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Penyakit demam Q (juga dikenali sebagai coxiellosis) disebabkan oleh Coxiella
burnetii, sejenis bakteria gram-negatif intrasel yang tersebar luas dan berkaitan dengan
penyakit zoonotik serta mengakibatkan gangguan dalam sistem pembiakan haiwan.
Walaupun telah mempunyai banyak kajian seroprevalen C. burnetii pada rusa di seluruh
dunia yang telah direkodkan, namun data mengenai kekerapan penyakit ini di kalangan
rusa di Malaysia masih terhad atau tiada. Oleh itu, kajian awal ini bertujuan untuk menilai
seroprevalen jangkitan C. burnetii dan mengenal pasti faktor risiko yang berkaitan di
kalangan ternakan rusa (Cervus timorensis) di Malaysia. Jumlah keseluruhan sebanyak 92
buah sampel darah serum telah digunakan dalam kajian ini, yang terdiri daripada 36
sampel serum yang dikutip pada tahun 2023 (ternakan baru) dan tambahan 56 sampel
arkib dari tahun 2017 (ternakan lama), dan kesemua sampel tersebut diperolehi daripada
Ladang Ternakan Rusa UPM. Kesemua sampel serum ini disaring bagi penyakit demam
Q dengan menggunakan kit ELISA komersial ID Screen ® Q fever Indirect Multi-species
(IDvet) dengan kadar spesifikasi 99% dan sensitiviti 90%. Hasil kajian ini mendedahkan
prevalens tampak keseluruhan sebanyak 14.1% (95% CI= 8.45 — 22.69) dan prevalens
sebenar sebanyak 14.8% (95% CI = 8.37 - 24.37) bagi penyakit demam Q di kalangan
rusa yang telah disampel dalam kajian ini. Analisis univariabel mendedahkan perbezaan
statistik yang signifikan dalam seroprevalen mengikut kumpulan umur (X’>= 8.654, p =
0.013), dengan rusa dewasa menunjukkan kadar prevalens tampak tertinggi sebanyak
27.3% (95% CI= 15.07 — 44.22) dan prevalens sebenar sebanyak 29.5% (95% CI=15.81
—48.56) diikuti oleh rusa dewasa muda dengan prevalens tampak sebanyak 10.8% (95%

CI=4.29 — 24.71) dan prevalens sebenar sebanyak 11.02% (95% CI= 3.69 — 26.64) serta



rusa muda dengan prevalens tampak sebanyak 0.0% (95% CI= 0.00 — 14.87) dan
prevalens sebenar sebanyak -1.12% (95% CI= -1.12 — 15.58). Selain itu, perbezaan juga
diperhatikan antara kumpulan ternakan (X?= 9.732, p = 0.002), dengan ternakan lama
menunjukkan kadar prevalens tampak sebanyak 23.2% (95% CI= 14.10 — 35.77) dan
prevalens sebenar sebanyak 25.0% (95% CI= 14.72 — 39.07) berbanding dengan ternakan
baru dengan prevalens tampak sebanyak 0.0% (95% CI= 0.00 — 9.64) dan prevalens
sebenar sebanyak -1.12% (95% CI=-1.12 —9.71). Walau bagaimanapun, didapati bahawa
tiada hubungan signifikan antara jangkitan demam Q dan jantina (X* = 2.189, p = 0.139).
Analisis regresi logistik multivariabel selanjutnya menunjukkan bahawa kedua-dua umur
dan kumpulan ternakan tidak berkaitan (p>0.05) dengan seropositiviti terhadap jangkitan
penyakit demam Q. Setakat pengetahuan kami, kajian ini merupakan dokumentasi
pertama mengenai mengenai antibodi serum terhadap C. burnetii di kalangan Cervus
timorensis di Malaysia. Kajian lanjut diperlukan untuk mengasingkan dan

mengkarakterisasikan strain C. burnetii yang tersebar di kalangan rusa di Malaysia.

Kata kunci: Coxiella burnetii; rusa; seroprevalen; penyakit demam Q
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Q fever (also known as coxiellosis) is caused by Coxiella burnetii, a widespread
intracellular gram-negative bacterium associated with a zoonotic disease and reproductive
disorders in animals. Although there have been extensive seroprevalence studies of C.
burnetii infection in deer worldwide, data on its prevalence in Malaysia remain scarce.
Thus, this preliminary study aims to assess the seroprevalence of C. burnetii infection and
identify associated risk factors among deer (Cervus timorensis) livestock in Malaysia. A
total of ninety-two serum blood samples were included in the study, comprising thirty-six
serum samples collected in 2023 (new herd) and an additional fifty-six archived samples
from 2017 (old herd), all sourced from UPM Deer Farm. The samples were screened using
a commercial ID Screen® Q fever Indirect Multi-species (IDvet) kit with 99% specificity
and 90% sensitivity. The result of this study has revealed an overall apparent prevalence
of 14.1% (95% CI1 =8.45 — 22.69) and a true prevalence of 14.8% (95% CI=8.37 —24.37)
for Q fever among deer. The univariable analysis revealed statistically significant
differences (X>= 8.654, p = 0.013) in seroprevalence among age groups, with adult deer
exhibiting the highest apparent seroprevalence rate of 27.3% (95% CI= 15.07 — 44.22)
and a true prevalence of 29.5% (95% CI= 15.81 — 48.56) followed by young adult with
an apparent prevalence of 10.8% (95% CI=4.29 — 24.71) and a true prevalence of 11.02%
(95% CI= 3.69 — 26.64) and young with an apparent prevalence of 0.0% (95% CI= 0.00
— 14.87) and a true prevalence of -1.12% (95% CI= -1.12 — 15.58). Additionally,
differences were observed among herds (X> = 9.732, p = 0.002), with the old herd
displaying an apparent prevalence rate of 23.2% (95% CI= 14.10 — 35.77) and a true

prevalence of 25.0% (95% CI=14.72 — 39.07) compared to the new herd with an apparent



xiii

prevalence of 0.0% (95% CI= 0.00 — 9.64) and a true prevalence of -1.12% (95% CI= -
1.12 — 9.71). However, it was revealed that there is no significant association between Q
fever infection and gender (X2 = 2.189, p = 0.139). Multivariable logistic regression
analysis further demonstrated that both age and herd were not associated (p>0.05) with
seropositivity to C. burnetii. To the best of our knowledge, this study is the first
documented evidence of serum antibodies towards C. burnetii among Cervus timorensis
in Malaysia. Further studies are needed to isolate and characterise the strain of C. burnetii

circulating among deer in Malaysia.

Keywords: Coxiella burnetii; deer; seroprevalence; Q fever



CHAPTER 1

INTRODUCTION

In recent years, zoonotic diseases have gained prominence as significant global
health concerns. The emergence and spread of zoonotic diseases have sparked significant
concerns worldwide. Among these diseases, Q fever, also known as coxiellosis, caused
by the obligate intracellular bacterium Coxiella burnetii, stands as a formidable example.
Q fever is a widely known zoonotic disease that causes reproductive disorders (Maurin &
Raoult, 1999) and has a worldwide distribution, except in New Zealand and Antarctica
(Eldin et al., 2017). This bacterium has been reported in various domestic and wildlife
species, including humans, livestock, wild ruminants, and birds. C. burnetii is shed via
urine, milk, feces, and birth products (Honarmand, 2012). The transmission of this
bacterium occurs through inhalation of contaminated airborne or spore-like particles
formed by the bacterium, vectors such as ticks and arthropods, vertical transmission, and
also any secretions or excreta from infected animals (Ezatkhah et al., 2015). Animals
infected with C. burnetii often show no apparent symptom, yet they can exhibit clinical
signs such as abortions, stillbirths, metritis, infertility, and weak calves, causing
significant economic losses to farmers (Marrie et al., 1996; Arricau-Bouvery &
Rodolakis, 2005). However, this disease has raised particular concern due to its zoonotic
potential and connection to public health as there is evidence of C. burnetii transmission
in humans ranging from mild flu-like symptoms to severe cases and fatal complications

(Angelakis & Raoult, 2010). In 1935, an outbreak of an undiagnosed febrile disease



emerged in an abattoir in Brisbane, Australia, proven to be a Q fever infection (Maurin &
Raoult, 1999). In 2009, 2357 cases of humans infected with Q fever were recorded in the

Netherlands (Guatteo et al., 2011).

