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Abstract: This study explores the potential spillback of dengue virus (DENV) from urban to wild
environments through the detection of neutralizing antibodies against DENV in sylvatic
populations of bats from the Argentinean Yungas. Sampling campaigns were conducted in the
Yungas biogeographic province of northwest Argentina during April 2021 and 2022. Bat blood
samples were collected and tested for neutralizing antibodies against DENV-1 using the Plaque-
Reduction Neutralization Test (PRNT). DENV-1 antibodies were detected in 2.8% (4/143) of the bat
samples, with positive samples found in four species: Sturnira lilium, S. erythromos, Artibeus
planirostris, and Tadarida brasiliensis. All from sylvatic habitats. The presence of DENV-1 antibodies
in sylvatic bats suggests potential exposure to the virus in wild areas, indicating a possible spillback
of DENV in subtropical areas of Argentina. Further research is needed to understand the role of bats
as reservoirs for DENV and their impact on the virus endemicity.
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1. Introduction

Dengue fever is an arthropod-borne zoonotic viral infectious disease caused by the dengue virus
(DENV) and is transmitted by anthropophilic mosquitoes [1]. Two transmission cycles are
recognized: the urban cycle and the sylvatic cycle. The urban cycle, well-documented in the Americas,
involves humans as hosts and Aedes aegypti and Ae. albopictus as vectors. The sylvatic cycle is
restricted to West Africa and Southeast Asia, involving non-human mammals (primates and other
mammals) as hosts and various species of Aedes mosquitoes as vectors [2].

In Argentina, cases of dengue caused by the DENV-1 and DENV-2 serotypes are reported
annually, with only sporadic cases of DENV-3 and DENV-4. The Northwest and Northeast regions
of the country have traditionally experienced the highest incidence [3]. Based on epidemiological
patterns and mosquito biology, dengue has not been considered endemic in Argentina, necessitating
annual reintroductions from tropical regions such as Brazil, Paraguay, and Bolivia through viremic
migrant individuals. However, an analysis of historical circulation dynamics reveals a sustained
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increase in the number and frequency of cases with which dengue epidemics occur in the country [3].
Currently, Argentina is experiencing its largest dengue epidemic since the virus was reintroduced in
1997 [4], with a total of 730,862 reported cases from epidemiological weeks 31/2023 to 22/2024 [3]. For
the first time, human cases were reported throughout the year in the northern subtropical area of the
country. The increasing occurrence of indigenous dengue cases suggests a potential process of
endemicity for the dengue virus. This scenario is evident when considering that 90% of the cases from
the 2023-2024 outbreak are indigenous [3].

One of the mechanisms through which DENV can become endemic is by establishing
maintenance cycles in peri-urban and wild areas, involving other species of mammal hosts and
mosquito vectors. Indeed, DENV and other zoonotic viruses have been detected in various sylvatic
hosts [5]. After rodents and primates, bats are the third group of mammals with the highest
proportion of zoonotic viruses and have received significant attention as potential viral reservoirs [6].
In the present study, we aimed to investigate the presence of the dengue virus in sylvatic populations
of bats through a serological survey as an indicator of DENV spillback from urban to wild areas.

2. Materials and Methods
2.1. Study Site

This study was conducted in the southern Yungas biogeographic province, located within the
Jujuy and Catamarca provinces of Argentina. The Yungas biogeographic province is situated in the
northwest of Argentina, encompassing the provinces of Jujuy, Salta, Tucuman, and Catamarca. This
area is characterized by a warm and humid climate, with average annual precipitation ranging
between 900 and 1300 mm, mostly during the warm season [7]. It is a narrow and highly biodiverse
strip of subtropical rainforest that extends north to south across northwest Argentina for
approximately 700 km [8]. The region spans an altitudinal range of 400 to 3,000 meters above sea
level, across various mountain ranges parallel to the Andes. In the southernmost part, the jungles and
forests become fragmented, and their richness decreases until they are replaced by Chaco and Monte
environments in the mountain ranges of the central-western Argentine Pampas [7]. The mountainous
structure creates a pronounced altitudinal gradient that influences climatic factors, resulting in
altitudinal vegetation zones: the foothill forests and the cloud forests, characterized by various
vegetation strata and abundant epiphytes, lianas, and support trees [8]. This area hosts one of the
richest biodiversity collections of bats, marsupials, rodents, and other mammals in Argentina.
Among bats, most species belong to the family Phyllostomidae, including species such as Sturnira
lilium, S. erythromos, Artibeus planirostris, and Desmodus rotundus. Notable marsupials include Marsopa
constantiae and Thylamys sponsorius. Rodents, along with bats, are among the most represented orders,
with more than eight genera and a dozen species. Some notable rodent species include Akodon budini,
Oligoryzomys brendae, and Oxymycterus paramensis [9].

