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Abstract

Q fever, also known as query fever, is a zoonotic illness brought on by the Coxiella burnetii bacteria. This disease
was first discovered in 1935 in Queensland, Australia. Worldwide, Q fever is a disease that requires notification, and
certain nations classify it as a national health concern. A feature of C. burnetii is known as cell wall phase fluctuation.
Serological testing is the main method used to diagnose Q fever illnesses. Inhalation is the primary method of C. burnetii
transmission in both people and animals, with smaller amounts occurring through milk and milk product ingestion.
The bacterial strain that is causing the infection determines how severe it is. Q fever is a significant zoonosis that can
be dangerous for personnel working in veterinary laboratories, livestock breeding operations, and slaughterhouses due
to its high human contagiousness. Coxiella burnetii is a biological weapon that can be sprayed on food, water, or even
mail. It can also be employed as an aerosol. Antibiotics work well against this disease’s acute form, but as the infection
develops into a chronic form, treatment becomes more difficult and the illness frequently returns, which can result in a
high death rate. Vaccination has been demonstrated to lower the incidence of animal infections, C. burnetii shedding,
and abortion. Several hygienic precautions should be put in place during an outbreak to lessen the spread of disease
to animals.

Keywords: Aerosol, C. burnetii, Public health, Q fever, Zoonosis.

Introduction Coxiellaceae family and the Legionellales order of
Q fever, also known as query fever, is a zoonotic bacteria (Ohlopkova et al., 2023). The Q fever disease
illness caused by the Coxiella burnetii bacteria can infect dogs, cats, birds, fish, reptiles, arthropods,
(Ullah et al., 2022). Coxiella burnetii is a Gram- people, ruminants, and rodents (Porter et al., 2011).
negative y-proteobacterium that is a member of the Domestic ruminants, such as cattle, sheep, and goats, are
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commonly thought to be the primary reservoir of these
infections (Robi et al., 2023). During intraperitoneal
infection tests, this disease was found to be extremely
infectious in experimental rabbits (Eldin et al., 2017).
Q fever was first reported in Australia in 1935 and then
spread throughout the world until now (Celina and
Cerny, 2022). The understanding of this illness and C.
burnetii, the causal culprit, has advanced dramatically in
recent years. In most nations where systematic serology
is conducted, C. burnetii is acknowledged as a global
cause of endocarditis (Bozza et al., 2023). Q fever may
be a widespread cause of fever in intertropical zones,
according to research conducted in tropical regions and
recent wars in the Middle East (Ahmadinezhad et al.,
2022). Since the 2007 outbreak in the Netherlands,
where the disease sickened over 4,000 people, Q fever
has become more relevant to public health in the past
10 years (Bronner ef al., 2020).

Aecrosols tainted with bacteria are the most frequent
means of Q fever transmission (Miller et al., 2021).
The pathogenic bacterium that causes this disease,
C. burnetii, is highly contagious and spreads through
aerosol, making it potentially employed as a biological
weapon (Dragan and Voth, 2020). For this reason,
prompt and appropriate treatment is required in the
event of an outbreak. Wind can help the bacteria travel
away from the main site of infection, putting people
who live close to rural regions or have direct contact
with domestic ruminants at greater risk of getting
this bacterial infection (Clark and Magalhaes, 2018).
Though it is uncommon, human transmission of C.
burnetii infection can occur through ticks’ bites and the
consumption of unpasteurized milk or cheese (Abdali
etal.,2018).

Human Q fever manifests as an acute fever with
symptoms resembling those of influenza, frequently
accompanied by lung inflammation or pneumonia
(Miller et al., 2021). In contrast, Q fever is frequently
subclinical in animals (Ullah ef al., 2022). Severe Q
fever can cause fatal conditions such as liver failure,
brain inflammation, blood vessel abnormalities,
inflammation of the bones, and endocarditis, an
infection of the heart that frequently results in death.
Additionally, severe Q fever is a common cause of
abortion and infertility in ruminant animals (Miller
et al., 2021). According to recent studies, pulmonary
lesions can result from the aerosol transmission of
Q fever (Gregory et al., 2019). The development of
quick and precise Q fever diagnosis is still ongoing in
wealthy nations.

Due to its effects on human health, cattle’s
responsiveness to interventions, clinical severity, and
emergencies, Q fever has become a serious worry as it
has spread around the world, especially in developing
countries (Toledo-Perona et al., 2024). Despite being
a worldwide health concern, Q fever is underreported,
and disease surveillance is frequently disregarded.
So the aim of this review article is to explain the
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etiology, history, epidemiology, pathogenesis, clinical
symptoms, diagnosis, transmission, risk factors, public
health importance, potential as bioterrorism, treatment,
vaccination, and control of Q fever.

Etiology

Coxiella burnetii is a Gram-negative y-proteobacterium
that reproduces only inside cells (Sireci et al., 2021).
Prior names for C. burnetii were Rickettsia diaporica
and Rickettsia burnetii (Glrtler et al., 2014). The
organism’s present name commemorates its discoverer
and indicates its minuscule size. Despite having
historically been related to Rickettsia, C. burnetii is
currently classified by gene sequence analysis in the
family Coxiellaceae, order Legionella (Ohlopkova
et al., 2023). As a result, Coxiella is distinct from
ordinary Rickettsia in a few aspects.

Coxiella burnetii is a 0.3 x 1.0 pm coccobacillus
that exhibits significant pleomorphism (Shaw and
Voth, 2019). The outer and inner membranes of
this organism’s envelope are each 6.5 nm thick.
There is a layer of peptidoglycan between the two
membranes (Shepherd et al., 2023). Although Coxiella
is categorized as Gram-negative, staining might be
a Gram variable based on the mutation (Eldin et al.,
2017). The fact that this bacteria can cause illness
makes it one of the most contagious organisms. These
bacteria can also persist in the environment for long
periods of time due to their great stability (Anastacio
et al., 2022). Coxiella is an intracellular pathogen that
survives in phagolysosomes with a pH of 4.8. In these
environments, it can survive in infected cells without
endangering their viability (Samanta et al., 2019).

The developmental cycle of C. burnetii consists of
two stages: transverse binary fission and sporulation
(Tagesu, 2019). Because of its spore-like shape, it
is resistant to heat and disinfectants and has a very
extended environmental life span (Pexara ef al., 2018).
This spore-like appearance differs from the typical
spores found in Gram-positive species. The DNA is
filled with a protein that resembles histone Hcl in the
ground body of Chlamydia trachomatis but lacks the
cysteine-rich spore coat and dipicolinic acid present in
spores of Gram-positive bacteria (He ef al., 2024).
The two morphological forms of Coxiella, giant and
small, are shown by electron microscopy (Sitdikov
et al., 2020). This phenomenon differs from the
phenomena of phase variation and an organism’s
developmental phases. Host cells consume Coxiella
in its tiny variant form. Phagosomes that contain the
organism fuse with the main lysosomes (Wallqvist
et al., 2017). Because phagolysosomes have an acidic
pH, C. burnetii enzymes are activated and big-cell
variants are developed. These variants can then form
spores that are extremely resistant. There have been
descriptions of six different strain types: Dod, Biothere,
Hamilton, Bacca, Rasche, and Corazon (Long ef al.,
2019).
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History

In August 1935, the Queensland Department of Health
in Brisbane, Australia, ordered Dr. E. H. Derrick,
the Director of the Microbiology and Pathology
Laboratory, to look into a “fever-like” disease outbreak
among its abattoir workers that went untreated (Ullah
et al., 2022). The illness he called “Q” for “Query
fever”; “Q” for “Queensland”. Derrick injects blood
or urine from “Q” fever sufferers into guinea pigs.
The guinea pig then developed a fever (Sam et al.,
2023). Derrick sent a salt emulsion of diseased guinea
pig livers to Macfarlane Burnet in Melbourne after
failing to identify the agent causing the sickness. It
was possible for Burnet to separate organisms that
“seemed to be rickettsial” (Giirtler et al, 2014).
Nearly simultaneously, researchers at Rocky Mountain
Laboratory in Montana, Drs. Herald Rea Cox and
Gordon Davis, are investigating potential hay fever and
tularemia vectors found in the Rocky Mountains. Davis
fed guinea pigs fleas, which are thought to be the vector,
causing the guinea pigs to become ill (Christodoulou
etal., 2023).

Dr. Rolla Dyer, the director of the National Institutes
of Health, went to see Cox in Montana in May 1938
in order to refute Cox’s claim that he had grown a
significant amount of rickettsiae in embryonated
eggs. He became unwell 10 days later, experiencing
fever, chills, sweats, and retro-orbital pain. Guinea
pigs given 5 ml of blood on the sixth day of sickness
developed a fever after the injection (Dzul-Rosado
et al., 2013). Studies conducted later revealed that this
agent was the same as the Nine Mile agent that was
separated from ticks (Dragan and Voth, 2020). Burnet
delivered Dyer mice’s spleens in April 1938, and Dyer
demonstrated that the Q fever agent was the same as
the Nine Mile agent (Eldin ef al., 2017). To reflect the
filterable qualities of the Nine Mile agent, Cox gave it
the name Rickettsia diaporica (diaporica means having
the property or ability to pass through) (Vellema et al.,
2021). Meanwhile, Derrick proposes R. burnetii as the
name of the Q fever agent in Australia (Giirtler ef al.,
2014). Since it seemed that R. burnetii was different
from other rickettsiae in 1948, Cornelius B. Philip
suggested that this organism be regarded as a solitary
species within its own genus (Sam et al., 2023). He
recommended Coxiella as a name. The Q fever agent is
now known as C. burnetii (Ullah et al., 2022). In 1986,
Cox and Burnet passed away.

Epidemiology

Infected ruminants are usually the main source of
infection in most Q fever outbreaks, and the number
of cases is directly connected to the local livestock
population (Celina and Cerny, 2022). Pet animals,
particularly dogs and cats that are kept in close
proximity to their owners, are recognized to be
significant reservoirs of C. burnetii during urban
Q fever outbreaks, aside from livestock (Ma et al.,
2020). It has been hypothesized that dogs and cats

Z"j ‘turnltln Page 7 of 20 - Integrity Submission

may become infected through tick bites, eating raw
meat, drinking milk from infected animals, breathing
in aerosolized bacteria from the environment, or
preying on contaminated animal species, even though
the primary causes of infection in pets are still poorly
understood (Cyr et al., 2021).

Although less common than in livestock, C. burnetii
infections have been documented in other domestic
mammals, such as horses, pigs, camels, rabbits, water
buffalo, rats, and mice (Celina and Cerny, 2022). There
have been numerous reports of serological evidence
of C. burnetii infection in horses thus far (Akter et al.,
2020; Khademi et al., 2020). Horses are reservoirs for
C. burnetii, although their epidemiological significance
has not been sufficiently investigated.

Numerous wild species, both captive and in the wild,
are home to C. burnetii, which has been linked to the
spread of Q fever. Starting with birds, infections with
C. burnetii have been reported in both farm and pet
birds (Ebani and Mancianti, 2022). These include barn
common quail, swallows, Eclectus parrots, turkeys,
pheasants, wood-pigeons, pigeons, Italian sparrows,
rooks, Eurasian reed warblers, carrion crows, ravens,
house sparrows, white wagtails, redstarts, western
yellow wagtails, Japanese quail, black-headed gulls,
common terns, hooded crows, common starlings, black
kites, magpies, wild ducks, Eurasian griffon vultures,
fieldfare, thrush nightingale, willow warblers, common
blackbirds, turtle doves, great white pelicans, and wood
sandpipers (Celina and Cerny, 2022).

Coxiella burnetii was discovered in several earlier
studies onreptiles, where the bacterium was seropositive
in snakes and tortoises (Sander et al., 2021; Mendoza-
Roldan et al., 2023). Numerous mammal species have
been shown to be infected with C. burnetii. Cervids,
such as white-tailed deer, California mule deer, black-
tailed deer, and Rocky Mountain mule deer in the
United States, have been found to harbor C. burnetii
(Kirchgessner et al., 2013). Among the European
cervids that have been documented to be affected
include fallow, red, and roe deer (Ruiz-Fons et al.,
2008). Additionally, reports of Sika deer displaying
serological indications of infection have been made
from Japan (Ejercito ef al., 1993).

