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Highlights

This paper reports the first detection of trypanosomiasis in cattle in Bahia, Brazil.

Blood smear analysis is an alternative method for the diagnosis of trypanosomiasis.

The results confirm the higher sensitivity of PCR for trypanosomiasis.

Abstract

We report the first detection of Trypanosoma vivax in Bahia state based on blood smear and PCR analyses. 

A total of 623 bovine blood samples were collected over two years. Parasitological analysis by smear 

technique detected the presence of T. vivax in 0.3%, while molecular analysis by PCR showed a prevalence in 

18.9% of the samples. This study demonstrated the higher sensitivity of molecular analysis in the diagnosis 

of hemoparasitosis caused by T. vivax in dairy cattle herds.
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Trypanosoma vivax is the hemoparasite 
responsible for causing trypanosomiasis in 
ruminants. This disease presents a clinical 
and subclinical form and has a negative 
economic impact, leading to decreased meat 
and milk production, decreased fertility rates, 
miscarriage, and even death of the animal (Grisi 
et al., 2014). In the Americas, transmission 
occurs through hematophagous insect species 
of the genus Stomoxys and Tabanus and the 
reuse of contaminated syringes (Bastos et al., 
2017). The most commonly used technique for 
the diagnosis of the disease is parasitological 
analysis using blood smear (Madruga, 2004), 
but the most sensitive is molecular analysis 
such as polymerase chain reaction (PCR) 
(Cortez et al., 2009).

In 2016, some owners of cattle herds 
in the southern region of Bahia notified the 
official animal health service of the state that 
some animals showed clinical signs similar to 
those in trypanosomiasis. In a previous clinical 
examination, these animals were found to be 
anemic and had a low body condition score. 
Based on these notifications, this study aimed 
to analyze the blood of the animals from these 
herds to confirm the presence of T. vivax in 
cattle in the region using blood smear and PCR 
analysis.

Between May 2016 and May 2018, 623 
blood samples were collected from animals 

Resumo

Relatamos a primeira detecção de T. vivax no estado da Bahia baseada em esfregaços sanguíneos e PCR. 

Foram coletadas 623 amostras de sangue de bovinos ao longo de dois anos. An análise dos esfregaços 

detectou a presença do T. vivax em 0,3% delas, enquanto a detecção molecular por PCR mostrou uma 

prevalência em 18,9%. Este estudo evidenciou a maior sensibilidade da análise molecular no diagnóstico 

da hemoparasitose causada pelo T. vivax, em rebanhos bovinos leiteiros.

Palavras-chave: Tripanossomíases. Esfregaço sanguíneo. PCR. Nordeste do Brasil.  

belonging to cattle herds of three counties 
in the southern region of the state of Bahia. 
These included samples from 105 cows from 
Ibirataia (14° 4’ 10’’ S, 39° 38’ 26’’ W, 149 m 
altitude, predominantly tropical climate with 
an average annual temperature of 23.6 °C and 
annual precipitation of 1269 mm), 434 cows 
from Prado (17º 20’ 28” S, 39º 13’ 15” W, 4 m 
altitude, predominantly tropical climate with 
an average annual temperature of 24.6 °C and 
annual precipitation of 979 mm), and 84 cows 
from Jucuruçu (16° 49’ 47’’ S, 40° 9’ 54’’ W, 
365 m altitude, predominantly tropical climate 
with an average annual temperature of 24.6 
°C and annual precipitation of 1147 mm). All of 
the 623 samples collected were analyzed. The 
animals belonged to different breeds (Swivel, 
Holstein, Nellore, and Crossbred) raised in 
a semi-intensive regime and ranged from 2 
months to 16 years of age. Some animals were 
asymptomatic, while others presented clinical 
signs such as apathy, fever, anorexia, weakness, 
pale mucous membranes, progressive edema, 
decreased milk production, stillbirths, and 
increased superficial lymph nodes.

Blood samples were collected by 
puncturing the sacrococcygeal vein according 
to the Vacutainer® system with EDTA 
potassium-BD, and subsequent smears were 
prepared. The blood smears were stained 
by the panoptic method and dried at room 
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temperature with three repetitions per sample. 
The slides were analyzed using a Bioval® optical 
microscope under the 100X objective lens.

Molecular analysis was performed 
according to the method described by Araújo 
et al. (2009). The extracted DNA was quantified 
using an L-Quant® spectrophotometer (260/280 
nm), then subjected to electrophoresis in a 
1.0% agarose gel and stained with ethidium 
bromide for visualization under ultraviolet (UV) 
light. The samples were stored in a freezer at 
-20 °C. 

