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Introduction: Between 2007 and 2010, the Netherlands
experienced large outbreaks of Q fever with over 4000
cases. There were unexplained geographical differences
in hospitalisation rates of notified patients. We examined
the extent of this geographic variation in Q fever
hospitalisation and its potential association with general
practitioner (GP) experience with Q fever.
Methods: We included Q fever cases notified by
GPs in 2008 and 2009 in the affected public health
region. We used linear regression to describe trends
of hospitalisation over time and tested for statistical
differences in hospitalisation between municipalities with
the chi-square test. We used the number of previously
diagnosed Q fever cases of an individual GP as a proxy
for Q fever experience, grouped into four categories of GP
experience (1; 2; 3-7 and 8 or more cases). We calculated
adjusted odds ratios (OR) using logistic regression, taking
into account clustering at the GP level.
Results: The proportion of hospitalised cases was
highly variable between municipalities (range 0-56%,
p-value < 0.001). The proportion of hospitalised cases
decreased monthly by 0.7% (95% confidence interval (CI):
0.03-1.3%). The risk of hospitalisation was lower when GPs
had seen eight or more Q fever cases compared with GPs
who had seen only one case (OR 0.4 [95% CI: 0.2-0.8]).
Discussion: Our findings suggest that increased GP
experience was associated with a reduction in hospitalisations. This supports the public health initiatives to
disseminate epidemiological updates and information
regarding diagnostic and therapeutic options for Q fever
to GPs to reduce Q fever related hospitalisation.
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INTRODUCTION
Q fever is a zoonosis caused by the bacterium Coxiella
burnetii which occurs worldwide.1 Approximately 40% of
infections with C. burnetii result in clinical symptoms,
ranging from mild flu-like illness to atypical pneumonia.
Approximately 2-5% of all acute Q fever patients are
hospitalised.1,2 Possible factors of importance for
hospitalisation are age, sex, smoking behaviour, underlying
medical conditions, and pregnancy.3 Furthermore,
exposure to higher doses of C. burnetii may increase the
severity of disease and thereby lead to hospitalisation. 4-6
In the Netherlands, Q fever is a notifiable disease to
enable outbreak detection and source tracing for effective
outbreak control. From 2007 to 2010, the south of the
Netherlands experienced large seasonal outbreaks of
Q fever with over 4000 notified cases.7 During those
outbreaks about 22% of notified cases were hospitalised, a
much larger percentage than reported in the international
literature.8 Some municipalities with higher Q fever
incidence and presumably higher infection pressure
had lower proportions of hospitalised cases. In addition,
diagnostic delay was shown to be inversely related to the
number of years that a municipality in the Netherlands
had experience with Q fever.9,10 General practitioners
(GPs) in the Netherlands play a pivotal role as gatekeepers
for the healthcare system and they take the decision
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whether a patient should be referred to a hospital-based
medical specialist. We hypothesised that GPs who have
more experience with the diagnosis and treatment
of Q fever would be less inclined to refer (suspected)
acute Q fever patients to hospital, thereby reducing the
proportion of hospitalised cases in their geographic area.
If this hypothesis holds, this would indicate that early
interventions to improve GP knowledge of an emerging
infectious disease might reduce hospitalisation rates.
In this study, we examined two aspects: the extent of
geographic variation in Q fever hospitalisation and its
potential association with GP experience with Q fever.

particular GP practice. The number of previous acute
Q fever patients was used as a proxy for GP experience.
We grouped the patients into four arbitrarily chosen
categories: one, two, three to seven and eight or more
Q fever patients that had visited a GP. We expect the
hospitalisation to be lower with increasing GP experience.
We used the same binomial logistic regression model as
mentioned above, except we replaced the number of Q fever
cases by the four GP experience categories.
We also examined the association between diagnostic
delay, defined as the duration in days between disease
onset and diagnostic confirmation, and GP experience
category. This was done by linear regression. Diagnostic
delay was log-transformed. To account for clustering
at GP level, GP was included in the model as random
effect. For reporting, the estimated coefficients were
back-transformed.
To evaluate an effect over time on hospitalisation and
diagnostic delay, we compared these two outcome
measures between Q fever cases diagnosed in 2008 and
2009 using the Wilcoxon test.
To examine whether selection bias could have occurred by
only including hospitalised cases for whom the GP name
was known, we compared cases with and without GP
name known with respect to hospitalisation, age, gender,
duration of hospitalisation, underlying respiratory illness
and diagnostic delay using a chi-square test.
Statistical analyses were performed using STATA software,
version 14.

