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Abstract: Q fever remains a neglected zoonosis in many developing countries including Pakistan.
The causing agent Coxiella (C.) burnetii is resistant to environmental factors (such as drying, heat
and many disinfectants), resulting in a long-lasting infection risk for both human and animals. As
the infection is usually asymptomatic, it mostly remains undiagnosed in animals until and unless
adverse pregnancy outcomes occur in a herd. In humans, the infection leads to severe endocarditis
and vascular infection in chronic cases. Limited data are available on molecular epidemiology
and evolution of this pathogen, especially in ruminants. Genomic studies will help speculating
outbreak relationships in this scenario. Likewise, pathogenesis of C. burnetii needs to be explored by
molecular studies. Awareness programs and ensuring pasteurization of the dairy milk before human
consumption would help preventing Q fever zoonosis.
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1. History and Background

“Q” fever was first reported in 1935 as an outbreak of febrile illness of unknown origin
with flu-like symptoms in abattoir workers by Dr. E. H. Derrick, Director of the Laboratory
of Microbiology and Pathology, Queensland Health Department in Brisbane, Australia [1].
A Rickettsia-like organism was isolated from experimentally infected mice spleen [2]. Mean-
while in Hamilton, Montana, a suspected “Nine Mile agent” was isolated from Dermacentor
andersoni ticks collected from Nine Mile, Montana, which showed properties of both virus
and rickettsia [3]. A possible relation was described between these two organisms when
a patient in Montana developed an illness while handling “Q fever” infected samples
sent from Brisbane [4]. Initially it was named Rickettsia burnetii, but was then renamed to
Coxiella (C.) burnetii [5]. An influenza-like infection “Balkangrippe” was also reported in
soldiers from the Balkan regions in 1940 and in German and American troops during World
War II (1939–1945). It was later identified as C. burnetii infection [6,7]. Other synonyms for
Q fever may include Australian Q fever, abattoir fever, Balkan influenza, nine-mile fever
and pneumorickettsiosis [7,8]. Currently, the term ”Q fever” is more associated to infection
in humans, whereas “Coxiellosis“ is applied to animals [9,10].

Q fever is a widespread zoonosis present almost worldwide [11,12]. It is strictly
an intracellular bacterium and has a wide range of hosts including ticks, fish, reptiles,
birds, ruminants and humans [13]. Sheep and goats are considered as reservoir hosts
and a risk for human infection. Hence, for proper control and prevention of Q fever
infection in humans, animals and the environment, it is important to understand the
disease in ruminants [14,15]. Aerogenic transmission is the major route for dissemination
via contaminated air or dust [16,17]. A recent outbreak of Q fever in the Netherlands was
linked to wind dispersion from a site where infected goats were kept [18]. In ruminants,
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the organism enters the blood stream and reaches its predilection sites, i.e., placental
membranes, supramammary lymph nodes and mammary glands, where it resides and
multiplies [10,19]. The ability of C. burnetii to multiply within the lysosomal vacuole inside
phagocytic cells and variation in the lipopolysaccharide (LPS) antigen during Phase I
and Phase II are some unique features that make it distinctive from other bacteria [20].
C. burnetii can exit in two different morphological forms. The first one is metabolically
dormant SCV (small cell variant), which is a highly resistant form of Coxiella, and the other
form is LCV (large cell variant), which is the metabolic active form of C. burnetii present
within the host cell [21–23].

According to the World Health Organization (WHO), brucellosis, Q fever and Rift
Valley fever are neglected zoonotic diseases (NZDs) which can be prone to misdiagnosis and
under-reporting [24,25]. The US Center for Disease Control and Prevention (CDC) classified
this bacterium as a category B biological agent due to its acute debilitating-disease-causing
nature in targeted human populations [21,26,27].

1.1. Coxiella burnetii—The Etiological Agent

C. burnetii is a Gram-negative, strictly intracellular, pleomorphic bacterium ranging in
size from 0.2 to 0.5 µm in width and 0.4–1.0 µm in length. It belongs to domain Bacteria,
phylum Proteobacteria, class Gammaproteobacteria, order Legionellales, family Coxiel-
laceae, genus Coxiella and species C. burnetii [22,28,29]. The incubation period in humans is
quite variable (2–4 weeks or even more) depending upon the inoculation dose, route for
infection and antigenic phase of C. burnetii. An important characteristic of this pathogen
is the presence of a structurally and antigenically distinctive lipopolysaccharide (LPS)
molecule in its cell wall [22]. Based on the structure of LPS, it exists in two distinct antigenic
forms: Phase-I and Phase-II. Phase-I is a virulent form having full LPS and is isolated from
infected hosts. Phase II is a virulent form of C. burnetii having an incomplete or truncated
LPS molecule without a terminal O-antigen. Phase II is obtained by repeated passages of
Phase I in embryonated eggs or in cell cultures. In the C. burnetii genome, a 38 kb region
encodes for LPS, which is responsible for its antigenic phase variation by chromosomal
deletions [30–32]. Similarly, C. burnetii can exist in two different morphological forms that
can be differentiated under an electron microscope, i.e., a large cell variant (LCV) and a
small cell variant (SCV). LCV is the large, bacillus form and metabolically active, while
SCV is small, coccoid and metabolically inactive. SCV is resistant to environmental stress
and can survive longer in harsh environments [8,28,33].

The Coxiella genus includes other Coxiella-like organism species, e.g., C. cheraxi found
in crayfish and a novel Coxiella-like organism present in birds and ticks. C. cheraxi has
the highest genetic homology with C. burnetii. Candidatus Coxiella avium is another
novel pleomorphic Coxiella-like organism isolated from birds. It multiplies within the
acidic vacuole of host macrophage cells, leading to systemic infection and mortality. Simi-
larly, Coxiella-like endosymbionts (CLE) are also present in ticks [20,27]. The virulence of
C. burnetii is associated with a type of the strain involved in the disease. Four different lines
of C. burnetii were found by the multispacer sequence typing (MST) technique. Sequence
type (ST) 8 was isolated from sheep in France, ST 15 from goats in France, ST 16 from ticks
in Montana (USA) and ST 20 from cattle in France [34].

1.2. Isolation and Propagation

Isolation and propagation is not the commonly used technique for routine diagnosis
of C. burnetii due to its biohazard potential. It is time consuming and biosafety level (BSL)
3 laboratories are required. Moreover, technical expertise is also required. Isolation remains
important for phenotypic and genotypic characterization of C. burnetii by multilocus
variable number of tandem repeats analysis (MLVA) and multispacer sequence typing
(MST), etc. Sample quality, condition and concentration of the pathogen in a sample are the
factors that strongly affect the success of isolation and propagation [20,35,36]. Although
C. burnetii is resistant to environmental stress and can survive outside the host for a long
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period, it requires host cells for intracellular multiplication [37]. Different methods are used
for isolation and propagation of C. burnetii, including inoculation of embryonated chicken
eggs, cell culture, laboratory animals or use of a novel axenic medium [38,39].

1.2.1. Embryonated Egg Inoculation

Embryonated egg inoculation has been traditionally used for direct isolation and
propagation of C. burnetii. In this technique, the egg yolk of a 6–7 day old embryonated
chicken egg is inoculated in a sterile environment. Usually, after 10–15 days of incubation,
the yolk sac is harvested. Stained smears of the yolk sac wall are observed microscopically
to assess the presence of C. burnetii and absence of bacterial contamination. A typical
straw yellow color with white spots develops in infected yolk sacs, while uninfected yolk
sacs appear orange with viscous consistency. Polymerase chain reaction (PCR) is used to
confirm the C. burnetii-DNA [20,31].

1.2.2. Cell Culture

Since C. burnetii is an intracellular pathogen, standard biological media are not suitable
for its growth [40]. A cell culture system, known as shell vial cell culture for isolation
and propagation of obligate or facultative intracellular bacteria such as C. burnetii, has
been described [41]. In this system, a suspension containing C. burnetii infected material
is inoculated into human embryonic lung (HEL) fibroblast cells grown within eggshell
vials on 1 cm2 cover slips. The HEL fibroblasts are the cells used most for isolation and
propagation of C. burnetii. Other cell lines, e.g., epithelial lining (Vero E6), macrophages
(P388D1, J774, DH82) and murine fibroblastic cells (L929), are also used [9,42,43]. After
inoculation, centrifugation is performed for 1 h at 700× g so that the bacteria properly
stick to the cells. Three shell vials are used for the same inoculum. At day 3, 10 and 21
post-inoculation, C. burnetii vacuoles can be seen under an inverted microscope. After
10 days, proliferating C. burnetii inside the cells are detected directly on the coverslip within
the eggshell vial by direct immunofluorescence assay (IFA) using polyclonal anti-C. burnetii
antibodies and a secondary antibody conjugated to fluorescein isothiocyanate (FITC). Cells
present in the remaining shell vial are harvested and incubated at 37 ◦C for 2 months
in 5% CO2, which may be extended up to 4–5 months. During incubation, a change of
culture medium once a week and periodical evaluation of bacterial growth using either
light or fluorescence microscopy is required. In the case of cytopathogenic effects (CPE)
or PCR giving positive results, subcultures are carried out. Supernatant is inoculated on
confluent layers of Vero cells or fibroblasts (L929) in a 150 cm2 culture flask to obtain new
bacterial isolates. Although this method was established for human samples, it can be used
efficiently for animal samples [9,20,31].