Moreover, hares, numerous rodent species, and wild
boars have all been found to harbor C. burnetii. In the
domestic cycle of C. burnetii, rodents are thought to
be important reservoirs of infection. Several rodent
species have been linked to coxiellosis in livestock
(Mangombi-Pambou et al., 2023). Furthermore, C.
burnetii has been linked to reproductive losses in exotic
ungulates kept in captivity, such as sable antelopes,
waterbucks, and numerous gazelles, including dama
gazelle, Cuvier’s gazelle, and arbor gazelle (Gonzalez-
Barrio and Ruiz-Fons, 2019).

In addition to land mammals, marine animals such
as sea otters, northern fur seals, steller sea lions, and
harbor seals have been shown to contain C. burnetii
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(Minor et al., 2013). Coyotes, wild cats, jaguars, red
foxes, western grey kangaroos, common genets, North
African hedgehogs, and Amur hedgehogs are among
the other mammals that have been found to carry C.
burnetii (Celina and Cerny, 2022).

Q fever is a disease that requires worldwide notification
(except from New Zealand), and certain nations classify
it as a national health concern (Salifu et al., 2019).
The prevalence varies significantly across nations as a
result of potential subnotification and epidemiological
gaps. Q fever occasionally breaks out in endemic areas,
usually following the completion of dangerous tasks
like employment in slaughterhouses or agriculture
(Epelboin et al., 2021). It is believed that ticks or other
arthropods carry the disease, with domestic animals
serving as a secondary reservoir despite wild animals
being the primary reservoir (Eldin ef al., 2017). From
2003 to 2017, there were 400-600 cases reported
annually in Australia (Miller et al., 2021).

In 1940, 15 people were infected in the United States
after the start of the Q fever study at the National
Institutes of Health. Then, in 1946, the illness struck
47 individuals in the same area (Dragan and Voth,
2020). Since not all affected individuals work directly
with the disease, it is thought that improper handling
of the bacteria is what caused the agent to be released
into the facility’s air in these cases. Cases in the nation
were first reported to the Centers for Disease Control
and Prevention in 1999; between 2016 and 2018, there
were between 164 and 215 cases reported (Cho ef al.,
2023).

In 1955, nine nations in Africa reported differing
numbers of cases of Q fever, making it the third
continent to be documented with the illness (Sadiki
et al., 2023). The disease arrived in South America
that same year, with the first case being reported in a
slaughterhouse in Cayenne, French Guiana (Thill et al.,
2022). South America has long experienced sporadic
instances; in 2005, there were 150 cases per 100,000
people (Fernandes and de Lemos, 2023).

The Netherlands experienced the greatest Q fever
outbreak in history between 2007 and 2010. There have
been at least 4,000 acute cases and an estimated 40,000
total illnesses as a result of the seasonal outbreak (van
der Hoek et al., 2012). The sick individuals were not all
directly involved with animals, but many were situated
near dairy farms (Byeon et al., 2022). When public
health initiatives were ineffective, it was determined
to methodically kill pregnant animals, which resulted
in the slaughter of over 50,000 animals (Schneeberger
et al., 2014). Animal vaccinations are used to control
this disease.

Pathogenesis

A feature of C. burnetii is known as cell wall phase
fluctuation (Beare et al., 2018). Phase I bacteria
are extremely pathogenic and possess whole
lipopolysaccharide (LPS) molecules (Williams-
Macdonald et al., 2023). It is possible to separate this
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lethal strain of the bacteria from infected humans,
animals, and fleas. However, Phase I bacteria can be
serially passed in chicken embryonates or in cell culture
to produce Phase II bacteria, which are avirulent (Sireci
et al., 2021). Stage II LPS is abrasive and jagged. The
two antigenic variants of C. burnetii have different
cell densities, surface charges, and surface protein
configurations in addition to LPS (Howe ef al., 2010).
There are two distinct morphological forms of C.
burnetii: the small-cell variant (SCV) and the large-
cell variant (LCV) (Sobotta et al., 2017). LCV is larger
and has fewer electron-rich centers than SCV, which is
a less replicative and metabolically inactive form with
a compact rod shape and a dense core region (Claudel
et al., 2020). Environmental pollution results from the
discharge of this SCV by diseased animals (Gerba,
2015).

Inhalation is the primary method of C. burnetii
transmission in both people and animals, with smaller
amounts occurring through milk and milk product
ingestion (Knobel et al, 2013). Bacteria adhere
to the cell membranes of phagocytes (monocytes/
macrophages) once they have entered the body.
While integrin avb3 and the complement receptor
CR3 mediate the attachment of avirulent bacteria to
phagocytic cells, integrin avb3 starts the attachment of
virulent bacteria to these cells (Walbaum et al., 2021).
Phagocytic cells allow phase I bacteria to persist,
whereas phase II bacteria are destroyed. Furthermore,
host cells phagocytose many fewer Phase I bacteria
than Phase II germs (Howe et al., 2010).

Monocytes and macrophages phagocytose SCVs,
which then enter the phagolysosome (Szulc-Dabrowska
et al., 2020). Here, the SCV merges with the lysosomal
contents, changes into a form that is metabolically
active, grows vegetatively, and eventually becomes the
LCV. Normally, this phagolysosomal niche contains
both antigenic variants of C. burnetii (Sobotta et al.,
2016). Nevertheless, Phase II bacteria were promptly
eradicated. C. burnetii grows particularly well in the
acidic environment of phagolysosomes (Kodori ef al.,
2023). The organism’s propensity to acquire chronic
infections and its capacity for reproduction in acidic
phagolysosomes are particularly significant. This acidic
niche is where metabolically active Phase I bacteria
complete their whole developmental cycle (Shepherd
et al., 2023). Because of its acidic pH, C. burnetii can
grow and thrive while being shielded from the harmful
effects of many antimicrobials (Smith ez al., 2019).
The function of host cellular immunity in infected
human patients is not well understood. Specific IgG
and IgM Phase II antibodies can be detected in goats’
blood 2 weeks after infection, and their titers can
stay elevated for up to 13 weeks. This is indicative
of the immunological response of goats to C. burnetii
infection (Muleme et al., 2017). After 4 weeks of
Phase II antibodies, Phase I antibodies appear. The
immunological response to C. burnetii can linger
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anywhere from a few months to several years (Kersh
et al, 2013). The primary source of metabolically
active LCV is placental trophoblasts (Gauster et al.,
2022). During an acute infection, the organism is found
in the host’s lungs, liver, spleen, and blood (Anastacio
et al., 2022). In non-pregnant animals, the condition is
primarily asymptomatic; however, in pregnant animals,
the most significant clinical signs are abortion, stillbirth,
weak offspring birth, and premature birth (Plummer
et al., 2018). Q fever infection may be the cause of
respiratory and intestinal issues in otherwise healthy
youngsters living in high-risk locations (Ullah et al.,
2022). While Q fever rarely results in reproductive
problems in domestic animals, it has been known to
cause up to 90% more abortions in goats (Agerholm,
2013).

Human infections caused by C. burnetii can manifest as
either acute or chronic. Chronic Q fever can be fatal in
many cases when combined with chronic endocarditis,
while acute infections usually go away on their own
with mild flu-like symptoms (Das et al., 2014). The
fetus normally appears fresh and normal in abortions
caused by C. burnetii infection; however, occasionally
the fetus turns necrotic (Alvarez-Alonso et al., 2018).
There is macroscopic placental inflammation in the
badly damaged intercotyledonous gaps, accompanied
by a purulent brownish-yellow exudate (Zarza et al.,
2021). Under a microscope, the most impacted
trophoblast cells are those found in the intercotyledonary
region of the allanto-chorion and at the base of the
villi (Roest et al., 2012). This inflammation might
present as chronic necrosis with pus-like discharge
or as modest mononuclear infiltration. The basophilic
intracytoplasmic granulations and foamy vacuolated
cytoplasm are frequently observed in the epithelial
cells located in the chorionic membrane at the base of
the villi (Purnamiharja et al., 2023). Several fetuses had
liver inflammation and moderate granulations on the
histopathological investigation. Yet, it was discovered
that other organs appeared normal (Lee et al., 2012).
Clinical symptoms

Clinical symptoms in humans: Humans infected
with C. burnetii can exhibit both acute and persistent
clinical symptoms. Nonetheless, some patients develop
severe illness, and 60% of infections are asymptomatic
(Ghaoui et al., 2023). Depending on the mode of
infection, Q fever takes 2 to 3 weeks to incubate
(Knobel et al., 2013). Acute Q fever symptoms are
nonspecific and differ from patient to patient. The most
common clinical presentation is a self-limiting febrile
fever with accompanying severe headache, arthralgia,
myalgia, and cough (Finn ef al., 2021).

A prolonged fever, which can reach 39°C—40°C,
typically lasts for 2-4 days before progressively
returning to normal over the following 5-14 days
(Sam et al., 2023). Atypical pneumonia is yet another
typical sign of severe Q fever (Honarmand, 2012).
The symptoms of mild pneumonia typically include
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a dry cough, fever, and little respiratory discomfort
(Kelm et al., 2017). Additionally, patients may develop
subclinical hepatitis, granulomatous hepatitis with
persistent fever, and hepatitis with hepatomegaly but
without jaundice (Lee ef al., 2012). Hepatitis typically
develops in immunocompromised young children, but
pneumonia typically affects older patients (Eldin et al.,
2017).

Pericarditis may coexist with myocarditis, which affects
2% of individuals with acute illness (Jacobson and
Sutthiwan, 2019). Acute Q fever cases have also been
linked to skin rashes and neurological conditions such
as meningoencephalitis and encephalitis, lymphocytic
meningitis, and peripheral neuropathy (Gu et al., 2022).
Pregnant-infected women may experience spontaneous
abortion, intrauterine fetal death, early birth, or stunted
fetal growth (Mboussou et al., 2019). Women who
are pregnant have the potential to become chronically
infected and lose their babies in later pregnancies. In
the acute stage of the illness, death is an uncommon
result. However, myocarditis and acute respiratory
distress can be fatal (Honarmand, 2012).

Chronic Q fever is characterized as an infection that
lasts longer than 6 months after the sickness first
appears (Buijs ef al., 2021). In less than 5% of cases,
this happens. Endocarditis is the primary clinical
manifestation of this type of illness (Bozza et al.,
2023). In 60%—70% of all chronic cases, this happens.
Patients receiving antibiotic treatment have a death
rate of less than 10% in cases of Q fever endocarditis
(Kampschreur et al., 2012). Usually, the mitral and
aortic valves are impacted. Non-specific symptoms
could include weakness, exhaustion, anorexia, heart
failure, intermittent fever, or weight loss (Ramos et al.,
2023). Additional symptoms include clubbing, purpuric
rash, hepatomegaly, splenomegaly, osteomyelitis,
osteoarthritis, and arterial embolism (Monteiro et al.,
2021).

Clinical symptoms in animals: The majority of
animal infections have no symptoms. During acute
experimental infections, the organism is detected in the
blood, lungs, liver, and spleen; however, chronically
infected animals continuously excrete the germs on
their faces and urine (Porter et al., 2011). The majority
of pet infections are still unclear. It is believed that
Q fever contributes to pet reproductive issues and
abortions (Eldin et al., 2017). Scientific data backs
up the theory that C. burnetii can spread epidemics of
infertility in sheep and goats but not in cattle (Garcia-
Ispierto et al., 2014). Endometritis, metritis, stillbirth,
low birth weight, and infertility are examples of
reproductive problems in pets (Agerholm, 2013).
Coxiella burnetii antibody levels in bulk tank milk
from Danish dairy cows were not linked to stillbirth
or prenatal mortality rates in herds (Nielsen et al.,
2011). Sheep and goats have comparatively greater
abortion rates than cattle (Cantas et al., 2011). Both
sheeps and cows typically have abortions at the end of
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their pregnancies. The aborted fetus seems normal in
the majority of abortion instances. Infected placentas
may exhibit fibrous thickening of the intracotyl and
discolored exudates (Ullah et al., 2022). In goats and
cattle, the most commonly reported clinical symptoms
are severe myometrial inflammation and metritis (Robi
etal., 2023).