Wildlife has been suggested to be a potential reservoir for Q fever (Madariaga,
2005). Therefore, in this study, our focus will be on deer, which are originally wild
animals and progressively integrated into livestock farming systems. Their economic
value, meat production potential, and adaptability to various ecological niches have made
deer a valuable resource in the agro-industry. However, this integration brings potential

risks from a One Health perspective, such as the transmission of this pathogen.

Many studies have demonstrated a high seroprevalence rate of C.
burnetii infection among deer livestock worldwide. Research conducted by Ruiz-Fons et
al. (2008) in southern and northern Spain recorded a seroprevalence of 5.6% in wild red
deer, 15.4% in roe deer, 39% in cattle, and 40% in farmed red deer. Enright et al. (1971)
stated that the seroprevalence rate of Q fever in deer in Mendocino County, California
was 22%. In the Netherlands, Rijks et al. (2011) observed 43% of C. burnetii-positive
deer in 2010, which shows a drastic increment from 2008 (11%) and 2009 (10%). The
seropositivity rate of C. burnetii was 40% in farmed red deer in southern Spain (Gonzalez-
Barrio et al., 2015). A recent study by Voss et al. (2023) recorded 3.4% overall
seroprevalence of C. burnetii in wild deer in eastern Australia. As a zoonotic disease, the
transmission of Q fever from infected animals to humans underscores the importance of

understanding the seroprevalence and epidemiology of this pathogen. In a research



investigation carried out by Bina et al. (2016) stated that the chronology of Q fever was
first documented in Malaysia when the disease was diagnosed in a goat farm from Penang
in the year of 2007.. A recent study in Malaysia by Jesse et al. (2020) reported that
the prevalence of Q fever infection among goats and sheep in Malaysia is 12.1% .
However, to date, no seroprevalence studies of Q fever infection among deer have been
reported in Malaysia. Thus, a comprehensive study of serological data and risk factors
is needed and therefore this preliminary seroprevalence study endeavors to shed light on
the extent of C. burnetii or Q fever infection among deer livestock in UPM Deer Farm
(PPP UPM). The results and findings of this preliminary study could be used as a
benchmark to design a comprehensive study involving deer livestock related to

prevalence of Q fever infection among deer livestock in Peninsular Malaysia.



The objectives of this study are as follows:

a. To determine the seroprevalence rate of Coxiella burnetii infection among deer

from UPM Deer Farm (PPP UPM).

a. To identify potential contributing risk factors for Coxiella burnetii infection and

its relation in deer from UPM Deer Farm (PPP UPM).
Hypotheses

a) Ho: There will be low or no seroprevalence of Coxiella burnetii or Q fever
infection among deer from UPM Deer Farm (PPP UPM).

Hi: There will be a high seroprevalence of Coxiella burnetii or Q fever infection
among deer from UPM Deer Farm (PPP UPM).

b) Ho: There is no association between the seroprevalence of Coxiella burnetii or Q
fever infection and gender, age, and herd among deer from UPM Deer Farm (PPP
UPM).

Hi: There is an association between the seroprevalence of Coxiella burnetii or Q
fever infection and gender, age, and herd among deer from UPM Deer Farm (PPP

UPM).



CHAPTER 2

LITERATURE REVIEW

2.1 Aetiological agent

Coxiella burnetii is a gram-negative bacterium that is obligately intracellular and
exhibits a pleomorphic rod shape. Even though its membrane is similar to other Gram-
negative bacteria, it does not readily stain using the Gram technique. Hence, Gimenez
method is used to stain C. burnetii (Honarmand, 2012). Previously, C. burnetii was
classified in the Rickettsiaceae family due to its biological similarity. However, based on
the phylogenetic analyses mainly on the 16S rRNA sequence, it is proven that C. burnetii
belongs to the gamma subdivision of the phylum Proteobacteria (Maurin & Raoult, 1999).
Angelakis and Raoult (2010) revealed that the estimated size of the bacterium is about

0.2-0.4 um wide and 0.4-1.0 pm long.

C. burnetii is highly infectious and persistent in the environment. This is due to its
ability to form two distinctive morphological structures which is the non-replicating form,
spore-like particles known as small cell variants (SCV) and replicating form known as the
large cell variants (LCV) (McCaul & Williams, 1981). SCV can be found in the
environment as it is able to withstand osmotic shock, oxidative stress, heat, pressure, and
sonication (Amano et al., 1984) while remaining infectious (McCAUL & Williams,

1981).

C. burnetii exhibits antigenic variation, where the Phase | represents the natural

virulent highly infectious phase found in animals, and the Phase Il is only acquired after



serial passages in cell cultures and is avirulent (Andoh et al, 2007). The key distinction
lies in the lipopolysaccharide (LPS) structure, where phase | exhibits smooth LPS,

whereas phase Il displays rough LPS (Angelakis & Raoult, 2010).
2.2 Mode of transmission

The reservoirs for this bacterium are widespread, which includes livestock,
rodents, birds, ticks, pets and wildlife. Studies by Spitalska et al. (2018) reported evidence
of C. burnetii detected in Ixodes ricinus, Dermacentor reticulatus and Haemaphysalis
inermis ticks. This prompts consideration of ticks as potential vectors for the transmission
of this bacterium, particularly among wild animals (Kazar, 2005; Celina & Cerny, 2022).
However, ticks are not regarded as essential components in the natural cycle of C. burnetii

infection in livestock (Angelakis & Raoult, 2010).

Transmission dynamics of C. burnetii can vary among different animal species
and environments. Generally, C. burnetii is transmitted via inhalation. Although animals
infected with C.burnetii often appear asymptomatic, they shed the bacterium in vaginal
discharge, milk, urine, feces (Celina & Cerny, 2022) and birth products (Honarmand,
2021). Research conducted by Roest et al. (2012) demonstrated that the placentas of
infected animals contain significant concentrations of C. burnetii. According to Arricau-
Bouvery and Rodolakis (2005), the longest duration of C. burnetii shedding persists
through milk in cows and goats, and through vaginal mucus in ewes. Moreover, there is
evidence indicating that C. burnetii can multiply within amoebae, implying the possible

involvement of these hosts in maintaining the bacterium's presence in the environment



(La Scola & Raoult, 2001). Furthermore, C. burnetii outbreaks have been found to be
associated with cats experiencing abortions or delivering stillborn offspring (Malo et al.,
2018), and similar associations have been observed in other animal species, where it has

been linked to both premature births and abortions (Agerholm, 2013).

