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Abstract – Q fever is a zoonotic disease considered as emerging or re-emerging in many countries.
It is caused by Coxiella burnetii, a bacterium developing spore-like forms that are highly resistant
to the environment. The most common animal reservoirs are livestock and the main source of
infection is by inhalation of contaminated aerosols. Although the culture process for Coxiella is
laborious, advances on the knowledge of the life cycle of the bacterium have been made. New tools
have been developed to (i) improve the diagnosis of Q fever in humans and animals, and especially
animal shedders, (ii) perform epidemiological studies, and (iii) prevent the disease through the use
of vaccines. This review summarizes the state of the knowledge on the bacteriology and clinical
manifestations of Q fever as well as its diagnosis, epidemiology, treatment and prevention in order
to understand what factors are responsible for its emergence or re-emergence.
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1. INTRODUCTION
Q fever (for query fever), is a zoonosis
due to Coxiella burnetii a small intracellular bacterium. The disease has been known
since the 1930s and has a worldwide distribution, with the exception of the Antarctica
and possibly New Zealand [61], where its
presence has not really been confirmed
[52]. Indeed in 1990–1991, sera from 2 181
aborting cattle and from 12 556 sheepdogs
were all seronegative for Q fever [61] but
in 1997, since Q fever can be acquired following exposure to wild rabbits [99], it may
have been introduced with the Rabbit
hemorraghic disease virus illegally imported
from Australia for rabbit control. Three out
of 97 persons possibly exposed to the
imported rabbit tissues were seropositive
[52] but this result did not prove that they
were contaminated by the rabbit material.
The interest for Q fever is increasing
worldwide as indicated by the rising number
of reviews published [44, 72, 82, 92, 97,
101, 113, 132, 141, 185] even in countries
where its incidence is supposed to be very
low. Indeed, the disease is considered as a
re-emerging zoonosis in many countries.
This could be due to the evolution of its epidemiology, or of the agent, which could
become more virulent, to modifications of
its clinical signs, to an improvement of the
sensitivity of diagnostic tests, or because
practitioners are better informed and look
for it more often. This review summarizes
the state of the knowledge of the bacteriology and clinical manifestations of Q fever
as well as its diagnosis, epidemiology,
treatment and prevention in order to understand what factors are responsible for its
emergence or re-emergence.
2. BACTERIOLOGY
C. burnetii is a small pleomorphic Gramnegative bacterium. C. burnetii is an obligate intracellular bacterium that replicates
to high numbers, although with an estimated slow doubling time (12–20 h), within

