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Abstract

Background The COVID-19 pandemic negatively impacted tuberculosis (TB) treatment services, including directly
observed therapy (DOT) programs used to promote medication adherence. We compared DOT adherence embed-
ded in a research study before and after COVID-19 lockdowns in South Africa.

Methods We analyzed data from 263 observational study participants undergoing drug susceptible (DS)-TB DOT
between May 2017 to March 2022. Participants enrolled before October 2019 were considered ‘pre-COVID-19’

and those enrolled after September 2020 were considered ‘post-COVID-19 lockdown groups. Negative binomial
regression models were used to compare DOT non-adherence rates between the two lockdown groups. We then
conducted a sensitivity analysis which only included participants enrolled in the immediate period following the first
COVID-19 lockdown.

Results DOT non-adherence rate was higher in the post-COVID-19 lockdown group (alRR=1.42, 95% Cl=1.04-1.96;
p=0.028) compared to pre-COVID-19 lockdown period, adjusting for age, sex, employment status, household hunger,
depression risk, and smoked substance use. DOT non-adherence was highest immediately following the initial lock-
down (alRR=1.74,95% Cl=1.17-2.67; p=0.006).

Conclusion The COVID-19 lockdowns adversely effected adherence to TB DOT in the period after lockdowns were
lifted. The change in DOT adherence persisted even after adjusting for socioeconomic and behavioral variables.

We need a better understanding of what treatment adherence barriers were exacerbated by COVID-19 lockdowns

to improve outcomes in post-pandemic times.
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Background

South Africa, a high tuberculosis (TB) burden coun-
try, reported its first case of COVID-19 on March 5,
2020, and within three weeks, the country implemented
a national lockdown with a five-level COVID-19 alert
system [1, 2]. Higher alert levels were indicative of high
COVID-19 spread coupled with low health system
readiness, which led to the implementation of extreme
restrictions of individual movement that required per-
sons to stay home and the closure of schools and busi-
nesses. The highest two alert levels with the greatest
restrictions (Level 4 and Level 5) were lifted at the end
of May 2020, and decreased to Level 1 by September
2020 [see Additional file 1] [3]. The economic and emo-
tional stresses of the early pandemic lockdowns were
felt across South Africa and had persistent impacts on
engagement with the healthcare system [2, 4, 5].

Medication non-adherence is a major driver of unfa-
vorable TB treatment outcomes. Previous studies
report that drivers of non-adherence include a lack of
knowledge about TB treatment and the consequences
of medication side effects, inadequate access to health-
care services, depression, and substance use (including
alcohol use) [6—11]. In 1994, the World Health Organi-
zation (WHO) adopted the directly observed therapy
(DOT), short-course strategy as a way to improve TB
treatment adherence [12, 13].

With healthcare systems overwhelmed by COVID-
19, South African services and resources for TB pro-
grams that supported treatment adherence were
greatly diminished [4]. The impact of COVID-19 on
TB programs was likewise seen in other countries,
and resulted in fewer TB follow-up appointments, less
observed medication ingestion in DOT programs, or
stopping DOT programs altogether [4, 6]. Whether
treatment adherence increased after the initial COVID-
19 waves to pre-pandemic levels is not well-docu-
mented and there is little understanding of whether
certain persons with TB disease were more adversely
affected than others.

Our parent study, Tuberculosis Treatment and Alcohol
Use Study (TRUST), provided an opportunity to have a
granular view of how the COVID-19 lockdowns in South
Africa impacted TB treatment adherence, which was
monitored through a research DOT program [14]. In this
study, all participants were assigned a community worker
who visited them at their home for DOT for the six-
month duration of their TB treatment. We aimed to com-
pare DOT adherence and loss to follow-up (LTFU) rates
of participants enrolled before and after the COVID-19
lockdowns, to assess whether DOT adherence rates
observed after the initial lockdowns recovered to pre-
pandemic levels, and to identify factors associated with
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non-adherence among those enrolled after the COVID-
19 lockdown period.

