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Abstract

Q fever is a globally widespread zoonosis, which has a large number of 
animal reservoirs. In humans, Q fever is asymptomatic in 60% of cases but 
may appear in the form of acute or chronic disease. Th e disease is mostly 
asymptomatic in animals but may be a cause of abortions or stillbirths. Th e 
aim of this study was to present and analyze the epidemiological character-
istics of Q fever in Srem district, in the Autonomous Province of Vojvodina, 
Republic of Serbia. We conducted a descriptive study using data from the 
registries of infectious diseases of the Institutes of Public Health of Vojvo-
dina and Institute of Public Health Sremska Mitrovica in the period 2011-
2020. A total of 76 human cases of Q fever were registered in Srem district 
over ten-year period. Th e majority of patients (89.47%; N = 68) were regis-
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tered in municipalities of Sremska Mitrovica and Šid. One third of patients 
were hospitalized (32.89%; N = 25). Males were 3.2 times more aff ected 
than females (M : F = 3.22 : 1). Working age population (20–59 years) were 
most aff ected (82.89%; N = 63) with a signifi cantly higher incidence com-
pared to the age category 0-19 years (p < 0.05). Th e majority of cases were 
registered in February (60.53%; N = 46). Probable routes of transmission of 
Coxiella burnetii were: direct contact with animals and the airborne route 
of transmission (50.00% vs. 47.37%). Th e highest seroprevalence of Q fever 
recorded in goats (55.54%) and sheep (11.88%) in the municipality of Šid, 
which is connected to outbreak in Kukujevci 2017. Th e high seroprevalence 
in goats, recorded in Inđija (22.87%) was not accompanied by Q fever in 
humans. Q fever still represents a signifi cant problem of both veterinary 
and human medicine and therefore continuous disease monitoring and 
more effi  cient cooperation of the veterinary and human health care sectors 
is necessary.

Key words: Q fever, zoonosis, disease outbreaks, epidemiology, inci-
dence, Srem
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Kratak sadržaj

Q groznica je globalno rasprostranjena zoonoza, koja ima veliki broj 
rezervoara među životinjama. Kod ljudi, Q groznica je asimptomatska u 
60% slučajeva, ali se može javiti u formi akutne ili hronične bolesti. Bolest 
je uglavnom asimptomatska kod životinja, ali može biti značajan uzrok 
pobačaja i mrtvorođenosti. Cilj ovog istraživanja bio je da prikaže i ana-
lizira epidemiološke karakteristike Q groznice u Sremskom okrugu, u Au-
tonomnoj Pokrajini Vojvodini, Republika Srbija. Sproveli smo deskriptivnu 
studiju koristeći podatke iz registara zaraznih bolesti Instituta za javno 
zdravlje Vojvodine i Zavoda za javno zdravlje Sremska Mitrovica u periodu 
2011-2020. godine. Ukupno 76 humanih slučajeva Q groznice je registro-
vano u Sremskom okrugu tokom desetogodišnjeg perioda. Većina obolelih 
(89,47%; N = 68) registrovana je na teritoriji opština Sremska Mitrovica i 
Šid. Trećina pacijenata je bila hospitalizovana (32,89%; N = 25). Muškarci 
su 3,2 puta češće obolevali u odnosu na žene (M : Ž = 3,22 : 1). Radno 
sposobno stanovništvo (20–59) je bilo najviše pogođeno (82,89%; N = 63) 
sa značajno višom incidencijom u poređenju sa starosnom grupom 0-19 
godina (p < 0,05). Većina slučajeva registrovana je u februaru (60,53%; N = 
46). Verovatni putevi prenosa Coxielle burnetii su bili: direktni kontakt sa 
životinjama i aerogeni put prenosa (50,00% prema 47,37%). Najviša sero-
prevalencija Q groznice zabeležena je kod koza (55,54%) i ovaca (11,88%) 
u opštini Šid, što je bilo povezano sa epidemijom u Kukujevcima 2017. go-
dine. Visoka seroprevalencija kod koza, zabeležena u Inđiji (22,87%), nije 
bila praćena Q groznicom kod ljudi. Q groznica u Sremskom okrugu i dalje 
predstavlja značajan problem humane i veterinarske medicine zbog čega je 
neophodan kontinuirani nadzor i još efektivnija saradnja veterinarskog i 
sektora zdravstvene zaštite ljudi.

Ključne reči: Q groznica, zoonoza, epidemije, epidemiologija, inciden-
cija, Srem.

