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ARTICLE INFO ABSTRACT

Keywords: Amblyomma sculptum is the principal vector of Rickettsia rickettsii, the main agent of spotted fever rickettsiosis in

Amblyomma sculptum Brazil. Little information is available regarding the population dynamics of this tick in some regions, including

SéaSOHQflitY north-eastern Brazil, where cases of spotted fever rickettsioses are increasingly reported. Herein, we studied the

gle‘j’;tsm phenology of A. sculptum in a rural area in north-eastern Brazil. Ticks were collected from the environment, using
razi

dry ice-baited traps, monthly for two consecutive years. In total, 1500 ticks were collected: 94 females (6.3%),
74 males (4.9%), 468 nymphs (31.2%), and 864 larvae (57.6%). All nymphs and females were identified as A.
sculptum. Males were tentatively identified as A. sculptum and larvae as Amblyomma spp. Ticks were more nu-
merous during spring and summer, followed by autumn and winter. Peaks of larvae and nymphs were recorded
during summer and spring, respectively, whereas adults were more frequently collected in spring. A total of 380
ticks were tested by PCR for the gltA gene of Rickettsia spp., but none of them were positive. While our results
revealed a seasonal pattern for A. sculptum in north-eastern Brazil that is distinct from the seasonal pattern in
south-eastern Brazil, we caution that the observed pattern could have been biased by the relatively low number
of ticks collected. Finally, the absence of Rickettsia-infected ticks does not rule out the possibility that rickettsial

organisms are circulating in the study area and further long-term studies are warranted.

1. Introduction

Spotted fever rickettsioses are endemic in Brazil, where Rickettsia
rickettsii and Rickettsia parkeri have been recognized as disease agents in
humans (Labruna et al., 2014; Nieri-Bastos et al., 2018). From 2007 to
2015, 17,117 suspected cases of spotted fever rickettsioses were re-
ported, of which 1245 were confirmed across 12 states (Oliveira et al.,
2016). While most of the cases are concentrated in south-eastern Brazil,
spotted fever rickettsioses are increasingly reported in the north-eastern
region (Oliveira, 2016). For instance, several cases of a milder spotted
fever rickettsiosis have been documented in the Macico de Baturité
region of Ceard state (Moerbeck et al., 2016; Oliveira, 2016). Cases of
spotted fever rickettsioses in this focus have been associated with R.
parkeri (Atlantic rainforest strain) (Moerbeck et al., 2016; Oliveira,
2016) and a recent study reported the isolation of a R. rickettsii-like
strain from Rhipicephalus sanguineus sensu lato collected from dogs in
the Macico de Baturité region (Silva et al., 2017). More recently, a fatal
case diagnosed as “spotted fever rickettsiosis” was documented in
Pernambuco state (Oliveira et al., 2018). While this case cannot be

confirmed as spotted fever rickettsiosis (i.e., no serology performed and
PCR positivity only for gltA gene), it reinforces the need for further
studies in north-eastern Brazil.

Vectors of spotted fever rickettsiae are present in Pernambuco. For
instance, Rickettsia amblyommatis has been reported in Amblyomma
auricularium and Amblyomma pseudoconcolor in different areas of
Pernambuco (Saraiva et al., 2013; Silva et al., 2018). In addition, Am-
blyomma sculptum (reported as “Amblyomma cajennense”), the main
vector of R. rickettsii in Brazil, was reported in Amaraji, Gravatd, and
Sairé (Dantas-Torres, 2009).

While A. sculptum is known to occur in Pernambuco and other states
in north-eastern Brazil (Martins et al., 2016), there is virtually no in-
formation about the phenology of this tick in this region. In fact, in-
formation about the seasonal dynamics of A. sculptum derives from
studies conducted in south-eastern Brazil (Oliveira et al., 2000; Szabd
et al., 2007; Guedes and Leite, 2008; Labruna et al., 2002; Veronez
et al.,, 2010; Barbieri et al., 2019) and may not necessarily apply to
other regions. In this context, we studied the phenology of A. sculptum
in Amaraji, where the tick was found for the first time in Pernambuco
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Fig. 1. Location of the collection sites in Amaraji, Pernambuco, Brazil. Maps created using QGIS 2.18.28 (QGIS Development Team, 2019), with the QuickMap-

Services plugin and shapefiles from Google Maps.

