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Abstract

This review article describes the severity of Q fever zoonotic infection, includ-
ing its epidemiological pattern and the reasons for its outbreaks. This paper
highlighted the transmission routes of bacteria. It spreads through aerosol par-
ticles, mosquito bites, and exposure to domestic animals. Bacteria are also
spread with animal products, such as unpasteurized milk. In India, cases of Q
fever have been reported from Punjab, Uttar Pradesh, Delhi, Karnataka, Od-
isha, Pondicherry, and Tamil Nadu. C. burnetii exhibits a biphasic develop-
mental cycle. This article explains the invasion of host cells by C. burnetii and
its interaction with specific receptors, with different internalization pathways
observed in phases I and II. It sketches out the interaction of C. burnetii with
immune cells and their defense mechanisms. Continuous screening using mod-
ern diagnostic tools is crucial for identifying C. burnetii strains in endemic
regions, thereby mitigating the pathogenesis and lethality caused by this path-
ogen. The present review also includes diagnostic methods used for identify-
ing bacteria in blood and tissues.
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1. Introduction

Q fever is a zoonotic disease caused by the bacterium Coxiella burnetii, a species
belonging to the family Coxiellaceae and the order Legionellales. This bacterium in-
fects them, causing severe pathogenesis and mortality. For the first time, this was
reported in Queensland, Australia, in 1935 by the Health Department in Brisbane.
The disease begins as a febrile sickness with flu-like symptoms among [1]. The most
frequent and severe chronic condition that prevails is endocarditis, which presents

a blood-culture negative endocarditis [2]. It was reported in immunocompromised
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patients [2]. Coxiella burneti, a strictly intracellular bacterium, harbors inside blood,
liver, spleen, and lungs during the early stages of the disease. It occurs almost exclu-
sively in patients who have pre-existing valvular disease or who are immunocompro-
mised [3]. Coxiella burnetii is reported in biological samples, such as milk, and is
highly concentrated in placental tissues and birth products of infected animals. The
bacterium can become chronically shed in urine and faeces over time. It is well known
that livestock is a significant source of human illness.

This pathogen has a broad host range, affecting a variety of animals, including
agricultural animals, pets, wild mammals, reptiles, birds, and ticks. This bacterium
also infects cattle, goats, and sheep. Serological studies indicate that the prevalence
of C. burnetiiinfection and Q fever varies significantly among both farm animals
and humans [4]. This bacterium has potential hosts, including cattle, goats, and
sheep. Cats and dogs are known to act as reservoirs of C. burnetii. Dogs can con-
tract infections through various routes, including tick bites, the consumption of
placentas or milk from infected ruminants, and exposure to contaminated aero-

sols. It produces a variety of clinical syndromes.

Morphological Features

C. burnetii is an obligatory intracellular bacterium that exhibits a highly pleo-
morphic coccobacillus morphology, with dimensions ranging from 0.2 to 0.4 mi-
crometres in width and 0.4 to 1 micrometres in length. Although C. burnetiiis clas-
sified as a Gram-negative bacterium, it does not stain effectively with the standard
Gram staining method because of its distinct cell wall structure. However, it can
be reliably visualized using the Gimenez stain [5]. A notable feature of C. burnetii
is its ability to undergo phase variation, transitioning between smooth and rough
phases. This variation is primarily attributed to mutations in its lipopolysaccha-
ride (LPS) components [6]. Phase I occurs naturally in infected animals, insects, and
humans and is known for its high contagiousness. During this phase, C. burnetii
produces smooth, full-length lipopolysaccharide (LPS) on its cell surface. The smooth
LPS facilitates the bacterium’s evasion of the host’s immune system, contributing
to its virulence and enabling it to establish and maintain persistent infections within
the host. On the other hand, Phase II can only be produced in vitro, meaning it
occurs in laboratory settings rather than naturally within the host. It is a result of
inducing changes in the bacterium through multiple passages in cell cultures, em-
bryonated egg cultures, or synthetic medium. Consequently, C. burnetii trans-
forms non-virulent organisms during this process. In Phase II, the bacterium pro-
duces truncated rough LPS lacking the O-antigen region. The composition of Phase
IT LPS is distinct, including 2-keto-3-deoxyoctulonosic acid (KDO), D-mannose,
D-glycero-D-manno-heptose, lipid A, or a lipid A analogue. Additionally, the fatty
acid mixture in Phase II LPS is more complex than that in Phase I [7]. Indeed,
Phase I LPS of C. burnetii consists of additional components such as L-virenose,
dihydrohydroxystreptose, galactosamine, and uronyl-(1,6)-glucosamine, which are
not present in Phase IT LPS [6].
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2. Epidemiology

2.1. Disease Transmission

Q fever is a worldwide zoonotic infection characterized by an epidemiological pat-
tern consisting of sporadic cases, endemic situations, and outbreaks of unsuspected
magnitude, as occurred in the Netherlands. Q fever is a zoonosis with a worldwide
distribution, except in New Zealand [8]. Q fever has a global distribution, but its
epidemiological characteristics differ by region, ranging from areas where it is en-
demic or hyperendemic to those experiencing large-scale outbreaks [9]. An out-
break of Q fever and its long-term effects have also been documented in the Neth-

erlands, with more than 4,000 reported cases [10].

2.1.1. Aerial Spread

Coxiella burnetii is primarily transmitted through airborne aerosols. It enters the
human respiratory tract via inhalation of contaminated particles, such as infected
fomites. This is considered the main route of human infection. Environmental fac-
tors, such as vegetation, soil moisture, and agricultural land, increase the risk of
C. burnetii transmission [11]. Contamination with Coxiella burnetii aerosols can
occur directly from the birthing fluids of infected animals, which may infect the
newborn, placenta, or wool. Bacterium is highly resilient in the environment and
can survive for several weeks in areas frequented by animals. It can also be dis-
persed by wind, allowing Q fever to develop in individuals without direct contact
with animals. Additionally, C. burnetii can be transmitted through the consump-
tion of unpasteurized milk and dairy products. Due to its high heat resistance, the
bacterium is not easily destroyed by standard heating methods, making raw or

unpasteurized dairy a significant source of human infection [12].
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Figure 1. Transmission of bacteria from animals to animals and animals to humans.
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Person-to-person transmission of Coxiella burnetii is considered extremely
rare. However, isolated cases of human Q fever have been reported following con-
tact with infected parturient women, for example, an obstetrician involved in per-
forming an abortion. Other rare modes of transmission include transplacental
transfer leading to congenital infections, exposure during autopsies, intradermal
inoculation, and blood transfusion. Although C. burnetii has been isolated from
arthropods—primarily ticks—tick-borne transmission to humans appears to be
minimal. Nevertheless, two cases of coinfection with Rickettsia conorii and C.
burnetiiwere reported in individuals residing near Montpellier, suspected to have
resulted from tick bites. Such occurrences are infrequent, and current knowledge
on this transmission route is limited. Therefore, the role of this pathway in the
transmission of Q fever to humans and wild animals remains uncertain [8] (Fig-

ure 1).

