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Summary

West Nile Virus (WNV) is an arthropod-borne agent classified in the Flavivirus genus. Infection has 
been demonstrated in many vertebrate species including birds, mammals and reptiles. WNV can affect the 
nervous system of humans, horses and birds causing mild to severe illness and sometimes death. In 1999 
WNV was introduced into the Americas causing a small outbreak in New York City. In the following years, 
the virus spread across North America and later into Central America, the Caribbean and parts of South 
America. Serological evidence of WNV in Colombia was first documented in 2005 in equines from the 
Atlantic coast; however clinical cases in humans or animals have not been reported. We extended these 
studies searching for WNV antibodies in sera of equines of two other provinces in Colombia: Antioquia 
and El Meta. IgG and IgM antibodies were first determined and reactive sera were processed by plaque 
reduction neutralization test (PRNT) to confirm the specificity of results. Four horses from Antioquia but 
none from El Meta tested positive for WNV antibodies. These results suggest that WNV has spread across 
the Atlantic coast and is now invading the Andean region in Colombia.

Key Words: Colombia, Antioquia, El Meta, equines, PRNT, West Nile Virus.
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Resumen

El virus del Oeste del Nilo (WNV) es un agente del género Flavivirus transmitido por artrópodos. La 
infección con WNV ha sido demostrada en muchas especies de aves, mamíferos y reptiles. El WNV puede 
afectar el sistema nervioso de humanos, caballos y aves causando enfermedad de leve a severa, ocasionando 
la muerte en algunos casos. En 1999, el virus fue introducido en Norteamérica causando un brote en la 
ciudad de New York. En los siguientes años, el virus se extendió por Norteamérica, y posteriormente fue 
encontrado en el Caribe, Centro y Suramérica. El primer reporte de anticuerpos para WNV en Colombia se 
hizo en 2005, en equinos de la costa Atlántica. En el presente estudio se extendió la búsqueda de anticuerpos 
a otros dos Departamentos de Colombia: Antioquia y El Meta. Primero se determinó la presencia de 
anticuerpos IgM e IgG, y los sueros reactivos fueron procesados para anticuerpos neutralizantes por la 
técnica de reduccion de placas para confirmar los resultados. Cuatro equinos de Antioquia y ninguno de El 
Meta fueron positivos para anticuerpos anti-WNV. Los resultados sugieren que el WNV está ampliamente 
distribuido en la costa Atlántica de Colombia y ha iniciado su dispersión por la zona andina.

Palabras clave: Antioquia, Colombia, El Meta, equinos, PRNT, virus del oeste del Nilo.

Resumo

O vírus do Nilo Ocidental é um agente transmitido por artrópodes e pertence ao género Flavivirus. 
A infecção tem sido demonstrada em  várias espécies de vertebrados  incluindo pássaros, mamíferos 
e répteis.  O vírus do Nilo Ocidental pode afectar o sistema nervoso de humanos, eqüinos e pássaros, 
causando doença de severidade média à grave a qual pode causar a morte em alguns casos. Em 1999, o 
vírus do Nilo Ocidental foi introduzido no continente americano, causando um surto na cidade de Nova 
York.  Posteriormente, o vírus se disseminou  pela América do Norte e mais tarde pela América Central, 
Caribe e parte da América do Sul. Os primeiros relatos do vírus do Nilo Ocidental na Colômbia surgiram 
em 2005 afectando eqüinos na costa atlântica. O objectivo desse trabalho foi buscar anticorpos contra o 
vírus do Nilo Ocidental no soro de equinos de dois estados da Colômbia:  Antioquia e Meta. Anticorpos 
da classe IgG  e IgM  foram primeiramente determinados e soros  reactivos foram  analisados pela 
técnica de neutralização por redução em placa (PRNT) para confirmar  a especificidade dos resultados. 
Quatro equinos provindos da Antioquia apresentaram resultados positivos para anticorpos contra o vírus 
do Nilo Ocidental; entretanto não foram detectados anticorpos nos animas  provindos do Meta. Estes 
resultados sugerem que o vírus do Nilo Ocidental tem se disseminado através  da costa atlântica e está 
agora invadindo a região andina na Colômbia.

