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Abstract
Surra is a disease caused by the hemoflagellate pathogen Trypanosoma evansi which affects a wide variety 
of mammals. The only cases reported of the presence of T. evansi in Paraguay were identified in samples 
from horses and capybaras and they were detected by light microscopy in the 19th century. The aim of 
this study is to report three autochthonous cases of canine trypanosomiasis caused by T. evansi, for the 
first time in the country, using molecular techniques and their application for the differential diagnosis of 
trypanosomatids species. The technique implemented was real-time PCR-HRM, amplifying a fragment of the 
hsp70 gene, using a pair of primers initially used to discriminate Leishmania species. This is the first report 
on the usage of these primers to detect T. evansi through HRM analysis, which allows the differentiation 
of trypanosomatids species simultaneously, making it an efficient tool for differential diagnosis.

Keywords: 70kDa Heat Shock Protein (hsp70), Internal transcribed spacer (ITS1), Kinetoplastid, Surra, 
PCR-HRM.

Resumo
Surra é uma doença causada pelo patógeno hemoflagelado Trypanosoma evansi, parasito capaz de 
acometer diversos mamíferos No Paraguai, os únicos relatos que mencionam a presença de T. evansi 
datam do século 19, nos quais o parasito foi detectado em amostras provenientes de cavalos e capivaras. 
Neste sentido, este trabalho relata pela primeira vez três casos autóctones de tripanossomíase canina no 
Paraguai, aplicando técnicas moleculares para o diagnóstico diferencial de espécies de tripanossomatídeos. 
Para atingir o objetivo proposto, um fragmento do gene hsp70 foi amplificado por PCR-HRM em tempo real, 
empregando um par de primers inicialmente utilizados para diferenciar espécies do gênero Leishmania. 
O presente estudo relata pela primeira vez a utilização desses primers para a detecção T. evansi mediante 
a análise de HRM, a qual permite a diferenciação de espécies de tripanossomatídeos simultaneamente, 
tornando esta metodologia uma ferramenta eficiente para o diagnostico diferencial.

Palavras-chave: proteína de choque térmico de 70 kDa (Hsp70), Espaço Interno Transcrito (ITS1), 
cinetoplastídeos, Surra, PCR-HRM.

Introduction
Surra is a disease which has spread from Africa and Asia to America (Brun  et  al.,  1998; 

Desquesnes, 2004) and is caused by a pathogenic hemoflagellate called Trypanosoma evansi. 
This parasite belongs to the order Kinetoplastida, and to the Trypanosomatidae family 
(Desquesnes et al., 2013b), is generally monomorphic, although it may present polymorphism 
sporadically (Brun et al., 1998). Morphologically, it is indistinguishable from the slim forms of the 
trypanosomatids T. brucei brucei, T. brucei rhodesiense, T. brucei gambiense and T. equiperdum 
(Brun et al., 1998).

https://creativecommons.org/licenses/by-nc/4.0/
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T. evansi is implicated in killing thousands of wild and even domestic mammals and has the 
widest worldwide distribution among trypanosomatids. Chronically infected animals can live 
for several years, but acutely infected animals die within weeks or months (Brun et al., 1998). 
It presents a monoxenous life cycle without this protozoan undergoing evolution between the 
time that elapses from transmission from one host to another. This difference, when compared 
to other trypanosomes that do show evolution, has been explained by the loss of the kinetoplast 
maxicircles in T. evansi (Borst et al., 1987; Lun & Desser, 1995). The multiplication of T. evansi in 
its mammalian hosts occurs by longitudinal binary fission, and takes place blood, lymph, or 
cerebrospinal fluid (Fowler, 2010).

Mechanical transmission of the parasite has been mainly attributed to blood-sucking 
arthropods of the genus Tabanus, Stomoxys, Atylotus and Lyperosia (Brun et al., 1998). They can 
also be transmitted iatrogenic, vertical and orally (Desquesnes et al., 2013a). There are reports 
of transmission by means of blood-sucking bat bites from the Desmodus rotundus species 
(Desquesnes et al., 2013a), which are considered, in addition to being vectors, reservoirs and 
hosts (Desquesnes et al., 2013a; Herrera et al., 2005; Hoare, 1965; Woo, 1977).

