
mm and 1.39 mm, whereas, it is 0.56 mm and 0.9 mm, for T. haneyi n. sp. (Knowles et

al., 2018).

36



Figure 2.3: Blood smear showing pyriform merozoites ofBabesia caballi (B) in
erythrocytes as indicated by blue arrows. Adapted from Kumar et al.
(2009)
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Figure 2.4: Intra-erythrocytic (merozoite) forms of Theileria equi (A-D) in Giemsa-
stained blood film. Arrows indicate forms (merozoites and Maltese
crosses) within the infected erythrocytes. Merozoites may be spherical
or pyriform (pear shaped) (Mehlhorn and Schein, 1998). Maltese
crosses are characterized by an arrangement of four merozoites.
Arrows in A-D for T. equi indicate different phases of merozoites and
Maltese crosses. Adapted from Knowles et al. (2018)
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Figure 2.5:Intraerythrocytic forms of Theileria haneyi in Giemsa-stained blood

film. Arrows indicate forms (merozoites and Maltese crosses) within the
infected erythrocytes. Merozoites may be spherical or pyriform (pear
shaped) (Mehlhorn and Schein, 1998). Maltese crosses are
characterized by an arrangement of four merozoites. Arrows in E-F for
T. haneyi n. sp. indicate different phases of merozoites and
Maltesecrosses. Width and length measurements of merozoites were
performed on individual masses of Maltese crosses. Adapted from
Knowles et al. (2018)
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2.8.3 Antigenic targets on the parasites

Several genes such as ema-1 (Knowles et al., 1991; Battsetseg et al. 2002; Ueti et al.,
2008; Knowles et al., 2018), ema-2 (Ueti et al., 2008), rap-1 for (Knowles et al., 1992),
B-tubulin (Caccio et al., 2000), the hypothetical gene (2,118 bp single copy open
reading frame on chromosome 1 of T. haneyi n. sp., that is unique to this species)
(Knowles et al., 2018) and the 18S rRNA (Bashiruddin et al., 1999; Alhassan et al.
2005; Bhoora et al., 2009; Sloboda et al., 2011) have been used as antigenic targets for
the diagnosis of B. caballi, T. equi and T. haneyi. The expression of ema-1 is more in
blood stages of the parasite while ema-2 is more highly expressed in the salivary gland
of ticks during transmission feeding (Ueti et al., 2008). These proteins in addition to
ema-3 have close interaction with the erythrocyte membrane skeleton (Kumar et al.,

2004; lkadai et al., 2006).

2.9Chemotherapeutics used in Treatment of Equine Piroplasmosis

The main goal of chemotherapy in most apicomplexan parasitic diseases is minimizing
systemic effects, but, considering the persistent infection that ensues in equine
piroplasmosis, successful treatment, particularly in T. equi infected horses is
challenging (Kerber et al., 1999; Ueti et al., 2005). Over emphasis on symptomatic
treatment rather than complete elimination of the parasites in endemic countries might
be advantageous in that it helps in promoting adaptive immunity, but, such treated
horses remain chronically infected and maintain a population of parasites that survived
previous drug exposure. This is a risk factor to the development of drug resistance and

reservoir for transmission by competent ticks to naive horses (Ueti et al., 2012).

Several antiprotozoal agents such as imidocarb diproprionate (Frerichs et al., 1973;
Simpson and Neal, 1980; Buttler et al., 2008; Ueti et al., 2012, Hines et al., 2015; Wise
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et al., 2017), diminazene aceturate, atovaquone (Hildebrandt et al., 2013; Sudan et al.,
2013), combination of N-acetyl-L-cysteine and diminazene aceturate (Rizk et al.,
2017), parvaquone (Kuttler et al., 1987), buparvaquone (Zaugg and Lane, 1992),
Miltefosine (AbouLaila et al., 2014), artemisinin derivative and bumped kinase
inhibitors 1294 (BKIs 1294) (Hines et al., 2015) have been used for the treatment of
equine piroplasmosis with variable challenging success rates. Challenges such as
inadequate confirmatory tests for successful parasite clearance, extended time between
chemotherapeutic clearance of parasites and development of seronegative status, and
the variability of these drugs’ susceptibility among different strains of the causative
pathogens are impediments to successful treatment (Bruning, 1996; Bulttler et al., 2008;
Schwint et al., 2009; Ueti et al., 2012). Efforts to determine the in vitro efficacy of
certain drugs against T. equi have been undertaken with minimal success (Bork et al.,
2003; Nagai et al., 2003; Aboulaila et al., 2010; Munkhjargal et al., 2012; Salama et al.,
2013; Wise et al., 2013; Salama et al., 2014) due to lack of biological relevance or

feasibility for use in horses (Hines et al., 2015).

2.9.1 Imidocarb dipropionate (ID)

Imidocarb diproprionate (ID) is a dicationic diamidine of the carbanilide series [3,3’-bis
(2-imidazolin-2- yl)-carbanalidae] of antiprotozoal compounds, commonly used to treat
equine piroplasmosis caused by B. caballi, T. equi and T. haneyi (Hines et al., 2015;
Knowles et al., 2018). The precise mechanism of action of this drug is unknown but
causes chromatin clumping, dissolution of nuclear membrane, and cytoplasmic
vacuolization of intraerythrocytic stages within 48 hours post administration (Simpson
and Neal, 1980; Belloli et al., 2002). Other mechanisms such as to interfere with the

production and/or utilization of polyamines, or prevent the entry of inositol into
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parasitized erythrocytes has been reported (European Medicines Agency, 2001). It is
administered as a dihydrochloride or diproprionate salt either subcutaneously or
intramuscularly to horses (3.4 mg/kg body weight bw) and cattle (2.1 mg/kg bw)
(Donnellan and Marais, 2009). In endemic countries, four doses of the drug at 4 mg/kg
bw 72-hourly is recommended with a second dose to be repeated after two weeks (Ueti
et al., 2012). Despite this established protocol, treatment failures persist (Hines et al.,
2015). Therefore, due to scarcity of treatment options for piroplasms of horses and the
potential for drug resistance with the commonly used ID, an alternative and novel drug,

BKIls 1924 was explored for in vitro efficacy against T. equi (Hines et al., 2015).

Anticholinesterase effects such as sweating, diarrhoea, colic and signs of agitation are
toxicity signs associated with the drug (Adam, 1981; Meyer et al., 2005) and can be
mitigated using intravenous injection of 0.3 mg/kg N-butylscopolammonium bromide

(Buscopan®) (Ueti et al., 2012) and atropine sulphate (Heerden, 1996).
2.9.2 Bumped kinase inhibitors 1294 (BKIs 1294)

Bumped kinase inhibitors (BKIs) are a group of experimental compounds currently
used for in vitro and in vivo clinical trials against toxoplasmosis (Murphy et al., 2010;
Dogett et al., 2014), cryptosporidiosis (Murphy et al., 2010; Castellanos-Gonzalex et
al., 2013), malaria (Ojo et al., 2012; Ojo et al., 2014), other protozoal diseases
(Keyloun et al., 2014) and equine piroplasmosis (Hines et al., 2015). The mechanism of
action of BKIs is selective inhibition of the apicomplexan calcium-dependent protein
kinases (CDPKs) that are critical for multiple parasitic physiologic functions such as
parasite motility, invasion, secretory pathways and replication (Ojo et al., 2012). The
CDPKs are very vital anti-apicomplexan chemotherapeutic candidates because they are

absent in vertebrates (Larson et al., 2012). Therefore, binding of other mammalian
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kinases by BKIs is prevented by gate keeper amino acid residues with large side chains
that obstruct access to the ATP-binding pocket (Ojo et al., 2012; Castellanos-Gonzalez
et al., 2013; Ojo et al., 2014). The BKI 1294 has demonstrated favourable in vitro
efficacy against both the Texas isolate and USDA Florida strain of T. equi where it
completely inhibited the growth of the two isolates (Hines et al., 2015). This is
consistent with previous reports of its apicomplexan-selective target and favourable
pharmacokinetics and safety (Ojo et al., 2012; Castellanos-Gonzalez et al., 2013;

Goggett et al., 2014; Keyloun et al., 2014; Ojo et al., 2014).

2.9.3 Diminazene aceturate

Diminazene aceturate (4,4 (azoamino) dibenzamidine) is an aromatic diamidine,
derived from Surfen (bis-2-methyl-4-aminoquinolyl-6-carbamide) used to treat
piroplasmosis and Trypanosomiasis (Peregrine, 1994). It binds irreversibly to double-
stranded DNA through specific interaction with sites rich in adenine-thymine base pairs
in the groove between complementary strands (Gresh and Pullman, 1984; Hu et al.,
1992; Peregrine and Mamman, 1993). This type of binding is non-intercalative and has
high affinity for knietoplastid DNA (KDNA), and it impairs kinetoplast replication and
function (Preregrine and Mamman, 1993) in addition to inhibiting the mitochondrial
topoisomerase 11 (James and Giles, 1985). Diminazene aceturate is administered at 3.5
mg/kg deep intramuscularly every 48 hours for two treatments against B. caballi and T.
equi (Kuttler, 1981; Rashid et al., 2008). Adverse effects associated with intramuscular
injection of diminazene aceturate are swelling and necrosis at injection sites, respiratory

distress, depression and other signs of intoxication (Kutscha, 2008; Wise et al., 2013).
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2.9.4 Atovaquone

Atovaquone (1,4-hydroxynaphthoquinone) is an antiprotozoal compound that has
broad-spectrum activity against apicomplexan parasites (Kessl et al., 2003) such as
Babesia spp, Plasmodium spp., Pneumocystis carinii and Toxoplasma gondii (Baggish
and Hill, 2002; Weiss, 2002). The mode of action of atovaquone against protozoa
parasites is by inhibiting the rate of oxygen consumption (Murphy and Lang-Unnasch,
1999). This drug has been used to treat human Babesiosis (Krause et al., 2000) and
Plasmodium falciparum infection (Kosinczky et al., 2000). Although, this drug is less
toxic to host cells compared to other antiprotozoal agents, the development of resistant

parasites has limited its use (Guswanto et al., 2018).

2.10Prevention and Control

The continuous unrestricted transboundary movement of horses from border towns of
Cameroon, Chad and Republic of Niger into Nigeria is worrisome and can aggravate
the burden of EP in Nigeria (Turaki et al., 2014), in addition to introduction of newer
strain(s) of the parasites. Epidemiological reports confirm nationwide distribution and
endemicity of EP in Nigeria (Oduye, 1976; Leeflang and llemobade, 1979; Aliu, 1983,
Oladosu and Dipeolu, 1983; Lawal et al., 1999; Takeet et al., 2009; Garba et al., 2011,
Garba et al., 2012; Pam et al., 2013; Sanusi et al., 2014, Turaki et al., 2014; Mshelia et
al., 2016; Ememe et al., 2018; Idoko et al., 2018). Therefore, a concerted effort towards
preventing the health impacts of EP on equids and effective control of tick vectors is
desirable. Vaccination is vital to disease mitigation but unfortunately, vaccines against
EP are currently unavailable globally, in both endemic and non-endemic countries

(Osman, 2017).
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Study Population and Informed Consent

This study was conducted with a total of 152 horses comprising 72 horses showing
varying clinical signs (such as pyrexia, congested, pale, iceteric mucous membranes,
inappetence, lethargy, oedema around the fetlock, epiphora, lymphadenopathy, tick
infestation, poor body condition) suggestive of piroplasmosis (symptomatic horses),
and 80 horses that were apparently healthy (asymptomatic horses).Thirty-four (34) of
the symptomatic horses were males, 10 were Geldings and 28 females. Also, 33 of the
symptomatic horses were West African Barb horses while 39 were Argentine Polo
Ponies. All the asymptomatic horses were West African Barb male horses. Horses
presenting clinical signs consistent with piroplasmosis were recommended to be
considered potential suspects by OIE (2005). Samples were taken from stables in Zaria
and lIgabi Local Government Areas of Kaduna State and Keffi Local Government Area
of Nasarawa State. The consent of the clients and/or attending veterinarians was sought
prior to sample collection. All animals were handled humanely according to established

protocol on the care and use of animals.

3.2 Ethical Clearance

This was sought and approved by Ahmadu Bello University Committee on Animal Use

and Care (ABUCAUC) and given the approval number, ABUCAUC/2020/34.
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3.3 Inclusion and Exclusion Criteria

Suspected cases were identified based on clinical signs (such as pyrexia, congested,
pale, iceteric mucous membranes, inappetence, lethargy, oedema around the fetlock,
epiphora, lymphadenopathy, tick infestation, poor body condition) described in horses
with piroplasmosis (OIE, 2005). Horses showing clinical signs of other diseases were
excluded from this study. Similarly, horses with evidence of disabilities were excluded

from this study.
3.4Study Design
3.4.1 Sampling method

A cross sectional study was carried out from June to November, 2017. The convenient
and purposeful sampling technique was used to select horses presenting clinical signs

suggestive of piroplasmosis and those that were apparently healthy for this study.
3.4.2 Study areas

Adult horses were sampled from Zaria city (coordinates: 11.0622236N, 7.706379E)
(Zaria Local Government Area), DeeBee farms (coordinates: 10.714993N, 7.510049E)
and 5™ Chukker Polo and Country club (coordinates: 10.7039281N, 7.5328248E) (Igabi
Local Government Area) in Kaduna State, and Keffi Polo Club (coordinates:
8.863571N, 7.807865E) (Keffi Local Government Area) in Nasarawa State. Zaria and
Igabi lies within the Northern Guinea Savanna Ecological Zone and have an annual
average rainfall of 1032 mm and 1200 mm respectively. The highest and lowest average
temperatures are 28.9 °C and 22.9 °C for Zaria, and 35 °C and 12.8 °C for Igabi (Bose et
al., 2015;Abaje et al., 2016).The mean atmospheric relative humidity ranges between

70-90 % and 25-30 % for the rainy and dry seasons respectively with Igabi being sub-
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humid while Zaria is dry sub-humid (Umar and Abdulkadir, 2015). The highest amount
of evaporation occurs during the dry season (Abaje et al., 2015b).The rainfall in Keffi is
bimodal and ranges from 1500 to 2000 mm, which occurs from April to early
November yearly (N’Datchoh et al., 2012). Relative humidity varies from 80% between
July and August to 60% between January and February. The monthly average
temperature ranges from 28°C to 29°C in July and August and 34°C to 36°C in

February and March (Ifatimehin et al., 2013).
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3.4.3 Inclusion and exclusion criteria

Suspected cases were identified based on clinical signs described in horses with
piroplasmosis (OIE, 2005). Also, horses showing clinical signs of other diseases were
excluded from this study. Similarly, horses with evidence of disabilities were excluded

from this study.
3.4.4 Study populations

A total of 152 adult horses, comprising 72 presenting various clinical signs of
piroplasmosis and infested by ticks (symptomatic horses) and 80 apparently healthy

horses (asymptomatic horses without ticks) were used for this study.
3.4.5 Sample collections

Fifteen mililitres (15 mL) of whole blood was collected via jugular venipuncture using
18 gauge needles from each horse. Two mililitres of the blood was dispensed into
vacutainer containing acid-citrate-dextrose for erythrocyte ghost preparation, 3 mL of
the blood was dispensed into vacutainers containing Ethylenediaminetetraacetic acid
(EDTA), out of which 200 pL was spotted on Whatman FTA™ classic cards
(Whatman® International Ltd., USA) and allowed to dry under room temperature. A
drop of the EDTA blood from each of the horses was used to make Giemsa-stained thin
blood smear for parasitological investigation, while the remainder was used for
haematological evaluations. The remaining 10 mL of the whole blood was dispensed
into plain 10 mL vacutainers and allowed to stand at room temperature for 1 hour, after
which sera was harvested and transferred into 5 mL plain vacutainer tubes and stored at
-4°C until used. The skin of the horses covering known predilection sites for ticks

including the perineum region, abdomen and thigh, ear and neck were carefully
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examined for the presence of ticks. Ticks were collected using tweezers into labeled

tubes plugged with cotton. Ticks from each animal were kept in separate tubes.
3.5 Morphological Identification of Tick

All the ticks collected were transferred into Petri dishes, mounted on slides and
examined morphologically using a dissecting microscope at a magnification of x40 and
sorted to genus, and sexes. The ticks were morphologically identified using features

described by Walker et al. (2014).
3.6Parasitological Examination

Demonstration of the presence of T. equi (small piroplasmwith Maltese cross form)
and/or B. caballi (large Babesia, pyriform shaped) in infected-erythrocytes was done
using Giemsa-stained thin blood smear on glass slides as described previously (Charles,
2007; Elaine and Margi, 2007) and then viewed using light microscopy at %100 oil

immersion magnifications through 60 microscopic fields.
3.7Washing of FTA™ classic cards for Polymerase Chain Reaction (PCR)

One millimeter (1 mm) disposable biopsy punch with plunger (Miltex, Inc. York, USA)
was used to punch out disc from each card into labeled PCR amplification tubes. Two
hundred microliter (200 ul) of FTA card purification reagent was added into each PCR
tube and incubated at room temperature for 5 minutes. The reagent was pipetted off and
the steps repeated two more times. Two hundred microliter (200 ul) of Dulbecco’s
phosphate buffered saline (DPBS 1 X) gibco® (Life Technologies Corporation, Grand
Island, NY, USA) was added to each PCR tube and incubated at room temperature for 5

minutes. The DPBS was pipette off and the steps repeated one more time. The lid of
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each PCR tube was opened and allowed to dry for 1 hour in a PCR hood at room

temperature.
3.8 Species-specific Nested Polymerase Chain Reaction (nPCR)
3.8.1 Theileriaequi nPCR

This was performed as described by Schwint et al. (2008) but with slight modification.
Briefly, reference genomic DNA (gDNA) of T. equi and T. equi stabilates spotted on
FTA™ card served as the positive control. Presence of T. equi was detected by nPCR
targeting the ema-1 gene. The external primer mix involved 25 pl of T. equi external-
forward primer 5° -GAGGAGGAGAAACCCAAG -3’ (100 mM) paired with 25 pul of
T. equi reverse primer 5’-GCCATCGCCCTTGTAGAG (100 mM) and 950 pl of
nuclease-free water. From the above external primer mix, 100 pl was taken and added
to 650 pl of nuclease-free water to make the external reaction mix. The internal primer
mix involved 50 upl of T. equi internal-forward ~ prime 5’
TCAAGGACAACAAGCCATAC -3’ along with the 50 pul of T. equi reverse primer 5’
TTGCCTGGAGCCTTGAAG- 3’ in 900 pl of nuclease-free water. One hundred
microliter (100 pl) of this was mixed with 250 pl Rediload (Invitrogen®) and 800 pl of
nuclease-free water to make the internal reaction mix. The first-round PCR was
performed in 25 pl reaction volumes with 12.5 pl of PCR master mix (Roche,
Indianapolis, IN, USA), 7.5 pl of external reaction mix and 5 pl of gDNA of T. equi
(only for positive controls) in labeled PCR amplification tubes containing washed
FTA™ card disc. Second-round reactions contained 1 pl of the first-reaction product,
12.5 pl of PCR master mix (Roche, Indianapolis, IN, USA), and 11.5 pl of internal
reaction mix. All external and internal reaction mixes were kept on ice for immediate

use or refrigerated in +4°C until use. The amplification of T. equi was done using BIO-
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RAD 1000™ Thermal cycler (Bio-Rad Laboratories, Inc., USA). Cycling conditions for
the external primers are 95°C for 5 min, followed by 30 cycles of 95°C for 20 s, 60°C
for 20 s, and 72°C for 20 s, and then a final extension of 72°C for 5 min, and holding at
4°C. The cycling conditions for the internal primers are 95°C for 5 min, followed by 30
cycles of 95°C for 5's, 60°C for 5 s, and 72°C for 5 s, and a 72°C for 5 min extension,

and holding at 4°C. Description of the T. equi NnPCR is summarized below in Table3.1.
3.8.2 Babesia caballi nPCR

This was performed as described by Schwint et al. (2008) but with slight modification.
Briefly, reference genomic DNA (gDNA) of B. caballi and B. caballi tissue culture
spotted on FTA™ card served as the positive control. Presence of B. caballi was
detected by nPCR targeting the rap-1 gene. The external primer mix involved 25 pl of
B. caballi external-forward primer 5’- GAT TAC TTG TCG GCT GTG TCT -3’ (100
mM) paired with 25 pl of B. caballi reverse primer 5’- CGC AAA GTT CTC AAT
GTC AG -3’ (100 mM) and 950 ul of nuclease-free water. From the above external
primer mix, 100 pl was taken and added to 650 pl of nuclease-free water to make the
external reaction mix. The internal primer mix involved 50 pl of B. caballi internal-
forward primer 5’- GCT AAG TAC CAA CCG CTG A -3’ along with the 50 pul of B.
caballi reverse primer 5’- CGC AAA GTT CTC AAT GTC AG -3’ in 900 pl of
nuclease-free water. One hundred microliter (100 pl) of this was mixed with 250 pl
Rediload (Invitrogen®) and 800 pl of nuclease-free water to make the internal reaction
mix. The first-round PCR was performed in 25 ul reaction volumes with 12.5 ul of
PCR master mix (Roche, Indianapolis, IN, USA), 7.5 ul of external reaction mix and 5
pl of gDNA of B. caballi (only for positive controls) in labeled PCR amplification tubes

containing washed FTA™ card disc. Second-round reactions contained 1 pl of the first-
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reaction product, 12.5 pl of PCR master mix (Roche, Indianapolis, IN, USA), and 11.5
pl of internal reaction mix. All external and internal reaction mixes were kept on ice for
immediate use or refrigerated in +4°C until use. The amplification of B. caballi was
done using BIO-RAD 1000™ Thermal cycler (Bio-Rad Laboratories, Inc., USA),
cycling conditions for the external primers are 95°C for 5 min, followed by 30 cycles of
95°C for 20 s, 60°C for 20 s, and 72°C for 20 s, and then a final extension of 72°C for 5
min, and holding at 4°C. The cycling conditions for the internal primers are 95°C for 5
min, followed by 30 cycles of 95°C for 5 s, 60°C for 5 s, and 72°C for 5 s, and a 72°C
for 5 min extension, and holding at 4°C. Description of the B. caballi nPCR is

summarized in Table 3.1.
3.8.3 Theileria haneyi nPCR

This was performed as described by Knowles et al. (2018). Briefly, the reference
genomic DNA (gDNA) of T. haneyi served as the positive control. Presence of T.
haneyi was detected by nPCR targeting a hypothetical gene based on a 2,118 bp single-
copy open reading frame (ORF) on chromosome 1 of the parasite. The external primer
mix involved 25 pupL of T. haneyi external-forward primer 5’-
CCATACAACCCACTAGAG -3’ (100 mM) paired with 25 ul of T. haneyi reverse
primer 5 CTGTCATTTGGGTTTGATAG -3’ (100 mM) and 950 pL of nuclease-free
water. From the above external primer mix, 100 puL was taken and added to 650 pL of
nuclease-free water to make the external reaction mix. The internal primer mix involved
50 pL of T. haneyi internal-forward primer 5°’- GACAACAGAGAGGTGATT -3’ along
with the 50 uL of T. haneyi reverse primer 5’- CGTTGAATGTAATGGGAAC -3’ in
900 uL of nuclease-free water. One hundred microliter (100 uL) of this was mixed with

250 pL Rediload (Invitrogen®) and 800 pL of nuclease-free water to make the internal
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reaction mix. The first-round PCR was performed in 25 pL reaction volumes with 12.5
pL of PCR master mix (Roche, Indianapolis, IN, USA), 7.5 uL of external reaction mix
and 5 pL of gDNA of T. haneyi (only for positive controls) in labeled PCR
amplification tubes containing washed FTA™ card disc. Second-round reactions
contained 1 pL of the first-reaction product, 12.5 pL of PCR master mix (Roche,
Indianapolis, IN, USA), and 11.5 pL of internal reaction mix. All external and internal
reaction mixes were kept on ice for immediate use or refrigerated in +4°C until use. The

amplification of T. haneyi was done using BIO-RAD 1000™

Thermal cycler (Bio-Rad
Laboratories, Inc., USA), cycling conditions for the external primers are 95°C for 5
min, followed by 30 cycles of 95°C for 20 s, 60°C for 20 s, and 72°C for 20 s, and then
a final extension of 72°C for 5 min, and holding at 4°C. The cycling conditions for the
internal primers are 95°C for 5 min, followed by 30 cycles of 95°C for 5 s, 60°C for 5 s,

and 72°C for 5 s, and a 72°C for 5 min extension, and holding at 4°C. Description of the

