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Background:  The  present  investigation  of Coxiella  burnetii  infection  in  cattle  and  farm  workers  on  an
organized  cattle  dairy  farm,  which  appears  to  be the  first of  its kind  in  India,  was  undertaken  to assess
the  status  of this  largely  neglected  and  masked  zoonosis.
Methods:  A  total  of 665  samples  comprising  of  serum  (n  =  224),  milk  (n =  217)  and  vaginal  swabs  (n =  224)
collected  from  milch  animals  (n  = 224)  with  a  history  of reproductive  disorders  were  screened.  Besides
these,  ticks  (n  =  114);  animal  feed  (n =  4) and  environmental  samples  (n  = 13)  as  well  as  serum  (n =  19)  of
farm  workers  were  also  collected.  The  animal  sera  and milk  samples  as  well  as  human  sera  were  tested  for
antibodies  against  C.  burnetii  by  commercial  ELISA  kit,  whereas,  all  the  collected  samples  were  subjected
to trans-PCR  targeting  the  IS1111 gene  of C.  burnetii.
Results:  A high  positivity  for coxiellosis  was  detected  in sera  (29.91%)  and  milk  (26.73%)  samples  of dairy
cattle  as  well  as  sera  from  human  contacts  (84.21%)  by  ELISA.  The  trans-PCR  detected  the  pathogen  in

12.94%  sera,  14.73%  vaginal  swabs  and  5.53%  milk  samples  of  cattle,  and  in  one  soil  sample,  however,  the
sera  of  the  farm  workers  and  tick  were  tested  negative.
Conclusions:  The  high  positivity  for coxiellosis  among  cattle  and  farm  workers  highlight  the  need to
undertake  extensive  epidemiological  studies  to unravel  the  trends  of  C. burnetii  infection  in India.

© 2018  The  Authors.  Published  by  Elsevier  Limited  on  behalf  of  King  Saud  Bin Abdulaziz  University
for  Health  Sciences.  This  is  an  open  access  article  under  the CC  BY-NC-ND  license  (http://
ntroduction

Q fever is a highly infectious but largely ‘neglected zoonosis’
aused by Gram-negative bacterium, Coxiella burnetii, which infects

 wide range of mammals including humans, birds and arthro-
ods [1]. Globally ranked as one among the top 13 global priority
oonoses, it has been described as the most contagious disease [2]
nd is endemic in many parts of world [1], including India [3,4].
n developing countries, around 25% of the domestic ruminants
xhibit signs of either current or past infection with C. burnetii,
nd are considered as major sources of infection to their human

ontacts [1,5]. The disease in ruminants is mainly asymptomatic,
owever, late abortions, stillbirths and other reproductive disor-
ers can be observed in some cases [6]. On herd level at cattle farms,
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the estimated prevalence in bulk tank milk samples ranges from
10% to 94% [7,8]. It has been postulated that if a herd is infected
with C. burnetii, the maintenance of infection is mainly attributed to
circulation of the agent within the adult herd and that even asymp-
tomatic bovine herds should be considered as the reservoirs of the
bacteria capable of transmitting the disease to other animal species
or even to humans [9,10].

Serological screening of humans and animals for the detection
of C. burnetii-specific antibodies by ELISA has been found to be more
sensitive and easy to perform, with results that are less subjective in
nature [11]. However, use of PCR assay in combination with serol-
ogy is indispensable for an early diagnosis of acute Q fever [12]. A
PCR assay targeting insertion sequence (IS 1111) of C. burnetii, i.e.,
trans-PCR is considered as the test of choice for pathogen detec-
tion, as the transposon-like repetitive element of the pathogen with

multiple genomic copies increase the sensitivity of test [13].

Coxiellosis may  have an impact on public health in devel-
oping countries like India, especially in view of their peculiar
socio-economic settings favoring frequent interactions between
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igh-risk animals and their human contacts, most of which belong
o the poor income groups. Moreover, the true picture of infection
emains largely obscured due to limited diagnostic facilities and
ack of public awareness about the disease [3,4,14]. It is noteworthy
hat in the past 60 years, there have only been about 25 publica-
ions on human and animal Q fever from India in global databases
4]. The objective of the study was to assess the status of coxiellosis
n animals as well as their human contacts in an organized cattle
airy farm.

