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a  b  s  t  r  a  c  t

The  present  study  aimed  to evaluate  Toxoplasma  gondii  seroprevalence  in cattle  slaughtered  for  human
consumption  from  rural  properties  in  the state  of  Rondônia,  North  region,  Brazil;  the  seroprevalence  was
determined  using  indirect  immunofluorescence  assays  (IFATs).  Additionally,  spatial  distribution  and  risk
factors associated  with  toxoplasmosis  were  also  analyzed.  Of  the  1000  cattle  serum  samples  examined,  53
(5.3%) were  determined  to be  seropositive  for T.  gondii  with  antibody  titers  (IgG)  ≥64.  In regard  to  results
of  the  studied  risk  factors  (presence  of cats,  cats  with  free  access  to  cattle,  breeding  system,  animal’s
gender,  consumption  of raw  milk  by humans  on  the  property  and  cattle  abortion  in the  last  12  months)
and  the  odds  ratio  (OR)  of  each  of these  factors  influencing  cattle  to acquire  toxoplasmosis,  only  animals
raised  on  a feeder/stocker/backgrounder  system  presented  a higher  probability  of  being  seropositive  for
T.  gondii  (OR  ≥  1, P =  0.04)  than  cattle  raised  only  in  a feeder/stocker  system.  There  was  no  association
between  the occurrence  of reproductive  problems  and  T.  gondii  seropositivity.  Based  on  results  obtained
in the  Brazilian  state  of  Rondônia,  it could  be  concluded  that the  presence  of  cats  and  their  contact  with
cattle  on  each  property,  cattle  breeding  purpose  and cattle  abortion  in the  last  12  months  were  not
considered  risk  factors  for  T. gondii  infection  in cattle.  Considering  that  the  presence  of  T. gondii  was
detected  in  animals  slaughtered  in  the  state  of  Rondônia,  consuming  raw  or  undercooked  meat  from
seropositive  cattle should  be  considered  a route  of transmission  of  T.  gondii  to humans.  However,  the

prevalence  of toxoplasmosis  diagnosed  in cattle  from  this  state  (5.30%)  is  lower than  the  prevalence  of
toxoplasmosis  observed  in  South,  Southeast  and  Center-West  regions  of  Brazil,  which  may  vary  between
48.5% and  71.0%.  The  low  prevalence  of  toxoplasmosis  in  cattle  is  highlighted  in Rondônia,  which  is the
sixth  largest  state  for cattle  slaughtering  in Brazil  and  is  responsible  for  producing  20%  of  all  cattle  meat
exported  by  Brazil.

© 2016  Elsevier  B.V.  All  rights  reserved.
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1. Introduction
Toxoplasma gondii is a protozoan with a heteroxenous life cycle
that is able to infect all homoeothermic animal species, including
mammals, birds and humans (Dubey, 1996; Lopes et al., 2013). Tox-
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plasmosis was first diagnosed in cattle by Houersdorf and Holtz
1952) in Germany, as cited by Mayer (1965).

In cattle destined for human consumption in Brazil, 19.2% to 71%
Suarez-Aranda et al., 2000; Santos et al., 2009) tested seropositive
or T. gondii.  These percentages reinforce the importance of meat
onsumption derived from these animals, as well as their byprod-
cts, as a possible route of transmission of T. gondii to humans
Dubey, 1996). Evidence can be obtained from outbreaks of human
oxoplasmosis through ingestion of viable cysts or tachyzoites of
. gondii present in salami (Dias et al., 2005) and steak tartare
Eduardo et al., 2007).

Based on previously described information, no studies are
vailable in the known literature regarding the prevalence of tox-
plasmosis in cattle from the state of Rondônia, North region,
razil. Because cattle toxoplasmosis represents a major importance

or public health in general, the present study aimed to deter-
ine the seroprevalence of T. gondii in cattle from the state of

ondônia, which were slaughtered for human consumption, using
ndirect immunofluorescence assays (IFATs). The present study also
nalyzed the seropositive spatial distribution and risk factors asso-
iated with T. gondii infection in cattle.