1.2.3. Laboratory Animals

Animal inoculation is a useful technique for isolation and propagation of Coxiella
obtained from contaminated samples such as ticks or those obtained from animals, e.g.,
feces, milk, vaginal discharges and fetal parts of the placenta. Laboratory animals act as
a “filtration system” for such samples. Mice and guinea pigs are commonly used for this
purpose. Following intraperitoneal inoculation with a dose of 0.5 mL of suspension (1:10)
per animal, body temperature and antibody titer can be examined. This protocol should
be carried out in conjunction with serological assays on other laboratory animals (mice
and guinea pigs) that have been inoculated with the same samples. Sera are collected
21 days post-inoculation. A positive result confirms the diagnosis of C. burnetii infection.
The results can be confirmed further through (real-time) PCR or by microscopy, using
impressions and stained samples of collected spleen, liver and lungs. Splenomegaly is a
typical sign caused by substantial growth of C. burnetii. Spleen, liver or lung samples are
then further inoculated into embryonated chicken eggs or cell culture systems for isolation
of C. burnetii [20,31,43,44].
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1.2.4. Axenic Media

Inoculation of axenic medium complex Coxiella medium (CCM) is a novel technique
used for isolation and growth of C. burnetii [45]. Recently used axenic medium is an
acidified citrate cysteine (ACC) medium. The actual formulation, designated as defined
acidified citrate cysteine medium (ACCM-D), allows replication of Coxiella over 14 days
with morphological differentiation (SCV/LCV). In this medium, antimicrobial factors such
as proteolytic and hydrolytic enzymes and an acidic environment similar to that present in
the acidic phagolysosome of antigen presenting cells are provided. Hence, axenic medium
provides an ideal environment for the growth of C. burnetii. This medium is quite useful for
genotypic and phenotypic characterization of C. burnetii variants [20,45,46]. According to a
propidium monoazide (PMA)–PCR based study, there is no difference in viable cell count
obtained through the cell-free system (axenic medium) and the cell-based culturing system.
Moreover, axenic medium does not influence the livability of cells, relative virulence and
antigenic phase variation of C. burnetii as compared to cell-based culturing systems [30].

1.3. Genome and Genetic Characterization

Genetic and molecular characterization of C. burnetii is useful for surveillance purposes
and for epidemiological investigations of the outbreaks. It is also a useful to investigate the
genotypic variation of a pathogen concerning geographical area and to explore interactions
between various types and subtypes of the bacterium [47–49]. This information helps in control
program planning for potential reservoirs involved in the life cycle of C. burnetii [18,47,50].

Several techniques are used for molecular typing of C. burnetii, including pulsed-field
gel electrophoresis (PFGE), sequence analysis or restriction fragment length polymorphism
(RFLP) of single genes. All of these techniques have limitations such as poor discriminatory
power and an inappropriate reproducibility and transferability [48]. However, two recent
PCR-based typing techniques, i.e., multilocus variable number of tandem repeats analysis
(MLVA) and multispacer sequence typing (MSST) possess high discriminatory power and
are easily reproducible. MSST is based on variation in 10 short intergenic regions and can
be conducted directly on DNA extracted from clinical or environmental samples without
isolation of the bacteria. Both techniques allow identification/differentiation of up to
36 genotypes of C. burnetii [36,51,52].

The first whole genome sequencing of C. burnetii from the Nine Mile RSA 493 reference
strain, obtained from an infected group of Dermacentor andersoni in 1935, was released in
2003. Random shotgun technique was used for this sequencing, which was a 1,995,275 base
pair lane. In 2007, another genome sequencing report was published using the Henzerling
RSA 331 strain obtained from blood of an infected patient in Italy in 1945. The genome of
C. burnetii is circular in shape, with about 1.9 to 2 Mbp. One of the following five plasmids:
QpDG (51 kb), QpRS (39 kb), QpH1 (36 kb), QpDV (33.5 kb) and the plasmid of Chinese
isolate (56 kb) or a chromosomal integrated plasmid associated sequences (16 kb) can be
found. The presence of a high number of pseudogenes in the genome of C. burnetii indicates
that the bacterium undergoes genome reduction [20,39,53]. The whole genome sequencing
(WGS) technique is becoming more affordable. However, data interpretation remains time
consuming, and it requires special expertise, technical skills, bioinformatics knowledge
and additional funding. The most communal MLVA genotype A found in animal species
is found in caprine, ovine, rats and environmental samples. The presence of this highly
prevalent genotype A in humans, environment and animals confounds the discovery of an
accurate source of infection [20,54].

1.4. Transmission

The major route for acquiring C. burnetii infection is by uptake of a contaminated
aerosol, while consumption of contaminated raw food materials, e.g., milk, etc. is the minor
source of transmission. Occasionally, the infection may occur after skin or mucosal contact
with contaminated products, blood transfusion or mating [14,29,55]. However, in animals,
ticks may play an active role in disease transmission [56]. Body secretions and excretions,
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e.g., milk, saliva, parturition products, aborted materials, urine and feces, contain a large
number of C. burnetii, which may result in sexual and vertical transmission of the disease.
These discharges can dry and combine with dust, ultimately leading to human exposure
through aerosols [37,57]. Aerogenic transmission of the disease from contaminated sites to
humans depends on atmospheric dispersion and the impact of environmental factors on
deposition and re-aerosolization [52]. Although human-to-human transmission of Q fever
is rare, it may occur following contact with parturient women. Transplacental transmission,
cutaneous inoculation and postpartum spread of C. burnetii do occur in sporadic cases. The
disease is reported in more than 40 species of ticks from the families Ixodidae and Argasidae,
and some other arthropods that feed on animals [37,57]. Transmission of C. burnetii infection
through a tick bite is still dubious in humans. However, ticks can transmit Coxiella both
transovarial and transstadial to their offspring, thus acting as potential reservoir. Infected
ticks excrete large amounts of Coxiella in their feces, which contaminate the skin of host
animals. Thus, ticks are important for environmental spread of Coxiella infection [27,58–60].

1.5. Occurrence of Coxiella burnetii in Different Body Fluids and Tissues

Shedding of C. burnetii can occur in different body tissues and fluids such as milk,
feces, urine, birth fluids, vaginal secretion and fetal membranes. Particularly, in the case of
reproductive failure, a large quantity of bacteria is shed through vaginal secretions and birth
fluids [10,61]. It is reported that approximately 1 billion C. burnetii per gram of placenta
are excreted in birth fluids of an aborted animal [8]. Similarly, placenta of seropositive
sheep and goats without symptoms can contain more than 109 hamster-infective doses
of C. burnetii per gram of tissue, although a single bacterium is enough to cause Q fever
infection [7,8,62,63].

The organism is shed in body fluids for a variable period, depending upon host species
and shedding routes. Infected cattle can persistently shed pathogens in their milk for several
months without any clinical signs or symptoms, while shedding through vaginal mucus or
feces is sporadic or intermittent in nature [64]. Real-time qPCR is useful to determine the
load of bacteria in vaginal and milk samples. During the acute phase of Q fever, 104–108

C. burnetii bacteria were found in vaginal swabs, while 102–106 bacteria were present per
milk sample. Shedding of pathogens declined continuously within two months to less than
104 bacteria per vaginal swab and 102 per milk sample. At the end of this study, a 10-fold
increase in bacterial shedding was reported [65,66]. Seropositive animals may not secrete
the organism. Similarly, some apparently healthy animals may shed the organism even if
they are seronegative [20,67].

Prevalence of C. burnetii in milk samples obtained from various ruminant animals such
as sheep, goats and cattle may vary due to differences in shedding routes. The principal
routes for bacterial shedding in sheep are feces and vaginal fluids, while these are minor
routes in cattle. Milk and blood are not the common routes for bacterial shedding in sheep.
In cattle, milk is considered the major route for bacterial shedding. Goats can excrete
organism through vaginal mucus, feces and milk. However, major routes for bacterial
shedding in caprine species are feces and blood, not the milk. Feces contain the highest
numbers of bacteria in goats [7,68].

1.6. Pathogenesis

C. burnetii possesses a distinct characteristic called phase variation of the cell wall.
Phase I bacteria have a complete LPS molecule and are highly virulent. This virulent form
of bacteria can be isolated from infected animals, human beings and ticks. However, Phase
II bacteria are avirulent and can be obtained after serial passages of Phase I bacteria in cell
culture or embryonated chicken eggs. LPS of Phase II is rough and truncated. Besides LPS,
the two antigenic forms of C. burnetii also differ in cell density, surface charge and surface
protein configuration [39,69]. Morphologically, there are two different forms of C. burnetii:
the large cell variant (LCV) and the small cell variant (SCV). The LCV is larger in size with
a less electron-dense center, while SCV is a metabolically inactive and less replicating form,
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with a compact rod shape and dense central region. These SCVs are excreted by infected
animals, leading to environmental contamination [36].

The main route for C. burnetii transmission in both animals and humans is inhalation
and to a lesser extent by ingestion of contaminated milk and milk products [19]. Once
the organism enters the body, it attaches to the cell membranes of phagocytes (mono-
cytes/macrophages). Attachment of virulent bacteria to the phagocytic cells is triggered by
avb3 integrin, while for avirulent bacteria, avb3 and complement receptor CR3 mediate
the attachment. Phase I bacteria survive inside the phagocytic cells, whereas Phase II
bacteria are eliminated. Additionally, Phase I bacteria are phagocytosed by the host cells in
a considerably lower amount than Phase II bacteria [70].

The SCVs are phagocytosed by monocytes and macrophages, and enter the phagolyso-
somes. Here, SCVs fuse with the lysosomal contents, change into the metabolically active
form, undergo vegetative growth and ultimately transform into LCVs. Normally, both
antigenic forms of C. burnetii are present within this phagolysosome niche. However,
Phase II bacteria are quickly eliminated. The acidic environment of phagolysosomes is
highly conducive for the growth of C. burnetii. Most important is the organism’s ability
to propagate and multiply within the acidic phagolysosome and its tendency to develop
persistent infection. The entire developmental cycle of a metabolically active Phase I bac-
terium occurs within this acidic niche [19,36,71,72]. This acidic pH ensures the availability
of nutrients essential for growth of C. burnetii and protects it from the effect of various
antimicrobials [70].

Little is known about the role of the host cellular immunity in infected human patients.
The goat’s immune response against C. burnetii infection revealed that both IgG and IgM
Phase II specific antibodies can be found within two weeks post-infection and their titers
remain elevated in the blood for up to 13 weeks. Phase I antibodies develop after four
weeks of Phase II antibodies. The duration of immune response against C. burnetii can
persist for several months to years. The metabolically active LCVs are mainly present in the
trophoblasts of the placenta [73]. During acute infection, the organism is present in blood,
liver, spleen and lungs of the host. The disease is mostly asymptomatic in nonpregnant
animals, while in pregnant animals the most important clinical manifestations are abortion,
stillbirth, birth of weak offspring and premature delivery. Incidence of respiratory and
digestive problems in apparently healthy kids in at-risk areas can be associated with Q
fever infection. Although reproductive disorders are not the common consequences of Q
fever in domestic animals, increased abortion rates of up to 90% have been reported in
goats [14,73,74].

