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Abstract

Leptospirosis has been widely reported in insular environments worldwide, characterizing a major public health threat. Although

low genetic biodiversity is expected in these regions, the introduction of domestic and synanthropic mammals may contribute to

the wider diversity leptospiral strains in insular settings. This study proposes a large-scale investigation of Leptospira infection

in animals from Fernando de Noronha archipelago, Brazil. A total of 1,265 blood samples from domestic (n=682), synanthropic

(n=133) and wild (n=450) animals were collected between 2007 and 2014, totaling 12 species. The presence of anti-Leptospira

spp. antibodies was investigated by the Microscopic Agglutination Test (MAT) and kidney samples from synanthropic rodents

were collected for the isolation of Leptospira spp. The leptospires recovered were further characterized by MAT with polyclonal

antibodies, whole genome sequencing and Multilocus Sequence Typing (MLST). The MAT results revealed the presence of

agglutinins in 90 samples (7.1%), and the most frequently found serogroup was Icterohaemorrhagiae (n=57) in practically all

species included. Viable leptospires were recovered from one brown rat, and characterization revealed that the isolate belongs

to L. interrogans serogroup Pyrogenes. This study stands as the most comprehensive investigation of Leptospira spp. infection

in Fernando de Noronha archipelago, also providing the characterization of the first leptospiral strain ever isolated from an

insular setting in Brazil. The results suggest that synanthropic rodents play a major role in the transmission of leptospirosis

among wildlife and domestic species in the archipelago.

Introduction

Leptospirosis is a zoonotic disease of widespread distribution and increasingly global importance caused by
pathogenic bacteria of the genus Leptospira (Cerqueira and Picardeau, 2009). It can affect virtually any
mammalian species, which may harbor the pathogen in their renal tubules and shed the bacteria via urine,
contributing greatly to the spread of leptospires into the environment (Faine et al., 1999).
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Humans living in urban communities with poor sanitation are highly susceptible to infection, and although
rodents are considered the main source of infection in such conditions (Felzemburgh et al., 2014), wildlife
and domestic animals have been increasingly attributed to human cases of leptospirosis, particularly in rural
areas and underdeveloped tropical regions (Barragan et al., 2016; Biscornet et al., 2017; Zarantonelli et al.,
2018).The annual global incidence of the disease in humans is estimated at 1.03 million, leading to nearly
60,000 deaths every year (Costa et al., 2015). Still, leptospirosis is typically difficult to distinguish from
other acute febrile illnesses, and the real global incidence tends to be much higher.

Leptospirosis has been extensively reported in insular environments across the world (Victoriano et al., 2009;
Petrakovsky et al., 2014; Dietrich et al., 2018; Guernier et al., 2018; Pratt and Rajeev, 2018). Small tropical
islands generally have the highest morbidity and mortality, thus characterizing the disease as a major health
issue in these locations (Costa et al., 2015). For example, in the Seychelles, leptospirosis was identified
as the major health threat for human populations (Biscornet et al., 2017). Similarly, other locations such
as Mayotte island (Desvars et al., 2013), Sri Lanka (Warnasekara et al., 2019) and French West Indies
(Cassadou et al., 2016) have also reported numerous cases of human leptospirosis. In addition, travel-related
leptospirosis is highly associated with tourist activities in tropical regions, and the majority of tourists with
confirmed leptospirosis have been originally infected in tropical islands (Bandara et al., 2014; De Vries et
al., 2018).

Despite low genetic biodiversity is usually expected in restricted territories, leptospiral diversity in islands
can be largely influenced by environmental factors such as geography, soil, climate, biotic interactions and
anthropogenic activities (Desvars et al., 2013). Indeed, a surprisingly high diversity of leptospiral strains
and different animal reservoirs have been described in the Caribbean islands (Valverde et al., 2013), South
West Indian Ocean islands (Guernier et al., 2016; Dietrich et al., 2018), and Pacific islands (Guernier et
al., 2018), thus indicating complex interactions between invasive species, native fauna and highly diversified
environmental conditions. The evolutionary drivers of such diversity are poorly understood, however it is
assumed that different leptospires can be introduced onto insular environments along with domestic and
synanthropic species, such as rodents, cattle, goats, sheep, pigs, poultry, domestic dogs and cats (Russell
et al., 2018). Such range of invasive mammals may boost the introduction of a highly variable number of
leptospiral strains, which may adapt rapidly to new environments and available wildlife hosts (Desvars et
al., 2013).

