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ABSTRACT

The aim of this study was to evaluate some hematological and biochemical
parameters of ovine babesiosis in Shikan Locality North Kordufan State. A
total of 150 samples of whole blood and blood for serum were taken from the
jugular vein of suspected sheep which clinically examined for heart rate,
respiratory rate, and body temperature. For identification of the protozoan ,
GIEMSA- stained blood smear method was used .Also homological
(hemoglobin concentration, red blood cells, hematocrit red cell distribution
width, platelet distribution width, mean platelet volume and platecrit) and
biochemical (Total protein, alboumin, globulin, urea, creatinine, cholesterol, and
triglyceride) Parameters were measured . The results reveled that all health
parameters were elevated in infected animals (20 animals) compared with
negative infected animals (76) and control animals (54) to ovine babesiosis.
There was decrease of hemoglobin concentration (4.83+087), hematocrit
(13.2+ 5.77) and red blood cell counts (3.42+1.10) compared with control
animals (9.11 +1.24) (21.06+6.55) (6.24+2.54 respectively). But there was
slight increase of red cell distribution width (19.1+£6.37) and mean platelet
volume (7.23+£1.94) Compared with control animals (18.3+ 4.05) (6.85+1.38)
respectively). Infected animals with parasite investigated for biochemical
alterations revealed that an elevation in total protein (8.97+0.80), globulin
(5.40£1.0), urea (34.5 £ 9.26) creatinine (1.14+0.41), Cholesterol (55.0£16.26)
and triglyceride (59.9 £18.99). The albumin (3.19 £0.300) was lowered.
Diminazene acetureate was given at dose rate 2mg/kg b.wt.., I/M single dose
followed by supportive therapy given based on requirement of the individual
case and no death recorded. In conclusion sheep with babesiosis showed
variable depletion in level of hemoglobin, red blood cells, hematocrit, platelets,
plateletcrit and mean cell volume, in infected sheep babesiosis serologically
total protein, urea, creatinine, globulin, cholesterol and triglyceride revealed

variable increase compared to healthy sheep in all parameters evaluation of the
Vil



results leads to the suggestion that severe anemia resulted from Babesia ovis
infection may cause kidney and liver damage in sheep with babesiosis.
Consequently, the investigation of kidney and liver elements would be a useful
way to follow the prognosis of the disease, as well as to provide supportive

therapy to reduce potential kidney and liver effects.
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INTRODUCATION

Babesiosis is a group of tick-borne diseases caused by several species of
protozoa of the genus Babesia. These organisms are capable of infecting all
species of domestic animals, and also found in some wild animals, which serve
as reservoir of infection (losos, 1986). Sheep and goats are infected by Babesia
motasi and Babesia ovis. Sheep babesiosis is of considerable economic
importance in the areas which are infected with Rhipicephalus burse (
Radostis etal .,2007) .During infection with Babesia , the release of
pharmacologically active substance and destruction of erythrocytes play a
major role in the parasitemia of the disease. However, the propionate of each
varies with the individual species of Babesia (Soulspy, 1982).

Developmental life cycle include merogony, gamogony and sporogony. During
tick feeding the infection occurred by sporozoites which invade erythrocytes
to then divide by binary fission to produce merozoites then to gametocytes
which can initiate the infection in tick vector (Melhorn and Piekarski,2002).
Diagnosis of the disease  clinically by appearance of fever, malaise and
restlessness’, anorexia and anemia. Icterus hemoglobinuria and ascites may
appear during late stages and progressive debility terminate to death (Smith
etal.,1972; Soulsby,1982) .Breathing is labored and rapid, the heart beat is
fast and loud , nervous signs are hyperexcitability, moving the object |,
impaired vision and changing of urine to red color (Nyndo,1992) . In
ruminants ruminal movement ceased and abortion may occur (Urquhart etal.,
1996).

Babesiosis can be confirmed by performing Giemsa stained thin blood
smears or Romanowsky — stained smear (Soulsby,1982; Urquhart etal.,1996)
Serology includes enzyme — linked immunosorbent assay , complement
fixation test (Salih etal .,2005) .

Molecular methods applied such as probes , polymerase chain reaction,
reverse line hot hybridization and real time PCR ( Mosqueda etal.,2012).
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Currently antiprotozoal agents as deaminize accurate and imidocarb
dipropionate were used (Enbiyale etal., 2018). Main methods for prevention
and controlling Babesia are immunization , chemoprophylaxis and vector
control ( Demessie and Derso ,2015) .

Piroplasmosis in the Sudan was early reported in the beginning of the past
century. The disease was reported in 1902 and the research was done (Abdoun,
1984; Hashim, 1984).



Objectives

1- To demonstrate Babesia spp in sheep in shikan locality .
2- To evaluate some hematological and biochemical parameters of the disease in

sheep.



