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ABSTRACT
Q fever/coxiellosis poses a significant threat to both human and animal health, with goats serving 
as important reservoirs for disease transmission. This study aimed to evaluate the prevalence of 
coxiellosis and identify associated risk factors within meat goat herds in northeastern Thailand. 
A total of 39 meat goat herds were examined, with 84.61% of these herds experiencing reproduc-
tive disorders suggestive of Coxiella burnetii infection. Serum samples (n = 513) and vaginal swabs 
(n = 334) were collected from 522 goats for serological and molecular analyses, respectively. Results 
unveiled an overall herd prevalence of 74.35% (29/39), with a within-herd prevalence of 15.49% 
(95% CI: 10.86–20.12). Univariate analysis indicated that knowledge about the transmission of 
coxiellosis in herd owners serves as a protective factor against C. burnetii infection at the herd 
level (OR: 0.10; 95% CI: 0.01–0.92; p = 0.04). Multivariable analysis identified two significant risk 
factors associated with C. burnetii infection at the herd level, including herd establishment exceed-
ing 5 years (OR: 7.14; 95% CI: 1.05–48.4; p = 0.04), as well as reproductive failures including abortion, 
infertility, and weak offspring (OR: 17.65; 95% CI: 1.76–177.45; p = 0.01). Individual-level risk factors 
included female gender (OR: 8.42; 95% CI: 1.14–62.42; p = 0.03), crossbreeding (OR: 2.52; 95% CI: 
1.32–4.82; p = 0.005), and clinical signs of anaemia (OR: 1.63; 95% CI: 1.01–2.64; p = 0.04). These 
findings underscore the widespread prevalence of Q fever in meat goat herds within the study area 
and emphasize the necessity of implementing targeted control strategies.
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1. Introduction

Q fever/coxiellosis, caused by the bacterium Coxiella 
burnetii, is recognized as a significant zoonotic disease 
with global distribution, posing substantial challenges 
to both the veterinary and public health sectors. The 
disease is found on every continent, including 
Australia, Europe, America, Africa, and Asia [1–6]. 
Livestock species, particularly sheep and goats, are 
known as important reservoirs for C. burnetii, facil-
itating the transmission of the pathogen to humans 
through various routes, including direct contact, aero-
sols, and consumption of contaminated products [7]. 
The clinical manifestations of Q fever in humans can 
range from asymptomatic infection to severe illness, 
with symptoms including fever, headache, muscle 
aches, fatigue, and respiratory or gastrointestinal com-
plications. Chronic Q fever, characterized by persis-
tent infection affecting various organs, can also occur, 
leading to long-term health implications [7]. The clin-
ical signs of coxiellosis in livestock can vary depending 
on the host species. Common clinical signs observed 
in animals infected with C. burnetii include abortion, 
reproductive disorders such as repeat breeding, 

infertility, stillbirths, weak-born kids, and mastitis 
[8,9]. It is important to note that clinical signs of 
coxiellosis in animals can be subtle or absent, particu-
larly in chronically infected animals.

Human Q fever outbreaks related to spill-over infec-
tions from goats to humans have been documented, and 
the importance of meat goats in Q fever epidemiology is 
well recognized [10]. Given the significance of the goat 
farming industry in northeastern Thailand, under-
standing the impact and epidemiology of C. burnetii is 
crucial. Nevertheless, studies on the prevalence of cox-
iellosis/Q fever and risk factors in this area are lacking. 
Thus, this study addresses the scarcity of research by 
determining the prevalence and identifying associated 
risk factors for C. burnetii infection in meat goat herds 
in northeastern Thailand. Recognizing the importance 
of understanding C. burnetii dynamics for effective 
control, this study employs both serological and mole-
cular techniques to investigate prevalence and identify 
associated risks at both the herd-level and individual- 
level factors in order to provide comprehensive insights 
into C. burnetii epidemiology in the region.
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2. Materials and methods

2.1. Ethical statement and study area:

The research procedures detailed in this study were 
subjected to rigorous ethical scrutiny and approval by 
the Institutional Animal Care and Use Committee 
(IACUC) of Khon Kaen University under record 
number IACUC-KKU-64/66, granted on 
19 June 2023, for the use of animals, and by the 
Center for Ethics in Human Research, with record 
number HE672063, approved on 3 April 2024, for 
research involving human subjects.

Stringent measures were implemented to safeguard 
the privacy and confidentiality of all participants 
involved. Specifically, all cases were anonymized and 
aggregated at the village level to prevent the disclosure 
of personal identifiers. Additionally, the maps utilized 
in this paper were deliberately designed to conceal 
respondents’ precise addresses, further safeguarding 
their anonymity.

