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Abstract 

Trypanosoma is a protozoan infection that has the potential to harm both humans and animals 
in practically every corner of the world. Cattle, buffaloes, sheep, and goats, including members 
of the family Camelidae, are among the ruminants that may be infected with the pathogen. The 
economic impact of this condition in various countries throughout the world was evaluated in 
this review research, which ran from 2018 to 2022. Iran, Syria, Iraq, Eastern Thailand, 
Nicaragua, Central Africa, Nigeria, Uganda, Indonesia, Philippines, Ecuador, Brazil, and Saudi 
Arabia were among the countries where the disease was studied in depth. In Pakistan, it is dire 
need to investigate it in wide range. In addition to the differences in diagnostic procedures, 
including blood smears, buffy coat smears, giemsa stained, serological testing, hematocrit 
centrifugation, and molecular analysis, PCR are used in these countries, the prevalence of 
trypanosoma is also different in each of these countries. In the United States, the prevalence of 
trypanosoma is the same as it is in other countries. In the current research, an investigation on 
the distribution and prevalence of trypanosoma infection in various countries was carried out 
using information from previously published research. The published literature from 2000 to 
2022 was gathered using Google Scholar and PubMed. A total of 16 papers were published 
between 2018 and 2022 that looked at the frequency and distribution of trypnosoma infection 
around the world. According to published data, camel trypanosomiasis is more common in 
Saudi Arabia than in other countries, and PCR is used to diagnose the disease in approximately 
85 percent of clinical and non-clinical cases. As a result, accurate diagnostic tests should be 
used to initiate or maintain quick medication or management of the condition, since failure to 
do so in the early stages may result in high mortality. 

Introduction 

Trypanosomes are haemoprotozoans members of the trypanosoma genus, tryanosomatidae 
family, kinetoplastida order, and sarcomastigophora phylum. trypanosoma species and 
subspecies infect many hosts, including animals and people, and cause widespread disease. A 
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trypanosoma is an organism derived from trypano, which means "borer," and Soma, which 
means the body (Shah & Khan, 2019). Tsetse fly species are known to spread Trypanosomes. 
The relative relevance of their transmission, on the other hand, is determined by the intensity 
of their connections with vulnerable hosts. 

For this reason, the survival of livestock and small ruminants, as well as horses, in the Gambia 
is jeopardised as long as these insects are allowed to persist in the country. Tsetse fly 
(Kuye,2020). Trypanosomiasis is associated with anaemia, which is the most common clinical 
sign. The signs of an infection in animals include high fever, reduced hunger, anorexia, sharp 
fall in milk production, lymph nodes enlarged, and an overall decline in health. The presence 
of jaundice with hemoglobinuria is unusual. It is also possible that trypanosomiasis is causing 
milk production to have reduced output fecundity has been decreased in animals. In contrast, 
mortality has increased (De Gier, Cecchi, Paone, Dede, & Zhao, 2020). Pathogenic 
trypanosomes that infect and kill domestic animals constitute a significant source of illness and 
mortality in these species. These viruses are a significant impediment to economic development 
in Africa. Their detrimental influence on the economies of South America and Asia is becoming 
more pronounced (Wilkowsky, 2018). 

The disease has a significant economic impact in India; however, it is impossible to estimate 
the financial losses due to a lack of precise epidemiological statistics and an inability to collect 
sufficient data. More than half of the world's cattle, hundred million buffaloes, and twelve 
million camels are at risk of extinction because of this epidemic. It is responsible for 30% of 
morbidity and 3% of death in the population of the United States. However, the economic losses 
produced by surra in Asia may be more significant than those caused by African trypanosomes; 
in terms of the cost of meat and dairy products, it is estimated that they will cost 1.3 billion US$ 
(Kristjanson, Swallow, Rowlands, Kruska, & De Leeuw, 1999). 

Trypanosoma affects significant number of domestic and wild animals around the world, 
including mules, horses, donkeys, camels, buffalo, sheep  and a herd of goats, cows, pigs, dogs, 
elephants, deer, foxes, tigers, and jackals, and causes a persistently high but intermittent 
temperature, anemia, weight loss, edema-affected regions, anxious symptoms, and abortion 
among other symptoms. Animal and poultry producers suffer huge losses as a result of it. World 
Health Organization (WHO) states that animal trypanosomiasis is currently a permanent 
constraint on cattle productivity across Asia, Africa, and Latin America. According to the 
World Health Organization, the disease's geographic spread is still in flux (Desquesnes et al., 
2013). 

Trypanosomiasis 

The members of the  genus trypanosoma are the causal agents' African human trypanosomiasis 
(also known as African sleeping sickness) and American trypanosomiasis (also known as 
Chagas' illness). Insects transmit Blood-borne diseases (Barrett et al., 2003). It is a vector-borne 
disease spread mainly through blood-sucking insects for example tabanus, haematopota, 
atylotus, chrysops, stomoxys, and heamatobia (Otto et al., 2010).  

Trypanosoma vivax, Trypanosoma congolense, T. brucei, T. simiae, and Trypanosoma evansi 
are the most prevalent pathogenic trypanosome species. Cattle have the highest prevalence of 
the first three. T. congolense is the most commonly seen parasitic trypanosome in cattle 
(Algehani, Jaber, Khan, & Alsulami, 2021). The transmission of African animal 
trypanosomiasis is carried out by various trypanosome species (AAT), including trypanosoma 
congolense, T. vivax, T. Godfrey, T. simiae, and T. brucei. subspecies are responsible for 
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transmitting African human trypanosomiasis (Isaac et al., 2016) also include trypanosome 
species spread mainly through biting vectors such as tsetse flies (Rahman, Goreish, Yagi, Rajab, 
& Gasmir, 2008).  

 Animal trypanosomiasis is an endemic disease in tropical regions of Asia, Africa, and South 
America, and it may cause both human and animal disease (Aregawi, Agga, Abdi, & Büscher, 
2019). One of the biggest obstacles establishing animal husbandry and breeding and livestock-
related businesses in Africa is a lack of available land for grazing. In addition, in tropical Africa, 
it harms mixed farming, human health, and livelihood. Tsetse flies are Africa's most prevalent 
vector of the illness. The chronic illness is characterized by a depressed mood, fitful fever, 
anorexia, anemia, diarrhea with a bloody tinge, and adenopathy, associated with petechiae on 
the mucosa. If left untreated, it may result in abortion and death (Maichomo, Orenge, & Gamba, 
2021). Animal trypanosomes may be found in ruminants, camels, equines, pigs, and carnivores, 
among other animals. In addition to decreasing livestock output, the illness harms livestock 
producers' wealth and the overall community's nutritional status (Holt, Selby, Mumba, Napier, 
& Guitian, 2016).  

The parasite Trypanosoma evansi causes trypanosomiasis, which is endemic in the majority of 
tropical areas, including Africa, Latin America, and Asia. The principal targets of T. evansi 
illness are camels and horses, which are conveyed mechanically by biting flies and other 
vectors. This illness has also impacted other animal species, including goats, sheep, cattle, 
donkeys, and buffaloes (Al-Abedi, Spray, Hussein, & Gharban, 2018). Surra also known as 
"Mal de caderas" is a trypanosomal infection caused by the Trypanosoma evansi parasite that 
affects both domestic and wild animals, causing extensive disease and death. It is the most 
prevalent trypanosomal disease of domestic and wild animals. The parasite is mechanically 
disseminated by biting flies and is present in a broad variety of geographical places across the 
globe (Monzón, Mancebo, & Roux, 1990; Truc et al., 2013).  

The parasite T. congolense lives inside the body's blood vessels. The T. brucei travel outside 
and invade other parts of the body. The virulence mechanisms, host-pathogen connections, and 
bodily consequences of the two species are all highly different. It can be grown in vitro for T. 
congolense, but it can't be done for T. brucei, which can't be done that way (Gray, Ross, Taylor, 
& Luckins, 1984; Gray, Ross, Taylor, Tetley, & Luckins, 1985). 

Worldwide distribution 

Survivors of Surra are found in tropical and subtropical parts of Northern Africa, Southeast 
Asia, Central and South America, and the Caribbean. Surra, and the causative agent T. evansi, 
are also found in tropical and subtropical regions of Central and South America (Raina, Kumar, 
Sridhar, & Singh, 1985). Trypanosoma evansi is a salivation trypanosome that is extensively 
spread in Southern America, Africa, and Asia, among other places (Aregawi et al., 2019). In 
camels from northern Kenya, epizootic diseases have been found. A further result of this study 
is that the same infections were present in camel keds obtained from the same studied animals. 
These flies may be helpful in the xenodiagnosis of haemopathogens that are circulating among 
camels (Kidambasi, Masiga, Villinger, Carrington, & Bargul, 2020). 

