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Abstract

Equine trypanosomiasis infects horses, donkeys, and mules. It causes a wide array of clinical symptoms ranging from weight loss and fever to
neurological impairments, which vary depending on the Trypanosoma species involved such as Trypanosoma evansi (T. evansi), Trypanosoma
equiperdum (T. equiperdum). Trypanosomiasis affecting horses, donkeys, and other equine animals is also known as "surra" and "dourine"
respectively. Each disease is transmitted either sexually or through vectors. The disease leads to significant economic losses due to reduced
productivity and increased mortality. Despite extensive studies, effective control of disease remains a challenging task due to diagnostic
limitations and unpredictable pathogenicity of the trypanosome species. Many diagnostic techniques are employed for diagnosis ranging from
direct observation of parasite under the microscope to advanced sero-diagnostic procedures, each having its pros and cons. Advanced molecular
techniques, like PCR-based diagnostics, have improved sensitivity and specificity in detecting trypanosome infections. Development of the
affordable, rapid diagnostic tools and novel treatment options should be the future research focus to mitigate its deleterious impacts.
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Introduction

Trypanosomiasis is a significant livestock disease, particularly in areas where this parasite is endemic. Affected with trypanosomes,
equines—including horses, mules, and donkeys—show a range of clinical symptoms from weight loss and fever to neurological problems. The
zoonotic potential of the disease aggravates its complexity as well as the challenges in suitable diagnosis and treatment (Biischer et al., 2019).
Especially in Africa, Asia, and some parts of South America, trypanosomiasis is a common problem in equines. Equine trypanosomosis
prevalence in Uttar Pradesh, India, was found to be 15.08%; donkeys and mules shown more sensitivity than horses. The observed hemato-
biochemical changes in the infected animals draw attention to how the disease affects equine health and productivity (Pal et al., 2021). In
Algeria, a seroprevalence of 45.2% for T. evansi was observed in horses, indicating considerable environmental and behavioral risk factors
(Benfodil et al., 2019).

In Ethopia, about 33 percent animal deaths are caused by trypanosomiasis. The families with livestock afflicted by this illness bear 68
percent increase in animal production costs and a 45 percent decrease in milk yield. There would be a 24.5 times return on investment for
every dollar spent on curative strategies for equine trypanosomiasis (Zewdu et al., 2021).

Etiology

The disease trypansomiasis in horses is caused by hemoflagellate parasites of the genus Trypanosoma. These are found in the animals'
tissue fluid and blood. Five species from three subgenera are responsible for pathogenesis in horses. The length of the illness and the
intensity of the clinical infection are correlated with the virulence of the parasite species and isolates. T. evansi produces Surra in equines
that are more economically significant in Africa and Asia, high annual animal fatality rate (Eraqat et al., 2020; Aregawi et al., 2019). In
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horses, T. equiperdum is the cause of dourine, a sexually transmitted disease. While T. congolense infects both cattle and donkeys, T. vivax
and T. brucei infect cattle and, to a lesser extent, horses, causing Nagana (Abbasi et al., 2014).

In Pakistan, the donkey population is projected to be 5.2 million (Anonymous, 2016), with a 2.95 percent annual growth rate. Numerous
bacterial, viral, and parasitic infections impact donkey health and can occasionally result in fatalities. As per multiplex PCR results, the most
common causative agent of trypanosomiasis in donkeys was found to be T. evansi (Khan et al., 2018).

Transmission

In China and Indonesia, T. evansi is mechanically spread by the mouthparts of stable flies, horse flies, and blood-sucking flies. The
illness is mechanically spread throughout Africa by tsetse flies (Glossina spp.). Because Trypanosoma only survives for a brief period in the
flies' mouthpart, the likelihood of infection increases with shorter feeding intervals. Numerous domestic animals are infected, and they could
be a potentially dangerous source of the infection's transmission reservoir ((Azzouzi et al., 2025). There have also been reports of T. evansi
being spread by milk or coitus (Gizaw et al., 2017).

Through the coitus, T. equiperdum causes the condition known as dourine in horses. The reproductive tract's mucous membrane and
seminal plasma are home to this bacterium. The parasite trypanosomes invade animals through their mucous membranes, which causes an
illness. In chronic infections, T. equiperdum is found in the peripheral blood despite not being seen in the blood. Although it is extremely
uncommon, mechanical transmission is one potential method (Gizaw et al., 2017).

The primary vector of T. vivax, T. congolense, and T. brucei infection is Glossina species of tsetse flies. After being ingested from the
host, trypanosomes develop in the vector for 8-28 days. When flies feed, they deposit the metacyclic form they have stored in their salivary
gland or proboscis into the skin. Both domestic and wild animals serve as reservoir hosts (Abbeele & Caljon, 2016).