METHODS
We collected information about confirmed and
notified cases reported to the public health service
‘Hart voor Brabant’ during the peak epidemic in the
years 2008-2009. ‘Hart voor Brabant’ is a large public
health service region for 1 million citizens, comprising
25 municipalities in the south of the Netherlands and
including both urban and rural communities. Most Q
fever patients reported during the epidemic resided in this
particular region.
The case definition for Q fever is fever, pneumonia or
hepatitis in combination with laboratory confirmation
by serology or PCR. Laboratories automatically report
confirmed cases to the public health service.
On a voluntary basis, further information was obtained
from notified cases via telephone interviews performed by
public health professionals. Information extracted from the
notifications included age, sex, place of residence, date of
onset of illness, diagnostic delay (defined as time from the
date of specimen collection to date of laboratory diagnosis),
possible risk factors for severe disease outcomes (smoking
and underlying respiratory diseases), and the name of
the GP, which was available when the GP had requested
diagnostic tests. Our outcome variable was whether a
patient was hospitalised.
We used binomial logistic regression to analyse the
association between the risk of hospitalisation and the
number of Q fever cases per municipality. We expected
the hospitalisation rate to be higher in municipalities
with lower numbers of Q fever cases. We adjusted for age,
sex, calendar year and underlying respiratory diseases,
and municipality was included in the regression model
as random effect to account for clustering at municipality
level. As the number of Q fever cases is right skewed, the
number of Q fever cases was log-transformed. In addition
to this, we used linear regression to describe monthly
trends of hospitalisation during the study period.
Next, we analysed the association between hospitalisation
and the number of previous acute Q fever patients in a

R ESULTS
During 2008-2009, 2044 Q fever patients were reported
to the public health service Hart voor Brabant: 705 in
2008 and 1340 in 2009 ( figure 1). The proportion of
cases hospitalised was 17% in 2008 and 14% in 2009.
The median duration of hospitalisation was seven days
(range: 1-23 days) and did not vary significantly between
years (p-value > 0.5).
There was a clear seasonal pattern in total number of acute
Q fever cases per month with a peak from April to July.
The proportion of cases hospitalised showed an irregular
pattern that decreased monthly by 0.7% (95% confidence
interval (CI): 0.03-1.3%; p-value = 0.04) ( figure 2).
The median proportion of cases hospitalised per
municipality was 16%. The proportion of cases hospitalised
was highly variable between municipalities (range 0-56%,
p-value < 0.001) (table 1). It was estimated that when the
number of Q fever cases of a municipality increases by a
factor 10, then the odds of hospitalisation decreases by a
factor 0.4 (95% CI: 0.2-0.8).
The name of the GP was registered for 1557 (76%) cases.
The proportion of cases hospitalised for whom the GP was
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Figure 1. Number and incidence of notified Q fever patients and proportion of hospitalised patients in 2008-2009,
per municipality of the public health service region ‘Hart voor Brabant’, the Netherlands. A. Incidence of notified
Q fever patients per 10,000 citizens per municipality; B. Number of notified Q fever patients and proportion of
hospitalised patients per municipality

Figure 2. Proportion of hospitalised Q fever cases in the public health service region ‘Hart voor Brabant’ per month
of onset of symptoms in 2008-2009. The predicted proportion of hospitalised Q fever cases by linear regression is
plotted including 95% confidence interval

70

0.5

60
0.4

50

0.3

40
30

0.2

20
0.1

10
2009m9

2009m11

2009m7

2009m5

2009m3

2009m1

2008m9

2008m11

2008m7

2008m5

0
2008m3

0

Number of hospitalised cases

80

2008m1

Proportion of hospitalised cases

0.6

Proportion hospitalised
cases
Predicted proportion
hospitalised cases
Upper limit 95% confidence
interval
Lower limit 95% confidence
interval
Number hospitalised cases

