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Abstract
Background: Q fever is a zoonotic disease caused by Coxiella burnetii. This bacterium survives harsh conditions and
attaches to dust, suggesting environmental dispersal is a risk factor for outbreaks. Spatial epidemiology studies
collating evidence on Q fever geographical contamination gradients are needed, as human cases without
occupational exposure are increasing worldwide.
Methods: We used a systematic literature search to assess the role of distance from ruminant holdings as a risk
factor for human Q fever outbreaks. We also collated evidence for other putative drivers of C. burnetii geographical
dispersal.
Results: In all documented outbreaks, infective sheep or goats, not cattle, was the likely source. Evidence suggests
a prominent role of airborne dispersal; Coxiella burnetii travels up to 18 km on gale force winds. In rural areas,
highest infection risk occurs within 5 km of sources. Urban outbreaks generally occur over smaller distances, though
evidence on attack rate gradients is limited. Wind speed / direction, spreading of animal products, and stocking
density may all contribute to C. burnetii environmental gradients.
Conclusions: Q fever environmental gradients depend on urbanization level, ruminant species, stocking density
and wind speed. While more research is needed, evidence suggests that residential exclusion zones around
holdings may be inadequate to contain this zoonotic disease, and should be species-specific.
Keywords: Airborne dispersal, Coxiella burnetii, Geographical contamination gradient, Spatial epidemiology, Q fever,
Zoonotic disease

Background
The febrile illness “query fever” (Q fever; caused by the
bacterium Coxiella burnetii) is a globally important zoonotic infection [1, 2]. This bacterium produces a unique
cell (small cell variant, SCV) of high robustness, persistence and infectivity that resembles a bacterial spore [3].
Under experimental conditions, inhalation of a single
SCV can produce infection, making C. burnetti one of
the most contagious infectious agents known [3].
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Human acute infections can be debilitating, commonly
presenting with high fevers, pneumonia and / or hepatitis [4, 5]. While human fatalities are rare (fatality rates
among untreated cases are around 1% [6]), outbreaks
cause widespread health problems including endocarditis
and associated heart failure, vascular aneurysms and
chronic fatigue syndrome [7–9]. Importantly, up to 60%
of chronic human infections caused by Coxiella burnetii
are thought to be asymptomatic [10].
Infected livestock are the primary sources of zoonotic
Q fever outbreaks, though certain species have more
prominent epidemiological roles. Coxiella burnetii can
be recovered from goats and sheep (which are often
asymptomatic) in large quantities in faeces, milk and
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vaginal mucus, amniotic fluid and other products of
conception [11, 12]. Cattle rarely excrete by multiple
routes [13]. Despite a widely available vaccine delivered
to individuals with occupational risk (veterinarians, veterinary students and ruminant market workers on farms
and in abattoirs [14, 15]), prominent Q fever notifications in absence of occupational exposure, together with
evidence of exposure in non-livestock species and evidence that C. burnetti attaches to dust particles, suggests
the existence of unmeasured transmission pathways
[16–20] (see Fig. 1 for a schematic overview of potential
transmission pathways). Environmental contamination
likely plays a role, as several lines of evidence suggest
the bacterium is more environmentally ubiquitous than
once thought [17, 18]. Coxiella burnetii survives up to
10 months at 15 - 20 °C, > 1 month on meat in cold
storage and > 40 months in skim milk at room
temperature [21]. Moreover, C. burnetii can attach to
dust particles, suggesting a prominent role of windborne dispersal [22]. Indeed, maintaining specific distances from animal holdings for housing developments
is a common measure aimed at reducing geographical
spread of Q fever [23, 24]. Yet while wind-borne dispersal is a probable Q fever risk factor [25] (Fig. 1), evidence for the geographical dispersal capability of C.
burnetii is lacking.
The aims of this study were twofold: first, we assessed
the strength of evidence for the role of distance from
infected livestock facilities in human Q fever community outbreaks around the globe using a systematic
search; second, we examine available evidence to evaluate the epidemiological factors and on-farm biosecurity
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measures that influence the likelihood of exposure of
human communities to C. burnetii. We conclude by
presenting informed recommendations for limiting Q
fever outbreaks.

Methods
Our central goal was to gather empirical evidence on
the geographical dispersal potential of C. burnetii. We
proceeded by searching the PubMed (coverage = 1966
to present), Medline (1966 to present), Web of Science (1900 to present) and Scopus (1970 to present)
databases using combinations of keywords ‘Q Fever’,
‘Q-Fever’, ‘Coxiella burnetii’, ‘C. burnetii’, ‘distance’, ‘airborn*’, ‘aerosol’, ‘spatial’, ‘wind*’, ‘dispers*’, ‘gradient’, ‘human infection’, ‘outbreak’, ‘epidemic’, and ‘clinical
presentation’ (see Additional files 1 and 2 for further
details of literature search methods). We manually
searched titles and abstracts to exclude papers that
did not address human Q fever outbreaks or did not
empirically analyse Q fever risk factors. Date of last
search was 26th January, 2018.
From remaining papers, we searched full texts to
identify studies that presented evidence on geographical gradients of Q fever infection. We adopted the
PICO convention (Population, Intervention / Exposure, Comparison, Outcome) using the following inclusion criteria: Population = human communities;
Exposure = human communities living and/or working within vicinities of potential source ruminant
farms or abattoirs; Comparison = geographical distance to potential source ruminant farms or

