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Abstract: Coxiellosis is a zoonotic disease that is prevalent globally and can pose significant challenges, especially in less developed
countries like Ethiopia. Coxiella burnetii is responsible for causing an infection called Q fever in humans and coxiellosis in ruminants.
Pneumonia and endocarditis are the only signs that characterize the acute and chronic forms of Q fever, respectively. Ruminants
exhibit symptoms such as abortion during the later stages of pregnancy, impaired fertility, perinatal death, premature delivery, and
reduced birth weight. C. burnetii infection typically spreads among healthy cattle via tick bites and exposure to infected cattle or their
bodily secretions. The primary source of human infection is through the ingestion of contaminated milk and milk products, but
transmission through aerosols and dust generated during livestock operations is also common. Cattle, sheep, camels and goats are the
primary sources of human infection, and the bacterium can be found in various bodily fluids of infected animals. Several factors,
including host characteristics, environmental conditions, and management practices, can potentially affect the occurrence of C. burnetii
infection in livestock, such as cattle, camels, sheep, and goats. Coxiellosis is prevalent in Ethiopia’s pastoral and mixed cattle
management systems, as individuals frequently interact with cattle and are therefore more prone to exposure to the C. burnetii
bacterium. Vaccination and biosecurity measures are effective techniques for managing C. burnetii infection. Therefore, it is crucial to
implement appropriate mitigation strategies, raise awareness about the spread of C. burnetii infection, and conduct further studies on
C. burnetii infection in high-risk groups.
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Introduction

Livestock provides a multitude of benefits, such as animal protein, crop cultivation support, export commodities,
fertilization of farmland, household energy, and the potential for wealth accumulation. Despite these and other factors,
livestock diseases continue to be a serious problem in some African countries, particularly Ethiopia. Anthrax, rabies,
brucellosis, bovine tuberculosis, hydatidosis, cysticercosis, leptospirosis, and Q-fever are among the zoonotic diseases
that are currently recognized.'* One of the challenges is Query (Q) fever, a bacterial infection affecting both human and
animal health. Q-fever is classified as one of the thirteen most significant zoonotic disease worldwide.***

Coxiella burnetii (C. burnetii) is a gram-negative bacterium that is capable of causing an infection called Q-fever in
humans and coxiellosis in animals. It can remain in a spore state for extended periods of time and is found extensively
throughout the environment.’ Many mammals, birds, and arthropods are affected.® Cattle, goats, and sheep are the
primary transmitters of C. burnetii infection to humans.” Although the disease is asymptomatic, it has been associated to
fragile fetuses, late abortions, stillbirths, and infertility.8 Ticks, among the most prevalent arachnids, are one of the most
significant arthropods known to serve as reservoirs for C. burnetii. Ticks can spread C. burnetii to their young both
transovarially and transstadially by ingesting the blood meals of infected animals.’
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Q-fever is a major occupational zoonosis with significant socioeconomic consequences since it is related to exposure
to animals. However, it is now understood to impact everyone,'® as the main mode of transmission to humans is inhaling
pathogen-contaminated dust or aerosols. Moreover, C. burnetii is extremely resistant and can become airborne, traveling
for over a mile on wind currents. Therefore, exposure to C. burnetii can happen even in the absence of direct contact with

diseased animals,lo’11

and it has caused outbreaks in several countries around the world. Despite its widespread
prevalence, the disease is considered neglected, and rarely reported due to its varied signs, self-restricting nature, and
lack of diagnostic tools. ' Veterinarians, slaughterhouse workers, animal owners, and scientists involved in animal
studies were more affected by Q fever.'® There have not been many detailed epidemiological studies on this bacterium
since 1947 when the first case of Q-fever in Africa was reported.'

Recent reports of serological studies on C. burnetii in cattle revealed that humans living in rural areas had
significantly higher seroprevalence (27%) in the Somali region.'* Ethiopia faces a significant public health concern
due to the proximity between humans and animals and the customary consumption of animal products in their raw form,
which increases the risk of zoonotic diseases.'> The occurrence of abortion and infertility in domestic ruminants has
become a growing concern in the country.'®2° The high rate of pregnancy loss and resulting infertility among livestock
represents a significant economic loss in the country and livestock producers have been severely affected by a major
setback to their means of earning a living. Coxiellosis has been recognized as a potential reason for these pregnancy loss
episodes since it can affect all three ruminant species (cattle, sheep, and goats). The available data on the epidemiology
and zoonotic ramifications of C. burnetii infection among cattle, sheep, and goats in Ethiopia is scarce. Hence, the
objective of this paper is to review the current status of C. burnetii infection in Ethiopia, including its epidemiology and
zoonotic implications.

