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Abstract: Several arboviruses have emerged in Croatia in recent years. Tick-borne encephalitis
is endemic in continental counties; however, new natural micro-foci have been detected. Two
autochthonous dengue cases were reported in 2010. West Nile virus emerged in 2012, followed
by emergence of Usutu virus in 2013. Although high seroprevalence rates of Toscana virus have
been detected among residents of Croatian littoral, the virus remains neglected, with only a few
clinical cases of neuroinvasive infections reported. Lymphocytic choriomeningitis virus is a neglected
neuroinvasive rodent-borne virus. So far, there are no reports on human clinical cases; however,
the seroprevalence studies indicate the virus presence in the Croatian mainland. Puumala and
Dobrava hantaviruses are widely distributing rodent-borne viruses with sporadic and epidemic
occurrence. Hepatitis E virus is an emerging food-borne virus in Croatia. After the emergence in
2012, cases were regularly recorded. Seropositivity varies greatly by region and population group.
Rotaviruses represent a significant healthcare burden since rotavirus vaccination is not included in
the Croatian national immunization program. Additionally, rotaviruses are widely distributed in
the Croatian ecosystem. A novel coronavirus, SARS-CoV-2, emerged in February 2020 and spread
rapidly throughout the country. This review focuses on emerging and neglected viruses of zoonotic
importance detected in Croatia.
Keywords: arboviruses; rodent-borne viruses; hepatitis E virus; SARS-CoV-2; rotaviruses; rabies
virus; epidemiology; Croatia
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1. Zoonotic Viruses in Croatia
Arboviruses represent an emerging public health problem worldwide. Tick-borne
encephalitis virus (TBEV) and West Nile virus (WNV) are nowadays the most widely distributed arboviruses. Although many human TBEV and WNV infections are asymptomatic
or present as a non-specific febrile disease, the severe neuroinvasive disease may occur.
Other medically important arboviruses such as dengue (DENV), chikungunya (CHIKV),
and Zika virus (ZIKV) are generally associated with mild clinical symptoms; however, the
more severe form (dengue hemorrhagic fever/shock syndrome) has also been observed,
especially during epidemics.
Hantaviruses are globally distributed rodent-borne viruses. Many other zoonotic
viruses are largely neglected despite their potential to emerge globally [1].
In the past decade, several arboviruses have (re-)emerged in Croatia. New natural
micro-foci of TBEV have been detected in continental Croatian counties [2–4]. In 2010, two
autochthonous cases of DENV infection were reported [5], followed by detection of first
human cases of WNV neuroinvasive disease in 2012 [6]. Usutu virus is another neuroinvasive flavivirus detected in Croatia in 2013 [7,8]. Sporadic imported cases CHIKV and ZIKV
infection have been continuously notified in returning travelers [9,10]. Although seroprevalence of Toscana virus (TOSV) is high among residents of the Croatian littoral [11], the virus
remains neglected since clinical cases of neuroinvasive infection are diagnosed only sporadically [12,13]. Other arboviruses such as sandfly fever Sicilian (SFSV) and Naples virus
(SFNV), Tahyna (TAHV), Bhanja virus (BHAV), and Čalovo virus have also been confirmed
serologically, especially among inhabitants of the Croatian islands. Three laboratory BHAV
infections as well as one natural infection detected in a patient with meningoencephalitis
and spastic quadriparesis have also been reported [14–16]. Lymphocytic choriomeningitis
virus (LCMV) is a neglected neuroinvasive rodent-borne virus. The seroprevalence studies
indicate that LCMV is present in continental Croatian regions [17]. Hantaviruses Puumala
(PUUV) and Dobrava (DOBV) are rodent-borne viruses causing hemorrhagic fever with
renal syndrome (HFRS). Both viruses are detected in humans in Croatia [18–22], while
Saarema (SAAV) and Tula virus (TULV) have also been detected in rodents [23,24]. Hepatitis E virus (HEV) is an emerging food-borne zoonotic virus in Croatia. Seroprevalence rates
vary greatly by region and population group [25–27]. Rotaviruses, most notably the species
rotavirus A (RVA), represent a significant healthcare burden since RVA vaccination is not
included in the Croatian national immunization program [28]. RVA is widely distributed in
the Croatian ecosystem; however, the importance of zoonotic transmission of RVAs might
be underestimated due to the focus on RVA strain surveillance in clinically ill patients
combined with lower virulence of animal RVAs in humans [29–31]. A novel coronavirus,
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), is a respiratory virus that
emerged in February 2020 and spread rapidly throughout the country. Acute infections
as well as seropositivity have been confirmed in humans and pet animals [32–34]. The
rabies virus (RABV) still presents a major veterinary and public health threat. The last
case of human rabies in Croatia was reported in the 1960s [35]; however, epidemiological
data have confirmed the presence of rabies virus (RABV) in wildlife since 1977 [36]. After
starting the oral rabies vaccination (ORV) campaign in 2011, the last wildlife rabies positive
case was confirmed in February 2014 [37].
This review focuses on the epidemiology, clinical aspects, and molecular epidemiology
of emerging and neglected viruses of zoonotic importance detected in Croatia (Table 1).
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Table 1. The most important zoonotic viruses detected in Croatia.
Virus

Humans

Animals

Arthropod Vectors

References

Virus detection *

[2,4,38–43]

Arboviruses
TBEV

Clinical cases, serology,
virus detection *

Horses (serology), dogs
(serology), goats (serology),
deer (virus detection *)

WNV

Clinical cases, serology,
virus detection *

Horses (acute asymptomatic
infections, serology), birds
(clinical cases, serology, virus
detection *), poultry (serology)

USUV

Clinical cases, serology,
virus detection *

Horses (serology),
birds (virus detection *)

TOSV

Clinical cases, serology,
virus detection *

DENV

Clinical cases, serology,
virus detection *

[5,51–53]

SFSV/SFNV

Serology

[15,54,55]

TAHV

Serology

[14]

BHAV

Clinical cases **,
Serology

Dogs (serology)

Čalovo

Serology

Horses, cows, goats, donkeys
(serology)

[6,7,44–46]

Virus detection *

[7,8,44,47–49]

Virus detection *

[11–13,50]

Virus isolation

[16,56,57]
[15,58–60]