In contrast to other geographical places, it seems that the medical and economic consequences 
of T. evansi are pretty varied. It mainly affects camels and horses in Africa. It is typically 
regarded as a moderate or minor infection in cattle in the rest of the world. Horses, dogs, and 
buffalo (Bubalus bubalis) are the most frequently affected; animals in Latin America; 
nevertheless, it is also regarded as a weak or inconsequential infection in cattle. In Asia, on the 
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other hand, it influences water buffalo, horses,  and pigs and cattle (Holland et al., 2005; D 
Tuntasuvan & Luckins, 1998; Darunee Tuntasuvan, Sarataphan, & Nishikawa, 1997). 

According to researcher Hasan T. evansi, the virus is quite uncommon in Pakistan's Punjab 
region (Hasan et al., 2006). According to research conducted in the country by Mauritania, 
camel trypanosomiasis was projected to be widespread in the country, particularly in forested 
regions near streams. The greatest rise in frequency was seen in the animals between the ages 
of five and 10 years (Dia, Diop, Aminetou, Jacquiet, and Thiam, 1997). 

According to Van Vinh Chau, the first reported T. evansi in Vietnam occurred in 1997. The 
patient had previously been healthy. According to him, a raw flesh wound that happened during 
the meat-processing technique was the cause of the disease (Zambrano Salazar, 2021). 

Life cycle and vector 

A large number of hematophagous flies are carriers of the trypanosomes parasite, present in 
several hosts' internal and extracellular fluids. Hematophagous insects are responsible for its 
mechanical transmission (Luckins & Dwinger, 2004). 

Table-1 Prevalence of Trypanosome in ruminants. 

Researcher 
The 
year Country Sample 

Total of 
Sample 

Type of 
Species 

Method for 
analysis Percentage 

Asghari 2022 Iran Camelus 
dromedarius 134 T. vivax 

T. evansi 

Blood 
microscopy 
and PCR 
analysis 

Blood microscopy showed 2.98% 
While PCR analysis showed 
30.6% 

Gomes 2021 Brazil Bovine 623 T. vivax 

Giemsa 
stained blood 
smears, 
PCR 
molecular 
analysis 

Blood smear 0.3% 
PCR analysis 18.9% 

Elobaid 2021 Saudi Arabia Camelus 
dromedarius 454 T. evansi 

wet and thick 
smear film 
PCR- ITS1 
and RoTat 

wet and thick smear film  3.1% 
and 3.5% 
PCR- ITS1 and RoTat 19% 
 

Chávez‐
Larrea 2021 Ecuador Cattle 20 T. vivax PCR- viCatL 

and DTO155 PCR- viCatL and DTO155 15% 

Bahrami 2021 Iran Camelus 
dromedarius 167 T. evansi 

Blood smear 
examination   
PCR 
molecular 
analysis 

Blood smear examination 6%    
PCR molecular analysis 8.4% 

Setiawan 2021 Indonesia Cattle 100 T. evansi 
microscopic 
observation             
PCR- ITS2 

microscopic observation 1% 
PCR- ITS2 3% 

Kizza 2021 Uganda Cattle 460 
T. vivax    T. 
congolense           
T.evansi 

ITS-PCR 
assay 

T. vivax+   T.congolense   
=20.4% T.evansi 10.2%          

Oyewusi 2019 Nigeria Sheep 243 

T. vivax      T. 
congolense 
(Savannah) 
T. congolense 
(forest) 
T. 
congolense 
(Kilifi) 
T.brucei 
brucei 

HCT method 
PCR analysis 
by primers 

HCT method found no positive 
PCR analysis by specific primers 
shows the following results.          
T. vivax 23.05%             T. 
congolense (Savannah) 13.38%      
T. congolense (Forest) 7.82%                             
T. congolense (Kilifi) 0% T. 
brucei brucei 4.53% 
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Researcher 
The 
year Country Sample 

Total of 
Sample 

Type of 
Species 

Method for 
analysis Percentage 

Maganga 2020 Central 
Africa 

Sheep          
goats 

146 
sheep    
140 
goats=2
86 total 

Trypanosoma 
spp. 

PCR-IST1, 
IST2, ITS3, 
and ITS4 
analysis 

By PCR-IST1, IST2, ITS3, and 
ITS4 in goats              
 T.vivax 2.14%,T. simiae 
5.71%,T. simiae tsavo 5%,T. 
theileri 0%,T. brucei 0.71%,T. 
congolense 0.71% 
In sheep  T.vivax 0%,      T. 
simiae 18.49%, T. simiae  0%, T. 
theileri 1.37%, T. brucei 0%, T. 
congolense 0% 

Megasari 2020 Syria Cattle 207 T. evansi 

RoTat1.2-
PCR 
amplified 
ITS1 region 

RoTat1.2-PCR amplified ITS1 
region shows 13% positive 

Shaeel 2020 Iraq Cattle 150 Trypanosoma 
spp. 

Microscopy 
examination               
PCR assay 

Microscopy examination 5% 
PCR assay 14% 

Metwally 2021 Saudi Arabia Camelus 
dromedarius 400 T. evansi 

Thin blood 
smears 
microscopy  
ITS-1 and 
ITS-2 PCR 
assay 

Thin blood smears microscopy  
shows 0% 
ITS-1 and ITS-2 PCR assay 
showed 85.5% 

Panja 2019 Eastern 
Thailand Buffaloes 153 T. evansi PCR assay 

analysis 
PCR assay analysis shows 
21.92% 

Bonilla 2021 Nicaragua Sheep 30 T.vivax 
Blood smears 
microscopy             
PCR analysis 

Blood smears microscopy             
shows 73.3%                       PCR 
analysis 36.7% 

Mirshekar 2019 Iran 
Iranian 
dromedary 
camel 

370 T.evansi 

Micro-
hematocrit 
centrifugation 
technique and 
PCR analysis 

Micro-hematocrit centrifugation 
technique 11.89% 
PCR analysis 31.5% 

Elata 2020  Philippines Goat 251 T. evansi PCR- TS1 PCR- TS1 33.9% 

Trypanosomes have complicated life cycles that comprise both proliferative and differentiation 
cell divisions in nature. The parasite's capacity to organise its cell cycle in order to accomplish 
these several divisions is important for infecting both the host and the vector (Wheeler, Gull, & 
Sunter, 2019).After reaching high concentrations slender stage cells circulate in the blood of 
the mammalian host transform into stumpy stage cells, which have entered the cell cycle and 
cannot reproduce. It is considered that the stumpy stage is the only capable of successful vector 
transmission. It performs two crucial functions: first, it regulates the parasite load in the host, 
and second, it serves as a transitional step among the parasite burden and the host (Schuster et 
al., 2021). 

If exposed to the environment, it may move through the circulatory system's spectrum of body 
fluids, including the lymphatic system and cerebrospinal fluid, as well as the placenta. Parasites 
migrate from liquids to organs, with the most common parasite disorders affecting the brain 
and central nervous system (CNS). However, as soon as the tsetse fly consumes blood, parasites 
in trypomastigote form begin to travel to the insect vector's midgut, where the processes 
occurring inside the vector may be seen for the first time. Following the entry into the midgut, 
trypomastigote forms continue to increase and migrate down the esophagus and hypopharynx, 
finally reaching the salivary gland. Certain strains of these bacteria are contagious, whereas 
others are not. They can grow and convert into highly pathogenic metacyclic forms (Sharma et 
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al., 2009). 

Contaminated blood is briefly kept in the crop, which acts as a storage site and allows the tsetse 
to absorb more blood each meal, or it is transferred directly to the midgut. Trypanosomes move 
to the proliferative procyclic stage after passing through the midgut. Once implanted in the 
midgut, parasites must migrate through the peritrophic matrix. This protective sleeve divides 
the bloodmeal from the midgut tissue that surrounds it. Parasites are thought to do so by 
swimming up the endotrophic space to the proventriculus, the site of peritrophic matrix 
development, from whence they may enter the ectotrophic area (Rose et al., 2020). 

Symptoms 

The animals infected with Nagana and Surra display clinical symptoms such as sporadic fever, 
anemia, lymphadenopathy, wasting, loss of condition, pallor (pallor of the skin), abortion, 
lacrimation (milking), weakness, and lethargy. They lag behind the rest of the herd. Diseases 
are prevalent on a global scale. It is possible to have an acute, subacute, or chronic (Namangala 
& Odongo, 2014). Numerous studies have shown that trypanosoma damages cells and affects 
various physiological organs. Additionally, the parasite alters the chemical composition of the 
buffaloes' blood, increasing their bodies' oxidative stress (Pandey et al., 2015; Hussain et al., 
2018). 