2.1.2. Transmission through Poultry Products
Q fever can be transmitted through poultry products, as Coxiella burnetis, the bac-
teria causing Q fever, can be found in various poultry and their products. While cat-
tle, sheep, and goats are primary reservoirs, poultry, such as chickens, ducks, geese,
and turkeys, can also carry and transmit the bacteria. People can contract Q fever
by inhaling contaminated dust, consuming unpasteurized milk or dairy products.
For the detection of Coxiella burnetiiin hens, turkeys, ducks, geese, and pigeons,
the microagglutination (MA) test is used to determine seropositivity in blood
samples. This analysis is performed using the highest seropositivity rate, which was
noted in farm hens due to natural infection from proximity to humans in endemic
areas. The lowest seropositivity rates are prevalent in areas away from farmland.
A similar higher prevalence of infection was observed in birds inhabiting or feed-
ing near infected livestock, which shows the presence of secondary or incidental
hosts rather than primary reservoirs in the C. burnetii transmission cycle. The
presence of C. burnetii was tested in blood samples of domestic quail (Coturnix
coturnix japonica) and domestic Muscovy ducks (Cairina moschata) (3% each),
domestic chickens and mallards (Anas platyrhynchos domesticus) (2% each), car-
rion crows (Corvus corone) (37%), jungle crows (35%), and wild rock doves ( Co-
lumba livia) (6%) [13]. Seropositivity was also tested in rodents and chickens from
poultry farms. The bacterium was detected in 16.2% of R. rattus, 8.8% of R. tane-
zumi, and 25% of chicken samples. It confirms transmission of Coxiella burnetii
from infected birds to humans and between other animal hosts [14]. Seropositivity
was found to be notably higher in farmyard animals. Buffaloes showed higher trans-
mission risks due to their enhanced seropositivity. The overall seroprevalence rate
was 11.7%. The presence of bacteria in livestock indicates a pathogenic association

between human cases and exposure to infected ruminants [15].

2.2. Major Risks

Q fever primarily affects individuals with occupational exposure to animals, in-

cluding livestock farmers, slaughterhouse workers, veterinarians, and researchers
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working with animals or in laboratories. It is especially common among those
working in cattle yards. In addition to cattle, other hosts of Coxiella burnetii in-
clude horses, pigs, dogs, cats, camels, buffaloes, and a variety of wild and domestic
birds such as chickens, pigeons, ducks, geese, and turkeys. The illness often begins
with mild fever but can progress to a more severe condition marked by pronounced
clinical symptoms. Humans typically become infected by inhaling dust contam-
inated with the bacterium shed by subclinically infected animals [16]. Extensive
bacterial proliferation within the lungs can lead to acute Q fever pneumonia,
which is more commonly observed in individuals with compromised immune
systems. Coxiella burnetii—an intriguing organism—was initially classified as
Rickettsia burnetii due to its similarities with the Rickettsia genus. However,
subsequent phylogenetic studies, particularly those based on 16S rRNA se-
quencing, prompted its reclassification. Globally, the incidence of C. burnetii
infection is showing a rising trend, particularly among high-risk occupational

groups [17].

2.3. Geographical Patterns and Seasonal Variations

The occurrence of Q fever, or Coxiellosis—a zoonotic disease—varies widely across
different geographic regions. In Europe, a distinct seasonal trend is observed, with
a higher number of acute Q fever cases reported during the spring and early summer
months [6]. In some regions, a higher incidence of Q fever is observed during the
winter months, while in tropical areas, its occurrence often coincides with the rainy
season. For instance, in Queensland, Australia, the disease typically appears in May
following peak rainfall in February. Q fever is a notifiable disease and is recognized
as an infection capable of affecting a wide range of animal species. In India, the first
recorded outbreak of human Q fever occurred in Dehradun in 1954. As the world’s
largest producer of milk, India has a vast dairy livestock population, and dairy farm-
ing remains a vital source of income in rural communities. Consequently, Q fever
infections in domestic animals have been widely reported across the country, with
significant cases documented in Punjab, Uttar Pradesh, Delhi, Karnataka, Odisha,
Puducherry, and Tamil Nadu [12].

2.4. Life Cycle

C. burnetii exhibits a biphasic developmental cycle (Figure 2). This bacterium
undergoes a complex life cycle, first proposed through observations using an elec-
tron microscope, which involves a non-replicating minor cell variant (SCV) and
a replicating large cell variant (LCV) [18].

The SCV is a compact, dense, and dormant form of C. burnetii that is highly
resistant to environmental stresses. SCV are coccoid in shape, characterized by
their small size, with dimensions ranging from 0.2 to 0.5 um. They display a highly
dense structure, packed with a thick peptidoglycan layer and possess a reduced
periplasmic space. Minor Cell Variants (SCV) of C. burnetii are metabolically in-

active and highly infectious forms. They are more stable under environmental
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conditions than LCV and exhibit remarkable resistance to physical and chemical
stresses.

On the other hand, the Large Cell Variants (LCV) of C. burnetiiare larger (>0.5
um), dense, and metabolically active, and are responsible for replication within host
cells [5]. LCV is characterized by a thin layer of peptidoglycan and a larger periplas-
mic space compared to SCV [15]. C. burnetii possesses an active Type 4B Secre-
tion System (T4BSS), which plays a crucial role in forming the bacterium’s intra-
cellular niche [6]. The minor cell variant (SCV) of Coxiella burnetii can remain vi-
able for 7 to 10 months on wool at room temperature, over a month on fresh meat,
and for more than 40 months in milk. While SCVs can be inactivated by 2% for-
maldehyde, they have still been recovered from tissues preserved in formaldehyde
for 4 to 5 months [5].

Lysosomes ’ 3

Scv

Phagosome

\ Coxiella
containing

vacuole

~ ..

Figure 2. Biphasic developmental cycle: C. burnetii.

2.5. Phase Variation of C. burnetii

Phase I strains of Coxiella burnetii, such as Nine Mile I (NMI), are virulent and
capable of causing disease in animal models. Phase I represent the natural phase
occurring in infected animals, insects, and humans. It is highly contagious and
produces smooth, full-length LPS. This phase contributes to C. burnetil's ability
to evade the host’s immune system and establish persistent infections. Phase II
can only be obtained in vitro through the conversion of phase I to avirulent or-
ganisms after serial passages in cell cultures, embryonated egg cultures, or syn-
thetic medium. In this phase, C. burnetii produces truncated rough LPS lacking
the O-antigen.

In contrast, Phase II strains, like Nine Mile II (NMII), are non-virulent. The
antigenic variations observed in C. burnetii resemble those found in members of

the Enterobacteriaceae family. This bacterium undergoes a unique process of
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phase variation, characterized by two distinct phases of change from smooth to
rough. The term “phase-variation” was initially used to describe the serological
behaviour of C. burnetii and the mutational variations in the lipopolysaccharide
(LPS) (Figure 2). Despite the absence of morphological variation between the two
phases, the altered LPS composition significantly impacts the bacterium’s viru-
lence, with phase II being less pathogenic. However, morphological variation is
absent between the two phases. But LPS is the sole factor responsible for the viru-
lence of the two phases [19] (Figure 2).

2.6. Route of Infection

Phagocytic cells, specifically monocytes and macrophages, are the primary target
cells for C. burnetii in humans and animals. In humans, most infections with C.
burnetii occur following the inhalation of infected aerosols [5]. When Coxiella
burnetii enters the respiratory tract, alveolar macrophages in the lungs are the first
cells to be infected. In vitro, the bacterium can be cultured using several cell lines,
including Vero cells, fibroblasts, and murine macrophages. For in vivo propaga-
tion, embryonated chicken eggs and laboratory animals such as mice and guinea

pigs are commonly used [6].

