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Coxiella burnetii (Q-fever)  
HANSSEN D, SCHNEEBERGER P, PETIT P

THE MICRO-ORGANISM AND ITS CLINICAL PRESENTATION
Q-fever is a worldwide zoonosis caused by an infection with Coxiella 
burnetii (C. burnetii). C. burnetii is a Gram-negative intracellular bacte
rial pathogen related to Legionella pneumophila. It multiplies in 
phagolysosomes (monocytes and macrophages) of infected cells. The 
bacterium shows antigenic variation related to mutational variation in 
its lipopolysaccharide. This phase variation results in the growth of two 
different morphological types: the large-cell variant (LCV), phase I, and 
the small-cell variant (SCV), phase ll. The large-cell variant (phase l) is 
the metabolically active and infectious form found in chronic infections. 
The small-cell variant (phase II) is less virulent, occurs in the acute 
infection, and is released during the lysis of infected cells resulting in 
spore-like forms in the environment. This antigenic shift is used for the 
serological difference between acute and chronic Q-fever [Fournier 
1998]. Humans are primarily infected by inhaling contaminated aerosols 
[Marrie 1990]. Q-fever has an average incubation period of two weeks 
(range 2 to 29 days). Most primary C. burnetii infections remain asympto-
matic (60%). Symptomatic acute infections present as a non-specific 
influenza-like illness (25%), pneumonia (25%), hepatitis (45%) [Melenotte 
2018] with fever (88-100%) and severe headache (68-98%) in adults 
[Anderson 2013] and gastrointestinal symptoms (50-80%) with a skin 
rash (50%) in children. In the Netherlands, 1.3% of community-acquired 
pneumonia is caused by C. burnetii [Braun NTVG 2004].

COMPLICATIONS
Several months to years after the primary infection, irrespective of 
whether this primary infection was symptomatic or asymptomatic, a 
chronic form of Q-fever develops in about 1% of patients due to the 
persistence of the bacteria [Schneeberger 2014]. Complications of 
chronic Q-fever can be severe and mainly comprise of endocarditis and 
vascular infections. Endocarditis occurs in about 35%-75% of persistent 
infections. Vascular infection occurs in around 19%-57% of chronic 
Q-fever cases [Tissot-Dupont 2007, Million 2010, Kampschreur 2014]. The 
prognosis of vascular infections is much worse than endocarditis [Million 
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2015]. Other less frequent Q-fever complications include osteoarticular 
infection, cholecystitis, thrombosis, pregnancy-related complications, 
lymphadenitis, meningoencephalitis, pericarditis, myocarditis, eye 
involvement, interstitial lung disease, giant cell arteritis, and 
hemophagocytic syndrome. Q-fever has recently also been associated 
with the development of lymphoma [Melenotte 2018, Million 2014]. A 
post-Q-fever fatigue syndrome (PQffs), which is characterised by 
persistence (> one year) of fatigue, pulmonary disorders, and impairment 
of general and social functioning, develops in approximately 20% of 
patients, however without evidence of persistence of the infection by C. 
burnetii [Morroy 2016]. Complications are severe and underestimated in 
immunocompromised patients and patients with valvular abnormalities 
or valvular/vascular prostheses [Melenotte 2016].