Some ruminants, such as cows, buffaloes, sheep, and goats, can die from T. vivax infection 
because of the high fever and anemia caused by the sickness, leading to death (Gonzatti et al., 
2014). Animals exposed to high fevers and induced anemia due to T. vivax are at risk of 
contracting a severe and usually fatal sickness. Ruminants such as cattle, buffaloes, sheep, and 
goats are particularly vulnerable ( Gonzatti, Gonzál   ez-Baradat, Aso, & Reyna-Bello, 2014). 

Acute anorexia with increased body temperature and severe generalized edema is the most 
prevalent clinical signs of ill camels. Additionally, the chronic form of trypanosoma infection 
manifests in noticeable muscle atrophy, an undulant fever, pale mucous membranes, gradually 
decreasing body weight, and ascites, among other symptoms, are more common. In certain 
situations, diseased dromedaries emit a characteristic odor of urine ketones, which may be 
identified by their smell (Constable et al., 2017). 

The symptoms of T. evansi infection are severe and sometimes fatal, mainly when the sickness 
is in its late stages. The severity of the illness may vary from chronic to potentially lethal. 
Eventually, it results in progressive weakness, depletion, lymph node enlargement, and death 
(Saleh et al., 2009; Herrera et al., 2002). 

According to Eyob, E., and Matias, microscopic examination of trypanosomiasis is a dangerous 
disease that can spread to a wide range of domestic and wild animals, as well as humans, and it 
can be tough to treat. The spleen, liver, heart, lungs, brain, and kidneys are all affected by T. 
evansi infection, as are many other vital parts of the body. Trypanosoma evansi is a disease that 
affects many camel species, causing much money to be lost because of the high cost of 
medicine, high death rates, weight loss, and decreased animal production caused by the disease 
(Eyob & Matios, 2013). Antioxidant enzymes were more elevated in camels naturally infected 
with T. evansi than in those not infected with the virus. When the mean values of the positive 
group were compared to the mean values of the opposing group, there was a significant 
difference (G6PDH and G.R.). It did not change BUN levels, serum creatinine, or total protein. 
However, the A/G ratio did change because of this. There was a lot of hypoalbuminemia and 
hyperglobulinemia in the blood. Damage to the liver may be why there is not enough albumin 
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and much globulin in the blood (Ahmad, Butt, Muhammad, Athar, & Khan, 2004; Chaudhary 
& Iqbal, 2000). 

However, the liver function tests revealed a significant rise in the lactate dehydrogenase enzyme 
(LDH) activity and globulin levels, total and indirect bilirubin. In contrast, a substantial 
decrease in the movement of the alkaline phosphatase enzyme was seen (Baldissera et al., 
2017). 

Trypanosome infection increased the WBC count in the orally and intraperitoneally treated 
groups to 4.3 109 WBC/mm3 and 6.7 109 WBC/mm3, respectively (P 0.050). Similarly, the 
percentage of lymphocytes in the infected group was lowered relative to the non-infected group. 
Still, it rose in the treated groups (P 0.050). RBC count and hemoglobin content were 
significantly lower (P 0.050) in the untreated infected group than in the non-infected group. 
However, both were greatly improved after LSSE treatment. The hematocrit (HCT) was 
markedly lower in the untreated infected group than in the control group (P 0.050). After 
therapy, it returned to near-normal levels. AST and ALT levels were significantly higher in the 
untreated infected group than in the uninfected control group (P 0.050). However, LSSE 
treatment restored AST and ALT to near-normal levels (Al-Otaibi, Al-Quraishy, Al-Malki, & 
Abdel-Baki, 2019). 

This investigation focused on several clinical indications, including rectal temperature, feed 
intake, overall body condition, and weakness and dullness. Rough hair coat, expansion of 
peripheral lymph nodes, runny nose, and quick pulse are examined (Scholar, 2021). 

The findings of Amin's study revealed that T. evansi infection in bulls, which included the 
negative influence of T. evansi on the reproductive system of the animals, was connected 
mainly with histological changes in the animals' testicular tissue. The purpose of this study was 
to assess the changes in reproductive testicular parameters and the incidence of reproductive 
failure in dromedary bulls during the breeding season. Infected Camelus dromedarius were 
studied using a variety of diagnostic methods after infection with T. evansi, including 
examination of oxidative stress, testicular lesions, semen features, hormone levels, and 
hematological and biochemical parameters, among other things (Amin, Noseer, Fouad, Ali, & 
Mahmoud, 2020). 

The lungs and other organs, including the liver, intestinal tract, kidneys (including testicles), 
bone marrow (including cerebellum), brain (including cerebellum), and testicles, had interstitial 
tissues filled with immune cells from other bodies (including bone marrow). There were also 
trypanosomes in the lungs and other parts of the body. Also, B- and T-cell responses were found 
in the lymphatic system. However, the findings showed that the lymph nodes, spleen, and bone 
marrow were immune-suppressed (Dargantes, Campbell, Copeman, & Reid, 2005). 

Hypoglycemia may occur as a result of trypanosoma infections. Trypanosomes have been 
shown to cause a decline in blood glucose levels at periods of high parasitemia, presumably as 
a result of utilizing glucose for metabolic activity (Gutiérrez Cabrera, Corbera Sánchez, Juste 
de Santa Ana, Doreste, & Morales Fariña, 2006)(Silva, Sequeira, Santos, & Tiago, 2013). 

Another possibility for the leukopenia seen at the beginning of the infection is that leukocytes 
are undergoing apoptosis, as shown in rats infected with T. brucei (Happi, Milner Jr, & Antia, 
2012). Previous studies have indicated that erythrocytes can shield neutrophils from apoptosis 
via glutathione and catalase metabolism, contributing to the neutrophilic decline. However, for 
this to be confirmed, an additional study must be done in this area(Aoshiba, Nakajima, Yasui, 
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Tamaoki, & Nagai, 1999). According to this research, the number of eosinophils in the blood 
of cattle exposed to T. vivax had decreased, which is consistent with earlier findings 
(Dagnachew et al., 2015). 

As reported here, brain tissue from infected subgroups of mice was shown to have vacuolar 
degeneration and a moderate mononuclear cellular infiltration in the cerebellum. When T. 
evansi infected Swiss albino mice, the alterations in their brain tissue were identical to those 
seen in the brain of infected Swiss albino mice (Bal et al., 2012). In addition to being more 
sensitive, DNA-based approaches benefit from detecting trypanosomes down to the subspecies 
level. They can also tell if there are mixed infections (Isaac et al., 2016). 

T. evansi has been associated with neurologic symptoms in horses, cattle, deer, and buffaloes 
during the final phase of natural infection, although there has been little research into this in 
horses (Seiler, Omar, & Jackson, 1981; D Tuntasuvan et al., 2000; Darunee Tuntasuvan, 
Sarataphan, & Nishikawa, 1997). 

Diagnosis 

Due to the absence of clinical signs in camels, numerous approaches with varying sensitivity 
and specificity may be used to diagnose human trypanosoma infection. For the identification 
of Trypanosoma spp., standard detection approaches such as microscopic examination of fresh 
or stained blood smears are used. However, they may lack the sensitivity and specificity 
necessary to identify certain parasites (Salim et al., 2011). 

Trypanosoma may be identified in the blood using a light microscope at a magnification of 
40X. A microscopic examination of blood samples stained with Giemsa staining may be 
undertaken later in the procedure (Mafie et al., 2018). 

Microscopy is essential in diagnosing HAT since it detects motile trypanosomes and fixes and 
stained organisms in the bloodstream. Microscopy of spinal fluid must be done after a HAT 
diagnosis is made to see if the patient has reached the neurological stage of the illness, which 
is very important in deciding what kind of treatment the patient needs (Brun, Blum, Chappuis, 
& Burri, 2010). 

In the last few years, Carl Zeiss and FIND have made an LED microscope that is so bright that 
it can be used for both fluorescence and bright field microscopy, called the Primo Star iLED. 
Acridine orange-based fluorescence microscopy and traditional Giemsa stain microscopy were 
compared in this investigation to see whether a parasite concentration and RBC lysis step may 
improve the method's sensitivity in detecting trypanosomes in the blood (Biéler et al., 2012). 

Historically, Trypanosoma spp. was recognized using standard trypanosome detection methods, 
such as microscopic examination of fresh or stained blood smears (microscopy). Regrettably, 
this technique lacks the necessary sensitivity and specificity. The World Organization for 
Animal Health (OIE) has approved the card agglutination test for T. evansi as a rapid diagnostic 
test. For the identification of trypanosomosis in camels, serological tests have been designed 
and evaluated. Antibodies are detected using the CATT T.evansi and other assays (Songa & 
Hamers, 1988). 