2.7. Genomic Variations

The pleomorphic, obligately intracellular, Gram-negative, rod-shaped bacteria are
called Coxiella burnetii. It displays antigenic shift and phase fluctuation. When
sub-cultured in cells or embryonated eggs, it can take on a noninfectious phase II
form, while its highly contagious phase I form is observed in animals [19]. A tick
was the source of the C. burnetii RSA493 strain [5]. With a facultative plasmid and
a linear chromosome, it has a distinct genetic composition. Although all strains of
C. burnetii share a linear chromosome, one distinctive genetic trait is the integra-
tion of nucleotide sequences, which are approximately 16 kilobases long [16]. With
genome sizes ranging from 1.9 to 2 megabase pairs (Mbp) between strains, C. bur-
netii demonstrates significant genomic variability. Bacteria may include any one
of the five plasmid types listed below [20] (Table 1).

Using restriction endonuclease digestion and sequence-based typing techniques,
the genomic diversity of Coxiella burnetii strains has been classified into several
genomic groupings linked to pathogenesis.

Group I to III: These strains, which have been recovered from human blood,
ticks, chiggers, cow’s milk, and goat miscarriages, are frequently associated with
acute Q fever and carry the QpH1 plasmid (Table 1).

Group IV: Consists of the QpRS plasmid and is linked to endocarditis and other
chronic, focused infections; it is frequently identified from heart valves and abor-
tion supplies (Table 1).

Group V: Does not contain plasmids; however, the chromosome does contain
plasmid-like sequences. These strains have also been linked to hepatitis and en-
docarditis [18] (Table 1).
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Table 1. Coxiella burnetii strains and their origin.

G .
enomic Strain Plasmid Type Origin
Group
I Nine Mile I RSA493 QpH1 Tick, Montana
Pl tal ti
I Nine Mile Crazy RSA514 QpH1 Flacental tssue
(guinea pig, 343 days)
Tick, Mont
I Nine Mile IT RSA439 QpH1 ick, Montana =
Long-term in vitro
I Ohio RSA270 QpH1 Cow’s milk, Ohio
II Henzerling RSA343 QpH1 Human blood, Italy
II Henzerling RSA331 QpH1 Human blood, Italy
1 Idaho Goat Q195 QpH1 Goat placenta, Idaho
v PQ238 QpRS Human heart valve, California
v MSU Goat Q177 QpRS Goat cotyledon, Montana
Integrated plasmid Human heart valve,
v G Q212 ,
sequence Nova Scotia
v s Q17 Integrated plasmid Human liver biopsy,
sequence Montana
VI Dugway 7D 77-80 QpDG Rodents, Utah
VI Dugway 7E 65-68 QpDG Rodents, Utah

The severity of Q fever is also influenced by the climatic factors and genomic
diversity of Coxiella burnetii, with distinct genomic groups exhibiting variable vir-
ulence profiles. The pathogenic potential of various Coxiella burnetii strains is
closely associated with the presence of specific plasmids. These plasmids display a
high level of sequence homology, suggesting their conserved nature across strains.
They are thought to carry key virulence genes that significantly influence the level
of virulence exhibited by different C. burnetiiisolates [19].

Among all the strains, Group I shows high infectivity, which is due to the pres-
ence of QpH1 plasmids. Group I strains were found associated with the most se-
vere disease, while strains from groups II-V demonstrated moderate to low viru-
lence. The genomic groups I to VI also exhibited high virulence, febrile response,
splenomegaly, and serological reactivity. Notably, a sustained febrile reaction was
found in over 50% of the animals within each group. The intensity of splenomeg-
aly and antibody responses at 14 days post-infection reflects the severity of fever
caused by strain-specific virulence. The difference in infectivity among different
strains of Coxiella burnetiiwas due to a potential difference in gene content. These
genes also serve as molecular determinants of virulence, which can aid in assessing
risk, strain identification, diagnostics, and vaccine development strategies [21]. In
animals tested positive for virulent group I strains, a marked reduction in poten-
tial CD4" T cell populations were observed; clinically, these effects are considered
adverse immunomodulatory effects. Group VI strain-infected animals elicited no

significant clinical signs.
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3. Pathogenicity and Host Interaction

3.1. Infection and Its Persistence

Phagocytic cells, specifically monocytes and macrophages, are the primary target
cells for C. burnetii in both humans and animals. In humans, the majority of in-
fections with C. burnetii occur following the inhalation of infected aerosols [5].
Upon inhalation, Coxiella burnetii primarily targets alveolar macrophages in the
lungs as the initial site of infection. /n vitro cultivation of the bacterium is possible
using various cell lines, including Vero cells, fibroblasts, and murine macrophages.
For in vivo studies, C. burnetiiis commonly propagated in embryonated hen eggs

and laboratory animals such as mice and guinea pigs [6].

3.2. Internalization of C. burnetii, Target Cells and Receptors

In vertebrates, Coxiella burnetii primarily infects phagocytic cells such as mono-
cytes and macrophages, utilizing them as its primary host cells. Interestingly, sim-
ilar to Legionella and Francisella species, C. burnetii also possesses the ability to
survive within the amoebae. The bacterium’s entry into host cells is mediated by
specific receptors, with distinct internalization mechanisms observed between Phase
I and Phase II forms. During Phase I infection, C. burnetii engages Toll-like re-
ceptor 4 (TLR4), av/33 integrin, and integrin-associated protein (IAP), enabling its
uptake by phagocytic cells. A unique strategy involves the bacterium targeting and
depleting CR3 receptors on the surface of these cells, leading to the development
of membrane ruffles or pseudopodia. These structures facilitate the bacterium’s
internalization. Furthermore, TLR4 activation by C. burnetii triggers tyrosine ki-
nase signaling and cytoskeletal rearrangement, promoting bacterial survival and
establishment within the host cell. In contrast, during Phase II, C. burnetii utilises
a different receptor profile for entry, primarily interacting with avf3integrin and
IAP, thereby bypassing the CR3-mediated pathway [19].

C. burnetii’s sophisticated intracellular survival mechanisms and immune eva-
sion strategies add considerable complexity to disease management [22]. In ver-
tebrates, C. burnetii primarily targets phagocytic cells such as monocytes and mac-
rophages (Figure 3). Interestingly, like Legionella and Francisella species, C. bur-
netii survives within amoebae. The invasion of host cells by C. burnetii involves
specific receptors, with different internalisation pathways observed in phases I
and II. During Phase I, C. burnetii interacts with toll-like receptor 4 (TLR4), v3
integrin, and integrin-associated protein, facilitating its internalization into host
cells [6]. Coxiella burnetii employs an advanced strategy to engage host cell recep-
tors during its invasion of phagocytic cells. In Phase I, the bacterium selectively
downregulates CR3 receptors on the surface of these immune cells, triggering the
formation of membrane ruffles, also known as pseudopods. These structures aid
in the bacterium’s uptake by the host cell. Furthermore, its interaction with Toll-
like receptor 4 (TLR4) activates tyrosine kinase signalling pathways and induces
cytoskeletal rearrangements, creating a favourable intracellular environment for

bacterial survival and replication. In contrast, during Phase II, C. burnetii utilizes
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an alternative entry mechanism. Instead of targeting CR3 receptors, it engages
avp3 integrin and integrin-associated protein (IAP) to facilitate its internalization

into macrophages [19].

