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Nosocomial infections Methods: The data of the 2012 Health Insurance Review and Assessment Service —

TB National Inpatient Sample were used. TB diagnosis was based on International Classifi-

Inpatient cation of Diseases Version 10 [all TB (A15—A19), pulmonary TB (A15-A16) and extrap-

Propensity score matching ulmonary TB (A17—A18)].

— Findings: After propensity score matching using the demographic and clinical character-
, istics of the patients, 191,997 patients (64,017 patients admitted via EDs and 127,908
Udes’ patients admitted via outpatient clinics) were included in this study. There was no sig-
nificant difference in baseline patient characteristics between the two groups. The per-
centage of patients with TB admitted via EDs was higher than that of patients admitted via
outpatient clinics. The likelihood of active TB occurrence was 30% higher for all TB [hazard
ratio (HR) 1.30; 95% confidence interval (Cl) 1.12—1.52] and pulmonary TB (HR 1.30; 95% Cl
1.10—1.53) in patients admitted via EDs compared with patients admitted via outpatient
clinics; this difference was significant. However, no difference in the occurrence of

extrapulmonary TB was observed between the two groups.
Conclusions: The likelihood of TB infection was greater in patients admitted via EDs than

in patients admitted via outpatient clinics.
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Introduction

Healthcare-associated infections (HAls) are a major health
problem worldwide. A recent study by the World Health Or-
ganization (WHO) estimated that the prevalence of HAls in
hospitalized patients ranges from 3.5% to 12% in developed
countries, and from 5.7% to 19.1% in low- and middle-income
countries [1]. HAIs negatively affect patient outcomes (i.e.
high morbidity and mortality, and extended hospital stays) and
increase healthcare costs [2]. The pathogenesis of HAls is
complex and associated with many factors, including patient-
specific factors (i.e. age and medical conditions), medical in-
terventions (i.e. urinary and central venous catheters and
surgical procedures) and healthcare delivery methods (i.e.
inadequately cleaned, disinfected and/or sterilized equip-
ment) [2]. Additionally, there is a risk for person-to-person
transmission of infectious agents in healthcare facilities [3].

Tuberculosis (TB) is a communicable infectious disease
caused by the bacterium Mycobacterium tuberculosis [4].
South Korea has a relatively high prevalence of TB, with an
incidence of 108 cases/ 100,000 persons in 2012, which is seven
times higher than the average incidence across Organisation
for Economic Co-operation and Development countries [5]. In
healthcare settings, TB is transmitted from person to person,
specifically when droplet nuclei generated by patients with
infectious TB are inhaled by another person [4]. Emergency
departments (EDs) are high-risk areas for disease transmission
[6,7], and are associated with TB outbreaks [8—11]. Given that
EDs are often overcrowded and patients with undifferentiated
illnesses remain in EDs for a long time, possibly in close prox-
imity to each other [6,7], acutely ill or injured patients who
visit EDs may be particularly vulnerable to TB infection.

This study aimed to determine whether patients who visit
EDs have an increased risk of TB infection. Using South Korean
inpatient sample data (2012), the risk of TB occurrence during
90 days after hospitalization in patients admitted via EDs was
compared with that in patients admitted via outpatient clinics.
A propensity score matched analysis was used to reduce the
effects of confounding factors on observational data.

Methods
Data source

South Korea has a universal healthcare coverage system
with a compulsory national health insurance (NHI) system,
which covers approximately 98% of the South Korean popula-
tion. Claims data are sent to the Health Insurance Review and
Assessment Service (HIRA), which reviews the claims and ren-
ders reimbursement decisions. HIRA claims data comprise
detailed information from 46 million patients per year (90% of
the total population); these details include patients’ di-
agnoses, treatments, procedures, surgical histories and pre-
scription drugs [12]. However, for research purposes, this vast
volume of claims data is unsuitable and cannot be used effi-
ciently; therefore, HIRA developed the patient samples data
set using a randomized sampling method, with the resultant
data passing a validity test [12]. The HIRA National Inpatient
Sample (HIRA-NIS, serial number: HIRA-NIS-2012-0051) is a
comprehensive inpatient data set that includes 700,000 in-
patients per year (13% of the total inpatient population) and

approximately 400,000 outpatients per year (1% of the total
outpatient population).

