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Abstract

Trypanosoma vivax, a haemoprotozoan of African origin, has spread throughout Latin
America, mainly affecting cattle through mechanical transmission by flies. This study
reports an outbreak of T. vivax on a dairy farm in the midwestern region of São Paulo State,
Brazil. Clinical signs included progressive weight loss, lethargy, hyporexia, reduced milk
production, abortions, neurological signs, and deaths. The herd comprised 238 crossbred
Holstein-Gir cattle (200 cows, 38 calves). Blood samples were collected from 104 randomly
selected cows and all 38 calves to assess hematocrit (HCT) and total plasma protein (TPP),
and detect trypomastigote forms using blood and buffy coat smears. PCR was performed
on EDTA blood from 30 smear-negative cows. Trypanosoma sp. was identified in 51.9%
(54/104) of the smear samples, with morphometric confirmation of T. vivax infection.
About 66.6% (20/30) of the smear-negative cows tested positive by PCR, showing the
higher sensitivity of molecular tests. Anemia was observed in 56.8% of infected cows,
with significantly lower HCT and TPP values than in uninfected animals. The absence of
quarantine for new animals, high fly density, and shared needles for oxytocin injections
were likely contributing factors. This study underscores the crucial role of molecular
diagnostics in accurately investigating outbreaks.

Keywords: buffy coat smear; dairy cows; molecular diagnostics; total blood smear; try-
panosomiasis

1. Introduction
Trypanosomiasis is a disease caused by protozoan parasites of the genus Trypanosoma,

which are unicellular, flagellated haemoprotozoans belonging to the family Trypanoso-
matidae. While trypanosomiasis occurs globally, Trypanosoma vivax, a species originally
described in Africa, was introduced to Latin America around 1830 through the importa-
tion of Zebu cattle. Since then, it has spread across the continent, aided by the parasite’s
adaptation to mechanical transmission routes [1–4].

Among the species responsible for trypanosomiasis in domestic ungulates in Latin
America, Trypanosoma vivax is particularly significant due to its pathogenicity and the
substantial economic impact on the cattle industry [5]. The disease may present in either
an acute or a chronic form, with high morbidity and mortality rates [6]. Economic losses
include reduced productivity, lower natality rates, and increased medical costs. However,
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due to the frequent association with secondary infections, quantifying the economic impact
directly caused by Trypanosoma infection remains challenging.

Across Africa, hosts can become infected with T. vivax through tsetse flies (Glossina)
bites, but mechanical transmission by other biting flies may facilitate the spread of the
infection [7]. Previous studies conducted in Brazil indicated that the infection is primarily
transmitted by tabanids and stable flies (Stomoxys calcitrans) [4,8,9]. Additionally, iatrogenic
transmission by shared needles and syringes has also become an important epidemiological
concern [10]. In Brazil, the disease was first documented in cattle in the state of Pará [11], but
several cases have been reported in all five regions of the country [5,10,12–16]. Furthermore,
T. vivax has also been reported to have infected pigs and horses [17–20].

The first cases of T. vivax infecting cattle in São Paulo were reported in 2012 and oc-
curred in 2008 in the municipality of Lins, involving high morbidity and mortality of 31 out
of an herd of 1080 cattle [21]. Infected cattle presented clinical signs such as anemia, diar-
rhea, abortion, and neurological alterations, and the diagnosis was confirmed by PCR [21].
Here we report an outbreak of T. vivax infection in dairy cows from the Central-Western
region of São Paulo state, Brazil. This report adds valuable evidence of the markedly higher
detection rate of T. vivax by PCR compared to conventional smear microscopy, emphasiz-
ing the importance of molecular diagnostics for accurate surveillance of this parasite in
cattle herds. To our knowledge, this study represents the second documented outbreak in
the state.

2. Materials and Methods
2.1. Study Geographical Area and Animal Housing and Management

The outbreak occurred on a rural farm located in the midwestern region of São Paulo
state, in the municipality of Anhembi, approximately 206 km from the state capital, São
Paulo City. The farm housed a herd consisting of cattle (including 200 dairy cows and 38
calves of crossbred Holstein and Gir), pigs (15), and horses (10). After birth, the calves
were allowed to suckle the colostrum for a few hours before they were separated from their
dams and housed in a calf barn, where they were fed milk in buckets twice daily. All the
cows had been purchased within the six months prior to the outbreak from various rural
areas located in the Brazilian states of Goiás, Mato Grosso, Tocantins, and different regions
of São Paulo state, without any quarantine protocol.

Lactating cows were allowed to graze during the day and received oxytocin before
being mechanically milked twice daily. It had been reported that farm workers routinely
reused a single disposable syringe and needle per day for the administration of oxytocin
intravenously to all the animals prior to mechanical milking. Suboptimal farm management
practices observed during farm visits, along with favorable weather conditions, may have
led to a significant increase in fly and tabanid populations.

