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SUMMARY
Objective: The aim of the study was to evaluate the seroprevalence of West Nile virus (WNV) among the variable population of Eastern 

Slovakia.  
Methods: A serologic survey was conducted using 464 serum samples. The basic demographic, epidemiologic and clinical information was 

obtained for each serum sample at the time of specimen collection. The presence of antibodies against WNV was investigated using a commer-
cial enzyme-linked immunosorbent assay (ELISA). All the ELISA positive samples were further analysed by a neutralization test with WNV and  
Usutu virus. 

Results: Three serum samples (0.65%) from the participants (N = 464) were considered positive for antibodies to WNV. A 29-year-old 
female was repeatedly exposed to mosquito bites working as a shepherdess and participating in many outdoor activities. Two other females 
(61 and 76 years old) were treated at the Department of Neurology due to monoparesis of the upper extremity, vertigo; both had a significant 
epidemiological history with frequent tick and mosquito bites and stay in an endemic region.

Conclusions: Although there was no evidence of WNV infection in the Slovak Republic, the epidemiological situation in the neighbouring 
countries warrants vigilance and appropriate measures, including the introduction of specific diagnostic tools into clinical practice. The constant 
monitoring of birds and mosquitoes also seems necessary. 
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INTRODUCTION

West Nile virus (WNV), a single-strand RNA virus, is a mos-
quito-borne zoonotic arbovirus, which belongs to the family 
Flaviviridae, genus Flavivirus (1, 2).

WNV circulates in an enzootic cycle, with wild and domestic 
birds as well as mosquitoes as the main amplifying hosts. Ornitho-
philic mosquitoes, especially of the Culex species, are competent 
for WNV transmission (3).

Mosquitoes get the infection by feeding on viraemic birds. 
Once infected, the mosquito remains infectious throughout 
its life, potentially transmitting the virus to every vertebrate 
on which it feeds (4). Humans, horses and other mammals 

are accidental and dead-end hosts, since they do not develop 
a viraemic titre sufficient to infect mosquitoes and amplify the 
transmission cycle (5).

WNV was first isolated in 1937 from the blood of a woman 
suffering a febrile illness in the West Nile district of Uganda (6–8).

In recent years, the spread of WNV has been observed 
worldwide, and several outbreaks have also been recorded in 
Europe (9). The presence of WNV infection has been reported 
in such European countries as Greece, France, Romania, Italy, 
Portugal, and Spain, as well as in Slovakia’s direct neighbours: 
the Czech Republic, Poland, Austria, Hungary, and Ukraine (7). 

The main mode of WNV transmission is by the bite of an 
infected mosquito (10), though other rare but reported routes 
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of transmission in humans include organ transplantation, blood 
transfusion and transplacental transmission (11).

Infection with WNV in humans is generally asymptomatic 
in most cases, while in approximately 20% of cases it results in 
West Nile fever (WNF) and in less than 1% acute West Nile neu-
roinvasive disease (WNND). Symptoms of WNF include fever, 
headache, tiredness, body aches, nausea, vomiting, joint pains, 
occasionally with a skin rash and swollen lymph glands. WNND 
is characterized by signs of encephalitis, meningoencephalitis 
or meningitis and long-term sequelae like altered mental status, 
lethargy, cranial nerve palsies, acute flaccid paralysis and move-
ment disorders (1, 4, 8, 12, 13). 

The main objective of this preliminary study was to determine 
the seroprevalence of antibodies to WNV and to investigate 
whether any relationship exists between serostatus and the related 
risk factors.

MATERIALS AND METHODS

Blood samples were taken by venepuncture, by which 10 ml 
of venous blood was obtained. Blood serum was then separated 
by centrifugation and stored at −70 °C until laboratory analysis. 

Each participant who signed informed consent for the study 
filled-out a questionnaire. Basic demographic, epidemiological 
and clinical data were collected at the time of specimen collection. 

The blood serum samples were examined for the presence of 
anti-WNV IgG/M antibodies by commercial blocking ELISA 
kits (INGEZIM West Nile COMPAC, INGENASA, Spain) 
following the manufacturer’s instructions. Samples were 
considered to be positive when the inhibition percentage (IP)  
was ≥ 40% and negative when the IP was ≤ 30%. Samples with IP 
between 30 and 40% were considered doubtful. All samples with 
positive results were further analysed by a serum neutralization 
test with WNV and Usutu virus (USUV), where an obtained titre 
of 1:10 or more was considered a positive result (14). 

Statistical analyses were performed using the statistical 
software program IBM SPSS version 21.0. The demographic 

data were described using descriptive statistics as medians with 
standard deviations.

RESULTS

Clinical Characteristics
A  total of 464 serum samples were tested for the presence 

of WNV antibodies using an ELISA assay. The mean age of 
the 464 enrolled patients was 49.2 ± 18.1 years; 265 patients 
were males (57.1%, mean age 44.9 ± 16.4 years), and 199 were 
females (42.9%, mean age 54.9 ± 18.7 years). Table 1 presents 
the demographic characteristics of the study participants. The 
explored sample consisted of 31 gardeners, 103 soldiers, 20 farm 
operators, 45 persons of Roma ethnicity, and 265 patients admitted 
to the Departments of Neurology (n = 126) and Orthopaedics and 
Traumatology of Locomotory Apparatus (n = 139). 

