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Simple Summary


Q fever is a zoonotic disease caused by Coxiella burnetii that affects both animal and human health. Small ruminants, particularly sheep and goats, are recognized as important reservoirs of the pathogen and may contribute to environmental contamination and disease transmission. Information regarding the occurrence and distribution of C. burnetii in Romanian small-ruminant populations remains limited, especially in the western region of the country. In the present study, serum samples collected from sheep and goats in five counties of Western Romania were examined for antibodies against C. burnetii using a commercial ELISA assay. Evidence of previous exposure to the pathogen was identified in a considerable proportion of the tested animals, with significant differences observed between species and geographical areas. Seropositive animals were detected in all investigated counties, indicating geographically distributed serological evidence of previous exposure to C. burnetii within the sampled population. These findings provide updated epidemiological information and support the need for continued surveillance, strengthened biosecurity measures, and integrated strategies aimed at reducing the impact of Q fever on animal production and public health.




Abstract


Q fever, caused by Coxiella burnetii, remains an important zoonotic disease with significant implications for animal health, livestock production, and public health. Epidemiological data regarding the circulation of C. burnetii in Romania remain limited, particularly in the western region of the country. This study aimed to assess the observed seropositivity and geographic distribution of anti-C. burnetii antibodies among sampled small ruminants from Western Romania. A cross-sectional sero-epidemiological survey was conducted using 546 serum samples collected from sheep (n = 451) and goats (n = 95) originating from five counties (Timiș, Arad, Bihor, Caraș-Severin, and Hunedoara). Sera were tested for IgG antibodies against C. burnetii using a commercial indirect enzyme-linked immunosorbent assay (ELISA). Overall, 87 animals were seropositive, corresponding to an observed seropositivity of 15.9% (87/546). Species-specific seropositivity was significantly higher in goats (25.3%) than in sheep (14.0%) (p = 0.006). Seropositive animals were detected in all surveyed counties, with prevalence ranging from 5.1% in Arad County to 21.3% in Timiș County. Significant geographic variation in seroprevalence was also observed among the investigated counties (p = 0.040). These findings indicate widespread serological evidence of exposure to Coxiella burnetii among the sampled small-ruminant population in Western Romania and reveal heterogeneous exposure patterns associated with both host species and geographic location. Continued surveillance integrating serological and molecular approaches is warranted to better characterize the epidemiology and transmission dynamics of C. burnetii within a One Health framework.
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1. Introduction


Q fever is a globally distributed zoonotic disease caused by Coxiella burnetii (C. burnetii), an obligate intracellular bacterium capable of persisting in the environment for extended periods due to its highly resistant small-cell variant [1]. Domestic ruminants, particularly sheep, goats, and cattle, represent the primary reservoirs for human infection and play a central role in pathogen maintenance and dissemination [2]. Shedding occurs predominantly during parturition or abortion through placental tissues and birth fluids, but the organism may also be excreted in milk, feces, and urine. Transmission to humans occurs mainly through inhalation of contaminated aerosols, making areas characterized by high livestock density, intensive reproductive activity, or inadequate biosecurity particularly vulnerable to outbreaks [3,4,5].



Over the past two decades, numerous serological and molecular surveys across Europe have confirmed the endemic nature of C. burnetii, although prevalence varies widely across countries and production systems [5,6,7,8,9]. Studies from Western and Central Europe, including the Netherlands, Germany, France, and Hungary, report considerable spatial heterogeneity, with goats often exhibiting higher seroprevalence than sheep and cattle [4,5,6,7,8,9,10]. The large-scale human outbreak in the Netherlands (2007–2010) underscored the significant public health implications of unrecognized livestock circulation and highlighted the need for robust, region-specific monitoring programs [10,11].



In Romania, published data on Q fever epidemiology remain scarce and fragmented. A previous serological investigation documented exposure to C. burnetii in Romanian sheep and goats; however, available evidence remains limited and geographically restricted [12,13]. Given the country’s diverse livestock systems, which include extensive grazing, transhumance practices, and mixed-species farms, the actual distribution and magnitude of C. burnetii circulation remain insufficiently characterized [13]. Western Romania is of particular interest because recent epidemiological data on C. burnetii exposure in small-ruminant populations from this region are limited. The epidemiology of C. burnetii is influenced by complex interactions among animal hosts, environmental contamination, and human exposure. Previous studies have demonstrated the importance of integrating veterinary, environmental, and public health surveillance to better understand the epidemiology and transmission of Q fever across different epidemiological settings [14,15,16].



