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Summary Aim: To review the current state of knowledge concerning rickettsiae and rickett-
sioses in Croatia and to discuss their implications for travellers.
Methods: The PubMed database was searched from 1991 to 2015 by combining the words “rick-
ettsia,” “rickettsiosis”, “travellers” and “Croatia”.
Results: Since 1969, Croatia appears to be free of epidemic typhus (ET) caused by Rickettsia
prowazekii and the last case of Brill-Zinsser disease was recorded in 2008.

Mediterranean spotted fever (MSF) caused by Rickettsia conorii is the most frequent human
rickettsial infection in Croatia, followed by murine typhus caused by Rickettsia typhi. Human
cases of MSF and murine typhus have been predominantly observed along the eastern Adriatic
coast from Zadar to Dubrovnik and between Zadar and Split, respectively.

Rickettsia akari, etiologic agent of rickettsialpox, was isolated from blood of a patient diag-
nosed with MSF in Zadar, but no cases of rickettsialpox were reported.

Several species of pathogenic (Rickettsia slovaca, Rickettsia aeschlimannii, Ricketsia helve-
tica, and Ricketsia raoultii) and species of undetermined pathogenicity (Ricketsia hoogstraalii
sp. nov.) rickettsiae were identified in ticks collected in different ecological regions of Croatia.

A search of the literature revealed no evidence of rickettsial infection in travellers visiting
Croatia. Three imported cases of Rickettsia africae were observed in travellers returning from
South Africa.
Conclusion: Rickettsiae and rickettsial diseases continue to be present in Croatia. As they can
be acquired while travelling, physicians should consider rickettsial infection in the differential
diagnosis of patients returning from Croatia and presenting with febrile illness.
ª 2016 Elsevier Ltd. All rights reserved.
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1. Introduction

Rickettsiae are gram-negative, obligate intracellular bacte-
ria belonging to the family Rickettsiaceae, order Rick-
ettsiales. Members of the genus Rickettsiamay be classified
into spotted fever group (SFG) rickettsiae, typhus group (TG)
rickettsiae, the Rickettsia bellii group, and the Rickettsia
canadensis group [1,2]. The largest group comprises the
spotted fever group rickettsiae (SFG) and consists of a
multitude of pathogenic and non-pathogenic species,
transmitted mainly by ticks [1,3e6]. Rickettsial infections
are prevalent throughout the world and may cause serious
diseases in humans [1e6]. Rickettsioses are increasingly
being recognized among international travellers [7,8]. Be-
sides that, rickettsiae are also recognized as potential threat
for humans during the current refugee crisis in Europe [9].

Since 1988, more than 450 cases of travel-associated
rickettsioses have been reported in the literature [10,11].

The diseases known as rickettsioses have been recorded
throughout the littoral of Croatia, including Istria and
Hrvatsko Primorje [12]. The Croatian coastal area between
Zadar and Dubrovnik is an endemic area for Rickettsia
conorii and Rickettsia typhi [[13]; Fig. 1].

As shown in Table 1, over 13 million travellers visited
Croatia in 2014. Out of them, more than 11 million people
visited Adriatic Croatia and over 5 million spent vacation in
Dalmatia, which is known to be endemic for rickettsiae
[13,14]. The surface of this area is 12,951 km2 and it is
populated with 856,758 inhabitants [15,16].

The purpose of this article is to review the current state
of knowledge on rickettsiae and rickettsioses and the fre-
quency of rickettsial diseases among travellers to/from
Croatia.

2. Methods

The sources of data used for this review were the PubMed
database, published abstracts and articles reporting orig-
inal data on rickettsiae and rickettsioses in Croatia, as well
as data from the National Institute of Public Health
mandatory infectious disease reports [17]. We searched the
PubMed database from 1991 to 2015 by combining the
words “rickettsia,” “rickettsiosis”, “travellers” and
“Croatia”. Other data were obtained from the National and
University Library in Zagreb, Croatia. The articles reporting
original data on rickettsia and rickettsioses in Croatia were
selected for further evaluation.

3. Results

A total of 36 references were revealed in the PubMed
database. Of those, 18 publications, concerning infections
of human and reservoirs, were selected for the current
review.

