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leira 31(8):663-666. Laboratdrio de Doengas Parasitarias, Departamento de Parasitologia Ani-
mal, Universidade Federal Rural de Rio de Janeiro, Seropédica, R] 23890-000, Brazil. E-mail:
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The study aimed to evaluate the risk factors associated with the frequency of IgG antibodi-
es against Babesia bovis and B. bigemina in cattle in southern Mozambique. Eight hundred and
nine serum samples were collected from cattle in three provinces namely Maputo, Gaza and
Inhambane, and tested by indirect enzyme-linked immunosorbent assay (i-ELISA) to assess
the humoral immune response towards B. bovis and B. bigemina. The chi-square test at 5%
significance was used to determine whether there was an association between gender, age and
geographic origin of seropositive animals. The overall prevalence was 78.8% (548/695) for B.
bovis and 76.0% (528/695) for B. bigemina. The origin of the animals showed a significant
association (p<0.05) with seropositivity to both agents, while gender and age was not associa-
ted (p>0.05). Maputo province had the highest rate of positive animals, with 93.7% (118/126)
for B. bovis and 97.6% (123/126) for B. bigemina. In Gaza province 77.3% (321/415) of the
animals were positive for B. bovis and 67.5% (280/415) for B. bigemina, while in the province
of Inhambane the levels of seropositivity were 70.8% (109/154) and 81.2% (125/154) for B.
bovis and B. bigemina respectively. In the present study, the frequency of cattle positive for B.
bovis and B. bigemina was shown to increase among older age groups, suggesting that infection
and re-infection persisted even after the primary infection. Thus, this region is considered to be

in a state of enzootic stability with regards to B. bovis and B. bigemina.

INDEX TERMS: Babesia bovis, Babesia bigemina, cattle, babesiosis, epidemiology, Mozambique.

RESUMO.- [Fatores de risco associados a frequéncia de
anticorpos contra Babesia bovis e B. bigemina em bovi-
nos da Regiao Sul de Mogcambique.] Foram avaliados os
fatores de risco associados a frequéncia de anticorpos da clas-
se IgG contra Babesia bovis e B. bigemina em bovinos da re-
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gido sul de Mogambique. Oitocentos e nove amostras de soros
foram coletadas de bovinos em trés provincias nomeadamente
Maputo, Gaza e Inhambane e testados por ensaio de imunoad-
sor¢do enzimatico indireto (i-ELISA) para avaliar a resposta
imune humoral contra B. bovis e B. bigemina. O teste de Qui-
quadrado a 5% de significancia foi utilizado para verificar a
associagdo entre as variaveis sexo, faixa etaria e origem geo-
grafica com a soropositividade dos animais. A prevaléncia ge-
ral foi de 78,8% (548/695) para B. bovise 76,0% (528/695)
para B. bigemina. A origem dos animais apresentou associa-
¢d0 (p<0,05) com a soropositividade a ambos os agentes, en-
quanto variavel sexo ndo apresentou associag¢io (p>0,05). A
provincia de Maputo apresentou a maior taxa de animais posi-
tivos,com 93,7% (118/126) para B. bovise 97,6% (123/126)
para B. bigemina. Na provincia de Gaza a soropositividade foi
de 67,5% (280/415) para B. bigemina e 77,3% (321/415) para
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B. bovis enquanto que na provincia de Inhambane a positivida-
de foide 81,2% (125/257) e 70,8% (109/257) para B. bigemina
e B. bovis, respectivamente. Na presente pesquisa, a freqiién-
cia de bovinos positivos para B. bovis e B. bigemina aumentou
nas faixas etarias superiores, sugerindo que as infec¢oes e as
re-infecgdes persistem mesmo ap6s primo-infeccdo. A regido
estudada apresenta-se na condi¢do de estabilidade enzoética
para os agentes estudados.

TERMOS DE INDEXACAO: Babesia bovis, B. bigemina, bovinos, ba-
besiose, epidemiologia, Mocambique.

INTRODUCTION

About 902.579 cattle are reared in the southern region of
Mozambique, a value equivalent to 53.6% of the national total,
estimated at 1.683.589 animals (Tia, 2008). These animals
are prone to infection by Babesia bovis and B. bigemina, which
are directly associated with the presence of the ticks Rhipice-
phalus microplus, R. decoloratus, R. everts everts and Hyalomma
marginatum rufipes (De Matos 2008).