To conduct the formol gel test (FGT), one milliliter of serum was mixed well with two drops 
of robust formalin solution (which contained 37 percent formaldehyde). When the serum started 
to coagulate immediately and turned opaque, positive findings were proclaimed (Jacobson, 
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2004). 

Additionally, the antigen preparation utilized in the enzyme-linked immune sorbent test has 
been used to identify (ELISA). ELISA each trypanosome isolate was tested in triplicate using 
an ELISA plate under similar conditions. Two weeks before the infection, negative serum 
samples from each sample were collected and used as controls. Specimens were collected on 
days 1, 2, 10, 18, 24, 30, 39, 47, and 61 of the experimental infection. Sensitized plates 
containing 20 g of antigen per well were washed five times with washing buffer (W.B.) and 
blocked for an hour at 37°C with 200 l/well of 5% skim milk in PBS. Before adding 100 l/well 
of each serum diluted 1:200 in W.B., the plates were washed five times with W.B. Each ELISA 
plate was pre-inoculated with positive and negative control sera. After an hour of incubation at 
37°C, the dishes were washed five times with W.B., and 100 conjugate rabbit peroxidase-
conjugated anti-(any sample) IgG Pierce were added. The Immunocore antibody was diluted at 
1:5000 in W.B. and incubated for 60 minutes at 37°C. Following incubation, the plates were 
washed three times, and 100 l of the substrate solution, ABTS 2% H2O, was added and 
incubated for 45 minutes at 37 °C. Photometrically, absorbance was determined at 405nm using 
an ELISA reader (Parra-Gimenez & Reyna-Bello, 2019). 

Many molecular diagnostic methods have been used to diagnose camel trypanosomiasis, 
including conventional and real-time polymerase chain reaction (PCR) tests. They are more 
sensitive than other methods and have the benefit of being able to categorize parasites at the 
subspecies level, which is not achievable with other systems(Barghash, Abou El-Naga, El-
Sherbeny, & Darwish, 2014; Elhaig, Youssef, & El-Gayar, 2013) 

Molecular analysis targeting the internal transcribed spacer 1 (ITS1) region has been used in 
epidemiological research because it enables the identification of many different trypanosome 
species using a single polymerase chain reaction (PCR (Salim, Bakheit, Kamau, Nakamura, & 
Sugimoto, 2011). The use of molecular technologies, such as the typical polymerase chain 
reaction (PCR), is beneficial for sampling big animals during field research initiatives (Behour, 
Aboelhadid, & Mousa, 2015). The unique molecular identification and characterization of each 
sample are dependent on special primers for each species used. In the past, the primers for 
amplifying the internal transcribed spacer (ITS1) in DNA is a sequence that is transcribed 
during the transcription process (ITS1CF and ITS1BR) were designed to do so (Constantine et 
al., 2007). 

Prevention 

In the fight against AAT and the tsetse fly vector cycle, a number of different strategies have 
been used. It has been decided to adopt vector control measures as well as the diagnosis and 
treatment of animals afflicted with AAT. Trypanocides such as isometamidium chloride (ISM), 
diminazene acetonate (DA), and ethidium bromide are the only three presently available 
trypanocides that may be used to treat or prevent the spread of trypanosomes (Barrett, Coombs, 
& Mottram, 2004). Mechanical transmissions do not just cause the spread of trypanosomosis in 
the environment through vectors. Animal mobility also helps spread the disease (Holmes, 
2013). 

Current and future attempts to successfully eradicate AAT and its vectors in Sudan will need 
reliable information on the disease's geographic spread. Although epidemiological research has 
been conducted throughout the years, the prevalence of tsetse and AAT has not been geo-
referenced or harmonized. Planning, implementing, and monitoring field engagement needs 
this kind of data. An project to map the prevalence of Tsetse and trypanosoma infections in 
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Sudan has been launched by Sudan's VRI (Vector Research Institute). The FAO's technical 
assistance includes the Atlas of Tsetse and AAT, according to this study (Cecchi et al., 2014; 
Cecchi, Paone, Herrero, Vreysen, & Mattioli, 2015). The African trypanosomosis programme's 
tsetse and tsetse Atlas is part of that programme (PAAT). 

Vaccination and treatment 

Currently, there are four main medicines that are used to treat HAT. These are suramin, 
pentamidine, melarsoprol, eflornithine (difluoro-methyl ornithine, or DFMO), and nifurtimox 
(Fairlamb, 2003).Most of these medications were developed in the first part of the twentieth 
century. Since 1981, no new medicine for human use has been licensed. A drug named DB 289, 
a dimidine derivative, has just completed its second clinical study (Legros et al., 2002). 
Treatment for the early stages of rhodesiense and gambiense disorders is accomplished by the 
use of suramin and pentamidine. There is just one medicine that can be used to treat both forms 
of HAT in its late stages: arsenical melarsoprol. Individuals who take treatment may absorb it 
into their brains (Legros et al., 2002). Nifurtimox may be taken orally for up to two months, 
whereas DFMO is administered intravenously for five weeks. However, the DFMO is not 
widely used, and it is considered too costly for most people to use daily. Also, DMFO is 
exclusively effective against T. b. gambiense, thus use it just against this infection (Burri & 
Brun, 2003). 

Trypanosomiasis medicines are already available, but they have considerable side effects, and 
the parasite is becoming more resistant to the pharmaceuticals being used to treat it (Kizza et 
al., 2021). However, diminazene aceturate is potentially dangerous to the host when treating T. 
evansi infection in domestic animals. (Do Carmo et al., 2015). 

To fight trypanosomiasis, it is crucial to keep researching new, safe treatments (Adeyemi et al., 
2018). Indigofera oblongifolia was given to sick mice, and the parasite count in their blood was 
substantially lower than in control blood samples. Active compounds such as phenol, quinines, 
saponins, and coumarin have been shown to protect the body (Nassef, El-Melegy, Beshay, Al-
Sharaky, & Al-Attar, 2018). Despite the use of well-known anti-trypanosome medications 
including Nagano, Cymelarsan, and Antrycide, most blood samples confirmed positive for 
Trypanosoma evansi failed to react to either of the two regimens (Shahjahan, Vani, & Devi, 
2005). 

The incidence of sickness increases at an alarming rate, reaching epidemic proportions. With 
the lack of a viable mammalian vaccination and a scarcity of affordable and effective drugs, 
illness management has become more problematic (Aksoy, 2003). 

 The availability of accurate and sensitive diagnostic instruments for controlling T. 
evansi infection is an absolute need. DNA-based PCR detection methods, on the other hand, 
satisfy all of these requirements (Li et al., 2020). 

 It is thought about if regular doses of medicine don't work. This is called drug resistance. 
When treatment doesn't work, it may be because of things other than parasite resistance to 
medications. Having parasites in animals that have been treated might mean they have a new 
infection, not a recurrence, in places where they are at risk (Rowlands et al., 2001). They don't 
know why the animal isn't healthy enough, how to use the medicine (like complicated treatment 
or long breaks between treatments), or the animal doesn't get enough of the drug. In this case, 
low-quality medicines could be to blame. Either because they were stored incorrectly or 
because they used counterfeit products, this could be the reason (Sutcliffe et al., 2014). 
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As little as 0.5 and 0.25 mg/kg of body weight were used to treat mice that had been infected 
with the T. evansi. Six compounds were used. Besides that, they were better than the most 
common medications, such as suramin, diminazene, and quinapyramine. The three diamidine 
compounds, D.B. 75, DB 867, and DB 1192, met all of the criteria for being chosen. They could 
be used as preclinical candidates to fight off T. evansi infection (Gillingwater et al., 2009). 

T. congolense and T. brucei isolates were tested in vivo, and the results revealed that the single-
dose mouse test is still the gold standard for quickly identifying single or multiple 
resistance.Although the test does not quantify the number of parasites eliminated, it does give 
a means of determining if parasites react to dosages of the treatment used in veterinary 
medicine. There are methods for optimizing drug sensitivity studies that do not need 
microscopy. For instance, PCR methods may be used instead of microscopy to detect 
trypanosomes in the blood (Tran et al., 2014). 

The maximal dose evaluated in this experiment was hundred percent effective against T. evansi. 
On the other hand, Cordycepin was not curative in vivo when administered alone; instead, it 
lengthened the animals' lives when given therapy. Due to the rapid deamination of Cordycepin 
(3′-deoxyadenosine) to 3′-deoxyinosine, the trypanosomal enzymes inosine and deoxyinosine 
hydrolases may inactivate and destroy Cordycepin (Rottenberg et al., 2005). 