A cross-sectional study was conducted from 
August 2023 to February 2024. Chaiyaphum and 
Khon Kaen provinces are areas with high densities of 
meat goat herds in the Northeast of Thailand [11]. In 
total, 39 meat goat herds from both provinces were 
investigated. In Chaiyaphum province, investigations 
were conducted in 3 districts including Ban Thaen (4), 
Kaset Sombun (2), and Noen Sa-nga (2). In Khon 
Kaen province, investigations covered 10 districts 
including Ban Haet (2), Chum Phae (2), Khao Suan 
Kwang (2), Mancha Khiri (2), Muang Khon Kaen (7), 
Nam Phong (3), Nong Ruea (2), Phra Yuen (1), Phu 
Wiang (4), and Si Chomphu (6).

2.2. Animal and sampling procedures

The estimated meat goat populations in Chaiyaphum 
and Khon Kaen are 64,936 goats [11]. Considering the 
unknown prevalence of C. burnetii infection within these 
populations, sample size determination was conducted 
utilizing an expected frequency of 50%, an acceptable 
margin of error of 5%, a design effect of 1.0, and 
a single cluster. Consequently, the calculated sample 
size required for this study was 382 samples, as deter-
mined using EPI INFOTM for Windows version 7.2.5.0.

This study employed a combination of convenient 
and random sampling methods, as it included only 
those farmers who voluntarily participated in the 
research. The smallholder meat goat herds are operated 
as communal entities. The sampling strategy adhered to 
the following criteria:

(A) Farms with fewer than 30 mature goats: all 
animals were sampled.

(B) Farms with 30 to 60 mature goats: a maximum 
of 35 animals were sampled.

(C) Farms with 60 to 90 mature goats: a maximum 
of 45 animals were sampled.

Samples were collected from 38 herds with fewer than 
30 mature goats, and 1 herd met the criteria for category 
C. In total, 513 serum samples and 334 vaginal swab 
samples were collected from 522 goats. Both serum and 
vaginal swabs samples were collected from 325 does 
within the first three months postpartum or non- 
pregnant status. Only serum samples were collected 
from 40 bucks and 148 pregnant goats, while only 
vaginal swab samples were collected from 9 does within 
the first three months postpartum. Serum or vaginal 
swab samples were collected from the animals with the 
voluntary consent of the goat owners.

All 513 blood samples were systematically collected 
from mature goats aged over 6 months to ensure 
a representative sample. Utilizing jugular puncture, 
approximately 5 mL of whole blood was obtained 
under aseptic conditions and carefully transferred into 
Vacutainer® red tubes. To maintain sample integrity, all 
blood samples were promptly placed on ice and trans-
ported to the laboratory at the Faculty of Veterinary 
Medicine, Khon Kaen University, within 6 hours of 
collection. Upon arrival, the samples underwent centri-
fugation at 2,500 rpm for 10 minutes to separate serum 
from cellular components. The resulting serum was 
then stored at −20°C until further analysis.

All 334 vaginal swab samples were systematically 
collected from does utilizing Puritan 6” sterile Rayon 
Tipped Applicator dry swabs under aseptic conditions. 
Swabs were carefully dipped into 1 mL phosphate- 
buffered saline (PBS) solution (0.01 M, pH 7.4) to 
maintain sample hydration and integrity. Post- 
collection, swabs were securely stored in sterile conical 
plastic tubes to minimize the risk of contamination 
during transport. Similar to blood samples, all vaginal 
swab specimens were promptly transported on ice to 
the designated laboratory at the Faculty of Veterinary 
Medicine, Khon Kaen University, within 6 hours. In 
the laboratory, stringent biosafety protocols, consis-
tent with biosafety level 2+ standards, were followed 
during sample processing. Swabs underwent thorough 
mixing using a vortex mixer for 15 seconds to ensure 
homogeneity. Samples with sediment were subjected 
to centrifugation at 3,000 rpm for 5 minutes to facil-
itate sedimentation and subsequent collection of 
approximately 1 mL of the supernatant. The collected 
supernatant, containing the essential genetic material, 
was carefully extracted for DNA analysis, a crucial step 
in revealing insights into the microbial ecology and 
genetic composition of the sampled population.

2.3. Serological test

IgG antibodies specific to Phase I and Phase II anti-
gens of C. burnetii were identified using the indirect 
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enzyme-linked immunosorbent assay (ELISA) IDEXX 
Q fever Ab test, sourced from IDEXX Switzerland AG, 
located at Stationsstrasse 12, CH-3097 Liebefeld-Bern, 
Switzerland. The experimental procedures strictly 
adhered to the manufacturer’s instructions to ensure 
methodological consistency and reliability. Optical 
densities (OD) of both the samples and controls were 
measured at 450 nm using a spectrophotometer, 
a standard practice in immunological assays for quan-
tification purposes. The calculation of the sample-to- 
positive percentage (S/P%) was conducted based on 
the measured OD values, utilizing a predetermined 
equation. This systematic approach facilitates the 
accurate determination of IgG antibody levels against 
C. burnetii, contributing to the scientific understand-
ing of host immune responses to this pathogen. 

