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Highly debilitating natural Trypanosoma vivax infections
in Brazilian calves: epidemiology, pathology, and probable
transplacental transmission
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Abstract Clinical, epidemiological, and pathological
aspects of trypanosomiasis caused by Trypanosoma vivax
in calves were reported for the first time in northeast Brazil.
Clinical and epidemiological data, packed cell volumes
(PCV), and parasitemia were assessed in 150 calves in May
2009 (rainy season—survey 1) and in 153 calves in
November 2009 (dry season—survey 2) in three farms (A,
B, and C). Prevalence of T. vivax in calves examined in the
survey 1 was 63.3%, 65.0%, and 80.0% in farms A, B, and
C, respectively. Morbidity varied from 63.3% to 80%,
mortality from 15% to 30% and lethality from 23% to
37.5%. In survey 1, for all farms, high parasitemia (from 30.3
to 26.2×106 parasites/mL), fever (from 39.8 to 40.3°C), low
PCV (from 15.7% to 18.1%), and body score (from 2.5 to
3.5) were detected. Calves showed depression, weight loss,
pale mucous membranes, enlarged lymph nodes, edema of
the dewlap, cough, coryza, and diarrhea. The animals
from farms A and B were treated with diminazene
aceturate. Six months after, in survey 2, non-treated
calves from farm C showed values for prevalence (81.82),
morbidity (81.82), mortality (12.73), and lethality (15.55)
similar to those in survey 1 (P>0.05). Also in survey 2, four

calves aging merely 1–3 days old presented high parasitemia
levels (from 32×106 to 74×106 parasites/mL), suggesting
transplacental transmission. In conclusion, trypanosomiasis
by T. vivax constitutes high prevalent disease for calves
raised in Brazilian semiarid and may have transplacental
transmission.

Introduction

Among the trypanosomes that infect livestock, Trypano-
soma vivax is one the most important pathogenic species
for bovines and small ruminants. This parasite restricts the
animal production, besides causing economic losses by the
clinical signs of the infection such as restricted growth,
abortion, anemia, treatment cost, and death of the affected
animals (Jones and Dávila 2001; Desquesnes 2004;
Gutierrez et al. 2006; Batista et al. 2006, 2008, 2009).

In Africa, T. vivax produces strong limitations to the
ruminant production and can be transmitted by the
biological vector, tsetse flies (Glossina spp.), or mechani-
cally by other haematophagous flies. In Latin America,
these flies do not exist, so the parasite had acquired another
behavior to survive: the mechanical transmission by
haematophagous Diptera such as Stomoxys sp. and Tabanus
sp. (Jones and Dávila 2001; Desquesnes 2004).

T. vivax was introduced into Latin America with cattle
imported from Africa, probably in the late nineteenth
century, and nowadays is a widespread parasite in Central
and South America (Jones and Dávila 2001; Cortez et al.
2006, 2009). The transportation of cattle herds had been
the mean of dispersion for T. vivax related to many
countries such as French Guyana, Colombia, Panama,
Bolivia, Venezuela, and Costa Rica (Silva et al. 1998;
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Desquesnes 2004; García et al. 2006; Oliveira et al. 2009).
In Brazil, T. vivax was initially reported in Pará State,
where the parasite was detected in a water buffalo showing
fever and emaciation (Shaw and Lainson 1972). Ever
since, T. vivax has already been related in cattle herds of
several Brazilian states from northern to southern regions
(Serra Freire 1981; Silva et al. 1996, 2009; Paiva et al.
2000a; Linhares et al. 2006a, b; Guerra et al. 2008; Batista
et al. 2007, 2009; Cuglovici et al. 2010).

In previous outbreaks reported in Brazilian semiarid,
cattle, sheep, and goats showed characteristic clinical
condition in the acute phase: high parasitemia associated
with fever, weakness, lethargy, and a decrease in produc-
tivity caused by weight loss, drop in milk production,
abortion, and perinatal mortality (Batista et al. 2007, 2009).
In contrast to those severe outbreaks caused by T. vivax, in
the Brazilian endemic regions such as Pantanal (central
region) and Amazonia (northern region), infection is
generally cryptic and asymptomatic. Apparently, abortion
and neonate infections caused by T. vivax are not important
in the endemic regions (Osório et al. 2008; Paiva et al.
2000a).

