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ABSTRACT

Objectives: We investigated the impact of the coronavirus disease 2019 (COVID-19) pandemic 
on tuberculosis (TB) “diagnosis and” management in the Republic of Korea (ROK). 
Methods: This retrospective cross-sectional study used nationwide ROK TB notification data 
(98,346 cases) from 2017 to 2020. The median time from the onset of TB symptoms to treatment 
initiation and the compliance rates with the required timing for notification and individual 
case investigations were measured and compared across periods and regions affected by the 
COVID-19 epidemic. 
Results: TB diagnosis during the COVID-19 pandemic was delayed. The median time to TB 
treatment initiation (25 days) in 2020 increased by 3 days compared to that of the previous 3 
years (22 days) (p < 0.0001). In the outbreak in Seoul, Incheon, and Gyeonggi province during 
August, the time to TB diagnosis was 4 days longer than in the previous 3 years (p = 0.0303). In 
the outbreak in Daegu and Gyeongbuk province from February to March 2020, the compliance 
rate with the required timing for individual case investigations was 2.2%p lower than in other 
areas in 2020 (p = 0.0148). For public health centers, the rate was 13%p lower than in other areas 
(80.3% vs. 93.3%, p = 0.0003). 
Conclusion: TB diagnoses during the COVID-19 pandemic in the ROK were delayed nationwide, 
especially for patients notified by public-private mix TB control hospitals. TB individual case 
investigations were delayed in regional COVID-19 outbreak areas (Daegu and Gyeongbuk 
province), especially in public health centers. Developing strategies to address this issue will be 
helpful for sustainable TB management during future outbreaks. 
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Introduction 

On January 2, 2020, in Wuhan, China, coronavirus disease 
2019 (COVID-19) was first identified, and in March 2020, 
the World Health Organization (WHO) declared COVID-19 
as a global pandemic [1,2]. In the Republic of Korea (ROK), 
a nationwide COVID-19 epidemic began after the first case 
was confirmed on January 20, 2020 [3]. In particular, a few 
large-scale regional outbreaks occurred in 2020. In Daegu 
and Gyeongbuk province, a COVID-19 outbreak related to 
religious facilities occurred from February to March 2020. 
In Seoul, Incheon, and Gyeonggi province, a COVID-19 
outbreak related to nightclubs in Itaewon, Seoul took place 
in May [4]. Another outbreak related to religious facilities 
occurred in Seoul, Incheon, and Gyeonggi province in 
August 2020. Dozens of medical institutions, including the 
Masan National Tuberculosis Hospital, were designated 
as infectious disease control institutions under the 
Infectious Disease Control and Prevention Act (Article 37) to 
accommodate COVID-19 cases. Tuberculosis (TB) patients 
who were being treated at the Masan National Tuberculosis 
Hospital were sent to another national TB hospital, and 
no TB patients could be admitted to the designated Masan 
National TB Hospital during the corresponding period. 
COVID-19 patients were also prioritized for negative-
pressure units in hospitals. 

TB is a major cause of death worldwide and should not 
be neglected even during the current pandemic [5–7]. 
However, data collated by the WHO from high TB burden 
countries showed sharp drops in TB notifications in 2020 [7]. 
In the ROK, the total number of TB cases in 2020 was 25,350 
(49.4 cases per 100,000 population), corresponding to a 
decrease by 16.3% from 2019 [8]. TB has many similarities to 
COVID-19 regarding its main site of occurrence (the lungs), 
treatment resources (medical teams in the pulmonary 
or infectious disease divisions), and prevention methods 
(masks, ventilation, etc.). A prior study reported a high 
mortality rate among COVID-19 patients with TB [9]. In the 
ROK, a cross-sectional survey was conducted to evaluate 
the impact of COVID-19 on TB management in public-
private mix (PPM) TB control hospitals in Korea based on 
the WHO’s survey tool in August and September, 2020 
[10]. Of the 201 survey respondents, 63.2% responded that 
they experienced a decline in routine TB services during 
the COVID-19 pandemic and 47.3% responded that the 
number of newly diagnosed TB patients had decreased. 
In addition, COVID-19 led to failure to hospitalize some TB 
patients who needed hospitalization (26.9%) and to the 
discharge of hospitalized TB patients (16.9%). Kwak et al. 
[11] found that there was a 24% decrease in TB notifications 

after the COVID-19 pandemic began. Early diagnosis of 
TB, as a main indicator of TB management, increases the 
likelihood of successful treatment and could reduce the 
risk of community transmission by shortening the duration 
of exposure to others [12]. Therefore, it is important to 
understand the impact of the COVID-19 pandemic on TB 
diagnosis and management. 

