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Abstract
West Nile virus (WNV) is a mosquito-borne Flavivirus that can affect birds, horses, and humans, and is the only zoonotic
Flavivirus that has been identified in six continents. In Brazil, until 2010, there was no evidence of WNV circulation. Recently,
the virus was isolated from a horse with encephalitis, and the first human cases were registered in Brazil. Despite that, there is still
no information on the enzootic cycle of this virus in birds or wildlife. This study aimed to investigate whether there is evidence of
WNV circulation among wild birds from Southern Brazil. For this, we used free-living wild raptors (live-trapped or rescued) as
potential sentinels to investigate the presence of WNV antibodies using ELISA and plaque reduction neutralization test (PRNT)
assay. In addition, the presence of nucleic acids from Flavivirus family members was investigated. None of the birds sampled
presented clinical findings compatible withWNV.Of the 200 serum samples from birds of prey belonging to 21 species, ten (5%)
were positive for the presence of WNV antibodies on ELISA testing. The PRNT test did not confirm the ELISA results, but
indicated that three birds had possibly been exposed to Saint Louis encephalitis virus (SLEV). All samples were negative for
Flavivirus RNA. The results presented here evince the need for permanent surveillance for emerging flaviviruses in Brazil, as
well as for a contingency policy in the case of human/animal outbreaks, particularly in high-risk areas.
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Introduction

Flavivirus are a genus of the Flaviviridae family that include
mosquito-transmitted pathogens such as dengue viruses
(DENV), yellow fever virus (YFV), West Nile virus
(WNV), Saint Louis encephalitis virus (SLEV), Japanese en-
cephalitis virus (JEV), Usutu virus (USUV), and Zika virus
(ZIKV) [1]. Between these viruses, birds play an important
role serving as reservoirs in WNV, JEV, SLEV, and USUV
[1, 2].

West Nile virus was first discovered in Africa in 1937 [3].
After that, many countries have found evidence of its circula-
tion in horses, birds, and humans [1]. In 1999, an outbreak of
the disease first occurred in the Americas, in New York City
[4]. At that time, humans and many birds, including wild and
captive ones, died due to the disease [5–8]. The virus was
further detected in Mexico (2000) in a hooded warbler
(Setophaga citrina), a migratory Parulidae bird. In South
America, the first evidence of virus circulation was in 2004,
with detection of antibodies in sera of horses from Colombia
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[9, 10]. As WNV reached South America in 2004, it became
the only zoonotic Flavivirus that was identified in six conti-
nents [11]. Later, in 2006, the first case of WNV was reported
in Argentina; two horses died of the disease 48–72 h after
presenting ataxia, circling, hypersensitivity to noise, hyperex-
citability, and recumbency [12]. In Uruguay, a serosurvey
showed that 1.88% (8/207) of equine sera tested positive in
2013 [13].

In Brazil, until 2010, there was no evidence of the presence
of WNV, as serosurveys conducted with migratory birds be-
tween 2002 and 2010 resulted only in seronegative samples
[14–16]. In 2011, a serosurvey in horses from Brazilian
Pantanal wetland showed animals with the presence of anti-
bodies but no evidence of disease, indicating that the virus had
probably occurred in wild enzootic cycles [17, 18]. Recently,
the virus was isolated from a horse’s brain in Espirito Santo
state [19]. In 2015, the first documented human case of WNV
in Brazil, in Piauí state, northeast Brazil, in a rural worker [20]
was reported. Recently, the seventh human case was notified
by health authorities in Piauí [21].

WNV fever is considered a disease limited to one or more
areas in Brazil by Brazilian animal health authorities [22].
Additionally, even in the face of two human cases and sero-
logical evidence of equine exposure to the virus, there is no
information on virus transmission and the enzootic cycle in
birds or wild reservoirs. This evinces the urgent need for more
surveillance and epidemiological studies in the vast Brazilian
territory, especially in birds, the traditional hosts of WNV.
Thus, the aim of this study was to investigate whether there
is evidence of WNV circulation among wild birds from
Southern Brazil. For this, we used wild raptors as potential
sentinels to investigate the presence of WNV antibodies.

