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In the present study, the outbreak patterns of bovine
brucellosis in Korea from 2000 to 2011 were analyzed to
understand the epidemiological evolution of this disease in
the country. A total of 85,521 brucella reactor animals were
identified during 14,215 outbreaks over the 12-year study
period. The number of bovine brucellosis cases increased
after 2003 and peaked in 2006 before decreasing thereafter.
The majority of the bovine brucellosis cases were Korean
native cattle, Han Woo. The numbers of human brucellosis
cases and cattle outbreaks increased and decreased in the
same pattern. The correlation coefficient for human and
bovine cases per year was 0.96 (95% confidence interval =
0.86~0.99; p < 1073). The epidemiological characteristics
of bovine brucellosis appeared to be affected by the intensity
of eradication programs that mainly involved a test-
and-slaughter policy. Findings from the present study were
based on freely available statistics from web pages
maintained by government agencies. This unlimited access
to information demonstrates the usefulness of government
statistics for continually monitoring the health of animal
populations.
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Introduction

Bovine brucellosis caused by Brucella (B.) abortus has
been one of the most important endemic animal diseases in
several countries for several decades including Korea. This
condition exerts a significant socioeconomic impact due to
decreased productivity of animals such as the loss of
breeding cattle, abortion, delayed growth, and reduced
milk yield [4] as well as zoonotic effects [8]. Outbreaks of

bovine brucellosis not only affect farmers and
veterinarians but also employees of related industries, the
public health, and society in general [19].

A monitoring and surveillance system for bovine
brucellosis based on a test-and-slaughter policy was
established in the 1960s and has been in operation for more
than 50 years following the first official case in Korea in
1956 [27]. According to the Act on the Prevention of
Contagious Animal Diseases, brucellosis is a Class 2
notifiable animal disease and is currently regulated by the
standard operation procedure (SOP) for tuberculosis and
brucellosis implemented by the Ministry of Agriculture,
Food, and Rural Affairs (MAFRA). The SOP was last
amended in March 2014 [20]. Once a reactor is confirmed
on a cattle farm, all individual animals reared in the same
farm and those that may be epidemiologically associated
are tested within 10 days after detecting the first reactor.
The outbreak farm can obtain official certification of the
end of the brucellosis outbreak when no additional reactors
are confirmed by at least two consecutive tests conducted
within the next 30 ~ 60 days [20].

Prior to 2000, implementation of the bovine brucellosis
control program in Korea concentrated on dairy cattle.
Thus, the majority of reactors in Korea were Holstein dairy
cows. Outbreaks involving Han Woo, Korean native beef
cattle (scientific name: Bos taurus coreanae), have been
sporadically reported since the early 1990s with the
number of outbreaks increasing in the early 2000s [26]. An
intensive eradication program that imposed strict control
measures on HanWoo and dairy cattle was implemented in
2004. Since then, various supplementary measures were
subsequently added. For example, any cow that was not
certified as “brucella-free” could not be sold after June
2004 and could not be slaughtered as of March 2005. In
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July 2006, complementary periodical tests of high-risk
populations (e.g., animals inhabiting high-prevalence
region, large herds, and middleman holding lots) were
added. A compulsory annual test was instituted in January
2008 for all cows aged 1 year or older. In addition,
brucella-free certification was extended to include bulls. In
2004, the Korean government compensated 100% of the
market price for culled animals. The payment was reduced
to 60% between November 2006 and June 2008. After July
2008, owners of the reactors were compensated 80% of the
market price [31]. Vaccination of cattle with the RB51
strain was initiated in 1998. However, this program was
immediately eliminated due to unexpected side effects
including abortion, premature birth, and decreased milk
yield. In the present study, epidemiological patterns of
bovine brucellosis outbreaks during the first 11 years of the
21st century were analyzed to understand the
epidemiological evolution of this disease in Korea.

Materials and Methods

Definitions

The term reactor (or reactor animal) refers to animals that
produce positive serological reactions to the defined tests
for brucellosis in cattle. Brucellosis tests analyze raw milk
and/or serum. Bulk raw milk from dairy herds is tested
using the milk ring test (MRT). Individual serum tests are
performed for cattle aged 12 months or older in dairy herds
that showed a positive reaction or for beef cattle. A primary
evaluation is performed using the Rose Bengal plate test
(RBT). Serum samples that produce positive reactions in
the primary test are subject to confirmatory evaluation
using an ELISA, complement fixation test, or tube
agglutination test. A farm with at least one confirmed
reactor is designated as an outbreak farm.