Methods

Participants

We report on 263 participants enrolled into the TRUST
cohort in Worcester, Western Cape Province, South
Africa between May 2017, and March 2022. Study pro-
cesses are described previously [14]. Participants were
at least 15 years old, had microbiologic confirmation of
Mycobacterium tuberculosis (smear, Xpert and/or cul-
ture positive) and were initiating outpatient treatment for
pulmonary drug susceptible (DS)-TB with the standard
four drug regimen. Exclusion criteria included rifampicin
resistance, epilepsy medications, pregnancy, unknown
HIV status, prior TB treatment in the past two years, and
unable/unwilling to participate in DOT.

We classified participants into a pre-COVID-19 lock-
down group (any participant enrolled before October 1,
2019) and a post-COVID-19 lockdown group (any par-
ticipant enrolled after the study resumed on September
21, 2020). Participants enrolled between October 1, 2019,
and March 31, 2020, were not included in this analysis
because their DOT was interrupted by COVID-19 lock-
downs. After study activities resumed, while the core
DOT worker staff remained the same, there were nota-
ble changes in DOT procedures and protocols, including
stricter PPE usage, enhanced cleaning, and conducting
visits outside. This approach was generally well-received;
though a few participants voiced concern over taking
medication in view of their neighbors and efforts were
made to make accommodation.

Measures
Participants completed interviewer-administered ques-
tionnaires and provided blood and sputum samples
within one week of TB treatment initiation. Information
on biological sex, age, race, employment, education, and
history of incarceration were collected. High depression
risk was defined as a Center for Epidemiological Stud-
ies Depression Score (CES-D) of >16 [15]. Moderate to
severe hunger in the household was defined as a House-
hold Hunger Scale (HHS) score of 2—6 [16]. Unhealthy
alcohol use was defined as an Alcohol Use Disorders
Identification Test (AUDIT) score>8 and/or a phos-
phatidylethanol (PEth) result>49 ng/mL [17]. PEth is
a biomarker of past 21-day alcohol consumption [18].
Tobacco use was defined as any self-reported current use,
and smoked substance use was defined as self-reported
current use and/or a positive urine drug screen for can-
nabis, methamphetamine, and/or methaqualone.

Body mass index (BMI) was categorized as severely
underweight (<16.5), underweight (16.5-18.5), normal
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weight (18.5-24.9), overweight and obese (>25) [19].
HIV status, CD4 count, and antiretroviral therapy
(ART) information were extracted from medical
records. Previous TB disease was collected via self-
report and medical records. For all sputum specimens, a
concentrated Ziehl-Neelsen (ZN) smear, acid-fast bacil-
lus (AFB) presence and mycobacterial time-to-culture
positivity (TTP) in days were prepared and examined
[20-22]. Either a study radiologist or two TB physi-
cians reviewed chest radiographs for cavitation (yes/no).
Treatment outcomes, abstracted from the clinic medical
records, were classified as favorable if the participants
were cured or completed treatment, unfavorable if the
participants were LTFU or died, and missing if the par-
ticipant moved or transferred out [23].

The South African Medical Research Council, Bos-
ton University/Boston Medical Center, University of
Cape Town, Stellenbosch University, and South African
Western Cape Department of Health provided ethical
approval for the study.

Adherence to DOT

All TRUST participants were assigned a commu-
nity worker who performed DOT in person during
the five workdays for the duration of their TB treat-
ment. Details regarding the TRUST DOT program are
described previously including the smart phone appli-
cation that DOT workers used to record witnessed or
reported medication ingestion [24]. We used adher-
ence to DOT as a proxy for treatment adherence.
Overall adherence was calculated as the number of
observed doses by DOT worker divided by the total
number of days where DOT was attempted during
study enrollment for each participant. Weekly adher-
ence to DOT was also calculated. Days where DOT
workers did not attempt to contact participants (e.g.,
weekends and holidays) were excluded from adherence
calculations. Although individuals in this cohort were
primarily treated as outpatients, we considered the
small number of hospitalization days to be observed
doses (n=452).

