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The impact of expanded brucellosis
surveillance in beef cattle on human
brucellosis in Korea: an interrupted time-
series analysis
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Abstract

Background: Korean surveillance program for bovine brucellosis was improved by extending it to beef
slaughterhouses and by pre-movement testing of bulls on May 2005 (Intervention 1). The bovine brucellosis
surveillance program was further extended to beef cattle farms with more than 10 heads of cattle on June 2006
(Intervention 2).

Methods: To quantify the temporal relationship between bovine and human brucellosis, a time-series analysis was
conducted using Korean national notification data reported between January 2004 and December 2014.

Results: Our findings indicate that while during the pre-intervention phase (January 2004 to March 2005) there was
no significant temporal relationship between the incidences of bovine and human brucellosis, significant temporal

2 (B=-0.19 per 10 million-people, p = 0.04).

relationships were observed after Intervention 1 (June 2005 to June 2006, no lag, 8= 0.57, p=0.04), and
Intervention 2 (July 2006 to June 2007, 1-month lag, 8= 0.65, p = 0.03). Furthermore, significant changes in
incidence in human were observed after Intervention 1 (8=—0.17 per 10 million-people, p=0.03) and Intervention

Conclusions: These findings indicated the changes of a nationwide comprehensive surveillance programme
targeting all cattle is required for effective reduction in the human population.
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Background

Brucellosis still remains a zoonotic disease of public
health importance even in developed countries, causing
a substantial loss of productivity in livestock industries
and chronic disease in humans [1, 2]. Brucella is a
gram-negative bacterium that can be transmitted to
humans through direct contact of mucous membranes
or broken skin with tissues from infected animals, inges-
tion of infected animals’ products such as raw meat or
inhalation of infectious aerosols [3-5]. In the Republic
of Korea, human brucellosis was first identified in 2002
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in a 41-year-old male livestock farmer following the in-
gestion of unpasteurized milk [6]. Previous studies in
Korea demonstrated that human brucellosis infections
occurred as a result of exposure to infected cattle, and
the most common strain of Brucella sp. is Brucella abor-
tus, which is typically found in cattle populations [7-9].
In Korea, bovine brucellosis was first detected in 1955
in imported cattle originating from the US [10]. Between
1964 and 2003, control and prevention measures of bo-
vine brucellosis mainly focused on dairy herds using the
milk ring test on bulk milk samples [11-13]. Control
measures including rapid depopulation were undertaken
upon detection of a bovine case [11]. However, as a
result of the reported number of case of human and bo-
vine brucellosis in 2002, the surveillance of bovine bru-
cellosis was expanded in 2004 to cover beef cattle. The
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beef cattle surveillance included mandatory pre-mov
ement serological testing targeting areas with a high
prevalence of bovine cases [13]. The expansion of bovine
surveillance was accompanied by a proportionate in-
crease in the depopulation of affected bovine cases, but
this did not reduce the incidence of human and bovine
brucellosis. Between March and June 2005, routine
slaughter-house surveillance and mandatory testing of
bulls prior to trade were introduced, which was followed,
in June 2006, by the introduction of a mandatory nation-
wide herd testing of all beef farms with 10 or more
heads of cattle [13, 14]. Control measures including re-
moval of infected products and disinfection of facilities
have been conducted [15]. Thus, due to the expanded
surveillance in 2006, all dairy herds were screened annu-
ally using the milk ring test for dairy cattle, and 97% of
beef herds were tested by using the serum agglutination
test to identify possible Brucella infections [16].

While it is well known that the most effective strategy
to control human brucellosis is through investments in
surveillance and control programs to reduce brucellosis
in bovine populations [17, 18], to date, no study has
quantified the effect of successive implementation of dif-
ferent surveillance and control strategies of bovine bru-
cellosis on the incidence of human brucellosis over time.

In this study, we aimed to quantify changes in the rela-
tionship between incidence of brucellosis in cattle herd
and humans for the period between January 2004 and
December 2014.

