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Background: The Netherlands faced a large Q fever epidemic from 2007 to 2010, in which thousands of people
were tested for the presence of antibodies against Coxiella burnetii as part of individual patient diagnosis.
So far, only data of notified cases were used for the identification of high-risk areas, which can lead to
misclassification of risk. Therefore, we identified high- and low-risk areas based on laboratory test results to
make control measures more efficient.

Methods: Data on diagnostic Q fever laboratory tests were obtained from two regional laboratories of medical
microbiology in the high-incidence area in the south of the Netherlands. The proportion of patients testing
positive was mapped per postal code area. Patients testing positive were compared to patients testing negative
based on the distance between residential address and the nearest infected goat farm with adjustment for age
and sex.

Results and conclusion: Of 11,035 patients tested, 4,011 (36.4%) had a positive laboratory test result for Q
fever. Maps showing the spatial pattern of tests performed and proportion of positive tests allowed for the
identification of high- and low-risk Q fever areas. The proportion of patients testing positive was higher in
areas close to infected goat farms compared to areas further away. Patients living <1 km from an infected
goat farm had a substantially higher risk of testing positive for antibodies to C. burnetii than those living >10
km away (OR 21.70, 95% CI 16.28-28.92). Laboratory test results have the potential to make control
measures more efficient by identifying high-risk areas as well as low-risk areas.
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COACTION

fever is a zoonosis caused by the intracellular

bacterium Coxiella burnetii. This bacterium has

a worldwide distribution in different animal
species,” but sheep and goats are considered the main
reservoir (1). Especially when infected pregnant small
ruminants abort, billions of C. burnetii are introduced
into the environment (2). The bacterium has the ability to
persist in the environment, and therefore, even weeks to
months after the birthing event there can be a risk for
infection. Transmission to humans mainly occurs through
inhalation of contaminated aerosols and dust particles
(3). Among persons with clinical symptoms, there is

usually an acute onset with fever, headache, fatigue, and
frequently an atypical pneumonia or hepatitis. However,
acute Q fever is reported to be asymptomatic in 50-60%
of the cases (4).

Since 1975, notification of patients with acute Q fever
(i.e. patients presenting with fever or pneumonia or
hepatitis and with a positive Q fever laboratory result)
is mandatory in the Netherlands. From 2007 to 2010, the
southern part of the Netherlands faced large seasonal
outbreaks of acute Q fever, with the highest peak in 2009
(5-7). During the epidemic, more than 4,000 human cases
were notified, which makes it the largest epidemic of
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Q fever reported worldwide (8). Before the first outbreak,
acute Q fever was notified sporadically with 1-32 Dutch
human cases annually (6).

The majority of infections occurred in the eastern part
of the province of Noord-Brabant, where a clear epide-
miological link was established with dairy goat farms that
experienced high Q fever-induced abortion rates (9).
Based on human notification data, higher attack rates
were found in areas around such farms compared to
areas further away (9). In contrast to goats, most sheep
are kept on non-dairy (meat) sheep farms and these did
not seem to play an important role during the Q fever
epidemic (10). Veterinary control measures, implemented
after the peak in 2009, have therefore primarily focused
on dairy goat farms. Since these actions, which included
mandatory mass vaccination, culling of pregnant animals
on infected farms, and hygiene measures, incidence has
declined (8, 11).

Monitoring of the human epidemic was entirely based
upon notification data. This allowed for the identification
of high-incidence areas (10). However, notification data
are of limited use in studying risk factors, because a
control group is generally not available for comparison.
Without a control group, areas could be misclassified as
low risk when Q fever patients are not tested, and
therefore not notified. Similarly, other areas with active
case finding could be misclassified as high risk. When the
nationwide mandatory bulk tank milk monitoring started
in October 2009, all households situated within a radius
of 5 km of a positive farm were informed through an
official letter. This might have influenced peoples’ health-
seeking behaviour and diagnostic testing practices of
physicians. Therefore, in the present study, we compared
geographic data of patients testing positive with those
testing negative in Q fever laboratory tests. Identification
of low-risk areas, in addition to high-risk areas would
allow for more focused and therefore more cost-efficient
control measures.

Methods

Study design

In this geographical case—control study, data were gath-
ered and combined from two regional laboratories located
in the high-incidence Q fever area. The geographic region
was limited to two-digit postal code regions, where at least
500 people were tested for Q fever. Postal codes in the
Netherlands consist of four numbers followed by two
uppercase letters. The first two digits indicate a city and a
region; the full six-digit postal code generally represents
part of a street. Within the study area, four-digit postal
code areas were selected as the spatial unit of analysis, as
this is the smallest unit in the Netherlands for which
reliable routine data are available. The total number of
four-digit postal code areas in the Netherlands is 4,005,

with a median area size of 5.3 km? (range 0.1-132 km?).
Population size for each four-digit postal code area in
2010 was obtained from Statistics Netherlands (12).

