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Abstract
This study reports the factors which led a gated community located in Bragança Paulista (SP, Brazil), a non-endemic 
area for Brazilian Spotted Fever (BSF), to be classified as a Risk Area for transmission of this disease, showing that 
an increasing resident population of capybaras (Hydrochoerus hydrochaeris) in the area was likely responsible for a 
proliferation of Amblyomma sculptum ticks and acted as an amplifying host for Rickettsia rickettsii, the main etiologic 
agent of BSF. We report management actions proposed to control the local tick burden and reduce BSF risk, including 
measures to control parasitic and free-living tick populations and exclusion of the resident capybara population. 
Analyses of tick population data and R. rickettsii serology tests indicate that these measures were effective, greatly 
reducing the environmental burden of Amblyomma sculptum ticks and reducing the BSF transmission risk at the area.
Keywords: Rickettsia rickettsii. Ticks. Amblyomma sculptum. Hydrochoerus hydrochaeris. Public health risk.

Resumo
Este estudo relata os fatores que levaram um Residencial localizado em Bragança Paulista (SP, Brasil), área não-endêmica 
para Febre Maculosa Brasileira (FMB), a ser classificado como Área de Risco para a doença, mostrando que uma 
crescente população residente de capivaras (Hydrochoerus hydrochaeris) na área era a provável responsável por uma 
proliferação de carrapatos Amblyomma sculptum e estava atuando como hospedeiro amplificador da bactéria Rickettsia 
rickettsii, principal agente etiológico da FMB. Relatamos as ações de manejo ambiental propostas para controlar a 
quantidade de carrapatos no local e reduzir o risco de transmissão da doença, incluindo medidas para o controle de 
populações de carrapatos parasíticas e no ambiente e a eliminação da população residente de capivaras. Análises de 
dados populacionais de carrapatos e testes serológicos para R. rickettsii indicaram que as medidas tomadas foram 
efetivas, causando grande redução da população de carrapatos no ambiente e reduzindo o risco de transmissão de FMB 
na área.
Palavras-chave: Rickettsia rickettsii. Carrapatos. Amblyomma sculptum. Hydrochoerus hydrochaeris. Risco de saúde 
pública.
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Introduction
Brazilian Spotted Fever (BSF) is a tick-borne zoonotic 

disease caused by the gram-negative bacterium Rickettsia 
rickettsii, and has great Public Health importance in Brazil 
due to its high fatality rates in humans (GALVÃO et al., 
2003; LIMA et al., 2003; KATZ et al., 2009; PINTER et al., 
2011). Lethal cases of BSF in the state of São Paulo have 
been reported since at least 1932 (PIZA, 1932), and the 
disease has reemerged in various areas of the state during 
the 1980s and 1990s (LIMA et al., 2003; ANGERAMI et 
al., 2006; KATZ et al., 2009). Notification of new cases of 
the disease was made compulsory in Campinas, in the 
state of São Paulo, in 1996 (LIMA et al., 2003), and shortly 
afterwards throughout the country in 2001 (BRASIL, 2001). 
São Paulo was the likely origin of most confirmed cases 
of BSF in Brazil between 2007 and 2012 (44.14% of all 
confirmed cases), and had the highest fatality rate (41.35%) 
and the second highest person-time incidence rate (behind 
Santa Catarina) during this period (BARROS E SILVA et 
al., 2014). A large proportion of BSF cases in São Paulo is 
concentrated in specific, endemic areas of the state (KATZ 
et al., 2009; RIBEIRO et al., 2013), although the disease has 
spread to previously unaffected municipalities between 
2003 and 2008 (KATZ et al., 2009).

The main vector of BSF is Amblyomma sculptum (KATZ 
et al., 2009), a three-host tick whose adult stage uses tapirs 
(Tapirus terrestris), capybaras (Hydrochoerus hydrochaeris) 
and possibly peccaries (Tayassu pecari, Pecari tajacu) as 
its primary wild hosts (ARAGÃO, 1936; LABRUNA et 
al., 2002b; LABRUNA et al., 2005; PEREZ et al., 2008; 
NAVA et al., 2014; MARTINS, 2014), but may also occur 
on horses (OLIVEIRA, 1998; LABRUNA et al., 2002a) and 
cattle (SERRA-FREIRE, 1982). The tick’s immature stages 
have lower host specificity, occurring on some birds and 
a variety of medium- and large-sized mammals, including 
humans (PEREIRA; LABRUNA, 1998; LABRUNA et al., 
2001; LABRUNA et al., 2002b; GUGLIELMONE et al., 
2003; LABRUNA et al., 2005; PEREZ et al., 2008,).

Besides acting as a primary host for the adult stage of 
A. sculptum, capybaras may be infected by its immature 
stages (PEREZ et al., 2008), are susceptible to Rickettsia 
rickettsii infection, maintain viable rickettsemia for 1–2 
weeks, and may infect immature A. sculptum ticks which 
feed on them, being therefore a viable amplifying host 
for R. rickettsii among tick populations (SOUZA et al., 
2009; LABRUNA, 2013). As recently argued by some 
authors, the rising capybara population in São Paulo may 
be causally related to the re-emergence of BSF in the state 
(LABRUNA, 2009; DEL FIOL et al., 2010; LABRUNA, 
2013), and therefore large capybara populations may 
represent an increased transmission risk for the disease 
(SANGIONI et al., 2005). In many parts of inland São 
Paulo, large capybara populations may gather in areas with 
large availability of food and shelter, such as suburban real 
estate development areas and gated communities. Although 
capybaras are not the only species associated with higher 
risk of BSF transmission to humans, the potential for 
increased risk with rising numbers of this mammal means 
that transmission risk should be appropriately assessed 
and managed in areas with large and/or growing capybara 
populations.

Here we report on the factors which led a gated 
community in a non-endemic area of the state of São 
Paulo to be identified as a BSF transmission risk area, 
describe the measures taken to control Amblyomma 
tick populations and lower the local transmission risk, 
including complete fencing of the gated community and 
removal of the local capybara population, and analyze 
the results of approximately 2 years of Amblyomma tick 
monitoring performed to assess the effectiveness of the 
management measures taken.

