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Abstract

The aim of this study was to detect trypomastigote forms of Trypanosoma vivax, in blood smears, DNA of T. vivax
and anti-T. vivax antibodies in samples from buffalos reared in the lowlands of Maranhao, Brazil. Blood samples
were collected from 116 buffalos and 25 ectoparasite specimens. Blood smears were produced to diagnose
forms compatible with Trypanosoma spp.; the indirect enzyme-linked immunosorbent assay (iELISA) and lateral-
flow immunochromatography (Imunotest®) serological tests were used; and the polymerase chain reaction
(PCR) was used to make molecular diagnoses. No forms compatible with Trypanosoma spp. were observed in
blood smears. Among the 116 serum samples analyzed, 79.31% and 76.72% were positive in the ELISA and rapid
tests, respectively. One sample was positive in the molecular test. Twenty-five lice of the species Haematopinus
tuberculatus were collected. When subjected to PCR for detection of DNA of T. vivax, all of them were negative.
The louse specimens were negative for T. vivax. There were no statistically significant differences (p <0.05) in the
presence of T. vivax in this region, in relation to the animals’ age and sex. It can be concluded that these protozoa
are circulating in the buffalo herd of the lowlands of Maranhdo displaying crypitc parasitemias.

Keywords: Buffalos, Haematopinus tuberculatus, iELISA, Trypanosoma vivax, immunochromatographic test.

Resumo

O objetivo deste estudo foi detectar formas tripomastigotas de Trypanosoma vivax em esfregaco sanguineo, DNA de
T. vivax e anticorpos anti-T. vivax, em amostras de bufalos, criados na Baixada Maranhense, Brasil. Foram coletadas
amostras de sangue de 116 bufalos e 25 espécimes de ectoparasitas. Para o diagndstico, foi realizada a confecgdo
de esfregacos sanguineos a fim de observar formas compativeis com Trypanosoma spp., a sorologia por Ensaio
Imunoenzimatico Indireto (IELISA), aImunocromatografia de fluxo lateral (Imunotest®) e o diagndstico molecular por
meio da Reacdo em Cadeia da Polimerase (PCR). Ndo foram observadas formas compativeis com Trypanosoma spp.
nos esfregacos sanguineos. Dentre as 116 amostras de soro analisadas, 79,31% e 76,72% mostraram-se positivas nos
ensaios de ELISA e teste rapido, respectivamente. Uma amostra foi positiva no teste molecular. Foram coletados 25
piolhos da espécie Haematopinus tuberculatus. Quando submetidos a PCR para a deteccao do DNA de T. vivax, todos
mostraram-se negativos. Os espécimes de piolhos estavam negativos para T. vivax. Ndo houve diferenca estatistica
significante (p<0,05) em relacdo a idade e sexo dos animais e a presenca de T. vivax na regido. Pode-se concluir que
0 protozodrio esta circulando em rebanho bubalino da Baixada Maranhense, demostrando parasitemias cripticas.
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Trypanosoma vivax and ectoparasites on buffalos in the lowlands of Maranhdo, Brazil

Introduction

Buffalos (Bubalus bubalis) were brought to Brazil in the 19™ century and became adapted to this country,
notably in its northern region, where the climate and vegetation favored buffalo breeding. The anatomical and
physiological hardiness of this species has made these animals more resistant to illnesses that are common in
cattle (Bernardes, 2007; Damé, 2019). The zootechnical qualities of this species have boosted local livestock-rearing
activities because of the value placed on its products and byproducts (i.e. milk, milk derivatives and meat), given
their high-quality nutritional characteristics. Buffalo meat is considered to be relatively more healthy than bovine
meat (Borquis et al., 2013; Sim&es da Silva et al., 2020).

The presence of T. vivax in buffalos was recorded in Brazil for the first time by Shaw & Lainson (1972), through
blood smears obtained from animals on the island of Maraj6, state of Para. Subsequently, this parasite was
detected in buffalos in the state of Amapa (Serra-Freire, 1981). However, it was only in 1995 that this parasite was
first identified outside of the northern region of Brazil, when it was found in the Poconé region of the Pantanal, in
the state of Mato Grosso (Silva et al., 1996).