We defined the DOT start date as the first DOT form
recorded or two weeks after the participant’s enroll-
ment date. If the participant had a delay of more than
two-weeks in starting DOT, participants (n=3) were
considered ‘non-adherent’ for each day outside this
two-week window. The DOT end date was defined
according to the participant’s treatment outcome or
at the end of study participation if treatment outcome
was missing [see Additional file 2]. DOT data was
only included for the first six months (26 weeks) on
treatment.
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Statistical analyses

We stratified by COVID-19 lockdown groups and com-
pared demographics, health status (BMI and HIV sta-
tus), TB-related variables, including bacterial burden and
treatment outcome, and substance use by examining the
frequency (%) of categorical variables and median value
(interquartile range [IQR]) of continuous variables. Chi-
square and t-tests examined associations between vari-
ables and enrollment group.

A negative binomial regression (NBR) model was used
to examine differences in the rate of non-adherence to
DOT between the pre-COVID-19 and post-COVID-19
lockdown groups, with the log of the total number of
possible DOT days as an offset. A sensitivity analysis was
then conducted with participants in the pre-COVID-19
lockdown group and only participants in the post-
COVID-19 lockdown group that were enrolled before
May 30, 2021; this was closer to the initial lockdown
and before South Africa’s third COVID-19 wave and
subsequent declaration of alert Level 2 with increased
restrictions (Fig. 1B). Both models adjusted for age, sex,
employment status, household hunger, depression risk,
and smoked substance use, which are known to be asso-
ciated with non-adherence [4, 6-8, 10]. All statistical
analyses were performed using R (version 4.2.2), with sig-
nificance set at 2<0.05.

Results

Demographic, clinical, and microbiological character-
istics reported at baseline for participants in both lock-
down groups are summarized in Table 1. Compared to
the pre-COVID-19 lockdown group, a greater proportion
of participants in the post-COVID-19 lockdown group
were unemployed (73.8% vs. 59.0%, p=0.022), severely
underweight or underweight (31.2% or 42.5% vs. 23.5%
or 34.4%, p=0.049) and had higher risk of depression
(71.2% vs. 57.9%, p=0.041; Table 1). There was a non-
significantly greater proportion of unfavorable treatment
outcomes among participants in the post-COVID-19
lockdown group compared to the pre-COVID-19 lock-
down group (13% vs. 7.3%, p=0.146; Table 1).

The unadjusted, median DOT non-adherence rate
across both groups was 12.9% (IQR: 7.36%, 24.53%). The
post-COVID-19 lockdown group had a slightly higher
unadjusted, median DOT non-adherence rate com-
pared to the pre-COVID-19 lockdown group [13.3%
(IQR: 6.08%, 39.51%) vs. 12.9% (IQR: 7.82%, 21.44%)].
Immediately following the lockdowns, the overall DOT
adherence rate was lower, but gradually increased and
reached a similar rate that was observed before COVID-
19 lockdown after the third COVID-19 wave in July 2021
(Fig. 1A). The adjusted DOT non-adherence rate was
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Fig. 1 A Overall rate of adherence to directly observed therapy (DOT) by enrollment group. Solid lines are weighted least squares regression
line with local fitting and 95% confidence intervals, implemented with loess. Rectangle represents period that study enrollment was paused due
to COVID-19 restrictions (March 26, 2020 — September 20, 2020). B Overall rate of adherence to directly observed therapy (DOT) for the post-COVID
lockdown enrollment group during the pandemic. Rectangles represent the five-level COVID-19 alert system that determined the level
of restrictions to be applied in South Africa [3], where darker rectangles represent higher alert levels and more restrictive measures to contain
the virus. Solid lines are weighted least squares regression line with local fitting and 95% confidence intervals, implemented with loess. Dashed lines

represent the national case count peaks of each wave [25]

higher in the post-COVID-19 lockdown group compared
to the pre-COVID-19 lockdown group, after adjust-
ing for age, sex, employment status, household hunger,
depression risk, and smoked substance use (aIRR=1.42,
95% CI=1.04-1.96, p=0.028; Table 2). We note that

participants who experienced moderate-to-severe house-
hold hunger had a higher DOT non-adherence rate com-
pared to those who experienced little to no household
hunger, after adjusting for all other variables in the model
(aIRR=1.49, 95% CI=1.08-2.06, p =0.010; Table 2).
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Table 2 Comparison of directly observed therapy (DOT) non-
adherence rates pre- and post-COVID-19 lockdowns (N=263)

alRR 95% Cl p value

Lockdown group?
Post-COVID-19 lockdown 142 1.04,1.96 0.028
Pre-COVID-19 lockdown — —