Virulent Coxiella burnetii [phase I]  Virulent Coxiella burnetii [phase II]
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Figure 3. Phagocytosis of the bacteria by the macrophage cells.
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3.3. Symptoms and Clinical Issues

Q fever most frequently presents as a flu-like illness, marked by symptoms includ-
ing high fever, chills, headache, muscle pain, and general fatigue. In more severe
cases, patients may develop varying degrees of pneumonia and hepatitis, which
can lead to complications, while acute Q fever is generally self-limiting and re-
solves on its own. Endocarditis is one of the most significant chronic presentations
of Q-fever [23]. Approximately 60% of Q fever cases are asymptomatic, meaning
infected individuals show no apparent symptoms of the disease. Among the re-
maining 40% of patients who do experience symptoms, the majority (38% of the
40%) will have a mild form of illness that does not require hospitalization. Hospi-
talized patients represent only a small proportion, approximately 2% of all in-
fected individuals. The pathological makeup of Q fever varies considerably; in hu-

mans, illness can manifest as either an acute or chronic infection [6].

3.4. Acute Q Fever

Symptoms of acute Q fever are typically flu-like but can vary significantly. It might
cause pneumonia, inflammation of the brain or its covering (encephalitis or men-
ingitis) or inflammation of the liver (hepatitis). Symptoms might include Fever,
Extreme fatigue, Chills, Sweats, Muscle aches, Sensitivity to light (photophobia),
severe headaches, Nausea and vomiting, diarrhoea, Cough, Chest pain, Stomach
pain, Rash-like spots under your skin (purpura), Shortness of breath (dyspnea)
[24].
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3.5. Chronic Q Fever (Persistent Q Fever)

Persistent Q fever is relatively uncommon, affecting only approximately 5% of
infected individuals. Patients with chronic Q fever are at a significantly increased
risk of developing endocarditis, a serious condition that involves inflammation
and infection of the heart valves. Chronic Q fever starts months to years after your
initial C. burnetiiinfection. While it most commonly affects the heart, heart valves
and blood vessels, the symptoms can vary depending on which parts of the body
are affected. Symptoms of chronic Q fever include Low-grade fever, Night sweats,
Weight loss, Fatigue, Shortness of breath, and Swelling of your legs or feet [24]

(Figure 4).
Acute Q fever
Primary o
e Asymptomatic (60%)
Chronic "
infaction in Symptomatic (40%)
special host
Cancer
(Lymphoma)

During Mild,

pregnancy, Endocarditis
Abortion,

Chronic

carriage Less lesion (2%) , Valve abnormality

Undiagnosed

Endocarditis
(30-60% within 2
years)

Figure 4. Sign and symptoms associated with acute and chronic Q-fever.

3.6. Host Inmune Response

Coxiella burnetii is a facultative intracellular pathogen that replicates within the
acidic environment of phagocytic cells, relying on cell-mediated immunity for ad-
equate clearance and control. Its infection process involves the innate immune
system, particularly monocytes, macrophages, and natural killer (NK) cells. Mon-
ocytes and macrophages serve as the primary host cells, exhibiting variable responses
to invading pathogens. Upon interaction with monocytes, C. burnetiiinduces cel-
lular polarization and triggers the release of cytokines.

Nitric oxide synthase (NOS) catalyses the conversion of L-arginine to citrulline,
generating reactive nitrogen species (RNS) that play a crucial role in controlling
infections [25]. During the acute phase of infection, circulating monocytes pre-
dominantly polarise toward the pro-inflammatory M1 phenotype, which is char-
acterized by the production of cytokines such as IFN-y, IL-6, and IL-12, as well as
the expression of the chemokine receptor CCR7 [26].

Tissue-resident macrophages tend to adopt an atypical M2 phenotype during
infection, marked by the expression of CXCL8 and specific cytokines. This M2
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phenotype, which functions in contrast to the pro-inflammatory M1 type, sup-
ports the survival and proliferation of Coxiella burnetii. In chronic infections,
macrophages are reprogrammed to adopt an M2 profile, resulting in the secretion
of immunosuppressive cytokines, including IL-10 and TGF-f, which facilitates
the pathogen’s persistence and spread. M1 and M2 macrophages each shape the
adaptive immune response by guiding T cells to differentiate into the TH1 or TH2
subsets, respectively [27].

Cytokines IL-4 and IL-10, produced by M2 macrophages, promote a TH2-type
immune response. In contrast, cytokines such as IFN- yand IL-12, secreted by M1
macrophages, stimulate a TH1 response, thereby enhancing macrophage activity
through a positive feedback mechanism. Moreover, macrophages from guinea
pigs immunized with phase I C. burnetii can degrade the pathogen independently
of antibodies, suggesting T cell-dependent activation and concurrent antigen
presentation for T cell priming. Pro-inflammatory cytokines, including TNF-a
and IL-12, play a crucial role following C. burnetii infection [28]. These are di-
rectly involved in immunity and the control of infectious diseases. IL-12 plays a
pivotal role in promoting the differentiation of T cells into the Th1 subset and acts
in synergy with TNF-a to amplify IFN-)-dependent elimination of C. burnetii
[29].

e  Neutrophils

Neutrophils serve as the initial responders to pathogenic infections, capable of
recognizing, engulfing, and destroying invading microbes. Both Phase I and Phase
IT strains of Coxiella burnetii are capable of infecting neutrophils, although the
infection occurs at comparatively low frequencies. Infected neutrophils can fur-
ther facilitate the spread of the pathogen by transmitting it to macrophages during
the process of apoptotic cell clearance. In SCID mice, a delayed neutrophil recruit-
ment to the infection site has been observed, which is associated with reduced
levels of pro-inflammatory cytokines—an effect linked to the immune evasion
strategies of C. burnetii [30]. Consequently, while neutrophils contribute to re-
ducing clinical symptoms through vaccine-induced responses, they do not signif-
icantly aid in clearing the bacterial infection [31].

e  Dendritic cells

Dendritic cells (DCs) are essential immune surveillance cells that continuously
scan the body for invading pathogens. Functioning as sentinels, they detect and
respond to foreign antigens. As specialized antigen-presenting cells (APCs), DCs
play a pivotal role in initiating and regulating adaptive immunity by activating T
cells. They capture antigens in peripheral tissues, process them, and migrate to
lymph nodes, where they present antigen-peptide complexes via MHC molecules
to T cells, thereby triggering a targeted immune response [32]. This interaction is
key in orchestrating cell-mediated immunity. Human DCs infected with phase I
Coxiella burnetii exhibit reduced expression of maturation markers, including
MHC class II, CD80, CD86, CD83, and CD40 [33]. In particular, partially matured
DCs infected with C. burnetiiexhibit downregulation of TLR4, TLR3, STAT1, and

interferon response genes [29], thereby impairing their ability to initiate robust
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immune responses. Despite this, DCs remain central to coordinating both innate
and adaptive immunity. The chemokine receptor CCR?7 facilitates their migration
to lymph nodes, where they initiate T cell activation [33].