Selection of study subjects

From the 2012 HIRA-NIS, 667,637 patients aged >20 years
were selected as the study population. Assuming that the
recorded responses were generated within 2—12 weeks after
patients inhaled droplet nuclei containing M. tuberculosis [13],
patients were followed-up regarding TB development for
15—90 days after the date of their first hospitalization. In total,
172,385 patients were excluded, including those who could not
be followed-up for 90 days (N=167,144), those who had a
diagnosis code of TB [International Classification of Diseases
Version 10 (ICD-10) codes A15—A19] on the day of hospitaliza-
tion (N=4545), those who developed TB within 15 days of
hospitalization (N=696), and those who presented with respi-
ratory symptoms (ICD-10 codes R04—R09, N=34,454). The
remaining 460,798 patients were eligible for subsequent
analyses.

To ensure relative homogeneity among inpatients who were
admitted via EDs with inpatients who were admitted via
outpatient clinics, the distribution of inpatients that developed
TB within and after 15 days was checked between those
admitted via EDs and those admitted via outpatient clinics
(Table A, see online supplementary material). No between-
group differences were observed, suggesting that the distri-
bution of TB cases between ED and outpatient admissions in
excluded patients may not differ significantly from that in
included patients in the current study. However, when the
included inpatients who visited EDs were compared with those
who visited outpatient clinics (Table B, see online supple-
mentary material), systematic differences (P<0.0001) were
found in all baseline characteristics between the two inpatient
groups. Thus, propensity score matching was used to reduce
the effects of confounding by the measured covariates [14], in
which the matching ratio was 1:2 (inpatients admitted via EDs
were matched with inpatients admitted via outpatient clinics).
After propensity score matching with baseline characteristics
[i.e, age, sex, type of beneficiary, residential area, type of
hospital and Charlson Comorbidity Index (CCl)] known to be
associated with TB [15], 191,997 inpatients (64,017 inpatients
admitted via EDs and 127,980 inpatients admitted via outpa-
tient clinics) were finally included in the study. Within these
matched inpatient groups, standardized differences (Table C,
see online supplementary material) turned out to be less than
0.1, which indicates negligible differences in the baseline
characteristics between the two inpatient groups [16].

The study protocol was approved by the Institutional Review
Board of Seoul National University Hospital. The requirement
for informed consent was exempted by the committee.

Exposure and outcome variables

Inpatients admitted via EDs and those admitted via outpa-
tient clinics from the 2012 HIRA-NIS were included in this study.
If a patient was hospitalized more than once in 2012, only the
first hospitalization was included in this study, and the TB
diagnosis was traced to either an ED or outpatient clinic during
the 90 days from the first day of hospitalization. To ensure
patient-specific characteristics exerted minimal effects on the
risk of new TB infections, the patients were matched according
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to baseline characteristics. The baseline characteristics were
as follows: inpatients were divided into 10-year groups based
on age (20—29, 30—39, 40—49, 50—59, 60—69, 70—79 or >80
years) and sex. The type of health insurance beneficiary was
classified as ‘health insurance’ (general health insurance
beneficiary covered by NHI) and ‘medical aid’ (beneficiary of a
public assistance programme targeted at economically disad-
vantaged individuals who are covered by NHI). Residential
areas were categorized as ‘urban’ (large cities and metropol-
itan cities) or ‘rural’ (cities, counties and districts). Hospitals
were divided into ‘university hospitals’ and ‘clinics/hospitals’.
The CCl was used to examine physical health status, in which
the scores proposed by Quan et al. (2005) were calculated
based on medical records, and were classified according to
three categories (0, 1 or >2) [17]; higher scores indicated
greater comorbidity.

As an outcome variable, TB diagnosis was defined by a
diagnostic code (based on ICD-10, available at http://apps.
who.int/classifications/icd10/), as follows:

e A15, respiratory tuberculosis, bacteriologically and histo-
logically confirmed;

e A16, respiratory tuberculosis, not confirmed bacteriologi-
cally or histologically;

e A17, tuberculosis of nervous system;

e A18, tuberculosis of other organs; and

e A19, miliary tuberculosis.

The code was classified into two types: pulmonary TB
(A15—A16) and extrapulmonary TB (A17—A18).

