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Unprecedented outbreaks of Q fever in the 
Netherlands, 2007-2010

In May 2007, a medical microbiologist in the south of the Netherlands alerted the 
public health service about two patients with severe pneumonia that had not 
responded well to antibiotic treatment. A few days later, a general practitioner (GP) 
from Herpen, a small rural village (2,910 inhabitants) in the province of Noord-Brabant, 
reported an unusually high number of pneumonia cases among adults in his practice 
(Isken et al. 2009; Besselink 2010). In a 10-day period, nine patients presented to 
the GP practice with severe flu-like symptoms (headache, fever, muscle pain, cough, 
and shortness of breath). Six of the nine patients were admitted to hospital with 
suspected pneumonia. A few days later a second GP from a nearby village reported 
a similar outbreak and this led to a further investigation of the cases. The situation 
received media attention with newspaper headings such as “Mysterious epidemic 
hits village in Brabant”. In consultation with the municipal health service and the 
regional medical microbiology laboratory, serological samples were collected.  An 
outbreak of Mycoplasma pneumoniae was suspected as several samples tested 
positive for antibodies against M. pneumoniae. Eventually, in a 6-week period, 
almost 100 patients from Herpen were diagnosed with a lower respiratory tract 
infection. Testing was intensified and results showed that the majority of patients 
had a positive serology for Coxiella burnetii, the bacterium that causes Q fever. It is 
possible that IgM antibodies against M. pneumoniae were elevated because of the 
strong general immune response induced by C. burnetii (Vardi et al. 2011). 

The initial 2007 outbreak described by van Steenbergen et al. (2007) and 
Karagiannis et al. (2009) was the start of an exceptionally large epidemic of Q fever 
in the Netherlands that resulted in more than 4,000 notified patients (Figure 1.1). 
Updates on the Q fever epidemic were provided by Schimmer et al. (2008; 2009), 
van der Hoek et al. (2010a), and Roest et al. (2011a). In 2007, it was suspected that 
dairy goats might be implicated in the outbreaks but there were many questions 
to be answered, such as: the means of introduction of C. burnetii in the animal 
population, transmission within and between farms, pathogen characteristics, risk 
factors for human infection, clinical presentation in humans, possible complications 
of Q fever in risk groups such as pregnant women, and long-term effects of acute 
C. burnetii infection. A multidisciplinary group of researchers drafted a significant 
research agenda in the early stages of the epidemic. The present thesis investigates 
some of these research issues, with a focus on environmental risk factors for human 
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infection, the use of surveillance data and maps for monitoring the epidemic 
and for source detection, possible effects of C. burnetii infection on pregnancy 
outcome, and follow-up strategies for early detection of chronic Q fever. 

History of Q fever and its occurrence in the Netherlands 
until 2007

Q fever was first described in 1937 in Australia by Derrick among nine workers, of 
whom five worked in an abattoir in Brisbane. In his first report he called it Q [for 
query] fever “until fuller knowledge should allow a better name” (Derrick 1937). 
Within 10 years, the bacterium was described, reservoirs found, and the route of 
infection elucidated, but the name Q fever has persisted until today. The name 
of the causative bacterium, Coxiella burnetii reflects the almost simultaneous 
isolation of the organism by Australian and American researchers. Burnet’s isolates 
came from Derrick’s patients, while Cox identified bacteria from ticks collected 
near Nine Mile Creek in Montana. 

In Europe the first cases were recognised in Greece among German troops in the 
2nd World War. They called it “Balkangrippe” until it was identified as Q fever. Allied 
troops in the Mediterranean region were also affected and there were reports of Q 
fever among the general population in Bulgaria, Greece and Romania (Serbezov 
et al. 1999). In the 1950s, a comprehensive survey of the global distribution 
of Q fever was commissioned by the World Health Organization (WHO). The 
disease was found to exist in most countries where investigations were carried 
out, on five continents (Kaplan and Bertagna 1955). Notable exceptions were 
New Zealand, Ireland, the Scandinavian countries, and the Netherlands, where 
Q fever was “totally absent” according to Kaplan and Bertagna (1955). In the 
Netherlands, in the context of the WHO survey, thousands of sera from patients 
and from healthy workers in the meat processing and animal product industries 
were tested for antibodies against C. burnetii and all were negative (Wolff and 
Kouwenaar 1954). From 1954 onwards, more than 6,000 sera of patients with 
atypical pneumonia from all over the Netherlands were tested at a central 
laboratory. This programme was on the brink of being discontinued when in 
October 1956 the first three positive results were obtained (Dekking and Zanen 
1958). The three patients were described in detail by Westra et al. (1958). All three 
occurred in the city of Rotterdam but no epidemiologic association between the 
cases could be established. In 1958 and 1967, two more human Q fever cases 
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1
were described associated with the handling of imported wool (Jordans 1958; 
Terwindt and van Holten 1967). 

Q fever became a mandatory notifiable disease in the Netherlands in 1975, although 
it was a rare disease at that time (van Vliet 2009). From 1975 to 2006 the number 
of notifications ranged between one and 32 cases per year, with an average of 17 
cases per year. There were several indications that the disease was under-reported 
and underdiagnosed (van Gageldonk-Lafeber et al. 2003). Thirty-three of the cases 
notified between 1979 and 1983 were investigated more thoroughly (Richardus 
et al. 1984a). Twenty-two (67%) of these patients were probably infected in the 
Netherlands through contact with animals or animal products. In contrast to the 
low number of clinical cases detected, studies in the 1980s (Richardus et al. 1984b; 
1987; Houwers and Richardus 1987) show that seroprevalence among occupational 
risk groups such as veterinarians, taxidermists, and wool spinners was very high 
(ranging from 58% to 84%). A range of high seropositivity rates (14%–73%) was 
also found in control groups from the general population, including blood donors. 
The high seroprevalence among occupational risk groups discovered in the 1980s 
is in line with recent findings. However, a serological survey among the general 
population in 2006/2007, just before the 2007 outbreak shows a seroprevalence of 
only 2.4% (Schimmer et al. 2011). The basis for the discrepancy in seroprevalence 
in the general population between the 1980s and 2006/2007 is still unresolved. If 
transmission rates in the 1980s were high, then serological evidence of this should 
be evident in older age groups in recent serological surveys. Low specificity of the 
in-house developed immunofluorescence assay (IFA), combined with a low cut-off 
may have inflated the seroprevalence rates of the studies from the 1980s. 

It seems that most knowledge on transmission of C. burnetii was obtained in the 
first 10–20 years after discovery of the agent. No great developments can be noted 
in the last 50 years or so despite all the advances in the biomedical sciences. A 
review of the published literature in PubMed shows that many recent publications 
are reviews, often referring to other reviews, with relatively few original research 
studies. A case in point is the authoritative review by Maurin and Raoult (1999) which 
was referred to in 570 other publications (Google Scholar, accessed 7 December 
2011), thereby illustrating the achievements of just one centre of excellence (the 
French National Reference Centre for Rickettsial Diseases in Marseille) and the 
lack of substantial and sustained research by other institutes. The limited progress 
in Q fever research is also illustrated by the number of articles published in the 
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scientifi c literature. Figure 1.2 shows the annual number of publications on Q 
fever (PubMed search terms ‘Q fever’ or ‘Coxiella’) in relation to the total numbers 
of scientifi c publications that are archived in PubMed. While the total number of 
scientifi c publications shows a rapid increase over the years, the number of Q fever 
publications has not increased signifi cantly since the 1950s. 
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Figure 1.2. Q fever publications (right Y-axis) in comparison to all biomedical publications (left 
Y-axis) per year as archived in PubMed (United States National Library of Medicine at the National 
Institutes of Health). PubMed was accessed on 8 July 2011 and searched for publications with 
the terms ‘Q fever’ or ‘Coxiella’ in all fi elds.

Human Q fever outbreaks worldwide

During the period 1980–2007, 53 Q fever outbreaks were described in the 
international literature, with nine in Germany, six in France, and fi ve outbreaks 
each in England, Australia, Canada, and the United States. In half of these 
outbreaks sheep were identifi ed as the source, goats were identifi ed six times 
and smaller outbreaks involved a number of other animals, including cattle (EFSA 
Panel on Animal Health and Welfare 2010), domestic cats (Marrie et al. 1988), dogs 
(Buhariwalla et al. 1996), pigeons (Stein and Raoult 1999), and wild rabbits (Marrie 
et al. 1986). Recently, a large outbreak was described in an urban school in Israel 
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1
(144 laboratory confirmed cases), possibly transmitted through an air conditioning 
system (Amitai et al. 2010). To put the Dutch outbreaks into perspective, Table 1.1 
gives some of the largest recent outbreaks in Europe that were reported in the 
international literature and based on laboratory confirmed cases. Larger outbreaks 
have been described, especially from Eastern European countries, but these were 
not always laboratory confirmed and the proportion of patients which should be 
attributed to Q fever is uncertain. 

Table 1.1. Large human outbreaks of Q fever in Europe

Year Country Most-likely source No. of laboratory 
confirmed cases

Reference

1983 Switzerland sheep 415 Dupuis et al. 1987
1989 England unknown 147 Hawker et al. 1998
2003 Germany sheep 167 Porten et al. 2006
2004 Bulgaria sheep, goats 220 Panaiotov et al. 2009
2005 Germany sheep 160 Gilsdorf et al. 2008
2007 Netherlands goats 168 a

2008 Netherlands goats 1,000 a

2009 Netherlands goats 2,354 a

a National infectious diseases surveillance database ‘Osiris’

The first outbreak in the Netherlands in 2007 was unexpected, but outbreaks 
of similar size had been reported from other countries. What is striking is the 
unprecedented size of the 2008 and 2009 outbreaks in the Netherlands, in which 
goats rather than sheep were involved. 

The outbreaks in the Netherlands do not seem to have caused similar outbreaks 
in nearby countries such as Belgium, France and Germany. In the province of 
Limburg in Belgium, bordering the high incidence provinces of Noord-Brabant 
and Limburg in the Netherlands, C. burnetii is highly prevalent in livestock, but 
very few human Q fever cases are reported (Naesens et al. 2012). In Germany, 191 
patients were notified with acute Q fever in 2009 and 360 patients were notified 
in 2010, mostly related to 14 small outbreaks (Robert Koch Institute 2011). In 
all outbreaks in Germany in the last 10 years, sheep were implicated (Frank and 
Höhle 2011). Of interest is that the density of small ruminants is much higher in 
the Netherlands than in Germany. In the Netherlands in 2009, there were a total 
population of 374,184 goats (Roest et al. 2011a) and a total of 150,000 goats in 
Germany in the same year (Frank and Höhle 2011). There were 1.4 million sheep 
in the Netherlands and 1.2 million in Germany in 2007 (Frank and Höhle 2011). No 
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outbreaks were reported along the border with the Netherlands. The increased 
frequency of Q fever in France was explained by a combination of an increase in 
the disease, growing interest among physicians, better diagnosis in laboratories, 
and more complete data (Frankel et al. 2011). 

Extent of Coxiella burnetii infection in animals and humans

Q fever infection status of animals can be determined by testing blood (for the 
presence of antibodies against C. burnetii), milk (for antibodies or DNA of C. burnetii), 
or vaginal swabs (for DNA). At the herd level, pooled samples are used and in dairy 
sheep and dairy goat herds it is convenient to take samples from the milk storage 
tank on the farm (bulk tank milk [BTM] samples). Although there have been few 
well-designed prevalence studies undertaken to date, available data indicate 
that C. burnetii infection occurs in cattle, sheep and goats in all EU member states 
(EFSA 2010; EFSA Panel on Animal Health and Welfare 2010) and on all continents 
(Guatteo et al. 2010). Reported prevalence figures are on average between 15% 
and 30% and are slightly higher for cattle than for sheep and goats. When many 
animals are vaccinated such as in the Netherlands, serological surveys become 
irrelevant. In general, tests that examine shedding by animals are more useful 
than serological tests, as the presence of antibodies is not necessarily relevant for 
transmission between animals and from animal to man. However, there is a lack of 
data about shedding in small ruminants (Guatteo et al. 2010).    

Serological surveys have been conducted in several countries among occupational 
risk groups and the general population. The estimates are difficult to compare 
because of differences in sampling schemes, laboratory assays and cut-off values 
used. People who are occupationally exposed such as ruminant farmers and 
veterinarians have consistently high seroprevalence. The seroprevalence that 
was found in the Netherlands just before the first outbreak in 2007 was low in 
comparison to other European countries (ECDC 2010). During the epidemic 
in the Netherlands, no seroprevalence surveys were conducted in the general 
population but studies in specific groups in the affected area in the south of the 
country indicate that seroprevalence has increased considerably (Table 1.2).  
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Table 1.2. Results of recent Coxiella burnetii seroprevalence surveys in the Netherlands

Year Study population n % 
positive

Laboratory criteria Reference

2006/2007 General population 5,654 2.4 IgG II in ELISA ≥20 
U/ml (IgG II ≥1:32 in 
IFA on a subset)

Schimmer et al. 
2011

2006 Veterinary students 674 18.7 IgG II or IgG I ≥1:32 
in IFA

de Rooij et al. 2012

2007/2008 Pregnant women 
(high incidence 
area)

2,004 9.0 IgG II ≥1:64 in IFA Chapter 6 this 
thesis

2009 Blood donors (high 
incidence area)

543 12.2 IgG II ≥1:32 in IFA Hogema et al. 2011

2009 Pregnant women 
(high incidence 
area)

1,229 14.9 IgM II, or IgG II, or 
IgG I ≥1:32 in IFA

Munster et al. 
submitted 

2009 Livestock 
veterinarians

189 65.1 IgG I and II ≥1:32 or 
IgG II ≥1:512 in IFA

van den Brom et al. 
submitted

2009 Culling workers 
(pre-cull)

453 13.0 IgM II or IgG II ≥1:32 
in IFA

Whelan et al. 2011a

2009 Dairy goat farms:
- Farmers
- Family members

138
130

73.9
63.1

IgG II, IgG I, or IgM 
I+II ≥1:32 in IFA

Schimmer et al. 
submitted

2010 Sheep farmers and 
family members:
- Dairy farms 27 66.7

IgG II, IgG I, or IgM 
I+II ≥1:32 in IFA

de Lange et al. in 
preparation

- Non-dairy farms 271 51.3
2010 Dairy cattle farmers 755 72.1 IgG II, IgG I, or IgM 

I+II ≥1:32 in IFA
Schimmer et al. in 
preparation

2010 History of cardiac 
valve surgery (high 
incidence area)

666 20.4 IgG II or IgG I ≥1:32 
in IFA

Wever 2011

2010 History of aortic 
aneurysm or 
vascular graft (high 
incidence area)

319 21.3 IgG II or IgG I ≥1:32 
in IFA

Hagenaars et al. in 
preparation

2010 Pre-vaccination 
screening of 
cardiovascular 
risk groups (high 
incidence area)

1,718 10.3 IgG II or IgG I ≥1:32 
in IFA

Isken et al. 2011

ELISA: enzyme-linked immunosorbent assay. All surveys used the same commercial ELISA 
(Virion/Serion, Würzburg, Germany).
IFA: immunofluorescence assay. All surveys used the same commercial IFA (Focus Diagnostics, 
Cypress, CA, USA).
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Q fever: infection and disease in humans

Clinical presentation

Infection with C. burnetii may be unapparent or present as a non-specific febrile 
illness. Headache is often an outstanding symptom (Maurin and Raoult 1999). 
Anecdotal information from the high incidence area in the Netherlands indicates 
that patients were sometimes referred to the neurologist because of severe 
unexplained headache, and were then later diagnosed with Q fever. It has been 
suggested that the inoculum size affects the expression of C. burnetii infection 
(Angelakis and Raoult 2010). In this hypothesis, a low bacterial load could lead 
to subclinical infection or a mild influenza-like illness, while a high bacterial load 
could be associated with a severe clinical expression in the acute phase, such as 
pneumonia. Mortality in the acute phase is reported at around 1% and myocarditis 
is the leading cause of death (Fournier et al. 2001; Tissot-Dupont et al. 1992). In 
the Netherlands 9/749 (1.2%) patients died within approximately one month 
following hospitalization for acute Q fever, all with serious underlying medical 
conditions (Kampschreur et al. 2010). 

Acute Q fever can develop into chronic Q fever in approximately 2% of patients 
(ECDC 2010). Chronic Q fever is a potentially lethal disease with endocarditis 
as the main presentation. Patients with previous cardiac valve pathology, the 
immunocompromised and women who are infected during pregnancy are at 
increased risk (Maurin and Raoult 1999). In the literature, 58 cases of chronic Q 
fever associated vascular complications were described, mostly with an infected 
aneurysm or vascular graft infection of the aorta (Wegdam-Blans et al. 2011). 
In the Netherlands, vascular complications appear to be more common than 
endocarditis, but there might be a difference in incubation period and endocarditis 
may take a more prominent position in the years to come. 

Another long-term effect of Q fever is the post-Q fever fatigue syndrome (QFS). 
Contrary to chronic Q fever, in patients with QFS, there are no viable Coxiella and 
antibody levels are low or negligible. Symptoms can persist for six to 12 months, 
after which they spontaneously resolve (Ayres et al. 1998). However, in 10–15% of Q 
fever patients, fatigue can last from five to ten years (Marmion et al. 1996). In a study 
among 870 Q fever patients from the 2007 and 2008 outbreaks in the Netherlands, 
severe debilitating fatigue was reported by 44% of patients after 12-26 months of 
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1
follow-up (Morroy et al. 2011).  The severity of symptoms during the acute Q fever 
episode predicts long-term symptoms (Hickie et al. 2006; Morroy et al. 2011). 

Laboratory diagnosis

The immunofluorescence assay (IFA) is considered the reference method for the 
laboratory diagnosis of acute and chronic Q fever. IFA is a semi-quantitative assay, 
in which sera are visually compared to a fluorescent standard and the titre is scored 
on a scale of two-fold serial dilutions. IFA allows for separate analysis of IgM and IgG 
antibodies against C. burnetii phase II and phase I antigens (IgM II, IgG II, IgM I and IgG 
I antibodies). Analysis of these four antibodies makes it possible to identify various 
stages in the acute Q fever infection (e.g. presence of solitary IgM II antibodies – the 
first antibody to appear in the serological response – indicates early acute infection, 
whereas presence of IgM II, IgG II, IgM I and IgG I antibodies reflects a later stage of 
acute infection). A high IgG I titre in the absence of an acute infection is indicative 
for chronic Q fever. The complement fixation test (CFT) has been reported to be less 
prone to false positive results than IFA, especially with regard to IgM II antibodies. 
Both methods are however, labour-intensive, non-automated and subject to inter- 
and intra-observer variation (Maurin and Raoult 1999; Wegdam-Blans et al. 2010). 
In 2009, the laboratory of the Jeroen Bosch Hospital in the south of the Netherlands 
received over 18,000 requests for Q fever diagnostics. Under this pressure, an accurate, 
fast, cost-effective and standardized algorithm was developed consisting of initial 
screening of serum samples with an enzyme-linked immunosorbent assay (ELISA) for 
IgM II antibodies performed on an automated processing system (Jager et al. 2011). 
In case of a positive or dubious ELISA result, IFA was performed as confirmation step, 
while PCR was performed when a negative ELISA result was obtained and the serum 
sample was acquired ≤ 14 days after onset of disease. When acute Q fever diagnostics 
on the first serum sample were non-conclusive, a second serum sample after 14 days 
was requested. Overall, this diagnostic approach led to a significant reduction in the 
number of labour-intensive, non-automated IFA tests performed, with an increased 
diagnostic yield on first serum samples due to the introduction of PCR techniques. 

According to the notification criteria in the Netherlands, a positive IgM II result in 
a single serum sample with an appropriate clinical presentation must be notified 
as acute Q fever. However, in the course of the epidemic, it became increasingly 
difficult to interpret the serological test results. An increasing number of patients 
had a past resolved Q fever infection with persisting IgM II antibody titres. Of 126 

22419 Hoek.indd   17 10-05-12   10:39



18

PCR-positive acute Q fever patients, 83% had a positive IgM II at 12 months follow-
up (Wegdam-Blans et al. submitted). A single high IgM II titre was maintained as a 
laboratory notification criterion to avoid under-reporting of new cases of Q fever. 
In many cases a second serum sample to show a titre rise is not requested as this is 
generally of no relevance for individual patient care.   

Serology is of limited use in the early phase of Q fever because it may take up to 
two weeks after onset of illness before an immune response can be detected. The 
standard method for early diagnosis of acute Q fever is now the direct detection of 
C. burnetii DNA with PCR-based diagnostics methods (Schneeberger et al. 2010). 
These were not available in most microbiology laboratories in the early stages of 
the Dutch epidemic, but from 2009 onwards PCR was used on a routine basis. A 
positive PCR in combination with clinical signs was included in the notification 
criteria and is part of the diagnostic algorithm that was developed by a working 
group on diagnostics of acute Q fever (Wegdam-Blans et al. 2010).    

The pathogen Coxiella burnetii

Coxiella burnetii has two distinct morphological forms, the large-cell variant 
(LCV) and the small-cell variant (SCV). The LCV is the metabolically active and 
intracellular form of the organism. It produces spore-like forms, the SCVs, which are 
the environmental extracellular form of the organism. The SCVs are metabolically 
inactive and show a high degree of resistance to chemical agents and physical 
conditions, so they can survive for prolonged periods in the environment (Oyston 
and Davies 2011). The situation is complicated further by a phenomenon of phase 
variation which occurs as two antigenic distinct forms known as phase I and 
phase II. The phase I form is isolated from infected humans or animals. The phase 
II form can only be obtained following serial passage in fertilized eggs or tissue 
culture. Microscopically the two forms are indistinguishable but the impact on the 
serological response is significant as described under ‘laboratory diagnosis’.

When C. burnetii is inhaled via aerosols and escape the physical removal by the 
mucociliary apparatus or lymphatic drainage, they are phagocytosed by alveolar 
macrophages. The organisms live in the phagolysosomes of the macrophages 
where they resist digestion. It is not known how C. burnetii in the lungs cause 
systemic infection, but possibly the mobile infected macrophages play a central role 
in dissemination through the body (Maurin and Raoult 1999; Oyston and Davies 
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2011). For C. burnetii as well as for other intracellular pathogens, both cell-mediated 
and humoral responses are required in the immunological defence. Chronic Q fever 
is characterized by defective cell-mediated immunity (Angelakis and Raoult 2010). 
In patients with chronic fatigue, it has been postulated that enhanced cell-mediated 
immunity is apparent. Although live C. burnetii have never been detected in patients 
during their chronic fatigue stage, complexes that contain C. burnetii antigens 
have been observed and these may be implicated in maintaining inflammatory 
responses to C. burnetii (Marmion et al. 2009; Sukocheva et al. 2010). However, there 
is no consensus about the role of the immune response in QFS (Penttila et al. 1998).   

Transmission 

Transmission in nature

Coxiella burnetii is distributed worldwide in domesticated and wild animals, including 
cattle, sheep, goats, cats, dogs, rats, birds, reptiles and fish. From the natural cycle, C. 
burnetii is transmitted to domesticated animals such as sheep, goats, cattle, cats and 
dogs, either by tick bite or indirectly through contact with infected excreta (Aitken et 
al. 1987). Derrick (1944) suggested that migratory birds, if hosts of infected ticks, may 
carry C. burnetii from one continent to another. In a survey in India, seroprevalence 
was higher in birds which were obtained from dairy premises, as compared to birds 
tested from other places (Yadav and Sethi 1980). While ticks are important vectors 
for the transmission of C. burnetii between wild animals, they do not transmit the 
infection to humans and are not considered essential in the natural cycle of C. burnetii 
infection in livestock. Between 2006 and 2010 approximately 3,000 ticks were tested 
for the presence of C. burnetii DNA in the Netherlands (Sprong et al. 2011). Only five 
ticks from one sheep herd tested positive. All 1,891 questing ticks tested negative, 
even from high Q fever incidence areas. 

Wild rats may represent a major reservoir of C. burnetii from which domestic 
animals, especially cats, which are natural predators of these animals, may become 
infected (Webster et al. 1995). Serological and PCR positive rats were collected in 
the Netherlands from 2008 to 2010 at goat, pig, cattle and poultry farms, but also 
in urban locations (Reusken et al. 2011). C. burnetii was successfully cultured from 
the spleen of rats that were trapped near dairy goat farms, indicating that rats are 
a reservoir of viable C. burnetii (Janse et al. 2011).  
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Transmission from animal to man

Infected goats and sheep release high concentrations of C. burnetii in the placental 
tissues and birth fluids during parturition. The importance of parturition of a sheep or 
goat in the dissemination of C. burnetii from animal to man was already demonstrated 
in the 1950s (Abinanti et al. 1953). Strong experimental and epidemiological evidence 
was also gathered which shows that contaminated aerosols are a major way in which 
C. burnetii is transmitted to humans (Benenson and Tigertt 1956). Placenta contains 
the largest number of bacteria, quantified as 109 bacteria per gram placenta (Arricau 
Bouvery et al. 2003). For transmission to humans, birth fluids could even be more 
important. The abrupt release of trapped fluid in thin membranous sacs during 
parturition generates infective aerosols that could directly infect humans or give rise 
to heavy contamination of the lambing area and its immediate environs (Abinanti et al. 
1953). During parturition when billions of bacteria are aerosolized from the amniotic 
fluid of infected goats, those nearby, will be exposed but are likely to have a certain 
level of protection from previous (asymptomatic) infection. Whether serologically 
naïve people in the wider environment will be exposed depends upon the prevailing 
weather and environmental conditions at the time of the birthing events. 

Although a dose-response relationship for C. burnetii has not been established, it is 
assumed that exposure to a high dose increases the likelihood of infection in humans 
and shortens the incubation period. In terms of hazard characterization and dose-
response assessment, most of our knowledge was obtained from the biological 
warfare program in the USA in the 1950s. As part of Project Whitecoat, volunteers 
(men entering military service as conscientious objectors) were deliberately 
exposed to indoor aerosols of C. burnetii (Oyston and Davies 2011). On the basis of 
experiments it is likely that a single Coxiella organism is capable of initiating infection 
in a susceptible human host (Jones et al. 2006). Under the assumption that there is a 
linear relationship between the number of bacteria that are excreted by animals and 
the risk that humans become infected, the risk for human infection is much lower for 
animals that shed intermittently a small number of bacteria, compared to animals 
that excrete massive numbers (billions) of bacteria during late abortion.    

In sheep farms in California, viable bacteria were continuously present in the soil 
for a period exceeding 100 days with the greatest concentration at the peak of 
the lambing season (Welsh et al. 1959). Studies on 29 farms in the south of the 
Netherlands in 2008 showed higher levels of C. burnetii DNA in dust accumulating 
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surfaces in the stables than in vaginal swabs from goats or sheep (de Bruin et al. 2011). 
Dust accumulates over a longer period of time, while vaginal swabs from animals 
provide information on shedding at the moment of sampling only. Contaminated 
dust may therefore remain a source of infection when particles from the stables are 
aerosolised. Re-aerosolation can occur days, months and possibly years afterwards. 
Cases that occur some time after an abortion event on a farm could be due to re-
aerosolation or extended incubation time due to low dose exposure.   

Farm animals other than sheep and goats do not seem to play an important 
role in the transmission of Q fever. Pigs generally have low seroprevalence. The 
seroprevalence in cattle is often reported to be >50% (McCaughey et al. 2010; 
Agger et al. 2010) but the geographical distribution of cattle seroprevalence 
bears little relationship to the geographical distribution of human clinical cases 
(McCaughey et al. 2010). C. burnetii infection is also widespread in dairy cattle 
in the Netherlands. Of 341 bulk tank milk samples 79% were positive with ELISA 
and 57% with PCR (Muskens et al. 2011). One of the reasons that cattle seem to 
play no important role in transmission to humans is that there is limited shedding 
of bacteria. Small ruminants, unlike cattle, have synchronized parturitions, 
which makes it possible that huge amounts of infective material end up in the 
environment in a short period of time. 

The consumption of infected raw milk or raw dairy products has also been 
considered a potential source of Q fever infection in man but the studies that have 
been carried out are inconclusive. One suggestion is that ingestion of viable C. 
burnetii in raw milk may give rise to detectable antibodies, but that it does not 
result in clinical disease (Benson et al. 1963; Aitken et al. 1987). In an experimental 
study, none of 34 human volunteers developed clinical symptoms or antibodies as 
a result of supervised consumption of unpasteurised raw milk naturally infected 
with C. burnetii (Krumbiegel and Wisniewski 1970). An interesting proposition is that 
a daily dose of DNA fragments of C. burnetii in milk could cause a seroconversion 
and immunize people rather than making them ill. Even more speculative is the 
suggestion that the high seroprevalence in the 1980s in the Netherlands could 
have been due to milk pasteurization practices that were insufficient at the time 
to kill C. burnetii. 

Seroprevalence among workers who are occupationally exposed to animal products 
such as wool, goat hair, and meat generally have high seroprevalence (EFSA Panel on 
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Animal Health and Welfare 2010; Wattiau et al. 2011). All 14 outbreaks of Q fever in 
Uruguay between 1975 and 1985, with a total of 814 confirmed cases, occurred among 
workers in the meat industry (Somma-Moreira et al. 1987). Of 517 workers, involved in 
culling of goats in the Netherlands in 2010, 17.5% seroconverted for antibodies to C. 
burnetii despite use of personal protective equipment (Whelan et al. 2011a).

While epidemiological studies clearly point towards dairy goat farms as the source 
of human Q fever outbreaks in the Netherlands, conclusive evidence on the relation 
between an environmental source and human infection can only be obtained by 
molecular detection and typing methods. However, currently available typing 
methods are limited in detecting genetic differences between C. burnetii strains. 
Multiple-locus variable number of tandem-repeat analysis (MLVA), has shown 
that one MLVA type predominates in dairy goats in the Netherlands and that in 
general C. burnetii genotypes from the Netherlands display a considerable degree 
of homogeneity, indicating a clonal origin (Roest et al. 2011b). The dominant 
MLVA type was found in a human patient (Klaassen et al. 2009). This limited 
genetic diversity precludes the identification of local transmission pathways. 
High resolution genotyping based on whole genome sequencing could provide 
higher discriminatory power. A key constraint is that the amount of C. burnetii 
DNA in clinical samples is often insufficient for typing. Cultivation of C. burnetii 
from patient material is the best way to isolate sufficient amounts of pure and 
high quality bacterial DNA. However, cultivation of C. burnetii requires expensive 
biosafety level (BSL) 3 laboratory facilities. A promising approach is the use of 
single nucleotide polymorphism (SNP)-genotyping, which can be directly applied 
to clinical and veterinary samples (Hornstra et al. 2011). With this method, at least 
five distinct genotypes were identified in humans and animals in the Netherlands 
(Huijsmans et al. 2011). However, during the 2007–2010 outbreaks in the 
Netherlands, molecular typing methods have not been used in matching human, 
animal and environmental samples for source detection and have therefore not 
played a role in decision making and implementing control measures. 