Diagnostic delay is defined as the time from the first 
onset of symptoms related to pulmonary TB to the start of 
TB treatment, and can be subdivided into patient delay and 
health system delay [13]. Patient delay refers to the duration 
from the onset of the first symptoms to the date when the 
patient first visits any type of health care institution for 
those symptoms. Health system delay refers to the period 
from the date of the patient’s first contact with the health 
care institution to the date of diagnosis. 

The effect of the COVID-19 pandemic on TB is not confined 
to TB diagnosis. TB management can also be delayed, and 
it is necessary to assess whether there have been delays 
in TB management during the COVID-19 pandemic. When 
physicians diagnose and treat TB or suspected TB patients, 
they are required to notify the health authorities within 24 
hours. As of 2020, an individual case investigation must 
be performed within 3 days for all notified patients, while 
until 2019, investigations had to be performed within 3 
days for sputum smear-positive patients and within 7 
days for sputum smear-negative patients. Delays in initial 
TB management, such as TB notifications or individual 
case investigations, based on legal requirements and the 
guidelines for TB management may be affected by changes 
in the numbers or roles and responsibilities of the staff 
who are in charge of those tasks as a result of the COVID-19 
pandemic. Therefore, in order to determine whether the 
COVID-19 pandemic affected TB management, it is necessary 
to evaluate changes in the compliance rate with the required 
timing for notification and investigations. 

This is the first study to evaluate the potential impact 
of the COVID-19 pandemic on TB cases and delays in TB 
diagnosis or individual case investigations during the 
COVID-19 pandemic in the ROK. We expect that our study 
findings will serve as baseline data for establishing a TB 
management policy, which will be necessary to prepare for 
outbreaks of other respiratory infections such as COVID-19 
in the future. 

Materials and Methods 

Study Design and Population 
This was a retrospective cross-sectional study analyzing 
mandatorily collected Korean TB report data from January 
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2017 to December 2020 according to the Tuberculosis 
Prevention Act. Of the data on 125,494 cases that were extracted 
from the Korean National TB Surveillance System, data on 
98,346 cases were included in this study after excluding 
27,148 cases that were not new TB cases or duplicates. From 
2017 to 2019, there were 78,445 cases, of which 53,231 were 
symptomatic. The data from 2017 to 2019 were used as a 
baseline for comparisons with 2020. In 2020, there were 19,933 
cases, of which 13,354 were symptomatic. We compared 
delays in diagnosis and TB management between before 
and during the pandemic, which occurred in 2020. There 
were 3 outbreaks in 2020. Outbreak A was the first outbreak, 
which occurred in Daegu and Gyeongbuk province from 
February to March 2020. Outbreak B occurred in Seoul, 
Incheon, and Gyeonggi province in May, and was related to 
nightclubs in Itaewon, Seoul. Outbreak C occurred in August 
2020 in Seoul, Incheon, and Gyeonggi province and was 
related to religious facilities. Each outbreak corresponded 
to specific months. We compared the values of variables  
in the months corresponding to each outbreak between 
2017–2019 and 2020 in the outbreak areas and in other 
areas. 

Individual Case Investigations 
Based on the Tuberculosis Prevention Act and the national 
guideline [14], each TB case notified by physicians is 
mandatorily investigated following the Tuberculosis Case 
Investigation report form within 3 days after notification. 
Until 2019, investigations had to be performed within 3 days 
for sputum smear-positive patients and within 7 days for 
sputum smear-negative patients. The purpose of individual 
case investigations is to investigate whether the cases 
have family members and other contacts in settings where 
people congregate (e.g., schools or workplaces) or in regular 
gatherings. TB epidemiologic investigators who belong to 
the Korea Disease Control and Prevention Agency (KDCA) 
and TB management staff in local public healthcare centers 
conduct contact investigations based on the facts identified 
through the individual case investigations. The transmission 
of TB to others can be prevented if these investigations 
are performed rapidly and thoroughly. Another purpose 
of individual case investigations is to follow up on the 
results of tests or treatment related to TB. Individual case 
investigations are performed by dedicated TB nurses in 
PPM TB control project hospitals or by TB management staff 
in public health centers. The TB management staff in public 
health centers are also responsible for individual case 
investigations for cases notified by non-PPM institutions. 