2.3 Pathogenicity and clinical signs

C. burnetii attacks the macrophages or monocytes of the host cells (Angelakis &
Raoult, 2010). Currently, the mechanism of entry of C. burnetii into host cells in animals
is poorly understood. However, a review has provided insights into the entry of C. burnetii
into eukaryotic cells in humans. It reveals that C. burnetii phase | and phase Il have
different mechanisms in invading the host. Phase | enters macrophages through the CR3
receptor, internalizing within eukaryotic cells via the phagolysosomal pathway. On the
other hand, phase Il binds via a complex involving leukocyte response integrin and
integrin-associated protein (Maurin & Raoult, 1999). Research found that the progression
of Q fever infection into a chronic state is associated with impaired cell-mediated
immunity (CMI), given its pivotal role in defending against the bacterium (Angelakis &
Raoult, 2010). Another review also highlighted the association between genetic variability
among C. burnetii strains and the occurrence of acute and chronic cases of Q fever
infection in humans (Maurin & Raoult, 1999). However, recent studies revealed that the
development of acute or chronic Q fever is contingent upon host-related factors

(Honarmand, 2012).



Research has documented the pathogenicity of C. burnetii in both domestic
animals (Celina & Cerny, 2022) and humans (Maurin & Raoult, 1999). Animals infected
with C. burnetii infection often remain clinically asymptomatic (Angelakis & Raoult,
2010). However, during parturition, they may display reproductive disorders such as
abortion, weak calves, stillbirths, infertility, and metritis, as C. burnetii primarily targets
trophoblast cells of the placenta and mammary glands (Sanchez et al., 2006). For instance,
a study reported evidence of goats infected with C. burnetii, showing inflammatory
lesions in their placentas (Bildfell et al., 2000). Placentitis has also been observed in dama
gazelles infected with C. burnetii (Lloyd et al., 2010). A study conducted by Gonzélez-
Barrio et al. (2013) has demonstrated that reproductive failure in deer following C.
burnetii infection. However, a recent study (Sanchez et al., 2006) also noted the detection
of C. burnetii in the lungs and liver of pregnant goats using PCR, which aligns with
findings from another study in mice that showed evidence of pneumonia when
administered intranasally and splenomegaly when administered intraperitoneally

(Russell-Lodrigue et al., 2009).

2.4 Prevalence and distribution

The prevalence and distribution of Q fever can vary by region, influenced by
factors such as the methodology employed and geographical location. A review by
Guatteo et al. (2011) stated that the seroprevalence at both the animal and herd levels of

any species appeared to be consistently around 15-20% in many countries.



A recent seroprevalence study conducted in eastern Australia revealed an overall
seroprevalence rate of 3.4% in the wild deer population, employing a commercial indirect
ELISA test. Specifically, Cervus axis and Dama dama exhibited seroprevalence rates of
6.5% (7/108) and 3.7% (7/188), respectively, while Cervus timorensis (0/56), sambar
(0/53), and Cervus elaphus (0/8) showed no seroprevalence (Voss et al., 2022). This study
further established a correlation between seroprevalence of Q fever and various risk
factors, including age and gender. Among different age groups, adults (>2 years old)
exhibited a seroprevalence of 2.9% (9/314), while yearlings (1-2 years old) displayed a
higher seroprevalence rate of 5.0% (5/99). In terms of gender, 9 out of 206 females tested
positive for antibodies against C. burnetii, resulting in a seroprevalence of 4.4%, whereas
males had a lower seropositivity rate of 2.4% (5/207) against C. burnetii (\Voss et al.,

2022).

In Spain, a seroprevalence study of C. burnetii in sampled ruminants found rates
of 15.4% (6/39) in roe deer, 5.6% (2/36) in wild red deer, and 40% (32/80) in farmed red
deer. Fallow deer exhibited no seroprevalence in this study. The methodology utilized
was the Immunofluorescence antibody assay (IFA) (Ruiz-Fons et al., 2008). A study
conducted in China reported a seroprevalence rate of 12.3% (166/1347) in domestic sika
deer, employing ELISA (Cong et al., 2015). In southern Spain, an overall seroprevalence
rate of 36% (9/25) was observed in farmed red deer, using ELISA (Gonzalez-Barrio et
al., 2015). A separate study from California reported a seroprevalence of 22% (76/342) in
black-tailed deer, employing the complement fixation test (CFT) (Enright et al., 1971). In

Korea, a study found a seroprevalence of 1.4% (10/604) in wapiti and 0% (0/30) in sika
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deer, utilizing ELISA (Jang et al., 2011). In New York, a prevalence study in white-tailed

deer reported an overall seroprevalence rate of 14.5% (155/1069), employing the indirect

microimmunofluorescence assay (IFA) (Kirchgessner et al., 2013). Finally, a prevalence

study in wild Korean water deer in Korea detected antibodies in 9.18% (18/196) of

samples and genomic material in 6.63% (13/196) of samples, using ELISA and RT-PCR,

respectively (Shin et al., 2014).

Number
Study
Country Reference Sample Species Test of tested  Prevalence
period
animals
Cervus axis 108 6.5%
Nov
Dama dama 188 5.8%
Eastern Voss et 2017-
Serum  Cervus timorensis ELISA 56 0.0%
Australia  al., 2022 Mac
Sambar 53 0.0%
2020
Cervus elaphus 8 0.0%
Red deer
Ruiz-Fons Wild 36 15.4%
2004-
Spain etal., Serum Farmed IFA 80 5.6%
2005
2008 Wild roe deer 39 40.0%
Wild fallow deer 13 0.0%
Northeast  Cong et 2013-
Serum  Farmed sika deer ELISA 1347 12.3%
ern China al., 2015 2014
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Gonzalez-
Southern
Barrioet 2011 Serum  Farmed red deer ELISA 25 36%
Spain
al., 2015
Jan
Enright et
California 1965-Jan  Serum  Black tailed deer CFL 342 22%
al., 1971
1967
Feb — Sika deer
Jang et al., 30 0%
Korea Sept Serum Cervus ELISA
2011 604 1.4%
2010 canadensis
Kirchgess
2009-
New York neretal., Serum  White tailed deer FA 1069 14.5%
2010
2013
ELISA
Shin et al., 2010- Wild korean 9.18%
Korea Serum RT- 196
2014 2012 water deer 6.63%
PCR
2.6 Diagnosis

Isolation of C. burnetii can be achieved through yolk sac of embryonated chicken

eggs, mice, guinea pigs, and cell cultures (To et al., 1995) but it is not commonly practiced

due to the meticulous handling requirements and the need for a biosafety level 3

laboratory (Spyridaki et al., 2002). Histological diagnosis of C. burnetii infection may
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reveal lesions on the placenta, characterized by necrotic suppurative placentitis with
inflammatory cell infiltration and trophoblast hypertrophy (Kersh et al., 2010). While C.
burnetii infection lacks a pathognomonic lesion where a study by Norina et al. (2011)
revealed the presence of a distinctive fibrin ring with a central space, often termed a
‘doughnut granuloma,’ in organs infected by C. burnetii, such as the lung, liver, and spleen.

However, further confirmatory diagnostic tests are still necessary.

Immunohistochemistry (IHC) laboratory technique could detect the specific
antigen-antibody reaction of C. burnetii, but its sensitivity to detect antigen in organs other
than the placenta is low (Sanchez et al., 2006). However, a recent study by Norina et al.
(2011) reported that IHC techniques are sensitive enough to detect the antigen in placenta,
lung, and liver. For PCR technique it could detect C. burnetii in various biological
samples (Berri et al., 2000), which includes the abortion material, placental tissue, feces,
vaginal mucus, and milk samples, as recommended by OIE. However, PCR technique is

only applicable for assessing tissue samples and carries a risk of false-positive results.

Therefore, the primary method for diagnosing Q fever relies on serological
techniques, allowing the detection of antibodies within several weeks post-infection and
differentiation between acute and chronic Q fever infections. For serological testing,
ELISA, CFT, and IFA techniques are commonly used. However, compared to ELISA, the
complement fixation test (CFT) exhibits lower sensitivity (Rousset et al., 2007) and is
time-consuming, typically detecting seroconversion within 2-3 weeks, in contrast to

ELISA and IFA, which yield results in an average of 10-15 days (Maurin & Raoult, 1999),
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with a risk of false-negative results.ELISA screening can detect both phase | and phase Il
antibodies, with samples taken from milk and serum. Commercial ELISA Kits are
available for specific species and can be adapted for use with wild species after validation

(Gonzélez-Barrio et al., 2015).

