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Abstract

Bovine babesiosis also known as red water, or tick fever is the
worldwide most important arthropod-borne disease of cattle that causes
significant morbidity and mortality. It is caused by intra-erythrocytic
protozoan parasites of the genus Babesia, which is transmitted by ticks
and affects a wide range of domestic and wild animals and occasionally
humans. Two important Babesia species; B.bigemina and B. bovis infect
cattle. They are widespread in tropical and subtropical areas including
South Darfur State, Sudan and are transmitted by one host tick

Rhipicephalus species.

A cross-sectional study was conducted from November to
December 2016 to assess the prevalence of bovine babesiosis in Nyala
town, South Darfur State, Sudan. In addition, the risk factors could be

associated with the disease were also investigated.

A total of 300 blood samples were collected from the jugular vein
of cattle. The overall prevalence of bovine babesiosis was 59.3%
(178/300) using microscopic examination of Geimsa stained blood smear.
A significant variation in the prevalence of bovine babesiosis (P<0.05)
was observed between the areas (Slaughter house, Animal fauna and

Farm).

The higher prevalence rate was recorded in male (65.3%)
compared with female (58.1%). The increased in the prevalence rate was
also recorded in young animals (62.5%) followed by adult (58.6%).
According to the body condition, the highest prevalence rate was
recorded in animals with poor body condition (64.3%). No significant
(P>0.05) association was observed between the infection with Babesiosis

and age, sex and body condition



Regarding mix-infection, 94.4% of infected animals showed
infection with both Babesia spp. and other blood parasite, while 5.6% of
infected animals were infected with Babesia spp. only. A significant
increase in the prevalence rated was observed in the cross breed cattle
(74%) compared with the local breed (52%). This significant was also
reported in animal treated with a combination of drugs (74%) compared

with animal treated with one drug only (52%).

The infection with Babesia was higher in the animal not infested
with ticks (60.5%) compared with animal infested with ticks (55.8%).

This fact could be refers to the miss using of acaricide in this area.
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Introduction

Babesiosis is caused by genus Babesia and it is zoonotic tick-transmitted
hemoparasitic disease, which is considered as the second most common tick borne
parasites of mammals after Trypanosomes (Telford, 1993). Babesiosis spp are
classified under apicomplexan, haemoprotozoan parasite, family Babesiidae, order
Piroplasmida (Sharma et al., 2013). Babesiosis also knows as bovine babesiosis,
piroplasmosis, Texas fever, Red water and Tick fever (Sahinduran, 2012).
Although Bovine babesiosis can be found wherever the tick vectors exist, it is most
common in tropical and subtropical areas (CFSPH, 2008). The disease is
characterized by fever, anaemia, haemoglobinuria and weakness. Moreover,
infection with babesia effects negatively on the health of the livestock, including
production and productivity (Alekaw, 2000). Additionally, this disease threatens

around half a billion cattle across the world (Saad et al., 2015).

Babesiosis commonly infect cattle, sheep, goats, horses, pigs, dogs and cats
and occasionally man. More than 100 Babesia spp. have been identified, which
infect many types of mammalian hosts. Out of these species, 18 cause disease in
domestic animals (Hamsho et al., 2015). Bovine can infect by different species of
Babesia, but three species are mainly found; B. bovis, B. bigemina and B.
divergens. Additional species can also infect cattle include B. major, B. ovate, B.

occultans and B. jakimovi (Spickler et al., 2010).

B. bigemina and B. bovis have a considerable impact on cattle health and
their productivity, especially in tropical and subtropical countries (EI-Ashker et al.,
2015). They are present in most areas of the world, with the greatest incidence

between the latitudes 32 °N and 30 °S, where their vector Boophilus spp are
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commonly occurring (Pohl, 2013). Moreover, they are particularly important in
Asia, Africa, Central and South America, parts of southern Europe, and Australia.
Generally, both parasites, B.bovis and B. bigemina, have the same distribution, but
in Africa B.bigemina is more widespread than B. bovis because of the ability of
Boophilus decoloratus and Rhipicephalus evertsi to act as vectors for B. bigemina
(Pohl, 2013). B. bovis and B. bigemina are affect cattle, water buffalo and African
buffalo. Furthermore, both parasites were recently discovered in white-tailed deer

in Mexico.

Host factors such as age, breed, and immune status can infect on the severity
of the disease (Jabbar et al., 2015). Bos indicus breeds are more resistant to
Babesiosis compared with BosTaurus (Radostits et al., 2007). This reason for this
phenomenon is due to the indigenous breed having lived for a long time in
endemic areas. Thus, they have developed an innate resistance against the tick and
tick borne disease. The severity of the clinical Babesiosis increases with age, so
adult animal is more infected by Babesiosis as compared with calves (El Moghazy
et al., 2014). The possible reason for that is the passive transfer of maternal
antibody via colostrum from the mother to the newborn (Demessie and Derso,
2015). Comparing between Babesia species, B. bovis is usually more virulent than
B. bigemina or B. divergens. Whereas the mortality rates over 50% are common in
animals infected with B. bovis. In contrast, only a relatively small proportion of

cases are fatal in animals infected with B.bigemina (CFSPH, 2008).

Babesiosis, especially in cattle has great economic importance, because
unlike many other parasitic diseases, it affects adults more than young cattle,
which leading to direct losses through death and the restriction of movement of
animals by quarantine laws. Furthermore, the disease is a barrier to improve

productivity of local cattle by crossbreeding due to the high mortality of the breed,
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which imported from Babesia free areas. Consequently, the quality of cattle in

endemic areas remains low (Demessie and Derso, 2015).

Although, Sudan is the largest African country has livestock, the reduction
in production and productivity due to tick borne disease are great. In South Darfur
State (West Sudan), the major factors limiting livestock productivity are poor
nutrition, lack of water, overgrazing, and diseases such as bacterial, viral and
parasitic diseases. In order to control these diseases, especially tick borne disease,
extensive studies on parasitic diseases are needed. Tick borne disease in general
and Babesiosis in specific have not been studied extensively in South Darfur State

before.

The objectives of this study are:

To estimate the prevalence of bovine babesiosis in South Darfur State.

To investigate the potential risk factors could be associated with disease.