Methods

Case definitions

Since 2000, probable cases of human brucellosis have
been defined using the following clinical and epi-
demiological criteria in patients identified at primary
care centers and hospitals: (i) experiencing fever, mal-
aise, muscle ache, or sweating and (ii) having occupa-
tions that put them at risk of direct contact with
potentially infected animals (including farm workers,
veterinarians, and abattoir workers). Confirmed cases
of human brucellosis were defined as those that meet
the definition of a probable case, and also tested posi-
tive for Brucella sp. on blood culture or antibody
tests [19]. In July 2007, a direct polymerase chain re-
action (PCR) test or second antibody test to identify
the increased levels of antibody were added to the
confirmed case definition [20].

For bovine brucellosis, during the study period,
confirmed case was defined as cattle within the group
of positive result from milk ring test or with positive
on Rose Bengal Plate test, and identification of anti-
bodies to Brucella sp. by standard tube agglutination
test or competitive enzyme-linked immunosorbent
assay [21].
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Data for analysis

Since 2000, human brucellosis has been designated as a
Korean National Notifiable Infectious Disease, whereby
all cases including probable and confirmed cases must
be reported to the Korea Centers for Disease Control
and Prevention (KCDC) [12]. Monthly reported num-
bers of cases of brucellosis in humans from physicians
and cattle herds from veterinarians were collected from
the Database of National Notifiable Infectious Diseases
in the KCDC and the Korean Animal Health Integrated
System for 11years between 2004 and 2014 [22, 23].
The incidence of human brucellosis was calculated based
on the number of reported human cases in the total
population of Korea; and the cattle herd incidence of bo-
vine brucellosis was measured based on the reported in-
fected cattle herd number in the total cattle herd
number of Korea during the study period [24].

Statistical analysis

Considering the progressively improved surveillance of
bovine brucellosis and the changes in laboratory criteria
for the case definition of confirmed human brucellosis,
the study period was divided into four phases compris-
ing three sets of interventions. Phase 1 consisted of
region-specific surveillance of beef cattle between Janu-
ary 2004 and March 2005. Phase 2 (June 2005 to June
2006) was considered as the period starting after imple-
menting Intervention 1 which bovine surveillance was
extended to slaughter houses and bulls prior to nation-
wide trade. Phase 3 (July 2006 to June 2007) was the
period starting after Intervention 2 which extended sur-
veillance on nationwide beef farms. Phase 4 (July 2007
to December 2014) was the period starting after Inter-
vention 3 which introduced PCR in the diagnostic cri-
teria of confirmed human brucellosis cases.

To identify temporal relationship between the monthly
cattle herd incidence of bovine and monthly incidence
of human brucellosis (monthly time-series over 132
months), we carried out cross correlation analysis, which
generates a series of correlation coefficients between
two-time series by shifting the two series temporally
over a range of consecutive time lags [25]. This analysis
is useful for determining the time lag, and maximizes
the power of correlation between the two time-series
[26]. For these time series, to remove trend and season-
ality, the data are first independently and identically dis-
tributed, and subsequently, de-trended by differencing
the time series at the degree of one. To examine the dif-
ferences between before and after implementation of na-
tionwide mandatory surveillance of bovine brucellosis,
segmented regression analysis of time-series data from
monthly incidence of human brucellosis was used. The
trend of the incidence time series (defined as the differ-
ence of slope between before and after the intervention)
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and level changes in incidence (defined as the difference
at the time point of intervention between the observed
value and predicted value from pre-intervention time
trend) were measured by using the following regression
model [27-29]:

Y, =By + B, X time, + 5, X Interventionl; + f3,
x time after Interventionl, + f5,
x Intervention2; + B
x time after Intervention2, + f5,
x Intervention3; + f3,
X time after Intervention3; + e;