Data suggested that the Brazilian semiarid region is non-
endemic for trypanosomiasis, probably because the envi-
ronmental conditions (long dry periods and high temper-
atures) are not favorable for the vector development during
most parts of the year. Thus, the bovines do not develop
active immunity, and when the population of the mechan-
ical vectors increases in the rainy season, outbreaks occur,
causing high parasitemia and hence mortality and economic
losses (Batista et al. 2007, 2008).

Neonate disease and mortality and abortion are the most
important reasons for economic losses in livestock produc-
tivity. T. vivax is considered a major cause of reproductive
failure in African cattle and goat. In general, some
trypanotolerant breeds have normal gestation and parturi-
tion when infected with T. vivax. However, susceptible
breeds of cattle and goat infected with African T. vivax have
a high probability to abort or premature delivery in
comparison to uninfected animals. Transplacental T. vivax
transmission was proved by parasite detection in fetuses
and neonates. After born, calves from infected animals
often present low weights and premature death in Africa
(Ogwu et al. 1986; Okech et al. 1996a, b).

In Brazil, the effects of trypanosomiasis caused by T.
vivax in pregnancy influencing the neonates' health were
not specifically related. This study aimed to relate the
clinical and pathological signs of the natural infection by
T. vivax in calves, as well as to evaluate some epidemi-
ological aspects such as prevalence, mortality, and
lethality rates in infected calves from a region in Brazilian
semiarid where severe outbreaks due to T. vivax have been
reported before.

Material and methods

Studied area and outbreaks period

The study was performed in three farms where we
previously reported trypanosomiasis by T. vivax outbreaks
in dairy cattle (Batista et al. 2007, 2008). We examined
three farms (A, B, and C) of cattle in the municipality of
Belém do Brejo do Cruz in Paraíba State (northeastern
Brazil) located at 6°20′38″ west latitude and at 37°44′48″
south longitude, respectively. According to the Köppen
climate classification, the area is classified as hot and has
semiarid climate (Bsh) with average annual rainfall of
∼500 mm, average annual temperature of 27°C, and
average annual relative humidity of 50%. There are two
established seasons in the year: a 3–5-month rainy season
(generally between February and May), regionally known
as winter, and a long dry season, known as summer, that
lasts from 7 to 9 months (generally between June and
January). Investigation was carried out in randomly
selected animals of farms A, B, and C during the rainy
season, in May 2009 (survey 1) and during the dry season,
in November 2009 (survey 2).

Experimental animals

The investigated bovines in all farms were characterized by
mixed breeding (Holstein and Brown Swiss). Twice in a
day, the calves were gathered with their mothers in a
collective corral to be fed with sorghum silage and
concentrate. In survey 1, from a total of 300 calves (120
in farm A, 80 in farm B, and 100 in farm C), and in survey
2, from a total of 306 (104 in farm A, 92 in farm B, and 110
in farm C), 50% of calves were randomly chosen to be
assessed. The animals were selected regarding the sex,
weight, and body condition score as described before
(Freitas Júnior et al. 2008).

Clinical exams, blood samples collection, and T. vivax
diagnosis

Clinical data and blood samples from the calves were
collected once in survey 1 and once in survey 2. The
selected animals were examined to assess rectal tempera-
ture, and status of mucous membrane and external lymph
nodes. The body score was determined using a scale of 0
for very thin to 5 for fat animals.

Blood samples were collected by jugular vein puncture,
and the diagnosis of trypanosomiasis was performed by
examination of Giemsa-stained smears of leukocyte layers
in the buffy coat technique (BCT). In survey 1, we also
examined by BCT 36 cows from farm 1, 62 cows from
farm 2, and 60 cows from farm 3. Packed cell volume
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(PCV) values and parasitemia were determined as reported
previously (Batista et al. 2006). The parasitological diag-
nosis of animals was confirmed using a T. vivax-specific
polymerase chain reaction (PCR) assay as described before
(Rodrigues et al. 2010).

Treatment of the infected calves using diminazene aceturate

Immediately after the confirmation of the T. vivax diagnosis
on survey 1, the calves from farms A and B, proven
infected by T. vivax, were treated with 5 mg/kg diminazene
aceturate via intramuscular. The animals from farm C did
not receive any treatment. The infection control was
evaluated by clinical examinations and by the BCT
diagnosis, as previously described by Batista et al. (2007).

