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Abstract 

Background The tick Amblyomma cajennense sensu stricto (A. cajennense s.s.) frequently parasitizes animals 
and humans in the Amazon biome, in addition to being a vector of Rickettsia amblyommatis. In the present study, we 
evaluated both the population dynamics of A. cajennense s.s. in a degraded area of the Amazon biome and the pres‑
ence of rickettsial organisms in this tick population.

Methods The study was carried out in a rural area of the Santa Inês municipality (altitude: 24 m a.s.l.), Maranhão 
state, Brazil. Ticks were collected from the environment for 24 consecutive months, from June 2021 to May 2023. The 
region is characterized by two warm seasons: a rainy season (November–May) and a dry season (June–October). We 
characterized the temporal activity of A. cajennense s.s. on the vegetation by examining questing activity for each life 
stage (larvae, nymphs, adults [males and females]) in relation to the dry and rainy season. Ticks collected in this study 
were randomly selected and individually tested by a TaqMan real‑time PCR assay that targeted a 147‑bp fragment 
of the rickettsial gltA gene.

Results Overall, 1843 (62.4%) adults (52.6% females, 47.4% males), 1110 (37.6%) nymphs and 398 larval clusters 
were collected. All adult females and nymphs were morphologically identified as A. cajennense s.s. Larval activity 
was observed from April to December, with a peak from June to September (dry season); nymph abundance peaked 
from September to November (transition period between dry and rainy seasons); and adult ticks were abundant 
from October to May (spring/summer/early autumn). The infection rate by R. amblyommatis in A. cajennense s.s. ticks 
was at least 7% (7/99).

Conclusion Our data suggest a 1‑year generation pattern for A. cajennense s.s., with a well‑defined seasonality 
of larvae, nymphs and adults in the Amazon biome. Larvae predominate during the dry season, nymphs are most 
abundant in the dry‑rainy season transition and adults are most abundant in the rainy season. The presence of R. 
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amblyommatis in adult ticks suggests that animals and humans in the study region are at risk of infection by this spe‑
cies belonging to the spotted fever group of Rickettsia.

Keywords Amblyomma cajennense, Ixodidae, Population dynamics, Rickettsia, Amazon region, Brazil

Background
The transmission dynamics of tick-borne diseases, such 
as Lyme disease and spotted fevers, involves complex 
eco-epidemiological interactions between their causa-
tive pathogens, tick vectors, the environment and sus-
ceptible host populations [1–4]. The abundance and 
seasonal distribution of ticks (larvae, nymphs and adults) 
play a major role in the epidemiology of tick-borne dis-
eases [1, 5–7]. Therefore, studies that evaluate these vari-
ables contribute to the mitigation of possible factors that 
could increase the risk of such diseases to animals and 
humans [8]. For example, the incidence of Lyme disease 
is strongly linked to the seasonal pattern of its tick vec-
tors [9–11]. Similarly, the incidence of Brazilian spotted 
fever (BSF) caused by Rickettsia rickettsii depends mainly 
on the phenology of its vector Amblyomma sculptum [1, 
2].

Abiotic factors, such as temperature, precipitation and 
humidity, are essential for the survival of ticks during 
their non-parasitic phase [12–15]. Outside the optimal 
range of these factors, tick activities (e.g. host-seeking 
behavior) can be inhibited and, in some cases, lead to tick 
mortality [6, 16]. Consequently, abiotic factors directly 
govern the spatial and temporal distribution patterns 
of ticks [6, 17, 18], as has been shown for A. sculptum, 
for example, whose developmental stages exhibit a pro-
nounced correlation with seasonal fluctuations. Adults 
are more abundant during the spring and summer (rain-
fall and high temperatures), larvae during mid-autumn 
and early winter (less rainfall and low temperatures) and 
nymphs are more abundant during the winter and early 
spring (less rainfall and moderate temperatures) [19]. It 
has been demonstrated that the 1-year generation pat-
tern of A. sculptum in southeastern Brazil is controlled 
by the behavioral diapause of larvae hatching during 
the spring and summer seasons [20]. These larvae typi-
cally start their host-seeking activity in the subsequent 
autumn [20, 21].