2.6 Control and prevention

The control and prevention of Q fever infection in animals require a

comprehensive set of measures aimed at minimizing risks of C. burnetii transmission.

Vaccines based on Phase | C. burnetii have been found to be more effective in
providing protection compared to Phase Il vaccines (Rodolakis, 2009). However, these
vaccines do not appear to reduce the shedding of the bacterium in naturally infected
animals. In fact, there is also evidence of animals vaccinated with Phase Il, who were
previously infected with C. burnetii, shedding the bacteria in milk for months (Schmeer

et al., 1987). As a result, Q fever vaccination is not widely practiced.

In ruminants, antibiotic treatment typically involves administering two injections
of oxytetracycline (20 mg per kg body weight) during the final month of gestation.
However, this treatment may not completely prevent abortion and the shedding of C.
burnetii during lambing (Angelakis & Raoult, 2010). Therefore, antibiotic treatment is

not preferred due to the potential for antibiotic resistance to develop in the animal.

To minimize the risk of C. burnetii transmission, urgent measures should be taken.
These include proper disposal of placenta, birth products, and manure, as well as

guarantine of newly purchased animals and isolating pregnant animals showing signs of
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reproductive disorders. Restricting the access of wild animals, rodents, and birds to the
farm is also important. Other than that, stocking density and standard biosecurity
measures also play a role in reducing the risk of pathogen transmission. As Q fever is a
potential zoonosis, practicing hygienic measures within the farm is of utmost importance
(Dhaka et al., 2020). Moreover, it is crucial to implement routine annual surveillance for
Q fever in Malaysia and report any cases of C. burnetii to the relevant authorities. This
proactive approach is essential for preventing the spread of Q fever infection, especially
considering the numerous published reports have reported the presence of C. burnetii in

the country, particularly among farmed animals (Bina et al., 2011; Jesse et al., 2020).
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CHAPTER 3

MATERIALS AND METHODS

3.1 Ethical approval

The study received approval from the Institutional Animal Care and Use
Committee (IACUC) of Universiti Putra Malaysia, with reference number

UPM/IACUC/AUP-U042/2023 on July 31, 2023.

3.2 Methodology

For this study, UPM Deer Farm (PPP UPM), situated in Serdang, Selangor,
Malaysia, within the geographical coordinates of approximately 2.982962 North latitude
and 101.729190 East longitude, was selected as the study site. The study focused on the
Cervus timorensis deer population at this farm, which was managed under a semi-
intensive system and practiced natural breeding. The deer population on the farm was
divided into three groups: young, adult, and docile deer. Fawns remained with their
mothers in the adult group until they reached the weaning age, typically around 3 months

old. The deer had access to grazing and received supplementary pellet feed.

Blood samples were collected from a total of 36 deer using a convenient sampling
method. Additionally, this study incorporated 56 archived serum samples that were
collected from deer in the year of 2017 of the same farm for routine herd health

programme screening which resulted in a total of combined sample size of 92 samples.
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3.3 Blood collection

Blood samples were collected from the deer population in the month of August 2023 for
this study. Prior sampling, the deer were gathered in a dark room of Deer Dark House of
UPM. The deer were manually restrained, and blood was collected through jugular
venipuncture using a 21 G vacutainer with a plain (red) tube. Approximately 5 ml of
whole blood was collected from each deer. The plain (red) tubes were carefully labeled
with the respective deer's ID, and the collected blood samples were promptly transported
to the laboratory in an ice box. Following the blood collection process, each deer was

released from the dark room.

3.4 Serum sample preparation

The blood samples were centrifuged at 3000 rpm for 5 minutes. This step leads
to effectively separating the serum from the whole blood. Subsequently, the serum was
carefully extracted using a disposable pipette and stored in an Eppendorf tube at a

temperature of -20 °C till further analyses.

3.5 Serological testing

The collected serum samples were subjected to the indirect ELISA kit to determine
the seropositivity towards Coxiella burnetii or Q fever infection. The ELISA kit used for
this study was ID Screen ® Q fever Indirect Multi-species (IDvet). The kit comprised
negative and positive control, dilution buffers 2 and 3, 2 sets of coated 96-well ELISA
microplate, wash solution, concentrated conjugate 10X, substrate solution, and stop

solution. Single and multichannel pipettes, disposable pipette tips, distilled water, gloves,
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wash bottles, and yellow bins were prepared before testing. Serum samples and reagents

were brought to room temperature and homogenized by inversion shortly before testing.

The serum samples were tested for antibodies against C. burnetii as stated in the
manufacturer’s manual instruction. Then, an analysis of the ELISA microplate was
performed immediately after adding a stop solution which stopped the reaction. The
wavelength of the ELISA microplate absorbance reader (Infinite ® 200 PRO) was set at
450nm and the optical density (OD) was recorded. Results were expressed in S/P %, with

the formula:

ODsamples - ODnc
ODpc—0Dnc

SIP % = x 100

Then, the OD values were imported into ID Soft™ software to calculate the S/P %. The

samples with (S/P% > 50%) were interpreted as positive.

3.6 Risk factors data collection

The factors such as age and gender of the sampled deer were recorded, and the
farm'’s condition was assessed through observations. Additionally, farm manager of UPM
Deer Farm were interviewed to gather information about factors such as age, gender, and
farm management practices that could potentially influence the presence of antibodies

against C. burnetii.

3.7 Statistical methods

All the data obtained were summarised in a table in the Microsoft Excel

spreadsheet programme (version 2019) and were further grouped in the form of class



18

intervals as a convenient means to analyse the data. Risk factors such as age, gender, and
a herd of the sampled deer are identified as the independent variable, and seroprevalence
to Q fever infection is identified as the dependent variable. Then, the data were analysed
using the Chi-square test in the Statistical Package for Social Sciences (SPSS) Software
version 25.0 to determine the relation between the seroprevalence of C. burnetii or Q fever

infection (dependent variable) and the age, gender, or herd of deer (independent variable).

The Epitools statistical calculator was used to determine the 95% confidence
interval (CI) of the sample proportion. A P-value < 0.05 was deemed significant in all
analyses. Then, all significant variables (p < 0.05) from the univariable analyses were
utilised to calculate a multiple binary logistic regression analysis forward selection, to
evaluate the contributing risk factors for seroprevalence of Q fever or C. burnetii infection

in deer.
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CHAPTER 4

RESULT

4.1 Result of serological test

Out of the 92 serum samples subjected to the indirect ELISA test kit for C.
burnetii, 79 samples tested negative (S/P% < 50%), while 13 samples tested positive
(S/P% > 50%) based on the calculated values. Therefore, among the 92 serum samples
examined, 13 were positive for C. burnetii or Q fever infection, resulting in an apparent
overall prevalence of 14.1% (95% CI = 8.45 — 22.69) and a true prevalence of 14.8%

(95% ClI = 8.37 — 24.37).



Table 1: The apparent and true seroprevalence rates of C. burnetii or Q fever infection at UPM Deer Farm.

