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The sero-epidemiology of Coxiella burnetii infection in domestic ruminants, which are considered as prime
reservoirs, remains largely neglected and underreported in various states of India. The present study was aimed
to assess coxiellosis among lactating cattle (n=134) based on their seroscreening at household level in
Malappuram district of Kerala, India. On testing the cattle sera by trans-PCR targeting IS1111 gene of C.
burnetii for the pathogen detection as well as by a commercial ELISA kit for the detection of antibodies
against C. burnetii, the acute infection was noticed in 01 out of 134 animals (0.75%) that tested positive in
trans-PCR assay while 06/134 (4.5%) animals indicated a persistent focalised infection based on their
positivity in ELISA. Therefore, we conclude and recommend that the use of trans-PCR along with a
serological assay like ELISA on serum samples is indispensable for early diagnosis of acute cases of
coxiellosis in animals as well as to get a realistic assessment of the disease burden based on seroprevalence.
This study seems to be the first epidemiological survey to highlight the hidden threat of coxiellosis among
cattle population in Kerala, a southern state of India. However, other domestic and wild animals including
cattle as well as their human contacts at high-risk need to be investigated through a large scale and multicentric epidemiological study for making a realistic assessment of the associated risk factors and to unmask the
zoonotic potential of C. burnetii infection in the country.
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1 INTRODUCTION
Q fever, which is ranked one among the top 13 global priority
zoonoses (Grace et al., 2012), is a highly infectious but
underreported zoonosis of great public health importance having
worldwide distribution with the exception of Antarctica and New
Zealand (Arricau-Bouvery & Rodolakis, 2005; Larson et al., 2016;
Eldin et al., 2017). The causative agent Coxiella burnetii is a
Gram-negative and obligate intracellular bacterium, which is
considered as an extremely infectious and most contagious
pathogen that requires bio-safety level-3 handling facilities (Grace
et al., 2012), as even a single cell of the bacterium can cause
infection (Honarmand, 2012). Accordingly, the pathogen is
classified as category ‘B’ agent and a potential bioterrorism agent
by Centers for Disease Control and Prevention (CDC) (Madariaga
et al., 2003). Moreover, the spore-like form of the agent is highly
resistant to adverse environment and capable of surviving for long
in soil (Evstigneeva et al., 2004). Domestic ruminants are the best
known reservoir of C. burnetii and the pathogen shedding occurs
primarily during the abortion or normal delivery of infected animal
which can infect a large variety of animals, humans, birds, and
arthropods (Parker et al., 2006; McCaughey et al., 2010). Q fever
in humans is primarily transmitted through inhalation of dust
contaminated with infected animal birth products or secretions,
such as the placenta (Parker et al., 2006). In recent times, the
heightened awareness of Q fever as an important zoonosis was
linked to dairy goat farms near densely populated areas that
presumably involved human exposure via a windborne route that
resulted in the world’s largest known reported Q fever outbreak
during the period of 2007–2010 in the Netherlands, with an
involvement of more than 4,000 human cases (Van der Hoek et al.,
2010; Schimmer et al, 2012).
In diagnostic arena, the recent advances made in rapid and accurate
diagnostic methods, such as nucleic acid detection using
polymerase chain reaction (PCR) assay and serological screening
by enzyme-linked immunosorbent assay (ELISA) for detection of
antibodies helped the researchers to better describe the
characteristics of bacterial shedding routes and the antibody
responses during both experimental and natural infections (Berri et
al., 2000; Arricau-Bouvery & Rodolakis, 2005; Guatteo et al.,
2007). The sensitivity of the ELISA has been estimated to be
95.2% for the detection of IgG in C. burnetii infection (WegdamBlans et al., 2012), whereas, in other study the specificity of the
ELISA has been estimated to 98.44% (Vaidya et al., 2010).
However, the serological tests have proven to be inadequate for
detecting Q fever infections in the very early phase of the disease,
when antibody levels are low or developing; hence, the PCR for
nucleic acid detection is indispensable for early diagnosis of acute
Q fever (Schneeberger et al., 2010), with the most preferred target
as the transposable repetitive insertion element sequence IS1111 of
C. burnetii, which is present in about 20 copies in the C. burnetii
Nine Mile genome (Denison et al., 2007).
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Coxiellosis in cattle usually remains asymptomatic (Rodolakis,
2009; Ortega-Mora, 2012), however, it may cause sporadic
reproductive problems such as abortion (Ortega-Mora, 2012),