Brazil currently stands as the country with most reported cases of human leptospirosis in Latin America
(Schneider et al., 2017), with an average of 3,890 cases annually. Despite the major burden of the disease,
the disease in Brazilian islands has been overlooked and leptospiral biodiversity circulating among insular
fauna is unknown.

Fernando de Noronha is an inhabited oceanic archipelago composed of 21 islands and islets located approx-
imately 354 km offshore from the Brazilian Northeast coast. The main island has nearly 3,000 habitants
and a total area of 18.6 km2. The island is regarded as a World Natural Heritage site by UNESCO, and the
concurrent tourist population is roughly twice the resident population, making Fernando de Noronha one of
the most sought-after destinations in Brazil. Invasive livestock has been introduced in the island since 1731
including goats, poultry, cattle, and horses, which are currently bred in backyard conditions by local farmers
(Russell et al., 2018). Dogs and cats were also introduced, and predatory behavior of feral cats currently
poses as a major threat for the local fauna (Dias et al., 2017). Synanthropic rodents (Rattus rattus, Rattus
norvegicus , and Mus musculus ) were first introduced by Portuguese and French colonizers, and the density
of black rats is now estimated at 3,700 individuals/km2 in the main island (Russell et al., 2018).

Although previous cases of human leptospirosis have been reported in Fernando de Noronha by the local
authorities, only one study have accessed leptospiral infection in the island (De Morais et al., 2018). Lep-
tospirosis in Fernando de Noronha may result from an intense interaction with animal reservoirs and defining
their role on the transmission dynamics is pivotal to prevent infection of local habitants and tourists. This
study proposes the first large-scale investigation ofLeptospira infection in synanthropic, domestic and wild
animals from Fernando de Noronha, Brazil, and describes the molecular and serological characterization of
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the first leptospiral strain isolated on the island.

Material and Methods

Study Area

Fernando de Noronha is a small archipelago located in the tropical Atlantic Ocean (3º 51’ S / 32º 25’ W),
with a territorial area of 18.6 km² (IBGE, 2019). It has a tropical climate with mean temperatures around
24°C (R. Dias et al., 2011). The island was discovered in 1503, but colonization started only in 1630 by
the Dutch and in 1736 by the French. Portuguese colonization followed almost instantly, intensifying the
militarization process of the archipelago, also bringing the first livestock animals (Grossman et al., 2010).
Currently Fernando de Noronha is part of the Pernambuco State, and it is composed by two federal protected
areas: (a) a marine national park (PARNAMAR), currently labeled as Category II of the International Union
for Conservation of Nature (IUCN), and which covers 53% of the terrestrial area of the main island and all
the secondary islands; and (b) an environmental protection area (APA), located around the inhabited area
of the main island and labeled as Category VI of the IUCN. The population was estimated at 3,061 in 2019
(IBGE, 2019), and the concurrent tourist population is roughly twice the resident population.

The local fauna is relatively diversified; the Noronha skink (Trachylepis atlantica ) (Gasparini et al., 2007),
the Noronha worm lizard (Amphisbaena ridleyi ) and three land birds (Elaenia ridleyana, Vireo gracilirostris
and Zenaida auriculata noronha ) are endemic species from the archipelago. House geckos (Hemidactylus
mabouia ), rococo toads (Rhinella jimi ), chickens, cats, dogs, horses, goats, sheep, cattle and tree frogs
(Scinax sp.) are invasive species also found in the archipelago, as well as rocky cavies (Kerodon rupestris
) and tegu lizards (Salvator merianae ) (Dias et al., 2017). Three introduced rodent species coexist in the
archipelago: Rattus rattus ,Rattus norvegicus, and Mus musculus .

