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Clinical evaluation and reproductive indices of dairy cows naturally

infected with Trypanosoma vivax
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Abstract

The present study was aimed to assess the clinical changes and reproductive indices of dairy cows
naturally infected with Trypanosoma vivax in a herd located in the Central Sertdo of Ceard, Brazil.
For the study, 40 animals were selected from a herd consisting of 210 dairy cows, and subdivided into
two groups: group I, consisting of 20 cows naturally infected with 7. vivax, and group I, consisting
of 20 uninfected cows. Data on the parameters of reproductive efficiency were evaluated using a farm
database (Propad Profissional GP®), in which the individual reproductive characteristics of the animals
were stored. Data collected both before and after the outbreak were compared. The cows from group
I showed a sudden drop in milk production, mucosal pallor, depression, anorexia, and a significant
increase in rectal temperature and decreased hematocrit during the parasitemia outbreak. These clinical
signs of the disease disappeared over time. However, 7. vivax was detected by polymerase chain
reaction (PCR) in animals with a negative parasitological test one year after the occurrence. Comparison
of the reproductive index data for cows from groups I and II before and after the outbreak showed
significant differences in first postpartum estrus, service period, and intervals between deliveries. In
addition, repetition of estrus and abortion were significantly associated with 7 vivax infection. Analysis
of the reproductive indices of cows in groups I and II suggests that 7. vivax infection decreased the
reproductive efficiency of the study cows.
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Resumo

O presente estudo teve como objetivos avaliar as alteragdes clinicas e os indices reprodutivos de
vacas leiteiras infectadas naturalmente por Trypanosoma vivax em um rebanho localizado no sertdo
central do Ceard, Brasil. No rebanho, constituido por 210 vacas leiteiras, foram selecionados 40
animais, subdivididos em dois grupos: Grupo I, composto por 20 vacas infectadas naturalmente por
T. vivax e o grupo II, composto por 20 vacas ndo infectadas. Os dados relativos aos parametros, que
indicam eficiéncia reprodutiva dos dois grupos de animais, foram avaliados através de um banco de
dados disponivel na propriedade, por meio dos quais as caracteristicas reprodutivas individuais dos
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animais eram armazenadas em software Propad Profissional GP®, sendo as informagdes obtidas,
comparadas tanto no periodo em que antecedeu o surto, quanto no que ocorreu apos ele. As vacas do
grupo [ apresentaram durante o surto alta parasitemia, queda brusca da producado de leite, palidez de
mucosas, depressdo, anorexia, aumento significativo da temperatura retal ¢ reducdo do hematocrito.
Observou-se o desaparecimento dos sinais clinicos da enfermidade ao longo do tempo, no entanto,
houve a confirmag@o do diagndstico de 7. vivax, através da Reagdo em Cadeia da Polimerase (PCR) em
animais com exame parasitologico negativo um ano ap6s a ocorréncia. Quando comparados os dados
dos indices reprodutivos das vacas do grupo I e do grupo II, no periodo em que antecedeu o surto, ¢ no
que ocorreu apos o surto, verificou-se diferengas significativas para as variaveis: primeiro estro pos-
parto (PCPP/dias), periodo de servi¢o (PS-dias) e intervalo entre parto/dias (IEP). Houve associagdo
significativa das variaveis, repeti¢des de estro e abortamento com a infecg¢do por 7. vivax. A analise dos
dados dos indices reprodutivos das vacas dos grupos I e II sugere que 7. vivax diminuiu a eficiéncia

reprodutiva dos animais avaliados.

Palavras-chave: Bovino. Eficiéncia reprodutiva. Tripanossomose.

Introduction
Trypanosoma vivax is an African pathogenic

hemoparasite that causes a debilitating and usually
fatal disease in domestic animals and ruminants.
In most African countries, especially those south
of the Sahara desert, where parasite transmission
occurs through the biological vector the tsetse fly,
trypanosomiasis has strong effect on reproductive
and productive processes (STEVERDING, 2008).
In South America, which lacks a biological vector,
the parasite has adapted to mechanical transmission
through hematophagous dipterans, including
Stomoxys spp. and Tabanus spp. (SILVA et al.,
2002).