the phagolysosome of the eukaryotic phagocyte [53, 187]. The sequence of the complete genome of C. burnetii Nine Mile
phase I RSA493 has been analyzed and suggests a circular topology for the chromosome. Although Coxiella was historically
considered as a Rickettsia, gene-sequence
analysis classifies the Coxiella genus in the
order Legionellale, family Coxiellaceae
with Rickettsiella and Aquicella [144]. The
genome is predicted to encode 2 134 coding
sequences larger than 30 aa, of which 719
(33.7%) are hypothetical. In contrast to
other similar intracellular pathogens, Chlamydia [157], Rickettsia [115], Mycobacterium
[33], C. burnetii possesses 29 insertion
sequence (IS) elements. There are 21 copies
of a unique IS110-related isotype, named
IS1111, 5 IS30 and 3 ISAs1 family elements, and 3 degenerate transposase genes
of unknown lineage [63]. Among the strains,
four plasmid types designated QpH1, QpRS,
QpDV and one plasmid without designation derived from a chinese C. burnetii isolate have been described [60, 70, 88, 112,
163, 172]. Plasmidless C. burnetii strains
carry large plasmid-homologous sequences
integrated into the chromosome [181].
Although the plasmids seem to be of major
importance for virulence because their
common sequences are conserved among
all isolates of Coxiella, their biological significance is still unclear. Initially, the plasmid
profile was associated with the so-called
acute or chronic C. burnetii isolates, originating respectively from acute or chronic Q
fever patients. However, recent findings by
PCR analysis of C. burnetii strains from
patients exhibiting chronic Q fever have
revealed that there is no correlation between
the plasmid type and the acute or chronic
human infection: the development of acute
or chronic Q fever would rather depend on
the patient’s condition and immune status
[152, 162].
The phase variation (phase I and phase II)
phenomenon observed in C. burnetii is similar to the smooth to rough lipopolysaccharide (LPS) transition of Enterobacteriaceae
[11]. LPS has been associated with bacterial
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virulence, especially in the resistance to
complement-mediated serum killing, the entry
of the bacteria in macrophages and their
survival in host cells. Coxiella expressing a
complete LPS structure are characterized as
virulent phase I bacteria. Yet the LPS of
C. burnetii has an endotoxic activity 100 to
1 000 times lower than that of the LPS of
Enteriobacteriaceae [4], but it induces the
production of inflammatory cytokines in
murine and human macrophages [35, 171].
Avirulent phase II bacteria are produced by
spontaneous mutations or large genetic
rearrangements that result in the synthesis
of truncated forms of LPS, which lack the
branched-chain sugars virenose and dihydrohydroxystreptose present in phase I LPS
[64, 65, 164]. This phase variation is observed
when Coxiella organisms are propagated in
non-immunocompetent cell cultures or hen
eggs and is irreversible [122]. The transition between the two phases is perhaps a
strategy of Coxiella to by-pass the immune
response of the host but phase II bacteria
have not yet been isolated from the host [10].
2.1. Large-cell variants, small-cell
variants and small dense cells
Pleomorphic bacteria have been identified in host cells as well as after purification
and are classified into three groups: largecell variants (LCV), small-cell variants (SCV)
and small dense cells (SDC). The first
observations of the different forms of Coxiella
were made through electron microscopic
investigations [102]. The three forms can be
distinguished by morphologic, antigenic
and metabolic differences, and physical and
chemical resistance [57]. The LCV, which
share features common with Gram-negative bacteria, have diffuse chromatin and
possess clearly distinguishable outer and
cytoplasmic membranes with exposed LPS
on the surface. They are larger, more pleomorphic and metabolically active and less
electron dense than the SCV and SDC,
which have condensed chromatin [102,
143]. The SDC resemble the SCV in morphology but are distinct from this form as a
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result of a higher physical stability [103].
The SDC have been visualized in LCV as
endospores and may be liberated upon the
lysis of LCV or binary transverse fission
with unequal cell division [102]. Although,
the SDC alone have never been isolated and
purified, free-living amoebae can provide
an intra-cellular niche for SDC formation
and survival of C. burnetii in the environment [85]. Binary transverse fission was
observed in both the SCV and LCV in cultured cells. The formation of the different
forms is linked to the lifecycle of Coxiella,
a strategy developed to survive in and out
of the parasitophorous vacuole. These
forms express different proteins specific for
each form in the developmental life cycle
[55–57, 143] and recognized by antibodies
produced during a Coxiella infection. These
differentially expressed antigens could allow
the bacteria to escape the immune response
by a switch of the exposed proteins on the
surface of the bacteria and to survive in the
acid vacuole. For example, unlike SDC,
there are more P1 major outer membrane
proteins in the LCV than in the SCV [103,
173]. This protein is able to form a pore
within a planar lipid bilayer and functions
as an anion-selective porin that permits the
substrate to enter into LCV and SCV [136].
The SCV and SDC are considered as the
probable persistent forms in the host and
certainly the resistant forms of C. burnetii
in the environment. Indeed high-level
resistance to UV radiation, heat, desiccation, sonication, pressure (> 50 000 psi;
1 psi = 6.89 kPa) and osmotic and oxidative
stress has been described [3]. This resistance allows the bacteria to survive extracellularly as infectious particles for at least
150 days [177]. This remarkable resistance
of C. burnetii is a specific trait of this strict
intracellular bacterium and may explain its
wide spread in the environment and its
capacity to infect animals and humans for
a long period after they have been excreted
by a first host [153]. In spite of the identification of specific markers of the forms of
Coxiella, the process of differentiation in
C. burnetii has not been entirely elucidated.
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Figure 1. Model of the putative developmental cycle of C. burnetii in the eucaryotic cell. (1) Entry
of the spore or SCV in the eucaryotic cell and acidification of the endosome (about pH 5.5) of the
phagosome. (2) Multiplication of small-cell variants (SCV) by transverse binary fission and differentiation to large-cell variants (LCV). (3) Fusion of the endosome with the lysosome, acidification
of the phagolysosomal (about pH 4.5). (4) Multiplication of LCV by transverse binary fission, differentiation of LCV to SCV and development of the polar endospore in LCV. (5) Release of the
spore and SCV out of the cell.

The passage of SCV to LCV in the host cell
is well documented [66], but the stress at the
origin of the formation of SCV and SDC
have not yet been studied. So these markers
of LCV or SCV could allow studying and
identifying the external and cellular signals
that trigger the differentiation of the bacteria. Indeed, the physiological forms of the
bacterium excreted in milk, feces or placentas are unknown. The form excreted by the
host and the hypothetical possibility that
LCV could convert to SCV in the environment are crucial information for implementing adequate strategies for the disinfection of feces or parturition products that
could directly contaminate humans or the
environment.

2.2. Entry and survival of C. burnetii
in the host cells
C. burnetii infects a great number of cell
types including, in vivo and in vitro, monocytes and macrophages and, in vitro, a variety of transformed cells (L929, HELA or
VERO cells) [11]. This capacity to invade
and subsequently to grow within such
eukaryotic cells is an important factor of
virulence of C. burnetii that allows its propagation in different niches of the host [8, 26,
155]. C. burnetii survives and divides in a
phagolysosome, which is an acidified environment (Fig. 1). The biphasic developmental cycle of C. burnetii in the host cell
and the bacterial factors used for the intracellular survival are well documented in
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several reviews [57, 136, 159]. The small
and large forms express different genes that
permit the bacterium to survive in the specific harsh compartment of each form. For
example, RpoS (sigma S) is a sigma subunit
that confers promoter specific transcriptional initiation by RNA polymerase to
genes that are expressed during the stationary phase in main bacteria. RpoS allows
multistress resistance and causes morphologic and physiological alterations. SCV
does not contain significant RpoS while
LCV express abundant RpoS [142], suggesting that LCV and SCV life cycle variants may not be the functional equivalent
forms of logarithmic- and stationary-phase
bacteria as postulated earlier [57]. This
sigma factor may regulate genes involved
in surviving stresses in metabolically active
LCV [107]. Moreover, the small forms are
able to delay phagolysosomal fusion, perhaps to facilitate the transition from SCV to
LCV that occurs at pH 5.5 in the endosome
[66]. The use of cellular markers (LAMP1, EEA.1, rab7) [67, 68] strongly suggests
that the large replicative vacuoles containing
Coxiella are derived from fusion with late
endosomal-lysosomal organelles. Sequence
homologies between the type IV secretion
system proteins of Coxiella and Legionella
strongly suggest that this secretion system
should be involved in the maturation of the
phagosome containing Coxiella [144].
Indeed, Coxiella encodes functional components of the type IV secretion system
expressed in vivo during host cell infection
[188]. Although the C. burnetii IcmQ protein and the Legionella IcmR protein do not
interact, the C. burnetii secretion system is
mechanistically related to the Legionella
Dot/Icm apparatus [188, 193]. This secretion system could play an important role in
creating the specialized vacuole that supports C. burnetii replication.
The uptake of virulent C. burnetii depends
on αvβ3 integrin and TLR4 via phase I LPS
[35]. TLR4 controls the early events of
C. burnetii infection including macrophage
phagocytosis, granuloma formation and
cytokine production [62]. This receptor is
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not specific for humans and can also be
found in insects [71, 174]. Thus, C. burnetii
has developed a cell uptake strategy that
allows it to invade a broad range of hosts
and has developed a unique tactic to multiply in the harsh phagolysosome environment of the cells. Indeed, C. burnetii has
been isolated from a lot of different hosts
such as amoebae, ticks, birds and mammals,
contributing (i) to favor its spread in the
environment where it can survive for very
long periods of time and (ii) to infect people. However no data are available on the
evolution of virulence factors of C. burnetii
strains that could explain the recent increase
of cases of Q fever in humans.