In human beings, C. burnetii infection appears both as an acute and chronic infection.
Acute infection is often self-limiting with mild flu-like symptoms, while chronic Q fever
is life threatening with chronic endocarditis in many cases [75]. In abortions due to C.
burnetii infection, fetuses usually look fresh and normal; however, sometimes fetuses are
necrotic. Macroscopically, there is inflammation of placenta with purulent yellow-brownish
exudate in severely affected intercotyledonary spaces. Microscopically, the trophoblastic
cells present at the base of villi and in the intercotyledonary area of the allanto-chorion are
mostly affected. This inflammation may vary from mild mononuclear infiltration to chronic
necrosis with pus-like discharge. The epithelial cells present in chorionic membranes at the
base of villi often have basophilic intracytoplasmic granulation and a foamy vacuolated
cytoplasm. Histopathological examination of some fetuses showed inflammation of liver
with mild granulation. However, other organs were found apparently normal [73,76].

1.7. Clinical Signs and Symptoms
1.7.1. Humans

In humans, the clinical nature of this disease is highly variable. It can lead to an acute
infection characterized by mild febrile illness, pneumonia and hepatitis, while in rare cases
chronic disease may develop in the form of endocarditis, and abortion and stillbirth in
pregnant women. The fever due to C. burnetii infection is remittent and usually persists
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for 9–14 days. It is considered as a self-limiting disease [51,75]. Approximately 60% of
the infected people remain asymptomatic while about 40% of the patients show clinical
signs. As far as chronic Q fever is concerned, it develops in 3–5% of patients mostly in
the form of endocarditis. Patients with valvular disorders, microbial arteritis, vascular
implants and immunocompromised persons are more prone to this infection [77]. The most
common manifestations of Q fever are mild flu-like symptoms with sudden increase in
body temperature, restlessness, excessive sweating, severe headache, myalgia, arthritis,
anorexia, upper respiratory tract problems, persistent cough, pleuritic chest pain, chills,
confusion and GIT problems such as nausea and diarrhea. Another important symptom of
this disease is Q fever fatigue syndrome (QFS), which is a debilitating condition following
acute Q fever involving main body systems. It occurs in approximately 20% of patients.
Although this persistent fatigue is not a life-threatening condition, it results in serious social
and economic consequences in the form of loss of person’s quality of life and inability
to work. QFS was thought to be the major cause of Q fever associated economical losses
during the Dutch Q fever outbreak (2007–2010). In rare cases, an acute Q fever develops
into chronic infection. Endocarditis is the main clinical manifestation of the chronic form.
Other complications such as pericarditis, myocarditis, thyroiditis, osteomyelitis, nephritis,
meningoencephalitis, hemolytic anemia, hemophagocytic syndrome, severe cephalgia and
retro-orbital pain are rare manifestations of chronic infection [74,77–79]. During pregnancy,
infection is usually asymptomatic. However, some serious obstetrical disorders such as
placentitis, spontaneous abortion, fetal growth retardation, stillbirth, premature delivery
and birth of weak offspring have been reported. Infection during pregnancy may also
result in abortions during subsequent pregnancies. However, a recent study conducted
in an area with the highest number of Q fever outbreaks in the Netherlands found no
association between Q fever and adverse pregnancy outcomes [7,80]. C. burnetii infection
results in high morbidity and low mortality. Mortality has been reported in 1–11% of
the chronic Q fever patients [8]. This infection causes serious long-term complications
on patient’s health and social life due to long-lasting Q fever fatigue syndrome [81]. The
economic losses caused by the Netherlands Q fever outbreak (2007–2010) were estimated
to be approximately 0.307 billion EUR [79].

1.7.2. Animal Infection

In animals, Q fever is often called coxiellosis and usually occurs without any apparent
clinical signs. It is not considered a veterinary health problem except in (small) ruminants,
where C. burnetii is a well-known cause of abortion. Ruminants, especially sheep and
goats, are major reservoirs of C. burnetii. The historical Q fever outbreak in the Netherlands
was linked with infected small goat farms in close vicinity to residential areas [61,82]. In
animals, especially small ruminants, Q fever usually results in reproductive problems
such as spontaneous abortion during late pregnancy, premature delivery, stillbirth and
birth of weak offspring, along with infertility in cattle [8,62]. In cattle, acute Q fever
usually appears as subclinical infection, while chronic infection may result in reproductive
disorders. There is no reliable evidence which proves that Q fever causes retention of fetal
membranes, subfertility, metritis or endometritis in cows [62]. Abortion due to C. burnetii
infection usually ranges from 3–8% [79]. During the recent Dutch Q fever outbreak, up
to a 60% abortion rate was recorded in pregnant goats during final month of pregnancy,
with no apparent signs of illness. Endometritis was reported in some goats with previous
history of abortion. Full-term kids were emaciated with lower body weight and high
mortality. Several other apparently healthy kids showed respiratory and digestive tract
problems [83]. In dairy animals, C. burnetii infection may lead to subclinical mastitis. The
organism resides in mammary glands and placenta of pregnant dairy animals with fetus
and associated structures having the highest amount of C. burnetii. Thus, post-parturient
shedding of organisms in birth fluids is higher in small ruminants, while lower in the case
of cattle [32,62].
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1.8. Diagnosis

Diagnosis of Q fever based on clinical signs and symptoms or post-mortem examina-
tion is almost impossible because of nonspecific clinical presentation or missing symptoms
and lesions of the disease [84]. Thus, for accurate diagnosis of C. burnetii infection, labora-
tory evidence is obligatory. Generally, four categories of diagnostic techniques are available
for Q fever diagnosis: (i) isolation and propagation of the organism, which requires BSL-
3 laboratory using tissue culture, embryonated chicken eggs or laboratory animals; (ii)
serodiagnostic tests including IFA, CFT and enzyme immunoassay; (iii) antigen detection
assay such as immunohistochemical staining (IHC); and (iv) genomic detection assays such
as PCR. Use of various laboratory tests in combination, i.e., ELISA for serology and PCR
for nucleic acid detection, is highly suggestive for confirmatory Q fever diagnosis [37,84].
In ruminants, both IFA and ELISA are suitable techniques for serological investigation of
Q fever, while in humans IFA is considered as an ideal technique for Q fever diagnosis
because of its high sensitivity and specificity [85,86].

1.8.1. Serological Tests

Serodiagnostic techniques are preferable for Q fever diagnosis as isolation techniques
remain expensive, laborious and less sensitive. Serology is best utilized to estimate herd-
level prevalence of the infection in animals. In humans, serology can recognize the differ-
ence in antibody titers in acute and chronic infection, which makes it a choice for diagnosis
of Q fever [64,67]. In acute infection, IgG antibody titers are higher against Phase II antigen
only, while in chronic form, both IgG and IgA antibody titers are high against both Phase
I and Phase II of the bacterium. However, overlapping of antibody titers in both acute
and chronic forms is possible [52,69]. However, serological results remain questionable
in carrier animals, window infection period and in endemic and post-epidemic infection
status [84,87].

A. Immunofluorescence Assay (IFA)

Immunofluorescence assay is a reference method for detection of anti-C. burnetii
antibodies in human sera. It is very useful, especially for follow-up of the patient’s disease
status and to identify patients with risk of developing chronic infection. This assay can
easily differentiate between suspected acute and chronic forms of Q fever by measuring
Phase I and Phase II antibody titers. If the Phase I antibody titer is ≥ the Phase II titer,
it will indicate a chronic form of Q fever, and if Phase II antibody titer is > the Phase I
titers, the result is indicative for an acute infection. IgG antibody titers of ≥1:800 against
Phase I antigen is indicative for Q fever endocarditis. This technique is commonly used
for diagnosis of Q fever in humans, while in animals no commercial Q fever IFA kit is yet
available [36,88,89]. Although IFA is considered as the gold standard for diagnosis of Q
fever in humans, it has limitations. This technique is not suitable for detection of early
acute Q fever because of the lag in antibody titer development (7–15 days after the onset of
clinical disease). It requires very specific and expensive instruments along with a high level
of expertise for proper interpretation of results. The species-specific IFA cannot be used for
extensive or herd-level screening. That is why IFA, which is the gold standard technique
for Q fever diagnosis in humans, is not used for routine detection of C. burnetii infection in
animals [36,90].

B. Complement Fixation Test (CFT)

The World Organization for Animal Health (OIE) reference serological assay list
regards the complement fixation test as a reference assay for Q fever diagnosis but, currently,
its use is infrequent because of its lower sensitivity. Another drawback of CFT is the
presence of anticomplementary activity in several samples, which hinders antibody titer
estimation even after repeated attempts. Similarly, anti-C. burnetii antibodies present in
serum samples of sheep and goats cannot be regularly detected by IFA antigen [32,36].

C. Enzyme-Linked Immunosorbent Assay (ELISA)
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Enzyme-linked immunosorbent assay method is a more specific and sensitive tech-
nique than any other serological assay and is indorsed by the European Food Safety
Authority (EFSA) for test harmonization. Particularly, in the case of animals, it is preferred
to IFA and CFT because of its convenience for herd- or flock-level screening and its ability
to detect C. burnetii antibodies in various animal species. IDEXX reported 100% sensitivity
and specificity of their ELISA kit [14,36,39]. An ELISA using antigen from ruminant isolates
is more sensitive than an assay with antigen from ticks. Thus, EFSA recommends ELISAs
containing C. burnetii antigen from ruminants’ isolates. ELISA can detect antibodies in
serum against both antigenic phases of C. burnetii and provides a cumulative interpretation
of results as seropositive, suspect or seronegative status [36,91].

1.8.2. Staining

In this technique, stained tissue or vaginal mucus smears are observed under a micro-
scope with an oil immersion objective lens for detection of the causative agent. C. burnetii is
an acid-resistant bacterium. Different kinds of stains such as Stamp, Gimenez, Machiavelli,
Giemsa, modified Ziehl–Neelsen and modified Koster staining can be used [31]. The first
three stains give the best results. However, due to lack of specificity, a positive result is only
a presumptive indication of C. burnetii infection. Therefore, further investigations should
be carried out for confirmatory diagnosis.