Palavras chave: eqüinos, PRNT, vírus do Nilo Ocidental.

Introduction

West Nile Virus (WNV) (genus Flavivirirus, 
family Flaviviridae) is an arthropod-borne agent 
antigenically classified in the Japanese encephalitis 
virus (JEV) antigenic complex along with St. Louis 
encephalitis virus (SLEV), and Murray Valley 
encephalitis virus (MVEV) (Beaty et al., 1995). 
In its natural cycle, WNV is maintained in birds 
and Culex spp mosquitoes. Many wild vertebrates 
including wolves, bears, crocodiles, alligators and 
bats (Tasha et al., 2007; Epp et al., 2008; Gould and 
Fikrig, 2004), as well as domestic animals including 
horses, cats and dogs can be infected (Komar et al., 
2001; Read et al., 2005). The infection in humans, 
as well as in most non-avian vertebrates, occurs 

incidentally and they do not contribute to the 
spreading of the infection (Gould and Fikrig, 2004). 

WNV can affect the nervous system of humans, 
horses and birds causing mild to severe illness and 
sometimes death. The incubation period ranges 
from 3 to 15 days (Nicolle et al., 2004). Horses 
and humans are usually asymptomatic with no 
detectable viremia but sometimes they develop 
clinical signs such as fever, depression, tremors, 
weakness, lack of coordination and, in more serious 
cases, paralysis and death (Bunning et al., 2020; 
Ostlund et al., 2000; Weir and Shapiro, 2004). 
Humans and horses usually develop low-grade 
viremia but virus titers may be high in nervous 
tissue (Venter et al., 2010). 
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WNV was first isolated in 1937 and has been 
detected throughout Africa, the Middle East, southern 
Europe, Russia, and India (Buckley et al., 2003). In 
1999, it was introduced into the Americas (Nash et 
al., 2001) causing a small outbreak in New York. 
In the following years, the virus spread across 
North America and later into Central America, the 
Caribbean and parts of South America (Hayes and 
Gubler, 2006). In spite of causing disease in more 
than 27,000 humans, in more than 25,000 equines 
and hundreds of thousands of avian deaths in USA, 
there have been only a few reports of WNV disease 
in the Caribbean and Latin America (Blitvich, 2008). 

Antibody response to WNV in horses has been 
studied in a few works (Bunning et al., 2002, 
Shirafuji et al., 2009). Both, neutralizing and IgM 
antibodies are detected by day 7 after experimental 
inoculation and peak by day 10 to 14. While IgM 
rapidly disappear thereafter, neutralizing antibodies, 
supposedly of the IgG class, persist for more than 
a year. There is a strong serologic cross-reactivity 
among members of the JEV antigenic complex, 
which is detectable in most antibody tests. Plaque 
reduction neutralization test (PRNT) is the most 
specific assay available, and it is the only one that 
discriminates among antibodies against these agents, 
at least in primary infections (Shirafuji et al., 2009). 
PRNT is often used as a confirmatory assay in 
samples that previously tested positive in widely 
reactive tests such as ELISA or hemaglutination 
inhibition (Dupuis et al., 2003; Niedrig et al, 2007; 
Morales et al., 2006). Cellular immune response 
to WNV in horses has not been extensively studied 
(Castillo-Olivares & Wood, 2004).

