


The Epidemiology and Clinical Burden of Q Fever in Saudi Arabia: Insights from Human and Animal Studies


Abstract
Background: Coxiella burnetii, the agent of Q fever, is a neglected but emerging zoonosis in Saudi Arabia, affecting both humans and animals. Despite sporadic reports, a comprehensive synthesis of epidemiology, clinical burden, diagnosis, and public health relevance remains lacking. 
Aim: This review aims to investigate the epidemiology and the burden of Q fever in Saudi Arabia and to propose control and prevention measures that could be applied in the region.
Methods: We conducted a narrative review of published literature describing human and animal infections in Saudi Arabia, integrating epidemiological studies, clinical case reports, diagnostic approaches, and outbreak investigations. Sources included seroprevalence surveys, case series of endocarditis, molecular detection in livestock, wildlife, ticks and public health screening initiatives across the country.
Results: Findings reveal widespread seropositivity in domestic and wild ruminants, with camels, sheep, and goats frequently implicated. Human cases range from acute febrile illness to chronic endocarditis, often in high-risk populations. Molecular diagnostics (e.g., PCR) and serological assays (IFA/ELISA) enhance detection but remain inconsistently applied. Major diagnostic delays and underreporting suggest true incidence may be substantially underestimated. Notably, few coordinated One Health surveillance programs exist, and veterinary–public health integration is in early stages.
Conclusions: Q fever represents a significant but underrecognized public health threat in Saudi Arabia. Enhanced surveillance in livestock, clinician awareness, and standardised diagnostics are essential. A One Health approach, integrating animal and human health systems, is recommended to improve detection, control, and prevention of Q fever in the region.
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Introduction 

Q fever is a globally distributed zoonotic disease caused by Coxiella burnetii, an obligate intracellular, Gram-negative bacterium (Maurin and Raoult, 1999). Domestic ruminants—including cattle, sheep, and goats—along with pets, serve as the primary reservoirs for human infections. Transmission occurs mainly through the inhalation of contaminated aerosols or dust originating from the placenta, amniotic fluid, milk, urine, or faeces of infected animals, particularly during parturition (Angelakis and Raoult, 2010). While C. burnetii can infect a broad range of hosts—ranging from mammals like rodents, primates, and livestock to non-mammalian species such as birds, reptiles, and amphibians—domestic animals remain the most significant source of human exposure (Parker et al., 2006).
[bookmark: _GoBack]The organism was first identified in 1935 by researchers in the United States who isolated it from Dermacentor andersoni ticks (Davis and Cox, 1938; Dyer, 1938), and independently by Australian scientists investigating an outbreak of unexplained fever among abattoir workers, thus coining the term "Query (Q) fever" (Derrick, 1937). The pathogen later proved to be the same in both investigations. Today, Q fever is recognised globally, with the exception of New Zealand (Hilbink et al., 1993). The organism  is  shed  through birth  products,  vaginal  fluids,  urine,  feces,  and milk  After  calving  or  parturition (Priyantha, 2021). 
C. burnetii preferentially inhabits macrophages and is capable of massive replication in the placenta and reproductive tissues of infected animals. Although animals typically show no clinical symptoms, the pathogen is shed in large quantities during birthing events and can persist in the environment due to its resistance to heat, desiccation, and disinfectants (Maurin and Raoult, 1999). Two antigenic phases characterise C. burnetii: Phase I (highly infectious) and Phase II (attenuated through laboratory passage) (Marrie, 1995).
Transmission to humans occurs primarily via inhalation of airborne contaminated particles during parturition or from dust contaminated with animal excreta (Welsh et al., 1958; DeLay et al., 1950). Other less common routes include ingestion of unpasteurized dairy products, tick bites, and rarely, human-to-human transmission (Fishbein and Raoult, 1992; Milazzo et al., 2001). Large-scale outbreaks have been associated with abattoirs, farms, and areas downwind of infected livestock facilities (Hawker et al., 1998; Tissot-Dupont et al., 1999).
The infectious dose for humans is extremely low, with reports suggesting that even a single organism can cause infection (Tigertt et al., 1961). Contaminated clothing and laboratory environments have also been implicated in transmission (Oliphant et al., 1949; Pike, 1976, 1979).