Variables and Statistical Analysis 
To determine the TB diagnostic delay and TB management 
delay, we defined the following variables. The time to TB 
treatment initiation was defined as the period from the 
onset of symptoms to the time when TB treatment was 
started. It was not possible to divide the diagnostic delay 
into patient versus health system delays since the data 
of TB notifications and individual case investigations did 
not contain information on the dates of visits to medical 
institutions or health care centers. This variable was 
calculated only for TB patients who had TB symptoms. Among 
symptomatic cases, 769 cases were excluded because they 
had no information on the date of TB treatment initiation. 
In this study, we divided the regions into those where the 3 
specific COVID-19 outbreaks (outbreaks A–C) occurred and 
others and compared variables between those 2 groups for 
each outbreak using the non-parametric Mann-Whitney test 
because the data did not follow a normal distribution. The 
data are presented as median values. The median numbers of 
days from the onset of symptoms to TB treatment initiation 
in 2020 were compared with those in the previous 3 years 
before the COVID-19 pandemic (2017–2019). The median 
numbers in the outbreak areas during the outbreak period 
were also compared with the same variables in other areas 
during the same period. To evaluate the delay in the initial 
management of TB patients, we defined 2 variables. The 
time to TB notification was defined as the period from 
when TB patients’ treatment was started to the notification 
date. The time to individual case investigation was defined 
as the time from the date of TB notification to the date of 
submission of individual case investigation reports. For 
these 2 variables, 1,860 cases and 2,609 cases were excluded, 
respectively, due to a lack of the relevant information. The 
national guideline indicates that investigations should not 
be conducted in certain cases (e.g., prisoners or the dead). 
We compared the compliance rate with the required timing 
in 2017–2019 and 2020, between outbreak areas and other 
areas using the chi-square test. In this study, we applied the 
previous timing requirement to compare the compliance 
rates for individual case investigations between before and 
after the pandemic. For each of the 3 variables, we excluded 
outliers (data in the upper or lower 1%). A p-value < 0.05 was 
considered to indicate statistical significance. The statistical 
analysis was performed using SAS ver. 9.4 (SAS Institute 
Inc., Cary, NC, USA). 

Ethical Approval and Consent to Participate 
TB is a nationally notifiable disease according to the Korean 
Infectious Disease Control and Prevention Act and the 
Tuberculosis Prevention Act. Thus, the requirement for 
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written informed consent from patients was waived. This 
was a retrospective study using existing data, and all data 
for the study were de-identified before analysis. The study 
was approved by the KDCA Institutional Review Board (IRB 
No: 2021-06-14-PE-A). 

Results 

Time to TB Treatment Initiation 
We compared the time from the onset of symptoms to TB 
treatment initiation between the COVID-19 pandemic of 
2020 and the previous 3 years (2017–2019) (Tables 1, 2). 

Table 1. Overall time to tuberculosis treatment initiation in 2017–2019 and 2020

Variable
2017–2019 2020 Difference  

(day) p
n (%) Median (IQR), day n (%) Median (IQR), day

Total 51,739 (100) 22 (10−49) 13,002 (100) 25 (10−58) 3 < 0.0001
Sex
 Male 29,470 (57.0) 22 (10−47) 7,435 (57.2) 24 (10−54) 2 < 0.0001
 Female 22,269 (43.0) 24 (10−52) 5,567 (42.8) 26 (10−61) 2 < 0.0001
Age (y)
 0–9 60 (0.1) 30 (13.5−67) 12 (0.1) 18.5 (11−47.5) –11.5 0.2798
 10–19 909 (1.8) 18 (8−39) 140 (1.1) 22 (12−48.5) 4 0.0077
 20–29 4,159 (8.0) 22 (10−49) 936 (7.2) 26 (11−59) 4 0.008
 30–39 4,259 (8.2) 24 (10−54) 1,041 (8.0) 27 (11−60) 3 0.0162
 40–49 5,459 (10.6) 26 (11−58) 1,238 (9.5) 31 (13−67) 5 < 0.0001
 50–59 7,873 (15.2) 27 (12−59) 1,848 (14.2) 31 (13−64) 5 < 0.0001
 60–69 7,581 (14.7) 27 (11−58) 2,015 (15.5) 30 (12−62) 3 0.0045
 70–79 10,405 (20.1) 22 (10−46) 2,555 (19.7) 24 (10−57) 2 0.0032
  ≥ 80 11,034 (21.3) 17 (8−37) 3,217 (24.7) 17 (8−41) 0 0.3433
Type of medical institution
 PPM 38,363 (74.1) 22 (10−50) 10,442 (80.3) 26 (10−59) 4 < 0.0001
 Non-PPM 11,644 (22.5) 21 (10−44) 2,429 (18.7) 21 (9−47) 0 0.9607
 PHC 1,732 (3.3) 33 (17−67) 131 (1.0) 32 (15−95) –1 0.418
Result of sputum smear test
 Positive 16,936 (32.7) 24 (10−58) 4,084 (31.4) 27 (10−62) 3 0.0317
 Negative 28,639 (55.4) 21 (10−44) 7,358 (56.6) 23 (10−50) 2 < 0.0001
Province
 Seoul 11,591 (22.4) 25 (11−57) 2,828 (21.8) 30 (12−64) 5 < 0.0001
 Busan 4,017 (7.8) 24 (10−56) 905 (7.0) 27 (11−62) 3 0.0421
 Daegu 3,892 (7.5) 21 (10−45) 984 (7.6) 27 (11−62) 6 < 0.0001
 Incheon 2,688 (5.2) 27 (11−56) 683 (5.3) 24 (10−53) –3 0.1996
 Gwangju 1,980 (3.8) 20 (9−43.5) 479 (3.7) 24 (8−55) 4 0.1923
 Daejeon 1,704 (3.3) 25 (11−56) 402 (3.1) 25 (10−52) 0 0.5698
 Ulsan 1,128 (2.2) 18 (7−40.5) 254 (2.0) 17.5 (8−40) –0.5 0.4653
 Sejong 10 (0.0) 32 (22−73) 16 (0.1) 40 (14.5−104) 8 1
 Gyeonggi 10,286 (19.9) 22 (10−49) 2,504 (19.3) 24 (10−54) 2 0.0048
 Gangwon 2,178 (4.2) 26 (12−57) 559 (4.3) 22 (9−51) –4 0.0214
 Chungbuk 1,343 (2.6) 21 (10−42) 350 (2.7) 24.5 (10−49) 3.5 0.4261
 Chungnam 1,781 (3.4) 21 (10−42) 507 (3.9) 27 (10−54) 6 0.0065
 Jeonbuk 1,652 (3.2) 19 (9−42) 517 (4.0) 20 (8−45) 1 0.6256
 Jeonnam 1,701 (3.3) 16 (7−35) 461 (3.5) 18 (9−43) 2 0.0052
 Gyeongbuk 2,394 (4.6) 18 (8−37) 630 (4.8) 18 (8−39) 0 0.4413
 Gyeongnam 2,750 (5.3) 24 (11−49) 779 (6.0) 22 (11−50) –2 0.7085
 Jeju 644 (1.2) 27 (11−50.5) 144 (1.1) 28.5 (9−65) 1.5 0.5756