CHAPTER ONE
LITERATURE REVIEW



CHAPTER ONE
LITERATURE REVIEW

1.1. Classification and characteristics of Babesia spp:

According to Soulsby (1982) Babesia species are classified :

Subclass : Piroplasmia
Order : Piroplasmidae
Family :Babesiidae
Genus : Babesia
Species : B.motasi

B.ovis

B .foliata
This family characterized by round to pyriform and amoeliod forms that
occurring in erythrocytes. The vectors are ixodidae ticks.
1.2. Life cycle of Babesia spp:
The life cycles of the Babesia spp are very similar. All species of Babesia are
naturally transmitted by the bite of infected ticks (almost all ixodids rather than
argasids) and the main lifecycle difference amounts to the presence of
transovarial transmission in some species (Babesia spp.) and not in others (B.
Microti-like), during the tick bite, sporozoites are injected into the host and
directly infect red blood cells .This phenomenon separates Babesia spp from
Theileria spp., where sporozoites do not readily infect red blood cells but
initially penetrate a lymphocyte or macrophage in which development into
schizonts takes place (Uilenberg, 2006). In the host, Babesia sporozoites
develop into piroplasms inside the infected erythrocyte resulting in two or
sometimes four daughter cells that leave the host cell to infect other erythrocytes
until the host dies or the immunity of the host clears the parasites. The spleen
with its lymphoreticular filter function is essential in resisting primary infections

of Babesia spp. By specifically removing infected cells from circulation,
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probably through a combination of spleen microcirculation and stimulated
phagocytic cell activity (Devos etal., 1987; Gray and Weiss, 2008). The life
cycle of Babesia spp involves two different hosts: an Ixodidae tick, where
sexual reproduction takes place, and a vertebrate, where the parasite exclusively
experiences asexual reproduction within erythrocytes (Fig. 1).

Following uptake of intraerythrocytic parasites by an Ixodidae tick during a
blood meal, parasites need to cross multiple cellular barriers in their migration
through tick tissues and cavities, during which they undergo several—still only
partially characterized—metamorphic changes (Kakoma and Mehlhorn 1994;
Florin- Christensen and Schnittger etal., 2003) Gametocytes, which are thought
to be already present in the ingested blood, and this mature dimorphic elongated
gametes—ray bodies—that fuse, yielding diploid zygotes (Ribeiro, 1998).
Zygotes adhere to and invade midgut epithelial cells, and eventually transform
into motile kinetes, which are released into the tick hemocoel and invade
multiple tissues, including granular acini of salivary glands. Here, parasites
replicate asexually by sporogony, forming sporozoite colonies. Babesia parasites
undergo transovarial transmission, meaning that kinetes also invade tick ovaries
and eggs, and infective sporozoites are formed in the salivary glands of the next-
generation larvae as well. Sporozoites are injected into a suitable host together
with tick saliva during feeding and invade erythrocytes. They then convert into
hemoglobin-feeding trophozoites, which in turn transform into merozoites.
Merozoites multiply by binary fission—merogony—and, eventually, they lyse
host cells and invade new ones, repeating this asexual propagation cycle
(Kakoma, Mehlhorn, 1994).



Ixodid ticks Mammalian host
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Fig.1. Simplified general life cycle of Babesia spp
https://www.researchgate.net/profile/Anke_Hildebrandt/publication/261839775/fig

ure/figl/AS:613919999664160@1523381342817/Simplified-general-life-cycle-of-
Babesia-spp-modified-and-adapted-from-Hunfeld-etal.png

sporogony
(hemolymph)

According to Mehlhorn and Piekarski (2002) Babesia life cycle consists of
merogony, gamogony, and sporogony. Infection is acquired when sporozoites (Sz)
are transferred during tick feeding. Sporozoites then invade erythrocytes and
develop into trophozoites (T). Trophozoites divide by binary fission and produce
merozoites (M) which continue infection and reinitiate the replicative cycle in the
host.

Some trophozoites develop into gametocytes (G) which can initiate infection in the
tick vector. In the tick gut gametocytes develop into “‘Strahlenko rper”

(Sk) which fuse to form a zygote (Z) developing into a kinete (K). Kinetes gain

access to the hemolymph of the tick, replicate, and invade various organs.
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Note that members of the Babesia spp. sensu stricto groups can infect the ovaries
and be transmitted transovarially via the eggs (E), so that all stages (Larvae,
nymphs and adults females) are potentially infective, whereas members of the
Babesia microti-like groups are only transmitted from one stage to the next
(transstadially), so that larvae are rarely if ever infected. Sporogony is initiated
when kinetes invade the salivary glands (Sg). Here, the parasite forms a
multinucleated sporoblast (St). Newly developed sporozoites (Sz) will then be
injected into the host with tick saliva upon the next blood meal.

1.2.1. Life cycle in the vertebrate:

The cycle in the vertebrate, the transmitted sporozoites seem to infect the
erythrocytes, except in the case of Theileria and some Babesia species, which
invade lymphocytes first. These are differentiate further into Merozoites, which bud
off from the schizont and lyse the cell. These merozoites or sporozoites (from
Babesia species without a preerythrocytic stage) infect the host erythrocytes. The
merozoite invades the host erythrocyte through a process of invagination
(Rudzinska etal., 1976). Forming a parasitophorous Vacuole. The vacuole
membrane gradually disintegrates, and the parasite is left with the defining
piroplasm feature of a Single membrane, in contrast to plasmodium species, which
Invade by a similar mechanism but retain the host membrane In addition to its own
(Rudzinska etal., 1976). Within the host erythrocytes, most merozoites become
trophozoites and divide by binary fission; this asexual reproduction produces more
merozoites, which lyse the cell and go on to infect additional erythrocytes. Four
parasites can form at the same time, giving rise to a maltase cross form. Rapid
reproduction destroys the Host cell and leads to hemoglobinuria in the host. Some
trophozoites can, however, become potential gametocytes (Rudzinska etal., 1976;
Melhorn etal., 1980).These trophozoites do not reproduce at this point but instead

increase in size .Later, when they are in the Gut of the tick, these gametocytes will
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develop into gametes prior to leaving the erythrocytes within the tick gut
(Rudzinska etal., 1976).