Person-to-person transmission

Person-to-person transmission via the aerosol route is theoretically possible, given 
the presence of C. burnetii in sputum (Mann et al. 1986; Jones et al. 2006). Deutsch 
and Peterson (1950) presented a case of Q fever with apparent transmission to three 
other persons, but the mode of transmission was not determined. There are other 
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case reports of person-to-person transmission during post-mortem examinations, 
obstetric care, and sexual contact (Kruszewska et al. 1996; Milazzo et al. 2001). 
Transplacental (vertical) infection has also been documented (Raoult and Stein 
1994). There is one documented case of transmission through blood transfusion 
(Anonymous 1977). C. burnetii could also be transmitted via body materials such as 
in organ or bone marrow transplantation (Kanfer et al. 1988). Q fever is a systemic 
infection and it is biologically plausible that all these transmission routes are 
possible. However, there is no epidemiological evidence that any of these person-
to-person transmission routes play a significant role in outbreak situations. 

Risk factors for human Q fever

In a case-control study in the village of Herpen in 2007, contact with manure, hay 
and straw were shown to be risk factors (Karagiannis et al. 2009). People living in 
the eastern part of the village close to ruminant farms (one of which had a recent 
history of abortion problems) were at higher risk than people living in other parts 
of the village. Contact with animals and the consumption of raw milk products 
were not significant risk factors in the multivariable analysis. Close contact with 
non-dairy sheep on ‘lamb-viewing days’ was a clear risk factor for Q fever in a study 
in 2009 (Whelan et al. 2011b). Involvement in other outdoor recreational activities 
including biking, horse riding, visiting nature areas, was not associated with Q 
fever (Veenstra et al. 2011). Increasing age, male gender and smoking behaviour 
are consistent risk factors for Q fever in epidemiological studies in the Netherlands 
and elsewhere. Tobacco smoke may have mechanical effects on the respiratory 
mucosa or functional effects on the immune response, promoting the acquisition 
or invasion of bacterial infections such as C. burnetii.   

Control measures

Treatment of Q fever patients

Empirical antibiotic treatment of acute Q fever with doxycycline or quinolones 
is considered effective, but comparisons regarding effect size, side effects 
or cost-effectiveness of the prescribed therapies are lacking. Information 
on effectiveness is mostly from in-vitro studies, rather than from clinical 
trials. Unfortunately, a randomised controlled trial, comparing doxycycline 
with moxifloxacin, could not be implemented during the epidemic in the 
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Netherlands, because when funding and permissions had been obtained, the 
incidence of Q fever had decreased and it was anticipated that the required 
sample size could not be obtained. 

In 2007 and 2008 in the Netherlands, doxycycline was the most commonly 
prescribed initial antibiotic in acute Q fever patients (Dijkstra et al. 2011). Out 
of 438 patients 272 (62%) received doxycycline. A large group (93/438=21%) 
received penicillins as initial treatment, which are considered ineffective against C. 
burnetii. General practitioners in the province of Noord-Brabant with experience 
in treating Q fever patients generally started antibiotic treatment ahead of 
laboratory confirmation (Lassche et al. 2010). The median diagnostic delay (the 
delay between the date of onset of illness and the date of C. burnetii diagnosis) 
decreased from 82 days in 2007, to 28 days in 2008, to 20 days in 2009 (van der 
Hoek et al. 2010b). The diagnostic delay was due to lack of awareness by medical 
staff and the delay in making a definitive diagnosis, as routine diagnostics mainly 
relied on seroconversion in convalescent serum. Increased awareness and 
improved routine laboratory services, such as the introduction of IFA, ELISA, and in 
2009 PCR, have reduced this diagnostic delay.

After an acute Q fever episode, patients must be followed-up to allow early detection 
and treatment of chronic Q fever (Chapter 8, this thesis). The treatment of chronic 
Q fever requires long-term (>1.5 years) antibiotic treatment with doxycycline and 
hydroxychloroquine and sometimes cardiovascular surgical interventions (Maurin 
and Raoult 1999; Million et al. 2010). Fenollar et al. (2001) stated that acute Q fever 
in any patient with a risk factor such as vascular damage, vascular or valvular graft, 
or aneurysm, should be treated according to the same protocol as chronic cases. 
Experience in the Netherlands (unpublished data) is that compliance with the 
long-term antibiotic treatment is problematic because of side effects. There are at 
present no guidelines for alternative treatment schedules.  

Screening for infection

In the international literature that was available at the time of the first outbreak 
in the Netherlands, an adverse pregnancy outcome was reported for most 
women who were infected during pregnancy, even when the infection remained 
asymptomatic (Carcopino et al. 2007). On this basis the Outbreak Management 
Team of the Netherlands in 2007 offered all pregnant women living in the area 
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around the village of Herpen, a serological test for Q fever. This testing was not 
sustained in the following years when the epidemic spread to a much larger 
geographic area with a total population of almost 2 million people. Screening 
for C. burnetii infection on such a large scale had never been attempted before 
and there was insufficient scientific information about the benefits and risks. A 
retrospective study (Chapter 7, this thesis) and a prospective study (Munster et 
al. 2011) were set up in response to the urgent need for better quantification of 
the risk of adverse pregnancy outcome among pregnant women with C. burnetii 
infection in early pregnancy. 

Another possible strategy during a Q fever outbreak is the serological screening of 
people with known risk factors for chronic Q fever, such as cardiac valve pathology, 
aortic aneurysm or prosthesis (ECDC 2010; Wever et al. 2010). Such screening was 
implemented in hospitals in the high incidence area in the south of the Netherlands 
but results of cost-benefit analyses are not yet available. 

Human vaccination

The only available human vaccine was developed in Australia but is not registered 
in the Netherlands or in any other European country. In Australia the vaccine is 
used for specific occupational risk groups, such as abattoir workers. The logistics of 
vaccination are complicated because a serological and skin test is mandatory before 
vaccination. Vaccination is therefore not an option for the general population 
and cannot control an epidemic such as experienced in the Netherlands which is 
caused by ambient, rather than occupational exposure. However, the increasing 
number of reports of long-term effects in patients with chronic Q fever eventually 
caused both professionals and decision makers to consider the introduction of 
the vaccine in the Netherlands. In 2010, the Health Council of the Netherlands 
(2010) identified risk groups with specific antecedent cardiovascular conditions as 
eligible for vaccination (see Chapter 9 this thesis). 

Veterinary interventions

In June 2008, mandatory notification of Q fever on dairy goat and sheep farms with 
> 5% abortions due to C. burnetii infection was introduced, along with hygiene 
measures (Figure 1.1). During a period of 90 days following the detection of Q 
fever at a farm, a manure removal ban and visiting restrictions were implemented. 
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In October 2008, the Dutch government authorised the voluntary vaccination of 
animals on dairy goat and sheep and recreational farms using the non-registered 
Coxevac® vaccine (Ceva Santé Animale, France). However, because of limited 
vaccine availability – just 80,000 doses – vaccinations could only be provided 
within a 45 km radius of the outbreak source. In February 2009, a nationwide 
hygiene protocol became mandatory for all dairy goat and sheep farms, whether 
infected or not. The eradication of vermin became compulsory, the cleaning of 
stables during lambing season and for 30 days afterwards was forbidden, and 
manure had to be stored and covered for at least 90 days before use. In April 2009, 
vaccination was made compulsory for all farms with a public function and dairy 
goat and sheep farms with more than 50 animals in the high incidence area. This 
was later extended to the entire country and by June 2010 all dairy goats and 
sheep had been vaccinated twice. From October 2009 onwards, farms with more 
than 50 dairy goats or sheep were obliged to participate in Q fever bulk tank milk 
monitoring. Bulk milk tanks were sampled once every two months (and later on 
once every two weeks) and tested for the presence of C. burnetii DNA using a real-
time PCR by the Animal Health Service. In December 2009, the decision was taken 
to implement a breeding ban on infected farms and take the most radical measure 
possible, the pre-emptive culling of all pregnant goats and sheep on infected 
farms. A total of 50,355 pregnant goats and sheep were culled from 21 December 
2009 to June 2010 on 89 bulk tank milk positive farms. 

Public concerns

From the first outbreak in 2007, Q fever has been an issue of public debate with 
media attention and demands for action by politicians, local administrators 
and municipal health services. The ‘van Dijk committee’ was commissioned by 
the government in January 2010 to evaluate the approach and the control of Q 
fever in the Netherlands. The conclusions and recommendations can be found at 
http://www.rivm.nl/cib/binaries/VWS100511A_tcm92-71615.pdf. The committee 
indicated, amongst others, that more vigorous action could and should have 
been taken at various stages of the outbreak. Improvements are needed in 
communication between the ministries dealing with public health and agriculture. 
It was also stated that confidentiality considerations had been a barrier to research 
on the probable source of Q fever infection. 
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Outline of the thesis

The aim of this thesis is to describe certain aspects of the unique 2007–2010 Q 
fever epidemic in the Netherlands with respect to its transmission dynamics and 
risk factors for human disease. It also aims to quantify the risk for pregnant women 
and to evaluate serological screening and follow-up options.

A description of the outbreaks in the Netherlands by time, place, and person is 
given in Chapter 2. The epidemic has been monitored using notifications of acute 
Q fever. Because most infections are asymptomatic, a large number of Q fever 
infections during an outbreak will be missed and this makes it difficult to target the 
people at risk for Q fever complications and adapt public health control measures 
accordingly. Chapter 3 gives an estimate of the number of infections in relation to 
the number of notifications. In the absence of human to human transmission, any 
clustering in time and place of Q fever cases suggests a common environmental 
source, i.e. an infected farm. Chapter 4 deals with interpretation and efficient use 
of surveillance data for source detection and public health policy. Because there 
is generally a lack of information on date of onset and duration of infection status 
of a farm, most of the analyses are based on spatial data. Proximity to an infected 
farm and local environmental conditions play a role in explaining transmission 
from infected farms to humans. The environmental aspects are covered in Chapter 
5. Awareness of Q fever among patients and doctors can influence health seeking 
behaviour, laboratory testing practices, and the number of notifications. Chapter 
6 describes the role of proximity to dairy goat farms using unbiased serological 
data from pregnant women in the high incidence area. Specific risk groups 
for serious disease have previously been identified. Chapter 7 deals with the 
association between Q fever and adverse pregnancy outcome. Chapter 8 covers 
the follow-up strategy to detect patients that are at risk of developing chronic Q 
fever. The prevention of serious Q fever by vaccination and screening is covered 
in Chapter 9. A general discussion of the findings of the present thesis in relation 
to the international literature is given in Chapter 10. The studies in this thesis 
have been done at the Centre for Infectious Disease Control of the Netherlands, in 
collaboration with many other organisations.   
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Abstract

We describe the Q fever epidemic in the Netherlands with emphasis on the 
epidemiological characteristics of acute Q fever patients and the association 
with veterinary factors. Data from 3,264 notifications for acute Q fever in the 
period from 2007 through 2009 were analysed. The patients most affected 
were men, smokers and persons aged 40–60 years. Pneumonia was the 
most common clinical presentation (62% in 2007 and 2008). Only 3.2% of 
the patients were working in the agriculture sector and 0.5% in the meat-
processing industry including abattoirs. Dairy goat farms with Coxiella 
burnetii-induced abortion waves were mainly located in the same area 
where human cases occurred. Airborne transmission of contaminated dust 
particles from commercial dairy goat farms in densely populated areas has 
probably caused this epidemic. In 2010, there was a sharp decline in the 
number of notified cases following the implementation of control measures 
on dairy goat and sheep farms such as vaccination, hygiene measures and 
culling of pregnant animals on infected farms. In combination with a rise 
in the human population with antibodies against C. burnetii, these have 
most likely ended the outbreak. Development of chronic Q fever in infected 
patients remains an important problem for years to come.
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Introduction

Q fever is a zoonosis caused by the intracellular bacterium Coxiella burnetii 
with a worldwide occurrence (Raoult et al. 2005). Human infection is caused 
by transmission from infected animals such as small ruminants (goats, sheep). 
Animals shed C. burnetii in milk, urine, faeces and birth products (Parker et al. 2006). 
Infection is reported to be asymptomatic in 60% of cases. Among the persons with 
clinical symptoms, there is usually an acute onset with fever, headache, fatigue 
and frequently an atypical pneumonia or hepatitis (Maurin and Raoult 1999). 
An estimated 2% of the infected individuals are reported to develop chronic Q 
fever in the months to years after symptomatic or asymptomatic infection, with 
endocarditis as the most frequently mentioned presentation (ECDC 2010). The 
patients most at risk of developing chronic Q fever are thought to be those with 
cardiac or vascular grafts, pregnant women and patients with immune deficiencies 
(Parker et al. 2006). However, these estimates are based on few original studies. 

The Netherlands is a densely populated country (491 inhabitants per km2 in 2010). 
Population densities of humans and animals are high in the south of the country 
where intense animal farming is practised. According to figures from Statistics 
Netherlands (http://statline.cbs.nl/statweb/) for 2007, the province of Noord-
Brabant has particularly high densities of poultry (5,042 animals per km2), swine 
(1,009 animals per km2), cattle (125 animals per km2), goats (23 animals per km2) 
and sheep (20 animals per km2). Dairy goat farming became more popular when 
the European milk quota system for dairy cattle was introduced in 1984 (Roest et 
al. 2011a). The total number of goats in the Netherlands increased from 7,375 in 
1990 to 21,008 in 2000 to 324,014 in 2007 (Statistics Netherlands, http://statline.
cbs.nl/statweb/). Acute Q fever has been a notifiable disease in the Netherlands 
since 1975. However, until 2007, only 10–20 Q fever cases were notified annually. 
Moreover, a retrospective serological survey showed that the prevalence of IgG 
antibodies to C. burnetii in the general population measured just before the 
epidemic in 2007 was estimated to be 2.4%, a relatively low figure in the European 
context (Schimmer et al. 2011). 

In the period from March to June 2007, six cases of acute Q fever were notified 
by the regional microbiology laboratories to the public health authorities in the 
province of Noord-Brabant. All of these patients had been admitted with atypical 
pneumonia – high fever, shortness of breath, headache and dizziness. Owing to 
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concern about the increase in numbers, these were analysed in detail but could 
not be epidemiologically linked. Subsequently, a general practitioner from a rural 
village reported an increase in pneumonia cases among his patient population. 
The majority of these patients, who were first mistaken for Mycoplasma pneumonia 
cases owing to serologic cross-reactions, were confirmed as acute Q fever cases in 
July 2007. Subsequently, more Q fever notifications followed. This first reported Q 
fever outbreak in the Netherlands in 2007 was described by van Steenbergen et 
al. (2007) and later investigated by Karagiannis et al. (2009). In the years thereafter 
until 2010, the south-east of the Netherlands experienced large outbreaks of Q 
fever, with a total of more than 3,000 notified cases. 

To fill in the many knowledge gaps with regard to this Q fever outbreaks, an 
extensive and still ongoing interdisciplinary research agenda was started, initially 
focusing on elucidating sources and transmission routes of these outbreaks and 
later also covering other fields such as host–pathogen characteristics, chronic 
Q fever and treatment for post-Q fever fatigue. In this paper, we describe the 
characteristics of this zoonotic epidemic with emphasis on the clinical and 
epidemiological characteristics of notified acute Q fever patients and the 
association with veterinary factors. Complementary to Delsing et al. (2010) who 
reviewed the literature on the epidemiology and clinical presentation of Q fever 
in the Netherlands and Roest et al. (2011a) who gave a literature overview of the 
history, emergence and control of Q fever in the Netherlands, we performed an 
analysis based on the original individual patient data. We combined these data 
with laboratory data and veterinary data.

Methods

Human notifications

In the Netherlands, the attending physician and the head of the microbiology 
laboratory are legally obliged to notify any human Q fever diagnosis to the local 
municipal health service. On a daily basis, the municipal health service enters the 
cases into an anonymous national electronic database (Osiris) which is monitored 
by the Centre for Infectious Disease Control. Notification criteria for acute Q fever 
in Osiris are a clinical presentation matching Q fever, combined with a fourfold 
IgG titre rise or more, measured by indirect immunofluorescence assay (IFA), ELISA 
or complement fixation test (CFT), or a positive IgM phase II antibody test. In July 
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2008, a clinical presentation matching acute Q fever was further defined by at least 
fever, pneumonia or hepatitis. In February 2010, detection by polymerase chain 
reaction (PCR) of C. burnetii DNA in compartments of blood or respiratory material 
was officially added as a laboratory criterion, although Q fever notifications based 
on a PCR diagnosis were already accepted from the beginning of the epidemic in 
2007. Notification data included demographic details such as age, sex, place of 
residence, date of onset of illness, hospitalization (yes/no), laboratory test used for 
diagnosis and limited epidemiological data.

Examining questionnaires 

The municipal health service is also responsible for the detection of the source of 
outbreaks. For this Q fever epidemic, they used a specially developed questionnaire. 
In 2007 and 2008, it was administered to patients, either in person, by telephone 
or by mail around the country. It contained questions about symptoms, smoking 
behaviour, clinical presentation, underlying diseases and potential risk factors 
such as contact with animals and animal products.

Laboratory data

Laboratory data were extracted from Osiris, from the examining questionnaires 
and from the regional medical microbiology laboratory at the Jeroen Bosch 
hospital, which performed a major part of the Q fever diagnostics in the high-
incidence area.

Veterinary data

Veterinary data from 2005 through 2010 on the number and locations of small 
ruminant farms in which abortion waves (> 5% abortions) were reported were 
obtained from the Animal Health Service. These abortion waves were confirmed 
to be caused by C. burnetii through immunohistochemical tests on at least one 
placenta per farm as described by Wouda and Dercksen (2007). In October 2009, a 
nationwide mandatory bulk tank milk monitoring system was introduced for dairy 
goat and dairy sheep farms with 50 animals or more.
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Data analysis 

We included notified confirmed Q fever patients with a date of onset of illness 
between 1 January 2007 and 8 December 2009 in our analysis. 

When the date of onset of illness was unknown, the date of laboratory diagnosis 
minus the median number of days between the date of onset of illness and the 
date of laboratory diagnosis in that particular year was used instead. Data were 
retrieved from Osiris and from the additional questionnaire (as far as available). 
The rates of exposure to environmental factors were compared to (i) general 
population figures available from Statistics Netherlands; (ii) figures reported in 
the international literature; and (iii) data from a self-completed questionnaire on 
a national control group that was recruited by the Centre for Infectious Disease 
Control from the general population on a continuous basis for use in analytical 
studies on gastrointestinal and zoonotic outbreaks. For this last-mentioned 
comparison, control persons were included in the analysis if aged between 10–
90 years and were recruited from 2007 through 2009. In the epidemic curve, we 
included all confirmed cases notified between 1 January 2007 and 31 December 
2010. Statistical analysis was performed using SPSS version 18. All analyses were 
stratified by year of onset of illness. We used the chi-square test to compare 
proportions and the one-way ANOVA to compare continuous variables. A P-value 
< 0.05 was considered as statistically significant.

Results

General description of the epidemic

A total of 3,264 Q fever patients with a date of onset of illness between 2007 and 
2009 (who met the inclusion criteria) were notified. One hundred and ninety-three 
cases reported a date of onset of illness during 2007, 929 in 2008 and 2,142 in 
2009. The epidemic curve shows a seasonal pattern, with most cases having a date 
of onset of illness in spring and early summer (Figure 2.1). The highest incidences 
were seen in the south of the country, mainly in the province of Noord-Brabant 
(Figure 2.2). The epidemic area expanded gradually to the north and the south. 
Median age of the confirmed notified patients varied from 52 years in 2007 to 
49 years in 2009 (Table 2.1). Over 60% of patients were men. There was no 
significant difference in the age distribution of male and female patients. There 
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was an increase in number of cases in Noord-Brabant during each consecutive 
year, as well as in other provinces in the south of the Netherlands. The province 
of Noord-Brabant remained the most affected province in the Netherlands, but 
with increasing numbers in the provinces of Gelderland, Limburg and Utrecht in 
2009 owing to clusters. There was a considerable delay between the date of onset 
of illness and the date of notification, and this was most pronounced in 2007. The 
median diagnostic delay, i.e. the delay between the date of onset of illness and 
the date of diagnosing C. burnetii infection, decreased significantly from 81 days in 
2007, to 28 in 2008, to 21 days in 2009.

Figure 2.1. Number of notified acute Q fever patients in the Netherlands by week of onset of 
illness and week of notification (left axis) and number of small ruminant farms with abortion 
waves confirmed as Coxiella burnetii positive by week of reporting (right axis), 1 January 2007–
31 December 2010. Since June 2008, notification of an abortion rate > 5% on large dairy goat 
and sheep farms has been mandatory. Two abortion waves were reported in 2005 and seven in 
2006 (data not shown).
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Figure 2.2. Incidence of notified Q fever patients by municipality in 2007, 2008, 2009 and 2010.
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Table 2.1. Characteristics of notified Q fever patients by year of onset of illness (2007–2009)

2007
n=193

2008
n=929

2009
n=2,142

Total
N=3,264

Age in years (median and IQR) 52, IQR 19 50, IQR 19 49, IQR 21 50, IQR 21
Age groups (years):
0-9
10-19
20-29
30-39
40-49
50-59
60-69
70-79
80-89
≥ 90

1 (0.5%)
3 (1.6%)
9 (4.7%)
25 (13.0%)
45 (23.3%)
49 (25.4%)
40 (20.7%)
13 (6.7%)
7 (3.6%)
1 (0.5%)

6 (0.6%)
15 (1.6%)
47 (5.1%)
143 (15.4%)
225 (24.2%)
261 (28.1%)
148 (15.9%)
67 (7.2%)
17 (1.8%)
0 (0.0%)

10 (0.5%)
80 (3.7%)
184 (8.6%)
328/ (15.3%)
509 (23.8%)
499 (23.3%)
329 (15.4%)
153 (7.1%)
44 (2.1%)
6 (0.3%)

17 (0.5%)
98 (3.0%)
240 (7.4%)
496 (15.2%)
779 (23.9%)
809 (24.8%)
517 (15.8%)
233 (7.1%)
68 (2.1%)
7 (0.2%)

Sex (% male) 117 (60.6%) 592 (63.7%) 1,313 (61.3%) 2,022 (61.9%)
Living in:
Noord-Brabant 
Gelderland
Limburg
Utrecht
Other provinces 

163 (84.5%)
16 (8.3%)
2 (1.0%)
1 (0.5%)
11 (5.7%)

766 (82.5%)
115 (12.4%)
12 (1.3%)
3 (0.3%)
33 (3.6%)

1,596 (74.6%)a

117 (5.5%)a

280 (13.1%)a

99 (4.6%)a

48 (2.2%)a

2,525 (77.4%)a

248 (7.6%)a

294 (9.0% a

103 (3.2%)a

952 (2.8%)a

Admissions to hospital 89 (46.1%) 196 (21.1%)a 417 (19.5%)b 702 (21.6%)c

Diagnostic delay in days 
(median and IQR)

81, 44-139 28, 18-42 21, 11-35

a Information missing from two cases
b Information missing from nine cases
c Information missing from 11 cases
IQR: Inter quartile range
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Environmental risk factors

A questionnaire that addressed issues about environmental risk factors and 
clinical characteristics was returned by 143 of the 193 (74.1%) notified cases with a 
date of onset of illness in 2007 and from 866 of 929 (93.2%) notified cases with a 
date of onset of illness in 2008. For patients who did not return a questionnaire, 
less detailed information was available from the notifications. Occupational 
exposure cannot solely explain the epidemic of human cases, as very few 
patients reported that they were living on a farm or working in the agriculture 
or meat-processing sectors (Table 2.2). However, the percentage of patients 
working in the agriculture sector (3.2%) and meat processing industry including 
abattoirs (0.5%) was higher than in the general population in 2009 (0.7% and 
0.1%, respectively) and in the population control group (Table 2.2). Notified 
patients frequently reported contact with different animal species and animal 
products, although this was also the case for the population control group. As 
many as 8.3% of the patients could have been infected abroad according to 
the municipal health service. This figure is comparable with the 8–9% of the 
population on average who travelled abroad in each 4-week period, calculated 
on the basis of data from Statistics Netherlands.

Clinical characteristics

In 2007, the percentage of patients who were hospitalized for Q fever was more 
than twice as high as in 2008 and 2009 (Table 2.1). In a previous study, we showed 
that in high-incidence areas, diagnosis of and treatment for Q fever was faster, 
with a lower proportion of patients admitted to hospital than in low incidence 
areas (van der Hoek et al. 2010b). Each year, the hospitalization rates were slightly 
higher in male (22.2% overall) than in female patients (overall 20.5%), although 
these differences were not significant. The median age of hospitalized patients 
was higher than the median age of patients not hospitalized (55 vs. 48 years, P 
< 0.001). Fever was the most frequently reported symptom of Q fever (92.5%), 
followed by fatigue (77.5%) and headache (68.9%) (Table 2.3). The frequencies of 
reported symptoms were similar to those reported in the international literature. 
Pneumonia was the diagnosis made most frequently during the illness (61.5%). 
Endocarditis (3.1%) and hepatitis (< 1%) were relatively rare. Underlying diseases 
were reported frequently. Almost half of the patients were smokers, while the 
national percentage of the population who smoked in 2009 was only 27.1, varying 
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by age and sex from 10.1% for men 12–18 years to 44.3% for men 25–34 years. In 
the population control group, only 20.4% were smokers. 

Table 2.2. Risk factors reported by notified Q fever patients with onset of illness in 2007–2009, 
compared to a group of population control persons

Notified Q fever patients
n/N (%)

Dutch population controlsa

n/N (%)
Living on a farm with animalsb 55/866 (6.4%) n.a.
Working sectors:
Wool production
Transportation of animals/ 
agricultural products 
Meat processing sector 
(including abattoir)
Animal care/ veterinarian
Agricultural sectord

Not working (anymore)
Other

2/2,421 (0.1%)
11/2,421 (0.5%)

13/2,421(0.5%)

20/2,421 (0.8%)
78/2,421 (3.2%)

812/2,421 (33.5%)
1485/2,421 (61.3%)

1/546 (0.2%)c

0/546 (0%)

1/546 (0.2%)

2/546 (0.4%)
8/546 (1.5%)

286/546 (52.4%)
n.a.

Contact with animals in 4 weeks before start symptoms:
Cows
Sheep
Goats
Rodentse

Birdse

Catse

Othere,f

No contactg

Unknowng

204/3,068 (6.6%)
411/3,068 (13.4%)
455/3,068 (14.9%)
152/1,009 (15.1%)
171/1,009 (16.9%)
249/1,009 (24.7%)
517/1,009 (51.2%)

1687/2,925 (57.7%)
177/2,925 (6.1%)

23/509 (4.5%)
45/509 (8.8%)
40/509 (7.9%)

n.a.
n.a.

223/596 (37.4%)
n.a.
n.a.
n.a.

Contact with animal(s) that gave 
birth or had an abortion

224/2,911 (7.7%) 10/472 (2.1%)

Visit a zoo/petting farm/livestock 388/3,111 (12.5%) 171/509 (33.6%)
Contact with animal products
Placentag

Wool or animal pelts
Hay/straw
Compost or manure
Otherg

No contacth

69/3,009 (2.3%)
379/3,151 (12.0%)
402/3,150 (12.8%)

539/3,151 (17.1 %)
67/3,009 (2.2%)
81/142 (57.0%)

3/472 (0.6%)
68/472 (14.4%)
79/472 (16.7%)
66/472 (14.0%)

n.a.
n.a.

Travelling abroad 266/3,209 (8.3%) 84/590 (14.2%)
a Selected controls (N=599) for analysis were 10-90 years old, median age was 56 years (inter 
quartile range 24) and they were from all regions of the Netherlands (71 were living in the 
province of Noord-Brabant)
b Data only available for 2008 patients
c Including leather and felt industry
d Arable farming, stockbreeding and dairy farming combined
e Data only available for 2007 and 2008 patients
f Poultry, dogs, horses, exotic animals
g Data only available for 2008 and 2009 patients
h Data only available for 2007 patients
n.a.: Not available or not applicable
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Laboratory results

Basic data about laboratory methods used were available for nearly all notified Q 
fever patients, i.e. whether the diagnosis was made serologically or by the detection 
of DNA of the pathogen using a PCR. Information on the exact laboratory test used 
was available for 56 patients (29%) in 2007, 897 (97%) in 2008 and 2,093 (98%) 
in 2009. In 2007, all notified patients were diagnosed serologically. In 2007, all 
patients for whom additional laboratory data were available were diagnosed with 
IFA. In 2008, a small number (4%) of patients were diagnosed with PCR. In 2008, the 
most popular serological method was IFA (74.8%), although CFT and ELISA were 
also used. In 2009, 77.5% of notified patients were diagnosed serologically and 
20.5% by PCR. IFA was used in more than half of the cases in 2009; CFT was used in 
more than a quarter of cases and ELISA in 14% of cases. In 2010, the identification 
of new cases was less accurate because of high background seroprevalence, with 
high levels of IgM antibodies following an acute infection, combined with an 
aspecific clinical presentation and declining incidence.

Veterinary results

In the period from 2005 through 2009, abortion waves confirmed as C. burnetii 
positive were reported on 28 dairy goat farms and 2 dairy sheep farms. In 2010, no 
such abortion waves were reported. All but one of these farms were reported in 
the months February through September (Figure 2.1). The dairy goat farms had an 
average of 1,164 goats and herd abortion rates up to 60%. The farms with abortion 
waves were mainly located in the same area where human cases occurred (Figure 
2.2 and 2.3). The two dairy sheep farms that experienced clinical Q fever problems in 
2006 and 2008, one in the southern part and one in the northern part of the country, 
had an average of 400 sheep and an average abortion rate of 5% and do not appear 
to be related to human cases. From October 2009 through July 2010, a total of 90 
dairy goat farms and 2 dairy sheep farms were declared positive for C. burnetii in the 
bulk tank milk monitoring, including 15 farms that previously experienced Q fever-
induced abortion problems. After public discussion, the exact locations of bulk tank 
milk-positive farms were first announced on the website of the Food and Consumer 
Product Safety Authority in December 2009. All households living within 5 km radius 
of a bulk tank milk-positive farm were informed in writing about the presence of 
an infected farm in their vicinity. This was on the basis of an epidemiological study 
in 2008 that showed that people living close (< 2 km) to an infected dairy goat 
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farm had a much higher risk of clinical Q fever than people living further away (> 5 
km) (Schimmer et al. 2010). Starting in the summer of 2008 until 2010, a gradually 
increasing number of control measures was implemented on dairy goat and sheep 
farms such as vaccination, hygiene measures and mass culling of pregnant animals 
on bulk tank milk-positive farms. More information on the dairy goat industry in the 
Netherlands, the prevalence of Q fever in small ruminants and the response in the 
veterinary field can be found in Roest et al. (2011a).