IQR, interquartile range; PPM, public-private mix (tuberculosis control project hospitals); PHC, public health centers.
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Table 2. Time to tuberculosis treatment initiation in each outbreak compared to the same area in the same period in the 
previous 3 years (2017–2019)

Outbreak
2017–2019 2020

Difference (day) p
n Median (IQR), day n Median (IQR), day

A 1,047 21 (9−41) 267 24 (10−50) 3 0.1368
B 2,154 24.5 (11−51) 466 27 (12−61) 2.5 0.1203
C 2,099 24 (10−55) 533 28 (11−64) 4 0.0303

IQR, interquartile range.
Outbreak A occurred in Daegu and Gyeongbuk province in February to March 2020. Outbreaks B and C occurred in Seoul, Incheon, and Gyeonggi province 
in May and August 2020, respectively.

Table 3. Time to tuberculosis treatment initiation in each COVID-19 outbreak area and other areas in 2020

Outbreak
Outbreak areas, 2020 Other areas, 2020

Difference (day) p
n Median (IQR), day n Median (IQR), day

A 267 24 (10−50) 1,833 25 (10−52) 1 0.6884
B 466 27 (12−61) 599 22 (10−58) −5 0.1335
C 533 28 (11−64) 590 22 (9−58) −6 0.0595

IQR, interquartile range.
Outbreak A occurred in Daegu and Gyeongbuk province in February to March 2020. Outbreaks B and C occurred in Seoul, Incheon, and Gyeonggi province 
in May and August 2020, respectively.

We also evaluated the time to TB treatment initiation in 3 
outbreak areas compared to other areas in the same period 
when outbreaks occurred (Table 3). 

The overall findings are shown in Table 1. The median 
number of days from the onset of symptoms to TB treatment 
initiation was 22 in 2017–2019 and 25 in 2020. This difference 
of 3 days was statistically significant (p < 0.0001). The time  
to TB treatment initiation was 2 days longer in 2020 during 
the COVID-19 pandemic in both men and women (p < 0.0001). 
The time to TB treatment initiation was 2 to 5 days longer  
in each age group, except for the 0- to 9-year-old group and 
the over-80 age group. The time was 11.5 days shorter in 
2020 in the 0 to 9-year-old group (p = 0.2798). In the over-
80 group, the time in 2020 was the same as in 2017–2019 
(p = 0.3433). For PPM hospitals, the time to TB treatment 
initiation was 4 days longer in 2020, which was a statistically 
significant difference (p < 0.0001). For non-PPM or public 
health centers, the time in 2020 was similar to that in 
2017–2019. In a comparison according to the results of the 
sputum smear test, the time was 2 days longer for sputum 
smear-positive cases and 3 days longer for negative cases in 
2020. In an analysis by region, longer times to TB treatment 
initiation in 2020 were found in Seoul (5 days longer), Busan 
(3 days longer), Daegu (6 days longer), Sejong (8 days longer), 
Gyeonggi province (2 days longer), Chungnam province (6 
days longer), and Jeonnam province (2 days longer) (p < 0.05). 
Gangwon province had the opposite result, with a time that 
was 4 days shorter in 2020 (p = 0.0214) (Figure 1). 

