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Abstract: We evaluated the prevalence of WNV and SLEV neutralizing antibodies in captive and free-ranging

raptors from Argentina by plaque-reduction neutralization test. Eighty plasma samples from 12 species were

analyzed. Only one captive adult Crowned Eagle (Harpyhaliaetus coronatus) was WNV seropositive (preva-

lence: 1.25%; antibody titer of 1:80). Two captive Crowned Eagles were SLEV seropositive (prevalence: 2.50%;

antibody titers: 1:80 and 1:40).These findings expand the geographic distribution of WNV and SLEV and

confirm their activity in central and northeastern Argentina. West Nile virus activity in Argentina may rep-

resent a potential threat to Crowned Eagles and other endangered raptors in this country.
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Since its arrival to North America in 1999 and subsequent
dissemination through Central and South America (Nash
et al. 2001; Komar and Clark 2006; Diaz et al. 2008; Pet-
ersen and Hayes 2008; Hunsperger et al. 2009), concern has
been raised about the possible effect of West Nile virus
(WNV; Flavivirus, Flaviviridae) on immunologically naive
and endangered Neotropical birds populations (Saggese
2007; Blitvich 2008; Bataille et al. 2009). Raptors (Orders
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Accipitriformes, Falconiformes, and Estrigiformes) are
particularly susceptible to WNV infection (Wiinschmann
et al. 2005; Nemeth et al. 2009; Hull et al. 2010). High
morbidity and mortality of raptors has been reported in the
USA, Canada, and Europe (Gancz et al. 2004; Saito et al.
2007; Hofle et al. 2008; Nemeth et al. 2007, 2009). Different
studies conducted in experimentally inoculated birds and
also on free-ranging raptors show a gradient of no obvious
illness, subclinical, clinical manifestation, and death across
raptors infected with WNV (Nemeth et al. 2006; Ellis et al.
2007; Jiménez-Clavero et al. 2008; Ziegler et al. 2013).
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Currently, 136 species of diurnal and nocturnal birds
of prey inhabit South America and 18.3% of them are
considered threatened or near-threatened (BirdLife 2013).
Combined with other well-recognized threats, avian
pathogens may have a negative impact on wild raptor
populations (Newton 2002; Saggese 2007). Those species
with limited geographic distribution, reduced natural
numbers, fragmented populations, and low heterozygosis
are highly susceptible to the deleterious effects of emerging
diseases, like WNV (Newton 2002; Saggese 2007). Threa-
tened and non-threatened species of raptors maintained in
zoos and rehabilitation centers for ex situ conservation
programs may be at risk as well (Saggese 2007).

WNV activity was detected in several central and
northern Argentinian provinces, evidenced by the detection
of neutralizing antibodies (PRNTADb), in a large mosaic of
avian species, starting in the early 2000s (Diaz et al. 2008,
2011). Although no human encephalitis outbreak by WNV
was reported, sporadic febrile human cases were observed.
Beyond these few pieces of information, data surrounding
distribution and impact of WNV in South America are
scarce (Komar and Clark 2006; Morales et al. 2006; Peter-
sen and Hayes 2008; Diaz et al. 2008).

Another flavivirus co-circulating and re-emerging in
the American continent is St. Louis encephalitis virus
(SLEV) (Spinsanti et al. 2009), which is broadly distributed
in subtropical and temperate areas of Argentina (Diaz et al.
2013). Although birds are not affected by SLEV infection,
they have an essential role in the transmission and main-
tenance of this virus (Reisen 2003).

The presence of WNV activity in Argentina may rep-
resent a considerable potential threat to both free-ranging
and captive birds (Saggese 2007). However, the pattern of
WNV and SLEV infection in Argentinean raptors remains
basically unknown. In this study we evaluated the preva-
lence of WNV and SLEV antibodies in captive and free-
ranging birds of prey from Argentina.

Sampling was conducted between March 2007 and
April 2010 at selected zoos and wildlife rehabilitation
centers and free-ranging raptors located in different geo-
graphic areas of Argentina (Table 1).