Chapter one

Literature review

1.1 Etiology

Nowadays Piroplasmosis is a disease with a worldwide distribution affecting
many species of mammals with a major impact on cattle and human. It has been
recognized throughout the world as public health problems (Zanet et al., 2014).
Babesia spp is a protozoan parasite transmitted mainly by ticks and able to infect
erythrocytes of a wide variety of domestic and wild animals (Duh et al., 2008).
Babesia is the second most common parasite found in the blood of mammals after
trypanosomes (Yabsley and Shock, 2013). It causes direct economic losses, such as
mortality, reduction in meat and milk yield, and the cost of control measures of
ticks. The infection with babesia is characterized by anaemia, icterus,
hemoglobinuria, which may finally lead to death (Wagner et al., 2002; Vial and
Gorenflot, 2006).

Bovine babesiosis is caused by Babesia bigemina (B.bigemina), Babesia
divergens (B.divergens), Babesia bovis (B.bovis), and Babesia major (B. major).
Among these species, B. bigemina and B. bovis, have a considerable effect on
cattle health and their productivity in tropical and subtropical countries (Iseki et
al., 2010).

Examination of blood smears stained with Giemsa using microscopy has
been considered as the “gold standard” for detecting Babesia organism in the blood
of infected animals, particularly in acute cases. However, this method is not useful
in a carrier animal, where the numbers of the parasites in the peripheral blood are

very few (Bose et al., 1995; Nayelet al., 2012). Polymerase chain reaction (PCR) is



more sensitive and specific technique and offers an alternative approach to detect
Babesia spp (AboulLaila et al., 2010; Zulfigar et al., 2012 ; Shams et al., 2013).

Taxonomy of Babesia:

The genus Babesia is classified under Phylum Apicomplexa (also called
Sporozoa), class Aconoidasida (piroplasmea) and Order Piroplasmida (Homer et
al.,2000). Piroplasms are referring to the protozoan parasites that utilize
mammalian erythrocytes in their life cycle and characterized by intra erythrocytic
forms which can be pear-shaped (Levine,1971).

This order, Piroplasmida, includes two main families Babesiidae and
Theileriidae. The primary distinction between Babesia and Theileriaon on one
hand is the absence of apre-erythrocytic cycle in Babesia and on the other hand the

absence of transovarial transmission in Theileria (Homer et al., 2000).

The Taxonomy of Babesia (Levine,1988) as following:
Domain: Eukaryota

Kingdom: Chromalveolata
Subkingdom:  Protozoan,

Superphylum: Alveolata

Phylum: Apicomplexa (Sporozoa) (Homer et al.,2000)
Class: Aconoidasida (Piroplasmea) (Levine et al.,1980)
Order: Piroplasmida (Levine,1971)

Suborder: Piroplasmorina (Hunfeld et al.,2008)

Family: Babesiidae



Genus: Babesia

Species: Babesia bigemina, Babesia bovis and Babesia divergens. (M’Fadyean
and Stockman,1911)

1.3 Mammals species affected by bovine Babesia spp:

B. bovis and B. bigemina are found in cattle, which are the main hosts. They
also affect water buffalo, African buffalo and white-tailed deer in Mexico.
Generally, animals other than cattle have been considered of epidemiological
significance as reservoir for B.bovis and B. bigemina.

B. major, B. ovata and B. occultans also cause infection in cattle. B.
divergens causes clinical signs in cattle, sheep and reindeer. Moreover, humans
and non-human primates (including chimpanzees and monkeys) are also
susceptible to infect with B. divergens. Experimental infections with B.divergens
also established in red deer, roe deer, fallow deer and Mongolian gerbils but
clinical signs are not usually seen. Mice, hamsters, rats and rabbits are highly
resistant to get the infection with Babeisa spp. B. jakimovi can infect cattle, roe
deer, Asian elk and reindeer (CFSPH, 2008).

1.4 Epidemiology of bovine Babesiosis:

Babesia species occur in Central and South America, parts of Europe and
Asia, Australia and Africa. Babesia bigemina is much more widespread and
present throughout southern Africa, except the arid and some high-lying parts
(Bock et al., 2004). B.bigemina has been eradicated from the United States of
America. In southern Africa, B.bovis is restricted to areas where Rhipicephalus.
microplus is exist. B. major can be found in parts of Europe, Northwest Africa and

Asia, as well as China. B. ovata has been described in Japan, China and other parts



of eastern Asia. B. occultans was reported in Africa, and B. jakimovi occurs in
Siberia (CFPH, 2008).

Endemic stability is defined as the state where the relationship between
host, agent, vector and environment is such that clinical disease occurs rarely or
not at all (Perry, 1996). In endemic area, passive acquired immunity against
Babesia through colostrum remained until 2 months. Later is followed by innate
immunity from 3 to 9 months of age (Mahoney and Ross, 1972; Mahoney, 1974).
Therefore, calves exposed to babesiosis during the first 6 to 9 months rarely show
clinical symptoms and develop a solid long-lasting immunity (Dalgliesh, 1993).
Moreover, it is estimated that if at least 75% of calves were exposed to B. bovis
infection by 6 to 9 months of age the disease incidence would be very low and a

state of natural endemic stability would exist.

Under instability conditions, some animals become infected with Babesia
after birth. Therefore, they may develop severe disease if they get the infection
later in life (Callow, 1984; Mahoney, 1974).

1.5 Transmissions of Bovine Babesiosis:

Babesia species are transmitted by ticks, which become infected when they
ingest the parasites during the blood meal. The major vectors of B. bigemia are
Rhipicephalus microplus (formerly Boophilu smicroplus),R. annulatus (formerly
Boophilus annulatus), R.decoloratus, R. geigyi, and R. evertsi. The major vectors
for B. bovis are R. microplus, R. annulatus and R. geigyi.

B. divergens and B.jakimovi are mainly transmitted by Ixodes species.
Haemaphysalis punctate transmits B. major, Haemaphysalis longicornis transmits

B. ovata, and Hyalomma marginatum transmits B. occultans. (CFSPH,2008).



Inside the tick, Babesia zygotes multiply as ‘vermicules,” which invade
many of the tick’s organs including the ovaries. Babesia species are readily passed
to the next generation of ticks through the egg. These parasites can sometimes pass
several generations, though transovarial transmission. Although this method of
transmission is mainly depending on the species of Babesia and ticks. For example,
B. divergens can survive in tick populations for at least 4 years, even if cattle are
not present. (CFSPH, 2008).

