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impacted tuberculosis (TB) control in the country.
Methods: Based on routine surveillance data and questionnaires, the study analyzed TB notification,
follow-up examinations, and treatment outcomes. The data were split into three phases in relation to
outbreak, lockdown and reopen when the nationwide COVID-19 response started in 2020: control (11
weeks prior), intensive (11 weeks during and immediately after), and regular (4 additional weeks). Data
from 2017-2019 were used as baseline.
Findings: The notified number of TB patients decreased sharply in the 15 week of the intensive period
but took significantly longer to rebound in 2020 compared with baseline. The percentages of TB patients
undergoing sputum examination within one week after 2 months treatment and full treatment course in
the intensive period were most affected and decreased by 8% in comparison with control period. 752%
(221/294) of counties reallocated CDC and primary health care workers to fight the COVID-19 epidemic,
26+9% (725/2694) of TB patients had postponed or missed their follow-up examinations due to travel
restrictions and fear of contracting COVID-19.
Interpretation: In the short term, the COVID-19 epidemic mostly affected TB notification and follow-up
examinations in China, which may lead to a surge of demand for TB services in the near future. To cope
with this future challenge, an emergency response mechanism for TB should be established.
Funding: National Health Commission of China-Bill & Melinda Gates Foundation TB Collaboration project
(OPP1137180).
© 2020 The Authors. Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Research in context

Evidence before this study

We searched PubMed, and two preprint servers (bioRxiv
and medRxiv) for articles describing the impact of COVID-
19 on TB control with key words “COVID-19 or SARS-CoV-

2 or 2019-nCoV or novel coronavirus” and “tuberculosis” up
to May 29, 2020. Some studies have discussed, anticipated,
or modelled the possible impact of COVID-19 on TB control,
some studies only focus on one aspect of impact on TB test-
ing, notification, or clinical course of TB patients co-infected
with COVID-19. There were no studies that fully described
the impact on TB notification, follow-up examinations, and
treatment outcomes with detailed data, and the impact re-
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Added value of this study

To our knowledge, our study is the first to address
the short-term impact of COVID-19 on TB control in dif-
ferent periods of COVID-19 epidemic based on national TB
surveillance system and specific questionnaires. The study re-
ported the detailed impact on TB control caused by the non-
pharmaceutical interventions for COVID-19 epidemic, includ-
ing TB notification, follow-up examinations and treatment
outcomes. However, we didn’t evaluate the long-term impact
on TB incidence and death which need to be further studied.

Implications of all the available evidence

The impact of COVID-19 on TB control, including notifi-
cation, follow-up examinations, and treatment outcomes, can
be examined from both patients and health service providers.
The demand for TB services suppressed during the COVID-
19 epidemic needs to be responded in future. An emergency
response mechanism regarding on human resource, anti-TB
drug delivery, laboratory testing capacity, etc., should be es-
tablished to improve accessibility and convenience of the
health service system for all TB patients.

1. Introduction

As of August 11, 2020, the number of people who have died
from the novel coronavirus disease 2019 (COVID-19) since January
reached 728,013 of 19,718,030 confirmed cases, reported from 216
countries/regions globally [1]. Noting the high morbidity and mor-
tality rates from the disease and its characteristics of high trans-
mission, Li et al. [2-5] more and more countries began to mobilize
and dedicate a large amount of public health resources to fight the
epidemic, including the suspension or reduction of outpatient and
inpatient services, reallocation of medical staff to COVID-19, and
reinforcement of laboratory testing [1]. This has affected the reso-
lution of other public health issues that deserve the public’s con-
cern and should be addressed [6,7]. In China, most of hospitals re-
ceived COVID-19 cases used to be TB designated hospitals, respon-
sible for tuberculosis(TB) diagnosis and treatment. We assessed the
effects of COVID-19 epidemic on TB control in China, including the
reduction in cases for the intensive intervention period of 76 days
of lockdown and afterwards, as well as follow-up examinations and
treatment outcomes.