The presence of T. evansi has been already reported in South America. It was detected in 
different animals, such as equines (Silva et al., 1995), coatis (Nunes & Oshiro, 1990), capybaras 
(Muñoz  &  Chávez, 2001; Stevens  et  al.,  1989) and cattle (Franke  et  al.,  1994). In Paraguay, in 
particular, there are only two reports of the presence of T. evansi, both of which were performed 
by light microscopy. The cases were detected in horses in 1901 (Elmassian; 1901; Elmassian 1902; 
Elmassian & Migone, 1903) and in capybaras in 1910 (Migone, 1910).

There are few reported cases of dogs infected with T. evansi in South America. The reports correspond 
to Brazil (Colpo et al., 2005; Franciscato et al., 2007; Franke et al., 1994; Stevens et al., 1989), Colombia 
(Correa-Salgado et al., 2010; Jaimes-Dueñez et al., 2017), Argentina (Bono Battistoni et al., 2016) 
and, recently, Uruguay (Greif  et al., 2018). Symptoms of the disease in dogs vary greatly, less 
severe ones are: an increase in body temperature, corneal opacity, decreased appetite, increased 
respiratory rate and increased pulse (Aref et al., 2013; Colpo et al., 2005; Hosseininejad et al., 2007); 
in more severe cases, symptoms include nervous system-affecting signs that can be confused 
with rabies and may even include the death of the animal (Aquino et al., 2002).

The diagnosis of T. evansi continues to be difficult due to the intermittent parasitemia in 
the host and the cross-reactions that are generated in serological tests, making PCR the most 
appropriate laboratory technique for the specific detection of T. evansi in different hosts species 
(El-Metanawey et al., 2009; Fernández et al., 2009; Ramírez-Iglesias et al., 2011).

Advanced PCR techniques with high resolving power, such as PCR with subsequent High 
Resolution Melting analysis (PCR-HRM), is a tool that allows characterizing PCR products 
based on the dissociation (melting) of the double-stranded DNA by increasing the temperature 
(Dwight et al., 2011). It is a fast, highly sensitive and specific technique that allows the detection 
of genera, subgenera, species and populations of microorganisms (Hernández  et  al.,  2014; 
Joste et al., 2018; Keatley et al., 2020).

The objective of this study is to report three autochthonous cases of canine trypanosomiasis 
caused by T. evansi, for the first time in the country, which were detected by using as a real-time 
PCR-HRM tool for the differential diagnosis of trypanosomatid species.

Case report
Between January 2018 and December 2019 three dogs from the Departments of San Pedro 

and Presidente Hayes (Figure 1), both departments in Paraguay, were referred to the “Centro para 
el Desarrollo de la Investigación Científica (CEDIC)” with clinical suspicion of Leishmaniasis. 
These three dogs resided in rural establishments dedicated to raise cattle and coexisted with 
other farm animals.

The three dogs were evaluated for clinical signs suggestive of leishmaniasis (weight loss, 
dermatitis, hair loss, mouth and skin ulcers, enlarged lymph nodes, onychogryphosis, arthritis, 
and conjunctivitis) by a veterinarian. In addition, each owner was asked about their dog’s feeding 
habits and about any possible contact with wild mammals.

Samples of medullary aspirate, subcutaneous mass aspirate and peripheral blood from the 
three dogs were taken. Blood samples were collected using commercial tubes containing EDTA 
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as anticoagulant and stored at 4 °C until use. The medullary and subcutaneous mass aspirates 
were performed using a 21-gauge needle and 10ml disposable plastic syringe. The blood samples 
and the subcutaneous mass were used to prepare fixed colored smears while the medullary 
aspirates were diluted with 0.2ml lysis buffer for molecular analysis.

The peripheral blood and subcutaneous mass aspirate smears were air-dried, fixed in absolute 
methanol for three minutes, and stained with 10% Giemsa (Biopak) for 40 minutes. Slides were 
analyzed under an optical microscope (Leica DM-500) at magnifications of 400X and 1000X.