Samples and study design

A total of 1.265 serum samples from domestic (n=682), synanthropic (n=133), and wild animals (n=450)
were taken from different animal species to investigate the presence of anti-Leptospira spp. agglutinins.
Twelve animal species were sampled, including 100 chickens, 220 cats, 146 dogs, 105 cattle, 83 sheep, 12
goats, 16 horses, 108 black rats (Rattus rattus ), 25 Norway rats (Rattus norvegicus ), 435 cattle egrets
(Bubulcus ibis ), 13 tegu lizards (Salvator merianae ), and two rock cavies (Kerodon rupestris ).

Since no reliable estimates for the wild and domestic animal populations were available prior the study
period, a convenience sampling was performed. The samples were obtained between 2007 and 2014. All
samples were obtained exclusively in the main island of Fernando de Noronha, although the cattle egrets
only used the main island during the day for foraging, while nesting in multiple islets of the archipelago. A
total of 12 sampling sites were systematically used in the main island, all located at the APA territory.

Rodents and rock cavies were captured using Tomahawk live-traps daily baited with pineapple slices at five
pm and checked in the next morning. Cattle egrets were captured at the waste treatment station unit and
were physically restrained by using nets and gloves. Tegu lizards were captured using tunnel traps made
with a 1-meter segment of plastic pipe with one end closed and the funnel traps were installed in shaded
places with an inclination of 20º, preventing that the captured lizard could escape. Additionally, tomahawk
live-traps daily baited with one piece of raw chicken or fish early in the morning were used. The domestic
animals were contained with the help of their owners.

Blood samples from all domestic species were collected from the jugular, cephalic or saphenous vein, and
drawn into BD Vacutainer tubes (BD Diagnostics, New Jersey, USA) to obtain serum samples. Rodents were
anaesthetized using ketamine hydrochloride (40–90mg/kg) and xylazine hydrochloride (2–5mg/kg) and blood
samples (3mL) were collected by cardiac puncture. Additionally, 12 brown rats and eight black rats were
euthanized in a hermetically sealed box containing a cotton wool soaked with isoflurane. Rock cavies were
anaesthetized using ketamine hydrochloride (10mg/Kg) and xylazine hydrochloride (2 mg/kg), and blood
samples (0.5mL) were collected from the saphenous vein. Cattle-egrets were anaesthetized using ketamine
hydrochloride (20-30 mg/kg) and xylazine hydrochloride (2-4mg/kg), and blood samples were collected from
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the jugular vein or by cardiac puncture. Tegus were physically contained and blood samples were collected
by caudal vein puncture.

Leptospira spp. serological testing

The presence of serum anti-Leptospira spp. agglutinins was determined by the Microscopic Agglutination
Test (MAT). A panel of 24 strains of live Leptospira including the serovars Andamana, Australis, Autumna-
lis, Bataviae, Bratislava, Butembo, Canicola, Castellonis, Copenhageni, Cynopteri, Grippotyphosa, Hardjo
(strain hardjoprajtino), Hebdomadis, Icterohaemorrhagiae, Javanica, Panama, Pomona, Pyrogenes, Sentot,
Shermani, Tarassovi, Whitcombi, and Wolffi was used, and a saprophytic serovar Patoc of L. biflexa was used
as an internal control. Endpoint titers were determined using two-fold dilutions until the last well showing
50% agglutination was recorded. The final titer was determined by the reciprocal of the positive highest
dilution. The cutoff for a positive agglutination reaction was defined as a titer [?]100. For each positive
sample, the most probable infecting serogroup was the one presenting the highest titers.