While the population dynamics of Amblyomma ticks 
has been extensively investigated in southeastern Brazil, 
only a few such studies have been conducted in other 
regions, such as the Amazon biome where only a sin-
gle study has evaluated the seasonality of Amblyomma 
ticks [22]. This is a significant research gap, consider-
ing that some of the tick species found in this biome are 
important from a medico-veterinary perspective. This 
is the case for Amblyomma cajennense sensu stricto (A. 

cajennense s.s.), whose distribution is restricted to the 
Amazon biome [23, 24]. Larvae, nymphs and adults of 
A. cajennense s.s. preferentially feed on large mammals 
(e.g. Tapirus terrestris [South American tapir], Hydro-
choerus hydrochaeris [capybara], Tayassu pecari [white-
lipped peccary], Pecari tajacu [collared peccary]), which 
are important hosts for the maintenance and disper-
sion of these ixodids in nature. Larvae and nymphs are 
also commonly reported on species of order Carnivora, 
medium-sized rodents and marsupials, as well as large 
ground-inhabiting birds. Amblyomma cajennense s.s. is 
an opportunistic tick-borne microbe that can parasitize 
humans in the Amazon biome [25–27]. Moreover, A. 
cajennense s.s. ticks are often infected (20–26%) by Rick-
ettsia amblyommatis (formerly ‘Candidatus Rickettsia 
amblyommii’), which is successfully maintained by trans-
ovarial and transstadial transmission [28]. While there is 
little information on R. amblyommatis infections in ani-
mals and humans, its role as a causative agent of spotted 
fever in humans cannot be ruled out [29].

Thus, knowledge of the population dynamics of A. 
cajennense s.s. is fundamental for future acarological and 
health surveillance measures in the Amazon biome. To 
fill this gap, we have evaluated the population dynamics 
of A. cajennense s.s. in a degraded area of the Amazon 
biome as well as the presence of rickettsial organisms in 
this tick population.

Methods
Study area
The study was carried out in a rural area of Santa Inês 
municipality (altitude: 24  m a.s.l.), Maranhão state. 
Santa Inês is located in the Amazon biome, and its cli-
mate is hot and humid, with an average annual tem-
perature of 27  °C and annual average precipitation of 
1710 mm [30]. The region is characterized by two warm 
seasons: a rainy season from November to May, and a 
dry season from June to October. The study was carried 
out at two sites located within a forest fragment, total-
ing approximately 10,000   m2 (Fig.  1). Study site 1 (S1; 
03°05′44″S, 45°32′50″W) was characterized as a more 
closed vegetation area due to the agglomeration of trees, 
shrubs and lianas. Shrubs and trees (approx. 3–6 m high) 
included many medium-sized plants, such as fever tree 
(Vismia guianensis), purple jurubeba (Solanum paludo-
sum), blackrodwood (Eugenia biflora) and young indi-
viduals of Inga sp., Pouteria sp., Tocoyena sp., as well 
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as a large amount of ipês (family Bignoniaceae) in the 
understory; in addition, two species of the large flow-
ering family Fabaceae (Schnella sp. and Bauhinia sp.) 
have been recorded. In terms of undergrowth (vegeta-
tion approx. 50–100 cm in height), Cyperus sp., Ipomoea 
sp., Alternathera sp., and whitehead broom (Borreria 
verticillata) were observed. The babassu palm (Attalea 
speciosa) was a dominant plant in the area. Study site 2 
(S2; 03°52′48″S, 45°32′53″W) was composed of more 
open forest and dense herbaceous and undergrowth veg-
etation, with the presence of Siam weed (Chromolaena 
odorata), blue snakeweed (Stachytarpheta cayennensis), 
Touch-me-not (Mimosa pudica), false mallow (Sida spi-
nosa) and yellow alder (Turnera ulmifolia). An agglom-
eration of subshrubs and thin-stemmed shrubs was also 
observed, such as common lantana (Lantana camara), 
spider flower (Cleome spinosa), Caesar weed (Urena 
lobata), along with isolated and spaced arboreal elements 
throughout the area, represented by candle bush (Senna 
alata), gumtree (Sapium glandulosum), Coccoloba sp. 
and the cultivated species brown salwood (Acacia man-
gium); in addition, some young individuals of ipês were 
recorded scattered throughout the area. Between the col-
lection sites there was a lake of around 15,000  m2, where 
it was possible to see groups of capybaras in groups of to 
60 individuals (cubs, juveniles and adults) (Fig. 2). Other 
mammals were also seen in the study area: paca (Cunicu-
lus paca), opossum (Didelphis sp.), coati (Nasua nasua) 
and agouti (Dasyprocta sp.). Humans frequently visited 
tick-infested areas, so parasitism by ticks was common. 