The importance of this mechanism was highlighted by the lack of protection in
phase I-vaccinated mice that were deficient in MHC-II molecules when exposed
to C. burnetiiinfection. Additionally, the robust activation of macrophages begins
with the recognition of pathogenic elements by Toll-like receptors (TLRs), which
triggers transcriptional pathways that release mediators to enhance adaptive im-
mune responses. Research on mice lacking TLR2 has shown impaired production
of pro-inflammatory cytokines, including TNF-a and IL-12, following C. burnetii
infection. IL-12 facilitates T cell differentiation into TH1 cells and works syner-
gistically with TNF-a to promote IFN-)~-mediated destruction of C. burnetii. Thus,
the protective roles played by macrophages during C. burnetii infection and vac-
cination involve a collaborative effort between innate and cell-mediated immune
responses. Neutrophils, as the initial responders to infections, possess the ability
to identify, engulf, and eliminate pathogens without relying on adaptive immune
mechanisms. Phase I and II strains of C. burnetii infect neutrophils at a dimin-
ished infection rate, and these infected neutrophils can further replicate and in-
vade macrophages during the clearance of apoptotic neutrophils. An aerosolized
infection model in SCID mice revealed a delayed influx of neutrophils at the site
of infection, attributed to a decrease in pro-inflammatory cytokines due to C. bur-
neti’'s immune evasion strategies. Mice depleted from neutrophils exhibited de-
creased body weight, increased splenomegaly, and heightened bacterial load after
being infected with C. burnetii, indicating their role in mitigating clinical disease
and facilitating bacterial clearance. In contrast, phase I vaccinated and neutrophil-
depleted mice showed reduced body weight and splenomegaly, with no significant
difference in bacterial clearance when compared to control mice.

This implies that neutrophils contribute to the vaccine-induced alleviation of
clinical symptoms rather than directly aiding in bacterial clearance. Dendritic cells
(DCs), also known as “alarm cells”, act as immune sentinels that connect innate
and adaptive immune responses. Their capacity to capture antigens and present
them as peptide-MHC complexes to T cells is crucial for orchestrating cell-medi-
ated immune responses to infections [34]. Inn vitroinvestigations involving C. bur-
netii have indicated that virulent phase I strains disrupt DC maturation. Human
DCs infected with phase I displayed lower levels of maturation markers such as
MHC class I, CD80, CD86, CD83, and CD40 compared to the heightened expres-
sion observed in phase II-infected DCs. This research also revealed that phase II-
induced DC maturation occurs independently of TLR4, resulting in increased
production of IL-12 and TNF- a. In contrast, Grovel et al documented partial mat-
uration of C. burnetii-infected DCs with down-regulated expression of TLR4,
TLR3, STAT1, and interferon response genes. This finding is further corroborated
by a recent study, which shows that phase II-infected DCs exhibit reduced MHC

expression and impaired maturation. However, the administration of IFN-y was
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able to counteract the inhibitory effects of phase II on DCs. Many of these studies
involved monocyte-derived dendritic cells, which have the limitation of inade-
quate IL-12p70 production, a heterodimer essential for the activation and differ-
entiation of TH1 cells [35]. The conclusion of phase I WCV triggered cellular re-
actions in CCR7-deficient mice, underscoring the importance of dendritic cell
(DC) migration to lymph nodes in initiating cell-mediated immune responses. In
murine models, the injection of phase II WCV-activated bone marrow-derived
dendritic cells (BMDCs) resulted in a reduction of bacterial load, showcasing the
protective function of antigen-stimulated BMDCs.

This was linked to elevated proliferation of Th1 CD4+ helper T cells, an increased
bias toward Th17 cell expansion, and a decline in regulatory T cell populations.
T-bet, a transcription factor found in both lymphoid and myeloid cells, is neces-
sary for DCs to produce IFN-), TNF-aq, and activate antigen-specific T cells. T-
bet knockout (KO) mice showed notable body weight loss and splenomegaly when
compared to phase I-vaccinated wild-type mice, highlighting the crucial role of
DCs in the initiation of T cell-mediated responses [36].

1) Cell-mediated responses

These adaptive immune responses ultimately defeat the infections that reside
inside cells. Since cell-based responses directly stimulate infected cells to kill the
bacterium, they primarily aid in the removal and management of C. burnetii. The
antibody response is unable to reach C. burnetii since it is a cell-resident organ-
ism. Therefore, one important strategy to prevent C. burnetii infections is anti-
body-mediated T cell activation, which easily eliminates infected cells [37]. T cells
are crucial for initiating cellular defenses. This is evident from the fact that mice
with a compromised immune system, known as SCID mice, are unable to eradi-
cate C. burnetii strains NMI and NMII. The infection can be eliminated by giving
these mice CD4+ and CD8+ T lymphocytes from infected animals. On the other
hand, healthy mice devoid of T cells are more susceptible to infection. When SCID
mice are given splenocytes and T cells from immunocompetent mice, they can
prevent spleen expansion, lower splenic bacterial counts, and maintain their health
following infection. When immune cells at the infection site absorb C. burneti,
the immunological response starts. The germs are transported from the lungs to
adjacent lymph nodes by dendritic cells in the airways, where T cells can be activated
via the lymphatic fluid. The germs can also reach the lymph nodes. Mature den-
dritic cells in the lymph nodes present fragments of the bacterium to T cells of the
immune system, triggering a reaction. Coxiella burnetiiinduces apoptosis during
the early stage of infection via a caspase-independent pathway in human mono-
cytic THP-1 cells [38].

Following an infection, mice deficient in MHC class II molecules exhibited weight
loss, suggesting an inability to mount an effective immune response. Additionally,
mice lacking MHC II or those immunized with aluminium-adjuvanted vaccines
derived from inactivated organisms fail to show a reduction in bacterial load post-

vaccination. Upon recognizing bacterial antigens, T cells differentiate into effector
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CD4+ T cells, particularly into the Thl subtype, which produces key cytokines
such as IL-2 and IFN-y. These cytokines play a crucial role in supporting T cell
functions and enhancing the immune response [39] [40]. Because C. burnetii
only lives outside of cells for a brief period, antibodies are crucial during that
time. Mice without B cells grow larger spleens and more bacteria, demonstrating
that vaccine protection depends on B cells. IgM antibodies, which play a crucial
role in preventing infection and do not require T cells, form the foundation of
this immunity [39]. According to [40] individuals vaccinated with inactivated
pathogens demonstrate enhanced protection. In general, robust immunity
against Coxiella burnetiirelies on the coordinated responses of both T cells and
B cells.

4. Diagnosis
4.1. Histology and Histochemical Methods

A range of diagnostic methods is employed to detect Q fever. For the detection of
morbidity related to Q fever endocarditis and vascular infection, no single method
is sufficient to find 100% characterisation. Hence, serological, histopathological,
immunological, and molecular diagnosis is performed for the presence of C. bur-
netii in hospital-collected samples. There is no single test with a 100% predictive
value for Q fever endocarditis or vascular infection is available. Hence, both PCR
and serological, histopathological, and molecular examinations are performed on
the samples.