WNV-neutralizing antibodies have been detected 
in birds captured in Jamaica, Dominican Republic, 
Puerto Rico, Cuba and Guadeloupe (Dupuis et al., 
2003; Komar et al., 2003; Dupuis et al., 2005), and 
in horses from México (Lorono-Pino et al., 2003), 
Argentina (Morales et al., 2006), Venezuela (Bosch 
et al., 2007) and Guatemala (Morales-Betoulle et 
al., 2006). First reports in Colombia appeared in 
2005 and included equines from the northern coastal 
areas (Mattar et al., 2005; Berrocal et al., 2006). 
Here are we extended these studies in equines from 
two Colombian provinces, Antioquia and El Meta, 
located in the northwestern and central-eastern 
regions of the country, respectively (Figure 1). 

Figure 1. Map of Colombia showing the provinces and approximate location 
of sampling sites. Province of Antioquia: 1 Turbo; 2 Chigorodó; 3 Bolombolo; 
4 La Ceja. Province of El Meta: 5 Paratebueno; 6 Cumaral; 7 Restrepo; 8 
Villavicencio; 9 Acacias; 10 Guamal; 11 Castilla; 12 San Martín. 

Materials and methods

This is a descriptive sero-epidemiological survey. 
Sera were collected from healthy equines in selected 
towns of Antioquia and El Meta. Sampling took place 
in August 2005 in El Meta and between July 2006 
and July 2008 in Antioquia. All sampling sites were 
located on privately owned ranches, where the horses 
were primarily used as herd cattle or for other labor. 
Sampled animals were selected by convenience. 
According to the owners, none of the horses had 
ever been outside of the province and none had been 
vaccinated against WNV. This vaccine has not been 
approved for use in Colombia. 

Sampling sites represent different ecosystems: 
in Antioquia they were located in the municipalities 
of Turbo, Chigorodó, La Ceja and the village of 
Bolombolo. The first two are located in the coastal 
borders of the Gulf of Urabá, the southernmost 
corner of the Caribbean Sea, at less than 50 m 
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over the sea level (OSL) and they are dedicated to 
banana plantations and livestock breeding. La Ceja 
is located in the highlands of the Colombian central 
mountain range, at 2,200 m OSL, and the land is 
mainly agricultural. Bolombolo is in the Cauca river 
valley in the Andean region, mainly a coffee-growing 
region about 400 m OSL. Sampling sites in El Meta 
are in the northwestern part of the province, in the 
municipalities of Acacias, Castilla, Cumaral, Guamal, 
Restrepo, San Martín, Villavicencio and Paratebueno. 
All of them are located in the Colombian eastern 
plains, mostly in or near the foothills of the eastern 
mountain range. The ecosystem is a savannah with an 
altitude of about 500 m OSL, and the land is mostly 
dedicated to agriculture, livestock breeding and oil 
industry. The town of Paratebueno is in the territory 
of the Cundinamarca province but it is close to, and 
not much different from, the described towns of El 
Meta (Figure 1). It was no possible to determine the 
age of 96 equines from Antioquia and 36 from El 
Meta; the exact origin of 67 equines from El Meta 
was also unknown.

Approximately 10 ml of whole blood were 
collected from each animal by jugular venipuncture. 
Blood was held at ambient temperature for at least 
15 minutes to permit clotting, and then placed into 
coolers. At the end of the day, sera were separated 
by centrifugation, transferred to 2-mL cryovials and 
stored at -80 ºC until used in serological tests. 

All the serological procedures were performed 
following the recommendations in the guide 
“Epidemic/Epizootic West Nile Virus in the United 
States: Guidelines for Surveillance, Prevention, and 
Control” by the Centers for Disease Control and 
Prevention, (CDC, 2003). All samples were tested 
for IgM and IgG antibodies against WNV using 
an IgM capture enzyme-linked immunosorbent 
assay (MAC-ELISA) and an indirect IgG ELISA, 
respectively. Briefly, the MAC-ELISA is based 
on the capture of serum IgM by an anti-horse 
IgM-sensitized microtitre plate, followed by the 
sequential addition of WNV recombinant antigen, 
peroxidase-labeled 6B6C-1 anti-flavivirus conjugate 
and ABTS substrate-chromogen mixture (Bunning 
et al., 2002). For detection of serum IgG the 
ELISA plates were coated with the WNV antigen 
and the presence of antibodies was revealed by the 