The results were categorized based on manufacturer 
instructions: S/P% > 40 as positive, 30 < S/P% < 40 as 
suspect (if a test sample was marked as suspect, its 
result was considered negative), and S/P% < 30 as 
negative. According to the IDEXX validation report, 
the test demonstrated 100% sensitivity and specificity, 
indicating its high accuracy in identifying positive and 
negative cases accurately [12].

2.4. DNA extraction

DNA extraction from vaginal swab samples was per-
formed using the DNeasy Blood and Tissue Kit 
(Qiagen), following the manufacturer’s instructions. 
In summary, 200 µL of the sample was utilized, and 
20 µL of proteinase K was added to initiate lysis in 
buffer AL. Subsequent washing steps with buffer AW1 
and AW2 were conducted to remove impurities. The 
purified DNA was then eluted in buffer AE, and the 
resulting DNA extracts were stored at −20°C for 
further analysis.

2.5. Real-time PCR amplification

The detection of C. burnetii DNA in vaginal swab sam-
ples was conducted using a real-time PCR assay targeting 
the insertion sequence IS1111, as outlined by 
Mediannikov et al. [13]. Each PCR reaction consisted of 
0.4 µM of forward primer (5´CAAGAAA 
GTATCGCTGTGGC3´), 0.4 µM of reverse primer (5 
´CACAGAGCCACCGTATGAATC3´), and 0.2 µM of 
TaqMan probe (FAM-CCGAGTTCGAAACAATGAG 
GCTG-BHQ-1). Additionally, 10 µL of 2× QuantiNova 
Probe PCR Master Mix (Qiagen), 3 µL of DNA template, 
and DNase-RNase free water were added to reach a final 
volume of 20 µL. Real-time PCR was conducted using 
a Bio-rad instrument, starting with an initial denaturation 

step at 95°C for 2 minutes, followed by 45 cycles of 
denaturation at 95°C for 5 seconds, and annealing at 
61°C for 30 seconds. Positive controls containing plasmid 
DNA with the targeted C. burnetii sequence were 
included, while negative controls with no template 
DNA were included in each PCR run for quality 
assurance.

2.6. Questionnaires

Thirty-nine herd owners were interviewed to assess 
their management practices concerning risk factors 
associated with C. burnetii infection within their 
herds. These risk factors encompassed various aspects 
of herd management, including herd structure, health 
management practices, and reproductive history. 
Specifically, factors such as the history of bucks used 
in the herd, occurrences of reproductive disorders 
such as abortion, infertility, orchitis, and weak off-
spring, were investigated. Additionally, management 
practices related to parturition, pasture, movement 
and quarantine, manure, and pest control were 
examined.

Furthermore, the interviews delved into the farm-
ers’ understanding of C. burnetii transmission 
dynamics, their self-reported symptoms possibly indi-
cating C. burnetii infection, and their adherence to 
hygiene practices during animal handling, barn sani-
tation, and parturition assistance. Furthermore, 
detailed records of animal signalment and clinical 
signs were obtained, including gender, breed, age, 
Body Condition Score (BCS), presence of anaemia, 
and any signs of nasal or ocular discharge.

2.7. Data analysis

Statistical analysis was conducted using IBM SPSS 
Statistics version 28.0 (IBM Corp: Armonk, NY) and 
MedCalc® version 22.021 (MedCalc Software Ltd., 
2024). A univariate analysis of risk factors was carried 
out to identify variables associated with positive herds 
and individual animals, with significance set at 0.05. 
Variables demonstrating a significance level of p < 0.1 
in the univariate analysis were selected to construct 
a multivariable logistic regression model. Subsequently, 
a forward stepwise method (with criteria of 0.05 for entry 
and 0.10 for removal) was used to get the final logistic 
model. The iterative process continued until identifying 
the final model with the lowest −2 Log likelihood. Odds 
ratios with corresponding 95% confidence intervals were 
computed to assess the strength of associations. 
Additionally, Kappa agreement test was performed to 
evaluate the concordance between the ELISA test and 
PCR assay results, providing insights into the diagnostic 
agreement between the two methods.

The utilization of Geographic Information Systems 
(GIS) for epidemiological analysis, particularly 
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through the implementation of the QGIS, an open- 
source software platform that provides users with 
powerful tools for creating, editing, visualizing, ana-
lysing, and publishing geospatial data. version (3.36.0), 
represents a critical advancement in public health 
research, facilitating the spatial visualization, analysis, 
and interpretation of epidemiological data to uncover 
patterns, trends, and associations between health out-
comes and geographical factors.

3. Results

3.1. Seroprevalence and molecular prevalence 
of C. burnetii in meat goat herds

This investigation revealed that 33 out of 39 herds 
(84.61%) had experienced reproductive disorders, such 
as abortion, infertility, orchitis, and weak kids, at least 
once. Interestingly, out of the 33 herds with a history of 
reproductive disorders, 25 (75.75%) were found to be 

positive for coxiellosis based on the presence of IgG 
antibodies specific to C. burnetii antigens and/or 
DNA. Furthermore, 4 out of 6 herds without a history 
of reproductive disorders (66.67%) also showed seropo-
sitivity and/or molecular positivity to C. burnetii . The 
overall prevalence (positive in serological and/or mole-
cular tests) reached 74.35% (29 out of 39) of the herds 
tested. The seroprevalence and molecular detection 
revealed exposure or infection within herds varied 
from 4.55% to 57.14%, with an average of 15.49% 
(95% CI, 10.86–20.12) (shown in Table 1).