Amblyomma cajennense s.s. is known to be present in 
the study area, whereas A. sculptum has not yet been 
recorded [24].

Tick collection
Ticks were collected monthly from June 2021 to May 
2023, with a total of 24 collections across both the 
rainy (November–May) and dry seasons (June–Octo-
ber) (Fig. 3). Each month, ticks were collected by visual 
search and by dragging, as previously described [31]. 
Collections were performed between 8:00 am and 
12:00 pm and between 2:00 pm and 5:00 pm. The drag-
ging method consisted of passing a cotton flannel (2  m 
long × 1 m wide) over the leaf litter and vegetation. Drag-
ging was performed for approximately 30–40  min along 
linear transects of approximately 70–100 m, making stops  
approximately every 5 m to collect ticks from the cotton 
flannel and those on the researchers’ clothes. The visual 
search method consisted of visually inspecting the veg-
etation for the presence of ticks [31–33]. Two researchers 
were needed to carry out the collections by dragging, and 
three researchers for the visual search method.

Ticks removed from the researchers’ clothing, cotton 
flannel (dragging method) and vegetation were stored in 
15- or 50-ml test tubes containing 70% ethanol and sent 
to the Laboratory of Parasite Control of the Federal Uni-
versity of Maranhão for identification. Ticks were mor-
phologically examined under a binocular stereoscope 
(Carl Zeiss AG, Oberkochen, Germany) at a magnifica-
tion of between 6.3× and 50×. Adults and nymphs were 

Fig. 1 Map showing the study area, municipality of Santa Inês, Maranhão state, Brazil. Transition area was defined following Marques et al. [54] The 
Eastern Amazon‑Cerrado transition area varied from approx. 40 to 250 km. S1, S2, Study sites 1, 2, respectively
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identified to species level using morphological keys and 
species descriptions [23, 24, 34, 35]. Voucher specimens 
were deposited in the tick collection “Coleção Nacional 
de Carrapatos Danilo Gonçalves Saraiva” of the Univer-
sity of São Paulo (accession number CNC-4656).

Molecular detection of rickettsiae
Of the 3351 ticks collected in this study, 99 adults (50 
males, 49 females) were randomly selected and individu-
ally processed for DNA extraction using the guanidine 
isothiocyanate and phenol/chloroform technique [36].

