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Result of Tuberculosis Epidemiological Investigation in a Workplace

Yoon-Hee Lee, Da-Heen Son, A-Ra Ko, Tae—Eun Kim, Yuna Kim*

Division of Infectious Disease Response, Chungcheong Reginal Center for Disease Control and Prevention, Korea Disease Control and
Prevention Agency, Daejeon, Korea

ABSTRACT

Tuberculosis (TB) is an airborne infectious disease caused by Mycobacterium tuberculosis. TB is transmitted upon expulsion
of the TB bacteria into air through coughing and sneezing, potentially infecting people nearby. Whenever TB cases are reported
in a group facility, epidemiological investigations targeting individuals in close contact of the patient are conducted. This field
report describes the epidemiological investigation of a tuberculosis outbreak that occurred at a workplace in the Chungcheong
region. We analyzed the epidemiological characteristics of patients with tuberculosis, including latent infections, and genotyped
patient specimens. Two additional tuberculosis cases within the same workplace were identified and confirmed to be caused by
the same type of bacteria through genotypic analysis, indicating transmission within the group. Through this investigation, we
reiterate the importance of early response and environmental management in tuberculosis prevention and control in workplace

settings.

Key words: Tuberculosis; Epidemiological investigation; Contact tracing; Workplace; Genotype

*Corresponding author: Yuna Kim, Tel: +82-42-220-1520, E-mail: yunaghim@korea.kr

Introduction

Tuberculosis (TB) is an airborne infectious disease caused
by Mycobacterium tuberculosis (M. tb). The incidence of TB
in the Republic of Korea (ROK) has continued to decrease
from 39,557 in 2011 to 16,264 in 2022 (31.7 per 100,000
population); however, the incidence rate of TB is the second
highest among the Organization for Economic Co-operation
and Development (OECD) member countries, which calls for
active management [1,2]. When TB is detected in a group set-
ting (such as business or social welfare facility), an epidemio-

logical investigation is conducted on all the individuals in the

832

group. This prevents further development of TB by identify-
ing additional patients, halting the spread of TB, and detect-
ing latent TB infections [3]. This outbreak report is based on
an index patient reported with TB in the Chungcheong area in
December 2021, wherein the patient was both sputum smear
(4+) and TB-polymerase chain reaction (PCR) positive. This
resulted in an epidemiological investigation on affiliated work-
place A in accordance with the National Tuberculosis Control

Guidelines in the ROK.
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Key messages
(D What is known previously?

Tuberculosis (TB), caused by Mycobacterium tuberculo-
sis, is an airborne infectious disease. When patients with
tuberculosis are identified in group facilities, epidemio-
logical investigations, including genetic testing for tuber-
culosis bacteria, are conducted on individuals living in
the same space as the patients to identify the route of tu-

berculosis transmission.

@ What new information is presented?

To confirm the transmission of tuberculosis bacteria
at the workplace in the Chungcheong region, positive
strains of index patients and additional patients 1 and 2
were sent to the Korea Disease Control and Prevention
Agency for bacterial analysis. The tuberculosis bacteria
in the index patient and patients 1 and 2 were found to
be genetically identical, confirming that these cases were
caused due to transmission within the group.

® What are implications?

Genetic analysis results revealed all three tuberculosis
patients in this workplace to be infected with geneti-
cally identical tuberculosis bacteria indicating a unique
group case likely influenced by the strong infectivity of
the index patient and environmental factors, such as
lack of regular ventilation and shade. This underscores
the importance of managing environmental factors
such as lighting and ventilation to prevent tuberculosis

transmission.

Investigation and Results

1. Contact Investigation
1) Contact information of the patient and family
The index patient was suspected of having pulmonary
TB after a chest X-ray and computed tomography (CT) scan
showed possible signs, and positive smear (4+) and TB-

PCR tests ultimately confirmed the diagnosis. The patient

www.phwr.org Vol 17, No 20, 2024

subsequently received a 4-drug standard treatment (isonia-
zid [H], rifampin [R], thambutol [E], and pyrazinamide [Z],
HREZ), which began in December 2021 and was completed in
September 2022.

Family contact screening was performed on the patient’s
spouse and child, who was 9 years old, which showed that
there were no additional patients. However, the spouse was
positive for latent TB infection and completed the treatment

regimen (4R).