1.8.3. Polymerase Chain Reaction (PCR)

Polymerase chain reaction is used for molecular detection of C. burnetii. It is a rapid,
highly specific and sensitive diagnostic tool compared to all other laboratory techniques.
The higher sensitivity of PCR to detect and quantify small concentrations of bacterial
DNA has significantly improved diagnostic and research approaches [36,92]. PCR can
be performed on a variety of biological specimens, such as fetal membranes, fetal fluids,
genital swabs or samples from aborted fetuses (liver, lung or abomasal contents). Blood,
serum, milk, urine, anal and throat swab specimens are also useful for genomic detection of
C. burnetii using qPCR [31,36,92]. In the case of chronic infection, samples can be obtained
from focal tissue samples of infected organs such as valvular material for endocarditis or
aneurysm, vessel fragments in the case of vasculitis and bone biopsy in arthritis. As the
antigen is shed intermittently in urine, feces, vaginal discharge and milk, it is preferable
to investigate consecutive samples for genomic detection of the pathogen [20,84]. PCR
targeting the insertion sequence IS1111, a repetitive transposon-like element of C. burnetii,
is highly sensitive and specific for genomic detection. However, IS1111 cannot be used
for quantification of C. burnetii DNA because of having multicopies up to (20 copies per
genome), and misidentification with Coxiella-like organisms. Single copy genes such as icd
and com1 are useful for quantification of C. burnetii DNA. Different pairs of primers targeting
various target genes such as superoxide dismutase (sodB), isocitrate dehydrogenase (icd),
com1, macrophage infectivity potentiator protein (cbmip), heat shock proteins including
htpA and htpB, and some plasmid mediated genes such as QpRs, QpH1 and cbbE can be
used for the detection of C. burnetii DNA [36,93]. The best time for PCR assays to detect
C. burnetii DNA in blood or serum sample are first two weeks after onset of clinical infection.
During this period, there is a lag in antibody titer development, and serological tests are
useless during this period. However, the PCR test can be used successfully to detect
C. burnetii DNA in blood or serum samples during this interval. Two weeks after the onset
of clinical signs, IgG antibodies titer starts developing and at the same time C. burnetii
DNA becomes undetectable in the blood. Hence, serological techniques can be best utilized
two weeks after onset of the clinical infection [84,87]. The quantitative real-time PCR can
successfully be utilized to detect C. burnetii shedders. Once the seropositive animals are
detected in a flock with serological assays, the PCR is then a technique of choice to trace
the shedders [84].
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1.9. Prevention and Control

Disease surveillance, regular monitoring and implementation of proper preventive
and control strategies are necessary to reduce further disease outbreaks in an area. These
strategies pose economic and public health significance in reducing reproductive losses
in the livestock industry and to avoid potential risk of transmission of infection to human
beings. Determination of herd-level prevalence of a disease in a population could help
in proper planning and implementation of preventive and control measures [81,83,94].
Because of the self-limiting nature of this disease, the prevalence of Q fever usually de-
clines with time without adopting any control strategies. This may be because of natural
immunization of hosts against C. burnetii [36]. Preventive vaccination, manure manage-
ment including covering and compositing of manure or treating manure with lime, better
livestock farm and wool-shearing practices, use of isolated calving pens, restrictions on
free animal movement, and proper disposal and burial of aborted materials are important
measures to prevent the spread of C. burnetii infection. Hygienic practices, especially
calving pen cleanliness, is considered an important measure in preventing this infection.
Similarly, disinfection of calving pens, naval cord disinfection, and proper disposal of
aborted fetuses and fetal membranes, and provision of new bedding at the time of calving
are important measures to reduce the risk of disease transmission. Birth products including
fetal membranes and dead fetuses should immediately be disposed to avoid their ingestion
by stray dogs, wild carnivores and even domesticated animals, which may also spread
the infection in the environment [32,73,94]. Furthermore, quarantine measures should be
implemented at livestock farms, and animals from infected flocks should not be mixed
with healthy animals at the farm. Raw milk from infected dairies should not be used for
drinking or any other purpose, because large numbers of bacteria are shed in the milk of
infected animals. Seropositive animals shedding the organism into the environment are
an important source of disease transmission. It is important to identify such shedders and
remove them from the flocks [8,64].

Training and awareness of livestock-associated professionals and farmers are impor-
tant in reducing the risk of disease spread. Individuals working on disease surveillance
should adopt personal protective measures such as protective clothing (including FFP-3
breathing masks), protective gloves and disinfection of sampling materials immediately af-
ter use. Similarly, all consumables should be properly discarded after use [83]. The distance
between residential areas and livestock farms, especially those containing pregnant ewes,
should not be less than 500 m to reduce the risk of disease transmission. To prevent farm-
to-farm spread of infection, animal producers should avoid transporting and marketing
animals, especially periparturient animals, during ongoing abortion outbreaks [21,95]. As
Q fever is a cosmopolitan zoonosis, interdisciplinary cooperation among medical doctors,
veterinarians, laboratory working groups and farmers is required to understand how this
pathogen circulates in a geographical area and to plan strategies for its proper control and
prevention [96].

Vaccination is followed by an active immunological response against the potential
pathogen. The use of anthelminthic drugs prior to vaccination is useful to gain an im-
proved immunological response [97]. Currently available inactivated Phase I vaccine for
animals containing Nine Mile RSA 493 strain of C. burnetii, which was isolated from ticks, is
recommended by OIE in Q fever endemic areas. This vaccine is reported to cause reduction
in abortion rates, decrease in bacterial shedding and reduces the risk of disease transmis-
sion to humans. However, it is less effective in outbreak situations compared to regular
vaccination [36]. Use of an inactivated Phase I vaccine (Coxevac®, Ceva Santé Animale,
Libourne, France) in noninfected sheep and goats prior to their first breeding results in
reduced abortion rate and bacterial shedding. Some studies reported that use of Coxevac
during pregnancy also reduces bacterial shedding, although this vaccine is not approved
for use in pregnant animals. Inactivated Phase I vaccine was proven to be very effective in
Dutch small ruminant flocks after accomplishment of an extensive vaccination campaign
in 2010. Since then, no C. burnetii borne abortion has been reported from vaccinated flocks,
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and a gradual decline occurred in the number of PCR positive farms based on bulk tank
milk (BTM) sampling [73]. Performing repeated annual vaccination in susceptible herds is
recommended, especially for young animals, in at-risk areas [31]. Phase I vaccine is equally
effective in humans as in the case of animals, but it is contraindicated in individuals already
exposed to C. burnetii infection, e.g., Q-VAX® (Seqirus, Parkville, VIC, Australia) is the only
available Q fever vaccine in Australia for human use. Q-VAX® is an inactivated Phase I
whole-cell vaccine containing the Henzerling RSA 331 strain of C. burnetii isolated from
blood of a Q fever patient in Italy. In Australia, Q-VAX® vaccination is recommended on
routine basis in individuals occupationally exposed to Q fever infection [31,98].

1.10. Treatment
1.10.1. Treatment in Humans

There are two forms of Q fever in humans, i.e., acute and chronic. Antibiotics are
effective against the acute form of this disease, but once the infection proceeds to its chronic
form, then treatment time is prolonged and recurrence of the disease is usual, which may
lead to high mortality. Duration of antibiotic therapy is established based upon follow-up
of serological titers in a Q fever patient [90,99]. The antibiotic treatment must be started
immediately after the onset of clinical disease because delayed antibiotic treatment may
not be effective [100]. Generally, acute Q fever is self-limiting. However, timely detection
and antibiotic administration may decrease the duration of infection and severity of symp-
toms. The drugs of choice for Q fever are doxycycline and hydroxylchloroquine. These
drugs are mostly used in combination. Other antibiotics, such as erythromycin, rifampin,
roxithromycin and clarithromycin, can be used as alternative therapy [8,99,101]. A dose of
100 mg doxycycline two times a day for 2 to 3 weeks is recommended for acute Q fever
patients, especially nonpregnant women and adult patients. Hydroxychloroquine can also
be used in combination with doxycycline. Hydroxychloroquine is a lysosomotrophic drug
that increases phagolysosome pH. As hydroxychloroquine elevates the phagolysosome pH,
it acts as bacteriostatic because C. burnetii requires an acidic environment for its multiplica-
tion [8]. In the case of pregnant women and children <8 years of age, cotrimoxazole can be
used safely for treatment of Q fever [69].

In the case of chronic Q fever, especially native and prosthetic valve endocarditis,
antibiotics such as doxycycline and hydroxychloroquine can be used effectively at a dose
rate of 200 mg per day but for a longer period of 18 to 24 months. Combination therapy
consisting of these two antibiotics is more effective in preventing the development of
endocarditis than doxycycline alone. Rifampicin, macrolides and quinolones are less
effective against C. burnetii infection; therefore, they are not usually used as alternative
treatment for this disease [55,69]. Methotrexate is an important steroid replacement used to
suppress vascular inflammation and to maintain homeostasis of ascending and thoracic
aorta [55]. Follow-up care such as regular heartbeat and eye-reflex examinations are
necessary after antibiotic treatment. Photosensitivity may be a problem in some patients
after antibiotic use. In advanced stages of chronic Q fever, characterized by severe cardiac
failure or abscess formation in heart valves, use of antimicrobials is not favorable. In these
situations, cardiac surgery is recommended [69,88]. The use of interferon (IFN) and tumor
necrosis factor (TNF) for chronic Q fever treatment has also been proven effective [8,69].
In the case of chronic infection, the follow-up of serological response is necessary, and the
treatment can be stopped when phase I IgG antibodies titer declines by at least four-fold.
Special attention should be given to individuals more prone to Q fever infection because
the infection can lead to high morbidity and mortality if left untreated [99,102].

1.10.2. Treatment in Animals

Limited information is available about the treatment of coxiellosis in animals. Ex-
tensive data are required to determine the efficacy of antibiotics in preventing bacterial
shedding and reproductive losses in animals due to C. burnetii infection. Usually, tetracy-
cline is recommended for treatment in animals, but usage of tetracycline in animal feed
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during gestation period, as a herd-level disease control strategy, is not effective because of
its reduced bioavailability following oral administration. Parenteral use of two injections
of (long-acting) oxytetracycline 20 days apart at 20 mg/kg during ongoing coxiellosis
abortions may be useful in preventing reproductive losses to the animals. However, oral
administration of oxytetracycline is not effective in reducing bacterial shedding with birth
fluids and in altering the serological status of animals [103]. In ruminants, tetracycline
administration with an interval of 2–3 weeks in pregnant animals from 95th day of gestation
until parturition is effective in reducing the risk of abortion due to other pathogens such as
Chlamydophila abortus [83].