In wvarious South American countries,
trypanosomiasis caused by infection with 7. vivax
shows different epidemiological conditions. The
disease is enzootic in the main bovine and buffalo
breeding regions of Venezuela (GARCIA et al.,
2006) and in the Colombian lowlands (OTTE et
al., 1994), as well as Pantanal and the Brazilian
Amazon; these biomes there exists an enzootic
balance between host and parasite, that is most
likely reached after outbreaks of serious illness.
In these endemic regions, infected animals are
oligosymptomatic, and the morbidity and mortality

rates are very low (DAVILA et al., 2003).

The opposite occurs in the semiarid region of
the Brazilian Northeast, most likely because the
environment is unfavorable to the development of

vectors most of the year. Due to the occurrence of
prolonged drought seasons and high temperatures,
animals are not infected, and therefore, do not
develop active immunity (BATISTA et al., 2007).
Therefore, outbreaks occur more commonly during
the rainy season, when the vector population
increases, or when the animals in the semiarid
region are transported to enzootically stable regions
(BATISTA et al., 2012).

Recent studies on outbreaks of 7" vivax infection
in the Northeast region reported that the parasite is
highly pathogenic, and that the disease is marked by
high morbidity and mortality rates, decreased milk
production, perinatal mortality, and reproductive
disorders characterized by miscarriage, repetition
of estrus, a higher stillbirth rate, weak calves, and
anestrous (BATISTA et al., 2012; SILVA et al.,,
2013).

Given the occurrence of negative reproductive
changes triggered by trypanosomiasis in infected
Brazilian herds, this study aimed to assess the
clinical changes and reproductive indices in dairy
cows naturally infected with 7 vivax.

Materials and Methods

The study was conducted on a dairy cattle farm
with a history of natural 7 vivax infection located
in Mesorregido do Sertdo Cearense, in the state of
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Ceara. The study area has a semiarid, hot, tropical
climate, which is classified as BSw’h’, according to
the Koppen-Geiger climate classification system,
with aim annual average temperature of 26°C to
28°C and annual average rainfall of 707.7 mm that
is concentrated from February to April (CARMO
FILHO et al., 1987).

The total herd consisted of 210 Guzolando (%2
Guzerat:)s Holstein) cows reared in a semi-intensive
system, fed in cultivated pasture subdivided
into paddocks used in a rotational system, and
supplemented with corn-, soybean-, and mineral
salt-based concentrate. The farm performs sanitary
control of the herd, and all animals are vaccinated
for clostridioses, foot-and-mouth disease, rabies,
brucellosis, and leptospirosis. The cows were
artificially inseminated with cryopreserved semen
and mechanically milked twice daily.

To monitor the clinical progression and

reproductive changes due to trypanosomiasis
in the herd, the animals were allocated into two
groups: group I, consisting of 20 cows naturally
infected with 7. vivax and group II, consisting of 20

uninfected cows.

To control the insect vectors and prevent infection
with 7. vivax, cows in group Il were maintained in
lots 2,000 meters apart from the animals in group
I, with Diazinon- (30 g/100 g) and Chlorpyrifos-
based (10 g/100 g, Expert®, MSD Saude Animal,
Brazil), long-acting, repellent ear tags, with two ear
tags per animal that were changed monthly. After
the disease was diagnosed on the farm, all positive
animals were treated with Imizol® (4 mg per kg,
subcutaneous; MSD Satde Animal, Brazil), except
the animals in group .

The animals in groups I and II were individually
monitored, monthly, for a twelve-month period,
from the beginning of the outbreak (July 2011),
by assessing the following parameters: 7. vivax
infection, diagnosed by direct parasitological
examination (blood smears of the leukocyte layer);

parasitemia, determined according to the method

described by Brener (1961); rectal temperature; heart
and respiratory rates; apparent mucosal features;
and hematocrit. A molecular diagnosis of infection
was obtained at the beginning of the outbreak and
one year later (July 2012) by polymerase chain
reaction (PCR), according to the method of Cortez
et al. (2009).