Statistical analysis

Propensity score matching was conducted using a greedy
nearest neighbour matching method. Propensity scores were
estimated with logistic regression models in which TB occur-
rence was regressed according to baseline characteristics (i.e.
age, sex, type of beneficiary, residential area, type of hospital
and CCI). In particular, to reduce the bias from unmeasured
characteristics associated with hospitals (i.e. university hos-
pitals and clinics/hospitals), patients were assigned to clusters
by hospitals, and then inpatients admitted via EDs were
matched with those admitted via outpatient clinics within the
same hospitals. Once the matched samples were obtained, the
baseline characteristics of the two inpatient groups — ‘hospi-
talization after ED visit’ and ‘hospitalization after outpatient
visit’” — were compared. Statistical differences were deter-
mined using the Chi-squared test. Balance in baseline charac-
teristics was evaluated by examining standardized differences
between the two inpatient groups (Table C, see online sup-
plementary material). TB was categorized into three types: all
TB (ICD-10 codes A15—A19), pulmonary TB (ICD-10 codes
A15—A16) and extrapulmonary TB (ICD-10 codes A17—A18).
Within the propensity score matched samples, inpatients were
followed-up to determine the new incidence of TB diagnosis for
90 days from the first day of hospitalization. Kaplan—Meier
survival curves were estimated separately for inpatients
admitted via EDs and those admitted via outpatient clinics. A
stratified log-rank test was used to compare group survival
curves [18]. A Cox proportional hazard regression analysis with
a robust sandwich covariance estimate was used to calculate
the risk of TB infection [19]. Hazard ratios (HR) and 95%

confidence intervals (Cl) were used to estimate the risk of TB
occurrence between 15 and 90 days after the first day of hos-
pitalization among inpatients admitted via EDs compared with
that among inpatients admitted via outpatient clinics (refer-
ence group). All analyses were performed using SAS 9.4 (SAS
Institute, Cary, NC, USA), and the statistical significance level
was set at a=0.05.

Results

Significant differences in patient characteristics were
observed (all P<0.0001) before propensity score matching
(Table A, see online supplementary material). Inpatients
admitted via EDs were more likely to be older and male, have
medical aid, live in rural areas, visit university hospitals and
have higher CCl scores than those admitted via outpatient
clinics.

Table | compares the baseline characteristics of the two
inpatient groups after propensity score matching. In total,
64,017 inpatients admitted via EDs were matched with 127,980
inpatients admitted via outpatient clinics, where the matching
ratio was 1:2. There were no significant differences between
the two inpatient groups in terms of age, sex, type of benefi-
ciary, residential area, type of hospital and CCl (P>0.05). The
matched samples showed negligible imbalance in the baseline
characteristics between the two inpatient groups (standard-
ized difference <0.1) (Table C, see online supplementary ma-
terial). Regarding disease prevalence, the highest proportion
of patients were hospitalized via EDs because of trauma
(18.4%), followed by gastrointestinal disease (15.2%) and car-
diovascular disease (12.3%). In contrast, the highest proportion
of patients were hospitalized via outpatient clinics because of
musculoskeletal disease (14.9%), followed by trauma (11.1%)
and cardiovascular disease (10.8%). The proportion of in-
patients hospitalized via EDs because of pulmonology disease
(ICD-10 codes JO0—J99) was higher (7.3% vs 6.6%) than that of
patients hospitalized via outpatient clinics (Tables D and E, see
online supplementary material).

Table 1l shows HRs for TB occurrence (ICD-10 codes
A15—A19) between 15 and 90 days after the first day of hos-
pitalization. The HR increased with the increase in each 10-
year age category. For sex and type of beneficiary, females
(HR 1.42; 95% Cl 1.22—1.65) and inpatients with medical in-
surance (HR 2.28; 95% Cl 1.86—2.80) had higher HRs than their
counterparts. HRs for TB occurrence increased gradually with
CCl: HR=1.98 (95% CI 1.51—2.60) for a score of 1, and HR=5.24
(95% Cl 4.15—6.63) for a score >2.

Table Ill shows the percentage of cases and HRs for the
occurrence of TB in inpatients who were hospitalized via EDs
between 15 and 90 days after the first day of hospitalization.
The percentage of inpatients with TB admitted via EDs was
higher than that of inpatients admitted via outpatient clinics:
0.42% vs 0.35% for all TB (ICD-10 codes A15—A19), 0.35% vs
0.30% for pulmonary TB (ICD-10 codes A15—A16) and 0.07% vs
0.07% for extrapulmonary TB (ICD-10 codes A17—A18).
Compared with inpatients admitted via outpatient clinics,
inpatients admitted via EDs had significantly higher HRs for
the occurrence of all TB (HR 1.30; 95% CI 1.12—1.52) and
pulmonary TB (HR 1.30; 95% CI 1.10—1.53). In contrast, no
significant risk was detected for the occurrence of extrap-
ulmonary TB.