C. burnetii Infection: Challenges, Control, and Its Status in Ethiopia
Q-Fever History

In Brisbane, Australia, back in 1935, a group of workers at a slaughterhouse experienced an episode of febrile illness.
This disease was then termed “Q” fever by Derrick Edward Holbrook, who could not diagnose it based on patient history,
physical examination, and limited investigations.”' Several employees mentioned that the origin of the “Q” was related to
Queensland, the state in Australia where the illness was initially discovered. Q fever has been referred to by various
names, such as Australian Q-fever, Abattoir fever, Nine Mile fever, and Balkan influenza, reflecting its global presence.?
Q fever has been documented in over 50 countries worldwide. Despite the fact that its symptoms are diverse, it has a self-
limited course, and there is no reporting requirement, it is still regarded as a significant public health issue, and its actual
occurrence may be underreported.?***

After the epidemiology of Q fever was understood and it was recognized as a zoonosis, research into the disease fell
out of favor. However, Burnet and Freeman® managed to isolate a fastidious intracellular bacterium from guinea pigs
that had been injected with blood or urine from Derrick’s patients. This bacterium was later classified by Philip CB as
a new genus, named Coxiella, in 1948. This genus consists of only one species, C. burnetii, which is similar in both
morphology and biochemistry to other gram-negative bacteria. C. burnetii has been found in various mammals and ticks
and can survive in the environment.”® Despite being first discovered in Africa in 1947, there has been limited
epidemiological study on this bacterium, both in terms of quantity and quality.”” As a “category B” bioterrorism
agent, C. burnetii is categorized.”®

Etiology and Taxonomy

C. burnetii, the bacterial agent responsible for Q fever, is a small gram-negative bacterium with polymorphic properties.
It is classified under the family Coxiellaceac, order Legionellales, class Gamma proteobacteria, and phylum
Proteobacteria, and belongs to the Coxiella genus.29 The bacterium is an obligate intracellular pathogen that reproduces
within an acidic vacuolar compartment, displaying several phagolysosome traits. During its process of development,

C. burnetii undergoes morphological changes and exists in two forms: a large, less electron-dense cell variant, and
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a smaller, more metabolically active intracellular form. The projected period for C. burnetii to double ranges from 20 to
45 hours. Moreover, generation times were computed to be around 11 hours during the phase of exponential growth.*°

C. burnetii displays two different antigenic phases, namely Phase I and Phase II, which are determined by the changes
in the organism induced through in vitro culture. The antigenicity of the bacteria is due to the lipopolysaccharide (LPS)
of the membrane. The smooth phase of Gram-negative bacteria corresponds to phase I antigens, which are more
infectious and virulent, while the granular (rough) phase corresponds to Phase II antigens, which are less virulent.*!
Coxiella-like bacteria are commonly found in ticks, and a related organism was recently discovered in horses. These
discoveries may have an impact on the epidemiology of C. burnetii. Although C. burnetii is reported to occur in over 40
tick species, the accuracy of current PCR tests is questionable as they may also amplify Coxiella-like bacteria, which
raises doubts about whether all of these ticks are genuinely infected with C. burnetii.>?

Epidemiology of C. burnetii Infection

Location-Based Distribution

C. burnetii infection is a zoonotic disease that has a worldwide distribution and can manifest itself as sporadic cases or as
outbreaks. According to recent studies, there is a possibility that it could be considered as an emerging disease, which
may be related to climate change.” Australia has experienced significant Q fever outbreaks in the past. The country has
a large livestock industry, and infection rates among people who work closely with animals, such as farmers and abattoir
workers, have been notable. The Australian government has implemented successful vaccination campaigns and public
health initiatives to manage the disease.’>** The Netherlands faced a major Q fever outbreak between 2007 and 2010,
with thousands of human cases reported. The outbreak was linked to infected goat farms. Since then, the Dutch
government has implemented strict control measures, such as culling infected animals, to prevent further

outbreaks.>>3¢

Q fever is present in the United States, with sporadic outbreaks occurring. The risk of infection is higher
in agricultural areas where livestock farming is common.*’

C. burnetii was first discovered in Africa in 1947. The prevalence of Q fever varies across different regions of Africa
due to various factors, including livestock farming practices, awareness and surveillance measures, and healthcare
infrastructure.*® Some African countries may have higher incidence rates of Q fever due to the close interaction between
humans and animals in agricultural settings, limited awareness of the disease, and challenges in diagnosing and reporting
cases. In areas where livestock farming is more intensive, Q fever may be more common.”’ It is crucial to recognize
that the epidemiological situation may vary significantly between countries. Accurate data and research are vital for
understanding the true burden of Q fever and implementing effective control measures.*’

