J Korean Med Sci. 2020 Nov 9;35(43):e388
https://doi.org/10.3346/jkms.2020.35.388
eISSN 1598-6357-pISSN 1011-8934

JKMS

Original Article
Respiratory Diseases

‘ '.) Check for updates ‘

Received: Sep 18, 2020
Accepted: Oct 22, 2020

Address for Correspondence:

Ju Sang Kim, MD

Division of Pulmonary and Critical Care
Medicine, Department of Internal Medicine,
Incheon St. Mary's Hospital, College of
Medicine, The Catholic University of Korea,
56 Dongsu-ro, Bupyeong-gu, Incheon 21431,
Republic of Korea.

E-mail: kimjusang@catholic.ac.kr

© 2020 The Korean Academy of Medical
Sciences.

This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License (https://
creativecommons.org/licenses/by-nc/4.0/)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is properly
cited.

ORCID iDs

Jinsoo Min
https://orcid.org/0000-0001-6091-518X
Hyung Woo Kim
https://orcid.org/0000-0002-8897-6598
Hyeon-Kyoung Koo
https://orcid.org/0000-0002-1200-9892
Yousang Ko
https://orcid.org/0000-0002-1703-6590
Jee Youn Oh
https://orcid.org/0000-0002-1219-0070
Jaetae Kim
https://orcid.org/0000-0002-2902-5725
Jiyeon Yang
https://orcid.org/0000-0001-5979-5926

https://jkms.org

Impact of COVID-19 Pandemic on the
National PPM Tuberculosis Control
Project in Korea: the Korean PPM
Monitoring Database between July
2019 and June 2020

Jinsoo Min @,' Hyung Woo Kim (), Hyeon-Kyoung Koo (,* Yousang Ko ©®,*

Jee Youn Oh @,° Jaetae Kim (,° Jiyeon Yang (©,° Yunhyung Kwon ®,°

Young-Joon Park @,” Ji Young Kang ©,® Sung-Soon Lee (»,° Jae Seuk Park ©,° and
Ju Sang Kim @ 2

'Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Daejeon St. Mary's
Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

“Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Incheon St. Mary's
Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

3Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Ilsan Paik Hospital,
Inje University College of Medicine, Goyang, Korea

“Division of Pulmonary, Allergy and Critical Care Medicine, Department of Internal Medicine, Kangdong
Sacred Heart Hospital, Hallym University College of Medicine, Seoul, Korea

*Division of Pulmonary, Allergy, and Critical Care Medicine, Department of Internal Medicine, Korea
University Guro Hospital, Korea University College of Medicine, Seoul, Korea

®Division of Tuberculosis Prevention and Control, Bureau of Infectious Disease Policy, Korea Disease Control
and Prevention Agency, Osong, Korea

"Director for Epidemiological Investigation Analysis, Director General for Public Health Emergency
Preparedness, Korea Disease Control and Prevention Agency, Cheongju, Korea

8Division of Pulmonary and Critical Care Medicine, Department of Internal Medicine, Seoul St. Mary's
Hospital, College of Medicine, The Catholic University of Korea, Seoul, Korea

°Division of Pulmonary Medicine, Department of Internal Medicine, Dankook University College of
Medicine, Cheonan, Korea

ABSTRACT

Background: The coronavirus disease 2019 (COVID-19) pandemic caused disruptions to
healthcare systems and endangered the control and prevention of tuberculosis (TB). We
investigated the nationwide effects of COVID-19 on the national Public-Private Mix (PPM) TB
control project in Korea, using monitoring indicators from the Korean PPM monitoring database.
Methods: The Korean PPM monitoring database includes data from patients registered at
PPM hospitals throughout the country. Data of six monitoring indicators for active TB cases
updated between July 2019 and June 2020 were collected. The data of each cohort throughout
the country and in Daegu-Gyeongbuk, Seoul Metropolitan Area, and Jeonnam-Jeonbuk

were collated to provide nationwide data. The data were compared using the y? test for trend
to evaluate quarterly trends of each monitoring indicator at the national level and in the
prespecified regions.