http://apps.who.int/classifications/icd10/
http://apps.who.int/classifications/icd10/

J-Y. Min et al. / Journal of Hospital Infection 100 (2018) 92—98 95

Table |
Baseline characteristics of inpatients after propensity score matching (N=191,997)
Characteristics No. (%) of inpatients P-value
Hospitalization after Hospitalization after outpatient
ED visit (N=64,017) clinic visit (N=127,980)

Age (years)
20—-29 6804 (33.8) 13,341 (66.2) 0.5216
30—-39 9520 (33.3) 19,050 (66.7)
40—49 9997 (33.5) 19,805 (66.5)
50—-59 12,607 (33.0) 25,593 (67.0)
60—69 10,234 (33.1) 20,653 (66.9)
70—-79 10,566 (33.5) 20,981 (66.5)
>80 4289 (33.4) 8557 (66.6)

Sex
Male 30,935 (33.3) 62,011 (66.7) 0.5463
Female 33,082 (33.4) 65,969 (66.6)

Type of beneficiary
Medical aid 4964 (33.4) 9884 (66.6) 0.8099
Medical insurance 59,053 (33.3) 118,096 (66.7)

Residential area
Urban area 31,205 (33.2) 62,712 (66.8) 0.2891
Rural area 32,812 (33.5) 65,268 (66.5)

Type of hospital
University hospital 19,815 (33.4) 39,540 (66.6) 0.7980
Clinic/hospital 44,202 (33.3) 88,440 (66.8)

ccl
0 22,151 (33.5) 44,037 (66.5) 0.5894
1 18,694 (33.4) 37,304 (66.6)
>2 23,172 (33.2) 46,639 (66.8)

CCl, Charlson Comorbidity Index.

Figure 1 shows the survival curves for TB occurrence in in-
patients admitted via EDs or outpatient clinics between 15 and
90 days after the first day of hospitalization. The Kaplan—Meier
survival analysis indicated that the difference in cumulative
probability of TB occurrence between the two hospitalized
groups was significant for all TB (stratified log-rank test;
P=0.0008) and pulmonary TB (stratified log-rank test;
P=0.0025), but not extrapulmonary TB (stratified log-rank test;
P=0.2048).

Discussion

Based on a representative inpatient sample data set ob-
tained from HIRA, inpatients who were hospitalized via EDs
were found to have a higher risk of acquiring active TB during
the subsequent 90 days than inpatients hospitalized via
outpatient clinics. After propensity score matching using the
demographic and clinical characteristics of the inpatients, the
likelihood of the occurrence of active TB increased by 30% for
both TB (ICD-10 codes A15—A19) and pulmonary TB (ICD-10
codes A15—A16); the difference between the two groups was
significant. However, there were no differences in the occur-
rence of extrapulmonary TB between the two groups. Pulmo-
nary TB is a bacterial infection that most commonly affects the
lungs, whereas extrapulmonary TB infections occur in organs
other than the lungs (i.e. pleura, lymph nodes, abdomen,
genitourinary tract, skin, joints, bones or meninges) [4]. Pul-
monary TB infection is transmitted from person to person via

droplet nuclei containing M. tuberculosis, which eventually
reach the lung alveoli; however, extrapulmonary TB (except for
laryngeal TB) is rarely infectious [4]. These results suggest that
airborne transmission of TB infection may be a key factor
related to increased TB occurrence associated with ED visits.
To the best of the authors’ knowledge, this is the first study
to report the potential association between visiting an ED and
the risk of TB infection in inpatients. However, some studies
have considered the risk of infection with other respiratory
diseases among patients who visited EDs. In a Canadian study of
elderly residents in long-term care facilities, Quach et al.
(2012) examined the risk of acute respiratory and gastrointes-
tinal infections following ED visits, and found that the risk of
acute infection was three times higher in elderly residents who
visited EDs (odds ratio 3.9; 95% Cl 1.7—8.6) compared with
those who did not visit EDs [20]. Among children from the USA,
the risk of infection with measles was significantly higher
among those who visited EDs [21,22]. Recent research has
suggested that outbreaks of emerging infectious diseases, such
as severe acute respiratory syndrome (SARS) and Middle East
respiratory syndrome (MERS), are associated with EDs [23,24].
At the National Taiwan University Hospital, one-third of SARS
cases occurred after exposure to an index case (a known SARS
patient) in the ED [23]. Infectious MERS was also transmitted
from a single patient who visited the ED (index case), and was
confirmed in 82 individuals (including 33 patients) who had
visited the ED where the index case was hospitalized [24].
Thus, although the medical care systems, ED conditions and
occurrence rates of infectious diseases vary between
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Table Il