Presence of Anti-WNV IgG/M Antibodies
Three serum samples (0.65%) of the participants were consid-

ered positive based on the above-mentioned protocol.

Case 1
A 29-year-old female from the Snina area worked as a shep-

herdess. In her personal history she mentioned active gardening 
and work in the forest; she did not confirm tick bites; however, 
she did report repeated mosquito bites accompanied by a strong 
skin reaction. She used to consume raw milk (cow, goat, ovine) 
and its products. In the past she was diagnosed and treated for 
rheumatoid and neurological diseases, complained about long-
lasting fatigue connected with cold feet and hands syndrome. 
Travel history was not significant, and she had not undergone 
vaccination against flaviviruses.

Case 2
A  61-year-old female lived in the countryside (Košice 

area), preferring outdoor activities such as gardening and 
hiking. She was bitten several times by ticks and mosquitoes, 
accompanied by local signs of inflammation and itching. She 
used to consume raw milk (cow, goat, ovine) and its products, 
keeping the animals at a small family farm; she several times 
visited Hungary and had not been vaccinated against tick-borne 
encephalitis. No significant febrile illness was mentioned in 
her records. 

The female patient was admitted to the Department of Neu-
rology (September 2014) due to monoparesis of the left upper 
extremity (UE). Subjective spells (irradiating pain from the 
neck to the 3rd and 4th finger, progressive weakness of the limb 
and muscle volume reduction) had been going on for several 
years at the time of admission. Objective examination showed 
mild paresis of the left UE and hand amyotrophy, increased 
deep tendon reflexes on the left UE, together with the present 
features of flaccid- peripheral and central paresis of the UE. 
Electromyography – a conduction study confirmed axonal lesion 
of the nervus ulnaris and a needle study revealed neurogenic 
damage to the examined muscles. Magnetic resonance imaging 
of the brain showed unspecified demyelinating lesions in the 

Table 1. Demographic characteristics of study participants 
(N = 464)

n %

Age (years)
0–39 171 36.9

40–59 155 33.4
60+ 138 29.7

Population group

Patients 265 57.1
Soldiers 103 22.2
Roma 45 9.7

Gardeners 31 6.7
Agricultural employees 20 4.3

Gender
Male 265 57.1

Female 199 42.9

Residence type
Urban 230 49.5
Rural 234 50.5
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white matter resulting from an unspecified small-vessel disease; 
protrusions of the intervertebral discs C4/5, C5/6 and C6/7 were 
found in the cervical spinal cord. The disc protrusions tended 
to compress the right-side structures of the spinal channel and 
did not explain the clinical findings. The analgetic treatment 
 and physiotherapy provided slightly suppressed the pain symp-
toms and the finding was left for neurological surveillance. The 
patient’s serum sample showed cross reactivity with USUV.

Case 3
A  76-year-old female patient came from the area of Kra

lovsky Chlmec. The patient was admitted to the Department of 
Neurology because of acute worsening of chronic vertigo based 
on osteoarthritic changes of the cervical area and atheroscle-
rotic changes of the vertebrobasilar supply. She was diagnosed 
and treated for ischaemic heart disease, chronic renal disease, 
nephrolithiasis, back pain syndrome, arterial hypertension, and 
hypothyreosis. From the epidemiological point of view, she had 
been bitten by the ticks and mosquitoes, was living in Austria 
and kept animals. 

The patient’s serum sample revealed IgG antibodies to the 
tick-borne encephalitis virus, and the patient had not been vac-
cinated against it.

DISCUSSION

According to Annual Reports of the Public Health Authority, 
no human cases of West Nile fever have thus far been reported 
in Slovakia (15).

Three positive serum samples were detected in the presented 
study, which shows a prevalence of 0.65%. Similarly, Gaibani et 
al. (9) rated the seroprevalence in healthy blood donors residing 
in the metropolitan area of Milan at 0.57%. The low proportion 
of positivity in this study could be explained by the relatively 
small sample size (n = 464) and the local nature of the study, 
which was focused on Eastern Slovakia. It is quite possible that 
human cases of WNV encephalitis and meningoencephalitis have 
occurred but were not diagnosed or reported in Slovakia. From 
the diagnostic aspects of WNW infection should be considered 
laboratory results of cerebrospinal fluid analysis. Positive sig-
nificant plasmacytosis, moderate pleocytosis in cerebrospinal 
fluid in patients with meningitis and/or encephalitis should alert 
to the possibility of WNV infection (16).

Other authors have performed large nationwide cross-
sectional studies and determined the seroprevalence of WNV 
antibodies to be 11.1% in Israel (1), 11% in Iran (10), 5.2% in 
Morocco (17), 4.3% in Turkey (18), 2.75% in Libya (19), and 
2.1% in Greece (3).