PCR analysis was performed using 
two pairs of primers. The first pair of primer 
was specific to the ribosomal subunit 
18SrRNA (GenBank access U22316), 18STnF2 
(5’CAACGATGACACCCATGAATTGGGGA3’) and 
18STnR3 (5’TGCGCGACCAATAATTGCAATAC3’), 
with amplification products of 710 bp 
(Madruga, Araújo, Lima, & Pádua, 2006). 
The second pair of primer was specific 
to repeated DNA sequences encoding 
cysteine proteases (cathepsin L), DTO155 
AAGCTTCCACGAGTTCTTGATGATCCAGTA3’)      and  
TviCatL1 (5’GCCATCGCCAAGTACCTCGCCGA3’), 
with amplification products of 177 bp (Cortez 

et al., 2009). The reactions were carried out 
as described by Madruga et al. (2006), with 
ultrapure water as the negative control and the 
DNA samples from the blood of infected cattle. 
The amplification process consisted of an 
initial denaturation step at 94 °C for 2 minutes, 
followed by 30 cycles of denaturation at 92 °C for 
60 seconds, annealing at 57 °C for 60 seconds, 
elongation at 72 °C for 60 seconds, and finally, 
an extension step at 72 °C for 5 minutes. The 
reactions were carried out in a Veriti 96 Thermal 
Cycler®. The PCR products were visualized by 
electrophoresing in a 2% agarose gel in TBE 
buffer at 100 V in the presence of a 100 bp ladder 
marker. The gels were photographed using the 
LPIXEL Image HE® system.

The results are shown in Figure 1 
and Table 1. Blood smear analysis revealed 
the presence of flagellated protozoa with a 
subterminal kinetoplast, narrow undulating 
membrane, and medial nucleus (Figure 1a), 
whereas molecular analysis by PCR revealed, 
in the positive samples, amplification products 
of a size corresponding to the described 
fragments (Figures 1b and 1c). 

Table 1
Number and percentage of animals infected with Trypanosoma vivax observed by blood smear analysis 
(ES) and molecular analysis (PCR) in different counties in the southern mesoregion of the state of Bahia, 
Brazil

Results*
Ibirataia Prado Jucuruçu Total

Number of 
animals

%
Number of 

animals
%

Number of 
animals

%
Number of 

animals
%

(-) ES / (-) PCR 84 80.0 338 77.9 83 98.8 505 81.1

(-) ES / (+) PCR 21 20.0 95 21.9 0 0.0 116 18.6

(+) ES / (+) PCR 0 0.0 1 0.2 1 1.2 2 0.3

Total 105 100.0 434 100.0 84 100.0 623 100.0

* (+) positive; (-) negative. 
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Figure 1. (a) Blood smear showing a trypomastigote form of free T. vivax in blood plasma -arrow 
(Panoptic staining, 100x objective lens); (b) T. vivax amplification products by PCR using primers 
specific to the 18SrRNA ribosomal subunit (710 bp). 1: molecular weight marker (100 bp), 2 and 
3: positive control, 4: negative control, 5: ultrapure water, 6 to 11: positive sample, 12: negative 
sample; (c) T. vivax amplification products by PCR using primers specific to cathepsin gene (177 
bp). 01: molecular weight marker (100 bp), 02: negative control, 03 to 05: positive samples, 06: 
positive control.

annealing at 57 °C for 60 seconds, elongation at 72 °C for 60 seconds, and finally, an extension step at 72 °C 

for 5 minutes. The reactions were carried out in a Veriti 96 Thermal Cycler®. The PCR products were 

visualized by electrophoresing in a 2% agarose gel in TBE buffer at 100 V in the presence of a 100 bp ladder 

marker. The gels were photographed using the LPIXEL Image HE® system. 

The results are shown in Figure 1 and Table 1. Blood smear analysis revealed the presence of 

flagellated protozoa with a subterminal kinetoplast, narrow undulating membrane, and medial nucleus 

(Figure 1a), whereas molecular analysis by PCR revealed, in the positive samples, amplification products of 

a size corresponding to the described fragments (Figures 1b and 1c).  
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Number and percentage of animals infected with Trypanosoma vivax observed by blood smear analysis 
(ES) and molecular analysis (PCR) in different counties in the southern mesoregion of the state of 
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Similar percentages of animals tested negative for the presence of T. vivax in the counties of 

Ibirataia and Prado with values of 80.0% and 77.9%, respectively, through both the blood smear analysis and 

molecular analysis by PCR. In the county of Jucuruçu, 83 (98.8%) out of 84 samples tested negative for the 

presence of the hemoparasite through both blood smear and PCR analysis. It was observed that 20.0% of the 

samples from Ibirataia and 21.9% from Prado presented negative results through blood smear analysis, but 

positive by PCR analysis. It was also observed that only one sample from Prado and one from Jucuruçu 

tested positive through both blood smear and molecular analysis by PCR (Table 1). 