Results: Test coverages of sputum smear (P = 0.622) and culture (P = 0.815), drug
susceptibility test (P= 0.750), and adherence rate to initial standard treatment (P = 0.901)

at the national level were not significantly different during the study period. The rate of loss
to follow-up among TB cases at the national level was not significantly different (P = 0.088);
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however, the treatment success rate among the smear-positive drug-susceptible pulmonary
TB cohort at the national level significantly decreased, from 90.6% to 84.1% (P < 0.001).
Treatment success rate in the Seoul metropolitan area also significantly decreased during the
study period, from 89.4% to 84.5% (P = 0.0006).

Conclusion: Our study showed that initial TB management during the COVID-19 pandemic
was properly administered under the PPM project in Korea. However, our study cannot
confirm or conclude a decreased treatment success rate after the COVID-19 pandemic due to
limited data.

Keywords: SARS Virus; Coronavirus; Treatment Outcome; Public-private Sector Partnerships;
Quality Indicators

INTRODUCTION

Coronavirus disease 2019 (COVID-19) was declared as a pandemic on March 11, 2020 by the
World Health Organization (WHO),! causing a public health crisis, triggering disruptions
to healthcare systems, and endangering the control and prevention of common endemic
diseases. A recent survey targeted at healthcare professionals suggested that diabetes,
chronic obstructive pulmonary disease, and hypertension were the most impacted chronic
illnesses, due to reduction in access to routine care.2 Management of tuberculosis (TB),
one of the oldest endemic infectious diseases, was unavoidably affected by the COVID-19
pandemic. Many experts warn of a severe effect on TB management and control.34

After experiencing a huge outbreak of COVID-19 in late February 2020 in Daegu, with
widespread transmission throughout the country, the Korean government raised the
country's infectious disease alert to the highest level on February 23, 2020.5 Subsequently,

all of Korea's capabilities were focused on COVID-19 management, which resulted in severe
reductions in health service availability and access to care for patients with other chronic
diseases, such as TB. Kwak et al.¢ reported that TB notification decreased significantly with
the surge of COVID-19 in Korea. This could result in delays in TB diagnosis and treatment and
increased risk of poor treatment outcomes, which are important areas for further research.

The national Public-Private Mix (PPM) TB control project was implemented in 2011 in order
to provide comprehensive management for TB patients at private hospitals in Korea.” The
Korean PPM monitoring database was established to evaluate the activities of PPM project-
participant hospitals and provides quarterly monitoring indicators of TB management from
2014 onwards. Herein, we investigated the nationwide effects of COVID-19 on the PPM
project in Korea, using monitoring indicators from the Korean PPM monitoring database.

METHODS

Setting

Korea, an intermediate-TB burden country, has a high TB incidence rate among high-
income countries. In 2019, the overall notification rate of new TB cases was 46.4 per
100,000 population, with a reduction of 9.9% from the previous year's rate.8 In 2017, 127
PPM hospitals participated in the national PPM TB control project, which managed 68.7%
of TB cases throughout the country. The PPM project is operated by the Korean Academy of
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Tuberculosis and Respiratory Diseases, under the supervision of the Korea Disease Control
and Prevention Agency (KDCA). There is a central steering committee and 21 regional
committees to monitor patient management in PPM hospitals.

Korean PPM monitoring database

TB is a nationally notifiable disease in Korea and is monitored using the Korean National
TB Surveillance System (KNTSS), a web-based system launched in 2000.9 The Korean
PPM monitoring database includes data from patients reported at PPM hospitals. The
KDCA has the primary responsibility for accessing the TB notification data of the KNTSS.
Based on the notification date, TB patients at PPM hospitals are enrolled in each quarter
of the calendar year, which forms a cohort. Indicators of each cohort are generated every
quarter and released in the first month of the next quarter. Every cohort is updated and
analyzed five times, thus followed up for at least 12 months to identify treatment outcomes
(Supplementary Methods).

Definitions of the monitoring indicators

Of the 25 monitoring indicators,’ data on the following six for active TB cases were collected
in this study: 1) sputum acid-fast bacilli (AFB) smear test coverage among pulmonary TB
cases, 2) sputum culture test coverage among pulmonary TB cases, 3) adherence to initial
standard anti-TB treatment, 4) drug susceptibility test (DST) coverage among all culture-
confirmed TB cases, 5) loss to follow-up (LTFU) rate among the drug-susceptible TB cohort,
and 6) treatment success rate among the smear-positive drug-susceptible pulmonary TB
cohort. The final treatment outcomes were reported in accordance with the WHO treatment
definitions,10 which are endorsed by the Korean TB guidelines.!!