. Materials and methods

The state of Rondônia is located in the North region of Brazil.
erum samples were collected between March and May  2015 from
attle from a slaughterhouse located in the city of Rolim de Moura,
n the eastern side of Rondônia. In total, 1000 animals were sam-
led, originating from 39 rural properties that belonged to 21
unicipalities in Rondônia. From each property, samples were col-

ected from all cattle sent to the aforementioned slaughterhouse.
Ten mL  blood samples were collected from each animal during

he slaughter procedures through venipuncture, and blood was in
terile tubes. In the laboratory, these samples were centrifuged at
000 × g for 10 min. Then, the sera were stored in polypropylene
ubes at −20 ◦C.

Serum samples were analyzed using IFAT for the detection of IgG
lass anti-T. gondii antibodies, following the technique described
y Camargo (1964) and using the cattle anti-IgG conjugate (Sigma-
hemical F7887-1 mL)  produced in rabbits. All reactions included
reviously known standard serum samples, both positive and neg-
tive. The reading was conducted under a fluorescent microscope
nd positivity of samples was confirmed when titers ≥64 were
btained. Aiming to verify anti-T. gondii antibody titers present
n samples diagnosed as positive, these same samples were later
iluted (1:128, 1:356, 1:512, 1:1024 and 1:4096) in PBS solution
or the research of antibodies against the protozoan being studied.

To estimate possible risk factors for T. gondii in herds originat-
ng from Rondônia, North region, Brazil, the 39 properties were
isited and a questionnaire was designed to ask the owner of these
nimals the following questions: 1) What is the main herd activ-
ty (beef or milk)? 2) What is the breeding system (feeder, stocker,
ackgrounder)? 3) Are there any cats on the property? 4) If yes, do
he cats have access to cattle? 5) Are animals slaughtered on the
roperty? 6) Were there any spontaneous abortion cases in the last
2 months? 7) Do people on the property consume raw milk? Data
egarding age, gender and origin of such animals were collected
irectly from the slaughterhouse.

The independent effects between the selected variables and the
eropositivity, risk factors and odds ratio (OR) were estimated, with

 confidence interval equal to 95% (IC 95%) between subgroups

ormed from each variable. Difference in seroprevalence between
enders was verified using the Fisher Exact Test and Pearson’s chi-
quare test. All analyses were obtained using Statistica software,
ersion 10 (StatSoft Inc., 2011).
sitology 226 (2016) 145–149

3. Results

From all 1000 cattle serum samples examined, 53 (5.3%) were
diagnosed as positive for T. gondii with antibody titers ≥64 (Table 1).

Analyzing results from the studied period, it can be observed
that from all 21 municipalities where serum samples were
obtained, seven (Ariquemes, Campo Novo de Rondônia, Nova
Colina/Jí-Paraná, Nova União, Rolim de Moura, Theobroma and
Vale do Paraíso) presented no cattle diagnosed as seropositive for
T. gondii.  In the remaining 14 locations that presented animals
with anti-T. gondii antibodies (Fig. 1), the observed seroprevalence
ranged between 2.0% (Cacoal) and 16.7% (Ouro Preto do Oeste).

According to results described on Table 1, Colorado do Oeste,
Nova Brasilândia do Oeste, Outro Preto do Oeste and Presidente
Médici were the municipalities which presented the highest prob-
ability of finding cattle positive for toxoplasmosis (Odds ratio
[OR] ≥ 1).

Regarding the evaluated risk factors and the odds ratio (OR) of
each of the factors influencing cattle in acquiring toxoplasmosis
(presence of cats, cats have access to cattle, creation system, live-
stock activity, sex, raw milk consumption, slaughter of animals on
the property and abortion in the last 12 month), only animals raised
in a feeder/stocker/backgrounder system presented a higher prob-
ability of being seropositive for T. gondii (OR ≥ 1, P = 0.048), when
compared to animals raised in a feeder/stocker system only. There
was no association between occurrence of reproductive problems
in cattle and serological reactions to T. gondii.