Materials and methods

Samples of free-ranging raptors were obtained from (i) live-
trapped and (ii) rescued birds. The live-trapping procedure
was a part of an official bird strike control protocol of
Salgado Filho International Airport at Porto Alegre munici-
pality, Rio Grande do Sul (RS) state. The single-door
Tomahawk live-traps (1.15 m × 40 × 60 cm) were baited with
carcasses of domestic quail (Coturnix japonica) [23]. Traps
were opened twice a week at 8 am, and revisited at 2-h inter-
vals during daytime. The traps were closed at the end of the
day, before sundown. The live-trapping procedure was con-
ducted over 2 years, with most of the birds captured during
autumn and winter months. The captures focused on the
Southern Caracaras (Caracara plancus), the most abundant
bird of prey in this area. The birds were captured, manually
restrained, banded, and had their blood collected by venipunc-
ture of the ulnar vein [24]. After that, animals were
translocated to a releasing site previously determined by local

environmental authorities. The rescued birds were sampled at
three wildlife rehabilitation centers located in the municipali-
ties of Porto Alegre, São Francisco de Paula, and Pelotas, all
located in RS state. Most of the rescued birds were admitted to
the rehabilitation centers after trauma. All birds weremanually
restrained, and had their blood collected by venipuncture of
the ulnar or jugular veins. Blood collection was performed as
soon as possible after the bird arrived at the center to avoid any
potential influence of the captive environment. Figure 1 de-
picts the location of the live-trapping site and rehabilitation
centers. Despite the birds being sampled in centers located in
three municipalities, the exact origin of these animals is un-
known, since this information is usually not recorded by en-
vironmental authorities. This means that for most of the res-
cued birds sampled here, we cannot determine the region
where they originally lived. This study was approved by the
local ethics committee on animal experimentation (CEUA-
IPVDF 07/18 and 02/19) and Brazilian biodiversity authori-
ties (SISBIO licenses 54808 and 62187).

All blood sera were obtained by centrifugation of blood
without anticoagulant and then stored at − 20 °C until use.
The sera were then tested using a commercial enzyme-
linked immunosorbent assay (ELISA) WNV kit (ID
Screen® West Nile Competition Multi-species – IDVet,
France). The plate was read using a spectrophotometer at
450 nm (Biochrom EZ Read 2000) . To conf irm
seropositivity, samples positive in the ELISA test were
tested by a plaque reduction neutralization test (PRNT). For
that, serum samples were ultracentrifuged and filtrated using a
syringe filter with a 0.22-μm polyvinylidene membrane. The
samples were diluted 1:10 in minimum essential medium
(MEM) and endpoint antibody titers determined using serial

Fig. 1 Study area for investigation of West Nile virus (WNV) antibodies
in wild raptors from Southern Brazil. Map shows Rio Grande do Sul state,
Brazil, and neighboring countries. Light gray shading indicates the
Pampa biome; dark gray shading indicates bodies of water; birds indicate
the sites of sampling, as follows: (1) Porto Alegre, (2) São Francisco de
Paula, and (3) Pelotas municipalities
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twofold dilutions and they were incubated with 100 plaque-
forming units (PFU) of WNV (strain ChimeriVax TMWNV)
or SLEV (strain ChimeriVax TM SLEV) [25]. The SLEVwas
included in the PRNT assay since the ELISA kit’s manufac-
turer states that there may be some cross-reaction between
WNV and SLEV. Vital dye neutral red was used at 2.2% for
plaque visualization after 4 days post-infection. Plaques were
counted and titers were calculated and expressed as the recip-
rocal of the serum dilution yielding a ≥ 50% and ≥ 90% re-
duction in PFU on Vero cells (respectively, PRNT50 and
PRNT90). Titers > 10 were considered positive.