Promastigotes of Leishmania (L.) infantum (MCAN/ES/92/BCN83) and Leishmania (V.) 
braziliensis (MHOM/BR/75/M2904) were cultured at 26 °C in Schneider’s Insect Medium (Sigma-
Aldrich) supplemented with 10% heat-inactivated fetal bovine serum (FBS) (Sigma-Aldrich). 
Trypanosoma cruzi epimastigotes (clone CL-B5) were grown at 28ºC in liver infusion tryptose 
broth (LIT) supplemented with 10% FBS (Sigma-Aldrich).

Extraction and purification of genomic DNA was completed using the GeneJET Genomic DNA 
Purification Kit (#K0722 Thermo Scientific®), following the manufacturer’s guidelines. The purity 
of the genetic material was evaluated using a (DS-11FX+ DeNovix®) spectrophotometer. For each 
of the positive controls, 2.5 x 106 of parasites in exponential growth phase were used. Medullary 
aspirate was used for the analysis of the samples under study.

In order to identify the trypanosomatids species, a fragment of the gen heat-shock protein 70 (hsp70) 
of 144bp was amplified, using the primers Fhsp70F2 5’–GGAGAACTACGCGTACTCGATGAAG–3’, 
and Rhsp70C 5’–TCCTTCGACGCCTCCTGGTTG–3’ designed by Zampieri  et  al. (2016) for the 
discrimination of Leishmania species. Each PCR assay was made with a final volume of 25 µL, 
using 12.5 µL of the mix (2x HRM PCR Master Mix-QIAGEN®), a final concentration of 50 ng/µL 
for the DNA template and both primers with a concentration of 0.5 µM.

The conditions for cycling were: initial denaturation at 95 ºC for 10 minutes, followed by 40 
cycles of denaturation at 95 ºC for 10 seconds, annealing at 60 ºC for 30 seconds and elongation 
at 72 ºC for 10 seconds. Following the real-time PCR, amplicon dissociation was immediately 
initiated by a melting step in the same machine. The range was set from 80 ºC to 90 ºC, with a 
slope of 0.1uC/s, and 2 s intervals at each temperature. The assays were carried out using a real 
time thermal cycler (Rotor-Gene 6000 QIAGEN®).

A high-resolution melt curve analysis was performed with the derivative of the raw data, after 
smoothing with the software 2.1.0 (Rotor-Gene-6000 QIAGEN®). DNA of T. cruzi, L. (L.) infantum 
and L. (V.) braziliensis, were used as positive control of the PCR.

In order to identify the species, a conventional PCR reaction was performed for the amplification 
and later sequencing of the internal transcribed spacers 1 (ITS-1) gene from the specific rDNA for 
Trypanosoma spp., following the description by Njiru Z et al. (2005). Both products obtained were 
visualized in a 1.5% agarose gel and subsequently purified (GeneJET PCR Purification Kit-Thermo 
Scientific®), following the manufacturer’s instructions. The fragments obtained were sequenced 
by the Macrogen company (Geumcheon-gu, Seoul, Korea).

Figure 1. Geographical distribution of M1, M2 and M3 dogs diagnosed with Trypanosoma evansi in Paraguay.
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The nucleotide sequences obtained were verified and purified using the software Bioedit 
version 7.0 (Hall, 1999). The nucleotide sequences were compared to those available in the public 
database using the algorithm Blastn of the NCBI BLAST.

Subsequently, a multiple alignment of the sequences obtained by applying the ClustalW 
algorithm was performed, comparing them with the sequences of the ITS-1 genes deposited in 
the NCBI GenBank.

Nucleotide sequence data reported in this paper are available in the GenBank™ database 
under the following accession numbers: MT490637.1, MT490638.1 and MT490639.1.

In this study, three cases of canine trypanosomiasis caused by T. evansi are reported in 
Paraguay for the first time; two of the dogs came from the Department of San Pedro and 
one from the Presidente Hayes Department (Figure 1). The parasitological findings of the 
trypomastigote forms were made by optical microscopy, and the species was molecularly 
confirmed by sequencing (Figure 2).

The three dogs which were studied are pets that reside in rural establishments dedicated to 
cattle raising, and that live in coexistence with other farm animals, mainly equines, outside the 
houses.