Diagnosis

Serological testing is the main method used to diagnose
Q fever illnesses. Although there are numerous
laboratory studies available, the immunofluorescence
test is the most widely used approach for antibody
detection because of its high sensitivity and specificity
(Gutiérrez-Bautista et al., 2024). The use of polymerase
chain reaction (PCR), a promising test that may even
be able to identify C. burnetii in the early stages of the
illness, is presently restricted to research and reference
labs. The molecular detection of C. burnetii in blood
and tissue samples using conventional PCR involves
targeting and sequencing the transposase gene insertion
element, IS1111, of C. burnetii. PCR and sequencing of
the IS1111 gene help in achieving a short turn-around
time for results, including high specificity (Bae et al.,
2019).

Regular Giemsa staining can be used to generate frozen
tissue or smears that display C. burnetii (Honarmand,
2012). Though not unique to Q fever, the occurrence of
donut granulomas, or fibrin rings, in histopathological
specimens is traditionally linked to the illness (Carvalho
et al.,2021). There are a number of issues with culture
or visualizing the organism, even when isolation of
the organism yields a conclusive diagnosis. Since C.
burnetii is highly contagious and might be used as a
bioterrorism weapon, most clinical laboratories do not
culture it due to its technical difficulty and requirement
for level 3 biosafety procedures (Francis et al., 2020).
Consequently, it is not recommended to isolate the
organism in settings without sufficient security.
Serological procedures are the preferred diagnostic
procedure since they are safer and simpler than isolation
attempts. ELISA methods, one of the serological
procedures, are widely recognized and used in the
diagnosis of acute and chronic C. burnetii infection
(Gutiérrez-Bautista et al., 2024). The ELISA technique
has arrays of advantages, such as its ease of execution,
objective interpretation, and potential for automation;
thus, making it a suitable screening option, especially
when analyzing a large number of samples and also for
epidemiological studies. However, some inconsistent
results have been reported while using different ELISA
kits (Horigan et al., 2011; Gutiérrez-Bautista et al.,
2024). One option is to use multiple kits to determine
the status of a serum. Additionally, available serological
methods do not have the capability to distinguish
between infected and vaccinated ruminants (Gutiérrez-
Bautista et al., 2024). Phase I and II antibody detection
are the most often utilized serological tests in clinical
settings (Wielders et al., 2012). The US Army employed
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phase I and II antibody detection, which was initially
reported by Bengtson in 1941, to characterize eight
outbreaks of Q fever in Allied forces between 1944
and 1945 (Hartzell et al., 2008). For those who are not
familiar with Q fever, test results can be misleading
because phase [ antibodies typically stay high in chronic
illness, whereas phase II antibodies are positive in acute
illness (Alhetheel ef al., 2018). The antibody response
is a result of phase shifts in C. burnetii. 1gG titers of
200 or higher against phase II antibodies and an IgM
of 50 or higher against phase I antibodies indicate a
recent Q fever infection; an IgG titer of 800 or higher
against phase I antibodies indicates a chronic infection
(Bae et al., 2019). These limitations differ throughout
laboratories, and particular limitations for every test
must be applied.

Most patients have phase II antibodies within 2 weeks
of infection, and 90% of patients have them by 3 weeks
(Porter et al., 2011). Antibodies absent after 4 weeks
point to a different diagnosis. IgG titers may continue
to rise, although antibodies often reach their peak in
2 months and then progressively fall (Wielders et al.,
2015). If the elevation continues, a chronic illness
(endocarditis) should be suspected.

Clinical endocarditis, isolation of C. burnetii, or
serological evidence are necessary for the diagnosis
of Q fever endocarditis (Cotar et al., 2011). Since Q
fever endocarditis is a chronic condition, a single
serum specimen suffices for diagnosis; matched sera
are not necessary (Psaroulaki et al., 2020). The Duke
criteria have been changed to include a phase I IgG
titer of 800 or above. An early diagnosis of acute Q
fever endocarditis can be made with a positive PCR
for C. burnetii when there is a high degree of clinical
suspicion and the antibody titers are either low or
negative (Bae ef al., 2021).

The majority of the current guidelines for people with
acute Q fever are derived from clinical experience
in an elderly population in a single country (El Zein
et al., 2024). It’s unclear if this kind of care is suitable
for all patients. Nonetheless, this method is advised
for patients with acute Q fever until research in other
populations is completed. While other follow-up
techniques could make sense, they should always be
used in consultation with an infectious disease expert.
Transmission

Coxiella burnetii is an obligatory intracellular bacteria
that is highly contagious to both humans and animals.
It possesses resilience and stability in the environment
(Celina and Cerny, 2022). In actuality, inhaling infected
aerosols can only infect and cause disease in 1-10
healthy individuals (Gregory ef al., 2019). Ruminants
have been identified as the main source of infection for
humans, despite the fact that this agent may replicate
in a wide range of animal hosts, including birds,
arthropods, domestic mammals, and wild mammals
(Robi et al., 2023). These animals mostly transmit
infectious agents through vaginal fluids, milk, feces,
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urine, and semen when they are infected (Winter et al.,
2021). Furthermore, these organisms may endure for
a month in chilled meat, 10 months at 15°C-25°C in
sheep wool, and 40 months at ambient temperature in
powdered milk (Gtirtler ez al., 2014). The main way that
humans become sick is by breathing in contaminated
aerosols (Gregory et al., 2019).

When the bacteria infect placental trophoblast cells in
the placentas of ruminants and other mammals, they
can grow at extremely high densities (Miller et al.,
2021). Abortion is a frequently recognized clinical
indication in goats and sheep (Winter and Campe,
2022). Mammals either give birth to healthy or sick
children when their gestation period ends. At this point,
the placenta and birth fluid allow C. burnetii spores to
enter the environment (de Souza et al., 2022). As a
result, C. burnetii can pollute the environment and be
passed on immediately from birth.

The wind has the ability to spread Q fever up to 18
km from its source (Clark and Magalhaes, 2018). The
quantity of people afflicted with airborne diseases is
also influenced by the intensity of the emission; airborne
transmission from source to recipient is contingent upon
meteorological conditions, environmental elements,
and human exposure (location, duration, and physical
activity) (Van Leuken et al., 2016). For instance, the
spread of C. burnetii is more common in regions with
little vegetation and poor soil moisture (Ahmad et al.,
2023).

Rarer means of infection include person-to-person
transmission, eating unpasteurized milk or milk
products, and flea bites (Gale ef al., 2015). On the
other hand, research on the significance of consuming
tainted milk and milk products in the epidemiology of
Q fever is still lacking (Pexara et al., 2018). In contrast
to aerosol inhalation, higher dosages are thought to be
required for a successful infection; nevertheless, the
infective dose required for oral transmission of this
agent remains unknown. There has been documented
epidemiological evidence linking the eating of
unpasteurized dairy products to Q fever outbreaks
(Mokarizadeh et al., 2023). Furthermore, because of
its great heat tolerance and pathogenicity, C. burnetii
has been regarded since 1957 as the primary microbe
that should be removed from milk by exposure to high
temperatures (Cho et al., 2023).

Risk factors

Agent factors: The bacterial strain that is causing
the infection determines how severe it is. Bacteria of
phase I are more pathogenic than those of phase II (van
Schaik et al., 2013). The genome of C. burnetii type
IIII causes acute infections in humans, while types IV
and V cause persistent illnesses (Palanisamy et al.,
2024). It’s unknown how virulent type VI is.

Host factors: Two risk variables that have been shown
to affect the likelihood of Q fever in humans are age
and gender (Muema et al., 2022). The most susceptible
age range is between 30 and 60 years old, and men are
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more likely than women to have this clinical illness
(Porter et al., 2011). Pregnant women, those with
immunosuppressive disorders like AIDS, and those
with a history of valvulopathy are the most vulnerable
(Robi et al., 2023). Research indicates a comparatively
higher incidence in particular occupations, such as
veterinary care, laboratory work, slaughterhouse work,
and workers with livestock, where there is a higher
chance of infection or seropositivity than in other
occupations (Cook et al., 2021).

There is a correlation between age and sex and C.
burnetii infection in animals, particularly in cattle
(Mwololo et al., 2022). Numerous studies have
demonstrated that in sheep and cattle, the prevalence of
C. burnetii infection rises with increasing age or parity
(Ullah et al., 2019; Nejad et al., 2023). Compared to
beef cattle, the frequency is higher in dairy cattle. It
is reported that among dairy breeds, Holsteins have a
higher incidence (Dhaka et al., 2020). Animal density
is a possible risk factor for C. burnetii infection
because it raises the environmental load of infection
(Selim et al., 2023). Numerous studies conducted on
cattle indicate that seroprevalence rises as animal size
increases (Deressa et al., 2020; Ferrara et al., 2022).
Flock size is reported to have a similar effect on sheep
(Elsohaby et al., 2021). The seroprevalence of C.
burnetii infection in animals can also be attributed to
a number of management factors, including housing
systems and the isolation of new animals (Sadiki ez al.,
2023).

Seasonal, environmental, and management factors:
There are seasonal differences in the incidence of Q
fever in people. However, the geographical location
affects this variation. Nonetheless, spring or early
summer is when the majority of Q fever cases are
documented (Halsby et al., 2017). Human Q fever has
been demonstrated to be correlated with rainfall rather
than seasonality (Van Leuken et al., 2016). Q fever is
more common in areas with a high livestock density or
around sick animals (Smit et al., 2012).

Public health importance

Q fever is a significant zoonosis that can be dangerous
for personnel working in veterinary laboratories,
livestock breeding operations, and slaughterhouses
due to its high human contagiousness (Plummer et al.,
2018). Numerous livestock workers have antibodies,
according to surveys, indicating that they were exposed
to the pathogen (Dione et al., 2022). The majority of
infections are minor, and less than half of those who
are infected get sick. However, those who are afflicted
may have a high fever along with headaches, aches in
the muscles, a sore throat, nausea, vomiting, and pain
in the chest and stomach (Sam et al., 2023).

The fever could result in pneumonia or have an impact
on the liver and last for a week or two (Honarmand,
2012). The course of treatment entails continuous
antibiotic use. A small number of people develop a
severe, incapacitating chronic illness. This potentially
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catastrophic consequence is more likely to occur in
people who already have cardiac valve issues or have
weakened immune systems (de Lange et al., 2019).
In addition, post-Q fever chronic tiredness syndrome
exists (Morroy et al., 2016). The most frequently
reported laboratory infection, Q fever, has been known
to occur in multiple recorded outbreaks involving 15 or
more individuals (Robi et al., 2023).

Initial human exposure to C. burnetii can result in
acute or chronic disease, as well as moderate or
asymptomatic infections (Bauer et al., 2023). Clinical
diagnosis might be exceedingly challenging. Even
though risk factors for its severity, such as pregnancy,
immunosuppression, cardiac valvulopathy, vascular
grafts, and aneurysms, have been identified, the causes
of this high degree of clinical polymorphism remain
largely unclear (Ali et al., 2022). Even with therapy,
the condition can be extremely disabling and cause
considerable morbidity, even though it is rarely fatal.
The majority of cases involving humans are caused by
dust particles inhaled from contaminated animals or
animal products (Celina and Cerny, 2022).

