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ARTICLE INFO ABSTRACT

Keywords: In this study, we examine the current pattern of tick diversity and host use in French Guiana, South America,
Ticks from 97 sampling localities encompassing peri-urban, rural and natural habitats. We collected 3395 ticks, in-
French Guiana cluding 1485 specimens from 45 vertebrate species (humans, domestic and wild animals) and 1910 questing
Amblyomma . specimens from vegetation. Morphological examinations identified 22 species belonging to six genera:
Molecular barcodmg Amblyomma (16 species), Rhipicephalus (two species), Ixodes (one species), Dermacentor (one species),
Photography collection . . . . s . e
Haemaphysalis (one species), Ornithodoros (one species). To facilitate future identification, we produced a bank of
pictures of different stages for all these species. Taxonomic identification was then confirmed by molecular
characterization of two mitochondrial genes, cytochrome c oxidase CO1 and 16S rDNA. Eleven of the 22 re-
ported species were collected on humans, six on domestic animals and 12 on wild animals. The most widespread
tick species collected were A. cajennense sensu stricto and, to a lesser extent, A. oblongoguttatum; both of these
species were frequently found on humans. We used these results to discuss the tick-associated risks for human

and animal health in French Guiana.

1. Introduction

Considerable research efforts are focusing on the impacts of ticks
and tick-borne pathogens (TBPs) on humans and livestock. The specific
diversity of ticks, their distribution and host-use patterns have been
extensively described in very diverse geographic zones with the aim to
understand the circulation and infection dynamics of TBPs (e.g.,
Labruna et al., 2005a; Szabo et al., 2013). However, knowledge on tick
fauna remains scarce in some regions such as French Guiana, a vast
equatorial land covering ca. 83,000 km? located on the north-east coast
of South America and mostly covered by dense rainforests. French
Guiana's human population (ca. 245,000 inhabitants) is concentrated
principally in a handful of towns spread along the coastline and two
main rivers, while the interior is largely uninhabited. No extensive
survey of ticks has been conducted in this territory over the past 60
years, since the publication of Floch and Fauran’s (1958) review. This
last inventory to date was mainly based on early studies from Floch and
Abonnenc (1940, 1941, 1942) and counted 28 indigenous tick species
which were mostly associated with wildlife (Table 1). Since this early
work, only two other tick species were reported (Davoust et al., 2016;
Labruna et al., 2005b; Tahir et al., 2016), raising to 30 the tick species
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reported in French Guiana (Table 1). Nonetheless, during the past 60
years, urbanisation has modified the ecological conditions in some
zones of French Guiana (principally along the coastline) and has thus
probably impacted the tick fauna. Therefore, an updated inventory
based on recent tick collections from French Guiana is needed to re-
spond to these changes.

The present study aimed at documenting the current pattern of tick
diversity and host use in French Guiana. We conducted a wide survey
across sites with distinct ecological conditions (including anthro-
pogenic, agricultural and natural ecological conditions), sampling ticks
either in seabird nests, on different hosts (including humans, domestic
animals and wildlife) or as questing ticks found on vegetation. We
further identified, both morphologically and genetically, the specimens
collected. Since the morphological similarities between some species
(especially at the larval stage) make their identification a difficult task,
we produced a series of photos as well as a bank of molecular data to
facilitate future identifications of ticks collected in French Guiana. We
also discuss the potential health risk associated with the tick species
currently present in French Guiana.
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List of tick species collected in this study or reported in early studies conducted in French Guiana.

Ticks Species Floch and Fauran, 1958

Labruna et al., 2005b

Davoust et al., 2016; Tahir et al., 2016 This study

Ixodidae (hard ticks):

Amblyomma aureolatum (Pallas, 1772)
auricularium (Conil, 1878)

cajennense sensu stricto (Fabricius, 1787)
calcaratum Neumann, 1899

coelebs Neumann, 1899

dissimile Koch, 1884

geayi Neumann, 1899

goeldii Neumann, 1899

humerale Koch, 1844

incisum Neumann, 1906
latepunctatum Tonelli-Rondelli, 1939
longirostre (Koch, 1844)

naponense (Packard, 1869)
oblongoguttatum Koch, 1844

ovale Koch, 1844

pacae Aragdo, 1911

parvum Aragao, 1908

pictum Neumann, 1906
pseudoconcolor Aragao, 1908

romitii Tonelli-Rondelli, 1939
rotundatum Koch, 1844

scalpturatum Neumann, 1906

tigrinum Koch, 1844

varium Koch, 1844

Dermacentor nitens Neumann, 1897
Haemaphysalis juxtakochi Cooley, 1946
Ixodes luciae Senevet, 1940
Rhipicephalus microplus (Canestrini, 1888)
R. sanguineus sensu lato (Latreille, 1806)
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Argasidae (soft ticks):