One key technique involves examining the Small Cell Variant (SCV) forms to
identify the morphology of Coxiella burnetii. Classified as a Group B biological
agent, C. burnetii poses a significant health risk to humans. Consequently, all la-
boratory procedures involving this pathogen must be performed in facilities
equipped with appropriate biosafety protocols. Both the Large Cell Variant
(LCV) and Small Cell Variant (SCV), including their spore-like forms, can be
visualised under a microscope. For the culture of bacteria, serum samples of
guinea pigs, mice, and embryonated eggs are used to maintain in vitro cell cul-
tures. The Gimenez staining method (Gold standard method) is used to detect
bacteria in infected cell cultures in laboratories. C. burnetiiis characterised by a
very significant number of thin, pink-stained coccobacilli against a blue or green
background.

Two primary forms of C. burnetii strains—phase I (virulent) and phase II (avir-
ulent)—have been distinguished using single-nucleotide polymorphism (SNP)
genotyping. Analysis of these isolates revealed 20 genomic polymorphisms across
1 - 18 open reading frames (ORFs), many of which featured partial deletions, point
mutations, or insertions. Both minor cell variants (SCVs) and significant cell var-
iants (LCVs) represent infectious forms of C. burnetii. The SCV form is remark-
ably resilient, capable of surviving in the soil for extended periods without a host.
It demonstrates strong resistance to osmotic, oxidative, and thermal stress, as well

as desiccation, pressure, and ultraviolet radiation.
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4.2. Serological Diagnosis

Blood serum and vaginal swab samples are analysed by ELISA and PCR (coml
and IS1111) [41]. Since most clinical samples are not collected within the first two
weeks of symptom onset—when C. burnetii DNA may still be detectable—Q fever
diagnosis primarily relies on serological testing. Several serodiagnostic methods,
including indirect immunofluorescence assay (IFA), enzyme-linked immunosorbent
assay (ELISA), and complement fixation assay (CFA), are effective for identifying
acute Q fever, offering comparable levels of sensitivity and specificity. These as-
says are capable of distinguishing between IgM and IgG antibodies and can dif-
ferentiate between the Phase I and Phase II forms of the disease [42].

Serological diagnosis of Q fever typically involves the use of an indirect immu-
nofluorescence assay (IFA) with C. burnetii antigens. This test is performed on
paired serum samples to identify a significant rise—typically fourfold or more—
in antibody titers. Among serological methods, ELISA is generally favoured over
IFA and the complement fixation test (CFT), especially in veterinary applications,
due to its suitability for large-scale screening. Both CFT and ELISA offer improved
sensitivity and specificity. However, CFT is considered less sensitive than ELISA
or IFA. This method, a cold fixation microtechnique originally developed by
Kolmer, is carried out using 96-well U-bottom microtiter plates and detects com-
plement-fixing antibodies in the serum. The antigens used in this assay are a mix-
ture of phase I and phase II strains, commonly derived from human isolates or
the Nine Mile strain [42].

4.3. Molecular Diagnosis

Molecular diagnostics of Coxiella burnetii, the causative agent of Q fever, primar-
ily utilise polymerase chain reaction (PCR) techniques, with real-time PCR being
a standard method for detecting the bacteria’s DNA in clinical samples. Advanced
PCR methods, such as nested PCR and real-time PCR, enhance the detection ac-
curacy of C. burnetii. Molecular diagnosis of Coxiella burnetiid can be performed
on blood, placental tissue, animal faeces, and tick tissues using PCR. These meth-
ods are beneficial for diagnosing cases where traditional blood cultures are nega-
tive, such as in Q fever endocarditis. Polymerase chain reaction (PCR) offers high
sensitivity and specificity for detecting acute Q fever in serum and tissue speci-
mens. However, its effectiveness significantly decreases when using sputum or
throat swab samples. Additionally, PCR demonstrates reduced sensitivity in cases
of chronic Q fever. Coxiella burnetii DNA can be identified in blood samples for
up to 17 days following the appearance of clinical symptoms [43].

For the diagnosis of Q fever, samples are analysed by PCR, and its amplification
is carried out in two separate assays using different primer sets. Primers (approx-
imately 24 bp) of the first set (1 F; 5-GAGCGAACCATTGGT ATCG-3'and 1 R;
5-CTTTAACAGCGCTTGAACGT-3”) and the second set (2 F; 5'-CGGGTTAA-
GCGTGCTCAGTATGTA-3”and 2 R; 5-TGCCACCGCTTTTAATTCCTCCTC-
3”) were synthesized [43].

DOI: 10.4236/aid.2025.153035

477 Advances in Infectious Diseases


https://doi.org/10.4236/aid.2025.153035

A. Fatima, R. K. Upadhyay

Serological Analysis

To resolve the issue community-acquired pneumonia related to Coxiella bur-
netii (Q fever) serological analysis is preferred to diagnose the samples. For sero-
logical analysis, serum samples are evaluated using phase II IgG and IgM enzyme-
linked immunosorbent assay (ELISA) and indirect immunofluorescence assay
(IFA) [44]. The PCR targeting the coml and IS1111 genes was performed on
blood samples. PCR amplicons were sequenced and phylogenetically analysed.
Results among individuals with acute febrile illness showed that 34.7% (32 out of
92) were infected with Coxiella burnetii. PCR exhibited the highest sensitivity
among the diagnostic methods employed. Complete genome analysis of C. bur-
netiiwill undoubtedly contribute to a better understanding of the pathogenesis of

C. burnetiiinfection and improve Q fever diagnosis and immune prophylaxis [45]
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4.4. Therapeutics

e  Use of broad-spectrum antibiotics

Antibiotics work well against this disease’s acute form, but as the infection de-
velops into a chronic form, treatment becomes more difficult, and the illness fre-
quently returns, which can result in a high death rate [46]. Antibiotic prophylaxis
prevents endocarditis in 100% of patients at risk. Finally, IgG anticardiolipin an-
tibodies, part of the autoimmune response during acute Q fever, have recently
been added to the risk factors for endocarditis due to their ability to promote acute
valvular lesions and endocarditis [8]. Acute Q fever in both children and adults is
typically managed with doxycycline. In cases of chronic or localised persistent in-
fection, a combination therapy—commonly doxycycline along with hydroxychlo-
roquine—is recommended for effective treatment [47].

The presence of elevated phase II antibody titers within 1 - 3 weeks following

symptom onset, along with the detection of IgM antibodies, indicates an acute
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infection. In contrast, high phase I IgG antibody titers greater than 1:800, as de-
termined by microimmunofluorescence, suggest a chronic Coxiella burnetii infec-
tion. For acute Q fever, a two-week course of doxycycline is recommended as the
first-line treatment [8].

Current serological and molecular detection tools enable a reliable diagnosis of
the disease. Culture of C. burnetii strains is mandatory to assess their susceptibil-
ity to antibiotics and sequence their genome, thereby optimizing patient manage-
ment and epidemiological studies [48].

As aneglected zoonotic disease, limited data are available regarding the treat-
ment of Q fever (Coxiella burnetii infection) in animals. Tetracycline, a broad-
spectrum antibiotic, has proven effective in reducing the risk of abortion in ru-
minants infected with Coxiella burnetii. Its administration helps manage the in-
fection and minimizes the chances of reproductive issues in affected animals
[49].