Epidemiological aspects of T. vivax infection

Data about disease history, hygiene practices, management
of newborn calves, number of calves born alive or dead,
and the possible risk factors for the occurrence of
trypanosomiasis by T. vivax were collected from each farm.
We also established the prevalence, morbidity, mortality,
and lethality coefficients for the calves.

Necropsy examination

Five naturally dead calves previously diagnosed as positive
for T. vivax by BCT were submitted to a necropsy
examination. Fragments from organs by thoracic and
abdominal cavities and central nervous system were
collected for histopathological exams. Tissue samples were
fixed using 10% buffered formalin and then embedded in
paraffin. Sections of 5.0 μm were cut using a microtome,
and the tissue samples were stained using classical
hematoxylin–eosin method (Bancroft and Cook 1984).

Diagnosis of T. vivax infection through PCR was
performed in samples from the cardiac muscle for three
animals that showed severe histological lesions, according
to methodology described by Bezerra et al. (2008).

Statistical analysis

The statistical analysis of prevalence, morbidity, mortal-
ity, and lethality coefficients was made as described by
Thrusfield (2004). Tukey's test was used to compare data
of parasitemia, PCV, temperature, and body score from
each observation time using the SAS statistical software
package. Results were considered to be significant at the P<
0.05 level.

Results

Diagnosis and clinical signs of calves infected with T. vivax

The calves positive for T. vivax by BCT showed clinical
signs of depression, weight loss, pale mucous membranes,
enlarged lymph nodes, edema of the dewlap, cough, coryza,
diarrhea, and low body score. In hematological examina-
tions, we detected a high number of trypanosomes in the
BCT. Calves were confirmed as infected with T. vivax by
the PCR amplification of a fragment of cathepsin L-like
gene specific for this species. The animals with highest
number of trypanosomes found in peripheral blood also
presented the highest rectal temperature. In parasitological
negative animals, the PCV values was higher than those
that had parasites detected by BCT. The PCV decreased
with the increasing parasitemia. The average PCV values of
the parasitemic calves were lower than the limit of
normality for bovines (Table 1).

In survey 1, 9 T. vivax-infected calves from farm A, 6
from farm B, and 15 from farm C presented a worsening.
The acute clinical signs observed were muscle weakness,
ataxia, dyspnea, and external decubitus, culminating with
spontaneous death after 6 days (Table 2).

In survey 2, 6 months after the outbreak beginning,
calves from farms A and B showed no parasitemia, normal
temperature, and PCV values since they were treated after
diagnosis performed in survey 1. After treatment, the calves
presented a gradual recovering on corporal weight to a

Table 1 Parasitemia and clinical parameters in outbreaks of trypanosomiasis by T. vivax in calves in Brazilian semiarid in two surveys carried out
in May (survey 1) and November (survey 2)

Farms Survey 1 Survey 2

Parasitemia
(×106)

Rectal temperature
(°C)

PCV
(%)

Body score
(0–5)

Parasitemia
(×106)

Rectal temperature
(°C)

PCV
(%)

Body score
(0–5)

A 30.3a 40.2a 16.3a 3.0a 0.0b 38.3a 28.2a 4.0a

B 26.2ab 39.8ab 18.1ab 3.5ab 0.0bc 38.4ab 30.0ab 4.0ab

C 28.6abc 40.3abc 15.7abc 2.5abc 25.0de 40.0abc 17.5cd 2.5cd

Means separated by the same letters are not statistically different from each other (Tukey–Kramer test with significance level of 5%)
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medium body score (Table 1). For calves raised in farm C,
and hence, non-treated, symptoms and pathogenic features
did not differ (P>0.05) statistically between the two
surveys.

In farm C, calves born after survey 1 and aging up to
3 months presented high parasitemia associated with an
increased rate of the rectal temperature and low values of
PCV as shown in Table 1. It is important to emphasize that
among them, a 1-day-old calf and three 3-day-old calves
presented a very high parasitemia level ranging from 32×
106 up to 74×106 parasites/mL On the other hand, the
weaned calves aging 4 to 5 months presented normal rectal
temperature, in spite of the low body score, anemia, and
very low parasitemia, in many cases only detectable by
PCR. Seven calves with low PCV, body score, and
parasitemia presented a critical infection culminating with
death, similar to the observed in survey 1.