When an infected tick attaches to a new host, Babesia is stimulated to
undergo their final maturation. The animal can become ineffective with B. bovis
within 2-3 days after ticks attach. However, B. bigemina matures in approximately
9 days after attachment of ticks. Other biting flies might act as a mechanical

transmission for Babesiosis.

Babesiosis is maintained in cattle populations through asymptomatic
carriers, which have recovered from acute disease. B. bovis persists in cattle for
years, while B.bigemina survives for a few months. Calves can be infected in
utero; however, this way of infection appears to require pathological changes in the
placenta (Barros, 2008).

1.6 Life cycle of Babesia:

The life cycle of B.bovis and B.bigemina was investigated extensively and
more information is available regarding these species. The development of B. bovis
and B. bigemina followa a similar patterns in adult Boophilus spp. (Friedhoff,
1988). Ticks introduce the sporozoites into the host during the blood meal. The
sporozoite penetrates the membrane of erythrocyte with the aid of specialized
apical complex (Potgieter and Els, 1977). Once inside, the sporozoites transform

into a trophozoites and then merozoites, which they develop by a process of binary



fission ( Friedhoff, 1988). The merozoites later develop into gametocytes
(Mackenstedt et al., 1995). These gametes do not develop further until they
ingested by ticks. Changes in the environment from host blood to the midgut of the
tick vector stimulate the development of gametocytes (ray bodies from) (Gough et
al., 1998). The ray bodies undergo further multiplication within the erythrocyte
and then fuse together in pairs into form a spherical cell called zygote (Gough et
al., 1998; Friedhoff, 1988). The zygote selectively infects the digestive cell of the
tick gut where they multiply into motile kinetes (Agbede et al., 1986).

These motile knots, then escape into a variety types of cell and tissues,
including the oocytes where successive cycles of secondary schizogony take place.
Thus, transovarial transmission occurs with further development taking place in the
larval stage. Motile kinetes enter also the salivary glands and transformed into
multinucleated stages (sporogony) and then break up to form sporozoites
(Mackenstedt et al., 1995). In all species, sporozoite development usually only

begins when the infected tick attaches to the vertebrate host.

In B.bigemina, some development takes place during the feeding of larvae,
but infective sporozoites take about 9 days to appear. Therefore, the infection can
occur only in the nymph and adult stages of the tick (Hoyte, 1961; Potgieter and
Els, 1977). In the case of B. bovis, the formation of infective sporozoites usually
occurs within 2 to 3 days of larva attachment, thus larva can also play a role in the
transmission of B. bovis (Riek, 1966).

1.7 Pathogenesis and clinical signs of bovine babesiosis:

After penetration of the cell, Babesia multiplies via repeated binary fission
within the erythrocyte, resulting in up tol6 merozoites. Multiplication of the
parasites leads to damage the membrane of erythrocyte cell, which increased the

osmotic fragility, which in turn leads to intravascular and extravascular haemolysis
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and anaemia.(Mathé et al ., 2007). Babesia activates antibody-mediated cytotoxic
destruction of erythrocytes leading to anaemia, haemoglobinaemia,
haemoglobinuria, thrombocytopenia and in cases of massive infection leads to
death caused by multiple organ dysfunction syndrome (Mathé et al., 2007).
Immune-mediated haemolytic anaemia is assumed to occur with all Babesia
species following the production of anti-erythrocyte membrane antibodies
(Hunfeld et al., 2008). In severe babesiosis, tissue hypoxia is occuring specially in
dogs and ruminants and particularly affecting the central nervous system, kidneys
and muscles (Vercammen et al., 1995; Matijatko et al., 2012; Schetters et al .,
1997). Furthermore, many of intra erythrocytic parasites can escape from the
Immune system through rapid antigenic variation, which has been demonstrated in
B. bovis and B. bigemina (Radostits et al., 2007).

B. bovis is the highly pathogenic species compared with other bovine
Babesia (Sahinduran, 2012). In acute cases of B.bovis, the maximum parasitaemia
in circulating blood is less than 1%. This is in contrast to B. bigemina infections,
where the parasitaemia often exceeds 10% and may be as high as 40%. Both B.
bigemina and B. bovis have the same clinical signs, but show differences in
pathogenesis and manifestation. Hence, B.bigemina can be characterized as a
peripheral babesiosis with severe anaemia, whereas B. bovis often induces a

visceral babesiosis because of thrombus formation (Pohl, 2013).

The incubation periods usually vary from 8 to 15 days. In acute
manifestations, fever (>40°C) usually presents for several days before the onset of
other clinical signs such as inappetence, depression, weakness, reluctance to move.
Haemoglubinuria is often present, especially in B.bigemina infections (hence the
common name “redwater"). Anaemia and icterus are especially obvious in more

protracted cases. Diarrheal is common and pregnant cows may abort. Cerebral
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babesiosis, which occasionally develops in B. bovis infections, is manifested by
hyperaesthesia, circling, head pressing, aggression, convulsions and paralysis
these signs may or may not accompany other signs of acute babesiosis (Bock,
2004).

1.8 Lesion in bovine babesiosis:

Light red, watery blood, pale mucous membranes and pale carcass
comparing with the normal character of the typical necropsy of babesia cases. The
spleen is enlarged and congested .The liver is swollen, friable and yellowish-brown
in colour, and the surface may have mottled appearance, with fatty degeneration to
necrosis. The gallbladder is distended with viscous bile, which often contains dark
brown granules up to 1 mm in diameter. The content of intestinal is usually lower
and yellowish in color. The kidneys are mildly to moderately swollen and dark
reddish-brown or yellowish-brown in color. The lungs are often oedematous, with
foam present in the bronchi and trachea. The heart is usually flabby and pale
(Bock,2004 ) .

If the animal survives longer, mild to moderate transudation into the body
cavities such as hydrothorax, hydropericardium and ascites may be observed. The
urine is discolored and may be deep yellow to yellow-brown (Bock, 2004 ; De Vos,
2004 ; De wall, 2006 ).