4. Discussion

According to Hall et al. (2001), the presence of antibodies against
T. gondii varies between 0 and 99%, which is described in the
worldwide literature. The mean serological prevalence of T. gondii
observed in cattle from the present study was  5.3%, a value that
can be considered low in comparison to results obtained in cattle
from the following states: Paraná, South region, Brazil; São Paulo
and Minas Gerais, both in the Southeast region, Brazil; and Mato
Grosso, in the Center-West region of the country (Marana et al.,
1995; Costa et al., 2001; Ogawa et al., 2005; Santos et al., 2009); the
cattle from these states were between 48.5% and 71.0% seroposi-
tive for T. gondii.  The lower seroprevalence value observed in cattle
from the state of Rondônia is probably explained, in part, by the
low cattle population density observed in this state (6.58 pop. per
km2) compared to the cattle population density of the other states,
such as São Paulo (166.23 pop. per km2), Minas Gerais (33.41 pop.
per km2), and Paraná (52.40 pop. per km2) (IBGE, 2015). There are
studies demonstrating a positive correlation between density of
the human population and number of domestics cats (Denny and
Dickman, 2010; Lessa and Bergallo, 2012). In others words, if the
population of humans is high, the domestic cat population is also
high. This means the high population density of humans correlates
with a more common presence of infected domestic cats, which
consequently, increases the environmental contamination of Tox-
oplasma gondii oocysts in these areas and could infect the cattle
by the consumption of contaminated water or food. The popula-
tion density of Mato Grosso (3.36 pop. per km2) is less than that
of Rondônia, but Santos et al. (2009), diagnosed 71% of cattle as
seropositive for T. gondii in milk herds. Is important to mention
that the study conducted in Mato Grosso by these authors was  per-
formed in three neighboring municipalities (Araputanga, Jarú and

São José dos Quatro Marcos) in this state, and likely, there are some
epidemiological aspects in this specific region that should be con-
sidered for justifying the high prevalence of T. gondii in cattle found
by Santos et al. (2009).
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Table 1
Analysis between the prevalence of Toxoplasma gondii (IFAT), in cattle to different municipalities in the state of Rondonia, Brazil.

City of State of Rondônia Number of
properties

Total of
samples

Representation
of the region
with respect to
the total sampled
cattle

IFAT positive for
T.  gondii

Prevalence Odds ratio (OR)a Title for T. gondii/Number of cattle

Value Significance
level

95% CI: >64 >128 >356 >512 >1024 >4096

Ariquemes 1 36 3,6% 0 0,0% 0,0 – – – – – – – –
Buritis  2 15 1,5% 2 13,3% 2,7 0,19 0,604–12,496 2 – – – – –
Cacaulândia 2 51 5,1% 2 3,9% 0,7 0,667 0,172–3080 1 – – 1 – –
Cacoal  3 102 10,2% 2 2,0% 0,3 0,157 0,085–1488 2 – – – – –
Campo  Novo de Rondônia 2 8 0,8% 0 0,0% 0,0 – – – – – – – –
Castanheiras 1 21 2,1% 2 9,5% 1,8 0,403 0,426–8287 2 – – – – –
Colorado do oeste 1 71 7,1% 8 11,3% 2,2 0,041 1033–4979 7 – 1 – – –
Jaru  1 19 1,9% 1 5,3% 0,9 0,994 0,130–7578 – 1 – – – –
Ji-Paraná 1 33 3,3% 2 6,1% 1,1 0,848 0,268–4946 – 2 – – – –
Machadinho do Oeste 4 207 20,7% 8 3,9% 0,7 0,393 0,336–1534 3 3 2 – – –
Ministro Andreazza 1 15 1,5% 1 6,7% 1,2 0,815 0,164–9889 1 – – – – –
Nova  Brasilândia do Oeste 1 37 3,7% 6 16,2% 3,4 0,008 1382–8651 2 1 3 – – –
Nova  Colina/Ji-Paraná 1 56 5,6% 0 0,0% 0,0 – – – – – – – –
Nova  Estrela de Rondônia/Rolim de Moura 5 27 2,7% 1 3,7% 0,6 0,715 0,091–5162 1 – – – – –
Nova  União 2 17 1,7% 0 0,0% 0,0 – – – – – – – –
Ouro  Preto do Oeste 1 36 3,6% 6 16,7% 3,5 0,007 1425–8959 4 1 – – 1 –
Presidente Médici 3 55 5,5% 9 16,4% 3,4 0,001 1,625–7,520 5 3 1 – – –
Rolim  de Moura 1 8 0,8% 0 0,0% 0,0 – – – – – – – –
São  Francisco do Guapoé 2 113 11,3% 3 2,7% 0,4 0,232 0,149–1585 3 – – – – –
Theobroma 2 64 6,4% 0 0,0% 0,0 – – – – – – – –
Vale  do Paraíso 2 9 0,9% 0 0,0% 0,0 – – – – – – – –
Média  ou Total 39 1000 100,0% 53 5,3% – – 33 11 7 1 1 0