Main clinical signs which were observed in the present study are among those commonly 
observed in dogs infected with T. evansi, except for the subcutaneous masses present in M3. 
The clinical signs of each animal are detailed in Table 1.

Based on these findings, the molecular determination of the species of trypomastigotes was 
carried out by PCR and determined by analysis of the melting temperature (Tm) and the normalized 
curve of the hsp70 amplicons. The values of Tm for the positive controls as generated by the 
equipment were as follow: L. (L.) infantum: Tm = 87.05 ± 0.04 ºC; L. (V.) braziliensis: Tm = 87.87 
± 0.01 ºC and T. cruzi: Tm = 85.25 ºC ± 0.04 (Figure 3). The positive control for each species 
generated unique melting temperature curves, which did not coincide with any of the three 
samples analyzed in this study. The Tm values obtained by HRM for the analyzed samples were: 
M1 = 85.75 ºC, M2 = 85.69 ºC and M3 = 85.70 ºC (Figure 3). Both DNA extractions and PCR-HRM 
were performed twice to confirm the results obtained.

To identify the Trypanosoma spp. species detected by HRM-PCR in the analyzed samples, 
fragments of the ITS-1  gene were sequenced after being amplified by conventional PCR. 

Figure 2. Microscopic images of trypomastigotes detected in peripheral blood from M1 (A), M2 (B) and detected 
on subcutaneous mass from M3 (C-D) at magnifications of 400X and 1000X.
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The sequences of the samples M1, M2 and M3 were deposited in the NCBI GenBank™ database 
(accession numbers MT490637.1, MT490638.1 and MT490639.1). The BLAST analysis result 
showed very close matches with T. evansi, (99.78% similarity) for the 480 bp product sequences 
(data not shown). With the results obtained using molecular techniques, the presence of T. evansi 
in the three dogs in Paraguay was confirmed for the first time.

Table 1. Clinical findings of trypanosomiasis-associated disease in dogs from Paraguay.

Identification Breed Sex Age Clinical Signs

M1 Brazilian 
Mastiff Male 4

Languishment, inappetence, intermittent fever, 
lack of coordination in the posterior region, weight 
loss, moderate superficial lymphadenopathy and 
hyperproteinemia with moderate anemia.

M2 Rhodesian Male 3 Weight loss, superficial adenomegaly and pale 
ocular and buccal mucosa.

M3 Mixed 
breed Male 3

Weight loss, moderate anemia, evident 
superficial adenomegaly and the presence of two 
subcutaneous masses at the right rib level, two 
masses at the left rib level and one at the dorsal 
level. The subcutaneous masses correspond to 
a granulomatous inflammation composed of 
lymphocytes, macrophages, neutrophils, and giant 
cells with the presence of extracellular protozoa.

Figure 3. Detection and discrimination of the samples M1, M2 and M3, Trypanosoma cruzi, Leishmania infantum 
and Leishmania braziliensis. (A) Derivative melting curve peaks; (B) Normalized HRM plot of the heat-shock 
protein (hsp70) amplicon; each sample was performed in two independent experiments.
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Discussion
This is the first report of dogs infected with T. evansi in Paraguay as determined by using 

molecular techniques. The only two previous reports of the presence of the parasite in the country 
were found in horses in 1901 (Elmassian; 1901; Elmassian 1902; Elmassian & Migone, 1903) and 
in capybaras in 1910 (Migone, 1910), both detected by optical microscopy.

In these three dog cases, the recorded clinical signs of the infection were similar to those 
of the previous reports of canine trypanosomiasis: weakness, fever, weight loss, anemia and 
lymphadenomegaly (Aquino et al., 1999; Bono Battistoni et al., 2016; Greif et al., 2018; Jaimes-
Dueñez et al., 2017). Although the granulomatous inflammation present in M3 has not been 
previously described in T. evansi infections, this could be related to the humoral immune response 
to the parasite. Other frequently reported clinical signs, such as keratitis and hemorrhage in the 
anterior eye chamber, could not be observed (Aquino et al., 1999).