Drug resistance may emerge as a consequence of the abuse of trypanocidal drugs. Many reports 
of drug resistance to pharmaceuticals such as isometamidium chloride and diminazene aceturate 
have been produced in the context of these therapies (Nuryady, Widayanti, Nurcahyo, & 
Fadjrinatha, 2019). 

 Discussion 

There have been fifteen articles examining the frequency and distribution of trypanosomiasis 
in animals worldwide. This review summarized sixteen reports to ascertain the present state of 
trypanosomiasis and its spread rates in a variety of countries worldwide, including Iran, Syria, 
Iraq, Eastern Thailand, Nicaragua, Central Africa, Nigeria, Uganda, Indonesia, the Philippines, 
Ecuador, Brazil, and Saudi Arabia. The current research attributes variations in the prevalence 
and spread of Trypanosoma evansi among countries to geographic location, animal 
management techniques, seasons, and the animals' breed, sex, and age. Certain nations seem to 
be more concerned with infection-control strategies with a low infection rate. A PCR 
experiment demonstrated that the parasite was responsible for 85.5% of trypanosomiasis 
infections in Saudi Arabian camels. Saudi Arabia's camel population has expanded dramatically 
in recent years (Faye, 2015), in 2017, there were over 500,000 camels in the Riyadh area, 
representing tremendous growth (FAOSTAT, 2019). The prevalence numbers for each species 
vary significantly among nations, depending on the diagnostic technique employed and the 
geographic region covered by reports. Camels had the highest estimated prevalence values of 
any species. Cattle, buffaloes, goats, sheep, and sheep were the following animals on the list. 

A substantial source of revenue and food for many people who live in many regions of the 
globe, camels are an essential source of money and food. Trypanosoma evansi infections are 
less prevalent in camel markets in locations where people are better knowledgeable of how to 
feed and care for their camels, administer medications, and how vital it is for camel owners to 
sell their camels for a reasonable price. Sheep and goat infections are often regarded as 
moderate or non-threatening. A superficial corneal ulcer and retinochoroiditis were seen in 
goats that had been artificially infected, although there were no visual impairments (Morales et 
al., 2006). Surra was detected in both acute and chronic manifestations in the camel. It has 
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called a critical case when severe fever, anemia, infirmity, and death. If they are sick for a long 
time, they are more likely to have chronic issues. The condition is devastating and has three-
year duration. It includes the physical manifestations of disease like intermittent fever, dullness, 
progressive weakness, loss of appetite, and edema in the central parts. Young animals are more 
likely to get sick, but the disease affects animals of all ages. Camels may have lymph glands 
that grow and become infected in the inguinal region. Trypanosoma evansi also caused 
dromedary camels in the Canary Islands to have abortions and die at a high rate as babies 
(Gutierrez et al., 2005). 

 According to different researches, Surra was discovered in Pakistan. Tehseen et al. 
(2015) assessed T. evansi infection in camels in Pakistan's Cholistan Desert using 
parasitological, serological, and molecular techniques. Their results were published in 
Parasitology, Serology, and Molecular Research. Abbasi et al. (2014) conducted comparative 
research. Immunodiagnosis is the only successful approach in field circumstances, particularly 
in RDT (Rapid Diagnostic Test) environments. However, there is no antigen capture test 
available that can be used to detect active infections, which is a severe drawback. The use of 
whole trypanosome lysates as antigens in the currently used ELISA-based antibody detection 
techniques has been limited, resulting in the problem of antigen standardization. The few 
articles that employed a unique recombinant protein as an antigen to address standardization 
problems were often found to be inadequately sensitive (Desquesnes et al., 2009). 

This review discovered that Trypanosoma evansi infections are frequent in numerous nations 
on a broad scale. Despite this, there is very little understanding of how animals and people 
acquire it. Trypanosoma evansi spreads to many animals through the bites of flies. Different 
species can cause a wide range of diseases that can significantly impact animals' health and the 
economy. 

 Take note of the study's flaws, including reporting bias and other issues. It could not 
conduct a statistical review of publication bias due to the lack of variance in diagnostic test 
categories, geographic location, breed of animals collected, and study era.  

References 

Abbasi, I.H.R., Sahito, H.A., Sanjrani, M.I., Abbasi, F., Memon, M.A., Menghwar, D.R., Kaka, 
N.A., Shah, M.N. & Meena, M. (2014). A disease complex pathogen "Trypanosome 
congolense" transmitted by the tsetse fly in donkeys. Herald Journal of Agriculture & Food 
Science Research 3: 044-048. 

Adeyemi, O. S., Molefe, N. I., Awakan, O. J., Nwonuma, C. O., Alejolowo, O. O., Olaolu, T., 
. . . Kato, K. (2018). Metal nanoparticles restrict the growth of protozoan parasites: artificial 
cells, nanomedicine, and biotechnology, 46(sup3), S86-S94.  

Ahmad, S., Butt, A., Muhammad, G., Athar, M., & Khan, M. (2004). Haematobiochemical 
studies on the haemoparasitized camels. Int. J. Agric. Biol, 6(2), 331-334.  

Aksoy, S. (2003). Control of tsetse flies and trypanosomes using molecular genetics. Veterinary 
parasitology, 115(2), 125-145. 

Al-Abedi, G. J., Sray, A. H., Hussein, A. J., & Gharban, H. A.(2018). Molecular Detection and 
Blood Profiles Evaluation of Naturally Infected Camels with Subclinical Trypanosoma evansi, 
Iraq.  



 
24 

Algehani, A., Jaber, F., Khan, A., & Alsulami, M. (2021). Review on Trypanosomiasis and its 
prevalence in some countries on the Red Sea. Brazilian Journal of Biology, 83.  

Al-Otaibi, M. S., Al-Quraishy, S., Al-Malki, E. S., & Abdel-Baki, A.-A. S. (2019). Therapeutic 
potential of the methanolic extract of Lepidium sativum seeds on mice infected with 
Trypanosoma evansi. Saudi Journal of biological sciences, 26(7), 1473-1477.  

Amin, Y. A., Noseer, E. A., Fouad, S. S., Ali, R. A., & Mahmoud, H. Y. (2020). Changes of 
reproductive indices of the testis due to Trypanosoma evansi infection in dromedary bulls 
(Camelus dromedarius): Semen picture, hormonal profile, histopathology, oxidative 
parameters, and hematobiochemical profile. Journal of Advanced Veterinary and Animal 
Research, 7(3), 537. 

Aoshiba, K., Nakajima, Y., Yasui, S., Tamaoki, J., & Nagai, A. (1999). Red blood cells inhibit 
the apoptosis of human neutrophils. Blood, The Journal of the American Society of Hematology, 
93(11), 4006-4010.  

Aregawi, W. G., Agga, G. E., Abdi, R. D., & Büscher, P. (2019). Systematic review and meta-
analysis on the global distribution, host range, and prevalence of Trypanosoma evansi. 
Parasites & Vectors, 12(1), 1-25.  

Asghari, M. M., & Rassouli, M. (2022). First identification of Trypanosoma vivax among 
camels (Camelus dromedarius) in Yazd, central Iran, jointly with Trypanosoma 
evansi. Parasitology International, 86, 102450. 

Bahrami, S., Alborzi, A. R., Esfahsalari, S. R., & Ziafati, Z. (2021). Molecular identification 
and phylogenetic analysis of Trypanosoma evansi in dromedaries (Camelus dromedarius) from 
Iran. Veterinarski arhiv, 91(3), 297-305. 

Bal, M. S., Singla, L., Kumar, H., Vasudev, A., Gupta, K., & Juyal, P. (2012). Pathological 
studies on experimental Trypanosoma evansi infection in Swiss albino mice. Journal of 
parasitic diseases, 36(2), 260-264.  

Baldissera, M. D., Souza, C. F., Grando, T. H., Dolci, G. S., Cossetin, L. F., Moreira, K. L., . . 
. DE CAMPOS, M. M. (2017). Nerolidol-loaded nanospheres prevent hepatic oxidative stress 
of mice infected by Trypanosoma evansi. Parasitology, 144(2), 148-157.  

Barghash, S. M., Abou El-Naga, T. R., El-Sherbeny, E. A., & Darwish, A. M. (2014). 
Prevalence of Trypanosoma evansi in Maghrabi camels (Camelus dromedarius) in Northern-
West Coast, Egypt using molecular and parasitological methods. Acta Parasitol Glob, 5, 125-
132. 

Barrett, M. P., Burchmore, R. J., Stich, A., Lazzari, J. O., Frasch, A. C., Cazzulo, J. J., & 
Krishna, S. (2003). The trypanosomiases. The Lancet, 362(9394), 1469-1480.  