20

Apparent prevalence

True prevalence

Variable Categories Tested Positive Estimatc Estimate
95 % ClI 95 % Cl
(%) (%)
Young 22 0 0.0 0.00 — 14.87 112 -1.12-1558
Young 37
Age 4 10.8 429 -24.71 11.02  3.69 — 26.64
adult
Adult 33 9 27.3 15.07 — 44.22 295  15.81—48.56
Male 22 1 45 0.81—21.80 4.0 -0.86 — 23.37
Gender
Female 70 12 17.1 10.09 —27.62 18.1 10.21 —29.91
old 56 13 232 14.10 — 35.77 250  14.72-39.07
Herd
New 36 0 0.0 0.00 — 9.64 -1.12 -1.12-9.71
Total All 92 13 14.1 8.45 — 22.69 14.8 8.37—24.37
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4.2 Risk factors analysis

Analysis of risk factors includes age, gender, and the herd from which the samples
were collected.

The deer population was categorised into three age groups: young (Age < 2),
young adults (2 < Age < 4), and adults (Age > 4). Adult deer recorded higher
seroprevalence across the age groups, with an apparent prevalence of 27.3% (95% Cl=
15.07 — 44.22) and a true prevalence of 29.5% (95% CIl= 15.81 — 48.56). In contrast,
young adults exhibited a lower seroprevalence rate, with an apparent prevalence of 10.8%
(95% Cl=4.29 — 24.71) and a true prevalence of 11.02% (95% Cl= 3.69 — 26.64). Young
deer, on the other hand, had an apparent prevalence of 0.0% (95% Cl=0.00 — 14.87) and
a true prevalence of -1.12% (95% Cl=-1.12 — 15.58).

Among the sampled female deer (n=70), 12 tested positive for C. burnetii or Q
fever infection, whereas only 1 out of the 22 male deer tested positive. This analysis
revealed that females had a higher prevalence rate, with an apparent prevalence of 17.1%
(95% CIl= 10.09 — 27.62) and a true prevalence of 18.1% (95% CIl= 10.21 — 29.91),
compared to male deer, who had an apparent prevalence of 4.5% (95% Cl=0.81 — 21.80)
and a true prevalence of 4.0% (95% Cl=-0.86 — 23.37).

The seroprevalence of C. burnetii or Q fever infection by herd indicated a higher
prevalence rate in the old herd, with an apparent prevalence of 23.2% (95% Cl=14.10 —
35.77) and a true prevalence of 25.0% (95% Cl= 14.72 — 39.07), whereas the new herd
recorded an apparent prevalence of 0.0% (95% Cl=0.00 — 9.64) and a true prevalence of

-1.12% (95% Cl=-1.12 — 9.71).
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The statistical analysis indicated an association between the seroprevalence of C.
burnetii or Q fever infection and age (y2= 8.654, p = 0.013) and herd (y2= 9.732, p =
0.002). Consequently, the null hypothesis is rejected, signifying an association between
seroprevalence with age and herd among deer at UPM Deer Farm (PPP UPM). However,
for gender, the p-value exceeded the significance level (a = 0.05), leading us to conclude
that there is insufficient evidence to suggest an association between the seroprevalence of
C. burnetii or Q fever infection and gender (y2= 2.189, p = 0.139). Thus, the null
hypothesis is accepted, indicating no association between seroprevalence and gender
among deer at UPM Deer Farm (PPP UPM).

However, following multivariable logistic regression analysis (Table 3), the
results reveal a non-significant model, with neither age nor herd exhibited an association

with the seropositivity of C. burnetii or Q fever infection.
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Table 2: Univariable analyses of the seroprevalence rate of C. burnetii or Q fever infection and its association with

established risk factors.

. . Positive Negative 0 P-
Variables Categories %) (%) 95 % CI x2 value
Young 0(0.0) 22 (100.0)  0.00-14.87
Young N
Age 4(10.8) 33(89.2) 4.29-2471 8654 0013
adult
Adult 9 (27.3) 24 (72.7)  15.07 - 44.22
Male 1(4.5) 21 (95.5) 0.81-21.80
Gender 2.189 0.139
Female 12(17.1)  58(82.9) 10.09-27.62
old 13(23.2) 43 (76.8) 14.10-35.77
Herd 9.732  0.002*
New 0 (0.0) 36 (100.0)  0.00—9.64
Total All 13(14.1) 79(85.9)  8.45-22.69 - -

P- value with asterisk (*) is deemed significant (p <0.05)

Table 3: Multivariable analyses of the seroprevalence rate of C. burnetii or Q fever infection and its association with

established risk factors.

Variables Categories B

S.E. Wald P-value AOR 95% CI
Young -18.464 7306.186 0.000 0.998 0.000 -
Age Young
-0.383 0.686 0.312 0.576 0.681 0.177-2.617
Adult

Herd New -19.100 6165.452 0.000 0.998  0.000
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CHAPTER 5
DISCUSSION

In this study, an apparent seroprevalence of C. burnetii or Q fever infection was
found among deer livestock at UPM Deer Farm (PPP UPM), with a rate of 14.1% (95%
Cl =8.45-22.69) and a corresponding true prevalence of 14.8% (95% CI = 8.37 —24.37).
This study employs the ID Screen® Q fever Indirect Multi-species (IDvet) Kkit,
demonstrating a specificity of 99% and a sensitivity of 90%. Recent seroprevalence
studies in cervids have reported varying rates, which may be attributed to multiple factors.
In a seroprevalence study conducted by Cong et al. (2015), a seroprevalence of 12.3%
was documented for farmed sika deer that utilized a commercial ELISA test kit, which
demonstrated a sensitivity and specificity of 87% and 100%, respectively. A study by
Kirchgessner et al. (2012) reported a seropositivity rate of 14.5% in wild white-tailed deer
in New York, utilizing the immunofluorescence antibody assay (IFA). Similarly, another
study by Ruiz-Fons et al. (2007) in Spain, which also employs IFA, found seropositivity

rates of 15.4% in wild roe deer and 40% in farmed red deer.

The high seroprevalence of C. burnetti or Q fever infection suggests the presence
of C. burnetii in the environment. Geographical factors, including air moisture,
temperature, wind patterns, and soil conditions, can significantly influence the
transmission and persistence of C. burnetii (Mori & Roest, 2018). Additionally, higher
animal density (Nusinovici et al., 2015), as seen in the semi-intensive management system

at the UPM Deer Farm, may elevate the risk of C. burnetii transmission, especially during
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the calving season (Mori & Roest, 2018). Given that the calving season on the farm spans
from October to January, it is crucial to monitor the health of the fawn and doe for early
detection of any reproductive issues. The higher seroprevalence rate was observed in
females of 17.1% (95% CI= 10.09 — 27.62) and a true prevalence of 18.1% (95% ClI=
10.21 — 29.91), may be attributed to increased exposure during their service and
pregnancy, as this farm practices natural breeding. Studies have also demonstrated the
presence of C. burnetii in semen (Kruszewska & Tylewska-Wierzbanowska, 1997;
Sakhaee & Khalili, 2010; Mangena et al., 2021). Moreover, adults exhibited the highest
seropositivity against C. burnetii with 27.3% (95% Cl= 15.07 — 44.22) and a true
prevalence of 29.5% (95% Cl= 15.81 — 48.56), likely due to repeated pathogen exposure
with increasing age (McCaughey et al., 2010; Rizzo et al., 2016; Barlozzari et al., 2020).
Furthermore, the farm's proximity to cattle and goat farms, known as reservoirs for C.
burnetii (Roest et al., 2013; Jesse et al., 2020), raises concerns about possible indirect
transmission through personnel, vehicles, and individuals entering and exiting the farm as
there was lack of biosecurity control (Dhaka et al., 2020). The disinfectant used on the
farm, Lindores-30 iodophore, may not effectively eliminate C.burnetii, which is resistant
to common chemical disinfectants. Effective disinfection to inactivate the bacterium
requires specific chemicals or exposure to heat for a certain period (Dalton et al., 2014).
The presence of cats, potential reservoirs for the disease (Malo et al., 2018), further
complicates pathogen control. Other than that, farm personnel have reported occasional
rodent sightings in the food storage area, and rodents are potential reservoirs for C.