Clinical Symptoms

In humans, Coxiella burnetii infection may present as either an acute or chronic illness, each with distinct clinical manifestations (Raoult and Marrie, 1995).
Acute Q fever typically manifests as a self-limiting, flu-like illness, characterised by the sudden onset of high-grade fever, severe headache, myalgia, weight loss, cough, or atypical pneumonia. Hepatitis may also occur, particularly in endemic regions (Maurin and Raoult, 1999). Without treatment, fever usually lasts 1 to 3 weeks; however, in a minority of cases, prolonged fever may persist beyond this period (Marrie, 1990).
In contrast, chronic Q fever often arises months to years following either symptomatic or asymptomatic acute infection. It most commonly presents as endocarditis, particularly in individuals with underlying valvular or vascular abnormalities. Other chronic manifestations include vascular infections, chronic hepatitis, osteomyelitis, osteoarthritis, and chronic pulmonary infections (Maurin and Raoult, 1999; Fenollar et al., 2001). If left untreated, Q fever endocarditis is invariably fatal, whereas acute Q fever has a mortality rate of less than 2% (Rolain et al., 2005).
Diagnosing Q fever remains challenging due to the nonspecific nature of symptoms, especially in acute cases. As a result, the condition is often misdiagnosed or overlooked by clinicians unfamiliar with its presentation. In endocarditis cases, surgery is required in 15% to 73% of patients, with mortality rates ranging from 5% to 65% and a high relapse rate if not adequately treated (Million et al., 2013).
In animals, infection is typically subclinical. Nonetheless, reproductive complications such as low birth weight or abortion may occur, particularly in ruminants (Marrie, 2007).
Serologically, acute Q fever is characterised by elevated phase II antibodies, while chronic Q fever is associated with high levels of phase I antibodies (Maurin and Raoult, 1999). The indirect immunofluorescence assay (IFA) is the most widely used and reliable serologic method for diagnosing Q fever in clinical practice (Anderson et al., 2013).

Diagnosis

A variety of serological and molecular techniques are available for the diagnosis of Coxiella burnetii infection in both humans and animals. These include traditional serological methods such as complement fixation (CF), micro-agglutination (MA), capillary agglutination (CA), enzyme-linked immunosorbent assay (ELISA), and indirect immunofluorescence assay (IFA)—each differing in sensitivity, specificity, and diagnostic utility.
Historically, the micro-agglutination test was widely used and regarded as both sensitive and specific for detecting acute Q fever (Kazar, 1981), though it required large quantities of antigen. The capillary agglutination test, a simplified alternative to CF, demonstrated comparable sensitivity and specificity but has been used more often in animal surveys than in human diagnostics (Luoto, 1953).
Currently, IFA and CF remain the most commonly employed assays for diagnosing acute Q fever, with IFA being the gold standard due to its high sensitivity and ability to differentiate between phase I and phase II antibody responses (Maurin and Raoult, 1999; Fournier, 1998; Anderson et al., 2013). ELISA also offers reliable sensitivity and is frequently used in animal surveillance.
In recent years, molecular techniques such as polymerase chain reaction (PCR) have gained prominence for the detection of C. burnetii DNA due to their superior sensitivity, specificity, safety, and rapid turnaround time (Guatteo et al., 2007; Berri et al., 2003; Ongor et al., 2004; Spyridaki et al., 2002). These molecular assays are especially valuable in the early phase of infection, when antibodies may not yet be detectable.
A notable advancement is the development of loop-mediated isothermal amplification (LAMP) assays, which enable rapid and accurate detection of C. burnetii by targeting the repeated IS1111a sequence within the htpAB gene (Pan et al., 2013). This method is particularly useful in field settings or low-resource environments.
In veterinary diagnostics, C. burnetii infection is often identified through fixed impression smears of placental tissue stained using techniques such as Stamp, Gimenez, or Machiavello. ELISA is the preferred serological method due to its higher sensitivity, although it does not distinguish between animals actively shedding the pathogen and those merely exposed. PCR-based assays now play a crucial role in identifying shedders and asymptomatic carriers in livestock populations (Angelakis and Raoult, 2010; Epelboin et al., 2023).
Given the asymptomatic nature of infection in many animals and the zoonotic potential of C. burnetii, it is critical to employ highly sensitive molecular tools—especially PCR—to detect and control the spread of the bacterium within and between animal and human populations.