3. CLINICAL MANIFESTATIONS
3.1. In animals
C. burnetii is able to infect many animal
species including mammals, birds and arthropods. In animals, C. burnetii infections are
generally asymptomatic but in mammals
they can lead to abortions and stillbirths
[86]. In these animals, C. burnetii can induce
pneumonia as well as abortion, stillbirth
and delivery of weak lambs, calves or kids,
which are the most frequent clinical signs
of the disease. In the majority of cases,
abortion occurs at the end of gestation without specific clinical signs until abortion is
imminent, as observed with brucellosis or
chlamydiosis. Aborted fetuses appear normal
but infected placentas exhibit intercotyledonary fibrous thickening and discolored
exudates, which are not specific to Q fever.
A severe inflammatory response is observed
in the myometrium and the stroma adjacent
to the placentomal area during gestation in
goats1. Trophoblast cells appear altered and
1 Navarro J.A., Souriau A., Buendia A.J., Martinez
C.M., Sanchez J., Arricau-Bouvery N., Rodolakis
A., Salinas J., Experimental Coxiella burnetii
infection in pregnant goats: an immunohistochemical study, Proc. 20th Meeting of the European
Society of Veterinary Pathology, 2002, p. 188.
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Table I. The longest observed duration of excretion of Coxiella burnetii in vaginal mucus, milk, and
feces of ruminants during the follow-up of naturally or experimentally infected herds.
Duration of C. burnetii shedding
Ruminant species
Cow

Vaginal mucus

Feces

Milk

ND

14 days [86]

13 months [20]

Goat

14 days [8]

20 days [8]

52 days [8]

Ewe

71 days [16]

8 days after lambing
[10, 16]

8 days [10, 16]

ND: not determined.

foamy, with well defined C. burnetii inclusions, also found in multinuclear cells. The
abortion rate can range from 3 to 80% of
pregnant females [16, 116, 189]. High abortion rates are rarely observed, except in
some caprine herds [116]. Often, the number
of females that abort in the flock may not
be enough to alert the farmer and human
clinical cases often reveal the infection of
the flock [18]. In cattle, metritis is frequently
the unique manifestation of the disease [168].
Aborting females recover rapidly and generally do not abort during the following gestations, while metritis can persist for several
months. Infected mammals (ruminants,
cats, dogs, rabbits, small wild rodents, …)
shed C. burnetii in birth products but also
in milk, urine and feces (Tab. I). Aborting
females but also females with normal parturition as well as cows suffering from
metritis can shed C. burnetii in milk for several months, even during several milking
periods [10, 167]. Milk shedding is more
frequent and lasts longer in cows and goats
than in ewes [86]. Ewes shed more and
longer in vaginal discharges than goats, and
can shed bacteria at subsequent pregnancies
[17]. Goats shed C. burnetii in feces before
and after kidding and the mean duration of
excretion is 20 days when they are experimentally infected at 90 days of gestation
[8]. Natural infected ewes shed C. burnetii
in feces during 8 days after lambing [16]
and before lambing this excretion has not
yet been studied.