Incubation Period

The length of the incubation period is determined by the parasite type, strains, and host susceptibility. The incubation period for T.
evansi is one to two weeks. Parasites may be found in the blood in the early stages but are not detectable in the later stages. T. equiperdum
has an incubation period of two to twelve weeks. Parasites may be detected in vaginal or urethral secretions during the early stages of
infection. Later on, it is discovered in the subcutaneous tissue and blood. T. brucei, T. vivax, and T. congolense all require two to three weeks
to incubate (Sutcliffe et al., 2014).

Life Cycle

In addition to the tsetse fly, other biting flies such as Tabanus, Haematopota, Stomoxys, Lyperosia, and Chrysops can also mechanically transmit
T. evansi. All pathogenic trypanosomes, with the exception of T. equiperdum and T. evansi, are cyclically transmitted through the bite of a biological
vector, such as a tsetse fly (Glossina spp.), which allows the parasite to complete its life cycle (Figure 1). Additionally, T. congolense and T. vivax can be
mechanically transmitted by blood-feeding dipters (Desquesnes and Dia, 2003; Desquesnes and Dia, 2004; Desquesnes et al., 2009).
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Fig. 1: Life cycle of trypanosomiasis in the vertebrate and invertebrate hosts
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Trypanosome-mammalian Host Relationship

During the cyclic transmission, specific morpho-physiological and biochemical changes take place up until the last metacyclic stage,
which is an infectious state for the host. Tsetse flies inject the metacyclic form into the animal body while feeding on the host's blood, which
subsequently transforms into trypomastigote. Trypomastigotes are released from the lymphatic system into the bloodstream, and the tissue
swells at the injection site. Because the surface antigenic coat of parasites varies, the host's immune system is unable to identify them. The
host's physiology is altered by the trypanosome infection due to changes in blood pH, hormones, and nutrition concentration (Bakari et al.,
2017). Due to the elimination of trypanosome catabolites into the urine, which results in chemo-attraction, a greater number of tsetse flies
are drawn to the animals (Getahun et al., 2022; McGettrick et al., 2016).

Trypanosome-tsetse Relationship

Tsetse flies consume the trypanosome parasite by feeding on the blood during the infection in the host (Figure 2). Both T. brucei and T.
congolense change their morphology and metabolism to live in the midgut of tsetse flies. The primary energy source throughout the midgut
stage, when transformational changes take place, is proline (Mantilla et al., 2017).

Trypanosomes undergo two changes in order to successfully transmit: establishment and maturation. In the tsetse fly's mouthpart or
salivary gland, trypanosomes differentiate into epimastigotes after establishing themselves in the midgut. T. brucei matures into the salivary
gland, whereas T. congolense matures into the mouthparts (Matetovici & Den Abbeele, 2018).

Fig. 2: Tsetse fly feeding on blood

Pathogenesis and Clinical Signs

The disease progression of equine trypanosomiasis often includes an initial acute phase followed by chronic manifestations, including
neurological symptoms and reproductive issues. The pathogenic mechanisms involve immune evasion strategies, where parasites change
surface glycoproteins to avoid host immune responses (Giordani et al., 2016). Symptoms vary widely, from fever, lethargy, and anemia in
early stages to incoordination, paralysis, and other neurological deficits in advanced cases. This variability complicates clinical diagnosis,
making laboratory confirmation essential. Animals with acute or chronic T. brucei infections experienced intermittent fever, pale mucous
membranes, edematous enlargement on the ventral side of the body, and weight loss. The animal had trouble moving in the later phases
(Ahmed et al., 2018; Desquesnes et al., 2013).

Vaginal and urethral discharges occur when the reproductive system is dourine-locally infected. The scrotal region, which reaches to the
ventral side of the abdomen, has localized edema. The mare develops vulvar mucosal edema and vaginal edema. Anorexia, weakness, anemia,
and edema of the limbs and sexual organs are symptoms of T. congolense infection in animals (Giordani et al., 2016).

Trypanosomiasis causes anemia and disrupts hematological and biochemical parameters in humans and animals due to factors like
trypanosome toxins, intermittent fever, and malnutrition (Stijlemans et al., 2018).