Over the last few years, there were reports of this parasite in several Brazilian states: Mato Grosso (Silva et al.,
1996), Mato Grosso do Sul (Paiva et al., 1997; Davila et al., 2003; Ramos et al., 2020), Maranhdo (Guerra et al., 2008;
Pereira et al., 2018), Tocantins (Linhares et al., 2006), Paraiba (Batista et al., 2007), Minas Gerais (Carvalho et al.,
2008), Rio Grande do Sul (Silva et al., 2009), Pernambuco (Pimentel et al., 2012), Sdo Paulo (Cadioli et al., 2012),
Alagoas (Andrade et al., 2019), Santa Catarina (Favero et al., 2016), Goias (Bastos et al., 2017), Sergipe (Vieira et al.,
2017), Piaui (Lopes et al., 2018) and Para (Dyonisio et al., 2021).

Flies of the genus Glossina are responsible for biological transmission of T. vivax in Africa, but mechanical
transmission can also occur. However, Glossina spp. are absent from Central and South America and, consequently,
T. vivax has become adapted to mechanical transmission in these regions. Its main vectors here are the dipterans
Tabanus spp., but other vectors have also been reported as mechanical transmission agents, such as the dipteran
species Stomoxys calcitrans and Haematobia irritans (Bastos et al., 2017; Cadioli et al., 2012). Lice of the species
Haematopinus tuberculatus and ticks of the species Rhipicephalus (Boophilus) microplus and Amblyomma cajennense
have been found to be positive for T. vivax, but little is known about the importance and involvement of these
ectoparasites in the life cycle of T. vivax (Bolivar, 2013; Dyonisio et al., 2021). latrogenic transmission through sharing
of contaminated surgical materials, syringes and needles at the time of applying medications and/or vaccines has
also been reported (Batista et al., 2012; Bastos et al., 2017).

Trading and transportation of animals between states within a single country or between neighboring countries
have facilitated the introduction of asymptomatic animals into new areas that had been considered to be free from
T. vivax. This had led to the need to identify this parasite in areas where it has not yet been studied (Silva et al.,
1998; Jones & Davila, 2001; Cadioli et al., 2012).

Thus, the objective of this study was to detect trypomastigote forms of T. vivax in blood smears, DNA of T. vivax

and anti-T. vivax antibodies through blood samples from buffalos reared in municipalities in the lowland region
of Maranhao, Brazil.

Material and Methods

Study area

This investigation was conducted in five municipalities in the lowland region of the state of Maranhdo: Vitéria
do Mearim, Cajari, Viana, Matinha and Penalva (Figure 1). This region lies within the northern mesoregion of
Maranhdo, delimited to the north by the coastline (Atlantic Ocean), to the south by the Cocais region, to the west
by the pre-Amazon region and to the east by the Cerrado region. It is located between the coordinates 01°59" to
04°00"” S and 44°00"” to 45°33" W, and it covers a total area of 17,579.366 km? (IBGE, 2021). The region is formed by
a wide diversity of rich ecosystems that includes rivers, lakes, estuaries and areas subject to flooding, and it lies
within the Brazilian Legal Amazon zone (IBGE, 2021).

Animals

The animals sampled were selected randomly according to convenience, depending on the number of animals
available at the time of the visit to the municipality. A total of 116 buffalos were included in this study (36 males and
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Figure 1. Map of the municipalities included in this investigation.

80 females), distributed as follows: 20 animals in the municipality of Viana, 25 in Cajari, 30 in Vitéria do Mearim,
24 in Matinha and 17 in Penalva. They were divided into three age groups: up to 11 months (< 12 months; one
to three years (1-3 years); and over three years (> 3 years). All of the animals were of mixed breed, and their age
range was from 4 months to 144 months. These animals were reared under extensive a semi-extensive system.