Barrett, M. P., Coombs, G. H., & Mottram, J. C. (2004). 24 Future Prospects in Chemotherapy 
for Trypanosomiasis. The Trypanosomiases, 445.  

Behour, T. S., Aboelhadid, S. M., & Mousa, W. M. (2015). Diagnosis and Follow up of 
Trypanosoma evansi infection by conventional and Real-time PCR assays. Egyptian Veterinary 
Medical Society of Parasitology Journal (EVMSPJ), 11(1), 13-23. 



 
25 

Biéler, S., Matovu, E., Mitashi, P., Ssewannyana, E., Shamamba, S. K. B., Bessell, P. R., & 
Ndung'u, J. M. (2012). Improved detection of Trypanosoma brucei by lysis of red blood cells, 
concentration, and LED fluorescence microscopy. Acta Tropica, 121(2), 135-140.  

Bonilla, J. L., Oliveira, J. B., Flores, B., Jirón, W., & Sheleby-Elías, J. (2021). First report of 
Trypanosoma vivax infection in sheep from Nicaragua. Veterinary Parasitology: Regional 
Studies and Reports, 100602. 

Brun, R., Blum, J., Chappuis, F., & Burri, C. (2010). Human african trypanosomiasis. The 
Lancet, 375(9709), 148-159.  

Burri, C., & Brun, R. (2003). Eflornithine for the treatment of human African 
trypanosomiasis. Parasitology research, 90(1), S49-S52. 

Cecchi, G., Paone, M., Feldmann, U., Vreysen, M. J., Diall, O., & Mattioli, R. C. (2014). 
Assembling a geospatial database of tsetse-transmitted animal trypanosomosis for Africa. 
Parasites & Vectors, 7(1), 1-10.  

Cecchi, G., Paone, M., Herrero, R. A., Vreysen, M. J., & Mattioli, R. C. (2015). Developing a 
continental atlas of the distribution and trypanosomal infection of tsetse flies (Glossina species). 
Parasites & Vectors, 8(1), 1-10.  

Chaudhary, Z., & Iqbal, J. (2000). Incidence, biochemical and hematological alterations 
induced by natural trypanosomosis in racing dromedary camels. Acta Tropica, 77(2), 209-213.  

Chávez‐Larrea, M. A., Medina‐Pozo, M. L., Cholota‐Iza, C. E., Jumbo‐Moreira, J. R., 
Saegerman, C., Proaño‐Pérez, F., ... & Reyna‐Bello, A. (2021). First report and molecular 
identification of Trypanosoma (Duttonella) vivax outbreak in cattle population from 
Ecuador. Transboundary and Emerging Diseases, 68(4), 2422-2428. 

Constable, P. D., Hinchcliff, K. W., Done, S. H., & Grünberg, W. (2017). Veterinary Medicine: 
A Textbook of the Diseases of Cattle, Horses, Sheep, Pigs and Goats, 11th edition, Elsevier 
Health Sciences.  

Constantine, C., Thompson, R., Njiru, Z., Kinyua, J., Guya, S., Kiragu, J., . . . Davila, A. (2007). 
The use of ITS1 rDNA PCR in detecting pathogenic African Trypanosomes. 

Dagnachew, S., Bezie, M., Terefe, G., Abebe, G., Barry, J. D., & Goddeeris, B. M. (2015). 
Comparative clinical-hematological analysis in young Zebu cattle experimentally infected with 
Trypanosoma vivax isolates from tsetse infested and non-tsetse infested areas of Northwest 
Ethiopia. Acta Veterinaria Scandinavica, 57(1), 1-9.  

Dargantes, A., Campbell, R., Copeman, D., & Reid, S. (2005). Experimental Trypanosoma 
evansi infection in the goat. II. Pathology. Journal of comparative pathology, 133(4), 267-276.  

De Gier, J., Cecchi, G., Paone, M., Dede, P., & Zhao, W. (2020). The continental atlas of tsetse 
and African animal trypanosomosis in Nigeria. Acta tropica, 204, 105328.  

Desquesnes, M., Holzmuller, P., Lai, D.-H., Dargantes, A., Lun, Z.-R., & Jittaplapong, S. 
(2013). Trypanosoma evansi and surra: a review and perspectives on origin, history, 
distribution, taxonomy, morphology, hosts, and pathogenic effects. BioMed research 
international, 2013.  



 
26 

Dia, M., Diop, C., Aminetou, M., Jacquiet, P., & Thiam, A. (1997). Some factors affecting the 
prevalence of Trypanosoma evansi in camels in Mauritania. Veterinary Parasitology, 72(2), 
111-120.  

Do Carmo, G. M., Baldissera, M. D., Vaucher, R. A., Rech, V. C., Oliveira, C. B., Sagrillo, M. 
R., . . . França, R. T. (2015). The treatment with Achyrocline satureioides (free and 
nanocapsules essential oil) and diminazene aceturate on hematological and biochemical 
parameters in rats infected by Trypanosoma evansi. Experimental parasitology, 149, 39-46.  

Elata, A., Galon, E. M., Moumouni, P. F. A., Ybanez, R. H. D., Mossaad, E., Salces, C. B., ... 
& Suganuma, K. (2020). First molecular detection and identification of Trypanosoma evansi in 
goats from Cebu, the Philippines, using a PCR-based assay. Veterinary Parasitology: Regional 
Studies and Reports, 21, 100414. 

Elhaig, M. M., Youssef, A. I., & El-Gayar, A. K. (2013). Molecular and parasitological 
detection of Trypanosoma evansi in camels in Ismailia, Egypt. Veterinary parasitology, 198(1-
2), 214-218. 

Elhaig, M. M., Youssef, A. I., & El-Gayar, A. K. (2013). Molecular and parasitological 
detection of Trypanosoma evansi in camels in Ismailia, Egypt. Veterinary parasitology, 198(1-
2), 214-218. 

Elobaid, N. I., Daffalla, O. M., Noureldin, E. M., & Abdalla, M. A. (2021). Phylogenetic 
Analysis of Trypanosoma evansi Isolates in Naturally Infected Camels from Saudi Arabia. Int. 
J. Curr. Microbiol. App. Sci, 10(04), 532-543. 

Eyob, E., & Matios, L. (2013). Review on camel trypanosomosis (surra) due to Trypanosoma 
evansi: Epidemiology and host response. Journal of veterinary medicine and animal health, 
5(12), 334-343. 

Fairlamb, A. H. (2003). Chemotherapy of human African trypanosomiasis: current and future 
prospects. Trends in parasitology, 19(11), 488-494. 

FAOSTAT (2019) FAOSTAT Food and Agriculture Organization of the United Nations 
Statistics Division. [27 October 2019]. 

Faye, B. (2015). The role, distribution, and perspective of camel breeding in the third-
millennium economies. Emirates Journal of Food and Agriculture, 318-327. 

G.L. Mandell, J.E. Bennett, R. Dolin (Eds.), Principles and Practice of Infectious 
Diseases” (seventh ed.), Elsevier Churchill Livingstone, Philadelphia, Pa (2009). 

Gillingwater, K., Kumar, A., Anbazhagan, M., Boykin, D. W., Tidwell, R. R., & Brun, R. 
(2009). In vivo investigations of selected diamidine compounds against Trypanosoma evansi 
using a mouse model. Antimicrobial agents and chemotherapy, 53(12), 5074-5079.  

Gomes, H. C. S. F., de Jesus Genipapeiro, I. L., Andrade, F. T., Barbosa, D. D. C. V., Pacheco, 
L. R., Silva, R. P. B., ... & Barbosa, L. V. (2021). First detection of Trypanosoma vivax in cattle 
in the state of Bahia, Brazil, based on parasitological and molecular analyses. Semina: Ciências 
Agrárias, 42(3Supl1), 2065-2072. 

Gonzatti, M. I., González-Baradat, B., Aso, P. M., & Reyna-Bello, A. (2014). Trypanosoma 



 
27 

(Duttonella) vivax and typanosomosis in Latin America: secadera/huequera/cacho hueco. 
In Trypanosomes and trypanosomiasis (pp. 261-285). Springer, Vienna. 

Gonzatti, M. I., González-Baradat, B., Aso, P. M., & Reyna-Bello, A. (2014). Trypanosoma 
(Duttonella) vivax and typanosomosis in Latin America: secadera/huequera/cacho hueco. 
In Trypanosomes and trypanosomiasis (pp. 261-285). Springer, Vienna. 

Gray, M., Ross, C., Taylor, A., & Luckins, A. (1984). In vitro cultivation of Trypanosoma 
congolense: the production of infective metacyclic trypanosomes in cultures initiated from 
cloned stocks. Acta Tropica, 41(4), 343-353.  