metritis (Arricau-Bouvery & Rodolakis, 2005) and mastitis
(Barlow et al., 2008). The infected animals primarily shed large
amount of bacteria during parturition, as high as 109 organisms per
gram of placenta (Bouvery et al., 2003), besides intermittently
excreting them in milk, feces, urine and vaginal mucus for longer
periods that may pose a serious health risk to their human contacts
(Guatteo et al., 2006; Rodolakis et al., 2007). Consequently, Q
fever is predominantly considered as an occupational disease of
veterinarians, farmers, abattoir workers, meat handlers, shearers,
tanners and laboratory workers (Madariaga et al., 2003).
Globally, the prevalence of coxiellosis in cattle has been assessed
as 20% and 38% at the individual and herd level, respectively
(Guatteo et al., 2011). However, the epidemiological studies on Q
fever in India in general are very limited, while the research on
associated risk factors and disease dynamic trends in particular are
almost negligible, which can be primarily attributed to the limited
diagnostic capacities and gross neglect of the disease on account of
lack of the clinical curiosity among the physicians and veterinary
professionals (Vaidya et al., 2010; Malik et al., 2013; Stephen et
al., 2014; Kumar at al., 2017; Mohan et al., 2017). In fact, during
the past 60 years only about 25 publications on human and animal
Q fever from India are available in international databases (Kumar
et al., 2017), including the two recent reports on bovine coxiellosis
from northern part of India (Vaidya et al., 2010; Das et al., 2014),
and a sole report on coxiellosis in ovines (Stephen et al., 2014)
from southern part of India. However, no systematic study on
bovine coxiellosis from southern part of India has been
documented so far. In order to address this knowledge gap, the
present study was envisaged to assess the C. burnetii infection in
lactating cattle at household level in Malappuram district of
Kerala, India.
2 Materials and methods
2.1 Study areas and samples
The present study was carried out during January, 2017 to May,
2017 in the different regions of Malappuram district, Kerala, India
(Figure 1), wherein lactating cross-bred cattle (n=134) were
investigated for coxiellosis at household levels, with a maximum
of 03 cattle per house and a known history of reproductive
disorders in 5.97% (8/134) animals. None of the animals included
in the study had received vaccination for Q fever. The blood
samples from the jugular vein of cattle were taken into 10 ml
vacuum tubes (Vacutainer, Becton Dickinson, Franklin Lakes,
USA) under the supervision of veterinary officials and with the
proper consent of owners, stored in a refrigerated bag, brought to
the laboratory, centrifuged at 2500 × g for 10 min for separating
serum, split in two aliquots, and finally stored at −20 °C, within
12 hours of sample collection.
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Figure 1 Inset picture (lower left) showing the sampling area of Malappuram district of Kerala, India
2.2 Seroscreening of cattle for coxiellosis by ELISA
A commercial indirect ELISA Kit (Bio-X Diagnostics, Rochefort,
Belgique) for detecting the antibodies against phase-I and phase-II
of C. burnetii was employed in the study as per the manufacturer's
instructions for screening the cattle sera. In brief, the test sera
along with positive and negative controls were diluted to 1:100
using dilution buffer and distributed in duplicates in a 96-wells
microtitre plate pre-coated with phase-I and phase-II antigens of C.
burnetii, and incubated at 21°± 3°C for one hour. The wells were
washed thrice using 300 μL of wash solution provided, added with
100 μL of the diluted conjugate solution (1:50) per well, covered
with lid, and incubated for 1 hour at 21°C± 3°C. The wells were
again washed thrice using 300 μL of wash solution, added with
100 μL chromogen per well, and the uncovered plate was
incubated in dark for 10 minutes at 21°C± 3°C. Finally, 50 μL stop
solution was added per well to stop the reaction and the optical
densities were measured at 450 nm (Multiskan GO, ThermoFisher
Scientific, USA). The results were interpreted by calculating the
coefficient of serum samples as per the given formula:
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Sample’s Coefficient = (OD sample - OD negative serum)/ (OD
positive serum - OD negative serum) x 100
A sample was considered negative, if its coefficient was less than
37%, and positive, if the coefficient was ≥37%.
2.3 Pathogen detection in cattle sera by trans-PCR assay
The detection of the pathogen in serum samples of cattle was
carried out employing trans-PCR targeting the IS1111 gene of C.
burnetii. The DNA extraction from the serum samples was carried
out by using DNeasy Blood and Tissue Kit (Qiagen, USA) as per
the manufacturer’s instructions. The extracted DNA was subjected
to the standardized trans-PCR assay employing the trans-1 (5’TAT GTA TCC ACC GTA GCC AGT C-3’) and trans-2 (5’-CCC
AAC AAC ACC TCC TTA TTC-3’) oligonucleotides, which were
got