Argas persicus (Oken, 1818) +
Ornithodoros capensissensu stricto Neumann, 1901 -
O. hasei (Schulze, 1935) -
O. talaje (Guérin-Méneville, 1849) +
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2. Material and methods
2.1. Tick collection

Most ticks (n = 3129 or 92% total) were collected in French Guiana
in 2016 and 2017 while a few others were sporadically collected be-
tween 1994 and 2014 (n = 266; Table S1 and Fig. 1). Questing ticks
were collected on vegetation by a drag-flag method over 17 sites dis-
tributed on an East-West transect and covering three types of ecological
conditions (peri-urban, agricultural and natural). Ticks were also di-
rectly collected in seabird nests of Grand Connétable Island or on hosts
(including humans, four domestic animal species and 40 wild animal
species). Some of these ticks were also obtained through a broadcast
advertisement to scientists from various fields (e.g. botanists, ecolo-
gists, microbiologists, epidemiologists, etc.) as well as wildlife man-
agers working in French Guiana. This advertisement allowed us to
obtain ticks collected in remote areas which otherwise remain difficult
to visit. All ticks were stored in 75% ethanol until examination.

2.2. Morphological identification and photography collection

All tick specimens were examined under a Leica Z16 APO-A mac-
roscope and categorised by stage and sex. Adults were morphologically
identified to species using the study of Labruna et al. (2005b) and the
dichotomous keys from Floch and Fauran (1958) and Jones et al.
(1972). Nymphs were morphologically determined using the identifi-
cation key by Martins et al. (2010). To the best of our knowledge, there
is no identification key for South American tick larvae. Larvae were
identified to genus based on morphological comparisons with adults
and identification keys (at the genus level; Clifford et al.,1961), before
being partitioned into distinct morphological groups: larvae sharing the
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same morphological characteristics (e.g. average body size, gnatho-
soma and scutum shape and size, presence of cornua or number of spurs
on each coxa, etc.) were assigned to same group before to be in-
vestigated for a further molecular confirmation (see below). One re-
presentative per species, sex and stage or per morphological group was
photographed. Ventral and dorsal views of these specimens were pho-
tographed using a Leica DFC425 camera coupled with a Leica Z16 APO-
A zoom system.

2.3. Molecular typing

A subset of tick specimens (for each sex, stage and species or for
each larval morphological group) was used for molecular typing in
order to confirm morphological identification. Total DNA from nymphs
and larvae or DNA from one adult leg were extracted using the DNeasy
Blood and Tissue Kit (QIAGEN) following the manufacturer’s instruc-
tions. For each tick DNA sample, mitochondrial gene fragments of the
16S rDNA (ca. 450 bp) and the cytochrome c oxidase C01 (655-680 bp)
were amplified by polymerase chain reaction (PCR) using specific pri-
mers (listed in Table 2). PCRs were performed in a 25 pL reaction vo-
lume containing 12.85 L of H,0, 2.5uL of 10x PCR buffer (Roche),
5L of 2.5mM of dNTP mix (Thermo Scientific), 2 pL of 25 mM MgCl,
(Roche), 0.7 uL of each primer (10 uM), 0.25uL of Taq Roche poly-
merase (5U/pL) and 1 puL of DNA. The amplification cycle involved a
denaturation step at 94 °C for 3 min followed by 35 cycles of 30s at
94°C, 30 s at 50 °C, 1 min at 72 °C and a final 5 min elongation step of at
72 °C. The amplified products were detected by electrophoresis on 1.5%
agarose gel in TAE 0.5X buffer and stained with EZ-Vision (Amaresco).
Positive amplifications were sequenced by Eurofins (Ebersberg, Ger-
many). Sequence chromatograms were manually cleaned with Chromas
Lite (http://www.technelysium.com.au/chromas_lite.html) and aligned