Table 2.3. Clinical presentation of Q fever and underlying diseases/factors of notified patients 
with onset of illness in 2007–2009, compared to a group of Dutch population control persons. 
Symptoms are also compared to figures reported in the international literature (Maurin and 
Raoult 1999)

n/N (%) Dutch population 
controls 
n/N (%)

Reported 
in the 

international 
literature (%)

Diagnosis during Q fevera

Pneumonia 621/1,009 (61.5%) n.a.
Hepatitis 4/1,009 (0.4%) n.a.
Endocarditis 35/1,009 (3.1%) n.a.
Other (mainly fever) 124/1,009 (12.3%) n.a.
Symptoms during Q fevera In previous 4 weeks
Fever
Muscle pain
Headache
Malaise
Cough
Shortness of breath
Transpiration at night
Nausea/vomitingc

Neurological symptomsc

Skin rash
Fatigue
Other

933/1,009 (92.5%)
577/1,009 (57.2%)
695/1,009 (68.9%)
607/1,009 (60.2%)
491/1,009 (48.7%)
611/1,009 (60.6%)
676/1,009 (67.0%)

275/866 (31.8%)
176/866 (20.3%)

119/1,009 (11.8%)
870/1,009 (77.5%)
478/1,009 (47.4%)

20/527 (3.8%)
268/557 (48.1%)
175/541 (32.3%)

72/535 (13.5%)
181/572 (31.6%)

84/567 (14.8%)
114/565 (20.2%)

73/564 (12.9%)
n.a.

59/563 (10.5%)
162/538 (30.1%)

n.a.

88-100%
47-69%
68-98%

24-90%

31-98%b

22-49%d

5-21%
97-100%

Underlying diseases/conditions
Any underlying diseasea

Coronary and vascular 
diseases
Immunocompromised

473/1,073 (44.1%)

228/3,152 (7.2%)
47/3,150 (1.5%)

n.a.

41/581 (7.1%)
3/581 (0.5%)

Pregnancye 8/1,199 (0.7%) 5/324 (1.5%) (In the last 6 
months)

Smoking 930/1,914 (48.6%) 122/596 (20.4%) 
a Data only available for 2007 and 2008 patients
b Sweats in general
c Data only available for 2008 patients
d Nausea
e Denominator = female patients
n.a.: Not available or not applicable
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Figure 2.3. Locations of dairy goat farms (n = 27, including one farm infected twice) and dairy 
sheep farms (n = 2) with reported abortion waves caused by Coxiella burnetii, 2005–2010 
(source: Animal Health Service). Since June 2008, notification of an abortion rate > 5% on large 
dairy goat and sheep farms has been mandatory.
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Discussion

This is the largest Q fever epidemic recorded to date, in a densely populated area 
where intense farming is practised. Q fever epidemics, albeit on a smaller-scale or 
in longer time frame, have been recorded before in various countries worldwide, 
including Australia, Bulgaria, France, Germany and the United Kingdom. Moreover, 
Q fever seems to be increasingly reported, for instance in France, Germany and 
the USA (Gilsdorf et al. 2008; Kersh et al. 2010; Frankel et al. 2011). The Dutch 
seasonal epidemic started in 2007 in the south of the Netherlands with peak 
incidences between April and August. Before 2007, Q fever was rarely reported 
in the Netherlands, and a serological survey has confirmed that seroprevalence 
was low just before the epidemic in 2007 (Schimmer et al. 2011). In contrast, 
during the epidemic, seroprevalence rates of over 20% were reached in at least 
one area (Karagiannis et al. 2009). The epidemic showed a marked seasonality 
and was expanding both geographically and in size year on year. The patients 
most affected were men, smokers and persons aged 40–60 years, while children 
were rarely affected. The observation that dairy goat farms with abortion waves 
were mainly located in the same area where human cases occurred, provided 
circumstantial evidence that dairy goat farms are the most plausible source of 
human infection in this epidemic. Remarkably, no clear relation with occupational 
factors was found. Prevalence of antibodies against C. burnetii is very high among 
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goat and sheep farmers and veterinarians. However, very few of the Q fever 
notifications are from these groups, suggesting that the antibodies are protective 
against symptomatic Q fever and that the burden of symptomatic disease is low in 
the long-term occupational exposed. Fortunately, in 2010, after three consecutive 
years of Q fever epidemics, the expected seasonal peak in the number of acute 
Q fever notifications did not appear, although the number of cases remained 
higher than in 2007. The implementation of a set of measures on sheep and goat 
farms in combination with a rise in the protection of the human population as 
a consequence of infection with C. burnetii has most likely ended the outbreak. 
However, as a consequence of the large number of acute Q fever cases in earlier 
years, a considerable number of cases of chronic Q fever and long-term effects can 
still be expected. 

The size and duration of the epidemic in the Netherlands is unique in the world. 
The national notification system for infectious diseases with enhanced surveillance, 
using examining questionnaires to collect data from Q fever patients, provided 
better insight into the characteristics and clinical factors of a large number of 
patients. However, there is no provision for comparison with a control group in such 
a surveillance system, making it impossible to perform a valid risk factor analysis. 
As an alternative, we compared some of the patients’ characteristics to a group of 
population control persons and to national figures of Statistics Netherlands. However, 
these cannot be seen as formal control groups of the notified Q fever patients. For 
example, the importance of contact with animals and animal products remains 
unclear. Nevertheless, comparison of patients’ characteristics with population data 
did mark the high percentage of smokers among Q fever patients. This finding is in 
agreement with the results of the case–control study of Karagiannis et al. (2009). 
Possible explanations for smoking as a risk factor for acquiring Q fever are exposure 
to outdoor contaminated aerosols because of outdoor smoking habits, hand–
mouth transmission or an increased risk of respiratory infections in general because 
of alternations in structural and immune defences. 

In 2007, there was a considerable diagnostic delay owing to the lack of awareness 
by medical staff and the delay in making a definitive diagnosis, as routine 
diagnostics mainly relied on seroconversion in convalescent serum. The delay was 
also caused by active case finding in a retrospective survey among hospitalized 
pneumonia patients in the high-incidence area. The diagnostic delay decreased 
because of increased awareness and improved laboratory services, such as the 
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introduction of IFA, ELISA and PCR. In addition, the positive predictive value of the 
tests was also very high owing to the high incidence during the Q fever epidemic. 
In the autumn of 2009, influenza A(H1N1) 2009 with comparable aspecific febrile 
symptoms coincided with the Q fever epidemic. In this third year of the Q fever 
epidemic, high background levels of serologic Q fever, specifically persisting 
positive IgM titres, were common in most of the affected areas. These two 
developments made it much more difficult to pinpoint the exact moment of an 
acute Q fever episode, thus making notifications less reliable. Patients diagnosed 
in the laboratory in 2010 may therefore have experienced clinical signs of acute 
Q fever earlier. In these circumstances, the persistence of IgM makes it difficult to 
measure the actual decline of the incidence of the disease. Furthermore, Q fever 
testing behaviour of general practitioners and patients was also influenced by a 
national information campaign, increased media attention owing to mass culling 
of goats and the publication of the addresses of Q fever-affected farms. 

The frequencies of reported symptoms are similar to those reported in the 
international literature (Maurin and Raoult 1999). Hospitalization rates were as high 
as 46% in 2007 and 20% in 2008 and 2009. The high hospitalization rate in 2007 
was influenced by active case finding in a retrospective survey among hospitalized 
pneumonia patients in the high-incidence area. However, the hospitalization 
percentages in 2008 and 2009 (corresponding to 8% of all infected individuals 
given a symptomatic/asymptomatic rate of 40/60%) are still much higher than the 
2–5% hospitalized reported in the literature (Maurin and Raoult 1999; Raoult et al. 
2005). The causes of the high hospitalization rate in the Netherlands are not yet 
clear, so we are currently analysing this further. 

Although the epidemic was linked to goat farming at an early stage, a causal 
relationship was difficult to prove because of limited success in obtaining human 
material suitable for genotyping. The extent and course of the first seasonal 
outbreak in 2007 was not very different from isolated outbreaks that have been 
reported from other European countries, and therefore, no specific control 
measures were taken. The much larger 2008 outbreak was unexpected and was 
difficult to control, and the subsequent expansion was unforeseen. National 
and regional public health authorities were largely unprepared for an epidemic 
of this scale. Unfortunately, it is still not clear which (combination of ) factors 
caused this unexpected expanding epidemic. The epidemic occurred in an area 
densely populated with people and domesticated animals which is known for an 
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exponential increase in number of goats in the previous years, suggesting that 
animal farming in such areas poses a risk of zoonotic diseases such as Q fever 
in humans. In retrospect, abortion waves owing to C. burnetii infection among 
the goat population were reported from 2005 onwards, although they were not 
recognized as such at that time. It is hypothesized that rats might have played 
a role in the spread of C. burnetii. The presence of actively infected rats outside 
the lambing season and at multiple environmental settings including urban 
locations was demonstrated by Reusken et al. (2011). The authors state that 
this might suggest that rats are not merely a spill-over host owing to infection 
by a contaminated environment but might represent true reservoirs, capable of 
independent maintenance of C. burnetii infection cycles and thereby contributing 
to spread and transmission of the pathogen. Ticks are another possible reservoir 
for C. burnetii. However, Sprong et al. (2011) showed that C. burnetii could not be 
found in practically all 1,891 questing Ixodes ricinus ticks and 1,086 ticks feeding on 
pets, wildlife and livestock tested, so that ticks probably do not play a role in the 
spread of C. burnetii. There were no indications that human-to-human transmission 
played a role in this epidemic. Only very few patients were known to be part of 
a household cluster, and for these, common environmental exposure was more 
likely than human-to-human transmission. In the high-incidence area, 3 of 1,004 
blood donations in 2009 contained C. burnetii DNA (Hogema et al. 2011). One 
recipient was positive for IgG antibodies to C. burnetii, 10 months after transfusion. 
However, as this recipient lived in the high-incidence area, no final conclusion can 
be drawn. It is unclear whether bacterial virulence factors have contributed to this 
epidemic as culture facilities for C. burnetii were not available at the national level 
at the time. Also, genotyping the C. burnetii strains in the Netherlands has been 
problematic for lack of human material in the early stages of the epidemic, when 
diagnosis was generally delayed and based on serology. Veterinary isolates show 
a predominant genotype in goat herds in multilocus variable-number tandem-
repeat analysis (MLVA) (Roest et al. 2011b). This MLVA genotype was also found 
in human samples (Klaassen et al. 2009). With a single-nucleotide-polymorphism 
genotyping assay, at least five different C. burnetii genotypes were identified in 
human and animal samples (Huijsmans et al. 2011). 

Pregnant women have been identified as at risk of obstetrical complications 
because of C. burnetii infection (Maurin and Raoult 1999; Raoult et al. 2002; 
Carcopino et al. 2009). Although the number of pregnant women among the Q 
fever notifications in the 2007–2009 epidemic in the Netherlands was low, the 
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actual number of infected pregnant women could be much higher, because of a 
higher proportion of asymptomatic infections during pregnancy (Tissot-Dupont 
et al. 2007). However, the effect of preventive measures, screening and treatment 
are currently under debate. Preliminary data did not show a marked deleterious 
effect on the outcome of pregnancies (Chapter 7, this thesis). A study entitled ‘cost 
effectiveness of a screening strategy for Q fever among pregnant women in risk 
areas: a clustered randomized controlled trial’ aims to provide more conclusive 
information on the risks of pregnant women (Munster et al. 2010). Patients with 
pathology of cardiac valves and vascular aneurysms are at risk of developing 
chronic Q fever. Based on presently accumulated laboratory data, a reassessment 
of screening strategies to identify and classify cases at risk is justified. Although a 
human vaccine for Q fever is available, it is not registered outside of Australia and a 
serological and skin test is mandatory before a person can be vaccinated, making 
logistical arrangements more complex. However, in 2010, the Health Council of 
the Netherlands recommended vaccination of risk groups with specific cardiac 
valve and vascular disorders (Health Council of the Netherlands 2010). Vaccination 
of these risk groups was implemented from January to June 2011, and a total of 
1,366 patients received the vaccine. 

Important outstanding issues include the role of virulence factors of C. burnetii in 
causing outbreaks, the effect of Q fever on certain risk groups such as pregnant 
women and patients with cardiac valve and vascular disease, and the most 
effective antibiotic treatment for acute Q fever and chronic Q fever. Furthermore, 
the relative contribution of the various veterinary measures that were taken to 
control this epidemic remains uncertain. 

Acknowledgements

We would like to thank Ben Bom (Expertise Centre for Methodology and Information 
Services of the National Institute for Public Health and the Environment) for 
the maps; Marianne van der Sande (Centre for Infectious Disease Control of the 
National Institute for Public Health and the Environment) for her useful comments 
on the paper; Ingrid Friesema (Centre for Infectious Disease Control of the 
National Institute for Public Health and the Environment) for providing the data 
of the national control group; all notified patients for providing information; the 
municipal health services for reporting data about the notifiable patients; and all 
contributing medical microbiology laboratories.

22419 Hoek.indd   45 10-05-12   10:39



22419 Hoek.indd   46 10-05-12   10:39



Chapter 3
Relation between Q fever 

notifi cations and Coxiella burnetii 
infections during the 2009 

outbreak in the Netherlands 

Wim van der Hoek, Boris Hogema, Frederika Dijkstra, 

Ariene Rietveld, Clementine Wijkmans, Peter 

Schneeberger, Hans Zaaijer

Published in:
Eurosurveillance, 2012 ; 17(3):pii=20058. 

22419 Hoek.indd   47 10-05-12   10:39



48

Abstract

Large outbreaks of Q fever in the Netherlands from 2007 to 2009 were 
monitored using notification data of acute clinical Q fever. However, the 
notification system provides no information on infections that remain 
subclinical or for which no medical attention is sought. The present study 
was carried out immediately after the peak of the 2009 outbreak to estimate 
the ratio between Coxiella burnetii infections and Q fever notifications. In 23 
postcode areas in the high-incidence area, notification rates were compared 
with seroconversion rates in blood donors from whom serial samples were 
available. This resulted in a ratio of one Q fever notification to 12.6 incident 
infections of C. burnetii. This ratio is time and place specific and is based 
on a small number of seroconversions, but is the best available factor 
for estimating the total number of infections. In addition, as subclinical 
C. burnetii infection may lead to chronic Q fever, the ratio can be used to 
estimate the expected number of chronic Q fever patients in the coming 
years and as input for cost–benefit analyses of screening options.
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Introduction

Q fever is a zoonosis caused by Coxiella burnetii. The bacterium has a worldwide 
distribution in domesticated and wild animals, but transmission to humans is 
mostly associated with sheep and goats (EFSA Panel on Animal Health and Welfare 
2010). Most patients with Q fever recover after mild febrile illness; others may 
experience pneumonia, hepatitis or, more rarely, myocarditis or central nervous 
system complications (Raoult et al. 2005). Because the clinical presentation of 
acute Q fever is rather non-specific, laboratory confirmation is essential. C. burnetii 
has two antigenic phases (I and II) and with serological assays, IgM II, IgG II, IgM I 
and IgG I antibodies are used to distinguish between acute infection and chronic 
infection. 

From 2007 to 2009, the Netherlands faced large seasonal outbreaks of Q fever, 
with the highest peak in 2009 (Chapter 2, this thesis). Surveillance of Q fever is 
mandatory in European Union (EU) countries. In 2009, a total of 370 Q fever 
cases were reported in 24 EU countries, apart from the 2,317 cases from the 2009 
outbreak in the Netherlands (ECDC 2011). The low number of notifications is in 
contrast to results from seroprevalence studies, which suggest that 2–10% of the 
general population in EU countries have previously been infected with C. burnetii 
(EFSA Panel on Animal Health and Welfare 2010). People with a C. burnetii infection 
will only be notified as Q fever cases to the national public health authorities if: (i) 
they have symptoms; (ii) they seek medical attention; (iii) have been tested with 
a Q fever diagnostic laboratory test; (iv) the test is sensitive and shows a positive 
result; (v) the physician or laboratory notifies the case to the local public health 
authorities; and (vi) the local public health authorities confirm that the notification 
criteria are fulfilled and reports the case to the national public health authorities. 
Each of these steps has an influence on the difference between the true number 
of infections and the number of notifications. However, little is known about the 
relative importance of the various steps. 

An estimate much cited in the international literature is that 40% of C. burnetii 
infections are symptomatic (Raoult et al. 2005; Maurin and Raoult 1999). However, 
this estimate is based on just one original study, from an outbreak in Switzerland in 
1983, in which 191 (46%) of 415 serologically confirmed cases were symptomatic 
(Dupuis et al. 1987). Hardly any information is available on the health-seeking 
behaviour of symptomatic patients. Symptomatic C. burnetii infection (Q fever) 
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may resemble influenza-like illness, for which only an estimated 20% in the 
Netherlands seek medical care (Friesema et al. 2009) and for which most general 
practitioners will not request a laboratory test. Low sensitivity of the laboratory 
test and failure to report a diagnosis of Q fever are probably of minor importance 
during a period in which there is a high number of incident cases and both the 
physician and laboratory are legally required to notify cases. 

Before the recent Q fever epidemic in the Netherlands, the seroprevalence of 
2.4% in the general population was relatively low in comparison with that in other 
countries (Schimmer et al. 2011). The epidemic resulted in an unprecedented 
number of 3,522 laboratory-confirmed Q fever cases notified from 2007 to 2009 
(van der Hoek et al. 2010a). Policy decisions on veterinary interventions were to a 
large extent based on close monitoring of these human Q fever notifications. With 
the declining number of Q fever notifications in 2010, attention has shifted to the 
increasing number of patients with long-term effects of acute Q fever, especially 
Q fever fatigue syndrome and chronic Q fever. The number of asymptomatic 
infections is relevant in this context, because asymptomatic infections can also lead 
to chronic Q fever, mostly in people with risk factors such as cardiac valve disease, 
aneurysm, vascular graft or pregnancy (Fenollar et al. 2001). Knowing the total 
number of persons infected, including those with asymptomatic infections, would 
allow better estimates of the expected number of chronic disease cases. There are 
also other remaining public health policy questions that pertain to screening of 
blood, semen, tissue and organ donors, pregnant women and patients with cardiac 
valve or vascular disease for asymptomatic infection. For these reasons, having an 
estimate of the number of  infections is important for public health policy. The 
present study therefore focuses on the ratio of the incidence of C. burnetii infection 
to that of notified Q fever cases during the 2009 outbreak in the Netherlands by 
relating the number of blood donors with seroconversion to figures from the 
national infectious diseases notification system. 

Methods

Notifications

We used data on notifications for 1 June 2009 to 31 January 2010 from the 23 
postcode areas in the south of the Netherlands that had the highest incidence of 
notified Q fever cases between weeks 26 and 37 of 2009 (22 June to 13 September) 
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(Hogema et al. 2011). According to Dutch legislation, the attending physician and 
the head of the medical microbiology laboratory must notify any diagnosis of acute 
Q fever to the municipal health service. Of the 23 postcode areas, 21 were under the 
municipal health service ‘Hart voor Brabant’ and two were under a neighbouring 
municipal health service. The municipal health services interviewed the notified 
patients and entered information on those who fulfilled the notification criteria 
into the national infectious diseases surveillance database. Notification criteria of 
acute Q fever were a clinical presentation with fever or pneumonia or hepatitis, 
in combination with a positive laboratory result indicating acute C. burnetii 
infection. The laboratory criteria were a fourfold IgG titre rise or more measured 
by immunofluorescence assay (IFA), enzyme-linked immunosorbent assay (ELISA) 
or complement fixation test, a positive IgM phase II antibody test or detection by 
polymerase chain reaction (PCR) of C. burnetii DNA in blood or respiratory material. 

Blood donors

Sanquin Blood Supply Foundation is the only organisation in the Netherlands 
authorised to manage the supply of blood and blood products. To assess the 
safety of donated blood, samples of blood donations from people living in the 
most affected area were collected by Sanquin over a one-year period from 20 May 
2009. From this collection, donations from people living in the 23 postcode areas 
with the highest incidence were tested for the presence of antibodies against C. 
burnetii. Details of the study have been reported elsewhere (Hogema et al. 2011). 
Briefly, serological data were generated of the 543 donors who donated more than 
once in the first eight months of the study (20 May 2009 to 15 January 2010). The 
donor’s last donation was screened for the presence of IgG antibodies to phase II 
of C. burnetii using a commercial ELISA (Serion, Clindia Benelux, the Netherlands). 
All ELISAs that gave borderline results (IgG levels of 20–30 international units (IU)/
ml) or positive (>30 IU/ml) sera were confirmed by IFA (Focus Diagnostics, United 
States). An IgG II antibody titre of ≥1:64 was considered positive in the IFA. If the 
last donation tested positive, the donor’s previous donation was also tested in the 
same way.

The mean age of the 543 donors was 49.5 years (range: 19–70 years) and 60.4% 
were male (n=328). Due to Sanquin privacy regulations, information on age and 
sex at the individual donor level was not available. 
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Data analysis

The incidence of infection was calculated by dividing the number of blood donors 
with seroconversion by the person-time of follow-up. As population figures by 
postcode area were available by five-year age groups (Statistics Netherlands 
2010), we used the age range 20–69 years instead of 19–70 years. 

The incidence of notified acute Q fever cases was calculated by dividing the 
number of notifications of persons aged 20–69 years with a date of symptom 
onset between 1 June 2009 and 31 January 2010 by the total number of people 
aged 20–69 years living in the 23 postcode areas on 1 January 2010 (n=55,715). 

Results

Notifications

The number of acute Q fever notifications (all ages) in the 23 postcode areas was 
75 in 2007, 323 in 2008 and 570 in 2009 (Figure 3.1). There were 167 notifications 
of cases aged 20–69 years who had a date of symptom onset between 1 June 2009 
and 31 January 2010. 

The mean age of the 167 notified cases was 45.6 years and 53.9% (n=90) were 
male. With a population size of 55,715, the incidence of notified cases was 4.5 (95% 
confidence interval (CI): 3.9–5.2) per 1,000 persons per year. 

Infections

Of the 543 people who donated blood more than once during 20 May 2009 to 15 
January 2010, 66 tested positive or borderline for C. burnetii IgG antibodies in the 
last donation (Hogema et al. 2011). All 66 ELISA-reactive sera had a phase II IgG 
antibody titre ≥1:64 in the confirmatory IFA. The phase II IgG seroprevalence in 
the 23 postcode areas was therefore 12.2% (95% CI: 9.7–15.2). When the previous 
donation of the 66 seropositive donors was tested, 10 of the 66 sample pairs 
were identified as seroconversions for IgG phase II. In two of the 10 donors, the 
seroconversion was from a weak antibody response to at least a fourfold higher 
titre in the IFA in the last donation; for the other eight donors, no antibodies were 
detected at all in the previous donations.
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Figure 3.1. Notifi cations for acute Q fever in 23 postcode areas in the high-incidence area of the 
Netherlands, 2007–2010
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The cumulative follow-up period for the 487 (543 minus 56) donors without 
C. burnetii IgG antibodies in the previous donation was 64,135 days. With 10 
seroconversions observed, the C. burnetii infection incidence was 56.9 (95% CI: 
31.2–101.4) per 1,000 person-years. This point estimate translates into 2,113 (95% 
CI: 1,159–3,766) new infections among those aged 19–70 years in the study area 
over the eight-month study period. 

On the basis of the notifi cations and seroconversions, there was a ratio of one Q 
fever notifi cation to 12.6 incident infections of C. burnetii – i.e. 7.9% of the infections 
that occurred in the area were notifi ed. 

Discussion

The study provides an estimate of incidence of infection with C. burnetii in relation 
to incidence of notifi ed acute Q fever cases. It suggests that the 3,522 acute Q 
fever cases that were notifi ed in the Netherlands from 2007 to 2009 correspond 
to more than 44,000 infections in the same period. This rough estimate is likely to 
be an underestimation as underreporting outside the high-incidence study area 
was probably higher. However, our study pertains to a particular time and area: 
the estimate for the entire epidemic is indicative only and should be interpreted 
with caution. 
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In the village where the first outbreak in 2007 occurred, 443 inhabitants provided 
a blood sample, of which 73 (16.5%) showed a recent infection (Karagiannis et 
al. 2009). Of these 73 people, 48 had symptoms that could be attributed to Q 
fever. This suggests that 66% were symptomatic infections. However, the actual 
percentage of symptomatic infections is likely to be lower, as symptoms are non-
specific and could easily have been misclassified as Q fever-related. 

Even if we accept the prevailing estimate from the international literature that 
40% of C. burnetii infections are symptomatic, it is clear that a large proportion of 
symptomatic cases do not seek medical attention or are not diagnosed as acute Q 
fever patients. It is a common finding that surveillance systems have low reporting 
efficiency for infectious diseases with mild or non-specific symptoms (McCarthy 
and Giesecke 1999). 

The proportion of infections that is not notified because patients do not seek 
medical attention or a diagnostic test is not requested, is neither fixed nor random, 
but is highly affected by certain factors, such as media attention or physicians’ 
awareness that a particular pathogen is circulating. At the time of study in the 
second half of 2009, awareness of Q fever among patients and general practitioners 
in this area was at a high level (van der Hoek et al. 2010b). In combination with 
easy availability of diagnostic facilities in the area, we can expect that a larger 
proportion of symptomatic C. burnetii infections were diagnosed as acute Q 
fever compared with areas with lower awareness and where laboratory tests for 
C. burnetii infection were not routinely available to general practitioners. Raoult 
et al. showed a high incidence of Q fever around the French National Reference 
Centre for Rickettsial Diseases (in Marseille, France) (Raoult et al. 2000), suggesting 
high levels of awareness and testing in this area. Conversely, in a low-incidence 
situation, the absolute number of cases that are not notified would be low, while 
the proportion of infections that is not notified could be high. This will especially 
be the case when the beginning of an outbreak passes largely unnoticed. This 
happened in 2007 in the Netherlands, when increasing numbers of pneumonia 
cases were first thought to be due to Mycoplasma pneumoniae infection. 
Retrospectively, a number of clusters of hospital admissions for respiratory tract 
infections were identified that occurred in 2005 to 2007 – earlier than the recorded 
Q fever outbreaks – which could have been Q fever because there was a Q fever-
affected farm nearby and there was no alternative explanation for the cluster (van 
den Wijngaard et al. 2011). 
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A limitation of our study is that in general, healthy adult blood donors poorly 
represent the general population. However, Q fever is an airborne infection, 
thus reducing biases caused by the comparison of donors with the general 
population (Hogema et al. 2011). The age and sex distribution of the donors in 
the study population was very similar to those of the notified Q fever cases in the 
Netherlands (mean age of 50 years, 62% male) over the entire epidemic period 
from 2007 to 2009 (Chapter 2, this thesis). We had no information on addresses 
of blood donors and could therefore not correct for possible differences between 
donors and notified Q fever patients in the proximity of their places of residence 
to infected farms. 

The 12.2% seroprevalence among blood donors suggests that approximately 
6,800 people in the age group 20–69 years in the study area had been infected 
at the time of the study, i.e. after the 2007 and 2008 outbreaks and half-way 
through the 2009 outbreak. This estimated number of prevalent cases seems 
low in comparison with the number of notifications and the estimated incident 
infections. It illustrates that in relating incidence to prevalence, other parameters 
have to be taken into account such as the decay rates of antibody titres. 

In conclusion, our study suggests that during the peak of the epidemic in 
the Netherlands, every notification of clinical Q fever represented more than 
12 infections with C. burnetii. Despite uncertainties surrounding the clinical 
significance of asymptomatic seroconversion, this ratio could be used as one 
factor to estimate the number of chronic Q fever patients that could be expected 
in the coming years and as input for cost–benefit analyses of screening options. 
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Abstract

From 2007 through 2009, the Netherlands faced large outbreaks of human 
Q fever. Control measures primarily focused on dairy goat farms because 
these were implicated as the main source of infection for the surrounding 
population. However, in other countries outbreaks have mainly been 
associated with non-dairy sheep and the Netherlands has many more 
sheep than goats. Therefore, a public discussion arose about the possible 
role of non-dairy (meat) sheep in the outbreaks in the Netherlands. To 
inform decision makers about the relative importance of different infection 
sources, we developed accurate and high resolution incidence maps for 
detection of Q fever hot spots. In the high incidence area in the south of 
the Netherlands, full postal codes of notified Q fever patients with onset of 
illness in 2009, were georeferenced. Q fever cases (n = 1,740) were treated 
as a spatial point process. A 500 x 500 m grid was imposed over the area of 
interest. The number of cases and the population number were counted in 
each cell. The number of cases was modelled as an inhomogeneous Poisson 
process where the underlying incidence was estimated by two dimensional 
P-spline smoothing. Modelling of numbers of Q fever cases based on 
residential addresses and population size produced smooth incidence maps 
that clearly showed Q fever hotspots around infected dairy goat farms. No 
such increased incidence was noted around infected meat sheep farms. We 
conclude that smooth incidence maps of human notifications give valuable 
information about the Q fever epidemic and are a promising method to 
provide decision support for the control of other infectious diseases with 
an environmental source. 
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Introduction

From 2007 through 2009, the south of the Netherlands faced large outbreaks 
of human Q fever (Schimmer et al. 2008; 2009). A clear epidemiological link was 
established with dairy goat farms and to a lesser extent with dairy sheep farms that 
experienced high abortion rates (abortion waves) caused by Coxiella burnetii. During 
abortion or parturition of infected goats and sheep, billions of C. burnetii end up 
in the environment. Contaminated dust particles can travel by air, depending on 
wind and weather conditions and vegetation and soil characteristics (Chapter 5, 
this thesis; Astobiza et al. 2011a). People living close (<5km) to a farm with a high 
abortion rate have a much higher risk of Q fever than people living further away 
(Schimmer et al. 2010). Veterinary control measures that were implemented in the 
Netherlands have therefore focused on dairy goat farms and dairy sheep farms 
and included mandatory mass vaccination, culling of pregnant animals on infected 
farms, and hygiene measures (Roest et al. 2011a; van der Hoek et al. 2010a). 

In addition to infections that occur from ambient exposure at some distance from a 
major source, small outbreaks can also occur when people visit an infectious source 
and are in close contact with infected animals, e.g. non-dairy sheep (Porten et 
al. 2006; Koene et al. 2011; Whelan et al. 2011b). In fact, most Q fever outbreaks in 
other countries have been associated with sheep, rather than goats. For example, in 
Germany in 2005, 331 Q fever cases, of which 160 were laboratory confirmed, occurred 
in a residential area close to a meadow with C. burnetii-infected sheep (Gilsdorf et al. 
2008). When the municipal health service (MHS) ‘Brabant Zuidoost’ reported that 46 
Q fever cases had visited a meat sheep farm in February-March 2009, a nationwide 
discussion started about the possible role of non-milk producing farms, including 
small hobby farms and petting zoos that were not included in control measures. An 
unknown number of commercial meat sheep farms, petting zoos, and free ranging 
sheep flocks were tested at request of the local MHS, municipal authorities or the 
owners of the animals. This resulted in a total of 21 locations that tested positive for C. 
burnetii DNA with polymerase chain reaction (PCR) on vaginal swabs. An expert group 
headed by the director of the Centre for Infectious Disease Control of the Netherlands 
was commissioned to advise the ministers of health and agriculture about the possible 
role of non-milk producing farms in the ongoing Q fever outbreaks. 

Human-to-human transmission of C. burnetii plays a very minor role and 
any geographical clustering of human cases therefore suggests a common 
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environmental point-source. To assess to what extent different animal sources 
contribute to the transmission risk for the surrounding population and to visualize 
the findings for policy makers, we developed accurate and high resolution 
incidence maps for detection of Q fever hot spots.  

