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Abstract 

 
Trypanosoma evansi is a widespread hemoprotozoa that causes trypanosomiasis in both livestock and 

wildlife. One of the susceptible animals is the Sumatran elephant, which is included in the endangered species 

category. The infection of this parasite often develops into chronic and sub-clinical forms in elephants, therefore 

it may become unnoticed and hard to diagnose. This study aimed to analyze and evaluate the infection of T. 

evansi in semi-captive Sumatran elephants in Way Kambas National Park, Indonesia, using various diagnostic 

tests. The prevalence of T. evansi in a total of 53 Sumatran elephants was estimated using a card agglutination 

test for trypanosomiasis (CATT) in 2016. A longitudinal study was later conducted in 2019 using Giemsa 

stained blood smear (GSBS) and polymerase chain reaction (PCR). The results showed that 26.4% of samples 

(14/53) were positively detected by both CATT in 2016 and PCR in 2019, while GSBS was unable to detect 

the parasites in all samples. Furthermore, four individuals were confirmed to have persistent infections. This 

study concluded that the ability of CATT and PCR were more convincing over GSBS for the diagnosis of sub-

clinical trypanosomiasis in Sumatran elephants. However, it is recommended to use a combination of CATT 

as a screening tool and PCR as a confirmatory test for reliable results. 
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INTRODUCTION 

 

Trypanosoma evansi (Kinetoplastida, 

Trypanosomatidae) is a hemoflagellate parasite 

whose infection can lead to trypanosomiasis or 

surra disease. The disease is prominently 

transmitted by vectors namely blood-sucking 

flies, such as Tabanids and Stomoxys, to almost 

all terrestrial mammals (Desquesnes et al., 2013). 

The disease spread throughout Southeast Asia and 

some other regions causing major economic 

impacts. This impact is mostly due to the infection 

in livestock, such as horses and cattle (Nurcahyo 

et al., 2019; Mossaad et al., 2020), thus the report 

of the disease is still limited to these animals. 

However, the parasite can also infect and become 

a dreadful disease in wildlife yet it has not been 

thoroughly investigated (Camoin et al., 2018; 

Purnama et al., 2021; Panjaitan et al., 2021). 

Vellayan et al. (2004) reported that an 

outbreak of trypanosomiasis caused the fatal 

death of five captive Sumatran rhinoceros in 

Selangor Malaysia. The infection was allegedly 

obtained from buffaloes located close to the rhino. 

Moreover, outbreaks of trypanosomiasis also 

happened in two elephant camps in Thailand, 

which led to severe clinical signs in some 

elephants in those camps. This species commonly 

showed non-pathognomonic signs including 

fever, anemia, weakness, edema, and weight loss 

(Camoin et al., 2018). These reports caused many 

conservation facilities to become more aware and 

try to prevent this disease from spreading, 

especially to endangered species. 

Sumatran elephant, one of the sub-species of 

Asian elephant that is in endangered status, can be 

also fatally affected by trypanosomiasis (EFSA 

AHAW Panel et al., 2017). Though 

trypanosomiasis can be acute and fatal in 
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elephants, it can evolve into chronic and sub-

clinical which symptoms are not clear or even 

asymptomatic (Desquesnes et al., 2013). 

Individuals with unclear clinical signs may act as 

reservoirs and spread the infection to other 

elephants or wildlife (Anderson et al., 2011). The 

persistent infection can be a threat to the 

sustainability of wildlife inside the conservation 

area. Thus, to ensure the infection of T. evansi in 

elephants, the diagnosis should be confirmed by 

some laboratory tests (Camoin et al., 2018; Syah 

et al., 2020). 

There are several diagnostic tests for the 

detection of T. evansi based on parasitological, 

serological, and molecular methods. Generally, 

parasitological methods are used to confirm this 

parasite and dubbed as a gold standard despite 

having low sensitivity (Aslam et al., 2010). On 

the other hand, a serological test that can detect 

antibodies of T. evansi, card agglutination test for 

trypanosomiasis (CATT), is also frequently used 

for the epidemiological study of trypanosomiasis 

(Nurcahyo et al., 2019). At the same time, 

molecular diagnostic tests have been widely used 

for the detection of trypanosomiasis in various 

animals (Sudan et al., 2015). However, there was 

no report yet about the assessment of each method 

mentioned above to be applied in Sumatran 

elephant. Therefore, the objective of this study 

was to estimate the prevalence and evaluate 

several diagnostic tests for T. evansi infection in 

the Sumatran elephants. 