In Croatia, rickettsioses are notifiable diseases, and the
diagnosis of rickettsioses usually depends on clin-
icaleepidemiological evidence supported by serologic
confirmation. For diagnostic purposes, prior to 1988, com-
plement fixation test was used. After 1988, the indirect
immunofluorescence antibody assay (IFA) has been per-
formed to determine the titres of IgM and IgG antibodies in
patients’ sera. In the 1990s, a few seroepidemiological
studies were conducted with the aim to collect data related
to the presence of rickettsiae as well as to determine their
importance for public health in Croatia. As ticks are the
most important vectors and reservoirs of SFGR, including
human rickettsial pathogens, molecular methods were used
to investigate, identify and characterize SFG rickettsiae in
ticks collected in ecologically different areas of Croatia.

4. Typhus group (TG) rickettsiae

4.1. Epidemic typhus and Brill-Zinsser disease

During World War II (WW II), outbreaks of louse-borne
epidemic typhus (ET) due to Rickettsia prowazekii trans-
mitted by body louse (Pediculus humanus corporis) were
common on the territory of former Yugoslavia, especially in
mountainous areas of Bosnia and Herzegovina [18].
Epidemic typhus had great impact on the public health in
the region. Between 1945 and 1969, a total of 2794 human
cases of ET were officially reported in Croatia [17].
Improvement of socioeconomic conditions after WW II
influenced a marked decrease of ET. In the decade after
WWII, from 1945 to 1954, 2750 cases were recorded with an
annual incidence between 7 and 2169. Most of the cases
occurred sporadically. According to official notifications,
the last case of ET was reported in 1969 [12,17,19].

According to data from the Croatian Institute of Public
Health a total of 174 cases of Brill-Zinsser disease, recru-
descent formof louse-borneepidemic typhus,were recorded
in Croatia from 1957 to 2013. In the period from 1995 to 2013,
only 3 cases were reported and the last case was recorded in
2008. Most of the patients gave a history of epidemic typhus
during the period from 1941 to 1953, and more than half of
them originated from Bosnia and Herzegovina. Themean age
of these patients was 55.4 years (range 37e81) [12,19].

4.2. Murine or endemic typhus

Murine or endemic typhus is an infectious disease caused by
R. typhi. In Croatia the diseases was recognized on the is-
land of Solta in 1942, where nine proven cases of murine
typhus were recorded [12,13]. Since then, sporadic cases
have been observed nearly every year. Between 1992 and
2003, 12 cases of murine typhus were reported [12]. These
cases originated and occurred on the Croatian littoral and
islands between Zadar and Split. Rats (which are the main
host of R. typhi) are abundant in these littoral areas. Cli-
matic and ecological conditions are also favourable for
maintaining rat fleas (Xenopsylla cheopis) which may act
both as reservoirs and as vectors of R. typhi. In the Zadar-
and Split-Dalmatia County, murine typhus cases were
distributed in practically all age groups, and cases occurred
during the entire year [12,13,20]. The signs and symptoms
of patients included fever (100%), headache (75.0%), rash
(70.8%), malaise (53.2%), and arthralgia/myalgia (43.6%).
Rash was distributed over the trunk and limbs, sparing the
face, palms and soles [13]. Asymptomatic infections with R.
typhi are more common than clinical disease [3,4]. Seroe-
pidemiologic studies have shown the Zadar area to be
highly endemic for R. typhi [20]. Antibody prevalence in



Figure 1 Map of Croatia showing the geographic distribution of R. conorii ( ) and R. typhi ( ) infections.
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humans living along the coast and on the islands around
Zadar was between 23.0% and 66.0% [20]. However, overt
manifestations of the disease or the need for hospital
treatment are not as common as might be expected from
the high exposure of the area population to R. typhi. Most
infections probably are asymptomatic, or cases go undiag-
nosed and spontaneously resolve. In the area of Split, 21.4%
of the examined healthy persons had antibodies to R. typhi
[21]. Positive serology was more common in those who re-
ported contact with domestic animals. The prevalence of
antibodies according to sex does not differ significantly,
indicating the degree of exposure for men and women in
the area was very similar. On the most southern Adriatic
island of Mljet antibodies to R. typhi have been observed in
the sera of 8.2% of healthy residents examined [13,21].
5. Spotted fever group rickettsiae (SFGR)