TB, like COVID-19, is an airborne transmitted infectious dis-
ease. It is the leading infectious disease killer globally, surpass-
ing HIV/AIDS and malaria, with 10 million new cases and 1-5 mil-
lion deaths estimated in 2019 [8]. In response to the global TB
epidemic, the United Nations Sustainable Development Goal pro-
poses the target of End TB by 2030 [9]. Despite the sheer numbers
globally, TB remains overshadowed by HIV and malaria and cur-
rently the COVID-19 epidemic [10], and the impact of COVID-19 on
TB outcomes is of serious concern [11]. The current studies either
modeled the potential impact of COVID-19 on TB control under dif-
ferent scenarios based on assumptions without hard data as input
[12-14], or only focused on the impact of COVID-19 on TB notifi-
cation or testing [15-17], and there is no study fully discussing the
short-term impact on TB notification, follow-up examination and
treatment outcomes with real data of country emerged from this
crisis.

At the very beginning of the COVID-19 outbreak in China, the
government implemented a series of multifaceted public health
interventions and enforced them strictly throughout the country.
These included the cancellation of all public transportation, the
prohibition of all public gatherings, and the requirement for all
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residents to stay at home. These interventions proved successful
in mitigating the spread of COVID-19 [18-20]. However, these mea-
sures could have a potential impact on TB control in China. On one
hand, these measures may limit people’s seeking medical behavior
and the provision of health care services in hospitals. On the other
hand, the measures will reduce the transmission of TB occurring
outside the household. As a country with a high TB burden, China
has placed great emphasis on TB control and achieved substantial
progress over the past decades [21], but TB remains a major pub-
lic health issue in the country. The government issued a three-year
action plan to stop TB in 2019 [22]. To successfully achieve these
goals and the ultimate target of End TB, it is critical for China to
address the impact of the COVID-19 epidemic on TB control and
develop effective solutions to be used in China and potentially use
for reference by other countries.

2. Methods
2.1. Sources of data

This study used two sources of data: routine national surveil-
lance data and questionnaires.

Routine national surveillance data: Medical records of TB pa-
tients from 2017 to 2020 were extracted from the national TB In-
formation Management System (TBIMS) on May 29, 2020, includ-
ing demographic characteristics (e.g., age, sex, and address), diag-
nosis information (e.g., date of first symptom onset, date of first
seeking medical care, and diagnosis result), and follow-up exam-
inations and treatment outcomes (e.g., date and result of sputum
smear after 2 month treatment and full treatment course, the rea-
son to stop treatment). All information was entered into the TBIMS
via the internet by medical staff from authorized hospitals for TB
diagnosis and treatment (i.e.,“TB-designated hospital”) by the local
health administration [23].

Questionnaires: Chinese Tuberculosis control network is com-
posed of the Centers for Disease Control and Prevention (CDC),
TB-designated hospitals, and primary health care units (PHCs) at
each county [24]. Among them, 294 counties (10% of all counties)
were randomly selected by province, and questionnaire survey was
conducted to all of them, which include 2 counties from Wuhan
city and 8 counties from the other cities of Hubei province. Health
facilities were requested to answer the questions about daily op-
eration of the TB outpatient clinic and hospitalization, laboratory
testing work, medical staff reassignment to COVID-19 units, anti-TB
drug supply, traffic restrictions within and beyond the county, and
suggestions for next steps. About eighteen TB patients per county
were also surveyed for a sample size of 4257. These patients were
interviewed by local CDC workers via telephone regarding follow-
up examinations, treatment adherence, and similar matters.

2.2. Key time points and periods

To better understand the potential impact of COVID-19 on TB
control in China, this study used three periods based on two key
time points: January 25, 2020 (The nationwide COVID-19 response
started), and April 8, 2020 (Wuhan reopened). Eleven weeks be-
fore January 24, 2020, was considered as the control phase with-
out any interventions for COVID-19. The second period of 11 weeks,
from January 25, 2020, to April 8, 2020, was considered as the in-
tensive phase due to the COVID-19 epidemic. The final phase of 4
weeks began on April 9, 2020, with regular interventions for the
epidemic. The three years prior to the epidemic, 2017-2019, were
used as the baseline and were split into 3 counterpart periods by
date (Fig. 1).