http://www.technelysium.com.au/chromas

F. Binetruy et al. Ticks and Tick-borne Diseases 10 (2019) 77-85

Legend

® Localities sampled
Urban areas

0 7.5 15 22,5 30 km
1

@ Kourou

59

57
128y

Fig. 1. Localization of sampling sites. Localities are represented by dark dots and urban areas by grey areas. Numbers correspond to the population number given in
Table S1. Figure B is the magnification of the area bounded by the translucid grey rectangle in Figure A. Localities with no GPS coordinates are not indicated in this
map (see #22-25, 36, 41-50, 75, 84, 85, 88-90, 92 and 93 in Table S1).
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Table 2
Primers used for characterising tick species.
Genes Primers (5'-3") Amplified species References
16S RNA Tml6S+1 (CTGCTCAATGATTTTTTAAATTGC) Tm16S-1 ( All species (Tm16 + 1-Tm16S-1: 450bp) Fukunaga et al.,
CCGGTCTGAACTCAGATCATGTA) 2001
Cco1 TickCO1 F (ATTTTACCGCGATGAHTWTTYT) TickCO1R A. cajennense ss, A. coelebs, A. dissimile, A. geayi, A. latepunctatum, A. This study
(CWGGRTGRCCAAARAATCAAAATA) longirostre, A. oblongoguttatum, A. scalpturatum, A. varium, D. nitens, H.
Jjuxtakochi, O. capensis ss, R. microplus (TickCO1 F-TickCO1R: 676bp)
AmbCO01 F (TACCGCGATGAATATACTC) A. humerale, A. naponense, A. ovale, A. pacae, R. sanguineus sl (AmbCO1F-  This study

TickCO1R: 675bp)

Lco1490 (GGTCAACAAATCATAAAGATATTGG) Hco2198 (
TAAACTTCAGGGTGACCAAAAAATCA)

A. goeldii, A. rotundatum (Lco1490-Hco02198: 660bp); A. romitii, I. luciae
(Lco1490-TickCO1R: 654bp)

Folmer et al.,
1994

with MEGA 7 (http://www.megasoftware.net). The DNA sequences
obtained were compared with sequences referenced in Genbank nu-
cleotide database using the BLAST algorithm (megablast) (Table S2).
All 16S rDNA and CO1 gene sequences obtained in this study were
deposited on Genbank (accessions numbers are listed in Table S2).

2.4. Ethics statement

All animals were handled in strict accordance with good animal
practice as defined by the French code of practice for the care and use of
animals for scientific purposes, established by articles R214-87 to R214-
137 of the French rural code. The capture of ticks in the Grand
Connétable protected area was authorized by the Prefecture of French
Guiana by the prefectoral decree R03-2016-09-23-003. The use of the
genetic resources was declared to the French Ministry of Environment
under the reference #150401230100, in compliance with the Access
and Benefit Sharing procedure implemented by the Loi pour la
Reconquéte de la Biodiversité.

3. Results

A total of 3395 tick specimens (2,026 Larvae, 687 nymphs and 682
adults) were collected from 97 localities in French Guiana, mostly lo-
cated along the coast line, including 16 peri-urban sites, four agri-
cultural sites and 76 natural sites (Table S1, Fig. 1). Of the 3395 ticks,
1910 (56%) were collected on vegetation (1,588 Larvae, 248 nymphs
and 74 adults) while 1485 (44%) were collected on vertebrate hosts
(437 larvae, 435 nymphs and 613 adults). The sampling origin is fur-
ther detailed in the Table S1.

The 3395 tick specimens were morphologically identified to 22
species (Table 3). Pictures of representative specimens (including
larvae, nymphs and adults; Table 3) are shown in Supplementary File 1.
Molecular typing based on 16S rDNA and CO1 gene sequences corro-
borated most of these morphological identifications: sequences from 21
of the 22 species showed a satisfactory percentage of identities
(96-100%) with referenced sequences of the same tick species already
available in GenBank (Table S2). It is worth to noting that 16S rDNA
appears as a better molecular tool for Amblyomma identification since
only a few Amblyomma CO1 sequences are currently available in Gen-
Bank. Nonetheless one species, A. latepunctatum, could not reach proper
molecular identification since no 16S rDNA and CO1 gene sequences
were available in GenBank for this species.