Updated epidemiological information is therefore essential to better understand current exposure levels, identify high-risk areas, and guide targeted prevention and surveillance strategies. In this context, the present study aimed to determine the observed seropositivity and geographic distribution of antibodies against C. burnetii among sampled small ruminants from five counties in Western Romania. By integrating species-level and spatial analyses, this study provides a contemporary assessment of serological exposure and contributes valuable baseline data for veterinary and public health planning in a region where recent, systematic data are largely lacking.




2. Materials and Methods


2.1. Study Design


A cross-sectional serological study was conducted between May and November 2025 to determine the observed seropositivity and geographic distribution of antibodies against C. burnetii among sampled small ruminants in Western Romania. The study included 546 serum samples obtained from sheep and goats originating from five counties: Arad, Bihor, Caraș-Severin, Hunedoara, and Timiș. The investigated population consisted of 451 sheep and 95 goats. No vaccination against Q fever was reported in any of the flocks of origin.




2.2. Study Area


The study was conducted in Western Romania and included five administrative counties: Timiș, Arad, Bihor, Caraș-Severin, and Hunedoara. These regions encompass diverse agro-ecological environments, including lowland plains, hilly landscapes, and submontane areas, and support a wide range of livestock production systems, ranging from extensive grazing systems to semi-intensive and intensive farming operations [17,18].



The study area is characterized by a temperate-continental climate, with mean annual temperatures ranging from approximately 9 to 12 °C and annual precipitation varying between 550 and 900 mm, depending on altitude and local geographic conditions.



The investigated region sustains substantial sheep and goat populations raised under diverse production systems, including extensive, semi-intensive, and intensive farming. Extensive grazing, communal pastures, seasonal animal movements, mixed-species farming, and contact between neighbouring flocks have been described as general characteristics of livestock production in parts of Western Romania [17,18,19]. These characteristics have been reported in the literature as typical for the region; however, they were not evaluated in the present study and therefore are provided only as background information. Seasonal animal movements, communal grazing practices, mixed-species farming, and frequent contact between neighboring flocks may facilitate the maintenance and transmission of Coxiella burnetii. These environmental and management-related characteristics provide a representative epidemiological setting for assessing the circulation and geographic distribution of C. burnetii among small ruminants in Western Romania [19,20,21].



A total of 546 serum samples were collected from sheep (n = 451) and goats (n = 95) originating from the five surveyed counties. The county-level distribution of sampled animals was as follows: Arad (n = 79; 61 sheep and 18 goats), Bihor (n = 84; 71 sheep and 13 goats), Caraș-Severin (n = 149; 124 sheep and 25 goats), Hunedoara (n = 126; 104 sheep and 22 goats), and Timiș (n = 108; 91 sheep and 17 goats). The geographic distribution of the study area and sampling locations is presented in Figure 1.




2.3. Sampling Strategy and Animal Selection


Sampling was performed using a convenience-based approach based on farm accessibility and owner consent, in accordance with epidemiological field investigation practices commonly applied in livestock production systems [22,23,24]. All sampled animals were clinically healthy at the time of blood collection. Animals originating from flocks with and without a recent history of reproductive disorders, particularly abortion, were eligible for inclusion to provide a broad assessment of serological exposure within the sampled population. Approximately 2–4% of the sampled animals originated from flocks with a recent history of abortion; however, none of the sampled animals showed clinical signs of reproductive disorders at the time of sampling. An additional inclusion criterion was that animals originated from flocks in which no vaccination against Q fever had been reported. Because a convenience-based sampling strategy was used, the seroprevalence estimates reported in this study refer only to the investigated study population and should not be interpreted as representative of the entire small-ruminant population of Western Romania.



Basic epidemiological information, including animal species and county of origin, was systematically available for all sampled animals. Information regarding reproductive history and husbandry practices was incomplete and was therefore not included in the statistical analyses.



No formal sample-size calculation was performed because this was an exploratory cross-sectional study based on convenience sampling. The number of animals included was determined by farm accessibility, owner consent, and the availability of animals during the study period.