Data collection

Data updated between July 2019 (the third quarter of 2019) and June 2020 (the second quarter
0f2020) were collected for the purpose of the current study.” To evaluate changes in smear
and culture coverages and adherence to standard regimens before and after the COVID-19
outbreak, cohort data from the third and fourth quarters of 2019 and the first and second
quarters of 2020 were collected and analyzed. For DST coverage, cohort data from the
second, third, and fourth quarters of 2019 and the first quarter of 2020, which were collected
and updated for the second analysis, were used. For LTFU and treatment success rates, cohort
data from the third and fourth quarters of 2018 and the first and second quarters of 2019,
which were collected and updated for the fifth analysis, were used.

All the data from each cohort throughout the country were collated to provide the national
data. The five regions with the most reported cased of COVID-19 as of July 4, 2020

were selected and re-categorized into two regions based on their proximity: Daegu and
Gyeongbuk, and Seoul Metropolitan Area (Seoul, Incheon, and Gyeonggi).12 In addition, two
regions with the fewest reported cases of COVID-19 were selected and combined into one
region: Jeonnam and Jeonbuk. All the data from each cohort in the prespecified regions were
collated to provide the regional data.

Statistical analysis

Data were presented as numbers with percentages. Categorical variables were compared
using the y? test for trend to evaluate the quarterly trends of each monitoring indicator at
the national level and in the pre-specified regions. All tests were two-tailed, and P < 0.05
indicated statistical significance. Statistical analyses were performed using SPSS Statistics
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for Windows, version 17.0 (SPSS Inc., Chicago, IL, USA). We also calculated percentage
changes in treatment success rates before and after COVID-19 for each administrative region.
Cohort data from the third and fourth quarters of 2018 were collated to comprise the “before
COVID-19” cohort. Cohort data from the first and second quarters of 2019 were collated to
comprise the ‘after COVID-19’ cohort.

Ethics statement

This study was conducted in accordance with the Declaration of Helsinki. The Institutional
Review Board (IRB) of Daejeon St. Mary's Hospital, The Catholic University of Korea
approved the study protocol, and waived the need for informed consent because no patients
were at risk (IRB No. DC20ZADIO069). The KDCA, Republic of Korea, has authority to hold
and analyze surveillance data for public health and research purposes.

RESULTS

The number of pulmonary TB cases notified at PPM hospitals nationwide decreased from 6,066
in the third quarter of 2019 to 4,893 in the second quarter of 2020 (Supplementary Table 1).
However, sputum AFB smear test coverage at the national level was not significantly different
between the same periods (P=0.622) (Fig. 1). Sputum smear test coverage in other regions

also showed similar results. Sputum AFB culture test coverage at the national level was not
significantly different between the same periods (P= 0.815) (Fig. 2 and Supplementary Table 2).
Sputum culture test coverage in other regions also showed similar results.

Adherence rate to initial standard anti-TB treatment recommended by the guidelines at the
national level was not significantly different between the same periods (P= 0.901) (Fig. 3
and Supplementary Table 3). However, adherence rate to standard treatment in the Daegu-
Gyeongbuk area increased significantly from the third quarter of 2019 to the second quarter
02020 (P=0.034).

W 2019, Jul-Sep ® 2019, Oct-Dec ® 2020, Jan-Mar ® 2020, Apr-Jun

P=0.622 P=0.574 P=0.635 P=0.946

96 - 95.4

94.6 943 94.3 94.4 . 94.4 945 5, 948

AFB smear test coverage, %

National Daegu & Gyeongbuk Seoul Jeonnam & Jeonbuk
metropolitan area

Administrative regions

Fig. 1. Sputum AFB smear test coverage among pulmonary TB cases, which were initially registered for the third
and fourth quarters of 2019 and the first and second quarters of 2020.

Sputum AFB smear test coverage was calculated as the number of patients who had sputum smear test
performed divided by the number of patients with pulmonary TB. Cohort data from the third and fourth quarters
of 2019 and the first and second quarters of 2020 were collected and updated between July 2019 (the third
quarter of 2019) and June 2020 (the second quarter of 2020).