Fig. 1 Schematic representation of potential drivers of Coxiella burnetii spatial dispersal from livestock holdings. Green shading indicates potential
human transmission pathways. The top section of the figure demonstrates how airborne dispersal and environmental contamination are proposed to
contribute to the zoonotic exposure of human communities. This dispersal can be influenced over a range of spatial distances by factors represented
in the bottom section of the figure
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abattoirs; Outcome = documented human infections
with Q fever.
For studies matching inclusion criteria, we extracted
specific information to evaluate evidence for the role
of distance from putative sources in human Q fever
outbreaks. This included: livestock species housed at
source, source type (abattoir or farm), livestock density at source, effect size of geographic distance on infection probability (if included), urban density (urban
or rural) and information on other putative drivers of
environmental dispersal (predominantly wind speed).
Due to low sample sizes, a general lack of reported effect sizes and the variety of analyses conducted by the
included studies (see Results), we were not able to conduct a meta-analysis of the role of geographical distance
in community human Q fever infection. We instead
present a critical appraisal of evidence and make informed recommendations for future research and management practices.
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Results
Evidence for Q fever geographical contamination
gradients

A total of 298 papers were initially retrieved in our systematic search (full search results available in Additional
file 3), and 18 of these (Table 1) presented empirical data
on the geographical gradient of Q fever infection risk
from putative farm sources (as of 26th January 2018). A
further three papers presented data on geographical gradients from putative abattoir sources (Table 2). All included studies identified sheep or goat holdings as
putative infection sources (i.e. no studies suggested cattle
holdings were the primary infection source).
Estimated distances of Q fever contamination from
putative farm sources ranged from < 1 km to > 10 km
(Table 1). Studies in rural areas (N = 4) indicated the
highest infection risk generally occurs within distances
of 5 - 10 km of infected farms; most urban outbreaks
generally identified smaller distances, with highest risk

Table 1 Studies reporting estimated geographical dispersal potential from Q fever infected farms
Reference Country

Year of Urban density
outbreak

Farm type

Farm size

Infective distance
from animal holdings

[40]

Switzerland 1983

Rural

Sheep flocks

850-900 sheep

1 - 2 km

[32]a

Germany

2005

Urban

Gestating ewes

30 ewes

< 500 m; 60 m 14.7% +

a

Germany

2005

Urban

Sheep farm

500 ewes; 35
lambing

11.8% attack rate
within 50 m; 1.3% in
the area 350 - 400 m

[31]

[29]a

Netherlands 2006-10

Urban (contaminated Goat manure
land parcels)

N/A

0 - 2.5 km: 52% +; 2.5 5 km: 30% +

[44]

France

Rural

Sheep and goats

N/A

5 km

2007

[61]

Netherlands 2007-9

Urban

Dairy goat farms

432-2653 goats

2 km

[24]a

Netherlands 2007-10

Urban

Dairy goat farms

> 50 goats

Most risk 0.5 - 1 km;
acceptable risk
of 50 cases per 100,000
for < 3 km

[30]a

Netherlands 2007-10

Urban

Dairy goat farms

N/A

Most risk < 4.1 km

[17]

Netherlands 2007-11

Urban

Multiple species
regression

N/A

5 km

[25]

Netherlands 2008

Urban

Dairy goat farm

> 400 goats

2 km

[26]a

Netherlands 2009

Rural / Urban

Dairy goat farm

791 goats

Most risk < 5 km

[62]

Netherlands 2009

Urban

Three dairy goat farms

791 - 1295 goats

0.3 - 1.5 km

[63]

Netherlands 2009

Urban

Goats

2251-20,960 goats

5 km

[43]

Netherlands 2009

Urban

Dairy goat farm

450 pregnant goats

> 5 km

[64]

Netherlands 2009

Urban

Dairy goat farms and meat sheep
farms

N/A

> 5 km

[27]a

Netherlands 2009

Urban

Dairy goat farms

N/A

1 km: 71% +;
5 km: 18% +; 10 km: 3% +

[28]a

Netherlands 2011

Urban
(air samples 1-year
post outbreak)

Goat farms

N/A

91 m: 56% +; 591 m: 25%
+

[42]

Hungary

Rural

Merino sheep flock

450 ewes

> 10 km

a

2013

indicates studies reporting specific effect sizes of geographic distance on the probability of infection
N/A information not available
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Table 2 Studies reporting estimated geographical dispersal potential from Q fever infected abattoirs
Reference

Country

Year of outbreak

Urban density

[33, 36]

France (Briancon)

1996

Urban

Increased risk at 250 m compared to 1 km distance of exposure

[35]

France (Marseilles)