 

MATERIALS AND METHODS 

 

Ethical Approval 

All procedures of this study received 

approval from the Research Ethics Committee, 

Faculty of Veterinary Medicine, Gadjah Mada 

University, Yogyakarta, with Ethical Clearance 

Number: 0020/EC-FKH/Int./2019. 

 

Study Period and Location 

This study was conducted at five elephant 

camps in Way Kambas National Park, Indonesia 

(4.917oS 105.750oE) from 2016 to 2019. This site 

was one of the conservation areas for Sumatran 

elephants which is managed by the Indonesian 

Ministry of Environment and Forestry. 

 

Sample Collection and Preparation 

A total of 53 semi-captive Sumatran 

elephants were used as the objects for this study. 

The collection of blood samples was conducted 

twice in the same individuals, i.e. in 2016 for a 

card agglutination test for trypanosomiasis 

(CATT) and in 2019 for a follow-up study using 

Giemsa stained blood smear (GSBS) and 

polymerase chain reaction (PCR). 

Approximately, 10 mL of blood samples were 

collected through auricular veins. These whole-

blood samples were stored and prepared 

differently depending on the diagnostic methods 

used. The samples were kept on an ice pack in a 

thermally-insulated box where the temperature 

was maintained at around 4oC, then transferred to 

the laboratory for further examination process. 

For the serological test in 2016, the blood 

samples from each elephant were collected in 

plain tubes and allowed to clot for 1–2 hours in 

the refrigerator until serum separated. 

Furthermore, these serum samples were stored at 

-20oC until further use for CATT. For a follow-up 

study in 2019, the blood samples were collected 

in tubes containing ethylene diamine tetraacetic 

acid (EDTA). These samples were, then, 

centrifuged at 3,300  g for 10 minutes to obtain 

a buffy coat. For the parasitological test, buffy 

coat samples were processed into GSBS for six 

hours of sample collection, while buffy coat 

samples for the molecular test were stored at -

20oC until further used for extraction of T. evansi 

DNA for PCR amplification. 

 

Card Agglutination Test for Trypanosomiasis 

(CATT) 

The procedure used was according to the 

Institute of Tropical Medicine, Antwerp, 

Belgium. Briefly, the steps were described as 

follows. A total of 20 μL serum was diluted in 60 

μL phosphate buffer saline (1:4) at pH 7.2 on the 

enzyme-linked immunosorbent assay plate. Then, 

25 μL diluted serum was put on the circular test 

area of CATT and about 45 μL CATT antigen was 

added. The mixture was homogenized using a 
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stirring rod. The CATT card was placed on the 

rotator for 5 minutes at 70 rpm. After 5 minutes, 

the results were read by observing the 

agglutination level (Figure 1). 

 

 
Figure 1. Interpretation of CATT result based on  

   the agglutination level by the Institute  

   of Tropical Medicine, Antwerp,  

   Belgium: (+++) strongly positive, (++)  

   and (+) positive, (±) weakly positive,  

   (-) negative. 

 

Giemsa Stained Blood Smear (GSBS) 

The following method was based on Abdel-

Rady (2008) with some modifications. Buffy 

coats from each sample were thin-smeared on a 

glass slide, fixed in methyl alcohol for 2 minutes, 

and allowed to dry, then stained by Giemsa 10%. 

The slides were examined under a light 

microscope at a magnification of 400–1000. 

 

Polymerase Chain Reaction (PCR) 

The genomic DNA of each sample was 

extracted from buffy coat using FavorPrep™ 

Blood Genomic DNA Extraction Mini Kit 

(Biotech) following the Favorgen® protocol. The 

DNA concentration (ng/μL) was assessed from 1 

µL of this extract using MaestroNano Pro 

Spectrophotometer. The blood of experimental 

mice at peak parasitemia from the Laboratory of 

Parasitology, Universitas Gadjah Mada was used 

as the positive control of T. evansi DNA. Later, 

the DNA was kept at -20oC until used as a 

template for PCR. 

The PCR amplification was performed using 

two sets of primers (Table 1), i.e. TBR1/2 

(Masiga et al., 1992) and ITS1 CF/BR (Njiru et 

al., 2005). The PCR reaction was performed in a 

20 μL reaction mixture containing 10 μL of 

MyTaq™ HS Red Mix (Bioline), 1 μL of each 

primer set, 2 μL of extracted DNA, and 6 μL of 

ddH2O. Geneaid 100 bp DNA Ladder (Biotech, 

Taiwan) was used as a molecular size marker. 