Findings in Rats, Cattle, Camels and Donkeys

Trypanosomiasis in rats caused reduced RBC counts, increased WBCs, and symptoms like splenomegaly and hepatomegaly (Ukpai and
Nwabuko, 2014). Donkeys infected with T. brucei experienced anemia and elevated neutrophil counts, with significant reductions in
hemoglobin and PCV (Hussain et al., 2016). Cattle infected with T. vivax exhibited reduced hemoglobin and erythrocyte counts, severe
neutropenia, and lymphopenia during acute illness. Altered biochemical markers included decreased lactate dehydrogenase and aspartate
aminotransferase levels (Junior et al., 2016).

Infected racing camels demonstrated markedly reduced hemoglobin (Hb), red blood cell (RBC) count, packed cell volume (PCV), as well
as serum albumin and iron concentrations. Neutrophil counts were elevated, while other biochemical markers remained steady (Machado et
al., 2021). In calves experimentally infected with T. vivax, levels of glucose and bilirubin increased, although blood urea nitrogen (BUN) and
aspartate aminotransferase (AST) levels considerably decreased (Kadima et al., 2000). Anemia, hyperproteinemia, altered albumin:globulin
ratios, and higher liver enzymes were shown by infected dogs (Aquino et al., 2002).

Though albumin levels significantly dropped, naturally infected ruminants had lower RBC counts, higher mean cell volume, and
higher bilirubin and protein levels. These results draw attention on how trypanosomiasis affects hematological condition (Ohaeri and
Eluwa, 2011). In camels, infection resulted in lower lymphocyte levels and hyperglycemia as well as higher leukocyte count (Padmaja,
2012). Infected pregnant sheep exhibited lowered albumin and total protein levels, which caused subcutaneous edema in aborted fetuses
and fetal death.
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Alterations in Horses and Donkeys

The naturally T. evansi infected horses showed muscle atrophy, pale mucous membranes, and neurological symptoms including ataxia and
incoordination. Hematological analysis demonstrated lower erythrocyte counts and packed cell volume as well as higher white blood cell counts
(Rodrigue et al., 2009; Shoraba et al., 2023). Reduced erythrocyte counts, hemoglobin concentrations, and serum glucose levels were shown by
experimentally infected donkeys. Meningo-encephalitis and splenic enlargement were shown by histopathological studies (Cadioli et al., 2006).

Diagnosis of Trypanosomiasis

Equine trypanosomiasis presents difficult diagnosis because of the ambiguous clinical symptoms and low parasite load in chronic
infections. Especially in cases of low parasitemia, conventional diagnostic methods including blood smear microscopy have inadequate
sensitivity. Therefore, several molecular diagnostic methods, including polymerase chain reaction (PCR) assays, have been developed to
detect trypanosome DNA, offering increased sensitivity and specificity (Alanazi et al., 2018).

Monitoring parasites in lymphatic fluid, blood, and cerebrospinal fluid (CSF) is the most direct and most often used technique. The
diseases were identified using these differently beneficial techniques. The fundamental technique was the wet blood film, which entailed
examining a small slide containing a drop of blood at its center under a microscope. A thick blood film, necessitating a larger volume of blood
for examination, is a more sensitive approach. These techniques utilize Giemsa stain (Jannin and Samaro, 2007).

Wet blood film and thick blood film are more complicated and less sensitive than the widely used enhanced hematocrit centrifugation
procedure. Hematocrit tubes in this procedure require a centrifuge machine. Blood and anticoagulant are blended together and then put into the
micro-hematocrit tubes, which have one end sealed. The centrifuge machine is used to spin the tubes, which are then viewed under a microscope.
Following the spinning, a buffy coat- a region between plasma and blood that contains several trypanosomes appears (Maki et al, 2017).

Mini anion exchange centrifugation

(m-AECT) is another method, which keeps the red blood cell in the filtration matrix because of more negative charge on their surface
which later on filters out. Trypanosomes parasites are filtered through the filtration matrix due to less negative charge. Centrifuging the
filtrate make it more concentrated and easier for detect under a microscope.

Trypanosomiasis is also diagnosed using fluid aspirates from the lymph nodes, bone marrow, and cerebrospinal fluid. The lumber
puncture is used to diagnose chronic disease, bone marrow aspiration can also be used to detect trypanosomes early. This approach requires
expertise and experience. Indistinguishable trypanosome features under a microscope are one of the primary issues with microscopic
techniques (Picozzi et al., 2002).

Sero-diagnostic Methods
A variety of sero-diagnostic methods are in practice for precise diagnosis of trypanosomiasis in equines.