1.9 Babesiosis in other animals:

1.9.1 Sheep and goat Babesiosis:

Ovine and caprine babesiosis is an acute or chronic infectious disease of
sheep and goats, caused by two species of Babesia; B.motasi and B.ovis. B. motasi
Is a larger and more virulent form, occurring singly or paired in erythrocytes; while

B. ovis, is a small form.(Phillip and Peter, 2015 ).
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Ovine and caprine babesiosis is widespread in tropical and subtropical
regions in North Africa including Egypt, the Middle East, south-eastern Europe,
and South America. This disease occurs in all breeds, sexes and age of sheep and
goats, but animals 6-12 months old have a higher incidence than animals of other
age groups. Ticks of the genera Dermacentor, Rhipicephalus, Haemaphysalis, and
Ixodes have been reported as vectors. The organisms are transmitted transovarially
or transstadially depending on the vector involved. The disease is characterized by
fever, anaemia, hemoglobinuria and icterus. Economic losses result from the
deaths among affected sheep and goats, and the cost of control programs..(Phillip
and Peter, 2015 ).

1.9.2 Canine Babesiosis:

There are two species of Babesia ,B. canis and B. gibsoni ,caused Babesiosis
in domestic dogs. Although canine Babesioisis is common throughout the world,
the infection is more common in areas where tick infestation is high and acaricide
Is not used. Ticks are not able to transmit infection immediately upon first
attachment to the host; they require a period of approximately 24 to 48 hours of
initial feeding before organisms are able to pass across the salivary glands and into
the vertebrate host. Rhipicephalus sanguineus and D. variabilis are the most
common known arthropod vectors of canine babesiosis in the United States. Direct
transmission of Babesia from an infected anima to a naive animal can also occur
following blood transfusion or with contaminated needles or surgical instruments.
Canine babesiosis can also transmit directly from dog-to-dog via dog bites (Irwin,
2010; Sikorski et al., 2010 ; Di Cicco, 2012)

Canine Babesiosis is characterized by moderate to severe hemolytic

anaemia, fever, anorexia, depression, pallor and splenomegaly. In general, the

12



infection with B. canis is less severe comparing with B. gibsoni (Irwin,
2010;Sikorski et al., 2010; Di Cicco , 2012)

1.9.3 Equine babesiosis :

Equine babesiosis is a febrile tick-borne disease of horses, mules and
donkeys, caused by B. equi or B. caballi. Equine babesiosis occurs in North,
Central, and South Africa, South and Central America, USA, Southern and Eastern
Europe, Asia, the Middle East including Egypt, and India (ElI Sawalhy, 1999).
Equine babesiosis is transmitted by ticks of the genera Dermacentor, Hyalomma,
and Rhipicephalus. Contaminated needles, surgical instruments, and blood
transfusion can also transmit the infection mechanically. B. caballi is transmitted
transovarial from one tick generation to the next, while B. equi is transmitted only
transstadial.

Generally, the disease is characterized by high fever, anorexia, oedema of
the fetlocks joins, head and ventral abdomen, anaemia, hemoglobinuria, jaundice,
abortions and around 17.5% mortality rate. B. equi is the more pathogenic as up to
20% of red blood cells are infected, which leading to severe clinical signs, while
B. caballi causes less severe or asymptomatic disease as only about 1% of red
blood cells are infected ( (El Sawalhy, 1999).

Babesiosis in equine has a big economic effect result from the interference
with racing and pleasure horse meetings and competitions. So equine babesiosis is
an important risk, which concerns quarantine authorities in free countries
particularly during Olympic and Paralympic games when so many horses will be
imported into those countries. Thus, the Office International Des Epizooties (OIE)
has placed this disease under the category of list (B) diseases (El Sawalhy, 1999).

13



1.9.4 Human Babesiosis:

The first case was identified on Nantucket Island, off Cape Cod,
Massachusetts (Healy, 1970). The causative agent was B. microti and the vector
was the Ixodes dammini (Spielman, 1976). Additional cases occurred on the island,
and the disease became known as “Nantucket fever.” During the past decade, the
incidence and geographic distribution of babesiosis in human have been increased
in the north-eastern and upper mid-western regions of the United States. Infection
with B. microti is also common in southern New England, where the high
prevalence of B. microti infected ticks in the region are observed (Krause et al.,
2003; Tokarz et al., 2010 ).

The clinical manifestations of babesiosis range from subclinical infection to
fulminating disease resulting in death. Most symptomatic patients become ill
between 1 to 4 weeks after the bite of a B. microti infected tick and between 1 to 9
weeks after transfusion of contaminated blood (Vannier et al., 2008; Herwaldt et
al., 2011). After a gradual onset of malaise and fatigue, fever usually develops,
with a peak temperature that can be as high as 40.9°C (105.6°F). Chills and sweats
are common and may be accompanied by headache, myalgia, anorexia,
nonproductive cough, and nausea (Ruebush et al., 1977 ; Krause et al., 2003 and
Joseph et al., 2011). Moreover, symptoms include vomiting, sore throat, abdominal
pain, photophobia, weight loss, depression, and hyperesthesia may occur (Ruebush
et al., 1977 ; Vannier et al., 2008). On physical examination, fever is the most
common sign and it may be accompanied by splenomegaly, pharyngeal erythema,
hepatomegaly, jaundice, or retinopathy with splinter hemorrhages, and retinal
infarcts ( Ruebush et al., 1977; Krause et al.,1996; Vannier et al., 2008 ).
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1.10 Diagnosis of Bovine babesiosis:
1.10.1 Clinical findings:

The incubation period is often between 2-3 weeks after tick infestation.
However, shorter incubation periods have been documented in the field and
through experimental inoculation (4-5 days for B. bigemina and 10-12 days for B.
bovis).

The severity of the disease varies according to the species of parasite and
host factors (i.e. Age, immune status). Generally, infection with B. bovis is more
pathogenic than B. bigemina or B.divergens. The infected animals develop a
lifelong immunity against re-infection with the same species and cross-protection

against other species (Homer et al., 2000and Kahn, 2005).

Generally, the disease is characterized by high fever, ataxia, anorexia, dark
red to brown urine, signs of general circulatory shock, sometimes nervous signs
associated with sequestration of infected erythrocytes in cerebral capillaries.
Anaemia and haemoglobinuria may appear later in the course of the disease
(Homer et al., 2000 and Kahn, 2005).