DNA from ticks were tested by a TaqMan real-time 
PCR assay (Thermo Fisher Scientific, Waltham, MA, 
USA) that targeted a 147-bp fragment of the rickettsial 

gltA gene, following the protocol previously described 
by Soares et al. [37]. The real-time PCR-positive samples 
were subsequently tested with a conventional PCR assay 
using primers Rr190.70p and Rr190.602n targeting the 
190-kDa outer membrane protein gene (ompA) of the 
spotted fever group (SFG) Rickettsia spp., as described 
previously [38]. The ompA PCR products were purified 
using the  Wizard® SV Gel and PCR Clean-Up System 
(Promega, Madison, WI, USA) and sequenced using the  
BigDye™ Terminator v3.1 Matrix Standards Kit (Applied 
Biosystems, Thermo Fisher Scientific). Sequencing reac-
tions were carried in both directions in a 3500xL Genetic 
Analyzer (Applied Biosystems, Thermo Fisher Scien-
tific) using the same primers as for the PCR analyses. 

Fig. 2 Group of capybaras (Hydrochoerus hydrochaeris) in the study area. A Adults and juveniles, B adults, juveniles and cubs
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The obtained sequences were assembled and analyzed 
using Sequencher® v. 5.4.6 software (Gene Codes Corp., 
Ann Arbor, WI, USA), considering a Phred quality score 
of ≥ 30. Consensus sequences were subjected to BLASTn 
analyses (www. ncbi. nlm. nih. gov/ blast) to infer the closest 
similarities available in GenBank.

Tick DNA samples that tested negative to rickettsial 
DNA by the real-time PCR were also tested by the con-
ventional PCR targeting the tick mitochondrial 16S ribo-
somal DNA (rDNA) gene [39], with the aim to validate 
the DNA extraction protocol. If the tick sample yielded 
no product by this PCR, it was considered that DNA 

extraction was not successful, and the individual tick was 
discarded from the study.

Statistical analyses
We characterized the temporal activity of A. cajennense 
s.s. on vegetation by examining questing activity for each 
life stage (larvae, nymphs, adults [males and females]) in 
relation to the dry and rainy season. Meteorological data 
were obtained from Agritempo, an agrometeorological 
monitoring system provided by the Brazilian Agricul-
tural Research Corporation (Embrapa), using informa-
tion recorded from meteorological station number 

Fig. 3 Meteorological data for the study region during the study period (June 2021 to May 2023) were provided by Agritempo/EMBRAPA

http://www.ncbi.nlm.nih.gov/blast
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82900 (68 km distant from the study area). Data on tem-
perature (°C) and rainfall total (mm) are presented as 
monthly averages. Pearson’s correlation coefficient was 
used to compare the number of ticks at each stage (lar-
vae, nymphs, and adults) with the average monthly tem-
perature, relative humidity (RH) and precipitation (mm), 
from June to September (dry season) and from Novem-
ber to April (rainy season). Means of ticks according to 
the most significant months of drought and rainfall were 
compared using the Kruskal–Wallis H-test. Daylight was 
calculated by subtracting the hours between sunrise and 
sunset, following the latitude and altitude of the study 
area. Normality of data was assessed using the Lilliefors 
test. The level of significance was set at P ≤ 0.05. Statisti-
cal analyses were performed using BioEstat software, v5.3 
(Mamirauá Institute of Sustainable Development, Tefé, 
AM, Brazil).

Results
Overall, 1843 (62.4%) adults (52.6% females, 47.4% 
males), 1110 (37.6%) nymphs and 398 larval clusters were 
collected. All adult females and nymphs were morpho-
logically identified as A. cajennense s.s. Since no other 
tick species was found in our study, all males and larvae 
(morphologically compatible with A. cajennense sensu 
lato) were conveniently designated as A. cajennense s.s. 
While ticks were collected in both sites, significantly 
more were collected in S1  (93.6% of individual ticks and 
82.2% of larval clusters) compared to S2 (Chi-square test, 
χ2 = 6.68, df = 1, P < 0.002). In S1, all tick stages (larvae, 
nymphs and adults) were highly abundant, regardless 
of the season. Larvae, nymphs and adults were also col-
lected in S2, but the collected  ticks were mainly larvae 
(47 clusters) and, in lower abundance, adults (n = 23) and 
nymphs (n = 89). In S2, larval clusters were found exclu-
sively in the dry season.