(Dantas-Torres, 2009). We also assessed the presence of Rickettsia spp.
DNA in these ticks.

2. Material and methods

This study was conducted in a rural area in Amaraji (08°22’58” S,
35°27/10” W, altitude: 289 m), located 96 km from Recife (the capital
city). Amaraji is located in the southern part of the Atlantic rainforest
region of Pernambuco and its climate is hot tropical and humid (Am, in
Koppen climate classification), with annual average temperature of
23.1 °C and annual average precipitation of 1805 mm. With a land area
of 234.78 km?, Amaraji is home to a human population of around
22,600. Most of the original vegetation coverage has been replaced by
croplands and grazing areas, but degraded forest fragments are still
present. Small rodents and marsupials are abundant in both forest
fragments and croplands (Brandao-Filho et al., 2003). Horses and dogs
are known hosts of A. sculptum in these areas (Dantas-Torres, 2009).

Ticks were collected monthly, from January 2015 to December
2016, in 20 pre-selected, georeferenced collection sites (S1-S20), cov-
ering an area of approximately 170m? (Fig. 1). Geographical co-
ordinates of each collection site were recorded using a Garmin eTrex
Venture HC GPS (Garmin International, Olathe, KS, USA). Sites chosen
for tick collection were represented by grasslands near forest fragments,
plantations, pastures and rural properties. Collection sites were also
located near small lakes and approximately 2.5km from the Amaraji
river (Fig. 2). Briefly, a 1 m? piece of white flannel, with double-sided
tape surrounding its edges and a plastic pot containing 500 g of pelle-
tized dry ice (CO source), was placed on the ground vegetation in each
collection site. Collections were carried out in the afternoon and CO,

traps were left in the environment for 2h. Overall, 19-20 traps were
used monthly (i.e., 20 traps during the first 15 months, and 19 traps in
the last nine months), totalling 471 traps installed and 942 trapping
hours.

Ticks found on the traps were collected and placed in labelled vials
containing 70% ethanol. Adults and nymphs were identified to species
level using morphological keys and species descriptions (Aragao and
Fonseca, 1961; Onofrio et al., 2006; Martins et al., 2010; Nava et al.,
2014). While males of A. cajennense and A. sculptum cannot be mor-
phologically distinguished with certainty, A. sculptum is the only species
belonging to the A. cajennense group present in the Atlantic rainforest
biome (Martins et al., 2016). Furthermore, male ticks from Amaraji
were already genetically characterized as A. sculptum (Martins et al.,
2016). Males collected in this study were therefore tentatively assigned
to A. sculptum. Larvae were identified to genus level. Voucher speci-
mens (two males, two females and 10 nymphs) were deposited in the
tick collection “Colecao Nacional de Carrapatos Danilo Gongalves Sar-
aiva” of the University of Sdo Paulo (accession number CNC-3647).

Ticks were subjected to DNA extraction using the DNeasy Blood &
Tissue Kit (Qiagen, Germantown, MD, USA), following the manu-
facturer’s instructions. DNA from adults was extracted individually,
whereas DNA from nymphs was extracted from pools containing 2-10
specimens. Pools were formed by nymphs collected in the same CO,
trap and on the same day. Extracted DNA samples were subjected to
PCR for the detection of Rickettsia spp. DNA, using primers CS-78
(forward) and CS-323 (reverse), targeting a 401 bp fragment of the
citrate synthase (gltA) gene, which is present in all species of the genus
Rickettsia (Labruna et al., 2004). The final reaction volume (25 pl)
contained 6.5 pl of DNA-free water, 12.5 pl of GoTaq Colourless Master
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Fig. 2. Location of small lakes (highlighted in rectangles) (A) and of the Amaraji river (orange star) (B) near some of the tick collection sites (513 to S18), Amaraji,
Pernambuco, Brazil. Maps created using QGIS 2.18.28 (QGIS Development Team, 2019), with the QuickMapServices plugin and shapefiles from Google Maps.

Mix (Promega, Southampton, UK), 2ul of each primer (at the con-
centration of 25 pmol/ul) and 2l of template DNA. The thermal cy-
cling conditions were as follows: initial denaturation at 95 °C for 3 min,
40 cycles at 95°C for 15s, 58 °C for 30s and 72 °C for 30s, and final
extension at 72 °C for 7 min. Each PCR run included a negative (DNA-
free water) and a positive control (DNA from a Rickettsia-positive tick).
PCR products were analysed by electrophoresis and visualized in a
1.5% agarose gel stained with ethidium bromide (stock concentration
10 mg/ml) under a UV transilluminator.