At the time of the visit to each farm, the following data were collected: identification of each animal, age, sex
and ectoparasites.

Obtaining and processing of samples

Capillary peripheral blood samples were obtained from the base of the tail or from ear vessels, to produce
blood smears.

In addition, 5 ml of blood was collected by puncturing the jugular vein using the Vacutainer® system. The blood
was collected both in tubes containing the anticoagulant ethylenediaminetetraacetic acid (EDTA) and in tubes
without anticoagulant. The samples collected in tubes without anticoagulant were kept at rest for removal of the
coagulum and then centrifugation at 2,000 G for 10 minutes. The resultant serum was transferred to Eppendorf
tubes for serological analysis. The blood samples with EDTA were used for DNA extraction and for performing the
polymerase chain reaction (PCR).

At the time of collecting the blood, the animals were inspected visually to collect ectoparasites. When detected,
these were stored in 70% alcohol for subsequent identification in accordance with the dichotomous key described
by Serra-Freire & Mello (2006), and for molecular tests to be performed.

Blood smears

The blood smears were produced immediately after obtaining the blood. They were fixed using methanol and
stained with Giemsa (2:30 for 15 minutes). They were then examined under an optical microscope at magnifications
of up to 1000x, to investigate any presence of blood parasites.
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Indirect enzyme-linked immunosorbent assay (iELISA)

Serological diagnoses were made using the indirect enzyme-linked immunosorbent assay (iELISA), in accordance
with the method described by Machado et al. (1997) and Aquino et al. (1999), with small modifications. Flat-bottomed
Nunc MaxiSorp® plates (Thermo Fisher Scientific, Massachusetts, USA) were used. These were sensitized with
1 pg/mL of recombinant antigen of T. vivax, diluted in a carbonate-bicarbonate buffer (pH 9.6). The control and
tested serum samples were diluted in the proportions 1:100 for T. vivax. Anti-bovine IgG alkaline phosphatase
conjugate (Sigma-Aldrich®, A0705-0.25ML, Saint Louis, USA) was used, diluted in PBS Tween 20 in the proportions
of 1:30,000. The cutoff point definition was according to Castilho et al. (2021).

The negative controls came from a female Holstein cow and a calf belonging to a herd located in region that is
not endemic for trypanosomosis. These animals had previously undergone molecular testing (PCR) and serological
testing (ELISA) for T. vivax infection, with negative results. The positive controls were selected from two cows that
had been experimentally infected with T. vivax, which had been confirmed through PCR and ELISA.

The plates were read using an ELISA reader (B.T.-100; Embrabio, Sdo Paulo, Brazil), with a 405 nm filter. The cutoff
point was calculated as 2.5 times the average absorbance of the negative control serum samples (Machado et al., 1997).

Lateral-flow immunochromatography technique (Imunotest®)

To detect specific antibodies against the recombinant protein of T. vivax, a lateral-glow immunochromatography
test (rapid test) was also performed, according to the manufacturer's recommendations (Imunodot Diagnésticos®,
Jaboticabal - SP, Brazil).

Molecular methods

Extraction of genomic DNA

DNA was extracted from whole-blood samples in EDTA, using InstaGene Matrix® (BIORAD), according to
the manufacturer’s recommendations. DNA was also extracted from the ectoparasites using the BIO GENE kit
(Bioclin). Extracted DNA was subjected to spectrophotometry analysis (UV/Vis spectrophotometer; Biodrop pLite).
Subsequently, the material was stored at -20 °C for molecular tests (PCR) to be performed.

Molecular diagnosis of T. vivax

Theblood samples and individual ectoparasites were tested for T. vivax using PCR technique (Cortez et al., 2009). The PCR
was performed in accordance with the technique described by Cortez et al. (2009), with the following oligonucleotide
primers: TviCatL[5~ GCCATCGCCAAGTACCTCGCCGA3]and DTO155[5 " TTAAAGCTTCCACGAGTTCTTGATGATCCAGTA3 ]
(IDT®, USA). These amplified a fragment of 177 base pairs of the CatL-like gene of the catalytic domain region, which
codes for the enzyme Cathepsin L-like (CatL) of T. vivax.