Plasma samples were tested for specific SLEV and
WNV antibodies by plaque-reduction neutralization test
(PRNT) using autochthonous viral strains (WNV ArE/
729906 or SLEV CbaAr-4005).
responsible for the infection was identified in serum diluted
at least 1/10 following Diaz et al. (2008).

The etiologic agent

A total of 80 plasma samples from 12 species of Ac-
cipitriformes, 5 species of Falconiformes, and 4 species of
Estrigiformes were analyzed. Only monotypic immuno-
logical reactions were detected, no cross-reaction between
viruses was observed. Only one sample was WNV sero-
positive (prevalence: 1.25%; 1/80), an adult Crowned Eagle
(antibody titer: 1:80) (Table 1) held captive in Casa
Grande, Cordoba in January 2008 (Fig. 1).

Two Crowned Eagles, one from Giiira Oga, Misiones
province and another one from Buenos Aires city, had
detectable NTAb against SLEV (titers: 1:80 and 1:40,
respectively). Overall, the prevalence of SLEV NTADb was
2.50% (2/80).

The adult Crowned Eagle WNV seropositive was a
captive bird housed with other birds of prey in an open-air
aviary located in a rural-suburban environment of the Dry
Chaco Eco region. Interestingly, a few days before sam-
pling, an adult Crowned Eagle housed in the same aviary
was found dead, although necropsy and additional post-
mortem investigation were not pursued by the zoo. This
finding confirms exposure in an endangered species, ex-
pands the geographic distribution of WNV, and confirms
its activity within Cordoba province (Diaz et al. 2008).
Cordoba city, 81 km away, was the nearest site of WNV
activity previously reported in raptors: an American kestrel
(Falco sparverius) had been previously found seropositive,
with a bird community seroprevalence of 1.1% between
January 2005 and June 2006 (Diaz et al. 2011), 2 years
before our result reported here. At the moment, the others
birds of prey seropositive for WNV in Argentina come
from another American kestrel and a Rufous-thighed Hawk
(Accipiter erythronemius), from a rural area of Northeastern
Cordoba province and from an urban site of Tucuman
province, respectively (Diaz et al. 2011).

The apparent absence of WNV activity in sampled
raptors could be a result of the limited sampling size in
some sites. However, a relatively large number of raptors
tested in Misiones (33 individuals/17 species) were also
negative. The lack of WNV seropositive birds in Misiones
province is surprising considering recent reports of WNV
activity in the closer Corrientes and Chaco provinces,
where free-ranging black howler monkeys (Alouatta caraya)
had a seroprevalence of 19.81% in 2010 (Morales et al.
2011). Furthermore, this lack of exposure could indicate a
high susceptibility to future infection and a potential
conservation risk for endangered captive and free-ranging
raptors inhabiting Misiones. Giiira Oga is home to one of