The herd-level seroprevalence was determined to be 
35.89% (14 out of 39), while molecular positivity was 
observed in 24 herds (61.5%). It is worth noting that 15 
herds exhibited shedding of the bacterium via vaginal 
secretions despite testing negative for antibody detection. 
Conversely, 4 herds identified as exposed to C. burnetii 
based on seropositivity were negative for molecular 
detection. The kappa agreement between the serology 

Table 1. Seroprevalence, molecular prevalence and Intra-herd prevalence of coxiellosis among meat goat 
herds in Northeast Thailand.

no.
Sero-prevalence % (Numbers 
of seropositive/total sample)

Molecular-prevalence % 
(Numbers of PCR-positive/total 

sample)
Intra-herd prevalence % (Numbers of seropositive 

and molecularly positive animals/total animals)

1 0.0 (0/10) 0.0 (0/4) 0.0 (0/10)
2 0.0 (0/2) 0.0 (0/1) 0.0 (0/2)
3 0.0 (0/6) 0.0 (0/5) 0.0 (0/6)
4 0.0 (0/7) 0.0 (0/7) 0.0 (0/7)
5 0.0 (0/4) 0.0 (0/2) 0.0 (0/4)
6 0.0 (0/14) 0.0 (0/12) 0.0 (0/14)
7 0.0 (0/8) 0.0 (0/7) 0.0 (0/8)
8 0.0 (0/4) 0.0 (0/1) 0.0 (0/4)
9 0.0 (0/13) 0.0 (0/12) 0.0 (0/13)
10 0.0 (0/20) 0.0 (0/2) 0.0 (0/20)
11 4.55 (1/22) 20.00 (1/5) 4.55 (1/22)
12 0.0 (0/22) 5.0 (1/20) 4.55 (1/22)
13 0.0 (0/44) 7.69 (3/39) 6.82 (3/44)
14 0.0 (0/13) 8.33 (1/12) 7.69 (1/13)
15 0.0 (0/10) 11.11 (1/9) 10.0 (1/10)
16 11.11 (1/9) Not done 11.11 (1/9)
17 0.0 (0/9) 11.11 (1/9) 11.11 (1/9)
18 0.0 (0/9) 14.29 (1/7) 11.11 (1/9)
19 0.0 (0/17) 11.76 (2/17) 11.76 (2/17)
20 12.5 (1/8) 0.0 (0/7) 12.50 (1/8)
21 7.14 (2/28) 50.0 (2/4) 14.29 (4/28)
22 10.00 (2/20) 18.18 (2/11) 15.38 (4/26)
23 16.67 (1/6) 0.0 (0/4) 16.67 (1/6)
24 0.0 (0/6) 20.00 (1/5) 16.67 (1/6)
25 8.33 (1/12) 100 (1/1) 16.67 (2/12)
26 0.0 (0/11) 20.00 (2/10) 18.18 (2/11)
27 18.75 (3/16) 0.0 (0/7) 18.75 (3/16)
28 7.14 (1/14) 23.08 (3/13) 21.43 (3/14)
29 0.0 (0/13) 42.86 (3/7) 23.08 (3/13)
30 25.00 (2/8) 0.0 (0/1) 25.00 (2/8)
31 0.0 (0/11) 30.00 (3/10) 27.27 (3/11)
32 0.0 (0/7) 28.57 (2/7) 28.57 (2/7)
33 25.00 (6/24) 4.35 (1/23) 29.17 (7/24)
34 0.0 (0/16) 33.33 (5/15) 31.25 (5/16)
35 0.0 (0/9) 37.50 (3/8) 33.33 (3/9)
36 27.27 (3/11) 14.29 (1/7) 36.36 (4/11)
37 23.08 (3/13) 50.00 (3/6) 38.46 (5/13)
38 20.00 (6/30) 90.91 (10/11) 45.45 (15/33)
39 0.0 (0/7) 66.67 (4/6) 57.14 (4/7)
Total 0–27.27 (33/513) 0–100 (57/334) 0–57.14 (86/522)
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test and molecular detection was found to be 0.044 (p  
> 0.05).

3.2. Spatial distribution of seropositive and/or 
molecularly positive meat goat herds

Figures 1 and 2 depict the spatial distribution of meat 
goat herds that are seropositive and/or molecularly 
positive for C. burnetii in the Chaiyaphum and Khon 
Kaen provinces, respectively. These visual representa-
tions illustrate the prevalence of coxiellosis (positive in 
serological and/or molecular tests) across both pro-
vinces and within the individual districts examined. 
The research findings reveal varying prevalence rates 
across the study region, highlighting spatial diversity 
in the distribution of Q fever.