synthesized

(Eurofins

Genomics

India

Pvt.

Limited,

Bangalore) for amplification of 687 bp fragment corresponding to
the transposon-like repetitive element of C. burnetii in a test
sample.
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The PCR assay protocol (Berri et al., 2000; Vaidya et al., 2010)

reproductive disorders and seropositivity for C. burnetii infection

was standardized with suitable modifications. Briefly, 25 µL of

in cattle (Table 1).

Table 1 Statistical analysis for correlation between reproductive disorders and seropositivity of C. burnetii infection in cattle by using chisquare test
Category

Serological profile employing ELISA
Seropositive

Seronegative

Cattle with reproductive disorders
[5.97% (8/134)]

04

04

Cattle without reproductive disorders
[94.03% (126/134)]

02

124

PCR reaction mixture included 2.5 µL of 10X PCR buffer (100
mM Tris-HCl buffer, pH 8.3 containing 500 mM KCl, 15 mM
MgCl2 and 0.01% gelatin), 200 µM of dNTP mix, 3.0 mM of
MgCl2, 2.0 µM of each primers, 0.5 Unit of Taq DNA polymerase
(3B Black Bio, Spain), 5 µL of DNA template and sterilized
nuclease-free water to make up the volume. The DNA of C.
burnetii Nine Mile 1 strain was used as a positive control. The
cycling conditions for PCR included an initial denaturation at 95°C
for 4 min followed by 35 cycles, each consisting of denaturation at
94°C for 30s, annealing at 52°C for 30s and extension at 72°C for
1 min. The final stage of the reaction included an extension of 10
min at 72°C was performed in a Thermal cycler (Eppendorf,
GmbH, Germany). The amplified PCR products along with 100 bp
DNA marker ladder were resolved in 1% agarose gel containing
ethidium bromide (10 μgmL−1) by electrophoresis using Tris-

Statistical analysis (P-value)
Chi-square test: P < 0.001
Phi: P < 0.001
Cramer's V: P < 0.001
Contingency Coefficient: P < 0.001

4 Discussion
In India, which is bestowed with the highest number of livestock
wealth (512 million) in the world, livestock farming is considered
as a central source of their livelihood for 58% out of its total 72%
rural population, i.e., over 100 million (Bhatt & Smith, 2012;
DADF Annual report 2014-15). However, frequent outbreaks of
livestock diseases including zoonoses coupled with the constraints
related to feeding, breeding, health and management remains a
major hurdle in harnessing the full production potential of
livestock. In this context, role and status of reservoirs of coxiellosis
among ruminants, which are considered to serve as a main source
for this largely masked and grossly underreported zoonosis,
remains rather unexplored barring a few studies in India (Vaidya et
al., 2010; Malik et al., 2013; Stephen et al., 2014; Mohan et al.,
2017).