T. vivax detection in dairy cattle

T. vivax infection was assessed in 158 dairy cows and
diagnosed by BCT in animals of all the three farms. In the
first survey carried out during the rainy season, overall
prevalence in farms A, B, and C was 41.6%, 13.3%, and
46.6%, respectively. Despite high overall prevalence of
33.8%, in the same period, mortality of cows never
exceeded 6.5%.

Epidemiological aspects

The introduction of animals from herds where T. vivax had
been previously reported was probably the main factor
leading to new outbreaks in nearby farms. An increase in
the rain frequency in survey 1 favored the increase in the
population of vector insects as tabanids and Stomoxys sp.,
thus facilitating mechanical transmission and justifying all
outbreaks that occurred in the rainy season. In addition, we
did not observe the adoption of any specific control
procedures for the vectors during all the investigation. In
general, calf management in all farms consisted basically
animal identification, umbilicus disinfection, anthelmintic
treatment, and vaccination against aftosa fever, rabies,
brucellosis, and clostridiosis.

In survey 1, which was carried out in rainy season
during the outbreaks, the prevalence of T. vivax infection in
calves examined in farms A, B, and C was 63.3%, 65.0%,
and 80.0%, respectively. The morbidity varied from 63.3%
to 80.0%, whereas the mortality varied from 15% to 30%
and the lethality from 23.1% to 37.5%.

After 6 months, during the dry season, we reported
survey 2 in farm C. In this case we did not verify for calves
of farm C, a significant change in the values for prevalence
of T. vivax infection determined by BCT, morbidity,
mortality, and lethality like we did obtain in survey 1
(Table 3).

Table 2 Epidemiological findings in outbreaks of trypanosomiasis by T. vivax in calves in Brazilian semiarid in two surveys carried out in May
(survey 1) and November (survey 2)

Farms Survey 1 Survey 2

No. of assessed
animals

No. of positive
animals

No. of dead
animals

No. of assessed
animals

No. of positive
animal

No. of dead
animals

A 60 38 09 52 00 00

B 40 26 06 46 00 00

C 50 40 15 55 45 07

Total 150 104 30 153 45 07

Table 3 Epidemiological coefficients in outbreaks of trypanosomiasis by T. vivax in calves in Brazilian semiarid in two surveys carried out in
May (survey 1) and November (survey 2)

Farms Epidemiological coefficients (%)

Survey 1 Survey 2

Prevalence Morbidity Mortality Lethality Prevalence Morbidity Mortality Lethality

A 63.33 63.33 15.00 23.68 0.00 0.00 0.00 0.00

B 65.00 65.00 15.00 23.08 0.00 0.00 0.00 0.00

C 80.00 80.00 30.00 37.50 81.82 81.82 12.73 15.55
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Anatomopathological and histopathological studies

The most common anatomopathological findings in the five
T. vivax-infected and naturally dead calves submitted for
necropsy were pale carcass, enlarged lymph nodes, fat
atrophy, ascites, hydrothorax, hydropericardium, visceral
congestion especially in the liver and lung, splenomegaly,
ecchymosis, and petechial hemorrhages on epicardium.

Histopathological exam revealed hyperplasia on lymphoid
follicles of spleen and lymph nodes with a high plasmoblast
number (Fig. 1). A chronic multifocal interstitial nephritis
associated with vacuolized hepatocytes in centrolobular liver
was detected in two calves. A severe myocarditis was found
in three calves and it was characterized by a high
lymphocyte and plasmocyte number with macrophage foci
in the interstitium (Fig. 2). Other evaluated organs were
normal. All samples of the heart muscle tested by T. vivax
using PCR assay based on cathepsin L-like gene were
positive.