1999-2002

Urban

< 2 km; Wind speeds 28-36 km/h noted

occurring within 2 - 4 km (Table 1). For instance, when
assessing the urban outbreak in The Netherlands, living
< 2 km from a dairy goat farm where a C. burnetii abortion wave had occurred was identified as the most important risk factor of Q fever infection probability [25].
Specifically, persons living within 2 km of a dairy goat
farm (defined as a property with > 400 animals) with
abortion problems posed a higher risk for Q-fever than
those living more than 5 km away (Relative risk: 31.1
[95% confidence interval: 16.4 - 59.1]). Another study investigating the same outbreak used data from several
sources and sectors to investigate 17 farms in the area as
probable sources using GIS mapping and smooth incidence of cases [26]. Their analyses indicated that persons living within 1 km of the putative source farm were
at a 46 times larger risk of being a case compared to
those living within 5-10 km. Despite these prominent
examples, the specific influence (i.e. effect size) of geographical distance from putative farm sources was reported in only eight studies (Table 1). Six of these
assessed putative goat farm sources during the outbreak
in The Netherlands and were broadly in agreement,
finding that persons living within 1 km of a source were
at larger infection risk compared to those living within 5
- 10 km [24, 26–30]. A study by Commandeur et al. [26]
provides an overview of policy decision challenges
around distancing of human communities from goat
farms, proposing that an acceptable incidence rate of 50
human cases per 100,000 people occurs > 3 km from
sources. In contrast, de Rooij et al. [31] found a steeper
gradient in infection risk for the urban outbreak in The
Netherlands, with persons living / working 591 m from
the source at half the risk compared to those living /
working within 90 m.
The two remaining studies reporting effect sizes for
geographical distance from farms were from an urban
outbreak in Jena, Germany in 2005 [31, 32], where 331
human cases were reported from a residential area and
were associated with proximity to a meadow where
sheep were grazing and lambing. Both studies found

Infective distance from animal holdings

lower distances of Q fever geographical dispersal compared to the outbreak in The Netherlands, with infection
probabilities rapidly dropping off at distances greater
than 500 m from the putative source (Table 1).
The three studies reporting distance to abattoirs as a
risk factor came from France; one from Marseilles and
two from the region of Briancon (Table 2). None of
these reported effect sizes, though the study by Carrieri
et al. [33] did include distance as part of a metric to describe level of exposure, with findings indicating that increased exposure (linked to closer distances to the
source, in addition to other exposure variables) led to increased risk of infection.

Wind as an important epidemiological factor

Wind has been implicated as an epidemiological factor in the spread of Q fever in studies from farm and
abattoir putative sources (Fig. 1; Tables 2 and 3). A
study using an atmospheric dispersion model for the
outbreak in The Netherlands demonstrated that wind
speeds exceeding threshold values of 2 m/s in the
vicinity of goat farms were associated with outbreaks
[34]. A study from Marseilles, France used wind direction to identify an abattoir used to slaughter sheep
for the Eid al-Adha festival (also known as Festival of
Sacrifice). as the putative source [35]. This abattoir
was located 2 km downwind from the affected homeless shelter. Dry and windy weather conditions are
suggested to have facilitated the spread of outbreaks
occurring in Bulgaria, France and Germany [10]. In
addition to natural wind, two studies of an outbreak
in Briancon, France indicate that airborne transmission of C. burnetii from contaminated goat and sheep
waste, left uncovered in the slaughter area, was likely
driven by aerosolised particles due to operation of helicopters from a nearby heliport [33, 36]. In addition,
aerosolisation of C. burnetii through manure spreading has also been implicated as a risk factor for human outbreaks [29].

Table 3 Studies reporting the role of wind in the spatial dissemination of Coxiella burnetii from Q fever infected farms
Reference

Country

Year of outbreak

Wind Speed

Distance

[45]

France

1998

> 8 m/s

Radius of 20 km

[31, 32]

Germany

2005

11-18 m/s

< 500 m

[25]

Netherlands

2007

–

< 5 km; mostly < 2 km

[46]

UK

1989

130 km/h

< 18 km
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Other documented environmental factors influencing Q
fever transmission

Germany outbreak in 2005 [31, 32] and the 2009 outbreak in The Netherlands [24, 26, 27]. In Germany, the
attack rate was 11.8% within 50 m, decreasing with
growing distance to 1.3% at 350 - 400 m. This evidence,
along with results from Commandeur et al. [24] implying dairy goat farming should not occur within 3 km of
residential dwellings, forms the basis for recommendations by the Robert-Koch Institute to the German planning authorities for a 500 m residential construction
exclusion zone around sheep rearing areas. Similar recommendations are in place in Queensland, Australia,
where regulatory controls state “Town planning should
consider the potential for windborne spread of Q fever
and limit the encroachment of residential dwellings on
existing likely sources of Q fever including abattoirs,
tanneries, and stockyards. The recommended buffer
zone between residential dwellings and these types of facilities is at least 1km.” [41]. This advice comes from
Heymann [23], which suggests airborne C. burnetii particles can be carried downwind for > 1 km.
While several urban outbreak studies provide some
support for 1 km exclusion zones, our results generally
suggest this distance is inadequate, particularly for outbreaks linked to small ruminant farming (i.e. goats and
sheep). Infections during rural and urban outbreaks are
estimated to occur 5 or even 10 km from these sources
[32, 42–44]. Such broad contamination zones support
mounting evidence that wind is an important component of the C. burnetti dispersal kernel [22, 45]. Indeed,
wind was noted in the earliest report of the role of distance on human Q fever infection using a geographic information system, which came from the United
Kingdom [46]. This study described an outbreak of human Q fever in the West Midlands in 1989. This outbreak was due to unusual southerly gales of up to
125 km/h in combination with the occurrence of lambing events throughout the region. Our results expand on
this to show that wind may also facilitate outbreaks from
infective animal products. For example, a small outbreak
in France was likely caused by aerosol transmission from
goat and sheep manure infected with C. burnetii applied
to nearby pastures [44]. This suggests that proximity
should not be seen in isolation, as wind speed will interact with geography to influence the spread of infection
[27, 47].
Limiting factors in recommending appropriate residential exclusion zones include the fact that most of the
studies we identified did not report estimated effect
sizes, nor where they designed to demonstrate geographical dispersal as a putative risk factor. This makes it difficult to draw generalisable conclusions about
geographical gradients in attack rates. Another important confounder of the large estimated dispersal distances
we uncovered is the role of fomites, such as clothing and