In Ethiopia, like in many other countries, C. burnetii infection is a significant public health concern. Due to the
country’s agrarian nature, where a large proportion of the population depends on livestock farming, the risk of
transmission from animals to humans is relatively high.'**' Furthermore, Ethiopia faces challenges in terms of
healthcare infrastructure and access to proper diagnostic and treatment facilities in rural areas, which may impede
early detection and effective management of the C. burnetii infection. Moreover, factors like climate change, changing
agricultural practices, and population movement could also influence the prevalence and distribution of the disease in
Ethiopia.'*'® One research study carried out in Ethiopia have shown that 6.5% of abattoir workers in Addis Ababa were
seropositive for C. burnetii, and that goats and sheep slaughtered in the same area and its peri-urban zones also had

C. burnetii antibodies.*?

Reservoirs and Host Range of C. burnetii Infection
C. burnetii can be found in various wild and domestic animals, including mammals, birds, and arthropods like ticks,
which act as reservoirs for the bacteria.** Ticks are particularly important, as they allow the bacteria to multiply within
their midgut and stomach cells. The bacteria are then excreted in the saliva and feces of ticks.** Human infections with
C. burnetii are primarily linked to farm animals, such as cattle, goats, and sheep, while urban outbreaks of the disease
may be attributed to pets, including cats, rabbits, and dogs.*’

Livestock, which comprises animals such as cattle, sheep, camels, and goats, is recognized as the primary host and
origin of infection for humans.*®*” C. burnetii has also been detected in various wild creatures, including roe deer, wild
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boars, rodents, European hare, Pacific harbour seals, Steller sea lions, Northern fur seals, and harbour porpoises, in both
land-based and marine environments.*®*° In the wildlife of the Netherlands, roe deer and rats have been found to have
C. burnetii infection.”® However, human cases of Q fever are typically observed clinically, and cattle, sheep, and goats
are considered the primary sources of human infection.”'

Source of Infection and Transmission Methods

Animal Source of Infection and Transmission Methods

C. burnetii likely persists through animal infection via tick bites, which may also spread the infection among wild
vertebrates, including rodents, lagomorphs, and wild birds.>>>* In female animals, C. burnetii is present in the uterus and
mammary glands, and is expelled into the environment through birth products, feces, urine, and milk.>*>* Dogs and wild
carnivores may become infected through consuming contaminated ruminant placenta or birth products, or via aerosol
transmission.® Ticks are not essential for C. burnetii’s life cycle, but they could play a role in transmitting the infection
among animals, including both wild and domestic animals.”’ Nursing calves may also contract the infection through their
mother’s milk, with over 90% of dairy herds in the northeastern United States infected with C. burnetii based on
surveillance of bulk milk samples.’®

Source of Infection and Transmission Methods in Humans

The potential source of human infection for Q fever is through the ingestion of contaminated milk and milk products.
However, this mode of transmission has not been conclusively proven in experimental studies. However, several recent
studies have proven Q fever transmission through pasteurized and unpasteurized milk.****® Human-to-human transmis-
sion has occurred in rare, sporadic cases, such as during autopsies and contact with pregnant women.®' The microorgan-
ism, C. burnetii, can be found in various bodily fluids of infected animals, including milk, urine, feces, placenta, and birth
fluids. Humans typically contract the infection by inhaling contaminated dust or aerosols that are generated during
livestock operations involving cattle, camels, sheep, and goats.'”'>*? In laboratory settings, even the inhalation of
a single C. burnetii bacterium can cause human infection and clinical disease. The bacteria can also be transmitted
indirectly through the handling of contaminated farm materials like utensils, straw, manure, or dust from farm vehicles.
Domestic ruminants like cattle, sheep, and goats are the primary sources of human infection.'? During parturition, these
animals can release large amounts of bacteria through amniotic fluid and fetal membranes, which can lead to contamina-
tion by aerosols.®® The bacterium can also be transmitted through the air, which means that even people who have no
direct contact with animals can become infected.*’

Risk Factors

Agent Factors

The severity of Q fever in humans caused by C. burnetii varies among different strains of the bacterium.®* Strains I, II,
and IIT are more likely to result in acute infections, while strains IV and V are associated with chronic infections.
Currently, there is no available information on the virulence of strain VI.°>:%¢