The horses’ grazing area was next to the cows’ pasture, while the pigs’ barns were
200 m away.

2.2. Sample Collection and Blood Analyses

Due to the suspicion of trypanosomiasis and in order to identify the infection status
of the herd, blood samples were collected through jugular venipuncture from 104 dairy
cows, which were selected randomly among animals that could be safely restrained, and
from all 38 calves. The blood samples were collected into tubes containing anticoagulant
(EDTA Vacutainer®, BD, Juiz de Fora, MG, Brazil) for hematological analysis (hematocrit
(HCT) and total plasma protein (TPP) concentrations) and for the search of trypomastigote
forms in whole blood and/or in buffy coat blood smears. Additionally, blood samples were
collected from seven pigs and six horses, also arbitrarily selected, via jugular venipuncture
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into EDTA Vacutainer® (BD, Juiz de Fora, MG, Brazil) tubes to screen for trypomastigote
forms in whole blood and buffy coat smears.

The blood samples were centrifuged in capillary tubes (12,000 rpm for six minutes) to
prepare buffy coat smears. Whole blood and buffy coat smears were stained with Giemsa
and examined under a Nikon E200 optical microscope (Nikon Instruments Inc., Melville,
NY, USA) at 1000× magnification.

All the animals that tested positive for trypomastigotes in total blood and/or in the
buffy coat blood smears were considered infected.

2.3. Morphometric Analysis

For biometric characterization, five smear slides from Trypanosoma-positive animals
(one per animal) were selected to provide a representative baseline of morphometric fea-
tures. This sample size was sufficient to provide a baseline of morphometric features for
confirmation of T. vivax infection in this outbreak. On each smear slide, 20 trypomastigotes
were measured, resulting in a total of 100 trypomastigotes analyzed with the OPTHD Micro-
scope Imaging Software (version x64 4.10). The following measurements were conducted:
(1) distance from the posterior end to the kinetoplast (PK); (2) from the kinetoplast to the
center of the nucleus (KN); (3) posterior end to the center of the nucleus (PN); (4) nucleus
to the anterior extremity (NA); (5) flagellum free distance (F); (6) total length including free
flagellum (L) [22,23]. Additionally, two ratios were calculated: PN/KN and PN/NA.

2.4. Molecular Diagnosis

DNA was extracted from blood samples collected from 30 cows that tested negative
for trypanosomes by both the total blood and buffy coat smears, as well as from 20 calves
selected from the 38 examined. The animals were arbitrarily selected, also based on the
availability of sufficient remaining blood volume. Extractions were performed using
the Illustra Blood GenomicPrep Mini Spin Kit (GE Healthcare, Buckinghamshire, UK)
following the manufacturer’s instructions. DNA purity was evaluated at the A260:A280
and A260:A230 ratios using the Nanodrop (Thermo Scientific®, Waltham, MA, USA). PCR
was performed using the primers TviCatL1 (GCCATCGCCAAGTACCTCGCCGA) and
DTO155 (TTAAAGCTTCCACGAGTTCTTGATGATCCAGTA) previously described [24].
The primers TviCatL1 and DTO155 target a conserved region within the central (catalytic)
domain of the cathepsin L-like (CatL-like) gene family of T. vivax. The CatL-like sequences
are species-specific and were validated as reliable targets for PCR diagnosis of T. vivax in
both South American and African isolates [24]. PCR contained a total of 25 µL, being 12.5 µL
of GoTaq® Master Mix (Promega Co., Madison, WI, USA), 300 nM of each primer, 8.8 µL
of nuclease-free water, and 2.5 µL of DNA sample. A negative control, no template-DNA,
was performed each time a PCR was made. The amplification conditions were 3 min at
94 ◦C, followed by 30 cycles of 94 ◦C for 1 min, 60 ◦C for 1 min, and 72 ◦C for 1 min. A
final extension of 10 min at 72 ◦C was also performed. All the samples were analyzed in a
1.5% agarose gel electrophoresis.

Among the Trypanosoma-positive cows by buffy coat smear, four of them were arbitrar-
ily selected for DNA extraction and for serving as positive controls in PCR analyses. PCR
specificity was confirmed by Sanger sequencing of the positive PCR products from four
cows that tested positive by buffy coat smear. The obtained sequences were compared using
the Basic Local Alignment Search Tool (National Center for Biotechnology Information,
Bethesda, MD, USA).

2.5. Statistical Analysis

Descriptive statistical analyses were used to present means and standard deviations.
Data normality was assessed by the Shapiro-Wilk test. The HCT and TPP values for
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the Trypanosoma-negative animals (based on smear tests and PCR), Trypanosoma-positive
animals (based only on smear tests), and Trypanosoma-positive animals (based on both
smear tests and PCR) were compared using one-way ANOVA. Mean differences were
assessed using the post hoc Tukey test. Values of p < 0.05 were considered statistically
significant. All the statistical analyses were performed using GraphPad Prism version 8.2.1.