T. haneyi nPCR is summarized in Table 3.1.
3.8.418S rRNA PCR
3.8.4.1 18S rRNA nPCR (partial length)

The 18S PCR (partial length) was carried out according to established protocol (Bhoora
et al., 2010). The Oligonucleotide sequence for the respective primers and thermocycler

conditions are summarized in Table 3.2.
3.8.4.2 18SrRNAPCR

The full length 18S rRNA PCR was carried out based on the protocol described by
Bhoora et al. (2010). Briefly, forward primer NBabesialF  (5’-

AAGCCATGCATGTCTAAGTATAAGCTTTT -3) and reverse primer 18SRev-TB
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(5’- GAATAATTCACCGGATCACTCG -3’) were used in a primary PCR to amplify a
fragment of 1600 bp in length. Reactions were performed in a final volume of 25 pL
with High Fidelity PCR Master Mix (Roche Diagnostics, Mannheim, Germany), 0.2
mM of each primer and 2.5 pL of gDNA. The cycling conditions were: an initial
denaturation of 2 min at 94 °C, followed by 40 cycles of 30 sat 94 °C, 45 s at 60 °C and
1 min at 72 °C, and a final extension of 7 min at 72 °C. This is summarized in Table 3.2

below.
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Table 3.1: Target Parasites with respective primer sets, thermocycler conditions

and band sizes for nested polymerase chain reaction (hPCR)

Type of Parasite External Primer Internal Primer Band Size
Sequence Sequence
Babesia caballi forward: 5°- GAT forward: 5°- GCT 250
TACTTGTCG GCT AAGTAC CAA (RAP-1)
GTG TCT-3’ CCGCTGA-3’
reverse: 5’- CGC reverse: 5’- CGC
AAA GTT CTC AAT AAAGTT CTC AAT
GTC AG -3’ GTC AG -3’
Thermocycler 95 °C hold for 5min 95 °C hold for 5 min
Condition 30 cycles: 30 cycles:
95 °C for 20 s 95°Cfor5s
60 °C for 20 s 60 °C for 5 s
72 °C for 20 s 72°Cfor5s
72 °C hold for Smin 72 °C hold for 5 min
Final hold at 4 °C Final hold at 4 °C
Theileria equi forward: 5° -GAG forward: 5’-TCA 250
GAG GAG AAA AGG ACA ACA (EMA-1)
CCC AAG-¥’ AGC CAT AC -3’
reverse: 5’-GCC ATC reverse 5°-TTG CCT
GCC CTT GTA GGA GCC TITG
GAG -3’ AAG- 3’
Thermocycler 95 °Chold for 5min 95 °C hold for 5 min
Condition 30 cycles: 30 cycles:
95°C for20s 95°Cfor5s
60 °C for 20 s 60 °Cfor5s
72 °C for 20 s 72°Cfor5s
72 °Chold for 5min 72 °C hold for 5 min
Final hold at 4 °C Final hold at 4 °C
Theileria haneyi forward: 5°- CCA forward: 5°- GAC 238
TAC AAC CCA AAC AGA GAG (Hypothetical  gene
CTA GAG -3’ GTG ATT -3’ based on a 2,118 bp
reverse: 5° — CTG reverse: 5°- CGT single-copy open
TCATTT GGG TTT TGA ATG TAA reading frame (ORF)
GAT AG -3’ TGG GAA C -3 on chromosome 1)
Thermocycler 95°Chold for4 min 95 °C hold for 4 min
Condition 35 cycles: 35 cycles:
95 °C for 20 s 95 °C for 20 s
63.5 °C for 30 s 58.1 °C for 30 s
72 °C for 20 s 72 °C for 20 s

72 °C hold for 7 min
Final hold at 4 °C

72 °C hold for 7 min
Final hold at 4 °C
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Table 3.2: 18S rRNA partial and full length polymerase chain reaction (PCR) with

primer sets, thermocycler conditions and band sizes

Target gene External Primer Internal Primer Band Size
Sequence Sequence
18S Rrna 18S 4F Nbab: 5 —  Bab18S_437- 390
(Partial length) AGG CCATGC 461.nIntF: 5’ -
ATG TCT AAG AAT CCT GAC
TAT -3’ ACA GGG AGG
TAGTGAC-3
18S Rev-TB: 5’ - Bab18S 898-
GAATAATTC 873.nIntR: 5’ -
ACC GGA TCA CTA AGAATT
CTC-3 TCA CCTCTG
ACAGT -3
Thermocycler 95 °C hold for 3 95 °C hold for 3
Condition min min
35 cycles: 35 cycles:
95°C for30s 95°C for30s
50 °Cfor30s 65 °C for 1 min
72 °C for 1 min 72 °C for 1 min
72 °C hold for 5 72 °C hold for 5
min min
Final hold at 4 °C Final hold at 4 °C
18S rRna NBabesialF :5° - 18SRev-TB :5” — 1600
(Full length) AAG CCATGC GAATAATTC
ATG TCT AAG ACC GGA TCA
TAT AAG CTT CTCG-3)
TT-3

Thermocycler
Condition

94 °C hold for 2
min

40 cycles:

94 °C for 30
S

60 °C for 45
S

72 °C for 1
min

72 °C hold for 7
min
Final hold at 4 °C
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3.9 Deoxyribonucleic Acid (DNA) Agarose Gel Electrophoresis

Forty five milliliters (45 mL) of 1X Tris acetic EDTA (TAE) buffer (Ambion®, USA)
was transferred to a conical flask, 0.45 g (1%) of UltraPure™ agarose gel powder
(Invitrogen™ by Life Technologies™, USA) was added and placed inside a microwave
for 45 s and then brought out to cool to 52 °C. It was then stained with 0.45 uL SYBR®
Safe DNA gel stain (Invitrogen™, Molecular Probes™, Eugene, Oregon, USA) and
carefully poured into a 7 x 10 cm UV-transparent tray containing two separately placed
1.5 mm thick, fixed-height 15-well combs (Bio-Rad Laboratories Inc., USA) and
allowed to stay at room temperature for 30 minutes. The two combs were removed
afterwards and the prepared gel carefully dropped into an electrophoresis tank
containing 1X Tris acetic EDTA (TAE) buffer fixed at 90 V for 30 min, and the images

visualized in Gel Doc™ XR (Bio-Rad Laboratories Inc., USA).
3.10Ex0SAP-IT PCR Clean-up and DNA Sequencing

The amplicons obtained from the PCRusing 18S and the species specific primers were
cleaned up using EXoSAP-IT (Affmetrix Inc., Santa Clara, USA). Briefly, 10 pL of
each of the PCR amplicons were dispensed into newly labeled PCR amplification tubes,
4 uL ExoSAP-IT PCR Product cleanup reagent was added to the respective tubes and
run at 37°C for 15 min, 80°C for 15 min, and holding at 4°C. The sequence tubes were
labeled accordingly in duplicate, 5 pL each of the internal forward and internal reverse
primers were added to the respective duplicate containing the cleaned PCR products,
and sent to Eurofins Genomics, USA for sequencing. The obtained sequences were
aligned separately for each species with homologues available in the GenBank™ using
Kalign (Lassmann and Sonnhammer, 2005) and consequently manually edited in

Bioedit (Hall, 1999).
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3.11 TOPO pCR 2.1 Cloning using M13 Primers

TheTOPO pCR 2.1 Cloning kit (Thermo Fisher Scientific Inc., USA) was used to clone
the Taq polymerase-amplified 18S PCR products suspected to have mixed infections.
This was performed based on method described by the manufacturers. Briefly, TOPO®
Cloning reaction volume of 6 pL, comprising 4 pL of fresh PCR product, 1 pL of salt
solution and 1 pL of TOPO® vector. Mix ligation and incubated for 5 minutes at room
temperature. Competent Escherichia coli (E. coli) cells were removed from -80°C
Celsius and immediately placed on ice. Two microliter (2 pL) of the ligation mix was
added to the competent cells (Top 10) and placed on ice for 30 minutes. This was then
heat shocked in a water bath at 42°C for 30 seconds and immediately placed on ice for 1
minute. Exactly 250 pL of SOC medium was added to the competent cells and
incubated by shaking for 1 hour at 37°C. The cells are spread on LBA + Xgal agar plate
and incubated overnight at 37°C. White and blue colonies were observed on the plate
the following day. The white colonies were screened by PCR using M13 Forward and
Reverse primers using the following thermocycler condition, 95°C for 3 min; 35 cycles
of 95°C for 30 s, 55°C for 30 s, and 72°C for 1.5 min; final extension at 72°C for 5 min;
and holding at 12°C. The blue colonies without the insert were not used for PCR. The
M13 PCR positive clones were cleaned up using EXoSAP-IT PCR Clean-up and sent

out to Eurofin Genomics, USA for sequencing.

3.12 Detection of B. caballi and T. equi Specific Antibodies for Symptomatic

andAsymptomatic Horses

This was carried out using the competitive enzyme linked Immunosorbent assay

(cELISA) kit (VMRD, Pullman, WA, USA) as directed by the manufacturer. Sera from
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sampled horses were tested, and the positive result is defined as >40% inhibition by the

manufacturer.

3.13Determination of Haematological Parameters for Symptomatic

andAsymptomatic Horses

Two milliliters (2 mL) of the blood in EDTA bottle was used to determine the Packed
cell volume (PCV), red blood cell (RBC), haemoglobin (Hb) concentration, mean
corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), mean corpuscular
haemoglobin concentration (MCHC), total leucocyte count (TLC), differential
leucocyte count (DLC) and platelet count using the Veterinary automated haematology

analyzer (HI 2800, Pioway Medical Lab Equipment, China).

3.14 Preparation of Haemoglobin-free Erythrocyte Membrane

Haemoglobin-free erythrocyte membranes (ghosts) were prepared according to the
method described by Dodge et al. (1963). Briefly, 2 mL of blood was dispensed into
vacutainers containing 0.3 mL of acid-citrate-dextrose (ACD) as an anticoagulant. The
blood was centrifuged at 8000 xg for 10 min, after which the plasma was aspirated and
discarded. The resultant erythrocytes/sediments was washed by adding 3 mL of isotonic
phosphate buffer solution of 30 imOsm followed by gentle agitation and then
centrifugation at 8000 xg for ten min. The supernatant was decanted and the process
repeated twice. The washed erythrocytes were haemolysed by suspending them in 3 mL
of hypotonic phosphate buffer of about 20 imOsm and agitated for about 5 min. The
resulting Haemolysate was centrifuged at 8000 xg for 20 min. The recovered
erythrocyte ghosts were washed in the hypotonic buffer continuously until they became
very clear. The erythrocyte ghosts were stored in vials in freezer (-4 °C) until needed for
determination of antioxidants and sialic acid assay.
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3.15 Biochemical Analyses on Erythrocyte Membraneof Symptomatic

andAsymptomatic Horses
3.15.1 Malondialdehyde concentration

Erythrocyte membrane malondialdehyde levels, an index of lipid peroxidation were
measured by the double heating method of Draper and Hadley (1990). The method is
based on spectrophotometric measurement of the purple colour generated by the
reaction of thiobarbituric acid (TBA) with MDA. Briefly, 2.5 mL of trichloroacetic acid
solution (10%w/v) was added to 0.5 mL erythrocyte ghost solution in each centrifuge
tubes, and then placed in boiling water for 15 min. After cooling to room temperature,
the tubes were centrifuged at 1000 xg for 10 min and 2 mL of each sample supernatant
was transferred to a test tube containing 1 mL of TBA solution (0.67%w/v). Each tube
was placed in a boiling water bath for 15 min. After cooling to room temperature, the
absorbance was measured at 532 nm (using the Shimadzu UV 1601
Spectrophotometer). The concentration of MDA was calculated based on the

absorbance coefficient of TBA - MDA complex (¢ = 1.56 x105 cm M™).
3.15.2 Superoxide dismutase activity

This was measured using a commercial kit (RANSOD kit, Randox Com, UK). This
method employs xanthine and xanthine oxidase (XOD) to generate superoxide radicals,
which react with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chloride
(INT), to form a red formazan dye. The enzyme activity was determined by the degree
of reaction inhibition, where one unit of SOD corresponded to 50 % inhibition of INT

reduction under assay condition.
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3.15.3 Glutathione peroxidase activity

This was measured using a commercial kit (RANSEL kit, Randox Com, UK) based on
the method described by Paglia and Valentine (1967). Glutathione peroxidase catalyzes
the oxidation of glutathione (GSH) by cumene hydroperoxide. In the presence of
glutathione reductase and NADPH, the oxidized glutathione is immediately converted

to the reduced form, with the resultant oxidation of NADPH to NADP™,
3.15.4 Catalase activity

The activity of catalase was determined using the commercial catalase assay kit (Oxford
Biomedical Research, Inc., USA) based on the colorimetric method, described by
Slaughter and O’Brien (2000). The analysis was accomplished using the standard

autoanalyzer (Cobas-Mira, ABX-Diagnostics, Japan).
3.15.5 Determination of erythrocyte surface sialic acid concentration

Bound sialic acid was determined using 50 uL of the suspension of washed erythrocyte
ghosts incubated with 100 uL H,SO4 at 80 °Cfor 1 hour in order to liberate bound sialic
acid (Warren, 1963). Sialic acid concentration was subsequently measured in the

mixture using thiobarbituric assay (TBA assay) (Aminoff, 1961; Engstler et al., 1995).
3.16 Serum Biochemical Analyses

The harvested sera of the symptomatic and asymptomatic horses were also used to
determine serum activities of alanine aminotransferase (ALT) aspartate
aminotransferase (AST) and alkaline phosphatase (ALP), and concentration of
bilirubin, total protein, urea, creatinine, electrolytes (Na, Cl, K, HCOj3', Ca, PO,),

glucose and cholesterol using appropriate reagents (RANDOX® and AGAPE®) and
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methods described by the manufacturers. The automated Audiocomb analyzer (Bayer
Express Plus, Bayer Germany, Serial Number 15950) and Spectrophotometer at the
Chemical Pathology Laboratory of Ahmadu Bello University Teaching Hospital

(ABUTH), Zaria were used for the analyses.

3.17 Determination of Serum Sialic Acid Concentration Using the Thiobarbiturate

Assay (TBA)

Exactly 50 pL of serum was dispensed into screw-capped test tube. This was followed
by the addition of 250 uL of periodic acid and the mixture was incubated in a water
bath at 37 °C for 20 minutes. Exactly 100 pL of sodium arsenite was added to the
mixture to destroy excess periodate followed by addition of 1000 uL of thiobarbituric
acid. The mixture was heated in a boiling water bath for 7 min. This was followed by
cooling in an ice bath. The chromophone was extracted by vigorously shaking the
mixture following the addition of 2000 uL of acid-butanol solution (prepared by mixing
HCI with Butanol in the ratio 1:19 v/v). The mixture was centrifuged (using Heraeus
Labofuge 300, Kandro Laboratory Product, Germany) at 1000 xg for 5 min. After the
centrifugation, the clear organic phase was transferred to a cuvette and the optical
density (O.D) read on a colorimeter (JENWAY 6051, ESSEX, UK.) at 549 nM against
a blank (which contained distilled water). Sialic acid concentrations were extrapolated

from sialic acid standard curve.

3.18 Data Analysis

Some of the 18S full length sequences were selected into the Sequencher software
program (Seattle, WA, USA) and trimmed to an identical length of 1490 bp following

assembly in order to find common overlap. The trimmed sequences were imported into
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the program CLC Genomics Workbench, where they were aligned using the program’s
‘Create Alignments’ feature. That alignment was used in a neighbour joining algorithm
using the program’s ‘Create Tree’ feature. The distance measure was set for Jukes-
Cantor, and 1000 Bootstrap Replicates were done. Sample Z5-16 is a Babesia
caballi 18S sample used as an out-group. Additional samples were included that
represent recognizable equine Theileria species clades, for labeling resulting groups in
the phylogenetic tree. These additional samples are Ho-79_FI (A) and Te0002_Tx (A);
Sudan_Atbara8 (B); Ho-233 Thaneyi (C); Theileriaequi Atbaral (D); and T.

equi_Korea (E).

Data generated were presented in tables and analyzed using Microsoft Excel 2007.
Statistical differences were evaluated by analysis of variance and student t test using the
Graph pad prism version 4.0 for windows. Values of P < 0.05 were considered

significant.
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CHAPTER FOUR

4.0 RESULTS

4.1 Symptomatic Horses

4.1.1 Clinical examination

Prior to sample collection, the seventy two horses examined showed variable clinical
signs of equine piroplasmosis, such as, congested to icteric ocular and/or vaginal
mucous membranes, pyrexia, oedema around the fetlock, relaxation of anal sphincter,

weight loss, anorexia, unilateral to bilateral epiphora and tick infestation.

4.1.2 Microscopic examination

Microscopic examinations of the Giemsa-stained thin blood smears prepared from all

the 72 symptomatic horses were all negative for the piroplasms (B. caballi and T. equi).

4.1.3 Morphological identification of ticks

In the course of sampling, six hundred and eighty three (683) ticks of different species
infesting the horses were collected and morphologically identified. Rhipicephalus
evertsi evertsi constituted the major tick species identified with a population of 397, out
of which 48.9% were males while 51.1% females. Other Rhipicephalus species were
158 with 54.4% male while the females were 45.6%. Sixty three (63) of the total ticks
were Amblyomma variegatum, with male constituting 52.4% while 47.6% were
females. Five of the ticks were Hyalomma species, out of which 60% were males while

40% were females. Hyalomma dromedarii were 44 in numbers with 77.3% males while
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22.7% were females. Four (4) out of the total ticks identified were 100% female
Hyalomma impeltatum. Only one (1) female Hyalomma truncatum was identified with
the remaining 11 ticks being 100% female Boophilus decoloratus. Overall, four (4)
genera (Amblyomma,Boophilus, Hyalomma and Rhipicephalus) and eight (8) species of
ticks were identified in this study as shown in Table 4.1 below; there were more males

51.2% (350) than females 333 (48.8%) ticks on the horses sampled.
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Table 4.1. Distribution of various ticks species infesting horses from the sampled

areas
Tick species Male Females Total
Rhipicephalus evertsi 194 (48.9%) 203 (51.1%) 397 (58.1%)

evertsi

Rhipicephalus species

86 (54.4%)

72 (45.6%)

158 (23.1%)

Amblyomma 33 (52.4%) 30 (47.6%) 63 (9.2%)
variegatum

Hyalomma species 3 (60%) 2 (40%) 5(0.7)
Hyalomma 34 (77.3%) 10 (22.7%) 44 (6.4%)
dromedarii

Hyalomma 0 4 (100%) 4 (0.6%)
impeltatum

Hyalomma truncatum 0 1 (100%) 1 (0.2%)
Boophilus 0 11 (100%) 11 (1.6%)
decoloratus

TOTAL 350 (51.2%) 333 (48.8%) 683 (100%)

Ticks identified from symptomatic horses



4.1.4Molecular diagnosis using polymerase chain reaction

4.1.4.1.Babesia caballi rap-1 gene nested polymerase chain reaction (nPCR)

Nested PCR using species specific primers for B. caballi amplified the rap-1 gene of
the parasite at 250 bp in only sample z-1, all other samples were negative (Plate I). The
blast outcome of the nucleotide sequence revealed 100% identity to B. caballi available

at the gene bank (www.ncbi.nlm.nih.gov).

4.1.4.2Theileria equi ema-1 gene nPCR

The species specific primers for T. equi amplified the ema-1 gene in samples 2, 15, 20,
12, 26, 7, 14, 6, 16, and 29 (Plate II), samples z-1, z-2, z-7, z-8, z-9 and z-11 (Plate I1I),
and samples z-18, z-20, z-22 and z-24 (Plate 1V) at 250 bp following nPCR. The blast
outcome of the respective nucleotides of the nPCR amplicons revealed 100% identity to

T. equi (Florida and Texas strain) at the gene bank (www.ncbi.nlm.nih.gov).

4.1.4.3Theileria haneyi hypothetical gene (2,118 bp single-copy open reading frame

(ORF) on chromosome 1) nPCR

The hypothetical gene of T. haneyi was amplified in samples Z-42, Z-46 and Z-54 at
238 bp using species specific primers following nPCR (Plate V). The blast outcome of
the respective nucleotides sequences revealed 100% identity to T. haneyi available at

the gene bank (www.ncbi.nlm.nih.gov).
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Plate I: Agarose gel electrophoresis picture of oneB. caballi rapl gene positive
sample (z-1) (Band size 250 bp)

Electrophoretic pattern of nPCR assay for detection of B. caballi using a pair of
primers;Lane S reveal 250 ladder, lane (1) contain (+ve) DNA control samples,
lane (2) contain (-ve) DNA B. caballi , lane 3 was a positive sample while lanes 4,
5,6,7,8,9, 10,11, 12, 13 and 14 were negative samples
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Plate 11: Agarose gel electrophoresis for T. equi emal gene (Band size 250 bp)

Top lane - Well 1- standard, well 2- T. equi gDNA, well 3- T. equi tissue culture,

wells 4-15 represent samples 2, 15, 20, 12, 8, 10, 26, 7, 14, 9, 6, 17 respectively

Lower lane - well 16- standard, while wells 17-20 represent samples 18, 16, 29 and

4 respectfully
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Plate 111: Agarose gel electrophoresis for T. equi emal gene (Band size 250 bp)

Top lane - Well 1- standard, well 2- T. equi gDNA, well 3- T. equi tissue culture,
wells 4-15 represent samples z-1, z-2, z-3, z-4, z-5, z-6, z-7, z-8, z-9, z-10, z-11 and

z-12 respectively

Lower lane - well 16- standard, while wells 17-20 represent samples z-13, z-14, z-15

and z-16 respectively
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Plate IVV: Agarose gel electrophoresis for T. equi emal gene (Band size 250 bp)

Top lane - Well 1- standard, well 2- T. equi gDNA, well 3- T. equi tissue culture,
wells 4-15 represent samples z-17, z-18, z-19, z-20, z-21, z-22, z-23, z-24, 2-25, z-
26, z-27 and z-28 respectively

Lower lane - well 16- standard, while wells 17-30 represent samples z-29, z-30, z-
31, z-32, z-33, z-34, z-35, z-36, z-37, z-38, z-39, z-40 and z-41 respectively
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Plate V: Agarose gel electrophoresis for T. haneyi hypothetical gene (Band size238
bp)

Top lane - Well 1- standard, wells 4-15 represent samples z-39, z-40, z-41, z-42, z-

43, z-44, z-45, z-46, z-46, z-47, z-48, z-49, z-50, z-51 and z-52 respectively

Lower lane - well 16- standard, while wells 17-20 represent samples z-53, z-54, z-

55 respectively
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4.1.4.418s rRNA gene polymerase chain reaction

Polymerase chain reaction for the 72 samples investigated using primers that amplifies
the partial (390 bp) and full (1600 bp) lengths of 18S rRNA genes of Babesia and
Theileria species were positive in the following 54 samples; 2, 4, 6, 7, 9, 10, 12, 14, 15,
16, 17, 20, 26, 29, z-2, z-3, z-4, z-5, z-6 and z-7 (Plate V1), z-8, z-9, z-10, z-11, z-13, z-
14, z-15, z-16, z-17, z-18, z-19, z-20, z-22, z-24, z-25, z-27, z-28, z-32, z-35, z-38, z-
39, z-40, z-41, z-42, z-43, z-44, z-45, z-46, z-49, z-50, z-52 (Plate VII), and z-54, z-55

and z-56 (Plate VIII).
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Plate VI: Agarose gel electrophoresis for Bab 18S rRNA nPCR (Band size 390 bp)

Top lane - Well 1- standard, well 2- B. caballi tissue culture, well 3- T. equi tissue
culture, well 4- T. equi gDNA, well 5- T. haneyi gDNA, well 6- control, wells 4-15
represent samples 2, 4, 6, 7, 8, 9, 10, 12 and 14 respectively

Lower lane - well 16- standard, while wells 17-27 represent samples 15, 16, 17, 18,
20, 26, 29, z-1, z-2, z-3, z-4, z-5, z-6 and z-7 respectively
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Plate VI1: Agarose gel electrophoresis for Bab 18S rRNA nPCR (Band size 390 bp)

Top lane - Well 1- standard, well 2- B. caballi tissue culture, well 3- T. equi tissue

culture, well 4- T. haneyi gDNA, well 5- control, wells 4-26 represent samples z-8,
z-9, z-10, z-11, z-12, z-13, z-14, z-15, z-16, z-17, z-18, z-19, z-20, z-21, z-22, z-23,
z-24, z-25, z-26, z-27 and z-28 respectively

Lower lane - well 27- standard, while wells 28-52 represent samples z-29, z-30, z-

31, z-32, z-33, z-34, z-35, z-36, z-37, z-38, z-39, z-40, z-41, z-42, z-43, z-44, z-45,
z-46, z-47, z-48, z-49, z-50, z-51 and z-52 respectively
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1. standard
2. B. caballitissue culture
3. T. equitissue culture
4. T. haneyi gDNA

5. control

b. sample z-53
7. sample z-54
8. sample z-55
9. sample z-56
10. sample z-57

123 4 56 7 8 9 10

Plate VII1: Agarose gel electrophoresis for Bab 18S rRNA nPCR (Band size 390
bp)

Well 1- standard, well 2- B. caballi tissue culture, well 3- T. equi tissue culture, well
4- T. haneyi gDNA, well 5- control, wells 4-10 represent samples z-53, z-54, z-55,
z-56 and z-57 respectively

z-56 and z-57 are from the same sample (z-56)
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4.1.4.5Sequence analysis of the 18S rRNA genes

Based on the sequence similarity from the 18S rRNA gene blast outcomes, the parasites
in the 55 infected horses were classified into five different clades (A-E), with the
exception of z-43 that was B. caballi positive (Fig. 4.1). Clade A represents T. equi
(Flor/Tex strain), clade B is T. equi-like unknown parasites, clade C is T. haneyi, clade

D is T. equi-like unknown parasites while clade E is also unknown parasites.

