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Saint Louis encephalitis virus (SLEV), West Nile virus (WNV) and Ilheus virus (ILHV) are flaviviruses maintained 
by enzootic transmission networks between mosquitoes and birds. They have been detected in South America, 
with no records for Paraguay. We detected the presence of neutralizing antibodies for SLEV, WNV and ILHV in 
free-ranging birds collected in Paraguay (2016–2018). Four positive samples were detected in resident birds: one 
SLEV (rufous-bellied thrush), one WNV (barred antshrike) and two ILHV (white-tipped dove and shiny cowbird). 
These results bring new information about enzootic activity of flaviviruses in Paraguay. 
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Methods 
Field work was carried out between September 2016 and Febru- 
ary 2018, when six field trips were made to collect samples. Mist 
nets were used to capture birds in three different areas, includ- 
ing a rural area in Itacurubí de la Cordillera, an urban area in San 
Lorenzo and an Atlantic forest area in San Rafael National Park 
(Figure 1 ). Mist nets were operated between sunrise (05:30 h) and 
noon (12:00 h) and checked every 15 min. Captured birds were 
placed inside a cloth bag to minimize stress. Biometric informa- 
tion on the birds was gathered and all birds received a mark with 
a unique identification number. The nomenclature of bird species 
names follows the classification of bird species of South Amer- 
ica ( http://www.museum.lsu.edu/ ∼Remsen/SACCBaseline.htm ). 
Bird capture was authorized by the Ministry of the Environment 
and Sustainable Development (MADES). After bleeding, birds were 
released. 
Blood samples were obtained by jugular venipuncture accord- 

ing to the bird’s weight ( < 10 g were not blood sampled). Detec- 
tion of neutralizing antibodies was performed using a plaque 
reduction neutralization test (PRNT) in Vero cells. SLEV strain 
Cba4005, WNV strain E/7229/06 and Ilheus strain H7445 were 
used. Screening of sera was done at 1:20 dilution incubated with 
100 plaque-forming units of each virus and endpoints were deter- 
mined at 80% (PRNT80). Positive samples were further titrated in 
serial dilutions beginning at 1:20. 
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ntroduction 

rthropod-borne viruses (arboviruses) are emerging worldwide 
oonotic diseases that cause several clinical symptoms in 
umans and animals. They are responsible for considerable 
orbidity and mortality and can be asymptomatic or cause 
erious febrile, brain, haemorrhagic and liver diseases in humans 
s well as in other vertebrates. The majority of arboviruses cir- 
ulate in nature through complex transmission networks that 
nclude vertebrate hosts (mammals, birds, non-human primates) 
nd arthropod vectors (mosquitoes, ticks, sandflies). In South 
merica, several arboviruses are emerging, especially Aedes - 
orne viruses (dengue, Zika, chikungunya). However, Culex -borne 
iruses are also important emerging arboviruses of human and 
eterinary concern. 1 
Saint Louis encephalitis virus (SLEV), West Nile virus (WNV) 

nd Ilheus virus (ILHV) are flaviviruses maintained in nature 
y enzootic transmission networks between Culex mosquitoes 
nd birds. These viruses have been detected in South America 
nd identified as a cause of neurological diseases in humans. 
ctivity of these three viruses has been reported in Brazil and 
rgentina. 2 –4 In Paraguay, there are no records regarding the 
nzootic activity of these flaviviruses, which may be due to 
he lack of ecological studies. Therefore, we aimed to determine 
he activity of SLEV, WNV and ILHV in free-ranging birds collected 
etween 2016 and 2018 in different habitats in Paraguay. 
The Author(s) 2022. Published by Oxford University Press on behalf of Royal Society of Tropical Medicine and Hygiene. 
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Figure 1. Map showing the political divisions of Paraguay; the locations of urban, rural and Atlantic forest areas; and the total number of birds/species 
collected by area. 
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Results and discussion 

A total of 222 avian samples were collected and analysed by PRNT
for ILHV, SLEV and WNV. In total, collected sera belonged to 39
bird species. The majority of these birds belonged to the order
Passeriformes (90.9%), of which the most frequent species were
Passer domesticus (house sparrow) (19.4%), Molothrus bonar-
iensis (shiny cowbird) (18.9%) and Sicalis flaveola (saffron finch)
(13.1%). The highest diversity of captured species was observed
in San Rafael National Park (22/39) (Figure 1 and Supplementary
Table 1). 
Four positive samples with neutralizing antibodies were

detected, all with homotypic serological responses. Overall sero-
prevalences for each virus were 0.45% for SLEV and WNV (both
1/222) and 0.9% for ILHV (2/222). One Turdus rufiventris (rufous-
bellied thrush) collected in the rural area during winter was pos-
itive for SLEV (titre 1:20). One Thamnophilus doliatus (Barred
antshrike) collected at the urban site during autumn was positive
for WNV (titre 1:80). Finally, two sera samples were positive for
ILHV, one Leptotila verreauxi (white-tipped dove) collected in the
2 
Atlantic forest area during spring and one shiny cowbird collected
in the urban site during autumn, both showing titres of 1:20. Sea-
sonal analysis was not carried out because it was not possible to
obtain a representative number of samples in each season of the
year in the three sampling areas. 
The positive bird species detected in the study area are res-

ident species, which indicates the autochthonous enzootic cir-
culation for the analysed flaviviruses. Previous studies reported
SLEV and WNV infection in rufous-bellied thrush, shiny cowbird
and white-tipped dove in South America. However, there was no
previous report for WNV infection in barred antshrike. The sero-
prevalences obtained for WNV and SLEV were lower than those
reported in Argentina and Brazil. 2 , 5 This potential dilution of viral
activity might be a consequence of the high diversity in avian
host and mosquito vector communities in subtropical ecosys-
tems. ILHV has been detected in Argentina, Bolivia and Brazil, 4 so
the virus could be considered endemic in the region. The sampled
areas belong to subtropical ecosystems that are also represented
in neighbouring countries such as Argentina and Brazil, where the
studied viruses have been detected previously. 



Transactions of the Royal Society of Tropical Medicine and Hygiene 

i
T
a
i
s
a
o

C
T
I
a
a

S
S

A
t
C  

L
a
f  

p
b
f
t

A
I
c

a
d
y
c

F
n
r
(

C

E
C
U

D
s

R
1

2

3

4

5  

D
ow

nloaded from
 https://academ

ic.oup.com
/trstm

h/advance-article/doi/10.1093/trstm
h/trac067/6656017 by guest on 09 August 2022
Paraguay, along with other countries in South America, is fac- 
ng environmental transformation of its ecosystem by humans. 
hese modifications in land use (deforestation, urbanization, 
griculture) change the vector and host communities, affect- 
ng arbovirus activity. In this sense, our results are important by 
upporting novel information on arbovirus activity and potential 
vian hosts used by these viruses. More research on the ecology 
f these viruses and the discovery of new arbovirus are need. 

onclusions 
his study is the first report about the activity of SLEV, WNV and 
LHV in birds in Paraguay. The results provide new information 
bout enzootic activity of flaviviruses in this country and will serve 
s a basis for future studies. 

upplementary data 

upplementary data are available at Transactions online. 
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