Materials and Methods

Study Area and Background
The study area is a gated community located in 

Bragança Paulista – SP (23  K 325.945  L / 7.457.378  S 
UTM), a municipality previously considered non-endemic 
for BSF, with no known incidence and low priority for 
the disease between 1998 and 2010 (RIBEIRO et al., 
2013), but geographically close to the endemic Campinas 
region. Tick population surveys performed on horses and 
capybaras and using dry-ice tick traps and tick dragging 
have shown continued presence of the tick Amblyomma 
sculptum in the area since 2004 (see Figure S.1 for results 
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of dry-ice traps and tick dragging between May 2004 and 
May 2005). Mammal monitoring activities in the area at 
the time of these first surveys have shown that areas with 
greatest capybara population densities were also the most 
tick-infested. This has led to the installation of 1.5 m high 
fences surrounding most of the gated community in 2007 
(see Figure 1 for a detail of part of the perimeter) as a 
measure to exclude capybaras from areas used by horses, 
and to the application of acaricides (pyrethroids) on horses 
kept at the community’s stud farm and in areas frequented 
by these animals. The gated community’s inhabitants also 
decided to use horses as sentinel animals for surveillance 
of Rickettsia rickettsii circulation in the area. These initial 
measures apparently controlled tick infestation on horses 
and BSF risk at the time; serological tests performed 
between 2010 and 2012 identified rickettsial exposure in 
only one horse, which had been brought from a different 
stud farm shortly before the test.

Figure S.1. – Number of adult Amblyomma sculptum and 
nymphs and larvae of Amblyomma sculptum or 
Amblyomma sp. registered in previous tick surveys 
with dry-ice traps and tick dragging, performed in the 
gated community between May 2004 and May 2005 

The surveys also identified 3 adult and 6 nymph Amblyomma dubitatum (not 
shown).

In 2012, mammal monitoring activities in the gated 
community identified an increase in the local capybara 
population and a high number of young and juvenile 
specimens. In view of possible causal relations between 
large capybara populations and BSF risk (LABRUNA, 2009; 
DEL FIOL et al., 2010; SANGIONI et al., 2005; LABRUNA, 

2013; SOUZA et al., 2015), this population surge led to 
concerns about public health risks in the area, and the 
decision was taken to carry out analyses to classify the 
local risk of BSF transmission. 

Figure 1 – Map of the study area showing parts of the perimeter, 
which was fenced in 2007 and 2013, the location of 
the gated community’s equestrian club, lakes used 
by capybaras, and the sampling points used for tick 
population monitoring surveys (numbered 1 to 10, in 
white)

Preliminary Analyses to Classify BSF Transmission 
Risk

Based on an agreement signed by the gated community, 
the São Paulo Environmental State Secretariat – SMA, and 
the São Paulo State Superintendence for Control of Endemic 
Diseases – SUCEN (SMA/CBRN/DeFau n. 002/2012), 
the following analyses were performed to classify the BSF 
transmission risk at the gated community: 1. Capybara 
population survey in accordance with observation and 
counting methods recommended by IBAMA (2006); 
2. Preliminary tick survey performed by SUCEN to inspect 
the presence of Amblyomma ticks, in accordance with 
São Paulo (2004) and Pinter (2013); 3. Serological test for 
R. rickettsi on horses kept in the gated community’s stud 
farm; and 4. Capybara captures for blood sampling and 
R. rickettsi serological tests.

Capybara population surveys during this preliminary 
stage were performed in October 2012, and preliminary 
tick surveys were carried out in early 2013. 

Capybara captures for serological tests were supported 
by the Authorization for In Situ Management n. 56/2013 
(SMA Process n.  11.584/2012), which approved the 
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following methods: use of corn or sugarcane as bait to 
attract the animals; capture in corrals; chemical restraint 
(intramuscular doses of ketamine and xylazine applied with 
blowpipes) for collection of biological material and later 
release of the animals. Blood samples were collected by 
venipuncture of capybaras’ cephalic vein, using an vacuum 
tube system. Capybara captures and serological tests in 
this initial stage took place between June and September 
2013. Serological tests on the horses kept in the gated 
community’s stud farm were performed in September 2013.

Serological tests on horse and capybara samples 
followed the methods described in Souza et al. (2008) 
and Sangioni et al. (2005). After collection, blood samples 
were kept at room temperature to promote clot retraction, 
then centrifuged at 3000 rpm for 10 minutes to obtain 
blood serum. Seropositivity for R. rickettsi was detected 
using an Indirect Immunofluorescence Assay (IFA), in 
which a serum sample was diluted in PBS (phosphorus 
buffer solution) and placed on a slide containing R. 
rickettsii antigen, and positive and negative control sera. 
IFAs employed serum samples at different dilutions 
(1/64 to 1/2048). The tests used anti-capybara conjugate 
produced by CCZ/SP following the procedure described 
in Souza et al. (2008), as well as SIGMA-ALDRICH 
commercial anti-horse conjugate. Serological tests at this 
stage were performed on 58 capybaras and 66 horses. 

Concomitantly with the preliminary analyses above, 
SUCEN recommended additional environmental 
management measures (see LABRUNA et al., 2013) to be 
followed by the gated community in order to control the 
local tick population and reduce the risks of R. rickettsii 
transmission to residents and staff: 1.  Grass mowing 
in overgrown areas; 2. Staff use of Personal Protective 
Equipment (PPE) when crossing possibly tick-infested 
areas; 3. Instructions to staff and residents to perform body 
inspections after walking on possibly tick-infested areas; 
4. Installation of signs informing about tick-infested areas.