4.5. Vaccine: Q-VAX

Various antigens, antibodies, and vaccines are employed to control Coxiella bur-
netii infection. Traditionally, whole-cell vaccines have been used to manage the
disease. However, more recently, highly effective subunit, DNA-based, and multi-
epitope vaccines have been developed. “Q-VAX”, a whole-cell vaccine, is effective
but has certain drawbacks, including the need for pre-vaccination screening and
the risk of severe adverse reactions in individuals who have been previously ex-
posed to the pathogen. The C. burnetii vaccine, Q-Vax, is based on the Henzerling
strain. This vaccine, manufactured by CSL Limited in Parkville, Victoria, Aus-
tralia, has been successfully used to protect individuals from Q fever infection. In
Australia, the Q-Vax vaccine is registered and approved for use in humans but is
recommended only for individuals over the age of 15 years. No vaccine has proven
efficacy or afforded protection equivalent to that of Q-VAX in humans (see Table
2). To develop a successful vaccine, it is crucial to target the specific immune ef-
fectors required to eliminate the pathogen and induce immunological memory to
combat it in subsequent encounters without establishing disease. Most Q fever
vaccines developed so far can trigger an immune response, yet they do not provide

effective protective immunity.

4.6. Subunit Vaccines

Subunit vaccines consist of immunodominant antigenic components that can be
either recombinantly produced or purified from microbial sources. Researchers
are working on developing a subunit vaccine using the outer membrane protein
of Coxiella burnetii. The Coml antigen, when formulated with TLR triagonists,
has demonstrated both immunogenicity and acceptable reactogenicity in mouse
models. The identification of immunodominant proteins, along with the discov-
ery of novel antigens and careful selection of epitopes, plays a critical role in the

development of effective subunit vaccines [50] (see Table 2).
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The human Q fever vaccine Q-VAX exhibited certain limitations related to re-
actogenic responses in pre-sensitised individuals. Despite extensive efforts to de-
velop next-generation human Q fever vaccines, only one vaccine, Q-Vax®, is com-
mercially available. Q-Vax® is a phase I whole-cell vaccine, and its licensed use is
limited to Australia, presumably due to the potential for a post-vaccination hy-
persensitivity response [51]. The development of fifth-generation vaccines with
single antigenic molecules that display very fine antigenicity with reduced hyper-
sensitivity is required [52]. Antibiotics work well against this disease’s acute form,
but as the infection develops into a chronic form, treatment becomes more diffi-
cult, and the illness frequently returns, which can result in a high death rate. The
mechanisms driving reactogenic responses are still not fully understood, yet they
are crucial considerations in the development of a safe and effective Q fever vac-
cine. This vaccine showed therapeutic efficacy in both untreated and treated pa-
tients. This also showed strong efficacy in high-risk human population groups.

The progression of vaccine development is examined, spanning from conven-
tional whole-cell formulations to advanced subunit, DNA-based, and multi-epitope
strategies. Emphasis is placed on cutting-edge technologies such as reverse vacci-
nology and immunoinformatics, which have facilitated the discovery of new anti-
genic targets. Recent clinical findings highlight the safety and immune-stimulating
potential of next-generation vaccine candidates, along with key considerations for
their production and deployment. Despite notable advancements in addressing the
shortcomings of earlier vaccines, challenges persist in enhancing immunogenicity
while maintaining safety across diverse population groups [19]. Subunit vaccines
consist of key antigenic elements that are either produced through recombinant
technology or isolated from microbial sources [53]. They offer the advantages of
reduced reactogenicity and cost-effective production over traditional WCVs [54].
To augment immunogenicity, they are fused with a carrier or formulated with an
appropriate adjuvant and administered in a multi-dose regimen [55]. A subunit vac-
cine composed of the outer membrane protein of C. burnetii, Com1 antigen formu-
lated with TLR triagonist, was evaluated for immunogenicity and reactogenicity in
a mouse model. Although it induced a strong IgG2c-skewed response, it only con-
ferred partial protection against C. Burnetii compared to Q-VAX [56] (see Table 2).
Fratzke et al designed a subunit vaccine using six C. burnetii antigens formulated
with multiple TLR agonists. Of the various vaccine formulations with different TLR
agonists, only one vaccine containing TLR4, TLR7, and TLR9 agonists as triagonists
demonstrated reduced reactogenicity and a comparable bacterial burden to WCVs
[57]. The findings from these studies emphasize the use of an appropriate adjuvant
for subunit vaccine development to induce the desired immune response required

for C. burnetii clearance.

4.7. Coxiellosis Vaccines

Coxiellosis, caused of Coxiella burnetii, leads to abortion, infertility, and eco-

nomic losses in livestock. These animals also serve as a reservoir for human Q
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fever outbreaks, and direct transmission occurs through the consumption of an-
imal products, insect bites, and the water route. Therefore, these animals can be
vaccinated with inactivated whole-cell vaccines (WCVs), such as Coxevac
(phase I) and Chlamyvax FQ (phase II). While WCVs have shown varying effi-
cacy, phase I vaccines generally provide better protection, including reduced
bacterial shedding and abortions, compared to phase II vaccines. However, ad-
verse reactions such as injection site inflammation and fever are common. To
address safety concerns, Coxiella membrane-based vaccines (CMR) are being
explored as a less reactogenic alternative. To rapidly control the spread of dis-
ease in lactating dairy animals, vaccination is considered highly important. But
it is a challenging job as Coxiella burnetii is also transmitted through, its DNA
has been detected even in vaccinated animals. For instance, dairy goat milk has
been found to contain C. burnetii DNA following immunization with Coxevac®
[50] (see Table 2).

Q-Fever Vaccine

Coxiella burnetii presents a unique challenge for vaccine development due to its
obligate intracellular lifestyle, complex immune interactions, and poorly de-
fined protective correlates. Phase I whole-cell vaccines (WCVs), including the
licensed Q-Vax®, have provided effective prophylaxis since their early develop-
ment in the 20th century. These vaccines demonstrated a synergistic interplay
of multiple bacterial components, including phase I lipopolysaccharide (LPS)
and structural proteins. For proper immunization, adjuvants are added to the
antigen to induce potent and durable immunity. There is a problem in having
purified specific antigenic determinants and immune pathways. Efforts have ex-
panded to include modified WCV’s, subunit vaccines, and LPS-mimic strategies.
However, approaches that overlook the intricate host-pathogen interactions
and immunological complexity of C. burnetii are unlikely to yield successful can-
didates. Continued progress will depend on deeper insights into C. burnetii vir-
ulence factors, antigenic targets, and the immune correlates of protection. Ex-
isting phase I whole-cell vaccines (WCVs), such as Q-Vax®, provide a valuable
foundation for designing improved formulations. These vaccines are known for
their robust immunogenicity, long-lasting immunity, and the convenience of a
single-dose administration. However, next-generation vaccines based on path-
ogen particles, fragments of DNA, or mRNA may be more protective than the
current standard.

For the quick resolution of the problem, the risk of post-vaccination hypersen-
sitivity (PVH) reactions, as well as the need for pre-vaccination screening and bi-
osafety concerns, should be characterized. An ideal next-generation Q fever vac-
cine would retain the immunogenic efficacy of phase I WCVs while minimising
adverse reactions and simplifying production and administration protocols.
(LPS)-Based vaccines may be safer and more effective Q fever vaccine [50] (see
Table 2).
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Table 2. Showing various types of Q fever vaccines, their characteristics, advantages and safety issues.