2.2. Bat Capture and Sample Collection

Two sampling campaigns were conducted: one in April 2021 at wild locations within the “Las
Lancitas Provincial Natural Reserve” (Jujuy province), and another in April 2022 at peri-urban and
wild locations within the Paclin Department (Catamarca province) (Figure 1). Bat capture was carried
out using eight mist nets (9 m length x 2.5 m height, 36 mm mesh) placed at different sites and
operated during sunset and night. Field sampling was performed for four consecutive days during
each sampling event. The species and sex of each individual bat were recorded. Before release, blood-
sampled bats were rehydrated with sugar water. Whole blood was collected by cardiac puncture
using a 29 G needle. Bats weighing less than 10 grams were not blood-sampled. From each captured
bat, a 100-200 pl blood sample was collected before being released. Blood was placed into a centrifuge
tube containing 0.45 mL or 0.9 mL (depending on the blood sample volume: 0.1 ml or 0.2 ml,
respectively) of Minimum Essential Medium (MEM) for an approximate 1:10 serum dilution. The
samples were held at ambient temperature for 20-30 minutes for coagulation and then placed into
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coolers. In the laboratory, samples were centrifuged at 5,000g for 15 minutes to separate the serum.
Sera were stored at -20°C.
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Figure 1. Sampling sites of the study for the detection of neutralizing antibodies against dengue virus
in the Yungas rainforest at Jujuy and Catamarca provinces, Argentina. Inset map at top left shows
location of Argentina within South America.

2.3. Serological Assay

Serum samples were analyzed to detect neutralizing antibodies (NTAb) against dengue virus
serotype 1 (DENV-1 Puerto Rico strain) using the Plaque-Reduction Neutralization Test (PRNT) in
the Vero Cl76 cell line (ATCC CRL-587). Positive samples were also tested against St. Louis
encephalitis virus (SLEV CbaAr-4005 strain), West Nile virus (WNV E/7229/06 strain), and Yellow
Fever virus (YFV vaccine 17D-YEL strain), as these flaviviruses circulate in the country and could
potentially yield false positives. Prior to analysis, serum samples were heat-inactivated for 30 minutes
at 56°C to inactivate non-specific inhibitors of virus neutralization. A suspension of approximately
100 plaque-forming units (PFU) of virus in 75 pL. of MEM was added to an equal volume of bat serum,
resulting in a final serum dilution of 1:20. The mixture was incubated for 1 hour at 37°C. Vero cell
monolayers grown in 24-well culture plates (Costar, Cambridge, MA, USA) were inoculated with 0.1
mL of the serum-virus mixture and incubated for 1 hour at 37°C, 5% CO2. On the seventh day post-
inoculation, inoculated cells were fixed with a 10% formalin solution for 1 hour. Finally, cells were
stained with crystal violet solution, and viral PFU were counted by visual inspection. Serum samples
that neutralized = 80% of the inoculated PFUs were considered positive and were further titrated to
determine NTAD titers. Six serial two-fold dilutions of serum were prepared, resulting in final
dilutions of 1:20, 1:40, 1:80, 1:160, 1:320, and 1:640. Endpoint titers were assigned as the reciprocal of
the maximum dilution yielding > 80% reduction in the number of plaques [10].

3. Results

A total of 143 bats (83 males, 57 females, and 3 individuals not sexed) representing 2 families
(Phyllostomidae and Molossidae) and 7 species were captured during the sampling sessions. A total
of 87 individuals (61%) were captured in Jujuy in April 2021, and 56 individuals (39%) were captured
in Catamarca in April 2022. The most abundant species were Sturnira lilium (56%), Tadarida brasiliensis
(23%), Desmodus rotundus (12%), and Sturnira erythromos (6%). The remaining 3% comprised the
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species Artibeus planirostris, Eptesicus diminutus, and Molossops temminckii. The distribution of species
abundance by province is shown in Figure 2. The overall seroprevalence of NTAb for DENV-1 was
2.8% (4/143), with positive results found in four species: S. lilium, S. erythromos, and A. planirostris
from Jujuy, and T. brasiliensis from Catamarca (Table 1). Although the highest seroprevalence was
detected in A. planirostris, it should be noted that this result is based on a small sample size (n=2)
(Table 1). The seroprevalence in Jujuy province was 3.5% (3/87, 95% CI: [0.7-9.7]), while in Catamarca
province it was 1.8% (1/56, 95% CI: [0.04-9.5]). All positive samples were from sylvatic habitats and
corresponded to frugivorous (S. lilium, S. erythromos, A. planirostris) and insectivorous (T. brasiliensis)
bat species. The DENV-1 antibody titers were 20 for S. lilium and S. erythromos, and 40 for A.
planirostris and T. brasiliensis. Only one of the four positive samples (T. brasiliensis from Catamarca)
exhibited a heterotypic reaction, also testing positive for SLEV and WNV with a titer of 40.
Additionally, three serum samples from Catamarca, belonging to T. brasiliensis individuals, were
cytotoxic, making it impossible to determine their serological status.
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Figure 2. Abundance of bat species collected in the Yungas rainforest for the detection of neutralizing
antibodies against dengue virus, illustrated by province.