Adult ticks were collected in all 24 sampled months, 
whereas nymphs were collected in 22  months (no 
nymphs collected in February and March 2023) and lar-
vae were collected in 17 months (no larvae collected  dur-
ing the periods January–April 2022 and January–March 
2023) (Fig. 4). In both collection years, larval activity was 
observed from April to December, with a peak from June 
to September (dry season) (Fig.  4). The highest abun-
dance of larvae in the environment was recorded for 
August in both study years (65 and 50 larval clusters in 
2021 and 2022, respectively). Nymph abundance peaked 
from September to November (transition period between 
dry and rainy seasons), with the highest abundance 
recorded in October of both years (180 and 243 indi-
viduals in October 2021 and October 2022, respectively) 
(Fig. 4). Adult ticks were abundant from October to May 
(spring/summer/early autumn), with the highest peaks 

in abundance occurring in March and April of 2022 (156 
and 143 individuals, respectively) and 2023 (163 and 195 
individuals, respectively (Fig. 4).

Comparisons of the mean number of larval clusters, 
nymphs and adults in the dry and rainy seasons showed 
that the larval clusters were significantly more abundant 
in the dry season than in the rainy season (Kruskal–Wal-
lis H-test, H = 36.90, df = 1, P = 0.0003) (Figs.  5, 6). In 
contrast, adults were significantly more abundant in the 
rainy season (Kruskal–Wallis H-test, H = 36.90, df = 1, 
P = 0.002) (Fig.  5c). Nymphs were more frequent in the 
transition periods from the dry and rainy seasons, so 
their abundance was similar in both seasons (Kruskal–
Wallis H-test, H = 36.90, df = 1, P = 0.2426) (Figs. 5, 6).

Larval clusters (n = 355) were more frequent when 
the number of daylight hours were shorter (< 12 h) (dry 
season) (P < 0.0002). Although present in all months of 
the experiment, adults were more frequent under long 
daylight conditions (> 12  h) (n = 1308) (P < 0.001). Nym-
phal abundance was statistically similar among the peri-
ods of different daylight hours (P = 0.003). In addition, 
larvae showed a significant negative linear correlation 
with rainfall (r =  −  0.7462; P < 0.001; R2 = 0.6417), while 
adults showed a positive correlation (r = 0.8476; P < 0.001; 
R2 = 0.7941). There was no correlation between tick 
stages and average temperature (°C) and RH (%).

A total of 38.4% (38/99) of adults of A. cajennense s.s. 
tested positive by the real-time PCR assay targeting the 
rickettsial gltA gene. Of these, 33 (14 males, 19 females) 
were also positive for the conventional PCR targeting the 
ompA gene of SFG-rickettsiae. PCR products of ompA 
gene generated reliable DNA sequences from seven ticks 
(4 females, 3 males), all of which were 100% identical 
to sequences of R. amblyommatis available in GenBank 
(accession numbers: MN313363.1, MH818422.1). Based 
on rickettsial confirmation by DNA sequences, the infec-
tion rate by R. amblyommatis in A. cajennense s.s. ticks 
was 7.1% (7/99).

Although ticks collected on humans were not quanti-
fied, all three active stages (larvae, nymphs and adults) 
were frequently found on clothing and/or attached to 
humans in the study area, both on researchers and on 
farm workers.