aterial and methods

tudy area and samples

A total of 665 samples comprising of serum (n = 224), milk
n = 217) and vaginal swabs (n = 224) were collected from cattle
n = 224) housed at an organized dairy farm, Bareilly, India dur-
ng August, 2015 to February, 2016. Besides these, ticks (n = 114);
nimal feed (n = 4) and environmental samples (n = 13) as well as
erum (n = 19) of farm workers serving for more than five years on
he farm were also collected with informed consent. The selected
arm animals (n = 224) were periodically screened for reproductive
isorders (Supplementary Table 1) and different immunosuppres-
ive infections (tuberculosis, Johne’s disease and brucellosis). A
igh prevalence regarding these immunosuppressive infections
as observed (unpublished data). Therefore, we assumed that

he immunosuppressive diseases may  pose a risk for C. burnetii
nfection to animals as it has been reported in humans [15]. A
uestionnaire covering important parameters pertaining to ani-
al  health and management, hygiene as well as risk factors for

he human contacts was used for data collection (Table 1).
Clinical samples were collected in sterile containers. The sam-

les of ticks (n = 114) from 16 infested cattle collected in sterile
olypropylene sachets having 70% ethanol were identified mor-
hologically as per the standard protocols. None of the animals on
he farm was vaccinated for Q fever (Supplementary Table S1). The
tudy has been performed in accordance with the Declaration of
elsinki and national ethical requirements.

eroprevalence of animal and human coxiellosis by indirect ELISA

A commercial indirect ELISA Kit (Rochefort, Belgique) for the
etection of antibodies against phase-I and phase-II antigens of
. burnetii in serum, plasma and milk samples of ruminants was
sed as per the manufacturer’s instructions for screening the cat-
le serum and milk samples, while a commercial indirect ELISA kit
NovaTec Immundiagnostica GmbH, Germany) was employed for
ero-screening of farm workers to detect IgG-class antibodies to
hase-II antigen of C. burnetii.

etection of C. burnetii by trans-PCR assay

ample preparation for PCR
The DNA was extracted from clinical samples of cattle, i.e., sera,

ilk and vaginal swabs; associated ticks, serum samples of human
ontacts, as well as of feed and environmental samples of collected
arm premises. The DNeasy Blood and Tissue Kit (Qiagen, USA) for
NA extraction was used for processing human and cattle sera
s per the manufacturer’s instructions, milk samples as described

reviously [16], tick samples as described elsewhere [17] and, envi-
onmental as well as feed samples as per described protocol [18].
he vaginal swabs were processed as per the method described [16]
nd the collected supernatant was used directly in PCR assay.
Public Health 12 (2019) 190–194 191

PCR protocol targeting IS1111 gene
The extracted DNA was subjected to the trans-PCR assay tar-

geting the IS1111 gene of C. burnetii, which was  standardized as
per the described protocol [3,16] with suitable modifications by
employing 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
(Eurofins Genomics India Pvt. Limited, Bangalore) for pathogen
detection based on the amplification of the 687 bp fragment. Briefly,
25 �L reaction mixture prepared for the trans-PCR assay included
2.5 �L of 10X PCR buffer (100 mM Tris–HCl buffer, pH 8.3 contain-
ing 500 mM  KCl, 15 mM MgCl2 and 0.01% gelatin), 200 �M of dNTP
mix, 3.0 mM of MgCl2, 2.0 �M of each primers, 0.5 Unit of Taq DNA
polymerase (3 B Black Bio, Spain), 5 �L of DNA template and ster-
ilized nuclease free water to make up the reaction volume. The
DNA of C. burnetii Nine Mile phase 1 (strain RSA 493) 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 30 s, annealing at 52 ◦C for
30 s and extension at 72 ◦C for 1 min. The final stage of the reac-
tion 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 ladder were resolved in 1% agarose
gel containing ethidium bromide (10 �gmL−1) by electrophoresis
using Tris–Acetate-EDTA as running buffer and visualized by gel
documentation system employing UVP Gel Seq software. Materials
contaminated with ethidium bromide were disposed off according
to the local guidelines.

Results

In the present study, the antibodies against C. burnetii could be
detected by ELISA in 29.91% (67/224) of serum and 26.73% (58/217)
of milk samples from cattle. Of these, 35.55% (32/90) had a history
of reproductive disorders. The pathogen was detected in 12.94%
(29/224) of cattle serum as well as 14.73% (38/224) of vaginal swabs
and 5.53% (12/217) milk samples by trans-PCR (Supplementary
Table S1). However, none of the ticks (n = 114) which belonged to
Boophilus spp. and Hyalomma spp., tested positive for C. burnetii.
On screening the feed (n = 4) and environmental samples (n = 13) by
PCR, only one soil sample was  found positive. The sero-screening of
farm workers by ELISA revealed positivity for coxiellosis in 89.47%
(17/19) subjects, however, none of the worker tested positive in
PCR. The various possible observed risk factors among dairy animals
and their human contacts are presented in Table 1.