Additionally, all serum samples positive in the ELISA test
were further tested by RT (reverse transcription)-nested PCR
(polymerase chain reaction) to verify the presence of nucleic
acids from Flavivirus family members [26]. RNA was extracted
from 0.2 mL using the Purelink RNA mini kit (Life
Technologies, Carlsbad, CA, USA). RNA quantity and quality
assessment were realized via NanoDrop equipment (ND-3300,
NanoDrop Technologies, USA). The RT reaction was per-
formed using M-MLV Reverse Transcriptase (ThermoFisher
Scientific, Waltham, MA, USA) according to the manufac-
turer’s instructions. The primers and RT-nested PCR conditions
were previously described elsewhere [26]. Briefly, for the first
reaction, we used Flavi1+ (GAYYTIGGITGYGGII-
GIGGIRGITGG) and Flavi1− (TCCCAICCIGCIRTR-
TCRTCIGC) primers. Samples underwent an initial cycle at
38 °C for 45 min and 94 °C for 2 min, followed by a further
40 cycles at 94 °C for 30 s, 47 °C for 1 min, and 68 °C for 1 min
and 15 s. A final extension step was carried out at 68 °C for
5 min. The nested reaction was performed using Flavi2+
(YGYRTIYAYAWCAYSATGGG) and F l av i2−
(CCARTGITCYKYRTTIAIRAAICC). The PCR conditions
were a denaturation stage (94 °C for 2 min) followed by 40
cycles similar to the conditions described above. As positive
controls for RT-nested PCR, we used a reference sample of
ZIKV, kindly provided by Dr. Ana Claudia Franco (Virology
Laboratory, UFRGS, Porto Alegre, Brazil).

Results

Herein, we analyzed 200 serum samples from birds of prey.
From these samples, 94 were from live-trapped Southern
Caracaras (C. plancus), and 106 were from rescued birds ad-
mitted to wildlife rehabilitation centers, which belonged to 21
species of three different orders. From the 200 serum samples
analyzed, ten (5%, CI 95% 2–8%) were positive for the pres-
ence of WNV antibodies by ELISA. Just one of the seropos-
itive birds was a live-trapped C. plancus. The other nine sero-
positive birds were rescued birds, of the following species:
one C. plancus; one Milvago chimango (Chimango
Caracara); one Milvago chimachima (yellow-headed
Caracara); four Bubo virginianus (great horned owl); one

Magascops choliba (tropical screech owl); and one Asio
stygius (stygian owl). None of the live-trapped C. plancus
sampled presented any signs of disease at the moment of cap-
ture. The rescued birds were mainly admitted to rehabilitation
centers due to trauma, and at the moment of sample collection,
none was considered suspect for infectious encephalitis. All
nine rescued birds seropositive for WNV died or were eutha-
nized within some days after sampling, and since at that time
there was no suspicion of infectious diseases, all carcasses
were discarded as medical waste. The detailed results of sam-
pled animals and serology results are shown in Table 1.

Of the ten positive samples in the ELISA test, five were
further tested by PRNT assay. Due to limitation of the serum
sample volume, it was not possible to test the other five pos-
itive samples. Two of the birds sampled (one C. plancus and
one M. choliba) showed PRNT50 and PRNT90 titers above
160 against SLEV. One of these birds (M. choliba) presented
a PRNT50 titer of 10 for WNV and ≥ 160 for SLEV. An owl
(B. virginianus) showed 80 as PRNT50 titer for SLEV and <
10 for WNV, while in PRNT90 was non-reagent for both vi-
ruses (SLEV and WNV). In Table 2, a summary of PRNT
results is shown. None of the samples was positive for the
RT-nested PCR for Flavivirus RNA detection.