Control of Tick Population and BSF Risk
As a report by SUCEN based on preliminary analyses 

(Of. Lab. Mogi Guaçu – n. 07/13 – ET) classified the gated 
community as a risk area for BSF transmission (see results), 
the competent environmental and health authorities (SMA 
and SUCEN) indicated management measures to control 
the tick population and transmission risk, including: 
1. Continuation of the aforementioned environmental 
management measures and educational and awareness 

raising activities directed to staff and residents to control 
free-living tick populations, reduce the risk of human 
contact with ticks and shorten the time with ticks attached 
if contact occurs; 2. Continuous application of acaricides 
in areas used by horses in order to control the parasitic tick 
population; 3. Removal of the capybara population in the 
gated community in order to exclude the most important 
primary host for A. sculptum in the area; and 4. Fencing of 
the only section of the gated community’s perimeter still 
open, between the riparian forest along the Atibaia River 
and the gated community’s Permanent Preservation Area 
(APP) (CETESB Process n. 69423/00), with 3-meter-high 
wire fences (see Figure 1), before the start of capybara 
removal activities. This last measure was important to avoid 
recolonization of the area by capybaras, since otherwise 
the elimination of a capybara population might lead to its 
replacement by other individuals living nearby, possibly 
increasing the local population (and consequently the BSF 
risk) in the medium term (LABRUNA, 2013). 

The decision to remove the local capybara population 
is supported by Brazilian Federal Law n.  9605/1998 
(Environmental Crimes Law), Article 37, item 4, according 
to which “Killing an animal is not a crime when this is 
performed due to the animal in question being considered 
harmful, according to a characterization by the competent 
authority” (BRASIL, 1998), and by Brazilian Federal Law n. 
5197/1967, Article 3, item 2, which indicates that “catching 
eggs, larvae and young destined to the establishments 
mentioned above, and destroying wild animals considered 
harmful to agriculture or to public health shall be allowed 
under a license issued by the competent authority” (BRASIL, 
1967). A new survey was conducted in October 2013, before 
the start of activities to capture and remove capybaras, in order 
to update existing information about the local population.

The authorization to capture and sacrifice capybaras 
was supported by Authorization for In Situ Management 
n. 123/2013 (SMA Process n. 11.584/2012). The euthanasia 
protocol used followed the guidelines in Resolution 
n. 1000/2012 of the Brazilian Federal Council of Veterinary 
Medicine (CFMV), and carcasses were sprayed with 
acaricides, packed in hospital waste bags and kept in a 
refrigerated container inside the gated community until 
their final disposal by incineration. The procedures for 
disposal of the carcasses were supported by CETESB 
Process n. 60/00547/13 and the Certification of Approval for 
Hazardous Waste Destination (Certificado de Movimentação 
de Resíduos de Interesse Ambiental – CADRI) n. 60001152.
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To evaluate the success of actions to remove the local 
capybara population, the competent environmental 
authority (SMA) requested additional non-invasive 
capybara population surveys, performed in three non-
consecutive days every two months. These surveys were 
performed at least once per month between January and 
August 2014, always after the euthanasia procedures for the 
month in question were completed, allowing estimation of 
the remaining capybara population. Data on the remaining 
capybaras or signs of presence of the species observed in 
the surveys were used along with the number of animals 
euthanized during each month to obtain an estimate of the 
capybara population present inside the gated community 
at the start of each month between October 2013 and 
August 2014. The capybara population was considered to 
remain the same after August 2014, as mammal monitoring 
campaigns in the gated community did not identify any 
signs of an increased local capybara population (results not 
shown as these campaigns are not the focus of this study).

The effectiveness of the management measures above in 
reducing tick populations and the local BSF transmission 
risk was assessed through Amblyomma tick population 
monitoring and one additional serological test on horses 
kept at the gated community. Tick population monitoring 
was carried out by SUCEN’s team for almost two years after 
the start of the activities for capybara removal, between 
February 2014 and November 2015, using tick dragging and 
dry-ice traps at 10 sampling points in the margins of lakes 
inside the gated community or in nearby areas (Figure 1). 
The sampling effort used was the same in all sampling 
points. Although Oliveira (1998) suggested that the marked 
symmetry of infestations by the three parasitic stages of 
A. sculptum would allow adequate population estimates 
by counting only one stage, the tick surveys performed 
by SUCEN obtained information on all three free-living 
stages of Amblyomma ticks in the area. While all adult ticks 
collected during these surveys were identified at the species 
level, nymphs and larvae were identified only as Amblyomma 
sp. As the focus of our analysis was the main vector of 
Brazilian Spotted Fever, Amblyomma sculptum, and 96.9% 
of all adult ticks belonged to this species, we considered all 
nymphs and larvae as A. sculptum for downstream analyses.

The additional serological test on horses at the gated 
community’s stud farm was performed in December 2014, 
approximately eight months after the end of capybara 
removal activities. This test was performed on 60 horses, 
38 of which had also been tested in October 2013. 

Data Analysis and Statistics for Tick Population Data 
and Serological Tests

Tick population data and the results of horse serological 
tests were analyzed using different methods to assess the 
effects of the management actions taken on tick populations 
and the BSF risk in the area. All statistical analyses were 
run on the R programming environment, version 3.5.0 
(R CORE TEAM, 2013).

Tick Population Data
As the tick population surveys obtained data for 

17 months between February 2014 and November 2015, 
we used linear interpolation (function na.approx in R 
package ‘zoo’ – ZEILEIS; GROTHENDIECK, 2005) to 
estimate the population of the three free-living stages 
of A. sculptum in the five months with missing data, in 
order to obtain complete time series for this period. This 
was done separately for each sampling point and for the 
total population in the gated community (i.e., sum of all 
sampling points). Observed and estimated numbers of A. 
sculptum adults, nymphs and ticks for the gated community 
as a whole are shown in Figure S.2. Downstream analyses 
used the complete time series for the total population 
of each stage (adults, nymphs and larvae) in the gated 
community as a whole.