sequential addition of the animal sera, a peroxidase-
labeled goat anti-horse IgG and the substrate-
chromogen mixture (Castillo-Olivares and Wood, 
2004). For both procedures a WNV recombinant 
antigen produced in COS-1 cells (Hennessy 
Research, Shawnee, KS) was used and anti-horse 
conjugates and substrate-chromogen mixtures were 
obtained from Kierkegaard & Perry Laboratories 
(Gaithersburg, MD). Because of the close antigenic 
relationship among flavivirus and the wide reactivity 
of the ELISAs, sera reactive in these tests were 
considered as seropositive for flavivirus IgM or IgG.

 
All serum samples that tested as reactive for IgM 

or IgG were titrated for WNV-specific neutralizing 
antibodies by PRNT at the National Wildlife Health 
Center (NWLHC), Madison, WI, USA, using the 
New York 1999 strain, as previously described 
(Komar et al., 2001). End point 90% neutralization 
titer (PRNT90) was determined using two-fold 
serial dilutions beginning at 1:20. A PRNT90 titer 
of 1:40 or greater was considered as specific for 
WNV. Sera reactive for IgM or IgG but with PRNT 
titers to WNV lower than 1:40 were presumptively 
considered seropositive to a different flavivirus. 

Results were analyzed using descriptive 
statistics. Fisher’s exact test and chi-square test for 
linear trend were used to determine statistically 
significant differences and trends, respectively. Level 
of significance accepted was p<0.05. This work 
was approved by the ethics committee for animal 
experiments of the Universidad de Antioquia, as 
stated in the minutes No. 33 of August 10, 2006.

Results

A total of 419 samples were obtained from 
healthy equines from the two provinces (59.2% from 
Antioquia and 40.8% from El Meta). The age of 
the animals ranged from 3 months to 25 years, with 
a mean of 14 years. Most (94.7%) sera were non-
reactive in both, IgM and IgG ELISA tests, and were 
not tested by PRNT. Five samples were reactive for 
IgM and 17 for IgG. No sample was positive by both 
IgM and IgG tests. None of the five IgM reactive sera 
were positive by PRNT but four (23.5%) of those 
IgG reactive were PRNT positive (Table 1). 
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More detailed information about the animals 
that were reactive by any test is presented in table 
2. PRNT90 titers of seropositive horses ranged from 
80 to 320. All four animals that were confirmed as 
WNV seropositive by PRNT were from the province 
of Antioquia, three of the coastal municipalities of 
Turbo and Chigorodó, and one from the Andean 
town of Bolombolo. All of them were males but 
no statistically significant difference by sex was 
observed in any of the serological tests performed. 
The four PRNT positive animals were between 6 
and 14 years old. There was a significant trend in the 
reactivity for IgG by age (p=0.04 chisquare test for 
linear trend, Figure 2). No such a trend was observed 
for the other two tests but the number of reactive/
positive animals was too low to be analyzed. 
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10%
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Figure 2. Prevalence of IgG antibodies in horses by age group. The trend 
was statistically significant (p=0.04) by the chi-square test for linear trend.  

Table 1. Results of the tests of antibodies to WNV by province and town.

Province and town
Results by ELISA tests Results by PRNT

No. 1 tested IgM +2  No.2 (%) IgG +  No. (%) No. tested PRNT + No. (%)

Antioquia 248 3 (1.2) 15 (6.0)  18 4 (22.2) 

 Turbo 32 0 4 (12.5) 4 1 (25.0)

 Chigorodó 68 0 5 (7.4) 5 2 (40.0)

 La Ceja 95 1 (1.1) 0 1  0

 Bolombolo 53 2 (3.8) 6 (11.3) 8 1 (13.5)

El Meta 171 2 (1.2) 2 (1.2) 4 0 

 Castilla 23 0 0 0

 Acacías 11 0 0 0

 San Martín 9 0 0 0

 Cumaral 20 0 0 0

 Restrepo 20 0 0 0

 Guamal 11 0 0 0

 Paratebueno 10 0 0 0

 Unknown 67 2 (3.0) 2 (3.0) 4 0

Total 419 5 (1.2) 17 (4.1) 22 4 (23.5)
1No. number. 2+: reactive or positive. 
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Table 2. Sex, origin, age and serologic results of the 22 seroreactive animals. 