Leptospira spp. culturing

Kidney samples from 20 euthanized brown rats were collected aseptically for Leptospira culturing. Isolation
of leptospires was performed as previously described (Faine et al., 1999). Briefly, samples were macerated
and diluted 1:10 in phosphate-buffered saline (PBS, pH 7.4; NaCl 0.137 M; KCl 0.0027 M; Na2HPO4 0.01
M; KH2PO4 0.0018 M/L), then 1 mL of the diluted samples was seeded into 9 mL of liquid EMJH medium
enriched with a selective supplement (Nalidixic acid, 50 mg/L; Cycloheximide, 100 mg/L; Chloramphenicol,
5 mg/L and Neomycin, 5 mg/L). Cultures were incubated at 30 oC in for a period of 12 to 24 h and then
seeded in the semi-solid EMJH medium without the selective supplement. The tubes were incubated at 28
degC for 12 weeks and examined weekly by dark-field microscopy to evaluate the presence of spirochetes.

Characterization of the isolate

The isolate was serologically characterized using polyclonal antibodies according to previous recommendation
(Dikken and Kmety, 1978). A panel of 34 specific antisera representing 28 serogroups was used (Andamana,
Australis, Autumnalis, Ballum, Bataviae, Canicola, Celledoni, Codice, Cynopteri, Djasiman, Grippotyphosa,
Hebdomadis, Holland, Icterohaemorrhagiae, Javanica, Louisiana, Lyme, Manhao, Mini, Panama, Pomona,
Pyrogenes, Ranarum, Sarmin, Sejroe, Semaranga, Shermani and Tarassovi), and serogroup identification
was confirmed by the identification of the highest titration against specific representative serovars included
in the panel.

For molecular characterization, DNA from the isolated strain was extracted using Illustra Bacterium Genomic
Prep Mini Spin kit following the manufacturer’s instructions (GE Healthcare, Sao Paulo, SP, Brazil). The
complete genome was sequenced through an Ion Torrent Personal Genome Machine (PGM) (Life Technolo-
gies, Saint Aubin, France) sequencing platform, using a 316 chip (Life Technologies) and single-end libraries
to generate readings of 400 bpon the BAM format, which were then converted to the FASTQ format with
the bamTofastq tool from the BEDTools toolset. For the identification of Leptospira species, the generated
contigs were aligned using BLAST against the Multilocus Sequence Typing (MLST) sequence sets proposed
elsewhere (Boonsilp et al., 2013). The allelic profile and sequence type obtained (ST) was compared to other
publicly available sequences from the PubMLST (http://pubmlst.org/leptospira).

Ethical Considerations

The procedures described with animals have been approved by the Ethical Committee of the University of
Sao Paulo (protocol CEUA no 1921061113) and all efforts were made to minimize animal suffering. The
euthanasia procedures conducted were in strict accordance with the CONCEA recommendations (National
Council for Control of Animal Experimentation) of Brazil. All captures of wild animals were approved by
the Brazilian Ministry of Environment (Sisbio no 16484-1).

Results

4



P
os

te
d

on
A

u
th

or
ea

20
J
u
l

20
20

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
59

52
70

05
.5

33
16

50
8

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Out of the 1.265 animals sampled, 90 (7.1%) tested positive by MAT. Seropositivity for Leptospira was het-
erogeneous among species, and anti-Leptospira agglutinins were found in 14.3% of the synanthropic rodents
(19/133), 9.4% of the domestic animals (64/682), and 1.6% of the wild animals included (7/450). Equines
and tegu lizards were the most seroreactive species, with seroreactivity of 62.5% and 30.8%, respectively.
Conversely, none of the rock cavies had anti-Leptospira agglutinins, and only three out of the 435 cattle
egrets tested positive (0.7%). Regarding the other species sampled, 4% of chickens tested positive (4/100),
while 5% of cats (11/220), 6% of sheep (5/83), 9.6% of dogs (14/146), 16,7% of goats (2/12), and 17.1%
of cattle (18/105) presented detectable agglutinins by MAT. Seroreactivity rates of Norway rats and brown
rats were 12% (3/25) and 14.8% (16/108), respectively. Table 1 shows the seropositivity according to the
species studied and most likely infecting serogroups found among the seroreactive animals.

Table 1: Number and percentage of animals presenting anti-Leptospira spp. agglutinins according to the
reacting serogroups and the highest titration found for each animal species, July 2007 to April 2014, Fernando
de Noronha, Brazil.