Meteorological data were obtained from the National Institute of
Meteorology (INMET), using information recorded from the meteor-
ological station number 82900 (68 km away from the study area).
Frequencies (%) were calculated for the developmental stages (larvae,
nymphs, and adults) and sex (male and female) of the ticks collected.
Normality of data was assessed using the Lilliefors test. Monthly num-
bers of ticks, according to collection site and developmental stage, were
compared using Kruskal-Wallis H-test and Dunn’s post-hoc test. The
level of significance was set at P < 0.05. Statistical analyses were
performed using BioEstat software, v5.3 (Mamiraud Institute of
Sustainable Development, Tefé, AM, Brazil). For logistic reasons, only
15 trapping sessions were conducted in S6, as compared to 24 in all
other sites. For this reason, this site was excluded from data analysis.

3. Results

In total, 1500 ticks were collected: 94 females (6.3%), 74 males
(4.9%), 468 nymphs (31.2%), and 864 larvae (57.6%). Females, males
and nymphs were all identified as A. sculptum and larvae as Amblyomma
spp. On one occasion, one male and one female (both dead) of
Dermacentor nitens were found under one of the traps (S10), which was
placed near a horse. These two ticks were not accounted for in this
study.

Ticks were present in all collection sites (Supplemental Table S1),
except in site S6 where no single tick was collected during the first 15
months of the study when this site was assessed. Ticks were present

during all months of the study, from January 2015 to December 2016.
Their overall numbers did not vary significantly according to collection
site, except between S12 and S16 (Kruskal-Wallis H-test: H = 31.0,
df = 18, P = 0.03; Dunn’s post-hoc test, P < 0.05). Moreover, ticks
were not collected consistently in individual sites throughout the study
period, with ticks absent for several consecutive months in some sites.
In particular, ticks were present in 10-16 out of 24 months in ten sites
(i.e., S2, S3, S7, S8, S9, S10, S11, S14, S16 and S17). In the remaining
sites (S1, S4, S5, S12, S13, S15, S18, S19 and S20), ticks were present in
4-9 out of 24 months. The spatial distribution of ticks was significantly
aggregated across collection sites (y? = 82.28, df = 18; P < 0.0001).
Indeed, 64% of the ticks were collected in just six sites, namely, S14
(19.7%), S18 (15.3%), S10 (8.6%), S9 (8%), S8 (6.7%) and S17 (5.7%),
with two sites (§14 and S18) concentrating 35% of the collections.

Ticks were present during all months of the year, both in 2015 and
2016 (Fig. 3), but the monthly total numbers of larvae, nymphs and
adults (Supplemental Table S2) did not vary significantly (Kruskal-
Wallis H-test: H = 3.1613, df =2, P = 0.2058). Integrating data
gathered from both years, the highest numbers of larvae and nymphs
were recorded during summer and spring, respectively, whereas adults
were most frequent in spring.

In total, 380 ticks (88 females and 65 males tested individually, and
227 nymphs tested in pools) were tested by PCR, but none of them were
positive for Rickettsia spp. DNA.

4. Discussion

Amblyomma sculptum was the only Amblyomma species found in this
study. This tick species is mainly associated with the Cerrado biome (a
vast tropical savannah ecoregion of Brazil) and is generally absent from
preserved areas of the Atlantic rainforest biome (Szabé et al., 2007;
Veronez et al., 2010; Martins et al., 2016). The high humidity of rain-
forests seems to be deleterious for A. sculptum (Labruna, 2018), but
forest degradation may alter the microclimate and the microenviron-
ment, thus favouring the presence of this tick (Szabd et al., 2009).
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Fig. 3. Monthly numbers of Amblyomma spp. larvae and A. sculptum nymphs and adults collected in Amaraji, Pernambuco, Brazil, from January 2015 to December

2016, in relation to monthly average temperature and rainfall.

While the rural area investigated herein is characterized by the pre-
sence of croplands and grazing areas with degraded forest patches, the
low abundance of relevant hosts (e.g., capybaras) may partly explain
the low abundance of A. sculptum. As a perspective, it would be valuable
to investigate the presence and seasonality of A. sculptum in other areas
of Pernambuco, where the presence of this tick has been ascertained
(Dantas-Torres, 2009).