DNA preparations from blood samples were
tested using a sensitive, 7. vivax-specific PCR assay
(TviCATL-PCR). DNA was extracted from the
blood samples using the Wizard Genomic DNA
purification Kit (Promega), and the following
oligonucleotide primers directed against the gene
encoding the cysteine protease cathepsin L (catl),
DTO154 (forward): 5-ACAGAATTCCAGGG
CCAATGCGGCTCGTGCTGG-3" and DTOL1S55
(reverse): S-TTAAAGCTTCCACGGTTCTTGA
TGATCCAGTA-3', were used to amplify catl by
PCR.

T’ vivax infection was confirmed by amplification
of a DNA fragment of approximately 177-bp.
Selected samples were sequenced and aligned
with the sequences of T. vivax isolates from the
state of Paraiba. A catL (GenBank accession no.
KR822728.1) fragment was used as a positive
control. DNA samples from the blood of uninfected
bovines were used as negative controls.

The number of trypanosomes in the peripheral
blood of each animal was determined at the
beginning of the outbreak and one year later as the
band intensity of the 177-bp PCR amplification
product, and the relative values were compared.
The band intensity was visually classified as weak
(+), medium (++), or strong (+++), according to
a modification of the method reported by Manso
(2004).

The farm database, which stored data on the
individual characteristics of the animals and was
generated using prodap-profissional-gp® software,
was used to evaluate the reproductive changes in the
animals. In the analysis, the following parameters
were assessed, first postpartum estrus (FPPE; in
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days), repetition of estrus (RC), service period (SP;
in days), interval between deliveries (IBD; in days),
and abortion rate (AR; per year). The reproductive
data for the two groups of cows, 7. vivax-infected
and uninfected, were compared, as were data for
the same cows at two different time periods, before
the outbreak (July 2010 to June 2011; period I) and
after the outbreak (October 2011 to August 2012;
period II).

Data are expressed as mean and standard error
and as simple frequencies and percentages calculated
using SPSS statistical software (version 21.0,
Statistics for Windows; IBM Corp., Armonk, NY).
After investigation of the parametric assumptions,
the statistical differences in the variables FPPE, SP,
and IBD between experimental groups (infected and
control) and within each experimental group were
assessed using the Wilcoxon and Mann- and tests,
respectively. The associations between categorical
variables (e.g., abortion and RC) and T vivax were
assessed using the Chi-square and Fisher’s exact
tests. The latter was used when the value of the
expected frequency was lower than 5. P values less
than 0.05 were considered significant.

This study was approved (Opinion No. 41/2011)

by the Ethics Committee on Animal Use (Comissdo
de Etica no Uso de Animais — CEUA) of the
Federal Rural University of the Semi-arid Region
(Universidade Federal Rural do Semi-Arido —
UFERSA) and was performed in accordance with
all ethical principles of animal care and use.

Results

During the first visit to the farm, 7. vivax was
identified in blood smears of the leukocyte layer
obtained from 48 cows, which showed characteristic
clinical signs of acute phase infection, including a
sudden decrease in milk production, mucosal pallor,
depression, anorexia, increased heart and respiratory
rates, and parasitemia, which ranged from 1.8 x 10°
to 140 x 10° trypomastigotes per mL of blood. The
cows from group I also showed mean hematocrit
values lower than those established for the species,
which range from 26-42% (FRANCIELLE et al.,
2010), and were significantly different from the mean
hematocrit values observed in the uninfected animals
from group II. Similarly, the mean rectal temperature
was higher than that established for the species, 38.0-
39.3°C (SOUZA et al., 2007), and was significantly
different from that observed in group II (Table 1).

Table 1. Parasitemia (x10° trypanosomes per mL of

blood), rectal temperature (°C), and hematocrit (%) of dairy cows naturally infected with Trypanosoma vivax (GI) and
uninfected cows (GII), at the beginning of the outbreak (July/2011). Values shown are mean + standard error.

Variables Experimental Groups Values p
GI GII
Parasitemia 105,37+ 7,53 0,0 0,015*
Temperature 41,2+ 0,05 38,0+ 0,08 0,008*
Hematocrit 19,6+ 0,54 33,6 £0,36 0,007*

*Statistical significance (p < 0,05).

Blood samples collected from the cows from group I at the beginning of the outbreak showed the

presences of 7. vivax by PCR (TviCatL-PCR) as
the amplification of a 177-bp T vivax-specific DNA
fragment. In contrast, the PCR was negative for all
blood samples obtained from cows in the control
group. The intensity of the amplified bands of the

T’ vivax DNA fragment at this period ranged from
medium to strong.