Discussion
The A. cajennense species complex has a distribution 
that ranges from southern USA to northern Argentina 
[40, 41] and is represented by six nominal species, two 
of which occur in Brazil: A. sculptum (Atlantic Forest, 
Pantanal, and Cerrado biomes, being rare in the Caat-
inga) and A. cajennense s.s. (restricted to the Amazon 
biome) [23, 24]. Previous studies have shown that A. 
sculptum is typically found in the Cerrado biome, where 
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Fig. 4 Seasonal activity of larvae, nymphs and adults of Amblyomma cajennense sensu stricto in the Amazon biome, municipality of Santa Inês, 
Maranhão state, Brazil
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Fig. 5 Boxplot of the average number of Amblyomma cajennense sensu stricto ticks (larval clusters, nymphs and adults) collected in the dry 
and rainy seasons in the Amazon biome, municipality of Santa Inês, Maranhão state, Brazil
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the relative humidity is moderate (approx. 65–78% RH) 
[42]. In contrast, the Amazonian tick A. cajennense s.s. 
prefers higher relative humidity (approx. 90% RH) [42]. 
Both species occur in Maranhão state—A. cajennense s.s. 
in the Amazon biome and A. sculptum in the Cerrado—
with their sympatric occurrence being observed in the 

Amazon-Cerrado transition zone [24, 43]. Although the 
study area is on the limits of the Amazon-Cerrado transi-
tion zone (Fig. 1), A. cajennense s.s. was the only species 
found during the present study, confirming the previ-
ous observations of Martins et al. [24]. The absence of A. 
sculptum can be explained by the high relative humidity 

Fig. 6 Pearson’s correlation coefficient (r) between number of Amblyomma cajennense sensu stricto ticks (larval clusters, nymphs and adults) 
and precipitation (mm), municipality of Santa Inês, Maranhão state, Brazil
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in the area throughout the year, even in dry periods 
(approx. 3 months) (Fig. 3). In addition, during the rainy 
season, the soil becomes predominantly wet, with some 
areas flooded for hours or days. These characteristics 
are unfavorable for A. sculptum, which prefers areas 
where the soil is never wet or flooded [44, 45]. Labruna 
[42] showed experimentally that A. sculptum succumbs 
after being immersed in water, especially for 48–72  h. 
Therefore, even though our study area is transitional and 
degraded, it is still not sustainable for A. sculptum.

Numerous studies have shown the effect of climate on 
the bioecology of ticks during the non-parasitic phase, 
by affecting their survival, inhibiting their host-seeking 
activity and/or influencing their population density over 
time and space [6, 14, 16, 46–50]. In this context, climatic 
factors (e.g. rainfall, temperature and relative humid-
ity) are essential for the survival of A. cajennense s.s. in 
Amazon region. Amblyomma cajennense s.s. ticks were 
collected year-round in the present study; in contrast, 
the monthly number of larvae, nymphs and adults col-
lected varied. Larval activity was observed from April to 
December, peaking in the dry season; nymphs predomi-
nated from September to November, peaking in the tran-
sition period between dry and rainy seasons; and adults 
peaked in the rainy season. This seasonal pattern is  simi-
lar to that recorded in the only previous study conducted 
in the Amazon biome, which was related to Ambly-
omma spp. (including A. cajennense s.s.) in the state of 
Rondônia, western Brazilian Amazon [22]. These results 
are also similar to those reported for A. sculptum in the 
southeastern and midwestern regions of Brazil (Cerrado 
and Atlantic Forest biomes), where larvae predominated 
in the dry season (autumn and winter), nymphs in the 
dry-rainy transition period (winter-spring) and adults in 
the rainy season (spring and summer) [51]. Indeed, the 
results of the present study suggest that A. cajennense s.s. 
completes one generation per year in the eastern Amazo-
nian of Maranhão state, which is similar to the life-cycle 
recorded for A. sculptum in other Brazilian biomes [19].

Larvae of A. cajennense s.s. were more abundant during 
the dry season when the relative humidity was approxi-
mately 70% and were absent in the highest rainfall peri-
ods. In southeastern Brazil, Labruna et al. [20] reported 
that the 1-year generation pattern of A. sculptum is con-
trolled by the larval behavioral diapause during the spring 
and summer months (i.e. the rainy season). These authors 
showed that larvae hatching during the warm and rainy 
seasons remained inactive and confined under the leaf 
litter until early autumn (April or May, late rainy season), 
when they were observed questing on the vegetation. 
Interestingly, larval activity in our study also started at 
the end of the rainy season, in May 2022 and April 2023 
(i.e. there was no active larvae during the rainy season).