Laboratory data

Anonymous data on serum samples tested for Q fever
were obtained from two laboratories located in the east of
the province of Noord-Brabant (’s-Hertogenbosch and
Veldhoven). In the laboratories, sera were analysed to
detect the presence of IgG and IgM antibodies against
phases I and I of C. burnetii using different techniques.
In this study, an IgG phase II titre of >1:32 measured by
immunofluorescence assay (IFA; Focus Diagnostics) was
considered positive. When a serum was tested with the
complement fixation test (CFT; Virion/Serion), a phase II
titre > 1:4 was considered positive. A fourfold IgG II titre
rise or more was defined as confirmed acute Q fever for
both serological tests. In persons for whom only a C.
burnetii PCR (polymerase chain reaction) was performed,
the PCR was decisive for the outcome. IgM results were
not used in the analysis.

We included positive test results over the period
January 1, 2009 — December 31, 2010. Negative test
results were included for the period January 1, 2010—
December 31, 2010 only, because persons testing negative
in 2009 could have become positive in 2010. For people
testing negative in 2010, we assumed that they must have
been negative in 2009 as well, since IgG antibodies are
detectable for a long time after infection (13). Besides Q
fever laboratory test outcome, information on age, sex,
and postal code were available for analysis. We did not
use laboratory tests that were done as part of scientific
(seroprevalence) studies. Seroprevalence studies were
done among patients with risk factors for chronic Q
fever and among people with occupational exposure. The
analysis was therefore limited to tests that were requested
by physicians for individual patient diagnosis. We only
included one test result per person, whereby a patient
with negative and positive test results was classified as
‘positive’.

Animal data

Locations of small ruminants (goats and sheep) were
available from the national registration system of the
Ministry of Economic Affairs for November 2009.
Information on small ruminant farms that experienced
abortion waves (defined as >5% abortions of all
pregnant animals) caused by C. burnetii was provided
by the Animal Health Service. Locations of bulk tank
milk positive farms were available at the website of the
Food and Consumer Product Safety Authority (14).
Infected farms included in the analysis were notified
between 2005 and 2010.
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Data analysis

The analysis focused on the high-incidence area in the
south of the Netherlands. Locations of farms and
residence locations of all persons tested for Q fever in
this area were geo-referenced to X- and Y-coordinates
based on the centroid of their full postal code (generally
part of a street). Distance between home address of the
persons tested and the nearest infected farm was calcu-
lated. Incidence and proportion of patients tested and
patients testing positive were mapped to identify high-
and low-risk areas. We defined ‘risk’ as the probability of
a positive test result in a postal code area, in different
categories.

Patients with positive test results were compared to
those with negative test results based on shortest distance
between an infected farm and the home address. We used
the Chi-square test to compare proportions. Student’s
t-test and Mann—Whitney U test were used to compare
the continuous variables, that is, age and distance.
Logistic regression was used for risk factor analysis in
which explanatory variables were categorised, depending
on the distribution of the variable. For each outcome, the
strength of its association with a positive laboratory test
outcome was expressed in odds ratios (OR) with 95%
confidence interval (95% CI).

Statistical analysis was performed using SAS (version
9.3; SAS Institute, Cary, NC). ArcGIS (ArcGIS 9.3.1,
Esri, Redlands, CA) was used to calculate the distance
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between residential address and the nearest farm and to
create maps.

Results

The study area consisted of 262 four-digit postal code
areas, with 1,324,790 inhabitants in total. In the selected
area, 11,035 persons were tested and included in the
analysis. The incidence of patients tested was highest in
the east of the selected study area (Fig. 1). In the northern
part of the study area, there are postal code areas where
many persons were tested, of which the majority had a
positive result (Fig. 2). In contrast, in some areas of the
southern part where many persons were tested, there
was a lower proportion of patients testing positive. Areas
where fewer than five tests were performed, which were
classified as areas with unknown risk, are indicated in
Fig. 2.

There were 460 small ruminant farms with >50
animals per farm in the study area, the large majority
being sheep farms (Fig. 1). Infection status is only known
for the 90 milk-producing farms that were subjected
to the strictly enforced bulk tank milk monitoring
program. The milk-producing farms included one dairy
sheep farm, which remained negative in the monitor-
ing program, and 89 dairy goat farms, of which 41
testing positive or experienced Q fever-induced abortion
waves.

