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Dengue virus infection in Croatia:
seroprevalence and entomological study
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1,748 female mosquitoes.

SUMMARY

During 2011-2012, a total of 1,180 sera samples were collected from residents of seven Croatian counties located
on the Adriatic Coast and four counties in northeastern Croatia and tested for the presence of dengue virus (DENV)
IgG antibodies using ELISA. Reactive samples were further tested by IFA. Seven samples (0.59%) tested positive
for DENV antibodies. Seroprevalence rates by county varied from 0-2.21%. The highest seropositivity rate (2.21%)
was found in the Dubrovnik-Neretva County where autochthonous dengue cases were recorded in 2010. Addition-
ally, 3,699 mosquitoes were collected from 126 localities along the Adriatic coast in August-September, 2011. Aedes
albopictus was the most prevalent species (81.37%). No evidence of DENV RNA was detected by RT-PCR among
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Dengue is one of the most important emerging
arthropod-borne viral infectious diseases in
the world, posing a major public health prob-
lem worldwide. It is caused by one of the four
dengue virus serotypes (DENV 1-4) of the genus
Flavivirus, from the family Flaviviridae. DENV
is transmitted to humans through the bites of
infected mosquitoes of the genus Aedes, most
often Aedes (Ae.) aegypti and Ae. albopictus
(WHO 2009).

Ae. albopictus originated in Southeast Asia and
has spread during the last 30-40 years to North,
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Central and South America, parts of Africa,
northern Australia and Europe. Since its first
appearance in Albania (1979), Ae. albopictus
has been reported in 20 European countries
(Medlock et al., 2012).

In Croatia, Ae. albopictus was recorded for
the first time in 2004 in the area surrounding
Zagreb. Within two years, Ae. albopictus was
further identified throughout the territory of
the Adriatic coast and has become permanent-
ly established in the coastal areas of Croatia
(Klobucar et al., 2006). In September 2010, the
first autochthonous case of dengue fever was
recorded on the PeljeSac peninsula. Croatia is
the second country in Europe, after France,
where the transmission of autochthonous
dengue infection has been recorded (Gjene-
ro-Margan et al., 2011). In Croatia, the prev-
alence of DENV infection has not been widely
investigated since 1980. A small serosurvey in
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north-western Croatia was carried out in 2007
(Golubic” and Dobler, 2012). The aim of this
seroepidemiological and entomological study
was to estimate the prevalence of dengue virus
(DENV) infection in Croatia among humans
and mosquitoes.

During 2011-2012, 1,180 sera samples taken
from residents of seven Croatian counties lo-
cated on the Adriatic coast (n=904) and four
counties in northeastern Croatia (n=276) were
tested for the presence of DENV-specific IgG
antibodies. The residents included 525 (44.5%)
males and 655 (55.5%) females aged from 2 to
87 years. Serum samples were obtained from
de-identified banks of samples in the County
Public Health Institutes taken from patients
coming in for routine testing (preoperative
check-ups, physical examinations, patient con-
tacts, antenatal screening and couples under-
going medically assisted reproduction) with
no symptoms of acute febrile disease. None of
them reported any illness consistent with den-
gue fever during 2010.

Serologic tests were performed by the National
Reference Laboratory for Arboviral Disease at
the Virology Department, Croatian National In-
stitute of Public Health (CNIPH) using a com-
mercial enzyme-linked immunosorbent assay
(ELISA; Euroimmun, Liibeck, Germany). Posi-
tive and borderline samples were further tested
by a commercial indirect immunofluorescence
assay (IFA; Euroimmun, Liibeck, Germany).
Reactive samples were additionally tested for
West Nile virus (WNV; Euroimmun, Liibeck,
Germany) and Chikungunya virus (CHIKV; Eu-
roimmun, Liibeck, Germany) IgG antibodies
to rule out cross-reactions. Samples from the
northeastern part of Croatia were also analyzed
for tick-borne encephalitis virus (TBEV).
Mosquitoes were collected in 126 localities on
the Adriatic Coast, from Umag to Dubrovnik,
in the period of highest mosquito activity, i.e.
from August 16-September 24, 2011. The sam-
pling of mosquitoes was carried out using Bio-
gents Sentinel traps baited with the standard
BG-Lure attractant.