2.4. Sample Collection and Processing


Blood samples were collected from sheep and goats by licensed field veterinarians through jugular venipuncture using sterile vacutainer tubes without anticoagulant. Following collection, samples were allowed to clot at room temperature and were subsequently centrifuged at 1500× g for 10 min to obtain serum.



Serum aliquots were transferred into sterile labeled cryovials and transported under refrigerated conditions (4–8 °C) to the diagnostic laboratory, where they were stored at −20 °C until serological testing [25,26,27].



All procedures related to sample collection, transportation, processing, and storage were performed according to standard veterinary laboratory practices in order to preserve sample integrity and ensure the reliability of subsequent serological analyses.




2.5. Serological Testing


Detection of IgG antibodies against Coxiella burnetii was performed using a commercial indirect enzyme-linked immunosorbent assay (ELISA), Monoscreen® AbELISA C. burnetii (BIO K 298, Bio-X Diagnostics, Rochefort, Belgium), validated for use in sheep and goats.



The assay was performed according to the manufacturer’s instructions [28]. Serum samples were diluted 1:100 (10 µL serum and 990 µL dilution buffer) before analysis. One hundred microliters of diluted serum was added to each well and incubated for 60 min at 21 ± 3 °C, followed by three washing steps. Subsequently, 100 µL of diluted protein G-peroxidase conjugate was added and incubated for 60 min at 21 ± 3 °C. After a second washing step, 100 µL of TMB substrate was added for 10 min, and the reaction was stopped with 100 µL stop solution. Optical density was measured at 450 nm within 5 min after addition of the stop solution. Samples were analyzed in a single determination, and assay validity was verified using the manufacturer’s positive and negative controls. Results were interpreted according to the manufacturer’s S/P (%) cut-off values (negative <40%, doubtful 40–60%, positive >60%).



No doubtful results were obtained; therefore, all 546 serum samples were included in the final statistical analysis.




2.6. Data Management and Statistical Analysis


Serological results and associated epidemiological data were entered into a centralized database and verified for accuracy prior to statistical analysis. Overall, species-specific and county-specific seropositivity values were calculated as the observed proportion of ELISA-positive animals among the tested animals. The dependent variable was the serological status (positive/negative for C. burnetii antibodies), while the independent variables included animal species (sheep or goat) and county of origin.



Ninety-five percent confidence intervals (95% CI) were calculated for all prevalence estimates using the binomial method [29,30]. Differences in seroprevalence between sheep and goats were evaluated using the chi-square (χ2) test. Geographic variation in seroprevalence among the five surveyed counties was also assessed using the chi-square test, while Fisher’s exact test was applied when expected cell frequencies were below the accepted threshold [31].



Statistical significance was defined as p < 0.05. All statistical analyses and graphical representations were performed using GraphPad Prism version 10.0 (GraphPad Software, San Diego, CA, USA).





3. Results


A total of 546 serum samples collected from sheep and goats originating from five counties in Western Romania were analyzed for the presence of IgG antibodies against Coxiella burnetii. Serological testing identified 87 seropositive animals, corresponding to an overall observed seropositivity of 15.9% (87/546; 95% CI: 12.9–19.0). Seropositive animals were detected in both species and in all surveyed counties, demonstrating geographically distributed evidence of previous exposure within the sampled population.



3.1. Observed Seropositivity by Species


Species-specific analysis revealed differences in the seroprevalence of C. burnetii between sheep and goats. Among sheep, 63 of 451 animals were seropositive, corresponding to a seroprevalence of 14.0% (95% CI: 10.8–17.2). Among goats, 24 of 95 animals were seropositive, corresponding to a seroprevalence of 25.3% (95% CI: 16.6–34.1). Statistical analysis demonstrated a significant association between animal species and serological status (χ2 = 7.47; df = 1; p = 0.006), indicating significant variation in exposure to C. burnetii between the two species.



Detailed species-specific serological results, including the number of tested animals, seropositive animals, prevalence estimates, and corresponding 95% confidence intervals, are presented in Table 1.