5.1. Mediterranean spotted fever (MSF)

R. conorii is the etiologic agent of Mediterranean spotted
fever (MSF), a disease widely distributed in Mediterranean
countries, including the south of Croatia. The first clinical
description of spotted fever disease in Croatia was reported
by Tartaglia in 1935 in the city of Split. The first well
documented, serologically confirmed cases of MSF in
Croatia were detected among inhabitants and tourists in
Split and its adjacent suburbanesemirural area in 1982
[12,13,22]. Since then, there has been a growing interest in
the study of MSF in Croatia. Human cases of MSF have been



Table 1 Statistical data for different NUTS levels in Croatia, Adriatic Croatia and Dalmatian part of Croatia.

Administrative unit Area (km2) Population (according
to 2011 census)

Population density
(people per km2)

Number of
tourists (2014)

1 2 3 4 5

Croatia (NUTS I) 56,594 4,284,889 75.7 13,128,416
Adriatic Croatia (NUTS II) 24,705 1,411,935 57.8 11,494,216
Dalmatia 12,951 856,758 66.2 5,492,269
Zadar County (NUTS III) 3646 170,017 44.5 1,186,908
�Sibenik-Knin County (NUTS III) 2984 109,375 37.7 746,177
Split-Dalmatia County (NUTS III) 4540 454,798 102.5 2,212,903
Dubrovnik-Neretva County (NUTS III) 1781 122,568 69.0 1,346,281

NUTS Z Nomenclature of Units for Territorial Statistics.
Sources. Column 2 e Maga�s, D. Geography of Croatia. University of Zadar, Zadar, Croatia, 2015. Columns 3 and 4 e Croatian Bureau of
Statistics. Census of population, households and dwellings 2011. Zagreb, Croatia, 2016. Column 5 e Croatian Bureau of Statistics.
Tourism 2014, Statistical report No. 1539. Zagreb, Croatia, 2015.
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detected mostly in the southern part of Croatia from Zadar
to Dubrovnik. Sporadic cases were also observed in north-
ern parts of the Croatian littoral (Istria, Hrvatsko Primorje)
[12,13,22]. The first clinical isolate of R. conorii (strain
Malish) was obtained from the blood of a male patient living
in area of Split [23]. In addition, R. conorii was isolated not
only from the main tick vector Rhipicephalus sanguineus,
but also from Rh. bursa and Dermacentor marginatus [24].

Similar results were found in serological studies from
Split and Zadar area. Males were more frequently diag-
nosed as having MSF than females. All age groups were
affected, with a peak in the 0e10 years age group (23.8%).
Cases arise more frequently from people living in sub-
urbanesemirural settlements than in those from urban
areas [13,25]. During the 12-year period of observation, 75
patients with MSF were reported in Croatia, 66 of them in
the littoral [12]. Annual incidence of MSF ranged from 1 to
17 cases per year. Most cases occurred from July through
September, with a peak incidence in August. Typical cases
presented with high fever, headache and maculopapular
rash of the palms and soles. Eschar, at the site of the tick
bite, was found in 63.5% and 23.3% of patients from Split
and Zadar, respectively [13,25,26]. Although MSF has been
considered to be a mild disease in Croatia, a case with
malignant form manifested as meningoencephalitis and one
with severe respiratory distress syndrome have been re-
ported [26]. In Croatia, the only reported fatal case of MSF
was a 58-year-old male from Zadar [26].

Serologic evidence of circulation of R. conorii among
residents was obtained in all the surveyed localities in
southern Croatia. In the region of Split, a prevalence (43.7%)
of antibodies toR. conoriiwas observed,whichwas similar to
that recorded in the region of Zadar (41.6%), but higher than
14.7% described on the island of Mljet [27]. Further, anti-
bodies to R. conorii have been found in sera of dogs, cattle,
goats and sheep in all the surveyed localities [28,29].