In Latin America, there are only a few reports of natural infection by T. evansi in canines (Correa-
Salgado et al., 2010; Greif et al., 2018; Jaimes-Dueñez et al., 2017; Stevens et al., 1989). In these 
cases, microscopic and serological techniques were used for the diagnosis of Trypanosoma spp. 
These few findings could be due to intermittent parasitaemia and cross-reactions with other 
microorganisms with similar and nonspecific symptoms, such as Leishmania spp., Ehrlichia spp. and 
Babesia spp., reducing the efficacy and specificity of these diagnostic tests (Gonzales et al., 2007).

For this reason, molecular techniques are considered the most appropriate ones for the specific 
determination of trypanosomatids or other parasitic infections that are difficult to diagnose, 
taking into account their high detection capacity and specificity. An experimental study in mice 
showed that real-time PCR is twice as sensitive for the detection of T. evansi than conventional 
parasitological techniques (Sharma et al., 2012). The most widely used molecular markers for 
the detection of this parasite are fragments of the ITS-1 (Eberhardt et al., 2014; Njiru et al., 2005; 
Sharma et al., 2012), variant surface glycoprotein (VSG) (Konnai et al., 2009) and 18S rRNA genes 
(Ereqat et al., 2020).

In this study, real-time PCR-HRM was used, based on other studies which reported the efficacy 
of this technique for the genotypic discrimination of bacteria, fungi and parasites of biomedical 
importance (Banowary et al., 2015; Goldschmidt et al., 2012; Kagkli et al., 2012; Lee et al., 2012). 
A fragment of the hsp70 gene was analyzed using primers initially developed to discriminate 
T. cruzi, T. brucei and different species of Leishmania because the samples were sent on clinical 
suspicion of leishmaniasis and the M2 specimen even obtained a positive result using the ELISA 
technique. It should be noted that this is the first report in which this pair of primers was used to 
detect and differentiate the presence of T. evansi by means of HRM analysis. The results which 
were obtained after sequencing confirmed that the dogs were infected with T. evansi and not 
with Leishmania spp., further demonstrating that locally available serological tests generate 
cross-reactions.

After correctly diagnosing the samples, all the specimens were treated with quinapyramine, a 
drug indicated for the treatment of trypanosomiasis, supplying them with two doses of 3.2 mg/kg 
subcutaneously every 30 days. All the dogs evolved clinically in a favorable way, and after eight 
months of treatment, no trypomastigotes were detected in any of them.

The three cases reported here correspond to acute T. evansi infections, which suggests active 
sources of transmission in the habitats where the animals reside. Although dogs are susceptible 
to an infection by this parasite, it is not something that occurs frequently and it is dependent on 
the proximity to local reservoirs which facilitate peroral infection or mechanical transmission 
by the bite of blood-sucking insects (Desquesnes, 2004).

There are no records of the insects’ genera involved in the transmission of the parasite in 
the Departments of Presidente Hayes and San Pedro (Paraguay), locations where the dogs 
in this study belonged. However, there are records of Tabanus species in the Departments of 
Amambay, Cordillera and Alto Paraguay (Paraguay) and in the province of Formosa (Argentina), 
all of which are regions adjacent to San Pedro and Presidente Hayes respectively (Bachmann, 
2012; Morrone & Coscarón, 1998; Strickman, 1982). Most of the records for the country date back 
several decades, so it is a very outdated field of study, and there may currently be populations of 
Tabanus in the departments of Presidente Hayes and San Pedro due to the proximity to those 
registered populations.
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These first findings in the country encourage further research, mainly to determine the presence 
of the parasite in possible hosts and to elucidate the vectors implicated in its transmission.

Conclusions
The use of the PCR-HRM real-time methodology with the amplification of a fragment of the 

hsp70 gene and its subsequent confirmation by sequencing allowed reporting the presence of 
T. evansi in dogs from different regions in Paraguay for the first time in the country. Furthermore, 
this is the first report on the usage of this pair of primers as a molecular marker of the presence of 
T. evansi, and its usefulness as a differential diagnostic tool which can detect T. cruzi, Leishmania 
infantum and Leishmania braziliensis simultaneously was demonstrated.
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