Host Factors

The occurrence of Q fever in humans is influenced by various host factors, such as age and gender. The most vulnerable
age group is between 30-60 years old, and the disease is more commonly found in men.®” Certain individuals are at
a higher risk of infection or seropositivity, including those with a previous history of valvulopathy, immunosuppressive
diseases like AIDS, pregnant women, veterinarians, animal farm workers, abattoir workers, laboratory personnel, and
immunosuppressed individuals.*>®® In animals, the prevalence of C. burnetii infection increases with age or the number
of pregnancies in cattle and sheep. Prevalence is higher in dairy cows compared to beef cattle, and sheep flock size can
also affect seroprevalence.®’

Season, Environment and Management Factors
It has been observed that there is a seasonal fluctuation in human Q fever cases, but the precise pattern differs based on
the location. Q fever cases are frequently documented during the spring or early summer months, though the incidence
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appears to be more closely linked to rainfall than a particular season.’”® Individuals residing near animals carrying the
infection or in regions with a high concentration of livestock are at a greater risk of developing Q fever.”' Animal
management strategies, such as housing methods and segregation of newly introduced animals, can also impact the

prevalence of C. burnetii infection among animals.®*¢’

Clinical Manifestations

Clinical Manifestations of Coxiellosis in Animal

The clinical manifestations of coxiellosis are generally non-specific in most animals, but they can cause various
reproductive issues in ruminants, particularly in cases where C. burnetii is present. These issues include reduced fertility,
late-term abortion, perinatal mortality, premature delivery, and low birth weight. Aborted fetuses may appear normal, and
the percentage of abortions can range from 3% to 80%. Infected animal placentas display exudates and intracotyledonary
fibrous thickening. Goats may experience a severe inflammatory response in the myometrium, while cattle frequently

experience metritis as a result of the disease.””°

Sign of C. burnetii Infection in Human

The infection caused by C. burnetii in humans can lead to three different types of illnesses, namely asymptomatic, acute,
or chronic. The symptoms of Q fever can differ greatly, with some individuals not experiencing any symptoms at all,
while others may develop flu-like symptoms, severe pneumonia, or chronic endocarditis. The clinical presentation of the
disease may be influenced by host factors such as age, gender, and pre-existing medical conditions. Individuals who are

older than 15 years are more likely to exhibit clinical symptoms.’*"?

Acute C. burnetii Infection

The incubation period of Q fever is typically 20 days, but can range from 3 to 30 days. Although approximately 50-60%
of those infected with Q fever may not experience any symptoms, symptomatic patients can present with over 30
different clinical syndromes.”*’* Symptoms of acute Q fever may include a sudden onset of fever (up to 40°C-40.5°C),
chills, profuse sweating, severe headache with retro-orbital pain, weakness, nausea, vomiting, diarrhea, non-productive
cough, and abdominal or chest pain. Without treatment, the fever may last for up to 9 to 14 days.”* Pneumonia is
observed in approximately 30-50% of cases, while acute hepatitis, meningoencephalitis, and myocarditis are also
possible. Abnormal liver function tests and thrombocytopenia are common. Although pregnant women are believed to
have an increased risk of pre-term delivery or miscarriage, a study from the Netherlands did not find any association
between seropositive status and elevated risk.'®”> A study has described other acute disease manifestations, which can

affect nearly every organ system.”

Chronic C. burnetii Infection

Chronic Q fever typically manifests as endocarditis, which occurs after several weeks to years following an acute
infection.”® Certain individuals are at a higher risk of developing chronic Q fever, such as those with immunosuppres-
sion, heart valve lesions, vascular abnormalities, and pregnancy.72 Endocarditis is the most common form of chronic
Q fever, accounting for 60-70% of cases and representing 3-5% of all endocarditis cases.”>’® Recent studies have
provided new insights into endocarditis in Q fever. While immunosuppression was previously considered a risk factor,
recent evidence indicates that underlying valvulopathies pose a greater risk.”® Moreover, minor valvular abnormalities
like mitral valve prolapse, bicuspid aortic valve, and minor valvular leak may also contribute to endocarditis.”” The risk
of developing endocarditis is reported to be 75% in patients with untreated underlying valvulopathies.”® In one study,
patients who received only doxycycline had a 50% chance of developing endocarditis, whereas those who were treated
with both doxycycline and hydroxychloroquine did not develop endocarditis.”® Vascular infections are the second most
common form of chronic Q fever, with aortic aneurysms or vascular grafts being frequently involved, as reported in

a study of 30 cases in France.”®
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Pathogenesis

The precise mechanism by which C. burnetii infects animals and humans is not well understood. Research indicates that
the bacterial LPS is significant in the development of Q fever in animals and humans.’® The bacterium is believed to
enter the lungs and intestine via the oropharyngeal route. Q fever is highly contagious, and even a small number of
bacteria can cause infection. After initial entry, the pathogen multiplies in the regional lymph nodes, resulting in transient
bacteremia that lasts for 5-7 days.?’

