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Genotyping of Coxiella burnetii strains detected in cattle
from a nationwide survey in Korea
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Atotal of 123 Coxiella burnetii strains detected in cattle from a nationwide survey in Korea were classified into five genomic groups: I (0.8%),
11 (14.6%), IT1 (12.2%), IV (66.7%), and V (5.7%). Acute Q-fever strains (Groups I, II, and IIT) comprised 27.6% and chronic strains (Groups
IV and V) comprised 72.4%. At a dairy farm where both types were present, the detection rate was 6.7-times higher than that of another farm
where only chronic strains were detected. Both acute and chronic Q-fever strains are widespread in Korea, and their presence could represent

an active transmission to livestock and humans.
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Coxiella burnetii is an obligate, intracellular, rickettsial
organism and the causative agent of Query fever (Q-fever), a
zoonosis that occurs worldwide. C. burnetii infection is
generally asymptomatic in animals, and ruminants are considered
to be the primary source of infection in humans [7]. However,
the potential role of cattle as a source of zoonotic C. burnetii
transmission is incompletely described in Korea. Therefore,
elucidation of C. burnetii infection status in cattle is required to
address the potential risk to public health in Korea.

Denison et al. [2] previously developed an algorithm
flowchart for differentiation of C. burnetii isolates into one of
five genomic groups, using a repetitive-element polymerase
chain reaction (PCR)-based differentiation method. Among
those, genomic Groups I, II, and III are associated with acute
Q-fever human isolates, whereas genomic Groups [V and V are
associated with chronic Q-fever human endocarditis isolates.
The objective of the present study was to investigate the
genomic grouping of C. burnetii strains detected from blood
and milk samples on a nationwide scale in Korea by applying
the repetitive-element PCR-genotyping method.

Samples were collected from August 2010 to October 2011.
Eight hundred and seven blood samples of 622 native Korean
cattle and 185 dairy cows were obtained along with 170
individual milk samples obtained from dairy cows, and 348
bulk tank milk (BTM) samples from dairy herds, for the

detection of C. burnetii as reported previously [4]. C. burnetii
strains were detected by real-time PCR assay using primers
designed to amplify a 243 bp fragment of the IS1111
transposon-like repetitive gene. Assay specificity was
confirmed by subjecting the PCR products to agarose gel
electrophoresis, DNA sequencing, and melting curve analysis
as reported previously [4]. The primer ISI111-1
(5"-ACTGCGTTGGGATACCCATC-3") was designed to
anneal to a conserved sequence present in all insertion
sequence (IS) genes within the Nine Mile Phase 1 (9Mi/I)
genome, and was paired with all four primers (IS5;
5"-ACTGCGTTGGGATACCCATC-3", IS9; 5'-GCCTCA
GCCGATTTCGAG-3", IS14; 5-TGCTACCAACAGAC
TTACGGCA-3’, and 1S20; 5'-ACGTCAATTACATCGAG
CATTCA-3"), which were selected to bind to each IS element
[2]. C. burnetii strains were classified into the five genomic
groups (I to V) by following a previously reported classification
algorithm [2]. For example, C. burnetii strains belonging to
genomic Groups I, II, and III were classified as acute Q-fever
strains, and those belonging to genomic Groups IV and V were
classified as chronic Q-fever strains.

A total of 130 C. burnetii strains were detected from BTM
(n = 84), individual milk (n = 27), and blood (n= 19) samples,
and excluding 7 unclassified strains from blood samples, 123
strains were differentiated by using repetitive-element PCR
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genotyping (Table 1, panel A in Fig. 1). Of the 123 C. burnetii
strains, 1 (0.8%), 18 (14.6%), 15 (12.2%), 82 (66.7%), and 7
(5.7%) were classified into genomic Groups I, II, I1I, IV, and V,
respectively. Acute Q-fever strains comprised 27.6% of the
differentiated total (34/123) and chronic Q-fever strains
comprised 72.4% of the same (89/123). Regarding the
individual milk samples, the genomic groups were summarized
in detail for Farms No. 1 and No. 2 (panel B in Fig. 1). Farm No.
1 (n=67) showed a relatively higher detection rate than that for
Farm No. 2 (n=103) (32.8% vs. 4.9%). Genomic Groups Il and
I (acute Q-fever) were detected only on Farm No. 1 (both
7.5% of the farm’s total), whereas genomic Groups IV and V
(chronic Q-fever) were detected on both Farm No. 1 and No. 2
(17.9% and 4.9% of the farms’ total, respectively).