Age (years)
>50 0.92 0.59, 146 0.710
40-49 0.79 0.53,1.17 0.232
30-39 1.01 0.68,1.49 0.967
<30 — —

Sex assigned at birth
Male 0.84 0.62,1.14 0.290
Female — —

Employment status
Unemployed 1.18 0.86, 1.59 0.302
Employed — —

Household hunger”
Moderate to severe 1.49 1.08, 2.06 0.010
Little to none — —

Depression risk®
High risk 0.82 0.59,1.13 0.209
Low risk — —

Smoked substance use®
Yes 1.28 0.93,1.75 0.125

No — —

Abbreviations: CES-D Center for epidemiological studies depression score,
Cl Confidence interval, IQRInterquartile range, IRR Incidence rate ratio

2 Pre-COVID lockdown: participants enrolled in the study before October 1, 2019,
Post-COVID lockdown: participants enrolled in the study after September 20,
2020

® Household hunger: moderate to severe hunger in the household if total HHS
score is between 2-6

¢ Depression risk: at risk if CES-D score > 16

4 Smoked substance use: self-reported use or positive urine drug test for any of
cannabis, methamphetamine, and/or methaqualone

Compared to the pre-COVID-19 lockdown group, the
adjusted DOT non-adherence rate in the post-COVID-19
lockdown group was even higher when we excluded
participants that were enrolled later in the pandemic
(those enrolled after May 30, 2020, n=45) (alRR=1.74,
95% CI=1.17-2.67, p=0.006). Several confounders that
we adjusted for in the sensitivity analysis model were
also associated with higher DOT non-adherence rates;
participants that were unemployed (alRR=1.45, 95%
CI=1.05-1.98, p=0.021), experienced moderate to
severe household hunger (aIRR=1.74, 95% CI=1.24—
2.44, p <0.001), and smoked substances (aIRR=1.42, 95%
CI=1.02-1.98, p=0.035) had significantly higher DOT
non-adherence rates (Table 3).
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Table 3 Comparison of directly observed therapy (DOT) non-
adherence rates pre- and post-COVID-19 lockdowns: sensitivity
analysis results (N=217)

alRR 95% ClI p value

Lockdown group?
Post-COVID-19 lockdown 1.74 117,267 0.006
Pre-COVID-19 lockdown — —

Age (years)
>50 1.13 070, 1.84 0.592
40-49 0.78 052,1.18 0.238
30-39 1.12 0.74,1.70 0.603
<30 — —

Sex assigned at birth
Male 0.75 0.54,1.04 0.096
Female — —

Employment status
Unemployed 145 1.05,1.98 0.021
Employed — —

Household hunger®
Moderate to severe 1.74 1.24,2.44 <0.001
Little to none — —

Depression risk®
High risk 0.80 0.58,1.12 0.176
Low risk — —

Smoked substance use?
Yes 142 1.02,1.98 0.035

No — —

Abbreviations: CES-D Center for epidemiological etudies depression Score, C/
Confidence interval, IQRInterquartile range, IRR Incidence rate ratio

@ Pre-COVID lockdown: participants enrolled in the study before October
1,2019; Post-COVID lockdown: participants enrolled in the study between
September 21, 2020, and May 30, 2021 (before the third wave and Alert Level 2
implementation)

5 Household hunger: moderate to severe hunger in the household if total HHS
score is between 2-6

¢ Depression risk: at risk if CES-D score > 16

9 Smoked substance use: self-reported use or positive urine drug test for any of
cannabis, methamphetamine, and/or methaqualone