1.2.2. Life cycle in tick:

In the tick life cycle has been obtained from Studies with B. Microti (Telford,
1993). The organisms are first detectable in the tick about 10 h after the tick
begins to feed on an infected vertebrate. After about 46 to 60 h of feeding, the
Parasites are still detectable within the consumed erythrocytes, but some of
them (the gametocytes) begin to develop new organelles most notable is the
development of an arrowhead-shaped organelle at the anterior end of the
organism called strahlenko rper (Koch, 1906) or ray bodies. Organisms
containing this arrowhead structure within the tick host have been found in all
infections with Babesia and Theileria spp. (Kakoma and Melhorn, 1993) that
have been examined. These arrowhead forms are likely involved in the fusion
of the gametes (Kakoma and Melhorn, 1993; Rudzinska etal., 1983). The result
zygote uses the arrowhead to enter the epithelial Cells of the tick gut
approximately 80 h after the tick starts feeding. From the epithelial cells, the
parasites move to the salivary acini via the hemolymph (Rudzinska etal., 1983).
Sporozoite development within the salivary gland can be divided into three
stages. First, the parasite expands and fills the hypertrophied host cell, forming
a multinucleate sporoblast which is a relatively undifferentiated, three-
dimensional, branching meshwork from which the sporozoites will bud
(Karakashian etal., 1983). The second step starts only after the tick host begins
feeding again, the specialized organelles of the future sporozoites (micronemes,
rhoptries, and double membrane segments beneath the plasma membrane)
develop within the meshwork. Finally, the mature sporozoites form through
budding process. Mature sporozoites are approximately 2.2 to 0.8 mm in size

and pyriform-shaped and contain a smooth endoplasmic reticulum, free
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ribosomes, mitochondrion- like organelles, a single anterior rhoptry, and
several Micronemes (Kakoma and Melhorn., 1993; Karakashian etal., 1983).
Approximately 5,000 to 10,000 sporozoites can be produced within a single
sporoblast. It is estimated that several thousand sporozoites are deposited in the
dermis around the tick’s mouth during the final hours of attachment and
feeding. This is smaller inoculums than the approximately 10,000 to 25,000
sporozoites needed to syringe-inoculate white-footed mice or hamsters
(Piesman and Spielman, 1982). The efficiency of tick transmission is attributed
to the tick saliva, which probably facilitates infection with its anti-inflammatory
and/or immunosuppressive pharmacological activity (Ribeiro, 1987). “Large”
Babesia species, like B. Divergens, can be transmitted transovarially. After the
zygotes (also called ookinetes) have entered the hemolymph, they may invade
other cells, such as Fat body cells or nephrocytes, and undergo a second cycle
of division (Telford etal., 1993). These secondary ookinetes can then invade the

ovaries and be transmitted transovarially.

1.3. Ovine babesiosis:
1.3.1. Etiology:

Babesia infection is as result of infection with the protozoa of the genus
Babesia, which belongs to the family Babesidae, and the order Piroplasmida.
Babesia spp in sheep caused by three species namely B.motasi B.carassa B.ovis
(Friedhoff, 1988). The parasite in sheep is transmitted by ticks of the genus
Haemaphysalis (H. punctata, H. otophila), Dermacenter (D. silvarum),
Hyalomma spp and Rhipicephalus (Rhipicephalus bursa) (Rehman etal. 2004).
The ticks are sensitive to climatic condition and require a relative humidity of
at least 80% to survive. Typical habitants of the ticks that transmit the infection
include deciduous and coniferous woodland, heathland, moorland, rough

pasture, forests and urban park (Gassner etal., 2011).
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1.3.2. Epidemiology:

The occurrence of the disease is dependent on the distribution of the ticks that
transmit the disease. Many studies are available on associated risk factors of the
protozoan infections in different countries. These countries include Iran (Bijan
etal., 2015), Kenya (Okuthe and Buyu, 2006), Greece (Theodoropoulos etal.,
2006), Rwanda (Bazarusanga etal., 2007), Bolivia (Gonzales etal., 2007), and
Uganda (Magona etal., 2008). Babesiosis is a haemoparasitic disease belonging to
a complex of several tickborne diseases with different aetiological agents, such as
protozoa, rickettsiae, and bacteria (Ranjbar-Bahadori etal., 2011). Transmitted by
ixodid ticks (Aktas etal., 2007). The high lethality and morbidity caused by
babesiosis explain its importance as a major constraint to livestock breeding
development (Mehlhorn etal., 1994; Ahmed etal., 2002). Several species of
Babesia (Babesia ovis, Babesia motasi, Babesia crassa, and Babesia spp) have
been described in sheep; among them B. ovis and B. motasi are causative agents of
sheep babesiosis (Uilenberg, 2001. Schnittger etal., 2003., Liu etal., 2007; Ranjbar-
Bahadori etal., 2011). Babesia motasi is moderately virulent, whereas B. crassa
appears to have little or no pathogenicity (Hashemi-Fesharki, 1977).
Haemaphysalis punctata is the vector of this species and is widespread in tropical
Africa (Uilenberg etal., 1980). The most important Babesia species infecting small
ruminants is B. ovis, which has been reported in Europe, Africa, Asia, and the Far
East (Ahmed etal., 2006). Babesia ovis is highly pathogenic, especially in sheep; it
causes severe infections characterized by fever, anemia, icterus, and
haemoglobinuria. Mortality rates in susceptible hosts range from 30% to 50% in
natural infections (Aktas etal., 2005). Babesia infection is an emerging zoonotic
disease that affects livestock and human with live-threatening implication,
particularly in the immune compromised individuals. Babesia infection of sheep

has been reported in several countries including Iran (Dekhordi etal., 2010), China
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(Guan etal., 2012), Sudan (Osman, 1997) and Somalia (Ahmed etal., 2013).
Babesia infection of sheep causes losses in production of meat, milk, and other
live-stock by-products with possibility of death in severe cases (Perez etal., 2010).
The infection causes severe economic losses to sheep farmers in tropical and sub-
tropical regions.