3.3. Risk factors associated with coxiellosis in 
meat goat herds

The analysis investigated the correlation between cox-
iellosis, indicated by seropositivity against C. burnetii 
and/or a positive PCR assay, and various independent 
variables at both the herd and individual animal levels. 
These variables included herd establishment duration, 
size, pasture management, reproductive history, buck 
circulation patterns, parturition management prac-
tices, quarantine measures, presence of vectors, 

manure handling, clinical signs resembling Q fever 
symptoms, and knowledge of Q fever transmission.

The univariate analysis conducted at the herd 
level identified several significant factors associated 
with coxiellosis in meat goat herds (p < 0.05). 
Notably, herds established for over 5 years showed 
a higher prevalence of coxiellosis compared to 
recently established herds (OR: 5.66; 95%CI: 1.01– 
31.54; p = 0.04). Moreover, herds experiencing multi-
ple instances of reproductive failures, including 
abortion, infertility, or weak-born kids, exhibited 
a significantly higher rate of coxiellosis (OR: 14.72; 
95%CI: 1.63–132.64; p = 0.01). Additionally, herds 
where bucks circulated between herds (OR: 6.25; 
95%CI: 1.22–31.83; p = 0.02) or were sold to other 
herds, demonstrated a higher prevalence of coxiello-
sis (OR: 6.25; 95%CI: 1.22–31.83; p = 0.02). 
Interestingly, herds whose owners had knowledge 
of direct contact transmission exhibited a lower 
infection rate. (OR: 0.10; 95%CI: 0.01–0.92; p =  
0.04). All risk factors associated with coxiellosis in 
meat goat herds are comprehensively presented in 
Table 2.

The multivariable analysis conducted at the herd 
level revealed two significant factors associated with 
coxiellosis in meat goat herds (p < 0.05). Particularly 
noteworthy, herds established for over 5 years exhib-
ited a higher prevalence of coxiellosis compared to 
recently established ones (OR: 7.14; 95%CI: 1.05– 

Figure 1. The spatial distribution of C. burnetii seropositive and/or molecularly positive meat goat herds in Chaiyaphum province, 
Northeast Thailand.
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48.43; p = 0.044). Additionally, herds experiencing 
multiple instances of reproductive failures, such as 
abortion, infertility, or weak-born kids, showed 
a significantly elevated rate of coxiellosis (OR: 17.65; 
95%CI: 1.76–177.45; p = 0.015). Table 3 provides 
a comprehensive overview of all risk factors associated 
with coxiellosis in meat goat herds.

Regarding individual factors associated with coxiello-
sis, notable differences were observed in gender, breed, 
presence of anaemia, and nasal discharge (p < 0.05). The 
univariate analysis revealed significantly higher odds of 
coxiellosis in certain categories: females showed 
a substantially elevated likelihood of infection (OR: 
8.35; 95%CI: 1.13–61.62; p = 0.03), along with cross- 
bred animals (OR: 2.53; 95%CI: 1.33–4.82; p = 0.004), 
which demonstrated increased risk compared to pure-
bred counterparts. Moreover, animals displaying signs of 
anaemia (OR: 1.75; 95%CI: 1.09–2.82; p = 0.01) or nasal 
discharge (OR: 25.83; 95%CI: 1.22–543.10; p = 0.03) were 
significantly more associated with coxiellosis. All risk 
factors associated with coxiellosis in individual animals 
are comprehensively presented in Table 4.

The multivariable analysis conducted at the individual 
level unveiled several significant factors associated with 
coxiellosis in meat goat herds (p < 0.05). Notably, the 
study identified significantly higher odds of coxiellosis 
in specific categories: females showed a substantially ele-
vated likelihood of infection (OR: 8.42; 95%CI: 1.14– 
62.42; p = 0.037), along with cross-bred animals (OR: 
2.52; 95%CI: 1.32–4.82; p = 0.005), which demonstrated 

increased risk compared to purebred counterparts. 
Moreover, animals displaying signs of anaemia (OR: 
1.63; 95%CI: 1.01–2.64; p = 0.046) were significantly 
associated with coxiellosis. A comprehensive presenta-
tion of all risk factors associated with coxiellosis in indi-
vidual animals is detailed in Table 5.

4. Discussion

The findings of this study reveal a significantly high 
prevalence of coxiellosis (positive in serological and/or 
molecular tests) among the meat goat herds investi-
gated. A considerable number of herds examined in 
this study experienced reproductive failures com-
monly associated with coxiellosis, such as abortion, 
infertility, and weak offspring. This highlights the 
potential impact of C. burnetii on goat populations 
and the consequent economic implications for farm-
ers. Nevertheless, further investigation is necessary to 
comprehensively understand the underlying causes of 
reproductive failures in these farms.