Cabrera and Labruna [21] demonstrated that larval 
behavioral diapause of A. sculptum is primarily con-
trolled by photoperiod. They showed that larvae hatch-
ing during the spring and summer (daylight length > 12 h) 
remains inactive until the next autumn. When either the 
hours of daylight decrease < 12  h or the mean tempera-
ture drops to < 20 °C, larvae terminate the dormancy state 
and begin their host-seeking activity. In the present study, 
host-seeking larvae were absent from the vegetation dur-
ing the period January to March (rainy season) and were 
first captured during April or May of both 2022 and 2023. 
This initial larval activity coincided with the hours of  
daylight decreasing to < 12 h, suggesting that, similarly to 
A. sculptum, the larval behavioral diapause could also be 
controlling the 1-year generation pattern of A. cajennense 
s.s. Indeed, further studies are needed to confirm such a 
hypothesis.

Although our primary objective was to understand 
the seasonal dynamics of A. cajennense s.s. in the Ama-
zon biome, 99 adult ticks were also tested for rickettsial 
agents. In total, 33 (33.3%) ticks tested positive in PCR 
assays targeting the rickettsial ompA gene, which is pre-
sent only in SFG Rickettsia species. DNA sequences were 
successfully generated for seven out of 33 ompA-PCR 
positive ticks, all of which assigned to R. amblyommatis. 
This bacterium has been detected in 34 tick species in 17 
American countries [29]. The infection rate in ticks can 
exceed 90% in the USA, Panama and Brazil, with approxi-
mately 70% of natural infection for the Amazon biome 
[52]. Rickettsia amblyommatis is known to be less preva-
lent in A. cajennense s.s. populations in Maranhão [53], 
as corroborated by our results. It is important to men-
tion that R. amblyommatis is potentially pathogenic 
to humans [29], but its association with clinical cases 
of spotted fever rickettsiosis in humans and animals 
remains unclear. Interestingly, it has been shown that R. 
amblyommatis infection may prevent ticks from acquir-
ing other species of Rickettsia, may alter tick host-seeking 
behavior and may influence the progression of disease 
symptoms when infecting humans [29]. Altogether, these 
data emphasize the importance of further studies on this 
rickettsial organism.

Finally, our study reports for the first time a seasonal 
behavior of the Amazonian tick A. cajennense s.s. The 
observed pattern of 1-year generation confirms this gen-
eration time for Amblyomma spp. in the Amazon biome 
[22]. The finding of A. cajennense s.s. adults infected with 
R. amblyommatis suggests that animals and humans 
are exposed to the risk of infection by this agent, since 
humans and wild animals are frequent in the study sites. 
Although the natural hosts of R. amblyommatis remain 
unknown, the presence of infected ticks and capybaras 
in the present study suggest the possibility that these 
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rodents may be acting as amplifying hosts of this bacte-
rium. Further studies are advocated to better understand 
the relationship between A. cajennense s.s., R. ambly-
ommatis, capybaras and humans in the Amazon biome, 
considering that this ixodid is the primary vector of R. 
amblyommatis and one of the most common ticks para-
sitizing animals and humans in this region [24, 26, 27].

Conclusion
Our data suggest a 1-year generation pattern for A. 
cajennense s.s., with a well-defined seasonality of lar-
vae, nymphs and adults in the Amazon biome. Larvae 
predominate during the dry season, nymphs in the dry/
rainy transition and adults in the dry season. The pres-
ence of R. amblyommatis in adults suggest that animals 
and humans in the study region are at risk of infection 
by this SFG-rickettsial agent. Future studies investigating 
the relationship between R. amblyommatis, A. cajennense 
s.s., reservoirs (e.g. capybara) and humans are needed in 
the Amazon biome.
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