TABLE 1

High titers ([?]800) were found in 10 animals, of which nine presented the highest titration against serogroup
Icterohaemorrhagiae (sorovar Copenhageni). However, the highest titer (6,400 against Australis serogroup)
was found in a dog sample. Figure 1 shows the distribution of the most likely infecting serogroups found
according to the species sampled.

FIGURE 1

Figure 1: Distribution of the most likely infecting serogroups according to the species sampled.

Icterohaemorrhagiae most likely infecting serogroup (n=59), followed by Autumnalis (n=8). Most uncommon
serogroups found were Ballum, Pyrogenes, Canicola, Tarassovi, Grippotyphosa, Celledoni and Australis,
with only one reaction each. Co-agglutinations represented 17.7% of all positive reactions, hampering the
identification of the most likely infecting serogroup in 16 samples.

Regarding the sampling sites (Appendix 1), the sample sizes varied from 459 (location 9) to 4 (location 11).
Location 9 comprised the garbage dump close to the airport, where 435 egrets were captured. Cats and dogs
were captured in all sampling locations. The sampling location 6 (Tres Paus village; n = 17) was the one
with higher percentage of seroreactive animals (35.3% of all positive samples), and location 11 (DPV village,
an irregular settlement; n = 4) presented no seroreactive animals. The proportion of seroreactive animals
according to the sampling locations is presented on Figure 2.

FIGURE 2

Figure 2: Proportion of seroreactive animals according to the locations that samples were collected.

From the 20 samples destined to culturing leptospires, only one retrieved viable leptospires in selective
medium. The strain was named FN115 and further molecular and serological characterization was performed.
Serogrouping of the FN115 strain revealed a strong and specific titration against serogroup Pyrogenes (12,800
for serogroup Pyrogenes, 1,600 for Icterohaemorrhagiae, and 800 for serogroup Canicola). The MLST analysis
revealed that the strain FN115 belongs to sequence type 37 of the MLST scheme, which comprises only L.
interrogans strains belonging to serogroup Canicola and Pyrogenes, all recovered from dogs and human hosts.
All loci presented 100% identity in the BLAST search except sucA, which presented only one mismatch in
a homopolymeric region, which are particularly prone to error in Ion Torrent PGM platform.

Discussion

This study stands as the most comprehensive investigation ofLeptospira spp. infection in domestic and wild
animals from Fernando de Noronha archipelago, also providing the description of the first leptospiral strain
ever isolated from an insular setting in Brazil. Overall, most animals reacted against serogroup Icterohaem-
orrhagiae, corresponding to almost 80% of all positive samples that the most likely infecting serogroup could
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be determined by MAT. The presence of anti-Leptospira antibodies in animal species from Fernando de
Noronha have already been described in 2018 by Moraiset al . (2018), who also found Icterohaemorrhagiae
as the main serogroup infecting cattle and rodents in the island. Although prevalence of renal carriage
has not been accessed in the present study, the identification of Icterohaemorrhagiae as the most prevalent
serogroup in practically all species strongly suggests that rodents play a major role in leptospiral transmission
in Fernando de Noronha. Rodents are recognized as the most important reservoir of leptospires worldwide,
and renal carriage of different pathogenic serovars causing disease in humans and other animals have been
frequently reported (Boey et al., 2019).

Invasive rodents in Fernando de Noronha are subject of major concern, once they can rapidly reproduce
and adapt to human activity (Benavidez et al., 2019). Furthermore, invasion of rodents induced devastating
effects on local biodiversity, leading to extinction of native wildlife (Russell et al., 2018). These ecosystem
disruptions are frequently associated to diminished diversity of species within ecological communities, po-
tentially leading to increased incidence of leptospirosis in insular environments (Derne et al., 2011). Rats,
especially black rats, are widely distributed in Fernando de Noronha and density is currently estimated at
3,700 individuals/km2 in the main island (Russell et al., 2018). In our study, both R. rattusand R. norvergi-
cus presented agglutinins exclusively against Icterohaemorrhagiae serogroup. Icterohaemorrhagiae have also
been identified as the most prevalent serogroup among rodent populations from numerous insular locations
(Boey et al., 2019) and strains belonging to this serogroup are considered the main pathogen causing human
leptospirosis in the Reunion Islands (Guernier et al., 2016) and French Polynesia (Guernier et al., 2017).