where, Y; is the independent outcome variable of human
brucellosis incidence at time ¢ (the unit of time is the
number of months); B, estimates the baseline level of
outcome at the initiation of time series; f5; is the coeffi-
cient of time; [, estimates the level of change in
monthly incidence, where Intervention 1=0 is before
June 2005 and Intervention 1 =1 is after May 2005; S33
estimates the average monthly trend in the post-
Intervention 1 period, where time after Intervention 1 is
a continuous variable representing the number of
months after June 2005 and is coded as zero before
March 2005; S, estimates the change in level of monthly
incidence where Intervention 2 =0 is before July 2006
and Intervention 2=1 is after June 2006; 55 estimates
the average monthly trend in the post-Intervention 2
period, where time after Intervention 2 is a continu-
ous variable representing the number of months after
May2006 and is coded as zero before June 2006; S
estimates the level of change in monthly incidence
where Intervention 3=0 is before July 2007 and
Intervention 3 =1 is after June 2007; j3; estimates the
average monthly trend in the post-Intervention 3
period, where time after Intervention 3 is a continu-
ous variable representing the number of months after
June 2007 and is coded as zero before July 2007; and
e, is the random effect at time, Durbin-Watson test
and analysis of residual plots were performed to iden-
tify any autocorrelation in the univariate time series
model; this was followed by the application of a gen-
eralized least squares first order moving-average
process model. The astsa package for R version 3.2.4
(R Foundation for Statistical Computing, Vienna,
Austria) was used for the time-series analysis [30].

Results

Cross correlation between human and bovine brucellosis
Between 2004 and 2014, the incidence of human and the
cattle herd incidence of bovine brucellosis increased
from January 2005 to July 2006 and decreased thereafter
(Fig. 1). During Phase 1 (January 2004 to March 2005),
there was no significant cross correlation between cattle
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herd incidence of bovine and the incidence of human
brucellosis (Fig. 2a). However, during Phase 2 (June
2005 to June 2006), a significant temporal relationship
(f=0.57, p=0.04) without lag was observed (Fig. 2b).
During Phase 3 (July 2006 to June 2007), a significant
positive relationship with a 1-month-lag (5=0.65, p =
0.03) was found (Fig. 2c). During Phase 4 (July 2007 to
December 2014), significant positive temporal relation-
ships with a 3-month-lag (5=0.35, p=0.01), O-
month-lag (8 =0.24, p = 0.03), and negative temporal re-
lationship with a 1-month lag (5=0.23; p=0.03), a
7-month lag (f=-0.30, p=0.02), and an 8-month lag
(5 =0.23, p = 0.03) were identified (Fig. 2d).

The impact of expanded surveillance of beef cattle on
human brucellosis

There was an increase in the trend of incidence (0.14
cases per 10 million people; p< 0.01) during Phase 1
(Table. 1). During Phase 2, immediate increase in the in-
cidence level (0.76 per 10 million people; p =0.18) after
Intervention 1 and decrease in the incidence trend com-
pared with Phase 1 (-0.17 per 10 million people; p =
0.03) were identified. During Phase 3, the incidence level
was increased (1.94 per 10 million people; p < 0.01) im-
mediately after Intervention 2 and the trend was de-
creased (—0.19 per 10 million people; p = 0.04). During
Phase 4, there was an immediate decrease in the inci-
dence level (- 1.02 per 10 million people; p = 0.04) after
Intervention 3 and increasing slope of incidence com-
pared with Phase 3 was identified (0.20 per 10 million
people; p < 0.01).

Discussion

To date there were no published studies documenting
this decay and the correlation between the intervention
in bovines and the resulting decline in human incidence.
Previous studies into human brucellosis in Korea dem-
onstrated a significant linear correlation between yearly
incidence of human and bovine brucellosis during the
study period (2002-2009; and 2001-2011) [12, 31].
However, considering changes in surveillance and use of
yearly incidence data with linear trend, interpretation of
results of these previous studies may be limited. In this
study, we analyzed the monthly incidence data of human
and cattle herd brucellosis notifications, and decom-
posed the study period into several phases by taking into
account successive implementation of enhanced cattle
surveillance periods and addition of more sensitive diag-
nostic criteria of human brucellosis. Overall our study
demonstrates that as the surveillance programme for
Brucellosis in Korea expanded this was associated with a
concomitant decrease in the incidence trend and level of
reported human brucellosis infections. These findings
have important implications on how brucellosis control



Ryu et al. BMIC Infectious Diseases (2019) 19:201 Page 4 of 7
p
7 -7
E < Cattle

6 - i -6
3 5 E L5
g° : "8
o 1 =
< = 5
s 2 e
2 i e
= ! 9
g : 5
o 31 | -3 2
Q | <
° : <
8 £
©
© 24 Lo 2