3.2. In humans
C. burnetii in humans causes highly variable clinical manifestations ranging from
acute to fatal chronic infections. However,
about 60% of the infections are asymptomatic seroconversions.
Acute Q fever is mainly a flu-like disease,
or atypical pneumonia or hepatitis [101].
The self-limited febrile illness with flu-like
symptoms is characterized by a sudden
onset, high-grade fever, reaching 40 °C,
severe headache, weight loss, myalgy, and
cough [101]. In some cases, skin rash, nausea,
raise in transaminase levels, arthralgia, chills,
sweating and photophobia can be observed.
If untreated, fever lasts 1–3 weeks but in
some patients fever can persist longer [95].
• Atypical pneumonia is generally associated with fever, headache, and myalgia.
Cough is nonproductive and may be absent
despite the presence of pneumonia [96].
Sometimes pleuritic chest pain, which can
be very severe, is reported [95]. While in
most instances patients present minimal
changes at auscultation, some of them
progress to severe respiratory distress.
• Hepatitis could be asymptomatic and is
characterized by a raise in the transaminase
levels alone or associated with a prolonged
fever of unknown origin or by an infectious
hepatitis rarely with jaundice [43] but with
hepatomegaly.
• Various clinical signs of acute Q fever
have also been less frequently described
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[72, 92, 101]: they include meningoencephalitis, severe headache, pericarditis, pancreatitis and abortion.
In about 5% of the cases, the disease may
become chronic leading to an often fatal
endocarditis, chronic fatigue syndrome and
repeated abortions.
• Endocarditis is the most frequent and
the most severe manifestation of chronic Q
fever, and represents about 1.5–2% of human
cases of endocarditis. It generally occurs
several months or years after the acute
infection in patients with prior valvulopathy
[123, 169] or who acquired immunosuppression, [124]; however other authors
from Spain found that C. burnetii is not
more frequent in HIV-infected patients than
in other patients [110].
• Chronic fatigue syndrome characterized by an inappropriate fatigue, myalgia,
arthralgia, night sweats and changes in
moods and sleep patterns has been particularly described in Australia [9, 93]. It may
persist after an acute episode of Q fever and
last several months or years. It may be
induced by cytokine dysregulation, mainly
by high concentrations of interleukine 6 [118].
• In pregnant women, C. burnetii can
cause placentitis leading to abortion, neonatal death, premature birth and low birth
weight, but it may also induce asymptomatic infection [37, 59, 87, 97, 126]. The risk
of chronic Q fever leading to repeat miscarriage is very high when the infection occurs
during pregnancy [126].

4. EPIDEMIOLOGY
4.1. Zoonotic aspect
Q fever is essentially an airborne disease. Infections occur after inhalation of
aerosols generated from infected placentas,
body fluids or contaminated dust resulting
from contaminated manure and desiccation
of infected placenta and body fluids. Transmission of C. burnetii is mostly associated
with abortion of domestic ruminants and
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particularly with ovine abortions. Several
authors have described a seasonal variation
in the incidence of the human disease in the
spring and early summer which has been
attributed to spring lambing and shearing
leading to environmental contamination [58,
166]. Indeed, direct contact with aborted
females is not required. People may be
infected by handling contaminated wool
[2], manure [18] or clothes contaminated
with feces [10] or transhumance of infected
flocks through a valley [38]. Furthermore,
between June and November 2002, in the
Chamonix valley in France, 88 human cases
of Q fever were identified, 71 with clinical
signs and 10 who needed hospitalization.
The origin of this outbreak has been supposed to be due to airborne transmission
from some infected flocks present in the
valley since June2.
In the USA, C. burnetii is enzootic in
ruminants and wild animals as in other parts
of the world [105], but human infections
due to C. burnetii are rare [48, 105]. The
most recent cases of Q fever have been
described in Australia [50, 148, 186],
Canada [87, 94], France [125, 165],
Germany [58], Japan [160], Spain [34, 135],
Switzerland and the United Kingdom
[117]. Little information is available to
explain such an increase of cases of Q fever
except perhaps in Bulgaria where the rise of
the number of goats that daily go through
villages and small towns for grazing is associated with an increase in human Q fever
[141]. The increased interest for camping
on farms or for visits of young pupils coming with some mothers to “educational
ruminant farm visits”, where they are in
contact with newborn kids and lambs, multiplies the exposure of susceptible persons
to C. burnetii and can lead to the emergence
of Q fever3. The prevalence of Q fever in
humans as well as in animals is not known
2
3

http://www.sante.gouv.fr/htm/actu/actu_ss/
Brugère-Picoux J., Granström M., Zoonosis
linked to “educational ruminant farms visits”, Proceeding of 3rd Congress of European Society for
Emerging Infection, ENV Alfort, 2004, p. 55.
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Table II. Seroprevalence of Q-fever in humans obtained in the main recent worldwide outbreaks.
No. of
towns

Test
used

Seroprevalence in
human persons
(%)

Ref.

11 (village)
1 (town)
ND

IFa

18
0
36

[32]

267 (veterinarians)
352 (medical workers)
2003 (blood donors)

ND

IF

13.5
5

[1]

200 (pregnant)
616
368
102
7658 (pregnant)
1654
12716
790 (blood donors)
620 (blood donors)
785 (general population)

1
ND
32
ND
ND
ND
3
1

IF
IF
ELISAb
IF
IF
IF
IF
IF

Country

Year

No. of exposed persons

Poland

2003

Canary
Island
Japan

2003

90 (farming)
30 (urban)
662

Japan
Taiwan
Chad
Turkey
Canada
Spain
France
France

2000
2000
1999–2000
1998
1997–1998
1996–1997
1996
1995
1996

2001

a IF = immunofluorescence.
b ELISA = enzyme-linked immunosorbent

IF

4
4
4
1
8
4
5
0.15
0.4
3
5

[22]

[114]
[77]
[139]
[30]
[87]
[90]
[129]
[28]

assay.

ND: not determined.

accurately, and is probably underestimated
since the multiple forms of the disease
hinder its clinical diagnosis. Seroprevalence
studies performed on blood donors suggest
that exposure to C. burnetii is common in
the countries where testing is performed
(Tab. II). Few recent studies has been performed on animals (Tab. III), but they indicate that the disease is endemic worldwide.
The environmental survival of C. burnetii allows it to be transported by wind far
away from its original source [28, 58, 91].
This could account for the appearance of
Q fever cases in urban areas, where an important percentage of patients fails to report
direct contact with animals [135]. Wild and
domestic birds, which are able to transmit
Q fever via their feces or their ectoparasites,
can also be responsible for human cases in
urban areas or apparently without animal
contact. The airborne transmission of C. burnetii associated with its resistance and

the ability to easily produce large quantities
of C. burnetii in the placentas of aborted
ewes or goats have led to classify C. burnetii as a category B biological terrorist
agent [72, 92] although the great number of
asymptomatic infections limits the consequences of its use as a biological weapon.
It was perhaps used for this purpose during
World War II [92]. This classification has
been responsible for the publication of several reviews on Q fever [44, 72, 82, 92, 97,
101, 113, 132, 141, 185]. It has focused the
attention of medical and public health personnel on Q fever, which could be responsible for the apparent increase of recognized cases of Q fever and for its apparent
re-emergence.
The ingestion of contaminated raw milk
or raw milk products is a less efficient route of
contamination [13]. Drinking contaminated
milk has induced seroconversion in human
volunteers without clinical signs [13, 83],
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Table III. Seroprevalence of animal Q-fever obtained in the main recent worldwide surveys.
Year