WNV and SLEV Seroprevalence in Raptors, Argentina

1ssvd snutiSousad 0o

0107 12qudAON Mqny) (N€) Sorpu] 3p osed ‘(NT) SHIMBIN "6007 12qUId ZnI) BIues (N¢) MV 1onH L/0 L/0 uod[e] AULIZAId]
snapnb.ioj1as IngsvIOLN
800T Y2JBIN "SIUOISI (V) nzend] ‘ e8Q eImo 1/0 1/0 UO0D[BJ-1S210 PAIB[[0D)
snouvyd vivIviv)
0107 19qUId3( PUB IQUIDAON] “ZNID) BIUBS (NF1) IV 19N {0107 JqULAON “Zh1)) BIues ‘(N) opedsaq S1/0 G1/0 BIRDRIE) UWIDYINOS
S2/0 ST/0 SEPIUOd[E]
stygso.uSowr stuiodmy
800C YoTeIN "SIUOISI ‘() nzenSy < e80 e1mo 1/0 1/0 JMeH 9pIspeoy
snyvatfiof saprouv]y
800T Y2JBIN "SAUOISII (V) nzend] ‘ B30 eImo 1/0 1/0 DY PI[IE}-MO[[EMS UBILISWY
vaquinyd viunf
800T Y2IBIN "SQUOISIN (V) nzensd] ‘80 ermo ¥/0 v/0 21D snosquunyq
snuuv.Ify snjovzidg
8007 Y2IBIN "SIUOISTI ‘Nzengy ‘ e3() eImo 1/0 1/0 d[8ea-smeH ovg
SNpUI0 snJavzids
8007 YdIBJN "SAUOISTN “(V¢) nzend[ ‘€30 eImo €/0 €/0 a[3ea-ymeH 21eUIQ
snonajouvjaus snjavzids
800T YOIBIN "SFUOISIA (V) nzen3] ‘ e8Q eino 1/0 1/0 S[3ea-ymeH 1yM-pue-yoe[qg
snindyoviq oagng
8007 YPIRN "SIUOISTIL (V) nzenSy ‘ e3() eImo 1/0 1/0 MMEH pa[rel-1Ioys
SNINIJOUD[IUL SHIIDOUDIIE)
0107 12quIadd 013aN ory (NF) nodrued[ig S/0 S/0 J8ea-pIrezzng paisayd-oe[g
sypuotpLiawL snjpsoang
8007 YPIBIN "SIUOISIN (V) nzens] ‘80 e1mo /0 1/0 JMBH eUUBARS
sn1iv11jos snavypyAdivpy
800T YPIBIN "SIUOISTY (V) nzens] ‘80 eImo 1/0 1/0 d[dey Areiog
600 12qQUIPAON ‘600T-L00T Arenue( "ezopudIy (V ‘N¢) 2[[eABT ‘6007 [1dY pue g00z 12qo1Q ‘8007 [1dy
£00T AeIN *(V ‘[ #) A0 211y souang {800z 12q010Q "elory e ([) [edtwrey) 9007 [1dy edrewreie)
(V) u9pd ‘8007 YoTeIN "SIUOISIN ‘Dzend[ (V) (e80 eImD 8007 Areniqaq edwed e (N7) SIUOW
[oP 1°nSe[ 8007 Arenue( "eqopioD) (V) Spueld eseD (00T YoIBN BZOPUIN ((VT) [oejey Ues snIvU0.109 snavyvyddivpy
££00T YoIeJN "eZOPUdIN (VT ¢[) AV ezopusy :£007 Arenue( “edured e ‘(N) e[mS3y [9p o0qoireS[y T U1 3[3eqg paumoi)
/T /1 sepridooy
(AFTS ANM
PIEp/UONEd0T] 2oUd[BAII] saadg

eunuadry woij s1oyder JUSIAYPIP 10} ATTS PUB ANM JO SIoI pue 20udead1dordg °I J[qeL




Agustin I. Quaglia et al.

'sparq oanded saeaTpUY,

IBdX YIUOJA 9douia0ld ‘(Anpe V7 O[uaan( [ Suipsau py) 93¢ pue oz1s pajduwes ‘yuotmiedop /s ﬁuEEamN
"AHTS Put AN\ 103 tonodgut 2antsod o1 (01 /1< SI931 SAPOGHUE TN,

08/t 08/1 [el0],
sn13A1s o1sy
8007 YPIBN "SIUOISII (V) nzenSy ‘ e3Q) eImo 1/0 1/0 MO uerslig
vq1oys sdoosvSap
8007 YoIBJA "SAUOISTIN (V6) nzendy mmwo BIIND) 6/0 6/0 [Mo-yoa10g [eordor],
vLvnund 034102dg
8007 UPIRIN "SIUOISTIN (V) nzend] ¢ e3Q eImo 7/0 [4[0] MO Sumormg
Z1/0 z1/0 aepIding
vqv 014
8007 YdIBJN "SIUOISI (V) nzen3[ ‘€30 eImo 2/0 2/0 MO tieq
/0 /0 SBPIUOIL],
stvndyni 0
8007 UDIBJN "SIUOISI (V) nzenJ[ ‘€30 eImD 1/0 1/0 uodfeq yeq
sypiowaf 03[,
800T Y2IEIN "SIUOISII (V) nzend] ¢ e8Q eImo 1/0 1/0 uooe] opewo[dy
(AHTS (ANM
P1Ep/UOnEd0] dUd[BAI] saradg

panunuod ‘[ d[qe[,




JflwlA

the largest captive collections of forest eagles in Argentina
and these birds have a high value for ex situ conservation
programs.