In order to identify particularities of the temporal 
dynamics of each A. sculptum stage and to assess whether 
the management measures taken had contributed to 
a reduction of the local tick population, we performed 
regressions of the population of each stage on time 
(months), modelling the error term with a non-seasonal 
ARMA (Autoregressive-moving-average) model, fit 
automatically using a stepwise algorithm and the second-
order Akaike Information Criterion (AICc) for model 
selection (R function auto.arima, package ‘forecast’ – 
HYNDMAN; KHANDAKAR, 2008). The significance 
of estimated parameters was assessed using R function 
coeftest (package lmtest – ZEILEIS; HOTHORN, 2002). 
This was initially performed for the period between 
February 2014 and November 2015. After extending the 
time series to cover the period between January 2014 and 
December 2015 using different methods (see below), we re-
ran these regressions to assess the robustness of the results. 
As the general interpretation is the same in most cases (see 
Table S.1), we focused on the original results using data 
between February 2014 and November 2015, mentioning 
relevant differences in interpretation where appropriate.
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Figure S.2 – Observed number of A. sculptum adults, nymphs and ticks considering sum of results for the gated community as a 
whole, and values estimated for months with missing data (using linear interpolation)

Table S.1. – Results of regressions with errors following an automatically fit ARMA model for Adults, Nymphs and Larvae of A. 
sculptum using data from February 2014 to November 2014 (short) or extending time series to December 2015 (repeating 
the value for November 2015) and January 2014 (using the maximum, minimum or mean values of the time series, or 
repeating the closest value – February 2014) 

    Intercept sd p - value Time sd p - value AR sd p - value

Adults

short 41.195 3.113 < 0.001 -2.165 0.237 < 0.001 -    

closest 44.444 3.064 < 0.001 -2.187 0.214 < 0.001 -    

max 44.444 3.064 < 0.001 -2.187 0.214 < 0.001 -    

min 35.777 4.331 < 0.001 -1.667 0.303 < 0.001 -    

mean 38.493 3.492 < 0.001 -1.830 0.244 < 0.001 -    

Nymphs

short -     0.946 0.566 0.095 -    

closest -     0.804 0.479 0.093 -    

max 42.239 2.579 0.010 -1.754 1.146 0.126 -    

min -     0.803 0.479 0.093 -    

mean -     0.807 0.481 0.093 -    

Larvae

short -     7.131 13.830 0.606 0.670 0.146 0.000

closest -     6.323 11.835 0.593 0.672 0.140 0.000

max 730.610 294.066 0.013 -35.936 19.958 0.072 0.443 0.204 0.030

min -     6.323 11.835 0.593 0.672 0.140 0.000

mean -     6.227 11.929 0.602 0.672 0.142 0.000

Significant parameters are indicated in bold (p < 0.001) or italic (p < 0.05). 
Time = Regression on time (trend); AR = Autoregression parameter; sd = Standard deviation.

To analyze the expected seasonal behavior of the 
population of each A. sculptum stage, and as an additional 
way to identify possible population trends, we decomposed 
the time series for each tick stage into seasonal and 
trend components using an additive model (R function 
decompose). As this process needs a time series with at 
least two full years, we extended the time series for each A. 
sculptum stage to cover January 2014 and December 2015. 
In order to assess the robustness of the patterns observed, 
we used a variety of methods to obtain values for these 
months. For December 2015, we initially used either the 

closest value (November 2015) or the maximum value of the 
last 6 months (June to November 2015); as both methods 
produced virtually identical results, we kept the closest 
value for all analyses. For 2014, we used four methods: 
using the closest value (February 2014); the maximum value 
of the whole time series; the minimum value of the whole 
time series; or the mean of the time series. The resulting 
seasonal and trend components with these methods were 
also very similar in most cases (see Figure S.3), so we 
focus below only on results using the closest values for 
both January 2014 and December 2015.
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In order to assess if removal of the local capybara 
population may be causally related to tick population 
changes and evaluate the time between removal of the 
primary host and changes in parasite population, we 
fit linear models regressing the adult tick population 
(February 2014 to November 2015) on the capybara 
population with lags ranging from 0 to 15 months, and used 
a model selection approach based on AIC (ANDERSON et 
al., 1998; BURNHAM; ANDERSON, 2001; BURNHAM; 
ANDERSON, 2002) and Akaike weights (BURNHAM; 
ANDERSON, 2001; BURNHAM; ANDERSON, 2002; 
WAGENMAKERS; FARRELL, 2004) (R function akaike.
weights, package ‘qpcR’ – SPIESS, 2014) to select the most 
appropriate time lag.

Serological Tests
To assess whether the results of serological tests 

on horses performed in December 2014 indicated a 
significant reduction in R. rickettsii infection in the 
sentinel population in comparison to the previous test 
in October 2013, we used a non-parametric Wilcoxon–
Mann–Whitney test (HOLLANDER; WOLFE, 1999) 
with the null distribution calculated exactly (R 
function wilcox_test, package ‘coin’ – HOTHORN et 
al., 2008), treating reactivity at increasing titers as 
an ordinal variable. We used r as a measure of effect 
size (MANGIAFICO, 2016; implemented using 
function wilcoxonR in the R package ‘rcompanion’ – 
MANGIAFICO, 2018). Although the assumption of 
independence of samples is violated here (as some horses 
were tested in both occasions), this approach makes it 
possible to use the whole sample to assess whether titers 
were generally lower in December 2014 than they were 
before the start of management actions.

Using only the 38 horses tested on both occasions, 
we also performed a non-parametric Wilcoxon signed-
rank test (HOLLANDER; WOLFE, 1999), with the 
null distribution calculated exactly, using the method 
proposed by Pratt (1959) for handling differences of 
zero. Although this test relies on lower sample size, it 
is more appropriate for paired data, being used here 
to specifically assess whether the titers of horses tested 
on both occasions dropped between October 2013 and 
December 2014. We also used r as a measure of effect 
size for this test (function wilcoxonPairedR, package 
‘rcompanion’ – MANGIAFICO, 2018).

Results and Discussion

Preliminary Analyses to Classify the BSF 
Transmission Tisk in the Area

The preliminary capybara population survey in October 
2012 counted 27 individuals in lakes, golf courses and riparian 
forest fragments inside the gated community and 25 in riparian 
forest areas alongside the Atibaia river, bordering the study 
area (see Figure 1, above), confirming an increase in the local 
population at the gated community and its immediate vicinity 
in comparison to previous mammal surveys at the area.