3.2. Seropositivity by County


Seropositive animals were detected in all five surveyed counties. County-level seroprevalence ranged from 5.1% in Arad County to 21.3% in Timiș County. Intermediate prevalence values were recorded in Bihor (14.3%), Hunedoara (16.7%), and Caraș-Severin (18.1%).



County-specific seroprevalence estimates, together with the corresponding numbers of tested and seropositive animals and their 95% confidence intervals, are presented in Table 2.



Species-specific serological results, including the number of tested animals, the number of seropositive animals, and the corresponding seroprevalence by county, are presented in Table 3.



Species-specific analysis by county demonstrated heterogeneous patterns of observed seropositivity. Among sheep, the highest observed proportions were recorded in Timiș (18.7%), Caraș-Severin (16.9%), and Hunedoara (14.4%). Among goats, the highest observed proportion was recorded in Timiș (35.3%), followed by Hunedoara (27.3%) and Caraș-Severin (24.0%). These county-specific estimates should be interpreted cautiously because of the relatively small and unequal numbers of goats sampled across counties.




3.3. Statistical Analysis of Species and Geographic Differences


Statistical analysis demonstrated a significant association between animal species and serological status, with a higher observed proportion of seropositive animals among goats than among sheep (χ2 = 7.47; df = 1; p = 0.006). Significant geographic variation was also identified among the five surveyed counties (χ2 = 10.04; df = 4; p = 0.040). However, these unadjusted comparisons should be interpreted cautiously because species composition and sample size differed among counties, and no farm-level or multivariable adjustment was performed.





4. Discussion


The present study provides updated sero-epidemiological evidence supporting the endemic circulation of C. burnetii among small ruminants in Western Romania. The overall observed seropositivity of 15.9% confirms widespread exposure to the pathogen within the investigated region and is consistent with reports from other European countries where Q fever remains endemic but exhibits considerable spatial variability [12,21]. The detection of seropositive animals in all surveyed counties further highlights the broad geographic distribution of C. burnetii and its persistence within regional livestock production systems.



The overall seroprevalence observed in the present study is comparable to values reported in neighboring European countries, including Serbia, Hungary, and Greece, where seroprevalence estimates in small ruminants generally range between 10% and 30%, depending on production systems, animal management practices, and diagnostic methodologies [9]. Furthermore, the prevalence detected in the present investigation is broadly consistent with previous evidence of C. burnetii exposure reported in Romanian small-ruminant populations, supporting the continued circulation of the pathogen within the country.



A notable finding of this study was the marked geographical heterogeneity in the observed seropositivity among the surveyed counties, ranging from 5.1% in Arad County to 21.3% in Timiș County. Similar regional variation has been reported in other European studies, where livestock density, grazing practices, animal movements, environmental conditions, production systems, and farm management have been associated with differences in C. burnetii circulation. However, these variables were not systematically evaluated in the present study and therefore cannot be considered explanatory factors for the observed county-level differences. In addition, the unequal distribution of animal species among counties and the absence of farm-level or multivariable adjustment may have influenced the unadjusted geographic comparisons. Consequently, further analytical studies incorporating standardized flock-level, management, and environmental data are required to identify the determinants of the observed regional differences.



The observed geographic differences should also be interpreted in the context of regional livestock management practices. Western Romania comprises a mixture of extensive, semi-intensive, and intensive production systems, with frequent communal grazing, seasonal animal movements, mixed-species farming, and contact between neighboring flocks. These management characteristics may facilitate the maintenance and dissemination of C. burnetii through increased opportunities for animal-to-animal transmission and environmental contamination. Nevertheless, because detailed flock-level information regarding production systems and management practices was not consistently available for all sampled animals, their specific contribution to the observed county-level differences could not be formally evaluated and should be investigated in future epidemiological studies [4,15].



Species-specific differences also contributed to the understanding of C. burnetii epidemiology in the study area. Goats showed a higher observed proportion of seropositive animals than sheep (25.3% vs. 14.0%). Although this finding is consistent with several European serological studies, it should be interpreted cautiously because substantially fewer goats than sheep were sampled, the distribution of the two species differed among counties, and no farm-level or multivariable adjustment was performed. Several human Q fever outbreaks have been associated with infected goat herds, most notably the epidemic that occurred in the Netherlands between 2007 and 2010. Therefore, the present results identify an unadjusted association between animal species and serological status but do not establish that host species independently determined exposure.