About 3 μL of amplified products and DNA 

ladder were loaded in a 1.5% agarose gel with 

ethidium bromide and run for 30 min at 100 V by 

electrophoresis. The genomic DNA was 

visualized on a UV transilluminator. 

 

Data Analysis 

Data were tabulated and analyzed using 

Microsoft Excel 2016. Then to explain the data, it 

was presented descriptively and sequentially. 

 

RESULTS AND DISCUSSION 

 

In this study, the prevalence of T. evansi in 

Sumatran elephants was estimated using the 

CATT in 2016. This method confirmed that 

antibodies of T. evansi were present in 14 blood 

samples. Furthermore, the longitudinal study in 

2019 showed there were no positive samples 

detected by Giemsa stained blood smear, but 

DNA amplicons of T. evansi were detected in 14 

of all parasitological negative samples using 

TBR1/2 primers with the expected size of 164 bp. 

However, ITS1 CF/BR primers were unable to 

detect the parasite and showed negative results in 

all samples. Therefore, the percentage of 

detection was 26.4% for CATT, 0% for GSBS, 

and 26.4% and 0% for PCR using TBR1/2 and 

ITS1 CF/BR primers respectively (Table 2). 

 

Table 1. Procedures used for PCR amplification 

Primers Sequences Size Procedures 

TBR1/2 
5’-GAATATTAAACAATGCGCAG-3’ 

5’-CCATTTATTAGCTTTGTTGC-3' 

164 bp  

(multiples) 

3' at 94°C, 35 cycles: [1' 

at 94°C, 2' at 57°C, 30" 

at 72°C], and 5' at 72°C 

ITS1 CF/BR 
5’-CCGGAAGTTCACCGATATTG-3’ 

5’-TGCTGCGTTCTTCAACGAA-3’ 
480 bp 

5' at 94°C, 35 cycles: 

[40" at 94°C, 40" at 

57°C, 90" at 72°C], and 

5' at 72°C 
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Table 2. Prevalence of T. evansi infection in Sumatran elephant using different diagnostic tests 

Test  Year 
Positive Samples Negative Samples 

Number % Number % 

CATT  2016 14 26.4 39 73.6 

GSBS   0 0 53 100 

PCR 
TBR1/2 2019 14 26.4 39 73.6 

ITS1 CF/BR  0 0 53 100 

 

 
Figure 2. Persistent infection of T. evansi in Sumatran elephant population. 

 

 
Figure 3. PCR products using different sets of primers: (a) TBR1/2 (b) ITS1 CF/BR.

 

The results of CATT in 2016 showed 14 

positive blood samples which obtained from ten 

males and four females of Sumatran elephants. 

Furthermore, 14 positive blood samples that were 

positively detected by PCR using TBR1/2 in 2019 

consisted of nine males and five females of 

Sumatran elephants. Data showed that there were 

four persistent infections among elephant herds. 

The persistent infection of T. evansi was observed 

in two males and two females of Sumatran 

elephants (Figure 2). Generally, all infected 

Sumatran elephants did not show any clinical 

symptoms, whether with recent or persistent 

infections. 

 

There are several possible reasons for the 

occurrence of T. evansi in Sumatran elephants. In 

the study area, livestock and wildlife live together 

nearby, as in several other conservation areas in 

Indonesia. Several buffaloes were often seen 

grazing together with elephants during the dry 

season in Way Kambas National Park 

(Purnamasari et al., 2021). Moreover, the 

presence of blood-sucking flies around the 

elephant camps, notably, Tabanus sp., increases 

the risk of transmission (Kuncoro et al., 2017). 

These conditions are similar to Dobson et al. 

(2009) who reported that livestock does have the 

potential as a reservoir for vectors to spread the 
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disease to other animals and enhances the risk of 

interspecies infection by this parasite. 

The four persistent infections detected in 

Sumatran elephants suggest that this parasite may 

have been underdiagnosed all this time. 

According to Desquesnes et al. (2013), the 

infection of T. evansi often develops into chronic 

and sub-clinical form in elephants, therefore it 

may become unnoticed and hard to diagnose. The 

persistence of this parasite might be caused by 

reinfection, which is mostly due to the existence 

of a reservoir followed by the increasing biting 

rate of vectors that have an important role in 

carrying out repeated transmission to the host 

(Reid, 2002). Moreover, the probability of 

repeated infection of T. evansi can rise if the 

vector and reservoir co-exist around the 

susceptible host, hence maintaining the presence 

of the parasite in this circle (Desquesnes et al., 

2013). 