No. of animals
tested

No. of
herds

Test used

Seroprevalence
of animals
(% of herds)

Ref.

1999–2000

195

19

ELISAa

4 (37)

[139]

Turkey

1998

416

48

IFb

6

[30]

Germany

1998

21 191

ND

ELISA

8

[58]

Italy

1998

544
486
155

21c
26d
6e

IF

13
20
2

[27]

Italy

1999–2002

7194

675

ELISA

9 (38)

[100]

Chad

Country

Cattle
Chad

Sheep
1999–2000

142

28

ELISA

11 (43)

[139]

Germany

1998
1999

1 346
100

ND
1

ELISA

1.3
57

[58]

Turkey

1998

411

47

IF

10.5

[30]

Italy

1999–2002

2155

104

ELISA

13 (47)

[100]

Chad

1999–2000

134

28

ELISA

13 (46)

[139]

1998

278

ND

ELISA

2.5

[58]

2003

310 pet cats
36 stray cats

ND

IF

14
42

[79]

Korea

2003

116 pet cats

ND

IF

9

[79]

Chad

1999–2000

142 camels

14

ELISA

80 (100)

[139]

1999

327 rats

2

IF

0

[69]

Goat

Germany
Other
Japan

Indonesia

a ELISA = enzyme-linked immunosorbent assay.
b IF = Immunofluorescence.
c Cattle housed throughout the year.
d Cattle housed in the winter and turned out to graze
e Cattle kept outside throughout the year.

in the spring.

ND: not determined.

but none of them presented aggravating risk
factors. However some studies have reported
clinical disease linked to the ingestion of
cheese [41, 54], but these results are sometimes contested since it is difficult to guarantee even for prisoners that the patients did
not inhale contaminated dust or aerosols.
Furthermore, nothing is known about the
ingestion of massive doses of C. burnetii or
of a moderate dose by persons at risk, such

as pregnant women, immunocompromised
patients, or patients with valvulopathy. In
domestic animals, the oral route of contamination of cattle sheep and goats by ingestion of infected placentas is also considered
as minor although it was not studied. However it is classically admitted that cats and
dogs can be infected by the ingestion of placentas which are heavily infected (about
109 bacteria per gram) [10].
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Ticks are also considered to be a major
reservoir and vector of C. burnetii in several
countries. The reference strain Nine Mile
was isolated from a tick in the USA [36]. C.
burnetii is able to infect more than 40 species of ticks but their role in the transmission of the disease seems to be variable
according to the country [82, 89, 104, 150].
In France, this principally concerns wild
and seldom concerns farm animals [83].
Ticks transmit the agent via a bite or feces
to birds, rodents and ruminants [86]. Infection of the ovaries of certain ticks has been
reported and may lead to germinative transmission to their progeny allowing C. burnetii to persist in the tick population [86].
4.2. Emerging/re-emerging aspect
The number of publications on outbreak
(Tab. IV) and on retrospective studies of
isolated cases or on uncommon clinical
manifestations (meningitis and neurological manifestations [14, 29, 84, 111, 119,
120, 137, 146], myocarditis [45, 106, 108],
lymphadenitis [6, 161], bone marrow granulomatosis [24, 128] and pancreatitis [154])
has been growing since 1999. However this
increase may only reflect a higher awareness of the disease rather than really its
emergence. In humans, clinical signs vary
according to country but also with the sex
and age of the patient. Infection in nonpregnant women and children is more frequently asymptomatic. Atypical pneumonia
is the major manifestation of Q fever in
older patients [101] and in the majority of
patients from reported outbreaks in different countries (Nova Scotia Canada [98],
Greek Island of Crete [170], Italy [138], Japan
[160], Switzerland [38] and the United
Kingdom). In other countries such as Australia, California and France [101], hepatitis and isolated or prolonged fever are the
most common manifestations. In Spain and
particularly in Catalonia [135] and in the
Basque country [109, 145], atypical pneumonia is mainly reported while in Andalusia [34, 90, 131] hepatitis and isolated or
prolonged fever have been reported. The