The prevalence of B. ovis infection in Lohi sheep in Pakistan has been found to be
50% (lgbal etal., 2011). While a separate study reported a prevalence of 34% in
infected sheep on detection by PCR (Shahzad etal., 2013). In Nigeria, a prevalence
of 7.5% has been reported for B. ovis- infection in sheep with prevalence’s of 40%
for Yankasa breed, 26.7% for Ouda breed and 33.3% for the Koraji breed (Biu
etal., 2009). An overall prevalence of between 45% and 95% has been reported in a
study done in Machakos, Kenya. This prevalence was determined by using
microscopy and ELISA to detect the presence of the Babesia (Wesonga etal.,
2010).

According to Mohammed Sayed Mohammed etal., (2018) the prevalence of sheep
babesiosis in Sudan were recorded in sennar state around three seasons in year
(31.66%)

1.3.3. Pathogenesis:

The infective form of Babesia is known as sporozoites and is produced in the
salivary gland of the tick vectors. The sporozoites are usually injected into the
sheep by larvae or adult tick when feeding on the host. The parasite then attacks the
host erythrocytes and then destroys them. This destruction leads to the release of
hemoglobin in circulation (Alani etal., 1988). The erythrocytic cycle continues
until the animal dies or its immune system is overwhelmed. Babesia parasites may
be present in the blood system in small numbers sometimes even for many years
without causing the disease (Alani etal., 1988). There are a number of changes in

hematological and biochemical profiles linked to the destruction of erythrocytes by

11



Babesia following infection of sheep. As parasitemia advances, infected animals
reveal a significant decrease in erythrocytes counts, packed cell volume (HCT)
level, hemoglobin (HB)-concentration, mean corpuscular Volume (MCV), and
mean corpuscular heamoglobin concentration (MCHC). The biochemical changes
seen in this case include alterations of total serum protein, as well as changes in
levels of albumin, urea, creatinine, triglyceride, and cholesterol, (Bijan etal., 2012).
The decrease in total proteins and albumin, and the increase in urea and creatinine
might reflect the degree and severity of damage to the liver and Kidneys observed
(Yeruham etal., 1995). The pathological and histopathological findings in lambs
which died of acute babesiosis were indicated of liver and kidney damage (Habela
etal., 1991) suggested that lesions observed in ovine babesiosis generally arise from
vascular alterations such as vasodilation and blood stasis leading to anoxia of the

tissues.
1.3.4. Diagnosis:
1.3.4.1. Clinical findings:

After infection with the parasite, sheep develop fever and Parasitemia within 2 to 4
days followed by clinical signs of the disease, which include anorexia, listlessness,
anemia, moderate jaundice, and haemoglobinuria. In immunocomptent animals,
hyperthermia, usually returns to normal level on the fourth day after the peak
pyrexia. Thereafter, parasitemia may reduce to a low level or even zero during the
course of the disease (Rahbari etal., 2008). Most cases of Babesia infection are
seen in adults and animals younger than nine months, which usually remain
asymptomatic. The level of the parasitemia and the degree of anemia are not
usually correlated. The decrease in HCT has been reported to range from 30 to
40%. In some studies, parasitized erythrocytes have not been observed to block

capillaries in the brain and it has been postulated that the failure of the
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cytoadherence to brain capillaries may contribute to the absence of nervous signs in
acute babesiosis (Yeruham etal., 1998).

Babesiosis is a disease complex caused by unicellular Babesia parasites, which are
transmitted by ticks and invade and proliferate in the red blood cells of vertebrate
hosts. They cause a febrile disease of domestic and wild animals characterized by
extensive erythrocytic lysis leading to anemia, icterus and hemoglobinuria, which
can be fatal. In contrast to Theileria, Babesia parasites do not have a pre-
erythrocytic stage in the vertebrate host. Babesia parasites are among the most
widely distributed blood parasites and have a considerable economic, veterinary
and medical impact worldwide. (Hashemi-Fesharki ,1997).

1.3.4.2. Hematology:

In general the demonstration of Babesia in thin or thick smears made from
peripheral blood and stained with Giemsa is confirmatory. The HB concentration
decreased significantly in the affected ovine. These observations were similar with
the findings of (Bhikane etal.,2005; Sulaiman etal.,2010; Zangana and Nagqid
,2011) . In the affected goats the PCV was significantly lowered (Biu etal.,2012 ;
ljaz etal.,2013). Decreased, PCV and HB concentration may be associated with the
intravascular hemolysis of erythrocyte, increased erythrophagocytosis by
reticuloendothelial system and restricted erythropoietic activity of bone marrow
(Lewis etal., 1981).

Ibrahim etal. (2009) explained that breakdown of erythrocyte by Babesia organism
stimulates the phagocytic cells such as lymphocyte to clean the toxic remnants of
ruptured erythrocytes from the body as well as increased tissue demand of
neutrophil that reduces its concentration in peripheral circulation. The deviation in
these values might be due to degree of infection, tissue necrosis, hemolysis and
other concurrent infections, a statistically significant decrease was recorded in RBC

and HB (Benjamin, 2001). Microscopic detection is still the best and most
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sustainable method for on-site diagnosis of acute babesiosis. Thin and thick blood
films are made for examining the presence of piroplasms after staining with
Giemsa's stain.