Similar percentages of animals tested 
negative for the presence of T. vivax in the 
counties of Ibirataia and Prado with values 
of 80.0% and 77.9%, respectively, through 
both the blood smear analysis and molecular 
analysis by PCR. In the county of Jucuruçu, 83 
(98.8%) out of 84 samples tested negative for 
the presence of the hemoparasite through both 
blood smear and PCR analysis. It was observed 
that 20.0% of the samples from Ibirataia and 
21.9% from Prado presented negative results 
through blood smear analysis, but positive by 
PCR analysis. It was also observed that only 
one sample from Prado and one from Jucuruçu 
tested positive through both blood smear and 
molecular analysis by PCR (Table 1).

In the Northeast region, outbreaks 
mainly occur in the states present in the semiarid 
region (Rodrigues et al., 2015). The occurrence 
of T. vivax had been reported in a cow in Piauí 
through blood smear analysis (Lopes et al., 
2018) with a history of animal acquisition in the 
state of Ceará. Other occurrences have been 
reported in Maranhão (Pereira et al., 2018) and 

Sergipe (Vieira et al., 2017), where 15 blood 
samples were collected and evaluated using 
parasitological and molecular methods, and 
34% (5/15) were positive in the blood smear 
analysis, while using PCR 80% (12/15) samples 
amplified parasite DNA. This shows the 
importance of PCR in diagnosis.

The suspicion of a trypanosomiasis 
outbreak in Pernambuco and Alagoas led to the 
examination and subsequent diagnosis of 15% 
(17/109) positive animals using conventional 
PCR and 9% (10/109) using blood smear 
analysis (Andrade et al., 2019). However, in our 
study, only 2 (0.3%) of the 623 samples tested 
positive for T. vivax using the blood smear 
analysis method (Table 1). These varying 
percentages can be explained by different 
factors. According to Amorim et al. (2014), 
the analysis of blood smears is considered 
effective in detecting T. vivax in animals that 
present with acute disease but is ineffective in 
detecting chronic and/or subclinical disease. 
It should also be noted that asymptomatic 
animals, or those with subclinical disease, might 
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test negative in parasitological exams because 
in the asymptomatic phases the hemoparasite 
may be present in the extravascular regions 
such as the lymph nodes and not in the blood.

Molecular analysis revealed that 18.9% 
of the samples tested positive for T. vivax 
(Table 1), including 20.0% from Ibirataia, 22.1% 
from Prado, and 1.2% from Jucuruçu. In the 
studies carried out by Vieira et al. (2017), in 15 
animals from dairy cattle herds in the state of 
Sergipe, 80.0% tested positive for T. vivax by 
PCR. This variation in the final percentages of 
T. vivax detection by PCR analysis can also be 
explained by several factors, such as herds 
being raised in different geographical regions, 
age of the animal, genetic variability of the 
hemoparasite (Cortez et al., 2009), fluctuation 
of parasitemia, or even aparasitemic intervals 
(Almeida et al., 2010).

In this study, the results indicated that 
molecular analysis showed greater reliability 
for the detection of hemoparasites than blood 
smear analysis. As shown in Table 1, only 0.3% 
of the animals were shown to be infected by 
the analyses of blood smears, whereas by PCR, 
this percentage was 63 times greater (18.9%), 
suggesting a possible spread of T. vivax in the 
southern mesoregion of the state. 

According to Lopes et al. (2018), the 
outbreaks of T. vivax observed in recent years 
in Brazil are precisely due to the lack of rapid 
diagnosis of the hemoparasite, providing it 
sufficient time to multiply, evade the immune 
system, and infect new hosts. This is further 
aggravated by the abundance of mechanical 
vectors; hence, accurate diagnosis is important 
at any stage of parasitemia.

A necessary measure to prevent 
outbreaks would be to control trading and 
transportation of animals from regions where 

hemoparasitosis due to T. vivax is diagnosed to 
regions free from T. vivax by ensuring that transit 
of cattle between regions only takes place 
upon proof that the animals are not infected 
(Pimentel et al., 2012). The possibility of sexual 
transmission has been recently demonstrated 
by detecting T. vivax in semen, which can also 
contribute to increased transmission rates of 
the disease (Bezerra et al., 2018).

This is the first report of the occurrence 
of T. vivax in the southern mesoregion of Bahia 
state. We found that PCR analysis was more 
reliable than blood smear analysis in detecting 
T. vivax, highlighting the need to adopt more 
efficient techniques for the diagnosis and 
control of T. vivax in Bahia as well as to determine 
its prevalence and spread in the region.
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