C. burnetii undergoes a biphasic life cycle, alternating between a replicating large cell variant (LCV) and a non-
replicating, infectious small cell variant (SCV). The SCV is highly resistant to environmental conditions due to its spore-
like structure, which includes highly condensed chromatin.>® One variant is a large cell variant (LCV) that is active
metabolically and found inside cells. The LCV has the ability to replicate and is larger and less electron-dense. The other
variant is a small cell variant (SCV) that is spore-like and has a unique morphology and function. The SCV is rod-shaped
and compact with a dense central region. It is considered metabolically inactive and less likely to replicate.”®"*

Animals that are infected with C. burnetii release small cell variants (SCVs) that attach to the cell membrane of
phagocytic cells. Once the phagosome containing the SCV merges with the lysosome, the SCVs can grow and develop
into large cell variants (LCVs). Both LCVs and activated SCVs can divide by binary fission, while LCVs can also
undergo sporogenic differentiation.'” These spores can mature into metabolically inactive SCVs, which can be released
from the infected host cell via cell lysis or exocytosis. C. burnetiis entire development cycle occurs in acidic
phagolysosomes, which safeguard the pathogen from the host’s microbicidal actions and the impact of antibiotics.®"
The SCV and spore forms are more resistant to denaturation than LCVs. Moreover, the acidic environment reduces the
effectiveness of antibiotics against C. burnetii.®

C. burnetii undergoes changes in antigenicity during in vitro culture resulting in two distinct antigenic phases, Phase
I and Phase II. Antibodies against Phase II are produced early in the infection, while antibodies against Phase I become
predominant if the infection persists. This switch is useful in differentiating acute and chronic infections in humans,
although it is not applicable in animals. Phase I bacteria are isolated from infected humans, animals, and arthropods and
have a smooth full-length LPS. In contrast, the wild virulent type Phase I bacterium changes to virulent Phase II with
rough LPS after multiple passages in embryonated egg or cell cultures.'>™ C. burnetii’s virulence and pathogenicity are

associated with its genetic characteristics, plasmid groups, strain types, and host factors such as pregnancy.®®**

Diagnosis

The symptoms of Q fever are not unique and can be observed in both animals and humans, making it crucial to confirm
the diagnosis through laboratory tests. There are four types of diagnostic tests accessible, including isolation of the
organism with the use of biosafety-level 3 laboratory procedures, serologic tests like IFA, ELISA, complement fixation,
antigen detection assays like THC, and nucleic acid detection assays such as PCR.*

To identify the pathogen, it is necessary to obtain appropriate samples such as placenta, vaginal mucus, milk,
colostrum, feces, and various tissues from the aborted fetus (such as liver, lung, and stomach contents). Various
techniques, including staining methods (stamp, Gimenez, Machiavello, or Giemsa) are available for identifying
C. burnetii. Although some techniques can be used to detect certain pathogens, such as Brucella spp or Chlamydia
spp, they may not be reliable due to their low sensitivity and specificity, which may lead to false-positive results.*> For
this reason, experts suggest using serological analysis with complement fixation or ELISA to improve accuracy.

Routine veterinary diagnosis usually does not involve isolating the bacteria due to various reasons, including the
agent’s zoonotic nature, the need for specialized BSL3 laboratories, expertise, and the time-consuming testing process.
Nonetheless, isolation methods, such as shell-vial cell culture or culture in embryonated eggs’ yolk sacs, can be utilized
to achieve isolation.®® To detect C. burnetii inclusions in the cytoplasm of endodermal cells, smears of yolk sacs can be
prepared and stained using the Gimenez method.

Serological Diagnosis
The Complement Fixation Test (CFT) is a method to detect complement-fixing antibodies in serum. Although it is
specific, it is less sensitive than ELISA or IFA tests.”'*®” While Immunofluorescence Assay (IFA) is species-specific, it is
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not commonly used for diagnosing C. burnetii infection in animals. However, it is widely used for diagnosing human
infections. IFA can distinguish between acute and chronic infections by analyzing the ratio of phase I and phase II IgG
antibodies. Notably, there is no commercially available kit for veterinary investigations using IFA.*®

The Enzyme-linked Immunosorbent Assay (ELISA) is a recommended diagnostic tool for sero-epidemiological
studies in animals due to its high sensitivity and good specificity, which allows it to detect antibodies against both
phase I and phase II. ELISA has been shown to be more sensitive than the Complement Fixation Test (CFT) in animal
studies. While CFT is a quick diagnostic technique that can test a large number of samples at the same time and is
commonly used for sero-epidemiological studies in animals, ELISA has been found to have higher sensitivity than both
CFT and IFA in human studies.’"*%%’

Molecular Diagnosis

Polymerase chain reaction (PCR) is an effective method for detecting C. burnetii DNA in cell cultures and clinical
samples. This is achieved through the use of PCR techniques, which offer high sensitivity and specificity.*” PCR has been
rapidly and effectively employed to diagnose Q fever in veterinary science, improving the accuracy of detection.”