INTRODUCTION

Q fever is a globally widespread zoonosis caused by the small obligate in-
tracellular gram-negative bacterium Coxiella burnetii (C. burnetii) (Angelakis 
and Raoult, 2010). Th e large number of reservoirs, the possibility of transmis-
sion by diff erent routes, the resistance of the microorganism and the small 
infectious dose place C. burnetii in category B on the list of agents suitable 
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for biological weapons (Parker et al., 2006). Among the many reservoirs, for 
humans the most important are ruminants: goats, sheep and cattle. Infected 
animals shed pathogens via body fl uids. Q fever is mostly asymptomatic in 
animals, but it causes abortions and stillbirths (Fournier et al., 1998). 

Th e most common route of transmission of C. burnetii to humans is by in-
halation of contaminated dust or aerosols from infected feces, urine and birth 
products (Reimer, 1993; CDC, 2019), thus Q fever is an occupational hazard. 
Q fever is less commonly transmitted through the consumption of raw milk 
and unpasteurized dairy products, blood transfusions, from a pregnant wom-
an to her fetus, or through sexual contact (Fournier et al., 1998; Maurin and 
Raoult, 1999; Milazzo et al., 2001). In humans, Q fever is asymptomatic in 60% 
of cases and in the rest of symptomatic cases, it may occur in the form of acute 
or chronic disease (Ristić et al., 2018). Due to asymptomatic course, Q fever is 
oft en an unrecognized and under-registered disease.

In aim to better understand the reasons for the endemic maintenance of 
Q fever, we analyzed the epidemiological characteristics of Q fever in Srem 
district, in the Autonomous Province of Vojvodina (APV), Republic of Serbia, 
for ten consecutive years (from 2011 to 2020).

MATERIAL AND METHODS

Study area and data collection

Th e study was conducted in Srem district, located in its southwestern part 
of the APV, with a population of 312,278 inhabitants according to the latest 
population census (SORS, 2011). Th e source of data was the database from the 
registries of infectious diseases of the Institute of Public Health of Vojvodina 
and the Institute of Public Health of Sremska Mitrovica responsible for the 
surveillance on communicable diseases. Th e data of Q fever in humans includ-
ed individual case reports, epidemiological studies, epidemiological question-
naires, reports on laboratory tests, reports of outbreaks and annual reports for 
the observed ten-year period (2011-2020). According to the European Center 
for Disease Prevention and Control (ECDC) case defi nition, we classifi ed Q 
fever cases as probable and confi rmed cases (ECDC, 2018).

Laboratory confi rmation of human Q fever

Laboratory diagnosis of human Q fever from sera samples was confi rmed 
by the enzyme-linked immunosorbent assay (ELISA) at the Serbian Reference 
Laboratory for Q fever, the Institute of Public Health of Zrenjanin. A specifi c 
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antibody response to C. burnetti (IgM and/or IgG to phase II antigen) was 
used as a laboratory criteria for the confi rmation of Q fever. Paired serum sam-
ples tested at least two weeks apart were taken for patients whose fi rst serum 
test results were equivocal or negative.

Veterinary data and laboratory confi rmation of animal Q fever

Data on Q fever laboratory confi rmation of animals in Srem district were 
obtained from the Scientifi c Institute of Veterinary Medicine, Novi Sad. Sam-
ples of goats, sheep and cattle were tested under the auspices of mandatory 
annual monitoring. By order of the Republic Veterinary Inspection, the Veteri-
nary Scientifi c Institute, Novi Sad conducted epizootiological investigation in 
the households with livestock in the case of Q fever in humans. In the case of 
reports of abortions in domestic animals, serological analysis was performed 
and in case of positive fi ndings, again, an epizootiological investigation in the 
household was conducted. Th e ELISA method was used for the analysis of 
blood samples (detection of IgM/IgG antibodies against C. burnetti) of goats, 
cattle and sheep (OIE, 2021). Data about results of molecular analysis and data 
about seroprevalence of Q fever in specifi c years (2011, 2012 and 2013) are 
lacking and are not presented.

Data analysis and statistics

Descriptive method was applied. Th e data were analyzed chronologically, 
demographically, and topographically for the observed period. We used the 
basic statistical indicators, general and specifi c incidence rates. Statistical data 
processing included descriptive analysis (mean, minimum and maximum, as 
well as standard deviation). Th e Mann-Whitney U test was applied to test the 
diff erences of Q fever incidence between two of each age group (0 - 19, 20 - 59, 
≥ 60 years). For all data analyses the SPSS soft ware, version 21.0 was used and 
p-value < 0.05 was considered statistically signifi cant. For mapping, we used 
the program Quantum GIS (QGIS) version 3.4.