Among the 22 species identified, 17 belong to the Amblyomma
genus, two to the Rhipicephalus genus and four others to Dermacentor,
Haemaphysalis, Ixodes and Ornithodoros genera. Among the 3395 tick
specimens, the most abundant species collected were A. dissimile
(n = 735; 22%), A. cajennense s.s. (n = 557; 16%) and D. nitens
(n = 493; 15%) whereas the least abundant species were A. ovale
(n = 4;0.1%), A. romitii (n=4; 0.1%) and O. capensis s.s. (n = 11; 0.3%)
(Table 3). Across the 97 Localities sampled, A. cajennense and A. ob-
longoguttatum were the most widespread tick-species, being observed in
48 and 19 Localities, respectively. By contrast, A. ovale, A. pacae, A.
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romitii, D. nitens and O. capensis s.s. were only collected in one locality
each (Table 3).

Ticks were collected on 45 different vertebrate species (24 mammals
including humans, 14 birds, six reptiles and one amphibian) (Table 3).
The host range varied greatly depending on tick species and stages.
Indeed, all stages of D. nitens and R. sanguineus s.1. were found on only
one host species (horses and dogs) whereas A. longirostre, A. cajennense
s.s. and A. dissimile were generalist species that were respectively col-
lected on 14 passerines, 11 mammals and 10 vertebrate species (six
mammals, three reptiles and one amphibian). The greatest tick diversity
was found on humans with 11 tick species collected: A. cajennense s.s.
(n = 259 collected on humans), A. coelebs (53), A. dissimile (1), A. hu-
merale (3), A. latepunctatum (3), A. naponense (9), A. oblongoguttatum
(89), A. pacae (13), A. scalpturatum (45), A. varium (6) and Haema-
physalis juxtakochi (4).

4. Discussion

With the report of 22 tick species (21 Ixodidae and one Argasidae;
Table 1, Table 3), the present survey represents is the largest update of
the tick fauna in this Amazonian region that has been conducted over
the past 60 years. To facilitate future identification for all potential
users, including taxonomists, medical and veterinary practitioners, we
also produced a bank of pictures of different tick stages and species
combined with COI and the 16S rDNA molecular barcoding.

Compared with the previous inventory (Floch and Fauran, 1958),
three additional tick species are reported here (A. pacae, Dermacentor
nitens and Ornithodoros capensis s.s), bringing the total number of tick
species recorded in French Guiana to 33 (Table 1). It is noteworthy that
the presence of A. pacae and D. nitens in French Guiana was strongly
presumed because both species are widely distributed in the Neo-
tropical region and because their main hosts (respectively paca and
horses) are present in French Guiana (Guglielmone et al., 2003; Jones
et al., 1972; Nava et al., 2017).We confirm the previously reported
presence of A. latepunctatum in French Guiana (Labruna et al., 2005b).
This is likely to indicate that, as suggested by Labruna et al. (2005b), A.
latepunctatum could have been misidentified with A. incisum and/or A.
scalpturatum in the early surveys reviewed by Floch and Fauran (1958).
The lack of 16S rRNA and CO1 referenced sequences of A. latepunctatum
in GenBank complicated the taxonomic identification. However, we are
confident in our identification to A. latepunctatum since (i) the mor-
phological diagnostic characteristics described by Labruna et al.
(2005b) were unambiguously observed in our specimens, and that (ii)
the 16S rDNA and CO1 sequences obtained from these specimens show
a low level of identity with those retrieved from any other Amblyomma
species (< 91%). By contrast to these Ixodidae species, the presence of
O. capensis s.s. in South America had long remained controversial or
speculative (Dupraz et al., 2016; Nava et al., 2017). In that context, our
sampling of several specimens in the seabird colony of Grand Con-
nétable Island (Table S1) along with that of Mufoz-Leal et al (2017) in
Queimada Grande Island, Brazil, both confirm the presence of O. ca-
pensis s.s. on the Atlantic coast of South America.
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Despite an intensive sampling effort, the present study has failed to
detect 11 tick species reported in Floch and Fauran’s (1958) inventory
(Table 1; Table 3). This could be explained by sampling differences: the
present survey gave some preference to coastal habitats and used
sampling strategies that were not perfectly suited to collecting nidico-
lous soft tick species (e.g. Argas persicus and O. talaje reported by Floch
and Fauran, 1958, but not detected in the present study). Nevertheless,
the wide geographical coverage of the present survey allows us to re-
port A. cajennense s.s. as the most prevalent tick species from French
Guiana. Interestingly, this conclusion is consistent with that of Floch
and Fauran (1958). Moreover, other tick species which were described
as widely distributed by Floch and Fauran (1958) such as A. ob-
longoguttatum, A. humerale and A. dissimile also remain very common in
the present survey (Table 3). A. cajennense s.s. appears to be far more
prevalent in human-disturbed environments or at the edge of primary
forest than in deep rainforest (Table 3; Table S1), a result congruent
with the literature regarding A. cajennense s.l. in South-America
(Martins et al., 2016; Szab¢ et al., 2013). It is worth noting that half of
the tick species collected (11/22) were found at least once on humans
in the present survey (Table 3). In addition, A. oblongoguttatum, A.
coelebs and A. scalpturatum are the most common species found on
humans after A. cajennense (Table 3). These species were commonly
sampled on large mammals (e.g. tapirs) and have also been frequently
found on humans in other South American countries (Guglielmone
et al., 2006).