Potential as bioterrorism

Coxiella burnetii is a biological weapon that can be
sprayed on food, water, or even mail. It can also be
employed as an aerosol (Stein et al., 2005). Moderate
Coxiella ingestion is unlikely to result in clinical signs.
Human subjects who drank milk tainted with C. burnetii
experienced seroconversion without experiencing any
symptoms of illness (Porter et al., 2011). However,
nothing is known about the use of high Coxiella
concentrations as a food or water product pollutant.
When Coxiella is released as an aerosol in heavily
populated places, the disecase will appear suddenly
and resemble a naturally occurring illness (Dragan
and Voth, 2020). After the pathogen is released, the
outbreak will start 14-26 days later. Individuals will
arrive with intense headaches, body aches, and a
fever (Honarmand, 2012). Even though the cough
may be mild or nonexistent, most patients have
radiographic signs of pneumonia (von Ranke et al.,
2019). Additionally, some people could have hepatitis
symptoms (Jama et al., 2023). It can be difficult to
clinically differentiate the initial occurrence from
naturally occurring influenza epidemics or from other
types of atypical pneumonia, such as mycoplasma or
viral pneumonia (Keijmel et al., 2015).

The quick onset of febrile illness epidemics in
metropolitan areas with peaks in cases, including
exposure to a specific source without secondary
transmission, is an epidemiological hint to the
employment of Q fever as a biological weapon (Kagawa
et al., 2003). It is anticipated that 50 kg of C. burnetii
would reach an area more than 20 km away and cause
around 150 fatalities and 125,000 impairments if it
were released 2 km downwind from a population of
500,000 (Stein ef al., 2005). In the months that follow,
some 9,000 of the acutely afflicted patients might
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develop endocarditis (Bozza et al., 2023). The amount
of acute and long-term mental health injuries brought
on by this agent is hard to measure, although anxiety
levels may be higher than with other agents because
of concern about serious long-term consequences such
as endocarditis and chronic fatigue syndrome (Morroy
et al., 2011). Bioterrorism can potentially attack
animals. Q fever can result in pandemic abortions in
cattle, raising worries about the use of meat and the
possibility of human transmission (Sacgerman et al.,
2022).

Treatment

Treatment in humans: Acute and chronic Q fever are
the two types that affect people. Antibiotics work well
against this disease’s acute form, but as the infection
develops into a chronic form, treatment becomes more
difficult and the illness frequently returns, which can
result in a high death rate (Kersh, 2013). In patients
with Q fever, the length of antibiotic treatment was
decided by monitoring their serological titers. As soon
as a clinical illness appears, antibiotics should be taken
because delaying treatment could be counterproductive
(Porteret al.,2011). Acute Q fever typically resolves on
its own. Nonetheless, prompt diagnosis and treatment
with antibiotics can shorten the illness’s duration
and lessen its severity. The preferred medications
for treating Q fever are hydroxychloroquine and
doxycycline (Raoult ez al., 1999). Most often, these
medications are combined. As an alternative course
of treatment, other antibiotics such as erythromycin,
rifampicin, clarithromycin, and roxithromycin may be
utilized (Gikas et al., 2001). Doxycycline 100 mg twice
daily for 2-3 weeks is advised for patients with acute
Q fever, especially adult patients and non-pregnant
women (Kersh, 2013). It is also possible to combine
hydroxychloroquine with doxycycline. Phagolysosome
pH is raised by the lysosomotrophic medication
hydroxychloroquine (Rolain et al., 2007). Since C.
burnetii needs an acidic environment to reproduce,
hydroxychloroquine serves as a bacteriostatic by
raising the pH of phagolysosomes (Smith ef al., 2019).
For the treatment of Q fever, cotrimoxazole is safe to
use in pregnant women and children under the age of
eight (Ford et al., 2014).

In situations of persistent Q fever, antibiotics such as
hydroxychloroquine and doxycycline, especially in
cases of native and prosthetic valve endocarditis, can
be effectively utilized at a dose of 200 mg per day for
a lengthy period of 18-24 months (Stahl et al., 2022).
When combined with doxycycline, combination therapy
is a more effective way to prevent endocarditis than
when used alone. Because of their decreased efficacy
against C. burnetii infections, rifampicin, macrolides,
and quinolones are not typically utilized as alternate
treatments for this illness (Fullerton et al., 2021). A
crucial steroid alternative, methotrexate, is utilized
to control vascular inflammation and preserve the
ascending aorta and thorax’s homeostasis (Yang et al.,
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2021). Following antibiotic therapy, follow-up care is
required, such as routine heart rate and eye reflex tests.
Following the usage of antibiotics, some individuals
may experience photosensitivity (Robi ef al., 2023). In
the late stages of chronic Q fever, which are marked by
severe heart failure or the development of an abscess
on the heart valves, the use of antibiotics is not advised
(Ullah et al., 2022). Under these circumstances, heart
surgery is advised. It has also been demonstrated
that interferon and tumor necrosis factor are useful
treatments for persistent Q fever (Andoh et al., 2007).
Treatment can be discontinued in situations of chronic
infection when the Phase I IgG antibody titer drops by
at least four times and follow-up serological response is
required (Wielders et al., 2015). Q fever infections can
result in significant rates of morbidity and mortality if
left untreated, so people who are more sensitive to them
should receive extra care (Kampschreur ef al., 2015).
Treatment in animals: There is not much information
about treating coxiellosis in animals. The effectiveness
of medicines in decreasing bacterial shedding
and reproductive loss in animals infected with C.
burnetii requires extensive research. Tetracycline
is generally advised for animal therapy; however,
because of its decreased bioavailability following oral
administration, tetracycline cannot be used in animal
feed during pregnancy as a disease control approach
at the herd level (Ullah et al., 2022). In order to
prevent reproductive injury in animals suffering from
chronic coxiellosis, parenteral administration of two
injections of long-acting oxytetracycline at a dose of
20 mg/kg 20 days apart may be helpful (Eldin et al.,
2017). Nevertheless, oxytetracycline taken orally did
not alter the animal’s serological status or lessen the
amount of bacteria shed through birth fluids (Astobiza
et al., 2013). Tetracycline is an effective way to lower
the risk of abortion in ruminant animals caused by
other diseases like Chlamydophila abortus (Gisbert
et al., 2024a). Tetracycline should be administered to
pregnant animals at intervals of 2-3 weeks starting
on the 95th day of pregnancy and continuing until the
postpartum period.

Vaccination

Vaccination has been demonstrated to lower the
incidence of animal infections, C. burnetii shedding,
and abortion (Hogerwerf et al., 2011). Those infected
groups receive vaccinations due to the outbreak.
In addition to offering effective protection against
abortion, the inactivated phase I vaccine has been
demonstrated to stop germs from shedding into feces,
milk, and vaginal mucus (Porter et al., 2011). Animal
immunization experiments using inactivated vaccines
showed robust and long-lasting antibody responses
and showed that vaccination can reduce the organism’s
excretion (Sam et al., 2023).

Australian regulators approved a formaldehyde-
inactivated vaccine derived from a Phase [ strain
of C. burnetii in 1989 (Graves et al., 2022). At this
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point, the Phase II vaccine is 100 times more effective
against mouse spleen colonization than the phase I
vaccine; therefore, the results are approaching those
of the Phase I vaccination (Williams-Macdonald et al.,
2023). Nonetheless, it has been demonstrated that
vaccination works better in nulliparous animals than in
parous animals (Long, 2021). Moreover, vaccinations
do not totally remove sickness in goats and animals
who have already contracted it. The phase I vaccine
is more efficacious; however, those who have had
seroconversion or been exposed should not receive
the vaccination (Gisbert et al., 2024b). It is advisable
to vaccinate young animals for several years after
vaccination and to choose sero-negative groups or
animals.

Coxevac®, an inactivated C. burnetii Phl-vaccine, has
been used off-label in sheep for a number of years in
Europe, but nothing is known about how it affects sheep
immunological response and health. Furthermore,
there are differing suggestions regarding the dosages
of vaccines for sheep (Bottcher er al, 2022). The
immunological response and few adverse effects
suggest that Coxevac® is a low-risk, safe vaccination
for sheep. It is preferable to have extensive, uniform
immunization programs with suitable vaccination
schedules within the framework of the One Health
philosophy (Winter et al., 2021). Because it costs less
to administer a vaccination to sheep (1 ml as opposed
to 2 ml for goats and 4 ml for cattle), sheep producers
may be more receptive (Bauer et al., 2023).

However, as C. burnetii is present in practically all
domestic and wild ruminant populations globally,
efforts have been made to determine how well the
Coxevac® (inactivated phase I vaccination) works
to suppress infection in endemic -circumstances.
According to several of these studies, if long-term
immunization is carried out, Coxevac® may be helpful
in controlling C. burnetii infection (Astobiza et al.,
2011). The field experiment opens a path of inquiry into
C. burnetii control in wildlife and shows that Coxevac®
may be useful in lowering the amount of C. burnetii
that deer shed over time (Gonzalez-Barrio ef al., 2017).
Control

Several hygienic precautions should be put in place
during an outbreak to lessen the spread of disease to
animals. Waste management techniques that have
changed include covering, naturally composting,
or plowing waste; using lime or calcium cyanide in
the manure; and discarding animal abortions and
birth products (Ayilara et al, 2020). Cleaning of
contaminated locations, including walkways and stable
settings, as well as monitoring animal reproduction
(Winter et al., 2021). However, it’s still unclear whether
different control strategies are successful. According to
reports, even in the absence of any control measures,
the prevalence of C. burnetii in affected herds often
declines over time (Robi ef al., 2023). This could be
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because animals are thought to naturally immunize
themselves.

Conclusion

Q fever is a zoonotic disease caused by C. burnetii.
The most common route of transmission of Q fever is
via aerosols contaminated with bacteria. Treatment of
this disease can be done by administering antibiotics.
Several hygienic precautions should be put in place
during an outbreak to lessen the spread of disease to
animals.

Acknowledgments

The authors thank to Universitas Airlangga and Badan
Riset dan Inovasi Nasional.

Conflict of interest

The authors declare that there is no conflict of interest.
Funding

The authors thank Universitas Airlangga for managerial
support, Salma Firdausya Qurrotunnada Noor, Eunice
Wong Hui Wen, Joo Jia Yin, and Rahma Novhira for
technical support. This research was funded by the
Directorate of Research and Community Service,
Deputy for Strengthening Research and Technology,
Ministry of Research and Technology/National
Research and Innovation Agency for the 2022 fiscal
year, Chancellor’s Decree number: 770/UN3.14/
PT/2022.

Author’s contributions

DKM, ARK, IBM, and MKIJK drafted the manuscript.
WW, IM, AOA, and SMY revise and edits the
manuscripts. NS, RIM, SWP, and KAF took part in
preparing and critical checking this manuscript. RR,
IF, SW, and SA edit the references. All authors read
and approved the final manuscript.

Data availability

All references are open access, so data can be obtained
from the online web.

References

Abdali, F., Hosseinzadeh, S., Berizi, E. and Shams,
S. 2018. Prevalence of Coxiella burnetii in
unpasteurized dairy products using nested PCR
assay. Iran. J. Microbiol. 10(4), 220-226.

Agerholm, J.S. 2013. Coxiella burnetii associated
reproductive disorders in domestic animals-a
critical review. Acta Vet. Scand. 55(1), 13.

Ahmad, F., Khan, M.U.G., Tahir, A., Tipu, M.Y.,
Rabbani, M. and Shabbir, M.Z. 2023. Two phase
feature-ranking for new soil dataset for Coxiella
burnetii  persistence and classification using
machine learning models. Sci. Rep. 13, 29.

Ahmadinezhad, M., Mounesan, L., Doosti-Irani, A.
and Behzadi, M.Y. 2022. The prevalence of Q fever
in the Eastern Mediterranean region: a systematic
review and meta-analysis. Epidemiol. Health 44(1),
€2022097.