EPIDEMIOLOGY
C. burnetii is distributed worldwide and is transmitted to domesticated 
animals such as sheep, goats, cattle, cats, and dogs [Aitken 1987, 
Webster 1995]. Sporadic cases, as well as outbreaks, may occur. Humans 
can be infected through contaminated aerosols released in high 
concentrations during the parturition of infected goats and sheep 
[Benenson 1956]. Amniotic fluid and placental tissue contain high 
numbers of bacteria [Abinanti 1953]. Infection is an occupational hazard 
if working in proximity to animals or animal products (farmers, 
veterinarians, abattoir workers, animal handlers). Studies carried out 
on the role of consumption of infected raw dairy products are 
inconclusive [Aitken 1987, Benson 1963, Krumbiegel 1970]. However, 
consuming raw milk and raw milk products contaminated with  
C. burnetii has been associated with seroprevalence in humans, and 
some studies report infection after consuming contaminated raw milk 
[Maltezou 2004, Signs 2011]. Therefore the risk of C. burnetii infection by 
consuming unpasteurized milk and dairy products may not be negligible. 
Case reports of person-to-person transmission and vertical trans-
mission have been described, as well as transmission through sexual 
intercourse, blood transfusion, and organ or bone marrow trans-
plantations [Deutsch 1950, Raoult 1994, Maurin 1999, Kanfer 1988]. 
C. burnetii can survive for long periods in the environment and is 
resistant to disinfectants and dehydration [EFSA 2010]. Airborne 
transmission is the most powerful predictor for observed human 
Q-fever incidence rates. Vegetation, soil moisture, and arable land are 
risk factors for the transmission of C. burnetii [Leuken 2016]. The 
infectious dose for 50% human illness (ID50) is about 1.18 bacteria 
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exposure [Brooke 2013]. Infections with C. burnetii are most often 
described in the 45-64 years age group, followed by those aged 25-44 
and those aged over six years old. Men are more often infected than 
women. An increased incidence is observed during summer due to the 
spring lambing season [EFSA 2010].
Patients with cardiac valve defects, aneurysms, and vascular anomalies 
or prostheses are more at risk of developing chronic Q-fever 
[Kampschreur 2012]. These patients need to be checked for chronic 
Q-fever with serology, PCR, transthoracic echocardiography (TTE) or 
PET scan whenever clinical suspicion or inexplicable symptoms occur.  
Men aged over 40 years with valvulopathies are especially at risk of 
progression to chronic endocarditis [Million 2013].

DIAGNOSTIC TESTING
Clinical, bacterial and serological course is depicted in figure 1.

Techniques 
•	 	CULTURE: only positive in 15% of acute Q-fever patients. Special 

media and conditions are necessary, with laborious techniques that 
require working in biosafety level 3 conditions (highly infectious).  

•	 	PCR: C. burnetii DNA can be detected in blood up to 17 days after the 
onset of clinical signs and symptoms. PCR has high sensitivity and 
specificity for diagnosing acute Q-fever [Schneeberger 2010, Wielders 
2013] in serum and tissue, but sensitivity is very low on sputum/
throat samples. In chronic Q-fever, PCR is less sensitive [Wegdam-
Blans 2012, Fenollar 2004] (see table 2). 

•	 	SEROLOGY: Because most samples will not be collected within two 
weeks after the first day of illness, in which C. burnetii DNA is still 
detectable, the diagnosis of recent Q-fever is mainly based on 
serology. 

•	 IFA (indirect immunofluorescence assay), ELISA (enzyme-linked 
immunosorbent assay), and CFA (complement fixation assay) are all 
suitable serodiagnostic assays for diagnosing acute Q-fever with 
comparable sensitivities and specificities [Herremans 2013]. CFA 
combines IgM and IgG antibodies. ELISA, IFA and CFA can detect IgM 
and IgG separately, and recognise the different phases of Q-fever 
(phases I and II). IFA is considered the reference method of laboratory 
diagnosis of Q-fever but is very labour intensive and subjective but 
essential in epidemiological studies and differentiation of the two 
phases of Q-fever (see table 2). ELISA can be an alternative for 
screening large sample numbers.  
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• Depend on virulence/routes of infection/inoculating dose
• Strong regional variation

CLINICAL, BACTERIAL AND SEROLOGICAL COURSE AFTER COXIELLA BURNETII INFECTION

FIGURE 1.

[Clinical features: Marie 1990, 
Schneeberger 2014, Melenotte 
2018. Bacteriology: 
Schneeberger 2010, Wielders 
2013, Fellonar 2004, Wegdam 
Blanes 2012. Serology: 
Herremans 2013, Focus Diagn. 
2011, Hoek 2011, Raven 2012, 
Wielders 2015, Wielders 2013, 
Marmion 1999.]

•	 Rise IgM II and IgG II = acute Q-fever (confirm: PCR/seroconversion).
•	 Rise IgG I = chronic Q-fever (confirm: PCR).
•	 IgM persists long - has very low P.P.V. - must be confirmed with 

PCR or IgG conversion + in accordance with clinical picture/date 
of onset.

• 	 All patients with acute Q-fever: check after 1 year for chronic 
Q-fever.