1.11. Neglected Zoonosis in Pakistan

In Pakistan, data on coxiellosis and Q fever remain neglected. To our knowledge,
from 1955- to date, only twenty-four reports were found describing the prevalence of
C. burnetii infection in humans and animals for this country. According to these studies,
the prevalence of coxiellosis ranged from 4.6% to 40% in all livestock species and 10.2%
to 26.8% in humans [56,92,104–111]. Q fever is not a notifiable disease in Pakistan [112].
Recent reports in small ruminants, camels and humans highlight the need of attention
toward this disease, especially in those areas where animal–human interaction remains
common and milk transportation chains are not up to date [92,104,105,109,113]. Coxiella
DNA was confirmed in soils of Punjab, which further points out the importance of the
“One Health” concept in combating this disease [105]. Calls have been made to prioritize
such zoonotic diseases in Pakistan under the “One Health” paradigm [114]. Awareness
programs will help in this scenario, both within the general population and the scientific
communities of Pakistan and neighboring countries [92,105,115].

1.12. Conclusions

Q fever remains a neglected zoonosis in many developing countries of the world
including Pakistan. C. burnetii can sustain longer to harsh environmental conditions.
Moreover, asymptomatic infections in animals could threat human health, thus, posing a
serious “One Health” risk. Pathobiological studies including host-pathogen relationships,
epidemiology and genomic information would help understanding and identifying the
potential, outbreaks and evolutionary-relationships of the pathogen from different sources.
Ensuring pasteurization of the milk before consumption and following protective measures
while handling animals can help infection preventing in humans. Awareness programs
would be helpful to create acceptance of these measures in human populations.
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Knap, J. Prevalence of Coxiella burnetii in environmental samples collected from cattle farms in Eastern and Central Poland
(2011–2012). Vet. Microbiol. 2014, 174, 600–606. [CrossRef]

29. Million, M.; Raoult, D. Recent advances in the study of Q fever epidemiology, diagnosis and management. J. Infect. 2015, 71, S2–S9.
[CrossRef] [PubMed]

30. Kuley, R.; Smith, H.E.; Frangoulidis, D.; Smits, M.A.; Jan Roest, H.I.; Bossers, A. Cell-free propagation of Coxiella burnetii does not
affect its relative virulence. PLoS ONE 2015, 10, e0121661.

31. OIE. Q fever. In OIE Terrestrial Manual; OIE: Paris, France, 2015; pp. 1–23.
32. Shapiro, A.J.; Bosward, K.L.; Heller, J.; Norris, J.M. Seroprevalence of Coxiella burnetii in domesticated and feral cats in eastern

Australia. Vet. Microbiol. 2015, 177, 154–161. [CrossRef]
33. Schleenvoigt, B.T.; Sprague, L.D.; Mertens, K.; Moog, U.; Schmoock, G.; Wolf, G.; Neumann, M.; Pletz, M.W.; Neubauer, H. Acute

Q fever infection in Thuringia, Germany, after burial of roe deer fawn cadavers (Capreolus capreolus): A case report. New Microbes
New Infect. 2015, 8, 19–20. [CrossRef]

34. Sidi-Boumedine, K.; Adam, G.; Angen, O.; Aspan, A.; Bossers, A.; Roest, H.J.; Prigent, M.; Thiery, R.; Rousset, E. Whole genome
PCR scanning (WGPS) of Coxiella burnetii strains from ruminants. Microbes Infect. 2015, 17, 772–775. [CrossRef] [PubMed]

http://doi.org/10.2307/4582746
http://doi.org/10.2307/4586402
http://doi.org/10.2807/ese.18.08.20407-en
http://doi.org/10.1016/j.smallrumres.2013.12.006
http://doi.org/10.1128/CMR.12.4.518
http://doi.org/10.1186/1751-0147-55-13
http://doi.org/10.12834/VetIt.1113.6046.3
http://www.ncbi.nlm.nih.gov/pubmed/30681125
http://doi.org/10.1016/j.jinf.2006.10.048
http://www.ncbi.nlm.nih.gov/pubmed/17147957
http://doi.org/10.17582/journal.pjz/2019.51.1.135.140
http://doi.org/10.1016/j.actatropica.2016.11.011
http://www.ncbi.nlm.nih.gov/pubmed/27845064
http://doi.org/10.3201/eid1007.030724
http://www.ncbi.nlm.nih.gov/pubmed/15324547
http://doi.org/10.1186/s12879-018-3135-4
http://www.ncbi.nlm.nih.gov/pubmed/29764368
http://doi.org/10.1017/S0950268810002268
http://www.ncbi.nlm.nih.gov/pubmed/20920383
http://doi.org/10.1016/j.rvsc.2003.09.001
http://doi.org/10.1089/vbz.2016.1958
http://www.ncbi.nlm.nih.gov/pubmed/28055578
http://doi.org/10.1016/j.ijheh.2013.04.004
http://www.ncbi.nlm.nih.gov/pubmed/23707055
http://doi.org/10.3390/ijms18122509
http://www.ncbi.nlm.nih.gov/pubmed/29168790
http://doi.org/10.3389/fcimb.2021.754455
http://www.ncbi.nlm.nih.gov/pubmed/34796128
http://doi.org/10.1016/j.actatropica.2016.02.012
http://www.ncbi.nlm.nih.gov/pubmed/26899680
http://doi.org/10.3201/eid0802.010164
http://www.ncbi.nlm.nih.gov/pubmed/11897082
http://doi.org/10.1371/journal.pone.0165784
http://doi.org/10.1016/j.vetmic.2014.09.034
http://doi.org/10.1016/j.jinf.2015.04.024
http://www.ncbi.nlm.nih.gov/pubmed/25917809
http://doi.org/10.1016/j.vetmic.2015.02.011
http://doi.org/10.1016/j.nmni.2015.09.006
http://doi.org/10.1016/j.micinf.2015.08.003
http://www.ncbi.nlm.nih.gov/pubmed/26315064


Microorganisms 2022, 10, 1530 14 of 17

35. Berri, M.; Laroucau, K.; Rodolakis, A. The detection of Coxiella burnetii from ovine genital swabs, milk and fecal samples by the
use of a single touchdown polymerase chain reaction. Vet. Microbiol. 2000, 72, 285–293. [CrossRef]

36. Selim, A.; Elhaig, M. Q fever in domestic small ruminant. J. Anim. Vet. Adv. 2016, 11, 1–8. [CrossRef]
37. Bontje, D.M.; Backer, J.A.; Hogerwerf, L.; Roest, H.I.J.; van Roermund, H.J.W. 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. [CrossRef]
38. Samuel, J.E.; Hendrix, L.R. Laboratory maintenance of Coxiella burnetii. Curr. Protoc. Microbiol. 2009, 15, 6C.1.1–6C.1.16. [CrossRef]

[PubMed]
39. Mertens, K.; Gerlach, C.; Neubauer, H.; Henning, K. Q fever-An Update. Curr. Clin. Microbiol. Rep. 2017, 4, 61–70. [CrossRef]
40. Kersh, G.J.; Fitzpatrick, K.A.; Self, J.S.; Priestley, R.A.; Kelly, A.J.; Lash, R.R.; Marsden-Haug, N.; Nett, R.J.; Bjork, A.;

Massung, R.F.; et al. Presence and persistence of Coxiella burnetii in the environments of goat farms associated with a Q
fever outbreak. Appl. Environ. Microbiol. 2013, 79, 1697–1703. [CrossRef] [PubMed]

41. Raoult, D.; Vestris, G.; Enea, M. Isolation of 16 strains of Coxiella burnetii from patients by using a sensitive centrifugation cell
culture system and establishment of the strains in HEL cells. J. Clin. Microbiol. 1990, 28, 2482–2484. [CrossRef] [PubMed]

42. Mediannikov, O.; Fenollar, F.; Socolovschi, C.; Diatta, G.; Bassene, H.; Molez, J.F.; Sokhna, C.; Trape, J.F.; Raoult, D. Coxiella burnetii
in humans and ticks in rural Senegal. PLoS Negl. Trop. Dis. 2010, 4, e654. [CrossRef]

43. Santos, A.S.; Tilburg, J.J.; Botelho, A.; Barahona, M.J.; Nuncio, M.S.; Nabuurs-Franssen, M.H.; Klaassen, C.H. Genotypic diversity
of clinical Coxiella burnetii isolates from Portugal based on MST and MLVA typing. Int. J. Med. Microbiol. 2012, 302, 253–256.
[CrossRef] [PubMed]

44. Scott, G.H.; Williams, J.C.; Stephenson, E.H. Animal models in Q fever: Pathological responses of inbred mice to phase I Coxiella
burnetii. J. Gen. Microbiol. 1987, 133, 691–700. [CrossRef] [PubMed]

45. Omsland, A.; Cockrell, D.C.; Fischer, E.R.; Heinzen, R.A. Sustained axenic metabolic activity by the obligate intracellular
bacterium Coxiella burnetii. J. Bacteriol. 2008, 190, 3203–3212. [CrossRef]

46. Omsland, A.; Heinzen, R.A. Life on the outside: The rescue of Coxiella burnetii from its host cell. Annu. Rev. Microbiol. 2011,
65, 111–128. [CrossRef]

47. Astobiza, I.; Tilburg, J.J.; Pinero, A.; Hurtado, A.; Garcia-Perez, A.L.; Nabuurs-Franssen, M.H.; Klaassen, C.H. Genotyping of
Coxiella burnetii from domestic ruminants in northern Spain. BMC Vet. Res. 2012, 8, 241. [CrossRef]

48. Sulyok, K.M.; Kreizinger, Z.; Hornstra, H.M.; Pearson, T.; Szigeti, A.; Dan, A.; Balla, E.; Keim, P.S.; Gyuranecz, M. Genotyping of
Coxiella burnetii from domestic ruminants and human in Hungary: Indication of various genotypes. BMC Vet. Res. 2014, 10, 107.
[CrossRef] [PubMed]