3. Results
Thirty-seven cows (18.5%, 37/200) presented progressive weight loss, lethargy,

anorexia, and reduced milk yield. Additionally, two cases of abortion and three cases
of neurological signs (including blindness, paraparesis, and ataxia) were observed. Seven-
teen cows died within the 30 days preceding blood sample collection.

Among the sampled cows, 51.9% (54/104) were Trypanosoma-positive in either the total
blood smear or the buffy coat smear. Both methods demonstrated equivalent efficiency in
detecting positive cases. Thirty cows that tested negative for trypanosomes by both whole
blood and buffy coat smear microscopy were randomly selected for PCR amplification.
Amplification of DNA fragments of expected size (band of 177 bp) was observed in 20 an-
imals, with 66.7% (20/30) testing positive for T. vivax by PCR. These results confirm the
high sensitivity of PCR for the detection of T. vivax infections. Partial DNA sequencing
(CatL-amplified fragments) from four PCR-positive samples revealed high homology with
the T. vivax sequences available in GenBank, supporting the molecular identification. We
sequenced only four samples due to budget constraints. However, to ensure representative
coverage, we selected samples from different batches to account for potential variation
between experimental runs.

Significant differences in the HCT and TPP levels were observed between the Try-
panosoma-negative animals and Trypanosoma-positive animals. For HCT, the differences
were significant both when positivity was determined solely by smear tests (p = 0.0002) and
when determined by the combination of smear tests and PCR (p < 0.0001). A similar pattern
was observed for TPP, with statistically significant differences between the Trypanosoma-
negative and Trypanosoma-positive animals based on smear tests alone (p = 0.0014) and on
combined smear and PCR results (p < 0.0001) (Figure 1).

Figure 1. Mean hematocrit (A) and total plasma protein concentration (B) values in the Trypanosoma-
positive and -negative cows based on the total blood smear, buffy coat smear, and polymerase chain
reaction (PCR) tests in the state of São Paulo, Brazil. Different lowercase letters above the boxes
indicate statistically significant differences. The ends of the box correspond to the upper and lower
quartiles, with the median indicated by a horizontal line inside the box. The whiskers extend outward
to the maximum and minimum observed values.

Trypanosoma-negative cows (PCR-negative) had HCT and TPP values within the refer-
ence range for the species, with means of 28.0% (±7.1) and 7.99 g/dL (±1.12), respectively.
The mean HCT values for Trypanosoma-positive cows based only on smear tests and on both
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smear tests and PCR were 23.0% (±4.6) and 22.7% (±4.8), respectively. The HCT values in
the Trypanosoma-positive cows were slightly below the reference range for cattle [25], with
anemia detected in 56.8% (42/74) of the positive cows. Additionally, the mean TPP values
for the Trypanosoma-positive cows based only on smear tests and those positive on both
smear tests and PCR were 7.35 g/dL (±0.68) and 7.21 g/dL (±0.68), respectively, remaining
within the species’ reference interval.

All the calves tested negative for trypanosomes by both total blood smear and buffy
coat smear, with mean HCT and TPP values of 30.7% (±8.6) and 6.43 g/dL (±0.91), respec-
tively. Additionally, calves, pigs, and horses were PCR-negative when tested with specific
primers for T. vivax.

Twenty trypomastigotes observed in the blood smears from five positive animals
(totaling 100 trypomastigotes) were morphometrically characterized and identified as T.
vivax based on body size, shape, membrane wave development, nucleus, and kinetoplast
(Table 1).

Table 1. Measurements in micrometers (µm) (means ± SD, minimum and maximum) of randomly
selected trypomastigotes found (n = 100) in total blood smear of Trypanosoma-positive cows, in the
state of São Paulo, Brazil.

Variables Mean ± Standard
Deviation (µm)

Minimum–Maximum
(µm)

PK 1.42 ± 0.43 0.41–2.18

KN 5.79 ± 0.83 3.27–8.81

PN 7.12 ± 0.91 5.08–10.06

NA 7.42 ± 1.17 4.93–10.89

F 5.90 ± 1.30 3.12–10.98

L 18.81 ± 2.27 13.71–24.24

KI (PN/KN) 1.24± 0.09 1.07–1.57

NI (PN/NA) 0.98 ± 0.20 0.58–1.61
PK: distance from the posterior end to the kinetoplast; KN: from the kinetoplast to the center of the nucleus; PN:
posterior end to the center of the nucleus; NA: nucleus to the anterior extremity; F: flagellum free distance; L: total
length including free flagellum; KI = kinetoplast index (PN/KN ratio); NI = nuclear index (PN/NA ratio).