During the fourth visit to the farm, no 7. vivax
was detected in blood smears, and there was no
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clinical evidence of trypanosomiasis in the animals
from group I. In addition, the mean hematocrit
and rectal temperature of the animals from this
group were normal for the species and did not
differ significantly from the mean values for the
control animals (group II). A year after the outbreak
began, the presence of 7. vivax DNA in the blood
of 16 cows from group I was confirmed by PCR.
However, the intensity of the amplified bands were
medium to weak. At the same time period, the PCR
was negative for all blood samples obtained from
control cows in group II.

Comparison of the reproductive index data for

infected with Trypanosoma vivax (GI) and uninfected cows (GII) during the observation period.

mean =+ standard error.

cows from groups I and II at the time period before
the outbreak showed no significant differences in
FPPE, SP, and IBD. However, significant differences
in these variables were observed between the two
groups at the time periods during and after the
outbreak (Table 2).

The RC and AR were significantly associated
with 7. vivax infection because 83.3% of the 12
cows that repeated estrus belonged to group I, and
100% of the 6 cows that aborted also belonged to
group I (Table 3).

Table 2. Reproductive indices of daig lcows ﬁlaturally
alues shown are

Ariables Experimental Periods of analysis

Groups Before outbreak After outbreak

GI 42,15 + 0,46 56,17 + 2,85

FPPE/days GII 40,60 + 0,52 41,15+ 0,47
Spid GI 106,35 + 2,470 173.45 + 13,85%
ays GII 103,31 = 2,05 106,84 = 1,54

GI 376,30 + 2,94 409,52 + 8,57

IBD/days GII 374,10 + 1,86% 373,72 + 1,60

*Different lowercase letters in the line and upper case in the column means statistical difference (p < 0,05).
FPPE= first postpartum estrus; SP= service period; IBD= interval between deliveries.

Table 3. Frequency (%) values for repetition of estrus and abortion in cows naturally infected with Trypanosoma vivax

and uninfected cows during the observation period.

Infection — after

Variables Infected Control Total Values p
Repetition of Estrus
Yes 10 (83,3%) 02 (16,7%) 12 (100%) 0.016*
No 10 (35,7%) 18 (64,3%) 28 (100%) ’
Abortion
Yes 06 (100%) 0 (0,0%) 06 (100%) 0.020%
No 14 (41,2%) 20 (58,8%) 34 (100%) ’

*Statistical significance (p < 0,05).

Discussion

Theimpactoftrypanosomiasisonthereproduction
of dairy cows was studied by comparing the clinical
progression and indices of reproductive efficiency

in cows naturally infected with 7. vivax to these
values in uninfected cows reared under the same
conditions (sanitary, nutritional, and environmental
management) on a farm on the interior of the state
of Ceara.
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The results of the study showed that, at the
beginning of the outbreak, naturally infected cows
showed signs of clinical progression that are typical
of the acute phase of trypanosomiasis, which were
similar to those reported in most research studies on
T. vivax, including high parasitemia, hyperthermia,
anorexia, decreased milk production, and significant
hematocrit reduction (MORAES, 2001; PELLIN et
al., 2003; BATISTA et al., 2006; ALMEIDA et al.,
2010).

The combination of high parasitemia with the
clinical manifestation of the disease is, according
to Batista et al. (2006), typical of the recent
penetration of the agent in enzootically unstable
areas, wherein the animals had no prior contact with
T’ vivax, and therefore, lack immunity. Prophylaxis
of trypanosomiasis includes breaking the vector-
trypanosome-animal transmission chain (HAMILL
et al., 2017). Early treatment causes the rapid
transfer of mechanical transmission by insects,
if this is the main mode of transmission, because
parasitemia is always higher in the early stages of
the disease (STEPHEN, 1986).

Monitoring of clinical progression on the farm
showed the disappearance of clinical signs over
time. However, 7. vivax was detected by PCR in
animals with negative parasitological examinations.
After one year, the presence of chronically infected
cows was confirmed, and these animals may be
asymptomatic carriers, which are a key source of
infection for non-carrier animals and those newly
incorporated into the herd.