In the intensive period, all people were supposed to stay at
home due to containment measures in response to the COVID-19
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Fig. 1. TB notification breakdown by three time periods, 2017-2020. TB Notification refers to TB cases newly diagnosed by health facilities. The lower part of the figure
shows TB notification 11 weeks before and 15 weeks after the Chinese Spring Festival for the years of 2017-2020. The upper part of the figure shows the two periods
(intensive and regular) of 2020 with different responses to COVID-19 epidemic and potential impact on TB control in China.

epidemic. These measures included traffic restrictions, social dis-
tancing, and home confinement. In China most TB-designated hos-
pitals were appointed as COVID-19 hospitals. Similarly, the medical
staff, especially in the laboratories, were reassigned to fight against
COVID-19, and certain areas, such as TB outpatient clinics, were di-
rectly closed.

On April 8, 2020, China lifted the 76-day lockdown on Wuhan
city where the outbreak of the COVID-19 crisis started in China.
The reopening of Wuhan city meant the whole country could begin
to resume work and normal life in an orderly fashion.

In summary, three time periods were classified to better under-
stand and compare the impact of the COVID-19 epidemic on TB
control in China. Firstly, there was no impact on TB control during
the COVID-19 epidemic in the control phase. Secondly, there was
major influence from COVID-19 in intensive phase, Thirdly, there
was moderate impact on TB control in the regular phase.

The Spring Festival is an important holiday in China, beginning
on Chinese New Year’s Eve and lasting for seven days. During this
one-week national vacation, most people in China avoid seeking
medical care and instead reunite with family. Yet in 2020, the Cen-
tral government decided to form a Leading Group and start the na-
tionwide COVID-19 emergence response on January 25, which was
also at the beginning of one-week national holiday. Thus we se-
lected the time point of Chinese New Year of 2017-2019 and eleven
weeks before and 15 weeks after the time point as baseline.

2.3. Statistical analysis

TB notification breakdown by weeks, as well as the percentage
of laboratory confirmed and migrant cases, were calculated to ad-
dress the possible difference. Patient delay (from date of symptom
onset to date of seeking medical care), diagnosis delay (from date
of seeking medical care to date of confirmed diagnosis), and treat-

ment delay (from date of confirmed diagnosis to date of initiating
therapy) were compared by 3 periods (before, during and after Chi-
nese Spring Festival) during 2017-2020 to reflect any changes from
the impact of COVID-19 outbreak.

In China, all TB patients are requested to have sputum smear
microscopy examination after 2 months treatment, as well as af-
ter the full treatment course. If the follow-up sputum smear mi-
croscopy examinations are in 7 days overdue, it will be calculated
as none of show-up for following-up. The sputum conversion rate
after 2 months treatment and cured rate for smear positive pa-
tients were calculated to evaluate the treatment outcomes.

Cochran-Armitage Trend Test were used for categorical data,
and Kruskal-Wallis Test was used for continual data. All statisti-
cal tests were two-tailed, and the p value <0e05 was considered
significant. All the tests were done by Base R (version 3.6.3).

2.4. Role of the funding source

The funders of the study had no role in study design, data col-
lection, data analysis, data interpretation, or writing of the report.
The corresponding author had full access to all the data in the
study and had final responsibility for the decision to submit for
publication.

3. Results
3.1. 2020 COVID-19 periods

The TB case numbers notified in the control, intensive, and reg-
ular periods of 2020 from routine national surveillance data were
129782, 103230, and 52922 respectively (Fig. 1). The percentage of
laboratory confirmed cases decreased from 53+2% in the control
period to 50-8% in the regular period, and the percentage of mi-
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Table 1
TB notification, follow-up and treatment outcome during the COVID-19 periods.