Rodent-borne viruses
LCMV

Serology

[17,61,62]

PUUV

Clinical cases, serology

Rodents (virus
detection *, serology)

[18,19,21–24]

DOBV

Clinical cases, serology

Rodents (virus
detection *, serology)

[19,21,22,63]

SAAV

Rodents (virus
detection, serology)

[23,24]

TULV

Rodents (virus detection)

[23,24]

Other zoonotic viruses

Clinical cases, serology,
virus detection *

Swine (virus
detection *, serology), wild
boar (virus detection,
serology), yellow-neck mouse
(virus detection)

[25–27,64–68]

Rotaviruses

Clinical cases,
virus detection *

Cattle and swine (clinical cases,
virus detection), dogs, red
foxes, European jackals, red
deer, roe deer, wild boar and
gulls (virus detection)

[28,29,69]

SARS-CoV-2

Clinical cases, serology,
virus detection *

Dogs (serology),
cats (clinical cases, serology)

[32–34]

RABV

Clinical cases

Foxes, dogs, cats, bats,
horses (virus detection *)

[35,36,70–73]

HEV

* sequencing; ** including laboratory infections; TBEV = tick-borne encephalitis virus; WNV = West Nile virus; USUV = Usutu
virus; TOSV = Toscana virus; DENV = dengue virus; SFSV = Sandfly fever Sicilian virus; SFNV = Sandfly fever Naples virus;
TAHV = Tahyna virus; BHAV = Bhanja virus; LCMV = Lymphocytic choriomeningitis virus; PUUV = Puumala virus; DOBV = Dobrava
virus; SAAV = Saaremaa virus; TULV = Tula virus; HEV = Hepatitis E virus; RABV = rabies virus.
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2.1. Tick-Borne
Encephalitis
Virus
TBE is endemic
in continental
Croatia, expanding its area of circulation in recent
endemic
in continental
Croatia,
expanding
its Small
area of
circulation
in recent
yearsTBE
withisthe
emergence
in several new
natural
foci [4,78].
foci
of TBEV have
also
yearsidentified
with the in
emergence
in several
new natural
foci [4,78].
Small isfoci
of TBEV
have
been
Middle and
South Adriatic
[14,60,79].
Endemicity
highest
in northalso been
identified
and South
Adriatic [14,60,79].
Endemicity
highest
in
western
counties
withina Middle
mean incidence
of 3.61–6.78/100,000
inhabitants
[1]. is
The
number
northwestern
counties
with
a
mean
incidence
of
3.61–6.78/100,000
inhabitants
[1].
The
of reported human TBE cases (2007–2019) ranged from six cases in 2016 to 45 in 2012 [80].
number
of reported
human
TBE cases
(2007–2019)
ranged from
six cases
in 2016
to 45 in
In
2007–2008,
samples
from small
wild rodents
(A. flavicollis,
A. agrarius,
Myodes
glareolus)
2012 [80].atIntwo
2007–2008,
from small wild
flavicollis,
A. agrarius,
captured
differentsamples
sites (mountainous
androdents
lowland(A.
region)
in Croatia
wereMyodes
tested
glareolus)
captured
two different
sites
(mountainous
andno
lowland
region)
in Croatia
for
the presence
of at
TBEV
antibodies
and
RNA; however,
one tested
positive
[81].were
In a
tested published
for the presence
of TBEV
and RNA;
no4.41%
one tested
positive
[81].
study
in 2011,
TBEV antibodies
IgG antibodies
were however,
detected in
forestry
workers
In
a
study
published
in
2011,
TBEV
IgG
antibodies
were
detected
in
4.41%
forestry
workers
from the Croatian central Posavina (Sava River Basin). Although no significant differences
from found
the Croatian
centralseroprevalence
Posavina (Savaaccording
River Basin).
Although
nofactors,
significant
differences
were
in the TBEV
to different
risk
certain
factors
were
found
in
the
TBEV
seroprevalence
according
to
different
risk
factors,
certain
factors
with a higher odds ratio such as cutting trees in the forest, afforestation, contact with
wild
with
a
higher
odds
ratio
such
as
cutting
trees
in
the
forest,
afforestation,
contact
with
wild
animals, and hunting should be taken into account as possible risk factors for TBE [38].
In
animals,
and hunting
should
be takenwith
intoraw
account
possible
risk factors
TBE [38].
In
2015,
an outbreak
of TBE
associated
goat as
milk
consumption
wasfor
reported
[39].
2015,
an
outbreak
of
TBE
associated
with
raw
goat
milk
consumption
was
reported
[39].
In 2019, a cluster of patients with TBE was detected in a new micro-focus in the Gorski
In 2019,
a cluster
with TBE
was detected
in a new
micro-focus in the
Gorski
Kotar
region.
Fiveof
ofpatients
the six patients
reported
consuming
raw (unpasteurized)
goat
milk
Kotar
region.
Five
of
the
six
patients
reported
consuming
raw
(unpasteurized)
goat
milk
from the same farm in the two-week period before symptom onset. Milk samples from
12
from
the
same
farm
in
the
two-week
period
before
symptom
onset.
Milk
samples
from
goats from the implicated farm were tested for the TBEV using RT-PCR. Although TBEV
RNA was not detected in the milk, serological testing of goats and other farm animals