4.1.4.6.TOPOPCR 2.1 cloning and the 18S rRNA gene sequence analysis

Samples 2, 14, z-1, z-2, z-5, z-7, z-9, z-11, z-16, z-18, z-28 and z-52 were selected for
TOPO pCR 2.1 cloning based on the presence of multiple bands from the 18S PCR and
conflicting 18S nucleotide blast outcomes compared with their respective nPCR results
(Table 4.2). For example, the 18S PCR sequence analyses of samples 2, 14, z-7, z-9, z-
11 and z-18 indicated T. haneyi infections, whereas, the nucleotide blast outcomes of

their ema-1 gene showed T. equi (Flor/Tex strain) infection.

4.1.4.7 . Mixed infections

Based on the sequence analysis of 18S M13 PCR clones, eight samples comprising 2,

14, z-1, z-2, z-5, z-7, z-9 and z-11were found to have mixed infections (Table 4.2).
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Table 4.2: Samples 2, 14, z-1, z-2, z-5, z-7, z-9 and z-11 with mixed infections

Sample I.D. Parasites detected Targeted gene
2 T. equi (clade A) ema-1 (nPCR)
T. haneyi (clade C) 18S rRNA (PCR)
14 T. equi (clade A) ema-1 (nPCR)
T. haneyi (clade C) 18S rRNA (PCR)
z-1 T. equi (clade A) ema-1 (nPCR)
B. caballi rap-1 (NPCR)
z-2 T. equi (clade A) ema-1 (nPCR)
T. equi-like (clade D) 18S rRNA PCR of M13
clones
z-5 B. caballi 18S rRNA PCR of M13
clones
T. equi (clade A) 18S rRNA PCR of M13
clones
T. equi-like (clade B) 18S rRNA PCR of M13
clones
T. equi-like (clade D) 18S rRNA PCR of M13
clones
T. equi-like  (unknown 18S rRNA PCR of M13
clade) clones
z-7 T. equi (clade A) ema-1 (nPCR)
T. equi (clade A) 18S rRNA PCR of M13
clones
T. haneyi (clade C) 18S rRNA PCR of M13
clones
T. equi-like (clade D) 18S rRNA PCR of M13
clones
z-9 T. equi (clade A) ema-1 (nPCR)
T. equi-like  (unknown 18S rRNA PCR of M13
clade) clones
z-11 T. equi (clade A) ema-1 (nPCR)
T. haneyi (clade C) 18S rRNA PCR of M13
clones
T. equi-like (clade D) 18S rRNA PCR of M13

clones

Keys: T. equi = B. caballi = Babesia caballi, Theileria equi, T. haneyi = Theileria haneyi,
NPCR = nested polymerase chain reaction, PCR = polymerase chain reaction, ema-1 = equine
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merozoite antigen, rap-1 = rhoptry associated protein, 18S rRNA = 18S ribosomal ribonucleic
acid, z = sample identification code.

4.1.4.8Theileria equi-likeunknown parasites

This category of parasites in clades B, D, E and the unknown clades were classified as
unidentified species in this study for the sake of comparative statistical analysis with
other groups. Samples z-16, z-28 and z-52 fell within this category while those co-
infected with other parasites were categorized in the mixed infection group. The

unidentified group is depicted in the Table 4.3.

4.1.4.9Phylogenetic analysis

Phylogenetic analysis of the 18S rRNA locus, as well as genome sequence and
organization reveal six distinct clades of parasites designated as T. equi clade A, T.
equi-like clade B, T. haneyi clade C, T. equi-like clade D, T. equi-like clade E and an

unknown clade (Fig. 4.1).
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Table 4.3: T. equi-unknown samples (T. equi-like clades B and E)

Sample I.D Parasite detected

z-16 T. equi-like (clade E)
z-28 T. equi-like (clade B)
Z-52 T. equi-like (clade B)
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Figure 4.1: Maximum likelihood phylogenetic tree of full length nucleotide
sequence 18S rRNA of Theileria species. Selected sequences were
trimmed to be identical length of 1490 base pairs following assembly in
order to find common overlap
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4.1.5 Serological analysisof symptomatic horses

4.1.5.1Babesia caballi competitive enzyme linked immunosorbent assay (CELISA)

All the samples investigated were seronegative to anti-B. caballi antibodies using the B.

caballi specific cELISA.

4.1.5.2Theileria equi competitive enzyme linked immunosorbent assay (CELISA)

The cELISA revealed 61 samples with percent inhibition (PI) above 40%, thus,
indicating reactivity to T. equi antibodies or seropositive (Table 4.4). Twenty three of
the 61 seropositive samples were confirmed T. equi infections by PCR with one of them
been borderline seropositive (sample 4). Four other samples which wereT. equi positive

by PCR were seronegative against T. equi antibodies (samples 17, z-14, z-38 and z-39).

Out of the 61 seropositive cases, 12 samples comprising z-10 (46% PI), z-13 (49% PI),
z-17 (61% P1), z-18 (76% PI), z-19 (86% P1), z-35 (70% P1), z-42 (82% PI), z-44 (74%
PI), z-46 (41% PI), z-49 (73% PI), z-50 (75% PI) and z-55 (81% PI) that were PCR
positive for T. haneyi had Pl above 40%, thus, indicating reactivity to T. equi
antibodies. Only sample z-54, which was positive with both species specific and 18S
primers for T. haneyi was seronegative. On the other hand, sample z-43 was 18S PCR
positive for B. caballi, seronegative against B. caballi antibodies (1% PI) (B. caballi
specific CELISA) but seropositive against T. equi antibodies (85% PI) using the T. equi

specific CELISA.

There were 7 seropositive samples with mixed infections (samples 2, z-1, z-2, z-5, z-7,
z-9 and z-11). Only sample 14 with mixed infection was seronegative (36% PI). Three
of the sixty one seropositive samples had infection with T. equi-like unknown parasites

(z-16, z-28 and z-52).
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Eleven samples were seronegative with Pl below the 40% bench mark for positive
samples. Six out of the 11 seronegative samples were PCR positive (samples 14, 17, z-
14, z-38, z-39 and z-54) while five were both PCR and cELISA negative (samples 8, z-

26, z-31, z-47 and z-53). Table 4.5 summarizes the serology results;
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Table 4.4: Theileria equi competitive-ELISA of horse serum

S/no Sample 1.D % Inhibition Sample outcome
1 2 81 Positive
2 4 43 Borderline positive
3 6 70 Positive
4 7 63 Positive
5 8 1 Negative
6 9 75 Positive
7 10 56 Positive
8 12 70 Positive
9 14 36 Negative
10 15 72 Positive
11 16 81 Positive
12 17 9 Negative
13 18 84 Positive
14 20 81 Positive
15 26 86 Positive
16 29 76 Positive
17 z-1 68 Positive
18 z-2 80 Positive
19 z-3 80 Positive
20 z-4 56 Positive
21 z-5 73 Positive
22 z-6 86 Positive
23 z-7 63 Positive
24 z-8 75 Positive
25 z-9 78 Positive
26 z-10 46 Positive
27 z-11 48 Positive
28 z-12 83 Positive
29 z-13 49 Positive
30 z-14 32 Negative
31 z-15 85 Positive
32 z-16 77 Positive
33 z-17 61 Positive
34 z-18 76 Positive
35 z-19 86 Positive
36 z-20 83 Positive
37 z-21 70 Positive
38 z-22 79 Positive
39 z-23 72 Positive
40 z-24 73 Positive
41 z-25 84 Positive
42 z-26 -1 Negative
43 z-27 84 Positive
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44 z-28 77 Positive

45 z-29 62 Positive
46 z-30 49 Positive
47 z-31 -5 Negative
48 z-32 58 Positive
49 z-33 69 Positive
50 z-34 67 Positive
51 z-35 70 Positive
52 z-36 88 Positive
53 z-37 44 Borderline positive
54 z-38 15 Negative
55 z-39 4 Negative
56 z-40 84 Positive
57 z-41 56 Positive
58 z-42 82 Positive
59 z-43 85 Positive
60 z-44 74 Positive
61 z-45 81 Positive
62 z-46 41 Borderline positive
63 z-47 4 Negative
64 Z-48 60 Positive
65 z-49 73 Positive
66 z-50 75 Positive
67 z-51 77 Positive
68 z-52 66 Positive
69 z-53 -11 Negative
70 z-54 21 Negative
71 z-55 81 Positive
72 Z-56 80 Positive

72 horse samples were analyzed, sixty one horses were positive for T. equi while eleven
samples were negative.A sample is said to be positive when the percent inhibition is >
40%. It is considered borderline positive when the percent inhibition is within the range
40-44%. A sample is negative if the percent inhibition is < 40%.
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Table 4.5: Summary of PCR and c-ELISA results for the seventy samples

investigated

Sample B. T.equi T. 18S B. T.equi  Outcome
I.D cabali  nPCR haneyi rRNA caballi CELISA
nPCR nPCR PCR cELISA

2 - + - + - + PCR and
CELISA

4 - - - + - + PCR and
CELISA

6 - + - + - + PCR and
CELISA

7 - + - + - + PCR and
CELISA

8 - - - - - - Negative

9 - - - Failed - + CELISA

10 - - - Failed - + CELISA

12 - - - + - + PCR and
CELISA

14 - + - + - - PCR

15 - + - + - + PCR and
CELISA

16 - + - + - + PCR and
CELISA

17 - + - + - - PCR

18 - - - - - + CELISA

20 - + - + - + PCR and
CELISA

26 - + - + - + PCR and
CELISA

29 - + - + - + PCR and
CELISA

z-1 + + - - - + PCR and
CELISA

z-2 - + - + - + PCR and
CELISA

z-3 - - - + - + PCR and
CELISA

z-4 - - - + - + PCR and
CELISA

z-5 - - - + - + PCR and
cELISA

Z-6 - - - + - + PCR and
CELISA

z-7 - + - + - + PCR and
CELISA
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2-37 - -
2-38 - -
2-39 - -
2-40 - -
z-41 - -
z-42 - -

z-43 - -

z-51 - -
z-52 - -

z-53 - -
z-54 - -
z-55 - -

Z-56 - -

+ + +

+border|me

+border|me

CELISA
PCR
PCR
PCR
CELISA
PCR
CELISA
PCR
CELISA
PCR
CELISA
PCR
CELISA
PCR
CELISA
PCR
CELISA
Negative
CELISA
PCR
CELISA
PCR
CELISA
CELISA
PCR
CELISA
Negative
PCR
PCR
CELISA
PCR
CELISA

and

and

and

and

and

and

and

and

and

and

and

and

Keys: + = positive, - = negative
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4.1.6 Mean haematological parameters of symptomatic horses with piroplasmosis

4.1.6.1.Mean haematocrit

The mean HCTvalues in horses infected with T. equi (32.26£1.39 %), T. haneyi
(33.11+1.43 %), those with mixed infections (31.80+2.33 %) as well as those infected
with T. equi-like unknown clade (31.23+1.68 %) were not significantly different (P >
0.05) compared to that of the non-infected group (31.42+2.45 %) (Figure 4.2).
Similarly, the mean HCT in the T. equi-infected symptomatic West African Barb horses
(31.30 = 2.13 %) was not significantly different (P > 0.05) from the symptomatic
Argentine Polo Pony (33.70 + 1.40 %) with T. equi infection (Table 4.6). The mean
HCTbased on sex distribution in the T. equi-infected symptomatic horses did not reveal
significant alteration (P > 0.05) in the Mares (32.44+ 1.73 %) compared to the Geldings

(36.97+ 1.68) and Stallions (31.29+ 2.13 %) (Table 4.7).

4.1.6.2 Mean haemoglobin concentration

The horses infected with T. equi, T. haneyi, horses withmixed infectionsand those with
T. equi-like unknown cladehad mean Hgb concentrations of 11.11+0.44 g/dL,
11.34+0.61 g/dL, 11.05+£0.90 and 10.30+0.40 g/dL respectively. These values of mean
Hgb concentrations were not significantly different (P > 0.05) from that of the non-
infected group (11.56+0.60 g/dL)(Fig. 4.3). The mean Hgb concentration in theT. equi-
infected symptomaticWest African Barb horses (11.08 + 0.68 g/dL) was lower
compared to that of the T. equi-infected symptomatic Argentine Polo Pony (11.16+ 0.47
g/dL) however, the difference was not significant statistically (P > 0.05) (Table 4.6).
Also, the mean Hgb was lowest in the symptomaticMares with T. equi infection

(10.63+0.52 g/dL) compared to the T. equi-infected symptomatic Stallions (11.15+ 0.65

90



g/dL) and symptomatic Geldings with T. equi infection (12.60+ 0.40 g/dL). However,

these variations were not significantly different (P > 0.05)(Table 4.7).
4.1.6.3 Mean red blood cell counts

There were variations in the mean RBC in horses infected with T. equi (6.61+0.24
x10%/L), T. haneyi-infected (6.76+0.35 x10%/L), those with mixed infections
(6.40+0.28 x10™/L) and those infected with T. equi-like unknown clade (6.25+0.31
x10™/L) when compared with the non-infected group (6.76 + 0.31 x10'%/L)(Fig. 4.4).
However, these variations were not statistically significant (P > 0.05). The mean RBC
count in the T. equi-infected symptomatic West African Barb horses (6.54 + 0.36
x10™/L)was lower compared to that of the T. equi-infected symptomatic Argentine
Polo Ponies (6.71+ 0.29 x10"%/L) but this variation is not significantly different (P >
0.05) (Table 4.6).The mean RBC counts in the Mares (6.45+ 0.35 x10'%/L) was lowest
followed by Stallions (6.54+ 0.36 x10"%/L) and then that for the Geldings (7.39+ 0.14

x10™/L) but these differences were not statistically significant (P > 0.05) (Table 4.7).
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Figure 4.2: The mean £SEM haematocrit for the infected and non-infected horses.
Keys: HCT = Haematocrit, Non-inf = Non-infected, T. equi = Theileria equi, T.

haneyi = Theileria haneyi, unknown = T. equi-like unknown clade
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Figure 4.3: The mean £SEM of haemoglobin concentration for the infectedand
non-infected horses.

Keys: Hgb = Haemoglobin concentration,Non-inf = Non-infected, T. equi =
Theileria equi, T. haneyi = Theileria haneyi, unknown = T. equi-like unknown

clade
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Figure 4.4: The mean £SEM red blood cell counts for the infected and non-
infected horses.

Keys: RBC = Red blood cells count, Non-inf = Non-infected, T. equi = Theileria

equi, T. haneyi = Theileria haneyi, unknown = T. equi-like unknown clade
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4.1.6.4Mean corpuscular volume

The mean MCYV for the T. equi-infected horses (49 £ 0.61 fL), T. haneyi-infected group
(49 £ 0.94 fL), horses with mixed infections (50£1.60 fL) and those with infections
caused by T. equi-like unknown clade (50+0.55 fL) were statistically non-significant (P
> 0.05) when compared with that of the non-infected group (50+1.40 fL) (Fig. 4.5)
below. Conversely, the mean MCV in theT. equi-infected symptomaticWest African
Barb horses (47.60 £ 0.80 fL)was significantly lower (P < 0.05) compared to that of
theT. equi-infected symptomatic Argentine Polo Ponies (50.25+ 0.74 fL) the (Table 4.6)
below. Although, the mean MCV was lowest in the T. equi-infected symptomatic
Stallions (47.60+ 0.80 fL), followed by Geldings (50.03+ 1.89 fL), these changes were
not significantly different (P > 0.05) when compared to the T. equi-infected

symptomatic Mares (50.34+ 0.83 fL) (Table 4.7).

4.1.6.5.Mean corpuscular haemoglobin

The mean MCH of the horses infected with T. equi (16.81+0.18 g/dL), T. haneyi
(16.84+0.19 g/dL), mixed infections (17.20+0.44 g/dL) and those infected with T. equi-
like unknown clade (16.48+0.21 g/dL) were not significantly changed (P > 0.05) when
compared with that of thenon-infected group (17.08+0.19 g/dL) (Fig. 4.6 below). There
were no significant changes (P > 0.05) in the mean MCH between the symptomatic
West African Barb horses (16.91+ 0.27 g/dL) and the Argentine Polo Ponies (16.68+
0.20 g/dL) with T. equiinfections (Table 4.6). Similarly, there were no significant
changes in the mean MCH in theT. equi-infected symptomatic Stallions (16.91+ 0.27
g/dL) compared to those of the Geldings (17.07+ 0.31 g/dL) and Mares (16.54+ 0.25

g/dL) (Table 4.7).
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4.1.6.6.Mean corpuscular haemoglobin concentration

There were no significant alterations (P > 0.05) in the mean MCHC in the horses
infected with T. equi (34.63+0.43 g/dL), T. haneyi (34.09+0.63 g/dL), mixed infections
(34.73£1.07 g/dL) and those with T. equi-like unknown clade (33.05+0.63 g/dL) when
compared with that of the non-infected group (34.36 + 1.22 g/dL) (Fig. 4.7). The mean
MCHC was significantly higher (P < 0.05) in the T. equi-infected symptomatic West
African Barb horses (35.60 £ 0.46 g/dL)compared to that of the T. equi-infected
symptomatic Argentine Polo Ponies (33.23 + 0.61g/dL) (Table 4.6). The T. equi-
infected symptomatic Mares (32.90+ 0.80 g/dL) had significantly lower mean MCHC
(P < 0.05) compared to theT. equi-infected symptomatic Stallions (35.60+ 0.46 g/dL)
but was not significantly changed (P > 0.05) when compared to that of the T. equi-

infected symptomatic Geldings (34.10 + 0.67 g/dL) (Table 4.7).

4.1.6.7Mean percent red blood cells redistribution width

There were no significant changes (P > 0.05) in the mean percent RDW of thehorses
infected with T. equi (20.04+0.22 %), T. haneyi (19.41+0.36 %), mixed infections
(20.47+0.29 %) and those with T. equi-like unknown clades (19.08 = 0.60 %) when
compared to that of the non-infected group (20.06+0.68 %) (Fig. 4.8). TheT. equi-
infected symptomatic West African Barb horses (20.41+ 0.28 %) had significantly
higher (P < 0.05) mean percent RDW compared to theT. equi-infected symptomatic
Argentine Polo Ponies (19.52+ 0.30 %) (Table 4.6). Similarly, the mean percent RDW
in the T. equi-infected symptomatic Mares (19.04+ 0.22 %) was significantly lower (P <
0.05) compared to those of the Stallions (20.41+ 0.28 %) and the Geldings (20.80+ 0.32

%) (Table 4.7).
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4.1.6.8 Mean red blood cells redistribution width

The mean RDW of horses infected with T. equi (34.63+0.85 fL), T. haneyi (33.29+0.80
fL), horses with mixed infections (35.07+1.12 fL) and those infected withT. equi-like
unknown clades (31.80+1.25 fL) were not significant altered (P > 0.05) when
compared with that of the non-infected group (35.44+1.59 fL) (Fig. 4.9). The mean
RDW in the T. equi-infected symptomaticWest African Barb horses (35.66+ 1.26 fL)
was not significantly different (P > 0.05) compared to that of the Argentine Polo Ponies
(33.14+ 0.89) (Table 4.6). On the other hand, the mean RDW in the T. equi-infected
symptomatic Mares (31.69+ 0.56 fL) was lowest but not significantly changed (P >
0.05) compared to those of the Stallions (35.66+ 1.26 fL) and Geldings (37.00 + 1.27

fL) (Table 4.7).

97



52 +

51 -

50 -

49

a8 - M Seriesl
47

46 T T T T

Non-inf T. equi T.haneyi Mixedinf Unknown

Mean corpuscular volume (fL)

Study groups

Figure 4.5: The mean SEM corpuscular volume for the infected and non-
infectedhorses.

Keys: MCV = Mean Corpuscular Volume,Non-inf = Non-infectedT. equi =
Theileria equi, T. haneyi = Theileria haneyi, unknown = T. equi-like unknown
clade
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Figure 4.6: The mean £SEM corpuscular haemoglobin for the infected and non-
infectedhorses.

Keys: MCH = Mean Corpuscular Haemoglobin,Non-inf = Non-infected, T. equi
= Theileria equi, T. haneyi = Theileria haneyi, unknown = T. equi-like unknown
clade
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Figure 4.7: The mean £SEM corpuscular haemoglobin concentration for
theinfected and non-infectedhorses.

Keys: MCHC = Mean Corpuscular Haemoglobin Concentration, Non-inf = Non-
infected, T. equi = Theileria equi, T. haneyi = Theileria haneyi,
unknown = T. equi-like unknown clade
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Figure 4.8: The mean SEM percent red blood cells redistribution width for the
infected and non-infectedhorses.

Keys: RDW = Red Blood Cells Redistribution Width,Non-inf = Non-
infected, T. equi = Theileria equi, T. haneyi = Theileria haneyi,
unknown = T. equi-like unknown clade
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Figure 4.9: The mean £SEM red blood cells redistribution width for the
infectedand non-infectedhorses.