Periods
Control intensive regular p value

Notification

Laboratory confirmed cases (%) 68996/129782 52935/103230 26898/52922 <0-0001
(53+2%) (51+3%) (50-8%)

Migrant cases (%) 38072/129782 26136/103320 13611/52922 <0-0001
(29:3%) (25-3%) (25°7%)

Follow-up examination

Sputum examination after 2 months 94198/136963 70183/116509 20684/31917 <0-0001

treatment (%) (68+8%) (60+2%) (64+8%)

Sputum examination after full treatment 97274/178314 67264/144984 26311/52892 <0-0001

course (%) (54+6%) (46+4%) (497%)

Treatment outcome of smear positive

Sputum conversion rate after 2 months 4171644816 33165/35423 8771/9548 07475

treatment (%) (93-1%) (93+6%) (91-9%)

Cured rate (%) 44252[51998 33862/39992 10997/12988 0-6159
(85+1%) (84-7%) (84-7%)
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Fig. 2. TB notification in 11 weeks before and 15 weeks after the Chinese Spring Festival, 2017-2020 in China.

grant cases declined from 293% in the control period to 253% in
the intensive period (Table 1).

The median (interquartile range, IQR) of patient delay in the
control, intensive and regular periods of 2020 were 18(8-34), 19(7-
36) and 18(8-34) days respectively. The median (IQR) of diagno-
sis delay in the control, intensive and regular periods were 1(0-6),
0(0-5) and 1(0-5) days respectively.

In 2020, the percentage of TB patients who had a sputum ex-
amination within one week after 2 months treatment decreased
from 68+8% in the control period to 60<2% in the intensive pe-
riod, the percentage of sputum examination within one week af-
ter the full treatment course declined from 54+6% in the con-
trol period to 464% in the intensive period. The sputum conver-
sion rates after 2 months treatment for smear positive patients
who had sputum examination in the control, intensive, and reg-
ular periods of 2020 were 93+1%, 93+6%, and 91-9% respectively.
The cured rates for smear positive patients who had sputum ex-
amination after full treatment course in the control, intensive,
and regular periods were 85+1%, 847%, and 84-7% respectively
(Table 1).

3.2. Comparison between 2020 COVID-19 periods with 2017-2019
baseline.

In the three years prior to COVID-19, the average notification
of TB patients decreased sharply from 13,697 to 3202 in the 1st
week after the Chinese Spring Festival and then quickly rebounded
to the previous level from 3202 to 16,562 in the 2nd week of the
three years. However, in 2020 it took about 10 weeks to return to
the previous level (Fig. 2). The percentages of laboratory confirmed
cases in 2017-2019 increased from period 1 to period 3 (Fig. 3,
Table 2). On the contrary, the percentages continuously decreased
from control period to regular period in 2020. The percentages of
migrant cases increased from period 1 to period 3 in 2018-2019
(Fig. 4, Table 2), while the percentage in the intensive period of
2020 was the lowest among the three periods.

The patient delays in the three periods of 2017-2019 were sim-
ilar to that in 2020, first increased and then decreased (Fig. 5).
There was no significant difference in diagnosis delay between pe-
riod 1 and period 2 of 2018-2019, which was different from that
of 2020 (Fig. 6). The median (IQR) of treatment delay for all three
periods of 2017-2019 were all 0(0-0) days, the same as in 2020.
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Fig. 3. The percentage of laboratory confirmed cases in 11 weeks before and 15 weeks after the Chinese Spring Festival, 2017-2020 in China. Laboratory confirmed
cases: Mycobacterium tuberculosis was detected in the patient’s sputum specimen by smear, culture and other diagnostics.

Table 2

TB notification by 3 periods from year 2017 to 2020 in China.

TB Laboratory confirmed cases Migrant cases
Year Period notificatiom (%) p value n (%) p value
2017 o o o <0-0001 o <0+0001
Period 1 156923 48343(30+8%) 34242(21-8%)
Period 2 162297 50781(31+3%) 34168(21-1%)
Period 3 63843 20604(32+3%) 14924(23+4%)
2018 o o o <0-0001 o <0-0001
Period 1 153131 53192(34+7%) 38341(250%)
Period 2 167813 64127(382%) 42631(25+4%)
Period 3 65027 26347(40-5%) 17628(27+1%)
2019 o o o <0-0001 o <0-0001
Period 1 158714 65789(41+5%) 40035(25+2%)
Period 2 160058 74441(46+5%) 42984(26+9%)
Period 3 60294 29331(48+6%) 17041(28+3%)
2020 o o o <0-0001 o <0-0001
Control 129782  68996(53+2%) 38072(29+3%)
Intensive 103230  52935(51+3%) 26136(25+3%)
Regular 52922 26898(50+8%) 13611(25-7%)