We compared the time to TB treatment initiation in the 
areas where COVID-19 outbreaks occurred between the 
period during which the outbreak occurred in 2020 and the 
same months in the previous 3 years (Table 2, Figure 2). For 
outbreak A (in February to March, 2020), the time was 3 days 
longer than that of the same months in the previous 3 years 
in Daegu and Gyeongbuk province. For outbreaks B and C, 
the time was 2.5 days longer during May and 4 days longer 
during August 2020 than in the corresponding months 
in the previous 3 years in Seoul, Incheon, and Gyeonggi 
province. This difference was only statistically significant for 
outbreak C (p = 0.0303). 

The time to TB treatment in the outbreak A areas (24 
days) was 1 day shorter than in other areas (25 days), which 
was not a statistically significant difference (p = 0.6884). The 
time to TB treatment initiation in the outbreak B areas (27 
days) was 5 days longer than in other areas (22 days). The 
time to TB treatment initiation in the outbreak C areas (28 
days) was 6 days longer than in other areas (22 days). The 
differences between the outbreak areas (outbreak B and 
outbreak C) and other areas in the same month were not 
statistically significant (p = 0.1335, p = 0.0595) (Table 3). 

Time to TB Notification 
We compared the compliance rate with the required timing 
for notifying TB cases between the COVID-19 pandemic of 
2020 and the previous 3 years (2017–2019) and between 
each outbreak area and other areas in the same period 
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in 2020. The compliance rate was 81.8% throughout the 
nation in 2017–2019 and 88.1% in 2020 (p < 0.0001) (Table 
4). For the outbreak A areas, the compliance rate was 85.4% 
in the outbreak period in 2020 and 77.7% in the same 
months during 2017–2019 (p = 0.0017). For the outbreak B 
and outbreak C areas, the compliance rates were 86.1% and 
86.2% in the outbreak periods in 2020 and 79.6% and 83.3% 
in the same months in 2017–2019, respectively. The rates 
were 6.5%p higher in 2020 for outbreak B (p < 0.0001) and 
2.9%p higher in 2020 for outbreak C (p = 0.0458). 

The compliance rates were 85.4%, 86.1%, and 86.2% in 
outbreak A, outbreak B, and outbreak C, respectively. The 
rates of the other areas in the same period as each outbreak 
were 87.7%, 88.0%, and 88.9%, respectively. The compliance 
rates in other areas were higher than in the outbreak areas, 
but none of the differences were statistically significant 
(Table 5). 

Time to Individual Case Investigation 
We compared the compliance rate with the required timing 
for performing individual case investigations between the 
COVID-19 pandemic in 2020 and the previous 3 years (2017–

2019) and between each outbreak area and other areas 
in the same period in 2020 (Table 6). The compliance rate 
was 98.4% throughout the nation in 2017–2019 and 98.9% 
in 2020. The rate in 2020 was 0.5%p higher than that in 
2017–2019 (p < 0.0001). Public health centers are responsible 
for conducting individual case investigations of cases 
notified by non-PPM medical institutions. We compared 
the compliance rate by the type of medical institution 
(PPM hospitals or public health centers) with the previous 
time requirement. For PPM hospitals, the compliance rate 
improved by 0.4%p, which was statistically significant 
(p = 0.0004). For public health centers, it was 0.6%p higher in 
2020, which was not statistically significant. For the outbreak 
A areas, the compliance rate was 98.4% in the corresponding 
months in 2017–2019, and the rate in 2020 was similar  
to before (0.2%p lower, p = 0.8302). For the outbreak B and 
outbreak C areas, the compliance rates were the same (98.4%) 
in the corresponding periods in 2017–2019 and the same 
(99.0%) in 2020. For PPM hospitals, the compliance rates 
improved by 0.2%p to 0.5%p in each outbreak area in 2020, 
which was not statistically significant. For public health 
centers, there was a fluctuation of some percentage points 

-6 -4 -2 0 2 4 6 8 10

Seoul

Busan

Daegu

Incheon

Gwangju

Daejeon

Ulsan

Sejong

Gyeonggi

Gangwon

Chungbuk

Chungnam

Jeonbuk

Jeonnam

Gyeongbuk

Gyeongnam

Jeju

-6 -4 -2 0 2 4 6 8 10

Gyeongnam

Jeju

Gyeongbuk

Jeonnam

Jeonbuk

Chungbuk

Chungnam

Gangwon

Gyeonggi

Sejong

Ulsan

Daejeon

Gwangju

Incheon

Busan

Daegu

Seoul

2

2

1

1.5

0

3.5

6

5

3

8

4

6

0

-3

-0.5

-4

-2

Figure 1. Differences in time to tuberculosis treatment initiation between 2017−2019 and 2020, by province.
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in 2020 relative to previous values, but these differences 
were not statistically significant. 