Keys: RDW = Red Blood Cells Redistribution Width, T. equi = Theileria equi, T.
haneyi = Theileria haneyi, unknown = T. equi-like unknown clade
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Table 4.6:Mean Erythrogram inT. equi-infected symptomatic horses with means +
SEM based on breeds

Parameter West African Barb Argentine Polo
Horses Ponies
HCT (%) 31.30+2.13 33.70 + 1.40
Hb (g/dL) 11.08 + 0.68 11.16 + 0.47
RBC (x10%/L) 6.54 + 0.36 6.71 +0.29
MCYV (fL) 47.60 + 0.80° 50.25 + 0.74°
MCH (pg) 16.91 £ 0.27 16.68 + 0.20
MCHC (g/dL) 35.60 + 0.46° 33.23+0.61°
RDW (%) 20.41 +0.28" 19.52 + 0.30°
RDW (fL) 35.66 + 1.26 33.14 £ 0.89

Keys: RBC = red blood cell count, HCT = haematocrit, Hgb = haemoglobin, MCV = mean
Corpuscularvolume, MCH = mean corpuscular haemoglobin, MCHC = mean

corpuscular haemoglobin concentration, RDW = red cell distribution width

Means with different superscripts (a and b) are statistically significant (P < 0.05)

Means £ SEM with different superscripts (a and b) are statistically significant (P < 0.05)
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Table 4.7:Mean Erythrogram in T. equi-infected symptomatic horses with means +
SEM based on sex distribution

Parameter Stallions Gelding Mares

HCT (%) 31.29+2.13 36.97 £ 1.68 3244 +1.73
Hb (g/dL) 11.15+0.65 12.60 + 0.40 10.63 + 0.52
RBC (x10%/L) 6.54 + 0.36 7.39+0.41 6.45 +0.35
MCV (fL) 47.60 £ 0.80 50.03 +£1.89 50.34 £ 0.83
MCH (pg) 16.91 + 0.27 17.07 £ 0.31 16.54 + 0.25
MCHC (g/dL) 35.60 + 0.46° 34.10 £ 0.67 32.90 + 0.80°
RDW (%) 20.41 +0.28% 20.80 + 0.32% 19.04 + 0.22°
RDW (fL) 35.66 + 1.26 37.00 £1.27 31.69+0.56

Keys: RBC = red blood cells count, HCT = haematocrit, Hgb = haemoglobin, MCV = mean

Corpuscularvolume, MCH = mean corpuscular haemoglobin, MCHC = mean
corpuscular haemoglobin concentration, RDW = red cell distribution width
Means with different superscripts (a and b) are statistically significant (P < 0.05) while
those with same superscripts are not significantly different (P > 0.05)
Means £ SEM with different superscripts (a and b) are statistically significant (P < 0.05)
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4.1.6. 9Mean white blood cell counts

The mean WBC of horses infected with T. equi (8.26+0.59 x10%L), T. haneyi
(8.09+0.51 x10%L) and those with mixed infections (6.42+1.04 x10%L) as well as
horses infected with T. equi-like unknown clades (7.68+1.00 x10%/L) were statistically
non-significant (P > 0.05) when compared with thatin the non-infected group
(7.82+0.72 x10%L) (Fig. 4.10). The mean WBC count in the T. equi-
infectedsymptomatic West African Barb horses (7.85+ 0.80 x10%L) was lower
compared to that of the Argentine Polo Ponies (8.86+ 0.85 x10%L), however, this
difference was not statistically significant (P > 0.05) (Table 4.8). The T.
equisymptomatic Stallions (7.85+ 0.80 x10%L) had the least mean WBC count
compared to those of the Geldings (8.40+ 0.90 x10%/L) and Mares (9.04 + 1.15 x10°/L),

however, these changes were not significantly different (P > 0.05) (Table 4.9).
4.1.6.10Mean absolute neutrophil counts

The mean absolute Neut of horses infected with T. equi (1.95+0.31 x10%/L), T. haneyi
(2.24+0.43 x10%/uL), those with mixed infections (1.17+0.51 x10%L) and those with T.
equi-like unknown clades (1.20 + 0.77 x10%L) were not significantly different (P >
0.05) (Fig. 4.11) compared to thatin the non-infected group (3.10+0.80 x10%/L). The
mean absolute Neut was insignificantly lower (P > 0.05) in the T. equi-infected
symptomaticWest African Barb horses (1.81+ 0.26 x10%/L) compared to that of the
Argentine Polo Ponies (2.20 + 0.67 x10%L) (Table 4.8). Conversely, the absolute Neut
was significantly higher (P < 0.05) in theT. equi-infected symptomatic Geldings (4.30+
1.20 x10%L) compared to those of the Stallions (1.81+ 0.26 x10%/L) and Mares (1.40+

0.62 x10%/L) (Table 4.9).
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4.1.6.11Mean absolute lymphocyte counts

Horses infected with T. equi(4.65+0.50 x10%/L), T. haneyi(4.19+0.59 x10%L), those
with mixed infections (4.17+0.61 x10/L) and those infected with T. equi-like unknown
clades (5.55+1.70 x10°/L) had their respective mean absolute LYMP counts not
significantly altered (P> 0.05) when compared to the non-infected horses (2.98 £+ 0.78
x10%L) (Fig. 4.12). There was no significant change (P > 0.05) in the mean absolute
LYMP between theT. equi-infected symptomatic West African Barb horses (4.03 £ 0.41
x10%L) and Argentine Polo Ponies (5.56 + 1.00 x10%/L) (Table 4.8). On the other hand,
the absolute LYMP count was significantly highest in theT. equi-infected symptomatic
Mares (6.89 + 1.08x10%L) compared to those of the Geldings (2.03 + 0.09 x10%/L) and

Stallions (4.03 + 0.41 x10%/L) (Table 4.9).
4.1.6.12Mean absolute mid-cell counts

There were variations in the mean absolute mid-cells count in horses infected by T. equi
(1.82+0.21 x10°%/L), T. haneyi (1.66+0.22 x10%L), those with mixed infections
(1.08+0.35 x10%/L) and those with T. equi-like unknown clades (0.93+0.13 x10%/L)
when compared with the non-infected horses (1.74+ 0.50 x10°%L). However, these
changes were statistically non-significant (P > 0.05) (Fig. 4.13). The mean absolute
mid-cell count was not significantly changed (P > 0.05) between the T. equi-infected
symptomatic West African Barb horses (2.02 + 0.30 x10%L) and Argentine Polo Ponies
(1.53 + 0.26 x10%L) (Table 4.8). Similarly, the mean mid-cell count were not
significantly changed (P > 0.05) in the T. equi-infected symptomatic Stallions (2.02 +
0.31 x10%/L), Geldings (2.07 + 0.40 x10°%L) and Mares (1.33 + 0.32 x10%L) (Table

4.9).
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Figure 4.10: The mean +SEM white blood cell counts for the infected and non-
infected horses.

Keys: WBC = White Blood Cells, Non-inf = Non-infected, T. equi = Theileria
equi, T. haneyi = Theileria haneyi, unknown = T. equi-like unknown clade
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Figure 4.11: The mean £SEM neutrophil counts for the infected andnon-
infectedhorses.

Keys: Neut = Neutrophils,Non-inf = Non-infected, T. equi = Theileria equi, T.
haneyi = Theileria haneyi, unknown = T. equi-like unknown clade
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Figure 4.12: The mean £SEM absolute lymphocyte counts for the infectedand non-
infectedhorses.

Keys: LYMP = Lymphocytes, Non-inf = Non-infected, T. equi = Theileria equi,
T. haneyi = Theileria haneyi, unknown = T. equi-like unknown clade
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Figure 4.13: The mean +SEM absolute mid-cell counts for the infected and non-
infectedhorses.

Keys: MID = mid-cells representing blood cells of mid range sizes and
comprises of monocyte, eosinophil and basophil, T. equi = Theileria equi, T.
haneyi = Theileria haneyi, unknown = T. equi-like unknown clade
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Table 4.8: Leukogram with means + SEM of the different parameters for West

African Barb horses and Argentine Polo Ponies

Parameter West African Barb Argentine Polo
Horses Ponies

WBC (x10%/L) 7.85 +0.80 8.86 + 0.85
NEUT (x10°/L) 1.81 +0.26 2.20 + 0.67
NEUT (%) 22.53 +2.34 24.80 + 7.46
LYMP(x10%/L) 4.03+0.41 5.56 + 1.00
LYMP (%) 53.96 +4.48 57.04 + 8.92
MID (x10%/L) 2.02 +0.30 1.53 +0.26
MID (%) 23.48 £ 2.40 18.10 £ 3.60

Keys: WBC = White blood cell count, NEUT = neutrophils, LYMP = lymphocytes, MID = mid
cells representing monocytes, eosinophils and basophils
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Table 4.9:Leukogram with means £ SEM based on sex distribution

Parameter Stallions Gelding Mares
WBC (x10%/L) 7.85+0.80 8.40 +0.90 9.04 +1.15
NEUT (x10%/L) 1.81 +0.26° 4.30 +1.20° 1.40 +0.62°
NEUT (%) 22.53 + 2.34° 48.97 + 10.09° 15.74 + 7.44°
LYMP(x10%/L) 4.03 +0.41° 2.03 + 0.09° 6.89 + 1.08"
LYMP (%) 53.96 + 4.50 24.63 +1.91° 69.19 + 8.90°
MID (x10%/L) 2.02+0.31 2.07 +0.40 1.33+0.32
MID (%) 23.48 + 2.40 26.17 +8.14 15.08 +3.73

Keys: WBC = White blood cell count, NEUT = neutrophils, LYMP = lymphocytes, MID = mid

cells representing monocytes, eosinophils and basophils

Means + SEM with different superscripts (a and b) are statistically significant (P < 0.05)
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4.1.6.13Mean platelet counts

There were no significant (P > 0.05) variations in the mean PLT counts in the
uninfected control horses (86.40+12.99x10%L) when compared with those infected by
T. equi (83.11+6.61x10%L), T. haneyi (98.36+11.98x10%L), and horses with mixed
infections (120.30 +26.75x10%L) as well as those infected by T. equi-like unknown
clades (104.30 +20.06x10%L) (Fig. 4.14). The mean PLT was lower in theT. equi-
infected symptomatic Argentine Polo Ponies (70.91 + 7.30x10%L) but was not
statistically different (P > 0.05) compared to that of the West African Barb horses
(91.50 + 9.60x10°%L) (Table 4.10). The mean PLT was lowest in the T. equi-infected
symptomatic Mares (68.38 + 8.53x10%/uL) followed by those of the Geldings (77.67 +
16.17x10%L) and Stallions (91.50 + 9.60x10%L) but the differences were not

significant statistically (P > 0.05) (Table 4.11).
4.1.6.14Mean plateletcrit

The mean PCT of the horses with mixed infections (0.16+£0.07 %) was significantly
higher (P < 0.05) than those in horses infected with T. equi (0.06+£0.00 %) and T. haneyi
infection (0.07+0.01 %). The mean PCT for the respective study groups (Fig. 4.15). The
mean PCT in theT. equi-infected symptomatic Argentine Polo Ponies (0.06+ 0.01 %)
was not significantly different (P > 0.05) compared to that of the West African Barb
horses (0.06+ 0.01 %)(Table 4.10). There were no significant changes (P > 0.05) in the
mean PCT of theT. equi-infected symptomatic Stallions (0.06x 0.01 %), Geldings

(0.06+ 0.01 %) and female horses (0.06+ 0.01 %) (Table 4.11).
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4.1.6.15Mean platelets volume

The mean MPV were variable but not significantly different (P < 0.05) in the horses
infected with T. equi (7.54+0.22 fL), T. haneyi (7.72+0.21 fL), those with mixed
infections (7.13+£0.31 fL) and those infected by T. equi-like unknown clades (7.53+0.29
fL) when compared with non-infected horses (7.04+0.33 fL) (Fig 4.16). The mean MPV
in symptomatic Argentine Polo Ponies (8.45+ 0.30 fL) infected with T. equiwas
significantly higher compared to the T. equi-infected West African Barb horses (6.92+
0.20 fL) (Table 4.10). Similarly, the mean MPV was significantly lower (P < 0.05) in
Stallions (6.92+ 0.20 fL) compared to that of the Mares (8.60 + 0.40 fL) but not
significantly different (P > 0.05) when compared to the Geldings (8.07 + 0.40 fL)

(Table 4.11).

4.1.6.16Mean percent platelets distribution width

The mean percent PDW was significantly higher (P < 0.05) in the T. haneyi
(14.61+0.10 %) horses compared to those infected with T. equi (12.93£0.40 %). The
non-infected horses (13.50+0.85 %), horses with mixed infections (12.98+0.94 %) and
those infected by T. equi-like unknown clades (14.58+0.05 %) had their mean percent
PDW comparatively variable but not significantly changed (P < 0.05). The variations in
the respective mean PDW (Fig. 4.17). The mean PDW in theT. equi-infected West
African Barb horses (11.84+0.52 %) was significantly lower (P < 0.05) compared to
that of the Argentine Polo Ponies (14.52+ 0.08 %) (Table 4.10). Similarly, the mean
PDW was significantly lower (P < 0.05) in the T. equi-infected symptomatic Stallions
(11.84+ 0.52 %) compared to those of the Geldings (14.47+ 0.13 %) and Mares (14.54

+0.11 %) (Table 4.11).
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4.1.6.17Mean platelets large cell ratio

The mean P-LCR in the T. equi-infected horses (0.61£0.10), T. haneyi-infected horses
(0.99+0.12), horses with mixed infections (1.00+0.37) and those with T. equi-like
unknown clades (1.08+0.21) were not significantly different (P > 0.05) when compared
to that of thenon-infected horses (0.78+0.21) (Fig. 4.18). The mean P-LCR between the
symptomatic West African Barb horses (0.50+ 0.20) and the Argentine Polo Ponies
(0.72+ 0.07) with T. equi infections were variable but not significantly different (P >
0.05). Also, the mean P-LCR in the T. equi-infected symptomatic Stallions (0.53+0.16),
Geldings (0.77+ 0.15) and the Mares (0.70+ 0.09) were variable but not statistically

significant (P > 0.05) (Table 4.11).
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Figure 4.14: The mean £SEMplatelet counts for the infected and non-infected
horses.

Keys: PLT = Platelets, T. equi = Theileria equi, T. haneyi = Theileria haneyi,
unknown = T. equi-like unknown clade
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Figure 4.15: The mean +SEMpercent plateletcrit count for the infected and non-
infected horses.

Keys: PCT = Plateletcrit, T. equi = Theileria equi, T. haneyi = Theileria haneyi,
unknown = T. equi-like unknown clade
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Figure 4.16: The mean +SEMplatelet volume for the infected and non-
infectedhorses.

Keys: MPV = Mean Platelets Volume, T. equi = Theileria equi, T. haneyi =
Theileria haneyi, unknown = T. equi-like unknown clade
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Figure 4.17:The mean £SEM percent platelets distribution width for the infected
and non-infected horses
Keys: PDW = Platelets Distribution Width, T. equi = Theileria equi, T. haneyi =

Theileria haneyi, unknown = T. equi-like unknown clade
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Figure 4.18: The meant SEM platelets large cell ratio for the infected and non-
infectedhorses
Keys: P-LCR = Platelets Large Cell Ratio, T. equi = Theileria equi, T. haneyi =

Theileria haneyi, unknown = T. equi-like unknown clade
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Table 4.10:Mean Thrombogram with means £ SEM of the different parameters

for West African Barb horses and Argentine Polo Ponies

Parameter West African Barb Argentine Polo
Horses Ponies

PLT (x10%/L) 91.50 + 9.60 70.91 +7.30

PCT (%) 0.06 +0.0 0.06 +0.01

MPV (fL) 6.92 +0.20° 8.45 + 0.30°

PDW (%) 11.84 +0.522 14.52 + 0.08°

L-PCR 0.50 +0.20 0.72 +0.07

Keys: PLT = platelets, PCT = plateletcrit, MPV = mean platelet volume, PDW = platelet
distribution width

Means £ SEM with different superscripts (a and b) are statistically significant (P < 0.05)
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Table 4.11:Mean Thrombogram with means £ SEM based on sex distribution

Parameter Stallions Gelding Mares

PLT (x10°/L) 91.50 =+ 9.60 77.67 £16.17 68.38 + 8.53
PCT (%) 0.06 +£0.01 0.06 £0.01 0.06 +£0.01
MPV (fL) 6.92 +0.20° 8.07 +0.40 8.60 + 0.40°
PDW (%) 11.84 + 052° 14.47 +0.13? 14.54 +0.11°
L-PCR 0.53+0.16 0.77 £0.15 0.70+0.09

Keys: PLT = platelets, PCT = plateletcrit, MPV = mean platelet volume, PDW = platelet
distribution width

Means + SEM with different superscripts (a and b) are statistically significant (P < 0.05)
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4.1.7 Mean eerythrocyte membrane bound biochemical values of symptomatic

horses with piroplasmosis

4.1.7.1Mean erythrocyte membrane bound alanine aminotransferase (ALTyp)activity

There were no statistically significant difference (P > 0.05) in the mean ALT, of
horses infected by T. equi (5.30+£0.21 U/L), T. haneyi (5.43+£0.20 U/L), horses with
mixed infections (5.17+0.48 U/L) and those infected with T. equi-like unknown clades
(5.75+0.48 U/L) when compared to the non-infected group (5.40+0.51 U/L) (Fig. 4.19).
The mean ALT., was higher insymptomatic West African Barb horses (5.50 £ 0.50
U/L)when compared to symptomatic Argentine Polo Ponies (5.33%+ 0.24 U/L) with T.
equi infections but this was not significantly different (P > 0.05) (Table 4.12). The
mean ALT,were not significantly different in the T. equi-infected symptomaticStallion

(5.19+ 0.28 U/L), Geldings (5.00+ 0.58 U/L) and Mares (5.63+ 0.42 U/L) (Table 4.13).

4.1.7.2Mean erythrocyte membrane bound aspartate aminotransferase (ASTnp) activity

The mean ASTn, of the horses infected with T. equi (53.81+£3.37 U/L), T. haneyi
(58.07+4.01 U/L), horses with mixed infections (66.00+£8.38 U/L) and those infected by
T. equi-like unknown clades (59.50+2.90 U/L) were not significantly different (P
>0.05) from the values of the non-infected horses (59.60+6.41 U/L) (Fig. 4.20). The
mean ASTnp was significantly higher (P < 0.05) in theT. equi-infected symptomatic
Argentine Polo Ponies (62.09+ 5.40 U/L) compared to West African Barb horses
(48.13+ 3.80 U/L) as shown in Table 4.12 below. The mean ASTm,were not
significantly different in theT. equi-infected symptomatic Stallions (48.13+ 3.80 U/L),
Geldings (54.00 + 3.50 U/L) and Mares (65.13%+ 7.19 U/L) as shown in Table 4.13

below.
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Figure 4.19: The mean £ SEM erythrocyte membrane bound alanine
aminotransferase activities for the infected and non-infectedhorses

Keys: ALT = Alanine Transferase, T. equi = Theileria equi, T. haneyi =

Theileria haneyi, unknown = T. equi-like unknown clade
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Figure 4.20: The mean £ SEM erythrocyte membrane bound aspartate
aminotransferase activities for the infected and non-infectedhorses
Keys: AST = Aspartate Transferase, T. equi = Theileria equi, T. haneyi =

Theileria haneyi, unknown = T. equi-like unknown clade
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Table 4.12: Means + SEM of erythrocyte membrane bound enzymatic activities for

West African Barb horses and Argentine Polo Ponies

Parameter West African Barb Argentine Polo
Horses Ponies

ALT (U/L) 5.20+0.28 5.50+0.30

AST (U/L) 48.13 + 3.80° 62.09 + 5.40°

Keys: ALT = Alanine aminotransferase, AST = Aspartate aminotransferase

Means = SEM with different superscripts are statistically significant (P < 0.05)
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Table 4.13: Means + SEM of erythrocyte membrane bound enzymatic activities

based sex distribution

Parameter Stallions Gelding Mares
ALT (U/L) 519+0.28 5.00 £ 0.58 5.63£0.42
AST (U/L) 48.13 + 3.80 54.00 + 3.50 65.13+7.19

Keys: ALT = Alanine aminotransferase, AST = Aspartate aminotransferase
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4.1.7.3Mean erythrocyte membrane catalase (CATqp) activity

The mean CATqp in horses infected with T. equi (12.97+2.05 u/mL), T. haneyi
(16.01+3.65 u/mL), horses with mixed infections (15.71+4.34 u/mL) and those infected
by T. equi-like unknown clades (15.42+4.31 u/mL) were not significantly different (P >
0.05) from the values in non-infected horses (8.16 + 4.95 u/mL) (Fig. 4.21). The mean
CATpwere not significantly changed between the symptomatic West African Barb
horses (11.96+ 2.40 u/mL) and the Argentine Polo Ponies (14.43+ 3.71 u/mL) with T.
equi infections (Table 4.14). Similarly, the mean CAT,were not significantly changed
(P > 0.05) between the T. equi-infected symptomatic Stallions (11.96+ 2.40 u/mL),

Geldings (4.30+ 1.30 u/mL)and the Mares (18.25+ 4.40 u/mL) (Table 4.15).

4.1.7.4Mean erythrocyte membrane superoxide dismutase (SODnyp)activity

The mean SOD,,;, activitywere insignificantly higher (P > 0.05)in horses infected with
T. equi (10.71+1.31 u/mL), T. haneyi (10.26£1.67 u/mL), horses with mixed infections
(12.24+1.96 u/mL) and those with T. equi-like unknown clades (11.93+4.06 u/mL) than
in the non-infected horses (7.58+1.51 u/mL) Fig. 4.22). The mean SOD,;, activitieswere
not significantly changed between the symptomatic West African Barb horses (10.05+
1.52 u/mL) and the Argentine Polo Ponies (11.67+ 2.42 u/mL) with T. equi infections
(Table 4.14). Similarly, the mean SODppin theT. equi-infected symptomatic Mares
(14.11+ 2.90 u/mL)was not significantly higher (P > 0.05) than that of the Geldings

(5.10 £ 0.89 u/mL) and Stallions (10.05+ 1.52 u/mL)(Table 4.15).

4.1.7.5Mean erythrocyte membrane glutathione (GSHyp)concentration

The mean GSHyvaried insignificantly (P > 0.05) in the horses infected with T. equi

(9.81+1.20 pmol/mL), T. haneyi (11.06+1.23 pmol/mL), and horses with mixed

128



infections (11.68+2.41 pmol/mL), those infected by T. equi-like unknown clades
(12.74+2.63 pmol/mL) when compared with the non-infected horses (7.02+1.69
pmol/mL) (Fig. 4.23). Similarly, the difference in GSH,,, concentrationin the T. equi-
infected symptomatic West African Barb horses (8.00 = 1.40 pmol/mL) and the
Argentine Polo Ponies (12.39+ 1.94 umol/mL)was not statistically significant (P >
0.05) (Table 4.14). The mean GSHm,was higher but not significantly altered (P < 0.05)
in theT. equi-infected Mares (14.42+ 2.30 umol/mL) compared to Geldings (7.00+ 0.80

u/mL) and Stallions (8.03+ 1.40 umol/mL) (Table 4.15).

4.1.7.6Mean erythrocyte membrane malondialdehyde (MDApconcentration

The mean MDA, was significantly higher (P < 0.05) in the horses infected with T.
equi-like unknown clades (41.72+20.22 pmol/mL) than the values among non-infected
horses (5.87+4.11 pumol/mL). On the otherhand, the mean MDAin horses infected
with T. equi (16.00£2.88 pumol/mL), T. haneyi (16.40+4.22 pumol/mL) as well as in
horses with mixed infections (17.60+4.95 pmol/mL) were not significantly different (P
> 0.05) (Fig. 4.24). The mean MDA, concentrationvariedinsignificantly (P > 0.05)
between theT. equi-infectedsymptomatic West African Barb horses (12.92+ 3.70
pmol/mL) and the Argentine Polo Ponies (20.49+ 4.50 pmol/mL) (Table 4.14).
Similarly, the mean MDAypconcentrations were not significantly different (P > 0.05) in
symptomatic Mares (23.88+ 5.57 umol/mL), Geldings (11.45+ 5.00 pmol/mL) and

Stallions (12.92+ 3.67 pmol/mL) (Table 4.15).
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Figure 4.21: The mean £ SEM erythrocyte membrane bound catalase activities for
the infected and non-infectedhorses
Keys: CAT = Catalase, T. equi = Theileria equi, T. haneyi = Theileria haneyi,

unknown = T. equi-like unknown clade
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Figure 4.22: The mean + SEM erythrocyte membrane bound superoxide
dismutase activities for the infected and non-infectedhorses
Keys: SOD = Superoxide Dismutase, T. equi = Theileria equi, T. haneyi =

Theileria haneyi, unknown = T. equi-like unknown clade
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Figure 4.23: The mean + SEM erythrocyte membrane bound glutathione
concentrations for the infected and non-infectedhorses
Keys: GSH = Glutathione, T. equi = Theileria equi, T. haneyi = Theileria haneyi,

unknown = T. equi-like unknown clade
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Figure 4.24: The mean + SEM erythrocyte membrane bound
malondialdehydeconcentration for the infected and non-infectedhorses
Keys: MDA = Malondialdehyde, T. equi = Theileria equi, T. haneyi = Theileria

haneyi, unknown = T. equi-like unknown clade
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Table 4.14: Mean + SEM of erythrocyte membrane bound oxidative stress

biomarkers in T. equi-infected symptomatic horsesbased on breed

distribution
Parameter West African Barb Argentine Polo
Horses Ponies
CAT (u/mL) 11.96+ 2.40 14.43+ 3.71
SOD (u/mL) 10.05+ 1.52 11.67+ 2.42
GSH (umol/mL) 8.00+ 1.40 12.39+ 1.94
MDA (umol/mL) 12.92+ 3.70 20.49+ 4.50

Keys: CAT = Catalase, SOD = Superoxide dismutase, GSH = Glutathione, MDA =
Malondialdehyde.
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Table 4.15: Mean + SEM of erythrocyte membrane bound oxidative stress

biomarkers in T. equi-infected symptomatic horses based on sex

distribution
Parameter Stallions Gelding Mares
CAT (u/mL) 11.96 + 2.40 4.30 + 1.30 18.25 + 4.40
SOD (u/mL) 10.05 +1.52 5.10+0.89 1411 +2.90
GSH (umol/mL) 8.03+1.40 7.00 £ 0.80 14.42 + 2.30
MDA (umol/mL)  12.92 + 3.67 11.45 +5.00 23.88 +5.57

Keys: CAT = Catalase, SOD = Superoxide dismutase, GSH = Glutathione, MDA =
Malondialdehyde.
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4.1.7.8Mean erythrocyte membrane bound sialic acid (SAmp)