Materials and methods

Human Q fever cases

In the Netherlands, medical microbiology laboratories and attending physicians 
are both legally required to report every diagnosis of acute Q fever to the local 
MHS. The MHS uses a short trawling questionnaire to ask the patient for possible 
occupational or recreational exposure. Limited anonymous information on each 
case that fulfils the notification criteria, i.e. a presentation with fever, or pneumonia, 
or hepatitis, and with a laboratory confirmation, is entered into the electronic 
national infectious diseases surveillance database. For the present study, the MHS’s 
provided the full postal code of the home address and date of onset of illness of all 
patients that had been notified with acute Q fever as a separate anonymous file. 

Infected dairy goat and dairy sheep farms

From 2005 through 2009, 28 dairy goat farms and two dairy sheep farms were 
confirmed with abortion waves caused by C. burnetii resulting in abortion rates 
of up to 60% (Roest et al. 2011a). Information on these farms was provided by 
the Animal Health Service. In October 2009 a system of mandatory bulk tank 
milk monitoring started and by 1 January 2010, 61 farms (all dairy goat farms) 
had tested positive. The addresses of bulk tank milk positive farms were publicly 
available on the website of the Food and Consumer Product Safety Authority. 

Suspected non-dairy sheep farms

In 2009, the MHS ‘Brabant Zuidoost’ received 379 notifications of acute Q fever. 
It was assumed that the majority of these cases were explained by proximity 
of residence to a dairy-goat farm (Figure 4.1, farm A) that had experienced a C. 
burnetii -induced abortion wave in 2008. The situation in 2008 around this farm 
has been described in detail (Schimmer et al. 2010). In 2009 the same dairy goat 
farm did not experience an unusually high abortion rate but 30 of 30 goats tested 
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positive with PCR on vaginal swabs. In addition 10 of 10 surface swabs, 6 of 6 air 
samples, and 1 of 4 manure samples were PCR positive for C. burnetii DNA at this 
farm. The PCR technique has been described elsewhere (de Bruin et al. 2011).

In the MHS trawling questionnaire, 46 out of the 379 Q fever patients indicated 
that they had visited a meat sheep farm (Figure 4.1, farm B), located at about 
10 km southwest from farm A. Farm B with >1,500 sheep had opened for the 
public on weekends during the lambing season in February and March 2009. The 
owner estimated that a total of 12,000 people visited the farm during this two-
month period. Visitors had the opportunity to witness lambing and to bottle feed 
the newborn lambs. Investigations by the Food and Consumer Product Safety 
Authority established that the farm had a normal lambing season with a low 
abortion rate (3 abortions on 1,200 lambings). Twenty sheep were tested (PCR on 
vaginal swabs) in May 2009 of which 19 were positive. In addition, 7 out of 8 air 
samples around the farm were positive for C. burnetii DNA.

Farm C (Figure 4.1) was a meat sheep farm with 1,000 animals. The local MHS 
suspected a relation with 22 human Q fever cases in the same municipality. There 
had been no abortion problems and the farm had an enclosed stable for lambing 
and no access to the public. PCR results of vaginal swabs in August 2009 were 
ambiguous for 6 animals and negative for 14 animals. Two dust samples were 
taken of which one was positive and one ambiguous. In January 2010, another 20 
sheep were sampled, with two positive, one ambiguous, and 17 negative results.  

Farm D (Figure 4.1) was used for trading meat sheep and therefore had a high turnover 
of animals. There had been 17 human Q fever cases in the municipality where this farm 
was located. One of 20 sheep from this farm tested positive with PCR on vaginal swabs. 

Data analysis

Analysis focused on a 60 x 60 km area in the south of the Netherlands, encompassing 
farms A-D (Figure 4.1). The home addresses of all 1,740 Q fever cases in this area 
with an onset of illness in 2009 were geo-referenced to X and Y coordinates based 
on the centroid of their 6 position postal code (generally part of a street). There are 
about 452,000 6-position postal code areas in the Netherlands, providing a high 
geographic resolution. Farms with C. burnetii-induced abortion waves and farms 
that tested positive in bulk tank milk monitoring were georeferenced based on full 

22419 Hoek.indd   61 10-05-12   10:39



62

addresses (6-position postal code, street and house number). Population data at 
6-position postal code level were obtained from the Cadastre, Land Registry and 
Mapping Agency (Kadaster) and Statistics Netherlands.

Development of smooth incidence maps

The occurrence of Q fever cases in the area was treated as an inhomogeneous 
Poisson process, or Cox process, where the intensity varies in space (Lawson 2006). 
To estimate this intensity we first imposed a fine regular grid over the area of 
interest. We took cell sizes of 500 x 500 m. This resulted in a large two dimensional 
array of size m1 x m2 with counts of Q fever cases and population numbers. Because 
of the small cell sizes, the observed incidences highly fluctuate. We believe that 
the true incidence surface varies smoothly in space. We applied two-dimensional 
P-spline smoothing to estimate the underlying incidence surface. The idea behind 
P-splines is to build a large B-spline basis with equally spaced knots, and, as a 
restriction, penalize large changes in the parameter values between neighbouring 
parameters (second order differences) (Eilers and Marx 1996). 

The model is written as follows. The data vector y consists of the elements of 
the large array with counts arranged in a vector of length m1m2, with the first 
dimension varying the fastest. These are Poisson distributed with intensity vector 
µ. The intensity is the product of the offset (population numbers in each cell, 
vector E) and a smooth incidence surface, represented by exp(ŋ). Vector ŋ is the 
inner product of a large two-dimensional B-spline basis matrix (size m1m2 x n1n2) 
and parameter vector θ of length n1n2. The parameters are found by penalized 
iterative reweighted least squares using the scoring algorithm (Wood 2006). For 
a certain value of the smoothing parameter λ and initial value for µ the algorithm 
is as follows:
 repeat
  diag(W) = µ
  z = ŋ + W-1(y - µ)
  θ = (BTWB + λP)-1Wz
  ŋ = Bθ
  µ = E exp(ŋ)
  dev = 2Σi{yilog(yi/µi) - (yi - µi)}
 until the deviance is minimized
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The two-dimensional B-spline basis matrix B is found by calculating the Kronecker 
product of two one-dimensional B-spline basis matrices, B = B2 U B1 (Currie et 
al. 2006). Matrix B1 (size m1 x n1) contains B-spline basis functions along the first 
dimension, while B2 similarly does for the second dimension. Usually n1 and n2 are 
chosen large (20 to 30) to preserve enough flexibility (Eilers and Marx 1996). The 
basis functions are easily calculated by truncated power functions (Eilers and Marx 
2010). 

Matrix P (size n1n2 x n1n2) is the penalty matrix, which is calculated by P = In2 U

1
T
1 DD  + 2

T
2 DD U In1. Here I is the identity matrix and D1 is a (n1-2) x n1 second 

order differencing matrix acting on the parameters along the first dimension, 
while similarly D2 does on the parameters along the second dimension (Currie et 
al. 2006). 

The optimal smoothing parameter λ is found by minimizing the Aikake’s 
information criterion, AIC = dev + 2df, for which the number of effective degrees of 
freedom is given by df = tr{(BTWB + λP)-1BTWB} (Eilers and Marx 1996).

Once the algorithm has converged, the smooth incidence map is found by 
calculating exp(ŋ), and reshaping this vector back into an m1 x m2 array. The smooth 
Q fever incidence maps can in turn be related to infected farms.

Data were processed and analyzed in the statistical software environment R (R 
Development Core Team 2012) using the Matrix package (Bates and Maechler 
2012) and Maptools package (Lewin-Koh and Bivand 2012). Mapping was done 
with ArcGIS 9 software (ESRI, Redlands, CA, USA).

Results

Figure 4.1 is a map of the study area with the 1,740 human Q fever cases that 
occurred in 2009 plotted on the basis of their home addresses. It is apparent from 
this map that there is spatial clustering of human cases associated with the major 
urban centres in the study area: ‘s Hertogenbosch (population 105,485 in 2009), 
Oss (population 57,290), Uden (population 34,710), Helmond (population 87,670), 
Eindhoven (population 212,290) and Tilburg (population 184,490). The 5 km zones 
around infected farms cover a large part of the study area. The map shows a 
number of Q fever cases within the 5 km zones around the meat sheep farms B-D. 
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Figure 4.1. Map of the study area with human Q fever cases and infected goat and sheep 
farms in 2009. Five km areas around infected farms are indicated in blue (infected dairy goat 
farms) or red (meat sheep farm B-D). Residential addresses of human cases are indicated as blue 
dots or red dots if located within such a 5km zone, or as green dots if outside the 5km zones. 
Notifications include all cases with day of onset of illness in 2009 (n = 1,740).
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Figure 4.2 shows the incidence of Q fever by municipality in 2009 and locations 
of infected farms. In this map the human cases are aggregated to administrative 
areas, which is unsatisfactory for relating human Q fever to the infected farms. 

Figure 4.3 shows exactly the same area as Figure 4.2 but human Q fever cases are 
now related to the population distribution to obtain a smooth incidence map. 
In the study area there are 51,425 6-position postal code areas and >900,000 
addresses with an average distance between address and centroid of the postal 
code area of 60 metres. About five high incidence (‘hotspot’) areas are visible; all 
of them around Q fever infected dairy goat farms. No increased incidence is noted 
around the meat sheep farms B-D. Similarly, around some infected farms, even 
those with C. burnetii-induced abortion waves, the incidence is relatively low.   

Figure 4.4 is a detail of the map in Figure 4.3, clearly illustrating that the epicentre 
of the Q fever outbreak in that sub region was around dairy goat farm A, while 
there was no increased incidence around meat sheep farm B.     

Discussion

During three consecutive years, the Q fever epidemic in the Netherlands remained 
primarily located in the south of the country with a clear seasonal pattern and 
geographical expansion with the largest number of cases occurring in 2009. Within 
each year specific clusters or hot-spots were observed, some of which could be linked 
to specific sources (Schimmer et al. 2010). Within the epidemic, in each year and area 
different drivers may have been responsible for infection dynamics. The contribution 
to the epidemic of specific farms and different types of farms and farming practices 
has been under debate as it was crucial for appropriate infection control measures.  

In the present study, visual inspection of smooth incidence maps suggest that 
C. burnetii infected meat sheep farms, unlike infected dairy goat farms, did not 
pose a risk for the surrounding population during the large 2009 outbreak in the 
Netherlands. A previous study around dairy goat farm A, in 2008, showed a sharp 
decrease in Q fever incidence and risk for the population with increasing distance 
of house location from the farm (Schimmer et al. 2010). While dairy goat farms are 
clearly implicated in environmental exposure up to a distance of several km, there 
is no doubt that people can get infected with C. burnetii and develop Q fever when 
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they are in close contact with infected non-dairy sheep. A case-control study of 146 
cases and 431 address-matched controls confirmed the association between a visit 
to ‘lamb viewing days’ on meat sheep farm B of the present study and Q fever disease 
(matched odds ratio 43, 95% confidence interval 9-200) (Whelan et al. 2011b). 
Figure 4.3. Smooth incidence map of the study area. 
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Fewer than 5% of patients notified with acute Q fever in the Netherlands report 
an occupation in agriculture, animal care, processing or transporting of animal 
products (Chapter 2, this thesis). From the available evidence it can be concluded 
that occupational exposure and close contact of the public with non dairy sheep 
can only explain a small proportion of the notified patients in the Netherlands. 
On the other hand, not all dairy goat farms with C. burnetii-induced abortion 
waves give rise to large numbers of human Q fever cases. It has been suggested 
that is due to local environmental conditions, especially vegetation density and 
groundwater conditions that play an important role in the transmission of C. 
burnetii from infected farms to humans (Chapter 5, this thesis).

Incidence maps are commonly presented by administrative areas, for which 
population figures are publicly available. Such maps are useful as an indication 
of spread of the epidemic and to inform health policy. However, for source 
detection of diseases with environmental determinants, administrative areas are 
not relevant because risk of spread may be biased by population densities, e.g. 
underestimated in areas with low population densities and overrated in high 
population density areas. We show that spatial statistical methods can be used 
to construct smooth incidence maps based on routine surveillance data. These 
maps have played an important role in decisions by public health and veterinary 
authorities on Q fever control measures. We also applied the method for Q fever 
outbreaks in the provinces of Utrecht (Brandsen-Schreijer et al. 2010) and Limburg 
(Hackert et al. submitted) to inform public health policy. The method is automated 
and could rapidly be deployed for outbreaks of other infectious diseases in which 
environmental sources are suspected to play a role. It provides the opportunity 
to detect and investigate disease clusters and point to possible environmental 
sources to inform local public health departments.    

The procedure is closely related to other methods of estimating intensity surfaces 
of spatial point processes. Griddifying the area is comparable to that of the log-
Gaussian Cox process (Møller and Waagepetersen 2003), except that our estimation 
procedure involves a smoothing parameter. Two-dimensional P-spline smoothing 
of Poisson data has already been applied successfully to smooth and extrapolate 
large mortality tables (Currie et al. 2006). Although all matrices are fairly large, they 
are extremely sparse, so fast computational techniques can be applied (Bates and 
Maechler 2012). A map can be created fully automatically in only a few seconds. 
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The method described should be considered as an exploratory search for human 
Q fever hotspots and potential infection sources based on visual inspection of 
maps. It shows that even without formal statistical analysis it is possible to obtain 
important information. The smooth incidence maps are based solely on locations 
of farms, home addresses of human cases, and population at risk which are 
treated as spatial point patterns. This assumes that human Q fever incidence is 
adequately represented by the addresses (postal codes) of human cases at the 
time of notification thereby ignoring mobility of people with possible exposure 
in the workplace or elsewhere. For an epidemiological risk factor analysis and 
causal inference, the method would have to be extended with information on 
relevant covariates for the human cases, such as age, sex, work history, work 
address, outdoor recreational activities, travel history, and smoking behaviour. A 
proper exposure assessment would have to include more detailed information 
on infected farms, such as the period of infectiousness. While not included in 
the present analyses, the method of smooth incidence maps can be extended to 
include temporal aspects.   

Also accurateness of diagnostic procedures, availability of laboratory facilities, and 
awareness may play a role and could potentially bias the outcome of these types 
of analyses. In 2009, being the third year of the epidemic, there was an increased 
awareness among the public and treating physicians to consider the diagnosis 
of Q fever in presenting cases. Moreover, laboratory facilities had improved. On 
the other hand, making the diagnosis acute Q fever became more difficult due to 
increasing seroprevalence with persistence of markers of acute infection, which 
may have caused overestimation of acute cases in this period.

We conclude that smooth incidence maps of human Q fever can rapidly inform 
public health policy. Such maps are based on exploratory analysis of simple 
human and veterinary surveillance data and could be used for other infectious 
diseases in which human to human transmission plays no important role. The 
present analysis supports previous observations that most human Q fever cases 
during the outbreaks in the Netherlands were caused by environmental exposure 
from infected dairy goat farms.   
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Abstract

The Netherlands is facing a Q fever epidemic in which dairy goats are 
implicated. People living close to an affected farm have an increased risk. 
However, no human cases were reported around a number of farms with 
serious Q fever problems. To assess the role of local environmental conditions 
which may add to the transmission or risk of Q fever, we gathered datasets 
on vegetation, land use, soil characteristics, and weather conditions in 
5 km areas around infected farms. Areas without transmission had a 
higher vegetation density and relatively shallow groundwater conditions. 
Vegetation and soil moisture are relevant factors in the transmission of 
Coxiella burnetii from infected farms to humans, by reducing the amount 
of dust available for dispersion of the bacteria. The findings suggest that 
intensive goat and sheep husbandry should be avoided in areas that are 
characterized by a combination of arable land with deep groundwater and 
little vegetation.
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Introduction

In 2007 Q fever emerged in the Netherlands as an infectious disease of great 
public health importance. The extent of the seasonal outbreaks in 2008 and 2009 
with more than 3,300 human cases was unprecedented in the world (Figure 5.1). 
The causative bacterium, Coxiella burnetii has a worldwide reservoir in many 
different animal species but in the Netherlands dairy goats and to a lesser extent 
dairy sheep were implicated (van der Hoek et al. 2010a). The most affected area 
in the south of the country had a high density of dairy goat farms and several 
farms experienced clinical signs with abortion waves that were confirmed as Q 
fever with immunohistochemistry on placental tissue (van den Brom and Vellema 
2009). Infection of humans is caused by inhalation of contaminated aerosols. 
Especially when infected pregnant small ruminants abort, billions of C. burnetii 
end up in the environment while fewer than 10 organisms are sufficient to seed 
an infection (Benenson and Tigertt 1956). The organism’s ability to persist in the 
environment may result in a continued risk for infection weeks to months after 
the birthing event. Q fever is a zoonotic disease with no convincing evidence 
for human-to-human transmission. The size of the community outbreak in the 
Netherlands suggests that transmission predominantly takes place through wide-
scale environmental contamination or multiple point-source contamination sites. 
To a lesser extent direct recreational and occupational contact with animals plays 
a role (van der Hoek et al. 2010a). 

Individual-level risk factors for Q fever include male gender, older age, smoking, 
contact with hay, straw and manure, and living close to an infected dairy goat farm 
(Karagiannis et al. 2009). It has been established that people living within 5 km of 
an affected farm have a much higher risk for Q fever than those living more than 
5 km away (Schimmer et al. 2010). Under dry, dusty conditions infective aerosols 
can travel several km down wind and large human outbreaks have been linked to 
wind dispersion from sites where infected animals are kept (Hawker et al. 1998; 
Tissot-Dupont et al. 2004). 

A number of dairy goat farms outside the high incidence area in the Netherlands had 
major Q fever problems without any human cases in the surrounding population. 
This raises the question whether environmental conditions in the high incidence 
area were more conducive for transmission than elsewhere. In the present study 
the importance of these factors was assessed, with a focus on vegetation, land use, 
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soil characteristics, and weather conditions, while accounting for other possible 
explanations for small area variations such as diff erences in human and animal 
population density.

Figure 5.1. Q fever notifi cations in the Netherlands by date of onset of illness. Bars represent 
notifi cations per week. Information on onset of illness was available for 194 patients in 2007, 
982 in 2008, and 2,313 in 2009.
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Materials and methods

Human cases

Q fever is a notifi able disease in the Netherlands and information on human cases 
is available in the national electronic infectious diseases surveillance database. 
Full (six-digit) postal codes are not available in this database but were provided 
separately by the Municipal Health Services to allow georeferencing of residential 
addresses. The time period during the year in which most transmission to humans 
takes place was from April to June, assuming a median incubation period of 21 
days (Porten et al. 2006; Figure 5.1). It was decided to focus on the human cases 
infected during these months only.

Veterinary data

The Animal Health Service provided information on the locations of the 25 dairy 
goat farms and two dairy sheep farms that had experienced abortion waves from 
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2006–2009, with the number of animals on the farms, the type of farm (goat or 
sheep), and the total number of goats, sheep and cattle in the 5 km zone around 
infected farms (Figure 5.2). 

Figure 5.2. Location and 5 km exposure radius of the farms where Q fever abortion waves took 
place.

Q fever among animals is known to be persistent and it was assumed that infected 
farms maintain their potential as a source of contamination at least a year after 
the abortion wave (Berri et al. 2007). Therefore, farms infected from 2006 and 
later were taken into account for analysis of the outbreaks of 2008 and 2009. The 

22419 Hoek.indd   75 11-05-12   12:54



76

locations of infected farms and residential addresses of notified human cases were 
plotted with the geographical information system software ArcView version 9 
(ESRI, Redlands, CA, USA). Environmental datasets were gathered for the 5 km area 
around each infected farm. A detailed description of the different environmental 
datasets is given elsewhere (Hunink et al. 2010).

Vegetation

Vegetation density was measured with the Normalized Difference Vegetation Index 
(NDVI). The NDVI was obtained as a gridded product with a spatial resolution of 
250 m from the MODIS (Moderate Resolution Imaging Spectroradiometer) sensor 
on board of the NASA Terra and Aqua satellites. The composite range of the NDVI 
images does not coincide with the start and end of the months. Therefore, it was 
decided to use only one single image for each month, of which the 16 day range 
fell entirely within the corresponding month. For April 2009 and June 2009 the 
quality of the images was affected probably due to hazy atmospheric conditions 
so the adjacent  image in time was used.

Land use

Land cover was obtained from the Dutch land use database of 2004, which is a 
raster database with 25 m resolution covering the entire Dutch territory and 
presenting the land use in 39 classes. It is based on a combination of satellite 
imagery and ancillary data. The classes were converted into four main land cover 
classes found relevant for this study, being: (i) arable and cultivated land; (ii) 
pastures; (iii) open spaces with little or no vegetation (including heath land); and 
(iv) forest. In addition, the surface of residential area was extracted.

Soil texture

The soil map of the Netherlands 1:50,000 provides information on important 
characteristics of the soil profile up to a depth of 1.20 m. For this study only the 
soil texture at the surface is a variable of interest as it controls the wind erosion 
threshold velocity. Therefore, the large number of classes was reduced in order to 
extract the dominant surface texture (clay, sand and peat) around the surrounding 
farm areas.
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Soil moisture

Groundwater tables in the Netherlands are relatively shallow (between around 
1 and 3 m depth) due to the low elevations of the ground surfaces. The entire 
country has been mapped using groundwater depth classes, which is the 
conventional way to express groundwater depths. Generally speaking, soils with 
shallow groundwater tables are wetter, while soils with average deep groundwater 
conditions are drier. Groundwater depth can therefore be used as an indicator of 
average soil moisture conditions. Historical data on soil moisture on a national 
scale are not available. The relative differences in time are mainly controlled by 
the water balance, i.e., daily precipitation and evapotranspiration. A simple model 
was set up to quantify temporal variation of the relative soil humidity using the 
information on precipitation and evapotranspiration from the Royal Netherlands 
Meteorological Institute (KNMI) weather stations. The obtained daily time series 
were aggregated to 10 days and spatially interpolated using kriging. The resulting 
decadal maps gave insight in the relative temporal differences in humidity, 
assuming a uniform soil profile. It has to be noted that the model did not include 
any information on soil characteristics and was purely based on the water balance 
terms. However, soil characteristics were taken into account separately in the 
statistical analysis.

Weather conditions

The meteorological conditions that are likely to promote the production and 
dispersion of dust are dry and windy weather. Wind velocity triggers the dust 
production, depending on the wind erosion threshold. Temperature and global 
radiation may influence the persistence of C. burnetii in the environment, so they 
were taken into account as well for the statistical analysis. Daily time series on these 
variables were obtained from 18 KNMI weather stations. To obtain information on 
these variables at the surroundings of the infected farms, the daily time series were 
first aggregated to 10-day averages. These averages were spatially interpolated.
 
Data analysis

Analysis was done using 5 km buffers around the 27 infected farms as the radius 
of exposure. When these 5 km buffer zones overlapped, it was assumed that the 
human notifications located in the overlapping area could be attributed to the 
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closest farm. In the analysis a distinction was made between areas with transmission 
to humans (defined as an incidence of >1 notification per 10,000 population per 
month with a minimum of two notifications) and areas without transmission. Areas 
with and without transmission were compared for the high incidence months of 
April–June in 2008 and 2009. Four farms were notified with Q fever for the first time 
in 2009 and for these farms only the three months in 2009 were included in the 
analysis. The entire dataset therefore had 150 cases: 23 infected farms observed for 
three months in 2008 and 27 infected farms observed for three months in 2009. 
The number of infected cases around the infected farms in 2007 was so low that no 
useful statistical analysis could be performed for that year. 

Of the spatial datasets that were variable in time (NDVI, meteorological variables 
and soil humidity) the temporal analysis base was 10 days (decadal). To obtain 
monthly values, the three corresponding subsequent decadal values were used. 
The soil and land use information was assumed to be invariable over the analyzed 
time period. 

Normally distributed continuous variables were compared with Student’s t test. 
For risk factor analysis, logistic regression was used in which explanatory variables 
were dichotomized with the mean or median value as cut-off point, depending on 
the distribution of the variable.

Results

Of the 150 observation months for the 27 infected farms, 95 months were classified 
as non-transmitting and 55 as transmitting (Table 5.1). The monthly incidence rate 
in the 5 km area around the 27 infected farms ranged from 0–160 notifications per 
10,000 inhabitants (Figure 5.2).

Considerable temporal and spatial variation was found for the NDVI distribution 
within and between the buffer zones during the six analyzed months in 2008 and 
2009 (Figure 5.3). The temporal differences can be attributed to crop growth cycles 
and seasonal variations of the natural vegetation. The distribution of NDVI values 
within the buffer zones tends to have a lower median value at the farms where Q 
fever was transmitted to humans (Table 5.1). In general, it can be stated that the 
areas where no transmission to humans took place from the infected farms were 
more densely vegetated than areas with transmission. 
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Table 5.1. Means and P value (Student’s t test) for environmental variables for the complete 
dataset (n = 150 farm-months of observation).

Transmission
No (n=95) Yes (n=55) P

NDVI 
Median 0.70 0.67 <0.001
Minimum 0.27 0.24 0.14
Maximum 0.89 0.89 0.26
Land use (km2)
Arable lands 22.5 27.4 <0.001
Pasture lands 33.2 29.2 0.01
Forest cover 7.8 8.0 0.77
Bare cover and heath 0.3 0.2 0.10
Residential area 7.1 8.6 0.02
Soil texture (%)
Peat covered 7.3 0.8 <0.001
Clay covered 24.2 26.4 0.67
Sand covered 59.5 62.6 0.58
Soil moisture
Min groundwater table class 2.11 2.36 <0.001
Relative soil humidity (%) 0.62 0.66 0.19
Climate
Mean wind velocity (0.1 m/s) 34.8 32.9 <0.001
Temperature (ºC) 13.7 13.7 0.99
Global radiation (J/cm2) 1,797 1,765 0.39

NDVI: Normalized Difference Vegetation Index

A clear relation was found between land use and the risk for human transmission 
of Q fever (Table 5.1). Infected farms surrounded by relatively more arable fields 
co-occur with higher Q fever human incidence rates. On the other hand, lower 
incidence rates were observed within buffer zones with relatively more pasture 
fields. The other three land use classes did not show significant difference between 
the two groups. The share of bare and open surfaces within the buffer zones was 
probably too small for meaningful analysis. Forest cover was not found to be 
indicative for human transmission risk of Q fever. 

A weak relationship was found between the texture of the soil surface and the 
transmission to humans of Q fever around infected farms. One variable showed a 
significant difference being the percentage area of peat covered soils within the 5 
km buffer zones. Sand and clayey soils did not show any relationship based on the 
analyzed datasets.
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Figure 5.3. Temporal variation of the median Normalized Difference Vegetation Index (NDVI) 
values in the 5 km buffer zones around the infected farms for the six analyzed months in 2008 
and 2009.
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Groundwater tables were deeper around the farms where transmission to humans 
took place, compared to the non-transmitting farms (Table 5.1). The differences in 
average relative soil humidity based on precipitation and evapotranspiration data 
did not show a consistent tendency: During some months average values were 
higher while during other months they were lower for the human transmitting 
compared to the non-transmitting farms. The weather-based indicator of soil 
humidity did not seem to have any relation with the transmission of Q fever. 

In contrast to what one expects, the average wind velocity was generally slightly 
lower around farms where transmission to humans took place compared to the 
non-transmitting farms (Table 5.1). The average temperature and global radiation 
around the farms did not show a tendency from which any conclusions could be 
drawn. 

In Table 5.2 the relevant explanatory variables are dichotomized with the mean 
or median value as cut-off point and with transmission to humans (yes/no) as 
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the outcome variable. Large farm size and high goat and cattle density in the 
5 km areas around the farms were risk factors for Q fever. Median NDVI and 
minimum groundwater table class remained significant variables when adjusting 
for differences in animal densities and farm size. Cattle density, but not goat 
density, remained an independent explanatory variable in the multivariate 
logistic regression models (data not shown). It was verified that the proximity of 
the populated areas to the infected source was not a confounder of the variables 
being studied. This was analyzed using the population fraction within a 2 km 
radius compared to the 5 km radius buffer zone.

Table 5.2. Univariate analysis of environmental risk factors for human Q fever in 5 km areas 
around farms with Q fever abortion problems (n = 150 farm-months of observations)

Variable Categories Odds ratio 95% CI
No. animals on infected farm >920 2.41 1.21-4.77

≤920 1a

Goats (5km area) >2,400 2.13 1.08-4.20
≤2,400 1

Sheep (5km area) >1,300 1.19 0.61-2.31
≤1,300 1

Cattle (5km area) >12,200 2.39 1.20-4.76
≤12,200 1

Median NDVI >0.68 0.32 0.16-0.65
≤0.68 1

Minimum groundwater table classb <3 0.35 0.16-0.76
3 1

a Reference category
b Higher groundwater class numbers indicate potentially dry soils, while low numbers correspond 
to average wetter soil conditions
CI: Confidence interval
NDVI: Normalized Difference Vegetation Index

Discussion

Around Q fever-infected farms we found clear differences between areas with and 
without transmission to humans in vegetation density and in average groundwater 
conditions. Areas without transmission had higher vegetation densities, based on 
remotely sensed satellite imagery, and relatively shallow groundwater conditions.

The role of vegetation and soil moisture is supported by knowledge from the 
environmental sciences. Aerosol transmission of Q fever occurs through the 
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inhalation of contaminated dust. The origin of potentially contaminated dust 
can be either the infected farm itself or soil dust coming from sparsely vegetated 
or bare areas around the farm (Evstigneeva et al. 2007). Vegetation is known to 
reduce the production of dust from erodible surfaces and to remove dust from the 
air flow (Stockton and Gillette 1990; Lancaster and Baas 1998). To which degree 
dust concentrations are reduced inside and above a vegetation patch depends 
on its internal structure, density and height. The results confirmed that the risk 
for transmission to humans was reduced when higher vegetation densities occur 
in the direct surrounding of the infected farms. More confidence on the causality 
of this relationship could be obtained by studying the spatial distribution of 
vegetated patches around and between the source and residential areas. 

The association between human Q fever and low groundwater tables is likely 
caused by the influence of soil moisture on dust production and deposition. As 
groundwater tables are very shallow in the Netherlands, they are generally a 
good indicator of average soil moisture conditions in situ. Drier soils are more 
prone to wind erosion and are also correlated with lower vegetation densities. In 
contrast to groundwater level, relative soil humidity was not a significant variable 
in the analysis. However, this parameter was simply based on precipitation and 
evapotranspiration data from weather stations without taking spatial differences 
in soil water storage, soil characteristics, irrigation practices, and plant transpiration 
into account. To obtain better insight in the influence of temporal and spatial 
patterns of soil moisture it is recommended to simulate and analyze soil conditions 
in the area around the farms through detailed spatial modelling of drainage and 
soil hydrology. 