49. Pinero, A.; Barandika, J.F.; Garcia-Perez, A.L.; Hurtado, A. Genetic diversity and variation over time of Coxiella burnetii genotypes
in dairy cattle and the farm environment. Infect. Genet. Evol. 2015, 31, 231–235. [CrossRef] [PubMed]

50. Klaassen, C.H.; Nabuurs-Franssen, M.H.; Tilburg, J.J.; Hamans, M.A.; Horrevorts, A.M. Multigenotype Q fever outbreak, the
Netherlands. Emerg. Infect. Dis. 2009, 15, 613–614. [CrossRef] [PubMed]

51. Polo, M.F.; Mastrandrea, S.; Santoru, L.; Arcadu, A.; Masala, G.; Marras, V.; Bagella, G.; Sechi, M.M.; Tanda, F.; Pirina, P. Pulmonary
inflammatory pseudotumor due to Coxiella burnetii. Case report and literature review. Microbes Infect. 2015, 17, 795–798. [CrossRef]
[PubMed]

52. Van Leuken, J.P.G.; Swart, A.N.; Brandsma, J.; Terink, W.; Van de Kassteele, J.; Droogers, P.; Sauter, F.; Havelaar, A.H.; Van
der Hoek, W. Human Q fever incidence is associated to spatiotemporal environmental conditions. One Health 2016, 2, 77–87.
[CrossRef] [PubMed]

53. Seshadri, R.; Paulsen, I.T.; Eisen, J.A.; Read, T.D.; Nelson, K.E.; Nelson, W.C.; Ward, N.L.; Tettelin, H.; Davidsen, T.M.;
Beanan, M.J.; et al. Complete genome sequence of the Q-fever pathogen Coxiella burnetii. Proc. Natl. Acad. Sci. USA 2003,
100, 5455–5460. [CrossRef] [PubMed]

54. de Bruin, A.; van Alphen, P.T.; van der Plaats, R.Q.; de Heer, L.N.; Reusken, C.B.; van Rotterdam, B.J.; Janse, I. Molecular typing
of Coxiella burnetii from animal and environmental matrices during Q fever epidemics in the Netherlands. BMC Vet. Res. 2012,
8, 165–174. [CrossRef]

55. Baziaka, F.; Karaiskos, I.; Galani, L.; Barmpouti, E.; Konstantinidis, S.; Kitas, G.; Giamarellou, H. Large vessel vasculitis in a
patient with acute Q-fever: A case report. IDCases 2014, 1, 56–59. [CrossRef]

56. Ullah, Q.; El-Adawy, H.; Jamil, T.; Jamil, H.; Qureshi, Z.I.; Saqib, M.; Ullah, S.; Shah, M.K.; Khan, A.Z.; Zubair, M.; et al. Serological
and molecular investigation of Coxiella burnetii in small ruminants and ticks in Punjab, Pakistan. Int. J. Environ. Res. Public Health
2019, 16, 4271. [CrossRef] [PubMed]

57. Miceli, M.H.; Veryser, A.K.; Anderson, A.D.; Hofinger, D.; Lee, S.A.; Tancik, C. A case of person-to-person transmission of Q fever
from an active duty serviceman to his spouse. Vector Borne Zoonotic Dis. 2010, 10, 539–541. [CrossRef] [PubMed]

58. Toledo, A.; Jado, I.; Olmeda, A.S.; Casado-Nistal, M.A.; Gil, H.; Escudero, R.; Anda, P. Detection of Coxiella burnetii in ticks
collected from Central Spain. Vector Borne Zoonotic Dis. 2009, 9, 465–468. [CrossRef] [PubMed]

59. Sprong, H.; Tijsse-Klasen, E.; Langelaar, M.; De Bruin, A.; Fonville, M.; Gassner, F.; Takken, W.; Van Wieren, S.; Nijhof, A.; Jongejan, F.; et al.
Prevalence of Coxiella burnetii in ticks after a large outbreak of Q fever. Zoonoses Public Health 2012, 59, 69–75. [CrossRef]

60. Cong, W.; Meng, Q.F.; Shan, X.F.; Sun, W.W.; Kang, Y.H.; Chen, L.; Wang, W.L.; Qian, A.D. Coxiella burnetii (Q fever) infection in
farmed ruminants in three northeastern provinces and Inner Mongolia autonomous region, China. Vector Borne Zoonotic Dis.
2015, 15, 512–514. [CrossRef]

http://doi.org/10.1016/S0378-1135(99)00178-9
http://doi.org/10.3923/ajava.2016.1.8
http://doi.org/10.1016/j.prevetmed.2015.11.004
http://doi.org/10.1002/9780471729259.mc06c01s15
http://www.ncbi.nlm.nih.gov/pubmed/19885942
http://doi.org/10.1007/s40588-017-0059-5
http://doi.org/10.1128/AEM.03472-12
http://www.ncbi.nlm.nih.gov/pubmed/23315737
http://doi.org/10.1128/jcm.28.11.2482-2484.1990
http://www.ncbi.nlm.nih.gov/pubmed/2254424
http://doi.org/10.1371/journal.pntd.0000654
http://doi.org/10.1016/j.ijmm.2012.08.003
http://www.ncbi.nlm.nih.gov/pubmed/23040417
http://doi.org/10.1099/00221287-133-3-691
http://www.ncbi.nlm.nih.gov/pubmed/3655728
http://doi.org/10.1128/JB.01911-07
http://doi.org/10.1146/annurev-micro-090110-102927
http://doi.org/10.1186/1746-6148-8-241
http://doi.org/10.1186/1746-6148-10-107
http://www.ncbi.nlm.nih.gov/pubmed/24885415
http://doi.org/10.1016/j.meegid.2015.02.006
http://www.ncbi.nlm.nih.gov/pubmed/25684412
http://doi.org/10.3201/eid1504.081612
http://www.ncbi.nlm.nih.gov/pubmed/19331749
http://doi.org/10.1016/j.micinf.2015.08.008
http://www.ncbi.nlm.nih.gov/pubmed/26342254
http://doi.org/10.1016/j.onehlt.2016.03.004
http://www.ncbi.nlm.nih.gov/pubmed/28616479
http://doi.org/10.1073/pnas.0931379100
http://www.ncbi.nlm.nih.gov/pubmed/12704232
http://doi.org/10.1186/1746-6148-8-165
http://doi.org/10.1016/j.idcr.2014.07.004
http://doi.org/10.3390/ijerph16214271
http://www.ncbi.nlm.nih.gov/pubmed/31689887
http://doi.org/10.1089/vbz.2009.0101
http://www.ncbi.nlm.nih.gov/pubmed/20020811
http://doi.org/10.1089/vbz.2008.0070
http://www.ncbi.nlm.nih.gov/pubmed/18945192
http://doi.org/10.1111/j.1863-2378.2011.01421.x
http://doi.org/10.1089/vbz.2015.1789


Microorganisms 2022, 10, 1530 15 of 17

61. Khaled, H.; Sidi-Boumedine, K.; Merdja, S.; Dufour, P.; Dahmani, A.; Thiéry, R.; Rousset, E.; Bouyoucef, A. Serological and
molecular evidence of Q fever among small ruminant flocks in Algeria. Comp. Immunol. Microbiol. Infect. Dis. 2016, 47, 19–25.
[CrossRef] [PubMed]

62. Freick, M.; Enbergs, H.; Walraph, J.; Diller, R.; Weber, J.; Konrath, A. Coxiella burnetii: Serological reactions and bacterial shedding
in primiparous dairy cows in an endemically infected herd-impact on milk yield and fertility. Reprod. Domest. Anim. 2017,
52, 160–169. [CrossRef]

63. Mori, M.; Boarbi, S.; Michel, P.; Bakinahe, R.; Rits, K.; Wattiau, P.; Fretin, D. In vitro and in vivo infectious potential of
Coxiella burnetii: A study on Belgian livestock isolates. PLoS ONE 2013, 8, e67622. [CrossRef]

64. Lucchese, L.; Capello, K.; Barberio, A.; Zuliani, F.; Stegeman, A.; Ceglie, L.; Guerrini, E.; Marangon, S.; Natale, A. IFAT and
ELISA phase I/phase II as tools for the identification of Q fever chronic milk shedders in cattle. Vet. Microbiol. 2015, 179, 102–108.
[CrossRef] [PubMed]

65. Guatteo, R.; Beaudeau, F.; Joly, A.; Seegers, H. Coxiella burnetii shedding by dairy cows. Vet. Res. 2007, 38, 849–860. [CrossRef]
[PubMed]

66. Sting, R.; Molz, K.; Philipp, W.; Bothe, F.; Runge, M.; Ganter, M. Quantitative real-time PCR and phase specific serology are
mutually supportive in Q fever diagnostics in goats. Vet. Microbiol. 2013, 167, 600–608. [CrossRef] [PubMed]

67. Saglam, A.G.; Sahin, M. Coxiella burnetii in samples from cattle herds and sheep flocks in the Kars region of Turkey. Vet. Med.
2016, 1, 17–22. [CrossRef]

68. Mohammed, O.B.; Jarelnabi, A.A.; Aljumaah, R.S.; Alshaikh, M.A.; Bakhiet, A.O.; Omer, S.A.; Alagaili, A.N.; Hussein, M.F.
Coxiella burnetii, the causative agent of Q fever in Saudi Arabia: Molecular detection from camel and other domestic livestock.
Asian Pac. J. Trop. Med. 2014, 7, 715–719. [CrossRef]

69. Shah, S.Y.; Kovacs, C.; Tan, C.D.; Pettersson, G.; Shrestha, N.K.; Lutwick, L.; Gordon, S.M. Delayed diagnosis of Q fever
endocarditis in a rheumatoid arthritis patient. IDCases 2015, 2, 94–96. [CrossRef]

70. Angelakis, E.; Raoult, D. Q Fever. Vet. Microbiol. 2010, 140, 297–309. [CrossRef]
71. Roest, H.I.J. Coxiella burnetii in Pregnant Goats. Ph.D. Thesis, Utrecht University, Utrecht, The Nederlands, 2013.
72. van Schaik, E.J.; Chen, C.; Mertens, K.; Weber, M.M.; Samuel, J.E. Molecular pathogenesis of the obligate intracellular bacterium