Hazard ratios (HRs) (95% confidence interval) for the occurrence of
tuberculosis (TB) according to the baseline characteristics of
inpatients

Characteristics HRs for TB occurrence P-value
HR (95% Cl)

Age (years)
20-29 Reference <0.0001
30—39 0.99 (0.59—1.68)
40—49 1.66 (1.03—2.67)
50—-59 2.64 (1.70—4.09)
60—69 3.59 (2.33-5.55)
70-79 5.68 (3.73—-8.67)
>80 6.42 (4.11—10.04)

Sex
Male Reference <0.0001
Female 1.42 (1.22—1.65)

Type of beneficiary
Medical aid Reference <0.0001
Medical insurance 2.28 (1.86—2.80)

Residential area
Urban area Reference 0.7226
Rural area 1.03 (0.88—1.19)

Type of hospital
University hospital Reference 0.3278
Clinic/hospital 1.08 (0.92—1.27)

ccl
0 Reference <0.0001
1 1.98 (1.51—-2.60)
>2 5.24 (4.15—6.63)

CCl, Charlson Comorbidity Index.

countries, previous findings have consistently highlighted the
potential risk of transmitting infectious respiratory diseases in
EDs.

EDs are considered to be the highest-risk areas for TB
transmission among various healthcare facilities [25]. There-
fore, there is great concern about the risk of ED-acquired TB
infection in healthcare workers [9,11,26]. For example, Haley
et al. (1989) reported TB transmission at Parkland Memorial
Hospital in the USA, where five ED workers acquired TB within
one year (out of a total of six ED workers to develop TB within
this period) after exposure to an index case (a patient with
severe cavitary TB who visited the ED) [9]. In addition, 16 ED
workers (out of a total of 112 workers with tuberculin-negative
skin tests) progressed from negative to positive skin tests [9].
Sokolove et al. (1994) conducted a questionnaire survey on

self-reported purified protein derivative (PPD) skin test results
and TB exposure among nurses and physicians working in an
urban ED [11]. Of 81 respondents, 25 (31%) workers responded
that they converted to PPD positive, with most converting
during the first six months of 1993 while working in the ED [11].
In a one-year cohort study of 70 healthcare workers at a uni-
versity hospital in Lima, Peru, Escombe et al. (2010) found that
39 (56%) healthcare workers were culture positive at baseline;
after one year, 27/31 workers who tested culture negative at
baseline consented to follow-up. Of these, eight tested culture
positive, indicating the acquisition of TB infection [26].
Compared with the general population of Lima, these workers
had a higher TB incidence rate of 1.46—1.72% [26]. These
findings suggest that visiting an ED can lead to the acquisition
of TB infection from ill inpatients with existing TB infections.

To the authors’ knowledge, this is the first study to show a
significant risk of TB infection (especially the occurrence of
pulmonary TB) among inpatients as a result of visiting EDs.
However, critical issues that might affect the interpretation of
these findings warrant consideration. Of these, one of the most
important is the presence of latent TB. Latent TB is a persistent
immune response to stimulation by M. tuberculosis antigens
without evidence of clinically manifested active TB [27]. WHO
estimated that nearly one-third of the world’s population had
latent TBin 2010 [28], and that people with latent TB exhibited
no physical signs and symptoms but were at high risk of
developing active TB and becoming infectious [29]. South Ko-
rea is considered to be an intermediate TB burden country,
where the recorded annual incidence of TB was 97/100,000 in
2013 [30]. It has also been suggested that South Korea has a
high prevalence of latent TB [31]; thus, it is possible that TB
infections associated with visits to EDs could have been due to
the re-activation of latent TB rather than recent transmission
via EDs. Clearly, inpatients who visit EDs are more likely to
progress to active TB than outpatients because ED patients are
more prone to numerous medical conditions, malnutrition, high
comorbidity index, low socio-economic status and immuno-
compromised status [6,32—34], which are known risk factors
for developing active TB [30]. The NHIS-NIS data set did not
provide detailed information about whether inpatients had
been diagnosed previously (before 2012) or treated for TB,
whether any of their family members had TB, or whether they
had a human immunodeficiency virus infection, because this is
sensitive personal information. It was not possible to identify
inpatients with untreated latent TB or to control all pathways,
such as household contacts and the potential risks associated
with active TB infection. Furthermore, it was considered that
inpatients who were admitted via EDs include inpatients who
were exposed to EDs for treatment, examination, diagnosis or

