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After information about a dengue case in Germany
acquired in Croatia, health professionals and the pub-
lic in Croatia were alerted to assess the situation and
to enhance mosquito control, resulting in the diagno-
sis of a second case of autochthonous dengue fever
in the same area and the detection of 15 persons with
evidence of recent dengue infection. Mosquito control
measures were introduced. The circumstances of den-
gue virus introduction to Croatia remain unresolved.

Introduction

The epidemiology service of the Croatian National
Institute of Public Health (CNIPH) has registered six
imported cases of dengue virus (DENV) infection since
2007. All except one were Croatian citizens who had
spent time in areas with local transmission of this dis-
ease (Southeast Asia, South America) and had a mild
clinical presentation of dengue fever. The sixth case
occurred in 2007 in a tourist visiting Croatia who devel-
oped haemorrhagic fever and had previously travelled
in South-east Asia [1,2]. Although a seroepidemiology
study conducted in 1980 in a limited area of north-
eastern Croatia in healthy young inhabitants proved
the presence of antibodies to DENV type 2 (3,9%) and
type 1 (2,1%) [3], no cases of dengue fever were regis-
tered by the health services.

Aedes albopictus was for the first time recorded in
Croatia in 2004 in the area surrounding Zagreb [4].
Within two years, Ae. albopictus was found on the
entire territory of the Adriatic coast from northern
Istria to Dubrovnik in the south. According to routine
monitoring of mosquitoes and published articles,
Ae. albopictus is now permanently established in the
coastal but not yet in the continental areas of Croatia

[5].
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Soon after reports on the first autochthonous DENV
infection diagnosed in France in September 2010 [6],
the Epidemiology Service of the CNIPH was notified
on 30 September by the Robert Koch Institute (RKI) in
Germany of a German citizen, who fell ill with symp-
toms of dengue fever immediately after returning to
Germany from a 15-day stay on the PeljeSac peninsula
in Croatia. Virological investigation revealed the pres-
ence of DENV-specific IgM, a rise in DENV-specific IgG
and the presence of NENV NS1 antigen in the patient’s
blood [7]. As this was the first case of dengue fever
probably acquired in Croatia, an epidemiological inves-
tigation was conducted and outbreak control measures
implemented. We present here the first results of the
epidemiological investigation.

Active case finding

According to information received by the RKI, the
German citizen travelled from Germany via Austria
and Slovenia along the Croatian coast in August 2010
and stayed on the PeljeSac peninsula and the island of
Korcula for 15 days. The disease onset was on the day
after he returned to Germany. The information received
from RKI on the first autochthonous case of dengue
fever was sent to the World Health Organization (WHO)
via the International Health Regulations (IHR) informa-
tion network [8] by the national IHR focal point (the
epidemiology service of the CNIPH) and disseminated
to the Croatian and international public via the media
in order to increase local and international awareness.

The epidemiological investigation started in Peljesac
and Korcula, and will be gradually expanded to the
entire Croatian littoral. The CNIPH released a circula-
tory letter informing all epidemiology services and
hospital infectology clinics in the country to consider
the possibility of dengue fever in clinically compat-
ible cases including those with no history of travelling
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abroad. The circulatory letter contained the entire
range of clinical manifestations of dengue fever, and
for the purposes of the epidemiological investigation,
a question on diseases accompanied with fever occur-
ring in the village where the German tourist had stayed.
At the time of the first epidemiological investigation
among local physicians in the beginning of October
2010, there were no such acute diseases in the area.
In the following weeks, a number of clinically suspect
cases were reported and serum samples were sent to
the CNIPH, but tested negative for dengue virus (Anti-
Dengue virus Elisa IgM/IgG, Euroimmun, Germany).

On 22 October 2010, a possible case of dengue fever
was reported in a resident of the same village where
the German patient had stayed. The Croatian patient, a
woman in her fifties, who had not travelled outside her
place of residence, developed symptoms compatible
with dengue fever on 17 October, including temperature
up to 39°C, skin rash, chill, headache and joint and
muscle pain, and was admitted to the infectology ward
at Dubrovnik hospital on day 6 after onset of disease.