2) On-site epidemiological investigation

In December 2021, a patient with active TB was report-
ed at workplace A through the integrated disease and health
management system, and the decision was made to conduct
an epidemiological investigation based on the incident report.
In January 2022, members of the epidemiological investiga-
tion team from the Chungcheong Reginal Center for Disease
Control and Prevention of the Korea Disease Control and
Prevention Agency (KDCA) and TB response personnel from
the local public health center visited the business site and con-
ducted an investigation.

The workplace A is a two-story building, but only the
first floor was used as an office. Six teams (31 people in total)
worked in a space of approximately 80-90 pyeong (approxi-
mately 264-298 square meters), which was divided by parti-
tions. The index patient was the team leader of Team B and
worked full time (9:00-18:00), 5 days a week, without chang-
ing the workplace. The patient attended a team leader meet-
ing once a week, which was held in a separate conference room
with a total of 7 people (1 director and 6 team leaders from
each department), and each meeting lasted from 30 minutes to

1 hour.
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The patient’s sputum smear test was positive (4+) and that
they were highly contagious due to the high number of TB bac-
teria [4]. The patient additionally stated that symptoms of oc-
casional coughing and phlegm were monitored at the time as
the patient was a smoker. A quarter of the walls at the business
in question had windows, but the blinds were always down,
making it difficult to frequently ventilate the office during the

winter months of the presumed period of infection.

3) Workplace contact investigation

Chest X-rays were taken of those who had been in contact
with the patient to identify additional cases of TB, and inter-
feron gamma releasing assay (IGRA) was performed to de-
tect latent infection. The patient had exhibited symptoms of
intermittent cough and phlegm but because of their history
of smoking, the date of onset of the TB infection was unclear.
Therefore, the estimated period of infection was determined
to be from August 21, 2021, 3 months before the chest X-ray
was taken, to January 13, 2022, the patient’s last day of work (a
total of 21 weeks).

A total of 34 people were considered contacts based on
patient characteristics, contact duration and method, and spa-
tial characteristics. Thirty-three employees who worked in the
same office and had been in continuous contact with the index
patient were considered close contacts. Of them, 31 received
two chest X-rays and serial latent TB infection tests while the
remaining two (one transferred departments and one was on a
leave of absence) underwent a chest X-ray and initial latent TB
infection test 8 weeks after the last contact. Among the attend-
ees of the team leader’s meeting, the director worked in a sepa-
rate office and only attended the meetings; therefore, they were

classified as a casual contact and two chest X-rays were taken.
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4) M. tb genotyping
Molecular genotyping is a laboratory-based approach for
analyzing the genetic material of M. tb. It is used for the pre-
liminary recognition and prevention of TB outbreaks and to
trace the sources of infection as it helps identify TB transmis-
sion routes and clusters of cases [3,5]. For this report, we geno-
typed TB strains from the index patient as well as from addi-

tional patients 1 and 2.

2. Findings
1) Initial contact investigation findings

In January 2022, all the 34 contacts were screened with
chest X-rays (initial round), which showed no abnormal find-
ings. An initial latent TB infection test was conducted on the
33 close contacts, of whom 11 (33.3%) were positive.

During the initial contact investigation, one of the close
contacts was reported as an additional TB patient. Additional
patient 1 was suspected of having TB based on a chest CT scan,
but they had negative sputum smear and TB-PCR results. This
patient was ultimately diagnosed with smear-negative pulmo-
nary TB and was started on the HREZ treatment at the discre-
tion of the attending physician. A member of the same team as
the index patient (Team B), additional patient 1 initially had a
normal chest X-ray but was positive for latent TB infection on
contact screening. However, treatment was refused by the pa-
tient due to concerns regarding the side effects of antitubercu-
lar medications.

Further investigation was conducted following the discov-
ery of additional patient 1, but there were no more contacts be-
cause all the employees present were included in the initial in-
vestigation. Chest X-rays were performed during the 6-month

follow-up (second round) appointment for the 34 original
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contacts, which showed no additional patients.