Gray, M., Ross, C., Taylor, A., Tetley, L., & Luckins, A. (1985). In vitro cultivation of 
Trypanosoma congolense: the production of infective forms from metacyclic trypanosomes 
cultured on bovine endothelial cell monolayers. Acta Tropica, 42(2), 99-111.  

Gutiérrez Cabrera, C. J., Corbera Sánchez, J. A., Juste de Santa Ana, C., Doreste, F., & Morales 
Fariña, I. (2006). Clinical, hematological, and biochemical findings in an outbreak of abortion 
and neonatal mortality associated with Trypanosoma evansi infection in dromedary 
camels. Annals of the New York academy of sciences. 

Gutierrez, C., Corbera, J. A., Juste, M. C., Doreste, F., & Morales, I. (2005). An outbreak of 
abortions and high neonatal mortality associated with Trypanosoma evansi infection in 
dromedary camels in the Canary Islands. Veterinary Parasitology, 130(1-2), 163-168. 

Happi, A. N., Milner Jr, D. A., & Antia, R. E. (2012). Blood and tissue leukocyte apoptosis in 
Trypanosoma brucei infected rats. Journal of Neuroparasitology, 3, 1-10.  

Hasan, M. U., Muhammad, G., Gutierrez, C., Iqbal, Z., Shakoor, A., & Jabbar, A. (2006). 
Prevalence of Trypanosoma evansi infection in equines and camels in Pakistan's Punjab region. 
Annals of the New York Academy of Sciences, 1081(1), 322-324.  

HERRERA, H.M., ALESSI, A.C., MARQUES, L.C., SANTANA, A.E., AQUINO, L.P., 
MENEZES, R.F., MORAES, M.A. and MACHADO, R.Z., 2002. Experimental Trypanosoma 
evansi infection in South American coati (Nasua nasua): hematological, biochemical and 
histopathological changes. Acta Tropica, vol. 81, no. 3, pp. 203-210.  

Holland, W., Thanh, N., Do, T., Sangmaneedet, S., Goddeeris, B., & Vercruysse, J. (2005). 
Evaluation of diagnostic tests for Trypanosoma evansi in experimentally infected pigs and 
subsequent use in field surveys in north Vietnam and Thailand. Tropical Animal Health and 
Production, 37(6), 457-467.  

Holmes, P. (2013). Tsetse-transmitted trypanosomes–their biology, disease impact, and control. 
Journal of invertebrate pathology, 112, S11-S14.  

Holt, H., Selby, R., Mumba, C., Napier, G., & Guitian, J. (2016). Assessment of animal African 
trypanosomiasis (AAT) vulnerability in cattle-owning communities of sub-Saharan Africa. 
Parasites & Vectors, 9(1), 1-12.  

Hussain, R., A. Khan, Jahanzaib, A. Qayyum, T. Abbas, M. Ahmad, M. Mohiuddin, and K. 
Mehmood. 2018. Clinicohematological and oxidative stress status in Nili Ravi buffaloes 
infected with Trypanosoma evansi. Microbial Pathog. 123:126-131. 



 
28 

Isaac, C., Ciosi, M., Hamilton, A., Scullion, K. M., Dede, P., Igbinosa, I. B., . . . Turner, C. M. 
R. (2016). Molecular identification of different trypanosome species and subspecies in tsetse 
flies of northern Nigeria. Parasites & Vectors, 9(1), 1-7.  

Jacobson, R. (2004). OIE Manual of Diagnostic Tests and Vaccines for Terrestrial Animals, 
Chapter I. 1.4. Principles of Validation and quality control of polymerase chain reaction 
methods used for the diagnosis of infectious diseases.  

Kidambasi, K., Masiga, D., Villinger, J., Carrington, M., & Bargul, J. (2020). Detection of 
blood pathogens in camels and their associated ectoparasitic camel biting keds, Hippobosca 
camelina: the potential application of keds in xenodiagnosis of camel haemopathogens. AAS 
Open Res, 2, 164.  

Kizza, D., Ocaido, M., Mugisha, A., Azuba, R., Nalule, S., Onyuth, H., ... & Waiswa, C. 
(2021).Prevalence and risk factors for trypanosome infection in cattle from communities 
surrounding the Murchison Falls National Park, Uganda. Parasites & Vectors, 14(1), 1-7. 

Kristjanson, P. M., Swallow, B. M., Rowlands, G., Kruska, R., & De Leeuw, P. (1999). 
Measuring the costs of African animal trypanosomosis, the potential benefits of control, and 
returns to research. Agricultural Systems, 59(1), 79-98.  

Kuye, R. A. (2020). Epidemiology of tsetse flies in the transmission of Trypanosomiasis: 
Technical review of The Gambia experience. International Journal of Biological and Chemical 
Sciences, 14(3), 1093-1102.  

Legros, D., Ollivier, G., Gastellu-Etchegorry, M., Paquet, C., Burri, C., Jannin, J., & Büscher, 
P. (2002). Treatment of human African Trypanosomiasis—present situation and needs for 
research and development. The Lancet infectious diseases, 2(7), 437-440.  

Li, Z., Pinto Torres, J. E., Goossens, J., Stijlemans, B., Sterckx, Y. G.-J., & Magez, S. (2020). 
Development of a recombinase polymerase amplification lateral flow assay for the detection of 
active Trypanosoma evansi infections. PLoS neglected tropical diseases, 14(2), e0008044.  

Luckins, A. G., & Dwinger, R. H. (2004). Non-tsetse-transmitted animal trypanosomiasis. The 
trypanosomiases, 269-281.  

Mafie, E., Rupa, F. H., Takano, A., Suzuki, K., Maeda, K., & Sato, H. (2018). First record of 
Trypanosoma dionisii of the T. cruzi clade from the Eastern bent-winged bat (Miniopterus 
fuliginosus) in the Far East. Parasitology Research, 117(3), 673-680. 

Maganga, G. D., Boundenga, L., Ologui-Minkue-Edzo, E. J., Kombila, L. B., Mebaley, T. G. 
N., Kumulungui, B., & Mavoungou, J. F. (2020). Frequency and diversity of trypanosomes in 
sheep and goats from Mongo County in South Gabon, Central Africa. Veterinary 
World, 13(11), 2502. 

Maichomo, M. W., Orenge, C. O., & Gamba, D. O. (2021). Introduction of African Animal 
Trypanosomosis (AAT)/Nagana Combating and Controlling Nagana and Tick-Borne Diseases 
in Livestock (pp. 1-23): IGI Global. 

Megasari, M., Kyoko, H., Alaa, T., Xuenan, X., Chihiro, S., & Junya, Y. (2020). First molecular 
identification of Trypanosoma evansi from cattle in Syria. Japanese Journal of Veterinary 
Research, 68(2), 117-127. 



 
29 

Metwally, D. M., Al-Turaiki, I. M., Altwaijry, N., Alghamdi, S. Q., & Alanazi, A. D. (2021). 
Molecular Identification of Trypanosoma evansi Isolated from Arabian Camels (Camelus 
dromedarius) in Riyadh and Al-Qassim, Saudi Arabia. Animals, 11(4), 1149. 

Mirshekar, F., Yakhchali, M., & Shariati-Sharifi, F. (2019). Molecular evidence of 
Trypanosoma evansi infection in Iranian dromedary camel herds. Annals of 
Parasitology, 65(2). 

Monzón, C. M., Mancebo, O. A., & Roux, J. P. (1990). Comparison between six parasitological 
methods for diagnosis of Trypanosoma evansi in the subtropical area of Argentina. Veterinary 
Parasitology, 36(1-2), 141-146.  

Morales, I., de León, M., Morales, M., Dalla, F., & Gutierrez, C. (2006). Ocular lesions 
associated with Trypanosoma evansi in experimentally infected goats. Veterinary 
parasitology, 141(3-4), 325-329. 

Namangala, B., & Odongo, S. (2014). Animal African trypanosomosis in sub-Saharan Africa 
and beyond African borders Trypanosomes and trypanosomiasis (pp. 239-260): Springer. 

Nassef, N. A. E.-M., El-Melegy, M. A., Beshay, E. V., Al-Sharaky, D. R., & Al-Attar, T. M. 
(2018). Trypanocidal effects of cisplatin alone and in combination with Nigella sativa oil on 
experimentally infected mice with Trypanosoma evansi. Iranian Journal of parasitology, 13(1), 
89.  

Nuryady, M. M., Widayanti, R., Nurcahyo, R. W., & Fadjrinatha, B. (2019). Characterization 
and phylogenetic analysis of multidrug-resistant protein-encoding genes in Trypanosoma 
evansi isolated from buffaloes in Ngawi district, Indonesia. Veterinary World, 12(10), 1573.  