Laboratory diagnosis

A serum sample was taken from the Croatian patient
on admission to hospital and sent to the National
Reference Laboratory for Arboviral Infections at
the Virology department of the CNIPH in Zagreb.
Virological analysis by ELISA (Anti-Dengue virus ELISA
IgM/IgG Euroimmun, Germany) detected DENV-specific
IgM (ratio 1.9). The sample was negative for DENV-
specific 1gG (10 relative units (RU)/ml), West Nile virus
(WNV) IgM and 1gG (Anti-West Nile virus ELISA IgM/
IgG, Euroimmun, Germany), and chikungunya virus
IgM and 1gG. (Anti-Chikungunya virus ELISA, IgM/IgG,
Euroimmun, Germany).The patient had not been vac-
cinated against yellow fever or tick-borne encephalitis
(TBE). The village of residence as well as whole south-
ern Croatia is not endemic for TBE [9]. Considering the
current epidemiological situation in Croatia these labo-
ratory results pointed to a diagnosis of dengue fever
[10].

The patient’s first serum was also sent to the regional
reference laboratory in Ljubljana (Slovenia) where an
RT-PCR was negative for dengue virus [11]. The second
(paired) serum was taken on day 19 after onset of ill-
ness when the patient was already discharged and
recovered, and the sample was analysed at CNIPH with
the following results: DENV: IgM-positive (ratio 4.9)
and IgG-positive (110 RU/ml); WNV: IgM-positive (ratio
1.2) and IgG-negative; and chikungunya virus: IgM- and
IgG-negative. These results confirmed this case as the
second autochthonous case of dengue fever in Croatia.

Analysis of serum samples

collected in the area

We collected 14 blood samples from healthy inhab-
itants living near the case’s place of residence. The
samples were analysed by ELISA for the presence of
DENV and WNV IgM/IgG antibodies. Nine of those were
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found positive for DENV infection (IgG) and seven had
positive or borderline results for DENV-specific IgM
(Table 2).

A further 112 sera collected from anonymous patients
who had sought medical care from various reasons
during October 2010 were available at the laboratory
of the local health centre. These sera were tested at

TABLE 1

Distribution of antibodies to dengue virus in nine persons
from a pool of 14 neighbours of the autochthonous case
from Peljesac, Croatia, October 2010

Examinee number DENVIgM DENVIgG
(ratio) @ (RU/ml)®
1 +(2.4) + (155)
2 +/- (1.04) + (126)
3 +(2.2) +(98)
4 +(1.2) + (140)
5 -(0.3) + (170)
6 - (0.5) + (155)
7 +(2.3) +(138)
8 +(2.4) +(94)
9 +(2.6) + (170)

DENV: dengue virus.

2¢0.8negative (-), 0.8-1.1 borderline (+/-), 21.1 positive (+).
Results are expressed as ratio according to the manufacturer’s
specifications.

b ¢16 negative (-), 16-22 borderline (+/-), 222 positive (+).
Results are expressed in RU/ml according to the manufacturer’s
specifications.

TABLE 2

Distribution of antibodies to dengue virus in six
anonymous serum samples, Croatia, October 2010

Examinee number 1 2 3 4 5 6

. +/- +/- +/- + +
DENVIgM (ratio)* | 0 | (0.8) | (1.08) | (4.6) | (2.2)

+ + + + +/- +

(72) | (46) | (40) | (46) («2) | (153)

DENV IgG (RU/ml)°®

DENV: dengue virus.

2¢0.8 negative (-), 0.8-1.1 borderline (+/-), = 1.1 positive (+).
Results are expressed as ratio according to the manufacturer’s
specifications.

® <16 negative (-), 16-22 borderline (+/-), 2 22 positive (+).
Results are expressed in RU/ml according to the manufacturer’s
specifications.

TABLE 3

Adult mosquitoes caught in Podobuce, Orebi¢ and
Kor¢ula, Croatia, October 2010

Species Number

Aedes albopictus 49

Ochlerotatus mariae 4

Ochlerotatus sp.

Culex pipiens 5
Culiseta annulata 1
Total 61




CNIPH for the presence of DENV and WNV antibodies.
Ethics approval was not required and informed con-
sent was not sought. The work was carried out under
the Communicable Disease Protection and Control Act
which provides statutory support for investigations
conducted for the purpose of communicable disease
control.