Pathogens 2021, 10, 73

5 of 24

12 goats
Pathogens 2020, 9, x FOR PEER REVIEW

from the implicated farm were tested for the TBEV using RT-PCR. Although TBEV
5 of 24
RNA was not detected in the milk, serological testing of goats and other farm animals
(horses,
(horses,dog)
dog)yielded
yieldedevidence
evidenceof
ofexposure
exposureto
tothe
thevirus.
virus.Six
Sixgoats
goatsfrom
fromthe
theflock
flockshowed
showed
high
high titers
titersof
ofTBEV
TBEVneutralizing
neutralizingantibodies
antibodiessuggesting
suggesting that
that the
thevehicle
vehiclefor
forthe
theoutbreak
outbreak
was
wasraw
rawgoat
goatmilk
milkfrom
fromthe
thefarm
farm[4].
[4].AAseroprevalence
seroprevalencestudy
studyconducted
conductedin
in2016
2016detected
detected
TBEV
in 3.65%
3.65%ofofdogs
dogsfrom
fromeastern
eastern
Croatia
[40].
In 2017,
TBEV
TBEV IgG
IgG antibodies in
Croatia
[40].
In 2017,
TBEV
IgG IgG
antiantibodies
were
identified
in 14.3%
of sentinel
horses
the endemic
regions
the
bodies were
identified
in 14.3%
of sentinel
horses
fromfrom
the endemic
regions
of theofCroaCroatian
mainland
A study
geneticcharacterization
characterizationof
of TBEV
TBEV was conducted
tian mainland
[41].[41].
A study
onon
thethe
genetic
conductedin
in
2011.
2011. Ticks
Ticks(n
(n== 371)
371)removed
removedfrom
fromhunted
huntedred
redfoxes
foxes(Vulpes
(Vulpesvulpes)
vulpes)and
andspleen
spleensamples
samples
from
fromhunted
huntedred
reddeer
deer(Cervus
(Cervuselaphus)
elaphus)were
weretested
testedfor
forthe
thepresence
presenceof
ofTBEV
TBEVRNA.
RNA.TBEV
TBEV
RNA
was
detected
in
1.6%
Ixodes
ricinus
(Linnaeus,
1758)
and
Ixodes
hexagonus
RNA was detected in 1.6% Ixodes ricinus (Linnaeus, 1758) and Ixodes hexagonus (Leach,
(Leach,
1815)
1815) ticks
ticksand
andtwo
two(1.1%)
(1.1%)spleen
spleensamples
samplesfrom
fromred
reddeer.
deer. Additionally,
Additionally,in
in2017,
2017,TBEV
TBEV
RNA
RNAwas
wasdetected
detectedin
inone
oneurine
urinesample
samplefrom
fromaapatient
patientwith
withsevere
severeTBEV
TBEVneuroinvasive
neuroinvasive
infection.
infection. Croatian
Croatian TBEV
TBEV isolates
isolates were
were shown
shown to
to be
beclosely
closelyrelated,
related,all
allbelonging
belongingto
tothe
the
European
subtype
TBEV
(Figure
2)
[42,43].
However,
based
on
nucleotide
and
amino
acid
European subtype TBEV (Figure 2) [42,43]. However, based on nucleotide and amino acid
sequence
sequenceanalysis,
analysis,two
twoclusters
clusterswere
wereidentified
identified[42].
[42].The
Thepresented
presenteddata
datashowed
showedthat
thatTBE
TBE
isiswidespread
in
the
continental
Croatian
regions.
widespread in the continental Croatian regions.

0 -NTR
Figure
Figure2.2.Phylogenetic
Phylogeneticneighbor-joining
neighbor-joininganalysis
analysis of
of aa 174-nucleotide
174-nucleotide fragment
fragment of
of the
the TBEV
TBEV 55′-NTR
and
Strainsdetected
detectedininCroatia
Croatiaare
are
marked
with
year
of detection
and partial
partial capsid
capsid gene. Strains
marked
in in
redred
with
year
of detection
in in
parenthesesand
andindicated
indicatedfigure
figure
the
host.
Alkhurma
virus
was
included
as an
outgroup.
Genparentheses
ofof
the
host.
Alkhurma
virus
was
included
as an
outgroup.
GenBank
Bank accession
number
forisolate
each isolate
used
the analysis
is specified.
Supporting
(≥50%)
bootaccession
number
for each
used in
theinanalysis
is specified.
Supporting
(≥50%)
bootstrap
strap values
1000 replicates
are displayed
at the nodes.
Horizontal
distances
are proportional
to
values
of 1000ofreplicates
are displayed
at the nodes.
Horizontal
distances
are proportional
to genetic
genetic distance. Scale bar indicates nucleotide substitutions per site.
distance. Scale bar indicates nucleotide substitutions per site.