Otto, M. A., da Silva, A. S., Gressler, L. T., Farret, M. H., Tavares, K. C. S., Zanette, R. A., . . 
. Monteiro, S. G. (2010). Susceptibility of Trypanosoma evansi to human blood and plasma in 
infected mice. Veterinary parasitology, 168(1-2), 1-4.  

Oyewusi, I. K., Takeet, M. I., Oyewusi, J. A., Talabi, A. O., & Otesile, E. B. (2019). Molecular 
Detection and Haematological Evaluation of Trypanosomosis in Naturally Infected Sheep in 
Abeokuta, Nigeria. Alexandria Journal for Veterinary Sciences, 63(1). 

Pandey, V., R. Nigam, A.K. Jaiswal, V. Sudan, R.K. Singh, and P.K. Yadav. 2015. 
Haematobiochemical and oxidative status of buffaloes naturally infected with Trypanosoma 
evansi, Vet. Parasitol. 212:118-122. 

Parra-Gimenez, N., & Reyna-Bello, A. (2019). Parasitological, hematological, and 
immunological response of experimentally infected sheep with Venezuelan isolates of 
Trypanosoma evansi, Trypanosoma equiperdum, and Trypanosoma vivax. Journal of 
parasitology research, 2019. 

Rahman, A., Goreish, I. A., Yagi, R. A., Rajab, S. A., & Gasmir, G. (2008). The effect of bovine 
trypanosomosis and endo-parasitism on milk production of a dairy farm in the White Nile State, 
Sudan. Sud J Vet Res, 23, 19-27.  

Raina, A., Kumar, R., Sridhar, V. R., & Singh, R. (1985). Oral transmission of Trypanosoma 
evansi infection in dogs and mice. Veterinary Parasitology, 18(1), 67-69.  



 
30 

Rose, C., Casas-Sánchez, A., Dyer, N. A., Solórzano, C., Beckett, A. J., Middlehurst, B., . . . 
Engstler, M. (2020). Trypanosoma brucei colonizes the tsetse gut via an immature peritrophic 
matrix in the proventriculus. Nature microbiology, 5(7), 909-916.  

Rottenberg, M. E., Masocha, W., Ferella, M., Petitto‐Assis, F., Goto, H., Kristensson, K., . . . 
Wigzell, H. (2005). Treatment of African Trypanosomiasis with cordycepin and adenosine 
deaminase inhibitors in a mouse model. Journal of Infectious Diseases, 192(9), 1658-1665.  

Rowlands, G., Leak, S., Peregrine, A., Nagda, S., Mulatu, W., & d'Ieteren, G. (2001). The 
incidence of new and the prevalence and persistence of recurrent trypanosome infections in 
cattle in southwest Ethiopia exposed to a high challenge with drug-resistant parasites. Acta 
Tropica, 79(2), 149-163.  

SALEH, M.A., AL-SALAHY, M.B. and SANOUSI, S.A., 2009. Oxidative stress in the blood 
of camels (Camelus dromedaries) naturally infected with Trypanosoma evansi. Veterinary 
Parasitology, vol. 162, no. 3-4, pp. 192-199.  

Salim, B., Bakheit, M. A., Kamau, J., Nakamura, I., & Sugimoto, C. (2011). Molecular 
epidemiology of camel trypanosomiasis based on ITS1 rDNA and RoTat 1.2 VSG gene in 
Sudan. Parasites & Vectors, 4(1), 1-5.  

Salim, B., De Meeûs, T., Bakheit, M. A., Kamau, J., Nakamura, I., & Sugimoto, C. (2011). 
Population genetics of Trypanosoma evansi from a camel in Sudan. PLoS neglected tropical 
diseases, 5(6), e1196.  

Scholar, A. (2021). Pathological effect of Trypanosoma evansi and Trypanosoma brucei brucei 
on testes and seminal plasma biochemical profile ofYankasa rams.  

Schuster, S., Lisack, J., Subota, I., Zimmermann, H., Reuter, C., Mueller, T., ... & Engstler, M. 
(2021). Unexpected plasticity in the life cycle of Trypanosoma brucei. Elife, 10, e66028. 

Seiler, R., Omar, S., & Jackson, A. (1981). Meningoencephalitis in naturally occurring 
Trypanosoma evansi infection (surra) of horses. Veterinary Pathology, 18(1), 120-122.  

Setiawan, A., Nurcahyo, W., Priyowidodo, D., Budiati, R. T., & Susanti, D. S. R. (2021). 
Genetic and parasitological identification of Trypanosoma evansi infecting cattle in South 
Sulawesi, Indonesia. Veterinary World, 14(1), 113. 

Shaeel, A., Hussein, Z., & Al-Sadoon, Z. (2020). Microscopic investigation and molecular 
phylogeny of Trypanosomiasis in cattle of Wasit province, Iraq. Plant Arch, 20(1), 963-71. 

Shah, S. S. A., & Khan, A. (2019). One health and parasites Global Applications of One Health 
Practice and Care (pp. 82-112): IGI Global. 

Shahjahan, M., Vani, G., & Devi, C. S. (2005). Protective effect of Indigofera oblongifolia in 
CCl4-induced hepatotoxicity. Journal of medicinal food, 8(2), 261-265. 

Sharma, R., Gluenz, E., Peacock, L., Gibson, W., Gull, K., & Carrington, M. (2009). The heart 
of darkness: growth and form of Trypanosoma brucei in the tsetse fly. Trends in parasitology, 
25(11), 517-524.  

Silva, T., Sequeira, A., Santos, R. F., & Tiago, J. (2013). Mathematical modeling of 



 
31 

atherosclerotic plaque formation coupled with a non-newtonian model of blood flow. Paper 
presented at the Conference Papers in Science. 

Songa, E. B., & Hamers, R. (1988, September). A card agglutination test (CATT) for veterinary 
use based on an early VAT RoTat 1/2 of Trypanosoma evansi. In Annales de la Société belge 
de médecine tropicale (Vol. 68, No. 3, pp. 233-240). 

Sutcliffe, O., Skellern, G., Araya, F., Cannavan, A., Sasanya, J., Dungu, B.,  Mattioli, R. (2014). 
Animal trypanosomosis: making quality control of trypanocidal drugs possible. Rev Sci Tech, 
33(3), 813-830.  

Tehseen, S., Jahan, N., Qamar, M. F., Desquesnes, M., Shahzad, M. I., Deborggraeve, S., & 
Büscher, P. (2015). Parasitological, serological, and molecular survey of Trypanosoma evansi 
infection in dromedary camels from Cholistan Desert, Pakistan. Parasites & Vectors, 8(1), 1-
11. 

Tran, T., Napier, G., Rowan, T., Cordel, C., Labuschagne, M., Delespaux, V., . . . Büscher, P. 
(2014). Development and evaluation of an ITS1 “Touchdown” PCR for assessment of drug 
efficacy against animal African trypanosomosis. Veterinary parasitology, 202(3-4), 164-170.  

Truc, P., Büscher, P., Cuny, G., Gonzatti, M. I., Jannin, J., Joshi, P., . . . Pays, E. (2013). 
Atypical human infections by animal trypanosomes. PLoS Neglected Tropical Diseases, 7(9), 
e2256.  

Tuntasuvan, D., & Luckins, A. (1998). Status of Surra in livestock in Thailand. The Journal of 
Protozoology Research, 8(3), 162-170.  

Tuntasuvan, D., Mimapan, S., Sarataphan, N., Trongwongsa, L., Intraraksa, R., & Luckins, A. 
(2000). Detection of Trypanosoma evansi in brains of the naturally infected hog deer by 
streptavidin-biotin immunohistochemistry. Veterinary Parasitology, 87(2-3), 223-230.  

Tuntasuvan, D., Sarataphan, N., & Nishikawa, H. (1997). Cerebral Trypanosomiasis in native 
cattle. Veterinary Parasitology, 73(3-4), 357-363.  

Wheeler, R. J., Gull, K., & Sunter, J. D. (2019). Coordination of the cell cycle in trypanosomes. 
Annual review of microbiology, 73, 133-154.  

Wilkowsky, S. E. (2018). Trypanosoma Parasitic Protozoa of Farm Animals and Pets (pp. 271-
287): Springer. 

Zambrano Salazar, N. (2021). Características clínicas, epidemiológicas y moleculares 
asociadas a la infección por Trypanosoma evansi en perros (Canis lupus familiaris) del Área 
Metropolitana de Bucaramanga Santander. Universidad Cooperativa de Colombia, Facultad 
de Ciencias Sociales, Medicina 

 

  