In a previous study conducted in Northeast 
Thailand, a seropositivity rate of 46.61% was reported 
for C. burnetii in meat goat herds experiencing clinical 
reproductive disorders such as abortion, orchitis, 
repeat breeding, and sterility [14]. In our current 
study, we observed that three herds previously identi-
fied as seropositive for C. burnetii [14] continue to 
experience reproductive disorders, including abortion, 
orchitis, and weak offspring. Furthermore, two of 

Figure 2. The spatial distribution of C. burnetii seropositive and/or molecularly positive meat goat herds in Khon Kaen province, 
Northeast Thailand.
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Table 2. Univariate analysis examining herd-level risk factors associated with coxiellosis among meat goat herds in Northeast 
Thailand.

Risk factor Category Total (%) Prev. (%) OR 95% CI p-value

Herd established (year) <5 20 (51.3) 12/39 (30.8)
≥5 19 (48.7) 17/39 (43.6) 5.66 1.01–31.54 0.048

Herd size <12 23 (59.0) 16/39 (41.0)
≥13 16 (41.0) 13/39 (33.3) 1.89 0.40–8.82 0.415

Pasture only meat goat 21 (53.8) 16/39 (41.0)
mixed with other species 18 (46.2) 13/39 (33.3) 0.81 0.19–3.42 0.777

Presence of other livestock No 20 (51.3) 16/39 (41.0)
Yes 19 (48.7) 13/39 (33.3) 0.54 0.12–2.33 0.411

Abortion history in the herd No 17 (43.6) 12/39 (30.8)
Yes 22 (56.4) 17/39 (43.6) 1.42 0.33–5.99 0.636

Infertility history in the herd No 28 (71.8) 18/39 (46.2)
Yes 11 (28.2) 11/39 (28.2) 13.05 0.69–244.71 0.059

Orchitis history in the herd No 35 (89.7) 26/39 (66.7)
Yes 4 (10.3) 3/39 (7.7) 1.03 0.09–11.29 0.975

Weak kids’ history in the herd No 17 (43.6) 11/39 (28.2)
Yes 20 (56.4) 18/39 (46.2) 2.45 0.56–10.68 0.231

Abortion or infertility or weak kids’ history in the herd at least 2 occasional 19 (48.7) 18/39 (46.2) 14.72 1.63–132.64 0.016
One occasional 20 (51.3) 11/39 (28.2)

Signs of fever, sweats, or muscle aches like Q fever in human No 33 (84.6) 25/39 (64.1)
Yes 6 (15.4) 4/39 (10.3) 0.64 0.09–4.17 0.64

Knowledge of direct contact transmission not know 23 (59.0) 14/39 (35.9)
know 16 (41.0) 15/39 (38.5) 0.1 0.01–0.92 0.043

Knowledge of ingestion transmission not know 36 (92.3) 26/39 (66.7)
know 3 (7.7) 3/39 (7.7) 0.36 0.01–7.59 0.511

Knowledge of inhalation transmission not know 37 (94.9) 27/39 (69.2)
know 2 (5.1) 2/39 (5.1) 0.52 0.02–11.84 0.684

Buck circulation between herds not use 13 (33.3) 4/39 (10.3)
use 26 (66.7) 25/39 (64.1) 6.25 1.22–31.83 0.027

Duration of Buck in a farm (year) <3 29 (74.4) 23/39 (59.0)
≥3 9 (23.1) 6/39 (15.4) 0.52 0.10–2.72 0.44

Culling of used buck To slaughterhouse 9 (23.1) 4/39 (10.3)
To another farm to use 30 (76.9) 25/39 (64.1) 6.25 1.22–31.83 0.027

Separate parturition area Yes 11 (28.2) 10/39 (25.6)
No 28 (71.8) 19/39 (48.7) 4.75 0.88–25.35 0.068

Mother rearing system Yes 39 (100.0) 29/39 (74.4) 2.8 0.05–150.77 0.611
No 0 (0.0) 0/39 (0.0)

Q fever testing before movement Yes 0 (0.0) 0/39 (0.0)
No 39 (100.0) 29/39 (74.4) 2.8 0.05–150.77 0.611

Introduced a new animal in herds within 6 months Yes 25 (64.1) 20/39 (51.3) 2.22 0.51–9.64 0.286
No 14 (35.9) 9/39 (23.1)

Quarantine a new animal for at least 30 days Yes 5 (12.8) 4/39 (10.3)
No 34 (87.2) 25/39 (64.1) 0.69 0.06–7.06 0.758

Good Farm Management Practice Approved 11 (28.2) 10/39 (25.6)
Unapproved 28 (71.8) 19/39 (48.7) 0.21 0.02–1.91 0.166

Wear gloves during assistance doe when giving birth Yes 11 (28.2) 7/39 (17.9)
No 28 (71.8) 22/39 (56.4) 2.09 0.45–9.62 0.341

Wear a mask during assistance doe when giving birth Yes 2 (5.1) 2/39 (5.1)
No 37 (94.9) 27/39 (69.2) 0.52 0.02–11.84 0.688

Presence of tick Yes 4 (10.3) 4/39 (10.3) 0.69 0.01–41.78 0.86
No 6 (15.4) 6/39 (15.4)

Not know 29 (74.4) 19/39 (48.7)
Presence of rodent Yes 27 (69.2) 21/39 (53.8) 1.75 0.38–7.87 0.466

No 12 (30.8) 8/39 (20.5)
Presence of dogs or cats Yes 32 (82.1) 22/39 (56.4) 0.14 0.007–2.74 0.196

No 7 (17.9) 7/39 (17.9)
Manure uses Fertilizer 35 (89.7) 26/39 (66.7) 0.96 0.08–10.47 0.975

Not used 4 (10.3) 3/39 (7.7)

Prevalence (Prev.), odds ratio (OR), and 95% confidence interval (95%CI) of the variable from 29 positive herds (74.35%) based on a total sample of 
39 herds.