2.2.Dengue
DengueVirus
Virus
2.2.
Althoughaaseroepidemiological
seroepidemiologicalstudy
studyconducted
conducted in
in 1980
1980 in
in aalimited
limited area
area of
ofnorthnorthAlthough
easternCroatia
Croatiaproved
provedthe
thepresence
presenceof
ofantibodies
antibodiesto
toDENV
DENVtype
type11and
and22in
in2.1%
2.1%and
and3.9%
3.9%
eastern
healthyyoung
younginhabitants
inhabitants[51],
[51],no
nocases
casesof
ofdengue
denguewere
wereregistered
registeredby
bythe
thehealth
healthservices
services
healthy
until
until2010.
2010.After
Afterinformation
informationabout
aboutaadengue
denguecase
casein
inaa German
German tourist
tourist acquired
acquiredin
in Croatia,
Croatia,
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Dalmatia), the same area where the German patient had stayed as well as detection of 15
persons with serologic evidence of recent dengue infection [5]. The sequences from two
patients were identified as DENV type 1 [52]. During 2011–2012, a seroprevalence and
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second case of autochthonous dengue fever in a resident of the Peljesac peninsula (South
Dalmatia), the same area where the German patient had stayed as well as detection of
15 persons with serologic evidence of recent dengue infection [5]. The sequences from two
patients were identified as DENV type 1 [52]. During 2011–2012, a seroprevalence and
entomological study was conducted. A total of 1180 serum samples were collected from
residents of seven counties at the Croatian littoral and four counties in northeastern Croatia.
Seven samples (0.59%) tested positive for DENV antibodies. Seroprevalence rates varied
from 0 to 2.21% with the highest seropositivity (2.21%) in the Dubrovnik-Neretva County,
where autochthonous dengue cases were recorded in 2010. In addition, 3699 mosquitoes
were collected from 126 localities along the Adriatic coast in August–September, 2011.
Aedes albopictus was the most prevalent species (81.37%). DENV RNA was not detected
by RT-PCR among 1748 female mosquitoes [53]. Sporadic imported dengue cases were
continuously notified in travelers returning from endemic areas [82].
2.3. West Nile Virus
Although serologic evidence of WNV in Croatia dates back to the 1970s [15], the first
seven human clinical cases of WNV neuroinvasive disease were reported in 2012 in eastern
Croatian counties bordering Serbia. Acute asymptomatic WNV infections in sentinel
horses demonstrated by detection of IgM antibodies preceded human cases. Furthermore,
an increased WNV IgG seropositivity in horses (8.7%) compared to 2011 (3.43%) was
notified in counties where human cases occurred [6,45]. During the 2013 outbreak, a
total of 20 cases were reported in three northwestern counties [7]. From 2014 to 2016,
only sporadic human cases were notified, followed by a small outbreak in 2017 (8 cases).
However, acute asymptomatic infections and seropositivity in horses were continuously
notified [46]. In 2018, Croatia reported the largest WNV outbreak with more than 60 cases
of WNV neuroinvasive disease and WNV fever in 11 continental counties. For the first
time, fatal WNV infections were detected in a female and a male goshawk (Accipiter
gentilis) from the same aviary as well as a serologic evidence of WNV infection in one
buzzard (Buteo buteo) in northwest Croatia [44]. After the first report of human WNV
infections, entomological surveys were continuously performed. During the 2012 outbreak,
mosquitoes were sampled within the area of WNV neuroinvasive human infections in
three northeastern counties. All tested Culex pipiens complex pools were negative for WNV
RNA [83]. In the period from 2015 to 2020, mosquitoes were collected in Zagreb and its
surroundings. So far, none of the tested Cx. pipiens and Aedes albopictus mosquito pools
were positive for WNV [44,47]. WNV seropositivity in poultry was continuously recorded
from 2012 in continental Croatian counties. No one human WNV infection was detected in
the 2019 and 2020 transmission season. According to genetic lineages suggested by Rizzoli
et al. [84], phylogenetic analysis showed that strains detected in humans and goshawk
belong to WNV lineage 2 (Figure 3) [44,77,85]. The presented results confirmed active
circulation and endemic presence of WNV in continental Croatia. So far, there are no
reported WNV cases at the Croatian littoral.
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Although high seroprevalence rates for TOSV were detected among residents of the
Although high seroprevalence rates for TOSV were detected among residents of the
Croatian littoral, TOSV is still a neglected virus in Croatia with only a few documented
Croatian littoral, TOSV is still a neglected virus in Croatia with only a few documented
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cases of human neuroinvasive infection. In 2007–2008, cerebrospinal fluid and serum samsamples were collected from 30 hospitalized patients with aseptic meningitis. TOSV IgM
ples were collected from 30 hospitalized patients with aseptic meningitis. TOSV IgM anantibodies were detected in four patients, while two had detectable TOSV RNA in the
tibodies were detected in four patients, while two had detectable TOSV RNA in the CSF.
CSF. Phylogenetic analysis of partial L and S segments suggests that TOSV from Croatia
Phylogenetic analysis of partial L and S segments suggests that TOSV from Croatia represented an autochthonous strain [12]. From 2007 to 2009, a seroprevalence study was
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a local disease transmission. Therefore, permanent vector control measures should be
regularly performed.
2.8. Tahyna and Čalovo Viruses
There is only one seroprevalence study on TAHV in Croatia conducted in the 1970s.
TAHV antibodies were detected in 7.9% of persons from the northeast Croatia and 0.4% of
persons from Dalmatia and the southern Adriatic [14]. As a part of the project CRONEUROARBO, CSF and urine samples from 284 patients with the neuroinvasive disease were
tested in 2017–2018; however, no one sample tested positive for TAHV RNA.
Čalovo virus was isolated in 1969 from a pool of Anopheles maculipennis s.l. mosquitoes
in Marino Selo village in eastern Croatia [58]. To obtain the information of the level of
human and animal exposure to the virus, inhabitants and horses from the same region were
tested by the virus neutralization test. While 27.8% of horse serum samples tested positive,
all human samples were negative [15,59]. Serum samples from some domestic animals
other than horses in the regions along the banks of the Neretva River were also tested. The
highest percentage of seropositive animals was detected among cows (35.71%), followed
by goats (27.27%) and donkeys (12.50%), while no horse or sheep tested positive [15].
Additionally, hemagglutination inhibiting antibodies was detected in 0.6% of residents
of northeast Croatia (around the place of isolation) and 0.5% in Dalmatia and the south
part of the Adriatic Sea. Unlike the TAHV seroprevalence, those for the Čalovo virus
seem to be similar in the northern and southern Croatian regions [60]. There are no recent
investigations on the Čalovo virus in Croatia.
2.9. Bhanja Virus
BHAV was isolated in 1974 from Hemaphysalis punctata (Canestrini and Fanzago, 1878)
ticks collected on the Brač Island. The first human laboratory infection with BHAV was
reported in the same year. The role of BHAV as a zoonotic virus was established in 1975,
after detection of BHAV by retrospective testing of serum samples of a patient presented
with meningoencephalitis and spastic quadriparesis in Zagreb. Three weeks before the
symptom onset, the patient had stayed in the northern part of Croatia where the H. punctata
ticks were found [56]. Subsequently, two laboratory infections occurred in 1977 [16].
Seroepidemiological studies conducted in 1970 on Croatian islands showed neutralizing
antibodies in 31.5% (11.6–61.3%) inhabitants of the Brač Island, 2.2% of inhabitants of
the islands around Zadar, and 1% of inhabitants of the Hvar Island. No seropositive
person was detected on the Mljet Island. In addition to Dalmatia, 7.1% of seropositive
persons were also detected among inhabitants of northern Croatia [56]. In the 1980s, BHAV
hemagglutination inhibiting antibodies were detected in 3.3% of dogs from regions near the
Hungarian border [57]. As a part of the project CRONEUROARBO, CSF and urine samples
from 284 patients with the neuroinvasive disease were tested; however, no sample tested
positive for BHAV RNA. Further studies are needed to determine the (sero)prevalence of
this neglected arbovirus in Croatia.
3. Mosquito Surveillance in Croatia
Among 52 mosquito species which were recorded so far on Croatia’s territory, the
special attention in recent years has focused on invasive mosquito species, especially the