5.2. Rickettsialpox

Rickettsialpox is a disease causedbyRickettsia akari,which is
maintained in mice through the mite bites [3,4]. In 1991, R.
akariwas isolated fromblood of a patient clinically diagnosed
with MSF in Zadar [30]. Results from a subsequent seroepi-
demiological investigation showed that 24.8%persons living in
the area of Zadar and adjacent islands had antibodies to R.
akari [30]. Because cross-reactivity is known to occur be-
tween SFG rickettsiae, such a high seroprevalence raises the
question of whether rickettsiae other than R. akari are
involved in asymptomatic human infection in the region.

5.3. Rickettsiae identified in ticks in Croatia

Ticks are the main vectors of SFGR [1,3,4,8]. During the
past two decades, several rickettsiae have been charac-
terised by molecular techniques in ticks collected in various
parts of Croatia. In the area of Split the presence of three
SFG rickettsiae with yet uncertain pathogenicity for
humans in Croatia were detected. Specific sequences of
Rickettsia slovaca, Rickettsia aeschlimannii and Rickettsia
rhipicephali were detected in D. marginatus, Hyalomma
marginatum and Rh. turanicus ticks, respectively [31,32].
Ricketsia hoogstraalii sp. nov. strain Croatica as a novel
SFGR with an unknown pathogenicity was found in Hae-
maphysalis sulcata ticks collected from sheep and goats in
southern Croatia in 2006 [33]. Dermacentor reticulatus
ticks collected in north-western Croatia were infected with
Ricketsia helvetica (10%), R. slovaca (2%) or co-infected
with both species (1%) [34].

5.4. Rickettsial diseases in travellers

According to the GeoSentinel Surveillance Network, rick-
ettsial diseases were reported in 280 international travel-
lers, out of whom 82.5% had spotted fever (SFG)
rickettsiosis during 1996e2008 [8].

Reports on human cases of rickettsial diseases acquired
in Croatia in travellers were found neither in this multi-
center analysis nor in the PubMed search.

Sporadic cases of ricketsiosses in domestic travellers
were recorded in continental Croatia and could be related
to person’s travel to the littoral [12,17,26].

Three imported cases of Rickettsia afriace in travellers
returning from South Africa to Croatia, confirmed by PCR
and sequencing, were described recently [35].
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6. Discussion

Rickettsial pathogens are maintained in natural cycles
involving vertebrate hosts and arthropods. They are trans-
mitted by arthropod vectors (ticks, mites, lice, fleas) and
are found in the regions abundant with specific hosts and
vectors [1e5,36]. It has been suggested that climatic
changes and global warming are influencing arthropods and
arthropod-borne pathogens such as rickettsiae. As a result
of globalization, changes in geographical distribution of
known rickettsial species, as well as emergence of im-
ported novel rickettsioses could occur in different
geographic areas and climatic regions [5,6,36].

Croatia is a well known as an endemic region for rick-
ettsial diseases. Contrary to the period after World War II,
nowadays epidemic typhus represents no public health
problem in Croatia. However, the risk of infection with R.
prowazekii is still present as imported epidemic typhus or
as recurrence as a Brill-Zinsser disease [36]. Unlike with
most other rickettsioses, humans are primary reservoir of
epidemic typhus [36e39]. Because this clinical form is
bacteraemic, it can initiate an outbreak of ET when body
louse (P. humanus corporis) infestation is prevalent in a
persons living under poor socioeconomic and sanitary con-
ditions (homeless population, refugees, migrants) [40,41].
Hence, the current refugee crisis rickettsioses might have
implication for migrants and refugees from Middle East and
Asia, using Croatia as a migratory route to the European
Union (EU) [9,41]. The disease is still considered a major
threat by public-health authorities, despite the efficacy of
antibiotics, because poor sanitary conditions are favourable
to body louse proliferation [37e39]. Finally, R. prowazekii
is a potential category B bioterrorism agent, because it is
stable in dried louse faeces and can be transmitted through
aerosols [38,39].