Table 3. Multivariable analysis of herd-level risk factors associated with coxiellosis among meat goat herds in 
Northeast Thailand.

Risk factor Category OR 95% CI p-value

Herd established (year) <5
≥5 7.14 1.052–48.43 0.044

Abortion or infertility or weak kids’ history at least 2 occasional 17.65 1.76–177.45 0.015
One occasional

Factors such as a history of infertility in the herd, Buck circulation between herds, Culling of used buck, and the presence of a separate 
parturition area were excluded from the final multivariable regression model (p > 0.05).
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these herds tested positive by PCR, confirming the 
circulation of C. burnetii within their herds. In addi-
tion, we observed varying prevalence levels across the 
study areas, indicating spatial heterogeneity in the 
distribution of C. burnetii infection in Northeast 
Thailand.

The results of seroprevalence and molecular preva-
lence suggest a higher disease burden or exposure 
compared to the previous study [14], particularly in 
certain groups. Notably, the molecular prevalence was 
higher than the seroprevalence, indicating the shed-
ding of C. burnetti, even with a low rate through 
vaginal secretion during the latent stage of infection, 
which may occur even in apparently healthy 
goats [9,15].

This study demonstrates how various risk factors 
shed light on the complex dynamics that influence 
disease prevalence within goat herds. It uncovers 
a multitude of elements contributing to disease 
transmission and propagation. The association 
between older herd establishments and higher pre-
valence suggests the need for sustained vigilance and 
proactive management practices over time. It also 
implies that established herds may serve as reservoirs 
for pathogens, necessitating tailored control strate-
gies to mitigate disease transmission. Moreover, the 
link between buck circulation and disease prevalence 
emphasizes the crucial role of animal movement in 
disease dissemination [14,16]. Implementing strin-
gent biosecurity measures, including thorough health 
screening of introduced animals and restricted 

contact between herds, emerges as a critical inter-
vention to curtail disease spread. The impact of 
participants’ knowledge on disease transmission 
routes further underscores the importance of educa-
tion and awareness campaigns. Empowering farmers 
with accurate information about disease risks and 
preventive measures can facilitate the adoption of 
best practices, ultimately reducing disease prevalence 
and enhancing herd health.

While conducting a risk analysis, it is important to 
exercise caution when interpreting non-significant 
associations. In this particular investigation, no signif-
icant correlation was found between the presence of 
other livestock and certain animal species, such as 
dogs, cats, rodents, and ticks, in coxiellosis- positive 
herds. However, it is worth noting that C. burnetii can 
still be transmitted among ruminant species and com-
panion animals [15,17,18]. Previous studies have 
emphasized that companion animals and rodents can 
serve as reservoirs of Q fever for humans and livestock 
animals on farms [19–25]. Additionally, ticks have 
been identified as vectors for C. burnetii in livestock 
animals [8,25,26]. Therefore, the presence of these 
animals should be a concern in goat herds, requiring 
further attention and surveillance.

Furthermore, in terms of the practice of giving 
birth, farmers face a high risk of exposure to 
C. burnetii due to the lack of protective measures 
such as gloves (56.4%, 22/39) and masks (69.2%, 27/ 
39) during assistance. It is crucial to emphasize the 
importance of self-protection during birthing assis-
tance to minimize the risk of transmission, as high-
lighted in a previous study [15].

In the study presented, approximately 90% of 
farmers reported using manure as fertilizer. This 
raises concerns as the spreading of the pathogen 
could occur in other areas. In herds infected with 
C. burnetii, it is advisable to refrain from applying 
fresh manure and composted manure to the land 
for at least 90 days before application. Furthermore, 
transporting manure and applying it only on damp, 

Table 4. Univariate analysis of individual-level risk factors associated with coxiellosis among meat goat herds in 
Northeast Thailand.