Asian tiger mosquito Ae. albopictus (Skuse, 1894), which meets the criteria for transmission
of the DENV, CHIKV, and ZIKV [90]. The first detection of Ae. albopictus was in Zagreb
in 2004 [91]. Over the next years, Ae. albopictus has been detected and then established
in numerous places in coastal Croatia and islands [92,93]. The spread and establishment
of the species have also been recorded in northwestern continental areas [90], as well as
in the eastern part of the country [94]. Another invasive species Aedes japonicus japonicus
(Theobald, 1901), was first recorded in 2013 in Ðurmanec and Macelj (Krapina-Zagorje
County, northwestern Croatia). In 2014 and 2015, several counties further to the east were
included in the survey, leading to the detection of Ae. j. japonicus approximately 100 km
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eastward from the initially surveyed region [95,96]. Following the Croatian Institute of
Public Health (CIPH) initiative, monitoring of invasive mosquito species in Croatia started
at the national level in 2016 and has been carried out continuously since then. The aim was
to collect data on species distribution, creating a distribution map and a unique national
database to conduct a risk assessment for mosquito-borne diseases [97]. The framework for
mosquito surveillance in Croatia is set by the legislation at the local and national level [98].
CIPH in cooperation with the County Public Health Institutes (CPHI) created the protocol
for monitoring of invasive mosquito species. The monitoring has been conducted using
ovitraps method at possible entry points of invasive mosquito species (cemeteries, petrol
stations, tyre storage areas, tyre repair shops, truck parking areas, border crossing) and
house yards. The monitoring has been carried out by CPHI (n = 21) and Department of
Biology, University of Osijek. Conducted national monitoring confirmed the presence of
Ae. albopictus in all Croatian counties. In addition, monitoring has confirmed the expansion
of Ae. j. japonicus in most continental counties [99]. In the areas where invasive mosquito
species are established, priority is set on integrated methods of mosquito control and
surveillance of disease, as well as prevention of further vector spreading. Mosquito control
at the national level provides the necessary information for planning timely responses to
disease outbreaks, developing entomological capacities, strengthening multidisciplinary
collaboration, and approaching the implementation of better prevention and response to
mosquito-borne diseases [100]. Additionally, in several counties (Zagreb, Osijek-Baranja
County, Istria County and Split-Dalmatia County), a monitoring of native mosquito species
(Anopheles, Aedes, Ochlerotatus, Culex) has been conducted.
4. Hard Ticks as Vectors of Zoonotic Pathogens in Croatia
Hard ticks (Acari: Ixodidae) are medically the second most important group of
haematophagic arthropods after mosquitoes [101]. In Croatia, in the second half of 20th
century, the comprehensive studies on the tick fauna were carried out along the Adriatic
coast and islands in the Adriatic Sea, as well as in northwestern parts of the country.
Despite many faunistic studies, some areas have not yet been sufficiently studied; one
area was eastern part of Croatia. Within the project CRONEUROARBO, a zoologic study
was performed (2018–2019) in 49 localities in eastern Croatia. A total of 2889 ticks were
collected and classified into seven species and three genera. Ixodes ricinus (Linnaeus, 1758)
was the most abundant tick species recorded in 45 localities [102,103]. These data of high
abundance of species Ix. ricinus deserve attention since this tick is the main vector of
TBE virus (TBEV) [42]. In addition, in two localities, Ixodes hexagonus (Leach, 1815) was
recorded [102]. This species has recently been recognized as the second vector of TBE virus
in Croatia indicating high vector potential of this species in continental regions [42]. A
total of 22 species of hard ticks classified in five genera have been recorded in Croatia.
Ixodes Latreille, 1795 is the best-represented genus with eight species recorded. Genus
Haemaphysalis Koch, 1844 is represented by six species, followed by genus Rhipicephalus
Koch, 1844 with four species. Genera Dermacentor Koch, 1844 and Hyalomma Koch, 1844 are
represented by two species each [104]. Due to the high diversity of tick fauna in Croatia
and the ability of ticks to transmit numerous pathogens, many tick species need to be
continuously monitored at a local and national level because the spreading of ticks and
their pathogens are connected by series of human activities such as globalization of the
economy, increased human movement, international animal movements, habitat changes,
and deforestation.
5. Rodent-Borne Viruses
5.1. Lymphocytic Choriomeningitis Virus
Lymphocytic choriomeningitis remains a neglected disease in Croatia, with only a few
published studies on the seroprevalence of LCMV in humans. Two studies were conducted
in 2006 in limited geographic areas and specific population groups. A study conducted
among forestry workers in Posavina (region of the Sava river basin) showed a seropositivity
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of 5.1% [61]. The other study conducted in the rural population of Vir, a small island at
the Croatian littoral which is an endemic region for murine typhus showed a very high
seroprevalence rate of 36%, one of the highest LCMV human prevalence rates reported
worldwide. The high seroprevalence is probably due to the combination of several factors:
the isolated nature and small size of the island (22 km2 ), the autochthonous inhabitants,
the existence of rural communities as well as the close contact with rodents [62]. In a more
recent study (2016–2017), LCMV seroprevalence was analyzed in inhabitants of continental
Croatian regions. Serum samples of professionally exposed (forestry workers, hunters,
agriculture workers in contact with rodents) and non-exposed population groups (general
population, pregnant women) were tested. LCMV IgG antibodies were detected in 6.8%
of participants, 9.8% exposed persons, and 5.1% non-exposed persons. No participant
was LCMV IgM positive. Although higher seropositivity was found in males (8.9%)
compared to females (4.7%), inhabitants of suburban/rural areas (9.2%) compared to
inhabitants of urban areas (4.6%) and persons who used well as a source of water (11.4%)
compared to those who used tap (5.6%), these differences were not significant. Contact with
rodents in the house/yard and cleaning rodent nests correlated strongly with the LCMV
seroprevalence [17]. As a part of the project CRONEUROARBO, CSF samples of patients
with the neuroinvasive disease were tested for the presence of LCMV RNA; however, no
one sample tested positive. Human clinical cases of neuroinvasive LCMV infection have
not been reported in Croatia.
5.2. Hantaviruses
Sporadic cases as well as hantavirus outbreaks are reported regularly in Croatia.
Since 2002, all of Croatia except for the coastal region and the islands is endemic for
hantaviruses [18,19,105,106]. Several large outbreaks were notified in recent years: 2012
(154 cases), 2014 (2009 cases), and 2017 (389 cases) (Figure 6) [18,21,22,107]. Data on risk
activities collected during the largest outbreak in 2017 involving 15/21 Croatian counties
showed that 99.6% of cases from Zagreb reported hiking in recreational areas as the
main risk activity. In other Croatian counties, 48% of cases reported farm/forestry work,
and 26% cleaning house or surroundings [108]. Several studies analyzed the prevalence
of hantaviruses in rodents. In 1995, small mammals were collected from Camp Pleso,
as part of a survey initiated to determine the extent of rodent infestation and evaluate
military personnel’s health risk. In 13.2%, Microtus arvalis and Microtus agrestis, TULV
was detected [109]. In 2003–2004, rodents were collected during two expeditions, in the
northeastern (2003) and the southwestern Croatia (2004). Six of the 6.3% of hantavirus
antigen positive Apodemus mice were genotyped as DOBV. In addition, one SAAV strain
was detected [23]. In 2007, hantavirus RNA was confirmed in 52% of rodents: DOBV
in 71% of A. flavicollis and PUUV in 19% of M. glareolus. Hantavirus antibodies were
detected in 43% of rodents: anti-SAAV/DOBV in 57% of A. flavicollis and anti-PUUV in
19% of M. glareolus [24]. A study conducted in nonepidemic periods in two different sites
in Croatia (mountainous and lowland region) showed antibodies against hantaviruses
in 25.5% rodents from the mountainous area. Additionally, 21.3% of samples from the
mountainous area and 29.0% from the lowland area yielded positive results for either PUUV