There were no statistically significant differences (P > 0.05) in the mean values of SAnp
of horses infected with T. equi (13.38+0.66 p/L), T. haneyi (13.70+0.84 p/L), mixed
infections (12.38+£1.07 /L) and horses infected with T. equi-like unknown clades
(11.75£1.96 p/L)compared to the non-infected horses (15.34+£0.92 p/L) (Fig. 4.25). The
mean SAnp in the T. equi-infected symptomatic were not significantly different (P >
0.05) between the West African Barb horses (13.04+ 0.79 p/L) and Argentine Polo
Ponies (13.86 + 1.18 Ww/L) (Table 4.16). Similarly, the mean SAn, in the T. equi-
infected symptomatic Stallions (13.04 + 0.80 w/L) were not significantly different (P >
0.05) from the values in Geldings (14.27+ 1.10 p/L) and Mares (13.71 = 1.60 /L)

(Table 4.17).
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Figure 4.25: The mean £ SEM erythrocyte membrane bound sialic acid
concentration for the infected and non-infectedhorses
Keys: SAn, = Erythrocyte Membrane Bound Sialic Acid, T. equi = Theileria

equi, T. haneyi = Theileria haneyi, unknown = T. equi-like unknown clade
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Table 4.16: Mean + SEM of erythrocyte membrane bound sialic acid

concentrations in T. equi-infected symptomatic horses based on breed

distribution
Parameter West African Barb Argentine Polo
Horses Ponies
SAmb (p/L) 13.04 £0.79 13.86 +1.18

Key: SAmb = erythrocyte membrane bound sialic acid
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Table 4.17: Mean + SEM of erythrocyte membrane bound sialic acid

concentrations in T. equi-infected symptomatic horses based on sex

distribution
Parameter Stallions Gelding Mares
SAmb (p/L) 13.04 £ 0.80 14.27 £1.10 13.71 £ 1.60

Key: SAmb = erythrocyte membrane bound sialic acid
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4.1.8 Mean serum biochemical analyses of symptomatic horses with piroplasmosis

4.1.8.1Mean serum alanine transferase (ALT)activity

The mean serum ALT activity of horses infected with T. equi (5.33+0.46 U/L), T.
haneyi (5.43+0.68 U/L), those with mixed infections (6.00+£0.58 U/L) and that of horses
infected T. equi-like of unknown clades (5.00£1.00 U/L) were not significantly
different (P > 0.05) from that of horses in the non-infected group (5.60+0.40 U/L)
(Figure 4.26). Similarly, the mean serum ALT in symptomatic West African Barb
horses (5.63 + 0.58 U/L) was not significantly different (P > 0.05) from that of
Argentine Polo Ponies (4.91 + 0.78 U/L) infected with T. equi(Table 4.18). Also, the
mean serum ALT in theT. equi-infected symptomatic Geldings (6.67 £ 0.67 U/L) was
insignificantly higher (P > 0.05) than in Stallions (5.63 + 0.58 U/L) and Mares (4.30 £

0.96 U/L) (Table 4.19).

4.1.8.2Mean serum aspartate transferase (AST)activity

The mean serum AST activity ofhorses (Fig. 4.27) infected with T. equi (20.15£1.12
U/L), T. haneyi (18.36+£1.57 U/L), with mixed infections (20.17+1.68 U/L) as well as
those infected T. equi-like unknown parasites (22.25+1.93 U/L)were not significantly
different (P > 0.05) from those of non-infected horses (21.60£3.25 U/L).Similarly, the
mean serum AST activity in symptomatic West African Barb horses (21.31 + 1.58 U/L)
was not significantly different (P > 0.05) from the values in Argentine Polo Ponies
(18.45 + 1.40 U/L) infected with T. equi(Table 4.18) just as the mean serum AST
activity in theT. equi-infected symptomatic Stallions (21.31 + 1.60 U/L) was
insignificantly higher (P > 0.05) than in Geldings (19.33 + 4.80 U/L) and Mares (18.13

+1.20 U/L) (Table 4.19).
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4.1.8.3Mean serum alkaline phosphatase (ALP)activity

The mean serum ALP activity of horses infected with T. equi (119.90 £2.67 U/L), T.
haneyi (117.10 £3.95 U/L), horses with mixed infections (123.20 £4.76 U/L) and those
infected with T. equi-like unknown clades (111.50 +9.43 U/L) were not significantly
different (P > 0.05) from the values in non-infected horses (114.00 £5.39 U/L) (Fig.
4.28). Similarly, the mean serum ALP activity in symptomatic West African Barb
horses (122.40 + 3.20 U/L) was not significantly different (P > 0.05) from that of
Argentine Polo Ponies (116.10 £ 4.60 U/L) infected with T. equi(Table 4.18). There
was also no significant difference (P > 0.05) in the mean serum ALP activity in theT.
equi-infected symptomatic Stallions (122.40 £ 3.20 U/L) than in Geldings (111.70 +

9.94 U/L) and Mares (117.80 £ 5.40 U/L) (Table 4.19).
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Figure 4.26: The mean + SEM serum alanine aminotransferase activities for the
infectedand non-infectedhorses

Keys: ALT = Alanine transferase, T. equi = Theileria equi, T. haneyi = Theileria

Haneyi, unknown = T. equi-like unknown clade
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Figure 4.27: The mean + SEM serum aspartate aminotransferase activities for the
infectedand non-infectedhorses

Keys: AST = Aspartate transferase, T. equi = Theileria equi, T. haneyi =

Theileria haneyi, unknown = T. equi-like unknown clade
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Figure 4.28: The mean + SEM serum alkaline phosphatase activities for the

infected and non-infectedhorses

Keys: ALP = Alkaline Phosphatase, T. equi = Theileria equi, T. haneyi =

Theileria haneyi, unknown = T. equi-like unknown clade
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Table 4.18: Mean + SEM of serum enzymesactivities forT. equi-infected

symptomatic horses based on breeds distribution

Parameter West African Barb Argentine Polo
Horses Ponies

ALT (U/L) 5.63+ 0.58 491+ 0.78

AST (U/L) 21.31+ 1.58 18.45+ 1.40

ALP (U/L) 122.40+ 3.20 116.10+ 4.60

Keys: ALT = Alanine aminotransferase, AST = Aspartate aminotransferase, ALP =
Alkaline phosphatase

145



Table 4.19: Means + SEM of serum enzymes activities forT. equi-infected

symptomatic horses based on sex distribution

Parameter Stallions Gelding Mares

ALT (U/L) 5.63+0.58 6.67 = 0.67 4.30 +0.96
AST (U/L) 21.31 +£1.60 19.33 +4.80 18.13+1.20
ALP (U/L) 122.40 £ 3.20 111.70£9.94 117.80 £5.40

Keys: ALT = Alanine aminotransferase, AST = Aspartate aminotransferase, ALP =
Alkaline phosphatase
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4.1.8.4Mean serum total bilirubin concentration (TBil)

The differences in mean serum TBil in the horses infected with T. equi
(1.14+0.06mmol/L), T. haneyi (1.03£0.05mmol/L), with mixed infections
(0.93+£0.13mmol/L) and horses infected by T. equi-like of unknown clades
(0.90+0.19mmol/L) and non-infected horses (1.28+0.13mmol/L) were not significant (P
> 0.05) (Fig. 4.34). Similarly, the mean serum TBil in symptomatic West African Barb
horses (1.12 £ 0.09mmol/L ) was not significantly different (P > 0.05) from that of
Argentine Polo Ponies (1.17 + 0.06mmol/L ) infected with T. equi(Table 4.20). Also,
the mean serum TBil in theT. equi-infected symptomatic Stallions (1.12 = 0.08
mmol/L) was not statistically different (P > 0.05) from those of Geldings (1.20 *

0.09mmol/L) and Mares (1.18+ 0.07mmol/L) as shown in Table 4.21).

4.1.8.5Mean direct bilirubin (conjugated bilirubin) concentration

It was observed that the mean conjugated bilirubin concentration in the T. equi
(0.41+£0.04mmol/L), T. haneyi (0.41+0.06mmol/L), with mixed infections (0.43+0.06)
and those infected by T. equi-like of unknown clades (0.35+0.03mmol/L) did not vary
significantly (P > 0.05) compared to thenon-infected horses (0.30+ 0.05mmol/L) (Fig.
4.35). Conversely, the mean serum conjugated bilirubin concentration in symptomatic
Argentine Polo Ponies (0.51 + 0.05mmol/L) was significantly higher (P < 0.05) than in
the West African Barb horses (0.34 + 0.04mmol/L) with T. equi infections (Table 4.20).
Also, the mean serum conjugated bilirubin concentration in theT. equi-infected
symptomatic Mares (0.56x 0.05mmol/L) was statistically higher (P < 0.05) compared to

Stallions (0.34+ 0.04mmol/L) but not in Geldings (0.37+ 0.12mmol/L) (Table 4.21).

147



4.1.8.6Mean indirect (unconjugated) bilirubin concentration

The means of the unconjugated bilirubin concentration in the horses infected by T. equi-
like of unknown clades (0.30+£0.09mmol/L) and those with T. haneyi
(0.31+0.10mmol/L) were insignificantly lower (P > 0.05) compared to the means of the
unconjugated bilirubin in the non-infected horses (0.42+0.06mmol/L), those infected
with T. equi (0.59+£0.08mmol/L) and in horses with mixed infections
(0.53+0.15mmol/L) (Figure 4.36).Conversely, the mean serum unconjugated bilirubin
concentration in symptomatic West African Barb horses (0.73+ 0.10mmol/L) was
significantly higher (P < 0.05) compared to Argentine Polo Ponies (0.38+ 0.11mmol/L)
with T. equi infections (Table 4.20). On the other hand, the mean serum unconjugated
bilirubin  concentration in theT. equi-infected symptomatic Stallions (0.73x
0.10mmol/L) wasinsignificantly higher (P > 0.05) compared to Geldings (0.43+

0.09mmol/L) andMares (0.36x 0.15mmol/L) (Table 4.21).
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Figure 4.29: The mean serum total bilirubin concentration for the infected and
non-infected horses
Keys: TBil = Total Bilirubin, T. equi = Theileria equi, T. haneyi = Theileria

haneyi,unknown = T. equi-like unknown clade
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Figure 4.30: The mean direct (conjugated) bilirubin concentration for the infected
and non-infected horses

Keys: T. equi = Theileria equi, T. haneyi = Theileria haneyi, unknown = T. equi-
like unknown clade
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Figure 4.31: The mean indirect (unconjugated) bilirubin concentration for the
infected and non-infected horses

Keys: T. equi = Theileria equi, T. haneyi = Theileria haneyi, unknown = T. equi-

like unknown Clade
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Table 4.20: Means + SEM of serum bilirubin concentrations forT. equi-infected

symptomatic horses based on breeds distribution

Parameter West African Barb Argentine Polo
Horses Ponies

Total Bilirubin 1.12+0.09 1.17+ 0.06

(mmol/L)

Direct Bilirubin 0.34 £0.04° 0.51 + 0.05"

(mmol/L)

Indirect Bilirubin 0.73 £0.10° 0.38 +£0.11°

(mmol/L)

Means = SEM with different superscripts are statistically significant (P < 0.05)
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Table 4.21: Means + SEM of serum bilirubin concentrations for T. equi-infected

symptomatic horses based on sex distribution

Parameter Stallions Gelding Mares
Total Bilirubin 1.12 £0.08 1.20 £ 0.09 1.18 £0.07
(mmol/L)

Direct Bilirubin 0.34 +0.042 0.37£0.12 0.56 + 0.05"
(mmol/L)

Indirect Bilirubin 0.73+£0.10 0.43+£0.09 0.36 £0.15
(mmol/L)

Means = SEM with different superscripts are statistically significant (P < 0.05)
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4.1.8.7Mean serum total protein concentration (TP)

There were no significant differences (P > 0.05) in the mean TP concentration ofhorses
infected with T. equi (10.92+0.49 g/dL), T. haneyi (10.11+0.48 g/dL), with mixed
infections (10.42+1.27 g/dL) and those infected by T. equi-like unknown clades
(10.05+1.23 g¢/dL) when compared to the non-infected horses (11.88+1.65 g/dL)
(Fig.4.36). Similarly, the mean serum total protein concentration in symptomatic West
African Barb horses (11.09 £ 0.62g/dL) was significantly higher (P < 0.05) compared to
Argentine Polo Ponies (10.67 + 0.80g/dL) with T. equi infections (Table 4.22). Also,
the mean serum total protein concentration in theT. equi-infected symptomatic Stallions
(11.09+ 0.62g/dL) was insignificantly higher (P > 0.05) than those of Geldings

(10.40+£1.91g/dL) and Mares (10.78+ 1.00g/dL) (Table 4.23).

4.1.8.8Mean serum albumin concentration

The mean serum albumin concentration in horses infected with T. equi
(6.53+0.48¢g/dL), T. haneyi (6.53+0.73g/dL), with mixed infections (6.42+0.81g/dL)
and those infected by unknown parasites (7.70+1.41g/dL) were not significantly
different (P > 0.05) from the values in the non-infected horses (5.22+1.75g/dL)
(Fig.4.37). The mean serum albumin concentration in symptomatic West African Barb
horses (6.54+ 0.47g/dL) was not significantly higher (P > 0.05) than that of Argentine
Polo Ponies (6.52+ 0.99¢g/dL) with T. equi infections (Table 4.22). On the otherhand,
the mean serum albumin concentration in theT. equi-infected symptomatic Geldings
(2.90+ 0.10 g/dL) was significantly lower (P < 0.05) than those ofStallions (6.54+0.47

g/dL) and Mares (7.90£0.99 g/dL) (Table 4.23).
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4.1.8.9Mean serum globulin concentration

The mean serum globulin concentration in horses infected with T. equi
(4.30+0.469/dL), T. haneyi (3.40+0.36g/dL), those with mixed infections
(4.00+0.65¢/dL) and those of horses infected by unknown parasites (4.00+£1.02g/dL)
varied insignificantly (P > 0.05) compared to the non-infected control group
(4.20+1.08g/dL) (Fig.4.38).Similarly, the mean serum globulin concentration in
symptomatic West African Barb horses (4.27 + 0.54g/dL) was not significantly
different (P > 0.05) from that of Argentine Polo Ponies (4.36 £ 0.80g/dL) with T. equi
infections as (Table 4.22). On the other hand, the mean serum globulin concentration in
theT. equi-infected symptomatic Geldings (7.50+ 1.83 g/dL) was significantly higher (P
< 0.05) compared to Mares (3.20 £0.53 g/dL) and theStallions (4.27+0.54 g/dL) (Table

4.23).
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Figure 4.36: The mean serum total protein concentration for the infected and non-
infected horses

Keys: TP = Total Protein, T. equi = Theileria equi, T. haneyi = Theileria haneyi,

unknown = T. equi-like unknown clade
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Figure 4.37: The mean albumin concentration for the infected and non-infected
horses
Keys: T. equi = Theileria equi, T. haneyi = Theileria haneyi, unknown = T. equi-

like unknown clade
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Figure 4.38: The mean globulin concentration for the infected and non-infected
horses

Keys: T. equi = Theileria equi, T. haneyi = Theileria haneyi, unknown = T. equi-
like unknown clade
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Table 4.22: Means + SEM of serum total protein, aloumin and globulin

concentrations forT. equi-infected symptomatic horses based on breeds

distribution
Parameter West African Barb Argentine Polo
Horses Ponies
Total protein (g/dL) 11.09 £ 0.62 10.67 £ 0.80
Albumin (g/dL) 6.54 + 0.47 6.52 + 0.99
Globulin (g/dL) 4.27 £0.54 4.36 +0.80
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Table 4.23: Means + SEM of serum total protein, aloumin and globulin

concentrations forT. equi-infected symptomatic horses based on sex

distribution
Parameter Stallions Gelding Mares
Total protein (g/dL) 11.09 + 0.62 10.40+£1.91 10.78 £ 1.00
Albumin (g/dL) 6.54 + 0.47° 2.90 +0.10° 7.90 + 0.99°
Globulin (g/dL) 4.27 £0.54 7.50 +1.83° 3.20 £ 0.53%

Means+ SEMwith different superscripts are statistically significant (P < 0.05)
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4.1.8.10Mean serum creatinine concentration

The mean serum creatinine concentrations varied insignificantly (P > 0.05) in horses
infected with T. equi (1.55+0.16 mg/dL), T. haneyi (1.32+0.11 mg/dL), with mixed
infections (1.75+0.22 mg/dL) and those infected by T. equi-like unknown clades (0.83 =
0.14 mg/dL) when compared with the non-infected horses (1.20+0.11 mg/dL) (Fig.
4.39). It was also observed that the mean serum creatinine concentration was not
significantly different (P > 0.05) in the T. equi-infected symptomatic West African Barb
horses (1.48 + 0.14 mg/dL) and Argentine Polo Ponies (1.66 £ 0.40 mg/dL) (Table
4.24). Similarly, the mean serum creatinine concentration in the T. equi-infected
symptomatic Stallions (1.50 + 0.14 xmg/dL), Geldings (1.17 £ 0.13mg/dL) and Mares

(1.84 + 0.48mg/dL) did not vary significantly (P > 0.05) (Table 4.25).

4.1.8.11Mean serum urea concentration

There were no significant alterations (P > 0.05) in the mean serum urea concentration in
horses infected with T. equi (20.11+0.74 mg/dL), T. haneyi (23.71+£2.44 mg/dL), horses
with mixed infections (27.67+5.77 mg/dL) and those infected with T. equi-like
unknown clades (21.00£1.35 mg/dL) in comparison to the non-infected horses
(19.20+1.39 mg/dL) (Fig. 4.40). The difference in mean serum urea concentration inT.
equi-infected symptomatic West African Barb horses (20.44 + 1.17 mg/dL) and
Argentine Polo Ponies (19.64 + 0.70 mg/dL) (Table 4.24) was also not significant (P >
0.05). Similarly, the mean serum urea concentration were not significantly different (P
> 0.05) in the T. equi-infected symptomatic Stallions (20.44 + 1.17 mg/dL), Geldings

(21.67 £ 1.50 mg/dL) and Mares (18.88 + 0.67 mg/dL) (Table 4.25).
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Figure 4.39: The mean creatinine concentration for the infected and non-infected
horses

Keys: T. equi = Theileria equi, T. haneyi = Theileria haneyi, unknown = T. equi-
like unknown clade
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Figure 4.40: The mean urea concentration for the infected and non-infected horses
Keys: T. equi = Theileria equi, T. haneyi = Theileria haneyi, unknown = T. equi-

like unknown clade
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Table 4.24: Means + SEM of serum creatinine and blood urea nitrogen

concentrations forT. equi-infected symptomatic horses based on breed

distribution
Parameter West African Barb Argentine Polo Ponies
Horses
Creatinine (mg/dL) 1.48+0.14 1.66 +0.40
Blood Urea Nitrogen 2044 +1.17 19.64 £ 0.70

(mg/dL)
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Table 4.25: Means + SEM of serum creatinine and blood urea nitrogen

concentrations forT. equi-infected symptomatic horses based on sex

distribution
Parameters Stallion Gelding Mare
Creatinine (mg/dL) 1.50+0.14 1.17 £ 0.13 1.84 +0.48
Blood Urea 20.44 +£1.17 21.67 +£1.50 18.88 + 0.67

Nitrogen (mg/dL)
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4.1.8.12Mean serum glucose concentration

The mean serum glucose levels varied insignificantly (P > 0.05) in horses parasitized by
T. equi (94.43+5.30 mg/dL), T. haneyi (86.90+4.56 mg/dL), with mixed infections
(88.85+13.54) as well as those infected by T. equi-like unknown clades (87.98+7.86
mg/dL) compared to the non-infected horses (110.6£14.11 mg/dL) (Fig.4.41). The
difference in mean serum glucose concentration between the T. equi-infected
symptomatic West African Barb horses (102.90 + 7.12 mg/dL) and Argentine Polo
Ponies (82.12 + 6.58 mg/dL) was not significant (P > 0.05)(Table 4.26). Similarly, the
mean serum glucose concentration were not significantly different (P > 0.05) among the
T. equi-infected symptomatic Stallions (102.90 £ 7.12 mg/dL), Geldings (73.12 + 6.70

mg/dL) and Mares (85.50 + 8.62 mg/dL) (Table 4.27).

4.1.8.13Mean serum total cholesterol concentration

Although, the mean serum total cholesterol concentration (Fig. 4.42) in the horses
infected with T. haneyi (62.70+4.87 mg/dL) was lowest compared to those in the T.
equi-infected horses (68.76+3.70 mg/dL), with mixed infections (81.25+15.04 mg/dL),
with T. equi-like unknown parasites (81.23+21.08 mg/dL) and the non-infected horses
(74.72+£11.30), the differences were not statistically significant (P > 0.05). The mean
serum total cholesterol concentration ofT. equi-infected symptomatic West African
Barb horses (71.29 + 5.75 mg/dL) and Argentine Polo Ponies (65.08 £ 3.59 mg/dL)
were not statistically different (P > 0.05) (Table 4.26). Similarly, the mean serum total
cholesterol concentration did not vary significantly (P > 0.05) among the T. equi-
infected symptomatic Stallions (71.29 + 5.75 mg/dL), Geldings (78.90 + 3.01 mg/dL)

and Mares (59.90 + 3.20 mg/dL) (Table 4.27).
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4.1.8.14Mean total sialic acid concentration

The mean TSA concentration were variable in horses infected with T. equi
(24.37£0.68pg/mL), T. haneyi (24.37£0.95ug/mL), horses with mixed infections
(23.92+1.25ug9/mL), those infected by parasites of unknown origin (23.25+2.64pug/mL)
and in the non-infected horses (26.82+0.95ug/mL). These variations, however, were
comparatively insignificant (P > 0.05) (Fig. 4.43). There was no statistically significant
difference (P > 0.05) in the mean serum total sialic acid concentration of the T. equi-
infected symptomatic West African Barb horses (24.16 = 0.90pg/mL) and Argentine
Polo Ponies (24.67 + 1.10 pg/mL) (Table 4.26). Similarly, the mean serum total sialic
acid concentration were not significantly different (P > 0.05) in the T. equi-infected
symptomatic Stallions (24.16 + 0.90pg/mL), Geldings (25.40 + 1.40 mg/dL) and Mares

(24.40 £ 1.45pg/mL) (Table 4.27).

4.1.8.15 Mean free sialic acid concentration

The mean FSA concentration in the horses infected with T. equi (10.92+0.21pg/mL), T.
haneyi (10.46+0.38ug/mL), with mixed infections (11.53+1.10pg/mL) and those
infected by T. equi-like of unknown clades (11.50+1.10pug/mL) were not significantly
different (P > 0.05) from that of thenon-infected horses (11.48+0.89ug/mL)
(Fig.4.44).Between the T. equi-infected symptomatic West African Barb horses (10.99
+ 0.30pg/mL) and Argentine Polo Ponies (10.81 + 0.31 pg/mL), the difference in mean
serum FSA concentrations was not significant (P > 0.05)(Table 4.26). Similarly, the
mean serum free sialic acid concentrations variedinsignificantly (P > 0.05) in the T.
equi-infected symptomatic Stallions (10.99 £+ 0.30pg/mL), Geldings (11.13 + 0.55

mg/dL) and Mares (10.69 + 0.39ug/mL) (Table 4.27).
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Figure 4.41: The mean glucose concentration for the infected and non-infected
horses
Keys: T. equi = Theileria equi, T. haneyi = Theileria haneyi, unknown = T. equi-

like unknown clade
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Figure 4.42: The mean serum total cholesterol concentration for the infected and
non-infectedhorses

Keys: T. equi = Theileria equi, T. haneyi = Theileria haneyi, unknown = T. equi-

like unknown clade
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Figure 4.43: The mean total sialic acid concentration for the infected and non-
infected horses

Keys: TSA = Total Sialic Acid, T. equi = Theileria equi, T. haneyi = Theileria

Haneyi, unknown = T. equi-like unknown clade
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Figure 4.44 The mean free sialic acid concentration for the infected and non-
infected horses

Keys: FSA = Total Sialic Acid, T. equi = Theileria equi, T. haneyi = Theileria

haneyi,unknown = T. equi-like unknown clade
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Table 4.26: Means + SEM of serum glucose, cholesterol, total sialic acid and free
sialic acid concentrations forT. equi-infected symptomatic horses based

on breed distribution

Parameter West African Barb Argentine Polo Ponies
Horses

Glucose (mg/dL) 102.90 £ 7.12 82.12 + 6.58

Cholesterol (mg/dL) 71.29 +5.75 65.08 + 3.59

Total Sialic Acid (pg/dL) 24.16 £ 0.90 24.67 £1.10

Free Sialic Acid (pg/dL) 10.99 £ 0.30 10.81£0.31
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Table 4.27: Means + SEM of serum glucose, cholesterol, total sialic acid and free
sialic acid concentrations forT. equi-infected symptomatic horses based

on sex distribution

Parameter Stallion Gelding Mare
Glucose (mg/dL) 102.90 £ 7.12 73.12+6.70 85.50 + 8.62
Cholesterol 71/29 £5.75 78.90 + 3.01 59.90 + 3.20
(mg/dL)

Total Sialic Acid 24.16 £ 0.90 25.40 +£1.40 24.40 £1.45
(Hg/dL)

Free Sialic Acid 10.99 + 0.30 11.13+0.55 10.69 + 0.39
(Hg/dL)
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4.1.8.16 Mean serum sodium concentration

The mean Na concentration in the horses infected with T. equi (67.57 £ 1.77mmol/L),
T. haneyi (72.19 £ 3.22mmol/L), horses with mixed infections (65.05 £ 6.78mmol/L)
and those infected by T. equi-like of unknown clades (72.25 + 3.51mmol/L) were not
significantly different (P > 0.05) from that of thenon-infected horses (67.66 *
6.54mmol/L) (Fig.4.45).Similarly, the mean serum Na concentration was not
significantly different (P > 0.05) among the T. equi-infected symptomatic West African
Barb horses (65.53 + 1.88mmol/L) and Argentine Polo Ponies (70.55 £+ 3.30 mmol/L)
(Table 4.28) just as the values among the T. equi-infected symptomatic Stallions (65.53
+ 1.90mmol/L), Geldings (78.00 + 3.90 mmol/L) and Mares (67.75 = 3.90mmol/L)

(Table 4.29).