burnetti or Q fever infection (Webster et al., 1995). Moreover, interviews have revealed
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that the deer on this farm do not experience tick-related issues. Consequently, this
eliminates the concern of tick-related transmission of C. burnetii to the deer, despite
previous studies providing evidence of such transmission (Celina & Cerny, 2022).
Furthermore, UPM Deer Farm regularly performs health checkups to screen for brucella
and tuberculosis as part of its annual surveillance but does not perform screening for C.
burnetii. In addition to these screenings, the farm administers FMD vaccines and
Ivermectin. Although a notably higher seroprevalence rate of 23.2% (95% CI= 14.10 —
35.77) and a true prevalence of 25.0% (95% Cl= 14.72 — 39.07) was observed in the old
herd sampled in 2017, no abortion cases were reported by farm personnel. This
information is not consistent with the assertion made by Gonzéalez-Barrio et al. (2013),
indicating evidence of reproductive issues in deer due to C. burnetii infection. However,
the high seropositivity observed could be attributed to the fact that it was past exposure
to C. burnetii, as our study utilizes serological testing, which does not signify current
active infection. Furthermore, the farm personnel emphasized that occasional abortion
cases are associated with the rainy season and stress, with no significant concern. As a
result, no additional samples were sent to the laboratory for further diagnostic testing,

leaving the possibility of C. burnetii's presence in the environment open.

Multivariable logistic regression analysis revealed no association between the
occurrence of C. burnetii or Q fever antibodies and risk factors such as age, gender, and
herd of the deer. This research serves as a foundation for future studies and the
development of management and policy frameworks to address the economic and

zoonotic consequences of Q fever in Malaysia. However, it is essential to note that this
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study had a small sample size and only focused on one location (UPM Deer Farm),
highlighting the need for further investigations into the seroprevalence of C. burnetii or
Q fever and associated risk factors among deer livestock especially in Malaysia, as it poses

a potential zoonotic.



28

CHAPTER 6

CONCLUSION

This study's findings lead us to the first documented evidence of serum antibodies
towards C. burnetii among Cervus timorensis in Malaysia. The high seroprevalence
indicates the susceptibility of Cervus timorensis deer to Q fever infection and suggests
the presence of C. burnetii in the environment. However, there is currently insufficient
evidence to establish an association between gender, age, and herd-related factors and C.
burnetii or Q fever infection among deer livestock at UPM Deer Farm (PPP UPM).
Further studies are needed to isolate and characterise the strain of C. burnetii circulating

among deer in Malaysia.
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CHAPTER 7

RECOMMENDATIONS

This study has limitations arising from its small sample size which focuses only
on UPM Deer Farm, thus, the results may not be generalizable to the entire population in
Malaysia, the absence of detailed clinical history data on deer with seropositivity against
C. burnetii and the utilisation of single diagnostic tool which may lead to inaccurate
estimates of seroprevalence. Therefore, it is advisable to consider conducting future
research with a larger sample size with more sampling locations from different
geographical areas in Malaysia, more comprehensive clinical history information on the
deer, and utilise multiple testing methods to improve the accuracy of seroprevalence
estimates. This approach will aid in identifying additional risk factors that may expose the

deer to Q fever infection.



30

REFERENCES

Agerholm, J. S. (2013). Coxiella burnetii associated reproductive disorders in domestic animals-
a critical review. Acta Veterinaria Scandinavica, 55(1). https://doi.org/10.1186/1751-
0147-55-13

Amano, K., Williams, J. C., McCaul, T., & Peacock, M. G. (1984). Biochemical and
immunological properties of Coxiella burnetii cell wall and peptidoglycan-protein
complex fractions. Journal of Bacteriology, 160(3), 982-988.
https://doi.org/10.1128/jb.160.3.982-988.1984

Andoh, M., Zhang, G., Russell-Lodrigue, K., Shive, H. R., Weeks, B. R., & Samuel, J. E. (2007).
T Cells Are Essential for Bacterial Clearance, and Gamma Interferon, Tumor Necrosis
Factor Alpha, and B Cells Are Crucial for Disease Development in Coxiella burnetii
Infection in Mice. Infection and Immunity, 75(7), 3245-3255.
https://doi.org/10.1128/iai.01767-06

Angelakis, E., & Raoult, D. (2010). Q fever. Veterinary Microbiology, 140(3-4), 297-309.
https://doi.org/10.1016/j.vetmic.2009.07.016

Arricau-Bouvery, N., & Rodolakis, A. (2005). Is Q Fever an emerging or re-emerging zoonosis?
Veterinary Research, 36(3), 327-349. https://doi.org/10.1051/vetres:2005010

Barlozzari, G., Sala, M., lacoponi, F., Volpi, C., Polinori, N., Rombola, P., Vairo, F., Macri, G.,
& Scarpulla, M. (2020). Cross-sectional serosurvey of Coxiella burnetii in healthy cattle
and sheep from extensive grazing system in central Italy. Epidemiology and Infection,
148. https://doi.org/10.1017/s0950268819002115

Berri, M., Laroucau, K., & Rodolakis, A. (2000). The detection of Coxiella burnetii from ovine
genital swabs, milk and fecal samples by the use of a single touchdown polymerase chain
reaction. Veterinary Microbiology, 72(3-4), 285-293. https://doi.org/10.1016/s0378-
1135(99)00178-9

Bildfell, R. J., Thomson, G. W., Haines, D. M., McEwen, B., & Smart, N. (2000). Coxiella
Burnetii Infection is Associated with Placentitis in Cases of Bovine Abortion. Journal of
Veterinary Diagnostic Investigation, 12(5), 419-425.
https://doi.org/10.1177/104063870001200505

Bina, S., Kamaludin, F., Ts, C., & Ck, Y. (2011). First documented zoonotic case of Q fever in
Penang, Malaysia. Outbreak Surveillance Investigation & Response (OSIR) Journal, 4(1),
1-5. https://doi.org/10.59096/0sir.v4i1.263356

Celina, S. S., & Cerny, J. (2022). Coxiella burnetii in ticks, livestock, pets and wildlife: A mini-
review. Frontiers in Veterinary Science, 9. https://doi.org/10.3389/fvets.2022.1068129



31

Cong, W., Meng, Q., Shan, X., Sun, W., Kang, Y., Chen, L., Wang, W., & Ai-Dong, Q. (2015).
Coxiella burnetii(Q Fever) Infection in Farmed Ruminants in Three Northeastern
Provinces and Inner Mongolia Autonomous Region, China. Vector-borne and Zoonotic
Diseases, 15(8), 512-514. https://doi.org/10.1089/vbz.2015.1789

Guertler, L., Bauerfeind, U., Bluemel, J., Burger, R., Drosten, C., Groener, A., Heiden, M.,
Hildebrandt, M., Jansen, B., Offergeld, R. and Pauli, G. (2014). Coxiella burnetii -
Pathogenic Agent of Q (Query) Fever. Transfusion Medicine and Hemotherapy, 41(1),
60-72. https://doi.org/10.1159/000357107

Dhaka, P., Malik, S., Yadav, J. P., Kumar, M., Barbuddhe, S. B., & Rawool, D. B. (2020).
Apparent prevalence and risk factors of coxiellosis (Q fever) among dairy herds in India.
PLOS ONE, 15(9), e0239260. https://doi.org/10.1371/journal.pone.0239260