Risk Factor Category Total (%) Prev. (%) OR 95%CI p-value

Gender Female 482 (92.3) 85/522 (16.3) 8.35 1.13–61.62 0.037
Male 40 (7.7) 1/522 (0.2)

Breed Cross-bred 383 (73.4) 74/522 (14.2) 2.53 1.33–4.82 0.005
Pure-bred 139 (26.6) 12/522 (2.3)

Age >1 year 498 (95.4) 84/522 (16.1) 2.23 0.51–9.67 0.28
≤1 year 24 (4.6) 2/522 (0.4)

BCS Thin – Emaciated 309 (59.2) 57/522 (10.9) 1.44 0.88–2.36 0.14
Average – Fat 207 (39.7) 28/522 (5.4)

Anemia sign Presence 168 (32.2) 37/522 (7.1) 1.76 1.09–2.82 0.02
Absence 354 (67.8) 49/522 (9.4)

Nasal discharge Presence 2 (0.4) 2/522 (0.4) 25.84 1.22–543.10 0.036
Absence 514 (98.5) 83/522 (15.9)

Prevalence (Prev.), odds ratio (OR), and 95% confidence interval (95%CI) of the variable from 86 positive samples for ELISA test or PCR assay 
(16.5%) based on a total sample of 522 animals; seropositivity 33/513 (6.4%) and positive PCR assay 57/334 (17.06%).

Table 5. Multivariable analysis of individual-level risk factors 
associated with coxiellosis among meat goat herds in 
Northeast Thailand.

Risk Factor Category OR 95%CI p-value

Gender Female 8.42 1.14–62.42 0.037
Male

Breed Cross-bred 2.52 1.32–4.82 0.005
Pure-bred

Anemia sign Presence 1.63 1.01–2.64 0.046
Absence

The presence of nasal discharge was omitted from the final multivariable 
regression model due to its limited sample size.
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low-wind days can help reduce the risk of pathogen 
dissemination. These practices should be consid-
ered to mitigate the spread of C. burnetii and 
protect both human and animal health on 
farms [15].

Likewise, at the individual animal level, various 
potential risk factors are associated with the prevalence 
of a specific condition, with implications for its con-
nection to C. burnetii exposure and/or current infec-
tion. The higher prevalence among female animals 
suggests a gender-specific susceptibility, consistent 
with a previous study indicating higher seropositivity 
for C. burnetii among female goats [27]. Nevertheless, 
discrepancies in research findings are apparent, as one 
study revealed no significant difference between gen-
ders [28]. This variability might be attributed to the 
strong tropism of C. burnetii for the trophoblasts of the 
placenta and mammary lymph nodes [29], impacting 
disease manifestation and warranting further investiga-
tion for a comprehensive understanding of Q fever 
epidemiology within the herd. However, it is important 
to note that this study exclusively utilized vaginal swabs 
from female goats for molecular detection. 
Furthermore, all samples were obtained from mature 
goats aged over 6 months, thereby excluding younger 
animals under 6 months of age. This approach may 
have led to underrepresentation, and the observed 
higher prevalence in specific gender and age groups 
could potentially be attributed to this limitation.

While age and body condition scores did not 
demonstrate statistically significant associations, they 
do provide valuable insights into potential trends. This 
suggests that animals of all ages were equally suscep-
tible to acquiring infection or were exposed to 
a common source of infection, indicating the potential 
for disease emergence in the area. However, previous 
study suggests that older animals and those in poorer 
body conditions may be more susceptible to 
C. burnetti [30]. Further investigation is needed to 
confirm these trends and gain a better understanding 
of their implications for disease management.

Additionally, the presence of anaemia, signifi-
cantly associated with higher prevalence, highlights 
the importance of considering additional health 
factors within the herd. Given the frequent occur-
rence of roundworm gastrointestinal parasites in 
this region [31], heavy infestation of these worms 
could lead to anaemia. Therefore, the presence of 
anaemia could serve as an important clinical indi-
cator of coxiellosis within the herd, necessitating 
further investigation and the implementation of 
management strategies to mitigate disease spread.

Our study has certain limitations. We cannot 
definitively confirm active infection of C. burnetii 
and assess the impacts of reproductive disorders 
associated with it in the examined herds. These 
limitations stem from our sampling approach, 

where we obtained vaginal secretions from appar-
ently healthy does, but not from aborted foetuses, 
placenta, or vaginal discharges after giving birth or 
abortion. In addition, all samples were only 
obtained from mature goats aged over 6 months, 
thus the infection in younger animals could not be 
evaluated.

The findings in this study emphasize the inter-
connected nature of disease transmission dynamics 
within livestock populations. Factors such as gender, 
breed type, and clinical indicators not only influence 
individual susceptibility but also contribute to the 
broader epidemiology of infectious diseases like cox-
iellosis within the herd. Hence, implementing 
a comprehensive strategy encompassing individual 
risk factors and herd-level management practices is 
imperative for successful disease control and 
prevention.

5. Conclusions

In conclusion, our study emphasizes the intricate nat-
ure of C. burnetii epidemiology in meat goat herds and 
emphasizes the significance of comprehensive strate-
gies for disease management and control. An inte-
grated approach that incorporates proactive herd 
management practices, stringent biosecurity measures, 
targeted education initiatives, and collaborative 
research endeavours is indispensable for curtailing dis-
ease transmission, safeguarding herd health, and ensur-
ing the long-term viability of goat farming ventures.
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