Page 14 of 20 - Integrity Submission

Akter, R., Legione, A., Sansom, F.M., El-Hage,
C.M., Hartley, C.A., Gilkerson, J.R. and Devlin,
JM. 2020. Detection of Coxiella burnetii and
equine herpesvirus 1, but not Leptospira spp. or
Toxoplasma gondii, in cases of equine abortion in
Australia—a 25 year retrospective study. PLoS One
15(5), €0233100.

Alhetheel, A.F., Binkhamis, K., Somily, A., Barry, M.
and Shakoor, Z. 2018. Screening for Q fever. A
tertiary care hospital-based experience in central
Saudi Arabia. Saudi Med. J. 39(12), 1195-1199.

Ali, S., Saced, U., Rizwan, M., El-Adawy, H., Mertens-
Scholz, K. and Neubauer, H. 2022. Serological
prevalence of and risk factors for Coxiella burnetti
infection in women of Punjab Province, pakistan.
Int. J. Environ. Res. Public Health 19(8), 4576.

Alvarez-Alonso, R., Basterretxea, M., Barandika, J.F.,
Hurtado, A., Idiazabal, J., Jado, I., Beraza, X.,
Montes, M., Liendo, P. and Garcia-Pérez, A.L. 2018.
A Q fever outbreak with a high rate of abortions
at a dairy goat farm: Coxiella burnetii shedding,
environmental contamination, and viability. Appl.
Environ. Microbiol. 84(20), e01650—18.

Anastacio, S., de Sousa, S.R., Saavedra, M.J. and da
Silva, G.J. 2022. Role of goats in the epidemiology
of Coxiella burnetii. Biology (Basel) 11(12), 1703.

Andoh, M., Zhang, G., Russell-Lodrigue, K.E., Shive,
H.R., Weeks, B.R. and Samuel, J.E. 2007. T cells
are essential for bacterial clearance, and gamma
interferon, tumor necrosis factor alpha, and B cells
are crucial for disease development in Coxiella
burnetii infection in mice. Infect. Immun. 75(7),
3245-3255.

Astobiza, 1., Barandika, J.F., Juste, R.A., Hurtado, A.
and Garcia-Pérez, A.L. 2013. Evaluation of the
efficacy of oxytetracycline treatment followed by
vaccination against Q fever in a highly infected
sheep flock. Vet. J. 196(1), 81-85.

Astobiza, 1., Barandika, J.F., Ruiz-Fons, F., Hurtado,
A., Povedano, 1., Juste, R.A. and Garcia-Pérez,
A.L. 2011. Four-year evaluation of the effect of
vaccination against Coxiella burnetii on reduction of
animal infection and environmental contamination
in a naturally infected dairy sheep flock. Appl.
Environ. Microbiol. 77(20), 7405-7407.

Ayilara, M.S., Olanrewaju, O.S., Babalola, O.0O.
and Odeyemi, O. 2020. Waste management
through composting: challenges and potentials.
Sustainability 12(1), 4456.

Bae, M., Jin, C.E., Park, J.H., Kim, M.J., Chong, Y.P.,
Lee, S.0O., Choi, S.H., Kim, Y.S., Woo, J.H., Shin,
Y. and Kim, S.H. 2019. Diagnostic usefulness of
molecular detection of Coxiella burnetii from blood
of patients with suspected acute Q fever. Medicine
(Baltimore) 98(23), e15724.

Bae, M., Lee, H.J,, Park, J.H., Bae, S., Jung, J., Kim,
M.J., Lee, S.0O., Choi, S.H., Kim, Y.S., Shin,
Y. and Kim, S.H. 2021. Molecular diagnosis of

Submission ID trn:oid:::3618:127433243


http://www.openveterinaryjournal.com

7) turnjtin

21 turnitin

Page 15 of 20 - Integrity Submission
ttp://www.openveterinaryjournal.com

D. K. Meles et al.

Submission ID trn:o0id:::3618:127433243

Open Veterinary Journal, (2024), Vol. 14(10): 2509-2524

Coxiella burnetii in culture negative endocarditis
and vascular infection in South Korea. Ann. Med.
53(1), 2256-2265.

Bauer, B.U., Schwecht, K.M., Jahnke, R., Matthiesen,
S., Ganter, M. and Knittler, M.R. 2023. Humoral
and cellular immune responses in sheep following
administration of different doses of an inactivated
phase I vaccine against Coxiella burnetii. Vaccine
41(33), 4798-4807.

Beare, P.A., Jeffrey, B.M., Long, C.M., Martens, C.M.
and Heinzen, R.A. 2018. Genetic mechanisms
of Coxiella burnetii lipopolysaccharide phase
variation. PLoS Pathog. 14(3), e1006922.

Bottcher, J., Bauer, B.U., Ambros, C., Alex, M.,
Domes, U., Roth, S., Boll, K., Korneli, M., Bogner,
K.H., Randt, A. and Janowetz, B. 2022. Long-term
control of Coxiellosis in sheep by annual primary
vaccination of gimmers. Vaccine 40(35), 5197-
5206.

Bozza, S., Graziani, A., Borghi, M., Marini, D., Duranti,
M. and Camilloni, B. 2023. Case report: Coxiella
burnetii endocarditis in the absence of evident
exposure. Front. Med. (Lausanne) 10(1), 1220205.

Bronner, M.B., Haagsma, J.A., Dontje, M.L.,
Barmentloo, L., Kouwenberg, R.M.C.E.J., Loohuis,
A.G.M.O., de Groot, A., Erasmus, V. and Polinder,
S. 2020. Long-term impact of a Q-fever outbreak:
an evaluation of health symptoms, health-related
quality of life, participation and health care
satisfaction after ten years. J. Psychosom. Res.
139(1), 110258.

Buijs, S.B., Bleeker-Rovers, C.P., van Roeden, S.E.,
Kampschreur, L.M., Hoepelman, A.ILM., Wever,
P.C. and Oosterheert, J.J. 2021. Still new chronic Q
fever cases diagnosed 8 years after a large Q fever
outbreak. Clin. Infect. Dis. 73(8), 1476-1483.

Byeon, H.S., Nattan, S., Kim, J.H., Han, S.T., Chae,
M.H., Han, M.N., Ahn, B., Kim, Y.D., Kim, H.S.
and Jeong, H.-W. 2022. Shedding and extensive and
prolonged environmental contamination of goat
farms of Q fever patients by Coxiella burnetii. Vet.
Med. Sci. 8(3), 1264-1270.

Cantas, L., Muwonge, A., Sareyyupoglu, B., Yardimci,
H. and Skjerve, E. 2011. Q fever abortions in
ruminants and associated on-farm risk factors in
northern Cyprus. BMC Vet. Res. 7(1), 13.

Carvalho, J.A., Pereira, S., Boavida, L., Gido, N., and
Furtado, A.B. 2021. Bone marrow granulomatosis
in acute Q fever. Cureus 13(10), ¢18782.

Celina, S.S. and Cerny, J. 2022. Coxiella burnetii in
ticks, livestock, pets and wildlife: a mini-review.
Front. Vet. Sci. 9(1), 1068129.

Cho, Y.S., Park, J.H., Kim, J W., Lee, J.J., Youn, S.Y.,
Byeon, H.S., Jeong, HW., Kim, D.M., Yu, S.N.,
Yoon, J.W., Kwak, D., Yoo, H.S., Lee, J.Y., Kwon,
J.R., Hwang, K.W. and Heo, J.Y. 2023. Current
status of Q fever and the challenge of outbreak

Page 15 of 20 - Integrity Submission

preparedness in Korea: one health approach to
zoonoses. J. Korean Med. Sci. 38(24), e197.

Christodoulou, M., Malli, F., Tsaras, K., Billinis, C. and
Papagiannis, D. 2023. A narrative review of Q fever
in Europe. Cureus 15(4), e38031.

Clark, N.J. and Magalhdes, R.J.S. 2018. Airborne
geographical dispersal of Q fever from livestock
holdings to human communities: a systematic
review and critical appraisal of evidence. BMC
Infect. Dis. 18(1), 218.

Claudel, M., Schwarte, J.V. and Fromm, K.M. 2020.
New antimicrobial strategies based on metal
complexes. Chemistry 2(4), 849-899.

Cook, E.A.J., de Glanville, W.A., Thomas, L.F.,
Kiyong’a, A., Kivali, V., Kariuki, S., Bronsvoort,
B.M.C. and Feévre, E.M. 2021. Evidence of exposure
to C. burnetii among slaughterhouse workers in
western Kenya. One Health 13(1), 100305.

Cotar, A.l., Badescu, D., Oprea, M., Dinu, S., Banu,
0., Dobreanu, D., Dobreanu, M., Ionac, A., Flonta,
M. and Straut, M. 2011. Q fever endocarditis
in Romania: the first cases confirmed by direct
sequencing. Int. J. Mol. Sci. 12(12), 9504-9513.

Cyr, J., Turcotte, M.E., Desrosiers, A., Bélanger, D.,
Harel, J., Tremblay, D., Leboeuf, A., Gagnon, C.A.,
Coté, J.C. and Arsenault, J. 2021. Prevalence of
Coxiella burnetii seropositivity and shedding in
farm, pet and feral cats and associated risk factors
in farm cats in Quebec, Canada. Epidemiol. Infect.
149(1), e57.

Das, I., Guest, N., Steeds, R. and Hewins, P. 2014.
Chronic Q fever: an ongoing challenge in diagnosis
and management. Can. J. Infect. Dis. Med.
Microbiol. 25(1), 35-37.

de Lange, M.M.A., Scheepmaker, A., van der Hoek,
W., Leclercq, M. and Schneeberger, PM. 2019.
Risk of chronic Q fever in patients with cardiac
valvulopathy, seven years after a large epidemic in
the Netherlands. PLoS One 14(8), €0221247.

de Souza, E.A.R., André, M.R., Labruna, M.B. and
Horta, M.C. 2022. Q fever and coxiellosis in Brazil:
an underestimated disease? A brief review. Braz. J.
Vet. Parasitol. 31(3), e009822.

Deressa, F.B.,Kal, D.O., Gelalcha, B.D. and Magalhaes,
R.J.S. 2020. Seroprevalence of and risk factors for
Q fever in dairy and slaughterhouse cattle of Jimma
town, South Western Ethiopia. BMC Vet. Res.
16(1), 385.

Dhaka, P., Malik, S.V.S., Yadav, J.P., Kumar, M.,
Barbuddhe, S.B. and Rawool, D.B. 2020. Apparent
prevalence and risk factors of coxiellosis (Q fever)
among dairy herds in India. PLoS One 15(9),
¢0239260.

Dione, M.M., Séry, A., Sidibé, C.A K., Wieland, B. and
Fall, A. 2022. Exposure to multiple pathogens—
serological evidence for Rift valley fever virus,
Coxiella burnetii, bluetongue virus and Brucella

Submission ID trn:oid:::3618:1&5113%243


http://www.openveterinaryjournal.com

z)3apnitin

zﬂ turn.tin Page 16 of 20 - Integrity Submission

ttp://www.openveterinaryjournal.com
D. K. Meles et al.

Submission ID trn:o0id:::3618:127433243

Open Veterinary Journal, (2024), Vol. 14(10): 2509-2524

spp. in cattle, sheep and goat in Mali. PLoS Negl.
Trop. Dis. 16(4), e0010342.

Dragan, A.L. and Voth, D.E. 2020. Coxiella burnetii:
international pathogen of mystery. Microbes Infect.
22(3), 100-110.

Dzul-Rosado, K., Peniche-Lara, G., Tello-Martin, R.,
Zavala-Velazquez, J., Pacheco Rde, C., Labruna,
M.B., Sanchez, E.C. and Zavala-Castro, J. 2013.
Rickettsia rickettsii isolation from naturally infected
Amblyomma parvum ticks by centrifugation in a
24-well culture plate technique. Open Vet. J. 3(2),
101-105.

Ebani, V.V. and Mancianti, F. 2022. Potential role of
birds in the epidemiology of Coxiella burnetii,
Coxiella-like Agents and Hepatozoon spp.
Pathogens 11(3), 298.