SFG rickettsioses are the most commonly diagnosed
rickettsial diseases among international travellers [7,8].
MSF was the most prevalent rickettsiosis in Croatia, fol-
lowed by murine typhus [12]. The number of reported cases
of MSF was low in comparison to the high prevalence of
specific antibodies to R. conorii (a prevalence of 43.7%,
41.6% and 14.7% in the region of Split, Zadar, and on the
most southern Adriatic island of Mljet, respectively) [27].
Even bigger discrepancy was observed between the low
number of reported cases of murine typhus and high prev-
alence of antibodies to R. typhi. Seroepidemiologic studies
have shown the Zadar area to be highly endemic for R.
typhi. Antibody prevalence in humans living along the coast
and on the islands around Zadar was between 23.0% and
66.0% [20]. In the area of Split, 21.4% of the examined
healthy persons had antibodies to R. typhi [21]. There is a
strong discrepancy between the frequency of infection and
the incidence of subclinical and manifest clinical disease.
Most infections probably are asymptomatic, or cases go
undiagnosed and spontaneously resolve. Because a typical
clinical presentation of MT is not regularly present, the
disease is probably often underdiagnosed due to lack of
awareness. As a result of the broad and persistent presence
of peridomestic rat reservoirs and their fleas, and due to
the fact that the faeces of infected fleas can contaminate
broken skin, respiratory tract or conjunctivae, we should be
aware of the possibility of epidemic occurrence of MT in the
littoral region of Croatia.

After R. akari was isolated from the blood of a patient
from Zadar, no further cases of rickettsialpox were re-
ported in this area. It may be attributable to misdiagnosing
with other exanthematous diseases, as has happened with
the patient from whose blood R. akari was isolated [30].

Application of molecular techniques has resulted in the
discovery of several species of pathogenic (R. slovaca, R.
aeschlimannii, R. helvetica, and Ricketsia raoultii) and
species of undetermined pathogenicity (R. hoogstraalii sp.
nov.) rickettsiae in ticks collected in different ecological
regions of Croatia [30e34]. AlthoughR. slovaca,R. helvetica,
and R. aeschlimannii are proven causative agents of human
diseases, so far it is not known whether they cause disease in
Croatia [1,5,36]. Hence, febrile diseases caused by these
rickettsie should be included in the differential diagnosis of
febrile illnesses occurring after a tick bite in Croatia.

Although it has been reported in several European coun-
tries [1,3,4,36], the prevalence of Rickettsia felis infections
has not been studied in Croatia. R. felis causes flea-borne
spotted fever, since it is transmitted by cat fleas.

Increased international travel has greatly increased the
chances of more rickettsiae to be introduced to previously
non-endemic northern regions [42]. These “imported”
rickettsioses could be a cause of concern especially for
inexperienced physicians.

Since 1988, when the first comprehensive series of travel-
associated rickettsioses was published, >450 travel-
associated cases have been published worldwide. Of 24,920
returned travellers seen at a GeoSentinel clinic from March
1997 through March 2006, 28% cited fever as a main reason
for seeking care. Rickettsioses, as a specific infections
causing systemic febrile illness were diagnosed in 2% of such
patients and 20% of themwere hospitalized [43]. In one other
study, among 99,355 travellers who sought medical care at a
GeoSentinel site during June 1996eDecember 2008, 13,763
had fever, and 211 (1.5%) of them were diagnosed with
rickettsial disease [8]. This increase is likely attributable to
improvements in diagnostic awareness and the availability of
microbiological tests, as well as to increases in travel to
areas of endemicity and in risk behaviour [11].

The report of three imported cases of R. africae in
travellers returning from South Africa to Croatia is consis-
tent with the fact that African tick bite fever is currently
the most commonly encountered rickettsiosis in travel
medicine [10,11]. No other case of ricketsioses imported to
Croatia has been found in the literature search so far.

As Croatia is well-known endemic region for different
rickettsioses, infections among visitors may appear and can
be introduced to previously non-endemic countries through
frequent travel. This is particularly interesting, because
most infections occur in the autochtonous population from
July to September, on the southern coast between Zadar
and Dubrovnik, which is the main tourist destination.