Of those 112 samples, six were positive for DENV-
specific antibodies. In all six positive sera, DENV-
specific IgG was found (one sample with a borderline
value). DENV-specific IgM were found in five sera:
clearly positive in two and borderline in three (Table 2).
All 112 sera were negative for WNV IgM and IgG.

Entomological investigation

During the field investigation the presence of mos-
quitoes was noticed, despite mandatory disinsec-
tion implemented on the entire Croatian territory.
Mosquitoes were caught in the place of probable trans-
mission and also on the island of Korcula in October
2011 with the aim of identifying the mosquito species
present and determining whether they were carrying
DENV. Two days after the mosquito had been caught,
adulticidal and larvicidal disinsection was conducted
at the village where the German patient had stayed.

The 61 caught mosquitoes were identified by an ento-
mologist (Table 3). The species Ae. albopictus domi-
nated (49 of 61).

Virological investigation was conducted for 44
Ae. albopictus adults in eight pools containing between
five and seven mosquitoes. All eight pools tested neg-
ative for DENV in the RT-PCR conducted at the WHO
Regional Reference Laboratory for Arboviruses at the
Institute for Microbiology and Immunology in Ljubljana,
Slovenia [11].

Discussion

After France, Croatia is the second country in Europe
in which autochthonous transmission of dengue infec-
tion has been shown, which had not been recorded in
Europe since the epidemic in Greece in 1925 to 1928
[12-15]. According to data of the communicable dis-
ease epidemiology service of the CNIPH, registered
imported cases of dengue are not frequent (six cases
in three years). Although until recently dengue fever
was not a notifiable disease in Croatia, it is unlikely
that the epidemiology service network which collabo-
rates with the laboratories that conduct the diagnosis
would have missed the occurrence of a confirmed case
of imported dengue fever.

The assumption that the German tourist acquired den-
gue fever in the region of the PeljeSac peninsula was
confirmed by the identification of a second case of den-
gue fever in a local citizen who had not travelled out-
side the area. Although the antigen was not confirmed
by RT-PCR in the acute serum of the patient, taken six
days after illness onset, the presence of specific IgM

antibodies (IgG was negative) pointed to acute infec-
tion. This was confirmed in a sample taken on day 19
of the illness when IgM and IgG antibodies were found.

Nine of the 14 samples taken from the Croatian
patient’s neighbours, none of whom had travelled out-
side Croatia, were IgG-positive, and we assume that
these were relatively recent infections because seven
of them were also IgM-positive. Some of them reported
having an influenza-like disease in August and early
September. Moreover, DENV-specific antibodies were
found in 5.4% of the anonymous serum samples col-
lected in October 2010 by the laboratory that covers
the area of PeljeSac and Korcula. Five of the six DENV-
positive sera in this panel showed borderline or posi-
tive values of IgM antibodies against DENV. Based on
the available serological and epidemiological data we
therefore assume that a cluster of acute DENV infection
occurred in the area, most probably during August and
September 2010.

Each cluster of infectious diseases is reported using
the national communicable diseases early warn-
ing system. During summer 2010 there were no such
reports from PeljeSac. Only four of the DENV-positive
villagers contacted health services for febrile illness
in August and September and were not recognised as
an outbreak. At that time of year, there is an increased
circulation of enteroviruses which can manifest with
similar symptoms, but we believe that the main reason
why dengue fever was not suspected in these patients
is the fact that this illness had not been registered in
Croatia or Europe so far and is therefore not consid-
ered in persons who have no travel history to endemic
areas. Although the health services had been alerted
of the possibility of new diseases transmitted by
Ae. albopictus, particularly following the chikungunya
fever outbreak in Italy in 2007 [16], it was only after our
circulatory letter in October that dengue virus infection
in local inhabitants was suspected by general prac-
titioners and subsequently confirmed in the second
autochthonous Croatian case described in this paper.
There may also have been other dengue virus infec-
tions with an inapparent or mild course. We believe that
other tourists staying in the area may have returned
to their home countries with dengue fever, but there
have been no reports of exported cases other than the
German case.