Table Il
Matched Cox-proportional hazard regression analysis of the risk of tuberculosis (TB) infection after visiting an emergency department (ED)
% of cases infected with TB Cox model
Hospitalization Hospitalization HR (95% ClI) P-
after ED visits after outpatient visits value
ALl TB (A15—A19) 0.42 0.35 1.30 (1.12—1.52) 0.0008
Pulmonary TB (A15—A16) 0.35 0.30 1.30 (1.10—1.53) 0.0025
Extrapulmonary TB (A17—A18) 0.07 0.07 1.26 (0.88—1.81) 0.2059

HR, hazard ratio; Cl, confidence interval.
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Figure 1. Survival curves for tuberculosis (TB) infection in patients hospitalized via emergency departments (EDs) or via outpatient
clinics. Bold line, patients hospitalized via EDs; dotted line, patients hospitalized via outpatient clinics. (A) All TB (A15—A19), (B) pul-

monary TB (A15—A16) and (C) extrapulmonary TB (A17—A18).

other medical procedures, as well as those exposed to EDs
while waiting to be hospitalized or to start emergency treat-
ment; however, the authors could not be certain of the trans-
mission routes of TB infection. Thus, the results cannot be
generalized to different population, years or types of medical
care settings.

The current study applied the propensity score matching
method to balance the potential risk of TB infection in the two
inpatient groups (i.e. inpatients admitted via EDs and in-
patients admitted via outpatient clinics). Nevertheless, as
mentioned above, patients who visited EDs are more likely to
exhibit an emergency/acute severe illness, and the HIRA-NIS
data lack information on several factors that could influence
the risk of TB. Hence, the results may be confounded by acute
illnesses that increase the risk of TB. It should be noted that it
is unlikely that the results are free of unmeasured confounders.
Given that there is no immediate host response to infection
after inhalation of droplet nuclei containing M. tuberculosis,
and that the responses occurred over two to 12 weeks [13],
inpatients with TB diagnosis within 14 days from the first ED
visit were excluded, and the remaining inpatients were
followed-up for 90 days from their first ED visit. This study also
found that there was no significant difference in TB cases be-
tween excluded and included inpatients, regardless of whether
they were hospitalized via EDs or outpatient clinics (Table A,
see online supplementary material). This suggests that TB
cases admitted via EDs and outpatient clinics in the excluded
patients may not differ significantly from TB cases in the
included patients in the current study. The results do not
appear surprising, given previous evidence on the high risk of
TB transmission among healthcare workers in EDs and within
the ED environment (i.e. shared sources of air, prolonged
hospital stay, and close proximity to undiagnosed or unsus-
pected TB patients). Thus, the risk of airborne transmission of
droplet nuclei and the acquisition of active TB may affect
healthcare workers in EDs, as well as the inpatients who visit
EDs. In conclusion, this study found that the likelihood of TB
infection was greater in inpatients admitted via EDs than in
inpatients admitted via outpatient clinics. These results
require confirmation using more detailed data regarding pa-
tient characteristics and ED conditions (i.e. the degree of
overcrowding and waiting time). Also, a screening test for TB
upon admission to EDs or outpatient clinics is needed. Given a
recent series of outbreaks of infectious respiratory diseases
associated with EDs, the effective and rapid isolation of

inpatients with suspected or confirmed respiratory diseases in
EDs, and strategies to identify and block possible transmission
sources (i.e. contaminated medical devices and specimen
collection) in EDs may be necessary to reduce the risk of
transmitting infectious diseases, which would also prevent the
transmission of TB infection in EDs.

Conflict of interest statement
None declared.

Funding sources

This work was supported by the Seoul National University
Research Grant in 2016. The funder of the study had no role
in the study design, data collection, data analysis, data
interpretation or the writing of this report.

Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jhin.2018.03.031.

References

[1] World Health Organization. The burden of health care-associated
infection worldwide: a summary. Geneva: WHO; 2010. Available
at: http://www.who.int/gpsc/country_work/summary_20100430_
en.pdf [last accessed Feburary 2018].

[2] Calfee DP. Crisis in hospital-acquired, healthcare-associated in-
fections. Annu Rev Med 2012;63:359—71.