Discussion

The trypanosomiasis by T. vivax is a disease of African
origin that can cause deaths and economic losses in
livestock in Brazil and has been recently described in
cattle, sheep, and goats in the semiarid region (Batista et al.
2007, 2008, 2009). Cattle mortality is often reported in the
region where we previously described T. vivax outbreaks in
bovines (Batista et al. 2007, 2008). In spite of being an
emergent disease in Brazil, the most part of the farmers is
not capable to recognize the clinical and pathological signs
of T. vivax infection. Oftentimes, the mortality of calves is
empirically attributed to intestinal parasites and nutritional

deficiencies by the farmers. In fact the region has been
described as enzootic to T. vivax and cattle, sheep, and goat
suffer mild to severe infections (Batista et al. 2008, 2009).
Abortion rates and the mortality of offspring up to 3 months
are highest during rainy season. Then, we hypothesize that
there is a higher mortality level than the actual records for
calves at this region caused by this parasite, and probably,
data have not been recorded by the absence of the specific
diagnosis and also of the knowledge of the disease.

To our knowledge, this is the first report of the
epidemiological situation of natural T. vivax infection in
calves raised at the state of Paraíba, northeast Brazil. The
most important clinical signs found in T. vivax-infected
calves were apathy, lethargy, weight loss, pale mucous
membranes, enlarged lymph nodes, and low body score.
These clinical signs associated with high rectal temper-
atures and low PCV in the high parasitemic animals allow
us to suggest that the animals with positive diagnosis in the
rainy season developed acute disease. This clinical condi-
tion of T. vivax-infected animals has been associated to
recent parasite entry in areas of enzootic instability, where
the animals did not establish a previous contact with the
parasite and, hence, do not develop a protective immunity
against T. vivax infections (Crowe et al. 1983; Desquesnes
2004).

A higher prevalence (63.3–80%) of T. vivax infection in
calves in survey 1 in comparison to the indexes for cows
(13.3–46.6%) was detected, which suggests that the cryptic
chronic infections of more resistant cows were not
detectable by BCT. The high prevalence of infected calves
is probably associated to two forms of transmission:
transplacental and mechanical transmission through multi-
ple bites of haematophagous Diptera in rainy season. Also,
the mortality rate of T. vivax-infected calves ranged
between 15% and 30%. In the same period, mortality of
adult cows never exceeded 6.5%. In every farm during

Fig. 2 Myocarditis with infiltration of mononuclear leukocytes into
the interstitium in the calf naturally infected by T. vivax in the
Brazilian semiarid. HE stain, scale bar 110 μm

Fig. 1 Hyperplasia of the spleen white pulp of calves naturally
infected by T. vivax in the Brazilian semiarid. HE stain, scale bar
92 μm
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survey 1, the prevalence of trypanosomiasis and levels of
parasitemia in calves were higher than those previously
demonstrated by our team in dairy cows raised at the same
Brazilian region (Batista et al. 2008).

In spite of the habitual relates of calf mortality in the
herds infected by T. vivax, there is a lack of studies
regarding the real consequences of the parasite infection in
young animals. Our findings have demonstrated that calves
are more susceptible to trypanosomiasis by T. vivax,
showing more accentuated clinical manifestations and
higher morbidity and mortality than adult cows of the same
herds. Trypanosome infection increased calf mortality
significantly especially up to 3 months. Therefore, it is
clear that the animal age affects the prevalence and severity
of T. vivax infection.

The high parasitemia in four neonate calves up to 3 days
old and born by chronically infected cows in the farm C in
survey 2 strongly suggests the transplacental transmission.
We highlight that the prepatent period, known as the period
between infection of the host and the earliest time at which
the parasite can be detected, ranges between 4 and 7 days
for T. vivax infection in bovine (Stephen 1986; Bezerra and
Batista 2008). Thus, for the reported neonates, there was no
time enough for a mechanical transmission, which in fact, it
was dramatically reduced since the period when survey 2
occurrence was dry with high temperatures. These environ-
mental characteristics did not favor the development of
haematophagous vectors.

Recent studies involving the histopathologic lesions and
isolation of protozoans by organs, tissues, and liquids from
fetuses have confirmed the role played by these micro-
organisms in the transplacental transmission of many
domestic animals species (Peters et al. 2000; Williams et
al. 2005; Razmi et al. 2007; Dubey 2009; Chryssafidis et al.
2011; Wiengcharoen et al. 2011). The congenital transmis-
sion of T. vivax in Brazilian cattle still requires confirmatory
studies, but other studies confirmed the transplacental
transmission of the parasite in Africa and South America
(Losos and Ikede 1972; Ogwu et al. 1986; Mendéndez and
Willian 1993). The maternal infection by T. vivax can affect
the growing and the maturity of infected fetuses, what can
culminate with a premature delivery, perinatal losses, and a
low weight of the neonate (Okech et al. 1996a). In the
present study, weak calves were born from infected cows.
Probably the severity of clinical signs of trypanosomiasis in
calves aging up to 3 months is related to their infection
vulnerability caused by the immature immunological
system. Therefore, it is clear that the animal age affects
the prevalence of T. vivax infection.