Most community outbreaks have been associated with
the lambing / calving period of goats or sheep and
have been temporally linked to the lambing season in
high density rearing areas [1, 37] (Fig. 1). Indeed,
from a range of studies covering outbreaks in
Hungary, Germany, Switzerland, France and The
Netherlands, high-density sheep rearing was commonly considered a risk factor (Table 1). Note however that the way density is defined is not consistent
across studies; generally, a threshold of > 400 goats is
considered ‘high density’ (Table 1).
The movement of domestic ruminants and their
products (either for consumption or via fomites) has
been linked to propagated human outbreaks in
Bulgaria, France, Switzerland, Britain and The
Netherlands [38, 39] (Fig. 1). Two outbreaks in Britain and Switzerland demonstrated that residents living
along roads through which vehicles of sheep travelled
could become infected as a result of exposure to contaminated straw or dust [40].

Discussion
Identifying the geographical dispersal potential of C.
burnetii is important for developing a better understanding of Q fever outbreaks. Our review suggests that in
rural areas, the highest risk of infection occurs within
5 km of infected farms, whereas urban outbreaks generally occur within smaller distances, with the highest risk
in areas 2 - 4 km from source farms. Probable reasons
for this inconsistency are factors that modulate geographical dispersion, including wind speed, timing of
outbreak (e.g. synchronicity with goat / sheep outbreaks)
and presence of landscape features such as vegetation
barriers. More targeted research on geographical dispersal is clearly needed, particularly since Q fever epidemiology studies generally do not provide detailed
information about infection risk as a function of geographical distance from the source. Nevertheless, our
findings indicate that current exclusion zone recommendations may not be adequate to prevent Q fever outbreaks from livestock sources. On-farm control
measures, particularly during lambing and calving periods for sheep and goats, will play a major role in limiting the spread of C. burnetti.
Distance decay and the role of wind dispersal in human Q
fever outbreaks

Our results demonstrate that while geographical distance from livestock sources is a potentially important
risk factor in Q fever spatial epidemiology, is has been
largely understudied. The best accounts of spatial Q
fever risk decay are provided by studies of the Jena,
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other materials, which are potentially moved from infected areas. Movement of infectious C. burnetii particles, which are known to survive for long periods in the
environment, across relatively large distances will make
estimation of airborne dispersal kernels difficult. In
addition, the studies included in this review used infection data based on notified cases (i.e. patients with clinical signs), which means that infections are likely to be
more geographically widespread. Reported incidence will
depend on the sensitivity and specificity of diagnostic
tools used, as well as the interest of practicing clinicians
and the awareness of the general public [10].
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infectious clothing or farm gear [18, 52]. Indeed, a
broad range of wildlife species have been found to
be susceptible to C. burnetii infection (including
many mammalian species and blood-feeding ticks;
[18, 53, 54]). Yet to our knowledge, the role of nondomestic hosts in the geographical spread of Q fever
has not been studied. Our understanding of C. burnetii transmission pathways (and indeed, of many
multi-host pathogens that utilize wildlife reservoirs)
remains incomplete, especially in regard to maintenance within non-ruminant species [10, 52, 55–58].

Other risk factors for geographical dispersal of Q fever

Management plans for the mitigation of C. burnetii
spread to urban communities

Our results demonstrate that the risk of propagated human outbreaks is influenced by livestock species. We
found no evidence to support a major contribution of
cattle to propagated human Q fever outbreaks, despite
existing evidence of C. burnetti shedding by infected cattle [13]. This finding supports previous evidence that
propagated human outbreaks (outside occupational exposure) are commonly attributed to infective sheep and
goats [48]. Although reasons behind this difference between sheep / goats and cattle as outbreak sources are
not entirely clear, it may be due to: (1) the highly seasonal nature of their reproduction cycles; (2) their comparatively large herd sizes; (3) differences in husbandry/
biosecurity systems; (4) the relative importance of shedding and abortions after C. burnetii infection. Infective
sheep and goats can suffer abortion waves and shed C.
burnetii in subsequent pregnancies [49], with goats being particularly susceptible [12]. In contrast, abortion
waves in infected cattle are less common [50]. However,
infected cattle may still pose a zoonotic risk through C.
burnetii excretion in milk [11, 13].
In addition to the type of species housed at source
facilities, a number of other factors can influence the
geographical dispersal of Q fever. Environmental
forces in addition to wind may indirectly contribute
to outbreaks. For example, rainfall totals may contribute to dust production and have an influence on the
timing of lambing / calving seasons [45] or the local
abundances of wildlife reservoirs [51]. Movement of
infected animals and/or their products may lead to Q
fever transmission through two separate mechanisms
– seeding of infected animals in different locations
and b) aerosolisation of C. burnetti during transit. Indeed, studies have shown that manure from Q feverpositive dairy goat farms may contain high concentrations of C. burnetii, which could be an important
source for aerosolisation [2, 12]. Other risk factors include the type of enterprise (abattoir vs farm), native
wildlife that are exposed to infection and can act as
effective carriers, and fomites transported through