Comparison of the reproductive efficiency data
for uninfected and infected cows collected both
before and after the outbreak suggests that 7. vivax
infection adversely affected reproductive efficiency.
Cows from the infected group showed significantly
delayed onset of first postpartum estrus, and
increased number of occurrences of repeated estrus,
longer service periods, increased intervals between
deliveries, and higher abortion rates. It should also
be noted that the farm at which the present study
was performed was state-of-the-art, and the hygiene,

control, and nutritional management practices were
considered satisfactory.

The reproductive data collected from these
groups of cows may contribute to the future
characterization of a situation that has not yet
been evaluated in 7. vivax-infected herds in Brazil,
assessment of the impact of trypanosomiasis on
reproduction in the chronic phase of infection when
the clinical signs are not clear and direct methods
of parasitological diagnosis fail to detect infection.
The data collected in the present study indicate that,
although parasitemia is absent, the adverse effects
of infection on reproductive efficiency persist in
chronically infected cows, and trypanosomiasis
may remain as a subclinical disease in these
animals, resulting in a silent loss in zootechnical
performance.

According to Gutierrez et al. (2006), reproductive
efficiency is the factor that has the greatest impact
on herd productivity and profitability. Thus, our
data collected in this retrospective study of cows,
is concerning because the reproductive changes
observed in 7. vivax-infected cows may reduce
fertility, resulting in adverse effects on production.
The delayed occurrence of first postpartum estrus
and the increased frequency of repetition of estrus,
abortion rates, service periods, and even the
lengthened interval between deliveries could lead
to the permanence of cows infected in the herd
without producing, thereby decreasing calf and milk
production and increasing the maintenance costs of
dry cows in the herd.

Trypanosomiasis is a disease with systemic
effects, that can promote increased anestrous, impair
fetal development, and interrupt pregnancy or impair
lactation (RODRIGUES et al., 2013; SILVA et al.,
2013). The etiopathogenic mechanisms involved in
the reproductive changes in ruminants infected with
T. vivax are poorly understood. Studies suggest that
the reproductive disorders resulting from infection
with these parasites occur for a number of reasons,
including degeneration of the hypothalamus,

pituitary glands, and gonads, with consequent
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changes in the plasma concentrations and secretion
of hormones necessary for reproduction in both
sexes (SEKONI, 1994). These reproductive changes
in infected animals may have a multifactorial cause.
Notably, T. vivax affects the normal metabolism
of the animal, leading to a negative energy and
protein balance, thereby promoting anemia,
anorexia, hypoglycemia, and immunosuppression
(STEPHEN, 1986; RODRIGUES et al., 2013;
SILVA et al., 2013). A set of key endocrine,
metabolic,
gestating and lactating cows, with consequent
effects on the general health status of the animal
and subsequent reproductive efficiency (WOLTER,
1997). Under these circumstances, the adverse
effects of trypanosomiasis are apparently severe,

with key pathological clinical manifestations.

and nutritional changes occur in

Rodrigues et al. (2013) evaluated ovary
involvement in goats experimentally infected
with 7. vivax. The results clearly demonstrated
that infected goats showed a significantly reduced
number of normal follicles and a high rate of
follicular degeneration when compared with the
uninfected control group. The authors also detected
the presence of 7. vivax by PCR in the right and
left ovaries of all goats from the infected group,
suggesting participation of the parasite in the
etiopathogenic mechanism of the reproductive

damage commonly reported in infected animals.

Silva et al. (2013) experimentally infected sheep
with 7. vivax at different stages of pregnancy to
assess the pathogenesis of reproductive failure.
The infection was characterized by sheep death and
perinatal death when infected in the first trimester
of pregnancy and by abortion and perinatal death
when infected in the last trimester of pregnancy.
The following factors were shown to be possibly
related to maternal reproductive failure: low body
score, marked reduction of hematocrit and glucose,
total protein, cholesterol, and progesterone serum
levels.

Conclusions

The findings of the present study show that
trypanosomiasis caused by 7. vivax infection
decreases the reproductive efficiency of dairy cows.
This information demonstrates the need for more
effective diagnosis and evaluating the reproductive
life of infected animals, in addition to additional
strategies for infection prevention and control.
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