RESULTS 

A total of 76 cases of Q fever were registered in the period 2011 - 2020, in 
Srem district. Of the total number of cases, 92.11% (N = 70) were laboratory 
confi rmed and 7.89% (N = 6) were classifi ed as probable cases. Males were 
3.2 times more aff ected compared to females (M : F = 3.22 : 1). Th e highest 
incidence rates of Q fever were reached in 2012 (14.41/100,000; N = 45) and in 
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2017 (7.04/100,000; N = 22) (Figure 1). Th ere were no registered cases of Q fe-
ver during the four years (2016, 2018, 2019, and 2020) of this observed period.

Figure 1. Incidence rate of Q fever in Srem district, in the period 2011 – 2020

Cases of Q fever were registered in all age categories, except in children 
aged < 10 years. Th e mean age (± standard deviation) of patients was 39.51 ± 
14.17 years. Th e youngest patient was 14, and the oldest was 75 years old. Age-
specifi c incidence of Q fever during the observed ten-year period is shown 
in Figure 2. Th e highest age-specifi c incidence rates were recorded in 2012, 
in the age groups 20 - 29, 30 - 39 and 40 - 49 (32.17/100,000; 28.76/100,000; 
18.38/100,000 respectively) and in 2017, in the age groups 30-39, 40-49 and 
50-59 (16.78/100,000; 16.08/100,000; 7.82/100,000; respectively).

Figure 2. Specifi c incidence rate of Q fever cases by age in Srem district, 
in the period 2011 – 2020
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Th e majority of patients (82.89%; N = 63) belonged to the working-age 
population (aged 20 – 59 years). Age specifi c incidence (mean, minimum and 
maximum, as well as standard deviation) are shown in Table 1.  

Table 1. Analysis of the age-specifi c incidence of Q fever in Srem district, in the
period 2011 – 2020

Age group 
(years)

Popula-
tion1

Mean 
incidence2 SD3 Minimum 

incidence
Maximum 
incidence2

0 - 19 61,541 0.76 3.39 0 15.16
20 - 59 176,795 3.66 7.83 0 32.17

≥ 60 73,942 1.0 8 1.66 0 4.06
1 accorrding to the latest Census (SORS, 2011) 

2 per 100,000 population
3 standard deviation

Based on the Q fever data in Srem district during the ten-year period (2011 
- 2020), a statistically signifi cantly higher incidence of Q fever was observed in 
the age category of the working-age population (aged 20 - 59 years) compared 
to the age category from 0 - 19 years (U = 291.5; p = 0.022) (Table 2). 

Table 2. Comparison of Q fever incidence rates by age groups in Srem district, in the 
period 2011 - 2020

Age group 
(year)

Mean in-
cidence1 Mean Rank Mann-Whit-

ney  U test p-value

0 - 19 0.76 25.08
291.5 0.022

20 - 59 3.66 33.21
20 - 59 3.66 25.58

197 0.931
≥ 60 1.08 25.20

0 - 19 0.76 14.33
86 0.237

≥ 60 1.08 17.85
1 per 100,000 population

Regarding the seasonal distribution, the majority of confi rmed cases were 
registered in the period from January to May (96.05%; N = 73). Th e high-
est percentage of cases (60.53%; N = 46) was detected in February, and then 
equally in the months of April and May (13.16%; N = 10) (Figure 3).
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Figure 3. Seasonal distribution of Q fever in Srem district, in the period 2011 – 2020

Most patients (89.47%; N = 68) were registered in the western part of Srem 
district, in the municipalities of Šid and Sremska Mitrovica (incidence rates 
64.35/100,000 and 57.54/100,000; respectively) (Figure 4). Th e lowest inci-
dence rate (1.52/100,000) was registered in the municipality of Stara Pazova. 
Cases of Q fever were registered in six out of seven municipalities of the dis-
trict with the exception of the municipality Inđija.

Figure 4. Distribution of Q fever by municipalities in Srem district,
in the period 2011-2020
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Most (92.11%; N = 70) Q fever cases were detected in outbreaks and the 
rest (7.89%; N = 6) occurred as sporadic cases. One third of patients (32.89%; 
N = 25) were hospitalized due to the severity of the disease or complications. 
Th ere were no registered deaths due to acute Q fever. Direct contact with ani-
mals was probably route of Q fever transmission in Srem district, registered in 
50.00% (N = 38) of cases (Table 3). Airborne spread of C. burnetti was prob-
ably route of transmission for the other half of patients (47.37%; N = 36). In 
only two cases the route of transmission of C. burnetti was not established.  