11 1

0 - . Lo

reaction assay and a second serological test
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Fig. 1 Monthly incidence of brucellosis in human and cattle herd between 2004 and 2014 in the Republic of Korea. The line with squares shows
the incidence of brucellosis in cattle herd and the dotted line represents the incidence of human brucellosis. The gray vertical thick line
represents Intervention 1 (March 2005 to June 2005), when expanded surveillance of slaughter houses of beef cattle and bulls prior to trade were
implemented. The red vertical line depicts Intervention 2 (June 2006), when the surveillance of bovine brucellosis was extended to beef farms.
The dotted vertical line represents Intervention 3 (July 2007), when the human case definition was changed to include the polymerase chain

could be designed and operationalized in other endemic
countries by demonstrating that the efficacy of progres-
sive expansion of a brucellosis surveillance and control
programme in livestock can contribute to a stepwise de-
crease in human incidence.

In this study, we applied an analytical approach that
included a test of cross-correlation and segmented re-
gression analysis enabling an assessment of the
strength of association between reported incidence of
human and cattle herd incidence of bovine brucellosis
and an evaluation of changes in the trend of the inci-
dence of human brucellosis. Our results suggest that
there was no significant temporal relationship be-
tween the incidence of human and the cattle herd in-
cidence of bovine brucellosis during Phase 1, which
can be partially explained by the fact that beef cattle
surveillance during that period was primarily region
-specific. This indicates that surveillance of bovine
brucellosis that focused on dairy cattle and partial
surveillance of beef cattle for Phase 1 had limited im-
pact on the reduction of human brucellosis incidence.
This is consistent with a previous article demon-
strated that surveillance of zoonoses should cover
both human and animal populations to increase the
probability of early disease detection and for immedi-
ate effective prevention and control measures [32].

During Phase 2 (after Intervention 1, when beef cattle
surveillance was extended to slaughterhouses and bulls),
our results demonstrated a significant temporal correl-
ation between the incidence of human and the cattle
herd incidence of bovine brucellosis. This finding is con-
sistent with that from a previous Korean study [33],
which found that workers at slaughterhouses and mar-
kets of beef by-products were at risk for human brucel-
losis infection. During this period, a significant de
creasing trend in the incidence of human brucellosis was
found. This is likely due to the eradication program of
bovine brucellosis infected bulls and the trading of
brucellosis-negative beef cattle in livestock markets.
During Phase 3 (after Intervention 2, where the surveil-
lance extended to all beef farms), we observed a positive
temporal correlation with a 1-month lag, indicating that
the time series of human incidence is a month behind
the incidence of bovine brucellosis. Moreover, an imme-
diate positive level change and decreasing trend in the
incidence of human brucellosis were found. It is likely
that these results were affected by the proactive nation-
wide surveillance of beef farms. During Phase 4 (after
Intervention 3, which included the addition of PCR in
the human diagnostic criteria), several temporal correla-
tions were found at various month lags. In addition, a
negative level change and increasing trend compared
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Fig. 2 Results of cross-correlation function analysis for time series between the monthly incidence of brucellosis in human and cattle herd. This
figure shows the cross-correlation function test for the residuals of the first-order-differenced data of brucellosis in human and cattle herd during
the period of (a) Phase 1 (January 2004 to March 2005), (b) Phase 2 (June 2005 to June 2006), (c) Phase 3 (July 2006 to June 2007), and (d) Phase
4 (July 2007 to December 2014). The bars that cross the dashed horizontal lines (95% confidence interval) indicate considerable correlation
between two-time series. a There was no significant cross-correlation during the initial stage of surveillance on beef cattle. b Significant cross-
correlation without lag was observed after extending the surveillance to bulls prior to trade and to beef slaughter houses (8=0.57, p=0.04). c
Significant positive cross-correlation was observed with a 1-month-lag after extending the surveillance to all beef farms with 10 or more heads (8
=0.65, p=0.03). d Significant cross correlation with various month-lags is observed after adding the polymerase chain reaction diagnostic
method on the definition of human case (a positive 3-month-lag: 8=0.35, p=0.01; 0-month-lag: 8=0.24, p = 0.03; a negative 1-month-lag: =
0.23, p=0.03; negative 7-month-lag (8 =—0.30, p = 0.02; negative 8-month-lag: 8=0.23, p = 0.03). fAutocorrelation function (ACF)