or DOBV using RT-PCR. Phylogenetic analyses revealed two distinct genetic subclusters of
the Croatian PUUV and DOBV strains [63]. High infection rate (77.4%) of Myodes glareolus
with PUUV was associated with a winter HFRS outbreak on Medvednica mountain in 2012,
while DOBV was detected in 9.8% A. flavicollis [107]. Hantaviruses PUUV and DOBV are
widely distributed viruses, with human cases occurring every year in continental Croatian
regions. Although SAAV was detected in rodents, not a single SAAV sequence has been
recovered from patients with hemorrhagic fever with renal syndrome so far in Croatia.
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From 1980 to 2016, monitoring consisted of recording infested forest areas (ha) with
noticeable rodent damage (on stem and roots of forest tree saplings). In 2017, monitoring
got improved by Integrated Pest Management (IPM) principles [118,119], so now it involves
sampling rodents by using snap traps on line-transects [120] and also identifying relative
share of damaged forest seeds and seedlings primary at young regeneration forest stands.
Results of such monitoring are being entered and processed through online database (https:
//stetnici.sumins.hr/). Rodent monitoring does not include testing sampled individuals
for pathogens.
From the beginning of the 1980s, forest areas with noticeable rodent activity and damage continue to increase. Since then, rodent populations typically reached their peaks every
3–4 years, but, during the last ten years, outbreaks have tended to occur more frequently,
in 2–3-year cycles, which corresponds to trends in different parts of western and central
Europe (Germany, Belgium, etc.) explained by the ongoing global climate change [121,122].
Traditional approaches to rodent management in Croatia rely on the direct reduction of
the rodent population using rodenticide baits (1st and 2nd generation anticoagulants).
According to the List of registered plant protection products [123], the only rodenticide
that can be used in forestry and agriculture in Croatia for plant protection is fumigant zinc
phosphide. In public health and public hygiene, conditions for the implementation of disinfection, fumigation and pest control measures are regulated by legal provisions in force
in the Republic of Croatia issued by the Ministry of Health, Ministry of Agriculture and
Veterinary Directorate. A list of currently approved active substances allowed in biocides
that can be used in rodent control includes 1st, 2nd, and 3rd generation anticoagulants with
active substance: coumatetralyl, brodifacoum, bromadiolone, difenacoum, flocoumafen,
difethialone, chlorophacinone, and warfarin [114,124]. Undoubtedly, rodents, such as pests
and zoonotic reservoirs, continue to contribute to the human diseases and production
losses. Due to climate change and conversion of natural habitats to agricultural or urban
ecosystems, rodents will most likely be harboring undiscovered zoonotic pathogens in
the future [125,126]. Improvement in rodent management systems, both in public health
and plant protection, that we need to implement is ecologically-based rodent management
(EBRM) approach that would rely less on rodenticides and more on community-wide
habitat management principles [127,128].
7. Respiratory Viruses
SARS-CoV-2
The first case of coronavirus disease (COVID-19) was detected in Croatia on February 25, 2020. A total of 195,728 cases and 3257 deaths from COVID-19 were reported by
December 22, 2020 (data of the CIPH). Several seroepidemiological studies on COVID-19
have been conducted in Croatia. In April 2020, SARS-CoV-2 antibodies were detected in
1.27% of industry workers in two counties at the Croatian littoral [33]. A similar seroprevalence rate of 1.5% was found among personnel of the healthcare facilities from counties
with a high incidence of COVID-19 tested from April 25 to May 24, when the COVID-19
epidemic curve was approaching the end of the first wave in Croatia [32]. Additionally,
SARS-CoV-2 IgG antibodies were detected in 2.9% of children and 2.5% adults from the
Zagreb area [129]. Preliminary results showed higher seroprevalence rates in hemodialysis
and transplant patients (5.8% and 19.4–20.7%, respectively) [130]. From 26 February 2020,
just one day after the first confirmed human COVID-19 case, to 15 June 2020, 656 dog and
131 cat serum samples were collected from animals admitted to three veterinary facilities
in Croatia. Neutralizing antibodies were confirmed in 0.76% of cats and 0.31% of dogs.
Furthermore, on 25 May 2020, a total of 122 serum samples from employees of the Faculty
of Veterinary Medicine University of Zagreb were collected. ELISA reactivity was recorded
in 5.19% of administrative, basic and preclinical sciences department personnel and 5.13%
of animal health service providers and laboratory personnel; however, neutralizing antibodies were not confirmed in any of the human samples. A small number of seropositive
animals suggest that infections are rare and are following infections in the human popu-
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lation [34]. So far, there have been no published data on the genetic characterization of
SARS-CoV-2 strains detected in Croatian COVID-19 patients. The research on the circulation of SARS-CoV-2 in wildlife species and the environment has recently started. The
preliminary data suggest the circulation of SARS-CoV-2 in bats, wild boars, and sewage
samples. Bivalves, surface waters, and gulls were negative. The focus of the ongoing
research is the implementation of serological and molecular confirmatory methods [131].
8. Food-Borne and Enteric Viruses
8.1. Hepatitis E Virus
The autochthonous HEV infection in Croatia was documented in 2012 [132]. Since
then, several epidemiological studies have been conducted in different population groups
(Table 2). In patients with liver-related pathology, HEV has been tested in hepatitis patients
negative for acute viral hepatitis A-C showing 10.7% of anti-HEV IgM or IgG antibodies [64], and in adult patients with different chronic liver diseases detecting previous
exposure (IgG) in 15.1% of patients, with 4.5% of them being IgM positive, but not a
single HEV RNA positive [133]. A pilot study conducted in different population groups
(2016) showed lower overall HEV IgG seropositivity of 5.6%, with 1.9% being IgM positive
and without HEV RNA positivity. The IgG prevalence ranged from 2.7% in healthcare
professionals, 6.1% in injecting drug users, 8.6% in war veterans to 8.9% in alcohol abusers.
The HEV IgG positivity increased with age and increased household members, whereas
the area of suburban/rural residence has been identified as the main risk factor for HEV
seropositivity [25]. Low previous exposure has also been documented in pregnant women
(2.9%) [134]. However, these results contrast with a study among Croatian voluntary blood
donors, which showed a high overall IgG seropositivity rate of 21.5% with varying rates
among the counties (7.5–50.3%). The age-related effect has been evident, with a higher
HEV seropositivity in blood donors ≥40 years [135]. Professionally exposed persons, such
as hunters and forest workers, have HEV IgG seropositivity ranging from 4.0 to 8.1% [136].
The patients with end-stage kidney disease on hemodialysis have the highest overall IgG
seroprevalence rate (27.9%) in the country, with significant variations between dialysis
centers ranging from 5.2% (coastal in the South) to 43.4% (continental in the North). Older
age (>60 years), living in the continental regions, and transfusion of blood products have
been associated with IgG seropositivity [27]. In the immunocompromised population, HEV
has been tested in HIV-infected patients showing HEV IgG seropositivity of 1.1% [64] and
adult liver recipients with HEV IgG seroprevalence rate of 24.4%. Female gender, older
age, and sewage system connected to a septic tank have been identified as risk factors for
HEV seropositivity, whereas the highest level of education has shown to be a protective
factor [26]. HEV infection has been reported in Croatian pigs and wild boars from 2009
onwards and they have proven to be reservoirs of HEV [65,66]. Recently, HEV genotype 3a
has also been derived from a naturally infected yellow-necked mouse [67]. Phylogenetic
analysis showed that HEV strains derived from humans, swine, wild boars, and the yellow
necked mouse in Croatia belong to the Orthohepevirus A group, genotype 3 and clustered
within four subtypes (3a, 3c, 3e and 3f), with the majority belonging to subtypes 3a and 3c
that are considered endemic in Croatia. All strains regardless of origin show a high genetic
relationship within each subtype [68].
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Table 2. Hepatitis E (sero)prevalence in different population groups in Croatia.
Population