The reaction products were subjected to electrophoresis on 1.5% agarose gel in a horizontal bath with the buffer
tris-acetate-EDTA (TAE) at 50 V/100 mA, and Syber Safe staining (Invitrogen). The amplified products were viewed
under ultraviolet light in a transilluminator. Samples that presented bands at the level of the positive control were
considered positive.

Purification and sequencing

The DNA fragments amplified in the molecular tests were purified using the Clean-Up system kit (Promega), in
accordance with the manufacturer’s instructions. The products were subjected to sequencing in the Technology
Department of the Center for Biological Resources and Genomic Biology (CREBIO), School of Agrarian and Veterinary
Sciences (FCAV), State University of Sdo Paulo (UNESP). The chain-terminating dideoxynucleotide method (Sanger et al.,
1977) was used, in an ABI Prism 3700 DNA Analyzer sequencer (Applied Biosystems, Foster City, CA, USA).

Sequence analysis and phylogenetic inferences

Consensus sequences were obtained through analysis on electropherograms using the Phred-Phrap software
(Ewing et al., 1998). The Phred quality score (peaks around each base call) was established as = 20 (99% precision
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of base calls). The alignment of the T. vivax sequences was constructed and manually edited using the BioEdit
software (version 7.0.2.5) (Hall, 1999). Phylogenetic analysis was performed using the maximum likelihood (ML)
and neighbor-joining (NJ) methods. Phylogenetic trees were compiled using the MEGA-X software. The Akaike
information criterion (AIC), available within MEGA-X (Tamura et al., 2011), was applied to identify the most suitable
model for nucleotide substitution. The two-parameter Kimura model was chosen as the most appropriate for the
phylogenetic analysis on the alignment of the T. vivax sequences.

Statistical analysis

The absolute and relative frequencies of the pathogens identified in the serological and molecular tests were
established. The analyses were performed through contingency tables using different variables according to Fisher's
exact test and the independent chi-square test, with the aid of the Epi Info™ software, version 7.2. The results were
confirmed through the BioEstat 5.0 software.

Associations between variables and the frequency of seropositive findings were estimated in terms of a
significance level of 5% (p < 0.05) and odds ratios (OR) with 95% confidence intervals.

Results and Discussion

No trypomastigote forms of protozoa compatible with Trypanosoma spp. were viewed in the blood smears.
This direct parasitological evaluation is very specific but has low sensitivity, especially in the chronic phase of
the disease. It has higher sensitivity in acute cases or at the initial stages of the disease, when the peak level of
parasitemia is generally associated with a febrile state (Radostits et al., 2002; Almeida et al., 2019). The animals
evaluated in the present study did not present any apparent clinical symptoms, which would explain the absence
of these parasites in the blood smears.

The serological tests for trypanosomosis due to T. vivax detected that a high percentage of the buffalos in the
herds were seropositive: out of the total number of animals, 79.31% (92/116) had anti-T. vivax antibodies according
to iELISA, with optical density above the cutoff (0.343 and 0.305). Moreover, 76.72% (89/116) of the samples showed
positive reactions in the immunochromatographic test (Imunotest®). Through evaluating these results together,
it was observed that only three animals that were seropositive in the iELISA test did not show a reaction in the
immunochromatographic test. This level of detection of anti-T. vivax antibodies indicates that these animals were
frequently in contact with the parasite, even if the level of parasitemia was so low that it could not be detected
in blood smears. The parasitemia still had the capacity to induce formation of antibodies that could remain at
detectable levels for a prolonged period (Cadioli et al., 2012; Fidelis et al., 2019).

In cattle herds in the states of Minas Gerais and Sdo Paulo, Alcindo et al. (2022) and Cadioli et al. (2012) observed
that high percentages of the animals were seropositive for T. vivax. The iELISA diagnostic method has high sensitivity,
particularly among naturally infected animals (Castilho et al., 2021), and is a widely-used method for making this
diagnosis in herds.