Eldin, C., Melenotte, C., Mediannikov, O., Ghigo, E., Million, M., Edouard, S., Mége, J., Maurin,
M., & Raoult, D. (2017). From Q Fever to Coxiella burnetii Infection: a Paradigm
Change. Clinical Microbiology Reviews, 30(2), 115-190.
https://doi.org/10.1128/cmr.00045-16

Enright, J. B., Franti, C. E., Behymer, D. E., Longhurst, W. M., Dutson, V. J., & Wright, M.
(1971). Coxiella Burnetii In A Wildlife-Livestock Environment. American Journal of
Epidemiology, 94(1), 79-90. https://doi.org/10.1093/oxfordjournals.aje.a121298

Ezatkhah, M., Alimolaei, M., Khalili, M., & Sharifi, H. (2015). Seroepidemiological study of Q
fever in small ruminants from Southeast Iran. Journal of Infection and Public Health,
8(2), 170-176. https://doi.org/10.1016/j.jiph.2014.08.009

Gonzalez-Barrio, D., AlmeriA, S., Caro, Salinas, J., Ortiz, J. A., Gortazar, C., & Ruiz-Fons, F.
(2013). Coxiella burnetii Shedding by Farmed Red Deer (Cervus elaphus).
Transboundary and Emerging Diseases, 62(5), 572-574.
https://doi.org/10.1111/tbed.12179

Gonzalez-Barrio, D., Avila, A. L. V., Boadella, M., Beltran-Beck, B., Barasona, J. A., Santos, J.,
Queir6s, J., Garcia-Pérez, A. L., Barral, M., & Ruiz-Fons, F. (2015). Host and
Environmental Factors Modulate the Exposure of Free-Ranging and Farmed Red Deer
(Cervus elaphus) to Coxiella burnetii. Applied and Environmental Microbiology, 81(18),
6223-6231. https://doi.org/10.1128/aem.01433-15

Guatteo, R. R., Seegers, H. H., Taurel, A., Joly, A., & Beaudeau, F. (2011). Prevalence of
Coxiella burnetii infection in domestic ruminants: A critical review. Veterinary
Microbiology, 149(1-2), 1-16. https://doi.org/10.1016/j.vetmic.2010.10.007

Honarmand, H. (2012). Q Fever: an old but still a poorly understood disease. Interdisciplinary
Perspectives on Infectious Diseases, 2012, 1-8. https://doi.org/10.1155/2012/131932



32

Jang, Y., Kim, H., Heo, I, Park, Y., Kim, S., Lee, M., & Choe, N. (2011). Seroprevalence of
Coxiella burnetii in cattle and farm-raised deer in Korea. African Journal of Microbiology
Research. https://doi.org/10.5897/ajmr11.749

Jesse, F. F. A., Paul, B. T., Hashi, H. A., Chung, E. L. T., Abdurrahim, N. A., & Lila, M. a. M.
(2020). Seroprevalence and risk factors of Q fever in small ruminant flocks in selected
States of Peninsular Malaysia. The Thai Journal of Veterinary Medicine, 50(4), 511-517.
https://doi.org/10.56808/2985-1130.3056

Kazar, J. (2005). Coxiella burnetii Infection. Annals of the New York Academy of Sciences,
1063(1), 105-114. https://doi.org/10.1196/annals.1355.018

Kersh, G. J., Fitzpatrick, K. A,, Self, J. S., Priestley, R. A., Kelly, A. J., Lash, R. R., Marsden-
Haug, N., Nett, R. J., Bjork, A., Massung, R. F., & Anderson, A. (2013). Presence and
Persistence of Coxiella burnetii in the Environments of Goat Farms Associated with a Q
Fever Outbreak. Applied and Environmental Microbiology, 79(5), 1697-1703.
https://doi.org/10.1128/aem.03472-12

Kirchgessner, M. S., Dubovi, E. J., & Whipps, C. M. (2012). Disease risk surface for Coxiella
burnetii Seroprevalence in White-Tailed deer. Zoonoses and Public Health, 60(7), 457—
460. https://doi.org/10.1111/zph.12023

Kruszewska, D., & Tylewska-Wierzbanowska, S. (1997). Isolation of Coxiella burnetii from bull
semen. Research in Veterinary Science, 62(3), 299-300. https://doi.org/10.1016/s0034-
5288(97)90210-1

La Scola, B., & Raoult, D. (2001). Survival of Coxiella burnetii within free-living amoeba
Acanthamoeba castellanii. Clinical Microbiology and Infection, 7(2), 75-79.
https://doi.org/10.1046/j.1469-0691.2001.00193.x

Lloyd, C., Stidworthy, M. F., & Wernery, U. (2010). Coxiella burnetii Abortion in Captive Dama
Gazelle (Gazella dama) in the United Arab Emirates. Journal of Zoo and Wildlife
Medicine, 41(1), 83-89. https://doi.org/10.1638/2009-0005.1

Madariaga, M. G. (2005). Q Fever Wildlife reservoir. Emerging Infectious Diseases, 11(5), 776—
777. https://doi.org/10.3201/eid1105.041272

Malo, J. A., Colbran, C., Young, M., Vasant, B. R., Jarvinen, K., Viney, K., & Lambert, S. B.
(2018). An outbreak of Q fever associated with parturient cat exposure at an animal refuge
and veterinary clinic in southeast Queensland. Australian and New Zealand Journal of
Public Health, 42(5), 451-455. https://doi.org/10.1111/1753-6405.12784

Mangena, M. L., Gcebe, N., Pierneef, R., Thompson, P. N., & Adesiyun, A. A. (2021). Q Fever:
Seroprevalence, Risk Factors in Slaughter Livestock and Genotypes of Coxiella burnetii
in South Africa. Pathogens, 10(3), 258. https://doi.org/10.3390/pathogens10030258



33

Marrie, T. J., Stein, A., Janigan, D. T., & Raoult, D. (1996). Route of infection determines the
clinical manifestations of acute Q fever. The Journal of Infectious Diseases, 173(2), 484—
487. https://doi.org/10.1093/infdis/173.2.484

Maurin, M., & Raoult, D. (1999). Q Fever. Clinical Microbiology Reviews, 12(4), 518-553.
https://doi.org/10.1128/cmr.12.4.518

McCaughey, C., Murray, L., McKenna, J., Menzies, F. D., McCullough, S., O’Neill, H. J., Wyatt,
D., Cardwell, C., & Coyle, P. (2009). Coxiella burnetii (Q fever) seroprevalence in cattle.
Epidemiology and Infection, 138(1), 21-27. https://doi.org/10.1017/s0950268809002854

McCaul, T., & Williams, J. C. (1981). Developmental cycle of Coxiella burnetii: structure and
morphogenesis of vegetative and sporogenic differentiations. Journal of Bacteriology,
147(3), 1063-1076. https://doi.org/10.1128/jb.147.3.1063-1076.1981

Norina, L., Sabri, Y., Goh, M., Zamri-Saad, M., Sarenasulastri, A. B., Latifah, H., Jamilah, J., &
Noordin, M. M. (2011). Immunohistological localisation of Coxiella burnetii in various
organs of naturally Q-fever infected goats. Pertanika Journal of Tropical Agricultural
Science, 34(1), 167-173. http://psasir.upm.edu.my/id/eprint/25429/

Nusinovici, S., Frossling, J., Widgrén, S., Beaudeau, F., & Lindberg, A. (2015). Q fever infection
in dairy cattle herds: increased risk with high wind speed and low precipitation.
Epidemiology and Infection, 143(15), 3316-3326.
https://doi.org/10.1017/s0950268814003926

Ormsbee, R. A,, Bell, E. J., Lackman, D. B., & Tallent, G. (1964). The influence of phase on the
protective potency of Q fever vaccine. Journal of Immunology, 92(3), 404-412.
https://doi.org/10.4049/jimmunol.92.3.404