N Tested

HEV IgM/IgG/RNA Prevalence

References

Liver-related pathologies
Hepatitis patients negative for
acute viral hepatitis A-C
Different CLD patients

504
438

IgM/IgG 10.7%
HEV RNA 5/14 anti-IgM positive
IgG 15.1%; IgM 4.5%; HEV RNA 0%

[64]
[64]

Non-liver-related entities
Healthcare professionals
Alcohol abusers
War-related PTSD patients
Injecting drug users
Pregnant women
Voluntary blood donors

37
56
35
49
68
1036

IgG 2.7%
IgG 8.9%
IgG 8.6%
IgG 6.1%
IgG 2.9%
IgG 21.5%; IgM 4.4%; HEV RNA 0%

[25]
[25]
[25]
[25]
[134]
[135]

Professionally exposed persons
Forest workers
Hunters

62
25

IgG 6.5%
IgG 4.0%

[136]
[136]

Immunocompromised patients
HIV-infected patients
Liver transplant recipients
HD patients

88
242
394

IgM/IgG 1.1%
IgG 24.4%; IgM 0.8%; HEV RNA 0%
IgG 27.9%; IgM 0.04%; HEV RNA 0%

[64]
[26]
[27]

8.2. Rotaviruses
Only a few studies reported RVA prevalence and genotypes in humans in Croatia
since 2008 when a notification of rotavirus infection became mandatory [137]. The investigation on animal RVAs and RVAs present in the environmental samples has started only
recently [69]. First data on the prevalence of certain RVA genotypes in humans (mostly
children under five years of age from Zagreb) were reported for the seasons 2005 and
2006 (n = 459) with a dominance of typical human genotypes (G1–G4, G9). In both years,
two possible human-animal reassortant strains (G8 and G10) were detected. Of particular
interest was the large share (19.7%) of the genotype G8 which emerged in 2006 [138]. The
whole-genome sequencing of the RVA strain responsible for the 2006 outbreak revealed
the Wa-like genotype constellation G8-P [8]-I1-R1-C1-M1-A1-N1-T1-E1-H1. This strain
was closely related in the VP7 segment to human G8 strains from Africa. Even though
G8 genotype is considered a typical bovine genotype, the human strain from the 2006
outbreak was distantly related to bovine strains [139]. Another molecular epidemiology
study was conducted on RT-PCR positive samples (n = 822) originating from three hospital
centers in Čakovec, Zagreb and Split (children under five years of age) between 2012
and 2014. The prevalence of common human genotype combinations was 88.8% with
the most common genotype combination G1P [8] (61.9%) [28], similar to other European
countries at that time [31]. The interesting finding is the high prevalence of human–human
reassortants (7.7%) and detection of genotype G6 in two samples, which is considered a
typical bovine genotype [28]. The preliminary results of the most recent study on human
RVAs, which started in 2018 [29], indicate a dominance of genotype G3 (55.1%) and the
emergence of equine-like G3P [8] and G1P [8] intergenogroup reassortant strains [140]. The
whole-genome sequence of selected equine-like G3P [8] strains has confirmed a DS1-like
genotype constellation G3-P [8]-I2-R2-C2-M2-A2-N2-T2-E2-H2, which is not typical for
common human G3 strains [141]. The rising prevalence of G3P [8] strains has been documented in recent years throughout Europe. Simultaneously, a continuous decline in G1P [8]
strain incidence was observed, suggesting a possible cross-border impact of increased
vaccinated cohorts against RVA across Europe [142]. Further evidence of the circulation of
human–animal reassortant strains in Croatia has been provided by the sporadic detection
of genotypes G6, G8, G10, and P [14], typical for bovines [29]. The zoonotic background