[3] Khan HA, Ahmad A, Mehboob R. Nosocomial infections and their
control strategies. Asian Pac J Trop Biomed 2015;5:509—14.

[4] Centers for Disease Control and Prevention. Introduction to the
core curriculum on tuberculosis: what the clinician should know.
5t ed. Atlanta, GA: CDC; 2013.

[5] Zumla A, George A, Sharma V, Herbert N, Baroness Masham of
Ilton. WHO’s 2013 global report on tuberculosis: successes,
threats, and opportunities. Lancet 2013;382:1765—7.

[6] Liang SY, Theodoro DL, Schuur JD, Marschall J. Infection pre-
vention in the emergency department. Ann Emerg Med
2014;64:299—313.

[7] Rothman RE, Hsieh YH, Yang S. Communicable respiratory threats
in the ED: tuberculosis, influenza, SARS, and other aerosolized
infections. Emerg Med Clin N Am 2006;24:989—1017.

[8] Griffith DE, Hardeman JL, Zhang Y, Wallace RJ, Mazurek GH.
Tuberculosis outbreak among healthcare workers in a community
hospital. Am J Respir Crit Care Med 1995;152:808—11.


https://doi.org/10.1016/j.jhin.2018.03.031
http://www.who.int/gpsc/country_work/summary_20100430_en.pdf
http://www.who.int/gpsc/country_work/summary_20100430_en.pdf
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref2
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref2
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref2
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref3
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref3
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref3
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref4
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref4
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref4
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref4
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref5
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref5
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref5
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref5
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref6
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref6
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref6
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref6
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref7
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref7
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref7
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref7
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref8
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref8
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref8
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref8

98 J-Y. Min et al. / Journal of Hospital Infection 100 (2018) 92—98

[9] Haley CE, McDonald RC, Rossi L, Jones Jr WD, Haley RW, Luby JP.
Tuberculosis epidemic among hospital personnel. Infect Control
Hosp Epidemiol 1989;10:204—10.

[10] Jo KW, Woo JH, Hong Y, Choi CM, Oh YM, Lee SD, et al. Incidence
of tuberculosis among health care workers at a private university
hospital in South Korea. Int J Tubercul Lung Dis 2008;12:436—40.

[11] Sokolove PE, Mackey D, Wiles J, Lewis RJ. Exposure of emergency
department personnel to tuberculosis: PPD testing during an
epidemic in the community. Ann Emerg Med 1994;24:418—21.

[12] Kim L, Kim JA, Kim S. A guide for the utilization of health in-
surance review and assessment service national patient samples.
Epidemiol Health 2014;36:€2014008.

[13] American Thoracic Society. Diagnostic standards and classifica-
tion of tuberculosis in adults and children. Am J Respir Crit Care
Med 2000;161:1376—95.

[14] Austin PC. An introduction to propensity score methods for
reducing the effects of confounding in observational studies.
Multivariate Behav Res 2011;46:399—424.

[15] Narasimhan P, Wood J, Macintyre CR, Mathai D. Risk factors for
tuberculosis. Pulm Med 2013;2013:828—939.

[16] Austin PC, Grootendorst P, Normand SL, Anderson GM. Condi-
tioning on the propensity score can result in biased estimation of
common measures of treatment effect: a Monte Carlo study. Stat
Med 2007;26:754—68.

[17] Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC,
et al. Coding algorithms for defining comorbidities in ICD-9-CM
and ICD-10 administrative data. Med Care 2005;43:1130—9.

[18] Klein JP, Moeschberger ML. Survival analysis: techniques for
censored and truncated data. New York, NY: Springer-Verlag; 1997.

[19] Austin PC. The use of propensity score methods with survival or
time-to-event outcomes: reporting measures of effect similar to
those used in randomized experiments. Stat Med 2014;33:1242—58.

[20] Quach C, McArthur M, McGeer A, Li L, Simor A, Dionne M, et al.
Risk of infection following a visit to the emergency department: a
cohort study. CMAJ 2012;184:E232-9.

[21] Miranda AC, Falcdo J, Dias JA, Nobrega SD, Rebelo MJ,
Pimenta ZP, et al. Measles transmission in health facilities during
outbreaks. Int J Epidemiol 1994;23:843—8.

[22] Farizo KM, Stehr-Green PA, Simpson DM. Markowitz LE pediatric
emergency room visits: a risk factor for acquiring measles. Pe-
diatrics 1991;87:74—9.