AFB = acid-fast bacilli, TB = tuberculosis.
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Fig. 2. Sputum AFB culture test coverage among pulmonary TB cases, which were initially registered for the third
and fourth quarters of 2019 and the first and second quarters of 2020.

Sputum AFB culture test coverage was calculated as the number of patients who had sputum culture test
performed divided by the number of patients with pulmonary TB. Cohort data from the third and fourth quarters
of 2019 and the first and second quarters of 2020 were collected and updated between July 2019 (the third
quarter of 2019) and June 2020 (the second quarter of 2020).

AFB = acid-fast bacilli, TB = tuberculosis.

DST coverage among culture-confirmed TB cases from the cohort data from the second,
third, and fourth quarters of 2019 and the first quarter of 2020 were updated for the second
analysis between July 2019 and June 2020 and was not significantly different at the national
level (P=0.750) (Fig. 4 and Supplementary Table 4). DST coverage in other regions between
the same periods also showed similar results.

W 2019, Jul-Sep M 2019, Oct-Dec m 2020, Jan-Mar m 2020, Apr-Jun

100 -
P=0.901 P=0.034 P =0.756 P=0.687
98
96.2
96 - 95.9

93.9 94.0

Adherence rate to initial standard

National Daegu & Gyeongbuk Seoul Jeonnam & Jeonbuk
metropolitan area

Administrative regions

Fig. 3. Adherence to initial standard anti-TB treatment recommended by the guidelines among TB cases, which
were initially registered for the third and fourth quarters of 2019 and the first and second quarters of 2020.
Adherence to initial standard anti-TB treatment was calculated as the number of patients treated with initial
standard regimens, including H+R+E+Z, H+R+E, H+E+Z+Rfb, or H+E+Rfb, divided by the number of patients
eligible for initial standard anti-TB treatment recommended by the guidelines. Patients with isoniazid-resistant
TB, RR-TB, and MDR-TB were excluded. Patients whose data regarding anti-TB drugs were not entered in the
Korean National TB Surveillance System were excluded. Patients registered as “treatment after failure” were
excluded. Cohort data from the third and fourth quarters of 2019 and the first and second quarters of 2020 were
collected and updated between July 2019 (the third quarter of 2019) and June 2020 (the second quarter of 2020).
TB = tuberculosis, H = isoniazid, R = rifampicin, E = ethambutol, Z = pyrazinamide, Rfb = rifabutin. RR =
rifampicina resistant, MDR = multidrug resistant.
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W 2019, Jul-Sep M 2019, Oct-Dec m 2020, Jan-Mar m 2020, Apr-Jun

P=0.750 P =0.292 P=0.971 P=0.446

95.4
94.6 94.7

Drug susceptibility test coverage, %

National Daegu & Gyeongbuk Seoul Jeonnam & Jeonbuk
metropolitan area

Administrative regions
Fig. 4. Drug susceptibility test coverage among culture-confirmed TB cases, which were initially registered for the
second, third, and fourth quarters of 2019 and the first quarters of 2020.
Drug susceptibility test coverage was calculated as the number of patients with culture-based or molecular drug-
susceptible test results divided by the number of patients with culture-confirmed TB cases. Cohort data from the
second, third, and fourth quarters of 2019 and the first quarter of 2020 were collected and updated between July

2019 (the third quarter of 2019) and June 2020 (the second quarter of 2020).
TB = tuberculosis.

Treatment success rate and LTFU rate from the cohort data from the third and fourth quarters
0f2018 and the first and second quarters of 2019 were updated for the final analysis between
July 2019 and June 2020. Treatment success rate among the smear-positive drug-susceptible
pulmonary TB cohort significantly decreased from 90.6% to 84.1% (P < 0.001) (Fig. 5 and
Table 1). Treatment success rate in the Seoul Metropolitan Area also significantly decreased,

Table 1. Treatment success rate among the smear-positive drug-susceptible pulmonary TB cohort, initially registered for the third and fourth quarters of 2018
and the first and second quarters of 2019

Administrative regions Name of registered Period of last All cases® Treatment Unfavorable P for trend
cohort? database update success® outcome

National 2018 3Q 2019, Jul-Sep 1,165 1,056 (90.6) 109 (9.4) <0.001
2018 4Q 2019, Oct-Dec 1,088 983 (90.3) 105 (9.7)
20191Q 2020, Jan-Mar 1,169 994 (85.0) 175 (15.0)
2019 2Q 2020, Apr-Jun 1,172 986 (84.1) 186 (15.9)