Discussion

Since birds of prey are considered a highly sensitive avian
group for some flaviviruses, such WNV, we chose these spe-
cies to investigate the presence of WNV antibodies in
Brazilian wild birds [27–30]. To date, despite the surveys with
migratory birds performed between 2002 and 2010, there are
no studies regarding this raptor’s orders in Brazil. Raptors are
long-life apex predators at the top of the food chain, which
means they have contact with many other birds when feeding
on prey or carcasses. Thus, raptors may be considered
bioaccumulators and also indicators of the biomagnification
of pathogens. Herein, we sampled 21 neotropical species of
wild raptors to assess whether there was evidence of
Flavivirus circulation among birds in Southern Brazil.

To date, antibodies against WNV have previously only
been found in Brazilian horses. Herein, we found antibodies
against WNV in non-migratory birds by ELISA, a screening
test with high sensitivity. However, using a confirmatory and
more specific test (PRNT), we did not confirm the ELISA
results. Moreover, the PRNT results suggested a previous ex-
posure to SLEV, another zoonotic mosquito-borne Flavivirus,
such as WNV. Regarding the lack of detection of RNA of
flaviviruses in tested samples, this could possibly be related
to the short-time viremia of most flaviviruses in raptors [31].
Furthermore, we cannot rule out that these negative results
could be attributed to RNA degradation due to storage condi-
tions (− 20 °C).
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Considering previous serosurvey studies in wild birds con-
ducted in Brazil, only one tested a raptor, one burrowing owl
(Athene cunicularia) that tested negative [16]. In Argentina, a
few studies have tested wild and captive birds of prey, inclu-
sively, showing some seropositive birds, such as two
American kestrels (Falco sparverius), one crowned eagle
(Urubitinga coronata), one Rufous-thighed hawk (Accipiter
erythronemius), and five members of the Falconidae family
(species not mentioned by the authors) [32–34]. In the USA,
WNV was detected in more than 40 raptor species [35]. In
Table 3, we have summarized the reports of WNV
serosurveys in 27 species of birds of prey worldwide.

In North America, Corvidae family members, particularly
American crows (Corvus brachyrhynchos) are considered the
major sentinel for WNV infection [48]. Since this species is
not found in Brazil, other species must be identified as potential
sentinels. Considering that several raptor species seem

Table 1 Summary of sampled
animals and results of ELISA for
detection of antibodies against
WNV in free-ranging birds of
prey from Rio Grande do Sul
state, Brazil

Order Species Positive/
total

% (CI 95%) Migratory

Acciptriformes 0/21 - - -

Rupornis magnirostrisb 0/10 - - No

Ictinea plumbeab 0/3 - - Yesc

Heterozpizias meridionalisb 0/3 - - No

Harpagus diodonb 0/2 - - Yesc

Rostrhamus sociabilisb 0/1 - - Yesc

Geranospiza caerulescensb 0/1 - - No

Buteo brachyurusb 0/1 - - No

Falconiformes 4/132 3% (1–7%) -

Caracara plancusa 1/94 1% (0.2–5%) No

Caracara plancusb 1/6 16% (3–56%) No

Falco sparveriusb 0/22 - - No

Milvago chimangob 1/4 25% (4–69%) No

Milvago chimachimab 1/3 33% (6–79%) No

Micrastur semitorquatusb 0/1 - - No

Falco peregrinusb 0/1 - - Yesd

Falco deiroleucusb 0/1 - - No

Strigiformes 6/47 12% (5–25%) -

Bubo virginianusb 4/12 33% (13–60%) No

Megascops cholibab 1/11 9% (1–37%) No

Asio clamatorb 0/10 - - No

Tyto furcatab 0/6 - - No

Athene cuniculariab 0/4 - - No

Asio stygiusb 1/3 33% (6–79%) No

Pulsatix koeniswaldianab 0/1 - - No

Total 10/200 5% (2–8%) -

a Live-trapped birds
b Rescued birds
cMigration within Brazilian territory
dMigration from North America