Q Fever in Saudi Arabia

Although Q fever has long been recognised as a public health concern in Saudi Arabia, comprehensive epidemiological data on its prevalence in both humans and animals remain limited. Early seroepidemiological surveys suggested that Coxiella burnetii was hyperendemic in parts of the Kingdom. A landmark study by Lippe et al. (1966) found that 8.4% of residents over the age of five in the Riyadh region had antibodies to C. burnetii. More recent evidence from Almogren et al. (2013) revealed that 35.2% of patients presenting with pyrexia of unknown origin (PUO) at King Khalid University Hospital in Riyadh were seropositive for C. burnetii, compared to only 4% of healthy controls, highlighting the continued presence of the disease.
The first documented case of Q fever endocarditis in Saudi Arabia occurred in 1979 in a 19-year-old woman with rheumatic heart disease who had previously undergone aortic and mitral valve replacement (Ross et al., 1983). Despite sterile cultures, chronic Q fever endocarditis was confirmed serologically one year later, based on strongly positive phase I and II titers (>1:5000). The case exemplified the classical presentation of Q fever endocarditis: indolent fever, hepatosplenomegaly, negative blood cultures, and elevated anti–C. burnetii antibodies in a patient with prosthetic heart valves.
Subsequent cases have continued to emerge, further affirming the disease's endemicity in Saudi Arabia. In 1997, Al-Hajjar et al. reported the case of an 11-year-old boy with persistent fever and fatigue; the diagnosis of Q fever endocarditis was confirmed via isolation of C. burnetii from the aortic valve. In 2007 and 2012, Angelakis et al. described two additional cases: a 45-year-old man with pneumonia and endocarditis, and a 13-year-old boy with congenital heart defects and a prosthetic pulmonary valve. Both patients had serological confirmation of Q fever despite negative PCR results on blood samples.
In a larger-scale investigation, Elzein et al. (2019) conducted a retrospective study at Prince Sultan Cardiac Centre, analysing infective endocarditis cases from 2009 to 2018. Among 234 patients with blood culture-negative endocarditis, 19 (8.1%) were diagnosed with Q fever endocarditis. Nearly all had underlying congenital heart disease, and more than half had undergone implantation with bovine jugular vein grafts (e.g., Melody or Contegra valves). Most cases responded well to standard treatment with doxycycline and hydroxychloroquine, though two patients died months later from undetermined causes.
More recently, Alzahrani et al. (2019) reported a case of Q fever endocarditis in a three-year-old child with multiple congenital heart defects. The diagnosis was based on clinical presentation and serologic evidence, despite persistently negative blood cultures. Similarly, Alabdely et al. (2020) described a unique case involving a 22-year-old woman with systemic lupus erythematosus (SLE) and antiphospholipid antibody syndrome (APS). Five years after receiving a bioprosthetic mitral valve for Libman–Sacks endocarditis, she presented with obstructive prosthetic valve dysfunction. PCR testing of excised valve tissue confirmed C. burnetii, and serologic titers were strongly positive. Following valve replacement, she remained stable during 12 months of follow-up.
In patients presenting with prolonged fever or blood culture-negative endocarditis—particularly those with congenital heart disease or prosthetic heart valves—Q fever should be considered a differential diagnosis, especially in endemic regions such as Saudi Arabia.