Card Agglutination Test CATT

It identifies the antibodies from the serum of an animal for infection’s diagnosis. A filter paper impregnated with blood shows 91%
sensitivity for mass screening program (Chappuis et al., 2002). It is simpler and less expensive, but it doesn't specify the infection stage.
Despite its widespread use, many drawbacks have been noted. For instance, it indicates that a significant portion of the population is positive
for infections without exhibiting any clinical symptoms. Due to its low sensitivity, some positive results are not discovered, although treated
patients continue to test positive for three years (Radwanska et al., 2002).

Enzyme-Linked Immunosorbent Assay (ELISA)

This method is thought to be a diagnostic test for African animal trypanosomiasis and was used to identify the trypanosome infection.
To make it more generally accepted and utilized, changes and improvements have been made. The g6-well polystyrene plates absorb the
trypanosome antigens. The antigen and antibody complex is created when the serum antibody reacts with antigens from infected cases.
When substrate and chromogen are added, the complex's color becomes apparent (Camoin et al., 2019).

Polymerase Chain Reaction (PCR) in Trypanosomiasis Diagnosis

The ability of PCR to detect Trypanosoma infections early and more accurately than other methods has been widely demonstrated. In
dairy cattle, PCR detected 27 positive cases compared to 13 identified by microscopy. Similarly, card agglutination tests produced results
comparable to PCR, confirming its reliability (Aslam et al., 2010). Blood-spotted filter paper combined with Chelex-100 DNA extraction
enabled PCR to outperform thin smears in detecting T. congolense and T. brucei in African trypanosomiasis (Simon et al., 2020).

Hematocrit centrifugation and mini-anion exchange techniques detected 18.9% prevalence of Trypanosoma infections in peri-urban
cattle. However, PCR revealed a much higher prevalence of 63%, underscoring its greater sensitivity in large-scale epidemiological studies
(Baticados et al., 2012). Additionally, experiments on calves infected with T. vivax highlighted that PCR and parasitological methods achieved
similar sensitivity, with PCR showing higher consistency in mixed infections (Bontempi et al., 2024).

Application in Chronic and Mixed Infections

PCR has shown its effectiveness in cases of ongoing infections when conventional methods prove useless. Later phases of infection failed
to identify the parasite, hence mice experimentally infected with Trypanosoma showed earlier identification with PCR than microscopy
(Fernandez et al., 2008). While microscopy was insufficient, PCR demonstrated to precisely identify mixed infections of T. congolense, T.
vivax, and T. brucei (Kizza et al., 2024).

Field studies on dogs, donkeys, and camels confirm the effectiveness of PCR in infection identification. While microscopic studies turned
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up no parasites, PCR successfully identified Trypanosoma in many cases. Moreover, PCR helped to identify mixed infections in animals for
whom conventional parasitological techniques were unable to separate (Ravindran, 2008).

Greater incidence of T. vivax infections was found in Ethiopia when compared to more limited-scope and sensitive conventional
methods (Mehret and Mamo, 2007). Three weeks after infection, PCR found infections in buffaloes; standard parasitological methods called
for up to seven weeks (Holland et al., 2001).

Though microscopy found just 6.9%, PCR found T. evansi in 46.5% of samples from dairy farms. It also revealed important biochemical
changes in infected individuals, including lower hemoglobin levels and higher liver enzymes, hence enhancing diagnostic value (Bal et al.,
2014). Constrained to a subset of positive cases, research on equines found that PCR showed better detection rates than microscopy (Mueed
et al., 2008).

Innovations and Diagnostic Accuracy

PCR's diagnostic accuracy has been much raised by innovations in diagnostic accuracy and improvements in PCR. Novel primers with
TBR1/2 and ESG6/7 have improved detection thresholds, therefore enabling the identification of DNA quantities as lowest as 0.001 ng.
Particularly effective in recognizing trypanosomes in experimental settings, these primers have outperformed more traditional primers like
ITS1 and 21/22-mer (Fernandez et al., 2009).

Real-world field applications now allow sample collecting for PCR analysis using Flinders Technology Associates cards (FTA cards).
Superior sensitivity in a study using FTA-collected buffy coat samples was shown by PCR against microscopy and standard parasitological
methods (Picozzi et al., 2002). In identifying T. evansi, PCR outperformed Giemsa staining and hematocrit techniques in staining prevalence
of 56.9% compared to 4.1% (Abdel-Radey, 2008).

Comparative Studies and Limitations

Real-world field applications now allow sample collecting for PCR analysis using Flinders Technology Associates cards (FTA cards).
Superior sensitivity in a study using FTA-collected buffy coat samples was shown by PCR against microscopy and standard parasitological
methods (Picozzi et al., 2002). In identifying T. evansi, PCR outperformed Giemsa staining and hematocrit techniques, exposing a prevalence
of 56.9% against 4.1% by staining (Abdel-Radey, 2008).