[23] Chen YC, Huang LM, Chan CC, Su CP, Chang SC, Chang YY, et al.
SARS in hospital emergency room. Emerg Infect Dis
2004;10:782—8.

[24] Cho SY, Kang JM, Ha YE, Park GE, Lee JY, Ko JH, et al. MERS-CoV
outbreak following a single patient exposure in an emergency
room in South Korea: an epidemiological outbreak study. Lancet
2016;388:994—1001.

[25] Jiamjarasrangsi W, Hirunsuthikul N, Kamolratanakul P. Tubercu-
losis among health care workers at King Chulalongkorn Memorial
Hospital, 1988—2002. Int J Tuberc Lung Dis 2005;9:1253—8.

[26] Escombe AR, Huaroto L, Ticona E, Burgos M, Sanchez I,
Carrasco L, et al. Tuberculosis transmission risk and infection
control in a hospital emergency department in Lima, Peru. Int J
Tubercul Lung Dis 2010;14:1120—6.

[27] Mack U, Migliori GB, Sester M, Rieder HL, Ehlers S, GolettiD, et al.
LTBI: latent tuberculosis infection or lasting immune responses to
M. tuberculosis? A TBNET consensus statement. Eur Respir J
2009;33:956—73.

[28] World Health Organization. Global tuberculosis control: key
findings from the December 2009 WHO report. Wkly Epidemiol
Rec 2010;85:69—80.

[29] Getahun H, Matteelli A, Chaisson RE, Raviglione M. Latent
Mycobacterium tuberculosis infection. N Engl J Med 2015;372:
2127-35.

[30] World Health Organization. Guidelines on the management of
latent tuberculosis infection. Geneva: WHO; 2015.

[31] Kim JH, Yim JJ. Achievements in and challenges of tuberculosis
control in South Korea. Emerg Infect Dis 2015;21:1913—20.

[32] Bieler G, Paroz S, Faouzi M, Trueb L, Vaucher P, Althaus F, et al.
Social and medical vulnerability factors of emergency depart-
ment frequent users in a universal health insurance system. Acad
Emerg Med 2012;19:63—8.

[33] Deschodt M, Devriendt E, Sabbe M, Knockaert D, Deboutte P,
Boonen S, et al. Characteristics of older adults admitted to the
emergency department (ED) and their risk factors for ED read-
mission based on comprehensive geriatric assessment: a pro-
spective cohort study. BMC Geriatr 2015;15:54.

[34] Khan Y, Glazier RH, Moineddin R, Schull MJ. A population-based
study of the association between socioeconomic status and
emergency department utilization in Ontario, Canada. Acad
Emerg Med 2011;18:836—43.


http://refhub.elsevier.com/S0195-6701(18)30182-8/sref9
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref9
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref9
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref9
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref10
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref10
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref10
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref10
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref11
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref11
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref11
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref11
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref12
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref12
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref12
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref13
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref13
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref13
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref13
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref14
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref14
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref14
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref14
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref15
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref15
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref15
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref16
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref16
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref16
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref16
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref16
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref17
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref17
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref17
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref17
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref18
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref18
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref19
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref19
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref19
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref19
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref20
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref20
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref20
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref20
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref21
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref21
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref21
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref21
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref22
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref22
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref22
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref22
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref23
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref23
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref23
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref23
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref24
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref24
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref24
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref24
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref24
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref25
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref25
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref25
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref25
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref25
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref26
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref26
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref26
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref26
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref26
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref27
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref27
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref27
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref27
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref27
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref28
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref28
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref28
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref28
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref29
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref29
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref29
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref29
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref30
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref30
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref31
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref31
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref31
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref32
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref32
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref32
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref32
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref32
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref33
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref33
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref33
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref33
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref33
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref34
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref34
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref34
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref34
http://refhub.elsevier.com/S0195-6701(18)30182-8/sref34

	Tuberculosis infection via the emergency department among inpatients in South Korea: a propensity score matched analysis of ...
	Introduction
	Methods
	Data source
	Selection of study subjects
	Exposure and outcome variables
	Statistical analysis

	Results
	Discussion
	Conflict of interest statement
	Funding sources
	Appendix A. Supplementary data
	References