Contrasting with the WNV activity in USA and Canada,
no mortality events have been reported in Neotropical birds
(Komar and Clark 2006; Diaz et al. 2011). Reasons for this
difference are not clearly understood, but circulation of bird-
attenuated viral strains, avian host WNV infection resistant,
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I SLEV seropositives

N
W E Figure 1. Spatial distribution of WNV and
SLEV seropositive and seronegative raptors in
S Argentina, 2007-2010.

co-circulation of antigenically related flaviviruses, and dilu-
tion effect of viral activity in a richer mosquito and avian
community have been suggested (Gubler 2007; Swaddle and
Calos 2008; Keesing et al. 2010). Moreover, lack of a proper
surveillance system could likely encrypt the actual WNV
activity in the region (Petersen and Hayes 2008).

One adult Crowned Eagle SLEV seropositive was a
captive female in Gtiira Oga for more than 12 years and
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sampled in March 2008. Based on its antibody titer of 1:80
we suspect that SLEV infection was recently acquired.
Hodara et al. (1991) described SLEV seropositive people
when studying prevalence of several arthropod-borne dis-
eases in Misiones province, but technical limitations of
their work precluded conclusions about the exact identity
of the specific antibodies (a non-specific hemagglutination
inhibition test was used by these investigators). Therefore,
this is the first confirmation of SLEV activity in this
province.

The other SLEV positive Crowned Eagle was a juvenile
found in San Juan province (western Argentina) and
moved to Buenos Aires for rehabilitation 2 months before
the sampling date (April 2009). The low titer (1:40) and the
history of recent movement suggests two potential sce-
narios for the infection origin. Between January and May
2009, a SLEV case was registered in Buenos Aires (Lopez
et al. 2011) suggesting infection of this bird may have oc-
curred during this time. Alternatively, if this eagle was in-
fected in San Juan before its arrival in Buenos Aires, this
would demonstrate viral circulation at least 2 years previ-
ous to a recent urban outbreak (Lopez et al. 2011).
Unfortunately, no other birds were investigated for SLEV
NTAD.

Recently, the use of zoo collections and rescue centers
has been advocated for disease surveillance (Nemeth et al.
2007; Pultorak et al. 2011). In Argentina, human health
surveillance programs are designed to report encephalitis
and fever syndromes with infrequent etiological confir-
mation, although prophylactic measures are rarely imple-
mented as result. Raptors, and other species of birds, are
highly susceptible to WNV and SLEV infection (Wiinsch-
mann et al. 2005; Nemeth et al. 2009; Hull et al. 2010)
mounting an antibody response to detectable levels by
serological tests such as ELISA and PRNT (Nemeth et al.
2007). Zoo and rehabilitation centers house a large number
of birds from different orders including raptors, parrots,
waterfowl, etc. that could constitute an excellent, sensitive,
and operative source of biomedical samples for WNV and
SLEV activity surveillance (Nemeth et al. 2007; Pultorak
et al. 2011).

Our data confirm the endemic circulation of WNV in
the province of Cordoba, according with previous evidence
and suggest a wide geographic distribution of SLEV and
WNV in Argentina (Diaz et al. 2008). Our limited sample size
did not allow confirming the absence of viral activity in
raptors at locations where only seronegative birds were
found, potentially underestimating the real infection status

of raptors at the present time. However, this represents the
first screening for flavivirus serological status in birds of prey
at a large spatial scale in Argentina and South America.
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