1.10.2 Direct microscopic examination:

Thin blood smears were prepared from the peripheral blood and then dried.
After fixation with methanol for 5 minutes, slides were stained with 4% Giemsa
for 30 minutes and then washed with distilled water. One hundred microscopic
filed were examined under immersion lens oil (100xmagnification). The presence
of one piroplasm was considered as positive cases (Salih et al., 2007). Microscopic
differentiation between Babesia species depends on the shape and size of these
parasites. B.bigemina is a large pleomorphic Babesia and identified by the pear-

shaped bodies joined at an acute angle within the erythrocyte. Comparison between
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B. bigemina, and B. bovis the later is smaller, and identified by the pear shaped
bodies joined at an obtuse angle. The differentiation between the round forms and
the pear shaped of Babesia was mainly depends on the size. The size of the round
forms of B. bigemina is around 2 pm, and of B. bovis is around 1-1.5 pum. The size
of pear-shaped of B. bigemina and B. bovis are 4-5 um and 1.5-2.4 um,
respectively (Taylor et al., 2007). These parasites and all divisional stages are

found within RBCs ( Zintl et al., 2003; OIE, 2008).
1.10.3 Polymerase chain reaction (PCR) assays and other

techniques:

Polymerase chain reaction (PCR) assays can detect and differentiate Babesia
species, and are more useful especially in a carrier animal. The infection with
Babesia may also be diagnosed using vitro culture or blood transfusing into a test
calf. Experimental animal techniques are expensive and seldom used as a routine
diagnosis ( Zintl et al., 2003; OIE, 2008).

1.11 Control of Babesiosis:

Babesiosis can be eradicated by eliminating of the vector; this can be
performed by treating of all cattle every 2 to 3 weeks with acaricides. In countries
where eradication is not feasible, tick control can reduce the incidence of disease.
The development of resistance against acaricides must be concerned. Modification
of the environment can also destroy the tick habitats, but in some cases, this may
be difficult(CFSPH, 2008).

Live, attenuated strains of B. bovis or B. bigemina or B. divergens are used
to vaccinate cattle in some countries. These vaccines have safety issues, including
the potential virulence in adult animals, possible contamination with other
pathogens, and hypersensitivity reactions to blood proteins. These vaccines are

suitable to be used in animals less than one year of age. In some cases, vaccination
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of older cattle is necessary, especially when the cattle are moved into an endemic
area. Older animals should be monitored closely after vaccination, and the
treatment should be applied if any clinical signs are developed. Moreover, in some
countries, animals may be vaccinated in the face of an outbreak. The use of
genetically resistant cattle such as Bosindicus can also decrease the incidence
(CFSPH, 2008).

1.12 Treatment of Babesiosis:

Treatment is most likely to be successful if the disease is diagnosed early; it
may fail if the animal at the late stage. A number of drugs are reported to be
effective against Babesia, but many of them have been stopped due to safety or
residue concerns.

Currently, diminazenean and di midocarb dipropionate (imidocarb) are the
most widely used. Diminazene works rapidly against B. bovis and B. bigemina at a
dose of 3.5 mg/kg Intramuscular (De Vos, 1979). Imidocarb is used
subcutaneously at a dose of 1.2 mg/kg for treatment, while 3 mg/kg provides
protection against B. bovis for 4 weeks and against B.bigemina for 2 months
(Taylor and McHardy, 1979). Moreover, imidocarb at high dose can eliminates B.
bovis and B. bigemina from the carrier animals (de VVos Dalgliesh and McGregor,
1986). Treatment with long-acting Oxytetracycline following vaccination
significantly reduces the parasitaemia without inhibiting the development of the
immunity (Pipano et al., 1987; Jorgensen et al., 1993). However, Oxytetracyclines

are not usually able to control the virulent field infections.

1.13 Economic impacts of Babesiosis:

The economic impact of babesiosis can be expressed in term of mortality,
loss of production (including meat and milk production), the cost of control and
the restriction of animal movement. In the areas where the management is best,
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there are few reliable estimates of economic losses resulting from babesiosis.
The problem of babesiosis is becoming further complicated by the occurrence of
more than one tick-borne disease in the region and control of ticks is recommended
(Norval etal., 1991).
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Chapter two
Material and Methods

2.1 Study area:

The present study was conducted at Nyala town (Figure 1), South Darfur
State, Sudan. The State is located in the southwest of Sudan and covers around
139800 km?, and located between latitude 13-9.30° North and longitude 27—-24.30°
east. The state has common borders with North Darfur State, West Kordofan State,
Northern Bahr El Ghazal State, and West Darfur States. It also shared border with
Chad and Central Africa Republic. Livestock species in south Darfur include
camels, cattle, donkeys, goats, horses and sheep.The main important breeds of
cattle in this area are: indogenous Baggara, butanna, kennana and some cross
Frisian.

The climate in South Darfur State is savannah type, while is semi-desert in
the north State. The meteorological annual data of 40 years were obtained from
Nyala Airport Meteorological Station and it showed that the minimum and
maximum temperatures are between 20.98°- 35.14°C. The annual relative humidity
is 35.58% and the mean rainfall is 402 mm. There is one raining season, which
occurs between June and October, but the bulk of the rainfall takes place during the

period between Julys until September.

2.2 Study design:

The study was a cross-sectional study to estimate the prevalence of Bovine

Babesiosis , and the risk factors associated with the disease.
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Figure 1: The study area, Nyala town, South Darfur State, Sudan.
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2.3 Sample size:
The sample size of animals was determined using the formula of Thrusfield (2007).
n= [ (1.96)] "2. Pexp (1-Pexp)/d"2

n=sample size
Pexp = expected prevalence
d = desired absolute precision (d=0.05)

The expected prevalence of bovine Babesiosis was obtained from a previous study
(Shuaib et al., 2015), which was estimated as 5.20%. Consequently, the sample

size was calculated as follows:
n=( [1.96)] ~2*(0.0520)*(1-0.0520)]/(0.05)2=75 animals.

To increase the percussion of our result, the sample size was multiplied by 4. Thus,

the sample size becomes 300 animals.

2.4 Sampling methods:

The samples were taken from three areas and these were blood samples (300
samples) collected by using Multi-stage sampling technique. Based on this
technique the state was divided into three Areas. From each division, 100 cattle
were selected Slaughterhouse, 100 cattle Almuashi area (animal fauna) and 100
cattle farms.

2.5 Blood samples:

The whole blood samples were collected from the jugular vein according to
OIE method (OIE, 2010). Approximately, 3-5 ml of blood was taken from the
jugular vein using labelled disposable syringe after disinfecting the site of
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injection. Immediately, the blood was transferred into tubes containing Ethylene
Diamine Tetra-acetic Acid (EDTA) (Nayel et al., 2012).