Mosquitoes were identified by species and gen-
der (Becker et al., 2010). Females (n=1,748)
were grouped into 46 pools of up to 40 speci-
mens and tested for DENV RNA using a qualita-
tive real-time reverse transcriptase-polymerase

chain reaction (RT-PCR). Viral RNA was ex-
tracted using the automatic vacuum extraction
method - QIAextractor (Qiagen, Germany). The
RT-PCR reactions were performed according to
the manufacturer’s instructions (SuperScript
IIT Platinum One-Step RT-PCR system, Invitro-
gen). Pan-dengue primers and probe targeting
3’NC region were retrieved from the database
at the National Center for Biotechnology Infor-
mation (forward primer AGGACYAGAGGTTA-
GAGGAGA; reverse primer CGYTCTGTGC-
CTGGAWTGAT; probe FAM-ACAGCATATTGA-
CGCTGGGARAGACC-TAMRA) (Leparc-Goffart
et al., 2009). Amplification and detection reac-
tions were carried out using an ABI Prism 7500
detector (Applied BioSystems). The 40th cycle
was used as a threshold (Ct>40). The study
was approved by the Ethics Committees of the
CNIPH and the County Public Health Institutes.
Seven of the 1180 samples were found positive,
with an overall seroprevalence rate of 0.59%
(95% CI=0.15-1.03). One participant showed
borderline results for DENV-IgG antibodies in
the ELISA test. There were 5/904 positive sam-
ples (0.55%; 95% CI=0.07-1.04) from the Adri-
atic Coast and 2/276 (0.72%; 95% CI=0-1.73)
from the northeastern part of Croatia. Using IF,
all samples were confirmed as positive. Sero-
prevalence rates by county varied from 0-2.21%.
The seropositive participants from the Adriatic
Coast are residents of the Dubrovnik-Neretva
County, Primorje-Gorski Kotar and Zadar
County. The participants from northeastern
Croatia are residents of the Osijek-Baranja
County (Figure 1).

A total of 3,699 mosquitoes were collected
along the Croatian littoral. Three mosquito spe-
cies were found in the analyzed material: Ae.
albopictus, Culex (Cx.) pipiens and Culiseta (Cs.)
longiareolata. The most prevalent species was
Ae. albopictus species (3010/81.37%) followed
by Cx. pipiens species (688/18.59%). Only one
specimen of the species Cs. longiareolata was
found. No evidence of dengue viral RNA was
detected by RT-PCR.

Seroepidemiological studies of DENV in en-
demic regions have shown prevalence rates of
up to 91.6% (Braga et al., 2011, Muhammad
Azami et al., 2011). There are very few data
on the prevalence of DENV antibodies in Eu-
rope and the Mediterranean region. One Ital-
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FIGURE 1 - Geographical distribution of dengue sero-
positive cases in Croatia.

ian study reported only a sporadic presence of
DENYV antibodies in the inhabitants of the Turin
Province (Pugliese et al., 2007). A Turkish study
conducted in Central and Northern Anatolia
found that 0.9% of blood donors were positive
to DENV IgG antibodies (Ergiinay et al., 2010).
There are few published seroprevalence studies
on DENYV in Croatia. One study was conducted
back in 1980 in a limited area of northeastern
Croatia bordering Hungary. Neutralizing an-
tibodies against DENV type 1 and hemagglu-
tination inhibition antibodies on a sample of
380 young healthy persons were documented
in 2.1% and 3.9% cases, respectively, (Ropac
et al., 1988). Additionally, a small serosurvey
of DENV on 300 samples of blood donors was
performed in north-western Croatia in 2007.
No samples tested positive to DENV antibodies
(Golubi¢ and Dobler 2012).

In 2010, autochthonous dengue fever cases
were recorded in Croatia. Nucleotide sequence
analysis showed that the viruses detected in pa-
tients from Peljesac belong to DENV genotype
1 (Kurolt et al., 2013).