explanation of such differences is still
unknown and could be due to differences of
virulence between strains. Indeed, C. burnetii strains isolated from bovine milk are
less virulent in a guinea pig model than
those isolated from ticks [78]. In addition it
would be interesting to know if virulence
factors of the bacteria could be responsible
for the severity of the disease in some
caprine flocks where more than 30% of the
pregnant females aborted while others were
asymptomatic but shed the bacteria for several months. Currently, epidemiological
antigenic and genomic markers are still
missing or are currently being developed.
However, recent studies have used different
techniques to study the epidemiology of Q
fever [80, 100].
5. LABORATORY DIAGNOSIS
Since there is no specific symptom of
Q fever, suitable laboratory tests are required
for accurate diagnosis. The diagnosis of Q
fever remains difficult and epidemiological
studies are often based on serological investigations. C. burnetti does not grow on
standard laboratory bacteriological media
and its isolation is long, difficult and hazardous to perform. Since it requires biosafety
level 3 conditions, it is rarely performed for
routine diagnosis in veterinary medicine
and restricted to specialized laboratories
using the shell-vial cell culture technique
[44]. Recently, the polymerase chain reaction (PCR) has radically changed the diagnosis of Q fever for humans and in veterinary medicine: PCR kits are becoming
available and provide a specific, sensitive
and rapid tool for the detection of C. burnetii
in various clinical samples.
5.1. Diagnosis of Q fever in humans
The diagnosis of Q fever is mainly based
on serological analysis and the immunofluorescence assay remains the most common
method used to detect antibodies against
C. burnetii [44, 82] because it is simple,
accurate and allows the distinction between
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Table IV. Main outbreaks of Q fever described since 1999.
Year
Publia

Outbreak

2004

2003

Country

Source

No. of
cases

Main
Clinical signs

Diag

Ref.

Italy

Ovine

133

Fever, cough

IFb

[138]

ITLc

IF

d

IF

e

[18]

2003

2002

France

ovine

88

Fever, headache,

2003

2000

France

Goat manure

10

Fever, myalgy, sweat
headache,

2003

2000

France

Ovine manure

5

Fever, headache, ITL

IF

2003

2000

Australia

unknown

16

Non described

CFTf

[31]

2003

1997

Bosnia

ovine

26

Malaise, fatigue,
headache, fever

serology

[149]

2003

unknown

Japan

Dogs & cats

2

asymptomatic

IF & PCR

[80]

2002

1996

France

ovine

29

Fever, myalgy ITL

IFI

[28]

2002

unknown

Japan

Travel in
Australia

3

Fever, fatigue, ITL

IF & PCR

[73]

2001

1999

Israel

?
kitchen
workers

16

Fever, headache,
Hepatitis pneumonia

ELISA

[156]

2001

1998

Australia

Ovine
Abattoir
employees

33

?

Serology &
PCR

[51]

2001

132

pneumopathy

IF

[49]

2001

1996–2000 French Guiana Wild reservoir
1999

Newfoundland

goat

60

ITL, headache malaise,
fever

IF

[54]

2000

unknown

The
Netherlands

vacation in
France

4

pneumonia, hepatitis

serology

[158]

2000

1999

Germany

Ovine, dung,
manure

?

?

?

[127]

2000

?

Kenya

goat

4

Fever, headache,
pneumonia

IF

[121]

1999

1990–1995

France

ovine

289

Fever, headache, ITL

IF

[166]

1999

1987–1988

Italy

ovine

235

Flu like syndrome

?

[23]

a Year of publication.
b IF = immunofluorescence.
c ITL = increase of transaminase levels.
d www.sante.gouv.fr/htm/actu/actu_ss/
e www.invs.sante.fr/publications/2003/fievre_q/
f CFT = complement fixation test.

acute and chronic Q fever using phase I and
phase II antigens. Acute Q fever is characterized by a level of antibodies against the
phase II antigen higher than those against
the phase I antigen while a high level of
antibodies to phase I antigen is associated
with chronic Q fever [44]. For direct diag-

nosis, PCR is a rapid technique: several
primers specific to super oxide dismutase
[151], 16S tRNA [180] or the htpAB repetitive element [180] have been developed and,
especially for htpA, have been successfully
used in a LightCycler Nested PCR being
thus very efficient for early diagnosis [42].
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5.2. Veterinary diagnosis
Routine diagnosis of Q fever in aborted
ruminants is generally performed by the
detection of bacteria in smears or impressions
of placentas stained by the Stamp, Gimenez
or Machiavello methods and combined
with the serological analysis of at least ten
sera samples by the complement fixation
(CF) test, or better by ELISA [81]. The
presence of very small red-colored coccobacilli, which must be differentiated from
Chlamydophila and Brucella may be presumptive of Q fever. The CF test is still the
OIE reference test: it is however weakly
sensitive and the antigen used in this test
frequently fails to detect antibodies in some
animals. Moreover few sheep or goats may
be seropositive without any clinical signs.
The cut off value used for the diagnosis of
chlamydiosis is often used for Q fever,
inducing lots of mistakes because the cut off
value in chlamydiosis takes into account the
low antibody titers due to cross reaction
with Chlamydophila pecorum. The species-specific indirect immunofluorescence
assay (IFA) is not often used for diagnosis
of Q fever in animals because it is inconvenient for large-scale screening, cannot be
automated and could be subjective. No
commercial kit using IFA for veterinary
investigation is available. The ELISA and
IFA tests are more sensitive than the CF
tests for detection of antibody response in
animal or humans with acute Q fever, but
not for the detection of antibody response
of humans with chronic Q fever and of
aborting cows [40, 81]. They allow detection of antibodies in human and animal
acute-phase sera before CF tests that are not
specific for Q-fever IgM, as are IgM IFA
and IgM ELISA tests. Recent Q fever infection is difficult to diagnose by CF tests
because antibodies detected by the CF test
can persist after acute disease. ELISA and
microimmunofluorescence (MIF) tests give
similar results with cow sera, but the ELISA
test is more sensitive than the MIF test with
goat and sheep sera [81]. ELISA tests allow
testing a greater number of animals and