The samples were transferred to Nyala University and kept at 4°C until use. Thin
smears were prepared by applying one drop of blood onto a microscopic slide near
to the edge. At an angle of 45°, another slide was placed and then the blood was
spread by gently moving forward of the slide. The smears were first air dried and
then fixed for 2 minutes using methyl alcohol (Absolute methanol). These Blood

samples transferred to Nyala university lab for microscopic examination.
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Figure 2: Collection of blood samples from slaughter house in Nyala town-

South Darfur State.
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2.6 Microscopic blood examination:

Thin blood smears were prepared from the peripheral blood and then dried.
After fixation with methanol for 5 minutes, slides were stained with 4% Giemsa
for 30 minutes, and then washed with distilled water. One hundred microscopic
filed were examined under immersion lens oil (100xmagnification). The presence
of one piroplasm was considered as positive cases (Salih et al. 2007). Microscopic
differentiation between Babesia species depends on the shape and size of these

parasites. (Taylor et al., 2007).

2.7 Questionnaire:

Data regarding the characteristics of individual cattle, including age, gender,
breed, body condition, presence of ticks, infected with other blood parasites,
treatment and the Area, were obtained by asking the owner. These factors were
divided into categories described by Thrusfield (Thrusfield, 2007).

2.8 Statistical analysis:

The data collected during the study period were stored in Microsoft Excel
sheet and then analysed using statistical software program for Windows (SPSS
version 16.0). The prevalence of Babesia was calculated by dividing the number of
the positive cases by the total number of cattle examined. The associations of risk
factors like age, sex, body condition and treatment with the positivity of Babesiosis
were analysed using Chi-square test. The confidence interval (CI) was held at 95%
and P<0.05 was set for statistical significance and then selected to analysed using
Multivariate Analysis.
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Chapter three

Results

3.1. Distribution of total results:

A total of 300 blood samples of cattle were selected randomly from three
different areas Nyala Town - South Darfur State and microscopically examined for
infection with bovine babesiosis. Among these animals, 178 (59.3%) were infected
with Bovine babesiosis (Table 3.1).

Table 3.1: The number and distribution of animals examined for Bovine
babesiosis from different areas in South Darfur State.

Areas No. of tested No. of positive
Slaughterhouse 100 54

Animal fauna 100 50

Farms 100 74

Total 300 178

3.2. Prevalence of Bovine babesiosis in relationship to the potential
risk factors:

3.2.1 Cattle age group:

Cattle of different age group were examined for infection with babesiosis.
The animals were divided into 2 groups; young cattle (age less than 3 years) and
adult cattle (age > 3 years). Fifty six and 244 cattle’s were examined from each
group, respectively (Table 3.2.1). Generally, the infection rate was highest in the
young group (62.5%) compared with adult group (58.5%) (Table 3.2.2). However,
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there was no significant association between the disease prevalence and two age
groups(p-value 0.593) (Table 3.2.3).

3.2.2 Cattle sex:
Cattle examined for Bovine babesiosis were classified according to sex. The

total number of female examined was 251 animals and the total numbers of males
examined was 49 animals (Table 3.2.1).The obtained result revealed that 146 out
of 251(58.2%) of females and 32 out of 49 (65.3%) of males were infected with
Bovine babesiosis (Table 3.2.2).The Chi- square test showed that, no significant
association between the infection with Bovine babesiosis and gender of the animal
(p-value =0.352) (Table 3.2.3).

3.2.3 Cattle breed:
The breed of examined cattle was classified into two breeds; cross breed and

local breed. The total number of local breed was 200 cattle, 104 of them (52%)
were positive for babesia infection. In cross breed cattle, 74 out of 100 (74%) were
positive for Babesiosis (Table 3.2.2). By using Chi-square test, there was a
significant association between the cattle breed and Bovine babesiosis (p-value=
0.000) (Table 3.2.3).

3.2.4 Body condition scores of Cattle:

The physical body condition of examined animals was divided into three
groups;good (117 animals), medium (155 animals) and poor (28 animals). About
58.1% of cattle in a good condition were infected with Bovine babesiosis, while in
the cattle of medium body condition 59.4% were infected with Bovine babesiosis.
In the group of poor body condition, only 64.3% were positive for the infection
with Babesiosis (Table 3.2.2). The Chi-square test showed no significant
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association between the infection and the body physical condition of cattle (p-
value= 0.837) (Table 3.2.3).

3.2.5. Area:
As shown in the (Table 3.2.2), the prevalence of Bovine babesiosis in the

different areas was 54 %, 50 % and 74 % in a slaughterhouse, Animal Fauna and
Farms respectively. The Chi-square results showed a significant association

between bovine babesiosis and the Areas of animal (p-value= 0.001) (Table 3.2.3).

3.2.6 Treatment of disease:
The prevalence of Babesia infection within animal treated by one drug was

52%, while the prevalence of Babesia infection within animal treated by compound
drug was 74 % (Table 3.2.2). The Chi-square results showed a significant
association between infection with bovine babesiosis and the number of drugs used
for treatment (p-value= 0.000) (Table 3.2.3).

3.2.7 Ticks infestation:

All cattle in this study were investigated by visual examination for the
presence of tick at the time of samples collection. The examination was shown
that, 223 of the animals were not infested with ticks, while 77 of the animals were
infested with ticks (Table 3.2.2).

Most of cattle 60.5% which were not infested with ticks where as 55.8% of
cattle which were infested with ticks and showed positive results for babesia
infection. The Chi-square analysis showed no significant association between

bovine babesiosis and ticks infestation (p-value=0.470) (Table 3.2.3).
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3.2.8 Other blood parasites:
A total of 300 cattle were also investigated for the infection with other blood

(not Babesia). The results showed that, 289 animals were infected with one of
other blood parasite, while only 11 animals were not infected with other blood
parasite.

About 58.1 % of animals were shown mixed-infection (Babesia with other
blood parasite), while 90.9% of animals were infected with Babesia only (Table
3.2.2). The Chi-square analysis showed a significant association between the
infection with Bovine babesiosis and the presence of other blood parasites (p-
value=0.030) (Table 3.2.3).

3.3 Multivariate analysis:
Multivariate analysis of potential risk factors was performed to determine

which factors independently had associated with Bovine babesiosis. The animal
breed and treatment were found as the major risk factors associated positively with
the occurrence of the disease(p-value=0.000). Other risk factors such as areas (p-
value= 0.001) and infection with another blood parasite (p-value=0.030) were also

associated significantly with Bovine babesiosis (Table 3.2.4).
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Table 3.2.1: The distribution and frequency of 300 cattle examined for Bovine
babesiosis in Nyala Town-South Darfur State according to the potential risk

factors.