In the acute phase, diagnosis of ovine babesiosis infection is mainly based on the
microscopic examination of Giemsa-stained blood smear and clinical symptoms
(Aktas etal., 2005). The technique of microscopy may not detect the parasite during
subclinical infections because of low parasitemia experienced during this stage.
Furthermore, examination of blood smear by microscopy may be influenced by the
technical skills of the laboratory technician (Uilenberg etal., 2001).

1.3.4.3. Biochemical findings:

According to Esmaeilnejad etal. (2012) elevation in BUN was due to kidney
malfunctions in Babesia infection. The levels of creatinine were significantly
higher in affected than non-infected sheep. Similarly the elevated level of
creatinine was reported by Esmaeilnejad etal. (2012).The elevation in creatinine
level might have resulted from kidney dysfunction in Babesia infection. Similar
findings were reported by Sulaiman etal. (2010).This change may be attributed to
the damage of liver (Jain, 1986). Significant decrease in the blood glucose level
was observed similar findings were reported by Zulfigar etal. (2012). The decrease
in blood glucose concentration may be due to the utilization of glucose by parasites
and damage to the liver in addition starvation may also reduce the blood glucose
level (Zulfigar etal., 2012).

1.3.4.4. Serology:

Many serological diagnostic methods, including indirect fluorescent antibody tests
(IFAT), fluorescent antibody tests (FAT), complement fixation tests (CFT), indirect
hemagglutination tests (IHA), have been developed for the diagnosis of babesiosis
(Liu and Zhanoxing, 1980; Wano and Znonouno, 1989; Liu etal., 1993). DNA

probes have also been developed (Wu and Xmiunoum, 1996). But have only been
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used in the laboratory. Indirect hemagglutination, complement fixation tests and
ELISA have been established for a number of Babesia species (Bakheit etal.,
2007). PCR-based molecular diagnostic tools have also been established for the
detection and differentiation of parasites DNA in blood samples of affected animals
(Criado-Fornelio, 2007). Molecular tools employing the detection of nucleic acids
such as DNA have been used to detect the presence of Babesia species in sheep
blood (Shayan etal., 2008). For example, techniques such as PCR targeting specific
genus of the parasite have been used to detect Babesia spp such as B. ovis, B.
crassa, B. motasi (Almeria etal., 2001). The specific types of PCR that have been
used to detect the parasite in sheep blood include conventional PCR, nested PCR,
and real-time PCR.

1.3.4.5. Necropsy findings:

The gross postmortem and microscopic lesions of ovine babesiosis have been
reviewed (Morel, 1989). In hemolytic babesiosis, icterus is seen upon opening the
carcass, by the color it gives to all the connective tissues, and internal and external
mucosae. The bladder contains red urine. Splenomegaly is invariably present, with
a dark red, mushy pulp due to degeneration of the hematopoietic centers. Prominent
Malpighian corpuscles, due to hyperplasia of the reticular tissue, are observed in
the middle of this pulp. The liver is enlarged and congested, with discolored
patches on a brownish background. On section the lobule is seen to have a yellow
center with a grey border. The bile is granular. In hypertrophic kidney the two
zones, cortical and medullary, are not clearly distinguishable. In the case of
pneumonia due to icterus, the lungs show hepatization and local congestion, with
rust-red mucus, and sometimes small hemorrhages. Petechia may be present on the
peritoneal and cardiac serosae. If icterus is slight, the muscles appear pale because

of anemia and fever (Morel, 1989).
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1.3.5. Differential Diagnosis:

There are several diseases and or conditions that could be confused with babesiosis
because of the similarity of clinical signs. The blood-tinged urine may be taken as a
tentative diagnosis but other causes leading to the appearance of 'coffee-colored'
urine, like ovine hematuria and tumors of the urogenital system must be considered
in differential diagnosis. Presence of tick/s on the carcass may aid in the diagnosis.
Nervous signs may also occur in heart water (Cowdriosis) and Nagana
(trypanosomiasis) (Nyindo, 1992). Acute hemolytic babesiosis can be confused
with leptospirosis. In the latter case, the ocular mucosa is dark red, internal
mucosae are hemorrhagic, and the general condition is more markedly affected
(Morel, 1989).

Chronic babesiosis or long convalescence from babesiosis can be confused with
anaplasmosis which is also tick-transmitted and hence occurs at the same time and
in the same environment (Morel, 1989).

1.3.6. Treatment:

Delan (1988) reported that buparvaquone 2.5 mg/kg as single dose has spectrum of
activity against B. ovis infection. Vidhya etal.(2011) treated a case of babesia ovis
in an adult buck at Veterinary College Hospital, Bidar with diminazene aceturate
2.5 mg/kg b.wt., I/M single dose with supportive therapy. ljaz etal.(2013) estimated
the efficacy of various drugs in goat against babesiosis in Lahore and its peri-urban
areas. The result showed that the efficacy of imidocarb dipropionate along with
oxytetracycline, imidocarb dipropionate alone, diminazene aceturate along with
oxytetracycline and diminazene aceturate alone in goats was 100%, 80%, 90% and
70% treated Babesia respectively. There are many drugs that have been used for the
treatment of ovine babesiosis including quinuroium sulphate, acaprin, diminazene
aceturate, (Berenil) and imidocarb dipropionate salt (Imizol) (Hashemi-Fesharki,
1977).
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1.3.7. Prevention and Control:

Transmission and spread of infection of sheep with Babesia parasites is controlled
mainly by using acaricides to control the tick-vectors and by practicing good
pasture management (Ahlam etal., 2014). The control of the piroplasmosis depends
on effective quarantine to prevent the introduction of the vector tick by dipping or
spraying animals at risk with recommended acaricide. In routine surgery, care
should be taken to prevent accidental transfer of blood from one animal to another
(e.g. castration, dehorning). Widespread use of tick vaccines may also have a

significant influence on the incidence of infection in cattle (Taylor etal., 2007)
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CHAPTER TWO

MATERIALS AND METHODS
2.1. Study area:

The study was carried out in North Kordufan state (Fig. 2) which lies between
latitudes 11° 15" — 16° 45’ N and longitudes 27° 5’ — 32° 15" E. It has an area of
185,302 km? and inhabited by nomads and pastoralists. The state is divided into
administrative units called localities. Agriculture and livestock comprise about
70% of the economic activities. The state is covered by a wide range of vegetation
and green grasses especially in the season of rainfall (Anonymous, 2008).
However, soil types are about 55.0% sand or gouze, 20.0% gerdud, 15.0% alluvial
land and 10.0% clay land. The annual rainfall is concentrated in a single relatively
short summer season from June to September and the state enjoys an annual rainfall
of up to 500 mm. The state falls in the grass-land and wood-land savannahs. It has
abundant fodder and grazing areas in rainy seasons during which animals are
trekked by pastoralists to the northern part of the state while during dry seasons
animals are trekked to Bahar Al-Gazal River in South Sudan. In the state a mixture
of farming systems are practiced including nomadic, sedentary and semi-
sedentary animal production systems. Furthermore, Kordufan has an estimated
livestock population of 24,665,761 animals (Anonymous, 2008; ILRI, 2009)
North Kordufan state is delimited by six states. They are northern state, Khartoum
state, the White Nile state, south Kordofan state, West Kordufan state.
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Fig. 2: Map of the Study Area Adopted from (Yassir Adam etal., 2015).

2.2. Animals:

This study was conducted on March 2018 to March 2021 in Skikan Locality —
North Kordufan State -Republic of Sudan .Whole blood sample were taken from
150 selected sheep in different herds located in west, east, north and south part of

Shikan locality.
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2.2.1. Clinical examination:

After visual inspection measured (Kelly,1984; Matijatko -etal.,2007),clinical
examination heat rate, respiratory rate and body temperature were also measured.
Twenty sheep showed the clinical signs of fever, anemia, and occasional
hemoglobinuria. Fifty -four sheep were clinically healthy were selected from the
different herd as control animals.

2.2.2. Blood samples collection:

A total of 150 samples of whole Blood samples were taken from the jugular vein of
all selected sheep. A volume of 3-10 mL blood was collected into newly labeled
vacutainers containing EDTA- as anticoagulant for determination of hematological
parameters and other tubes without EDTA for separation of serum samples for
biochemical analysis.

2.3. Laboratory examination

2.3.1. Smear preparation for microscopic examination:

A total of 150 thin smear of the blood samples were made on newly labeled glass
slide. The blood was taken from ear vein using sterilized needles. Care was taken to
avoid any contamination of the samples. Then the dried blood smears were fixed
with absolute methyl alcohol for one minute. To detect Babesia, Giemsa staining
was done as described by Almeria etal. (2001). the stained smears examined by a
microscope under oil immersion lens. Hundred Different microscopic fields were
carefully examined per sample the photos of smears that revealed Babesia-infected
erythrocytes were took directly by mobile camera and then saved for further
documentation. The smears were recorded as negative for Babesia if no parasites
were found in the oil-immersion field.

2.3.2. Hematological parameters:

Hematological parameters include hemoglobin concentration ( HGBg/dl) , red

blood cell counts ( RBCsx1012) hematocrit ( HCT %) red blood cell distribution
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width ( RDW-SDFL),platelet cell count ( PLT x109/L ) , mean platelet cell
volume ( MPV/FL) and palatecrit (PCT/M/L). All these parameters were
determined immediately by Automated hematological analyzer (Mindary,3000)
(Schalm etal .,1986; Shiono etal .,2003).

2.3.3. Biochemical parameters:

Biochemical examination of animal infected with babesia revealed that the
following biochemical parameters albumin, globulin, urea, creatinine, cholesterol,
and triglyceride were estimated by analysis of serum Kits (Bio system kits 350).
2.4. Drugs:

Diminazene acetureate was given at dose rate 2mg/kg b.wt.., I/M single dose
followed by supportive therapy given based on requirement of the individual case.
2.5. Statistical analysis:

Comparison of the haemato-biochemical parameters of infected sheep with healthy
sheep was done by analyzing the data statistically. The results were analyzed by-
way analysis of ANOVAs followed by pair —wise comparisons using the Duncan

test. The computer software SPSS version 17.0 for windows was used for analysis.
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THE RESULTS