The geographical locations of farms were classified based
on the administrative districts of Korea. First, the farms
were classified according to the 16 provinces and
metropolitan cities before being grouped into five regions.
The northeastern region corresponded to Gangwon
province. Seoul, Incheon, and Gyeonggi province were
included in the northwestern region. Daejeon, Chungnam,
and Chungbuk provinces comprised the central region.
Busan, Daegu, Ulsan, Gyeongbuk, and Gyeongnam
provinces formed the southeastern region. Gwangju,
Jeonbuk, Jeonnam, and Jeju provinces represented the
southwestern region. If a farm was located in an
administrative community with a name that ended with
‘dong’, it was classified as an urban area. Otherwise the
location was classified as a rural area. March to May were
designated as spring, June to August as summer,
September to November as autumn, and December to
February as winter.

Data sources

Information for individual cattle was identified by unique
numbers that were traced from the date of birth to sale of
the animal as beef. Newborn calves were reported within 5
days of birth to the designated registration agency. An ear
tag was attached within 7 days of birth in the case of beef
cattle. This period was extended to 30 days for dairy cattle.
All transfers, change of ownership, or deaths were declared
within 5 days.

The numbers of animals tested and those with positive
reactions for bovine brucellosis were obtained from the
Agriculture, Food and Rural Affairs Statistics Yearbook
2013 of the MAFRA. In the yearbook, cases of infectious
livestock diseases (as heads) from 2001 to 2012 are
recorded [21]. Statistics related to infectious animal
diseases such as the number of outbreak farms and reactor
animals per unit of time (month and year) or region
(province and metropolitan city) were extracted from the
webpages maintained by the Animal and Plant Quarantine
Agency (QIA) that provides information about notifiable
animal diseases [11].

Data for individual cattle and farms, including the
address, date of final diagnosis, breed, and number of
reactor animals as well as outbreak duration, were obtained
from the webpages of the Korean Animal Health
Integrated System (KAHIS) operated by the QIA [12]. The
unit of record in the KAHIS is a farm, and the detection
type for each record is marked as ‘new (the first diagnosis
of reactor(s) on a farm)’ or ‘continued (detection of
reactors during the test subsequent to the first detection)’
based on the SOP [20]. The number of outbreaks
considered only ‘new’ detections of farms, while number
of ‘reactor animals’ concerned both of ‘new’ and
‘continued’ detections. To obtain the records of control
measures, the annually published Plan of Operation and
Implementation for Animal Disease Control was consulted
[22]. Statistics for human cases of brucellosis were
obtained from the Infectious Disease Surveillance
Yearbook 2011 produced by the Korean Center for Disease
Control [14].

Statistical analysis

The animal-associated annual incidence rate (hereafter
referred to as the incidence rate) was estimated as the
proportion of reactors animals among those tested. The
incidence rate was determined for 1,000 animals. The 95%
confidence interval (C.1.) was calculated according to an
exact binomial method using NCSS2007 (NCSS, USA).

An episode was defined as a period from the detection of
one or more reactors to the end of a brucellosis outbreak on
a farm. The number of reactors per episode was calculated
by determining the sum of reactor animals recorded from
the first (new) detection to the last ‘continued’ detection on
the same farm. After officially verifying the end of an



outbreak, any other ‘new’ detection incident was regarded
as a recurrence and dealt with as a separate episode. A
choropleth map representing the number of outbreaks in
each province was produced using the statistical
geographical system website of the Statistics Korea,
Ministry of Strategy and Finance [15]. Spearman’s rank
correlation coefficients were estimated for the number of
outbreaks involving farms and animals per month or region
as well as human incidences (newly confirmed patients)
and outbreak farms per year using NCSS2007 (NCSS).

Results

Atotal of 85,521 brucella reactor animals were identified
for 14,215 outbreaks between 2001 and 2011. The
numbers of brucellosis cases both at the individual animal
and farm levels started to increase after 2003, peaked in
2006, and decreased thereafter. The incidence rates
showed the same trend although a 2-year lag was observed.
A lag of 2 years was observed in the trends between
incidence rate and number of outbreaks (and reactor
animals). The incidence rate started to increase and then
decreased 2 years before the increase and decrease of
number of outbreaks (Fig. 1). The majority of farms with at
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least one reactor raised Han Woo (13,251 farms; 93.22%)
and was located in rural areas (13,278 farms; 93.41%). The
highest number of outbreaks was found in Gyeongbuk
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Fig. 1. Annual number of bovine brucellosis outbreaks and
reactor animals, and the incidence rate for individual animals in
Korea from 2001 to 2011.