Coxiella burnetii. Nat. Rev. Microbiol. 2013, 11, 561–573. [CrossRef]
73. Van den Brom, R.; van Engelen, E.; Roest, H.I.; van der Hoek, W.; Vellema, P. Coxiella burnetii infections in sheep or goats: An

opinionated review. Vet. Microbiol. 2015, 181, 119–129. [CrossRef] [PubMed]
74. Wouda, W.; Dercksen, D.P. Abortion and stillbirth among dairy goats as a consequence of Coxiella burnetii. Tijdschr Diergeneeskd

2007, 132, 908–911. [PubMed]
75. Chakrabartty, A.; Bhattacharjee, P.; Sarker, R.; Rahman, A.; Henning, K.; Neubauer, H.; Rahman, M. Prevalence of Coxiella burnetii

infection in cattle, black bengal goats and ticks in Bangladesh. Bangladesh J. Vet. Med. 2016, 14, 65–68. [CrossRef]
76. van den Brom, R.; van Engelen, E.; Luttikholt, S.; Moll, L.; van Maanen, K.; Vellema, P. Coxiella burnetii in bulk tank milk samples

from dairy goat and dairy sheep farms in the Netherlands in 2008. Vet. Rec. 2012, 170, 310. [CrossRef] [PubMed]
77. Isken, L.D.; Kraaij-Dirkzwager, M.; Vermeer-de Bondt, P.E.; Rumke, H.C.; Wijkmans, C.; Opstelten, W.; Timen, A. Implementation

of a Q fever vaccination program for high-risk patients in the Netherlands. Vaccine 2013, 31, 2617–2622. [CrossRef] [PubMed]
78. Keijmel, S.P.; Saxe, J.; van der Meer, J.W.M.; Nikolaus, S.; Netea, M.G.; Bleijenberg, G.; Bleeker-Rovers, C.P.; Knoop, H. A

comparison of patients with Q fever fatigue syndrome and patients with chronic fatigue syndrome with a focus on inflammatory
markers and possible fatigue perpetuating cognitions and behaviour. J. Psychosom. Res. 2015, 79, 295–302. [CrossRef] [PubMed]

79. van Asseldonk, M.A.; Prins, J.; Bergevoet, R.H. Economic assessment of Q fever in the Netherlands. Prev. Vet. Med. 2013,
112, 27–34. [CrossRef] [PubMed]

80. van der Hoek, W.; Meekelenkamp, J.C.; Leenders, A.C.; Wijers, N.; Notermans, D.W.; Hukkelhoven, C.W. Antibodies against
Coxiella burnetii and pregnancy outcome during the 2007–2008 Q fever outbreaks in The Netherlands. BMC Infect. Dis. 2011,
11, 44. [CrossRef]

81. van Asseldonk, M.A.; Bontje, D.M.; Backer, J.A.; Roermund, H.J.; Bergevoet, R.H. Economic aspects of Q fever control in dairy
goats. Prev. Vet. Med. 2015, 121, 115–122. [CrossRef] [PubMed]

82. Duron, O.; Sidi-Boumedine, K.; Rousset, E.; Moutailler, S.; Jourdain, E. The importance of ticks in Q fever transmission: What has
(and has not) been demonstrated? Trends Parasitol. 2015, 31, 536–552. [CrossRef]

83. Ganter, M. Zoonotic risks from small ruminants. Vet. Microbiol. 2015, 181, 53–65. [CrossRef]
84. Niemczuk, K.; Szymanska-Czerwinska, M.; Smietanka, K.; Bocian, L. Comparison of diagnostic potential of serological, molecular

and cell culture methods for detection of Q fever in ruminants. Vet. Microbiol. 2014, 171, 147–152. [CrossRef] [PubMed]
85. Meekelenkamp, J.C.; Schneeberger, P.M.; Wever, P.C.; Leenders, A.C. Comparison of ELISA and indirect immunofluorescent

antibody assay detecting Coxiella burnetii IgM phase II for the diagnosis of acute Q fever. Eur. J. Clin. Microbiol. Infect. Dis. 2012,
31, 1267–1270. [CrossRef] [PubMed]

86. Muleme, M.; Stenos, J.; Vincent, G.; Campbell, A.; Graves, S.; Warner, S.; Devlin, J.M.; Nguyen, C.; Stevenson, M.A.;
Wilks, C.R.; et al. Bayesian validation of the indirect immunofluorescence assay and its superiority to the enzyme-linked
immunosorbent assay and the complement fixation test for detecting antibodies against Coxiella burnetii in goat serum. Clin.
Vaccine Immunol. 2016, 23, 507–514. [CrossRef]

http://doi.org/10.1016/j.cimid.2016.05.002
http://www.ncbi.nlm.nih.gov/pubmed/27477503
http://doi.org/10.1111/rda.12878
http://doi.org/10.1371/journal.pone.0067622
http://doi.org/10.1016/j.vetmic.2015.02.010
http://www.ncbi.nlm.nih.gov/pubmed/25769644
http://doi.org/10.1051/vetres:2007038
http://www.ncbi.nlm.nih.gov/pubmed/17903418
http://doi.org/10.1016/j.vetmic.2013.09.015
http://www.ncbi.nlm.nih.gov/pubmed/24095624
http://doi.org/10.17221/8678-VETMED
http://doi.org/10.1016/S1995-7645(14)60122-X
http://doi.org/10.1016/j.idcr.2015.09.002
http://doi.org/10.1016/j.vetmic.2009.07.016
http://doi.org/10.1038/nrmicro3049
http://doi.org/10.1016/j.vetmic.2015.07.011
http://www.ncbi.nlm.nih.gov/pubmed/26315774
http://www.ncbi.nlm.nih.gov/pubmed/18085173
http://doi.org/10.3329/bjvm.v14i1.28827
http://doi.org/10.1136/vr.100304
http://www.ncbi.nlm.nih.gov/pubmed/22351793
http://doi.org/10.1016/j.vaccine.2013.03.062
http://www.ncbi.nlm.nih.gov/pubmed/23583810
http://doi.org/10.1016/j.jpsychores.2015.07.005
http://www.ncbi.nlm.nih.gov/pubmed/26272528
http://doi.org/10.1016/j.prevetmed.2013.06.002
http://www.ncbi.nlm.nih.gov/pubmed/23866818
http://doi.org/10.1186/1471-2334-11-44
http://doi.org/10.1016/j.prevetmed.2015.06.010
http://www.ncbi.nlm.nih.gov/pubmed/26164531
http://doi.org/10.1016/j.pt.2015.06.014
http://doi.org/10.1016/j.vetmic.2015.07.015
http://doi.org/10.1016/j.vetmic.2014.03.015
http://www.ncbi.nlm.nih.gov/pubmed/24725446
http://doi.org/10.1007/s10096-011-1438-0
http://www.ncbi.nlm.nih.gov/pubmed/21997772
http://doi.org/10.1128/CVI.00724-15


Microorganisms 2022, 10, 1530 16 of 17

87. Wielders, C.C.; Teunis, P.F.; Hermans, M.H.; van der Hoek, W.; Schneeberger, P.M. Kinetics of antibody response to Coxiella
burnetii infection (Q fever): Estimation of the seroresponse onset from antibody levels. Epidemics 2015, 13, 37–43. [CrossRef]

88. Ferraz, R.V.; Andrade, M.; Silva, F.; Andrade, P.; Carvalho, C.; Torres, J.P.; Almeida, J.; Sarmento, A.; Santos, L. Chronic Q fever: A
missed prosthetic valve endocarditis possibly for years. IDCases 2016, 6, 55–57. [CrossRef] [PubMed]

89. Herremans, T.; Hogema, B.M.; Nabuurs, M.; Peeters, M.; Wegdam-Blans, M.; Schneeberger, P.; Nijhuis, C.; Notermans, D.W.;
Galama, J.; Horrevorts, A.; et al. Comparison of the performance of IFA, CFA, and ELISA assays for the serodiagnosis of acute Q
fever by quality assessment. Diagn. Microbiol. Infect. Dis. 2013, 75, 16–21. [CrossRef]

90. Pan, L.; Zhang, L.; Fan, D.; Zhang, X.; Liu, H.; Lu, Q.; Xu, Q. Rapid, simple and sensitive detection of Q fever by loop-mediated
isothermal amplification of the htpAB gene. PLoS Negl. Trop. Dis. 2013, 7, e2231. [CrossRef]

91. Ohlson, A.; Malmsten, J.; Frossling, J.; Bolske, G.; Aspan, A.; Dalin, A.M.; Lindberg, A. Surveys on Coxiella burnetii infections in
Swedish cattle, sheep, goats and moose. Acta Vet. Scand. 2014, 56, 39. [CrossRef] [PubMed]

92. Hussain, S.; Saqib, M.; El-Adawy, H.; Hussain, M.H.; Jamil, T.; Sajid, M.S.; Alvi, M.A.; Ghafoor, M.; Tayyab, M.H.; Abbas, Z.; et al.
Seroprevalence and molecular evidence of Coxiella burnetii in dromedary camels of Pakistan. Front. Vet. Sci. 2022, 9, 908479.
[CrossRef] [PubMed]

93. Khalili, M.; Diali, H.G.; Mirza, H.N.; Mosavi, S.M. Detection of Coxiella burnetii by PCR in bulk tank milk samples from dairy
caprine herds in southeast of Iran. Asian. Pac. J. Trop. Dis. 2015, 5, 119–122. [CrossRef]

94. Meadows, S.; Jones-Bitton, A.; McEwen, S.A.; Jansen, J.; Patel, S.N.; Filejski, C.; Menzies, P. Coxiella burnetii (Q Fever) seropositivity
and associated risk factors in sheep and goat farm workers in Ontario, Canada. Vector Borne Zoonotic Dis. 2016, 16, 643–649.
[CrossRef]

95. DePuy, W.; Benka, V.; Massey, A.; Deem, S.L.; Kinnaird, M.; O’Brien, T.; Wanyoike, S.; Njoka, J.; Butt, B.; Foufopoulos, J.; et al.
Q fever risk across a dynamic, heterogeneous landscape in Laikipia County, Kenya. EcoHealth 2014, 11, 429–433. [CrossRef]
[PubMed]