Daegu & Gyeongbuk 2018 3Q 2019, Jul-Sep 156 137 (87.8) 19 (12.2) 0.255
2018 4Q 2019, Oct-Dec 152 138 (90.8) 14 (9.2)
2019 1Q 2020, Jan-Mar 143 119 (83.2) 24 (16.8)
2019 2Q 2020, Apr-Jun 141 121 (85.8) 20 (14.2)

Seoul metropolitan area 2018 3Q 2019, Jul-Sep 578 517 (89.4) 61(10.6) 0.006
2018 4Q 2019, Oct-Dec 544 490 (90.1) 54 (9.9)
2019 1Q 2020, Jan-Mar 569 486 (85.4) 83 (14.6)
2019 2Q 2020, Apr-Jun 606 512 (84.5) 94 (15.5)

Jeonnam & Jeonbuk 2018 3Q 2019, Jul-Sep 84 79 (94.0) 5(6.0) 0.242
2018 4Q 2019, Oct-Dec 68 65 (95.6) 3 (4.4)
2019 1Q 2020, Jan-Mar 97 85 (87.6) 12 (12.4)
2019 2Q 2020, Apr-Jun 71 66 (93.0) 5(7.0)

Data are presented as number (%).
TB = tuberculosis, Q = quarter, ICD = International Classification of Diseases, AFB = acid-fast bacilli, RR = rifampicina resistant, MDR = multidrug resistant.
2Cohort data from the third and fourth quarters of 2018 and the first and second quarters of 2019 were collected and updated between July 2019 (the third
quarter of 2019) and June 2020 (the second quarter of 2020); PDenominator: number of smear-positive drug-susceptible pulmonary TB cases registered as
treatment success, treatment failed, loss to follow-up, died, and still on treatment. Smear-positive pulmonary TB cases are defined by ICD-10 codes (A15.00

or A15.01) and positive results of sputum AFB smear tests. Patients with RR-TB and MDR-TB were excluded. Patients who were “transferred out” to another
treatment unit, returned to their home country, and died due to non-TB-related causes were excluded; “Numerator: number of smear-positive drug-susceptible
pulmonary TB cases in patients who were successfully treated.

https://jkms.org
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W 2019, Jul-Sep M 2019, Oct-Dec m 2020, Jan-Mar m 2020, Apr-Jun

100 -
98 - P <0.001 P=0.255 P=0.006 P=0.242
96 - 95.6

Treatment success rate, %

National Daegu & Gyeongbuk Seoul Jeonnam & Jeonbuk
metropolitan area

Administrative regions

Fig. 5. Treatment success rate among the smear-positive drug-susceptible pulmonary TB cohort, which were
initially registered for the third and fourth quarters of 2018 and the first and second quarters of 2019.

Treatment success rate was calculated as the number of smear-positive drug-susceptible pulmonary TB cases
that were successfully treated divided by the number of smear-positive drug-susceptible pulmonary TB cases
registered as treatment success, treatment failed, loss to follow-up, died, and still on treatment. Smear-positive
pulmonary TB cases are defined by ICD-10 codes (A15.00 or A15.01) and positive results of sputum AFB smear
tests. Patients with RR-TB and MDR-TB were excluded. Patients who were “transferred out” to another treatment
unit, returned to their home country, and died of non-TB-related causes were excluded. Cohort data from the
third and fourth quarters of 2018 and the first and second quarters of 2019 were collected and updated between
July 2019 (the third quarter of 2019) and June 2020 (the second quarter of 2020).

TB = tuberculosis, ICD = International Classification of Diseases, AFB = acid-fast bacilli, RR = rifampicina resistant,
MDR = multidrug resistant.

W 2019, Jul-Sep ® 2019, Oct-Dec ® 2020, Jan-Mar ® 2020, Apr-Jun
P=0.088 P=0.059 P=0.786 P =0.205
4.9

Loss to follow-up rate, %

National Daegu & Gyeongbuk Seoul Jeonnam & Jeonbuk
metropolitan area

Administrative regions

Fig. 6. Loss to follow-up rate among TB cases, which were initially registered for the third and fourth quarters of
2018 and the first and second quarters of 2019.