Surprisingly, in spite of the high prevalence of antibodies
to different species of rickettsia in humans and animals,
ricketssiae detected in ticks and the confirmed clinical
rickettsioses in the autochthonous population, reports on
rickettsial infection in millions of travellers visiting Croatia
every year are missing.
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This can be explained because a typical clinical picture
of rickettsioses is not regularly present and the diseases are
probably often underdiagnosed due to lack of awareness.
Physicians should be aware of the epidemiology of rick-
ettsial infections in the tourist destinations and knowledge
of specific geographical and seasonal distribution could be
helpful in diagnosing illness.

Another possible reason for underreporting of rickettsial
diseases in travellers may be influenced by several diffi-
culties and pitfalls in laboratory diagnosis of rickettsial in-
fections. Although a specific microbiological diagnosis
should always be attempted and the definitive diagnosis of
rickettsial infection requires laboratory confirmation, this
approach is associated with several obstacles [7,8,44].
Serology, which is the most commonly used method for
laboratory diagnosis of rickettsial infections, seldom yields
diagnostic results on serum collected at the time of first
presentation. IFA assay for detection of IgG antibodies and
using paired acute and convalescence sera is currently
considered to be the reference standard for serologic
diagnosis of rickettsial infections [45,46]. However, IFA
assay is insensitive during the first week of rickettsial
infection, which is the period during which most patients
seek medical attention and when the majority of specimens
are collected for evaluation [47]. IFA assay is highly sensi-
tive at detecting antibodies 2e3 weeks after illness onset,
although patients infected with Rickettsia africae might
not show seroconversion until 4 weeks after illness onset
[48e50]. The majority of commercial reference labora-
tories, that conduct testing for rickettsial pathogens, test
for IgG antibodies. Some laboratories also perform IFA as-
says and other serologic testing for IgM antibodies. How-
ever, false positive IgM antibodies are frequently detected
in patients in whom no other supportive evidence of a
recent rickettsiosis exists [50,51]. Further, very early
therapy with a tetracycline-class drug can sometimes
diminish or delay the development of antibodies to rick-
ettsiae [52,53]. In addition, due to extensive cross-
reactions, IFA is usually unable to determine the causa-
tive agent to the species level [11,44]. To circumvent this
problem, serum samples may be shipped to a reference
laboratory for Western blotting in conjunction with cross-
adsorption assays [54].

The methods that are capable of identifying the infec-
tious aetiology (PCR and isolation) are not widely available
[7]. Isolation of causative rickettsiae is performed in only a
few laboratories and requires biosafety level 3 conditions
[7,8,44].

Therefore, although laboratory confirmation is impor-
tant, a clinical diagnosis and empiric treatment with
doxycycline are the standard practical approach [7]. In
Croatia, a clinical entity known as rickettsioses accounted
for the majority (68.1%) of rickettsial disease cases during
the observation period between 1992 and 2003, indicating
that the exact rickettsial species has not been definitely
differentiated [12].

Because of all the above mentioned reasons, precise
data on the incidence of rickettsioses among international
travellers are unfortunately not available [11].
7. Conclusion

In conclusion, coastal and insular Croatia is endemic for
several rickettsiae. This finding is of particular importance
in light of the increasing popularity of the Croatian littoral
as a holiday destination. Travellers within Croatia might be
exposed to different arthropod vectors (ticks, fleas, mites)
during travel, which can result in illness after they return
home. Moreover, tourists increasingly take their own pets
(dogs, cats) with them when they go on a trip. Pets could
bring infected vectors to travellers home.

Because a typical clinical picture of rickettsioses is not
regularly present, the diseases are probably often under-
diagnosed due to lack of awareness. Physicians should be
aware of the epidemiology of rickettsial infections in their
local area and knowledge of seasonal distribution could be
helpful in diagnosing illness.

Given a history of residence in or travel to an endemic
area, exposure to ticks, fleas or mites and onset in spring,
summer or fall in cases with compatible clinical signs,
infection with a rickettsia must be suspected. Physicians
should consider rickettsial infection in the differential
diagnosis of patients (travellers) returning from Croatia and
presenting with febrile illness. It is important to recognize
the variety of clinical manifestations of the infection, use
specific laboratory diagnostic assays, and begin with proper
antimicrobial therapy. Early initiation of treatment de-
creases the risk of severe forms and mortality of the dis-
eases caused by rickettsiae.
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