Q fever management plans within livestock facilities
need to be multifaceted to mitigate the risk of propagated human outbreaks. However, the relative efficacy of
on-farm Q fever control measures at limiting geographical dissemination of C. burnetii is not well documented
[48]. We postulate that exposure of communities to C.
burnetti occurs as a result of two processes: first, the release of C. burnetii to the environment and second, the
existence of factors that allow communities to come into
contact with contaminated environment. Contact with
contaminated environment will primarily be a function
of the adequacy of existing biosecurity controls at animal
holdings. Given our evidence of potential environmental
contamination by C. burnetti to areas outside a 1 km radius from a source, measures to reduce dispersion potential from livestock enterprises may help prevent
human outbreaks. The dispersion of C. burnetii from infected animal holdings can be limited by enhanced farm
bio-exclusion measures such as indoor parturition, safe
disposal of parturition materials and in the case of abattoirs the safe disposal of hides and offal. Managing soil
properties to reduce dust production such as increasing
soil moisture through irrigation or concreting surfaces
will be effective strategies to at reduce aerosolisation.
Furthermore, the placement of high vegetation barriers
around animal holdings has been suggested to reduce
the risk of transmission of C. burnetii to human communities [47]. Controlling contact rates between farmed animals and surrounding wildlife, as well as preventing
transport of potentially infectious material and personnel
clothing, should be maintained.
The spread and severity of C. burnetii outbreaks in
humans can also be reduced by within-farm medical and
sanitary measures such as vaccination and improvement
of on-farm hygiene practices. A recent study found that
Australia’s Q fever vaccination program has reduced notification rates by more than 50% [16]. However, this
study, together with multiple other studies, demonstrated that the program suffers from poor coverage in
some at-risk groups, particularly among farmers and
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veterinary nurses [16, 59]. Available evidence on the efficacy of goat or dairy goat vaccination indicates that an
inactivated phase I vaccine reduces risk of shedding
from reproductive track secretions in previously sensitized goats compared [60]. Bontje et al. provide evidence
to support this in a study that used a mathematical
model to assess the relative efficacy of on-farm Q fever
control strategies to reduce the cumulative amount of C.
burnetii in dried dust emitted into the environment from
goat farms [60]. They found that the most effective control strategy is preventive yearly livestock vaccination,
followed by reactive strategies to vaccinate animals
within the herd after an abortion wave or after positive
bulk tank milk tests. This study also demonstrated that
while culling of pregnant goats during an abortion wave
reduces concentrations of C. burnetii emitted into the
environment, emission is not entirely preventable and Q
fever will not be eradicated. Finally, the authors reported
that eradication of Q fever in goat herds that excrete C.
burnetii intermittently will not be achieved by a test (e.g.
PCR of individual milk samples) and cull strategy.

Conclusions
Airborne dispersal kernels for Q fever have been estimated in the order of 5 km or even 10 km from
putative sources. Based on this evidence, our study
indicates that residential exclusion zones smaller
than 2 km around livestock enterprises may not be
adequate to prevent propagated Q fever human outbreaks. These estimates are heavily species-specific,
as previous evidence shows that propagated human
outbreaks (outside occupational exposure) are commonly attributed to sheep and goats, but not cattle.
While studies demonstrate that dispersion of C. burnetii from infected farms can be limited by multifaceted management plans including enhanced bioexclusion measures (including indoor parturition,
safe disposal of parturition materials, hides and offal,
and measures to reduce dust formation and aerosolisation), the relative efficacy of these measures is
largely unknown.
Additional files
Additional file 1: Extracting search results for possible distance-decay
functions of Q fever recovery. A .pdf file presenting R code for performing
PubMed searches (using functions in Additional file 2) for possible distancedecay functions of Q fever and collating equivalent search results from additional databases into a single dataframe. (PDF 135 kb)
Additional file 2: R functions to perform PubMed searches and collate
results. A zipped file containing R functions to perform PubMed literature
searches and collate equivalent search results from additional databases
into a single dataframe. (ZIP 4 kb)
Additional file 3: Raw literature search results. A .csv file containing data
on the 298 research articles identified in primary searches. (CSV 533 kb)

Page 7 of 9

Acknowledgements
We thank Ms. Grace Wood and the University of Queensland Gatton Library
team for their assistance in preparing the initial literature search.
Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated
or analysed during the current study.
Authors’ contributions
RSM conceived the study. NJC performed literature searches. Both authors
co-wrote the manuscript. Both authors read and approved the final
manuscript.
Ethics approval and consent to participate
Not applicable.
Competing interests
RMS declares that he is an editorial board member of BMC Infectious Diseases

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Received: 18 February 2018 Accepted: 7 May 2018