Differential Diagnosis
Numerous diseases share similar symptoms with Q fever, including brucellosis, salmonellosis, leptospirosis, listeriosis,
campylobacteriosis, influenza, and rickettsia infection. During the early stages, influenza may be considered due to its

3

similar presentation. Listeriosis, also known as “circling disease”, can cause fever, blindness, head pressing, and
placental necrosis leading to abortion. Brucella can cause female animal abortion during the seventh month of pregnancy,
as well as placental retention and metritis. In males, Brucella can cause epididymitis, orchitis, synovitis, and sterility.
Salmonellosis can result in foul-smelling diarrhea, fever, dehydration, and abortion in the last two months of gestation.
Leptospirosis can lead to excessive salivation, conjunctivitis, hemoglobinuria, muscular rigidity, jaundice, and mucosal
pallor. Leptospiral abortion can occur with or without placental degeneration and encephalitis. Typically, abortion

happens 3—4 weeks later, and affected animals are often discovered dead due to septicemia.®®

Public Health Significance

Q-fever is a global public health issue that has been identified in over 59 countries.”’ The infection occurs in humans
when they inhale contaminated dust generated from infected manure and placenta, leading to the formation of aerosols.
C. burnetii can be carried by the wind, spreading to urban areas where people may not have direct contact with infected
animals.”> While groups such as veterinarians, laboratory workers, farmers, and abattoir workers are at higher risk, birds
can also transmit the disease to humans in urban areas through their feces or ectoparasites.’

While Q fever does not always cause illness, individuals who contract the disease may experience symptoms such as
headache, muscle pain, sore throat, nausea, vomiting, chest and stomach pains, as well as a high fever that can persist for
up to two weeks. Pneumonia or liver complications may also arise. Those with weakened immune systems or pre-
existing heart valve issues are at higher risk of severe complications, which can lead to fatality. Furthermore, some
individuals may develop chronic fatigue as a post-Q fever syndrome. There have been multiple outbreaks involving 15 or
more people, making Q fever the second most commonly reported laboratory infection.”*

The first encounter with C. burnetii in humans can cause either no noticeable symptoms or only mild infection.*?
However, it can also result in acute or chronic illness. Diagnosing Q fever clinically can be difficult due to its wide range
of manifestations, and the factors contributing to this variability are largely unknown. Nevertheless, certain risk factors
for severe forms of the disease have been identified, such as pregnancy, immunosuppression, pre-existing heart valve
abnormalities, and the presence of vascular grafts or aneurysms.”®

Treatment of C. burnetii Infection

Treatment in Animal

The available information on the effectiveness of antibiotic treatments in animals for decreasing the occurrence of
C. burnetii-related abortions and bacterial shedding during parturition is limited. Administration of Oxytetracycline
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injections at a dose of 20 mg/kg body weight twice during the final trimester of pregnancy is a common practice, but it
may not offer complete protection against abortions or bacterial shedding during parturition.”® The primary aim of using
antimicrobial treatment is to minimize the shedding of the bacterium in the birth fluids and placenta, rather than
eradicating it altogether. However, despite treatment, there is still a chance of C. burnetii shedding during parturition

and occurrence of abortions.”*’

Treatment in Human
Acute Q-fever usually resolves on its own and antimicrobial therapy is not necessary for many patients who recover
without treatment. Treatment for acute Q-fever is not typically recommended for individuals without symptoms or those
whose symptoms have disappeared. However, it may be considered for individuals who have a high risk of developing
chronic Q fever, such as those with valvular heart disease, vascular graft, aneurysm, or immunosuppression. The standard
treatment for acute Q-fever involves taking Doxycycline at a daily dosage of 200 mg for two weeks. For patients who are
allergic to Doxycycline, pregnant, or younger than 8 years old, cotrimoxazole and rifampin are alternative options that
are also effective in treating Q-fever. Pregnant women are recommended to take cotrimoxazole with folic acid for more
than 5 weeks.'#4¢%¢