The analyzed land use classes were generalized classifications from the original land 
use dataset. Most of the arable lands class consists of maize fields. A considerable 
part of the soil surface of maize fields is bare which enhances the production of 
dust. Especially at the start of the growing season (April) it can be expected that 
these surfaces are prone to wind erosion. Besides, this crop demands relatively 
much water and for that reason the soil surface is drier and dust production higher. 
Pasture fields are less seasonal variable and are generally covered entirely with 
vegetation, limiting the production of dust. In general, it can be said that many 
of the selected environmental variables are highly correlated with each other and 
this is certainly the case for land use and vegetation index. The vegetation index 
distribution is negatively correlated with the total area of arable lands within the 
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buffer zones and there is a positive correlation with total area of pasture lands. The 
lack of a relation between transmission and forest area is somewhat surprising as 
leaf canopies are known to be very effective in slowing down wind movements 
and enhancing the deposition of wind-transported dust particles. Most likely 
possible effects of forest patches between the infected source and residential areas 
should be studied with a more detailed and location-specific analysis taking into 
account the patchy spatial distribution of the forest areas and their spatial location 
compared to the farms and urban settlements. It has to be noted that the land use 
dataset was based on information from a few years before the outbreaks so some 
agricultural lands might have altered since then. Also, temporal differences related 
to the crop season during the year were not taken into account in this study. 

In areas with a relatively large share of peat-covered soils, transmission of Q fever to 
humans is less likely than areas without any peat soils. This result can be explained 
by the fact that peat areas tend to be relatively wet (shallow groundwater tables) 
with low dust production rates. It can be expected that soil surface texture is only of 
influence when bare surfaces are present. This is why the interactions between soil 
surface and land use are of crucial importance when studying these relationships. 

Most likely the monthly time scale used for the analysis is too long to find 
reasonable relations for the weather-related variables. Moreover, wind direction 
was not considered in this study, but is known to be an important factor (Hawker 
et al. 1998; Schimmer et al. 2010). Another factor is the influence of vegetation 
on the wind speeds. The roughness structure of vegetation and residential areas 
are very likely to alter the wind speeds locally. A more detailed location-specific 
assessment is necessary to study the influence of wind velocity. 

It has been known for a long time that abortion or parturition of infected small 
ruminants is responsible for the generation of primary aerosols of C. burnetii 
and that secondary infected aerosols can originate from the soil surface around 
infected farms (Welsh et al. 1958). However, the importance of environmental 
contamination in causing human disease over a long period of time remains 
unknown. In the United States, 25% of 1,600 environmental samples tested 
positive for C. burnetii indicating widespread environmental contamination (Kersh 
et al. 2010). However, the average number of notified human Q fever cases in the 
US is just over 50 per year (McQuiston et al. 2006). 
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Somewhat surprising, high cattle density but not goat density was a significant 
independent risk factor for human Q fever. Antibodies against C. burnetii are 
prevalent in all domestic ruminants, including cattle, in all European countries with 
often more than half of the herds testing positive (EFSA 2010). However, cattle are 
generally considered not to play an important role in the transmission to humans. 
The possible role of cattle in the outbreaks in the Netherlands is investigated in 
more detail in a separate ongoing project. 

Little is known about the pathogen characteristics that could play a role in 
transmission of Q fever from an infected source to humans. Large differences in 
bacterial strains between farms are not expected as shown by preliminary findings 
of the Central Veterinary Institute of the Netherlands. One multiple-locus variable 
number tandem repeat analysis (MLVA) type is clearly dominant in all infected 
goat farms, suggesting a clonal origin (Roest 2010). This type has been related to 
the type that was found in human samples (Klaassen et al. 2009). MLVA types of 
two strains on cattle farms could clearly be distinguished from goat MLVA types. 

Differences in awareness of Q fever among doctors and the public will impact on 
health seeking behaviour and the use of laboratory tests for C. burnetii infection in 
case of a febrile illness or pneumonia (van der Hoek et al. 2010b). Control measures 
in the Netherlands included mass vaccination of goats and sheep and large-scale 
culling of pregnant animals on farms that are found positive in bulk tank milk 
monitoring (Roest et al. 2011a). The bulk tank milk monitoring started only in 
October 2009 and culling in December 2009 and has therefore not influenced the 
results of the study. However, local media attention might have influenced the 
health-seeking behaviour around some farms. 

There is an ongoing public debate about the possible health risks of intensive 
livestock farming. Dairy goat farms in the Netherlands can have several thousand 
animals in one enclosure. Because of the Q fever epidemic, a temporary ban has 
been put on expansion of existing dairy goat farms and construction of new 
farms. Keeping a safe distance of several kilometres between farms and human 
habitation is not feasible because of the high population densities in agricultural 
areas. There is an urgent need to further quantify the role of environmental factors, 
such as vegetation patterns and soil conditions, so that these factors may be taken 
into account in decision making and future spatial planning.
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Conclusion

Vegetation and soil moisture are relevant factors in the transmission of C. burnetii 
from infected small ruminant farms to humans. The findings could play a role in 
the discussion on mitigation of health risks of (large-scale) farming, for example by 
avoiding intensive goat and sheep husbandry in areas that are characterized by a 
combination of arable land with deep groundwater and little vegetation.
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Abstract

During 2007–2009, we tested serum samples from 2,004 pregnant women 
living in an area of high Q fever incidence in the Netherlands. Results 
confirmed that presence of antibodies against Coxiella burnetii is related to 
proximity to infected dairy goat farms. Pregnant women and patients with 
certain cardiovascular conditions should avoid these farms.
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Introduction

Dairy goat farms were implicated in the large Q fever epidemic (>3,500 human 
cases) in the Netherlands during 2007–2009 (Roest et al. 2011a; van der Hoek et 
al. 2010a). However, most human infections remain asymptomatic or appear as a 
self-limiting febrile illness and are therefore not reported. Seroprevalence studies 
are needed to discover the true infection pressure in the population. We aimed 
to establish whether the presence of antibodies to Coxiella burnetii, the etiologic 
agent of Q fever, is associated with physical proximity to infected small ruminant 
(dairy sheep and goat) farms.

The Study

Serum samples from pregnant women were obtained from laboratories located in 
the high-incidence Q fever area in the province of Noord-Brabant. The samples had 
been collected during June 20, 2007–May 26, 2009, during a screening program for 
syphilis, hepatitis B, and HIV infection, which was routinely offered to all pregnant 
women. Serum samples were analyzed by using an immunofluorescence assay 
(Focus Diagnostics, Cypress, CA, USA) for detecting IgG and IgM against phases 
I and II of C. burnetii infection in a single dilution of 1:64. An IgG II titre ≥64 was 
considered indicative of past infection. Possible recent infection was defined as 
IgM II ≥64 combined with either an IgG II or IgM I titre ≥64. 

We included 10 adjacent municipalities (Figure 6.1) that had an incidence of Q 
fever notifications over the study period of 0.5–19.6 per 1,000 population and with 
clear seasonal peaks (Figure 6.2). Median age of the 2,004 women in the study was 
30 years (interquartile range 27–33 years) with no significant differences between 
the municipalities. Seroprevalence for past infection was 9.0% (181/2,004), ranging 
from 0% to 21% between the 10 municipalities (Table 6.1). In 57 (31%) of 181 
women, IgM II titre was ≥64. Only two women had an IgM II titre ≥64 and IgM I titre 
≥64 without an IgG II titre ≥64. Seroprevalence for possible recent infection was 
therefore 2.9% (59/2,004), with a range of 0%–10% between the 10 municipalities. 
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Figure 6.1. Location of the ten municipalities studied in southern area of the Netherlands, 
2007–2009, with residence and serologic results for 2,004 pregnant women, sites of small 
ruminant farms with infected animals, and address density. Three of the 20 farms included in 
the analysis are not visible.

Figure 6.2. Q fever notifi cations by month of onset of illness in ten municipalities in southern 
area of the Netherlands, 2007–2009
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Table 6.1. Antibodies to Coxiella burnetii in pregnant women in ten municipalities in Noord-
Brabant Province, the Netherlands, June 2007–May 2009

Serological profi le, no. (%) women
Municipality Total 

population
No. pregnant 

women tested
IgG II titre ≥64 Possible recent 

infectiona

Lith 6,667 42 9 (21.4) 4 (9.5)
 Oss 77,097 702 57 (8.1) 22 (3.1)
Maasdonk 11,260 38 5 (13.2) 0 (0.0)
Bernheze 29,615 291 30 (10.3) 15 (5.2)
Landerd 14,805 72 6 (8.3) 4 (5.6)
Uden 40,360 380 32 (8.4) 8 (2.1)
Veghel 37,125 355 37 (10.4) 6 (1.7)
Boekel 9,692 84 5 (6.0) 0 (0.0)
Schijndel 22,889 18 0 (0.0) 0 (0.0)
Sint-Oedenrode 17,427 22 0 (0.0) 0 (0.0)
Total 266,937 2,004 181 (9.0) 59 (2.9)

a IgM titre to phase II antigen ≥64 combined with either an IgG II or IgM I titre ≥64

For each pregnant woman, we calculated the distance from her home address to 
the closest farms in the following three categories: (i) dairy goat or dairy sheep 
farm where clinical Q fever (i.e., abortion waves) occurred during 2005–2009 (data 
from Animal Health Service) (eight farms [all goat farms] were identifi ed in this 
way, of which six were located within or just outside of the study area) (Figure 
6.1); (ii) dairy goat or dairy sheep farms at which bulk tank milk tested positive 
for C. burnetii antibodies in the mandatory bulk tank milk monitoring program in 
2009 (data from Food and Consumer Product Safety Authority; 12 goat farms were 
identifi ed); and (iii) a farm with >100 goats or sheep, irrespective of the infection 
status and production type (milk or meat) of the farm (data from the Ministry of 
Agriculture, Nature and Food Quality). Details of category (i) and category (ii) farms 
are provided in Table 6.2. 

Univariate regression analysis showed that pregnant women living <2 km from 
a farm that had experienced clinical Q fever had a higher risk of testing positive 
for antibodies to C. burnetii than those living >5 km away (odds ratio 2.63, 
95% confi dence interval 1.33–5.20 for IgG II titre ≥64 and odds ratio 6.58, 95% 
confi dence interval 2.78–15.55 for possible recent infection). The increased risk for 
farms that had positive test results during monitoring of bulk tank milk was not 
signifi cant. No increased risk was found for women who lived close to any farm 
with >100 animals. However, 98% of the population in the study area live within 5 
km of such farms. In multivariate logistic regression analyses, taking into account 
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address density of the neighbourhood and other relevant variables, living <2 km 
from a farm with clinical Q fever remained a strong risk factor (Table 6.3).

Table 6.2. Details of Q fever–affected dairy goat farms included in analysis of Coxiella burnetii 
seropositivity among pregnant woman, the Netherlands, 2007–2009

Farm no. No. goats 
in herda

Date clinical Q 
fever detected

Month bulk tank milk 
found positive, 2009

PCR result, 
2008

ELISA 
result, 2008

1 1,700 Mar 2006 None n.a. n.a.
2 604 Apr 2006 Nov Positive Positive
3 830 Aug 2006 None Positive Positive
4 1,484 Apr 2007 None Positive Positive
5 2,228 Apr 2007 Nov Positive Positive
6 756 Apr 2008 Nov Positive Positive
7 2,194 Jul 2008 Dec Positive Positive
8 1,213 Sep 2009 Nov Positive Negative
9 905 None Nov Positive Positive
10 652 None Nov Positive Positive
11 1,013 None Nov Positive Positive
12 432 None Nov n.a. n.a.
13 1,065 None Nov Negative Negative
14 606 None Nov Positive Negative
15 713 None Nov Positive Positive
16 1,271 None Nov Positive Positive
17 727 None Nov Positive Positive
18 2,653 None Nov Negative Negative
19 2,125 None Nov n.a. n.a.
20 1,182 None Dec Positive Positive

a November 2008 count of the Ministry of Agriculture, Nature and Food Quality
n.a.: Not available
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Table 6.3. Multivariate logistic regression models for Coxiella burnetii IgG II seropositivity and 
serologic indication for possible recent infection based on house location of 2,004 pregnant 
women, the Netherlands, 2007–2009

OR (95% CI)
Variable IgG II titre ≥64 Possible recent infectiona 
Distance to nearest farm with clinical Q fever, km

<2.0 2.38 (1.19-4.73) 6.68 (2.53-17.64)
2.0-4.9 1.12 (0.74-1.71) 2.82 (1.34-5.92)

≥5 Reference Reference
No. infected farms within 5 km

≥1 0.92 (0.46-1.85)
0 Reference

Total no. locations with sheep or goats within 5 km
≥140 1.29 (0.95-1.76)
<140 Reference

Address density of neighborhood, addresses/km2b

<500 1.85 (1.23-2.78) 1.32 (0.65-2.70)
≥500 Reference Reference

a IgM antibody titre to phase II antigen ≥64 combined with either an IgG II or IgM I titre ≥64
b Neighborhoods were categorized as not urban if the address density was < 500 addresses/km2 
and urban if ≥ 500/km2.
OR: Odds ratio; CI: Confidence interval. Blank cells indicate variable not included.

Conclusions

The presence of antibodies against C. burnetii, especially levels suggesting recent 
infection, is associated with living near a farm with infected dairy goats. This 
finding applied only to farms where animals had clinical Q fever and not for farms 
where tests of bulk tank milk were positive. A study in 2008 showed that persons 
who lived near (<2 km) an infected dairy goat farm had a much higher risk for Q 
fever than did persons who lived further away (>5 km) (Schimmer et al. 2010). 
However, these results were based on notified cases, i.e., patients with clinical 
signs. Because the link to goat farming has received substantial attention in the 
public media, persons living close to goat farms may have sought medical care for 
suspected Q fever more rapidly than those who lived distantly from goat farms. 
Our population-based serologic study had a control group of seronegative women 
and identified asymptomatic infections. Combined, both studies provide evidence 
that living near dairy goat farms that experience abortion waves increases the risk 
in humans for symptomatic and asymptomatic C. burnetii infection. 
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A limitation of this study is that the exact infectious periods for each of the 20 
farms in the study are unknown. Mandatory systematic monitoring of bulk tank 
milk only started in October 2009. However, for 17 of the 20 farms identified in the 
distance calculations in the present study, bulk tank milk testing results from 2008 
were available from the records of the Animal Health Service. When an ELISA was 
performed, animals at 13 of the 17 farms tested positive for C. burnetii antibodies 
(Table 6.2). Furthermore, for 15 of the 17 farms, bulk tank milk tested positive by 
PCR in 2008. The assumption that persons became infected where they lived, 
although infection might have occurred elsewhere, might have weakened the 
association between house location and infected farms because of nondifferential 
misclassification. We did not account for circumstances that may play a role in 
transmission from farm to humans, such as wind, vegetation patterns, and soil 
conditions around infected farms (Chapter 5, this thesis). We assume that the 
effect of the voluntary vaccination program of small ruminants in 2008 had only 
limited effects on the study. Culling of pregnant animals on infected farms did not 
affect the results of the study because that began in December 2009. 

We found an overall prevalence of IgG II antibodies of 9.0%. In comparison, during 
2006–2007, a seroprevalence of 2.4% was found in a nationwide seroprevalence 
survey in the Netherlands, just before the first major outbreak (Schimmer et 
al. 2011). The present Q fever epidemic peaked right after the last data were 
collected for the present study. In the second half of 2009, seroprevalence for 
blood donors in the high-incidence area was estimated at 12.2% (Hogema et al. 
2011). The findings of the different seroprevalence studies are consistent with the 
view that Q fever newly emerged in the Netherlands, peaking in 2009, and that a 
high infection pressure has resulted in increased seroprevalence in the general 
population, including in pregnant women. 

Whether infection during pregnancy is associated with adverse pregnancy 
outcomes remains uncertain. The international literature suggests this conclusion, 
but an analysis based on 1,174 of the 2,004 women included in the present 
study showed no evidence of adverse pregnancy outcome among women with 
antibodies to C. burnetii (Langley et al. 2003; Carcopino et al. 2007; Chapter 7, this 
thesis). Despite uncertainties surrounding the clinical significance of asymptomatic 
seropositivity, this study supports the recommendation that pregnant women 
and persons at risk for chronic Q fever, such as patients with certain cardiovascular 
conditions, should avoid visiting infected farms.
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Abstract

Background: Q fever has become a major public health problem in the 
Netherlands. Infection with Coxiella burnetii (Q fever) during pregnancy has 
resulted in adverse pregnancy outcome in the majority of reported cases. 
Therefore, we aimed to quantify this risk by examining the earliest periods 
corresponding to the epidemic in the Netherlands. 

Methods: Serum samples that had been collected from the area of highest 
incidence by an existing national prenatal screening programme and data 
from the Netherlands Perinatal Registry (PRN) on diagnosis and outcome 
were used. We performed indirect immunofluorescence assay to detect the 
presence of IgM and IgG antibodies against C. burnetii in the samples. The 
serological results were analyzed to determine statistical association with 
recorded pregnancy outcome. 

Results: Evaluation of serological results for 1,174 women in the PRN 
indicated that the presence of IgM and IgG antibodies against phase II of 
C. burnetii was not  significantly associated with preterm delivery, low birth 
weight, or several other outcome measures. 

Conclusion: The present population-based study showed no evidence 
of adverse pregnancy outcome among women who had antibodies to C. 
burnetii during early pregnancy.
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Background

Infection with Coxiella burnetii (Q fever) has recently become a major public health 
problem in the Netherlands (Schimmer et al. 2009; van der Hoek et al. 2010a). The 
annual number of laboratory-confirmed cases increased from ten in 2006 to 168 
in 2007. Since then, the upward trend has continued at an alarming rate (weekly 
updates on number of cases is available in Dutch at: http://www.rivm.nl/cib/
themas/Q-koorts/). The 2008 outbreak, comprised of 1,000 cases, was ranked as 
the largest on record anywhere in the world, but this was surpassed in 2009 when 
a total of 2,356 cases were diagnosed. 

International literature suggests that untreated acute Q fever infection during 
pregnancy may result in adverse pregnancy outcome in up to 81% of cases (Langley 
et al. 2003; Carcopino et al. 2007). These outcomes include spontaneous abortion, 
intra-uterine foetal death and premature delivery, or low birth weight. The risk of 
developing chronic Q fever infection is especially high for pregnant women (Maurin 
and Raoult 1999; Raoult et al. 2002; Carcopino et al. 2009). An estimated 60% of all 
(male and female) acute Q fever infections occur without clinical symptoms, and 
among pregnant women this percentage is even higher (Tissot-Dupont et al. 2007). 

Asymptomatic infections may carry the same risk for adverse pregnancy outcome 
as symptomatic cases (Parker et al. 2006). The high proportion of asymptomatic 
infections and the high risk for adverse effects has led to recommendations which 
state that in outbreak situations all pregnant women should be offered serological 
screening for recent Q fever infection; if found positive, long-term antibiotic 
treatment is proposed (Tissot-Dupont et al. 2007). During the first outbreak in the 
Netherlands in 2007 an effort was made to identify all women who were pregnant 
or who had recently delivered in the affected area (total approximate population of 
4,000). Out of 29 women identified through midwives and obstetricians serving the 
area, 19 underwent serological testing with an indirect immunofluorescence assay 
(IFA). None of these women presented with symptoms of Q fever, but serological 
evidence of a recent infection was found for two and for a past infection in one other 
(Meekelenkamp et al. 2009). As recommended in the international literature, the 
two women with recent infection were treated with cotrimoxazole for the duration 
of their pregnancies (Carcopino et al. 2007). These two women delivered under strict 
hygiene measures and there were no complications during parturition. PCR tests of 
birth products were negative for C. burnetii DNA. 
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The number of pregnant women with Q fever infection for whom pregnancy 
outcome has been reported is very limited (<100 women for all studies combined). 
Furthermore, most studies have been based upon retrospectively collected cases that 
do not allow quantification of the risk for an adverse outcome of an infection during 
pregnancy. The 2008 outbreak in the Netherlands was unique from those that had 
preceded it in that it was not confined to a small geographic area; this widespread 
infection pattern raised the question of whether screening of pregnant women for 
acute Q fever infection was necessary and feasible. The answer is largely dependent 
on the trade-off between adverse effects from untreated Q fever infections and 
the detrimental side effects associated with long-term antibiotic treatment 
during pregnancy. Furthermore, it will be necessary to minimize the potential for 
administering an unnecessary treatment based on a false positive serological result. 

An international meeting conducted in July 2008 by the Centre for Infectious Disease 
Control and the Health Council of the Netherlands concluded that, considering the 
prevailing conditions in which cases were emerging over a large geographic area, 
screening of all pregnant women for recent Q fever infection was not justified but 
that there was an urgent need for more quantitative data to determine the risk of 
adverse pregnancy outcome among pregnant women with acute Q fever infection in 
early pregnancy. The findings would then be provided to health planners and policy 
makers in order to aid in the development of targeted and effective programmes 
of countermeasures (available in Dutch at: http://www.gezondheidsraad.nl/nl/
adviezen/briefadvies-bijeenkomst-over-q-koorts-nederland). To this end, we 
designed and carried out a population-based retrospective follow-up study of 
pregnant women in the Netherlands region with highest incidence of Q fever. 

Methods

Serology

Presence of antibodies against C. burnetii during pregnancy was determined 
by testing sera that had been routinely collected by the Prenatal Screening for 
Infectious Diseases and Erythrocyte Immunization (PSIE). This is a screening 
program that is offered free-of-charge to all pregnant women in the Netherlands 
around the 12th week of pregnancy. It includes screening for hepatitis B, syphilis, 
and HIV. Participation in the PSIE is voluntary and reaches around 93%. Under this 
program, the midwife refers the pregnant woman for collection of a blood sample 
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to occur during a regular antenatal care visit. Samples collected under the PSIE 
can be analyzed at any microbiology laboratory and the remaining serum is often 
stored for a period of one year after initial analysis. 

We obtained the stored sera from regional laboratories located in the northeast 
of the province of Noord Brabant, which represented the area with the highest Q 
fever incidence. These sera had been stored in freezers at -20°C after analysis for 
hepatitis B, syphilis, and HIV. Sera with collection dates from 20 June 2007 to 31 
July 2008 were sent on dry ice to the Regional Laboratory of Medical Microbiology 
and Infection Control in the Jeroen Bosch Hospital located in ‘s Hertogenbosch, 
where they were kept in the freezer at -20°C. When a batch of sera was removed 
from the freezer and thawed, they were analysed the same day for Q fever 
serology using an IFA device (Focus Diagnostics, Cypress, CA, USA) to detect the 
presence of IgG and IgM antibodies. In the analysis the positive serological results 
were categorised in two categories: (i) the presence of anti-phase II IgM and anti-
phase II IgG antibodies with a titre of ≥1:64 or a solitary IgM II ≥1:64, suggesting 
a possible recent infection; and (ii) the presence of both anti-phase I and II IgG 
antibodies with a titre of ≥1:64 and without IgM being present, suggesting a past 
infection. The remaining samples were scored as negative for C. burnetii infection. 

Pregnancy outcome

Information on pregnancy outcome for each of the samples was obtained from the 
Netherlands Perinatal Registry (PRN). This database represents the joint efforts of 
the professional organizations of midwives, gynaecologists, obstetrically-trained 
general practitioners and paediatricians in the Netherlands. The PRN contains 
perinatal data from 16 weeks of gestation onwards and includes 96% of all births 
that occur in the Netherlands (http://www.perinatreg.nl/). 

A number of outcome variables were assessed in our study: (i) preterm delivery, 
defined as gestational age under 37 weeks; (ii) low birth weight, defined as <2,500 
grams; (iii) low birth weight for gestational age, defined as <10th percentile, derived 
from sex-, parity, and ethnic background-specific reference curves (Visser et al. 
2009); (iv) foetal or neonatal mortality, up to 7 days; (v) congenital malformation, 
visible at or shortly after birth; and (vi) 5-minute Apgar score <7. 
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Confounding variables

Information was also collected on a number of potentially confounding variables 
known to be associated with pregnancy outcome and for which information 
was available in the PRN. These included maternal age, parity, plurality, ethnic 
background, socio-economic status, urbanization, and foetal position. Socio-
economic status was estimated from the woman’s postal code (4 digits) using 
the methodology developed by the Netherlands Institute for Social Research 
(1998). The socio-economic status is based on mean income level, the percentage 
of households with a low income, the percentage of inhabitants without a 
paid job and the percentage of households with, on average, a low education 
residing within a particular postal code area. Ethnic background was classified 
by the healthcare provider as Dutch or other (largely consisting of ethnic groups 
from Surinam, Morocco, and Turkey). Urbanization was based on the number of 
households per km2 per postal code area. 

Sample size calculation

It was assumed that the prevalence of antibodies against C. burnetii among 
pregnant women in the high-risk area would be around 10%. This presumption was 
based on a limited seroprevalence survey among pregnant women during the 2007 
outbreak, which showed recent infection in 16% in the outbreak area, 4% in the 
surrounding ‘medium risk’ area, and 1% in the rest of the country (Meekelenkamp 
et al. 2009). The proportion of newborns with low birth weight (<2,500 grams) has 
been reported to be about 7% in the Netherlands (Netherlands Perinatal Registry 
2009). With this outcome measure, the required sample size to detect a relative 
risk of two with a power of 80% and a significance level of 5% would be 1,630. A 
slightly smaller sample size would be required for the outcome measure preterm 
delivery (gestational age <37 weeks), which occurs in 8% of pregnancies. From the 
outset, this study was expected to have insufficient power to detect an increased 
risk in foetal and neonatal mortality (perinatal mortality) due to the fact this is a 
rare event which occurs in only about 1% of pregnancies with gestational age ≥22 
weeks (Netherlands Perinatal Registry 2009). Based on these estimates the target 
sample size was set at 1,800, which was expected to provide sufficient power for the 
outcome measures of low birth weight and preterm delivery, taking into account 
that some laboratory results might not be linkable to the PRN. 
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Statistical analysis

Differences in frequency of pregnancy and delivery features between the women with 
positive and negative serology were analyzed in contingency tables with the χ2 test. 
Probability values <0.05 were considered statistically significant. For each outcome, the 
strength of its association with positive serology was expressed as a crude odds ratio 
(OR) with 95% confidence interval (CI). We then adjusted the ORs in a multivariable 
logistic regression analysis for potential confounders, to show the contribution of 
the examined feature in relation to the other characteristics. Interaction effects were 
also examined for each confounder variable and serological status by using logistic 
regression analysis. Missing values occurred for only 0.7% of all confounders and were 
imputed once using R software (Little 1992; Moons et al. 2006). The other analyses 
were conducted using software packages from SAS (version 9.1; SAS Institute, Cary, 
NC, USA), SPSS (version 17.0; SPSS Inc. Chicago, IL, USA), and Microsoft Excel. 

Ethical considerations

The study was approved by the Medical Research Ethics Committee of the 
University Medical Centre Utrecht and the Board of the PRN. The latter included 
approval obtained upon assessment by a privacy commission. 

Results

Linkage

As the analysis was carried out using anonymised samples, without a unique 
personal identifier, the laboratory results had to be linked to the 2007 and 2008 
PRN data by use of limited postal code information (4 digits) and maternal date 
of birth. Of the 1,739 sera samples collected within the study period, 1,678 were 
available for linkage with PRN data (Figure 7.1). In the PRN database, 89,702 
deliveries were registered in the high incidence area during 2007 and 2008. Within 
this total population, 3,095 singleton deliveries were excluded based on the 
indication that two or more had identical maternal date of birth and four-digit 
postal code. Thus, these deliveries belonged to different mothers and could not 
be validly linked to the serological data. None of the multiple deliveries with the 
same maternal date of birth and four-digit postal code originated from different 
mothers, as checked carefully by gestational age and number of foetuses. Of 
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the 1,678 eligible sera, 1,169 (70%) could be linked to 1,201 children registered 
in the PRN. For 25 children no neonatal outcome data were available and in two 
cases there was no clear laboratory result, thus a study population was generated 
composed of 1,174 children who originated from 1,155 mothers. 

Figure 7.1. Flowchart of serological analyses and pregnancy outcome

Sera collected within the 
study period, N=1739 

Exclusion of sera with identical 
maternal dates of birth and 4 digit 
postal codes, which originated 
from different mothers, N=35 

Exclusion of double/triple sera 
per woman, collected within one 
year (only the last serum was 
retained for study), N= 26  

Sera available for linking 
with PRN, N=1678 

Deliveries from women living 
in the high incidence area, 
N=89,702

Exclusion of singleton deliveries with 
≥2 identical maternal dates of birth 
and 4 digit postal codes, N=3095 

Exclusion of deliveries outside the 
high incidence area, N= 291,719 

Deliveries available for linking 
with JBZ sera, N=86,625 

Linked deliveries,  
N=1201 

Final study population,
N=1174 

Exclusion of deliveries with 
missing data for neonatal 
outcome, N=25

Exclusion of sera lacking clear 
laboratory result, N=2 

One serum per mother 
within the study period, 
N=1713

Jeroen Bosch Hospital (JBZ) The Netherlands Perinatal Registry (PRN) 

Deliveries in the Netherlands 
in 2007 and 2008, N=390,421

Seroprevalence

The large majority (1,646, 96%) of the 1,713 sera that were available had been 
obtained from women living in 10 adjacent municipalities in the high incidence 
area. Based on the registered number of births in 2007, we estimated that during 
the study period 60% of pregnant women in these 10 municipalities were included 
in the study (Table 7.1). Of the 1,646 sera, 40 had an IgM II and IgG II ≥1:64, of 
which four exhibited very intense fluorescence at the 1:64 dilution. In combination 
with the 16 sera with an IgM II ≥1:64 this gives an overall seroprevalence of 
3.40%. Nineteen (1.15%) sera had anti-phase I and II IgG antibodies with a titre 
of ≥1:64 and without IgM being present (Table 7.1). For the linked mothers, the 
seroprevalence was found to be slightly lower, with 3.15% for possible recent 
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infection (37 women, of whom 11 had solitary IgM II ≥1:64) and 1.02% for past 
infection. There was a clear correlation (Pearson correlation coefficient = 0.707) 
between seroprevalence among pregnant women and the incidence of notified 
symptomatic Q fever in the same municipalities. In addition to the 19 sera with 
anti-phase I and II IgG antibodies, there were 130 sera with a solitary IgG II ≥1:64. 
Out of the 1,646 samples examined, 16 had an IgM I ≥1:64 and 30 had an IgG I 
≥1:64. Although positive samples were not fully titrated, none of the IgG I positive 
sera exhibited intense fluorescence at the 1:64 dilution, making it unlikely that the 
titres would be very high and suspect for chronic Q fever. 

Table 7.1. Presence of antibodies against Coxiella burnetii among pregnant women in 10 
municipalities within the province of Noord Brabant, the Netherlands, from June 2007 to July 
2008

Municipality Pregnant 
women 
tested

IgG I and  
IgG II ≥64 

(%)

IgM II and 
IgG II  ≥64 or 

IgM II ≥64 (%)

Births in 
2007a

Q fever 
incidence 
in 2008b

Oss 579 7 (1.2) 21 (3.6) 779 175
Uden 306 6 (2.0) 8 (2.6) 458 234
Veghel 293 3 (1.0) 5 (1.7) 377 38
Bernheze 240 1 (0.4) 15 (6.3) 326 344
Boekel 70 1 (1.4) 0 (0.0) 127 10
Landerd 60 0 (0.0) 4 (6.7) 122 791
Lith 37 0 (0.0) 3 (8.1) 57 342
Maasdonk 31 1 (3.2) 0 (0.0) 107 337
Sint-Oedenrode 15 0 (0.0) 0 (0.0) 151 23
Schijndel 15 0 (0.0) 0 (0.0) 219 17

Total 1,646 19 (1.1) 56 (3.4) 2,723 200
a Total number of births that were registered in each municipality in the year 2007. 
bNumber of notified Q fever patients in the municipality from January 2008 to August 2008 per 
100,000 inhabitants (based on population size of the municipality on 1 January 2008). 