The preliminary tick surveys carried out in early 2013 
identified the presence of A.sculptum and Amblyomma 
dubitatum in the study area (BSF Circular Letter n. 15/13 – 
SR 05 SUCEN). The horse serological tests performed in 
2013 detected R. rickettsii reactivity in 53.03% of the tested 
animals, with titers ≥ 1024 in three animals (Table 1), 
indicating the circulation of spotted-fever group Rickettsia 
in the gated community. 

Table 1 –  Results of indirect immunofluorescence assays (IFA) 
for Rickettsia rickettsii antibodies in horses kept at the 
gated community’s stud farm in 2013 and 2014, and 
antibody titers of reactive individuals

Date # 
Reactive

% 
Reactive

# Reactive according to 
antibody titer

64 128 512 1024 2048
.9/2013 35/66. 53.03% 11 2 5 3 -

.12/2014 21/60. 35.00% 5 9 2 - -

The effort for blood sampling and serological tests in 
capybaras led to the capture and testing of 58 specimens 
between June 19, 2013 and September 3, 2013. All captured 
specimens were marked with numbered plastic earrings to 
avoid recaptures; the marking of one individual was lost 
during the specimen’s release, and sex and age information for 
this individual were lost during the procedures. The captured 
specimens included a large proportion of infants (38.6% of 
all individuals with sex and age information); adults (36.8%), 
young adults (15.8%) and juveniles (8.8%). According to these 
data, the proportion of infants among captured individuals in 
the study area is higher than that found in most other studies 
(MOREIRA et al., 2013), although populations studied in 
the Brazilian Pantanal had approximately 50% infants 
(SCHALLER; CRAWSHAW JUNIOR, 1981). The number 
of individuals captured for tests was considered another sign 
of a large resident population, indicating a local population 
density of at least ~5.8 ind/km². Although data from these 
captures is insufficient for an in-depth demographic analysis, 
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the high proportion of infants might indicate rapid population 
growth in the area at the time of the serology tests, assuming 
such data is representative of the local population (i.e., not 
biased towards capturing infants). Most of the captured and 
tested individuals were female (73.7% of all specimens with 
sex and age information), corresponding to a sex ratio of 
1:2.8 (males/females), which falls within expected values for 
capybara groups (SCHALLER; CRAWSHAW JUNIOR, 1981; 
HERRERA, 2013; MOREIRA et al., 2013). 

Forty-two of the 58 capybaras captured and tested were 
seropositive for Rickettsia rickettsii, including four individuals 

Table 2 –  Results of indirect immunofluorescence assays (IFA) for anti-Rickettsia rickettsii antibodies in capybaras captured in the 
study area between June 19th, 2013 and September 3rd, 2013 according to specimen age and sex, and antibody titers of 
reactive individuals

Female

Age # Reactive % Reactive
# Reactive according to antibody titer

64 128 256 512 1024 2048

Infant 11/16. 68.75% 1 1 8 1    

Juvenile 3/4. 75% 1   1     1

Young adult 1/3. 33.33%   1        

Adult 15/19. 78.95% 3 9 2     1

Total 30/42. 71.43% 5 11 11 1   2

Male

Age # Reactive % Reactive
# Reactive according to antibody titer

64 128 256 512 1024 2048

Infant 5/6. 83.33% 2 1   1   1

Juvenile 1/1. 100%     1      

Young adult 3/6. 50.00%   1 1     1

Adult 2/2. 100.00%   2        

Total 11/15. 73.33% 2 4 2 1   2

Total

Age # Reactive % Reactive
# Reactive according to antibody titer

64 128 256 512 1024 2048

Infant 16/22. 72.73% 3 2 8 2   1

Juvenile 4/5. 80% 1   2     1

Young adult 4/9. 44.44%   2 1     1

Adult 17/21. 80.95% 3 11 2     1

Unkown 1/1. 100.00%   1        

Total 42/58. 72.41% 7 16 13 2   4

Age and sex information for the individual classified as unknown has been lost during experimental procedures.

with titers ≥ 2048. This corresponds to a seroprevalence of 
72.41% for spotted fever group rickettsiae in the local capybara 
population (Table 2). Seroprevalence was similar among 
males and females, and remarkably high in all age groups 
except young adults, the only group with seroprevalence ≤ 
50%. The high R. rickettsii seroprevalence in the local capybara 
population, including juveniles and infants, is particularly 
relevant as it indicates an ongoing epizootic episode at the 
time of the tests. Coupled with the preliminary acarological 
surveys, these results indicate that the study area was endemic 
for BSF at the time of the tests. 

SUCEN classifies BSF Risk Areas based on: 1. human 
use, 2. presence of Amblyomma ticks, and 3. seropositive 
results for spotted fever group Rickettsia in sentinel 
animals. Based on these criteria, the preliminary results 
led the agency to classify the gated community as a Risk 
Area for BSF transmission and propose measures to 
control the local tick population and transmission risks. 
The large and apparently increasing capybara population 

was considered a possible risk factor for transmission 
(SANGIONI et al., 2005; LABRUNA, 2009; DEL FIOL et 
al., 2010; LABRUNA, 2013; SOUZA et al., 2015), leading 
the competent environmental and health agencies (SMA 
and SUCEN) to take the decision to remove of all capybaras 
in the gated community as a measure to control local tick 
populations and BSF transmission risk. The competent 
agencies also decided for the complete fencing of parts of 
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the gated community’s perimeter that remained open, in 
order to avoid recolonization by other capybaras. 

Control of tick population and BSF risk

Capybara population removal
The remaining parts of the gated community’s perimeter 

had been properly fenced by November 6th, 2013, prior 
to the start of activities for removal of the local capybara 
population, as verified in an inspection by the SMA’s 
wildlife department (CMFS Inspection Report n. 13/2013). 