4.1.8.17Mean serum chloride concentration

The mean CI concentration in the horses infected with T. equi (77.93 £ 1.41mmol/L), T.
haneyi (77.07 £ 1.90mmol/L), horses with mixed infections (75.17 + 3.35mmol/L) and
those infected by T. equi-like of unknown clades (69.25 + 2.14mmol/L) were not
significantly different (P > 0.05) from that ofnon-infected horses (75.20 = 3.18mmol/L)
(Fig.4.46).The mean serum CIl concentration ofT. equi-infected symptomatic West
African Barb horses (78.06 £ 2.02mmol/L) and Argentine Polo Ponies (77.73 + 1.90
mmol/L) were not significantly different (P > 0.05) (Table 4.28)just as the values
among amongT. equi-infected symptomatic Stallions (78.06 £ 2.02mmol/L), Geldings
(80.00 £ 3.06 mmol/L) and Mares (76.88 + 2.50mmol/L) varied insignificantly (Table

4.29).
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4.1.8.18Mean serum potassium concentration

The mean K concentration in the horses infected with T. equi (4.82 + 0.21mmol/L), T.
haneyi (4.99 £ 0.28mmol/L), horses with mixed infections (4.37 £ 0.36mmol/L) and
those infected by T. equi-like of unknown clades (4.60 = 0.25mmol/L) were not
significantly different (P > 0.05) from that ofnon-infected horses (4.04 = 0.32mmol/L)
(Fig.4.47).The mean serum K concentration variedinsignificantly (P > 0.05) between
the T. equi-infected symptomatic West African Barb horses (4.63 + 0.30mmol/L) and
Argentine Polo Ponies (5.10 = 0.38 mmol/L) (Table 4.30). Similarly, the mean serum K
concentration were not significantly different (P > 0.05) amongT. equi-infected
symptomatic Stallions (4.63 = 0.24mmol/L), Geldings (5.50 £ 0.36 mmol/L) and Mares

(4.94 £ 0.50mmol/L) (Table 4.31).

4.1.8.19Mean serum bicarbonate concentration

The differences in mean HCOj3 concentration of the horses infected with T. equi (22.00
+ 0.56mmol/L), T. haneyi (21.86 * 0.69mmol/L), with mixed infections (20.33 +
0.80mmol/L) and those withT. equi-like of unknown clades (21.75 + 1.65mmol/L)
wereinsignificantly different (P > 0.05) fromnon-infected horses (20.20 + 1.28mmol/L)
(Fig.4.48).The mean serum HCOj3 concentration was also not significantly different (P
> (0.05) among the T. equi-infected symptomatic West African Barb horses (22.19 +
0.70mmol/L) and Argentine Polo Ponies (21.73 = 0.97 mmol/L) (Table 4.28). The
values were not significantly different (P > 0.05) among the T. equi-infected
symptomatic Stallions (22.19 + 0.70mmol/L), Geldings (22.69 = 1.80 mmol/L) and

Mares (21.38 £ 1.21mmol/L) (Table 4.29).
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4.1.8.20Mean serum phosphate concentration

The mean PO, concentration in the horses infected with T. equi (3.89 + 0.47mmol/L),
T. haneyi (4.54 = 0.70mmol/L), horses with mixed infections (2.48 + 0.20mmol/L) and
those infected by T. equi-like of unknown clades (2.83 = 0.24mmol/L) were not
significantly higher (P > 0.05) than the wvalues in non-infected horses (2.46 +
0.23mmol/L) (Fig.4.49).Conversely, the mean serum PO, concentration was
significantly higher (P < 0.05)in the T. equi-infected symptomatic Argentine Polo
Ponies (5.06 = 0.88 mmol/L) than in the West African Barb horses (3.08 = 0.42

mmol/L) as (Table 4.28). Similarly, the mean serum PO, concentration was

I+

significantly higher (P < 0.05) in the T. equi-infected symptomatic Geldings (7.80

0.50mmol/L) than in the Stallions (3.08 = 0.42 mmol/L) and Mares (4.04 +

+

0.97mmol/L) (Table 4.29).

4.1.8.20Mean serum calcium concentration

The mean Ca concentration in the horses infected with T. equi (12.13 £ 0.35mmol/L),
T. haneyi (11.30 + 0.51mmol/L), horses with mixed infections (10.92 + 0.87mmol/L)
and those infected by T. equi-like of unknown clades (11.53 + 0.69mmol/L)
variedinsignificantly (P > 0.05) from that ofnon-infected horses (11.62 + 0.93mmol/L)
(Fig.4.50).The seemingly higher mean serum Ca concentration among the T. equi-
infected symptomatic Argentine Polo Ponies (12.40 = 0.53 mmol/L) was not
significantly different (P > 0.05) compared to the West African Barb horses (11.94 +
0.48 mmol/L) (Table 4.28). Similarly, the mean serum Ca concentration was higher but
not significantly changed (P > 0.05) in the T. equi-infected symptomatic Geldings
(13.77 £ 0.27mmol/L) compared to Stallions (11.94 + 0.48 mmol/L) and Mares (11.89

+ 0.64mmol/L) (Table 4.29).
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Figure 4.45 The mean serum sodium concentration for the infected and non-
infectedhorses

Keys:T. equi = Theileria equi, T. haneyi = Theileria haneyi,unknown = T. equi-

like unknown clade, Non-inf = non-infected
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Figure 4.46 The mean serum chloride concentration for the infected and non-
infectedhorses
Keys:T. equi = Theileria equi, T. haneyi = Theileria haneyi,unknown = T. equi-

like unknown clade, Non-inf = non-infected
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Figure 4.47 The mean serum potassium concentration for the infected and non-
infectedhorses

Keys:T. equi = Theileria equi, T. haneyi = Theileria haneyi,unknown = T. equi-

like unknown clade, Non-inf = non-infected
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Figure 4.48 The mean serum bicarbonate concentration for the infected and non-
infectedhorses

Keys:T. equi = Theileria equi, T. haneyi = Theileria haneyi,unknown = T. equi-

like unknownclade, Non-inf = non-infected
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Figure 4.49 The mean serum phosphate concentration for the infected and non-
infectedhorses
Keys:T. equi = Theileria equi, T. haneyi = Theileria haneyi,unknown = T. equi-

like unknown clade, Non-inf = non-infected

181



14 -

12 -
10 -
8 -
6 -
M Seriesl
4 .
2 .
0 T T T T T

Non-inf T.equi  T.haneyi Mixedinf Unknown

Mean serum calcium concentration
{mmol/L)

Study Groups

Figure 4.50 The mean serum calcium concentration for the infected and non-
infectedhorses
Keys:T. equi = Theileria equi, T. haneyi = Theileria haneyi,unknown = T. equi-

like unknown clade, Non-inf = non-infected
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Table 4.28:Means £ SEM of serum electrolyte concentrations for T. equi-infected

symptomatic horses based on breed distribution

Parameter West  African Barb Argentine Polo Ponies
Horses

Na (mmol/L) 65.53 +1.88 70.55 + 3.30

Cl (mmol/L) 78.06 + 2.02 77.73 £1.90

K (mmol/L) 4.63 +0.30 5.10 +0.38

HCO3 (mmol/L) 22.19+0.70 21.73+0.97

PO, (mmol/L) 3.08 + 0.42° 5.06 + 0.88"

Ca (mmol/L) 11.94 +£0.48 12.40 £ 0.53

Keys: Na = sodium, Cl = chloride, K = potassium, HCO3 = bicarbonate,
PO, = phosphate, Ca = calcium

Means+ SEMwith different superscripts are statistically significant (P < 0.05)
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Table 4.29:Means + SEM of serum electrolyte concentrations for T. equi-infected

symptomatic horses based on breed distribution

Parameter Stallions Geldings Mares

Na (mmol/L) 65.53 £ 1.90 78.00 £ 3.90 67.75+3.90
Cl (mmol/L) 78.06 £ 2.02 80.00 + 3.06 76.88 + 2.50
K (mmol/L) 4.63+0.24 5.50 + 0.36 4.94 +0.50
HCO3 (mmol/L) 22.19+£0.70 22.67 +£1.80 21.38+1.21
PO,4 (mmol/L) 3.08 £0.42% 7.80 + 0.50° 4.04 £0.97°
Ca (mmol/L) 11,94 +0.48 13.77 +0.27 11.89 + 0.64

Keys: Na = sodium, Cl = chloride, K = potassium, HCO3 = bicarbonate,
PO, = phosphate, Ca = calcium

Means = SEM with different superscripts are statistically significant (P < 0.05)
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4.2 Asymptomatic Horses

4.2.1 Serological analysis of asymptomatic horses

4.2.1.1Babesia caballi competitive enzyme linked immunosorbent assay

Three samples H44 (93.9% PI), H67 (96.11% PI) and H78 (92% PI) were seropositive
to anti-B. caballi antibodies using the B. caballi specific cELISA. The remaining
seventy seven samples had percent inhibition below 40% which implies seronegativity

to anti-B. caballi antibodies (Table 4.30).

4.1.2.2Theileria equi competitive enzyme linked immunosorbent assay

Seventy two sampleshad percent inhibition (PI) above 40%, thus, indicating reactivity
to anti-T. equi antibodies or seropositive. Eight sampleshad percent inhibition (PI)
below 40%, indicating non reactivity to anti-T. equi antibodies or seronegative (Table

4.30).
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Table 4.30: Seroprevalence of B. caballi and T. equi among asymptomatic horses

Target Parasites Number of Positive Number of Negative
Babesia caballi 3 (3.8 %) 77 (96.2 %)
Theileria equi 72 (90 %) 8 (10 %)

Horses with percent inhibition (PI) > 40 % = positive, whereas those with PI <40 % =
negative. Horses with PI between 40 — 44% = border-line positive
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4.2.2 Haematological analyses
4.2.2.1Mean haematocrit

The mean haematocrit for the horses infected with B. caballi (28.93+4.95 %), T. equi
(26.91+0.94 %), with mixed infections (28.93+4.95 %) were not significantly different

(P > 0.05) than that of the non-infected horses (25.50+2.17 %)(Fig.4.51).
4.2.2.2Mean haemoglobin concentration

The mean Hgb concentration in horses infected with B. caballi(9.73+1.73 g/dL), T.
equi(9.11+0.36 g/dL), with mixed infections was (9.73£1.73 g/dL)were not
significantly different (P > 0.05) than the non-infected horses (9.03+0.81 g/dL)

(Fig.4.52).
4.2.2.3Mean red blood cells count

There were no significant variations (P > 0.05) in the mean RBC in horses infected with
B. caballi (5.76 +1.04 x10%uL), T. equi (5.67 + 0.19x10%pL) and those with mixed
infections (5.76 +1.04x10%uL) when compared with the non-infected horses (5.50 +

0.51x10%/uL) (Fig.4.53).
4.2.2.4Mean corpuscular volume

The mean MCYV for the B. caballi-infected horses (50.43+ 1.88 fL), T. equi-infected
(47.7920.45 fL) and horses with mixed infections (50.43+1.88 fL) were statistically

insignificant (P > 0.05) than that of the non-infected horses (46.65+0.51 fL) (Fig.4.54).
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4.2.2.5Mean corpuscular haemoglobin

The mean MCH concentration in horses infected with B. caballi (16.90+0.21 pg), T.
equi (15.97+0.29 pg) and with mixed infections (16.90+ 0.21 pg) were insignificantly

varied (P > 0.05) compared to the non-infected horses (16.45+0.15 pg) (Fig.4.55).

4.2.2.6Mean corpuscular haemoglobin concentration

There were no significant alterations (P > 0.05) in the mean MCHC in the horses
infected with B. caballi (33.60£0.84 g/dL), T. equi (33.44+0.64 g/dL), mixed infections

(33.60+0.84 g/dL) compared to the non-infected horses (35.29+0.32 g/dL) (Fig.4.55).

4.2.2.7Mean red blood cells redistribution width

The mean RDW of horses infected with B. caballi (21.33+0.72 fL), T. equi
(19.22+0.33) and with mixed infections (21.33£0.72 fL) were not significant different

(P > 0.05) compared to the non-infected horses (19.83+0.15 fL) (Fig.4.55).
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Figure 4.51: The mean haematocrit for the infected and non-infectedhorses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = uninfected
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Figure 4.52: The mean haemoglobin concentration for the infected and non-
infected horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = uninfected
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Figure 4.53: The mean red blood cell counts for the infected and non-infected
horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = non-infected
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Figure 4.54: The mean of mean corpuscular volume for the infected and non-
infected horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = uninfected
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Figure 4.55: The mean of mean corpuscular haemoglobin for the infected and non-
infected horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = uninfected
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Figure 4.56: The mean of mean corpuscular haemoglobin concentration for the
infected and non-infected horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = uninfected
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Figure 4.57: The mean red blood cells distribution width for the infected and non-
infected horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = uninfected
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4.2.2.8Mean total leukocyte counts

The mean TLC of horses infected with B. caballi (5.60+2.36 x10°/L), T. equi
(5.92+0.46 x10°%/L) and with mixed infections (5.60 + 2.36 x10%L) were insignificantly

lower (P > 0.05) than the non-infected horses (6.01+1.29 x10%L)(Fig.4.58).
4.2.2.9Mean absolute neutrophil counts

The mean absolute Neut of horses infected with B. caballi (2.37+1.48 x10%/L), T. equi
(2.33+0.21 x10%L) and with mixed infections (2.37 + 1.48 x10%L) were not
significantly different (P > 0.05) than in non-infected horses (2.24+0.51 x10%L)

(Fig.4.59).
4.2.2.10Mean absolute lymphocyte counts

Horses infected with B. caballi, T. equi and with mixed infections had their respective
mean absolute LYMP values(2.13+1.00x10%/L), (2.15+0.17x10%/L), (2.13+1.00x10°%/L)
insignificantly different (P > 0.05) compared to the non-infected (2.41+0.52x10%/L)

(Fig.4.60).
4.2.2.11Mean absolute mid-cell counts

There were insignificant variations (P > 0.05) in the mean absolute mid-cell counts in
horses infected by B. caballi (1.13+0.52x10%L), T. equi (1.43+0.13x10%L), with mixed

infections (1.13+0.52x10%/L) than in non-infected horses (1.38+0.33x10%L) (Fig.4.51).
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Figure 4.58: The mean total leukocyte count for the infected and non-infected
horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = non-infected
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Figure 4.59: The mean absolute neutrophil counts for the infected and non-
infected horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = uninfected
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Figure 4.60: The mean lymphocyte counts for the infected and non-infected horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = uninfected
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Figure 4.61 The mean absolute mid cell counts for the infected and non-infected
horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = uninfected
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4.2.2.12Mean platelets count

Themean PLT counts were insignificantly lower (P > 0.05) inhorses infected by B.
caballi (65.33+25.22 x10%L), T. equi (103.3+6.14 x10%L), and with mixed infections
(65.33+25.22 x10%/L) than the non-infected control horses (116.1+16.36 x10%/L)

(Fig.4.62).
4.2.2.13Mean plateletcrit

The mean PCT of the horses infected by B. caballi (0.05+0.02 %) and those with mixed
infections (0.05+0.02 %) were lower than those infected by T. equi (0.07+0.00 %) but
was not significantly higher (P > 0.05) compared to the non-infected control horses

(0.08+0.01 %). The mean PCT for the respective study groups (Fig.4.63).
4.2.2.17Mean platelets volume

The mean MPV were variable but not significantly different (P < 0.05) in horses
infected with B. caballi (8.67+0.94 fL), T. equi (7.99£0.15) and those with mixed
infections (8.67+0.94 fL) compared to the non-infected horses (7.53+0.45 fL) (Fig.

4.64).

4.2.2.18Mean percent platelets distribution width

The mean percent PDW were insignificantly different (P > 0.05) in the B. caballi-
infected horses (14.43+£0.18 %), those with T. equi (14.37+£0.03 %) and mixed
infections (14.43+0.18 %) when compared to the non-infected horses (14.25+0.10 %)

(Fig.4.65).
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Figure 4.62: The mean platelet counts for the infected and non-infected horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = uninfected
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Figure 4.63: The mean plateletcrit for the infected and non-infected horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = uninfected
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Figure 4.63: The mean platelet volume for the infected and non-infected horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = uninfected
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Figure 4.64: The mean platelet distribution width for the infected and non-infected
horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Non-inf = uninfected
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4.2.3 Erythrocyte membrane biochemical analyses in asymptomatic horses

4.2.3.1Mean erythrocyte membrane total protein

The mean erythrocyte membrane total protein concentration for the B. caballi-infected
horses (0.55+0.04 g/dL) and horses with mixed infection (0.55+0.04 g/dL) were
insignificantly lower (P > 0.05) than those with T. equi (0.68+0.03 g/dL) and the non-

infected horses (0.79+0.14 g/dL) (Fig.4.65).

4.2.3.2Mean erythrocyte membrane total sialic acid

The mean erythrocyte membrane total sialic acid for the B. caballi-infected horses
(98.50+2.68ug/mL) and horses with mixed infection (98.50+2.68ug/mL) were
insignificantly higher (P > 0.05) than those infected with T. equi (94.53+1.28ug/mL)

and the uninfected horses (95.86+4.01pg/mL) (Fig.4.66).

4.2.3.3Mean erythrocyte membrane bound sialic acid

The mean erythrocyte membrane bound sialic acid for B. caballi-infected horses
(35.90+4.31pug/mL), horses infected by T. equi (37.32+2.16pg/mL) and those with
mixed infection (35.90+4.31ug/mL) had means that were statistically not significant (P

> 0.05) (Fig.4.67).

4.2.3.4Mean erythrocyte membrane cholesterol concentration

The B. caballi-infected horses (48.33+22.18 mg/dL) have and horses with mixed
infection (48.33+22.18 mg/dL) had mean erythrocyte membrane cholesterol values that
were insignificantly varied (P > 0.05) than horses infected by T. equi (40.73+2.33 and

among non-infected horses (27.65 + 7.53 mg/dL) (Fig.4.68).
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4.2.3.5Mean erythrocyte membrane triglyceride concentration

The B. caballi-infected horses (18.57+5.60 mg/dL) have and horses with mixed
infection (18.57+5.60 mg/dL) had mean erythrocyte membrane triglyceride values that
were higher than horses infected by T. equi (21.33+£1.32 mg/dL) but not significantly
different (P > 0.05) when compared to the non-infected horses (23.96 + 2.67 mg/dL)

(Fig4.69).

4.2.3.6Mean erythrocyte membrane high density lipoprotein concentration

The B. caballi-infected horses (6.62+2.34 mg/dL) and horses with mixed infection
(6.62+2.34 mg/dL) had mean erythrocyte membrane high density lipoprotein values
that were higher than horses infected by T. equi (4.16+0.53 mg/dL) but not significantly

changed (P > 0.05) when compared to the control group (4.13+£0.88 mg/dL) (Fig.4.70).

4.2.3.7Mean erythrocyte membrane low density lipoprotein concentration

The B. caballi-infected horses (40.03+22.00 mg/dL) and horses with mixed infection
(40.03+£22.00 mg/dL) had mean erythrocyte membrane low density lipoprotein values
that were higher than horses infected by T. equi (33.57+2.24 mg/dL) but not
significantly different (P > 0.05) compared to the non-infected horses (29.88 + 8.44

mg/dL)(Fig.4.71).
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Figure 4.65: The mean erythrocyte membrane total protein concentration for the
infected and non-infected horses

Keys: B. cab =Babesia caballi, T. equi = Theileria equi, Mix infxn = Mixed

infection,Non-inf = non-infected
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Figure 4.66: The mean erythrocyte membrane total sialic acid concentration for
the infected and non-infected horses

Keys: B. cab =Babesia caballi, T. equi = Theileria equi, Mix infxn = Mixed

infection,Non-inf = non-infected
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Figure 4.67: The mean erythrocyte membrane bound sialic acid concentration for
the infected and non-infected horses
Keys: B. cab =Babesia caballi, T. equi = Theileria equi, Mix infxn = Mixed

infection,Non-inf = non-infected
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Figure 4.68: The mean erythrocyte membrane cholesterol concentration for the
infected and non-infected horses
Keys: B. cab =Babesia caballi, T. equi = Theileria equi, Mix infxn = Mixed

infection,Non-inf = non-infected
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Figure 4.69: The mean erythrocyte membrane triglyceride concentration for the
infected and non-infected horses

Keys: B. cab =Babesia caballi, T. equi = Theileria equi, Mix infxn = Mixed

infection,Non-inf = non-infected
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Figure 4.70: The mean erythrocyte membrane high density lipoprotein
concentration for the infected and non-infected horses

Keys: HDL = High density lipoprotein, B. cab =Babesia caballi, T. equi =

Theileria equi, Mix infxn = Mixed infection, Non-inf = non-infected
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Figure 4.71: The mean erythrocyte membrane low density lipoprotein
concentration for the infected and non-infected horses

Keys: LDL = Low density lipoprotein, B. cab =Babesia caballi, T. equi =

Theileria equi, Mixinfxn = Mixed infection, Non-inf = non-infected

214



4.2.4 Mean serum biochemical analyses in asymptomatic horses

4.2.4.1Mean serum free sialic acid concentration

The mean value for serum free sialic acid concentration in T. equi-infected horses
(57.19£1.65 pg/mL) was insignificantly lower (P > 0.05) than those inB. caballi-
infected horses (62.57+£5.20ug/mL), horses with mixed infection (62.57+5.20ug/mL)

and the non-infected (60.79+3.95pg/mL) (Fig. 4.72).

4.2.4.2Mean serum blood urea nitrogen concentration

The mean serum blood urea nitrogen concentration in the B. caballi-infected (5.87+1.80
mg/dL) horses and those with mixed infections (5.87+1.80 mg/dL) were significantly
higher (P < 0.05) compared to the T. equi-infected (1.98 = 0.15 mg/dL) and non-
infected (2.01+0.42 mg/dL) horses. The mean value of BUN for the T. equi-infected
horses (1.98+0.15 mg/dL) is lower compared to the non-infected horses (2.01+0.42

mg/dL) (Fig. 4.73).

4.2.4.3Mean serum creatinine concentration

The mean serum creatinine concentration in the B. caballi-infected (153.0+38.10
mg/dL) horses and those with mixed infections (153.0£38.10 mg/dL) were significantly
higher (P < 0.05) compared to theT. equi-infected (83.13+3.45 mg/dL) and non-infected

(67.65+9.31 mg/dL) horses (Fig. 4.74).
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Figure 4.72: The mean free sialic acid concentration for the infected and non-
infected horses

Keys: B. cab =Babesia caballi, T. equi = Theileria equi, Mix infxn = Mixed

infection,Non-inf = non-infected
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Figure 4.73: The mean serum blood urea nitrogen concentration for the infected

and non-infected horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Mix inf = mixed infection

Non-inf = non-infected
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Figure 4.74: The mean serum creatinine concentration for the infected and non-
infected horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Mixed infxn = mixed

infectionNon-inf = non-infected
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4.2.4.4Mean serum alanine aminotransferase activity

Horses infected with B. caballi (18.30+1.45 U/L) and with mixed infections
(18.30£1.45 U/L) had insignificantly lower (P > 0.05) mean ALT activities than those
infected with T. equi (25.11+£1.30 U/L) and non-infected control (31.09+4.70 U/L)

(Fig.4.75).