Vaccine Type Key Characteristics
Inactivated or live attenuated
Whole-Cell vaccines (e.g., derived from
Vaccines Henzerling, Dyer strains);
(WCVs) formaldehyde-inactivated or
genetically modified versions
Q-VAX Derived from the
The primary Henzerling phase I strain,
whole cell formalin-inactivated
vaccine vaccine. high efficacy
Subunit Cjomposed of specific
. antigens (e.g., Coml, P1);
Vaccines . .
. . produced using recombinant
immunodominant
ticeni DNA technology; often
antigenic
8 formulated with adjuvants
components . .
(e.g., TLR triagonists)
Plasmid vectors encoding C.
DNA burnetii antigens; enhanced
Vaccines by electroporation, codon
optimization
Self-amplifying mRNA
RNA encoding Phase I antigens.
Vaccines formulated in lipid

nanoparticles

Bioinformatically designed
vaccines combining

Multi-Epit:
witi-Epttope conserved B-cell and T-cell

Vacei
accnes epitopes from multiple C.
burnetii proteins
. Toll-like receptors bind lipid
Novel Delivery ) ]
nanoparticles, and immune
Systems &
. modulators, advanced
Adjuvants

adjuvants, mainly agonists

vaccine for Q fever is a,
with reported protection between 82 and 100% with

Rapid development, high

Advantages Safety issues Current Status
High protection . . .
Reactogenicity Licensed in some
(up to 95%),

(local/systemic reactions), countries (e.g., Q-VAX

long-term efficac
& Y safety concerns with live  in Australia); ongoing
(up to 5 years), strong

) ’ refinement efforts
immunity

forms

While effective, it can be
reactogenic in previously

The whole primary cell ~ The efficacy of Q-VAX
has been reported to be
sensitized individuals,
rates between 82% and

100%.

long-lasting protection of requiring pre-screening

up to 5 years. before vaccination
Variable protection, lower
efficacy than WCVs,
challenges in selecting

Safer than WCVs,

targeted immune Preclinical to early

responses, scalable . . ] clinical stages
) effective antigen-adjuvant

production

combos

Good T-cell response,  Lower immunogenicity

stable, non-infectious, in humans, requires Preclinical research

prolonged antigen electroporation or phase

expression delivery enhancement

. Stability and storage . .
safety, strong immune . Promising in preclinical
issues, early

response, no risk of studies
. . development phase
infection
Broad immune coverage, .
] ] Complex design and .
rational design, balanced Experimental.

testing, variable response
humoral and cellular & . P early-stage development
across populations

immunity

Enhanced antigen .
B o Integrated into
stability, uptake, and Need for optimization, . .
. o . next-generation vaccine
immune activation. cost of novel formulations

extended shelf life designs

4.8. Vector Control, Health and Hygiene

The most effective strategies for controlling and preventing coxiellosis include an-
tibiotic therapy and vaccination. For acute Q fever in humans, doxycycline re-
mains the preferred antibiotic. Preventive measures at the human level involve
minimizing contact with animals or using protective gear such as gloves, boots,
and masks when handling them. Proper pasteurization of milk- either at 145°F
(63°C) for 30 minutes or 161°F (72°C) for 15 seconds is sufficient to eliminate
Coxiella burnetiiand other pathogens commonly found in raw milk. Maintaining
strict hygiene, particularly in calving areas, is critical in reducing the risk of infec-

tion. Key practices include regular disinfection of calving pens, umbilical cord
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sanitation, timely removal and safe disposal of aborted fetuses and fetal mem-
branes and providing clean bedding during parturition. The immediate disposal
of birth control products is essential to prevent their consumption by stray dogs,
wild carnivores, or domestic animals, which can further contribute to environ-
mental contamination and disease transmission. The health education of various
occupational groups, such as abattoir workers, dairy farmers, shepherds, wool sort-
ers, tanners and veterinary professionals about the source of infection, mode of

transmission, severity of disease and personal hygiene should be imparted [58].

4.9. Precautions

Preventing the airborne transmission of Q fever involves measures such as avoid-
ing the spread of manure during windy conditions and ensuring the proper dis-
posal of contaminated materials. Consuming only pasteurized milk and dairy prod-
ucts is essential to reduce the risk of infection. In this context, raising public aware-
ness and promoting education play a vital role in effective disease prevention.
Farmers and farmyard people must keep livestock in a healthy and hygienic envi-
ronment. Proper management of animal waste can reduce the concentration of C.
burnetii in the environment. It is advised to immunize people who are occupa-
tionally exposed, including veterinary professionals, livestock handlers, and abat-
toir workers. The government should prioritize the vaccination of animals iden-
tified in endemic areas. Public awareness campaigns should emphasize the im-
portance of using insecticides as an effective measure to control tick populations.
Avoiding contact with animals, especially during pregnancy and childbirth, can
reduce the risk of infection. Raising awareness about transmission routes, occu-

pational risks, and preventive measures is crucial for public health.

4.10. Future Perspectives

For quick control of C. burnetii outbreaks, advanced diagnostic tools, techniques,
and analytical tests with high sensitivity will be required before going for treat-
ment options. Broad long-term control planning is necessary, particularly with
multiple treatment options in animals, and practical approaches are needed for
rapid prevention. A routine checkup of animals and the exposed human popula-
tion, and vaccination is essential for fast management of this zoonotic disease in
endemic areas. The Coxiella vaccine for animals is an effective means of minimiz-
ing disease transmission. It will be required in both types of animal herds, includ-
ing those infected and those non-infected. Vaccination plays a crucial role in min-
imizing the re-emergence of Coxiella burnetii infections in both rural and urban
areas. For timely and accurate diagnosis, it is essential to implement appropriate
testing methods along with strain-specific identification and interpretation guide-
lines. All dairy animals should be vaccinated under field conditions to signifi-
cantly reduce the risk of zoonotic transmission to humans. Additionally, estab-
lishing a safe distance between human residences and dairy farms is crucial to

further reduce the likelihood of exposure to the pathogen.
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5. Conclusion

Q fever is a globally significant infectious disease and is listed as a notifiable con-
dition by the World Organization for Animal Health (WOAH). It holds consid-
erable relevance for both public health and the economy. Sheep, cattle, and goats
serve as the primary reservoirs of Coxiella burnetii, the rickettsia-like bacterium
responsible for the disease, which occurs worldwide. Human infection typically
results from inhaling contaminated aerosols, while arthropods do not play a role
in their transmission. Chronic Q fever develops in less than 5% of infected indi-
viduals, often presenting as endocarditis or hepatitis, and may severely affect in-
ternal organs. The acute form of the disease is characterized by a sudden onset of
fever, headache, fatigue, and interstitial pneumonitis, with symptoms often resem-
bling those of influenza. In older or immunocompromised individuals, respiratory
complications may be more pronounced. Bacterium Coxiella burnetii causes severe
pathogenesis, resulting in deaths in both urban and rural areas worldwide. For the
prevention and control of disease, earlier diagnosis is essential. Bacteria show ge-
netic variations in different geographical regions and exhibit massive resistance to
antibiotics. Diagnosis of Q fever typically involves basic methods such as serolog-
ical testing, strain isolation, and polymerase chain reaction (PCR) analysis of clin-
ical samples. Although Q fever can be prevented through vaccination, antibiotic

treatment often shows limited effectiveness.
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