2) Second contact investigation findings

In January 2023, another active case of TB was reported
at workplace A. Additional patient 2 was treated for pneumo-
nia after a visit to Hospital A for a cough on August 2022 and
chest CT showed abnormal results; however, the symptoms
did not improve. The patient was later transferred to Hospital
B in January 2023, where chest X-ray showed unclear results,
but they were sputum smear positive (4+) and Xpert MTB/
resistance to rifampin (RIF) positive/R sensitive. The patient
was diagnosed with pulmonary TB and was started on HREZ
treatment.

This warranted a second on-site investigation at workplace
A. This particular patient was a member of Team C but was

found to be working in close proximity (within a radius of 1

m) to the index patient (Figure 1). The patient had a normal
chest X-ray but was positive for latent TB infection on contact
screening. However, treatment was refused by the patient due
to concerns regarding the side effects of antitubercular medi-
cations. In January 2023, a total of 38 contacts were screened
with chest X-rays but no additional patients were identified.
Since the concerned business has a long history of exposure
to highly contagious TB patients, 29 casual contacts were also
tested for latent TB infection, among whom 2 (6.9%) were di-

agnosed with the infection.

3) Final contact investigation findings
A total of 50 contacts were screened with chest X-rays and
2 additional cases (4.0%) were detected. Latent TB infection
tests were performed on 46 of the 50 contacts (4 were exclud-

ed because they were previously diagnosed with TB and latent

Team A | | Team B | | Team C | | Team D | | Team E | | Team F E

n

Director’s * It_

office

a

| | % 0

e
Conference I:I
L] N

Complaints reception desk

% Index case
v Additional new case 1
¢ Additional new case 2

Entrance

Figure 1. Seating arrangement diagram
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TB infection). Of the 46 contacts, 13 (28.2%) were confirmed
positive. Eight of the 13 underwent complete treatment for

latent TB infection, while the remaining 5 refused treatment

(Table 1, Figure 2).

4) M. tb genotype test results
To examine the transmission of M. tb at workplace A,
culture-positive strains from the index patient and additional

patient 1 were submitted to the KDCA’s Division of Bacterial

Diseases. The genotypes of both patients were consistent with
TBG0381, confirming the case as a group transmission case.
Twelve months later, a culture-positive strain from additional
patient 2 was sent for M. tb genotyping along with that from
the index case. The genotypes of the index patient, addition-
al patient 1, and additional patient 2 were all consistent with
TBGO0381, confirming that additional patient 2 was also a

group transmission case (Figure 3).

Table 1. Results of contact investigation
Category Contacts TB cases LTBI tested LTBI
Total” 50 (100.0) 2 (100.0) 46 (100.0) 13 (28.3)
1st investigation”
Close contacts 31 (91.2) 2 (100.0) 30 (90.9) 10 (90.9)
Usual contacts 3(8.8) 0(0.0) 309.D 1(9.1)
Total 34 (100.0) 2 (100.0) 33 (100.0) 11 (100.0)
2nd investigation
Close contacts 26 (89.7) 0(0.0) 25 (89.3) 1 (50.0)
Usual contacts 3(10.3) 0(0.0) 3(10.7) 1 (50.0)
Total 29 (100.0) 0(0.0) 28 (100.0) 2 (100.0)
Unit: n (%). *Total: excluding chest X-rays (22 duplicate contacts) and LTBI tests (24 duplicate contacts). “1st investigation: no further
investigation due do same contacts.
TB=tuberculosis; LTBI=latent tuberculosis infection.

20 [ Index cases family contact
19 [ First contact investigation
1? ] [ Secondary contact investigation
16 * Index case (cluster #1)
15 % Additional new case 1
13 b “¢ Additional new case 2 (cluster #2)
2 42 2
“—_' 119 1 ,' *********************************** b
o 104 L !
s 2] s [ | ez
z 8 [} : Contact tracing #1) 1 I' Contact tracing #1
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3 i ! infectious period '
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Figure 2. Epidemic curve of a Mycobacterium tuberculosis outbreak at a workplace in the Republic of Korea

LTBI=latent tuberculosis infection.
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Figure 3. Analysis of Tuberculosis strains related to A workplace (MIRU-VNTR): confirmation of Mycobacterium tuberculosis

genotype TBG0381 match in index case and additional new cases 1 and 2
MIRU-VNTR=mycobacterial interspersed repetitive unit-variable number tandem repeat.