In 2020, when the new timing requirements were applied, 
the compliance rates were 95.6%, 97.5%, and 96.1% in the 
areas of outbreak A, outbreak B, and outbreak C, respectively 
(Table 7). The rates of other areas in the same period as each 
outbreak were 97.8%, 96.0% and 95.1%, respectively. The only 
statistically significant difference was found for outbreak A, 

where the compliance rate in the outbreak area was 2.2%p 
lower than in other areas (p = 0.0148). For PPM hospitals, there 
was no substantial difference in compliance rates between 
the outbreak areas and the other areas. For public health 
centers, the rate was 13%p lower in outbreak A than in other 
areas (p = 0.0003), while the rates in the areas of outbreak B 
and outbreak C were similar to those in other areas.  
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Figure 2. Time to tuberculosis 
treatment initiation in 2017–2019 
and 2020, nationwide and in 
outbreak areas. 
Outbreak A occurred in Daegu and 
Gyeongbuk province from February 
to March 2020. Outbreaks B and 
C occurred in Seoul, Incheon, and 
Gyeonggi province in May and August 
2020, respectively.

Table 4. Compliance rate with the required timing for tuberculosis notification nationwide and in each outbreak compared 
to the same area in the same period in the previous 3 years (2017−2019)

Variable
2017−2019 2020

p
n Compliance rate (%) n Compliance rate (%)

Nationwide 75,495 61,766 (81.8) 19,224 16,930 (88.1) < 0.0001
Outbreak A 1,372 1,066 (77.7) 342 292 (85.4) 0.0017
Outbreak B 3,178 2,531 (79.6) 696 599 (86.1) < 0.0001
Outbreak C 3,270 2,724 (83.3) 804 693 (86.2) 0.0458

Outbreak A occurred in Daegu and Gyeongbuk province from February to March 2020. Outbreaks B and C occurred in Seoul, Incheon, and Gyeonggi 
province in May and August 2020, respectively.

Table 5. Compliance rate with the required timing for tuberculosis notification in each COVID-19 outbreak area and other 
areas in 2020

Outbreak
Outbreak areas, 2020 Other areas, 2020

p
n Compliance rate (%) n Compliance rate (%)

A 342 292 (85.4) 2,707 2,375 (87.7) 0.215
B 696 599 (86.1) 820 722 (88.0) 0.2498
C 804 693 (86.2) 849 755 (88.9) 0.0919

Outbreak A occurred in Daegu and Gyeongbuk province from February to March 2020. Outbreaks B and C occurred in Seoul, Incheon, and Gyeonggi 
province in May and August 2020, respectively.
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Discussion 

Our study showed that the diagnosis of TB was delayed 
during the COVID-19 pandemic in 2020. A delay of 3 days 
was found during the COVID-19 pandemic in the time 

from the onset of TB symptoms to TB treatment initiation. 
This TB diagnostic delay can be explained by the delay 
in patients’ first visits to the medical institutions, as well 
as health system delays (i.e., those related to the medical 
system) [12,15]. It is possible that patients’ first visits to 

Table 6. Compliance rate with the required timing for individual case investigation nationwide and in each outbreak 
compared to the same area in the same period in the previous 3 years (2017−2019)

Variable
2017−2019 2020

p
n Compliance rate (%) n Compliance rate (%)

Nationwide 76,286 98.4 19,624 98.9 < 0.0001
 PPM 55,682 99.4 15,652 99.6 0.0004
 Non-PPM 17,314

95.5
3,711

96.1 0.108
 PHC 3,290 261
Outbreak A 1,379 98.4 341 98.2 0.8302
 PPM 1,064 99.2 275 99.6 0.6972
 Non-PPM 264

95.9
65

92.4 0.2143
 PHC 51 1
Outbreak B 3,193 98.4 707 99.0 0.2082
 PPM 2,515 99.2 614 99.4 1
 Non-PPM 538

95.3
89

96.8 0.7893
 PHC 140 4
Outbreak C 3,337 98.4 822 99.0 0.2077
 PPM 2,654 99.4 705 99.9 0.2264
 Non-PPM 546

94.7
108

94.0 0.7523
 PHC 137 9

Outbreak A occurred in Daegu and Gyeongbuk province from February to March 2020. Outbreaks B and C occurred in Seoul, Incheon, and Gyeonggi 
province in May and August 2020, respectively. Compliance rate with the time to individual case investigation based on the requirement to perform the 
investigation within 3 days for sputum smear-positive patients and within 7 days for sputum smear-negative patients.
PPM, public-private mix (tuberculosis control project hospitals); PHC, public health centers.