There were no significant differences for the percentage of spu-
tum examination within 7 days after 2 months treatment and full
treatment course among the three phases of 2018-2019 (Figs. 7-
8, Table 3), while the percentages in the intensive period of 2020
were the lowest. The sputum conversion rate after 2 months treat-
ment for smear positive patients who had sputum examination
was no significant difference among the three phases of 2017-2019,
which were similar to that of 2020. The cured rate for smear pos-
itive patients who had sputum examination at the end of pre-
scribed treatment course had a totally same trend as the sputum
conversion rate after 2 months treatment (Figs. 9-10, Table 4).

3.3. Questionnaire results about the impact of COVID-19 on TB
control

From the perspective of health providers, the survey results in-
dicated that 75+2% (221/294) of counties reallocated CDC and pri-
mary health care workers to fight the COVID-19 epidemic, and
37+8% (111/294) of counties sent the TB laboratory staff to work for

COVID-19 testing. 14-6% (43/294) and 13+6% (40/294) of counties
were temporarily closed TB outpatient clinics and TB laboratory
respectively during the intensive period. 4-4% (13/294) of counties
faced a shortage of laboratory reagents for TB, and 8:2%(24/294)
of counties experienced a shortage of anti-TB drug during the epi-
demic.

The survey indicated that TB cases could not easily access to
health facilities, due to 84-0% (247/294) and 71-1% (209/294) of
counties applied strict intra-county and inter-city travel restric-
tions. 26-9% (725/2694) of TB patients had postponed or missed
going for their follow-up examinations, due to travel restrictions
and fear of contracting COVID-19.

4. Discussion

Two previous studies showed that TB is a seasonal disease in
China with a predominant spring peak based on monthly notifica-
tion data [25,26], however, they did not reveal the reason behind
the phenomena. In our study, the weekly notification data indi-
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Fig. 4. The percentage of migrant TB cases in 11 weeks before and 15 weeks after the Chinese Spring Festival, 2017-2020 in China. Migrant cases: The patient’s current
residence address and household registration do not belong to the same county (patient floats to the place rather than his/her origins).
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Fig. 5. TB patient delay in China breakdown by three time periods, 2017-2020. Patient delay: from date of first symptom onset to date of first seeking medical care.
Boxplot was used for describing the distribution of delay along y axis, the junction of different colors in the box was median. p value: Kruskal-Wallis Test, p value <0e05 is

considered significant.

cated a sharp drop immediately after the Chinese Spring Festival
and a spike soon afterwards, which could explain the spring peak.
During the weeklong Spring Festival holiday, most people staying
at home with their families, the medical care-seeking behavior of
presumptive TB is greatly influenced. Meanwhile, the TB outpatient
clinics of many designated hospitals are closed during this time.
However, the trend in 2020 was quite different from that of
2017-2019: the speed of bouncing back to the previous level was

much slower than that in previous years, which could be caused
by nationwide COVID-19 interventions. The change was similar to
other studies based China’s provincial surveillance data [27,28].
There are two possible explanations: (1) TB service delivery system
disruptions. The presumptive TB tracing and referral was stopped
due to the reallocation workers of CDCs and PHCs to fight the
COVID-19 epidemic among 75<2% of counties. 14-6% of counties
couldn’t provide clinical service as they temporarily closed TB
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Fig. 6. TB diagnosis delay in China breakdown by three time periods, 2017-2020. Diagnosis delay: from date of first seeking medical care to date of confirmed diagnosis.

p value: Kruskal-Wallis Test, p value <005 is considered significant.
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Fig. 7. The percentage of sputum examination within 7 days after 2 months treatment in the period of 11 weeks before and 15 weeks after the Chinese Spring Festival,

2017-2020.

outpatient clinics during the intensive period. (2) Lack of access.
Due to the majority of counties applied strict inter-city and intra-
county travel restriction, presumptive TB had difficulties in visiting
health facilities and seeking medical care.