The morbidity and mortality in calves are directly
involved with the economic losses in livestock, because
these epidemiologic indicators are directly associated with
the farm productivity (Schmidek et al. 2004). In Brazilian

northeast, a value between 3.6% and 12% for calf mortality
is considered normal. Therefore, mortality rates between
15% and 30% found for our team are above the normal
ones. As consequence, T. vivax infection represents nega-
tive economic impact by the reduced PCV levels, depressed
weight gains, and higher calf mortality and could be a
limitation to dairy cattle production.

The high lethality showed in calves infected by T. vivax in
survey 1 is generally associated with severe anemia, the most
frequent hematological finding of natural or experimental
infection by T. vivax (Gardiner et al. 1989; Espinosa et al.
2000; Silva and Dávila 2001; Cortez et al. 2006; Bezerra et
al. 2008; Batista et al. 2007, 2009; Chamond et al. 2010).

The extension of the tissue damage caused by T. vivax
infection was evaluated by anatomopathological and histo-
pathological study. Lesions observed in lymph nodes,
spleen, liver, kidney, and heart corroborated that the
trypanosomiasis caused by T. vivax is an infection with
systemic consequences (Paiva et al. 2000b; Batista et al.
2006, 2008). Some studies also related renal and hepatic
damages in trypanosomiasis by T. vivax (Paiva et al. 2000b;
Batista et al. 2006, 2008; Chamond et al. 2010).

The multifocal mononuclear myocarditis found for
naturally infected calves was similar to that we described
before in sheep experimentally infected with a strain of T.
vivax isolated from a bovine in the first outbreak in the
Brazilian semiarid (Batista et al. 2006). Apathy and
lethargy are generally associated with cardiac lesions
caused by parasites, and the serious myocardial injuries
probably generated deterioration on heart function, which
can contribute to the high lethality rates observed in the
acute phase of the infection. The presence of T. vivax in the
cardiac tissue, confirmed in previous study by PCR,
corroborated the extravascular migration of the parasite
and suggest that it may be directly associated with cardiac
lesions, contributing to the histopathological lesions
reported in cattle and mice infected with T. vivax (Masake
1980; Kimeto et al. 1990; Chamond et al. 2010).

The control of the disease was performed by treatment
with diminazene aceturate in farms A and B. The success of
treatment was confirmed by BCT, normal temperature and
PCV, and the recovery of body score of the calves. The
infection by T. vivax, if not treated, can advance to the
chronic form of the disease. This fact plays an important
role to the epidemiology of the disease, since the animals
remain as asymptomatic carriers, consisting in an important
source of infection to the rest of the herd. That condition
can be worse in the rainy season, when the number of
haematophagous flies increases. In areas where there is no
cyclic transmission of T. vivax by tsetse flies, the early
treatment of infected herds promotes the fast stop in the
mechanical transmission (Stephen 1986). Otherwise, it is
important to emphasize that the treatment of all the animals
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in the herd is unnecessary because this procedure is
expensive and inefficient for the control of the disease.
Moreover, the large use of trypanocidal drugs can induce
resistance, and drug administration should be restricted
only to infected animals showing clinical disturbances
(Vargas and Arellano 1997). T. vivax in Brazilian semiarid
is already widespread in herds of cattle, goat, and sheep
occurring, apparently, most times as cryptic or oligosymp-
tomatic infection (Batista et al. 2009).

In conclusion, trypanosomiasis by T. vivax constitutes a
high prevalent and important health problem to both calves
and cows raised in the Brazilian semiarid and may have
transplacental transmission. Clinical signs have varied with
the age of calves, and more severe disease was found in
calves aging up to 3 months, while the weaned calves
presented milder infections despite anemia and low body
score, similar to those observed in dairy cows (Batista et al.
2008). In addition, further studies should be performed to
confirm the transplacental transmission in Brazilian calves.
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