Table 3. Possible routes of transmission of Q fever in Srem district, in the period 2011 
- 2020

Direct contact 
with animals

Aerogenic route 
of transmission

Unknown route 
of transmission Total

N1 % N % N % N %
Cases in 

outbreaks 36 51.43 34 48.57 0 0 70 100

Sporadic 
cases 2 33.33 2 33.33 2 33.33 6 100

Total 38 50.00 36 47.37 2 2.63 76 100

1 number of Q fever cases

Overall, three outbreaks of Q fever were notifi ed in Srem district in the 
observed period, in municipalities of Ruma (2011), Sremska Mitrovica (2012) 
and Šid (2017) with registered 5, 43 and 22 patients, respectively. In the out-
break in the municipality of Ruma, four patients probably contracted Q fever 
through direct contact with animals (due to occupational exposure), and one 
patient through airborne transmission. Epizootiological tests were also car-
ried out in six households in the municipality of Ruma (the blood of the sheep 
and goats was sampled and tested with an ELISA test), and the results for the 
presence of specifi c antibodies against the causative agent of Q fever were 
negative. In the 2017 outbreak, which originated from a goat farm in the vil-
lage of Kukujevci (Šid), 17 patients contracted infection during direct contact 
with animals while working on the farm. Th e other fi ve patients were residents 
of the village who probably became infected by airborne route of transmis-
sion. Th en, in the villages of Kukujevci and Bačinci (municipality of Šid) and 
Kuzmin (municipality of Sremska Mitrovica) an epizootiological investigation 
was carried out, including serosurvey that proved 436 positive animals (149 
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sheep and 287 goats), of which 409 were seropositive animals in Kukujevci 
(278 positive goats on the farm and the rest in the village with the animal 
keeper) and 27 seropositive animals in one herd in one household in Kuzmin.

During the period from 2014-2020, total of 3,962 animals (821 goats, 3,076 
sheep and 65 cattle) were tested for C. burnetii in sera samples in Srem district 
(Table 4). Of all tested animals, the highest seroprevalence was reported in 
goats (44.58%). Th e highest seroprevalence was recorded in the municipality 
of Šid in goats (55.54 %), and also in the municipality of Šid in sheep (11.88%) 
and in Stara Pazova in cattle (80.00%). 

Table 4. Seroprevalence of Q fever in domestic animals in Srem district, by munici-
palities, in the period 2014-2020

Animal 
species

Municipalities

Inđija Irig Pećinci Ruma Šid Sremska
Mitrovica

Stara 
Pazova Total

T1 188 9 20 20 271 2 0 510
Goats P2 43 0 0 0 36 0 0 79

% 22.87 0.00 0.00 0.00 13.28 0.00 0.00 15.49
T 304 162 97 337 831 407 114 2,252

Sheep P 7 6 0 3 61 17 2 96
% 2.30 3.70 0.00 0.89 7.34 4.17 1.75 4.26
T 39 2 11 3 0 5 5 65

Cattle P 0 0 1 0 0 0 4 5
% 0.00 0.00 9.09 0.00 0.00 0.00 80.00 7.69

1 tested 
2 positive

DISCUSSION

Our study shows that Q fever is still endemic disease in Srem district with 
majority of human cases registered in outbreaks. Th e highest incidence of Q 
fever in the observed ten-year period was registered in the western part of the 
Srem district. Men were more aff ected as well as the working-age population. 
One third of patients were hospitalized, none with death outcome. Looking at 
the season, the largest number of infected people was recorded in February 
while probable routes of transmission were direct contact with animals and 
airborne spread of infection.
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Th e results of our study showed that there were more cases among men in 
Srem district, which may be linked to their higher likelihood of occupational 
exposure. Due to the protective role of sex hormones, women develop symp-
tomatic Q fever less frequently (Leone et al., 2004). Our fi ndings are similar to 
the results of several published studies showing that the majority of cases were 
registered in men (Anderson et al., 2009; Gyuranecz et al., 2014; Halsby et al., 
2017; Genova-Kalou et al., 2019).

Th e average annual incidence rate of Q fever in Srem district in the ob-
served period was 1.7 times higher than the incidence rate notifi ed in APV 
and fi ve times higher than the average annual incidence rate recorded in the 
Serbia in the same period (IPHS, 2021). Th e average annual incidence of Q 
fever in Srem district (2011 - 2020) was approximately two and 1.2 times lower 
compared to average incidences registered in the endemic areas of Central Ba-
nat and South Banat (IPHS, 2018; IPHS, 2021, Ristić et al., 2018). Compared 
to the average annual incidence rate of Q fever (incidence of 0.17/100,000) in 
the countries of the European Union (EU), the average annual incidence rate 
in Srem district was 14.3 times higher in the period 2011 - 2020 (ECDC, 2017; 
ECDC, 2021). 