Interestingly, even in face of the high exposure to Icterohaemorrhagiae, the characterization of the leptospiral
strain recovered from a black rat revealed infection caused by L. interrogans serogroup Pyrogenes. Pyrogenes
strains have been isolated from humans in New Caledonia (Thibeaux et al., 2017), Philippines (Villanueva
et al., 2014), Puerto Rico (Valverde et al., 2013) and Mayotte islands (Bourhy et al., 2010). In the Brazilian
mainland, two strains belonging to the Pyrogenes serogroup were recovered from a grey opossum (Phylander
opossum ) and water rats (Nectomys squamipes ) in previous attempts to isolate leptospires from wildlife
(Santa Rosa et al., 1975, 1980).

Despite no novel STs was revealed through the MLST analysis, further whole genome sequencing should
be performed in future studies for more accurate phylogenetic inference and for a more comprehensive
understanding on the pathogenicity of the isolated strain, including key aspects related to host-serovar
adaptation. Our results suggest that Fernando de Noronha might present a mixed pattern of leptospiral
diversity, where serogroups probably brought along in more recent introduction of rodents coexist with older
lineages, as proposed by Guernier et al . (2018) and Dietrich et al. (2018) in Western Indian Ocean islands.
Nevertheless, further studies focusing on more in-depth analysis of the leptospiral strains circulating locally
should be conducted to fully elucidate the epidemiology of leptospirosis in Fernando de Noronha.

From the 18 seroreactive bovines, 14 had the highest titers against Icterohaemorrhagiae serogroup. These
results are markedly different from those found in Brazilian mainland and most parts of the world, where
seroreactivity is predominantly associated with serogroup Sejroe, particularly serovar Hardjo (da Silva Pinto
et al., 2016). Acute and incidental infection is rare and has been associated with serovars Pomona, Grippo-
typhosa and Icterohaemorrhagiae (da Silva Pinto et al., 2016). Nine out of the 14 bovines seroreactive for
Icterohaemorrhagiae had titers ranging from 400 to 1.600, thus indicating recent exposure to the pathogen.
Similarly to bovines, most seroreactive sheep and goats showed the highest titers against Icterohaemorrha-
giae, which also diverges from serological data found in continental Brazilian territory, where leptospirosis
in small ruminants is also historically associated with serogroup Sejroe, particularly serovar Hardjo (Mar-
tins and Lilenbaum, 2014). Horses had the highest seroprevalence found and presented the highest titers
mostly against Icterohaemorrhagiae. Although serological surveys in Brazil have confirmed infection caused
by serogroup Australis, including horses from Northeast region (Morais et al., 2019), Icterohaemorrhagiae
infection has been consistently demonstrated in numerous other studies, currently categorizing this serogroup
as the most prevalent among horses in Brazil (Pinto et al., 2017).

Only a small proportion of cats were positive by MAT, and most individuals had titers against serogroup
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Icterohaemorrhagiae. Curiously, none of the 200 cats previously surveyed in Fernando de Noronha by
Morais et al. , (2018) presented titers against Leptospira . The epidemiology of feline leptospirosis is yet to
be determined, and serovars infecting cats vary greatly across different environmental conditions. Overall,
seroreactivity is low, and Pomona has been frequently attributed to leptospiral infection in cats, however
infection by serovars from Autumnalis and Ballum serogroups can also occur (Murillo et al., 2020). Un-
der insular conditions, an even wider range of serovars can be found in cats, such as Bataviae in Malaysia
(Alashraf et al., 2020), Semaranga in Thailand (Sprissler et al., 2019) and Cynopteri in Saint Kitts (Pratt
et al., 2017). Cats have long been believed to control rodent populations, and low proportion of seroreactive
cats in Fernando de Noronha requires further investigation, especially considering the high density of rodents
found in the island. Still, these findings may indicate naturally acquired immune response to leptospiral in-
fection. Alternatively, most of the cats sampled were found around the inhabited areas and under supervised
care by local inhabitants, and although not specifically kept as pets, cats were predominantly subsidized
by human feeding, which might attenuate predatory behavior and consequentially lead to less exposure to
pathogenic Leptospira .