Pregnancy outcome

Average age at delivery was 30.8 years (standard deviation [SD] 4.2) for mothers 
with positive serology, and 30.5 (SD 4.5) for mothers with negative serology. The 
other characteristics of mothers and infants are shown in Table 7.2. There was a clear 
difference in overall seroprevalence by ethnic background (Dutch 2.6% vs non-
Dutch 9.2%; P = 0.006). This difference was less pronounced when only positivity 
for anti-phase II IgM and anti-phase II IgG antibodies was considered (Dutch 2.9% 
vs non-Dutch 5.5%; P = 0.143). Babies from mothers with anti-phase II IgM and anti-
phase II IgG antibodies were more often born in a non-vertex position, when only 
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babies born after at least 37 weeks of gestation were considered (P = 0.012). For 
other characteristics of mothers and infants no statistically significant differences 
were observed between the groups with positive and negative serology. 

Table 7.2. Characteristics of mothers and infants and interpretation of serology for Coxiella 
burnetii

Characteristic IgG I and IgG II 
≥64 (n=12)

IgM II and IgG II  
≥64 or IgM II ≥64 
(n=37)

No antibodies 
present (n=1,125)

χ2 testa

n (%) n (%) n (%) P-value 
Mothers
Parity
Primiparae 4 (33.3%) 19 (51.3%) 545 (48.4%)
Multiparae 8 (66.7%) 18 (48.7%) 580 (51.6%) 0.836

Ethnicity
Dutch 8 (66.7%) 31 (83.8%) 1,021 (91.2%)
Other 4 (33.3%) 6 (16.2%) 99 (8.8%) 0.006
Missing 0 0 5

Socio-economic status
Very high 0 (0%) 4 (10.8%) 134 (12.0%)
High 1 (8.3%) 8 (21.6%) 171 (15.3%)
Average 7 (58.3%) 17 (46.0%) 546 (48.7%)
Low 3 (25.0%) 7 (18.9%) 199 (17.8%)
Very low 1 (8.3%) 1 (2.7%) 71 (6.3%) 0.838
Missing 0 0 4

Urbanization (addresses/km2)
>1,500 1 (8.3%) 6 (16.2%) 232 (20.7%)
500-1,500 6 (50.0%) 16 (43.2%) 481 (42.9%)
<500 5 (41.7%) 15 (40.5%) 408 (36.4%) 0.538
Missing 0 0 4
Infants
Gender
Male 6 (50.0%) 21 (56.8%) 553 (50.3%)
Female 6 (50.0%) 16 (43.2%) 547 (49.7%) 0.508
Missing 0 0 25

Position
Vertex 12 (100%) 31 (83.8%) 1,024 (93.4%)
Breech or other 0 (0%) 6 (16.2%) 73 (6.6%) 0.131
Missing 0 0 28

Plurality
Singletons 12 (100%) 36 (97.3%) 1,076 (95.6%)
Multiples 0 (0%) 1 (2.7%) 49 (4.4%) 0.432

aTest for difference between antibodies present (columns 2 and 3) and absent (column 4). 
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Mean birth weight of the babies from mothers with positive serology was 3,311 
g (SD 637), while mothers with negative serology produced babies of 3,354 g (SD 
678). Presence of antibodies against C. burnetii was not significantly associated 
with any of the negative pregnancy outcome measures; the same was true when 
considering any adverse pregnancy outcome instead of each outcome separately 
(Table 7.3). Adjustment for confounders in multiple logistic regression analyses 
did not change the results (Table 7.4). 

Table 7.3. Pregnancy outcome by presence or absence of antibodies against Coxiella burnetii

Outcome IgG I and IgG II ≥64 
(n=12)

IgM II and IgG II 
≥64 or IgM II ≥64 

(n=37)

No antibodies 
present (n=1,125)

χ2 testa

n (%) n (%) n (%) P-value
Perinatal mortality

No 12 (100%) 37 (100%) 1,101 (97.9%)
Yes 0 (0%) 0 (0%) 24 (2.1%) 0.151

Apgar score
<7 0 (0%) 1 (2.7%) 22 (2.0%)
≥7 12 (100%) 36 (97.3%) 1,079 (98.0%) 0.983

Missing 0 0 24

Birth weight
<2,500 g 2 (16.7%) 3 (8.1%) 86 (7.8%)
≥2,500 g 10 (83.3%) 34 (91.9%) 1,015 (92.2%) 0.544

Missing 0 0 24

Birth weight by gestational age (<p10)
No 9 (75.0%) 35 (94.6%) 969 (89.0%)
Yes 3 (25.0%) 2 (5.4%) 120 (11.0%) 0.858

Missing 0 0 36

Congenital malformations
No 12 (100%) 37 (100%) 1,105 (98.2%)
Yes 0 (0%) 0 (0%) 20 (1.8%) 0.346

Gestational age
<37 weeks 1 (8.3%) 2 (5.4%) 109 (10.0%)
≥37 weeks 11 (91.7%) 35 (94.6%) 987 (90.1%) 0.378

Missing 0 0 29

Any adverse outcomeb

No 8 (66.7%) 32 (86.5%) 854 (75.9%)
Yes 4 (33.3%) 5 (13.5%) 271 (24.1%) 0.358

aTest for differences between antibodies present (columns 2 and 3) and absent (column 4).
bAny adverse outcome: perinatal death, birth weight <2,500 g, birth weight by gestational age 
< p10, Apgar score <7, or gestational age <37 weeks.
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Table 7.4. Multivariate analysis of seropositivity to Coxiella burnetii in relation to different 
adverse pregnancy outcomes

Outcome IgM II and IgG II  ≥64 or 
IgM II ≥64a

IgM II and IgG II  ≥64 or IgM II 
≥64 or IgG I and IgG II ≥64b

Adjusted 
ORc

(95% CI) Adjusted ORc (95% CI)

Gestational age <37 weeks 0.7 (0.2-2.2) 0.9 (0.3-2.3)
Birth weight <2,500 g 1.2 (0.4-3.4) 1.6 (0.6-3.9)
Birth weight by gestational age 
(<p10)

0.4 (0.1-1.8) 0.9 (0.3-2.3)

Apgar score <7 1.7 (0.4-8.2) 1.3 (0.3-5.6)
Any adverse outcomed 0.4 (0.2-1.2) 0.7 (0.3-1.5)

aReference category: no antibodies present, and IgG I and IgG II ≥1:64 combined
bReference category: no antibodies present
cOR was adjusted for maternal age, parity, plurality, ethnic background, socio-economic status, 
urbanization, and foetal position.
dAny adverse outcome: perinatal death, birth weight <2,500 g, birth weight by gestational age 
<p10, Apgar score <7, or gestational age <37 weeks.

Discussion

In our study population, presence of antibodies against C. burnetii in early 
pregnancy was not significantly associated with adverse pregnancy outcome. This 
is in contrast with published case reports and case series that suggest a high risk for 
adverse pregnancy outcome after an acute symptomatic or asymptomatic Q fever 
infection in pregnancy (Stein and Raoult 1998; Jover-Díaz et al. 2001; Carcopino et 
al. 2007). 

Any explanation for this discrepancy, such as possible differences in pathogenicity 
of different bacterial strains, is speculative as long as there are no data available. 
Reports from the literature on Q fever infection and pregnancy outcome have 
been limited by the fact that they have been based on small, selected numbers 
of pregnant women. However, the present study also has a number of limitations. 
The power of this study was negatively affected by the lower than expected 
seroprevalence and the relatively large number of women for whom a serum 
sample was available but ultimately could not be linked to the corresponding 
information in the PRN database. We were unable to determine the reason for 
record linkage failure in most of those cases. We made use of 12th week sera, but 
only pregnancies with a gestational age ≥16 weeks were registered in the PRN; 
therefore, pregnancies ending between 12 and 16 weeks would have been missed. 
Thus, we cannot exclude the possibility that mothers with positive serology had 
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higher rates of spontaneous abortion than did the mothers with negative serology. 
It is interesting to note, however, that antibodies suggesting recent infection 
were present in 4.0% of sera that were unable to be linked to the PRN, in contrast 
to 3.2% in sera that were able to be linked; this difference was not statistically 
significant (P = 0.376). The PRN registry contains no data on early pregnancy loss 
and spontaneous abortion, making this outcome measure unfeasible. During the 
study period, materials from 40 spontaneous abortions were investigated at the 
Jeroen Bosch Hospital but none of these materials was positive with PCR for C. 
burnetii (unpublished data). 

It has been suggested that complications from acute Q fever occur more often 
when the infection takes place in early pregnancy (Carcopino et al. 2009). However, 
there is a paucity of information on risks by trimester of infection. We were unable 
to provide data on women who might have seroconverted later (>12 weeks) in 
pregnancy. As no routine serum samples were available from late pregnancy, 
these data would be difficult to obtain and procuring such samples would present 
considerable logistical challenges, increased cost, ethical implications, and 
possible poor compliance of subjects. Some important risk factors for adverse 
pregnancy outcome, such as smoking during pregnancy, could not be taken into 
account. Heavy smoking during pregnancy is an item in the PRN, but has a low 
prevalence and is considered to be largely underreported. We had no information 
on occurrence of other prenatal infections, such as syphilis, Listeria, and group B 
streptococci, which are known to affect pregnancy outcome. 

There is no consensus on serological methods and cut-off titres that should be 
used for population-based surveys in which only single titres are available; thus, 
it is difficult to compare results between different studies (Psaroulaki et al. 2006; 
EFSA Panel on Animal Health and Welfare 2010). The largest study in the literature 
among pregnant women was carried out in south-eastern France, in which 12,716 
pregnant women were tested at the end of the pregnancy using an in-house 
developed IFA (Rey et al. 2000). This study found a seroprevalence of 0.15% based 
on IgG II ≥1:100. Moreover, high prevalence areas had the highest proportion 
of preterm births, but the serological results could not be linked to pregnancy 
outcome at the individual level. In our study, 11 of the samples had an isolated IgM 
≥1:64 against phase II. The other 26 samples had an IgM and IgG against phase II, 
both ≥1:64. A positive IgM against phase II has long been considered useful for 
the diagnosis of acute Q fever (Hunt et al. 1983). However, it has also been argued 
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that an isolated positive IgM against phase II could be the result of an aspecific 
reaction. According to the manufacturer of Q fever IFA IgM, the diagnosis of recent 
C. burnetii infection requires a titre ≥1:16 for both phase I and phase II antigens 
(package inserts; Focus Diagnostics; 2009, http://www.focusdx.com/focus/
packageInsert/IF0200M.pdf). Tissot-Dupont showed that a combination of a phase 
II IgM titre ≥1:50 and phase II IgG titre ≥1:200 was 100% predictive for active Q 
fever (Tissot-Dupont et al. 1994). It has been argued that local cut-off values need 
to be established, and for Denmark, a low prevalence country, a cut-off for the IgM 
phase II Focus Diagnostics IFA of ≥1:256 was suggested (Villumsen et al. 2009). In 
the high incidence area of the Netherlands the prevalence of C. burnetii antibodies 
will be higher than those in Denmark and, therefore, the positive predictive value 
of a serological test will be higher at a lower cut-off. Furthermore, the choice of 
cut-off point, when there are no definite rules, must also depend on the reason 
for performing the test. In a screening programme a high cut-off would result in 
very few women with aspecific reactions being labelled as false positive. However, 
a number of women with recent infection but relatively low antibody titres would 
be missed. The cut-off chosen for the present study was a compromise between 
sensitivity and specificity of the screening test. In the context of the ongoing 
discussions on interpretation of serological methods, we have used ‘presence of 
anti-phase II IgM and anti-phase II IgG antibodies’ rather than the term ‘recent 
infection’ in the present study. 

IgM phase II antibodies appear early in the disease and decrease quickly between 
weeks 10 and 15 (Hunt et al. 1983; Tissot-Dupont et al. 1994). The IgM response, 
however, may persist for a longer period of time and it is possible that women with 
a positive serology were infected just before pregnancy, which is probably less 
harmful than infection that occurs in early pregnancy. 

The prevalence of anti-phase II IgM and anti-phase II IgG antibodies among 
pregnant women in this high incidence area is lower than expected. However, 
the study was carried out using samples obtained in 2007 and 2008, before the 
high incidence peak of Q fever in 2009. The relatively high seroprevalence among 
pregnant women with a non-Dutch ethnical background is consistent with 
findings from a nationwide seroprevalence study among the general population. 
A higher prevalence of past infection among people with a non-Dutch ethnical 
background was found, especially for individuals from Turkey (Schimmer et al. 
2011). 
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The pathogenesis of adverse pregnancy outcome caused by C. burnetii infection 
is not fully understood. Infection of the placenta, placental insufficiency caused 
by immunological mechanisms, and direct effects on the foetus may all be 
contributing factors (Carcopino et al. 2007). Similarly, the effects of acute Q fever 
during pregnancy on the newborn are unclear. In an endemic area in Egypt, 4 out 
of 100 cord sera obtained from normal newborns had high levels of IgM specific 
for C. burnetii (Fiset et al. 1975). In contrast, no evidence of foetal infection was 
found and cord blood taken at delivery was negative for IgM antibodies against C. 
burnetii in other case studies (Ludlam et al. 1997). 

The large outbreaks of Q fever in the Netherlands have resulted in high awareness 
among patients and medical professionals. Laboratory tests are now widely 
available, including PCR-based tests that can provide an early diagnosis in the first 
two weeks of illness (Schneeberger et al. 2009). The ability for laboratory diagnosis 
of Q fever was much faster in 2008 and 2009, as compared to 2007 (van der Hoek 
et al. 2010b). It can, therefore, be expected that most cases of symptomatic Q 
fever during pregnancy in the high incidence area will be detected and treated. 
Asymptomatic infections can only be identified by screening. Unfortunately, 
the present study cannot provide a clear answer to whether or not a large-
scale screening program would provide benefits in terms of preventing adverse 
pregnancy outcomes and infection from occupational exposure. 

Conclusion

In conclusion, we found no evidence for adverse effects on pregnancy outcome 
among pregnant women with asymptomatic presence of anti-phase II IgM and 
anti-phase II IgG antibodies in early pregnancy. The present study provides 
insufficient basis for recommending large scale screening of pregnant women in 
high incidence areas. With the expanding Q fever problem, there remains an urgent 
need for a more definitive answer, and we anticipate that this will be provided by 
the large-scale prospective screening and treatment study which was initiated 
in March 2010. That on-going study is entitled “cost-effectiveness of a screening 
strategy for Q fever among pregnant women in risk areas: a clustered randomized 
controlled trial” and aims to include 4,000 participants (Munster et al. 2010). 
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Abstract

Background: Recent outbreaks in the Netherlands allowed for laboratory 
follow-up of a large series of patients with acute Q fever and for evaluation 
of test algorithms to detect chronic Q fever, a condition with considerable 
morbidity and mortality. 

Methods: For 686 patients with acute Q fever, IgG antibodies to Coxiella 
burnetii were determined using an immunofluorescence assay at 3, 6, and 
12 months of follow-up. Polymerase chain reaction (PCR) was performed 
after 12 months and on earlier serum samples with an IgG phase I antibody 
titre ≥1:1,024. 

Results: In 43% of patients, the IgG phase II antibody titres remained high 
(≥1:1,024) at 3, 6, and 12 months of follow-up. Three months after acute Q 
fever, 14% of the patients had an IgG phase I titre ≥1:1,024, which became 
negative later in 81%. IgG phase I antibody titres were rarely higher than 
phase II titres. Eleven cases of chronic Q fever were identified on the basis 
of serological profile, PCR results, and clinical presentation. Six of these 
patients were known to have clinical risk factors at the time of acute Q fever. 
In a comparison of various serological algorithms, IgG phase I titre ≥1:1,024 
at 6 months had the most favourable sensitivity and positive predictive 
value for the detection of chronic Q fever. 

Conclusions: The wide variation of serological and PCR results during the 
follow-up of acute Q fever implies that the diagnosis of chronic Q fever, 
necessitating long-term antibiotic treatment, must be based primarily on 
clinical grounds. Different serological follow-up strategies are needed for 
patients with and without known risk factors for chronic Q fever.
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Introduction

Q fever, a zoonotic disease caused by the bacterium Coxiella burnetii, emerged in 
the Netherlands in small ruminants in 2005 and in humans in 2007. By the end 
of 2009, >3,500 patients had been identified, making it the largest outbreak of 
human Q fever recorded to date (van der Hoek et al. 2010a). Acute Q fever may 
develop into chronic Q fever, a potentially lethal disease in 2% of patients (ECDC 
2010). Patients with previous cardiac valve pathology, aneurysms, or vascular 
grafts; immunocompromised persons; and pregnant women are at risk for chronic 
Q fever (Maurin and Raoult 1999). Serological follow-up of patients with acute Q 
fever is thought to be essential for the early detection and prompt treatment of 
chronic Q fever. 

Infection with C. burnetii is accompanied by antigenic phase variation; in general, 
phase II antibodies are followed by phase I antibodies. IgM antibodies to phase II 
appear 10–17 days after the onset of acute illness, followed by the IgG antibodies 
to phase II. Subsequently, in chronic infection, IgG phase I antibodies predominate. 
An IgG phase I antibody titre ≥1:800 is considered highly predictive for chronic 
Q fever (Tissot-Dupont et al. 1994; 2007; Landais et al. 2007). Also indicative of 
chronic Q fever are IgG phase I antibody levels higher than IgG phase II levels, the 
persistence or increase of high levels of IgG phase I antibodies, or the reappearance 
of such antibodies (Landais et al. 2007; Peacock et al. 1983; Fournier et al. 1998). 

During acute Q fever, C. burnetii DNA can only be detected in serum samples with 
use of polymerase chain reaction (PCR) during the first two weeks of illness, with 
reported sensitivities of 26%–98% (Fournier and Raoult 2003; Turra et al. 2006; 
Schneeberger et al. 2010). In chronic Q fever, the serum PCR can again become 
positive, and it has been proposed that the final diagnosis of chronic Q fever can 
be made when a suspect serological profile is combined with a positive PCR result 
(Fenollar et al. 2004). 

Immunofluorescence assay (IFA) is considered to be the reference method for 
serological diagnosis of acute and chronic Q fever (Tissot-Dupont et al. 1994). 
However, there is considerable uncertainty about the value of serologic testing 
for identifying chronic cases. Literature on chronic Q fever is based on mostly data 
and serum samples that were submitted to the French National Reference Centre 
for Rickettsial Diseases and had been collected from different areas over many 
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years and merged for analysis (Raoult et al. 2000). The situation in the Netherlands 
allowed us to monitor a large number of patients with acute Q fever in an outbreak 
that was clearly defined in time and place. The regional Microbiology Laboratory 
of the Jeroen Bosch Hospital in ’s-Hertogenbosch is located centrally in an area 
with high incidence Q fever in the southern region of the Netherlands. It has 
an estimated catchment population of 550,000 and serves two large tertiary 
hospitals and ~400 general practitioners. The laboratory implemented a screening 
and follow-up protocol in line with the most common recommendations in the 
literature. This suggests serological follow-up of all acute cases at 3, 6, and 12 
months after diagnosis (Landais et al. 2007; Wagner-Wiening et al. 2006). 

The objectives of this study were (i) to describe the serological profiles and PCR 
results over 1 year of follow-up for 686 patients who received a diagnosis of acute 
Q fever in the regional laboratory; (ii) to identify the patients from this group with 
chronic Q fever, based on serologic findings, PCR results, and clinical presentation; 
and (iii) to define the best serological algorithm for the detection of chronic or 
potentially chronic Q fever. 

Materials and methods

Definition of acute Q fever and serological follow-up

Patients were referred by a general practitioner or a medical specialist for laboratory 
confirmation of the presumptive diagnosis of acute Q fever. We defined laboratory-
confirmed acute Q fever as both IgM and IgG phase II antibody titres ≥1:32 with use 
of IFA (Focus Diagnostics) or a positive PCR result preceding seroconversion in IFA. 
All patients who received a diagnosis during 2007 and 2008 and had laboratory-
confirmed acute Q fever were asked to provide a follow-up serum sample at 3, 6, and 
12 months. This retrospective analysis only included patients who had submitted at 
least a serum sample at the 12-month follow-up visit. IgG phase I antibody and IgG 
phase II antibody titres were determined using IFA in all follow-up serum samples 
with use of 2-fold dilutions, initially with a dilution of 1:32. 

PCR

PCR was retrospectively performed on all 12-month serum samples and on earlier 
serum samples with an IgG phase I antibody titre ≥1:1,024, if sufficient serum 
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was still available. The real-time PCR on serum samples, targeting the IS1111 
insertion element, has been described elsewhere (Schneeberger et al. 2010). In 
short, DNA was extracted from 500 μL of serum, to which 10 μL of phocine herpes 
virus (PhHV), which served as an internal control, was added (van Doornum et al. 
2003). PCRs with PhHV cycle threshold (Ct) values above the PhHV mean Ct value 
of noninhibited samples + 2 standard deviations (SDs) were considered to be 
inhibited. In all the runs, we included DNA isolation controls (NC; a mock isolation 
submitted to PCR) and no-template controls (NTC; a PCR with PCR ingredients and 
water instead of sample) to monitor the presence of contaminants in isolation 
and/or PCR reagents. 

Definition of chronic Q fever

Confirmed chronic Q fever was defined as the presence of at least 2 of the following 
3 criteria: (i) IgG phase I antibody titre ≥1:1,024, (ii) positive PCR result ≥3 months 
after the acute episode, and (iii) clinical or radiological signs interpreted by a 
medical specialist as highly suggestive of chronic Q fever. However, the medical 
diagnosis of chronic Q fever and the decision to treat were made independently 
of the study by a team of medical specialists and were based on serological and 
PCR test results, the presence of clinical risk factors, radiological imaging results, 
clinical presentation, comorbidities, and other patient characteristics. We included 
patients with chronic Q fever who had received a diagnosis before 1 July 2010. 

Comparing serological algorithms

We calculated the sensitivity and the positive predictive value for different 
serological screening options against 2 outcome measures: (i) IgG phase I antibody 
titre ≥1:1,024 at 12 months and (ii) confirmed chronic Q fever. Sensitivity was 
considered to be important, because the aim of a follow-up strategy is not to miss 
cases of chronic Q fever. The positive predictive value was defined in this context 
as the probability that a patient has or will develop chronic Q fever in the event of 
a positive screening test result. Specificity and a negative predictive value are less 
useful measures, because chronic Q fever is a rare disease and the vast majority of 
those screened will, therefore, not have chronic Q fever. Data were analyzed using 
Excel (Microsoft) and SPSS, version 18.0 (SPSS). 
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Results

Serological follow-up profile

Twelve-month follow-up serological test results were available for 686 patients, 37 
of whom received a diagnosis of acute Q fever in 2007 and 649 in 2008. The first 
serum samples on which the diagnosis of acute Q fever was made were collected 
from 28 June 2007 through 19 December 2008. The onset of clinical signs attributed 
to acute Q fever occurred from 1 May 2007 through 29 November 2008 in the 536 
(78%) of 686 patients for whom this information was available. At 3-month follow-
up, serological test results were available for 622 (91%) of 686 patients and for 587 
(86%) of 686 patients at 6 months. 

Figure 8.1. Box plot of titres of IgG antibodies to Coxiella burnetii phase I and phase II antigens as 
detected by immunofluorescence assay at 3-, 6-, and 12-month follow-up for 686 patients with 
acute Q fever. The horizontal lines within the boxes represent the median titres, the lower and 
upper boundaries of the boxes represent the 25th and 75th percentiles, and the T bars represent 
the 2.5th and 97.5th percentiles. Outliers are indicated with dots.
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Figure 8.1 summarizes the serological test results for the total group of 686 patients 
with acute Q fever. There was a wide range of IgG antibody responses. In 72 (13%) 
of the 561 patients who provided three follow-up samples, IgG phase I antibodies 
were not detected at any time. At 3 months, 84 (14%) of 622 patients had a high 
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IgG phase I antibody titre (≥1:1,024) that remained high in 25 of 72 patients at 
6 months (no sample was available at 6 months for 12 patients) and in 16 of 84 
patients at 12 months. At 6 months, an additional 21 patients had a high IgG 
phase I antibody titre, 7 of which were still high at 12 months, whereas 9 patients 
had high IgG phase I antibody titres for the first time at 12 months. In contrast, a 
large number of patients (241 [43%] of 561) had persistently high (≥1:1,024) IgG II 
antibody titres at 3, 6, and 12 months of follow-up.

PCR result

Sufficient serum was available for retrospective PCR analysis in 58 patients with 
a high IgG phase I antibody titre (≥1:1,024) at 3 months of follow-up. Only three 
of these tested positive, with Ct values ranging from 34.6 to 37.3. Two of these 
samples, one from a patient who developed chronic Q fever, tested positive in 
duplicate. The third sample tested positive in 1 of the 2 duplicate PCRs. Only this 
last sample contained enough serum for PCR retesting; no C. burnetii DNA was 
detected. Tests on a random sample of 55 3-month serum samples from patients 
with an IgG phase I antibody titre <1:1,024 resulted in one positive PCR result, with 
Ct values of 36.2 and 36.7. Retesting of this sample yielded a negative PCR result 
in duplicate. Of the 41 serum samples available from patients with an IgG phase I 
antibody titre ≥1:1,024 at 6 months of follow-up, five tested positive. The sample 
from the aforementioned patient who had a positive PCR result at 3 months and 
who developed chronic Q fever displayed Ct values of 34.9 and 36.9 (patient 6 in 
Table 8.1). The other four samples tested positive in one of the two duplicate PCRs, 
with Ct values ranging from 35.1 to 36.4. Only one of these samples contained 
enough serum for PCR retesting. This again yielded 1 positive result, with a Ct value 
of 37.0, and 1 negative PCR result. A random sample of 47 serum specimens from 
patients with an IgG phase I titre <1:1,024 at 6 months all tested negative with 
use of the C. burnetii real-time PCR. Of the 672 12-month samples tested using the 
PCR, 664 samples tested negative, seven samples tested positive, and one sample 
could not be evaluated because of inhibition. The only sample that tested positive 
in duplicate, with Ct values of 33.9 and 34.2, was from a patient with chronic Q 
fever patient (patient 4 in Table 8.1). The other six were positive in one of the 
two duplicate PCRs, with Ct values of 36.3, 36.9, 41.7, 41.8, 41.9, and 43.7. Only 
one sample with a Ct value of 36.8 was suitable for retesting and subsequently 
appeared to be negative in duplicate. All real-time C. burnetii negative controls 
and no-template controls tested during the analyses remained negative.
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Characteristics of patients with chronic Q fever

By 1 July 2010, 11 patients (1.6%) in the group of 686 patients with acute Q fever 
had received a diagnosis of chronic Q fever. The mean age of the patients with 
chronic Q fever was 66 years (range, 51–82 years), 73% of whom were male. In 
comparison, the patients who did not develop chronic Q fever had a mean age 
of 51 years (range, 6–89 years), 59% of whom were male. The difference in age 
was statistically significant (Student t test, P < 0.001), but the difference in sex was 
not statistically significant (χ2 test, P = 0.282). Table 8.1 shows details of the 11 
patients who were identified with chronic Q fever. Seven of these patients were 
started on treatment with doxycycline (200 mg daily) and hydroxychloroquine 
(600 mg daily). Patient 2 in Table 8.1 did not have a suspect serological profile 
during the 12-month follow-up period but was admitted to hospital 21 months 
after the acute Q fever episode with a burst aneurysm and with a positive PCR 
result on serum and vascular tissue samples. Patient 3 initially presented with 
streptococcal endocarditis but received a diagnosis of chronic Q fever shortly 
afterward and was treated accordingly. Patient 9 had high antibody titres at initial 
presentation and received 6 months of prophylactic treatment with doxycycline 
and hydroxychloroquine because of a recent cardiac valve replacement. This 
patient showed sharply decreasing IgG I titres (Table 8.1). Patients 10 and 11 did 
not undergo additional diagnostic procedures (such as radiological imaging), 
and it remains unknown whether they had cardiovascular risk factors or clinical 
abnormalities. Nine of the 11 patients with chronic Q fever showed persistent or 
increasing titres for IgG phase I in addition to IgG phase II antibody titres. The 2 
patients who showed decreasing IgG phase I antibody titres to a titre <1:1,024 
(patients 8 and 9 in Table 8.1) had been started on long-term antibiotic treatment 
within a few months after the acute Q fever episode. Eight (73%) of the 11 patients 
with confirmed chronic Q fever had IgG phase I antibody titres ≥1:1,024 at both 6 
and 12 months, whereas this occurred in only 13 (2%) of 674 of the other patients. 
Two patients with chronic Q fever had an IgG phase I antibody titre greater than 
the IgG phase II antibody titre, one at 3 and 6 months and one at 6 and 12 months. 
There was only one other patient in the full data set who had an IgG phase I titre 
greater than the IgG phase II titre (at 3-month follow-up only). Six of the patients 
with chronic Q fever were already known to have clinical risk factors at the time 
of the acute Q fever diagnosis and were therefore monitored closely. Four others 
(patients 5, 7, 10, and 11 in Table 8.1) were not known to have clinical risk factors 
and were detected at 6-month follow-up. 
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Serological algorithms

Table 8.2 shows the sensitivity and positive predictive values of various serological 
screening options at 3 and 6 months of follow-up, for the detection of chronic 
Q fever and for the detection of an IgG phase I antibody titre ≥1:1,024 at 12 
months. The two patients with chronic Q fever who were started on long-term 
antibiotic treatment shortly after the acute Q fever episode were not included 
in this analysis. The most favourable combination of sensitivity and positive 
predictive value was obtained by screening for an IgG phase I antibody titre 
≥1:1,024 at 6 months.

Discussion

A unique series of 686 patients with acute Q fever was studied during 12 months of 
follow-up. Our serological results differ from data reported by others, in that high 
IgG phase I antibody titres at 3 months of follow-up were not predictive of chronic 
Q fever, and IgG phase I antibody titres greater than IgG phase II antibody titres 
were rarely seen (Tissot-Dupont et al. 1994; Landais et al. 2007). In our analysis, 
an IgG phase I antibody titre ≥1:1,024 at 6 months had the highest sensitivity for 
detecting chronic Q fever, but the probability of persons with this profile actually 
having chronic Q fever was low. Although most elevated IgG phase I antibody titres 
(≥1:1,024) at 3 months after the acute Q fever episode subsequently normalized, 
elevated IgG phase II antibody titres at 3 months often remained high at 6 and 12 
months of follow-up. This is consistent with findings from previous studies that 
IgG phase II antibody titres remain at a constant high level for almost a year and 
subsequently decrease slowly (Tissot-Dupont et al. 1994; Dupuis et al. 1985). A 
persistently high IgG phase II antibody titre has been suggested as an indicator of 
chronic Q fever (Wagner-Wiening et al. 2006). However, this had a very low positive 
predictive value in our study population. 