The mentioned treatment for chronic Q fever in adults involves taking a combination of 100 mg doxycycline
every 12 hours and 200 mg hydroxychloroquine every 8 hours for duration of 18 months. Although doxycycline
and rifampin have been suggested as an alternative treatment, its effectiveness may be limited due to drug
interactions. Patients who are receiving extended hydroxychloroquine treatment must undergo ophthalmologic
examination once every 12 months. Prior to beginning hydroxychloroquine therapy, at-risk individuals should be
tested for glucose-6-phosphate dehydrogenase deficiency. Furthermore, patients who are taking doxycycline should
be informed about the possibility of photosensitivity. Approximately 9% of cases of chronic Q fever result in
endovascular complications, and surgery, such as aortic aneurysm repair or graft replacement, may be necessary in
these cases.*®

Control and Prevention

To minimize the spread of C. burnetii infection in animals during an outbreak, certain sanitation measures should be
taken. These may include modifying farming practices, such as covering or ploughing manure and treating it with lime or
calcium cyanide, as well as disposing of animal birth and abortion products. Disinfecting infected premises, paths, and
holding areas, as well as implementing a farm animal breeding program are also recommended.”” However, it is
uncertain how effective these measures are, as the prevalence of the infection in an affected herd typically decreases
over time, even without specific control measures. It is possible that this is due to natural immunization of suspected
animals.”®

Vaccinations

Research findings indicate that animal vaccinations have proven effective in reducing abortion rates, C. burnetii
shedding, and the occurrence of infections. Vaccinating already infected herds can also help to control outbreaks.”’
The inactivated phase I vaccine has demonstrated the ability to safeguard against abortion and lower the levels of
bacterial shedding in bodily fluids such as vaginal mucus, feces, and milk. Killed vaccines are capable of eliciting
a strong and long-lasting antibody response, thereby limiting bacterial excretion. Notably, the phase I vaccine has been
shown to be 100 times more effective in preventing colonization of the mouse spleen than phase II vaccines. In 1989, the
Australian government approved the use of a formaldehyde-inactivated vaccine, which was derived from the phase
I C. burnetii strain.”’ Similarly, the European Union has provisionally licensed an inactivated Nine Mile strain phase
I vaccine for use in cattle and goats as a long-term control measure. With regards to human vaccination, the aim is to
minimize the risk of clinical Q fever in previously unexposed individuals. The formalin-inactivated Henzerling strain
phase I whole-cell vaccine has been licensed for use in humans and is recommended for high-risk, occupationally-

exposed individuals who are seronegative.”®’
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Bio-Securities

C. burnetii has been categorized as a group B bioterrorism agent by the CDC in the USA, owing to its high morbidity
rate and remarkably low infectious dose.'® Single bacterium infections have been documented in both humans and
guinea pigs.'®""'°% Therefore, the EU has classified C. burnetii as a containment level 3 organism, which necessitates the
use of bio-safety level 3 laboratories and animal facilities, as well as well-trained and experienced personnel to work with
them. To ensure the safety of the personnel handling C. burnetii, it is essential to establish emergency procedures and

implement medical monitoring.'*?

Challenges and Strategies for Control and Prevention of C. burnetii Infection

C. burnetii is a type of bacteria that causes Q fever, a disease that can be passed from animals to humans and can have
significant implications for public health and the economy. Despite its potential impact, the extent of C. burnetii infection
in Ethiopia has not been thoroughly investigated, and there is a need for improved strategies to prevent and control it.

The absence of dependable diagnostic tools presents a significant obstacle to managing C. burnetii infection. The
symptoms of Q fever in humans are vague and do not allow for easy diagnosis without serological testing. Furthermore,
the variability of antibody titers and the lack of clinical symptoms frequently result in underreporting of C. burnetii
seroprevalence in ruminants. Consequently, it is necessary to devise more sensitive and precise diagnostic methods, such
as PCR and antigen detection tests, to correctly identify C. burnetii infection in both animals and humans.'®*

The absence of adequate knowledge and consciousness about the ailment among farmers, veterinarians, and public
health officers is yet another hurdle. Insufficient tracking and documentation of Q fever cases in Ethiopia also obstruct
the application of efficient control measures. Consequently, it is imperative to raise awareness and educate all concerned
parties about the disease, how it spreads, and preventive measures. Moreover, enhancing communication and cooperation
between the veterinary and public health domains can aid in the timely recognition and management of outbreaks.”’

There are various methods available for managing and preventing the spread of C. burnetii infection. One approach
that has demonstrated efficacy in reducing the frequency and amount of C. burnetii shed in ruminants is vaccination. The
use of antibiotics such as doxycycline and oxytetracycline has also been suggested to control the disease in animals,
although this approach is not sustainable in the long term due to the development of antibiotic resistance.'®® Furthermore,
implementing good hygiene practices, such as regular cleaning and disinfection of animal premises, can reduce the risk
of environmental contamination and transmission.