Year and month of onset of symptoms

Fanoy et al. GP familiarity with Q fever decreases risk of hospitalisation.
MAY 2018 , VOL . 76 , NO. 4

186

The Netherlands Journal of Medicine

Table 1. Number of notified Q fever patients and proportion of hospitalised patients by municipality in the public
health service region ‘Hart voor Brabant’, 2008-2009
Municipality

Population
size*

Number of
notifications**

Incidence of notifications
/10,000

Number of
hospitalised cases

Proportion of
hospitalised cases in %

Landerd

14,824

348

234.8

17

5

Lith

6675

68

101.9

6

9

Bernheze

29,637

215

72.2

22

10

Uden

40,346

267

66.2

23

9

Maasdonk

11,262

69

61.3

11

16

Oss

77,080

301

39.1

37

12

Heusden

43,014

129

30.0

21

16

Grave

12,745

25

19.6

5

20

Veghel

37,117

72

19.4

13

18

Sint-Michielsgestel

28,193

50

17.7

14

28

‘s-Hertogenbosch

137,909

214

15.5

59

28

Vught

25,328

36

14.2

9

25

Haaren

13,704

19

13.9

4

21

Schijndel

22,912

28

12.2

9

32

Sint Anthonis

11,801

14

11.9

2

14

Hilvarenbeek

15,041

17

11.3

4

24

Mill en Sint- Hubert

11,020

10

9.1

1

10

Boekel

9701

8

8.2

2

25

Cuijk

24,319

19

7.8

6

32

Boxmeer

28,607

19

6.6

3

16

Sint-Oedenrode

17,439

11

6.3

2

18

Boxtel

30,270

17

5.6

5

29

Goirle

22,503

10

4.4

2

20

Loon op Zand

22,942

10

4.4

0

0

Tilburg

203,468

52

2.6

29

56

Gilze en Rijen

25,799

6

2.3

0

0

Oisterwijk

25,762

5

1.9

1

20

Waalwijk

45,720

4

0.9

0

0

Dongen

25,331

1

0.4

0

0

Total

1,020,469

2044

11.3***

307

16***

* Average population size of years 2008 and 2009.
** included are Q fever cases of whom a 4 digit postal code was known. *** Median incidence and proportion.

known was significantly lower (3% versus 53%; p-value
< 0.001) than for cases where the GP was not registered.
Of the GPs, 84% had seen more than one Q fever case
during this epidemic period (median 6 cases, range
1-65). The risk of hospitalisation declined with increasing

experience with Q fever cases seen in a GP practice and
was significantly lower for GPs who had attended to eight
or more Q fever cases compared with practices that had
attended to only one case (odds ratio 0.4 [95% CI: 0.2-0.8])
(table 2).
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Table 2. Q fever cases (n = 2045) in the public health service region ‘Hart voor Brabant’, 2008-2009; diagnostic
delay and number of hospitalised Q fever cases per category of general physician experience with Q fever patients
Number of cases previously seen in
a GP practice (in categories)

N

Median diagnostic
delay in days, (IQR)

Number of
hospitalised cases (%)

Odds ratio of being
hospitalised (95% CI)*

1st case

247

31
(17-63)

14 (5.7%)

Reference

2nd case

178

25
(15-36)

10 (5.6%)

0.8
(95% CI 0.4-2.0)

3rd-7 th case

468

29
(12-35)

14 (3.0%)

0.5
(95% CI 0.2-1.1)

8th or later case

664

20
(11- 33)

13 (2.0%)

0.4
(95% CI 0.2-0.8)

No GP name known

488

31
(14-64)

257 (53%)

18.5
(95% CI 10.5-32.7)

Total

2,045

24
(12 -42)

308 (15%)

Not applicable

*Binomial logistic regression, adjusted for age, year, season and underlying respiratory disease. IQR = interquartile range.