Table 2 Plaque reduction neutralization test (PRNT) for WNV and
SLEV in serum samples of free-ranging birds of prey from Rio Grande
do Sul state, Brazil

Bird species PRNT50 titer PRNT90 titer

WNV SLEV WNV SLEV

Bubo virginianus < 10 80 < 10 < 10

Caracara plancusa < 10 ≥ 160 < 10 ≥ 160
Caracara plancusb < 10 < 10 < 10 < 10

Megascops choliba 10 ≥ 160 < 10 ≥ 160

Milvago chimachima < 10 < 10 < 10 < 10

a Live-trapped bird
b Rescued bird
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susceptible to WNV infection [28, 35, 49, 50], and that they
occupy a great home-range area, they emerge as potential senti-
nels for surveillance. The six raptor species found to be seropos-
itive by ELISA in our study are usually found at or nearby great
populous cities in SouthernBrazil, which reinforces the potential
risk of human exposure to WNV. Since Strigiformes (owls)
showed the highest seropositivity by ELISA in our study, this
group could be important as potential sentinels in Brazil. The
habit of preying on other birds, commonly observed for the
B. virginianus owl [51], could be important for WNV and other
Flavivirus exposure, since it was once demonstrated that some

viruses could be transmitted to birds that fed on carcasses of
other infected avian hosts [52]. Interestingly, Bernt reported that
Passeriformes birds were generally found to be the least mos-
quito tolerant, in comparison to owls, such B. virginianus, who
exhibited the fewest defensive behaviors and were most heavily
mosquito-infested [53]. Considering mosquito-borne viruses,
this may have some implications for infection rates. This must
be considered in further epidemiological studies and surveil-
lance in neotropical birds.

Herein, we showed evidence of previous exposure to
SLEV in three birds of prey, a Southern Caracara, a great

Table 3 Serosurvey studies of
WNV in raptors worldwide Order Species Country % (+/total) Reference

Acciptriformes Accipiter gentilis Spain

Poland

Germany

100% (1/1)

30% (3/10)

40% (4/10)

[36]

[37]

[38]

Accipiter nisus Germany 11.1% (1/9) [38]

Aquila adalberti Spain 100% (1/1) [39]

Buteo buteo Germany

Germany

2.7% (1/37)

16.1% (5/31)

[27]

[38]

Circus aeruginosus Germany 50% (1/2)

33.3% (1/3)

[27]

[38]

Haliaetus albilica Poland

Germany

33.3% (2/3)

16.6% (1/6)

[37]

[38]

Hieraaetus pennatus Spain 50% (1/2) [36]

Milvus milvus Germany 100% (2/2) [38]

Pandion haliaetus Germany 50% (1/2) [27]

Pernis apivorus Germany 33.3% (1/3) [27]

Falconiformes Caracara cheriway USA 16.3% (13/80) [40]

Falco eleonorae Spain (Canary Islands) 4.9% (4/81) [41]

Falco naumanni Spain 6.6% (1/15) [36]

Falco peregrinus Canada 100% (2/2) [42]

Falco sparverius USA

Canada

USA

95% (21/22)

16.4% (25/152)

81.7% (170/208)

[43]

[44]

[45]

Strigiformes Asio flammeus Canada 100% (8/8) [42]

Athene cunicularia Canada

USA

90% (9/10)

22% (41/186)

[42]

[45]

Bubo bubo Spain 11.1% (2/18) [36]

Bubo virginianus USA

Canada

USA

44.4% (4/9)

100% (12/12)

1.41% (1/71)

[46]

[42]

[47]

Glaucidium gnoma Canada 40% (2/5) [42]

Megascops asio Canada 72.7% (24/33) [42]

Micrathene whitneyi Canada 100% (1/1) [42]

Ottus flammeus Canada 12.5% (1/8) [42]

Strix varia Canada 100% (2/2) [42]