Having confirmed in October 2010 a second au-
tochthonous case of dengue fever in a resident
of the same settlement where a German patient
had stayed on holiday, 112 sera samples were
collected from inhabitants of the PeljeSac pen-
insula and the island of Korc¢ula. DENV-specific

antibodies were found in 5.4% of the samples
(Gjenero-Margan et al., 2011). No autochtho-
nous dengue cases have been reported in Croa-
tia since 2010. However, sporadic imported cas-
es have continuously been notified (Vilibic-Cav-
lek et al., 2012). Results of the present study
demonstrate that 0.55% of Croatian coastal
inhabitants have been exposed to DENV. The
highest seropositivity rate (2.21%) was found
in Dubrovnik-Neretva County, the same coun-
ty where autochthonous dengue cases were re-
ported in 2010. In northeastern Croatia, in the
same geographic areas where the 1980 study
was performed, the seroprevalence was 0.72%.
An important aspect of dengue control is vector
surveillance and control. Detection of DENV
positive mosquitoes is useful for monitoring
infection rates within the vector mosquito pop-
ulation and provides an early warning signal
to predict a possible upcoming outbreak (Con-
ceigdo et al., 2010). Even in endemic countries
in the middle of an outbreak, it is hard to find
positive mosquitoes. The best method is to sam-
ple mosquitoes around the houses with known
DENV cases during the time of transmission
(Getis et al., 2003; Chansang and Kittayapong,
2007; Guedes et al., 2010). None of the tested
mosquito pools in this study were found posi-
tive for DENV RNA.

The study has some limitations. The ideal meth-
od for serologic confirmation of DENV is the
plaque-reduction neutralization test. However,
we found no cross-reactions with WNV in ELI-
SA and CHIKYV antibodies in IFA. Two DENV
reactive samples from patients residing in TBE
endemic regions were also negative for TBEV
in ELISA.

Despite these limitations, the results of this
study showed a low DENV prevalence rate
(0.59%) within the tested Croatian population.
Vector control measures, dengue surveillance
and health education should be performed on
a continual basis to maintain the current favor-
able epidemiological situation. These results
indicate that there is no widespread dengue in-
fection in the Croatian population and that the
risk of a dengue hemorrhagic fever outbreak is
very low. However, seroepidemiological studies
should be conducted regularly to identify a pos-
sible increased risk and take timely and appro-
priate measures.



100  I. Pem-Novosel, T. Vilibic-Cavlek, I. Gjenero-Margan, B. Kaic, A. Babic-Erceg, E. Merdic, A. Medic, M. Ljubic, D. Pahor, M. Erceg

ACKNOWLEDGMENTS

The authors gratefully acknowledge experts from
the Dengue Study group: Vlasta Skopljak, Katja
Barac-Juretic, Ankica Parat-Baljkas, Zeljko Hul-
jev, Vladimira Lesnikar, Nikola Benic, Ana Klo-
bucar, Darko Krajcar, Jagoda Sarunic-Gulan,
Nediljko Landeka, Toni Zitko, Goran Vignjevic,
Natasa Turic, Marica Miletic-Medved, Karlo Ko-
zul, Gordana Vojnovic and all the laboratory, ep-
idemiology and pest control units personnel for
their contribution to the study.

REFERENCES

Braca C., Luna C.F., MarteLLl C.M., bE Souza W.V,,
CorpEIRO M.T., ALEXANDER N., DE ALBUQUERQUE
Mbpe F., Jonior J.C., Maroues E.T. (2010). Sero-
prevalence and risk factors for dengue infection
in socio-economically distinct areas of Recife,
Brazil. Act. Trop. 113, 234-240.

CrANSANG C., KirtavaponG P. (2007). Application of
mosquito sampling count and geospatial meth-
ods to improve dengue vector surveillance. Am. J.
Trop. Med. Hyg. 77, 897-902.

Conceicio T.M., Da Poian A.T., SorciNE M.H. (2010). A
real-time PCR procedure for detection of dengue
virus serotypes 1, 2, and 3, and their quantitation
in clinical and laboratory samples. J. Virol. Meth-
ods. 163, 1-9.