In total, 4,011 (36.4%) patients had a positive test
result for Q fever. They were more often male and were
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Fig. 1. Incidence ( x 100,000 population) of Q fever laboratory tests (n =11,035) with locations of all small ruminant farms with >50
animals in the south of the Netherlands by four-digit postal code area. Data from patients testing positive in 2009 and 2010, and
patients testing negative in 2010 at the laboratories in ’s-Hertogenbosch (H) and Veldhoven (V).
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Fig. 2. Proportion of positive test results based on the same data as in Fig. 1 with locations of infected goat farms.

younger than the patients with a negative test result
(Table 1). On average, the patients testing positive were
living 4.1 km from an infected dairy goat farm compared
with 6.7 km for the patients testing negative. In logistic
regression analysis, with positive or negative laboratory
result as outcome measure, distance was divided in seven
categories with patients living >10 km from the nearest
infected goat farm as reference (Table 2). Individuals
living <1 km from an infected goat farm had a much higher
risk of testing positive for antibodies to C. burnetii than
those living > 10 km away (OR 21.70, 95% CI 16.28-28.92).
The greater the distance from residential address to the
nearest infected goat farm, the lower the risk for a
positive laboratory test for Q fever. Adult age (20 <60

years) and male sex remained significant risk factors for
a positive test result in the multivariate analyses.

Including distance from residential address to the near-
est infected farm as a continuous variable rather than a
categorical variable resulted in an OR of 0.79 (95% CI
0.78-0.80), that is, for a 1-km increase in distance, there is a
21% decrease in the odds of having a positive test result.
The exponential decline in the proportion of patients
testing positive with increasing mean distance from
infected dairy goat farms for the 262 postal codes included
in the study is shown graphically in Fig. 3. Areas with more
positive test results compared to negative test results
(proportion positive test results >0.5) are not seen at a
mean distance of >8 km to the nearest farm.

Table 1. Characteristics of individuals with a positive or negative laboratory test result

All Positive Negative

Variables N N % N % p
Sex

Male 5,507 2,224 55.4 3,283 46.7 p <0.001*

Female 5,528 1,787 44.6 3,741 53.3

Mean Mean IQR Mean IQR

Age (years) 50.1 48.3 38-60 51.1 37-67 p <0.001*
Distance (km)? 5.7 4.1 2.1-5.4 6.7 3.7-9.3 p <0.001**
All 11,035 4,011 36.4 7,024 63.7

IQR, interquartile range.

@Distance between patient’s home address and nearest infected dairy goat farm.

*Chi-square test, **Student’s t-test, “**Mann-Whitney U test.
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Table 2. Multivariate logistic regression analysis of risk factors associated with testing positive for Q fever

All Positive Positive
Variables N N % Odds ratio 95% Confidence interval
Age (years)
0<20 1,000 245 24.5 Reference
20 <60 6,236 2,722 43.7 2.71 2.31-3.19
60 <100 3,799 1,044 27.5 1.42 1.20-1.69
Sex
Male 5,507 2,224 40.4 1.52 1.40-1.66
Female 5,528 1,787 32.3 Reference
Distance? (km)
<1 km 345 229 66.4 21.70 16.28-28.92
1<2 km 1,058 682 64.5 19.73 15.90-24.47
2 <4 km 2,682 1,162 43.3 8.16 6.76-9.86
4 <6 km 3,346 1,286 38.4 6.62 5.50-7.98
6 <8 km 1,260 405 32.1 5.14 4.17-6.34
8 <10 km 633 104 16.4 2.06 1.57-2.71
>10 km 1,711 143 8.4 Reference
Total 11,035 4,011 36.4

@Distance between patient’s home address and nearest infected dairy goat farm.

Separate analyses with distance to bulk tank milk
positive farms and distance to farms with confirmed
abortion waves gave comparable results (data not shown).
However, the logistic regression model with both types of
infected dairy goat farms included was best in predicting
the laboratory test outcome.

Discussion
Published studies on human Q fever incidence and risk
have used data on notified Q fever cases. In this article, we
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present a more comprehensive approach that accounts for
differences in health-seeking and ‘testing behaviour’ dur-
ing the epidemic. Some areas with many diagnostic tests per-
formed had low numbers of positive test results and could
be categorised as low risk. High proportions of positive
test results were seen close to infected dairy goat farms.
Our study supports the previous research in the same
area which links the risk of acquiring human Q fever with
proximity to infected dairy goat farms (9, 15). It confirms
that residential address is a good proxy for environmental
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Logarithmic trendline

Mean distance to nearest infected goat farm (km)

Fig. 3. Proportion of patients testing positive for Q fever against mean distance from nearest infected dairy goat farm, per four-digit

postal code area (n =262 postal codes areas).
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exposure to C. burnetii. Environmental microbiology
studies show a reduction in C. burnetii DNA content in
aerosol samples from infected goat farms with increasing
distance (16). The predominance of men, aged 20-60
years in the positive test results is in agreement with
earlier studies (7, 17). The relatively low number of tests
and positive test results in children may partly be
explained by lower exposure, but it has been argued
that children are less frequently symptomatic than adults
following infection, and may have a milder disease and
are therefore not tested (18). The sex difference in Q fever
under the same exposure conditions for men and women
has been explained by the protective effect of the 17-beta-
oestradiol hormone in women (19).