Acetate-EDTA as running buffer and visualized by gel
documentation system employing GelDoc-lt 310 (UVP, UK). All
the materials contaminated with ethidium bromide were disposed
of properly according to the institutional guidelines.
2.4 Statistical analysis
The correlation between reproductive disorders in cattle and C.
burnetii infection were statistically analyzed by employing chisquare test including Cramer’s V, Phi and Contingency coefficient,
in order to find the degree of association between the categorical
variables using SPSS software, 22.0 version.
3 Results:
In present study, out of 134 cattle serum samples tested by the
commercial ELISA kit, 4.5% (06/134) revealed positivity for antiC. burnetii antibodies, while the DNA of pathogen could be
detected in 01 sample by trans-PCR. It is noteworthy that the only
positive serum sample in trans-PCR was also positive for anti-C.
burnetii antibodies in ELISA.
Out of the 06 cattle that were found seropositive for coxiellosis,
66.66% (04/06) had a history of reproductive disorders. On
analysis of the results by using chi-square test, a statistically
significant correlation (P < 0.001) was observed between the
Journal of Experimental Biology and Agriculture Science
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The observed seropositivity of 4.5% (06/134) cattle for C. burnetii
in Malappuram district of Kerala, India as well as the detection of
pathogen in a serum sample by trans-PCR in the present study
corroborates with an earlier study wherein the seropositivity of
4.54% was recorded in cattle from Bareilly, U.P. (Das et al., 2014).
However, it was well below the range of 12.78 to 29.9% reported
in the cattle from northern parts of country by other workers (Joshi
et al., 1978; Vaidya et al., 2010), which may be attributed to the
investigation of animals at household level, with not more than 3
cattle per house examined in the present study. On contrary,
studies involving large cattle herd size with intensive farming
practices were found to have a positive association with C. burnetii
infection (McCaughey et al., 2010; Ryan et al., 2011; Paul et al.,
2012; Agger & Paul, 2014; Boroduske et al., 2017). The positivity
of a serum sample in both trans-PCR and ELISA points to an
active cycling of the pathogen within the herd/animal, where the
animals get infected and seroconverts frequently as described by
other researchers (Freick et al., 2017).
The acute infection noticed in 01 out of 134 animals (0.75%) by
trans-PCR assay as well as the persistent focalised infection in
06/134 (4.5%) animals by ELISA in our study has unmasked the
otherwise hidden risk associated with the cattle reservoirs that may
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potentially pose a threat to other animal species or even to their
human contacts, especially in view of the aerosol transmission,
high infectivity and high stability of the pathogen that may be
present in great numbers in the milk, blood, excreta, placenta,
vaginal discharges and other tissues of infected animals (Parker et
al, 2006; Porter et al., 2011; Boroduske et al., 2017; Eldin et al.,
2017). In this context, the intermittent shedding of the bacteria in
the milk of infected lactating cattle for a prolonged period ranging
from 13 months (Arricau–Bouvery & Rodolakis, 2005) to 32
months (Angelakis & Raoult, 2010) assumes a special significance,
as it constitutes a persistent and potent source of infection.

make medicos, veterinarians and high risk groups clinically aware
and curious for considering Q fever in the differential diagnosis
and management of reproductive disorders and mastitis in
livestock, screening of ruminants and pets as potential reservoirs
by reliable diagnostic tests, as well as in cases of atypical
pneumonia, hepatitis, endocarditis, abortions and chronic fatigue
syndrome, especially in their human contacts; so as to make a
realistic assessment of this largely masked, neglected and under
reported zoonosis in the country.

Based on findings of this study, we endorse the combined use of
trans-PCR for pathogen detection along with a serological assay
for antibody detection as an ideal diagnostic approach for
seroscreening of animals for coxiellosis, which has been
recommended earlier for the diagnostic work-up of a patient with
suspected acute Q fever (Schneeberger et al., 2010).

The authors thank Director, ICAR-Indian Veterinary Research
Institute, Izatnagar for providing necessary facilities to undertake
the research. We are grateful to Dr. Eric Ghigo, URMITE-IRD,
Faculté de Médecine, France for providing the DNA of standard C.
burnetii Nine Mile strain. We also thank Mr. K. K. Bhatt for his
excellent technical assistance.

C. burnetii infection in cattle can be the cause of a limited
percentage of fetal losses and stillbirths (Muskens et al., 2012),
and in some cases dead or weak offspring, followed by recovery
without complications (Ortega-Mora, 2012). Moreover, it has also
been suggested to play a role in infertility or problems such as
metritis in cattle (Ortega-Mora, 2012). In present study, a positive
correlation was observed between sero-positivity and history of
reproductive disorders in lactating cattle. These observations draw
strength from the earlier studies wherein the pathogen has been
isolated from the samples of blood (Das et al., 2014) and genital
organs (Ho et al., 1995; Vaidya et al., 2010) of bovines with the
history of reproductive disorders. However, the small sample size
and non-consideration of other causal factors associated with
reproductive disorders in our study limits us to arrive at any
definitive conclusion, especially in the absence of the clear
demonstration of any effect of C. burnetii infection (GarciaIspierto et al., 2014) or seropositivity and shedding (Freick et al.,
2017) on the parameters of reproduction in a dairy herd.
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