References
1. Orr H, Christensen H, Smyth B, Dance D, Carrington D, Paul I, Stuart J. Casecontrol study for risk factors for Q fever in Southwest England and Northern
Ireland. Eur Surveill. 2006;11(10):260–2.
2. Roest H-J, van Gelderen B, Dinkla A, Frangoulidis D, van Zijderveld F, Rebel
J, van Keulen L. Q fever in pregnant goats: pathogenesis and excretion of
Coxiella burnetii. PLoS One. 2012;7(11):e48949.
3. Raoult D, Marrie T, Mege J. Natural history and pathophysiology of Q fever.
The Lancet Infect Dis. 2005;5(4):219–26.
4. Vaglia A, Di Fabrizio N, Dal Pra P. Q fever: clinical epidemiological remarks
on our case report. Giornale di Malattie Infettive e Parassitarie. 1984;36(12):
1343–5.
5. Caron F, Meurice JC, Ingrand P, Bourgoin A, Masson P, Roblot P, Patte F.
Acute Q fever pneumonia: a review of 80 hospitalized patients. Chest. 1998;
114(3):808–13.
6. Maurin M, Raoult DF. Q fever. Clin Microbiol Rev. 1999;12(4):518–53.
7. Brouqui P, Dupont HT, Drancourt M, Berland Y, Etienne J, Leport C,
Goldstein F, Massip P, Micoud M, Bertrand A. Chronic Q fever: ninety-two
cases from France, including 27 cases without endocarditis. Arch Intern
Med. 1993;153(5):642–8.
8. Lai CH, Chang LL, Lin JN, Chen WF, Wei YF, Chiu CT, Wu JT, Hsu CK, Chen
JY, Lee HS, et al. Clinical characteristics of Q fever and etiology of
community-acquired pneumonia in a tropical region of southern Taiwan: a
prospective observational study. PLoS One. 2014;9(7):e102808.
9. Fenollar F, Fournier P-E, Carrieri MP, Habib G, Messana T, Raoult D. Risks
factors and prevention of Q fever endocarditis. Clin Infect Dis. 2001;33(3):
312–6.
10. Roest H, Tilburg J, Van der Hoek W, Vellema P, Van Zijderveld F, Klaassen C,
Raoult D. The Q fever epidemic in the Netherlands: history, onset, response
and reflection. Epidemiol Infect. 2011;139(1):1–12.
11. Arricau-Bouvery N, Rodolakis A. Is Q fever an emerging or re-emerging
zoonosis? Vet Res. 2005;36(3):327–49.
12. Arricau-Bouvery N, Souriau A, Lechopier P, Rodolakis A. Experimental
Coxiella burnetii infection in pregnant goats: excretion routes. Vet Res. 2003;
34(4):423–33.
13. Guatteo R, Beaudeau F, Berri M, Rodolakis A, Joly A, Seegers H. Shedding
routes of Coxiella burnetii in dairy cows: implications for detection and
control. Vet Res. 2006;37(6):827–33.
14. Massey PD, Durrheim DN, Way A. Q-fever vaccination—unfinished business
in Australia. Vaccine. 2009;27(29):3801.
15. Patel M, Sheridan J, Bell M. Q fever vaccination in Queensland abattoirs.
Commun Dis Intel. 1997;21(3):29.
16. Gidding HF, Wallace C, Lawrence GL, McIntyre PB. Australia’s national Q
fever vaccination program. Vaccine. 2009;27(14):2037–41.