Insights from Case Studies

Many species' dependability of PCR is shown by several epidemiological investigations. The main trypanosome species found in Cameroon
was T. vivax; T. congolense and T. simiae followed. The results presented a thorough understanding of species-specific infection rates (Nimpaye
et al., 2011). Likewise, compared to merely 6.3% found by microscopy, PCR revealed a 43.6% frequency of infections in clinically healthy animals
in Egypt (Radwan and Madaway, 2010). PCR identified T. evansi in a trypanosomiasis outbreak in Punjab and suggested notable gross
pathological changes including splenomegaly, therefore confirming its diagnostic and pathological efficacy (Kumar et al., 2012).

Table 1: A brief comparison of various detection techniques for diagnosis of trypanosomiasis with their benefits and limitations

Technique Tissue type  Animal Pros Cons References
species
Microscopic Blood All domestic Require less instruments, More than 50-80% of the Wilkowsky Silvina.
examination- animals Easy to conduct in field infections are undetectable (2022)
blood smear Detects above 105 trypanosomes
per ml
Microscopic lymph nodes, cattle More sensitive than blood smear Less sensitive than DNA detection Picozzi et al., 2002
examination of bone marrow, examination by PCR
the fluid aspirate and CSF
Hematocrit blood Sensitivity Woo, 1969; Maki et
Centrifuge (100-200 trypanosomes per ml) al, 2017
Technique
Mouse Blood Mouse Upto 86.23% efficacy Singh et al, 2003;
inoculation test Jain et al. 2000
Card Blood Indian cattle 91 % sensitivity Doesn’t describe the stage of Chappuis et al,
Agglutination cost effective and simpler infection 2002; Radwanska et
Test and ELISA al., 2002; Sudan et
False positive results al., 2015
DNA  detection Blood Equines, The most sensitive and specific Requires specialized equipment and (Holland et al,
by PCR buffaloes,  method expertise 2001; Desquesnes
camels, dogs Can detect as less as 5-10 and Davila, 2002;
trypanosomes per ml blood Limited use in resource-poor Parashar et al,
More than 3 times more sensitive settings 2015; Sudan et al.,
than hematocrit centrifugation and 2014; Pruvot et al.,
mini-anion centrifugation 2013; Ravindran,
Can detect mixed infections 2008
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Molecular Characterization and Phylogenetic Studies

The molecular identification of Trypanosome species has elucidated parasite diversity and host specialization, which are crucial for
comprehending disease epidemiology (Table 1). Phylogenetic analyses reveal genetic differences across T. evansi strains, potentially affecting
pathogenicity and therapeutic responsiveness. These investigations contribute to the advancement of targeted diagnostic tools and
vaccinations; however, the development of vaccines for horse trypanosomiasis is a formidable challenge due to the antigenic diversity of the
parasite (Aregawi et al., 2019; Giordani et al., 2016).

Control and Treatment Strategies

Controlling the vector populations forms the main preventative measure against trypanosomiasis. In the endemic locations, efficient
vector control covers environmental sanitation, insecticidal treatment, and tsetse fly traps. These strategies help to control disease and lower
the transmission chances (Halder et al., 2019). Currently, there are few therapy choices for equine trypanosomiasis and most of them are
useless in the neurological phases of the disease (Asrar et al., 2022). The medications reduce parasitemia but might not clear the infection.
Moreover, medication resistance is a new problem that emphasizes the need for continuous research and the development of new treatment
choices (Ahmed et al., 2018).

Controlling the spread of trypanosomiasis depends on good animal husbandry techniques including separating the sick animals and
preserving hygienic stabling conditions. Research in endemic areas underlines the need of community-based interventions involving public
awareness campaigns and major vector control initiatives (Giordani et al., 2016; Le Roux, 2020).

New treatment targets have come from studies looking at host-pathogen interactions. Variability in disease characteristics among infected
equines suggests the possibility for individualized treatment plans. Moreover, the creation of molecular inhibitors aiming at parasite-specific
pathways promises great possibilities for the next pharmaceutical development (Raftery et al., 2020).

Conclusion

Equine trypanosomiasis is a neglected but serious illness with continuous diagnostic and therapeutic difficulties. Modern developments
in molecular diagnostics have enhanced detection capacity, although actual field applications are limited because of cost and resource
availability. Given the significant financial gains associated with the control of trypanosomiases, future studies should concentrate on
developing cost-effective, quick diagnostic methods and new treatment approaches as well as investigating the possibility for an efficient
vaccination for horse trypanosomiasis.
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