Our PCR results did not show a consistent pattern, and the Ct values of positive 
test results were generally high (i.e., the positive PCR signals were weak). Nine 
patients who were not suspected to have chronic Q fever tested positive, two 
of them in duplicate. Four of these samples could be retested, and the positive 
signal was confirmed in one sample only. Although none of the control subjects 
tested positive in any of the runs, we cannot exclude contamination, especially 
considering the number of Q fever samples tested at our laboratory (Tilburg et al. 
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2011). On the other hand, we cannot exclude the possibility that some of these 
patients were still infected with C. burnetii bacteria. 

We identified 35 (5%) of 686 patients with laboratory findings suggestive of chronic 
Q fever (IgG phase I antibody titre ≥1:1,024 or a positive PCR result at follow-up) but 
without clinical signs. Cases of subclinical infection have been described and pose 
the therapeutic dilemma of whether patients should receive antibiotic treatment 
(Fergusson et al. 1985; Brouqui et al. 1993; de Silva et al. 2006). The diagnosis of 
chronic Q fever has great implications, requiring prolonged antibiotic treatment 
(Million et al. 2010) and, occasionally, surgical intervention (Botelho-Nevers et al. 
2007). The decision as to whether to start treatment must only be taken having 
considered all patient characteristics, including clinical signs, clinical risk factors, 
and serological and PCR test results. 

The largest series of patients with chronic Q fever was described by the French 
National Reference Centre for Rickettsial diseases (Raoult et al. 2000). In that 
series, 73% of 313 patients with chronic Q fever presented with endocarditis, 
almost invariably in patients with pre-existing cardiac valve disorders. In line 
with international recommendations, active screening for cardiac valve disorders 
among patients with acute Q fever was performed in the early stages of the 
outbreak in the Netherlands. However, in 2007, routine echocardiography revealed 
cardiac valve abnormalities in 59% of 66 patients with acute Q fever, the majority 
of whom had no clinical signs. None of the patients progressed to chronic disease, 
and echocardiographic screening was discontinued (Limonard et al. 2010). 

One limitation of this study is that we do not have extensive clinical details on 
the majority of patients who had a serological profile of acute Q fever. However, 
requests for laboratory diagnosis of Q fever were either from general practitioners 
or from hospital physicians because of clinical signs suggestive of acute Q fever. 

We conclude that for the microbiological follow-up of patients with acute Q fever, 
it is essential to make a distinction between patients with and without known risk 
factors for chronic Q fever. A stringent follow-up scheme is required if patients with 
acute Q fever have risk factors, as did 6 of the 11 patients with chronic cases in our 
study. The wide variation in serological and PCR test results at different follow-up 
times emphasizes the fact that the diagnosis of chronic Q fever and the decision to 
start long-term antibiotic treatment must be based primarily on clinical grounds. 
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At our hospital, we perform serological and PCR follow-up testing at 3, 6, and 12 
months for patients with risk factors. In this group, persistently high IgG antibody 
titres against both phase I and II indicate chronic Q fever. Three-month follow-up 
screening is not useful for patients with acute Q fever without risk factors. On the 
basis of the experience gained, our hospital now performs tests at 9 months only 
after an acute episode of Q fever. We are uncertain as to the incubation period for 
chronic Q fever. Additional cases of chronic Q fever may yet become apparent in 
the group that we studied. For this reason, the present study is being continued 
and includes patients with acute Q fever from the unprecedented outbreak of 
2009. 
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Abstract

From 2007 to 2009, the Netherlands faced large seasonal outbreaks of Q 
fever, in which infected dairy goat farms were identified as the primary 
sources. Veterinary measures including vaccination of goats and sheep and 
culling of pregnant animals on infected farms seem to have brought the Q 
fever problem under control. However, the epidemic is expected to result 
in more cases of chronic Q fever among risk groups in the coming years. In 
the most affected area, in the south of the country, more than 12% of the 
population now have antibodies against Coxiella burnetii. Questions remain 
about the follow-up of acute Q fever patients, screening of groups at risk 
for chronic Q fever, screening of donors of blood and tissue, and human 
vaccination. There is a considerable ongoing research effort as well as 
enhanced veterinary and human surveillance. 
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Introduction

Acute Q fever was made mandatorily notifiable in the Netherlands in 1975, but was 
rarely reported from 1975 to 2006 (with between one and 32 notifications per year). 
In 2005, Q fever was diagnosed on two dairy goat farms with unusually high numbers 
of abortions and two years later, in 2007, it emerged in the human population in 
the south of the Netherlands. This was the start of an exceptionally large epidemic 
that showed a marked seasonality and expanded both geographically and in size 
in 2008 and 2009. From 2007 to 2009, more than 3,500 human cases were notified. 
The observation that human cases mainly occurred in the same area as dairy goat 
farms with Q fever-induced abortion waves provided circumstantial evidence that 
dairy goat farms were the most plausible source of human infection in this epidemic. 
The patients most affected were men, smokers and aged 40–60 years, while children 
were rarely affected (Chapter 2, this thesis). Acute Q fever mainly presents as febrile 
illness, pneumonia or hepatitis, but clinical presentation may vary from one area 
to another (Maurin and Raoult 1999). More than 92% of notified patients in the 
Netherlands with onset of illness in 2007 and 2008 had fever, while 62% presented 
with pneumonia (Chapter 2, this thesis). Hepatitis was reported in less than 1% of 
notified patients but is a common presentation of acute Q fever in some countries 
such as France (Maurin and Raoult 1999). The diagnosis Q fever can only be made 
after confirmation with a laboratory test. Serological methods can detect antibodies 
against phase I and phase II antigens of Coxiella burnetii, the causative agent of Q 
fever, and thereby distinguish acute from chronic disease. Annual updates on the Q 
fever epidemic in the Netherlands have been published in this journal (Schimmer 
et al. 2008; Schimmer et al. 2009; van der Hoek et al. 2010a). We now report on the 
current situation in the aftermath of the epidemic, focusing on the challenges and 
remaining questions, especially with respect to chronic Q fever. 

Decreasing incidence of acute Q fever, increasing 
seroprevalence

The epidemiological situation in the aftermath of the epidemic can be characterised 
by a decreased incidence of notifications of acute Q fever and an increased 
prevalence of antibodies to C. burnetii in the general population, particularly in 
the most affected area in the south of the country. The number of notified acute 
Q fever patients fell from 2,354 in 2009 to 504 in 2010 (Figure 9.1). From January to 
November 2011, 81 patients were notified, which is far fewer than the same period 
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in the epidemic years, despite the exceptionally warm and dry weather conditions in 
the spring of 2011, which are considered conducive to airborne spread of C. burnetii. 

It is diffi  cult to attribute the decrease in incidence in 2010 and 2011 to any particular 
control measure because several veterinary interventions were implemented at 
the same time. In April 2009, vaccination of sheep and goats on dairy farms with 
more than 50 animals and on farms with public functions in the high-incidence 
area became mandatory and was extended to the entire country in January 2010 
(Roest et al. 2011a). In addition, stringent hygiene measures were implemented, 
such as safe manure management and hygiene during lambing. In October 2009, 
mandatory monitoring of bulk tank milk was implemented. In addition, from 
December 2009 to June 2010, more than 50,000 pregnant goats and sheep were 
culled on 87 farms in which bulk tank milk was positive for C. burnetii. 

Increasing immunity and thereby a smaller population at risk among the general 
population in the high-incidence area might also have played a role in the decrease 
in incidence of acute Q fever. Seroprevalence among the general population of the 
Netherlands was only 2.4% during February 2006 to May 2007, before the fi rst 
outbreak in June 2007 (Schimmer et al. 2011). More recent nationwide fi gures 
are not available, but in the high-incidence area, seroprevalence estimates are 
available for pregnant women in 2007 to 2009 (9.0%) (Chapter 6, this thesis) and 
for blood donors in 2009 (12.2%) (Hogema et al. 2011). 

Figure 9.1. Acute Q fever notifi cations, the Netherlands, 1 January (week 1) 2007–30 November 
(week 48) 2011 (week 48) 2011 
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Chronic Q fever

Despite the decreasing incidence of acute Q fever, the Q fever problem is not over: 
a rising number of chronic Q fever patients are seen. An estimated 2% of acute Q 
fever patients develop chronic Q fever months to years after the acute infection 
(ECDC 2010). Chronic Q fever mainly presents as endocarditis or vascular infection 
and carries a high morbidity and mortality. Infected patients with previous cardiac 
valve pathology, aneurysms or vascular grafts or who are immunocompromised 
and women who are infected during pregnancy are most at risk of developing 
chronic Q fever (Maurin and Raoult 1999). Diagnosis of chronic Q fever is based 
on a combination of the following: PCR analysis positive for C. burnetii in blood or 
tissue in the absence of an acute infection, an IgG phase I antibody titre of ≥1:1,024, 
presence of clinical risk factors, presence of clinical signs, and radiological imaging 
results including echocardiography and positron emission tomography-computed 
tomography (PET-CT) (Wegdam-Blans et al. 2011). There is no notification system 
for chronic Q fever in the Netherlands, but based on personal communications 
from various Dutch hospitals in September 2011, we estimate that a total of over 
250 patients have been diagnosed since the start of the epidemic. 

The major challenge in the Netherlands is therefore early detection and 
treatment of patients who are at risk for chronic Q fever. The following issues are 
of particular relevance: (i) the follow-up strategy of acute Q fever patients, for 
the early detection and prompt treatment of chronic Q fever; (ii) the screening 
of people in risk groups for chronic Q fever; (iii) the protection of people in 
risk groups through vaccination; and (iv) the possibility of person-to-person 
transmission through infected blood or tissue.

It is expected that the number of patients with chronic infection will increase in 
the Netherlands the coming years. In order to diagnose and treat chronic Q fever 
patients in a consistent way, new guidelines are currently being developed for the 
diagnosis of chronic Q fever in the country. 

Follow-up of acute Q fever patients

In the early stages of the epidemic, the internationally recommended follow-up 
strategy was followed, consisting of at least three consecutive serological tests 
in the first year after the diagnosis of acute Q fever and echocardiography for all 
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patients diagnosed with acute Q fever (Landais et al. 2007). However, of 134 Dutch 
Q fever patients from the 2007 and 2008 outbreaks who had undergone screening 
echocardiography and were followed up for one year after diagnosis of acute 
infection, none progressed to a chronic infection and echocardiographic screening 
was discontinued (Limonard et al. 2011). However, the policy of discontinuing 
echocardiographic screening has been challenged by Raoult et al., on the basis 
of data from France that show that clinically silent valvulopathies predispose to 
chronicity (Raoult et al. 2011). Considerable uncertainties also exist about the value 
of serology to identify chronic cases during follow-up. At the regional laboratory 
of the Jeroen Bosch Hospital (in ´s-Hertogenbosch), located at the epicentre of the 
Dutch outbreaks, the serological profiles of 686 patients diagnosed with acute Q 
fever in 2007 and 2008 were evaluated at three, six and 12 months after diagnosis 
(Chapter 8, this thesis). The results differ from data provided by others, as high IgG 
phase I antibody titres at the three-month follow-up were not predictive for chronic 
Q fever and IgG phase I antibody titres greater than IgG phase II antibody titres were 
rarely seen. The study confirmed that a cut-off value of ≥1:1,024 for IgG phase I titres 
is suitable for screening in the commercially available immunofluorescence assay 
used (Focus Diagnostics, United States), at a follow-up between six and 12 months 
after the acute Q fever episode. For patients with clinical risk factors, however, a more 
stringent follow-up scheme is required. Wide variation in serological and PCR test 
results during the follow-up of acute Q fever (Chapter 8, this thesis) implies that the 
diagnosis of chronic Q fever – necessitating long-term antibiotic treatment – must 
be based on a combination of laboratory results, radiological imaging and clinical 
grounds. On the basis of the experience gained since 2007, the follow-up strategy is 
now generally one serological analysis nine months after an episode of acute Q fever. 
For patients with specific risk factors, the previous serological follow-up strategy at 
three, six and 12 months is maintained, with use of PCR if high IgG I titres are obtained.

Screening of risk groups for chronic Q fever

Chronic Q fever has been diagnosed in the Netherlands in patients who had no history 
of acute Q fever, suggesting that chronic Q fever can develop after asymptomatic 
infection or symptomatic infection with only mild aspecific symptoms. The 
incubation period of a chronic infection is largely unknown and may be different in 
patients with vascular disease compared with those who have valvular disease. Some 
hospitals in the high-incidence area are now implementing screening programmes 
for the detection of chronic Q fever in patients with known cardiac valve or vascular 
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pathology. The risk of chronic Q fever in other risk groups, such as pregnant women, 
is probably too low to warrant a targeted screening strategy. 

Human vaccination

Q fever can be prevented by a vaccine that is produced and licensed in Australia 
to protect abattoir workers (Marmion et al. 1990). For this and other occupational 
risk groups, such as sheep shearers and farmers of ruminants, the vaccine has 
proved to be successful and is still in use in Australia (Gidding et al. 2009). From the 
notification data, it is clear that occupational exposure did not play an important 
role in the epidemic in the Netherlands (Chapter 2, this thesis). The prevalence of 
antibodies against C. burnetii in dairy goat farmers and practising veterinarians is 
greater than 80%, but very few seem to develop clinical disease (unpublished data). 
Vaccination – a one-off campaign during the epidemic – was therefore primarily 
considered for persons at risk for chronic Q fever. Implementing vaccination 
was difficult, however, because the vaccine is not registered in any European 
country and its effectiveness has only been shown in healthy young adults, not in 
persons with cardiovascular risk factors or patients with severe underlying disease 
(Gefenaite et al. 2011). Moreover, the logistics are cumbersome: the vaccine can 
only be given to those who have not previously been in contact with C. burnetii, 
as vaccinating people who have already mounted an immune response against 
the pathogen may lead to serious adverse reactions such as sterile abscesses 
and systemic symptoms of inflammation. Therefore, serology and skin testing 
are mandatory before vaccination. In the absence of a licence, the vaccine can 
only be administered after the patients’ physician has signed a medical awareness 
statement and the patient has signed an informed consent form. Nevertheless, 
the Health Council of the Netherlands advised vaccination of people in specific 
risk groups in the high-incidence area who have an increased risk of developing 
complications following acute infection (Health Council of the Netherlands 2010). 
The groups included patients: 
•	 who have had endocarditis 
•	 with prosthetic heart valves 
•	 with important congenital heart anomalies, including those that required grafts
•	 with structural defects of the aortic or mitral valve
•	 with known aneurysm of the aorta
•	 with vascular grafts
•	 with severe peripheral vascular disease (such as Buerger’s disease).

22419 Hoek.indd   135 10-05-12   10:40



136

General practitioners selected all patients from these groups from their patient 
registration systems. In total, 1,781 patients were screened: 394 (22%) could not 
be vaccinated because of a positive skin test or the presence of antibodies against 
C. burnetii. After screening, 21 eligible patients declined vaccination or did not 
attend the vaccination session: eventually 1,366 patients were vaccinated from 28 
January to 27 June 2011. There is a routine follow-up of vaccinated individuals 
for vaccine-related adverse events – the results should be available by the end 
of 2011. The vaccination campaign has also been followed by a post-vaccination 
immune-response study in which humoral and cell-mediated immunity will be 
investigated.

Transmission of C. burnetii by infected blood and tissue

Although only few cases have been clearly documented, there is a theoretical 
possibility that C. burnetii can be transmitted through blood transfusion, and 
semen, tissue and organ donation (Health Council of the Netherlands 2011). 
Active screening was therefore recommended by the European Centre for Disease 
Prevention and Control (ECDC) in their risk assessment in 2010 (ECDC 2010). 
Sanquin Blood Supply Foundation tested blood donated from people living in 
the area with highest Q fever incidence in the south of the Netherlands for the 
presence of C. burnetii DNA by PCR from 20 May 2009 – in 2009 as part of a research 
project, then in 2010 as a screening instrument (Hogema et al. 2011). In 1,004 
blood donations, there were three positive PCR results and in one recipient, there 
was evidence of seroconversion. However, the recipient lived in the high-incidence 
area and it is therefore possible that the infection was caused by environmental 
exposure. The screening programme was discontinued on 1 November 2010, 
when it was clear that the incidence of the disease had fallen dramatically. With the 
decreasing incidence and the expected increasing numbers of chronic infections 
in the coming years, the issue of protecting recipients of blood, semen, tissue and 
organs is shifting towards detecting asymptomatic persons harbouring C. burnetii 
months to years after their acute infection. However, there are important logistic 
and financial constraints in using PCR on a large scale. Capacity for PCR testing at 
Sanquin is limited to 100 samples per day, while close to a million blood component 
transfusions are given annually. Alternatively, donors could be screened for the 
presence of IgG phase I antibodies against C. burnetii. For large-scale screening 
purposes, an automated ELISA would have to be used, but the performance of 
ELISAs for IgG phase I antibodies have yet to be evaluated.
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In August 2011, the Health Council of the Netherlands advised that a detailed cost-
effectiveness analysis of serological testing of blood donors be carried out and, 
should the incidence of acute Q fever increase again, screening of blood donors be 
resumed (Health Council of the Netherlands 2011). Concerning tissue donations, 
no screening is needed for tissues that carry a low risk of transmission such as 
cornea, coagulants and other treated blood products or tissues collected before 
2007. Otherwise, nationwide serological testing is recommended. In certain 
circumstances, such as organ transplantation or use of stem cells, the responsible 
physician and patient might decide to use infected material anyway, when a 
considerable improvement in quality of life or even the saving of life is anticipated. 
Knowing that the donor’s serological status is positive can then make appropriate 
antibiotic prophylactic treatment of the recipient possible. 

Persistent fatigue after acute Q fever

While relatively few patients who have had acute infection develop chronic Q fever, 
a much larger group suffers from persistent fatigue and other long-term effects of 
acute infection. Unlike chronic Q fever, this is not a life-threatening condition, but 
the fatigue can be debilitating and seriously affect the person’s quality of life (Morroy 
et al. 2011). In an ongoing study, the effectiveness of antibiotic treatment is being 
compared with cognitive behavioural therapy for post acute Q fever fatigue. 

Outlook

We expect that the sustained mandatory vaccination of goats and sheep will 
control transmission of Q fever to humans. The veterinary vaccine seems effective 
in reducing shedding of C. burnetii and in preventing abortion (Hogerwerf et al. 
2011). However, the bacteria are widespread in the environment and in other 
animal reservoirs, such as wild rats (Reusken et al. 2011). Enhanced surveillance in 
animal populations as well as in humans will remain essential. To fill the remaining 
knowledge gaps, there is an extensive ongoing research agenda, covering fields 
such as host–pathogen characteristics, transmission and risk factors, chronic Q 
fever and treatment of post acute Q fever fatigue. 
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Risk factors for Q fever

Since its first description in abattoir workers in Australia in 1937, Q fever has been 
considered primarily an occupational disease for abattoir workers, sheep shearers, 
farmers and veterinarians. Occasional outbreaks among the general population 
have been described in different countries but these were mostly confined to small 
areas and were of short duration. In the epidemic of Q fever in the Netherlands, 
occupational exposure may have played a role in not more than 5% of the more 
than 4,000 notified patients (Chapter 2). Most patients lived close to infected dairy 
goat farms, especially farms that experienced Q fever-induced abortion waves. 
Epidemiological evidence indicates that a house location close to an infected dairy 
goat farm is an important risk factor for clinical Q fever (Schimmer et al. 2010), as well 
as for asymptomatic C. burnetii infection (Chapter 6). While the majority of patients 
must have been infected by contaminated aerosols at some distance from the source 
farm, there have also been cases due to close occupational and recreational contact 
with sheep or goats, such as among visitors of ‘lamb-viewing days’ on a meat sheep 
farm (Whelan et al. 2011b), and among culling workers (Whelan et al. 2011a). The 
lower infection dose explains that on infected meat sheep farms, closer contact with 
the animals is required for infection and that the risk for the surrounding population 
is low (Chapter 4). Data from the Netherlands confirm that C. burnetii is extremely 
infectious. In a dairy goat farm with abortion problems, 25/25 (100%) of workers and 
20/30 (67%) of farm visitors were infected, including persons who had visited the 
farm on one short occasion (Hackert et al. 2010).  

For any epidemiological analysis, a key step is to define the individual, social, 
or ecological context within which causes are acting (Koopmans and Longini 
1994). The epidemiology of Q fever is simple compared to many other infectious 
diseases. This is because human-to-human transmission plays no role and the 
outcome of exposure in one individual is therefore independent upon the 
outcome of exposure in others. When contacts between individuals play no role, 
linear infection dynamics can be assumed and individual-level analysis can be 
used. The importance of environmental risk factors such as described in Chapter 
5 emphasize the fact that an individual’s risk for Q fever is not only determined by 
their own behaviour but to a large extent, by the context in which they live. 

Vegetation and soil moisture are important environmental factors that determine 
risk of transmission of C. burnetii to man (Chapter 5). However, atmospheric 
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dispersion, depending on fine dust concentrations and wind conditions are 
critical and were not included in the original analyses. These and other factors 
are addressed in an ongoing project (Environmental risk factors for Q fever, 
strategic research RIVM [SOR project S/210206]). An initial study shows that the 
OPS (‘Operational Priority Substances’) computer model that was developed for 
simulation of the dispersion of pollutants in the air is also suitable for modelling 
the transmission of C. burnetii from farm animals to humans (Sauter et al. 2011). 
In the SOR project, surveillance data on Q fever are interpreted with human 
epidemiologic methods, and with inputs from veterinary epidemiology and 
advanced research methodologies from the environmental sciences such as the 
use of remote sensing and atmospheric and hydrological modelling. Although 
focused on Q fever, this combination is expected to provide a model for better 
understanding of transmission patterns of zoonotic diseases in general. 

It is somewhat disappointing that the transmission routes that were suggested on 
the basis of epidemiological studies have not been confirmed by genetic typing of 
the bacteria from human, animal, and environmental samples. DNA fingerprinting 
methods used for cluster detection in tuberculosis and source detection in 
legionellosis are less well developed for Q fever. The fact is that despite modern 
molecular epidemiological methods, surprisingly little advances have been made 
over the past 50 years in elucidating the exact transmission routes of C. burnetii. The 
possible role of a reservoir in wild rodents, the transmission between wild animals 
by ticks, and the transmission from sheep and goats to humans by contaminated 
aerosols are possible transmission routes that were proposed long ago. 

Patient characteristics

Pneumonia was by far the most common clinical presentation (Chapter 2) 
during the epidemic in the Netherlands. In other countries, such as France, Q 
fever predominantly presents as hepatitis (Tissot-Dupont et al. 1992). Marrie et 
al. (1996) suggested that the respiratory transmission route is associated with 
pneumonia and ingestion of contaminated dairy products is associated with 
hepatitis. However, this has been challenged by others who claim that Q fever is a 
systemic infection and that clinical expression is not related to route of infection 
(Cerf and Condron 2006). It is difficult to explain the discrepancy between the 
millions of people in Europe and the US that have experienced infection with 
C. burnetii, as shown by presence of antibodies, and the minute number of 
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notifications of acute Q fever in most countries. It is unlikely that the proportion 
of infections that remain asymptomatic is greater than the 60%, as quoted in the 
international literature. In fact, the reverse might be true: experimental infection 
studies show that most people who get infected develop symptoms. Therefore, 
the conclusion must be that many infections result in minor symptoms and illness 
with spontaneous recovery, for which most people will not seek medical attention. 
If medical attention is sought, the general practitioner will generally not consider 
Q fever and will not request laboratory tests (Chapter 3). Retrospective analysis in 
the Netherlands demonstrated that before the first outbreak was detected, several 
clusters of hospital admissions for respiratory infections or hepatitis caused by Q 
fever might already have occurred (van den Wijngaard et al. 2011). This suggests 
that serious Q fever is also under-reported. This situation also applies for other 
causes of pneumonia, such as legionellosis. Community-acquired pneumonia 
(CAP) is a common disease for which in most cases presumptive treatment is 
given without microbiological analysis. This is according to the prevailing general 
practitioner standard for uncomplicated pneumonia (NHG 2011). The proportion 
of symptomatic and asymptomatic cases changes over time and from one region 
to the other. These changes may be due to changes in pathogen characteristics 
(virulence of the bacteria such as suggested long ago by Luoto and Pickens [1961]), 
host characteristics (smoking behaviour), and infectious dose (higher proportion 
of symptomatic cases if the dose is high). 
   
Surveillance of Q fever

Surveillance is the ongoing, systematic collection, analysis, interpretation and 
dissemination of data about a health-related event for use in public health action to 
reduce morbidity and mortality and to improve health. Acute Q fever is a notifiable 
disease and this allowed for monitoring of the epidemic through the national 
infectious diseases surveillance system and provided important information to 
decision makers. However, like with many other infectious diseases, the number of 
infections is much higher than the number of notifications. In the high incidence 
area in the south of the country, it was estimated that every notification represents 
more than 12 infections (Chapter 3).   

Source identification of localized outbreaks in the Netherlands is the responsibility 
of the municipal health services. They are well equipped to interpret surveillance 
data and collect additional information from patients, physicians, and liaise 
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with the Food and Consumer Product Safety Authority to generate hypotheses 
about possible infection sources. For the Q fever outbreaks that affected multiple 
municipal health service regions, we showed that analysis of spatial surveillance 
data and visualisation on maps at the national level can be useful for source 
detection and informing decision makers (Chapters 4-6). However, a prerequisite 
for such analyses is the availability of precise location data of human cases and 
infected and non-infected farms. This information is normally not available at the 
national level for reasons of privacy. In this context it is noteworthy that for reasons of 
privacy, routinely available information is intentionally degraded before it is made 
available to analysts at the national level. For example, according to public health 
legislation, the Centre for Infectious Disease Control is only allowed to receive the 
first 3 positions of the residential postal code of notified patients. This severely limits 
the geographical analyses possible and in fact makes outbreak detection impossible. 
It has been argued for infectious diseases in general that just as we trust clinicians 
and hospital personnel with sensitive and confidential information, so too, persons 
responsible for surveillance should be trusted to keep data confidential (Ozonoff et 
al. 2007). When high resolution spatial data are made available they can easily be 
analysed anonymously and yield important information without any inconvenience 
to the notified patients. During the 2009 influenza pandemic, general practitioners 
in Canada were interviewed about the data that they were willing to disclose to 
public health agencies (El Emam et al. 2011). They were reluctant to disclose patient 
information due to concerns about the extent to which public health agencies are 
dependable to protect health information (trusting beliefs), and the possibility of 
loss due to disclosing health information (risk beliefs). These concerns have to be 
addressed to ensure reliable reporting. 

One of the conclusions of the ‘van Dijk Committee’, commissioned by the 
Dutch Government to evaluate the Q fever epidemic, was that confidentiality 
considerations had been a barrier to research on the probable source of Q fever 
infection (Evaluatiecommissie Q-koorts 2010). However, the Dutch Personal Data 
Protection Act does allow public health considerations to take precedence over 
the protection of personal data. Therefore, there seems to be no legal hindrance 
and the only conclusion can be that relevant farm and animal data should be 
made available to public health authorities. Spatial analysis is a particularly useful 
tool for preparedness, source detection, and public health action and farm and 
animal data should therefore be geographically referenced. 
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During the Q fever epidemic, human disease revealed infection in animals. To 
avoid the use of humans as sentinels in the future, there is a need for veterinary 
surveillance of Q fever and other zoonotic diseases. For Q fever this could be 
the sustained monitoring of bulk tank milk, a sentinel swabbing system in small 
ruminants or syndromic surveillance of abortions in small ruminants. Most 
abortions in small ruminants are not caused by C. burnetii and therefore threshold 
values should be established. 

The Q fever epidemic has clearly shown the need for an integrated human-
veterinary surveillance system for emerging zoonotic diseases. This may include 
exchange of human and veterinary notification data, clinical information from 
sentinel general practitioner and veterinary practices, and pathogen surveillance 
by medical and veterinary microbiology laboratories. Exchange of animal-
human data is now piloted in a joint veterinary-human preparedness meeting. 
An integrated human-veterinary surveillance system should be part of the new 
zoonosis structure (http://onehealth.nl/) that was recommended in the final 
reports of the emerging zoonosis consortium (van der Giessen et al. 2010) and the 
‘van Dijk committee’ (Evaluatiecommissie Q-koorts 2010).     

Risk groups

In the Dutch Q fever epidemic, no evidence was found for adverse effects on 
pregnancy outcome among pregnant women with an asymptomatic C. burnetii 
infection in early pregnancy (Chapter 7). This was later confirmed by a prospective 
study in the Netherlands (Munster et al. submitted). There is therefore insufficient 
basis for recommending large-scale screening of asymptomatic pregnant women 
in high incidence areas. It remains uncertain whether infection with C. burnetii 
is associated with early spontaneous abortion. A study in Denmark did not find 
an association between presence of C. burnetii antibodies and spontaneous 
abortion (Nielsen et al. 2012), while in a study in the Basque country in Spain, 12% 
of spontaneous abortions were attributed to Q fever (Quijada et al. 2012). This is 
therefore a topic for further research, but it has no implications for screening because 
most cases of spontaneous abortion occur before routine antenatal care has started.   

Serological follow-up of acute Q fever patients is the established procedure for 
early detection and treatment of chronic Q fever. Based on our experience since 
2007 to the recommendation is that all acute Q fever patients are screened nine 
months after the acute Q fever episode for high (≥ 1:1,024) IFA IgG I titres against 
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C. burnetii (Chapter 8). For patients with specific risk factors, the internationally 
recommended follow-up strategy at 3, 6 and 12 months should be maintained, 
with serology combined with PCR. The diagnosis of chronic Q fever and the 
decisions about treatment must be based on serological profile, PCR results, the 
presence of clinical risk factors, clinical presentation, radiological imaging results 
and other patient characteristics. 

A relatively large number of chronic Q fever patients in the Netherlands present 
with vascular infections. It is therefore recommended that screening for chronic 
Q fever is carried out in all symptomatic patients with an aortic aneurysm or 
prosthesis – whether or not they have aspecific symptoms – in regions where the 
disease is endemic (Wever et al. 2010). 

The Health Council of the Netherlands (2011) has extensively reviewed the 
possible transmission of C. burnetii via blood or other body materials and the 
need to screen donors and this is discussed in Chapter 9 (this thesis). The risk of 
transmission through blood transfusion is low, but screening or suspension of 
blood donations from areas affected by localised Q fever outbreaks is considered 
to be a sensible policy and has been practiced in France and Germany (Institut 
de veille sanitaire 2007; Arbeitskreis Blut 2005). In the Netherlands, nationwide 
screening of donors of certain tissues is now recommended, while screening of 
blood donors will be resumed should the incidence of acute Q fever increase 
again. The best option if screening of large numbers of people is considered in the 
aftermath of an epidemic is the use of an automated ELISA IgG I with confirmation 
of positive results with IFA (van der Hoek et al. submitted).   