Clark and Soares Magalhães BMC Infectious Diseases (2018) 18:218

17. Reedijk M, van Leuken JP, van der Hoek W. Particulate matter strongly
associated with human Q fever in the Netherlands: an ecological study.
Epidemiol Infect. 2013;141(12):2623–33.
18. Cooper A, Goullet M, Mitchell J, Ketheesan N, Govan B. Serological evidence
of Coxiella burnetii exposure in native marsupials and introduced animals in
Queensland, Australia. Epidemiol Infect. 2012;140(7):1304–8.
19. Cooper A, Hedlefs R, Ketheesan N, Govan B. Serological evidence of Coxiella
burnetii infection in dogs in a regional centre. Aus Vet J. 2011;89(10):385–7.
20. Sloan-Gardner T, Massey P, Hutchinson P, Knope K, Fearnley E. Trends and
risk factors for human Q fever in Australia, 1991–2014. Epidemiol Infect.
2017;145(4):787–95.
21. Gürtler L, Bauerfeind U, Blümel J, Burger R, Drosten C, Gröner A, Heiden M,
Hildebrandt M, Jansen B, Offergeld R, et al. Coxiella burnetii – pathogenic
agent of Q (query) fever. Transfus Med Hemother. 2014;41(1):60–72.
22. Tissot-Dupont H, Torres S, Nezri M, Raoult D. Hyperendemic focus of Q fever
related to sheep and wind. Am J Epidemiol. 1999;150(1):67–74.
23. Heymann DL. In: Heymann DL, editor. Control of communicable diseases
manual. 18th ed. Washington DC: American Public Health Association; 2004.
24. Commandeur M, Jeurissen L, van der Hoek W, Roest HJ, Hermans T. Spatial
relationships in the Q fever outbreaks 2007-2010 in the Netherlands. Int J
Environ Health Res. 2014;24(2):137–57.
25. Schimmer B, Ter Schegget R, Wegdam M, Zuchner L, de Bruin A,
Schneeberger PM, Veenstra T, Vellema P, van der Hoek W. The use of a
geographic information system to identify a dairy goat farm as the most
likely source of an urban Q-fever outbreak. BMC Infect Dis. 2010;10.
26. Ladbury GA, Van Leuken JP, Swart A, Vellema P, Schimmer B, Ter Schegget
R, Van der Hoek W. Integrating interdisciplinary methodologies for one
health: goat farm re-implicated as the probable source of an urban Q fever
outbreak, the Netherlands, 2009. BMC Infect Dis. 2015;15(1):372.
27. Brooke RJ, Kretzschmar ME, Hackert V, Hoebe CJ, Teunis PF, Waller LA.
Spatial prediction of Coxiella burnetii outbreak exposure via notified case
counts in a dose–response model. Epidemiology. 2017;28(1):127–35.
28. de Rooij MM, Borlée F, Smit LA, de Bruin A, Janse I, Heederik DJ, Wouters
IM. Detection of Coxiella burnetii in ambient air after a large Q fever
outbreak. PLoS One. 2016;11(3):e0151281.
29. Hermans T, Jeurissen L, Hackert V, Hoebe C. Land-applied goat manure as a
source of human Q-fever in the Netherlands, 2006-2010. PLoS One. 2014;
9(5):e96607.
30. van den Berg EJ, Wielders CC, Schneeberger PM, Wegdam-Blans MC, Van
Der Hoek W. Spatial analysis of positive and negative Q fever laboratory
results for identifying high-and low-risk areas of infection in the
Netherlands. Infect Ecol Epidemiol. 2013;3(1):20432.
31. Gilsdorf A, Kroh C, Grimm S, Jensen E, Wagner-Wiening C, Alpers K. Large Q
fever outbreak due to sheep farming near residential areas, Germany, 2005.
Epidemiol Infect. 2008;136(8):1084–7.
32. Boden K, Brasche S, Straube E, Bischof W. Specific risk factors for contracting
Q fever: lessons from the outbreak Jena. Int J Hyg Environ Health. 2014;
217(1):110–5.
33. Carrieri MP, Tissot-Dupont H, Rey D, Brousse P, Renard H, Obadia Y, Raoult
D. Investigation of a slaughterhouse-related outbreak of Q fever in the
French alps. Eur J Clin Microbiol Infect Dis. 2002;21(1):17–21.
34. van Leuken JP, van de Kassteele J, Sauter FJ, van der Hoek W, Heederik D,
Havelaar AH, Swart AN. Improved correlation of human Q fever incidence
to modelled C. burnetii concentrations by means of an atmospheric
dispersion model. Int J Health Geogr. 2015;14(1):14.
35. Brouqui P, Badiaga S, Raoult D. Q fever outbreak in homeless shelter. Emerg
Infect Dis. 2004;10(7):1297.
36. Armengaud A, Kessalis N, Desenclos J, Maillot E, Brousse P, Brouqui P, TixierDupont H, Raoult D, Provensal P, Obadia Y. Urban outbreak of Q fever,
Briancon, France, march to June 1996. Eur Surveill. 1997;2(2):12–3.
37. Porten K, Rissland J, Tigges A, Broll S, Hopp W, Lunemann M, Van Treeck U,
Kimmig P, Brockmann SO, Wagner-Wiening C. A super-spreading ewe
infects hundreds with Q fever at a farmers' market in Germany. BMC Infect
Dis. 2006;6(1):147.
38. Panaiotov S, Ciccozzi M, Brankova N, Levterova V, Mitova-Tiholova M,
Amicosante M, Rezza G, Kantardjiev T. An outbreak of Q fever in Bulgaria.
Annali dell'Istituto superiore di sanita. 2009;45(1):83–6.
39. Serbezov V, Kazar J, Novkirishki V, Gatcheva N, Kovacova E, Voynova V. Q
fever in Bulgaria and Slovakia. Emerg Infect Dis. 1999;5(3):388.
40. Dupuis G, Petit J, Peter O, Vouilloz M. An important outbreak of human Q
fever in a Swiss alpine valley. Int J Epidemiol. 1987;16(2):282–7.