Q Fever in Livestock and Wildlife in Saudi Arabia

Evidence indicates that Coxiella burnetii is not only endemic in the human population of Saudi Arabia but also widely distributed among various domestic and wild animal species, suggesting a substantial zoonotic risk.
The first documented detection of C. burnetii in animals in Saudi Arabia was reported by Gelpi (1966), who identified the pathogen in sheep and goats, as well as in a recently imported dairy cattle herd. Notably, the cattle had tested negative upon arrival but later became infected, indicating local (autochthonous) transmission.
Hussein et al. (2008) provided further serological evidence of widespread infection in camels, with 62% of 460 serum samples testing positive by ELISA. Expanding their investigation, Hussein et al. (2012) reported varying seroprevalence in wild captive ruminants within the Riyadh region, including 18.3% in sand gazelles, 7.3% in mountain gazelles, and 46.9% in Arabian oryx. These findings suggest that both domestic and wild ruminants may act as reservoirs for C. burnetii, facilitating its maintenance in the environment.
Mohamed et al. (2014) further investigated C. burnetii DNA in various clinical specimens from camels, goats, cattle, and sheep. The highest positivity rates were observed in faeces (40.8%) and urine (23.8%), with DNA detected in camels, goats, and cattle, but notably not in sheep. These results reinforce the potential role of camels as major contributors to environmental contamination and disease spread.
A large-scale cross-sectional study by Jaralnabi et al. (2018) investigated 1,970 serum samples from camels, cattle, sheep, and goats across multiple regions in Saudi Arabia using ELISA. The overall seroprevalence of Coxiella burnetii was 30.7%, with the highest rates observed in camels (51.5%), followed by goats (34.0%), cattle (30.7%), and sheep (12.4%). Seroprevalence varied significantly based on species, age, and geographic location, with adult animals showing markedly higher rates of exposure than juveniles. Agreement between ELISA and IFA results was strong in camels and cattle but weaker in sheep and goats. In a related earlier study, Abdelrahman et al. (2014)—presumably the same lead author under a different name—confirmed C. burnetii exposure in these animal species using PCR, detecting bacterial DNA in 8.7% of camel blood samples and 1.3% of goat samples. Moreover, camels were identified as significant shedders of C. burnetii, with the pathogen detected in faeces (27.6%), urine (23.8%), blood (15.9%), and milk (6.5%), highlighting their central role in the epidemiology and transmission dynamics of Q fever in Saudi Arabia.
In a more recent seroepidemiological survey, Aljafar et al. (2020) examined 1,310 serum samples from goats, cattle, and sheep. The overall seroprevalence was 9.2%, with the highest rates in goats (15.6%), followed by cattle (9.1%) and sheep (5.8%). Goats were found to be 2–3 times more likely to be infected than cattle or sheep. Older animals (>1 year) had a 23-fold higher risk of infection compared to younger animals. These findings suggest that ruminants, particularly goats, pose a significant risk for environmental contamination and zoonotic spillover, not only in Saudi Arabia but potentially across the broader Arabian Gulf region.
In Makkah Province, a recent molecular study by Baroom et al. (2024) detected C. burnetii DNA in 2.5% of animal samples from abortion cases, with the highest rates in camel blood and vaginal swabs. Among ticks, Hyalomma dromedarii showed infection rates of 6.7% in Makkah and 5% in Jeddah, underscoring the potential for vector-borne transmission in the region.
Additionally, a study by Alotaibi et al. (2022) in Jazan examined C. burnetii infection in six rodent species using PCR assays. The bacterium was detected in 17.5% of samples by IS1111 PCR and in 16.6% by nested Com1 PCR. Phylogenetic analysis revealed four haplotypes, with one predominant type (H2) present in all rodent species and across 18 locations. These findings suggest that rodents may act as wildlife reservoirs, further complicating control efforts.

Conclusion

Despite the scarcity of comprehensive surveillance data, the available evidence clearly indicates that Coxiella burnetii is endemic in both human and animal populations in Saudi Arabia. When considered alongside data from neighbouring countries, this supports the hypothesis that Q fever is likely endemic across the Arabian Peninsula.
Regions characterised by close human–animal interactions, such as Najran and rural livestock areas, are likely to have a higher incidence of Q fever. Additionally, sites where imported animals congregate—such as ports of entry, quarantine stations, and livestock distribution hubs—pose a heightened risk for horizontal transmission, both locally and regionally. These high-risk zones require targeted surveillance, biosecurity measures, and effective disease control protocols.
The presence of a diverse tick fauna in Saudi Arabia also raises concerns about the potential role of ticks in maintaining and transmitting C. burnetii among wild animals, potentially establishing a persistent enzootic cycle. Although this ecological relationship remains poorly understood, it warrants further investigation through focused entomological and molecular epidemiological studies.
As diagnostic capabilities continue to improve, it is likely that additional human cases of Q fever—particularly those presenting as febrile illness or blood culture-negative endocarditis—will be detected. The growing body of literature emphasises the importance of including Q fever in differential diagnoses, particularly in high-risk groups such as individuals with congenital heart disease, prosthetic valves, or occupational exposure to livestock.
To advance the understanding and control of Q fever in Saudi Arabia, multidisciplinary research and surveillance efforts( One Health approach) are urgently needed. Priorities should include:
Estimating the true prevalence and geographic distribution of C. burnetii infections in humans and animals;
Clarifying transmission dynamics, including the role of domestic and wild animal reservoirs;
Characterising clinical syndromes, particularly chronic Q fever and endocarditis;
Identifying and monitoring high-risk populations and settings;
Enhancing laboratory diagnostics, including the routine use of molecular tools and serology;
Implementing preventive measures through veterinary public health, including vaccination, biosecurity, and tick control.
The insights gained from such efforts will be essential for designing effective public health strategies to reduce the burden of Q fever and mitigate its impact on both human and animal health across Saudi Arabia and the wider region.
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