The gold standard for TB diagnosis is to find Mycobacterium tu-
berculosis in patient clinical samples that include sputum or other
specimen [29]. The “13th Five-Year Plan" of the National TB Control
Program issued by the Chinese government requires strengthening
laboratory construction and ramping up use of molecular biology

equipment all over the country to increase the percentage of bac-
teriologically confirmed TB patients to not less than 50% by 2020
[30]. From 2017 to 2019, this indicator rose gradually significant,
which was either indicated the progress of TB control program in
China, or likely due to the large sample sizes [31]. By the end of
2019 (the control period of 2020), the percentage had exceeded
50%, but it fell off below 50% after the holiday, which was caused
by reduced laboratory capacity, e.g., TB laboratory was closed, TB
laboratory staff was transferred for COVID-19 testing, and a short-
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Fig. 8. The percentage of sputum examination within 7 days after the full treatment course in the period of 11 weeks before and 15 weeks after the Chinese Spring Festival,

2017-2020.

Table 3
Sputum examination within 7days after 2 months treatment and full treatment course in China, 2017-2020.

Examination after 2 months treatment Examination after full treatment course

Year Period n (%) p value n (%) p value
2017 - o <0+0001 . <0-0001
Period 1 119293/154437(772%) 106021/168572(62:9%)

Regular

8771/9548(91-9%)

10997/12988(84-7%)

Period 2 109980/146612(75+0%) 94397/151355(62+4%)
Period 3 50332/66090(76+2%) 41235/62018(66+5%)
2018 - o . 02154
Period 1 110889/152204(72+9%) 101432/168824(60-1%)
Period 2 103589/145250(71+3%) 92006/156417(58+8%)
Period 3 49948/67826(73+6%) 34934/57058(61+2%)
2019 - o . +0621
Period 1 116371/164580(70+7%) 98750/173358(57+0%)
Period 2 100345/145303(69+1%) 89977/161568(55+7%)
Period 3 45481/63943(71-1%) 35122/61433(57+2%)
2020 - . . <0-0001
Control 94198/136963(68+8%) 97274/178314(54+6%)
Intensive ~ 70183/116509(60+2%) 67264/144984(46+4%)
Regular 20684/31917(64-8%) 26311/52892(49:7%)
Table 4
Treatment outcome among smear positive TB patients in China, 2017-2020.
Sputum conversion rate after 2 months treatment Cured rate
Year Period n (%) p value n (%) p value
2017 - . 03277 .- 0-9080
Period 1 44368/46796(94-8%) 46977/51677(90-9%)
Period 2 38162/40485(94+3%) 43836/48201(90-9%)
Period 3 16685/17808(93+7%) 17757/19571(90+7%)
2018 - . . 02300
Period 1 42605/45375(93+9%) 46135/52048(88+6%)
Period 2 37041/39886(92-9%) 43324/49370(87+8%)
Period 3 17723/19174(92+4%) 15691/17925(87+5%)
2019 - . . 02022
Period 1 41938/44993(93+2%) 46031/53226(86+5%)
Period 2 36809/39897(92-3%) 42570/49568(85+9%)
Period 3 17293/18828(91+8%) 15098/17734(85+1%)
2020 - . . 06159
Control 41716/44816(93+1%) 44252[51998(85+1%)
Intensive ~ 33165/35423(93+6%) 33862/39992(84+7%)
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Fig. 9. Sputum conversion rate after 2 months treatment for smear positive patients in the period of 11 weeks before and 15 weeks after the Chinese Spring Festival,
2017-2020. Sputum conversion rate after 2 months treatment: the result of sputum smear microscopy is converted from positive to negative after 2 months treatment.