Loss to follow-up rate was calculated as the number of TB cases that were registered as loss to follow-up divided
by the number of TB cases registered as treatment success, treatment failed, loss to follow-up, died, and still

on treatment. Patients with RR-TB and MDR-TB were excluded. Patients who were “transferred out” to another
treatment unit, returned to their home country, and died due to non-TB-related causes were excluded. Cohort
data from the third and fourth quarters of 2018 and the first and second quarters of 2019 were collected and
updated between July 2019 (the third quarter of 2019) and June 2020 (the second quarter of 2020).

TB = tuberculosis, RR = rifampicina resistant, MDR = multidrug resistant.

from 89.4% to 84.5% (P=0.0006). The LTFU rate among tuberculosis cases at the national
level decreased from 2.6% to 2.1% but was not statistically significant (P = 0.088) (Fig. 6 and
Supplementary Table 5). The LTFU rate in other regions between the same periods also did
not show significant changes.
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Table 2. Treatment success rate among the smear-positive drug-susceptible pulmonary TB cohort before and after the COVID-19 pandemic

Impact of COVID-19 Pandemic on TB Control

Administrative regions Before the COVID-19 pandemic? After the COVID-19 pandemic® Percent change
(Cohort data of 2018 3Q and 4Q) (Cohort data of 2019 1Q and 2Q) of treatment
No. of all cases®  No. of treatment Treatment No. of all cases®  No. of treatment Treatment success rate, %
success® success rate, % success® success rate, %
National 2,253 2,039 90.5 2,341 1,980 84.6 -6.5
Gangwon 10 103 93.6 92 78 84.8 =£.5
Gyeonggi 445 408 91.7 450 399 88.7 -3.3
Gyeongnam m 105 94.6 132 106 80.3 -15.1
Gyeongbuk 88 79 89.8 88 79 89.8 0.0
Gwangju 82 77 93.9 97 85 87.6 -6.7
Daegu 220 196 89.1 196 161 82.1 -7.8
Daejeon 74 64 86.5 59 52 88.1 1.9
Busan 141 126 89.4 161 130 80.7 -9.6
Seoul 567 500 88.2 583 483 82.8 -6.1
Ulsan 42 36 85.7 24 21 87.5 2.1
Incheon 1o 99 90.0 142 116 81.7 -9.2
Jeonnam 74 70 94.6 86 81 94.2 -0.4
Jeonbuk 78 74 94.9 82 70 85.4 -10.0
Jeju 24 23 95.8 30 26 86.7 -9.6
Chungnam 62 56 90.3 74 59 79.7 -1.7
Chungbuk 25 23 92.0 45 34 75.6 -17.9

TB = tuberculosis, COVID-19 = coronavirus disease 2019, Q = quarter, ICD = International Classification of Diseases, AFB = acid-fast bacilli, RR = rifampicina
resistant, MDR = multidrug resistant.

2Cohort data from the third and fourth quarters of 2018 and the first and second quarters of 2019 were collected and updated between July 2019 (the third
quarter of 2019) and June 2020 (the second quarter of 2020); *Denominator: number of smear-positive drug-susceptible pulmonary TB cases registered as
treatment success, treatment failed, loss to follow-up, died, and still on treatment. Smear-positive pulmonary TB cases are defined by the ICD-10 codes (A15.00
or A15.01) and positive results of sputum AFB smear tests. Patients with RR-TB and MDR-TB were excluded. Patients who were “transferred out” to another
treatment unit, returned to their home country, and died due to non-TB-related causes were excluded; °“Numerator: number of smear-positive drug-susceptible
pulmonary TB cases in patients who were successfully treated.

Treatment success rate at the national level decreased from 90.5% before COVID-19 to 84.6%
after COVID-19, with percentage change of —6.5% (Table 2). Chungbuk province had the
highest percentage change in the treatment success rate before and after COVID-19 (-17.9%),
followed by Gyeongnam (-15.1%), Chungnam (-11.7%), and Jeonbuk (-10.0%).