Furthermore, the persistent infection among 

elephant herds can increase the possibility of 

further transmission or even an outbreak. The 

outbreak may occur due to several conditions, 

such as stressful situations related to malnutrition, 

concurrent infections, increase of vector 

populations, immunodepression, and the presence 

of infected animals (Ramírez-Iglesias et al., 2017; 

Arifin et al., 2019). Therefore, infection of this 

parasite should be monitored in Sumatran 

elephants and routine diagnostics should be 

performed to detect the disease as it could pose a 

threat to the conservation of the Sumatran 

elephant. 

Several diagnostic methods for the detection 

of T. evansi in animals have been available and 

demonstrated. The GSBS test is considered as 

gold standard despite some weaknesses in its 

application i.e. low sensitivity and a higher 

chance of giving false negative results (Abdel-

Rady, 2008). False negative can occur when the 

host has low parasitemia since the intensity of 

parasites in the blood circulation affects the 

sensitivity of the parasitological test. This 

condition frequently happens in the chronic 

infection (Elhaig et al., 2013). Moreover, the 

samples must be examined immediately after 

collection (within 4–6 hours) since parasites will 

be dead and hard to detect under a microscope, 

thus it seems to be inconvenient to use in the field 

and often gives equivocal results (Aslam et al., 

2010). Due to these reasons, the GSBS test is not 

recommended as a routine diagnostic test in 

Sumatran elephants. 

Serological test based upon the detection of 

either antigen or antibody is generally used for 

epidemiological application. This test, 

particularly CATT, claimed to be able to detect 

antibodies of T. evansi with a simple procedure 

and is considered low-cost. It has been applied 

widely to study the seroprevalence of this parasite 

in horses, cattle, sheep, goats, camels, water 

buffalo, and donkeys (Tehseen et al., 2017; 

Abdel-Gawad et al., 2019; Mossaad et al., 2020; 

Tapdasan et al., 2020; Kyari et al., 2021). Based 

on this study, CATT has also proven useful for the 

detection of trypanosomiasis in the Sumatran 

elephant population since it is practical to be used 

in the field. However, the serological tests based 

on antibody detection lacked specificity and were 

unable to distinguish a current infection from a 

previous infection. It showed unsatisfactory 

results due to the prolonged persistence of 

antibodies in the blood of the host (Aslam et al., 

2010). Therefore, CATT is more suitable as a 

screening test and then it can be continued with a 

molecular test to confirm the parasites' existence 

in the blood (Nurcahyo, 2017). 

The development and application of PCR, 

which detects parasite nucleic acids, have 

improved the diagnosis of trypanosomiasis so far. 

It is a very sensitive method that can detect even 

1 pg of the parasite DNA in the blood samples. 

However, the sensitivity of PCR depends on 

several factors, such as the quality and quantity of 

the target DNA present in the samples, DNA 

extraction method, specificity of primers, and the 

copies number of the target sequence in the 

genome of the organism from the primers 

employed (Eleizalde et al., 2021). This study 

showed that TBR1/2 was more sensitive than 

ITS1 CF/BR to detect T. evansi in Sumatran 

elephant blood (Figure 3). This is due to TBR1/2, 

which amplifies multicopy satellite regions, 

having a higher number of copies compared to 

ITS1 CF/BR in the genome of the parasite. 
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Moreover, the minimum amount of DNA 

detectable by PCR using TBR1/2 primers was 

0.001 ng (Fernández et al., 2009). Therefore, 

despite the simplicity and low cost of the 

serological and parasitological methods, it is 

recommended to use them in combination with 

the PCR method for accurate and reliable results 

(Abdel-Gawad et al., 2019). 

 

CONCLUSION 

 

This study revealed that there were 14 

asymptomatic Sumatran elephants infected by T. 

evansi in 2016. The follow-up study indicated the 

presence of four persistent infections among the 

14 positively infected Sumatran elephants in 

2019. Moreover, the evaluation obtained from 

this study shows that the CATT and PCR tests are 

more convenient and sensitive than GSBS as a 

diagnostic test for T. evansi infection in the 

Sumatran elephants, especially in individuals 

with low parasitemia. However, the CATT is only 

recommended as a screening method to detect the 

antibody of T. evansi and should be followed by 

PCR to confirm the current infection of this 

parasite. 
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