Region Province & Metropolitan cities included
Northeastern | Gangwon
Northwestern | Seoul, Incheon, Gyeonggi
Central Daejeon, Chungnam, Chungbuk
Southeastern | Busan, Daegu, Ulsan, Gyeongbuk, Gyeongnam
Southwestern | Gwangju, Jeonbuk, Jeonnam, Jeju

Number of outbreak farms

0

1~ 340

340 ~ 680

680 ~ 1,020

1,020 ~ 1,360

1,360 ~ 1,700

1,700 ~ 2,039
2,039 ~ 2,379
2,379 ~2,719
2,719 ~ 3,059
3,059 ~ 3,399

Fig. 2. Geographical distribution of bovine brucellosis cases confirmed between 2001 and 2011 according to province and metropolitan

city regions.
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province (3,398, 23.93%); Gyeongnam province had the
second greatest number with 2,114 (14.87%) farms. Both
provinces are in the southeastern region of Korea.
Chungbuk (1,734; 12.20%), Jeonnam (1,696; 11.93%)),
Chungnam (1,673; 11.77%), and Jeonbuk (1,062; 7.47%)
provinces each had over 1,000 outbreaks (Fig. 2). The first
and second highest numbers of outbreaks were detected in
August (1,734 farms; 12.20%) and September (1,693;
11.91%), respectively. However, reactor animals were
identified (Fig. 3) mainly in March (9,473 animals;
11.39%), May (8,365; 9.78%), and April (8,308; 9.71%).
Correlation coefficients for the number of outbreaks and
reactor animals were 0.64 (95% C.I. = 0.10 to 0.89; p <
0.052 for the months and 0.95 (95% C.1.=0.87t0 0.98; p <
10 °) for the regions. The median number of reactor
animals per episode was two, and 43.07% (6,122) of the
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Fig. 3. Monthly distribution of the number of reactor animals and
bovine brucellosis outbreaks observed between 2001 and 2011.

Table 1. Epidemiological characteristics of bovine brucellosis cases in Korea from 2001 to 2011

Characteristic

Number of reactor animals (number of animals)
Number of outbreaks (number of farms)
Farm type
Dairy cattle
Han Woo
Other beef
Unknown (missing)
Geographical location
Northeastern
Northwestern
Central
Southeastern
Southwestern
Type of area
Rural
Urban
Seasonal distribution
Spring (March ~ May)
Summer (June ~ August)
Autumn (September ~ November)
Winter (December ~ February)
Number of reactor animals per episode
1
2
>3
Q1, median, Q3; mean (STD)
Number of recurrence at the farm level (%)*

v = <

2

85,521

14,215

(Number of reactor animals/outbreaks, %)
9,354 (10.94%)/759 (5.34%)

74,390 (86.98%)/13,251 (93.22%)

1,494 (1.75%)/179 (1.26%)

283 (0.33%)/26 (0.18%)

(Number of reactor animals/outbreaks, %)
3,909 (4.57%)/795 (5.59%)

5,721 (6.69%)/621 (4.37%)

18,748 (21.92%)/3,441 (24.21%)

36,971 (43.23%)/6,549 (46.07%)

20,172 (23.59%)/2,809 (19.76%)
(Number of reactor animals/outbreaks, %)
79,425 (92.87%)/13,278 (93.41%)

6,096 (7.13%)/937 (6.59%)

(Number of reactor animals/outbreaks, %)
26,416 (30.89%)/3,755 (26.42%)

22,770 (26.63%)/4,213 (29.64%)

19,009 (22.23%)/3,919 (27.57%)

17,326 (20.26%)/2,328 (16.38%)
Number of outbreak farms (%)

6,122 (43.07%)

1,941 (13.66%)

6,152 (43.28%)

1,2,6;5.77 (10.32%)

Total 13,320 farms

12,501 (93.9%)

754 (5.7%)

65 (0.5%)

*Number of outbreak farms that previously experienced at least one outbreak.
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Fig. 4. Human and bovine brucellosis cases. (A) The number of human cases and bovine outbreaks. (B) Correlation between the number

of human cases and reactor animals.

episodes involved only one reactor. Out of the 13,320 cattle
farms with confirmed brucellosis outbreaks, 6.1%
experienced a recurrence of brucellosis (Table 1).

Association of bovine brucellosis and humans

The two line plots showing the number of outbreaks
among cattle and human cases showed consistent patterns
of increasing and decreasing incidences (panel A in Fig. 4).
No human case was confirmed in 2001 and only one case
was officially registered in 2002. However, the number of
human brucellosis cases increased sharply to 215 in 2006
when the number of outbreaks also reached a peak among
animals. The number of human cases and bovine outbreaks
declined starting in 2007. The correlation coefficient
between human cases and number of outbreaks in cattle per
year was 0.96 (95% C.1.=0.86t0 0.99; p < 107, panel B
in Fig. 4).

Discussion

Activities related to addressing bovine brucellosis have
been amended in Korea over the last decade through
continuous efforts of all parties concerned including
farmers, livestock related industries, and animal health
authorities. A reinforced surveillance system implemented
in 2004, known as the eradication program of bovine
brucellosis, resulted in a remarkable decrease of
brucellosis cases among both cattle and humans [23]. It
seems that the transmissibility of bovine brucellosis
decreased due to the removal of reservoirs by culling
reactor animals within the recommended timeframe of the
intensive test program [31].