Discussion

The prevalence of coxiellosis in recent times has increased
many-fold, not only in human beings but also in animals [19]. Nev-
ertheless, the information pertaining to the current status of this
pathogen in ruminant species, including cattle is very scarce in India
[3,4,14]. The present investigation appears to be the first systemat-
ically designed comprehensive approach for ascertaining the status
of C. burnetii infection on an organized dairy farm in Indian context.

In India, the prevalence of coxiellosis in cattle remains grossly
under diagnosed and under reported [3], and it has been reported
to be in the range of 5.55% to 29.9% [3,14,20]. In present study,
29.91% seroprevalence of coxiellosis observed at animal level by
ELISA commensurate with the median prevalence of C. burnetii
infection among cattle globally reported as 19.4% at the animal level
and 37.7% at the herd level [21].

The relatively high prevalence of coxiellosis in cattle observed
as 29.91% in our study might be attributed to some of the observed

risk factors (Table 1) as (i) large herd size (n = 224) with inten-
sive farming practices, which has been reported to show a positive
association of herd size with the C. burnetii infection in cattle
[10,22]; (ii) hybrid herd (Frieswal) of exotic multiparous cattle on
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Table  1
Analysis of important parameters pertaining to animal health and management, hygiene as well as risk factors for the human contacts.

Parameters Response

Herds characteristics:
• Type of herd (organized or unorganized) Organized
• Breed (indigenous/exotic breed/hybrid) Hybrid (Frieswal)
•  Age and sex distribution Multiparous female
•  Mixed farming or typical herd Typical herd (only cattle)
•  Grazing system practiced (Extensive/Semi-extensive/Stall feeding) Stall feeding

Housing Characteristics:
• Quarantine procedure for purchased animals Yes
• Biosecurity (presence of pets/vermins/birds/wild animals) Not strict measures
•  Type of housing (flooring- kucha/pucca) Pucca (cemented)
•  Ventilation (excellent/good/fair/poor) Good
•  Management of livestock waste/manure Away from the shed but within premises
•  Tick infestation on animals and/or presence of ticks in the environment Frequent use of acaricides, scarcely presence of ticks (n = 114) only on 16 cattle

Individual animal characteristics:
• Milk related traits-
- Average milk production (herd average: liter/lactation) 3041.11
-  Mastitis prevalence 8–10%

•  Reproduction traits/history:
- Abortions 31
-  Repeat breeding 10
-  Pre-mature still birth 29
-  Retained placenta 39
-  Dystocia 13

•  Type and frequency of service
- Artificial insémination All
- Natural service Nil

Calving practices:
• By qualified vets/para-vets/local assistants/self Both (veterinarian as well as para-vets)
•  Use of calving box or in open Calving box
•  Isolation of the aborted cows For 2–3 days

Disposal of placenta
• Place of disposal Away from the shed but within premises
•  Method of disposal (use of disinfectant if any) No use of disinfectant, directly discard on ground
•  Time gap of disposal Within hours of delivery

Disinfection practices followed:
• Floor disinfection Once in a month
•  Hands disinfection At the end of the day
•  Farm equipments disinfection Occasionally
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Animal handlers behaviour:
•  Hygiene level 

•  Risky behaviors (unhealthy practices) 

he farm under study, since older animals has been reported to have
ncreased odds of getting infected, most often after the first calving
10]; (iii) improper disposal of biological wastes including placenta,
borted materials and dung on the farm, since aborted material of
nfected ruminant reservoirs has been opined to serve as the most
mportant source of infection having up to 109 organisms per gram
f placental tissue [23]; (iv) low biosecurity measures that allowed
ccess of stray dogs and wild birds to the farm premises, especially
hen it has been reported that dog can be potentially infected by

nhalation, tick bite, consumption of placenta or milk by infected
uminants and the wild mammals and birds can harbor the organ-
sm [24]; (v) high prevalence of reproductive disorders 40.18%
90/224) and other immunosuppressive infections like tuberculo-
is, brucellosis, Johne’s disease as well as mastitis (8–10%) on the
arm, which assume significance in the light of reported associa-
ion of reproductive disorders [20,25] and subclinical mastitis [26]
n dairy cattle with coxiellosis and immunosuppression in humans
s important risk factor [15]; and (vi) infrequent floor and farm
quipment disinfection as well as suboptimal personal and hand
ygiene.
A high level of seropositivity (89.47%) in farm workers by ELISA
ut non-detection of pathogen in the sera by trans-PCR observed
uring the study might be indicative of chronic exposures to C. bur-
etii with immune clearance of pathogen [12]. The observed risk
Poor to moderate
Drinking of raw milk, smoking, alcohol drinking and tobacco chewing