Several methodological considerations should be taken into account when interpreting these findings. First, the cross-sectional design provides information on exposure at a single point in time and does not allow the assessment of temporal trends or causal relationships. Second, although the overall sample size was substantial, the unequal distribution of samples among counties may have affected the precision of county-level seroprevalence estimates, particularly in counties with smaller sample sizes, resulting in wider confidence intervals and reduced statistical power for regional comparisons [32]. Also, a limitation of the present study is the lack of complete and standardized information regarding husbandry practices, flock management, and biosecurity measures. Consequently, the potential influence of these factors on C. burnetii seropositivity could not be evaluated and should be addressed in future epidemiological investigations. Furthermore, the convenience-based sampling strategy limits the generalizability of the reported seroprevalence estimates beyond the investigated study population. Finally, while serological testing is an appropriate tool for assessing population-level exposure to C. burnetii, it does not distinguish between previous and active infection or bacterial shedding. Therefore, future studies integrating molecular approaches, such as PCR, would be valuable to identify actively infected animals and to further characterize the epidemiology of C. burnetii in Romanian small-ruminant populations [33,34,35,36,37].



Despite these limitations, the study provides useful baseline information for a region where contemporary data on Q fever in small ruminants remain limited. The geographically distributed detection of antibodies supports continued serological surveillance. Future investigations should integrate representative sampling, farm-level epidemiological data, molecular testing, and environmental sampling to assess active infection, bacterial shedding, and potential transmission pathways more accurately. Effective collaboration between veterinary and public health authorities will be essential for improving Q fever surveillance and mitigating its impact on both animal and human health.




5. Conclusions


The present study provides updated animal-level serological evidence of previous exposure to C. burnetii among sampled sheep and goats from five counties in Western Romania. Observed seropositivity differed according to animal species and county of origin, with a higher unadjusted proportion among goats than among sheep. These findings should be interpreted in the context of convenience sampling, unequal species distribution, absence of farm-level adjustment, and lack of molecular testing. Further studies based on representative sampling, standardized epidemiological variables, and molecular methods are needed to assess active infection, bacterial shedding, and transmission dynamics.
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Figure 1. The geographic distribution of the study area. 
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Table 1. Species-specific seropositivity of Coxiella burnetii antibodies in small ruminants from Western Romania.






Table 1. Species-specific seropositivity of Coxiella burnetii antibodies in small ruminants from Western Romania.





	Species
	No. Tested
	Positive
	Negative
	Seropositivity % (95% CI)





	Sheep
	451
	63
	388
	14.0 (10.8–17.2)



	Goats
	95
	24
	71
	25.3 (16.6–34.1)



	Total
	546
	87
	459
	15.9 (12.9–19.0)










 





Table 2. County-specific seropositivity of Coxiella burnetii antibodies in small ruminants from Western Romania.






Table 2. County-specific seropositivity of Coxiella burnetii antibodies in small ruminants from Western Romania.





	County
	No. Tested
	Positive
	Negative
	Seropositivity % (95% CI)





	Arad
	79
	4
	75
	5.1 (0.2–9.9)



	Bihor
	84
	12
	72
	14.3 (6.8–21.8)



	Caraș-Severin
	149
	27
	122
	18.1 (11.9–24.3)



	Hunedoara
	126
	21
	105
	16.7 (10.2–23.2)



	Timiș
	108
	23
	85
	21.3 (13.6–29.0)



	Total
	546
	87
	459
	15.9 (12.9–19.0)










 





Table 3. Species-specific distribution of seropositive animals according to county of origin.






Table 3. Species-specific distribution of seropositive animals according to county of origin.





	County
	Sheep Tested
	Sheep Positive n (%)
	Goat Tested
	Goat Positive

n (%)





	Arad
	61
	1 (1.6)
	18
	3 (16.7)



	Bihor
	71
	9 (12.7)
	13
	3 (23.1)



	Caraș-Severin
	124
	21 (16.9)
	25
	6 (24.0)



	Hunedoara
	104
	15 (14.4)
	22
	6 (27.3)



	Timiș
	91
	17 (18.7)
	17
	6 (35.3)



	Total
	451
	63 (14.0)
	95
	24 (25.3)
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