Table 7. Compliance rate with the required timing for individual case investigations in each COVID-19 outbreak area and 
other areas in 2020

Variable
Outbreak areas, 2020 Other areas, 2020

p
n Compliance rate (%) n Compliance rate (%)

Outbreak A 341 95.6 2,738 97.8 0.0148
 PPM 275 99.3 2,215 98.8 0.7621
 Non-PPM 65

80.3
471

93.3 0.0003
 PHC 1 52
Outbreak B 707 97.5 828 96.0 0.1168
 PPM 614 98.5 591 98.5 0.935
 Non-PPM 89

90.3
228

89.9 0.9026
 PHC 4 9
Outbreak C 822 96.1 857 95.1 0.3145
 PPM 705 97.3 647 98.2 0.3024
 Non-PPM 108

88.9
201

85.7 0.4155
 PHC 9 9

Outbreak A occurred in Daegu and Gyeongbuk province from February to March 2020. Outbreaks B and C occurred in Seoul, Incheon, and Gyeonggi 
province in May and August 2020, respectively. Compliance rate with the time to individual case investigation based on the requirement to perform the 
investigation within 3 days after the notification.
PPM, public-private mix (tuberculosis control project hospitals); PHC, public health centers.
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medical institutions to see a doctor were delayed despite 
the symptoms of TB patients due to concerns regarding 
exposure to COVID-19 patients. The pandemic has adversely 
affected public sentiment by creating fear and anxiety 
[16,17]. According to a recent survey among medical staff 
(doctors or dedicated TB nurses) in PPM hospitals in the 
ROK, a substantial proportion of respondents (17.4%) stated 
that TB patients were afraid to visit medical institutions 
due to fear of becoming infected with COVID-19 [18], while 
some TB patients who needed hospitalization refused 
hospitalization [10]. Nonetheless, patients having respiratory 
symptoms could find it difficult to see doctors since they 
would be redirected to COVID-19 screening clinics [19], 
patients had to undergo procedures such as checking 
for fever and filling out questionnaires before seeing a 
doctor for TB diagnosis and treatment. In other words, the 
diagnosis of TB might have been delayed because COVID-19 
was prioritized as a potential diagnosis in patients with 
respiratory symptoms rather than TB [19]. Furthermore, 
according to news articles in the ROK, a few medical 
institutions did not even accept patients from Daegu, where 
the first large outbreak of COVID-19 occurred [20]. When 
COVID-19 patients were diagnosed at medical institutions 
and public health centers, these facilities were immediately 
closed and their medical services were discontinued since 
they had many high-risk patients. Therefore, the delay in 
TB diagnosis may have been due to decreased access to 
medical care, as well as patient-related factors [5,6,10,11]. 

In almost all age groups, the time to TB treatment 
initiation was longer during the COVID-19 pandemic in 
2020. However, it was much shorter (11.5 days) than before 
the pandemic in the 0- to 9-year-old age group, unlike 
other age groups. Due to the young age of these patients, 
the COVID-19 outbreak may have spurred their parents or 
guardians to visit medical institutions more urgently. Since 
the symptoms of COVID-19 are almost identical to those 
of TB, their parents and guardians might have suspected 
COVID-19, prompting them to visit medical institutions 
early, which in turn led to an earlier TB diagnosis. At the 
first clinical presentation a wide range of differential 
diagnoses must be considered, providing an opportunity to 
diagnose other diseases early [21]. We evaluated the time 
taken for TB diagnosis by the type of medical institution. 
PPM hospitals accounted for around 80% of all TB patients 
in the ROK. Among the 67 designated infectious disease 
control institutions in 2020, 22 (32.8%) were PPM hospitals, 
including Masan National Tuberculosis Hospital [22]. For 
TB cases notified by PPM hospitals, the diagnosis of TB 
was delayed by 4 days compared to the previous 3 years, 
whereas it was not delayed for non-PPM hospitals and 

public health centers, which had fewer TB patients than 
before. Fortunately, the coverage of acid-fast bacilli smear 
and culture tests and drug susceptibility testing was above 
90% at PPM hospitals, which implies that TB management 
was carried out at PPM hospitals under the national PPM TB 
control project in the ROK regardless of the pandemic [23]. 