ErcUNAY K., Savcan M.B., AypocaN S., Litza N., NIE-
DRIG M., PINAR A., Us D. (2010). Investigation of
dengue virus and yellow fever virus seropositivi-
ties in blood donors from Central/Northern Ana-
tolia, Turkey. Mikrobiyol Bul. 44, 415-424.

GeTtis A., MorrisoN A.C., Gray K., Scort T.W. (2003).
Characteristics of the spatial pattern of the den-
gue vector, Aedes aegypti, in Iquitos, Peru. Am. J.
Trop. Med. Hyg. 69, 494-505.

GIJENERO-MARGAN 1., ALErAT B., KrajcarR D., LESNIKAR
V., KroBucar A., PEmM-NovoseL 1., Kurecic-FiLipo-
vic S., Komprarak S., Martic R., Duricic S., BETI-
ca-Rapic L., Okmapzic J., ViLBic-CavLEx T., Bas-
1c-ErceG A., Turkovic B., Avsic-Zupanc T, Rapic 1.,
LiuBic M., Sarac K., BENic N., MLINARIC-GALINOVIC
G. (2011). Autochthonous dengue fever in Cro-

atia, August-September 2010. Euro Surveill. 16,
pii=19805.

Gorusi¢ D., DoBLErR G. (2012). Flaviviruses in the
north-west Croatia. Croat. J. Infect. 32, 153-157.

Guepes D.R.D., CorbElro M.T., MELO-SANTOS M.A.V.,
MacaLHAES T., Maraues E., Recis L., Furtapo A.F,,
Ayres C.F. (2010). Patient-based dengue virus
surveillance in Aedes aegypti from Recife, Brazil.
J. Vector Borne Dis. 47, 67-75.

Krosucar A., MEerpic E., BENic N., Bakralc Z., KRCcMAR
S. (2006). First record of Aedes albopictus in Cro-
atia. J. Am. Mosq. Control Assoc. 22, 147-148.

Kurorr I.C., Betica-Rapic L., Dsakovic-RopE O., FrRAN-
co L., ZELeNA H., TeENoRrIO A, Markortic A. (2013).
Molecular characterization of dengue virus 1
from autochthonous dengue fever cases in Croa-
tia. Clin. Microbiol. Infect. 19, 163-165.

LEPARC-GOFFART 1., BarRAGATTI M., TEMMAM S., TuIsku-
NEN A., MoUREAU G., CHARREL R., DE LAMBALLERIE X.
(2009). Development and validation of real-time
one step reverse transcription-PCR for the detec-
tion and typing of dengue viruses. J. Clin. Virol.
45, 61-66.

MebprLock J.M., HansrorpD K.M., ScHAFFNER F., VERr-
STEIRT V., HENDRICKX G., ZELLER H., VAN BORTEL
W. (2012). A review of the invasive mosquitoes in
Europe: ecology, public health risks, and control
options. Vector-Borne Zoonotic Dis. 12, 435-447.

MusaaMMAD Azamr NLA., SaLLEH S.A., NeEod H.M., SYED
ZAKARIA S.Z., JamaL R. (2011). Dengue epidemic
in Malaysia: not a predominantly urban disease
anymore. BMC Res. Notes. 4, 216.

PuGLIESE A., BELTRAMO T., TorRE D. (2007). Seroprev-
alence study of Tick-borne encephalitis, Borrelia
burgdorferi, Dengue and Toscana virus in Turin
Province. Cell Biochem. Funct. 26, 185-188.

Rorac D., Gourp E., Punpa V., VESENJAK-HIRIAN, J.
(1988). Dengue virus infection in the population
of north-eastern Croatia. Lije¢ Vjesn. 110, 177-
180.

Vilibi¢-Cavlek T., Ljubin-Sternak S., Babic¢-Erceg A.,
Sviben M., Mlinarié¢-Galinovi¢ G. (2012). Virol-
ogy diagnosis of re-emergent infections: dengue
virus. Lije¢ Vjesn. 134, 164-167. (Article in Cro-
atian).

WHO. Dengue - Guidelines for diagnosis, treatment,
prevention and control - New edition, WHO
Press, Geneva, 2009.