4.2.4.5Mean serum aspartate transferase activity

Horses infected with B. caballi (22.87+4.22 U/L) and those with mixed infections
(22.87+4.22 U/L) had lower mean ALT activities but the values were not significantly
different (P > 0.05) than those infected with T. equi (27.97£1.54 U/L) non-infected

horses (29.74+5.62 U/L) (Fig.4.76).

4.2.4.6Mean serum alkaline phosphatase activity

The mean serum ALP activity of the T. equi (640.1+19.97 U/L) was the insignificantly
higher (P > 0.05) than those infected with B. caballi (529.7+£60.44 U/L), with mixed
infections (529.7+£60.44 U/L) and among the non-infected horses (620.7 + 78.24 U/L)

(Fig.4.77).
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Figure 4.75: The mean serum Alanine aminotransferase activities for the infected
and non-infected horses
Keys: ALT = Alanine aminotransferase, B. cab =Babesia caballi, T. equi =

Theileria equi, Mixinfxn = Mixed infection, Non-inf = non-infected
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Figure 4.76: The mean serum Aspartate aminotransferase activities for the
infected and non-infected horses
Keys: AST = Aspartate aminotransferase, B. cab =Babesia caballi, T. equi =

Theileria equi, Mix infxn = Mixed infection, Non-inf = non-infection
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Figure 4.77: The mean serum alkaline phosphatase activities for the infected and
non-infected horses

Keys: ALP = Alkaline phosphatase, B. cab =Babesia caballi, T. equi = Theileria

equi, Mix infxn = Mixed infection, Non-inf = non-infection
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4.2.4.7Mean serum total protein concentration

The mean serum TP concentration forT. equi-infected horses (7.83+0.13 g/dL) was
insignificantly higher (P > 0.05)than those withB. caballi (8.70+£0.42 g/dL), with mixed

infections (8.70+0.42 g/dL) and non-infected (7.90+0.28 g/dL) (Fig.4.78).

4.2.4.8Mean serum albumin concentration

The mean serum AL concentration for T. equi-infected horses (4.05+0.09 g/dL), B.
caballi (4.57+0.52 g/dL) and those with mixed infections (4.57+0.52 g/dL)
wereinsignificantly higher (P > 0.05) than in non-infected horses (3.83+0.22 g/dL)

(Fig.4.79).
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Figure4.78: The mean serum total protein concentration for the infected and non-
infected horses
Keys: B. cab =Babesia caballi, T. equi = Theileria equi, Mix infxn = Mixed

infection,Non-inf = non-infected
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Figure 4.79: The mean serum albumin concentration for the infected and non-
infected horses

Keys: B. cab =Babesia caballi, T. equi = Theileria equi, Mix infxn = Mixed

infection,Non-inf = non-infected
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4.2.4.9Mean serum total bilirubin concentration

The mean serum TBiL concentration for T. equi-infected horses (11.71+0.99mmol/L) is
the highest compared to theB. caballi-infected horses (3.57+1.68mmol/L) and those
with mixed infections (3.57£1.68mmol/L). They were not statistically significant (P >

0.05) when compared with the non-infected horses (6.65+1.37mmol/L) (Fig. 4.80).

4.2.4.10Mean serum direct bilirubin concentration

The mean serum DBIL concentrations inT. equi-infected horses (5.20+0.44mmol/L), B.
caballi-infected  (2.67£1.18mmol/L) and horses with mixed infections
(2.67£1.18mmol/L) were not significantly varied (P > 0.05) than those in uninfected

horses (2.50+£0.42mmol/L) (Fig. 4.81).

4.2.4.11Mean serum indirect bilirubin concentration

The mean serum IBiL concentrations inT. equi-infected horses (6.57+0.66mmol/L), B.
caballi-infected horses (0.90+£0.50mmol/L) and those with mixed infections
(0.90+0.50mmol/L) were not statistically significant (P > 0.05) compared to the non-

infected horses (4.15+£1.07mmol/L) (Fig. 4.82).
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Figure 4.80: The mean serum total bilirubin concentrations for the infected and

non-infected horses

Keys: Conc. = Concentration, B. cab =Babesia caballi, T. equi = Theileria equi,

Mix infxn =Mixed infection, Non-inf = non-infected
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Figure 4.81: The mean serum direct bilirubin concentration for the infected and
non-infected horses

Keys: B. cab =Babesia caballi, T. equi = Theileria equi, Mix infxn = Mixed

infection,Non-inf = non-infected
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Figure4.82: The mean serum indirect bilirubin concentration for the infected and
non-infected horses

Keys: B. cab =Babesia caballi, T. equi = Theileria equi, Mix infxn = Mixed

infection,Non-inf = non-infected
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4.2.5 Serum antioxidant in asymptomatic horses

4.2.5.1Mean serum glutathione concentration

The mean serum GSH concentration for T. equi-infected horses (13.41+0.36pumol/mL)
is the highest while those for B. caballi-infected horses (10.55+1.66 pumol/mL) and
horses with mixed infections (10.55+1.66pumol/mL) were lowest compared to the
uninfected horses (12.44+1.39 umol/mL). These variable means were not statistically

significant (P > 0.05) (Fig. 4.83).

4.2.5.2Mean serum catalase activity

The mean serum CAT activity for T. equi-infected horses (24.74+2.21 u/mL) is the least
when compared to those for B. caballi-infected horses (30.21£19.19 u/mL) and horses
with mixed infections (30.21£19.19 u/mL). They were not statistically different (P >

0.05) when compared to the control horses (33.79+7.42 u/mL)(Fig. 4.84).

4.2.5.3Mean serum superoxide dismutase activity

The mean serum SOD activity for the B. caballi-infected horses (19.42+0.62 u/mL) and
horses with mixed infections (19.42+0.62 u/mL) were higher than that for T. equi-
infected horses (14.81+0.59 u/mL) but were not statistically different (P > 0.05) when

compared to the control horses (13.56+1.04 u/mL) (Fig. 4.85).

4.2.5.4Mean serum malondialdehyde concentration

The mean serum MDA concentration for the B. caballi-infected horses
(1.60£0.18umol/mL) and horses with mixed infections (1.60+0.18umol/mL) were the
least followed by that of the control horses (3.38+£1.01umol/mL). The T. equi-infected

horses (3.65+0.30umol/mL) has the highest MDA concentration but these mean values
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were not statistically different (P > 0.05) when compared between the groups (Fig.

4.86).
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Figure 4.83: The mean serum glutathione concentration for the infected and non-
infected horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Mix infxn = mixed

infection, Non-inf = non-infected
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Figure 4.84: The mean serum catalase activities for the infected and non-infected
horses

Keys: B. cab = Babesia caballi, T. equi = Theileria equi, Mix infxn = mixed

infection,Non-inf = non-infected
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CHAPTER FIVE

5.0 DISCUSSION

The symptomatic horses investigated had pyrexia, anorexia, and pale, congested to
icteric mucous membranes, epiphora (unilateral and bilateral), and oedema of the
fetlock, poor body condition, and tick infestation as the predominant clinical signs.
Although, most of the horses sampled presented variable clinical signs that were
suggestive of piroplasmosis, parasitaemia was below the detection limit by microscopic
examination of Giemsa-stained thin blood films. This result is in concordance with that
reported in naive horse infected with 2 mL of 12% parasitized erythrocytes (PPE) of T.
haneyi stabilates derived from an infected splenectomized horse (Knowles et al., 2018).
Similarly, Motloang et al. (2008) did not detect B. caballi and T. equi in the entire
blood smear from suspected horses but recorded high seroprevalence of the parasites
using IFAT. Also, Moloi et al. (2010) did not detect any parasite from 543 horses
screened for EP using thin blood smears. The mere absence of positive result by
microscopic examination does not preclude infection (Ali et al., 1996) but suggests
difficulty in detecting B. caballi and T. equi in the latent phase of the infection or onset
of acute disease and/or in carrier animals with low parasitaemia (Nagore et al., 2004;
Qablan et al., 2013). The level of parasitaemia can also be very low in the acute disease
(Donnellan and Marais, 2009). This lends credence to use of molecular diagnosis using
PCR to overcome the constraint of poor sensitivity associated with microscopic
diagnosis. The asymptomatic horses were apparently healthy without clinical signs of a

disease process.

The predominant tick species that infested the horses in this study were Rhipicephalus

evertsi evertsi, followed by Rhipicephalus spp, Amblyomma variegatum, Hyalomma

235



dromedarii, Boophilus decoloratus, Hyalomma species, Hyalomma impeltatum and
Hyalomma truncatum. Although, transmission study was not conducted in the current
research to confirm tick-vector competence to transmit the detected parasites, it is
reasonable to speculate that the identified ticks are epidemiologically responsible for
the transmission of the detected pathogens. Recently, Onyiche et al. (2020) detected B.
caballi in Rhipicephalus evertsi evertsionly while T. equi was detected in Rhipicephalus
evertsi evertsi,Hyalomma dromedariiand Hyalomma truncatum in Jigawa state, Nigeria.
This study further confirms the persistence of competent tick vectors of equine

piroplasmosis in Nigeria.

The current study documented evidence of anti-T. equi antibodies in both symptomatic
and asymptomatic horses to the epitope defined by the mAb36/133.97 (Knowles et al.,
1991a) in pathogens other than T. equi detected in horses in Nigeria. This finding is
contrary to the reported inability of the T. equi specific CELISA to detect T. haneyi
infection (Knowles et al., 2018). Eleven symptomatic horses with T. haneyi infection by
both 18S and species specific nPCR were seropositive with cut-off above 40%
inhibition. The three symptomatic horses infected by T. equi-like pathogens were
seropositive to T. equi antibodies by cELISA. Since ema-1 is the immunodominant
antigenic target for the detection of T. equi and together with ema-2 share an epitope
defined by mAb36/133.97 (Knowles et al., 1991a), the likely reason to the presence of
anti- T. equi antibodies in the T. haneyi Nigerian isolates is that the coding
sequence/region (CDS) of the gene from which the T. haneyi specific primers were
derived and/or the conserved region of their 18S rRNA gene, have a homolog in T.
equi. This is because the CDS of the gene of T. haneyi is situated in the same genomic
location occupied by ema-1 within the T. equi genome (Knowles et al., 2018). The

possibility of antigenic cross-reactivity among the EMAs cannot be overruled, since
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both T. equi and T. haneyi contain nine ema copies, with six being orthologous between
the two species (Knowles et al., 2018). Similarly, we hypothesize that ema-1 gene may

be present in the T. equi-like parasites that naturally infect horses in Nigeria.

Although, both PCR and c-ELISA are highly sensitive to B. caballi and T. equi, the
specificity varies and tends to be much higher and accurate with molecular than
serological diagnosis (Ibrahim et al., 2011). The prevalence of T. equi in the present
study was higher using c-ELISA than PCR and zero for microscopy. This finding
corroborate that of Ibrahim et al. (2011) where prevalence of T. equi infection using c-
ELISA was higher followed by PCR and then microscopy. Also, Seroprevalence of T.
equi (76.4%) was higher than B. caballi (0%) for symptomatic horses; likewise, the
asymptomatic horses had higher seroprevalence of 90% for T. equi and 3.8% for B.
caballi. These findings agree with previous reports (Sellon and Long 2007; Posada,
2012; Jimenez et al., 2014; Kamyingkird et al., 2014; Turaki et al., 2014). The likely
reason for this could be that horses infected with T. equi remain lifelong carriers
whereas, those infected with B. caballi are only seropositive for several years, and
infections are usually transient (Sellon and Long, 2007; Onyiche et al., 2019; Tirosh-
Levy et al., 2020). Additionally, the likelihood of T. equi resistance to most of the
conventional antiprotozoal agents that are probably in use in the study area may not be
overruled. Reports of T. equi persistence due to resistance to babesicidal drugs have
been documented (Rothschild and Knowles, 2007; Sigg et al., 2010; Wise et al., 2013).
The current study documents persistent anti- T. equi antibody titers without concurrent
active or ongoing infection in the symptomatic horses. Similar finding was reported in
humans, and the reason adduced was continuous secretion of antibody, predominantly,
IgG, by “memory” B cells without continued antigenic stimulation (Slifka and Ahmed,

1998; Bernasconi et al., 2002). Genetic diversity between the rap-1 genes of B. caballi
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Nigerian isolate and that which was used to develop the currently available B. caballi c-
ELISA may account for the 100% seronegative status in the symptomatic and low
seroprevalence in asymptomatic horses. Recent epidemiological evidence reported
discordance in the sequence conservation between the B. caballi isolates from Egypt
(Mahmoud et al., 2016), Israel (Rapoport et al., 2014), South Africa (Bhoora et al.,
2010) and Spain (Montes Cortes et al., 2017), and the epitope used as antibody
recognition site in the OIE-approved competitive inhibition antibody assay (CELISA)
for B. caballirap-1. Also, sequence heterogeneity in the ema-1 epitope exists based on
data obtained following comparative detection of T. equi antibodies between IFAT and
CELISA (Bhoora et al., 2010b). Regional differences may impact accurate molecular
and serological diagnosis of haemoparasitic infections, thus, the need to use antigens
from autochthonous strains and/or isolates is desirable. The possibility that majority of
the ticks that infested the symptomatic horses are appropriate for transmission of

Theileria species than B. caballi cannot be completely ruled out.

The serendipitous detection of T. haneyi and other unknown T. equi-like parasites in
horses in Nigeria highlights the role of genetic diversity in limiting detection of
apicomplexan parasites of livestock. Peculiar life-long persistent infection in EP
through asexual reproduction in mammalian domestic and wildlife hosts, as well as
sexual reproduction in the tick vector, promotes dispersal among different mammalian
hosts. This in turn provides an environment that facilitates continuous evolution of the
parasites, which are exposed to a distinct set of selective pressures from hosts and
vectors, thereby leading to potential changes in virulence, transmissibility, detectability
and immunogenicity (Knowles et al., 2018). Favourable climatic factors such as
temperature, humidity and rainfall favour tick population and questing behaviour, and

these promote pathogen transmission from infected to naive horses. These, in addition
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to poor management and non-implementable regulatory policies compound the

endemicity of EP in Nigeria.

Although, the aetiologic agents of EP cause haematological and biochemical changes,
several factors such as strain(s) of the parasites, innate immunity, presence or absence
of stressors, nutritional status, management practices, endemic stability, and other
peculiar regional and environmental conditions may impact their clinical manifestation
(Biu et al., 2012; Ehizibolo et al., 2012; Turaki et al., 2014). Data from this study
showed that T. equi caused more significant haemato-biochemical alterations than B.
caballi, T. haneyi, T. equi-like parasites, and horses with multi-clade infections in the
symptomatic horses. An exception to this finding was the significantly higher mean
plateletcrit in symptomatic horses with multiple-clade infections (mixed infections)
compared to those with T. equi and T. haneyi infections. Similarly, the mean percent
platelet distribution width was remarkably higher in T. haneyi-infected compared to the
T. equi-infected symptomatic horses. Also, the erythrocyte membrane malondialdehyde
concentration was higher in symptomatic horses infected with T. equi-like unknown
clade. The remarkable increase in plateletcrit in symptomatic horses with multi-clade
infections reflects increased platelet mass probably as a favourable regenerative
response to ongoing platelet destruction or consumption.Although, the mean platelet
count was not significantly altered in this study, thrombocytopaenia is a common
sequalae in horses infected with T. equi, B. caballi as well as horses with co-infection of
piroplasms (Zobba et al., 2008;Laus et al., 2015; Mahmoud et al., 2016). Likewise, the
mean percent platelet distribution width in T. haneyi-infected horses was remarkably
higher, thus, indicating marked variations in platelets size, changes with platelet
activation, and an indication of heterogeneity in platelet morphology. The exact

mechanism of platelet alterations in equine piroplasmosis is poorly understood and yet
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to be elucidated, but several hypotheses suggest immune-mediated destruction, splenic
sequestration and/or excess consumption as is observed in disseminated intravascular
coagulation (Wise et al., 2013). Moreso, T. haneyi was only characterized in the year
2018 (Knowles et al., 2018), and so very little is known about the virulence and
clinicopathological alterations associated with the parasite. Clinically, results of the
platelet indices reflect platelet anisocytosis, a finding corroborated by other authors
(Osselaer et al., 1997; Wiwanitkit, 2004; Vagdatli et al., 2010). Platelets play important
roles in the pathophysiology of diseases (Budak et al., 2016), and are principally
involved in haemostasis and thrombosis (Golebiewska and Poole, 2015). Their granules
contain small molecules and proteins (interleukin-1p, CD40 ligands, p-
thromboglobulin, growth factors etc) which influence endothelial wall and circulating

immune cells (Margetic, 2012; Mariani et al., 2014; Frelinger et al., 2015).

The high erythrocyte membrane malondialdehyde concentration in symptomatic horses
with T. equi-like unknown clade infection indicates lipid peroxidation that suggests
accumulation of oxidative ions which can cause haemolysis. Since the red blood cell
parameters were not significantly altered in this group of horses, It is likely that there is
adequate antioxidant response or capacity to the activities of the T. equi-like parasites
on the erythrocyte membrane of the infected horses. This is further buttressed by the in-
significant alterations in the antioxidant enzymes activities (catalase and superoxide
dismutase) and glutathioneconcentration that were investigated in the study. Ambawat
et al. (1999) and Radwan et al.(2013) had reported increased malondialdehyde
concentration in the erythrocyte membrane of donkeys and cattle infected with T. equi

and B. bigemina respectively.
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Evaluation of the haemato-biochemical parameters in the T. equi-infected symptomatic
horses based on sex distribution showed that symptomatic mares with T. equi infections
had lower MCHC and percent RDW respectively as the only significant alteration in the
erythrogram. This connotes presence of uniformly sized erythrocytes with low
haemoglobin concentration in the peripheral blood of symptomatic mares with T. equi
infection. Clinically, this may be responsible for the dyspnoea and weakness because
decrease haemoglobin concentration will predispose to tissue hypoxia. The presence of
hypochromic erythrocytes in T. equi-infected equids have been reported by other
authors (Zobba et al., 2008; Mahoud et al., 2016; Idoko et al., 2018). The low MCHC
could be associated with hypovitaminosis B6 secondary to iron deficiency. The
leukogram showed higher values in absolute neutrophil counts in symptomatic geldings
as well as absolute increase in lymphocyte counts in symptomatic mares with T. equi
infection. These increases may be due to the destructive effects of T. equisporozoites in
the peripheral blood mononuclear cells, specifically, the lymphocytes where they
undergo schizogonic stages to form microschizonts and macroschizonts. An acute,
favourable cellular inflammatory response possibly accounted for the higher values of
neutrophils and lymphocytes to the parasites’ antigens in both geldings and mares.
Similar findings in T. equi-infected horses have been reported (Ibrahim et al., 2005;
Ibrahim et al., 2011; Al-Obaidi et al., 2015). The thrombogram revealed higher values
in MPV and percent PDW in the T. equi-infected symptomatic mares, thus, suggesting
juvenile platelets are becoming bigger and more active. This may connote regenerative
response to T. equi infection, systemic inflammatory process where the consumption of
platelets in the spleen and/or reticuloendothelial system is evident, or it could be due to
small fibrin clots or platelets clumping. Similar findings have been reported (de Waal et

al., 1987; Donnelan and Marais, 2009).
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The only significant changes in serum biochemical profiles were concurrent
lowalbumin, high globulin, and high phosphate concentrations in the T. equi-infected
symptomatic geldings, as well as, high direct bilirubin concentration in the symptomatic
mares.Theileria equi causes splenomegaly and hepatomegaly. The later may
compromise liver function to cause hypoalbuminaemia and hyperglobulinaemia (de
Waal and van Heerden, 2004; Onyiche et al., 2019). Therefore, the hypoalbuminaemia
and hyperglobulinaemia may indicate chronic inflammatory disease of the liver.
Although, low serum phosphate concentration have been associated with infecting
piroplasms of horses due to altered erythrocyte metabolism (de Waal and van Heerden,
2004; Camacho et al., 2005), finding from this study showed higher levels of serum
phosphate in T. equi-infected symptomatic geldingswhich contradicted the report of
Garba et al. (2012). This increase may be associated with renal insufficiency that
resulted in decreased renal excretion of phosphate. Acute renal failure in equine
piroplasmosis has been associated with hemoglobin-induced pigment nephropathy and
systemic responses to severe inflammation (de Waal, 1992).The concurrent low serum
albumin and high globulin concentration observed in this study corroborate but
contradicts the low serum phosphate concentration reported in horses with predominant
T. equi infection(Zobba et al., 2008; Al-Obaidi et al., 2015).The low serum albumin
concentration may be associated with the oedema around the fetlock that was observed

clinically in symptomatic horses (Alsaad et al., 2010).

The high conjugated bilirubin concentration in the T. equi-infected symptomatic mares
may be due to hepatic damage or cholestasisfollowing hypoxia-induced hepatobiliary
system damage resulting from the decreased haemoglobin concentration observed in the

erythrogram of symptomatic mares.Although, the liver enzymes in this study were not
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significantly altered, liver damage in equine piroplasmosis has been reported (de Waal

and Heerden, 2004; Al-Obaidi et al., 2015).

On the basis of breed distribution of the haemato-biochemical alterations in the T. equi-
infected symptomatic horses, a low MCV, high MCHC, and high percent RDW were
observed in West African Barb horses as remarkable changes in the erythrogram.These
alterations suggest marked increase in the number of small sized erythrocytes that
contain more haemoglobin than normal. Although, a low MCV and high MCHC is
rarely reported, it is observed in congenital spherocytosis where erythrocytes do not
form correctly, thus, are removed by erythrophagocytosis in the spleen. Similar reports
of increased MCHC values in T. equi-infected donkeys (Laus et al., 2015) and horses

(Osman et al., 2017)have been documented.

The leukogram was comparatively normal but the thrombogram showed high MPV and
percent PDW in symptomatic Argentine Polo Ponies with T. equi infection. This
finding indicates marked increase in large size platelets and adequate bone marrow
response to ongoing platelet destruction or consumption. As stated previously, the exact
mechanism of platelet alterations in equine piroplasmosis is unknown but
thrombocytopaenia is a common laboratory finding (Alsaad, 2014; Osman et al., 2017),

even though the platelet counts were comparativelyunaltered in this study.

The significantly higher serum phosphate and direct bilirubin concentrations in the T.
equi-infected symptomatic Argentine Polo Ponies and higher indirect bilirubin
concentration in the symptomatic West African Barb horses with T. equi infection were
significant alterations in the biochemical profiles investigated based on breed
distribution. The high serum phosphate concentration may be due to renal disease that

243



impairs urinary excretion of phosphate. The conjugated hyperbilirubinaemia may
suggest liver failure with compromised hepatic excretion of bilirubin and/or hepatic bile
obstruction. However, there was no corresponding increase in unconjugated bilirubin in
the symptomatic Argentine Polo Ponies. Unconjugated hyperbilirubinaemia in horses is
often associated with haemolytic diseases, anorexia or liver failure. Therefore, the high
values in the T. equi-infected West African Barb horses may be due to increased
breakdown of haemoglobin which was significantly higher from the erythrogram and/or
decreased hepatocellular uptake due to hepatic disease. Interestingly, the erythroid
indices were not significantly altered, thus, excluding the possibility of haemolysis.
This may partly account for the icterus observed during physical examination of the
ocular mucous membrane, which corroborates the reports of Zobba et al. (2008) and

Salib et al. (2013).

Among the asymptomatic horses, therewere higher levels of blood urea nitrogen and
creatinine in both B. caballi-infected and horses with co-infection of B. caballi and T.
equi.The azotaemia may be associated with renal damage with impaired glomerular
filtration. Similar finding in donkeys with piroplasmosis was reported by Dede et al.

(2008) and Takeet et al. (2009).

Although, active infections in horses with piroplasmosis usually coincide with anaemia
that often result in acute disease, and sometimes, death (Knowles et al., 1996), results
of the haematological parameters in horses with ongoing active infection in this study
did not reveal anaemia but showed favourable inflammatory responses in symptomatic
horses compared to the non-infected horses. Similarly, there were no remarkable
alterations in the haematological parameters between the infected asymptomatic horses

and those that were non-infected. Premunition due to endemicity of EP in Nigeria and
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the presence of intact spleen could impact a favourable innate response. It has been
shown that clinico-pathological changes in horses possessing an intact spleen is quite
minimal compared to those in splenectomized horses (Knowles et al., 2018). Also,
horses develop persistent but low-level infection with mild clinical signs in endemic

areas (Garcia-Bocanegra et al., 2012; Mufioz et al., 2013).