a Cattle of municipalities with odds ratio (OR) ≥1 are more likely to contain toxoplasmosis.
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Fig. 1. Percentage of samples positive for Toxoplasma

In the present study, all beef cattle farms contained breeding,
earing and fattening cattle rearing system. The same breeding sys-
em was used for beef dairy cattle. These animals were not acquired
purchased) from other properties. They were raised on extensive
razing, supplemented with grains or hay, and kept on pasture of
rachiaria brizantha cv. BRS Pietã. In all 39 herds analyzed, located

n 21 municipalities, the presence of anti-T. gondii antibodies was
ot diagnosed in 20 properties (51.3%). On the remaining 19 eval-
ated properties, seropositivity for the aforementioned protozoan
aried between 1.96% and 16.67%. Amongst positive samples, the
ighest serological titer observed was 1024, presented in only one
nimal. The most frequent titers were 64 (62.26%) and 128 (20.75%).
ccording to Dubey and Thulliez (1993), cattle possessing anti-T.
ondii titers ≤1024 have chronic toxoplasmosis infections with the
resence of tissue cysts that can remain alive up to 1191 days in
hese animals’ organs. Such an observation, previously described
y aforementioned researchers, allow us to infer that cattle ana-

yzed in Rondônia were presenting chronic cases of toxoplasmosis
ecause 100% of all cattle were diagnosed with antibody titers
gainst T. gondii <1024.

The presence and contact of cats with cattle were not risk factors
P > 0.05) for cattle to acquire toxoplasmosis in the present study.
imilar results were obtained by Garcia et al. (1999) in the state
f Paraná, South region, Brazil, and by Santos et al. (2009) in Mato
rosso, a state located in Center-West region, Brazil. In the present
tudy, although of presence of cats was not a risk factor for cattle to
cquire toxoplasmosis, the farms that had no cats had no seropos-
tive cattle for T. gondii.  Interestingly, during the visits, all owners
eported the sporadic presence of wild felines, and in some cases

e saw footprints of these animals on the farms. Future epidemio-

ogical studies must be conducted on wild felines of this particular
egion.
ii in each participant city of State of Rondônia, Brazil.

Based on results found on the state of Rondônia, located on the
far North region of Brazil, it was possible to conclude that the pres-
ence of cats, their contact with cattle, livestock activity and cases
of abortion on the last 12 months were not risk factors for tox-
oplasmosis in cattle. Considering that T. gondii seropositivity was
diagnosed in cattle slaughtered in the state of Rondônia, raw or
undercooked meat from these animals must be considered as a
source of transmission for humans who  ingest such products. How-
ever, the average seroprevalence of T. gondii detected in cattle in
Rondônia (5.30%), is lower compared to mean T. gondii seropreva-
lence observed in cattle South, Southeast and Center-West regions
of Brazil, which varied between 48.5% and 71.0%. This fact high-
lights seroprevalence of T. gondii in Rondônia, which is the sixth
largest cattle slaughterer in Brazil and is responsible for producing
20% of all cattle meat exported by Brazil.
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