The capybara population survey conducted in October 
2013 indicated 5 groups of capybaras and a total of 98 
individuals inside the gated community, an increase over 
previous estimates, based on the October 2012 survey and 

Table 3 –  Number of capybaras euthanized during management actions, remaining individuals observed at the end of each month, 
and estimated population size at the start and end of each month (i.e., before and after removal of capybaras)

  Euthanized Observed (end of month) Estimated (end of month) Estimated (start of month)

.10/2013 0 98 115 115

.11/2013 0 - 115 115

.12/2013 8 - 107 115

.01/2014 40 39 67 107

.02/2014 57 10 10 67

.03/2014 7 2 3 10

.04/2014 2 tracks, feces 1 3

.05/2014 0 tracks, feces 1 1

.06/2014 0 tracks, feces 1 1

.07/2014 0 tracks 1 1

.08/2014 0 tracks 1 1

Table S.2 –Detailed results of capybara removal activities and capybara surveys performed during 2013/2014 and estimated remaining 
capybara population after removal on each date

  Euthanized    

  Males Females Infants Total Observed Estimated

.10.2013         98 115

18.12.2013 2 6 0 8   115

8.1.2014 1 2 0 3   107

9.1.2014 3 11 4 18   104

13.1.2014 3 1 1 5   86

20.1.2014 0 1 0 1   81

23.1.2014 0 4 0 4   80

24.1.2014 0 2 1 3   76

(continues...)

the captures for serological tests earlier in 2013. Capybara 
removal took place between December 18th, 2013 and April 
8th, 2014, resulting in the capture and euthanasia of 114 
specimens (Table 3; see Table S.2 for detailed results). Based on 
the number of euthanized individuals and the results of non-
invasive surveys at the end of each month between January 
2014 and October 2014, we estimated a total of 115 capybaras 
living inside the gated community in October 2013, one of 
which seemingly remained alive at the end of the capybara 
removal activities, as indicated by the observation of some 
capybara tracks and feces in surveys performed between April 
and August 2014 (Table 3, Table S.2). Subsequent mammal 
monitoring activities have identified only indirect evidences 
of the species’ presence in the study area, which we interpret 
as being produced by the same remaining individual. 
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  Euthanized    

  Males Females Infants Total Observed Estimated

27.1.2014 0 6 0 6   73

28.2.2014         39 67

3.2.2014 4 11 10 25   67

5.2.2014 0 4 2 6   42

11.2.2014 3 9 1 13   36

12.2.2014 0 1 0 1   23

13.2.2014 1 1 3 5   22

17.2.2014 1 0 6 7   17

20.2.2014         3 10

27.2.2014         10 10

10.3.2014 1 0 0 1   10

17.3.2014 0 4 0 4   9

24.3.2014 0 2 0 2   5

27.3.2014         1 (young) 3

28.3.2014         1 (adult) 3

8.4.2014 1 0 1 2   3

28.4.2014         tracks, feces 1

30.4.2014         tracks 1

22.5.2014         feces 1

28.5.2014         tracks 1

25.6.2014         feces, tracks 1

31.7.2014         tracks 1

22.8.2014         tracks 1

29.8.2014         tracks 1

Results summarized per month are presented in the main text (Table 1). (conclusion)

The demographics of the population present in the 
gated community based on euthanized individuals 
are presented in Table 4. The estimated population of 
115 individuals represents a density of 11.5 ind/km², 
similar to that seen in natural areas in the Brazilian 
Pantanal (SCHALLER; CRAWSHAW JUNIOR, 1981; 
ALHO; RONDON, 1987), and therefore remarkably 
high considering the characteristics of the study area. 
The removed population consisted of 74.56% adults and 
25.44% infants, a lower number of infants in comparison 
to the results for 2013, as seen above. The sex ratio of the 
removed population was 1:3.25 (males/females), a female 
predominance greater than the one indicated by captures 
in 2013, and greater even than the full range of sex ratios 
seen in all studies mentioned by Moreira et al. (2013).

Table 4 –  Demographic characteristics of the resident 
population of capybaras in the study area during 
management activities to control BSF risk

    # age % sex % Sex rate

adults total 85 74.56%   1 : 3.25

 

male 20   23.53%

female 65 76.47%

infants total 29 25.44%  

Tick population analysis
The dynamics of A.sculptum adults, nymphs and larvae 

at each of the 10 sampling points in the gated community 
between February 2014 and November 2015 are shown in 
Figure 2. Eight adult specimens of A. dubitatum have been 
recorded (3.1% of all adult ticks) in sampling points 2, 4, 
6 and 8; all further analyses focus only on A. sculptum. 

Table S.2 –   Detailed results of capybara removal activities and capybara surveys performed during 2013/2014 and estimated remaining 
capybara population after removal on each date

(continued)
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Figure 2 –  Dynamics of free-living Amblyomma sculptum adults, nymphs and larvae at the 10 sampling points studied in a gated 
community in Bragança Paulista (SP, Brazil), between February 2014 and November 2015 

(continues...)
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Figure 2 –  Dynamics of free-living Amblyomma sculptum adults, nymphs and larvae at the 10 sampling points studied in a gated 
community in Bragança Paulista (SP, Brazil), between February 2014 and November 2015 

The location of the sampling points is shown in Figure 1, above. 

(continued)

(conclusion)

Ten or more adult ticks were observed in at least one 
month in sampling points 1, 2, 3, 4 and 9, located near 
or at the margins of the two lakes farthest from the gated 
community’s equestrian club (see Figure 1). The largest 
number of ticks was recorded at sampling point 1 during the 
first survey, in February 2014. Larvae have been identified 
at four sampling points (5, 6, 7 and 8), with population 
bursts between July 2014 and September or October 2014 at 
sampling points 5, and 6 and in November 2014 at sampling 
points 7 and 8. Increases in the population of nymphs were 
registered in October and November (sampling points 1, 2, 
6, 7 and 8), but also earlier (especially at sampling point 5); 
a localized burst in the number of nymphs occurred in 
February 2015 at sampling points 5 and 9. 

The dynamics of adults shows large numbers of ticks 
during the first months of 2014, especially at sampling 
points 1 and 2, and population surges around October 2014 
at some sampling points, often associated with increased 
numbers of nymphs in the same or in the preceding month. 