Ejercito, C.L., Cai, L., Htwe, K.K., Taki, M., Inoshima,
Y., Kondo, T., Kano, C., Abe, S., Shirota, K. and
Sugimoto, T. 1993. Serological evidence of Coxiella
burnetii infection in wild animals in Japan. J. Wildl.
Dis. 29(3), 481-484.

Eldin, C., Mélenotte, C., Mediannikov, O., Ghigo, E.,
Million, M., Edouard, S., Mege, J.L., Maurin, M.
and Raoult, D. 2017. From Q fever to Coxiella
burnetii infection: a paradigm change. Clin.
Microbiol. Rev. 30(1), 115-190.

Elsohaby, I., Elmoslemany, A., El-Sharnouby, M.,
Alkafafy, M., Alorabi, M., El-Deeb, W.M., Al-
Marri, T., Qasim, 1., Alagl, F.A. and Fayez, M.
2021. Flock management risk factors associated
with Q fever infection in sheep in Saudi Arabia.
Animals (Basel) 11(7), 1948.

Epelboin, L., Eldin, C., Thill, P., de Santi, V.P., Abboud,
P., Walter, G., Melzani, A., Letertre-Gibert, P.,
Perez, L., Demar, M., Boutrou, M., Fernandes,
J., Cermefio, J.R., Panizo, M.M., Vreden, S.G.,
Djossou, F., Beillard, E., de Waard, J.H. and de
Lemos, E.R.S. 2021. Human Q fever on the Guiana
Shield and Brazil: recent findings and remaining
questions. Curr. Trop. Med. Rep. 8(3), 173—182.

El Zein, S., Challener, D.W., Ranganath, N., Khodadadji,
R.B., Theel, E.S. and Saleh, O.M.A. 2024. Acute
Coxiella burnetii infection: a 10-year -clinical
experience at a tertiary care center in the United
States. Open Forum Infect. Dis. 11(6), ofae277.

Fernandes, J. and de Lemos, E.R.S. 2023. The
multifaceted Q fever epidemiology: a call to
implement one health approach in Latin America.
Lancet Reg. Health Am. 20(1), 100463.

Ferrara, G., Colitti, B., Pagnini, U., D’Angelo, D.,
Iovane, G., Rosati, S. and Montagnaro, S. 2022.
Serological evidence of Q fever among dairy cattle
and buffalo populations in the campania region,
Italy. Pathogens 11(8), 901.

Finn, T., Babushkin, F., Geller, K., Alexander, H., Paikin,
S., Lellouche, J., Atiya-Nasagi, Y. and Cohen, R.
2021. Epidemiological, clinical and laboratory
features of acute Q fever in a cohort of hospitalized

Page 16 of 20 - Integrity Submission

patients in a regional hospital, Israel, 2012-2018.
PLoS Negl. Trop. Dis. 15(7), e¢0009573.

Ford, N., Shubber, Z., Jao, J., Abrams, E.J., Frigati, L.
and Mofenson, L. 2014. Safety of cotrimoxazole in
pregnancy: a systematic review and meta-analysis.
J. Acquir. Immune Defic. Syndr. 66(5), 512-521.

Francis, R., Mioulane, M., Le Bideau, M., Mati, M.C.,
Fournier, P.E., Raoult, D., Khalil, J.Y.B. and La
Scola, B. 2020. High-content screening, a reliable
system for Coxiella burnetii isolation from clinical
samples. J. Clin. Microbiol. 58(5), €02081-19.

Fullerton, M.S., Colonne, P.M., Dragan, A.L.,
Brann, K.R., Kurten, R.C. and Voth, D.E. 2021.
Neurotransmitter system-targeting drugs antagonize
growth of the Q fever agent, Coxiella burnetii, in
human cells. mSphere 6(4), €0044221.

Gale, P., Kelly, L., Mearns, R., Duggan, J. and Snary,
E.L. 2015. Q fever through consumption of
unpasteurised milk and milk products—a risk
profile and exposure assessment. J. Appl. Microbiol.
118(5), 1083-1095.

Garcia-Ispierto, 1., Tutusaus, J. and Lopez-Gatius, F.
2014. Does Coxiella burnetii affect reproduction in
cattle? A clinical update. Reprod. Domest. Anim.
49(4), 529-535.

Gauster, M., Moser, G., Wernitznig, S., Kupper, N.
and Huppertz, B. 2022. Early human trophoblast
development: from morphology to function. Cell.
Mol. Life Sci. 79(6), 345.

Gerba, C.P. 2015. Environmentally transmitted
pathogens. Environ. Microbiol. 2015(1), 509-550.

Ghaoui, H., Achour, N., Saad-Djaballah, A., Belacel,
S.I., Bitam, I. and Fournier, P.E. 2023. Q Fever
in unexplained febrile illness in Northern Algeria.
Microbiol. Res. 14(4), 1589-1595.

Gikas, A., Kofteridis, D.P., Manios, A., Pediaditis, J.
and Tselentis, Y. 2001. Newer macrolides as empiric
treatment for acute Q fever infection. Antimicrob.
Agents Chemother. 45(12), 3644-3646.

Gisbert, P., Hurtado, A. and Guatteo, R. 2024b. Efficacy
and safety of an inactivated phase I Coxiella
burnetii vaccine to control Q fever in ruminants: a
systematic review. Animals (Basel) 14(10), 1484.

Gisbert, P., Garcia-Ispierto, 1., Quintela, L.A.
and Guatteo, R. 2024a. Coxiella burnetii and
reproductive disorders in cattle: a systematic
review. Animals (Basel) 14(9), 1313.

Gonzalez-Barrio, D., Ortiz, J.A. and Ruiz-Fons, F.
2017. Estimating the efficacy of a commercial phase
I inactivated vaccine in decreasing the prevalence
of Coxiella burnetii infection and shedding in red
deer (Cervus elaphus). Front. Vet. Sci. 4(1), 208.

Gonzalez-Barrio, D. and Ruiz-Fons, F. 2019. Coxiella
burnetii in wild mammals: a systematic review.
Transbound. Emerg. Dis. 66(2), 662—671.

Graves, S.R., Islam, A., Webb, L.D., Marsh, 1., Plain, K.,
Westman, M., Conlan, X.A., Carbis, R., Toman, R.
and Stenos, J. 2022. An o-specific polysaccharide/

Submission ID trn:oid:::3618:127433243


http://www.openveterinaryjournal.com

21 turnitin

zﬂ turn.tin Page 17 of 20 - Integrity Submission

ttp://www.openveterinaryjournal.com
D. K. Meles et al.

Submission ID trn:o0id:::3618:127433243

Open Veterinary Journal, (2024), Vol. 14(10): 2509-2524

tetanus toxoid conjugate vaccine induces protection
in guinea pigs against virulent challenge with
Coxiella burnetii. Vaccines (Basel) 10(9), 1393.

Gregory, A.E., van Schaik, E.J., Russell-Lodrigue,
K.E., Fratzke, A.P. and Samuel, J.E. 2019. Coxiella
burnetii intratracheal aerosol infection model in
mice, guinea pigs, and nonhuman primates. Infect.
Immun. 87(12), e00178-19.

Gu, M., Mo, X., Tang, Z., Tang, J. and Wang, W. 2022.
Case report: diagnosis of acute Q Fever with aseptic
meningitis in a patient by using metagenomic next-
generation sequencing. Front. Med. (Lausanne)
9(1), 855020.

Gutiérrez-Bautista, J.F., Tarrifio, M., Gonzalez, A.,
Duran, M.J.O., Cobo, F., Reguera, J.A., Rodriguez-
Granger, J. and Sampedro, A. 2024. Comparison
of an enzyme linked-immunosorbent assay
and a chemiluminescent immunoassay with an
immunofluorescence assay for detection of phase
IT IgM and IgG antibodies to Coxiella burnetii.
Microorganisms 12(3), 552.

Grtler, L., Bauerfeind, U., Blimel, J., Burger, R.,
Drosten, C., Groner, A., Heiden, M., Hildebrandt,
M., Jansen, B., Offergeld, R., Pauli, G., Seitz,
R., Schlenkrich, U., Schottstedt, V., Strobel, J.
and Willkommen, H. 2014. Coxiella burnetii—
pathogenic agent of Q (query) fever. Transfus. Med.
Hemother. 41(1), 60-72.

Halsby, K.D., Kirkbride, H., Walsh, A.L., Okereke,
E., Brooks, T., Donati, M. and Morgan, D. 2017.
The epidemiology of Q fever in England and wales
2000-2015. Vet. Sci. 4(2), 28.

Hartzell, J.D., Wood-Morris, R.N., Martinez, L.J. and
Trotta, R.F. 2008. Q fever: epidemiology, diagnosis,
and treatment. Mayo Clin. Proc. 83(5), 574-579.

He, S., Yu, Y., Wang, L., Zhang, J., Bai, Z., Li, G., Li,
P. and Feng, X. 2024. Linker histone H1 drives
heterochromatin condensation via phase separation
in arabidopsis. Plant Cell. 36(5), 1829-1843.

Hogerwerf, L., van den Brom, R., Roest, H.I., Bouma,
A., Vellema, P., Pieterse, M., Dercksen, D. and
Nielen, M. 2011. Reduction of Coxiella burnetii
prevalence by vaccination of goats and sheep, The
Netherlands. Emerg. Infect. Dis. 17(3), 379-386.

Honarmand, H. 2012. Q fever: an old but still a poorly
understood disease. Interdiscip. Perspect. Infect.
Dis. 2012(1), 131932.

Horigan, M.W., Bell, M.M., Pollard, T.R., Sayers,
A.R. and Pritchard, G.C. 2011. Q fever diagnosis
in domestic ruminants: comparison between
complement fixation and commercial enzyme-
linked immunosorbent assays. J. Vet. Diagn. Invest.
23(5), 924-931.

Howe, D., Shannon, J.G., Winfree, S., Dorward, D.W.
and Heinzen, R.A. 2010. Coxiella burnetii phase
I and 1II variants replicate with similar kinetics in
degradative phagolysosome-like compartments of
human macrophages. Infect. Immun. 78(8), 3465—
3474.

Page 17 of 20 - Integrity Submission

Jacobson, A. and Sutthiwan, P. 2019. Myocarditis: a
rare manifestation of acute Q fever infection. J.
Cardiol. Cases 20(2), 45-48.

Jama, A.B., Sheehy, J.L., Mohamed, H., Attallah, N.,
Hassan, E., Khedr, A., Mushtaq, H., Mousa, O.Y.,
Milavetz, J.J., Sadik, A., Labban, M.E., Jain, N.,
Surani, S., Urena, E.O.G. and Khan, S.A. 2023. Case
report of acute Q fever with hepatitis progressing to
chronic Q fever with endocarditis. J. Community
Hosp. Intern. Med. Perspect. 13(2), 18-23.

Kagawa, F.T., Wehner, J.H. and Mohindra, V. 2003. Q
fever as a biological weapon. Semin. Respir. Infect.
18(3), 183-195.

Kampschreur, L.M., Oosterheert, J.J., Hoepelman,
A.l, Lestrade, P.J., Renders, N.H., Elsman, P. and
Wever, P.C. 2012. Prevalence of chronic Q fever in
patients with a history of cardiac valve surgery in
an area where Coxiella burnetii is epidemic. Clin.
Vaccine Immunol. 19(8), 1165-1169.

Kampschreur, L.M., Wegdam-Blans, M.C., Wever,
P.C., Renders, N.H., Delsing, C.E., Sprong, T.,
van Kasteren, M.E., Bijlmer, H., Notermans, D.,
Oosterheert, J.J., Stals, F.S., Nabuurs-Franssen,
M.H., Bleeker-Rovers, C.P. and Dutch Q Fever
Consensus  Group. 2015. Chronic Q fever
diagnosis—consensus guideline versus expert
opinion. Emerg. Infect. Dis. 21(7), 1183-1188.