In humans, prevention measures include avoiding contact with infected animals and their products, wearing personal
protective equipment, and practicing good hygiene, particularly in high-risk occupations such as farming and veterinary
medicine. Health education and public awareness campaigns can also be effective in preventing the spread of the disease

among the general population.'

Status of Coxiella burnetii Infection in Ethiopia

Antibodies against Coxiella burnetii have been identified in goats and sheep that were slaughtered in and around the
Addis Ababa abattoir in Ethiopia. According to a study, the use of CFT revealed a seroprevalence of 6.5% among abattoir
workers in Addis Ababa.'®” A recent report demonstrated that humans residing in rural areas had a substantially higher
seroprevalence (27%) for C. burnetii in the Somali region using indirect ELISA.'* To detect C. burnetii in ticks in
Ethiopia, Quantitative RT-PCR that targeted two different genes and multispacer sequence typing were employed. As
a result, the overall prevalence was determined to be 6.4%. Amblyomma gemma (28.6%) and Rhipicephalus pulchellus
(25%) had the highest rates of C. burnetii detection among other tick species. Bersissa et al*’ noted that these two tick
species had significantly higher frequencies of C. burnetii DNA. Q fever is one of the infectious diseases leading to
abortions in Ethiopia, which is a significant reproductive health concern for dairy cows due to its economic consequences
involving both infectious and non-infectious factors.'” Tsouloufi et al'®® noted that Q-fever, a zoonotic disease with
considerable socio-economic consequences, is emerging in Ethiopia. However, only a limited number of studies have

been carried out, indicating the need for additional research in the future.
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Table | Prevalence of Coxiellosis in Different Species of Livestock in Ethiopia(from 1966—2021)

Study Locations Livestock Species Prevalence (%) Tests Used References
Addis Ababa and Adama Sheep 66 CFT [42]
Addis Ababa and Adama Goats 30 CFT [42]
Southeast Ethiopia Cattle 31.6 i-ELISA [18]
Southeast Ethiopia Camels 90.0 i-ELISA [18]
Southeast Ethiopia Goats 54.2 i-ELISA [18]
Menza and horro areas Goats 68.3 i-ELISA [19]
Jimma town Cattle 8.8 i-ELISA [16]
Borana areas Goats 355 i-ELISA [109]
Borana areas Sheep 18.3 i-ELISA [109]
Somali region Cattle 9.6 i-ELISA [14]
Somali region Camels 55.7 i-ELISA [14]
Somali region Goats 48.8 i-ELISA [14]
Somali region Sheep 289 i-ELISA [14]
Three agro-ecology of Ethiopia Goats 733 i-ELISA [110]
Three agro-ecology of Ethiopia Sheep 22.6 i-ELISA [110]
North Shewa zone Goats 65.7 i-ELISA [

The prevalence of Coxiella burnetii infection varied among the different livestock species and study locations. The
highest prevalence was reported in camels from Southeast Ethiopia (90.0%), followed by goats from the same region
(54.2%). In contrast, the lowest prevalence was reported in cattle from Jimma town (8.8%) and Somali region (9.6%).
Sheep and goats in Menza and Horro areas had a high prevalence of infection at 68.3% and 73.3% respectively, while the
prevalence in Borana areas was relatively lower at 18.3% and 35.5% for sheep and goats respectively. Overall, the results
suggest that Coxiella burnetii infection is widespread in livestock populations in Ethiopia, with varying levels of
prevalence depending on the species and location (Table 1).

Conclusion

The infection caused by C. burnetii is a notable concern in Ethiopia. Its impact on cattle production and potential harm to
human health cannot be overlooked. The spread of the infection is impacted by a range of factors, including age, herd
size, production methods, and agro-ecological conditions. Human transmission of the infection primarily occurs through
direct exposure to infected cattle or consumption of unpasteurized milk. Vaccination and biosecurity are the most
effective techniques for managing C. burnetii infection. Raising awareness within the community about the zoonotic
transmission of C. burnetii infection is crucial in preventing its spread. Effective control measures such as biosecurity
practices, proper disposal of aborted fetuses, and pasteurization or boiling of milk before consumption should be used to
minimize the risk of transmission. C. burnetii infection is widespread in livestock populations in Ethiopia, with varying
levels of prevalence depending on the species and location. In addition, efficient management approaches such as
acaricidal should be established to mitigate tick infestation and cattle contact with wild animals. To control C. burnetii
infection, one health approaches should be encouraged. In order to gain a better understanding of the prevalence of
C. burnetii infection in both animals and humans, further research is necessary. It is vital to implement the suggested
measures to effectively manage the infection and mitigate its negative effects on cattle production and public health in
Ethiopia.
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