No. Sex Province Municipality Age IgM IgG PRNT Titer
1 Male Antioquia Bolombolo 4 +* NR** < 1:20

2 Male Antioquia Bolombolo 4 + NR < 1:20

3 Female El Meta Acacias 6 + NR < 1:20

4 Male El Meta Villavicencio 4 + NR < 1:20

5 Male Antioquia La Ceja ND*** + NR < 1:20

6 Female Antioquia Bolombolo 20 NR + < 1:20

7 Female Antioquia Bolombolo 9 NR + < 1:20

8 Female El Meta Unknown ND NR + < 1:20

9 Female Antioquia Turbo 15 NR + < 1:20

10 Female Antioquia Turbo 12 NR + < 1:20

11 Female Antioquia Turbo 8 NR + < 1:20

12 Male Antioquia Bolombolo 0 NR + < 1:20

13 Male Antioquia Chigorodo 1 NR + < 1:20

14 Male Antioquia Bolombolo 8 NR + < 1:20

15 Male Antioquia Bolombolo 9 NR + < 1:20

16 Male El Meta Unknown 2 NR + < 1:20

17 Male Antioquia Chigorodo 8 NR + < 1:20

18 Male Antioquia Chigorodó 6 NR + < 1:20

19 Male Antioquia Bolomboló 8 NR + 1:40

20 Male Antioquia Turbo 14 NR + 1:320

21 Male Antioquia Chigorodó 6 NR + 1:160

22 Male Antioquia Chigorodo 7 NR + 1:80
* +: positive or reactive. ** NR: non-reactive. *** ND: no data. 

Discussion

In 1999 WNV was introduced as a threat to 
both, public and animal health, in The Americas. 
Its spread along the Western Hemisphere was an 
anticipated outcome because many species of birds 
migrate every year from north to south. However, 
in South America WNV has only been isolated in 
Central Argentina in 2006; it was obtained from 
the brain of 3 horses that died with encephalitis in 
February 2006 (Morales et al., 2006). Additional 
evidence of introduction of WNV into South 
America came from serological studies. In 
Colombia, WNV neutralizing antibodies have been 
reported only in horses of the northern Atlantic 
region (Mattar et al., 2005; Berrocal et al., 2006). 

This work examined the presence of antibodies 
to WNV in the Urabá zone, also in the Atlantic 
region, and for the first time, in two other 
Colombian regions: the Andean zone and the 
eastern plains. The finding of neutralizing antibodies 
in sera of three horses from the municipalities of 
Turbo and Chigorodó, located near the Caribbean 

Sea, was not unexpected since Mattar et al. 
(2005) and Berrocal et al. (2006), using a similar 
methodology, found WNV seropositive horses in 
the neighboring province of Córdoba, and other 
provinces of the Atlantic region. Bosch et al. (2007) 
also demonstrated WNV circulation in the Atlantic 
coast of Venezuela. These and other studies show 
that WNV has already reached a significant spread 
in the northern coastal regions of South America 
and likely in the entire Caribbean basin (Dupuis et 
al., 2003; Blitvich et al., 2003; Quirin et al., 2004).