Pathogens 2021, 10, 73

17 of 24

of autochthonous RVA strains was especially evident for genotype G10 (Figure 8) [140].
The concurrent study on animal and environmental RVAs has discovered the high genetic
heterogeneity of circulating strains in different domestic and wild species of animals with
Pathogens 2020, 9, x FOR PEER REVIEW
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frequent detection of RVAs in bivalves and sewage/surface waters [29].
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10. Conclusions
In the past decade, the incidence of (re-)emerging viral infectious diseases has increased and represents a significant threat to global health. The majority of emerging
pathogens are of zoonotic origin. In addition, many other zoonotic viruses remain neglected. The epidemiology of zoonotic viruses is continuously changing due to the virus
spreading into new areas, vectors, and hosts. Therefore, the knowledge regarding the
epidemiology, diagnostics and treatment of these pathogens needs continuous updating.
Like in many other European countries, (re-)emerging flaviviruses (TBEV, WNV,
USUV) are widely distributed in both humans and animals in Croatia. TOSV is still a
neglected arbovirus with an underestimated number of cases. While some rodent-borne
viruses (PUUV, DOBV) are endemic in continental Croatian regions, LCMV is a neglected
virus confirmed only serologically. HEV is an emerging virus of zoonotic importance
in Croatia with high seroprevalence in some population groups. A novel coronavirus,
SARS-CoV-2, has been confirmed in humans and pet animals, while preliminary data
suggest the presence of the virus in bats, wild boars, and sewage samples as well.
Introduction and implementation of surveillance in humans, animal reservoirs, and
vectors (‘One Health’) point out the importance and efficiency of multidisciplinary collaboration in the diagnosis and control of zoonotic viruses in Croatia. The strengths of
these programs are early detection of virus circulation, timely reporting to human health
service institutions and local authorities in order to inform the local communities and for
establishing the vector control and preventive measures for human health protection [46].
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Oreški, T. Prevalence of lymphocytic choriomeningitis virus in Croatia. Master’s Thesis, Biotechnical Faculty, University of
Ljubljana, Ljubljana, Slovenia, 2018.
Cvetko, L.; Markotić, A.; Plyusnina, A.; Margaletić, J.; Miletić-Medved, M.; Turk, N.; Milas, Z.; Avsic-Zupanc, T.; Plyusnin, A.
Puumala virus in Croatia in the 2002 HFRS outbreak. J. Med. Virol. 2005, 77, 290–294. [CrossRef] [PubMed]
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Yugoslavia. Am. J. Trop. Med. Hyg. 1977, 26, 1003–1008. [CrossRef] [PubMed]
Ropac, D.; Punda, V. The prevalence of Bhanja virus-affected dogs in some regions of Croatia and Slovenia. Vet. Arh. 1985, 55,
157–164.
Brudnjak, Z.; Danielova, V.; Ryba, J.; Vesenjak-Hirjan, J. Isolation of Čalovo virus from Anopheles maculipennis s.l. mosquitoes in
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Brač–Focus of arbovirus infections. In Arboviruses in the Mediterranean Countries; Vesenjak-Hirjan, J., Ed.; Gustav Fischer Verlag:
Stuttgart, Germany; New York, NY, USA, 1980; pp. 312–317.
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Dobec, M.; Dželalija, B.; Punda-Polić, V.; Zoric, I. High prevalence of antibodies to lymphocytic choriomeningitis virus in a
murine typhus endemic region in Croatia. J. Med. Virol. 2006, 78, 1643–1647. [CrossRef]
Vilibic-Cavlek, T.; Stevanovic, V.; Furic, A.; Tabain, I.; Barbic, L. Epidemiological and clinical characteristics of hantavirus
infections detected in three geographically close natural foci during the 2014 Croatian outbreak. Int. J. Infect. Dis. 2016,
132. [CrossRef]
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et al. High infection rate of bank voles (Myodes glareolus) with Puumala virus is associated with a winter outbreak of haemorrhagic
fever with renal syndrome in Croatia. Epidemiol. Infect. 2014, 142, 1945–1951. [CrossRef] [PubMed]
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136. Jeličić, P.; Jemeršić, L.; Brumen, V.; Janev-Holcer, N.; Prohić, A.; Barbić, L.; Tabain, I.; Stevanović, V.; Vilibić-Čavlek, T. Seroprevalence of hepatitis E in professionally exposed groups in Croatia: Preliminary results. In Proceedings of the 7th International
Congress “Veterinary Science and Profession”, Zagreb, Croatia, 2017; p. 55.
137. Meszner, Z.; Anca, I.; Andre, F.; Chlibek, R.; Cizman, M.; Grzesiowski, P.; Mangarov, A.; Pokorn, M.; Prymula, R.; Richter, D.; et al.
Rotavirus vaccination in central Europe. J. Pediatr. Gastroenterol. Nutr. 2013, 56, 586–596. [CrossRef]
138. Tcheremenskaia, O.; Marucci, G.; De Petris, S.; Ruggeri, F.M.; Dovecar, D.; Sternak, S.L.; Matyasova, I.; Dhimolea, M.K.;
Mladenova, Z.; Fiore, L.; et al. Molecular Epidemiology of Rotavirus in Central and Southeastern Europe. J. Clin. Microbiol. 2007,
45, 2197–2204. [CrossRef]
139. Delogu, R.; Lo Presti, A.; Ruggeri, F.M.; Cella, E.; Giovanetti, M.; Ciccozzi, M.; Ljubin-Sternak, S.; Bukovski-Simonoski, S.;
Lukic-Grlic, A.; Ianiro, G.; et al. Full-Genome Characterization of a G8P[8] Rotavirus That Emerged among Children with
Diarrhea in Croatia in 2006. J. Clin. Microbiol. 2013, 51, 1583–1588. [CrossRef]
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