The suspected sheep [96 animals] were examined clinically for heart rate,
respiratory rate and body temperature as shown in table 1. But after microscopic
examination of stained smears 20 animals (13.3%) were found infected by Babesia
ovis (Table 2). And Table 3 showed that the hematological changes in hemoglobin
concentration, red blood cell count and hematocrit, and these parameters were
decreased in positive infected animals by B.ovis compared with Negative non-
infected animals by the disease and control animals. But there was slight increase
of red blood cell distribution width (19.1+6.37) compared with control animals
(18.3+£4.05). Platelet cell counts were decrease in infected animals (Table 3)
compared with control animals, while the mean platelet cell volume was slightly
increased (7.23+1.94) compared with control animals (6.85+1.38), whereas,
plateletcrit was decreased (0.49 +0.53) in the infected animals compared with
control animals (32.9+119). There were lightly changes in mean corpuscular
volume compared with control animals (Table 3), but the mean corpuscular
hemoglobin concentration was decreased in sheep positive to B. ovis. As shown in
table 4, results of biochemical tests of infected sheep indicated variable increase in
total protein, urea, creatinine, globulin, cholesterol and triglyceride compared to

healthy sheep, while albumin was decreased in infected animals.
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Table 3.1: Estimation of clinical parameters of infected sheep (N=20) and non-
infected sheep (N=76) for babesiosis in Skikan Locality—North Kordufan State.

PARAMETER NONINFECTED INFECTED
INFECTED
RESPIRATORY RATE 25.87+5.29 54.48+2.17

Table.3.2: Percentage of sheep babesiosis (N=20) in Shikan Locality — North
Kordufan State.

Variable Frequency percent%

13.3

Total 150 100.0

23



Table 3.3: Some hematological values of sheep babesiosis (N=150) in Shikan
Locality — North Kordufan State.

| Variable Mean Mean Mean
Std. Deviation | Std. Deviation Std. Deviation
Positive Negative Control

RBCsx1012/L 3.42+1.10 4.48+1.79 6.42+2.54

MCV flu 33.4+£2.50 35.2+£3.70 33.8+£3.78

RDW- SD FI 19.1+6.37 17.3+£5.69 18.3+4.05
MPV FI 7.23+1.94 6.76+080 6.85+1.38
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Table 3.4: Biochemical values of sheep Bebeiosis (N=150) in Shikan Locality
North Kordufan State.

| Variable Mean Mean Mean
Std. Deviation Std. Deviation Std. Deviation
Positive Negative Control

Albumin g/dl 3.19+0.300 3.15+0.77 3.66+1.00

Urea g/dl 34.5+£9.26 25.0+£9.92 25.1+8.96

Cholesterol g/dl | 55.0+16.26 48.0+£12.9 50.2+9.15
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Fig.3 Blood smear from a naturally infected sheep with ovine babesiosis. In
infected RBCs (Giemsa, 100 in shikan locality. The arrow heads in panels
show erythrocytes infected with Babesia species. The smears were prepared

from. Different blood samples.
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DISSCUSSION

According to the present study, different changes due to parasitemia were observed
in the infected sheep. The observations were in accordance with the findings by
Razmi etal., (2003); Aktas and Altay (2007) and Sevine etal., (2007). Decrease in
red blood cells count, hematocrit, mean cell volume and hemoglobin concentration
levels in infected sheep. These results were consistent with previous findings by
Voyvoda etal., (1997) and Hadadazadeh etal., (2002). In addition decline in
hemoglobin concentration and red blood cell count observed in other studies that
was previously performed on clinicopathological changes induced by B.equi and B.
gibsoni (Ambawat etal., 1999; Trotta etal., 2009). The present of anemia may be
attributed to immunomediated phenomena by auto antibodies directed against
component of membrane of infected and uninfected erythrocytes (Rubino etal.,
2006). Production of toxic hemolytic factors of the parasite due to (Rafaj etal.,
2007) . Mechanical damage by trophozoite causing intra erythrocytic binary fission
(Zobba etal., 2008) and erythrophagocytosis and through releasing vasoactive
molecules such as Kallikein (Soulsby, 1982; Brockus and Andresen, 2003).
Concerning the erythrocyte indices, with parasitemia rates progression, a decrease
was observed in level of mean cell volume and mean corpusular hemoglobin
concentration. As parasitemia increased, a depletion in mean cell volume and mean
corpuscular  hemoglobin  concentration was evident that indicated
microcytichypochromic anemia. The result was in accordance with reports of
Uilenberg, (2006) Rubino etal., (2006) and Zobba etal., (2008) who recorded
microcytic-hypohromic anemia in horse infected with B.equi. On the other hand
polychromatophilic erythrocytes (Synonymous reticulocytes) in blood smears

pointed out a hemolytic anemia. Reduction in mean cell volume level may be due
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to decrease in hematocrit level and that attributed to the dilution of blood and
subsequently mean cell volume. Also the most common abnormality of
erythrocytes parameters is anisocytosis which was detected in infected animals and
in reference to the value of mean cell volume which was below the normal values
associate with spherocytosis (Zyner etal., 2007). Polychromatophilic erythrocytes
have a deficient component of hemoglobin concentration, therefore, the mean
corpuscular hemoglobin concentration decreases in ovine/caprine bebesiosis
(Brockus and Andresen, 2003) as parasitemia of disease increased. The destruction
of circulating red cells by auto antibodies is directed against infected and non-
infected red cell membranes resulting in intravascular and extravascular haemolysis
(Day, 1999; Irwin, 2005). However, Toboada and Lobetti (2005) proposed that
direct parasitic damage contributes to anemia. Nevertheless, induction of serum
hemolytic factors increased erythrophagocytic activity of macrophages and damage
inducted by secondary immune system after the formation of antierythrocyte
membrane antibodies which prove the importance of the pathogenesis of anemia.
Plateletcrit represents the percent of blood volume occupied by Platelets. It is well
known that the surfaces of cells are essential for clotting reactions to take place
(Khandekar etal., 2006). Generally, Platelet indices could provide valuable
information about the nature of thrombocytopenia, and that more attention should
be paid to these indices in the diagnosis of thrombocytopenia. Despite the valuable
information given by thrombocyte indices. Babesia initiates a mechanism of
antibody — mediated cytotoxic destruction of circulating erythrocytes (Furlanello
etal., 1991). In this study there was elevation of total protein, urea, creatinine, and
cholesterol and triglyceride level. The results are in consistent with findings
reported by other researchers (Yeruham etal., 1998; Rahbari etal., 2008; Crongaj,
2010). It is known that renal involvement occurs in B.ovis infection (Habella etal.,