DISCUSSION

This is the first study to assess performance changes in the national PPM TB control project
following the COVID-19 pandemic in Korea. Coverages of AFB smear and culture tests and
DST were above 90% in our study, which implies that the initial case management of newly
notified TB patients was carried out properly at PPM hospitals regardless of the pandemic. A
previous study showed that the initial coverages of smear and culture tests and DST increased
significantly from the first quarter of 2016 to the fourth quarter of 2017.7 High coverage

of essential diagnostic tests in the current study could be ascribed to the comprehensive
case management provided by TB specialist nurses under the PPM project. The WHO has
highlighted that all measures should be taken to ensure continuity of services for people
who need preventive and curative treatment for TB amid the COVID-19 pandemic.13 Since
many countries are seeing a second wave of COVID-19 after relaxing social distancing

rules, appropriate planning and monitoring activities regarding TB are essential to provide
sustainability of essential TB services.

Treatment success rate among smear-positive pulmonary TB cohorts decreased from

90.5% before the pandemic to 84.6% after. As the treatment outcomes were assessed at
the time of deregistration, all TB cases evaluated for treatment outcomes in our study were
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registered between the third quarter of 2018 and the second quarter of 2019. Thus, the true
impacts of the COVID-19 pandemic on early TB management, which could consequently
worsen the treatment outcomes, cannot be assessed in our study. Since the LTFU rate was
not significantly different before and after the pandemic in our study, we could hypothesize
that increasing numbers of cases with treatment interruption less than two months after

the COVID-19 pandemic led to increasing numbers of still-on-treatment cases at the final
(fifth) analysis. In addition, since the TB patients scheduled to finish their anti-TB treatment
might miss their last visit to the outpatient clinics, the increased numbers of under-reported
treatment success cases could account for the apparently low treatment success rates after the
COVID-19 pandemic. Due to unavailability of individual data, we cannot elucidate the exact
causes of decreasing treatment success rates during our study period. Advanced analysis,
such as interrupted time series analysis,415 with additional data from future cohorts is
necessary to provide a more detailed assessment of the longitudinal effect of the COVID-19
pandemic and explore any seasonal trends.

Adherence rate to initial standard treatment recommended by the guidelines in the Daegu-
Gyeongbuk Area significantly improved after the COVID-19 pandemic. One of the possible
reasons for the low adherence rate to standard treatment in routine clinical settings in Korea
is that TB patients, especially the elderly, are transferred to PPM hospitals after experiencing
adverse drug reactions and often restart the treatment regimens with second-line anti-TB
agents, which is counted as a non-adherent case. Between late February and April 2020,
movement between regions or hospitals was strictly prohibited due to persistent episodes of
COVID-19 outbreaks in the Daegu-Gyeongbuk area. As of July 4, 2020, 63.4% of COVID-19
cases occurred in the Daegu-Gyeongbuk area.12 Thus, we can hypothesize that the number of
TB patients who transferred to PPM hospitals in the Daegu-Gyeongbuk area has decreased,
which could, in turn, improve adherence rates after the COVID-19 pandemic.

Comprehensive TB case management under the PPM project in 2011 and establishment of

a TB epidemic investigation team in 2013 have had pivotal roles in continuing the annual
reduction of TB incidence rates following the stagnation between 2000 and 2011 in Korea.
The current COVID-19 pandemic is a global health crisis, causing substantial disruption to
healthcare systems. The recent outbreak of Ebola in West Africa has severely compromised
TB programs and negatively affected treatment outcomes.15:16 In addition to our current
study results, it is important to identify long-term possible consequences of COVID-19 on the
PPM project in Korea, such as (1) increased number of TB mortalities, LTFU, and treatment
failure cases during the COVID-19 pandemic, (2) increased proportions of retreatment cases
among all notified TB cases within one or two years, and (3) increased number of notified TB
cases after COVID-19.

In conclusion, major disruptions such as natural disasters, war, and infectious disease
pandemic have led to an increased burden of TB. The COVID-19 pandemic had enormous
potential to hinder the efforts of TB services in prevention, case detection, and management,
particularly in resource-limited settings.17 Our study showed that initial TB management
amid the COVID-19 pandemic was properly managed under the national PPM TB control
project in Korea. However, our study cannot confirm a decreased treatment success rate after
the COVID-19 pandemic due to limited data. In addition, interventions such as TB contact
investigation and preventive therapy may have been deprioritized and delayed during the
pandemic. Further research studies are necessary to assess the potential effects of COVID-19
on TB prevention and control in many different ways and to confirm our results.
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