Rijks, J. M., Roest, H., Van Tulden, P., Kik, M., ljzer, J., & Grone, A. (2011). Coxiella burnetii
Infection in Roe Deer during Q Fever Epidemic, the Netherlands. Emerging Infectious
Diseases, 17(12), 2369-2371. https://doi.org/10.3201/eid1712.110580

Rizzo, F., Vitale, N., Ballardini, M., Borromeo, V., Luzzago, C., Chiavacci, L., & Mandola, M.
L. (2016). Q fever seroprevalence and risk factors in sheep and goats in northwest Italy.
Preventive Veterinary Medicine, 130, 10-17.
https://doi.org/10.1016/j.prevetmed.2016.05.014

Rodolakis, A. (2009). Q Fever in dairy animals. Annals of the New York Academy of Sciences,
1166(1), 90-93. https://doi.org/10.1111/j.1749-6632.2009.04511.x

Roest, H., Van Gelderen, B., Dinkla, A., Frangoulidis, D., Van Zijderveld, F., Rebel, J. M., &
Van Keulen, L. (2012). Q Fever in Pregnant Goats: Pathogenesis and Excretion of
Coxiella burnetii. PLOS ONE, 7(11), e48949.
https://doi.org/10.1371/journal.pone.0048949



34

Roest, H., Bossers, A., Van Zijderveld, F., & Rebel, J. M. (2013). Clinical microbiology
ofCoxiella burnetii and relevant aspects for the diagnosis and control of the zoonotic
disease Q fever. Veterinary Quarterly, 33(3), 148-160.
https://doi.org/10.1080/01652176.2013.843809

Rousset, E., Durand, B., Berri, M., Dufour, P., Prigent, M., Russo, P., Delcroix, T., Touratier, A.,
Rodolakis, A., & Aubert, M. (2007). Comparative diagnostic potential of three serological
tests for abortive Q fever in goat herds. Veterinary Microbiology, 124(3-4), 286-297.
https://doi.org/10.1016/j.vetmic.2007.04.033

Ruiz-Fons, F., Rodriguez, 0., Torina, A., Naranjo, V., Gortazar, C., & De La Fuente, J. (2008).
Prevalence of Coxiella burnetii infection in wild and farmed ungulates. Veterinary
Microbiology, 126(1-3), 282—286. https://doi.org/10.1016/j.vetmic.2007.06.020

Russell-Lodrigue, K., Andoh, M., Poels, M. W. J., Shive, H. R., Weeks, B. R., Zhang, G. Q.,
Tersteeg, C., Masegi, T., Hotta, A., Yamaguchi, T., Fukushi, H., Hirai, K., McMurray, D.
N., & Samuel, J. E. (2009). Coxiella burnetii Isolates Cause Genogroup-Specific
Virulence in Mouse and Guinea Pig Models of Acute Q Fever. Infection and Immunity,
77(12), 5640-5650. https://doi.org/10.1128/iai.00851-09

Sakhaee, E., & Khalili, M. (2010). The first serologic study of Q fever in sheep in Iran. Tropical
Animal Health and Production, 42(7), 1561-1564. https://doi.org/10.1007/s11250-010-
9606-2

Sanchez, J., Souriau, A., Buendia, A. J., Arricau-Bouvery, N., Martinez, C., Salinas, J.,
Rodolakis, A., & Navarro, J. A. (2006). Experimental Coxiella burnetii Infection in
Pregnant Goats: a Histopathological and Immunohistochemical Study. Journal of
Comparative Pathology, 135(2—3), 108-115. https://doi.org/10.1016/j.jcpa.2006.06.003

Schmeer, N., Miller, P., Langel, J., Krauss, H., Frost, J. W., & Wieda, J. (1987). Q fever vaccines
for animals. Zentralblatt Flr Bakteriologie, Mikrobiologie Und Hygiene, 267(1), 79-88.
https://doi.org/10.1016/s0176-6724(87)80191-8

Shin, G., Kim, E., Lee, H., & Cho, H. (2014). The Prevalence of Coxiella burnetii Infection in
Wild Korean Water Deer, Korea. Journal of Veterinary Medical Science, 76(7), 1069—
1071. https://doi.org/10.1292/jvms.13-0575

gpitalské, E., Sparagano, O., Stanko, M., Schwarzova, K., Spitélsk}'/, Z., gkultéty, L., &
Havlikov4, S. (2018). Diversity of Coxiella-like and Francisella-like endosymbionts, and
Rickettsia spp., Coxiella burnetii as pathogens in the tick populations of Slovakia, Central
Europe. Ticks and Tick-borne Diseases, 9(5), 1207-1211.
https://doi.org/10.1016/j.ttbdis.2018.05.002

Spyridaki, I., Psaroulaki, A., Loukaides, F., Avtoviov, M., Hadjichristodolou, C., & Tselentis, Y.
(2002). Isolation of Coxiella burnetii by a centrifugation shell-vial assay from ticks



35

collected in Cyprus: detection by nested polymerase chain reaction (PCR) and by PCR-
restriction fragment length polymorphism analyses. American Journal of Tropical
Medicine and Hygiene, 66(1), 86-90. https://doi.org/10.4269/ajtmh.2002.66.86

To, H., Htwe, K. K., Yamasaki, N., Zhang, G. Q., Ogawa, M., Yamaguchi, T., Fukushi, H., &
Hirai, K. (1995). Isolation of Coxiella burnetii from Dairy Cattle and Ticks, and Some
Characteristics of the Isolates in Japan. Microbiology and Immunology, 39(9), 663-671.
https://doi.org/10.1111/j.1348-0421.1995.tb03254.x

Voss, L., Huaman, J. L., Pacioni, C., Tolpinrud, A., Helbig, K. J., Carvalho, T. G., & Firestone,
S. M. (2022). Seroprevalence of Coxiella burnetii antibodies in wild deer populations in
eastern  Australia.  Australian  Veterinary  Journal, 101(3), 106-114.
https://doi.org/10.1111/av}.13223

Webster, J. P., Lloyd, G., & Macdonald, D. W. (1995). Q fever (Coxiella burnetii) reservoir in
wild brown rat (Rattus norvegicus) populations in the UK. Parasitology, 110(1), 31-35.
https://doi.org/10.1017/s0031182000081014



36

APPENDICES

Table A: Chi Square Tests

Age x Q fever
Asymptotic
Value df Significance
(2-sided)
Pearson Chi-Square 8.6542 2 .013
Likelihood Ratio 10.927 2 .004
L 8.418 1 004
Association
N of Valid Cases 92

a. 2 cells (3.33%) have expected count less than 5. The minimum expected count is

3.11.
Gender x Q fever
(Uhtoug Exact Sig Exact Sig
Value df | Significance (2-sided). (1-sided).
(2-sided)
Pearson Chi- 1 5 jg90 | ¢ 139
Square
Continuity’, | 4 574 1 259
Correction
Lik&yhood 2,672 1 102
Ratio
Fisher’s
Exact Test 178 126
Linear-by-
Linear 2.165 1 141
Association
N of Valid 92
Cases

a. 1 cells (25.0%) have expected count less than 5. The minimum expected count is

3.11
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b. Computed only for a 2x2 table

Herd x Q fever
Asymptotic - i
Value df Significance E()Z(asitdi(lj% E(>1<a;td§ég)
(2-sided)
Pearson Chi- 97322 1 002
Square
Contlnl_utyb 7.913 1 005
Correction
Likelihood 14.260 1 000
Ratio
Fisher’s Exact 001 .001
Test
Linear-by-
Linear 9.627 1 .002
Association
N of Valid 92
Cases

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is
5.09

b. Computed only for a 2x2 table