Tyto alba Canada 80% (8/10) [42]

Strix aluco Spain

Germany

8.3% (1/12)

20% (1/5)

[36]

[38]
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horned owl, and a tropical screech owl. The WNV ELISA
kit’s datasheet suggests a potential cross-reaction between
WNV and SLEV antibodies, to be further confirmed by more
specific assays, such as PRNT. SLEV is considered a wide-
spread virus in the Americas. For more than 50 years, there
was evidence of SLEV circulation in Brazil [54]. Few human
cases, involving fever and jaundice, have been reported to date
[55, 56]. SLEV infection has already been demonstrated in
horses from Brazil [57], birds [17, 58], and mosquitoes [59,
60]. In spite of birds maintaining the viral life cycle and being
considered the natural amplifying host, to date there is a pau-
city of data regarding birds of prey. Moreover, contrary to
WNV, SLEV infection is usually considered asymptomatic
in birds [61]. Here, we provide data indicating that raptors
could be involved in the enzootic cycle of SLEV in Brazil.
Usually, migratory birds are the main targets of studies
concerning Flavivirus epidemiology in places where the agent
was not considered established; however, the presence in non-
migratory birds means that the virus is possibly established in
the area. Nevertheless, as previously proposed, it is possible
that WNV may have first entered Brazil through migratory
birds [17, 62]. Besides migratory birds, it is important to note
that imported pet birds and horses, as well as travelers coming
from countries where the virus is present, could represent a
risk of disease spread and infection of local potential vectors.
The importation of pet birds from the USA and Europe is
increasing and usually, only avian influenza and Newcastle
disease viruses are considered in the health screening to allow
entrance to Brazilian territory [63].

None of the sampled birds was initially considered suspect
for infectious encephalitis or any other infectious disease.
However, it is important to note, particularly for veterinary
practitioners, that any neurological presentation and/or emaci-
ation may be misdiagnosed as head trauma (a common pre-
sentation at wildlife rehabilitation centers) rather than any sus-
picion of infectious encephalitis, especially in areas where
WNV and other viruses are not considered endemic. This
demands a more careful physical examination and the need
for availability of complementary and diagnostic tests; partic-
ularly in cases where the animal’s history is unknown. WNV
infection can frequently present non-specific clinical findings
in birds such as disorientation, ataxia, depression, weakness,
emaciation, head tremors, and posture problems (which can fit
many disease’s clinical signs) [28, 31]. Thus, despite the po-
tential reservoir role of these birds, the aforementioned clinical
signs (that can reduce long distance flights) and the solitary
habits of most raptor species may affect virus spread.

The data concerning wild birds’ exposure to Flavivirus
reported here evince the need for further studies aiming at
the molecular detection and isolation of the virus from wild
birds in Brazil, as well as investigation of the virus in mosqui-
toes. Indeed, our results highlight the importance of monitor-
ing emerging pathogens, even those considered restricted to

one or more zones in the neotropical region [22]. A permanent
surveillance program, especially of domestic birds and horses
that live near migration points in the country, would increase
the odds of early detection of virus entry. The official surveys
for WNV in wild birds are no longer performed in most
Brazilian states, and even when they are done, they only cover
a few regions of Brazil’s vast territory. The last investigation
of WNV in a migratory site in RS state occurred in 2004 [15].
Unfortunately, pivotal health policies such as surveillance
programs for emerging agents in potential natural reservoirs,
such as WNV in wild birds, are highly dependent on govern-
ment priorities and budgetary restraints. The set of results
presented here demonstrates the need for permanent surveil-
lance for WNV and other arbovirus encephalitis in Brazil, as
well as for a contingency policy in the case of human/animal
outbreaks, particularly in high-risk areas. Additionally, further
research must contribute to public policies exploring epidemi-
ological data of recent human cases, as well as expanding the
knowledge of potential neotropical reservoirs (enzootic cy-
cles) and vectors.
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