1991; Uilenberg, 2006) causing elevation in total protein, urea and creatinine level
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and might have resulted from kidney dysfunction (Uilenberg, 2006). Muscle
catabolism (Yeruham etal., 1998) and colonization of B. ovis in the renal blood
circulation (Habella etal., 1991). It is suggested that in ovine babesiosis many
potential factors leading to impairment of renal function e.g. acute diffuse
proliferative glomerulitis, acute glomerular hemorrhage and acute tubular necrosis
(Uilenberg, 2006; Habella etal., 1991). Hypoalbuminemia in current study is in
agreement with previous study (Elissalde etal., 1983; Trotta etal., 2009). Reduction
of albumin level probably corresponds to disturbance in liver function, urinary loss
of albumin associated with renal failure (Proteinuria) and anorexia in relation to
high rise of body temperature. Also similar results have been reported previously
(Irizary-Rovira etal., 2001; Diana etal., 2007). Concerning the increase of total
protein and globulins levels, these findings in all accordance to studies of Camacho
etal., (2005); Rubino and Cito, (2006); Trotta etal., (2009). Generally the study of
hyperproteinemia can be attributed to an increase in the globulin concentration in
response to parasitic antigen and released hemoglobin from destructed
erythrocytes. Elissalde etal., (1983) and Camacho etal., (2005) recorded the
elevation in cholesterol and triglyceride concentration that expectable. The slight
elevation of cholesterol and triglyceride concentration can be due to liver
compensatory reaction to the loss of protein of adipose tissue metabolism during
Babesia infection (Camacho etal., 2005). In general, ovine babesiosis causes high
morbidity rates among susceptible sheep, but the treatment by diminazene accurate
(2mg/kg b.wt) followed by supportive therapy after accurate diagnosis giving
successful results (Vidhya etal., 2011; Mosqueda etal., 2012). There was
improvement effect after administration of diminazene aceturate (2mg /kg b.wt,
I/M single dose with supportive treatment (multivitamins+ i.v.fluids)). These
results were accordance to (Vidhya etal.,2011). Symptomatic therapy along with

fluids was given based on requirement of the individual case. Visible improvement
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efficacy of this drug was observed by negative blood smear examination of infected
sheep. In conclusion sheep with babesiosis showed variable depletion in level of
hemoglobin, red blood cells, hematocrit, platelets, plateletcrit and mean cell
volume in infected sheep babesiosis. In blood chemistry, total protein, creatinine,
globulin, cholesterol and triglyceride revealed variable increasement compared to

control and negative sheep to babesiosis.
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Conclusions and Recommendation’s

Sheep infected by babesia showed variable depletion in level of hemoglobin, red
blood cells, hematocrit, platelets, plateletcrit and mean cell volume .slight increase
of red cell distribution width And mean platelet volume in infected sheep
babesiosis were registered.

biochemical alterations revealed that an elevation in total protein , globulin
,Urea ,creatinine , Cholesterol and triglyceride. And the albumin was lowered. In
conclusion evaluation of the results leads to the suggestion that severe anemia
resulted from babesia ovis infection may cause kidney and liver Damage in sheep
infected With babesiosis. Consequently, the investigation of kidney and liver
elements would be a useful way to follow the prognosis of the disease, as well as
to provide Supportive therapy to reduce Potential kidney And liver effects.
Recommendation’s

1-from this study we recommend the prevention of sheep from the disease and
finding a suitable way to eradicate ticks from Babesia ovis endemic area.
2-awarness of stock farmer about economic effect of Babesia ovis and a suitable

way to minimize This high cost.
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APPENDICES

Appendix.1. Percentage of sheep babesiosis (N=20) in Shikan Locality — North
Kordufan State.

Appendix.2. some hematological value of sheep babesiosis (N=150)in Shikan
Locality — North Kordufan State.

Appendix.3. biochemical value of sheep babesiosis (N=150) in Shikan Locality —
North Kordufan State.
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Appendix 1

Negative Positive Control

Percentage of sheep babesiosis (N=20) in Shikan Locality — North Kordufan
State.
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Appendix 2

some hematologicalvalue of sheep babesiosis (N=150) in Shikan Locality-North

Kordufan State
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B Mean Std. Deviation positive 0.49 14.5 7.2 34 19.1 15 42.133.413.2 3.4 48
B Mean Std. Deviation negative 52.1 14.3 6.76 47 17.3 14 493352154 44 7
& Mean Std. Deviation control 32,9 14.4 6.8 53 18.3 15.7 485338 21 6.4 9.1

Some hematological values of sheep babesiosis (N=150) in Shikan Locality —
North Kordufan State.
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Appendix 3

biochemical value of sheep babesiosis (N=150) in Shikan Locality -North Kordufan State
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B Control mean std deviation 7.453.66 3.72 25.10.83 50.2 58.1 145 366 in 25.1 083 502 58.1

Biochemical values of sheep babesiosis (N=150) in Shikan Locality — North
Kordufan State.
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