In the areas affected by each outbreak, we found that 
there was a delay in TB diagnosis (Figure 2). This was 
only significant for the outbreak in Seoul, Incheon, and 
Gyeonggi province in August (outbreak C), which had a 
delay of 4 days in TB diagnosis compared to before the 
pandemic. Meanwhile, a few province-level areas, including 
the city of Daegu where the first larger outbreak occurred 
and some areas without large-scale outbreaks had delays 
in TB diagnosis throughout 2020, but some areas had 
shorter times to TB treatment initiation (Figure 1). Given 
these circumstances, COVID-19 outbreaks in the context 
of the pandemic were considered to have had impacts 
on TB nationally in 2020, with geographic variation due 
to differences in how local health authorities carried out 
prevention strategies and resource distribution depending 
on local conditions and based on the central health authority’s 
policy.  

We confirmed that there was no delay in TB notification 
during the COVID-19 pandemic, including the outbreak 
areas, compared to the previous 3 years. Individual case 
investigations were not delayed overall in 2020 compared to 
before the pandemic. However, the compliance rate with the 
required timing for individual case investigations in Daegu 
and Gyeongbuk province from February to March, 2020 was 
lower than in other areas in the same period. Furthermore, 
it was clearly shown that individual case investigations 
carried out at public health centers were delayed during the 
outbreaks in Daegu and Gyeongbuk province, with a 13%p 
lower compliance. The dedicated TB staff could not deal 
with the corresponding tasks in time, while PPM hospitals 
were not affected by the COVID-19 pandemic in terms of 
compliance with the required timing for TB individual case 
investigations. Public health centers in the ROK prioritized 
responding to COVID-19 in terms of staff and resources, 
which may have affected TB management, particularly 
at the beginning of the pandemic. However, our analysis 
showed that there were no delays in TB notifications and 
individual case investigations in PPM hospitals during the 
COVID-19 pandemic. A major reason for this may be the 
maintenance of dedicated TB nurses in PPM hospitals, 
even when medical resources were concentrated on the 
COVID-19 response [14]. In the analysis of TB management 
indicators at PPM medical institutions, it was reported 
that the initial TB test rate and the initial compliance rate 
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with treatment guidelines during the COVID-19 pandemic 
were well maintained, without any substantial differences 
compared to the rates before COVID-19 [23]. In addition, 
it is necessary to consider the decrease in the number of 
people diagnosed with TB during the COVID-19 pandemic 
compared to the same period in 2017–2019 [11]. Therefore, 
continuing support should be provided for medical resources 
dedicated to TB management to flexibly respond to any 
possible changes, including a potential temporary increase 
in TB notifications after the COVID-19 pandemic [11,19]. 
Through our study, we learned that adequate preparation to 
address other diseases during the prolonged pandemic is 
required [5–7,24]. 

This study has several limitations. First, it was a retrospective 
study and only notified cases were included in the analysis. It 
is likely that some patients with TB died before diagnosis and 
that some TB cases were not notified, and those cases were 
impossible to include. Another limitation is that we could not 
evaluate the respective impact of patient delay and health 
system delay because we did not have information on the 
date of patients’ first visits to medical institutions, which 
would have been necessary to distinguish these delays. The 
information was also insufficient to determine specific 
factors related to delays in diagnosis, such as underlying 
diseases or knowledge, patients’ attitudes towards TB, and the 
local environment related to health care. We should scrutinize 
where exactly delays in diagnosis occur and investigate various 
factors causing delays in the diagnosis of TB, such as health 
strategies, infrastructure related to health care, personnel in 
each local region, and so on. To achieve this goal, we should 
gather the corresponding information for future analysis. 
Despite these limitations, this study is meaningful in that the 
data analyzed were nationally representative, and the findings 
will be helpful for developing an evidence-based policy for  
TB management and prevention of delayed diagnoses. 

Conclusion 

The diagnosis of TB during the COVID-19 pandemic in the 
ROK was delayed nationwide, especially for patients notified 
by PPM hospitals, which cover about 80% of all TB patients. 
Delays in TB notification did not occur. Some delays in TB 
individual case investigations in Daegu and Gyeongbuk 
province, where an outbreak occurred, were confirmed. 
Especially in public health centers, there was a relatively 
large delay in individual case investigations in the outbreak 
areas. To establish a policy and strategies for minimizing 
delays in TB diagnosis, follow-up studies are needed to 
identify patient-related and health care system factors 
that cause delays. Understanding factors in detail through 

future studies and developing strategies accordingly will be 
helpful for sustainable TB management during outbreaks of 
other infectious diseases in the future.  
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