Impact of the Q fever outbreaks 

From the international literature the pattern emerges of a worldwide presence of 
C. burnetii in the environment and in livestock with high seroprevalence among 
occupational groups such as veterinarians and farmers. However, this results in 
few clinical diagnoses and notifications. This suggests that repeated minimal 
exposure may lead to seroconversion without significant negative impacts on 
health. Possibly, a certain threshold of environmental contamination is necessary 
for clinically significant disease to occur. 

Until the epidemic in the Netherlands, Q fever has never been considered a 
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priority public health issue or a significant veterinary problem in any country. 
Total economic damage caused by the Q fever outbreaks in the Netherlands has 
been estimated at € 161 to € 336 million (Tempelman et al. 2011). Other veterinary 
outbreaks for example the 1997 outbreak of classical swine fever (€ 2.3 billion) 
have caused much higher economic damage. However, unlike in classical swine 
fever or foot and mouth disease, Q fever has an important impact on human 
health. Negative effects on quality of life of Q fever patients are caused by QFS and 
expressed in monetary terms are estimated at a cost of € 67 to € 145 million. 

The economic need for expansion of individual farms and building large ‘mega 
farms’ increasingly conflicts with public health concerns and with European 
legislation on air quality. Although the world’s largest dairy goat farms can be 
found in the province of Noord-Brabant, small ruminant farming is still considered 
a marginal sector from a macroeconomic perspective, compared to cattle, 
pig, and poultry farming. The owners of goat farms generally do not have the 
financial means to implement farm-based technologies such as air scrubbers that 
can reduce aerosol and dust emission from stables. Within this environment of 
change, conflicting interests, and limited resources, there is a clear need for more 
scientific data about the risk of zoonotic diseases that can inform decision makers. 
The problem of possible health implications of intensive animal husbandry goes 
beyond the problem of Q fever and the goat sector and is now receiving attention 
from researchers and decision makers worldwide (Heederik and IJzermans 2011).  

Expectations for the future

The sharp reduction in notified Q fever cases in 2010 was probably due to drastic 
veterinary interventions which were taken: culling of pregnant goats on infected 
farms, large-scale vaccination, and improved hygiene measures. Studies in the 
Netherlands and other countries indicate that the veterinary vaccine is effective in 
reducing shedding of C. burnetii and in preventing abortion (Hogerwerf et al. 2011; 
Arricau-Bouvery et al. 2005; Rousset et al. 2009). Vaccination of small ruminants is 
ongoing in the Netherlands. The long-term goals have not been defined, but it is 
likely that vaccination will be sustained for several years. In Spain, a sheep flock with 
a history of abortions was vaccinated and followed for four years. While shedding 
of C. burnetii was greatly reduced, in the fourth year, 3 out of 18 environmental 
samples from surfaces still tested positive for C. burnetii DNA (Astobiza et al. 
2011b). Re-emergence of infections is possible if this represents viable bacteria. C. 
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burnetii must be widespread in the environment in the Netherlands after the 2007–
2010 outbreaks. In 2011, 6 out of 10 air samples at >100 metres from a farm that 
experienced an abortion wave in 2008, were still positive for C. burnetii DNA (de Rooij 
2011). However, the significance of this finding remains uncertain, and widespread 
environmental contamination has also been reported from countries that have a 
very low incidence of Q fever (Kersh et al. 2010).   

Chronic Q fever is a major problem for the years to come. The risk for chronic Q 
fever from asymptomatic infection has not been quantified, but if we assume 2% 
of 50,000 infections (based on 4,000 notifications from 2007 through 2010), the 
total number of chronic Q fever cases could eventually reach around 1,000. 

Remaining questions around the Q fever epidemic in the 
Netherlands

There is an ongoing concerted research effort on Q fever in the Netherlands. 
However, a number of questions remain unanswered, including: 
•	 Why did the epidemic occur? The risk of Q fever outbreaks and possibly other 

zoonotic diseases could be considered high in the province of Noord-Brabant 
because of the cohabitation of 2.4 million inhabitants with 6.4 million large 
farm animals. But the natural focus has not been detected. Did C. burnetii 
originate from rats or other wild animals, imported animals, or imported straw?

•	 Why did the epidemic stop? Several veterinary measures were implemented 
at the same time and it is therefore not possible to quantify the relative 
contribution of each of the interventions. 

•	 Why was there no risk for pregnant women while the high hospital admission 
rates and the considerable number of chronic Q fever patients suggest a 
virulent strain?

•	 What are the long-term effects (disease burden) of the Q fever epidemic, 
especially with respect to chronic Q fever and chronic fatigue?

•	 What is the disease burden in occupationally exposed risk groups that have 
very high seroprevalence figures but few notifications? 

In addition, there are important issues that are not specific to the situation in the 
Netherlands, such as the need for better insight into the host immune system and 
bacterial virulence factors which determine if a patient will recover from Q fever, 
or will develop chronic sequels of Q fever. 
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Conclusions

The outbreaks of Q fever in the Netherlands were primarily caused by dairy goat 
farms. Dairy goat farming has been a rapidly expanding industry in the Netherlands, 
with herds of up to thousands of animals kept in deep litter stables. Contaminated 
aerosols are produced during abortion or parturition of infected dairy goats and 
secondary contaminated aerosols can originate from dried contaminated soil 
and manure. Depending on wind and local vegetation patterns, the aerosols 
can spread over a distance of a few kilometres. A major risk factor for Q fever is 
physical proximity to small ruminant farms with Q fever-induced abortions. The 
risk is lower, but not absent, for bulk tank milk positive farms or non-dairy sheep 
farms. While certain occupational groups are highly exposed and have high 
seroprevalence, the proportion of notified Q fever cases that is occupation-related 
is limited. The epidemic in the Netherlands is mainly an issue of environmental 
exposure of surrounding population, rather than occupational exposure. The 
national infectious diseases surveillance system allowed efficient monitoring 
of the epidemic. However, access to residential addresses of notified Q fever 
patients and potential infection sources (farms) was restricted in the early stages 
of the epidemic, thereby delaying source detection and geographical analyses. In 
contrast to reports from the international literature, there are no indications that 
infection with C. burnetii during pregnancy in the Dutch outbreaks has resulted 
in adverse pregnancy outcomes. Veterinary measures including vaccination of 
goats and sheep and culling of animals on infected farms have brought the Q fever 
problem under control in the Netherlands. Chronic Q fever will however remain a 
problem for patients and clinicians alike. Serological follow-up of the acute Q fever 
patients is mandatory for early detection and treatment of chronic Q fever. 
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Summary
The aim of this thesis is to describe the 2007–2010 epidemic of Q fever in the 
Netherlands in terms of its transmission dynamics and risk factors for human 
disease. It also aims to quantify the risk for pregnant women and to evaluate 
serological screening and follow-up options for the detection of chronic Q fever.

Chapter 1 is a general introduction and describes the events in 2007 and the history 
of Q fever in the Netherlands and worldwide. In the 20 years after the fi rst description 
of Q fever in 1937 in Australia, details about the causative bacterium Coxiella burnetii 
and its transmission routes were already elucidated. In recent decades relatively 
little knowledge has been added and the exceptionally large outbreaks in the 
Netherlands provide a unique opportunity to add to the existing knowledge base.  

A description of the seasonal outbreaks (in terms of time, place and person) in the 
Netherlands is given in Chapter 2. Data from 3,264 notifi cations for acute Q fever in 
the period from 2007–2009 were analysed. The patients most aff ected were men, 
smokers and persons aged 40–60 years. Pneumonia was the most common clinical 
presentation (62% in 2007 and 2008). Fewer than 5% of the notifi ed patients were 
working in the agriculture sector or meat-processing industry, including abattoirs. 
The outbreaks in the Netherlands can therefore not be explained by occupational 
exposure. 

The epidemic has been monitored using notifi cations of acute Q fever. A large 
number of C. burnetii infections during an outbreak will be missed because 
most infections are asymptomatic. This makes it diffi  cult to eff ectively target the 
people at risk for Q fever complications and adapt public health control measures 
accordingly. Chapter 3 therefore gives an estimate of the number of infections in 
relation to the number of notifi cations. In 23 postcode areas in the high-incidence 
areas, notifi cation rates were compared with seroconversion rates in blood donors 
from whom serial samples were available. This resulted in a ratio of one Q fever 
notifi cation to 12.6 incident infections of C. burnetii. This ratio is time and place 
specifi c and is based on a small number of seroconversions, but is the best available 
factor for estimating the total number of infections. In addition, as sub-clinical C. 
burnetii infection may lead to chronic Q fever, the ratio can be used to estimate 
the expected number of chronic Q fever patients in future years and as input for 
cost–benefi t analyses of screening options.
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In the absence of human-to-human transmission, any clustering in time and place of Q 
fever cases suggests a common environmental source, i.e. an infected farm. Chapter 4 
deals with interpretation and efficient use of surveillance data for source detection 
and public health policy using smooth incidence maps. Control measures during the 
epidemic in the Netherlands primarily focused on dairy goat farms because these were 
implicated as the main source of infection for the surrounding population. However, 
in many other countries, outbreaks have been associated with non-dairy sheep and 
the Netherlands has many more sheep than goats. Modelling of numbers of Q fever 
cases based on residential addresses and population size produced smooth incidence 
maps that clearly showed Q fever hotspots around infected dairy goat farms. No such 
increased incidence was noted around infected meat sheep farms. 

Proximity to an infected farm and local environmental conditions play a role in 
explaining transmission from animals to humans. The environmental aspects are 
covered in Chapter 5. People living close to an affected dairy goat farm have an 
increased risk of developing Q fever. However, no human cases were reported 
around a number of farms with Q fever-induced abortion waves. Datasets on 
vegetation, land use, soil characteristics, and weather conditions were collected 
in 5 km areas around infected farms. The findings suggest that intensive goat 
and sheep husbandry should be avoided in areas that are characterized by a 
combination of arable land with deep groundwater and little vegetation (i.e. more 
dust available for dispersion of the causative bacterium).

Awareness of Q fever among patients and doctors can influence health seeking 
behaviour, laboratory testing practices, and the number of notifications. Chapter 6 
describes the role of proximity to dairy goat farms using unbiased serological data 
from pregnant women in the high incidence area. During 2007–2009, we tested 
serum samples from 2,004 pregnant women living in an area of high Q fever 
incidence in the Netherlands. Results confirmed that presence of antibodies against 
C. burnetii is related to proximity to infected dairy goat farms. Pregnant women and 
patients with certain cardiovascular conditions should avoid these farms.

Specific risk groups for serious disease have previously been identified. Chapter 7 deals 
with the association between Q fever and adverse pregnancy outcome. Serum samples 
that had been collected from the area of highest incidence by an existing national 
prenatal screening programme and data from the Netherlands Perinatal Registry 
(PRN) on diagnosis and outcome were tested for antibodies against C. burnetii. The 
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presence of IgM and IgG antibodies against phase II of C. burnetii was not significantly 
associated with preterm delivery, low birth weight, or several other adverse outcome 
measures. This population-based study therefore showed no evidence of adverse 
pregnancy outcome among women who had antibodies to C. burnetii during early 
pregnancy, which is in contrast to previous reports from the international literature.

Chapter 8 covers the follow-up strategy to detect patients that are at risk of 
developing chronic Q fever. For 686 patients with acute Q fever, IgG antibodies to 
C. burnetii were determined using an immunofluorescence assay (IFA) at 3, 6  and 
12 months of follow-up. Polymerase chain reaction (PCR) was performed after 12 
months and on earlier serum samples with an IgG phase I antibody titre ≥1:1,024. 
In 43% of patients, the IgG phase II antibody titres remained high (≥1:1,024) at 
3, 6 and 12 months of follow-up. Three months after acute Q fever, 14% of the 
patients had an IgG phase I titre ≥1:1,024, which became negative later in 81%. 
IgG phase I antibody titres were rarely higher than phase II titres. Eleven cases of 
chronic Q fever were identified on the basis of serological profile, PCR results, and 
clinical presentation. Six of these patients were known to have clinical risk factors 
at the time of acute Q fever. In a comparison of various serological algorithms, 
IgG phase I titre ≥1:1,024 at 6 months had the most favourable sensitivity and 
positive predictive value for the detection of chronic Q fever. The wide variation of 
serological and PCR results during the follow-up of acute Q fever implies that the 
diagnosis of chronic Q fever, which requires long-term antibiotic treatment, must 
be based primarily on clinical grounds. Different serological follow-up strategies 
are needed for patients with and without known risk factors for chronic Q fever.

Chapter 9 describes the situation in the aftermath of the epidemic, with a shift in 
emphasis from acute Q fever to chronic Q fever. Several issues are discussed in relation 
to prevention of serious Q fever by vaccination and screening. With a seroprevalence 
>12% in the most affected area in the south of the country, questions remain about 
the follow-up of acute Q fever patients, screening of groups at risk for chronic Q 
fever, screening of donors of blood and tissue, and human vaccination. 

A general discussion of the findings of the present thesis in relation to the 
international literature is given in Chapter 10. 

The studies in this thesis were carried out at the Centre for Infectious Disease 
Control of the Netherlands, in collaboration with many other organisations.   
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Samenvatting
Dit proefschrift heeft als onderwerp de unieke Q koorts epidemie in Nederland 
die in 2007 begon en in 2009 zijn piek bereikte. Doel is het beschrijven van de 
risicofactoren voor Q koorts bij de mens waarbij gebruik wordt gemaakt van 
surveillance gegevens. Ook is er aandacht voor risicogroepen die vanuit de 
internationale literatuur zijn beschreven. Dit betreft een onderzoek naar de 
eff ecten van infectie met Coxiella burnetii op zwangerschapsuitkomst en een 
onderzoek naar de beste methode om patiënten met acute Q koorts op te volgen 
om chronische Q koorts tijdig te kunnen herkennen. 

Hoofdstuk 1 is een algemene inleiding met een beschrijving van de gebeurtenissen 
in 2007 in de provincie Noord Brabant en de geschiedenis van Q koorts wereldwijd 
en in Nederland. In de 10-20 jaar na de eerste beschrijving van Q koorts in 1937 
in Australië is veel onderzoek gedaan en werden de bacterie en de transmissie 
routes beschreven. De afgelopen decennia is de internationale Q koorts literatuur 
vooral afkomstig van één onderzoekcentrum in Frankrijk. Hoewel er wel vele 
relatief kleine Q koorts uitbraken zijn beschreven in Europa, Australië en Noord 
Amerika, was de omvang van de Q koorts epidemie in Nederland ongekend. Er 
werd al snel na het begin van de epidemie een verband gelegd met Q koorts op 
grote melkgeitenbedrijven. In 2006/2007, direct vóór de eerste Q koorts uitbraak 
in 2007 was de prevalentie van antistoff en tegen C. burnetii onder de algemene 
bevolking 2,4%. Dit was laag in vergelijking met andere Europese landen. In het 
verdere verloop van de epidemie zijn regionaal veel hogere seroprevalenties 
gemeten, tot bijna 15%. 

De meerderheid van beroepsmatig blootgestelden zoals veehouders en 
dierenartsen heeft antistoff en tegen C. burnetii. Toch werkten minder dan 5% 
van de 3.264 patiënten die van 2007-2009 met Q koorts werden gemeld in 
de landbouw of vleesverwerkende industrie (hoofdstuk 2). De epidemie in 
Nederland kan dan ook niet worden verklaard vanuit beroepsmatige blootstelling. 
De gemelde patiënten betrof vooral mannen in de leeftijdsgroep 40-60 jaar. Roken 
is een duidelijke risicofactor en meer dan 60% van de gemelde patiënten had een 
longontsteking als belangrijkste klinische presentatie. 
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Zoals bij veel andere infectieziekten blijven bij Q koorts de meeste infecties 
onopgemerkt. Vaak zijn er geen of slechts lichte klachten en als een patiënt toch de 
huisarts bezoekt dan zal vaak geen laboratoriumdiagnostiek worden aangevraagd 
en herstelt de patiënt met of zonder behandeling. Omdat onbekend is in hoeverre 
asymptomatische en andere niet herkende infecties later toch tot belangrijke 
gezondheidsproblemen kunnen leiden zoals chronische Q koorts, is het belangrijk 
om een idee te hebben van het aantal infecties. In hoofdstuk 3 wordt geschat dat 
één Q koorts melding zich verhoudt tot 12,6 infecties met C. burnetii. 

De veterinaire bestrijdingsmaatregelen zijn in Nederland vooral gericht op 
melkgeitenbedrijven. Bij de meeste Q koorts uitbraken die in de internationale 
literatuur zijn beschreven konden schapen als bron worden aangemerkt. 
Omdat Nederland veel meer schapen telt dan geiten werd de mogelijke rol van 
schapenbedrijven onderwerp van een publiek debat. In hoofdstuk 4 wordt een 
methode beschreven die bij deze discussie een rol heeft gespeeld. Door middel 
van ‘gladde’ incidentiekaarten, waarbij incidentie wordt gecorrigeerd voor 
bevolkingsdichtheid konden Q koorts ‘hot spots’ op basis van postcodes van 
woonadressen worden gevisualiseerd rond besmette melkgeitenbedrijven terwijl 
rond vleesschapenbedrijven geen verhoogde incidentie waarneembaar was. 

Er is overtuigend epidemiologisch bewijs dat de bacterie zich vooral via de 
lucht verspreid vanuit melkgeitenbedrijven waar abortusstormen door Q koorts 
hebben plaatsgevonden. Toch zijn er ook bedrijven met abortusproblemen waar 
zich onder omwonenden vrijwel geen Q koorts heeft voorgedaan. In hoofdstuk 5 
wordt onderzocht in hoeverre lokale omgevingsfactoren bij de transmissie van 
besmet bedrijf naar de mens een rol kunnen spelen. Vooral het vegetatiepatroon 
en bodemvochtigheid blijken van belang. De resultaten suggereren dat 
melkgeitenbedrijven beter niet kunnen worden gevestigd in akkerbouw gebieden 
die gekenmerkt worden door weinig vegetatie en lage grondwaterstand. 

Het is mogelijk dat er rond besmette melkgeitenbedrijven meer alertheid is onder 
omwonenden en huisartsen waardoor meer laboratoriumdiagnostiek wordt 
uitgevoerd en het aantal meldingen rond de bedrijven een vertekend beeld geeft. 
In hoofdstuk 6 wordt een onderzoek beschreven waarbij antistoffen werden 
bepaald in meer dan 2.000 sera die in het kader van routine onderzoek tijdens de 
zwangerschap waren verzameld. Aanwezigheid van antistoffen was gerelateerd 
aan een woonadres dicht bij een besmet melkgeitenbedrijf. Mensen die een hoger 
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risico lopen op ernstige (chronische) Q koorts zoals zwangeren en patiënten met 
hartklep- of vaataandoeningen dienen besmette bedrijven te vermijden. 

In de studie in hoofdstuk 7 werd de aanwezigheid van antistoffen tegen C. 
burnetii vergeleken met gegevens van de perinatale registratie Nederland. De 
aanwezigheid van IgM en IgG II antistoffen tegen C. burnetii (indicatief voor een 
recente infectie) was niet gerelateerd aan vroeggeboorte, laag geboortegewicht 
of andere ongunstige zwangerschapsuitkomst. Dit wijkt af van berichten uit de 
internationale literatuur waarin wel een duidelijke associatie wordt beschreven 
tussen Q koorts en ongunstige zwangerschapsuitkomst. Studies in het buitenland 
betroffen echter vaak geselecteerde patiënten die naar een specialistisch 
centrum waren verwezen. Het is echter mogelijk dat er regionale verschillen zijn, 
bijvoorbeeld door verschillen in genetische eigenschappen van de bacterie. 

In hoofdstuk 8 worden 686 acute Q koorts patiënten opgevolgd. IgG I en II 
antistoffen tegen C. burnetii werden bepaald door middel van de indirecte 
immunofluorescentie methode. Een hoge IgG I titer (≥1:1.024) kan duiden op 
chronische Q koorts en in die gevallen en op alle 12 maands monsters werd ook 
een PCR test verricht om DNA van de bacterie aan te tonen. Drie maanden na 
acute Q koorts was bij 14% van de patiënten sprake van een IgG I ≥1:1.024 die bij 
81% later weer negatief werd. Een IgG I > IgG II wordt in de literatuur genoemd als 
één van de criteria voor chronische Q koorts maar in deze groep van 686 patiënten 
was de IgG I titer zelden hoger dan de IgG II titer. Bij 43% van de patiënten bleven 
de IgG II titers hoog (≥1:1.024) op 3, 6 en 12 maanden follow-up. Op basis van het 
serologische profiel, PCR resultaten en klinische presentatie werd bij 11 (1,6%) van 
de 686 patiënten chronische Q koorts gediagnosticeerd. Zes van deze 11 patiënten 
waren ten tijde van de acute Q koorts episode al bekend met risicofactoren. Een 
IgG I ≥1:1.024 na zes maanden follow-up heeft de beste sensitiviteit en positief 
voorspellende waarde voor chronische Q koorts. Op basis van het onderzoek 
wordt geadviseerd om bij elke acute Q koorts patiënt na 6-9 maanden een vervolg 
serologisch onderzoek te doen. Patiënten met bekende risicofactoren dienen vaker 
te worden onderzocht. Er is echter een grote variatie in serologische profielen en 
PCR resultaten en de diagnose chronische Q koorts impliceert een langdurige en 
intensieve behandeling. De diagnose chronische Q koorts dient daarom vooral op 
klinische gronden te worden gesteld. 
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Hoofdstuk 9 beschrijft de situatie in Nederland na de epidemie. Het aantal 
meldingen van acute Q koorts is na 2009 sterk teruggelopen door de veterinaire 
maatregelen en misschien ook het natuurlijke verloop van de epidemie. Ondanks 
de vaccinatiecampagne onder risicogroepen in 2011 is het waarschijnlijk dat 
de komende jaren meer patiënten met chronische Q koorts zullen worden 
gediagnosticeerd. Er zijn nog vragen rondom het screenen van risicogroepen en 
van bloed- en weefseldonoren. 

Hoofdstuk 10 geeft een algemene discussie van de bevindingen van de diverse 
studies in dit proefschrift. Een belangrijke vaststelling is dat de Q koorts epidemie 
bij de mens goed kon worden gevolgd met behulp van de meldingsplicht. 
Hierdoor was er te allen tijde inzicht in het aantal patiënten met acute Q koorts en 
de epidemische curve en kaart met geografische spreiding konden wekelijks op 
de publiek toegankelijke RIVM website worden geactualiseerd. Bescherming van 
de privacy is soms het argument om nauwkeurige informatie over locaties van 
patiënten en mogelijke bronnen in de omgeving niet beschikbaar te stellen aan 
professionals die binnen de GGD verantwoordelijk zijn voor uitbraakonderzoek en 
bestrijding en die op nationaal niveau verantwoordelijk zijn voor infectieziekten 
surveillance en onderzoek. Voor bronopsporing en het beschrijven van transmissie 
routes is nauwkeurige informatie over locatie van patiënten en besmette bedrijven 
echter noodzakelijk. GGD’en leverden op verzoek de benodigde informatie over Q 
koorts patiënten aan het RIVM maar de gegevens over locaties van besmette en 
niet besmette bedrijven waren in de eerste jaren van de epidemie niet beschikbaar 
op de GGD of het RIVM. Deze situatie is ook bekritiseerd door de Commissie van 
Dijk die in opdracht van de regering de maatregelen tijdens de Q koorts epidemie 
heeft geëvalueerd. Dit proefschrift benadrukt het belang van geografische 
analyses voor infectieziekten zoals Q koorts waarbij de infectiebronnen zich in de 
omgeving bevinden en waarbij mens-mens overdracht geen rol van betekenis 
speelt. 

De conclusie op basis van de diverse studies is dat vooral besmette 
melkgeitenbedrijven de bronnen waren van de Q koorts uitbraken in Nederland. 
Vooral vanuit bedrijven waar Q koorts abortusstormen heeft veroorzaakt 
kunnen de bacteriën over een afstand van enkele kilometers via de lucht worden 
verspreid en infectie veroorzaken bij omwonenden. In welke mate verspreiding 
plaatsvindt, hangt af van wind en andere weersfactoren, vegetatiepatronen en 
bodemomstandigheden. 
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Deze observaties en de bevindingen over het belang van omgevingsrisicofactoren 
zijn ook relevant voor de discussie rond mogelijke gezondheidsrisico’s van 
intensieve veehouderij. Q koorts lijkt nu onder controle maar de epidemie leert dat 
een geïntegreerd humaan – veterinair surveillance systeem met uitwisseling van 
data noodzakelijk is om vroegtijdig nieuwe uitbraken van zoonotische infecties te 
kunnen herkennen en snel te kunnen reageren. 

Ondanks de vele studies die in Nederland zijn verricht sinds de eerste uitbraak in 
2007, blijven veel vragen nog onbeantwoord. Zo lijkt de exponentiele groei van het 
aantal geiten in Nederland een rol te spelen in het ontstaan van de epidemie maar 
bewijs is er niet. Ook weten wij niet zeker wat de relatieve bijdrage is geweest van 
vaccinatie, ruimen, hygiëne maatregelen en natuurlijke factoren in het stoppen 
van de transmissie. Veel is nog onbekend over de eigenschappen van de bacterie 
die in Nederland wel ernstige ziekte heeft veroorzaakt en chronische infecties 
maar die kennelijk geen negatieve gevolgen heeft gehad voor zwangeren. Ook is 
er nog steeds geen afdoende verklaring voor de zeer hoge seroprevalentie onder 
beroepsmatig blootgestelden en de kennelijk lage ziektelast in deze groepen. 

De in dit proefschrift beschreven studies werden uitgevoerd op het Centrum voor 
Infectieziektebestrijding van het RIVM in samenwerking met onderzoekers van 
diverse andere organisaties op het gebied van publieke gezondheid, curatieve 
zorg en diergezondheid. 
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Dankwoord
Mijn eerste wetenschappelijke artikel is geschreven in Zambia in de beginperiode 
van de AIDS epidemie (‘AIDS in een Zambiaans district’, Nederlands Tijdschrift voor 
Geneeskunde, 1992). Daarna zijn tijdens onderzoekactiviteiten in Afrika en Azië 
veel onderwerpen de revue gepasseerd, zonder uitzondering uitdagend en in mijn 
ogen relevant waaronder malaria, pesticide vergiftiging, diarree en worminfecties. 
Tijdens de jaren die ik bij een internationaal landbouwonderzoeksinstituut heb 
doorgebracht (hoofdkantoor van het International Water Management Institute 
in Sri Lanka) kreeg ik steeds meer interesse in de omgevingsfactoren die van 
belang zijn voor de overdracht van infectieziekten. Het onderzoek betrof vaak 
onderwerpen die op dat moment niet in de mode waren, zoals methoden om 
malaria te bestrijden met water management in een tijd dat de aandacht vooral 
uitging naar ontwikkelingen op moleculair biologisch niveau. Ook onderwerpen 
als pesticide vergiftiging en het gebruik van ongezuiverd rioolwater in de 
landbouw stonden destijds niet in de aandacht. Het was een voorrecht om in die 
tijd samen te kunnen werken met een top onderzoeker uit Sri Lanka, Professor 
Felix Amerasinghe en met Deense collega’s Flemming Konradsen en Peter Jensen. 
Ondanks de nodige publicaties die uit deze onderzoeken voortkwamen is het in 
die tijd niet tot een promotie gekomen. Mijn (terechte?) argument was steeds dat 
ik me niet lange tijd op slechts één onderwerp wilde richten. 

Ik ben blij dat Marianne van der Sande en Roel Coutinho mij over de streep 
hebben getrokken en hebben gestimuleerd om (eindelijk) een PhD te behalen. 
Het onderwerp paste precies bij mij: een nieuw probleem waar nog weinig 
over bekend was en waarbij de link met landbouw en omgevingsfactoren 
evident was en waarbij onderzoek direct relevant kan zijn voor patiëntenzorg 
en volksgezondheidsbeleid. In het hele traject zijn de discussies met Peter 
Schneeberger en Barbara Schimmer heel belangrijk geweest en daarbij kwamen 
steeds weer nieuwe onderzoek ideeën naar voren. Yvonne van Duynhoven was 
een belangrijke vraagbaak met een brede kijk op alle aspecten van de Q koorts 
epidemie en steeds een up to date overzicht over de in Nederland lopende Q 
koorts onderzoeken. 

Voor de onderzoeken in dit proefschrift is gebruik gemaakt van veel data die buiten 
het RIVM zijn verzameld. De onderzoeken waren niet mogelijk geweest zonder 
de medewerking van de verschillende GGD’en, de medisch microbiologen en 
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analisten van het Jeroen Bosch ziekenhuis en de Gezondheidsdienst voor Dieren. 
Ik wil daarbij vooral de volgende medeauteurs van artikelen in dit proefschrift 
noemen: Jamie Meekelenkamp, Nicole Renders, Alexander Leenders, Ineke Weers-
Pothoff, Mirjam Hermans, Peter Wever en Peter Schneeberger van het Jeroen 
Bosch ziekenhuis; Clementine Wijkmans en Ariene Rietveld van de GGD Hart voor 
Brabant; Piet Vellema van de Gezondheidsdienst voor Dieren; Hans Zaaijer en 
Boris Hogema van Sanquin; Peter Droogers en Johannes Hunink van Future Water; 
Chantal Hukkelhoven van de Stichting Perinatale Registratie Nederland. 

Daarnaast is de samenwerking met de promovendi Hendrik-Jan Roest, Gabriella 
Morroy, Marjolijn Wegdam-Blans, Lieke Wielders, Janna Munster en Volker 
Hackert heel plezierig en stimulerend geweest. Ik hoop dat zij hun Q koorts 
promotietrajecten binnenkort ook succesvol zullen afronden!

Tijdens de Q koorts epidemie heeft Ben Bom veel bijgedragen in de vorm van geo 
database management en het maken van duidelijke en visueel attractieve kaarten, 
die ook in diverse tijdschriftartikelen zijn gebruikt. Jan van de Kassteele was een 
vraagbaak voor ruimtelijke statistiek en heeft een belangrijke rol gespeeld in het 
ontwikkelen van innovatieve surveillance en onderzoekmethodes. 

Misschien is het wel zo dat ik door de Q koorts studies te weinig aandacht 
heb kunnen geven aan de andere onderwerpen waar mijn groep binnen 
Epidemiologie en Surveillance van het Centrum voor Infectieziektebestrijding 
verantwoordelijk voor is zoals influenza, pneumonie, legionellose, psittacose en 
tuberculose. Gelukkig kon ik vanaf het begin van mijn tijd bij het RIVM, vanaf 
mei 2008, samenwerken met Rianne van Gageldonk, Frederika Dijkstra en Petra 
Brandsema, ervaren en zeer capabele epidemiologen die veel van het werk op 
deze onderwerpen voor hun rekening hebben genomen. Ik dank ook Els van 
Amerongen voor de administratieve ondersteuning in de afgelopen jaren.

Anneke heeft alle avonturen in binnen- en buitenland meegemaakt maar was mij 
wel veel te snel af met haar promotie in 2003 op het proefschrift ‘Survival strategies 
of people in a Sri Lankan wetland’.
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