Keijmel, S.P., Krijger, E., Delsing, C.E., Sprong, T.,
Nabuurs-Franssen, M.H. and Bleeker-Rovers, C.P.
2015. Differentiation of acute Q fever from other
infections in patients presenting to hospitals, the
Netherlands. Emerg. Infect. Dis. 21(8), 1348—-1356.

Kelm, D.J., White, D.B., Fadel, H.J., Ryu, JH.,
Maldonado, F. and Bagqir, M. 2017. Pulmonary
manifestations of Q fever: analysis of 38 patients.
J. Thorac. Dis. 9(10), 3973-3978.

Kersh, G.J. 2013. Antimicrobial therapies for Q fever.
Expert. Rev. Anti Infect. Ther. 11(11), 1207-1214.

Kersh, G.J., Fitzpatrick, K.A., Self, J.S., Biggerstaff,
B.J. and Massung, R.F. 2013. Long-term immune
responses to Coxiella burnetii after vaccination.
Clin. Vaccine Immunol. 20(2), 129-133.

Khademi, P., Ownagh, A., Ataei, B., Kazemnia, A.,
Eydi, J., Khalili, M., Mahzounieh, M. and Mardani,
K. 2020. Molecular detection of Coxiella burnetii
in horse sera in Iran. Comp. Immunol. Microbiol.
Infect. Dis. 72(1), 101521.

Kirchgessner, M.S., Dubovi, E.J. and Whipps, C.M.
2013. Disease risk surface for Coxiella burnetii
seroprevalence in white-tailed deer. Zoonoses
Public Health 60(7), 457-460.

Knobel, D.L., Maina, A.N., Cutler, S.J., Ogola, E.,
Feikin, D.R., Junghae, M., Halliday, J.E.B.,
Richards, A.L., Breiman, R.F., Cleaveland, S. and
Njenga, M.K. 2013. Coxiella burnetii in humans,
domestic ruminants, and ticks in rural western
Kenya. Am. J. Trop. Med. Hyg. 88(3), 513-518.

Kodori, M., Amani, J., Meshkat, Z. and Ahmadi, A.
2023. Coxiella burnetii Pathogenesis: Emphasizing

Submission ID trn:oid:::3618:1&52313243


http://www.openveterinaryjournal.com

7) turnjtin

)3aenitin

Page 18 of 20 - Integrity Submission
ttp://www.openveterinaryjournal.com

D. K. Meles et al.

Submission ID trn:o0id:::3618:127433243

Open Veterinary Journal, (2024), Vol. 14(10): 2509-2524

the Role of the Autophagic Pathway. Arch. Razi.
Inst. 78(3), 785-796.

Lee, M., Jang, J.J., Kim, Y.S., Lee, S.O., Choi, S.H.,
Kim, S.H. and Yu, E. 2012. Clinicopathologic
features of Q fever patients with acute hepatitis.
Korean J. Pathol. 46(1), 10—-14.

Long, C.M. 2021. Q fever vaccine development: current
strategies and future considerations. Pathogens
10(10), 1223.

Long, C.M., Beare, P.A., Cockrell, D.C., Larson, C.L.
and Heinzen, R.A. 2019. Comparative virulence of
diverse Coxiella burnetii strains. Virulence 10(1),
133-150.

Ma, G.C., Norris, J.M., Mathews, K.O., Chandra, S.,
ﬁlapeta, J., Bosward, K.L. and Ward, M.P. 2020.
New insights on the epidemiology of Coxiella
burnetii in pet dogs and cats from New South
Wales, Australia. Acta Trop. 205(1), 105416.

Mangombi-Pambou, J., Granjon, L., Labarrere, C.,
Kane, M., Niang, Y., Fournier, P.E., Delerce, J.,
Fenollar, F. and Mediannikov, O. 2023. New
genotype of Coxiella burnetii causing epizootic
Q fever outbreak in rodents, Northern Senegal.
Emerg. Infect. Dis. 29(5), 1078-108]1.

Mboussou, Y., Jaubert, J., Larrieu, S., Atiana, L., Naze,
F., Folio, C., Randrianaivo, H., Bertolotti, A., Picot,
S., Robillard, P.Y., Boukerrou, M. and Gérardin, P.
2019. Pregnancy outcomes of Q fever: prospective
follow-up study on Reunion island. BMC Infect.
Dis. 19(1), 1001.

Mendoza-Roldan, J.A., Louzada-Flores, V.N., Lekouch,
N., Khouchfi, 1., Annoscia, G., Zatelli, A., Beugnet,
F., Walochnik, J. and Otranto, D. 2023. Snakes and
souks: zoonotic pathogens associated to reptiles in
the marrakech markets, Morocco. PLoS Negl. Trop.
Dis. 17(7), e0011431.

Miller, H.K., Priestley, R.A. and Kersh, G.J. 2021.
Q fever: a troubling disease and a challenging
diagnosis. Clin. Microbiol. Newsl. 43(13), 109-
118.

Minor, C., Kersh, G.J., Gelatt, T., Kondas, A.V.,
Pabilonia, K.L., Weller, C.B., Dickerson, B.R. and
Duncan, C.G. 2013. Coxiella burnetii in northern
fur seals and steller sea lions of Alaska. J. Wildl.
Dis. 49(2), 441-446.

Mokarizadeh, K., Ownagh, A. and Tajik, H. 2023.
Molecular detection of Coxiella burnetii in Kope
cheese and cattle milk in West Azerbaijan, Iran. Vet.
Res. Forum. 14(5), 289-293.

Monteiro, R.L., Nascimento, R., Diogo, J., Bernardino,
R. and Ledo, R.N. 2021. Q fever: an emerging
reality in Portugal. Cureus 13(10), e19018.

Morroy, G., Keijmel, S.P., Delsing, C.E., Bleijenberg,
G., Langendam, M., Timen, A. and Bleeker-Rovers,
C.P. 2016. Fatigue following acute Q-fever: a
systematic literature review. PLoS One 11(5),
e0155884.

Page 18 of 20 - Integrity Submission

Morroy, G., Peters, J.B., van Nieuwenhof, M., Bor,
H.H., Hautvast, J.L., van der Hoek, W., Wijkmans,
C.J. and Vercoulen, J.H. 2011. The health status of
Q-fever patients after long-term follow-up. BMC
Infect. Dis. 11(1), 97.

Muema, J., Nyamai, M., Wheelhouse, N., Njuguna, J.,
Jost, C., Oyugi, J., Bukania, Z., Oboge, H., Ogoti,
B., Makori, A., Fernandez, M.D.P., Omulo, S.
and Thumbi, S.M. 2022. Endemicity of Coxiella
burnetii infection among people and their livestock
in pastoral communities in northern Kenya. Heliyon
8(10), e11133.

Muleme, M., Campbell, A., Stenos, J., Devlin, J.M.,
Vincent, G., Cameron, A., Graves, S., Wilks,
C.R. and Firestone, S. 2017. A longitudinal study
of serological responses to Coxiella burnetii and
shedding at kidding among intensively-managed
goats supports early use of vaccines. Vet. Res.
48(1), 50.

Mwololo, D., Nthiwa, D., Kitala, P., Abuom, T,
Wainaina, M., Kairu-Wanyoike, S., Lindahl,
J.F., Ontiri, E., Bukachi, S., Njeru, I., Karanja,
J., Sang, R., Grace, D. and Bett, B. 2022. Sero-
epidemiological survey of Coxiella burnetii in
livestock and humans in Tana River and Garissa
counties in Kenya. PLoS Negl. Trop. Dis. 16(3),
¢0010214.

Nejad, M.S., Golchin, M., Khalili, M., Mohammadi,
E. and Shamshirgaran, M.A. 2023. Prevalence
of Coxiella burnetii infection and risk factors
in aborted sheep and goats in Kerman province,
southeast of Iran. Iran. J. Vet. Sci. Technol. 15(4),
37-45.

Nielsen, K.T., Nielsen, S.S., Agger, J.F., Christoffersen,
A.B. and Agerholm, J.S. 2011. Association between
antibodies to Coxiella burnetii in bulk tank milk
and perinatal mortality of Danish dairy calves. Acta
Vet. Scand. 53(1), 64.

Ohlopkova, O.V., Yakovlev, S.A., Emmanuel, K.,
Kabanov, A.A., Odnoshevsky, D.A., Kartashov,
M.Y., Moshkin, A.D., Tuchkov, I.V., Nosov, N.Y.,
Kritsky, A.A., Agalakova, M.A., Davidyuk, Y.N.,
Khaiboullina, S.F., Morzunov, S.P., N’Fally, M.,
Bumbali, S., Camara, M.F., Boiro, M.Y., Agafonov,
A.P., Gavrilova, E.V. and Maksyutov, R.A. 2023.
Epidemiology of Zoonotic Coxiella burnetii in The
Republic of Guinea. Microorganisms 11(6), 1433.

Palanisamy, R., Zhang, Y. and Zhang, G. 2024. Role
of Type 4B secretion system protein, IcmE, in the
pathogenesis of Coxiella burnetii. Pathogens 13(5),
405.

Pexara, A., Solomakos, N. and Govaris, A. 2018. Q
fever and prevalence of Coxiella burnetii in milk.
Trends Food Sci. Technol. 71(1), 65-72.

Plummer, P.J., McClure, J.T., Menzies, P., Morley,
P.S., Van den Brom, R. and Van Metre, D.C. 2018.
Management of Coxiella burnetii infection in
livestock populations and the associated zoonotic

Submission ID trn:oid:::3618:127433243


http://www.openveterinaryjournal.com

21 turnitin

zﬂ turn.tin Page 19 of 20 - Integrity Submission

ttp://www.openveterinaryjournal.com
D. K. Meles et al.

Submission ID trn:o0id:::3618:127433243

Open Veterinary Journal, (2024), Vol. 14(10): 2509-2524

risk: a consensus statement. J. Vet. Intern. Med.
32(5), 1481-1494.

Porter, S.R., Czaplicki, G., Mainil, J., Guattéo, R.
and Saegerman, C. 2011. Q fever: current state
of knowledge and perspectives of research of a
neglected zoonosis. Int. J. Microbiol. 2011(1),
248418.

Psaroulaki, A., Mathioudaki, E., Vranakis, 1.,
Chochlakis, D., Yachnakis, E., Kokkini, S., Xie,
H. and Tsiotis, G. 2020. In the search of potential
serodiagnostic proteins to discriminate between
acute and chronic Q fever in humans. some
promising outcomes. Front. Cell. Infect. Microbiol.
10(1), 557027.

Purnamiharja, T.P., Juniantito, V., Wiranti, R.W. and
Setiyono, A. 2023. Molecular detection of Coxiella
burnetii the cause of zoonosis Q fever in various
organs of cattle in Bandung regency. Indones. J.
Vet. Sci. 17(3), 84-89.

Ramos, J.C., Santos, D. and Dias, P. 2023. Large-vessel
vasculitis and Q fever correlation. Eur. J. Case Rep.
Intern. Med. 11(1), 004110.

Raoult, D., Houpikian, P., Dupont, H.T., Riss,
J.M., Arditi-Djiane, J. and Brouqui, P. 1999.
Treatment of Q fever endocarditis: comparison of
2 regimens containing doxycycline and ofloxacin
or hydroxychloroquine. Arch. Intern. Med. 159(2),
167-173.

Robi, D.T., Demissie, W. and Temteme, S. 2023.
Coxiellosis in livestock: epidemiology, public
health significance, and prevalence of Coxiella
burnetii infection in Ethiopia. Vet. Med. (Auckl).
14(1), 145-158.

Roest, H.J., van Gelderen, B., Dinkla, A., Frangoulidis,
D., van Zijderveld, F., Rebel, J. and van Keulen,
L. 2012. Q fever in pregnant goats: pathogenesis
and excretion of Coxiella burnetii. PLoS One 7(11),
e48949.

Rolain, J.M., Colson, P. and Raoult, D. 2007. Recycling
of chloroquine and its hydroxyl analogue to face
bacterial, fungal and viral infections in the 21st
century. Int. J. Antimicrob. Agents. 30(4), 297-308.