In the mid-1990s the government of Mozambique imple-
mented a livestock restocking program based on the import
of cattle from the Republic of South Africa and Zimbabwe
(Martins etal 2008). However, this increase in the production
of ruminants in the country was not accompanied by
improvements in sanitary conditions, what led to the occur-
rence of different diseases including the following tick-borne
conditions: Babesiosis, anaplasmosis, ehrlichiosis and
theileriosis. These diseases negatively affected the productive
and reproductive efficiency of livestock by causing the death
of more than half the animal population (Simuunza etal 2010).

These pathogens trigger a massive destruction of red blood
cells in their hosts, promoting lysis of these cells followed by
invasion of other erythrocytes (De Vos et al. 2004). Thus,
infections with Babesia spp. in cattle are characterized by fever,
anemia, hemoglobinemia, hemoglobinuria, and in many ca-
ses, death (Martins etal 2008).

Babesiosis is responsible for severe damage to the animal
and exerts a large economic impact on livestock production in
tropical regions (Jonsson etal 2008). The dynamics of infection
by Babesia spp. depend on several factors, such as size and
composition of the population of ticks, the transmission capacity
of the vector and the susceptibility of the cattle, which can vary
with breed, age and physiological conditions (Bock etal 1997,
Jonsson etal 2008) as well as the agro-ecological and edaphic-
climatic conditions of each geographical region.

The seroepidemiological study of bovine babesiosis in a
given geographical area is important, because it may reveal
the potential for outbreaks of this disease. Serological diag-
nostic methods are essential tools for assessing the prevalen-
ce and the immune status of animals as well as generating
important information that can be used to control the tick
vectors (Mahoney & Ross 1972, Mahoney 1975). The indirect
enzyme-linked immunosorbentassay (i-ELISA) is the test that
has given better results due to its high level of sensitivity and
specificity (Madruga etal 2001).

The objective of the current investigation was to examine
possible correlation between gender, age and geographic region
asrisk factors associated with the prevalence of IgG antibodi-
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es against B. bovis and B. bigemina in cattle from the provinces
of Maputo, Gaza and Inhambane, southern Mozambique.

MATERIALS AND METHODS

This study was carried out in the southern region of Mozambique,
which occupies an area of 167.641 km?, at a latitude of 25°58”
south and a longitude of 32°35’ east, with an average altitude of 120
meters, characterized by a tropical, humid climate (Inam 2010). The
current evaluated cattle (Bos indicus) and their crossbreed from
herds in the provinces of Maputo, Gaza and Inhambane. These
provinces acoount for 53.6% of the national cattle population,
equivalent to 902.579 head, with 179.028 in inhambane, 569.404
in Gaza and 154.147 in Maputo respectively (Tia 2008).

A total of 809 serum samples were collected. The samples were
derived from 110 rural smallholders with 4 located in Maputo, 78
in Gaza and the remaining 28 in Inhambane. The study was carried
out between January to March 2010, and cattle owners participated
voluntarily in this study. The inference was performed by non-
probabilistic sampling, obeying the proportional stratification of
each province studied. Thus, in each rural smallholder community
samples were taken in order to represent 10% of the total herd.

In order to assess the association between rates of IgG antibo-
dies against Babesia bovis and B. bigemina and the variables of
age, gender and origin, animals were categorized as follows: Age
(= 6 to =< 12 months, and >12 to <36 months and > 36 months),
sex (male and female) and origin (Maputo, Gaza and Inhambane).

Blood samples were collected aseptically by coccygeal
venipuncture in 10mL tubes vacutainer. Subsequently, the samples
from the province of Maputo were transported under refrigeration
using ice packs to the Central Veterinary Laboratory (CVL),
Directorate of Animal Science (DCA) at the Institute for Agrarian
Research of Mozambique (IIAM), samples from Gaza were processed
at the Regional Veterinary Laboratory of South-Gaza/IIAM while the
samples from Inhambane were processed at the Provincial Livesto-
ck Services Laboratory of Inhambane. In all cases, samples were
submitted to centrifugation at 2.000xg for 10 minutes in order to
separate the clot and obtain serum. About 1mL of serum was
separated into polypropylene microtubes of 1.5ml and placed in a
freezer at -20°C until the execution of serological tests. Serological
analyses were performed at the Laboratory of Parasitic Disease,
Department of Epidemiology and Public Health, Federal Rural
University of Rio de Janeiro (UFRR]) and at the Laboratory of the
National Center for Research in Agrobiology, Brazilian Agricultural
Research Corporation (Embrapa Agrobiologia). Serum samples were
tested by i-ELISA for the detection of IgG antibodies against B. bovis
and B. bigemina using 96 well microplate 96 (Corning, Costar® 3590,
USA). The microplates were previously sensitized with crude antigen
of B. bovis and B. bigemina kindly supplied by National Research
Center for Beef Cattle of the Brazilian Agricultural Research
Corporation (Embrapa Gado de Corte), and processed according to
the technique described by Madruga et al. (2001). Plates were read
using a microplate spectrophotometer (Labsystems IEMS Reader MF)
at a wavelength of 492hm. The cutoff for i-ELISA was established
with the confidence level of 99.5% Frey et al (1998).