Table 3. Characteristics of Q fever patients notified to the public health service region ‘Hart voor Brabant’, 2008-2009
Cases without GP’s name
known (n = 488)

Cases with GP’s name
known (n = 1557)

All cases (n = 2,045)

Median age (IQR)

53 (40-64)

49 (38-58)

49 (38-59)

N males (% male)

307 (63%)

948 (61%)

1255 (61%)

Hospitalisation (%)

257 (53%)

50 (3%)

307 (15%)

Median duration of hospitalisation, days (IQR)

7 (5-10)

5 (4-8)

7 (5-10)

Underlying illness (%)

350 (45%)

765 (48%)

1,115 (47%)

Diagnostic delay, days (IQR)

23 (11-41)

23 (12-37)

23 (12 -37)

IQR = interquartile range. Data are missing for some cases.

DISCUSSION

Age, sex, duration of hospitalisation, diagnostic delay and
proportion of cases with an underlying respiratory illness
were not significantly different between cases with and
without a GP name known (table 3).
Compared with GPs who had attended to one Q fever case,
the mean diagnostic delay was a factor 0.86 (95% CI:
0.73-1.16) lower for GP practices that had attended to two
Q fever cases; 0.69 (95% CI: 0.61-0.79) for GP practices
that had attended to three to seven Q fever cases and 0.67
(95% CI: 0.59-0.76) for GP practices that had attended to
eight or more Q fever cases.
Diagnostic delay decreased significantly from a median
of 28 days in 2008 to 18 days in 2009 (p-value < 0.01).
The diagnostic delay was slightly lower among cases
hospitalised than for non-hospitalised cases (mean 29
versus 33 days, p-value = 0.04).

We found small area variations in the proportion of Q
fever cases hospitalised in an epidemic region in the
south of the Netherlands. In the course of the 2008-2009
epidemic, the proportion of cases hospitalised as well as
the diagnostic delay decreased. While a low proportion of
hospitalised cases in a municipality cannot be attributed
to more experienced GPs in that municipality, the effect
of GP experience was measurable at the individual
practitioner level. Familiarity of a GP with Q fever may
prompt early diagnosis and treatment, without the need
to refer the patient to hospital.9,11 It is also likely that high
awareness among GPs of Q fever epidemiology leads to
more diagnostic testing of suspected cases with relatively
mild symptoms, resulting in a lower proportion of patients
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hospitalised. Moreover, GPs who suspect Q fever but are
unfamiliar with the disease might refer patients earlier to
a hospital, even when the symptoms are relatively mild.
After referral of a patient by the GP for hospital evaluation,
the final decision whether to admit this patient to hospital
is made by a hospital physician. However, in most cases
a referral by the GP of a patient with pneumonia will
lead to hospital admission and very often the referral
follows telephone discussion between the GP and hospital
physician.
For the analysis of GP experience, we included patients
whose GP was known by the public health service
‘Hart voor Brabant’. This leads to exclusion of patients
who presented directly at the hospital emergency
department and those who were diagnosed by a specialist.
Our conclusions about the effect of GP experience on
hospitalisation are therefore based upon a presumably
clinically milder subset of Q fever cases.
The introduction of the C. burnetii PCR in 2008, a more
rapid testing technique compared with serology testing,
could have contributed to a shorter diagnostic delay.12 There
have been changes in the antibiotics prescribed to Q fever
patients, but we assume that there were no further changes
in prescribing over the period 2008-2009, which could
have had an impact on the hospitalisation rate.10
Our findings suggest that the risk of hospitalisation
decreases when a GP has seen many Q fever cases. This
is our most viable indication that pre-existing knowledge
and Q fever experience influence the management of a
case and thereby the risk of hospitalisation. The decline
in diagnostic delay for more experienced categories of GPs
supports the finding that more disease experience has an
impact on case management.

during the outbreak. Anecdotal information suggests that
GPs usually read the information when they start to receive
patients suspected of having Q fever. We assume, based on
our results, there is an opportunity for additional benefit
of early targeted information towards GPs to reduce the
hospitalisation rate, although the overall effect might be
modest.
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