100%
0%
2017 12018 W 2019 M 2020
70%-
o
=]
2 60%
o
=
g
o
2 50%-
&
2
&
2 40%-
¢}
30%
20% |
10%
0%
a1 10 oS 8 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

No. of weeks to Chinese Spring Festival

Fig. 10. Cured rate for smear positive patients in the period of 11 weeks before and 15 weeks after the Chinese Spring Festival, 2017-2020. Cured rate: TB patients
complete the full treatment course, and the results of two consecutive smears (one is at the end of treatment course) are negative.

age of laboratory reagents for TB occurred. In addition, the strict
inter-city travel ban adopted by the majority of counties led to de-
cline the number of migrant population, the same as migrant TB
patients.

The change trend of diagnosis delay in 2020 was different from
the other three years. As some symptoms of TB are similar to
COVID-19, the presumptive TB will be treated in priority and di-
agnosed quickly during the epidemic. In China, all diagnosed TB in
the designated hospital will be provided with free anti-TB drug and
that’s why there were no changes for treatment delay. However,

due to the absence of presumptive TB from visiting hospital dur-
ing the pandemic, the possibly prolonged patients delay remains
unknown and needs further monitoring.

In terms of follow-up examinations, there was a clear slump
in the intensive period for sputum examination after both two
months treatment and full treatment course. This was due to sev-
eral factors. First, as mentioned above, many counties transferred
their TB laboratory to COVID-19 testing and temporarily closed
their TB outpatient clinic during the intensive period, leaving TB
patients with nowhere to go for sputum examination. Second,
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some TB patients had postponed or missed their sputum exami-
nation in fear of infection with COVID-19 [32], which was similar
to the impact of Ebola on TB control [33].

Although a few counties experienced shortage of anti-TB drug
during the epidemic, health care workers tried their best to solve
the problem and deliver the drugs to patients. Almost all primary
health care units were unable to visit TB patients as required to en-
sure regular medication and treatment adherence, thus TB patients
used self-administered therapy or directly observed therapy (DOT)
by family members. However, there was no significant difference
among the sputum conversion rate of smear positive patients after
2 months treatment in the three periods, as well as the cured rate.
This is consistent with previous studies that DOT improves neither
TB treatment completion and cured rate nor microbiologic failure
and relapse, when it was compared to self-administered therapy
[34-36]. Other studies, however, show a decline in relapse rates
with DOT [37,38]. As some patients didn’t visit the TB clinic dur-
ing the epidemic and the treatment outcomes remain unknown,
our study only evaluated TB patients who visited the TB clinic. The
long-term impact of COVID-19 on treatment adherence, cure rates,
incidence and mortality in China still need to be further studied.

5. Conclusion

The impact of COVID-19 on TB control in China can be exam-
ined from two sides. Patients were either unable to access medi-
cal services due to closures and travel restrictions or hesitated due
to concerns about infection with COVID-19. It might be a posi-
tive impact on less transmission occurring outside the household
and negative impact on more transmission within the household
during the lockdown phase. Meanwhile, health service providers
working in TB experienced lack of both human resources and lab-
oratory capacity. In the aftermath of the epidemic, there will likely
be pent-up demand for TB services, for which it is necessary to
prepare. To cope with this future challenge, an emergency response
mechanism should be established, including increased human re-
sources, scale up of laboratory testing, active case finding activi-
ties, household contact management, enhanced anti-TB drug deliv-
ery, and other measures as needed to ensure timely TB diagnosis
and treatment for all those who need it.

5.1. Limitations

This study was subject to a few limitations. First, since the tim-
ing of the response to COVID-19 was not exactly the same across
the country, and the control measures varied by region, the impact
on TB control may also differ. This study did not attempt to quan-
titatively analyze this effect. Second, staying at home during the
epidemic may have led to increased close contact among family
members of TB patients. Health service disruption may lead to in-
crease TB incidence and mortality. The long-term impact of COVID-
19 on TB control, which needs further study, will surface beyond
the time frame of this study and cannot be evaluated in this paper.
Third, given that the incidence of multidrug-resistant TB (MDR-TB)
is not high in China, and the number of MDR-TB patients is not
large, this study did not analyze the specific impact of the COVID-
19 outbreak on MDR-TB diagnosis and control.
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