Discussion

Even when supported by a DOT program with overall
high medication adherence, we found that TB treatment
adherence was significantly reduced in the period follow-
ing the COVID-19 lockdowns. Participants who initi-
ated TB treatment after the COVID-19 lockdowns were
more often underweight, unemployed, and at high risk
of depression compared to those who initiated TB treat-
ment before the COVID-19 lockdowns, which reflects
the pandemic-triggered economic and mental health cri-
ses, and increased barriers to accessing care. The adverse
impact on TB treatment adherence was particularly
notable during the continuation phase of treatment and
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immediately following the initial COVID-19 lockdowns
in South Africa. In the post-COVID-19 lockdown period
(between September 2020 and May 2021), we observed
a DOT non-adherence rate that was 1.7 times higher
compared to pre-pandemic levels, even after adjust-
ing for known mental health and socioeconomic factors
associated with medication non-adherence. This demon-
strates that the COVID-19 pandemic had considerable
impacts on DOT-supported TB treatment adherence that
extended beyond measured medication non-adherence
risk factors. Despite the higher DOT non-adherence
rates among participants enrolled after the COVID-19
lockdowns, we did not observe a significant difference
in treatment outcomes between the two groups. How-
ever, this likely reflects the small sample size and lack of
power to detect a difference between the two groups, as
we found a higher proportion of participants in the post-
COVID-19 lockdown group with unfavorable treatment
outcomes.

While our study is unique in its use of community
worker administered DOT, our finding of a significant
reduction in TB treatment adherence after COVID-19
lockdowns is not unique. Reports from Iran, India, and
Ethiopia have shown reduced TB treatment adherence
and an increase in missed medication refill appoint-
ments after COVID-19 lockdowns [6, 11, 26, 27]. Kabbur
et al. (2023) noted that in one region in India, only 2% of
patients who were in a DOT program at the start of the
pandemic were supervised while taking their TB treat-
ment during COVID-19 lockdowns [26]. Similarly, our
study DOT activities completely ceased during the initial
COVID-19 lockdowns (from March to September 2020)
and it is possible that post-lockdown findings may have
been biased by increased stigma caused by our COVID-
19 mitigation strategies.

Similar to other studies [28, 29], we found high depres-
sion risk, unemployment, and lower BMI among partici-
pants enrolled after COVID-19 lockdowns compared to
those enrolled before the pandemic; however, we found
no difference in bacterial or disease burden at baseline
(presentation to TB care) between the two groups. Dur-
ing this early pandemic period (from September 2020
to March 2022), lower BMI likely reflects the increased
food insecurity, rather than increased disease burden
due to care engagement delays. Wang et al. (2021) found
that patients with TB disease in China showed increased
cavitation on chest X-ray and smear positivity during
the pandemic when compared to pre-pandemic levels
[30]. Similarly, a study in Spain found that patients with
TB that presented to care in 2020 had increased lung
involvement compared to before the COVID-19 pan-
demic [31]. An analysis done in the eThekwini district
in South Africa found that there was a 45% reduction in
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TB investigations (diagnostic tests) and 40% reduction
in confirmed TB cases in the initial lockdown period in
2020 [32]. Therefore, our sensitivity analysis that only
included participants enrolled immediately following the
initial lockdowns may conservatively capture the impact
on disease severity at presentation. Additionally, patients
with TB disease in South Africa often present with high
disease burden, in part due to barriers to accessing care
and the requirement of experiencing at least one TB
symptom prior to testing. This may translate into a less
detectable change in disease burden, which was already
high before the pandemic.

Conclusion

While a major strength of our study was its use of DOT
adherence data, this also has limitations. Adherence to
DOT may not perfectly reflect treatment adherence,
as doses were only counted if observed. Participants
enrolled in our study may have also received support
from the community worker that visited daily for DOT,
which could have lessened the impact of the COVID-
19 lockdowns compared to individuals with less regular
monitoring and support. Our conclusions are also limited
by the small sample size of the post-COVID-19 lockdown
group, as we faced difficulties enrolling participants into
the study after COVID-19 restrictions were gradually
lifted. Additionally, the study’s generalizability may be
limited due to the specific context of South Africa and
our inclusion criteria. Despite these limitations, it is clear
that the COVID-19 pandemic had an adverse impact on
TB treatment adherence that was most notable immedi-
ately following the initial lockdowns in South Africa. This
change in TB treatment adherence may reflect the wors-
ened health and economic status of individuals with TB
disease, who experienced higher food insecurity, depres-
sion risk, and unemployment after the lockdowns. Fur-
ther work is needed to better understand the barriers to
TB treatment adherence (including economic factors)
exacerbated by the COVID-19 lockdowns to improve
treatment outcomes.
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