96. Bellini, C.; Magouras, I.; Chapuis-Taillard, C.; Clerc, O.; Masserey, E.; Peduto, G.; Peter, O.; Schaerrer, S.; Schuepbach, G.; Greub, G.
Q fever outbreak in the terraced vineyards of Lavaux, Switzerland. New Microbes New Infect. 2014, 2, 93–99. [CrossRef]

97. Lacasta, D.; Ferrer, L.M.; Ramos, J.J.; Gonzalez, J.M.; Ortin, A.; Fthenakis, G.C. Vaccination schedules in small ruminant farms.
Vet. Microbiol. 2015, 181, 34–46. [CrossRef] [PubMed]

98. Schoffelen, T.; Herremans, T.; Sprong, T.; Nabuurs-Franssen, M.; Wever, P.C.; Joosten, L.A.; Netea, M.G.; van der Meer, J.W.;
Bijlmer, H.A.; van Deuren, M. Limited humoral and cellular responses to Q fever vaccination in older adults with risk factors for
chronic Q fever. J. Infect. 2013, 67, 565–573. [CrossRef] [PubMed]

99. Godinho, I.; Nogueira, E.L.; Santos, C.M.; Paulo, S.E.; Fortes, A.; Guerra, J.O.; Gomes da Costa, A. Chronic Q fever in a renal
transplant recipient: A case report. Transplant. Proc. 2015, 47, 1045–1047. [CrossRef]

100. Alves, J.; Almeida, F.; Duro, R.; Ferraz, R.; Silva, S.; Sobrinho-Simoes, J.; Sarmento, A. Presentation and diagnosis of acute Q fever
in Portugal-A case series. IDCases 2017, 7, 34–37. [CrossRef]

101. Schoffelen, T.; Self, J.S.; Fitzpatrick, K.A.; Netea, M.G.; van Deuren, M.; Joosten, L.A.; Kersh, G.J. Early cytokine and antibody
responses against Coxiella burnetii in aerosol infection of BALB/c mice. Diagn. Microbiol. Infect. Dis. 2015, 81, 234–239. [CrossRef]
[PubMed]

102. Chieng, D.; Janssen, J.; Benson, S.; Passage, J.; Lenzo, N. 18-FDG PET/ CT Scan in the diagnosis and follow-up of chronic Q fever
aortic valve endocarditis. Heart Lung Circ. 2016, 25, e17–e20. [CrossRef]

103. Anderson, A.; Menzies, P.; Plummer, P. Prevention and Control of Coxiella burnetii Infection among Humans and Animals: Guidance
for a Coordinated Public Health and Animal Health Response; National Association of State Public Health Veterinarians (NASPHV):
Silver Spring, MD, USA, 2013.

104. Ali, S.; Saeed, U.; Rizwan, M.; El-Adawy, H.; Mertens-Scholz, K.; Neubauer, H. Serological prevalence of and risk factors for
Coxiella burnetti infection in women of Punjab Province, Pakistan. Int. J. Environ. Res. Public Health 2022, 19, 4576. [CrossRef]
[PubMed]

105. Shabbir, M.Z.; Akram, S.; ul Hassan, Z.; Hanif, K.; Rabbani, M.; Muhammad, J.; Chaudhary, M.H.; Abbas, T.; Ghori, M.T.;
Rashid, H.; et al. Evidence of Coxiella burnetii in Punjab province, Pakistan. Acta Trop. 2016, 163, 61–69. [CrossRef]

106. Rashid, I.; Saqib, M.; Ahmad, T.; Sajid, M.S. Sero-prevalence and associated risk factors of q fever in cattle and buffaloes managed
at institutional dairy farms. Pak. Vet. J. 2019, 39, 221–225. [CrossRef]

107. Iqbal, M.Z.; Durrani, A.Z.; Khan, J.A.; Ahmad, N.; Usman, M.; Jabbar, A.; Usman, S.; Anjum, A.; Husnain, M.; Raza, N. Molecular
identification of Coxiella burnetii, and incidence and risk factors of coxiellosis in bovines of Punjab, Pakistan. Pak. J. Zool. 2021,
54, 1859–1867. [CrossRef]

108. Iatta, R.; Sazmand, A.; Nguyen, V.-L.; Nemati, F.; Ayaz, M.M.; Bahiraei, Z.; Zafari, S.; Giannico, A.; Greco, G.; Dantas-Torres, F.;
et al. Vector-borne pathogens in dogs of different regions of Iran and Pakistan. Parasitol. Res. 2021, 120, 4219–4228. [CrossRef]

109. Iqbal, M.Z.; Durrani, A.Z.; Khan, J.A.; Ahmad, N.; Usman, M.; Jabbar, A.; Khan, A.; Usman, S.; Anjum, A.; Husnain, M. Molecular
epidemiology of Coxiella burnetii in small ruminants in Punjab, Pakistan: A novel reporting analytical cross-sectional study. Trop.
Anim. Health Prod. 2021, 53, 1–8. [CrossRef] [PubMed]

110. Hussain, S.; Saqib, M.; Ashfaq, K.; Sindhu, Z.U.D. First molecular evidence of Coxiella burnetii in ticks collected from dromedary
Camels in Punjab, Pakistan. Pak. Vet. J. 2021, 1–5.

http://doi.org/10.1016/j.epidem.2015.07.001
http://doi.org/10.1016/j.idcr.2016.09.005
http://www.ncbi.nlm.nih.gov/pubmed/27713859
http://doi.org/10.1016/j.diagmicrobio.2012.09.001
http://doi.org/10.1371/journal.pntd.0002231
http://doi.org/10.1186/1751-0147-56-39
http://www.ncbi.nlm.nih.gov/pubmed/25007979
http://doi.org/10.3389/fvets.2022.908479
http://www.ncbi.nlm.nih.gov/pubmed/35782546
http://doi.org/10.1016/S2222-1808(14)60638-1
http://doi.org/10.1089/vbz.2015.1909
http://doi.org/10.1007/s10393-014-0924-0
http://www.ncbi.nlm.nih.gov/pubmed/24604546
http://doi.org/10.1002/nmi2.37
http://doi.org/10.1016/j.vetmic.2015.07.018
http://www.ncbi.nlm.nih.gov/pubmed/26220514
http://doi.org/10.1016/j.jinf.2013.08.008
http://www.ncbi.nlm.nih.gov/pubmed/23973626
http://doi.org/10.1016/j.transproceed.2015.03.022
http://doi.org/10.1016/j.idcr.2016.11.002
http://doi.org/10.1016/j.diagmicrobio.2014.12.008
http://www.ncbi.nlm.nih.gov/pubmed/25618420
http://doi.org/10.1016/j.hlc.2015.09.007
http://doi.org/10.3390/ijerph19084576
http://www.ncbi.nlm.nih.gov/pubmed/35457443
http://doi.org/10.1016/j.actatropica.2016.07.017
http://doi.org/10.29261/pakvetj/2019.029
http://doi.org/10.17582/journal.pjz/20210121170109
http://doi.org/10.1007/s00436-020-06992-x
http://doi.org/10.1007/s11250-020-02496-z
http://www.ncbi.nlm.nih.gov/pubmed/33394174


Microorganisms 2022, 10, 1530 17 of 17

111. Amin, F.; Ali, S.; Javid, A.; Imran, M.; Rashid, M.I.; Mertens-Scholz, K.; Neubauer, H. Sero-Epidemiology of Coxiella burnetii
infection in small ruminants in the eastern region of Punjab, Pakistan. Pathogens 2022, 11, 664. [CrossRef]

112. Ministry of National Health Services, Regulation and Coordination, Islamabad, Pakistan: Notification No.: F.No.1-
31/Misc/FEDSD/2017; Dated: 14 December 2017. Available online: https://www.nih.org.pk/wp-content/uploads/20
18/11/Notification-of-Priority-Diseases-in-Pakistan.pdf (accessed on 3 June 2022).

113. Zahid, M.U.; Hussain, M.H.; Saqib, M.; Neubauer, H.; Abbas, G.; Khan, I.; Mansoor, M.K.; Asi, M.N.; Ahmad, T.; Muhammad, G.
Seroprevalence of Q fever (coxiellosis) in small ruminants of two districts in Punjab, Pakistan. Vector Borne Zoonotic Dis. 2016,
16, 449–454. [CrossRef]

114. CDC, Islamabad, Pakistan. One Health Zoonotic Disease Prioritization Workshop in Pakistan. 2017. Available online: https:
//www.cdc.gov/onehealth/pdfs/Pakistan-508.pdf (accessed on 3 June 2022).

115. Jamil, T.; Khan, A.U.; Saqib, M.; Hussain, M.H.; Melzer, F.; Rehman, A.; Shabbir, M.Z.; Khan, M.A.; Ali, S.; Shahzad, A.; et al.
Animal and human brucellosis in Pakistan. Front. Public Health 2021, 9, 660508. [CrossRef]

http://doi.org/10.3390/pathogens11060664
https://www.nih.org.pk/wp-content/uploads/2018/11/Notification-of-Priority-Diseases-in-Pakistan.pdf
https://www.nih.org.pk/wp-content/uploads/2018/11/Notification-of-Priority-Diseases-in-Pakistan.pdf
http://doi.org/10.1089/vbz.2015.1852
https://www.cdc.gov/onehealth/pdfs/Pakistan-508.pdf
https://www.cdc.gov/onehealth/pdfs/Pakistan-508.pdf
http://doi.org/10.3389/fpubh.2021.660508

	History and Background 
	Coxiella burnetii—The Etiological Agent 
	Isolation and Propagation 
	Embryonated Egg Inoculation 
	Cell Culture 
	Laboratory Animals 
	Axenic Media 

	Genome and Genetic Characterization 
	Transmission 
	Occurrence of Coxiella burnetii in Different Body Fluids and Tissues 
	Pathogenesis 
	Clinical Signs and Symptoms 
	Humans 
	Animal Infection 

	Diagnosis 
	Serological Tests 
	Staining 
	Polymerase Chain Reaction (PCR) 

	Prevention and Control 
	Treatment 
	Treatment in Humans 
	Treatment in Animals 

	Neglected Zoonosis in Pakistan 
	Conclusions 

	References