Public Health Response

On-site epidemiologic investigations were conducted fol-
lowing the initially reported TB case and expanded upon as ad-
ditional cases were identified. For those who tested negative for
latent TB infection during the primary contact investigation,
additional tests for latent TB infection were performed during
the second contact investigation. Local governments also thor-
oughly followed up on those who refused treatment for latent
TB infection.

In addition, the findings of the investigation were shared
with the district TB coordinators for training in the event of a
similar situation and to be used as a resource for promoting the
importance of treating latent TB infection to prevent transmis-
sion in congregate settings.

This served as an opportunity to enhance latent TB treat-
ment for positive cases after exposure to a patient with TB, as
there is a risk of additional cases erupting in the workplace. It
also strengthened the surveillance for additional cases in the

community in the event of a TB case in the workplace.

Conclusion

This report shows that additional cases of TB that occurred

www.phwr.org Vol 17, No 20, 2024

after the detection of the first patient at a specified business site
were confirmed to be cases of workplace transmission, through
epidemiological investigation and genotyping.

Preventing TB outbreaks by early detection of additional
TB cases in congregate settings through epidemiologic surveil-
lance, and identifying and treating latent cases are key national
policies for TB.

In 2022, there were 16,264 new TB cases (31.7 per
100,000 population) and 89 additional cases (122.2 per
100,000 contacts) among 72,824 group facility contacts, rep-
resenting a 3.9-fold increased risk of developing TB compared
to the general population. Thus, thorough contact manage-
ment is necessary [6].

The case discussed in our study had a secondary attack rate
of 4% (2/50), with two additional TB cases out of a total of 50
contacts. The incidence rate of additional TB cases in the epi-
demiological investigation of the group facility was 4,000 per
100,000 contacts, which is 32.7 times higher than the inci-
dence rate of additional TB cases in 2022 (122.2 per 100,000
contacts). All the three TB patients at workplace A were iden-
tified as outlier cases with consistent M. tb genotyping results,
suggesting that the index patient had highly contagious TB.
The index patient was monitored for intermittent cough and

phlegm (because the patient had a smoking history) and was
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ultimately diagnosed with a highly infectious TB with posi-
tive (4+) sputum smear. TB should be suspected and a TB test
should be performed if a cough persists for more than 2 weeks.

We also suspect that the spatial characteristics of the busi-
ness site may have played a role. Although the business site was
a large space of approximately 80-90 pyeong, the workspace
was oriented to one side such that the employees were within
a radius of 1 m of each other. Moreover, the blinds were al-
ways down during the estimated contagious period of the in-
dex patient (August 2021 to January 2022), and ventilation
was infrequent. The high level of contagiousness of the index
patient and the spatial characteristics, lack of regular ventila-
tion, and use of blinds in particular, are thought to have caused
the spread of M. tb. This suggests that managing environmen-
tal factors such as lighting and ventilation is also important to
prevent TB transmission. Ventilation is essential to prevent
airborne infections because aerosols smaller than 5 pm can re-
main suspended in the air for a long time and spread over 10 my;
the size of TB respiratory droplets released into the air ranges
from 2 to 10 pm [7].

In addition, the latent TB infection rate in the workplace
was 28.3%, which is higher than the rate reported in 2022
(24.2%); therefore, it is necessary to closely monitor individu-
als in the workplace [8]. In this investigation, additional pa-
tients 1 and 2 were close contacts of the index patient and were
diagnosed with latent TB infection during contact investiga-
tion. However, both refused treatment due to concerns regard-
ing the side effects of antitubercular medications and subse-
quently developed TB over the next 12 months. Individuals
diagnosed with latent TB infection after contact with an active
TB patient are at an increased risk of developing TB, and those

with untreated latent TB infection are 5.7 times more at risk of
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developing active TB compared to those who complete treat-
ment [9]. Our findings illustrate the need for more aggressive
treatment of latent TB infection in those who have had recent
contact with a patient with TB. Furthermore, patients who re-
fuse or discontinue treatment for latent TB infection should
be followed up thoroughly, and public efforts such as raising
awareness are needed to increase the treatment rate for latent

TB infection.
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