The frequency of seropositive cattle of all categories (age,
gender and origin were calculated and differences between groups
assessed by using Chi-square (y?) at 5% of significance using the
statistical software BioStat ®, version 4.0 (Ayres et al. 2000).

RESULTS

Prevalence values of animals seropositive for Babesia bovis
and B. bigemina in three provinces of southern Mozambique
(Maputo, Gaza and Inhambane) are provided in (Table 1). The
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Table 1. Prevalence of antibodies against Babesia bigemina
and Babesia bovis in cattle detected by indirect enzyme-
linked immunosorbent reaction and associated factors in
Southern of Mogambique

Factor N Babesia Babesia  B. bigemina e
bigemina bovis B. bovis
n % n % n %
Prevalence 695 528 76.0 548 788 535 77.0
Age (months)
>6the <12 118 95 80.5* 97 822* 85 720°
>12the < 36 115 90 783* 90 783* 89 7747
>36 462 343 742* 361 781* 316 6842
Sex
Females 438 334 763* 345 788* 326 7442
Males 257 194 755* 203 79.0* 194 75.5°
Province
Maputo 126 123 97.6* 118 9374 106 84.1°
Inhambane 154 125 812® 109 70.8% 120 77.9®
Gaza 415 280 67.5¢ 321 773B 275 663¢

N =numbers of animals collected, n = numbers of samples positive to Babesia
bigemina and B. bovis. Values in the column followed by same letters do
not have statistically significant difference between groups or factors
studied (a) by test x? (p>0.05). Values with statistically significant
differences between provinces are indicated by different capital letters
(A, B and C) by test x? (p<0.05).

results show that the overall prevalences of antibodies against
B. bigemina and B. bovis were 76.0% (528/695) and 78.8%
(548/695) respectively.

The percentages of prevalence for Babesia spp. determine
on the basis of age, gender and geographic region are represen-
ted in (Table 1). There was no association (p>0.05) between
gender and age seropositivity for either B. bovis or B. bigemina,
on the other hand, while the factors of origin of the animals
showed a significant association (p<0.05) with seropositivity
to both agents studied.

Analysis of data for B. bovis revealed a prevalence of 82.2%
(97/118),78.3% (90/115) and 78,1% (361/462) among ani-
mals of age = 6 to < 12 months, > 12 to <36 and over 36
months, respectively, (Table 1). For B. bigemina the seropre-
valence was 80.5% (95/118), 78.3% (90/115) and 74.2%
(343/462) for the three age groups examined. However, no
significant differences were observed among groups aged
greater than 12 months p>0.05 (Table 1).

When evaluating the demographicregion as arisk factor as-
sociated with seropositivity, we found the statistically signifi-
cantdifferences between provinces showed the highest frequency
(p<0.05) of seropositive cattle for both agents, whereas in the
Maputo, Inhambane and Gaza the frequency was 93.7% (118/
126),70.8% (109/154) and 77.3% (321/415) for B. bovis, and
97.6% (123/126),81.2% (125/154) and 67.5% (280/415) for
B. bigemina, respectivelly. The prevalence rate showed that cattle
in the province of Maputo were more likely to be seropositive
for B. bigemina and B. bovis than animals coming from the
provinces of Inhambane and Gaza (p<0.05).

DISCUSSION

The results of this study concur with those of previous other
conducted in countries from tropical regions (Jonsson et al
2008). In regions in eastern and southern Africa, studies
indicate that bovine babesiosis presents seropositivity ranging

from 19.5 to 94.0% of the cattle (Dreyer etal 1998, Mbata et al
2002, Mtshali etal 2004, Martins et al 2008). In South Africa,
these studies showed that the prevalence of antibodies against
Babesia bigemina ranged from 62.4 to 94.0%, and in the case
of B. bovis the frequency was 19.5%. In Kenya the prevalence
of Babesia spp. in cattle was 37.1%, according to the study of
Okuthe & Buyu (2006).