Table 1. List of bat species testing positive for dengue virus neutralizing antibodies, accompanied
with geographical information. Seroprevalence is shown by species and province.

Species Family Habitat Province No. N-o'. %[CI95]
tested positive
S. lilium Phyllostomidae  Forest Jujuy 75 1 1.33 [0.03-7.2]
S. erythromos ~ Phyllostomidae  Forest Jujuy 8 1 12.5[0.31-52.65]
A. planirostris  Phyllostomidae  Forest Jujuy 2 1 50 [1.25-98.74]
T. brasiliensis Molossidae Forest Catamarca 33 1 3.03 [0.07-15.75]

4. Discussion

In South American bats, DENV serotypes 1-4 have been found circulating in both endemic and
non-endemic areas, suggesting a spillback process of DENV from humans to wild mammals. This
could potentially trigger the establishment of independent enzootic cycles involving unknown
mammal species, such as bats or rodents [11]. Spillback implies the possibility that urban strains
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might spread to forest areas during severe epidemics and infect wild mammals and mosquitoes,
facilitated by activities like hunting, logging, or tourism, a transmission dynamic previously
suspected in other pathogens, such as Plasmodium falciparum [12]. The presence of enzootic cycles is
supported by the identification of DENV strains in wild hosts and vectors, either distinct from or
similar to those found during human epidemics, discovered at various times in peri-urban and
forested areas with limited human contact [12]. Moreover, enzootic transmission foci can act as a
source for urban dengue transmission.

Robles-Fernandez et al. [13] performed an analysis using machine learning to predict which
mammal species in the Americas are most susceptible to DENV infection and could potentially act as
hosts for the virus. Surprisingly, the top ten most DENV-susceptible species were all bats,
highlighting species such as S. lilium, confirmed in our study to be positive for DENV NTAb, and
Desmodus rotundus, a species occurring in Argentina that was captured in our sampling campaigns
but tested negative. Additionally, another group identified as highly likely to be DENV carriers
includes marsupials and possibly rodents. These data underscore the need to study the presence of
DENV directly or indirectly in a wide spectrum of mammals, including but not limited to Chiroptera.

Some experimental studies have been conducted to evaluate the susceptibility of bats to DENV,
but the findings have been contradictory. It is often stated that bats may not be ideal reservoir hosts
due to their inability to sustain virus replication at levels high enough to infect blood-feeding
mosquitoes, as shown in A. intermedius and A. jamaicensis [14,15]. However, infected Myotis lucifugus
exhibited symptoms of DENV infection, suggesting viral replication [16]. Given that only three bat
species have been studied experimentally and considering the vast diversity of bats and their unique
immune systems that promote viral tolerance [17], more research is necessary to definitively
determine whether bats are reservoirs for DENV and other arboviruses.

In Argentina, DENV reemerged in 1997 in the province of Salta, near the study area [4]. Since
then, human cases have been reported annually, especially in the northern region of the country. In
recent years, the number of cases and frequency of DENV outbreaks have dramatically increased,
indicating the possibility of endemicity for the virus in this region. One ecological strategy for the
virus to become endemic is to establish wild transmission networks outside urban areas (spillback
process). The presence of virus exposure in wild mammals such as bats and the detection of the virus
in wild mosquitoes can be indicators of virus spillback. This study confirms that sylvatic bat
populations in Argentina are exposed to DENV and that the virus is potentially maintained in wild
areas. Although DENV has been detected in over 80 bat species globally, this research is the first to
confirm exposure in S. erythromos and T. brasiliensis. However, the presence of DENV NTAb in T.
brasiliensis should be interpreted with caution, as it also had NTAb for SLEV and WNYV, indicating
possible cross-reaction or sequential infection.

These results raise the question of which mammals could be acting as agents for the circulation
of DENV in sylvatic environments. In Argentina, a previous study was conducted in the northeast to
detect NTADb against several flaviviruses (DENV, WNV, SLEV, ILHV -llheus virus-, BSQV -
Bussuquara virus-, and YFV) in sylvatic populations of black howler monkeys (Alouatta caraya), a
non-human primate (NHP), in the provinces of Chaco and Corrientes [18]. Of the 108 sera analyzed
from the black howlers, approximately 30% (32/108) tested positive for DENV, indicating a possible
sylvatic circulation of DENV in wild environments in northeastern Argentina. However, the howler
monkey populations tested were established close to human dwellings [18].

In conclusion, this study represents a step forward in demonstrating DENV infections in wild
bat populations; however, further research is necessary to determine the role of these mammals as
reservoirs for DENV and their impact on virus endemicity. Additionally, a greater focus on vector
biology is essential to assess mosquito diversity in sylvatic areas, their feeding patterns, and
particularly their vector competence, to determine whether sylvatic mosquitoes are susceptible and
competent vectors of the dengue virus [19].
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