The incidence rate is a relative indicator that takes the
at-risk population and time into consideration. This rate

increased and decreased with the number of outbreak
farms and reactor animals during our study period. Current
government statistics data on bovine brucellosis test and
outbreak of government statistics does not allow
calculating cattle breed-specific incidence rates. The
incidence rates presented in this study is an overall
estimate combined with Han Woo and dairy cattle. The
interpretation of the bovine brucellosis incidence rate in
Korea need to be considered in conjunction with that 87%
of the cattle population in Korea is Han Woo [21]. The
present study also showed that the majority (86.98%) of
reactors were also Han Woo. From the fact that the animal
populations and reactors mainly consist of Han Woo, we
can infer that the incidence rate for Han Woo is similar to
that of the whole cattle population in Korea.

Prior to 2000 when beef herds were not included in the
official surveillance program [26], the number of animals
tested for bovine brucellosis was higher in the northwest
near the capital area than other regions. Consequently, the
northwest region was found to have the highest number of
outbreaks and infected animals. Concentrated surveillance
of high-risk populations initiated in 2004 as an intensive
test program resulted in a decreased number of bovine
brucellosis cases in this region [26,31]. Meanwhile,
Gyeongbuk province had the greatest number of bovine
brucellosis outbreaks and the central region contained the
second highest number of bovine brucellosis cases. Areas
with high numbers of bovine brucellosis outbreaks were
distributed along a diagonal axis (northwest to southeast)
across Korea. This epidemiological characteristic appears
to be affected by the intensity of the surveillance program
[23].

The fiscal year in Korea is a calendar year and the budget
for testing brucellosis also covers the same period.
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According to the budgeting system, surveillance begins in
March. In addition, the severe cold weather of January and
February often delays the initiation of intensive testing.
The highest number of reactor animals confirmed in March
could be explained by these specific fieldwork conditions
in Korea. In the current study, each month was assigned to
a specific season as was usual. However, the seasonal
characteristics of brucellosis outbreak occurrence in Korea
are actually transforming due to climate change. The
definitions of seasons in Korea might also vary in the
coming years.

The patterns of human and bovine brucellosis cases were
similar, and a very high positive correlation coefficient of
0.96 was observed. Using a regression model, we found that
the reduction in bovine brucellosis incidences was directly
related to the number of human cases [17]. In addition,
brucellosis in humans and cattle was caused by B. abortus
infections and the human isolates were clustered together
with the animal isolates; a significant genetic correlation
with regional distribution was observed [9]. The human
brucellosis cases in Korea were related to contact with
infected cattle during animal-associated activities such as
calving or artificial insemination [18,26]. Domestic cattle
are the main reservoirs for the transmission of bovine
brucellosis to other animals, including wildlife and humans
[13,23]. Therefore, education about sanitary techniques,
especially for animal-related professionals, should be
regularly provided to prevent the emergence of zoonotic
diseases [24,29]. The eradication of brucellosis from
livestock populations is the main approach for preventing
brucellosis in humans [32].

Countries that have successfully eradicated brucellosis
often report the combined, efficient, and effective efforts
conducted by the veterinary, medical, public health, and
agricultural sectors as well as other government services
and non-government organizations [1,6,7,25]. On the other
hand, a lack of collaboration has been found in areas where
eradication has not been achieved [5,10]. These findings
reflect the importance of long-term monitoring and
surveillance programs for which multi-disciplinary
cooperation is essential. The prevalence of a disease is the
most important determinant of the effectiveness of an
eradication program. For example, a significant association
was observed between the past and current status of
brucellosis occurrence in Sicily, Italy [3]. In Korea, the
incidences of brucellosis have decreased since the
mid-2000s. For both 2012 and 2013 (data not published),
the incidence rates were < 0.2% at the herd level, which
fulfills the guidelines of the Terrestrial Animal Health Code
of the World Organization for Animal Health [28].

Previous studies conducted in Korea have shown that
large herds used to bring animals from the outside and raise
animals with substandard hygienic conditions. This in turn
increased the risk for brucellosis outbreaks on cattle farms

[16,26,30]. To eradicate bovine brucellosis in Korea, an
improved surveillance program tailored to address actual
situations should be implemented. The findings of the
present study were based on freely available statistics
retrieved from the webpages of governmental agencies.
Unlimited access to information facilitates continuous
monitoring of the health of animal populations. The
eradication program specific for bovine brucellosis has
been proven to be economically efficient [2] although its
economic impact on the country has not been estimated. A
cost-benefit analysis of the eradication program should
therefore be performed in the near future.
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