Table 1 Results of segmented regression analysis of human brucellosis by expanded surveillance of bovine brucellosis in beef cattle
and adding diagnostic methods for the case definition of human brucellosis

a

Parameter Value' 95% Confidence Interval p-value
Pre-intervention phase

Pre-intervention slope (secular trend, per month) 0.14 0.10t0 0.18 < 001
Intervention 1

Change in level (immediate effect) 0.76 020 to 1.32 0.18

Change in slope (gradual effect per month) -0.17 —0.25 to —0.09 0.03
Intervention 2

Change in level 1.94 140 to0 2.53 < 001

Change in slope -0.19 -0281t0 —0.10 0.04
Intervention 3

Change in level -1.02 —-1.51to -0.53 0.04

Change in slope 0.20 0.14 t0 0.26 < 001

Incidence: per 10 million people
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with Phase 3 in the incidence of human brucellosis were
found. Given that the occurrence of human brucellosis
cases should follow that of bovine brucellosis, additional
studies are required to understand the conditions that
could have contributed to this finding.

During our study period, a number of studies reported
that most cattle farmers in Korea were at high risk of ex-
posure of infectious diseases because of inappropriate
wear of protective glasses (>90% in 2006, and 72% in
2013) and apron (91% in 2013) [34, 35]. Furthermore,
the number of cattle herds in Korea remained stable be-
tween year 2004 (188,987) and year 2010 (176,021) [24].
These findings suggest that the risk of exposure among
cattle farmers and the number of cattle herds is likely
not to have had a significant impact on the incidence of
brucellosis in human and cattle herd.

The findings of the present study need to be inter-
preted in light of some limitations. First, this was an eco-
logical study that could not measure the causal
association between bovine brucellosis prevalence and
human brucellosis notifications. However, previous stud-
ies in Korea have shown that more proximal factors such
as individual-level occupation is a major risk factor of
human brucellosis [20]; other studies demonstrated that
foodborne exposure to brucella has a role acquiring hu-
man brucellosis [4, 5]. Second, based on the case defin-
ition, we only considered individuals with human
brucellosis-related symptoms, which have led to
under-reporting of cases. Furthermore, we measured cat-
tle herd incidence of bovine brucellosis based on the
number of reported infected cattle herds which does not
reflect the individual incidence level. Third, while inter-
rupted time-series analysis has been regarded as a useful
method for the evaluation of public health intervention
at a population level [36], this method applied without a
suitable comparison group and thereby does not allow
the estimation of a causal association between brucel-
losis interventions and brucellosis incidence. Finally, it is
possible that differences in the proportion of probable
and confirmed cases of human brucellosis occurred over
time after introduction of PCR assay to the case defin-
ition of confirmed cases; however, since the KCDC data-
base provided the number of cases as a sum of probable
and confirmed cases, it was not possible to ascertain the
relative proportions for each of the case definition.
Nevertheless, the proportion of probable cases was re-
ported to be approximately 3.6%, and this database is
often used as a proxy for measures of the incidence of
human brucellosis in Korea [37].

Conclusions

This study demonstrates that the incidence of human
Brucellosis in Korea decreased as the surveillance
programme of bovine brucellosis expanded. This finding
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indicates that a comprehensive surveillance programme
targeting all cattle is required for effective brucellosis
morbidity reduction in the human population.

Additional file

Additional file 1: Monthly incidence of brucellosis in human and cattle
herd in Korea. The supplementary file provides a dataset of monthly
incidence of brucellosis in human and cattle heard in Korea used for
assessing the temporal relationship between human and bovine
brucellosis and measuring the effect of successive implementation of
difference surveillance and control strategies of bovine brucellosis on the
incidence of human brucellosis. (CSV 4 kb)
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