Ruiz-Fons, F., Rodriguez, O., Torina, A., Naranjo, V.,
Gortazar, C. and de la Fuente, J. 2008. Prevalence
of Coxiella burnetti infection in wild and farmed
ungulates. Vet. Microbiol. 126(1-3), 282-286.

Sadiki, V., Geebe, N., Mangena, M.L., Ngoshe, Y.B.
and Adesiyun, A.A. 2023. Prevalence and risk
factors of Q fever (Coxiella burnetii) in cattle on
farms of Limpopo province, South Africa. Front.
Vet. Sci. 10(1), 1101988.

Saegerman, C., Grégoire, F. and Delooz, L. 2022.
Diagnosis of Coxiella burnetii cattle abortion: a
one-year observational study. Pathogens 11(4), 429.

Salifu, S.P., Bukari, A.A., Frangoulidis, D. and
Wheelhouse, N. 2019. Current perspectives on the
transmission of Q fever: highlighting the need for

Page 19 of 20 - Integrity Submission

a systematic molecular approach for a neglected
disease in Africa. Acta Trop. 193(1), 99—105.

Sam, G., Stenos, J., Graves, S.R. and Rehm, B.H.A.
2023. Q fever immunology: the quest for a safe and
effective vaccine. NPJ Vaccines 8(1), 133.

Samanta, D., Clemente, T.M., Schuler, B.E. and Gilk,
S.D. 2019. Coxiella burnetii Type 4B secretion
system-dependent manipulation of endolysosomal
maturation is required for bacterial growth. PLoS
Pathog. 15(12), e1007855.

Sander, W.E., King, R., Graser, W., Kapfer, J.M.,
Engel, A.l.,, Adamovicz, L. and Allender, M.C.
2021. Coxiella burnetii in 3 species of turtles in the
upper midwest, United States Emerg. Infect. Dis.
27(12), 3199-3202.

Schneeberger, P.M., Wintenberger, C., van der
Hoek, W. and Stahl, J.P. 2014. Q fever in the
Netherlands—2007-2010: what we learned from
the largest outbreak ever. Med. Mal. Infect. 44(8),
339-353.

Selim, A., Marawan, M. A., Abdelhady, A., Alshammari,
F.A., Alghtani, A.H., Ba-Awadh, H.A., Olarinre, I.O.
and Swelum, A.A. 2023. Coxiella burnetii and its
risk factors in cattle in Egypt: a seroepidemiological
survey. BMC Vet. Res. 19(1), 29.

Shaw, E.I. and Voth, D.E. 2019. Coxiella burnetii: a
pathogenic intracellular acidophile. Microbiology
(Reading) 165(1), 1-3.

Shepherd, D.C., Kaplan, M., Vankadari, N., Kim, K.W.,
Larson, C.L., Dutka, P., Beare, P.A., Krzymowski,
E.,Heinzen, R.A., Jensen, G.J. and Ghosal, D. 2023.
Morphological remodeling of Coxiella burnetii
during its biphasic developmental cycle revealed by
cryo-electron tomography. iScience 26(7), 107210.

Sireci, G., Badami, G.D., Di Liberto, D., Blanda, V.,
Grippi, F., Di Paola, L., Guercio, A., de la Fuente, J.
and Torina, A. 2021. Recent advances on the innate
immune response to Coxiella burnetii. Front. Cell.
Infect. Microbiol. 11(1), 754455.

Sitdikov, R., Mullakaev, O. and Tyaglova, 1. 2020.
Clinical and morphological manifestation of
spontaneous Coxiella burnetii infection in sheep.
BIO Web Conf. 27(1), 00092.

Smit, L.A., van der Sman-de Beer, F., Opstal-van
Winden, A.W., Hooiveld, M., Beekhuizen, J.,
Wouters, I.M., Yzermans, J. and Heederik, D.
2012. Q fever and pneumonia in an area with a high
livestock density: a large population-based study.
PLoS One 7(6), e38843.

Smith, C.B., Evavold, C. and Kersh, G.J. 2019. The
effect of pH on antibiotic efficacy against Coxiella
burnetii in axenic media. Sci. Rep. 9(1), 18132.

Sobotta, K., Bonkowski, K., Liebler-Tenorio, E.,
Germon, P., Rainard, P., Hambruch, N., Pfarrer, C.,
Jacobsen, I.D. and Menge, C. 2017. Permissiveness
of bovine epithelial cells from lung, intestine,
placenta and udder for infection with Coxiella
burnetii. Vet. Res. 48(1), 23.

Submission ID trn:oid:::3618:1&52373243


http://www.openveterinaryjournal.com

) ¥dtnitin

zﬂ turn.tin Page 20 of 20 - Integrity Submission

ttp://www.openveterinaryjournal.com
D. K. Meles et al.

Submission ID trn:o0id:::3618:127433243

Open Veterinary Journal, (2024), Vol. 14(10): 2509-2524

Sobotta, K., Hillarius, K., Mager, M., Kerner, K.,
Heydel, C. and Menge, C. 2016. Coxiella burnetii
infects primary bovine macrophages and limits
their host cell response. Infect. Immun. 84(6),
1722-1734.

Stahl, J.P., Varon, E. and Bru, J.P. 2022. Treatment
of  Coxiella  burnetii  endocarditis  with
hydroxychloroquine. Is it evidence-based? Clin.
Microbiol. Infect. 28(5), 637-639.

Stein, A., Louveau, C., Lepidi, H., Ricci, F., Baylac,
P., Davoust, B. and Raoult, D. 2005. Q fever
pneumonia: virulence of Coxiella burnetii
pathovars in a murine model of aerosol infection.
Infect. Immun. 73(4), 2469-2477.

Szulc-Dgbrowska, L., Bossowska-Nowicka, M.,
Struzik, J. and Toka, F.N. 2020. Cathepsins in
bacteria-macrophage interaction: defenders or
victims of circumstance? Front. Cell. Infect.
Microbiol. 10(1), 601072.

Tagesu, S. 2019. Q fever in small ruminants and its
public health importance. Dairy Vet. Sci. J. 9(1),
555752.

Thill, P., Eldin, C., Dahuron, L., Berlioz-Artaud, A.,
Demar, M., Nacher, M., Beillard, E., Djossou, F.
and Epelboin, L. 2022. High endemicity of Q fever
in French Guiana: a cross sectional study (2007-
2017). PLoS Negl. Trop. Dis. 16(5), €0010349.

Toledo-Perona, R., Contreras, A., Gomis, J., Quereda,
J.J., Garcia-Galan, A., Sanchez, A. and Goémez-
Martin, A. 2024. Controlling Coxiella burnetii
in naturally infected sheep, goats and cows, and
public health implications: a scoping review. Front.
Vet. Sci. 11(1), 1321553.

Ullah, Q., El-Adawy, H., Jamil, T., Jamil, H., Qureshi,
Z.1., Saqib, M., Ullah, S., Shah, M.K., Khan,
A.Z., Zubair, M., Khan, I., Mertens-Scholz, K.,
Henning, K. and Neubauer, H. 2019. Serological
and molecular investigation of Coxiella burnetii in
small ruminants and ticks in Punjab, Pakistan. Int.
J. Environ. Res. Public Health 16(21), 4271.

Ullah, Q., Jamil, T., Saqib, M., Igbal, M. and
Neubauer, H. 2022. Q fever-a neglected zoonosis.
Microorganisms 10(8), 1530.

Van Leuken, J.P.G., Swart, A.N., Brandsma, J., Terink,
W., Van de Kassteele, J., Droogers, P., Sauter, F.,
Havelaar, A.H. and Van der Hoek, W. 2016. Human
Q fever incidence is associated to spatiotemporal
environmental conditions. One Health 2(1), 77-87.

von Ranke, F.M., Pessoa, F.M.C., Afonso, F.B.,
Gomes, J.B., Borghi, D.P., Alves de Melo, A.S.
and Marchiori, E. 2019. Acute Q fever pneumonia:
high-resolution computed tomographic findings in
six patients. Br. J. Radiol. 92(1095), 20180292.

van Schaik, E.J., Chen, C., Mertens, K., Weber, M.M.
and Samuel, J.E. 2013. Molecular pathogenesis
of the obligate intracellular bacterium Coxiella
burnetii. Nat. Rev. Microbiol. 11(8), 561-573.

Page 20 of 20 - Integrity Submission

Vellema, P., Santman-Berends, I., Dijkstra, F., van
Engelen, E., Aalberts, M., Ter Bogt-Kappert, C. and
van den Brom, R. 2021. Dairy sheep played a minor
role in the 2005-2010 human Q fever outbreak in
the Netherlands compared to dairy goats. Pathogens
10(12), 1579.

Walbaum, S., Ambrosy, B., Schiitz, P., Bachg, A.C.,
Horsthemke, M., Leusen, JH.W., Mocsai, A. and
Hanley, P.J. 2021. Complement receptor 3 mediates
both sinking phagocytosis and phagocytic cup
formation via distinct mechanisms. J. Biol. Chem.
296(1), 100256.

Wallqvist, A., Wang, H., Zavaljevski, N., Memisevic,
V., Kwon, K., Pieper, R., Rajagopala, S.V. and
Reifman, J. 2017. Mechanisms of action of Coxiella
burnetii effectors inferred from host-pathogen
protein interactions. PLoS One 12(11), e0188071.

Wielders, C.C., Kampschreur, L.M., Schneeberger,
PM., Jager, M.M., Hoepelman, A.L., Leenders,
A.C., Hermans, M.H. and Wever, P.C. 2012.
Early diagnosis and treatment of patients with
symptomatic acute Q fever do not prohibit IgG
antibody responses to Coxiella burnetii. Clin.
Vaccine Immunol. 19(10), 1661-1666.

Wielders, C.C., van Loenhout, J.A., Morroy, G.,
Rietveld, A., Notermans, D.W., Wever, P.C.,
Renders, N.H., Leenders, A.C., van der Hoek,
W. and Schneeberger, PM. 2015. Long-term
serological follow-up of acute Q-fever patients
after a large epidemic. PLoS One 10(7), e0131848.

Williams-Macdonald, S.E., Mitchell, M., Frew, D.,
Palarea-Albaladejo, J., Ewing, D., Golde, W.T.,
Longbottom, D., Nisbet, A.J.,, Livingstone,
M., Hamilton, C.M., Fitzgerald, S.F., Buus, S.,
Bach, E., Dinkla, A., Roest, H.J., Koets, A.P. and
McNeilly, T.N. 2023. Efficacy of phase I and phase
IT Coxiella burnetii bacterin vaccines in a pregnant
ewe challenge model. Vaccines (Basel) 11(3), 511.

Winter, F. and Campe, A. 2022. Q fever expertise
among human and veterinary health professionals
in Germany—a stakeholder analysis of knowledge
gaps. PLoS One 17(3), ¢0264629.

Winter, F., Schoneberg, C., Wolf, A., Bauer, B.U.,
Priifer, T.L., Fischer, S.F., Gerdes, U., Runge, M.,
Ganter, M. and Campe, A. 2021. Concept of an
active surveillance system for Q fever in German
small ruminants-conflicts between best practices
and feasibility. Front. Vet. Sci. 8(1), 623786.

Yang, D., Haemmig, S., Zhou, H., Pérez-Cremades, D.,
Sun, X., Chen, L., Li, J., Haneo-Mejia, J., Yang, T.,
Hollan, I. and Feinberg, M.W. 2021. Methotrexate
attenuates vascular inflammation through an
adenosine-microRNA-dependent pathway. Elife
10(1), e58064.

Zarza, S.M., Mezouar, S. and Mege, J.L. 2021.
From Coxiella burnetii infection to pregnancy
complications: key role of the immune response of
placental cells. Pathogens 10(5), 627.

Submission ID trn:oid:::3618:127433243


http://www.openveterinaryjournal.com