During the epidemic, the link to goat farming has
received substantial attention in the public media.
Awareness of Q fever among patients and physicians
can influence health-seeking behaviour and laboratory
testing practices. Persons living close to goat farms may
have sought medical care more rapidly than those who
lived far from goat farms. The results of this study
showed that indeed more persons were tested close to
goat farms but the proportion of positive patients was
also high in these areas. Low-risk areas were found
further away from infected goat farms, where fewer
persons were tested and where the proportion of positive
tests was considerably lower. The number of patients
testing positive was rapidly decreasing with increasing
distance from infected goat farms, whereas the number of
negatives was only slightly decreasing. In another study in
the high-incidence area in the south of the Netherlands,
stored sera that were collected during routine antenatal
care were retrospectively analysed for antibodies against
C. burnetii and these unbiased serological data confirm
the importance of proximity to dairy goat farms (20).

We classified areas where fewer than five persons were
tested as having ‘unknown risk’. These areas included an
airport and industrial areas. The north-eastern part of the
study area was close to another laboratory, and therefore
it is likely that few serum samples were sent to the two
regional laboratories that we selected for data collection
in this study. Other possible explanations could be that
no patients with symptoms presented at the physician,
physicians did not refer patients for Q fever testing or
there was no risk for Q fever in that area. Areas without
an adequate number of patients tested for Q fever were
not categorised as high- or low-risk areas to prevent
misclassification. Data were collected from two regional
laboratories with overlapping catchment areas. At the
periphery of our study area, other laboratories would
have played a role and total number of tests in those
areas, even those with more than five tests, might have
been underestimated. Therefore, the estimates of the
proportion positive tests might be less robust at the
periphery.

Most acute C. burnetii infections are asymptomatic,
and this can affect the results, as asymptomatic infected
patients would not have been included in the present
study because we included only tests that were done for
diagnostic purposes. However, criteria for requesting
a diagnostic test could have changed with increasing
awareness. As a consequence, the group of patients sub-
jected to diagnostic testing widened from acute illness
to for example, persistent fatigue.

During the study period, several control measures were
implemented (8). Vaccination of goats started in April
2009; bulk tank milk monitoring in October 2009 with
culling of pregnant goats on bulk tank milk positive
farms in December 2009. After bulk milk tank monitor-
ing started and locations of infected farms were commu-
nicated to the public, a slight increase in numbers of
requested Q fever tests was observed (data not shown),
which could have led to more Q fever case finding. Also,
the culling of pregnant goats could have influenced the
study results as the possible sources of exposure were
removed. This could have weakened the relation between
the risk for acute Q fever and distance to infected dairy
goat farms. Furthermore, the exact infectious periods for
the farms in the study are unknown.

The two regional laboratories used different testing
methods for the detection of C. burnetii infections. The
laboratory in Veldhoven mainly used CFT, and the labo-
ratory in ’s-Hertogenbosch used IFA. However, studies
have shown that the different serological tests were reli-
able in detecting acute Q fever infections and perform
equally well (13).

A limitation of the study is that the distance from
residential address to the nearest infected farm was the
only distance-related variable used. Work is on-going to
develop a transmission model that allows for multiple
sources and takes into account the number of animals on a
farm and animal densities. The model will also take into
account factors that play a role in the transmission from
farm to humans, such as wind, particulate matter, vegeta-
tion patterns, and soil conditions around infected farms
(21, 22). Furthermore, we assumed that persons became
infected at their home, although infection might have
occurred elsewhere. This might have weakened the associa-
tion between location and infected farms because of non-
differential misclassification. Nevertheless, we found a
strong effect of distance to infected dairy goat farms.

In conclusion, by using laboratory test results, we
identified high- and low-risk areas for Q fever in two study
areas in the Netherlands. We used retrospective data, but in
principle, data from laboratory information systems are
available in real time and are potentially useful for effective
implementation of public health control measures. While
Q fever notification data with positive laboratory results
and information on infected small ruminant farms are very
useful to identify high-risk areas, the present study also
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shows the potential of using negative laboratory results to
identify low-risk areas. Knowledge on the geographical
distribution of risk makes it possible to implement veteri-
nary and public health control measures in an efficient way
by avoiding blanket coverage with uniform measures over
a large area.
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