All the dairy cows in the herd, regardless of their Trypanosoma infection status, were
subjected to a pharmacological treatment with intramuscular administration of diminazene
aceturate (3.5 mg/kg BW) and isometamidium chloride (0.5 mg/kg BW). Diminazene
aceturate remains the most used drug for managing trypanosomiasis in cattle [26]. Two
weeks after the Trypanosoma-positive diagnosis and treatment, 15 cows died, while cows
that were not in the severe stages of the disease recovered successfully.

4. Discussion
In this study, 37 cows showed clinical signs suggestive of trypanosomiasis, which

motivated further investigation of the cases.
Trypanosoma vivax infects a wide range of wild and domestic animals and is consid-

ered one of the most important Trypanosoma species affecting cattle, leading to significant
economic losses in herds from Africa, Central America, and South America [19]. The indi-
vidual susceptibility depends on age, concurrent bacterial infections, pregnancy, lactation,
nutritional status, hygiene conditions, and the presence of blood sucking flies or other
mechanical vectors such as tabanids [27].

The main predisposing factors for T. vivax infection in this report were the lack of
a quarantine protocol, particularly considering that the cows had been purchased from
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various rural areas and regions, combined with the use of shared needles to administer
oxytocin prior to milking. While there is a possibility that the animals were infected before
arriving on the farm, they had been there for at least six months before this outbreak. The
incubation period of T. vivax ranges from 4 to 40 days and may vary depending on the
virulence of the strain. Therefore, the use of shared needles is likely the primary source of
transmission of the infection within the herd. The massive presence of flies, also observed
during the farm visit, was associated with inadequate hygiene practices and may have
contributed to disease transmission. The poor nutritional conditions of some animals
may have resulted from the progression of the infection or from underlying nutritional
deficiencies. Similarly, it is difficult to determine whether the cases of pneumonia observed
in the Trypanosoma-positive animals of this study occurred prior to or as a consequence of
the immunosuppression caused by trypanosomiasis [28].

Direct parasitological methods, such as total blood smears and buffy coat smears, are
practical for use under field conditions and demonstrate high agreement with reference
diagnostic standards [29]. However, they lack sensitivity, as results often depend on the
stage of the disease and parasite load [30]. Although this study found a high agreement
of total blood smear and buffy coat smear tests in diagnosing Trypanosoma-positive cows,
PCR analysis revealed that 20 out of 30 randomly selected smear-negative cows were
false negatives and tested positive for T. vivax. These findings highlight the limitations of
different diagnostic methods based on microscopical, serological, or molecular bases [19].
PCR exhibited higher sensitivity [24].

Additionally, T. vivax PCR-positive cows had significantly lower HCT and TPP concen-
trations than PCR-negative cows. These results were expected, as infected cows with T. vivax
tend to develop immune-mediated hemolytic anemia and hypoproteinemia [4,31]. Anemia
occurs in response to trypomastigote reproduction by binary fission in the bloodstream.
The host’s immune system produces antibodies that can target erythrocytes, leading to
their lysis [28]. Parasite-induced hypoalbuminemia is commonly observed due to increased
vascular permeability and protein loss through damaged tissues [32]. The parasite may also
release toxic substances when it is destroyed within the circulatory system, causing damage
to blood vessels [28]. Together, these mechanisms can explain the significant reduction in
HCT and TPP observed in positive animals.

The morphometric results of blood trypanosomes obtained in this study were con-
sistent with previous reports on T. vivax trypomastigotes [12,23,33–35]. In addition, the
PCR assay used in this study demonstrated high specificity for the detection of T. vivax
in cattle, as confirmed by partial sequencing of CatL-amplified fragments, which showed
high homology with the T. vivax sequences available in GenBank. Therefore, these findings
confirmed T. vivax as the causative agent of the outbreak among dairy cows. In light of
the outbreak, farm owners and workers were advised on key sanitary measures, including
avoiding needle sharing, quarantining new animals, and improving hygiene. Regular
monitoring and early diagnostic testing were also recommended. These actions aim to
prevent transmission and minimize economic losses.

5. Conclusions
This outbreak was likely driven by a high density of flies and the use of shared needles

for intravenous oxytocin administration in lactating cows. The findings emphasize that the
accurate diagnosis of trypanosomiasis requires the use of specific and sensitive methods. Al-
though blood smear techniques are quick and practical for field conditions, their limitations
in sensitivity and specificity can compromise disease detection. In contrast, PCR provides
superior diagnostic accuracy, significantly reducing the risk of false-negative results in
Brazilian cattle herds. Increased use of PCR in routine diagnostics could significantly
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improve disease control, management, and prevention of Trypanosoma vivax infections in
livestock populations.
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