Assessment of biomarkers for changes in the liver and kidney functions did not reveal
significant alterations within and between the Theileria species-infected symptomatic
and the non-infected horses. Also, the mean serum total cholesterol and glucose
concentrations within the infected symptomatic horses, and the uninfected horses
showed non-significant pathologies (risk factors for cardiovascular disease).
Cholesterol is essential for normal cellular function in animals, and is a vital component
of cell membranes (Cox et al., 1990). Conversely, significant increase in serum blood
urea nitrogen and creatinine concentrations were observed in asymptomatic horses that
were seropositive to B. caballi infection as well as asymptomatic horses with mixed B.
caballi and T. equi infections.Although B. caballi is less pathogenic than T. equi
(Radostitis et al., 2000), the high antibody titre in the B. caballi seropositive
asymptomatic horses as well as those with mixed infections may account for the renal

pathology, attested by the elevated serum BUN and creatinine concentrations.

The high levels of erythrocyte membrane bound antioxidant markers in the Theileria-
infected symptomatic horses were not statistically significant compared to the non-
infected horses. However, marked increase in the erythrocyte membrane
malondialdehyde concentration; an indicator of lipid peroxidation was observed in the
T. equi-like unknown infected symptomatic horses. The absence of significant oxidative

stress in both symptomatic and asymptomatic horses in this study may connote
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adequate antioxidant capacity by the host animals or effective regulation of free radicals
production by antioxidants, thus, mitigating tissue damage. This possibly explains the
in-significant biochemical changes in most parameters investigated for both the infected

symptomatic and asymptomatic horses.

There were no remarkable losses of erythrocyte surface sialic acids, attested by the non-
significant changes in the serum free sialic acid concentrations in symptomatic and
asymptomatic horses infected by the different Theileria species and B. caballiin this
study. This may partly explain the non-anaemic state observed in the infected horses.
Loss of erythrocyte surface sialic acids is associated with accelerated ageing process,
hence, shortened erythrocyte life-span and destruction by erythrophagocytosis (Esievo
et al., 1982). Based on these findings, it is possible to posit that the Theileria species
and B. caballidid not significantly impact the ageing process of the parasitized
erythrocytes in the infected horses, as such, the erythrocytes life-span were likely

unaltered.

The current study documents more significant haemato-biochemical alterations in
symptomatic geldings and mares with T. equi infections compared to the T. equi-
infected symptomatic stallions. These variations may be attributed to the level of sex
hormones. Susceptibilities to protozoan infections based on sex distribution have been
reported by Robert et al. (2001). Oestrogen and progesterone-induced suppression of
cells of innate immune system, such as mast cells, macrophages, dendritic cells and
natural Killer (NK) cells had been postulated in females (Baley and Schacter, 1985;
Szekeres-Bartho et al., 1997; Laskarin et al., 1999). These cells not only form the first
line of defense against many organisms, but also play an important role in directing the

developing adaptive immune response (Robert et al., 2001). Studies by Ruegget al.
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(2007), Moretti et al. (2010) and Oladipo et al. (2015) showed higher infectivity to T.

equi in female horses compared to the males.

The likelihood of endemic stability as justification for the mild haemato-biochemical
alterations among the infected symptomatic horses may not suffice since they all
presented variable but non-specific clinical signs of piroplasmosis. Therefore, it is
hereby perceived that effective host protective immune and regenerative responses may
have possibly contributed to mitigating the systemic or clinico-pathologic effects of the
identified parasites. However, the serologic evidence of B. caballi and T. equi infections
in the asymptomatic horses reflects endemic stability but this did not cause remarkable

haemato-biochemical alterations.
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CHAPTER SIX

6.0 CONCLUSION AND RECOMMENDATION

6.1 Conclusion

The present study did not detect any parasite by microscopy, thus, justifying the
superior specificity and sensitivity of molecular diagnosis used in this study over

conventional Giemsa-stained blood smear examination.

The current study revealed heterogeneity in the 18S rRNA of Theileria species naturally
infecting horses in Nigeria. This study to the best of our knowledge is the first to
document the presence of five distinct clades of Theileria species, clade A (Theileria
equi Florida/Texas strain), clade B (Theileria equi-like), clade C (Theileria haneyi),
clade D (Theileria equi-like), clade E (Theileria equi-like), and two unknown clades
that naturally infect horses in Nigeria. Similarly, the study is the first to document
multi-clade genotype infection within a single equine host in a naturally infected

population.

The present study revealed high seroprevalence of T. equi with considerable variation in
their genotypes in Nigeria. Based on the seropositivity of T. haneyi and T. equi-like
parasites to the anti- T. equi antibodies observed in this study, we hypothesize that emal

is present in the genome of the Nigerian isolates.

Ticks belonging to the genera, Amblyomma, Hyalomma and Rhipicephalus are the

possible vectors of the detected parasites, with Rhipicephalus evertsi evertsi being the
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predominant species. Seropositivity to anti- T. equi antibodies was remarkably
demonstrated, unlike the seronegative B. caballi for symptomatic horses, and high

antibody titre for B. caballi in three asymptomatic horses.

Overall, there were evidences of haemato-biochemical alterations in symptomatic than
asymptomatic horses. The symptomatic horses with T. equi infection had more
significant alteration in the haemato-biochemical profile compared to symptomatic
horses with T. haneyi, multi-clade or mixed infections and horses infected by T. equi-

like unknown parasites.

There were more haemato-biochemical alterations in symptomatic geldings and mares
with T. equi infection compared with symptomatic stallions infected by T. equi. The
symptomatic Argentine Polo Ponies with T. equi infection showed more remarkable
haemato-biochemical alteration compared to the T. equi-infected symptomatic West

African Barb horses.

Overall, there were no significant physicochemical changes in the erythrocyte
membrane parameters investigated in both symptomatic and asymptomatic horses,
except for the lipid peroxidation evident by high malondialdehyde concentration in
symptomatic horses infected with T. equi-like unknown clade. Therefore, no marked
oxidative stress was observed in symptomatic and asymptomatic horses with

piroplasmosis from this study.

6.2Recommendations

It is therefore recommended that further studies should be carried out to:
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Vi.

Vii.

viii.

Investigatethe virulence of the Nigerian isolates of Theileria species in clades A,

B, C, D and E in an experimental study.

Determine detailed comparative genomic analysis of the five distinct clades of
the Nigeria isolates of Theileria species that naturally infect horses in order to

determine the presence or absence of equine merozoite antigen-1 (emal).

Sequence more samples in order to determine the phylogeographical structure of

the parasites in Nigeria.

. Explore the use of antigens from autochthonous strain(s) to develop peculiar

diagnostics and/or chemoprophylaxis in Nigeria.

Determine tick vector competence to transmit the detected pathogens.

Experimentally compare the haemato-biochemical profiles of the Nigerian
isolates of Theileria species infections in splenectomized and spleen-intact

horses.

Establishing and domesticating of haemato-biochemical reference ranges for

horses in Nigeria as guide to clinical laboratory diagnosis and interpretation.

Routine treatment of horses to prevent development of fulminant disease,

especially in Geldings and Mares that are of exotic breeds.
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APPENDICES

Appendix 1: Laboratory data for symptomatic horses

Table 1. Erythrocyte parameters of the infected and uninfected horses

Parameters  Control T. equi T. haneyi Mixed Unknown
(Uninfected) Infections  infections
RBC 6.76+0.69 6.61+1.25 6.76+1.29 6.40+1.01 6.25+0.55
(x10%/L)
HCT (%) 31.42+2.45  32.26+1.39  33.11+1.43 31.80+2.33  31.23+1.68
Hgb (g/dL)  11.56+0.60 11.11+0.44  11.34+0.61  11.05+0.90  10.30+0.40
MCV (fl) 50.00£1.40 49.00+0.61  49.00+0.94 50.00£1.60 50.00+0.55
MCH (pg) 17.08+0.19  16.81+0.18  16.84%0.20 17.20+0.44  16.48+0.21
MCHC g/dL  34.36%x1.22  34.63+0.43  34.09+0.63 34.73£1.07 33.05+0.63
RDW (fl) 35.44+159  34.63+0.85  33.29+0.80 35.07+£1.12  31.80+1.25
RDW (%o) 20.06£0.68  20.04+0.22 19.41+0.36 20.47+0.29  19.08+0.60

Keys: RBC = red blood cells count, HCT = haematocrit, Hgb = haemoglobin, MCV =
mean corpuscular volume, MCH = mean corpuscular haemoglobin, MCHC = mean

corpuscular haemoglobin concentration, RDW = red cell distribution width
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Appendix 2: Leukogram of the study groups

Table 2. Leukocyte parameters of the infected and uninfected horses

Parameters Control T. equi T. haneyi Mixed Unknown
Infections  infections

WBC (x10”/L) 7.82+0.72 8.26+0.59 8.09+0.51 6.42+1.04 7.68+1.00

NEU (%) 38.74+0.88  23.46+3.26 28564543 1578453  19.18+13.16
NEU (x10%L) 3.10+0.80 1.95+0.31  2.24+043  1.17+051  1.200.77
LYM (%) 40.64+13.10  55.21#4.41 50.70+5.64 69.38+8.12 67.90+16.01
LYM (x10%L) 2.98+0.78 4.65:0.50  4.19+059  4.17+0.61  5.55+1.70
MID (%) 20.58+4.62  21.29+2.07 20.69+2.60 14.87+2.89 12.93+2.96

MID (x10%/L) 1.74%0.50 1.82+0.21 1.66+0.22 1.08+0.35 0.93+0.13

Keys: WBC = white blood cells count, NEU = neutrophil, LYM = lymphocytes, MID =
mid cells (monocytes, eosinophils and basophils).
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Appendix 3: Thrombogram of the study groups

Table 3: Mean platelet parameters of the infected and uninfected horses. Superscripts
with similar alphabets (aa) or (bb) are not significantly different but those with different
alphabets are significantly different (ab).

Parameters  Control T. equi T. haneyi Mixed Unknown
Infections infections
PLT 86.40+£12.99 83.11+6.61 98.36+11.98  120.30+26.75  104.30+20.06
(x10°%/L)
PCT (%) 0.062+0.01 0.060+0.01°  0.076+0.01*  0.163+0.07" 0.078+0.01
MPV (fL) 7.04+0.33 7.54+0.22 7.72+0.22 7.13+0.31 7.5340.29
PDW (%) 13.50+0.85 12.93+0.40°  14.61+0.10°  12.98+0.94 14.58+0.05
P-LCR 0.78+0.21 0.61+0.10 0.99+0.12 1.00£0.37 1.08+0.21

Keys: PLT = platelets count, PCT = plateletcrit, MPV = mean platelets volume, PDW =
platelet distribution width, P-LCR = platelet large cell ratio.
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Appendix 4:Erythrocyte membrane bound enzymatic activities of the studygroups

Table 4. Erythrocyte membrane bound alanine amino transferase, aspartate amino
transferase and alkaline phosphatase activities of the infected and uninfected horses

Parameters  Control T. equi T. haneyi Mixed Unknown
Infections infections

ALT (U/L) 5.40+0.51 5.30+0.21 5.43+0.20 5.17+0.48 5.75+0.48
AST (U/L) 59.60+6.41 53.81+3.37 58.07+4.01 66.00+8.38 59.50+2.90

Keys: ALT = Alanine amino transferase, AST = aspartate amino transferase
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Appendix 5 Erythrocyte membrane bound oxidative biomarkers of the study groups

Table 5: Mean erythrocyte membrane bound oxidative biomarkers of the infected and
uninfected horses. Superscripts with similar alphabets are not significantly different but
those with different alphabets are significantly different.

Parameters Control T. equi T. haneyi Mixed Unknown
Infections  infections

CAT 8.16+4.95 12.97+2.05 16.01+3.65 15.71+4.34 15.42+4.31

(u/mL)

SOD 7.58+1.51 10.71+1.31 10.26+1.67 12.24+1.96 11.93+4.06

(u/mL)

GSH 7.02+1.69 9.81+1.20  11.06+1.23 11.68+2.41 12.74+2.63

(umol/mL)

MDA 5.87+4.11° 16.00+2.88 16.40+4.22 17.60+4.95 41.72+20.22°

(umol/mL)

Keys: CAT = Catalase, SOD = Superoxide dismutase, GSH = Glutathione, MDA =
Malondialdehyde.
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Appendix 6: Serum biochemical parameters of the study groups

Table 6. Serum biochemical parameters of the infected and non-infected horses

Parameters Non-infected T. equi T. haneyi Mixed Infections Unknown infections
ALT (U/L) 5.60+0.40 5.33+0.46 5.43+0.68 6.00+0.58 5.00+1.00
AST (U/L) 21.60+3.25 20.15+1.12 18.36+1.57 20.17+1.68 22.25+1.93
ALP (U/L) 114.00+5.39 119.90+2.67 117.10+3.95 123.20+4.76 111.50+9.43
T. BiL (mg/dL) 1.28+0.14 1.14+0.06 1.03+0.06 0.93+0.13 0.90+1.19
D. BiL(mg/dL) 0.30+0.05 0.41+0.04 0.41+0.06 0.43+0.06 0.35+0.03
Indirect BiL(mg/dL) 0.42+0.06 0.59+0.08 0.31+0.10 0.53+0.15 0.30+0.09
Total protein (g/dL) 11.88+1.65 10.92+0.49 10.11+0.48 10.42+1.27 10.05+1.23
Albumin (g/dL) 5.22+1.75 6.53+0.48 6.53+0.73 6.42+0.81 7.70+1.41
Globulin (g/dL) 4.20+ 1.08 4.30+ 0.46 3.40+ 0.36 4.00+ 0.65 4.00+ 1.02
Creatinine (mg/dL) 1.20+0.11 1.55+0.16 1.32+0.11 1.75+0.22 0.83+0.14
BUN (mg/dL) 19.20+ 1.39 20.11+ 0.74 23.71+2.44 27.67£5.77 21.00+1.35
T. Chol (mg/dL) 74.72+11.30 68.76%3.70 62.70+4.87 81.25+15.04 81.23+21.08
Glucose (mg/dL) 110.60+14.11 94.43+5.30 86.90+4.56 88.85+13.54 87.98+7.86
TSA (/L) 26.82+0.95 24.37+0.68 24.37+0.95 23.92+1.25 23.25+2.64
FSA (/L) 11.48+0.89 10.92+0.21 10.46+0.38 11.53+1.10 11.50+1.10
BSA (u/L) 15.34+0.92 13.38+0.66 13.70+0.84 12.38+1.07 11.75+1.96

Keys: ALT = alanine aminotransferase, AST = aspartate transferase, ALP = alkaline phosphatase, TBiL = total bilirubin, Direct BiL = direct
bilirubin, Indirect BiL = indirect bilirubin, BUN = blood urea nitrogen, TChol = total cholesterol, TSA = total sialic acid, FSA = free sialic acid,

BSA

bound
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Table 7. Serum electrolyte concentration of the infected and non-infected horses

Parameter Non-infected  T.equi T. haneyi Mixed T. equi-like
infection Unknown
clade

Na (mmol/L) 67.66 + 6.54 67.57 +1.77 72.19 + 65.05 + 7225%351
3.22 6.78

Cl (mmol/L) 75.20 +3.18 77.93+141 77.07 + 75.17 + 69.25+214
1.90 3.35

K (mmol/L) 4.04 £0.32 4.82+0.21 499+0.28 437+0.36 4.60+0.25

HCO; 20.20 £ 1.28 22.00 £ 0.56 21.86 + 20.33 + 21.75%1.65

(mmol/L)
0.69 0.80

PO, 2.46 +0.23 3.89+0.47 454+0.70 248020 2.83+0.24

(mmol/L)

Ca(mmol/L) 11.62+0.93 12.13+0.35 11.30 + 10.92 + 11.53+0.69
0.51 0.87

Key: Na = sodium, CI = chloride, K = potassium, HCO3= bicarbonate, PO, = phosphate

Ca = calcium
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Appendix 7: Laboratory data for asymptomatic horses

6.4.2.1 Haemogram

Table 7: Mean haematological parameters of the infected and uninfected horses

Parameters Babesia Theileriaequi  Mixed Uninfected
caballi Infection (control)

RBC (x10%/L)  5.76 +1.04 5.67 +0.19 5.76 +1.04 5.50 + 0.51
HCT (%) 28.93+4.95 26.91+0.94 28.93+4.95 25.50+2.17
Hb (g/dL) 9.73+1.73 9.11+0.36 9.73+1.73 9.03+0.81
MCV (fL) 50.43+1.88  47.79+0.45 50.43+1.88 46.65 + 0.51
MCH (pg) 16.90 £ 0.21 15.97 £ 0.29 16.90 £ 0.21 16.45 £ 0.15
MCHC (g/dL)  33.60+0.84  33.44+0.64 33.60 £ 0.84 35.29 £0.32
RDW (fL) 21.33+0.72 19.22 £ 0.33 21.33+0.72 19.83 £ 0.15
TLC (x10%/L) 5.60 £ 2.36 5.92 £ 0.46 5.60 £ 2.36 6.01+£1.29
NEUT (x10%L) 2.37+1.48 2.33+£0.21 2.37+1.48 2.24 £0.51
NEUT (%) 34.63+13.79 38.41+1.47 34.63+13.79 36.05+2.71
LYMP(x10%L) 2.13+1.00 2.15+0.17 2.13+1.00 2.41 +0.52
LYMP (%) 4557 +12.61 38.13x1.51 4557 +12.61 43.51+5.18
MID (x10%L)  1.13+0.52 1.43+0.13 1.13+0.52 1.38+0.33
MID (%) 19.80 + 3.00 23.45+1.13 19.80 £ 3.00 20.44 +2.85
PLT (x10%L) 65.33+25.22 103.3+6.14 63.33+25.22 116.1+16.36
PCT (%) 0.05 £ 0.02 0.07 £0.00 0.05+0.02 0.08 £0.01
MPV (fL) 8.67 £0.94 7.99+0.15 8.67 £0.94 7.53+0.45
PDW (%) 14.43 £0.18 14.37 £0.03 1443 £0.18 14.25 £ 0.10

Keys: RBC = red blood cells count, HCT = haematocrit, Hgb = haemoglobin, MCV =
mean corpuscular volume, MCH = mean corpuscular haemoglobin, MCHC = mean
corpuscular haemoglobin concentration, RDW = red cell distribution width, TLC = total
leukocyte count, NEUT = neutrophils, LYMP = lymphocytes, MID = mid cells
representing monocytes, eosinophils and basophils, PLT = platelets, PCT = plateletcrit,
MPV = mean platelet volume, PDW = platelet distribution width
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Appendix 8:Serum biochemical parameters

Table 8. Mean serum biochemical parameters of the infected and uninfected horses

Parameters Babesia Theileriaequi  Mix Infection Uninfected
caballi
ALT (U/L) 18.30 £ 1.45 25.11+1.30 18.30 £ 1.45 31.09 +£4.70
AST (U/L) 22.87+4.22 2797 +1.54 22.87+4.22 29.74 £ 5.62
ALP (U/L) 529.7+£60.44 640.1+£19.97 529.7+60.44 620.7+78.24
T.BiL (mmol/L) 3.57+£1.68 11.71+0.99 3.57+1.68 6.65+ 1.37
D.BiL (mmol/L) 2.67 +1.18 5.20+£0.44 2.67+1.18 2.50+£0.42
I. BiL (mmol/L) 0.90 +0.50 6.57 + 0.66 0.90 £ 0.50 4.15+1.07
Creatinine 153.0+ 38.10°  83.13+ 3.45° 153.0 £ 38.10* 67.65 +9.31°
(umol/L)
BUN (mmol/L)  5.87+1.80* 198+0.15°  153.0+38.10° 2.01+0.42°
Total 8.70 £ 0.42 7.83+0.13 8.70 £ 0.42 7.90 £0.28
protein(g/dL)
Albumin@dL) 57,050 4052000  457:052  3.83+0.22
MDA (umol.mL) 1.60+0.18 3.65+0.30 1.60+0.18 3.38+1.01
SOD (U/mL) 19.42 + 0.62 14.81 + 0.59 19.42 + 0.62 13.56 +1.04
CAT (U/mL) 30.21+£19.19 24741221 30.21+£19.19 33.79+7.42
GSH (umol/mL)  10.55+1.66 13.41+0.36 10.55 + 1.66 12.44 +1.39

Keys: ALT = alanine aminotransferase, AST = aspartate transferase, ALP = alkaline
phosphatase, TBiL = total bilirubin, Direct BiL = direct bilirubin, Indirect BiL
indirect bilirubin, BUN = blood urea nitrogen, MDA = malondialdehydel, SOD
superoxide dismutase, CAT = catalase, GSH = glutathione
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Appendix 10:Competitive Enzyme Linked Immunosorbent Assay for T. equi in
Asymptomatic horses

Seventy two samples that comprised of H2 (71.8% PI), H3 (80.7% PI), H5 (42% PI),
H6 (47.9% PI), H7 (70.6% PI1), H8 (70.7% PI), H9 (81.7% PI), H10 (79% PI), H11
(72% P1), H12 (70.2% PI), H13 (66.6% P1), H14 (72% P1), H15 (54.6% PI), H17 (46%
PI), H18 (71.4% PI), H19 (52.5% PI), H21 (51.1% PI), H22 (78.3% PI), H23 (85.1%
PI), H24 (78.2% PI), H25 (68.2% PI), H26 (69.8% PI), H27 (63.6% Pl), H28 (76.3%
PI), H29 (61.7% PI), H30 (61.9% PI), H31 (73.3% PI), H32 (62.4% PI), H33 (72.2%
P1), H34 (62.2% PI), H35 (62.7% PI), H37 (81.3% PI), H38 (81.9% PI), H39 (83.7%
PI), H40 (82.9% PI), H41 (50.5% PI), H42 (64.9% PI), H43 (83.3% PI), H44 (62.7%
P1), H45 (80.7% PI), H46 (76.4% PI1), HA7 (56% PI), H48 (72.8%), H49 (55.2% PI),
H50 (79.1% PI), H51 (73.3% PI), H52 (84.3% PI), H53 (80.4% PI), H54 (77.6% PI),
H55 (63% PI), H56 (56.8% P1), H57 (61.7% PI), H58 (77.3% PI), H59 (75.2% PI), H60
(58.8% PI), H61 (73% PI), H62 (51.1% PI), H63 (59.3% PI), H65 (76.2% PI), H66
(68% PI1), H67 (68.2% PI), H68 (77.4% PI), H69 (82.3% PI), H70 (66.1% PI), H73
(83.1% PI), H74 (55.8% PI), H75 (79.2% PI), H76 (76.5% PI), H77 (77.2% PI), H78
(85% PI), H79 (79.4% PI) and H80 (53.9% PI) had percent inhibition (PI) above 40%,
thus, indicating reactivity to anti-T. equi antibodies or seropositive. Eight samples, H1
(16.8% PI1), H4 (0.6% PI1), H16 (-5.9% PI), H20 (-5.2% PI), H36 (25% PI), H64 (12.9%
PI), H71 (33.5% PI) and H72 (26.5% PI) had percent inhibition (PI) below 40%,

indicating non reactivity to anti-T. equi antibodies or seronegative.
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Appendix 9:Erythrocyte Membrane Biochemical Parameters

Table 9:Mean erythrocyte membrane biochemical parameters for the infected and
uninfected horses. Superscripts with similar alphabets are not significantly different but

those with different alphabets are significantly different.

Parameters Babesia caballi Theileriaequi  Mix Infection  Uninfected
Total Protein 0.55 £ 0.04 0.68 £ 0.03 0.55 £ 0.04 0.79+£0.14
(Hg/mL)

Total Sialic Acid  98.50 + 2.68 9453 +1.28 98.50 + 2.68 95.86 + 4.01
(Mg/mL)

Free Sialic Acid  62.57 £5.20 57.19 + 1.65 62.57 £ 5.20 60.79 + 3.95
(Mg/mL)

Bound 35.90 +4.31 37.32+2.16 35.90 +4.31 35.05 + 6.96
Acid

(Hg/mL)

Cholesterol 48.33+£22.18  40.73+2.33 48.33+£22.18 27.65+7.53
(mg/dL)

TG 18.57 £ 5.60 21.33+£1.32 18.57 £ 5.60 23.96 + 2.67
(mg/dL)

HDL 6.62 + 2.34 4.16 + 0.53 6.62 + 2.34 4.13+0.88
(mg/dL)

LDL 40.03+22.00 3357+224 40.03+22.00 29.88+8.44
(mg/dL)

Keys: TG triglyceride, HDL high density lipoprotein, LDL low density
lipoprotein
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Appendix 10: Molecular and Serological Detection of Piroplasms in Horses from Nigeria
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