Risk factors Frequency | Relative Cumulative percent %
frequency %

Age group

Adult 244 81.3 81.3

Young 56 18.7 100.0

Sex

Female 251 83.7 83.7

Male 49 16.3 100

Breed

Local breed 200 66.7 66.7

Cross breed 100 33.3 100

Body condition

Good 117 39.0 39.0

Medium 155 51.7 90.7

Poor 28 9.3 100

Area

Slaughterhouse 100 33.3 33.3

Animal fauna 100 33.3 66.7

Farms 100 33.3 100

Treatment

One drug 200 66.7 66.7

Compound drug 100 33.3 100

Ticks infestation

No 223 74.3 74.3

Yes 77 25.7 100

Other blood parasite

Yes 289 96.3 96.3

No 11 3.7 100
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Table 3.2.2: The number of animal infected with bovine babesiosis according
to the potential risk factors in 300 cattle examined by microscopic in Nyala
Town- South Darfur State

Risk factors

Total of animal

No. of positive

No. of positive %

examined
Age group
Young 56 35 62.5%
Adult 244 143 58.6%
Sex
Female 251 146 58.2%
Male 49 32 65.3%
Breed
Local breed 200 104 52%
Cross breed 100 74 74%
Body condition
Good 117 68 58.1%
Medium 155 92 59.4%
Poor 28 18 64.3%
Area
Slaughterhouse 100 54 54%
Animal 100 50 50%
fauna(almuashi)
Farm 100 74 74%
Treatment
One drug 200 104 52%
Combination 100 74 74%
Ticks infestation
No 223 135 60.5%
Yes 77 43 55.8%
Other blood
parasite
Yes 289 168 58.1%
No 11 10 90.9%
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Table 3.2.3: Univariate analysis of the potential risk factors in association with
bovine babesiosis infection in 300 cattle examined in Nyala Town- South
Darfur State using the Chi-square test (p-value<0.05)

Risk factors Total of Number of |d.f X?-value p-value
animal positive %
examined
Age group 1 .286 593
Adult 244 143(58.6%)
Young 56 35(62.5%)
Sex 1 .866 .352
Female 251 146 (58.1%)
Male 49 32 (65.3%)
Breed 1 13.373 .000
Local breed 200 104 (52%)
Cross 100 74 (74%)
Body condition 2 .356 837
Good 117 68 (58.1%)
Medium 155 92 (59.4%)
Poor 28 18 (64.3%)
Area 2 13.704 .001
Slaughterhouse 100 54 (54%)
Animal fauna 100 50 (50%)
Farm 100 50 (74%)
Treatment 1 13.373 .000
One drug 200 104 (52%)
Combination 100 74(74%)
Ticks infestation 1 523 470
No 223 135(60.5%)
Yes 77 43(55.8%)
Other blood 1 4,718 .030
parasite
Yes 289 168(58.1%)
No 11 10(90.9%)

*df= degree of freedom
*X2-value= mean value
*p-value<0.05
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Table 3.2.4: Multivariate analysis of potential risk factors in correlation with
bovine babesiosis infection in 300 cattle examined in Nyala Town- South

Darfur State:
Risk factors No of positive | Exp (B) | 95% Confidence P-value*
(%) interval for Exp (B)
Lower Upper
Age group 128
Adult 143(58.6%) ref - -
Young 35(62.5%) .892 467 1.703
Sex 189
Female 146(58.2%) ref - -
Male 32(65.3%) 623 .308 1.262
Body condition 494
Good 68(58.1%) ref - -
Medium 92(59.4%) 737 430 1.263
Poor 18(64.3%) 1.073 429 2.686
Area 001
Slaughterhouse 54(54%) ref - -
Animal fauna 50(50%) 1.006 562 1.802
farm 74(74%) 311 153 629
Ticks infestation 801
No 135(60.5%) ref - -
Yes 43(55.8%) 929 522 1.651
Other blood 111
parasite 168(58.1%) ref - -
Yes 10(90.9%) 181 022 1.484
No

*The level of significant was p<0.05
*EXP(B)=exponential(B)=0dds ratio
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Figure 3: Babesia spp inside Red Blood Cells of cattle (n=300) in
Nyala Town-South Darfur State



Figure 4: Babesia spp inside Red Blood Cells of cattle (n=300) in
Nyala Town-South Darfur State
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Chapter four

Discussion

In this study, the overall prevalence rate of bovine babesiosis was 59.3%
using Giemsa stain for microscopic examination. The prevalence of bovine
babesiosis in this study is higher than that in other studies in different countries. In
Malak and Agency the prevalence was 6.6% (Ahmad and Hashim, 2007), in
Pakistan the prevalence was 9.9% (Ayaz et al., 2013), and in Kanchanaburi
province the prevalence was 26.6% (Patcharathornet al ., 2013). The discrepancy
in the prevalence of bovine babesiosis might be due to different factors such as;
management condition in the farm , farm system, using acaricides or anti-parasitic
drugs during tick infestation, fluctuations of the parasite during the course of the
disease and the sensitivity of the test used for diagnosis ( Cadder et al., 1996
;Gubbels et al.,1999; Homer, 2000 ). Moreover, the variation in the prevalence rate
may be due to the variation of the geographical conditions, the variation of cattle
breeds, the distribution of the vectors and the accessibility of animals to have a
contact with these vectors (Cadder et al ., 1996 ;Gubbels et al., 1999; Nasir et
al.,2000 and Homer, 2000) .

In the present study, the highest prevalence rate of Bovine babesiosis was
noted in young cattle (62.5%) comparing with adult cattle (58.6%). This result in
agreement with previous work performed by Amorim et al (2014), who
demonstrated that the calves were more susceptible to infect with Babesia spp.
compared with adult cows (Amorim et al., 2014). In contrast, this result was not in
the line with the finding of Ayaz and co-worker, who reported a high prevalence
rate in old animals 13.4% (61/452) compared with young animals 11.7% (48/409)
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(Ayaz et al ., 2013 ). This variation can be because young animals have less rate
of infestation with tick as compared to old animals. On the other hand low
prevalence rate in young animals attributed to restricted grazing of young animals
which in turn reduce their chance of contact with the vectors of this disease
(Kamani et al.,2010 ).