It is likely that the dengue virus was imported into
this community during the summer months of 2010.
Regarding the manner of importation, we can only
speculate. It could have been through infected travel-
lers arriving from endemic areas in whom the infection
was not recognised. Bearing in mind that Ae. albopic-
tus species have spread along the Adriatic coast, also
in the region of PeljeSac and Korcula mainly through
transport by sea [5], importation of infected mosqui-
toes in the same manner cannot be excluded. Since
the role of transovarial transmission in mosquitoes is
questionable [17,18], it is not likely that importation
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happened through infected eggs or larvae (e.g. in used
car tires).

Croatia will continue to alert health practitioners to
the presence of this disease. Larvicidal and adulti-
cidal mosquito control measures already applied in the
affected area will be continued and expanded to the
entire country to prevent further establishment of den-
gue fever or other diseases transmitted by the same
vector, such as chikungunya fever [19,20]. Selection of
blood donors in the country is in line with all interna-
tionally accepted criteria, in that any febrile illness in
a potential donor presents a contraindication including
the period of convalescence. This covers dengue virus
infections well, as cases are only infective during the
febrile phase and there is no chronic infection stage. A
short prodromal period can pose a risk, but the regular
delayed use of blood donations allows to investigate
all donors who fall ill in the first two days after dona-
tion and to discard their blood if necessary. However,
the possibility of transient asymptomatic dengue virae-
mia needs to be taken into account in practice if the
disease were to become established.
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Phylogenetic analysis of the haemagglutinin (HA) gene
shows that the influenza A(HiN1)2009 viruses col-
lected in Hong Kong clustered in two main branches
characterised by the E391E and E391K amino acids.
The main branch E391K evolved in two sub-branches
with N142D and S202T mutations that first appeared
in March and July 2010, respectively, with the lat-
ter becoming the predominant strain. These genetic
variants that emerged display similar antigenic char-
acteristics. Concurrent with genetic surveillance, lab-
oratories should continue monitoring the circulating
viruses antigenically.

Introduction

Influenza A(H1N1)2009 virus is a reassortant of swine,
avian and human influenza viruses which is antigeni-
cally different from seasonal influenza A(H1N1) viruses
circulating previously [1]. In Hong Kong, the first case
was detected in a visitor from Mexico on 1 May 2009.
The infection spread locally in June 2009 and reached
its peak in September 2009 (Figure 1).

Intense selection by the host immune system drives
antigenic change which results in the continuous
replacement of circulating strains with new variants
to re-infect individuals and cause widespread ill-
ness. Although the influenza A(HiN1)2009 virus has
been circulating worldwide since April 2009, and the
haemagglutinin (HA) antigenic sites have been under
increasing antibody-mediated selection pressure [2],
recent isolates were still antigenically similar to the
vaccine virus A/California/7/2009 [3-5]. It is important
to characterise the HA in order to monitor any emerg-
ing variants while the virus continues to circulate in
the community. Genetically, one of the characteristic
differences between the epidemic viruses collected
between March and September 2009 and the vaccine
virus [6] was substitution at position 220 with almost
all currently circulating viruses having S220T amino
acid change (the amino acid positions of HA sequence
are denoted using full HA coding region, i.e. amino acid
position 18 corresponds to position 1 of the HA without
the signal peptide) [7,8]. In addition to this mutation,
the E391K substitution grew rapidly globally between
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July and December 2009 [9] and two other substitu-
tions, N142D and S202T, have recently been described
in 2010 [4,5].

Here we describe temporal sequence changes in the
HA gene of the influenza A(H1N1)2009 virus isolated in
Hong Kong from 2009 to 2011.

Sample collection and sequence analysis

For this analysis, we included 338 full HA sequences
of influenza viruses isolated from respiratory samples
obtained from 40 publicand private hospitals and clinics
in Hong Kong between June 2009 and January 2011. The
proportion of sequences analysed was in accordance
with the positive isolation rate in each institution. Only
one isolate from each patient was included. With the
exception of June 2009, when only two fullHA sequences
were included at least four isolates from patients with
either mild or severe respiratory illness were selected
randomly per month. The PCR amplification and DNA
sequencing of the full length of HA gene were per-
formed using six different in-house designed primers:
H1v-moo44-F (5’-AGTATACGACTAGCAAAAGCAGGGG-3’),
Hiv-0323-R(5’-TAACACGTTCCATTGTCTGA-3’),
H1iv-0898-R(5’-TGGGTGTTTGACAAGTTGTA-3’),
Hiv-0805-F(5’-AGATATGCATTCGCAATGGA-3’),H1v-
1348-F(5’-AGAACTTTGGACTACCACGA-3’), H 1v-1752-R
(5°-CCGTGTCAGTAGAAACAAGGGTGTTT-3"). H1v-
moo44-F, Hiv-0898-R, Hiv-0805-F and Hiv-1752-R
were used as the PCR primers; in addition to these four
primers, Hiv-0323-R and H1v-1348-F were used as the
sequencing primers.