Page 8 of 9

41. Queensland Health Communicable Disease Control Guidance | Q fever.
https://www.health.qld.gov.au/cdcg/index/qfever.
42. Gyuranecz M, Sulyok K, Balla E, Mag T, Balazs A, Simor Z, Denes B, Hornok S,
Bajnoczi P, Hornstra H, et al. Q fever epidemic in Hungary, April to July
2013. Euro Surveill. 2014;19(30).
43. Hackert VH, van der Hoek W, Dukers-Muijrers N, de Bruin A, Al Dahouk S,
Neubauer H, Bruggeman CA, Hoebe C. Q fever: single-point source
outbreak with high attack rates and massive numbers of undetected
infections across an entire region. Clin Infect Dis. 2012;55(12):1591–9.
44. King LA, Goirand L, Tissot-Dupont H, Giunta B, Giraud C, Colardelle C,
Duquesne V, Rousset E, Aubert M, Thiery R, et al. Outbreak of Q fever,
Florac, southern France, spring 2007. Vector Borne Zoonotic Dis. 2011;11(4):
341–7.
45. Tissot-Dupont H, Amadei M-A, Nezri M, Raoult D. Wind in November, Q
fever in December. Emerg Infect Dis. 2004;10(7):1264.
46. Hawker J, Ayres J, Blair I, Evans MR, Smith D, Smith E, Burge P, Carpenter M,
Caul E, Coupland B. A large outbreak of Q fever in the west midlands:
windbourne spread into a metropolitan area? Commun Dis Public Health.
1998;1:180–7. https://www.ncbi.nlm.nih.gov/pubmed/20350500.
47. van der Hoek W, Dijkstra F, Schimmer B, Schneeberger PM, Vellema P,
Wijkmans C, ter Schegget R, Hackert V, van Duynhoven Y. Q fever in the
Netherlands: an update on the epidemiology and control measures. Euro
Surveill. 2010;15(12).
48. Georgiev M, Afonso A, Neubauer H, Needham H, Thiery R, Rodolakis A,
Roest HJ, Stark KD, Stegeman JA, Vellema P, et al. Q fever in humans and
farm animals in four European countries, 1982 to 2010. Eur Surveill. 2013;
18(8):13–25.
49. Berri M, Rousset E, Champion J, Russo P, Rodolakis A. Goats may experience
reproductive failures and shed Coxiella burnetii at two successive
parturitions after a Q fever infection. Res Vet Sci. 2007;83(1):47–52.
50. Porter SR, Czaplicki G, Mainil J, Guattéo R, Saegerman C. Q fever: current
state of knowledge and perspectives of research of a neglected zoonosis.
Int J Microbiol. 2011;2011:248418.
51. Harris P, Eales K, Squires R, Govan B, Norton R. Acute Q fever in northern
Queensland: variation in incidence related to rainfall and geographical
location. Epidemiol Infect. 2013;141(5):1034–8.
52. Cooper A, Stephens J, Ketheesan N, Govan B. Detection of Coxiella burnetii
DNA in wildlife and ticks in northern Queensland, Australia. Vector Borne
Zoonotic Dis. 2013;13(1):12–6.
53. Cooper A, Hedlefs R, McGowan M, Ketheesan N, Govan B. Serological
evidence of Coxiella burnetii infection in beef cattle in Queensland. Aus Vet
J. 2011;89(7):260–4.
54. Marrie T, Williams J, Schlech W, Yates L. Q fever pneumonia associated with
exposure to wild rabbits. Lancet. 1986;327(8478):427–9.
55. Psaroulaki A, Chochlakis D, Angelakis E, Ioannou I, Tselentis Y. Coxiella
burnetii in wildlife and ticks in an endemic area. Trans R Soc Trop Med Hyg.
2014;108(10):625–31.
56. Psaroulaki A, Hadjichristodoulou C, Loukaides F, Soteriades E, Konstantinidis
A, Papastergiou P, Ioannidou MC, Tselentis Y. Epidemiological study of Q
fever in humans, ruminant animals, and ticks in Cyprus using a
geographical information system. Eur J Clin Microbiol Infect Dis. 2006;25(9):
576–86.
57. Clark NJ, Seddon JM, Šlapeta J, Wells K. Parasite spread at the domestic
animal - wildlife interface: anthropogenic habitat use, phylogeny and body
mass drive risk of cat and dog flea (Ctenocephalides spp.) infestation in wild
mammals. Paras Vec. 2018;11(1):8.
58. Wells K, Gibson DI, Clark NJ, Ribas A, Morand S, McCallum HI. Global spread
of helminth parasites at the human–domestic animal–wildlife interface.
Glob Chang Biol. 2018. https://doi.org/10.1111/gcb.14064.
59. Sellens E, Norris JM, Dhand NK, Heller J, Hayes L, Gidding HF, Willaby H,
Wood N, Bosward KL. Q fever knowledge, attitudes and vaccination status
of Australia’s veterinary workforce in 2014. PLoS One. 2016;11(1):e0146819.
60. Bontje D, Backer J, Hogerwerf L, Roest H, van Roermund H. Analysis of Q
fever in Dutch dairy goat herds and assessment of control measures by
means of a transmission model. Prev Vet Med. 2016;123:71–89.
61. van der Hoek W, van de Kassteele J, Bom B, de Bruin A, Dijkstra F, Schimmer
B, Vellema P, ter Schegget R, Schneeberger PM. Smooth incidence maps
give valuable insight into Q fever outbreaks in the Netherlands. Geospat
Health. 2012;7(1):127–34.
62. Smit LAM, van der Sman-de Beer F, Opstal-van Winden AWJ, Hooiveld M,
Beekhuizen J, Wouters IM, Yzermans J, Heederik D. Q fever and pneumonia

Clark and Soares Magalhães BMC Infectious Diseases (2018) 18:218

in an area with a high livestock density: a large population-based study.
PLoS One. 2012;7(6):e38843. https://doi.org/10.1371/journal.pone.0038843.
63. van der Hoek W, Meekelenkamp JC, Dijkstra F, Notermans DW, Bom B,
Vellema P, Rietveld A, van Duynhoven YT, Leenders AC. Proximity to goat
farms and Coxiella burnetii seroprevalence among pregnant women. Emerg
Infect Dis. 2011;17(12):2360–3.
64. Karagiannis I, Schimmer B, Van Lier A, Timen A, Schneeberger P, Van
Rotterdam B, De Bruin A, Wijkmans C, Rietveld A, Van Duynhoven Y.
Investigation of a Q fever outbreak in a rural area of the Netherlands.
Epidemiol Infect. 2009;137(9):1283–94.

Page 9 of 9