flocks. But all these tests do not allow the
individual identification of animals that
shed C. burnetii in the feces or milk, since
there is no true relationship between the
serological response and excretion: even
though most animals that excrete C. burnetii in the vaginal mucus, feces or milk are
seropositive, on the one hand a few ones can
be seropositive without shedding C. burnetii and on the other hand some animals
can excrete and remain seronegative [16].
This last situation has an important consequence for animal and public health, and
PCR is one of the most sensitive and rapid
means to identify shedders. Moreover, only
PCR allows the detection of metritis due to
C. burnetii and the association of PCR and
ELISA, which is to date the best way to
diagnose Q fever in ruminants, could be
partially responsible for the apparent emergence of Q fever as a result of an increased
number of positive diagnostics [15, 16].
6. CONTROL
Since human-to-human transmission is
extremely rare and Q fever is mainly an airborne disease, measures of prevention are
aimed at avoiding the exposure of humans
and particularly persons at risk, to animal
and environmental contamination. To prevent and reduce the animal and environmental contamination, several actions can
be proposed. Specific caution must be taken
when introducing a new animal into a Q feverfree flock, in order to avoid the spread of
infection. An antibody investigation for Q
fever should be performed in the flock of
the seller and animals from seropositive
flocks can only be introduced in seropositive or vaccinated flocks.
Since parturition is critical for the transmission of the disease, in infected flocks,
birth must take place in a specific location,
which must be disinfected as well as every
utensil used for delivery. Placentas and
fetuses must be picked up and destroyed as
soon as possible in order to prevent their
ingestion by domestic or wild carnivores,
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Table V. Impact of antibiotic treatment on the shedding of C burnetii.
Number of
animals
Cattle
2
33
27
Sheep
25c
57
23
55
29

Dosage

Sample

Number of
positive (%)

Ref.

milk

0/2b

[178]

Placenta
Placenta

8/33 (24)
7/27 (26)

[19]
[19]

PCR

Vaginal mucus

6/25 (24)

[19]

PCR

Vaginal mucus

6/57 (11)

[19]

PCR

Vaginal mucus

5d/17 (41)

[19]

PCR

Vaginal mucus

2e/53 (4)

[19]

PCR

Vaginal mucus

4/25 (16)

[19]

Technique

8 g/kg chlortetracycline each Mouse inoculation
day 30 days
LAT®a 50 mL/cow
Stamp
Control
Stamp
LAT® 20 mg/kg at 105 and
120 days of gestation
LAT® 20 mg/kg at 105 and
120 days of gestation
LAT® 20 mg/kg at 105 and
120 days of gestation
LAT® 20 mg/kg at 105 and
120 days of gestation
LAT® 20 mg/kg at 105 and
120 days of gestation

a LAT®: Long Action Terramycine.
b One cow shed C burnetii in milk during the first week of treatment and the second one during 4 weeks.
c All these ewes belong to the same flock but they were bred by small groups with 23–57 lambings each

month. None of these ewes shed C. burnetii during the following gestation.

d 2 ewes aborted in this group.
e 1 ewe aborted in this group.

which could disseminate the pathogen by
people wearing protective gears, i.e. gloves,
boots, masks.
Manure must be covered and composted
or treated with lime or calcium Cyanamide
0.4% [7] before being spread on the field,
which could also spread the disease far
away; spreading of manure must never be
performed when the wind blows.
Antibiotic treatments with tetracyclines
can be used to reduce the number of abortions and the quantities of C. burnetii shed
at parturition [12, 17, 184] (Tab. V). However, real time PCR should be used to establish
the efficiency of an antibiotic at a commonly
used dosage. Indeed, in humans it is necessary to associate doxyxycline and hydrochloroquine daily during 18 months to
36 months in order to cure chronic Q fever
[130]. Acute Q fever in humans resolves

most often spontaneously and when Q fever
is diagnosed by serology the patient is convalescent. When antibiotics are used, tetracycline and doxycycline are the most used
to treat acute Q fever [82].
Pasteurization at 72 °C during 15 s, or
sterilization of milk from infected flocks is
regularly recommended even if the oral
route is not the main one. However, since
Q fever is widely under-diagnosed, practitioners as well as professionally exposed
individuals (e.g. people working with ruminant
and ruminant products, veterinary surgeons,
laboratory workers including researchers studying ruminants), people living near areas
with infected flocks and hunters, must be
informed about the various symptoms of
the disease.
Identification by serology and PCR and
slaughter of animals shedding C. burnetii in
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placenta, feces or milk is inadequate to
eradicate the disease in a flock or an area
since C. burnetii is able to survive for long
periods in the environment and in wild animals. The only way to really prevent the disease in ruminants is to vaccinate uninfected
flocks, with an efficient vaccine. The large
use of such a vaccine in cattle in Slovakia
in the 1970s and 1980s has significantly
reduced the occurrence of Q fever in this
country [82, 141].

7. VACCINES
Current vaccines used in humans and
animals include formalin-killed whole-cell
vaccine preparations (WCV) [93] and chloroform methanol-extracted bacterial residue
(CMR) [47, 175, 183]. The two types of
vaccines (WCV and CMR) protect monkeys (Macaca fascicularis) against fever
and bacteremia (especially in the lungs)
after challenge with an aerosol [176]. They
also induce protection on mice and guinea pigs
challenged with virulent phase I C. burnetii
by aerosol [175] or intra-peritoneal injection [75, 190]. Adverse reactions such as
local skin reactions, fever, anorexia, and
malaise induced by WCV vaccines in
humans and guinea pigs in previously sensitized individuals have been described [74,
179]. A WCV from the Henzerling strain
(Q vax, CSL Limited, Parkville, Victoria,
Australia) has been commercially available
and used for human vaccination in Australia since 1989. Pre-vaccination serological test and skin test with 0.02 mg of the
vaccine are recommended in order to avoid
reactions at the inoculation site. This vaccine has provided a full and lasting protection by preventing severe cases of Q fever
[93]. It could be very useful in the protection
of exposed populations and particularly in
female veterinarians. In Russia, a live attenuated human vaccine is produce with the
attenuated M-44 strain of C. burnetii [46].
However, Freylikhman et al. have demonstrated the long-term persistence of the bacteria in mice through 3 generations after