Sequence data were compiled and edited using
the Lasergene sequence analysis software pack-
age (DNASTAR Inc). Multiple alignment of nucleotide
sequences and translation of amino acid sequence
was carried out by using BioEdit (http://www.mbio.
ncsu.edu/bioedit/bioedit.html). In order to show the
major evolutionary pattern of HA gene, only sequences
shared by more than one isolate were included for the
construction of a phylogenetic tree using MEGA (http://
www.megasoftware.net/). According to this strat-
egy, 33 sequences representing 217 isolates (64.2%,
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217/338) were selected for phylogenetic analysis. One
sequence (A/HongKong/2213/2010) that has been used
as reference in EuroFlu Weekly Electronic Bulletin [10]
and the National Institute for Medical Research [11] was
also included for reference.

Results

Over the study period, the amino acid at position 391
was either E or K. Phylogenetic analysis of the HA gene
showed that the influenza A(HiN1)2009 viruses col-
lected in Hong Kong clustered into two main branches
characterised by this position (Figure 2).

With the emergence of E391K viruses in July 2009, the
proportion of viruses with E391E fluctuated between
8% and 98% during the period from July 2009 to
February 2010 and was gradually displaced by the
evolving E391K viruses (Figure 3).

Within the main branch E391E, a sub-branch charac-
terised by Si45P reported previously [11] was also
observed (Figure 2). The four strains A/Hong Kong/2213
(the reference strain used in EuroFlu Weekly Electronic
Bulletin and the National Institute for Medical Research),
A/Hong Kong/1886/2010, A/Hong Kong/2212/2010, A/
Hong Kong/2200/2010 collected between April and July
2010 belonged to this sub-branch and all had V216A
and 1312V substitutions while A/Hong Kong/2200/2010
and A/Hong Kong/2212/2010 also had additional sub-
stitutions K180T and P288S (not shown in Figure 2).

FIGURE 1

In the main branch with the E391K substitution, two
sub-branches characterised by N142D and S202T muta-
tion were observed (Figure 2). The isolates in the sub-
branch characterised by N142D first appeared in March
2010 and its proportion appeared to peak in May 2010
and declined thereafter. The isolates in the sub-branch
with the mutations S202T first appeared in July 2010
and their proportion increased sharply displacing the
isolates with N142D in September 2010. This sub-
branch continued to predominate since then (Figure 3).

Discussion

In Hong Kong, with a sizable proportion of the popu-
lation becoming infected during the first wave of
pandemic in September in 2009 [12] and the implemen-
tation of a vaccination programme using a monovalent
vaccine in December 2009 [13], the resulting immuno-
logical pressure may have driven virus evolution as
shown by the displacement of E391E by E391K, a site
important for membrane fusion [9], and the emer-
gence of the two genetic sub-branches characterised
by N142D and S202T amino acid substitutions involv-
ing the antigenic sites Sa and Sb respectively. These
antigenic sites contain many amino acids involved in
neutralising epitopes near the receptor binding pock-
ets [2]. All the genetic variants that emerged, how-
ever, displayed similar antigenic characteristics when
assessed by haemagglutination inhibition assay using
A/California/o7/2009 ferret antisera [3-5]. Although a
single amino acid substitution involving one antigenic
site may be sufficient to cause antigenic change, more
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FIGURE 2

Phylogenetic tree of the full-length haemagglutinin sequences of influenza A(H1N1)2009 virus circulating in Hong Kong
from 2009 to 2011
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Only the sequences shared by more than one isolate were included for the construction of a phylogenetic tree. The phylogenetic analysis
was performed by use of the MEGA programme and the neighbour-joining method. The percentages of bootstrap frequencies over 50% are
indicated. The tree was rooted with the vaccine strain A/Califor