A group of professional soldiers was an unexpected surprise. 
Because of their outdoor activities and long-term stays in endemic 
areas, we expected the highest proportion of positivity to be found 
in these samples in our study. The finding was in contrast with 
the study of Cohen et al. (20) performed on 285 healthy soldiers 
aged 40–55 years, with 41.9% IgG positivity. 

The risk of WNV seropositivity increased with age over 
50 years (3, 18). The high seroprevalence in older people 
reflects the cumulative time of exposure during life to outdoor 
activities and the risk of being exposed to infected mosquitoes. 

People living in rural localities had higher seroprevalence than 
those living in cities (1). This was similar to our finding that 
older patients had a positive epidemiological history (repeated 
mosquitoes bites, stay in an endemic area). 

Encephalitis is the most common form of WNV neuroinva-
sion, followed by meningitis and acute flaccid paralysis. How-
ever, Guillain-Barré syndrome and brachial plexus palsy were 
also reported to be associated with this virus (7, 11, 21, 22). One 
female patient (Case 2) was treated for monoparesis of UE with 
the features of plexopathy that could not be better explained by 
neuroimaging examinations. We cannot prove the causal relation 
of monoparesis with WNV infection, but we cannot rule it out 
of the hypothesis either.

Two of the three WNV-positive subjects came from samples 
of neurological patients, which raises the WNV seropositivity 
prevalence to 1.6% in this group and suggests that active screen-
ing should be done in patients with peripheral motor neuron 
disorder that cannot be otherwise explained.

People who live, work or undertake recreational activities in 
rural, agricultural or horticultural settings are at higher risk of 
mosquito-borne infections (1, 19). We expect a similar exposure 
to mosquitoes according to one patient’s profession (shepherd-
ess) and reported outdoor work activities. In the opposite case, 
no positivity was detected in gardeners, farm workers and Roma 
ethnicity, despite their frequent time spent outdoors connected 
with work and free-time activities.

Positive samples should be systematically confirmed by 
a  plaque reduction neutralization assay, which is considered 
the gold standard diagnostic method for flavivirus serology. 
This test has also been adopted by the European Union (EU) 
case definition (23).

A further aspect to be considered is the cocirculation of WNV 
and other flaviviruses, sharing the same hosts and ecological 
niches as the Usutu virus.

In the present study, the positive samples were tested for 
USUV to eliminate the possibility of cross reactivity with WNV 
antibodies, with a positive result in one case. USUV is an African 
mosquito-borne flavivirus belonging to the Japanese encephali-
tis virus serocomplex (24). In 2009, the first two human cases 
of USUV infection in Europe were reported in Italy, causing 
meningoencephalitis in immunocompromised patients (25).

WNV is spreading in Europe and neighbouring countries 
at an increasing rate, with new lineages and variants emerging 
into new territories. Several factors, especially urbanisation, 
variation in land use and climate, seem to be contributing to 
the current epidemiological picture (5).

As for prevention, there is currently no vaccine against WNV 
licensed for human use. Only veterinary WNV vaccines are 
available on the market. Currently, there are limited treatment 
options for patients infected with WNV. Only two classical 
antiviral compounds, interferon and ribavirin, have shown 
promising results (8).

To mitigate the risk of WNV emergence, targeted public health 
actions should be taken. As for the preventive activities, WNV 
surveillance in mosquitoes, birds and horses must be intensified to 
allow early detection and timely intervention strategies to prevent 
outbreaks of WNV neurological disease (2, 4, 26). 

A mosquito control programme is carried out continuously 
throughout the whole year. It consists of the detection and reduction  
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of breeding sites as well as routine larviciding in breeding sites that 
cannot be eliminated. Adulticiding activities are carried out only 
in small, well-defined areas when the population of mosquitoes 
reaches critical levels (27).

Another preventive action – the screening of donor blood for 
WNV RNA is in line with the EC directives 2004/33 (28) and 
2014/110 (29).

Elderly people are more prone to be infected and develop 
WNND, suggesting that those above 65 years of age should 
be a target group for prevention campaigns among the general 
population and the health professionals (3). 

The established enhanced surveillance of WNV infection 
among humans and animals, comprehensive vector control and 
the implementation of the recommended blood safety and hemov-
igilance measures during the transmission period constitute the 
basis of successful management of this seasonal public health 
threat (13).

CONCLUSION

Since most WNV infections are asymptomatic, a seropreva-
lence survey is necessary to examine the exposure of the popu-
lation to the virus and to identify areas with high endemicity.

As there is no available WNV vaccine for humans, the most 
effective way to avoid WNV infections is to raise the awareness 
of the population, to reduce the risk of mosquito bites by us-
ing insect repellents, to wear protective clothing and to reduce 
mosquito breeding sites. 

The results of the present study are preliminary findings 
which highlight the current situation in Eastern Slovakia and 
could be used in future studies. Moreover, given the evidence 
on WNV circulation in Central European countries, further 
studies employing a reference method and including both the 
mammalian hosts and mosquitos are required to obtain data 
better reflecting the WNV epidemiology in Slovakia, especially 
in the East.

The integrated collection and analysis of data from humans, 
animals and vector surveillance is the key to obtain a compre-
hensive understanding of the epidemiological situation of WNV 
and consequently timely implementation of response measures. 
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