The bursts in nymph numbers in February 2015 led to a 
transient increase in adult ticks at sampling point 9, but not 
5. While some coupling of the dynamics of tick stages did 
occur at some sampling points, this does not seem sufficient 
to explain local tick population dynamics, suggesting the 
existence of tick flow between areas in the gated community, 
possibly carried by other hosts present in the area (e.g., 
opossums, other mammals, and possibly birds – PEREIRA; 
LABRUNA, 1998; LABRUNA et al., 2001; LABRUNA et al., 
2002b; GUGLIELMONE et al., 2003; LABRUNA et al., 2005; 
PEREZ et al., 2008), which justifies using the sum of results 
for the whole study area as a basis of statistical analyses. Also 
noteworthy is the almost complete absence of all stages of 
Amblyomma sculptum after February 2015. 

Figure 3 shows the dynamics of A. sculptum adults, 
nymphs and larvae populations in the gated community 
for the 2-year period between January 2014 and December 
2015, using the closest values to estimate the population 
between January 2014 and December 2015 (see Methods), 
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Figure 3 –  Dynamics of free-living Amblyommasculptum adults, nymphs and larvae in a gated community in Bragança Paulista 
(SP, Brazil), between January 2014 and December 2015 (top row) and its decomposition into Seasonal (second row) and 
Trend (third row) components 

The capybara population during the same period is shown at the bottom, for comparison.

as well as estimated Seasonal and Trend components for 
each tick stage. The Trend component for adults shows a 
monotonic decrease between July 2014 and June 2015, while 
no clear trend can be identified for nymphs and larvae. 
The estimated seasonal component for larvae suggests a 
pulse approximately between August and October, later 
than that found in previous studies (LABRUNA, 2000; 
LABRUNA et al., 2002a), while the seasonal component 
for nymphs and adults shows two rather close peaks in 
October and February, a behavior that seems at odds with 
previous studies indicating that the species has an 1-year 
generation pattern (SERRA-FREIRE, 1982; SOUZA, 1990; 

OLIVEIRA et al., 2000; LABRUNA et al., 2002a). It is 
possible that the close peaks may actually correspond to 
a single peak in spring and summer months, disrupted 
midway by population decreases caused by capybara 
removal and the other management measures then being 
undertaken. The fact that the seasonal peak for nymphs 
and for adults occurred during spring and summer and 
not during fall and winter months, as seen in previous 
studies (SERRA-FREIRE, 1982; SOUZA, 1990; OLIVEIRA 
et al., 2000; LABRUNA et al., 2002a) is harder to explain, 
but could also be related to a disruption of population 
dynamics linked to the ongoing management measures.
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It is worth noting that the population for all tick 
stages reached virtually zero at all times after June 
2015, at the latest (earlier for nymphs and larvae), and 
that population bursts expected during 2015 based 
on estimated seasonal components seemingly did not 
occur. This may be interpreted as an indication of 
effective control of the tick population in the study 
area, preventing normal continuation of the species’ 
seasonal cycles.

The results of regressions of tick stage populations on time 
(months) with ARMA errors are shown in Table 5, below. 
The results indicate a statistically significant reduction in 
the number of adult ticks over time between February 2014 
and November 2014, corroborating the downward trend in 
the adult tick population suggested by the decomposition 
of the time series (see above). The actual number of adult 
ticks registered during surveys reaches zero in June 2015, 
as mentioned above. These results seem to support the 
effectiveness of the management measures taken in controlling 
the environmental tick burden. No significant Autoregression 
(AR) or Moving-Average (MA) parameters were identified for 
adult ticks, suggesting that current population and population 
changes in one month did not significantly affect population 
size at subsequent times during the studied period.
Table 5 –  Results of regressions with errors following an 

automatically fit ARMA model for Adults, Nymphs 
and Larvae of A. sculptum, using data from February 
2014 to November 2014

  Intercept Time AR

Adults 41.20 ± 6.10*** - 2.17 ± 0.47*** -

Nymphs - 0.95 ± 1.11 -

Larvae - 7.13 ± 27.11 0.67 ± 0.29***

The values represent the estimated parameter ± 95% confidence interval 
(standard deviation × 1.96).
Significance: *** (p < 0.001); ** (p < 0.01); * (p < 0.05)

Table 6 –  AIC, Δ AIC and Akaike weights (w) for linear 
regressions of adult tick population on capybara 
population with time gaps between 0 and 15 months

gap (months) AIC ∆AIC W
0 180.88 19.55 0.0000

1 177.83 16.49 0.0001

2 177.15 15.82 0.0001

3 175.21 13.88 0.0003
4 175.13 13.80 0.0004
5 175.90 14.57 0.0002
6 175.43 14.10 0.0003

7 173.23 11.90 0.0009
8 166.80 5.47 0.0231
9 161.37 0.04 0.3497

gap (months) AIC ∆AIC W

10 161.33 0.00 0.3573

11 163.94 2.61 0.0970

12 163.62 2.28 0.1140

13 165.27 3.94 0.0498

14 169.49 8.16 0.0060

15 173.87 12.54 0.0007

No significant parameters were identified for nymphs, 
suggesting that the temporal dynamics for this stage at 
the gated community during the studied period can be 
understood as rapid transient population pulses with no 
significant influence on the nymph population over the 
subsequent months. This suggests a short survival time 
of free-living nymphs in the area. Using the maximum 
value of the nymph time series for January 2014 leads to 
the identification of a non-zero intercept, but does not 
otherwise change the interpretation of results (see Table S.1).  
Finally, the ARMA regression for larvae identified a 
first-order autoregressive (AR) model, indicating that 
population increases for this stage persist for some time, 
and therefore suggesting longer survival of free-living 
ticks in this stage. The first-order AR parameter suggests 
a persistence of at least 1 month, less than that described 
for free-living larvae by Labruna (2000) in Pirassununga 
(state of São Paulo), perhaps also a result of the ongoing 
management measures in the area analyzed here. Using the 
maximum value of the larvae time series for January 2014 
creates an unlikely off-season peak (see Figure 3 above), 
and leads to the identification of a non-zero intercept and 
a large reduction in the strength of the AR parameter.