Although, in the present study a slightly higher infection rate was recorded
in male( 65.3% 32/49) compared with female (58.2% 146/251), this variation was
statistically not significant. This observation was in contrast with the report of
Kocan et al(2010) who found higher prevalence rate of babesiosis in female cattle
(11.2%) compared to male cattle (6.96% ) (Kocan et al., 2010). Moreover, the
higher prevalence of tick borne diseases in female animals may be due to the fact
that female animals kept longer for breeding and milk production purposes
(Kamani,2010 ) . On the other hand, the hormonal affect, milk production and

breeding, which reduced the immune defence of the female (Kamani, 2010 ).

In present study, the cross breed were more infected by bovine Babesiosis
(74%) as compared with local breed (52%). The statistical analysis was revealed a
significant association between the infection with bovine Babesiosis and animal
breed (P-value = 0.000). This result is in agreement with previous study conducted
by Shuaib (Shuaib et al ., 2015 ) .They are found the highest prevalence in cross

breed but the lowest prevalence estimated in local breed .

The prevalence of the disease based on the body condition of the animals
was 58.1%, 59.4%, 64.3% for good, medium and poor scoring respectively with no
significant association between disease and body condition (P-value= 0.837 ). This
result is agreement with previous study conducted by (Hamsho et al ., 2015) . This

could be due to the fact that animals with poor body condition have lower
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immunity defence which in turn increased the susceptibility of animal to get

infection with different organisms including Babesia spp.

In the present study, prevalence of bovine babesiosis was recorded in
different Area in the south Darfur state: slaughterhouse (54%), animal fauna (50%)
and farms (74%). The high infection rate of bovine babesiosis in the farm, because
in the farms the breeding is semi open system breeding and a mixed animal in one

farm.

The result of Chi -square showed a significant association between the
prevalence of bovine babesiosis and the Area (P-value=.001 ) . This result is in
agreement with previous work, in which they reported a significant different in the
prevalence of the disease according to the geographical region (Terkawi et al .,
2011). Several studies reported that humidity plays an important role in tick
population density ( L’Hostis and Seegers, 2002 ) . An increase in temperature
may allow vectors to migrate into new areas or to allow a significant development
of parasites (Coles, 2001 and El-Fayomy, 2013) .

In this study, the prevalence of Babesia infection within animal treated by
one drug was 52% (104/200), while the prevalence of infection within animal
treated by compound drug was 74% (74/100).Clearly, the infection rate was higher
in the animals treated with more than one drug. There was a significant association
between the infection rate and treatment (P-value= 0.000 ). This finding could be
observed in area where the treatment of animals using anti-parasitic drugs
(babesiocide drugs) was irregular and also the administration of drug was not clear
(Heinz etal ., 2000 ).

There is no strategic treatment and application of preventive measures in the

majority of livestock farm in Nyala town. Moreover, the animal owners use the
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drugs randomly without a clear plan. There are many reasons for that such as; the
infrastructure defect of the veterinary services including the absent of proper
slaughterhouses, the lack of the laboratory and facilities, wars, conflicts and
financial problems. Furthermore, the absence of public awareness and the
limitation of extension programmers in this area lead to increase the effect of tick-
born disease. Recently after Darfur civil strife, changes on the livestock

movements were noticed (Henry, 1978 ).

The prevalence of the disease according to the ticks infestation on cattle in
the south Darfur state was 55.8% (43/77). This result is in agreement with Maiju
(2005). It is well known that the number of tick increases in a relation to the
humidity of claimed and the rain fall. Thus, ticks are widely distributed in the

moderate to high rain fall season (Maiju, 2005).

As shown in the results 94.4% (168/178) of infected animals were infected
with both Babesia and one of other blood parasite, while 5.6% (10/178) of infected
animals were infected with Babesia only.There was a significant association
between the infection with Bovine babesiosis and the presence of other blood
parasites (p-value=0.030). This result is agreement with results reported by El
Moghazy et al (2014). They found that mixed infection, using Giemsa-stained for

blood smears of Babesia and Theileria spp .

It is well known that the microscopic examination considered as the "Gold

standard test" for detecting a number of organisms in the blood of infected animals.
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Conclusion:

This survey was thought to provide answers to the question about the
prevalence and risk factor of Ambola (the local name for bovine babesiosis in
South Darfur State).This study indicates that the overall prevalence of bovine

babesiosis was 59.3%.

Strong significant association was observe between bovine babesiosis and
breed and also between the diseases and the number drugs are used for treatment
(p=0.000).

Our study showed a significant association between infection rate and area
where the samples were collected (p-value=0.001) and also between the infection

with babesia and infection with other blood parasite (p-value=0.030).
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RECOMMENDATIONS

1-Structured studies must be conducted within national and regional
programs, monitor the vector distribution and dynamics, the interplay of the
different parasites and their virulence must be determined, and investigation of the

carrier states.

2-Reproducible and simple-to-use tests should be developed and to establish
collaboration between scientist to address the development, production and

distribution of these techniques.

3-Studies on the productivity of cattle should be incorporated with the
planning stages of future epidemiological and control programs for tick-borne

diseases at both national and donor levels.

4-Using of strategic acaricide, exposure of young cattle to natural challenge,

Immunization with available vaccines and using of chemotherapy.
5-Live vaccines for tick-borne diseases.

6-The poor body condition scores that were observed during the
dry season req uire the use of feed supplements, to maintain ahigh
nutritional status in cattle throughout the year. Improved nutrition results
in improved immunity to babesiosis and many cause adecrease in the

clinical cases of disease druing the dry seasons.
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Appendix

Questionnaire: Investigation of Bovine Babesiosis in South Darfur State.

Locality......oooviiiii date.......ooooiiiiiiiiint.
Herd OWner.......oooeeeiiieiiieiiieen.. HerdCode.....ovvvoevveieeaa ..
AAALESS . et

The individual risk factors:
1-Cattle age group:(years):
Less3( ) more 3( )

2-Cattle gender:

Male () Female ( )
3-Cattle breed:

Local breed ( ) Cross breed ()

4-Body condition:

Good () Medium ( ) Poor ()
S-Area:
Slaughterhouse () Animal fauna () Farm ()

6-Treatment:

Onedrug () Combination ()
7-Tice infestation:

No( ) Yes( )

8-Other blood parasite:

No( ) Yes( )
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