In French Guiana, TBPs circulating in tick populations are largely
overlooked. A few cases have nevertheless been reported, including an
outbreak of Q fever due to a very virulent strain of the intracellular
bacterium Coxiella burnetii (Mahamat et al., 2013). Remarkably, this C.
burnetii strain was recently detected in A. geayi specimens engorged on a
dead sloth found in the Cayenne peri-urban area after a Q fever out-
break (Davoust et al., 2014; Eldin et al., 2014; Epelboin et al., 2016).
These findings suggest that sloths play a role as a reservoir for Coxiella
burnetii and a putative role for the ticks feeding on sloths in the trans-
mission of this TBP. While A. geayi is not known to feed on humans
(Guglielmone et al., 2006), other species feeding on sloth such as A.
cajennnense s.s. and A. varium (the sloth tick) could play a role in the
transmission of Q fever to human and others vertebrates. This hy-
pothesis has also been considered in Argentina where Amblyomma spp.
specimens were found to be infected by C. burnetii (Pacheco et al.,
2013). In this context, it was suggested that ticks may play a pivotal
role in the spread of Q fever in South America, while it is instead an air-
borne disease in the Northern hemisphere (Duron et al., 2015). Further
surveys in French Guiana are needed to elucidate the role of ticks in the
transmission of this particular virulent strain of Q fever agent.

Complementarily, the TBP infection risks involving A. cajennnense
s.s. deserveattention since this tick species was found to display the
widest distribution in French Guiana as well as the highest abundance
across local anthropogenic landscapes. It is noteworthy indeed that, in
South-America, A. cajennense s.1. is considered as an important vector of
tick-borne rickettsiosis to human and domestic animals (da Silva et al.,
2015; Labruna, 2009; Szabd et al., 2013) and may potentially transmit
the Brazilian borreliosis agent (Basile et al., 2017). The present survey
also reports three other Ixodidae species which, although less widely
distributed than A. cajennnense, may account for certain infection risks
in French Guiana: A. oblongoguttatum, A. coelebs, and R. sanguineus s.l.
have been associated with TBPs (mainly Rickettsia spp.) in South-
America (da Silva et al., 2015; Labruna, 2009; Parola et al., 2013; Szab6
et al., 2013). Finally, some soft ticks may also be a threat to human or
animal health in French Guiana. Recently, O. hasei collected from bats
in unoccupied buildings in Saint-Jean-du-Maroni were found infected
by a new Rickettsia species and two potential new Bartonella species but
risks to human health remain currently unknown (Davoust et al., 2016;
Tahir et al., 2016). Other soft tick species described in French Guiana
(i.e A. persicus, O. capensis s.s and O. talaje) are also thought as potential
vector of TBPs (Dietrich et al., 2011; Manzano-Roman et al., 2012).
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In conclusion, the present survey showed that French Guiana cur-
rently harbours substantial diversity in tick species including some
known as TBP vectors in South America. However, we have likely un-
derestimated this diversity since our sampling regime suffered from an
important geographical bias: most of the samples came from the
coastline where French Guiana's population is concentrated while the
inner territory remains largely underexplored. Future surveys will be
necessary to fully describe the tick fauna in French Guiana in these
remote areas. Overall, the results reported herein also highlight the
potential acarological risk in French Guiana for both human and animal
health, highlighting the need to document the local prevalence and
diversity of TBP there.
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