It is noteworthy that dogs had the most variable serological response in this study. Although Icterohaemor-
rhagiae was indeed the predominant serogroup found in the canine population, dogs with the highest titers
([?]400) may have possibly presented infection by different serovars such as Whitcombi, Autumnalis and Aus-
tralis, with the former being the serogroup with the highest titration among all seroreactive animals in the
study. These findings are consistent with former studies that also found highly diverse serological response
in dogs living on insular settings (Pratt et al., 2017). Such repertoire might be influenced by immunization,
which tends to promote paradoxical reactions found in MAT, leading to titration against multiple serovars
unrelated to infection. Nevertheless, the dogs included in the study were mostly supervised pets with unre-
stricted movement and no history of recent immunization, and serovar diversity infecting dogs may reflect
intense environmental exposure to leptospires or contact with livestock and peridomestic wildlife reservoirs.
Further studies should be addressed to clarify the actual role of dogs in the epidemiology of leptospirosis in
Fernando de Noronha, and serological findings may at least indicate dogs as important sentinels for human
infection in the island.

Few birds (Gallus domesticus and Bubulcus ibis ) had antibody titers detectable by MAT. The only three
seroreactive cattle egrets presented titers against Icterohaemorrhagiae serogroup. Icterohaemorrhagiae could
also be detected in one out of the four chickens positive by MAT. Little is known about leptospirosis in birds,
but previous reports have also shown low seropositivity in domestic and wildlife birds (Brasil et al., 2013;
Acosta et al., 2019). The prevalence found in tegu lizards was relatively high, with four out of the 13
samples reacting against serogroups Icterohaemorrhagiae and Autumnalis, and although the small sample
size, similar high prevalence is usually reported in Brazil (Biscola et al., 2011; Paz et al., 2019; Miranda et
al., 2020). Still, the role of reptiles as reservoirs of leptospirosis and their risks for public health is debatable
(Fornazari, 2017). Few studies have tackled infection and pathogenesis in avian and reptile species, and
serological findings in the present study indicate exposure to environmental leptospiral strains circulating
locally.

Overall, the serological pattern found in all species highlight the importance of rodents for leptospiral trans-
mission in the island. Rodent control is currently limited to poison bait stations around areas with more
infrastructure, which are checked and re-stocked at regular intervals. No rat surveillance in the in the bay
area is taken, and invasion from shipped cargo is neglected. Therefore, there is an urgent need for the im-
plementation of a systematic rodent control program. Likewise, the poor sanitary infrastructure conditions
found in the island also poses as risk of Leptospira spp. transmission not only to the local human population
but also for tourists. The improvement of the sanitary conditions in the archipelago is however a logistical
challenge to local managers, since the long distances from the continent and high freight costs make any
civil construction intervention very difficult to implement. Although no permanent water stream is found in
the archipelago, most of the small farms are located around one large water reservoir, which was used for
human consumption in the past. This water reservoir is probably not only associated with the transmission
of Leptospira spp. between farm animals, but also wild animals. Cattle egrets, for example, were found at
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the airport strip, which is located between this water reservoir and the archipelago garbage dump.

As the entrance of visitors in Fernando de Noronha is strictly controlled, the adoption of simple educa-
tional strategies targeting the awareness of disease transmission or even appropriate testing of symptomatic
visitors should be implemented during check-in and check-out procedures as part of a wider surveillance
program. Moreover, it is suggested the implementation of an extensive One Health and Health Education
Program to control leptospirosis that should involve different health professionals such as physicians, nurses,
veterinarians, biologists and health agents.
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