The Akaike weights of linear models using capybara 
population with different time gaps as a predictor of adult 
tick population suggest that reduction of the capybara 
population most likely has an effect on adult tick population 
after a gap of approximately 9 (probability of 34.97%) or 
10 months (probability of 35.73%) (Table 6). The effect of 
capybara population reduction on the adult population of 
A. sculptum has estimated slopes of 0.239 ± 0.067 (gap of 
9 months) and 0.238 ± 0.066 (10 months), is highly significant 
(p < 0.001), and explains over 70% of total variation in both 
cases (R² = 0.7133 and 0.7135 for gaps of 9 and 10 months, 
respectively). While this effect size may be overestimated 
as a direct measure of capybara removal, as it is conflated 

(conclusion)

(continues...)

Table 6 –  AIC, Δ AIC and Akaike weights (w) for linear 
regressions of adult tick population on capybara 
population with time gaps between 0 and 15 months

(continued)
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here with the effects of the other simultaneous management 
measures (e.g., grass mowing, use of acaricides), this result 
strongly suggests the effectiveness of the set of measures 
taken in reducing tick burden (and consequently BSF risk), 
and also that the exclusion of capybaras as the primary host 
for A. sculptum has likely played an important role for this 
reduction in the study area. 

Previous studies mention that free-living adults of 
A. sculptum may remain viable in the environment for 
approximately 1 year (ROHR, 1909), and for that reason 
Labruna (2013) suggested that results of primary host exclusion 
on tick populations and BSF risk should only be expected after 
1 or 2 years. The time gap of 9–10 months between primary 
host exclusion and tick population reduction identified 
here can therefore be considered short. This relatively rapid 
effect is possibly explained by the simultaneous use of other 
management measures further reducing the population of 
free-living ticks in the environment. 

Serological tests
The results of the serological test performed on horses 

kept at the gated community’s stud farm in December 2014 
is shown in Table 1, along with the results of the previous 
test conducted in September 2013. The general rickettsial 
seroprevalence in horses decreased from 53.05% to 35%, 
and the antibody titers of reactive horses likewise became 
lower (Figure 4). Titers of 1024 were not observed in any 
horse in December 2014 (compared to three animals in 
2013), and only two animals had titers of 512 (compared 
to five in 2013). The non-parametric Wilcoxon–Mann–
Whitney test found a significant, albeit small reduction 
in titers between September 2013 and December 2014 
(p = 0.0099, r = 0.206).

Figure 4 –  Cumulative frequency of serology results for 
Rickettsia rickettsii in horses kept at the gated 
community’s stud farm

Note a general reduction in antibody titers between tests conducted in September 
2013 and December 2014.

When considering only the 38 horses tested both in 
2013 and 2014, the majority of the horses found to be 
seropositive in 2013 had lower antibody titers in 2014 
(12 of 21 previously seropositive horses, or 57.14%). The 
titers of 9 previously seropositive horses (42.86%) had 
remained equal in December 2014, and no horses had 
higher titers than found in the previous test (Table 7), 
further suggesting a reduction of BSF risk in the study area. 
In a recent study by Ueno et al. (2016) in which four horses 
were experimentally infected with R. rickettsii, antibody 
persistence varied between approximately 6 months and 
over 2 years after the initial infection. Therefore, it is 
expected that some horses would remain seropositive for 
a relatively long time after a reduction of the local tick 
burden and BSF transmission risk. The non-parametric 
Wilcoxon signed-rank test identified a significant reduction 
in the R. rickettsii antibody titers of horses tested in both 
September 2013 and December 2014, with an effect size of 
medium to large magnitude (p < 0.0001; r = 0.56).

Table 7 –  Comparison of Rickettsia rickettsii antibody titers identified in indirect immunofluorescence assays (IFA) conducted in 
horses kept at the gated community’s stud farm, for horses tested in both October 2013 and December 2014

 
December 2014

Uninfected 64 128 256 512 1024

October 2013

Uninfected 17          

64 3 4        

128     1      

256     5 2    

512     1 1 2  

1024       2    

Values in bold across the diagonal represent animals with identical titers in both tests; values below the diagonal represent animals which have undergone a reduction 
in antibody titers between both dates.
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The significant reduction in R. rickettsii antibody titers 
of infected horses may be considered a further indication 
that the management measures taken, and particularly 
the exclusion of the local population of capybaras, were 
effective in reducing the local BSF transmission risk. The 
reduction in titers also seems to indicate that capybaras 
were in fact the main amplifying host for R. rickettsii in 
the gated community, and that other potential amplifying 
hosts (e.g. opossums – Didelphis sp. – HORTA et al., 2009) 
apparently do not play this role in the study area. 

Further serological tests in the area after 2015 had not 
been conducted at the time of writing. More recent tests 
of the sentinel animals would be an important addition to 
this study, as a verification of the effectiveness of continued 
management actions for controlling BSF risk at the study 
area in the medium term, and may be disclosed as a short 
case report if and when they become available.

Conclusion
In this study we reported the factors leading to the 

identification of a gated community located in an area 
of the state of São Paulo as a Risk Area for BSF, including 
an increasing resident capybara population with high 
rickettsial seroprevalence, and analyzed the effectiveness 
of a set of management actions taken to control the tick 
burden and BSF transmission risk, including removal 
of the local capybara population (apparently acting as 
amplifying hosts in the area) and other measures to control 
parasitic and free-living populations of Amblyomma ticks. 
The results of tick population analyses and serology tests 
indicate that the management measures were effective, 
greatly reducing the environmental tick burden in the 
study area and significantly lowering BSF transmission 
risk. This study provides evidence that removing local 
capybara populations in enclosed BSF Risk Areas with 
high capybara population densities and high Amblyomma 
tick load may be an appropriate action to reduce tick load 
and BSF transmission risk, provided that the capybara 
population is effectively removed and that this measure 

will not jeopardize the survival of capybara populations 
at the regional level.
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