factors of coxiellosis for human contacts in our study included, (i)
long contact with infected animals on the farm, since all the work-
ers were engaged for more than five years, a time sufficient enough
to expose them to the pathogen in such herd, as the C. burnetii infec-
tion once introduced, can remain within an animal population for at
least 11 months [22]; (ii) large herd size (n = 224), since the poten-
tial risk factors for the human contacts have been considered as the
dairy herds with more than 50 adult cows and 87.2% seroprevalence
amongst the farmers in the Netherlands [27], over 80 animals in
Danish farms and, above 200 animals in Latvian dairy farms [8,28];
(iii) ingestion of raw milk, as the contaminated raw milk or dairy
products consumption has been reported to lead to seroconversion
and perhaps, in a few cases, to Q fever [29]; (iv) low level of per-
sonal and hand hygiene practices followed by farm workers along
with other unhealthy practices like, smoking, drinking and tobacco
chewing, as these have been suggested to compromise the host
defenses and to act as potential risk factors [30]. The findings of our
study suggested that dairy farmers being one of the most exposed
occupational groups to C. burnetii stand at high risk of acquiring C.
burnetii infection, as they have regular contact with high-risk ani-

mals in dairy herds, especially the close contact during and after
parturition [10].

In the diagnostic context, it is noteworthy that testing of only
one type of biological sample may  lead to misinterpretation with
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egard to the shedding pattern of C. burnetii, and thereby, can
nderestimate the risk of transmission within the herd or contagion
o their human contacts [31]. Therefore, we attempted to screen
hree biological samples of an individual cattle i.e., sera, milk and
aginal swabs for ascertaining the status of coxiellosis on a dairy
arm in its right perspective.

In the present study, more number of animals revealed anti-
odies against C. burnetii in their serum (29.91%) and milk (26.73%)
amples by ELISA as compared to the pathogen detection in their
era (12.94%), vaginal swabs (14.73%) and milk samples (5.53%) by
he trans-PCR, which might be attributed to the enduring immuno-
ogical response of these animals to C. burnetii leading to lower
nd/or intermittent shedding of the organism in the vaginal dis-
harges and milk of cattle [8,32]. The low detection rate of pathogen
n milk samples (5.53%) noticed in our study indicated the high vari-
bility and intermittent shedding of C. burnetii throughout the year
5]. It has been postulated that if a herd is infected with C. burnetii,
hen the maintenance of infection is mainly attributed to circula-
ion of the agent within the adult herd and that even asymptomatic
ovine herds should be considered as the reservoirs of the bacteria
apable of transmitting the disease to other animal species or even
o humans [9,10].

Ticks, though considered as an important vector in maintain-
ng the bacterial survival in nature, are not the essential vectors for
nimal or human infection nor could these be regarded essential
n the natural cycle of C. burnetii in livestock [33], and not all the
icks feeding on a C. burnetii-infected animal become infected [34].
n our study, negativity of all the tick samples (n = 114) screened for
. burnetii also indicated that the ticks might not be playing a sig-
ificant role in the transmission of pathogen. Similar observations
ave been made by other researchers, who reported prevalence of
. burnetii in ticks to range from a very low [35,36] to nil [37]. The

ow recovery of ticks from animals (n = 16) might be attributed to
he regular use of acaricides on the farm.

C. burnetii can exist for up to 150 days in soils [38], and is highly
esistant to chemical disinfectants [39], therefore, the environment
as also been suggested to serve as a significant source of contam-

nation [40]. The detection of pathogen in a soil sample during the
resent study also reflected at the contamination of environment
ith the pathogen.

In conclusion, we reported for the first time high prevalence of
ntibodies against C. burnetii in dairy animals at an organized dairy
arm. However, the positive serum samples were not subjected
o other recommended serological test(s), therefore the possibil-
ty of some false positive result(s) cannot be ruled out. We  also
iscussed the risk factors observed for C. burnetii infection in cat-
le and farm workers. Although the number of samples tested and
he geographical range were fairly limited, it revealed a high prob-
bility of circulation of this most contagious but largely masked
athogen among animals and human contacts in organized dairy
etting. More systematic studies at farm levels need to be conducted
n a larger scale and in different geo-climatic zones for elucidating
he ecology of C. burnetii infection, identification of the risk factors
s well as implementation of appropriate biosecurity measures,
hich otherwise may  adversely impact the livestock wealth and
uman health at dairy farm level.
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