Previously, Kim and Kim [4] reported, using a substantially
large sample size (n = 1,325), that C. burnetii infection in cattle
is widespread in nine provinces of Korea. Specifically, the
detection rates in their study showed a range of 0% to 12.5% in
the blood samples, 4.9% to 32.8% in the individual milk

Table 1. Sample type and Korean province of collection of 123
genotyped Coxiella burnetii strains

Type No. Province

Bulk tank milk 84 Chonnam, Chonbuk, Chungnam,
Chungbuk, Gangwon, Gyeonggi,
Gyeongnam, Gyeongbuk, Jeju

Individual milk 27 Chungnam, Gyeonggi

Blood 12 Chungnam, Gangwon, Gyeonggi, Jeju
Total 123
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samples, and 10.0% to 38.0% in the BTM samples [4].
Furthermore, the detection rate of their BTM samples was
lower than those reported for European countries (51.7-69.7%)
[1,5,9] and the United States (93.2-94.3%) [3]. Regardless, the
prevalence of Q-fever is reported to be continuously increasing
in dairy herds [3]; thus, periodic investigations are needed to
monitor the prevalence of C. burnetii infection in Korean
livestock.

The 20 unique copies of the IS1111 transposase in the
complete genome sequence of 9Mi/I have been identified [8].
C. burnetii isolates from acute and chronic disease patients can
be differentiated into one of five genomic groups, based on the
presence or absence of four different IS elements [2]. In
addition, C. burnetii isolates associated with acute and chronic
diseases have induced genogroup-specific virulence in an
animal challenge model. For example, the acute Q-fever
associated strains (Group I isolates) caused the most rapidly
progressive disease in mice, whereas the chronic Q-fever
associated strains (Groups IV and V isolates) caused a slower
progression of disease in mice [6]. In this study, the detection
rate of chronic Q-fever strains was higher than that of the acute
Q-fever strains. Although we did not associate genomic groups
with bacterial shedding or transmission among the cattle in our
study, it is clear that chronic infection in cattle is widespread and
that acute infection is present in Korea.

Regarding the individual milk samples obtained from Farms
No. 1 and No. 2 (geographically distinct areas), there was a high
contrast between their detection rates and genotypes. On Farm
No. 2, only chronic Q-fever strains were detected; conversely,
acute and chronic Q-fever strains were detected simultaneously
on Farm No. 1, with detection rate 6.7 times higher than that in
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Fig. 1. Clinical type and genomic group of Coxiella burnetii strains detected in Korean cattle. (A) Clinical types of C. burnetii strains
in bulk tank milk (BTM), individual cow milk, and serum samples. ‘Acute’ denotes acute Q-fever strains belonging to genomic Groups
1, 11, and Ill, and ‘chronic’ denotes chronic Q-fever strains belonging to genomic Groups IV and V. The numbers within each column
indicate the detection rate of each clinical type. (B) Genomic Groups of C. burnetii strains in the individual cow milk samples from twa
dairy herds (Farms No. 1 and No. 2). Genomic Group | was not detected at either farm. The numbers within each column indicate the

detection rate of each genomic group.
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Farm No. 1. With regard to Farm No. 1, the detection of acute
Q-fever strains may imply ongoing active bacterial
transmission among the cattle in the farm’s dairy herd. The
results suggest that the implementation of more careful
management strategies may be required for dairy herds in which
acute infections are identified.

In conclusion, the present study undertook the genotyping of
C. burnetii strains on a nationwide scale in Korea. Both acute
and chronic Q-fever C. burnetii strains were detected in cattle,
indicating the presence of a persistent transmission source of
Q-fever in livestock and the potential for transmission to
humans, through direct or indirect exposure to bacteria.
Therefore, further studies are needed to elucidate C. burnetii
transmission characteristics among livestock and humans and
to investigate the pathogenic implications of the presence of
acute and chronic forms of Q-fever.
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