Th e lowest incidence of Q fever in EU, in the observed ten-year period was 
reported in 2020 (ECDC, 2021), when, interestingly, not a single case of the 
disease was registered in Srem district, nor in the territory of APV. Th is is ex-
plained by the fact that the Coronavirus disease 2019 (COVID-19) emerged in 
2020, which is why all communicable diseases, including Q fever, were under-
reported. Besides, it is possible that pandemic mitigation measures such as 
wearing masks and washing hands also reduced the chance of contracting Q 
fever, since it is an airborne infection.

In our study, there were no registered cases among children < 10 years 
which is similar to the situation in EU, where the small number of patients 
with positive samples was recorded in children under 10 years of age (ECDC, 
2017). In accordance with the above, we found a statistically signifi cantly high-
er incidence of Q fever in the working age population (20 - 59 years) compared 
to the age category of 0 - 19 years old. Th e reason for this fi nding may be that 
children and adolescents infected with C. burnetti are more oft en asympto-
matic than adults and may have milder symptoms of the disease, so cases of Q 
fever are less oft en registered among them, which is in agreement with other 
studies (Maltezou and Raoult, 2002; Terheggen and Leggat, 2007).

Seasonal distribution of Q fever, with the majority of patients in Srem dis-
trict registered in the period January ‒ May, may be related to the fact that 
during these months the lambing and kidding of sheep and goats are done 
and other activities in which humans are in contact with potentially infected 
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animals. During the huge outbreak in the Netherlands, it was observed that 
the majority of patients appeared, at the end of winter and at the beginning of 
spring (Schneeberger et al., 2014). Several studies have pointed out the role of 
high wind speed and low rainfall on the easier transmission of microorgan-
isms and the higher incidence of Q fever (Tissot-Dupont et al., 2004; Medić et 
al., 2012; Ristić et al., 2018; De Rooij et al., 2018). 

Outbreaks in the village of Noćaj (municipality of Sremska Mitrovica - 
2012) and in the village of Kukujevci (municipality of Šid - 2017) contributed 
to the peaks of incidence registered in 2012 and 2017 as well as to the high-
est incidence rates recorded in these municipalities. Th e reason for this may 
be the fact that these two municipalities are close to the border of Croatia, 
where the highest incidence of Q fever in Europe was registered in 2012 and 
2017 (ECDC, 2019). Not a single case of Q fever was registered in Inđija, even 
though there was an outbreak in a goat farm with a high number of positive 
animals. Th e most possible reason may be the under-registration of human Q 
fever cases, as well as the asymptomatic clinical course of the disease.

An extensive epidemiological investigation of Q fever outbreak in village 
Noćaj (Sremska Mitrovica) established that the most likely route of transmis-
sion for more than 2/3 of the patients was airborne, while the rest reported di-
rect contact with animals (Medić et al., 2012). Our results also showed that half 
of patients had no contact with animals and that they most likely contracted Q 
fever which was transmitted through the air. Th is claim is in agreement with 
previous studies that C. burnetii can be transmitted by wind through aerosols 
and dust over long distances (within 5 km of the source of infection) (Arricau-
Bouvery and Rodolakis, 2005; Debeljak et al., 2018). Furthermore, the other 
half of the cases of Q fever were registered in people who had direct contact 
with animals, similar to other studies conducted in APV (Ristić et al., 2018; 
Popov et al., 2019).

Some limitations of our study should be listed. First, documentation of Q 
fever is limited by the availability of laboratory testing, and it is certain that a 
majority of asymptomatic infections were not recorded. Th is suggests that the 
incidence rates of Q fever are likely to be higher than registered. Earlier studies 
on Q fever found a positive correlation between the number of infected people 
and animals in Srem district (Ristić et al., 2018), but more extensive studies 
are needed to address the low incidence or absence of cases in municipali-
ties where positive animals have been registered. No data for the outcomes of 
chronic forms of Q fever were obtained during this study.

Arhiv veterinarske medicine, Vol. 16, No. 1, 37 - 52, 2023 
Popović, S… et al.: Epidemiological characteristics of Q fever… 

48



CONCLUSION

Our results show that Q fever is still an endemic disease in Srem district 
and represents a signifi cant problem of veterinary and human medicine. More 
effi  cient disease control requires strengthening surveillance with continued 
monitoring the disease in animals, and more eff ective cooperation between 
sectors of human and veterinary medicine.
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