Considering all developmental stages and both years of study, ticks
were more numerous during spring and summer. The peaks observed in
spring and summer were associated with nymphs and larvae, respec-
tively, whereas adults peaked in spring. This seasonal pattern is dif-
ferent from that reported for A. sculptum in south-eastern Brazil, where
a one-year generation pattern is characterized by larvae predominating
in autumn, nymphs in winter, and adults during spring and summer
(Oliveira et al., 2000; Labruna et al., 2002; Szabé et al., 2007; Barbieri
et al., 2019). These differences in tick seasonality in the north-eastern
(closer to the equator) and south-eastern regions could be related to the
distinct seasonal weather patterns observed in these regions (e.g., dry
period concentrated in winter and summer in the south-eastern and in
north-eastern regions, respectively).

While the nymphal peak in spring, before the larval peak in
summer, suggest a different seasonal pattern for north-eastern Brazil,
our data relied on relatively low tick numbers, which could have biased
or masked the “real” peaks of A. sculptum in the study area. In fact, a
relatively low abundance of A. sculptum adults was observed during the
whole study period, even though their numbers tended to be higher
during spring, winter and autumn, as compared to summer. In south-
eastern Brazil, A. sculptum adults predominate during spring and
summer (Oliveira et al., 2000; Labruna et al., 2002; Szab6 et al., 2007;
Barbieri et al., 2019), which partly agrees with our results.

The collections of A. sculptum adults were apparently inhibited by
monthly rainfall. In fact, adults were also more abundant during hotter
months, which is in line with a laboratory study showing a greater
capacity of this species to survive under higher saturation deficit con-
ditions as compared to A. cajennense sensu stricto (Labruna, 2018).
Further research with more numerous tick samples are needed for a
better understanding of the relationship between A. sculptum phenology
and meteorological variables in north-eastern Brazil.

None of the 380 ticks tested by PCR for the gltA gene of Rickettsia
spp. was positive. This is in line with most studies conducted in Brazil,
where A. sculptum ticks are usually all negative or only a very small
proportion of them are positive for rickettsial organisms (Labruna et al.,
2004; Guedes et al., 2005; Estrada et al., 2006; Vianna et al., 2008;
Guedes et al., 2011; Pacheco et al., 2011; Toledo et al., 2011; Barros
Lopes et al.,, 2014; Krawczak et al., 2014; Brites-Neto et al., 2015;

Bitencourth et al., 2017; Machado et al., 2018; Sousa et al., 2018; Szabd
et al., 2019). Although a relatively infrequent finding, different species
of Rickettsia have been reported in A. sculptum in Brazil, including R.
rickettsii, R. bellii, R. anblyommatis, R. parkeri (strain NOD), R. felis and
‘Candidatus Rickettsia andeanae’ (Guedes et al., 2005; Krawczak et al.,
2014; Bitencourth et al., 2017; Barbieri et al., 2019; Machado et al.,
2018; Sousa et al., 2018; Szabd et al., 2019). Interestingly, the finding
of R. rickettsii-positive A. sculptum ticks is rare (Guedes et al., 2005,
2011; Krawczak et al., 2014; Labruna et al., 2017), even if tick is
considered the most important vector of this bacterium in Brazil (Szab6
et al., 2013). Recent studies have ascertained the importance of capy-
baras for the occurrence of R. rickettsii-spotted fever transmitted by A.
sculptum in Brazil (Polo et al., 2017, 2018). Perhaps, the apparent ab-
sence of R. rickettsii in the studied area may be explained by absence or
low density of these amplifying hosts. Indeed, in spite of the year-long
presence of A. sculptum, capybaras are not abundant in this area ac-
cording to locals, probably as a result of years of illegal hunting and
habitat degradation.

In conclusion, this study revealed a distinct seasonal pattern for A.
sculptum in north-eastern Brazil, as compared to data gathered from
studies conducted in south-eastern Brazil; however, such distinct pat-
tern could have been biased or masked by the relatively low tick
numbers that were collected. Finally, the absence of Rickettsia-infected
A. sculptum ticks does not rule out the possibility that rickettsial or-
ganisms are circulating in the study area. Further long-term studies are
warranted to confirm (or rule out) this possibility.
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