The finding of WNV-neutralizing antibodies 
in a horse of Bolombolo, Antioquia suggests that 
the virus has begun to disseminate across the 
Andean region of Colombia. Bolombolo is located 
in the mid Cauca river valley, a likely route of bird 
migration. However, the PRNT90 titer of this horse 
was 1:40, the lowest titer accepted as specific for 
WNV. Five other horses from Bolombolo that tested 
reactive in the IgG test were negative by PRNT90. 
In view of the these results, and considering that 
neutralizing antibodies can also be produced in 
response to repeated exposure to antigenically 
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related agents, we cannot rule out that this titer 
could have been elicited by repeated exposure to 
different flaviviruses circulating in that zone. 

On the other hand, only two (1.2%) equines from 
the province of El Meta were reactive for IgG and 
two more for IgM anti-WNV, none of which was 
positive by PRNT. This could indicate that WNV 
had not arrived to that region at the moment of 
sampling (year 2005) but a more recent invasion 
cannot be ruled out. Continuous surveillance of 
WNV is warranted in El Meta, where the horse is a 
very important element in the economy and culture 
of the region. 

A point that deserves consideration is the 
significant number of samples that tested reactive 
in the IgM or IgG tests, 5 and 13, respectively, but 
that were not confirmed as WNV-positive by PRNT. 
They represent cross-reacting antibodies elicited by 
other circulating flavivirus or, alternatively, false 
positive results produced by the lack of specificity 
of the tests. In the case of IgG antibodies, we 
favor the first explanation since the frequency 
of this antibodies increased significantly with 
age, as expected in a population that has been 
repeatedly exposed to flavivirus infections (Figure 
2). Previous infections with viruses like SLEV, 
Ilheus, Bussuquara, Rocio, Cacipacore, or Iguape, 
which has been previously detected circulating in 
Colombia or neighboring countries (Groot, 1964, 
Gubler, 2007) could have elicited these antibodies. 

The occurrence of positive IgM results not 
confirmed by PRNT is more difficult to explain. It 
might represent WNV-specific antibodies developed 
in the course of a very recent infection. However, 
since neutralizing antibodies seems to appear by 
the same time that IgM (Shirafuji, 2009), and since 
early IgG overlaps with late IgM, it is strange that 
none of the IgM reactive sera were positive by any 
of the other two tests. None of this IgM-reactive 
equines exhibited illness at the moment of sampling 
or in the previous days but asymptomatic infection 
in horses seems to be the rule rather than the 
exception (Venter, 2010).

In the light of the results of this, and other 
serological studies that reported WNV antibodies, 

it is natural to ask why WNV has apparently not 
caused severe neurological and fatal disease in 
horses or in humans in the Caribbean, Central and 
South America, with the exception of the three 
horses that died in Argentina in 2006 (Morales et 
al., 2006). There are several arguable hypotheses: 
one is that WNV invasion of these territories is 
still in an early phase and the number of infected 
individuals is too low for an apparent impact. 
Alternatively, severe human and animal cases may 
be occurring, but going unnoticed by the limited 
awareness, poor surveillance or lack of laboratory 
resources. Some authors have argued that immunity 
to other flaviviruses prevalent in tropical regions 
might be protecting native populations from severe 
forms of WNV infections (Deardorff et al., 2006). 

Another hypothesis is that the WNV strain that is 
invading Central and South America is not as virulent 
as the strain introduced in 1999 in New York City. A 
2003 WNV isolate from the Mexican state of Tabasco 
exhibited a mutation that suppresses a glycosylation 
site in the envelope protein, and this mutation confers 
an attenuated phenotype in a mouse model (Beasley 
et al., 2004). Finally, WNV could have been present 
in tropical Americas for a long time. Over the years, 
it could have selected for vertebrate populations 
resistant to pathogenic WNV infection. All of these 
hypotheses lack experimental or observational 
support at this time and should be tested in studies 
that include virus isolation or direct detection assays. 
We are now working in that direction. 

In summary, we have provided evidence of 
the circulation of WNV, or other closely related 
viruses, in equines of two regions of the province of 
Antioquia, Colombia: the Urabá zone and the mid 
Cauca river valley. The clinical and epidemiological 
implications of this finding are still obscure.
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