• 	 Check risk groups frequent for chronic Q-fever (serology/TTEC, 
ECG, Pet scan, PCR) and patients with IgG phase I ≥1/512.

so
ur

ce
: w

ww
.se

ro
lo

gy
-e

du
ca

tio
n.

co
m



6

•	 Analysis of IgM phase I/II and IgG I/II makes it possible to identify the 
various stages of Q-fever infection (see figure 1 and table 1). 

•	 IGRA: There is always a small number of patients (1.1% four years after 
infection [Wielders 2015]) who will test negative some time after the 
infection. IGRA (whole blood “interferon y release”) is then a more 
sensitive marker than antibody response [Scholzen 2021].

PRACTICAL USE OF SEROLOGY
There are 2 groups of patients: patients who develop an acute Q-fever 
infection, and patients who are at risk for a complicated Q-fever 
infection (see also algorithm figure 2).  

Screening
To test for Coxiella burnetii-specific antibodies to establish infection 
dependent or independent of symptoms, an IgG II test is sufficient, and 
will be positive in the acute (high titre) and in the chronic (low titre) 
phase (see figure 1) [Dupont 1994] for years up to lifelong. There is much 
discussion in low endemic areas about screening in risk groups. Risk 
groups are people with aortic aneurysms, endovascular protheses and 
heart-valve surgery [Wielders 2013], and also goat-keepers (Australia) 
and in some countries pregnant women (France). In high endemic areas 
or countries, it could be justifiable to screen only patients with FUO or 
endocarditis of unknown cause [Wielders 2013]. 

Suspected infection in immunocompetent patients
ln the acute phase of Q-fever (first two weeks) PCR is the most sensitive test. 
After two weeks C. burnetii DNA declines. Even then PCR may to be done 
but serology has to be added for sensitivity and to prove the phase (I or 
II) and kind of Immunoglobulins (IgM and IgG) for the diagnosis of acute 
or chronic Q-fever. Serological acute Q-fever is diagnosed by detecting 
IgM phase II, and/or seroconversion or a significant rise in titre of IgG. A 
solitary IgM phase II has a low positive predictive value for acute 
Q-fever due to the long persistence of IgM phase II antibodies [Raven 
2012]. This is the case in endemic areas or after an epidemic period, and 
always needs to be confirmed by additional testing (IgG) and if possible 
PCR.  A titre rise in IgG II is relevant in acute phase and stays positive for 
years up to  lifelong. IgG I appears later in infection!
ELISA and IFA measuring IgG phase II can detect seroconversion 10 to 15 
days post-infection [Maurin 1999]. However, due to the rapid time to 
peak, a significant rise in titre is rarely measured in paired serum 
samples [Wielders 2015]. 
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FIGURE 2.

TEST ALGORITHM Q-FEVER PATIENTS
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• risks**

* suspect symptoms: pneumonia with hepatitis/severe headache/rash in endemic area
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     abatoire workers/immumocompromised
*** suspect prolonged fever/symptoms: in endemic area/risk groups = suspect chronic Q-fever
**** • high probability: high endemic area/risk groups 
        • low probability: low endemic area, no reaction to treatment (for pneumonia or endocarditis), 	
          all laboratory results for microbes are negative
***** s.s. =serum sample

[Raoult 1994, Maurin 1999, Kampschreur 2012, Milion 2013, Todkill 2018].
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Screening for aortic aneurysms must be considered in all positive 
Q-fever patients because of the high risk for the development of 
complications [Eldin 2017].

Suspected chronic infection in immunocompromised patients
Acute Q-fever patients should be serologically screened at least once 
during the first year following acute infection [Wielders 2013]. Yearly 
follow-up is recommended for patients without risk factors having an 
initial IgG phase I titre above 1:512 and for patients with known risk 
factors for chronic Q-fever (see complications). Diagnosis of chronicity 
is associated with the titre of IgG I (phase one response) which is a 
better marker than IgG    II. In patients with proven endocarditis or 
vascular infection, chronic Q-fever must be excluded or confirmed by 
combined serology and PCR (PCR+ and/or positive serology IgG phase I 
≥1:1024) [Hoek vder 2011]. However, the sensitivity of PCR in chronic 
Q-fever is suboptimal (50-60%). A probable chronic Q-fever infection is 
diagnosed in cases with a solitary positive IgG phase I ≥1:1024 in 
patients with risk factors or symptoms such as vasculopathy, vascular 
aneurysm, hepatitis, osteomyelitis, signs of chronic infection, 
lymphadenitis, histological signs of granulomatous disease, immune 
disorder, or pregnancy (sensitivity nearly 100% and PPV 98% ). Early 
detection of chronic Q-fever is essential for timely treatment since 
chronic Q-fever leads to complications in up to 60% of patients and has 
15% mortality [Million 2010, Roeden van 2018]. In culture negative 
endocarditis, TTE and alpha-Cardiolipin IgG (alphaCl) are strong 
indicators for Q-fever endocarditis in France [Melenotte 2018].