immunizing the mice with the attenuated
M-44 strain at the first generation [46].
Because of the risk of chronic Q fever, the
advantage of this attenuated vaccine should
be carefully measured. Therefore, the use of
vaccines against Q fever in humans is still
debated and there are at present no recommendations for vaccination of the general
public. A risk analysis is absolutely necessary before undertaking preventive vaccination in humans using the present commercially available vaccines [76].
In animals, the most effective vaccines
are those composed of inactivated whole
phase I bacteria. Bacterial shedding in placentas and milk was strongly reduced in
experimental infection or in natural Q fever
infection of ewes and cows vaccinated by
phase I vaccines [25, 133, 134]. However,
for several authors, phase I vaccines failed
to prevent shedding in milk in naturally
infected cows prior to vaccination [21,
140], underlining that a vaccine can only
protect uninfected animals but is not able to
treat an infected one. In contrast, a phase II
vaccine failed to protect livestock against
the C. burnetii infection and to prevent the
shedding of bacteria by the vaginal route
and in milk [39, 41]: the vaccine was not
able to prevent abortions nor bacterial shedding in milk, vaginal secretions nor in feces
[147]. Phase II vaccination, antibiotherapy,
or a combination of both reduced but did not
stop the milk excretion of Coxiella by cows
[39, 140] or by goats [41]. Since contaminated aerosols are the main sources of animal and human contaminations, the control
of fecal excretion and placental bacterial
discharge is essential. In France, vaccination of animals with an inactivated phase II
vaccine is currently widely used when Q
fever is diagnosed in a flock because it is the
only available vaccine; however, this vaccination with a phase II vaccine fails to prevent human, animal and environmental
contaminations [41].
Phase I vaccines are difficult and dangerous to produce, and there is no test that
allows to distinguish vaccinated animals
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from infected animals by C. burnetii. Thus,
new approaches to develop an effective,
safe and broad-use vaccine against Q fever
are warranted. Several proteins and LPS
have been tested to serve as vaccines against
Q fever. New immunodominant antigens
have been identified using sera from experimentally infected mice with Nine Mile
phase I, and their protective efficacy of
some of them have been evaluated in a sublethal challenge model in BALB/c mice
using splenomegaly as an indicator of the
severity of the infection [191]. In this
model, the recombinant fusion proteins
have not induced significant protection,
although they have generated antibodies to
C. burnetii. Earlier studies have shown that
purified native proteins may induce full
protection in both guinea pigs and mice
[182, 192]. New immunodominant antigens have been cloned using the same
model of BALB/c mice and preliminary
results suggest that they could be used for
the development of novel and specific diagnostic assays and subunit vaccines against
Q fever [190]. The protection conferred by
these native or recombinant proteins has
just been tested in laboratory animals and
these candidate vaccines have not yet been
tested in domestic animals and compared
with the whole cell phase I vaccine in such
models.
Recent works on animal vaccination
have shown that the vaccines allow strong
reduction of the shedding of C. burnetii.
These results are very important because
limiting the clinical disease in animals is
insufficient to prevent animal and human
contaminations. Association of diagnosis,
especially the use of PCR, with animal vaccination would permit to set up a better surveillance of Q fever in livestock, and also
in human Q fever.
8. CONCLUSION
Q fever has been described since the
1930s and cannot be defined as an emerging
zoonotic disease. Re-emergence of Q fever
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could be explained by the improvement of
the diagnosis for which serological tests
and PCR allow an accurate detection of the
infected flocks or by an enhanced vigilance
of practitioners in a front of a flu-like syndrome or an unexplained fever. The high
prevalence of acute Q fever in France could
reflect such a vigilance even if the mandatory notification of Q fever by physicians,
veterinarians and laboratories does not exist
in France, on the contrary to other countries
in Europe [5]. This underlines that mandatory notification is not always the accurate
solution for a better knowledge of epidemiology. Currently in France, this measure is
not desirable in veterinary medicine until
more data on the disease become available
in order to propose validated methods to
efficiently prevent the transmission of the
disease to humans. Indeed it is necessary to
obtain more data on the bacteria, in particular on molecular markers and virulence
factors in order to precisely identify the origin of each human infection and to better
understand the mechanisms leading to various clinical manifestations in humans and
ruminants. Most of the outbreaks of Q fever
in humans are related to sheep but until now
we have not known if the C. burnetii isolated from sheep are more virulent than
those isolated from goats and cattle or why
sheep preferentially shed C. burnetii in vaginal mucus and feces, whatever the virulence
of the strain. It would also be interesting to
know if the animals with persistent shedding of the bacteria, especially cattle and
goats which shed C. burnetii in milk during
consecutive lactations, have the same antibody patterns against phase I and phase II
antigens as humans suffering from chronic
Q fever. Moreover, the efficiency of antibiotic treatments in ruminants on bacterial
shedding has to be accurately evaluated.
However it is necessary to inform the persons at risk, immunodeficient patients or
those suffering from cardiac valvuopathy
and pregnant women that they must avoid
contact with cows, ewes and goats delivering their calves, lambs and kids.
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