No statistically significant difference (p < 0.05) in the presence of antibodies against T. vivax was found between
these age groups. Among cattle, itis already clear that age can be considered to be an aggravating factor for T. vivax
infection, such that older animals are generally more susceptible and present greater occurrence than younger
animals (< 12 months) (Dayo et al., 2010; Adam et al., 2012; Takeet et al., 2013; Angwech et al., 2015).

There was no statistically significant difference (p < 0.05) in the presence of antibodies against T. vivax between
male and female buffalos. Likewise, in previous reports, there was no difference in the prevalence of T. vivax infection
in buffalo herds according to the animals’ sex (Fikru et al., 2012; Biryomumaisho et al., 2013; Takeet et al., 2013).

In addition to serological methods, the samples were subjected to molecular detection, through which one
animal was found to be positive for the parasite. The sequence of the PCR-amplified product from this positive
sample has been deposited in GenBank with the accession code OR339796. The phylogenetic analysis confirmed
the close relationship between the genotype of this sample that was positive for T. vivax and those of another two
sequences of T. vivax in buffalos that were detected previously in Brazil and deposited in GenBank (MK801872 and
MK801874) (Figure 2).

The buffalo that was detected as positive for T. vivax through molecular methods also showed a positive reaction
through the serological techniques used in this study. Similar findings through using molecular techniques were
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Figure 2. Phylogenetic relationships between sequences of Trypanosoma vivax based on the cathepsin L-like gene (CatL). This
tree was inferred using the maximum likelihood and neighbor-joining methods, with the K2P model. The sequences detected
in buffalos are in blue, and the amplification of the present study is marked with an asterisk (*). The numbers at the nodes
correspond to bootstrap values greater than 50% that were accessed with 1,000 replications. Trypanosoma brucei rhodesiense,
Trypanosoma equiperdum and Trypanosoma evansi were used as an outgroup.

reported by Dyonisio et al. (2021) among buffalos in the state of Para and by Garcia et al. (2005) among buffalos
in Venezuela and Argentina.

Records of the presence of T. vivax in Maranhdo had previously been reported by Guerra et al. (2008), in a
bovine calf in the municipality of ltapecuru-Mirim, which is located in the central-western region of this state, a
municipality with characteristics differing from those of the lowlands of Maranhdo. Pereira et al. (2018) reported
the occurrence of an outbreak of disease caused by T. vivax in the state of Maranhdo, but in cattle. The present
report provides the first record of infection by T. vivax in buffaloes in this state.

At the time of inspecting the buffalos, 25 specimens of lice identified as Haematopinus tuberculatus were collected
from 16 of these animals. This ectoparasite is considered to be specific for buffalos. The specimens of H. tuberculatus
that were sampled were negative for T. vivax. Nonetheless, Dyonisio et al. (2021) reported occurrences of T. vivax
in Amblyomma cajennense, Rhipicephalus microplus and H. tuberculatus in the state of Para. However, there are no
scientific evidences that these ectoparasites can transmit the parasite.
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In conversations with buffalo farmers, they reported that no quarantine was implemented when new animals
were introduced to the herd. This is a matter that ought to be considered, in order to prevent dissemination of T.
vivax to regions where this disease agent is not present. Moreover, the lack of veterinary supervision at the time of
applying medications to buffalos means that needle-sharing, a practice that has been reported to be a mechanical
form of transmission of T. vivax, remains possible.

Conclusions

In the present study, we report that there was high seroprevalence of T. vivax among the buffalos sampled in
the lowland region of Maranhdo. On the other hand, out of the 116 animals sampled, only one animal was found
to be positive through PCR. There was no significant difference in seroprevalence in relation to the variables of the
age or sex of the animals. These animals could contribute towards dissemination of buffalo trypanosomosis in the
region, in case of stressful factor, such as co-infections that leads to increase in parasitemia. This report provides
the first record of infection by T. vivax in buffalos in the state of Maranhao.
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