Post-Q-fever fatigue syndrome (PQffs)
There are no bacteriological tests or other tests that can be used to 
diagnose Q-fever-related chronic fatigue and long-term suspicious 
symptoms. 
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	Method	Q-fever	 Sens/spec	 IgM II	 IgM I	 IgG II	 IgG I 

	 IFA	 Acute	 Sensitivity	 31.8-100%	 60-100%	 97.7-100%	 87.2-93%
			   Specificity	 95-100%	 64.7-100%	 96-100%	 90-100%
			   PPV	 65%			 
		  Chronic	 Sensitivity	 0%	 0%	 100%	 81%
	Elisa	 Acute	 Sensitivity	 19.7-93.1%%		  50-100%	 67%
			   Specificity	 97.6-100%		  100%	 100%
			   PPV	 51%			 
		  Chronic	 Sensitivity	 0%		  13%	 0%
	 CF	 Acute	 Sensitivity			   100%	 61%
			   Specificity			   95%	 95%
		  Chronic	 Sensitivity			   67%	 17%
	 PCR	 Acute	 Sensitivity  	 92.2-98%
			   Specificity  	 98.9-100%				  
		  Chronic	 Sensitivity  	 50-60%				  

TABLE 2.

SENSITIVITY/SPECIFICITY OF DIFFERENT TECHNIQUES FOR DIAGNOSIS OF ACUTE/CHRONIC Q FEVER

[Focus 2011, Raven 2012, Marmion 1999, Herremans 2013, Hoek 2011, Todkill 2018, Wielders 2015, 
Wegdam-Blans 2014, vderHoek 2012, Meekelenkamp 2011, Slaba 2005, Dangel 2020].

TABLE 1.

	IgM phase I	 IgM phase II	 IgG phase I	 IgG phase II	 Interpretation 

		  ≥ 1/16			   Possible acute Q  
					     fever* Repeat 
	 <	 <	 <	 <	 No sign of infection* 		
					     Repeat
			   ≥ 1/1024		  Suggestive of chronic 	
					     Q fever
	 <	 <	 <	 ≥ 16	 Past infection* Repeat 
			   < 1/16		  No sign of chronic  
					     Q fever

INTERPRETATION OF SEROLOGY FOR COXIELLA BURNETII

* if clinical symptoms exist <2 weeks it is advisable to perform PCR on respiratory material.

[Aitken 1987, Wegdam-Blans 2012 JID, Wielders 2013, Wielders 2015, Wegdam-Blans 2012].

INTERPRETATION OF SEROLOGY

SENSITIVITY AND SPECIFICITY
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Follow-up serology: 	
•	 	If all results are the same asthe first serum: no sign of infection.
•	 	If there is a significant rise in any titre, it is suggestive of recent 

infection. 
Results acute and chronic Q-fever with IFA, ELISA, and CF are presented 
in table 2.

PITFALLS
•	 	Ticks are known to harbor C. burnetii and may act as vectors to 

transmit the bacterium to wildlife. Ticks also frequently carry 
Coxiella-like bacteria. These Coxiella-like bacteria are not transmitted 
to other animals. When ticks are screened for C. burnetii, Coxiella-like 
bacteria can yield false positive C. burnetii PCR results [WegdamBlans 
2012]. 

•	 	Serologic cross-reactions have been described between C. burnetii 
and Legionella spp., Bartonella spp, Ehrlichia spp., and Rickettsia 
rickettsia [Maurin 1999, Graham 2000]. Pregnancy and an acute 
Epstein-Barr virus infection also can cause false-positive test results 
[La Scola 1996, Musso 1997].

•	 	Immune activation by Q-fever also causes cross-reactions with other 
laboratory tests for autoimmune and infectious agents (HIV, Brucella).

•	 See also general chapter "Pitfalls".
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