In southern Mozambique is raised predominantly beef cattle,
consisting mostly of Indian origin breed (Bos indicus) and their
crossbreed, which are considered to be naturally resistant to
parasitism by ticks (Mahoney 1975). However, the prevalence
in this region for B. bovis and B. bigemina was found to be 78.8%
(548/695) and 76.0% (528/695) respectively, suggesting great
potential for transmission of these agents by ticks prevalent in
thatarea. According to Mahoney & Ross (1972), prevalence rates
equal to or greater than 75.0% classify the area as one of enzootic
stability. Furthermore, it indicates that the cattle are infected
before completing the first year of life, and are constantly re-
infected. In this way, the animals maintain their immune system
active against the agents in question.

In present study the seroprevalence detected was higher than
75%, characterizing the southern region of Mozambique as an
area of enzootic stability for bovine babesiosis. In a situation of
enzootic stability, calves are infected during the early months of
life and are protected by colostral antibodies (passive immuni-
ty), thus enabling the development of active immunity without
the manifestion of clinical disease. However, it should be noted
thata study examining calves with age below six months (Jons-
son etal 2008), it was concluded that under conditions of high
tick infestation high morbidity and mortality can occur even in
during the period when protection was being conferred by co-
lostral antibodies (Jonsson etal. 2008).

The association of gender with the seropositivity of the
cattle to B. bigemina and B. bovis was not significantly diffe-
rent (p>0.05), confirming the findings of previous studies (So-
ares etal 2000, Trindade etal 2010).

The statistically significant differences observed in
positive cattle from the same provinces studied in relation to
the prevalence of antibodies against B. bovis and B. bigemina,
may be due to variation in the rate of infection by ticks and,
subsequently, a variation in the rate of cattle inoculation by the
infected ticks. The animals are exposed to more risk conditions
associated with outbreaks of babesiosis infection by B. bovis
and B. bigemina in cattle was not homogeneous among the
same province.

In the current study, the seropositivity for B. bigemina
77.3% (321/415) in Gaza province was higher when compa-
red with the level obtained for B. bovis 67.5% (280/415). In
this province, there exists a higher percentage of Bos indicus
species, which are considered to more resistant to tick
infestation (Madruga etal 1984), and with which higher larval
mortality is observed (Gonzales 1974).

These data demonstrate that the disease has a varied distri-
bution within the provinces. A previous study of natural
infection in bovines of the beef cattle breed from the region the
Tete province revealed a seropositivity level of 39.1% for B.
bovis (Alfredo et al 2005). It is possible that the observed
differences between the earlier study and our data may have
resulted from a seasonal increase in the tick population, in a
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lack of control of such an increase, or from the subsequent
introduction of susceptible animals, derived from South Africa
and Zimbabwe, during the livestock restocking program.

During the blood collection process, the presence of ticks
was observed on all the farms, despite the frequent use of tick
control drugs containing pyrethroids and avermectins, as well
as a high prevalence of babesiosis. Host and environment are
factors that affect the prevalence of babesiosis in a particular
region (Mahoney & Ross 1972).

Information in relation to the levels of antibodies against B.
bovis and B. bigemina in cattle in the study areas will provide
insights to managers of national livestock to improve their kno-
wledge of the immunological status of herds, and may contribute
towards the development of future interventions and manage-
ment strategies in animal health. In this context, knowing the
prevalence of agents in each province, one can develop geo-
referenced maps of regions of stability and instability to provide
better control of enzootic disease in the country.

The results of this study corroborate the findings from
studies conducted in the countries of southern and eastern
Africa, where the variation of infection by B. bigemina and B.
bovis depends on factors such as the prevalence of vectors and
measures related to their contro], but is independent of gender:

We conclude that the southern region of Mozambique
should be considered as an area of enzootic stability for both B.
bovis and B. bigemina. Moreover, this region offers risk for
transmission of babesiosis to susceptible animals coming
from areas of enzootic instability. Therefore, the use of appro-
priate preventive measures is needed, especially with regard
to the effective control of ticks. In these circumstances, further
studies would be justified in order to monitor the herds for
purpose of identifying factors that may pose risks to the current
epidemiological status of the region.
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