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Abstract 

Background  The COVID-19 pandemic disrupted tuberculosis (TB) health services, including treatment support 
and access to drugs, as patients were not able to access health facilities. While the effect of this disruption on treat-
ment outcomes has been studied in isolated treatment centres, cities and provinces, the impact of the pandemic 
on TB treatment outcomes at a country and regional level has not been evaluated.

Methods  We used treatment outcomes for new and relapse TB cases reported to the World Health Organization 
(WHO) from 49 high TB, TB/HIV and drug-resistant TB burden countries from 2012 to 2019. We developed multinomial 
logistic regression models for trends in TB treatment success, failure, death and loss to follow up. We predicted TB 
treatment outcomes for 2020 and 2021, comparing these to observations, by computing ratios between observed 
and predicted probabilities. We aggregated these risk ratios (RR) for six WHO-defined regions using random-effects 
meta-analysis.

Results  Across 49 countries and four TB treatment outcomes, 17 (out of 196) country-outcome pairs in 2020 and 21 
in 2021 had evidence of systematic differences between observed and predicted TB treatment outcome probabilities. 
Regionally, only four (out of 24) region-outcome pairs had evidence of systematic differences in 2020 and four in 2021, 
where the European region accounted for four of these in total. Globally, there was evidence of systematic differ-
ences in treatment failure in both 2020 (RR: 1.14, 95%CI: 1.01–1.28, p = 0.0381) and 2021 (RR: 1.36, 95%CI: 1.03–1.78, 
p = 0.0277), deaths in 2020 (RR: 1.08, 95%CI: 1.03–1.13, p = 0.0010) and losses to follow up in 2020 (RR: 0.91, 95%CI: 
0.86–0.97, p = 0.0059).

Conclusions  While for some countries and regions there were significant differences between observed and pre-
dicted treatment outcomes probabilities, there was insufficient evidence globally to identify systematic differences 
between observed and expected TB treatment outcome probabilities because of COVID-19-associated disruptions 
in general. However, larger numbers of treatment failures and deaths on treatment than expected were observed 
globally, suggesting a need for further investigation.
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Background
The COVID-19 pandemic resulted in major disruptions 
to tuberculosis (TB) diagnosis and prevention [1–3]. In 
particular, a significant decrease was seen globally in 
the number of people with TB who were able to access 
diagnosis and were reported to the health system, with 
1.3 million fewer individuals notified in 2020 than 2019 
[1]. Over the same period 700,000 fewer individuals 
accessed TB preventive treatment [1], primarily people 
living with HIV.  In 2022, the world started recovering 
from these disruptions, with 1.1 million more notified 
cases than 2021, and 1.7 million more notified cases 
than 2020 [1].

At the same time, the pandemic disrupted access to 
TB treatment. Patients experienced delays to treatment 
initiation, medication stock-outs and lack of access, 
and disruptions to treatment support [4], with potential 
interruptions to treatment adherence as a consequence. 
Poor adherence to TB treatment itself, whether starting 
treatment late, ending treatment early, or intermittently 
missing doses [5], can lead to poor treatment out-
comes, including disease relapse and drug-resistance 
[6, 7]. Consequently, these interruptions to TB treat-
ment could potentially have major repercussions for 
TB treatment outcomes, potentially reducing treatment 
success, and increasing treatment failure, loss to follow 
up and death on treatment.

Previous studies in high TB burden settings indi-
cate a mixture of evidence for this. Smaller studies in 
individual treatment centres, cities and provinces in 
China [8], Ethiopia [9, 10], Zimbabwe [11, 12], Eswatini 
[13], India [14–16], Kazakhstan [17], Uganda [18] and 
Mexico [19] suggest that treatment outcomes may have 
deteriorated. However, a handful of other small stud-
ies in Kenya [12, 20], Malawi [12, 21], Sierra Leone [22] 
and Indonesia [23], as well as much larger studies in 
Lesotho [24], Indonesia [25], Peru [26], Brazil [27] and 
Vietnam [28], do not appear to have experienced this 
deterioration. More recent evidence suggests that at a 
global level treatment outcomes do not appear to have 
been affected by the pandemic [1]. However, this may 
mask significant variations at a country level as well as 
sub-nationally.

Here we investigated whether disruptions to TB 
treatment resulted in worsening treatment outcomes in 
49 high TB burden countries and globally. We hypoth-
esized that COVID-19-associated disruptions would 
lead to a decrease in treatment success and an increase 

in treatment failure, relapse and death on treatment, as 
compared to expected values.

Methods
Data
We used country level treatment outcome data for 
new and relapse drug-susceptible TB cases reported to 
the World Health Organization (WHO) by individual 
WHO region countries. These were data recorded on 
TB treatment success, failure, death and loss to follow 
up for the years 2012 – 2021 [29]. We focused on WHO 
high TB, TB/HIV and multidrug/rifampicin-resistant 
TB (MDR/RRTB) burden countries [30].

Analysis
We fitted multinomial logistic regression (MLR) models 
to data from 2012–2019 to estimate the expected prob-
abilities of TB outcomes in 2020 and 2021 for each coun-
try. The MLR model included time t ( t = 2012, 2013, 
…,2019) as a predictor variable. We used natural cubic 
regression splines to model the non-linear relationship 
between TB treatment outcomes and time with K  knots. 
Natural splines were used due to having linear functions 
in the boundary knots tails which provided more stable 
model fits. The probability of each level j of Y , the TB 
treatment outcome for country c was then given by:

for j = 1, …, J-1, and for the last level J:

The natural logarithm of the probability then gives:

Where τk are t values at knot k and for k = 1, …, K − 2,

Once the models were fitted, we computed the model-
predicted treatment outcome probabilities for 2020 and 
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2021 and compared these to the observed outcome pro-
portions for 2020 and 2021 for each country, by com-
puting the ratio between the observed and the expected 
values. Bootstrap sampling was used to derive confidence 
intervals for the estimated outcome probabilities, and, in 
turn, the ratios between observed and expected propor-
tions and their corresponding p-values.

To pool the effect sizes, and given the diverse set of 
countries in our dataset, we conducted random-effects 
meta-analysis of the ratios between observed and pre-
dicted outcome probabilities, overall and by WHO 
region. We estimated the percentage of the variation 
across studies not due to sampling error using the I2 
statistic. Restricted maximum-likelihood estimator was 
used to estimate between-country variance. All analyses 
were done in the R (version 4.3.1) environment for statis-
tical computing [31–44].

We considered there to be evidence of systematic dif-
ferences between estimated and observed treatment suc-
cess probabilities if the p-value for the ratio was < 0.05.

Results
We included data from 49 high TB, TB/HIV and MDR/
RRTB burden countries that were reported to the WHO 
from 2012–2021 (Kazakhstan and Uzbekistan did not 
have data for 2021). The 49 countries included 24 from 
the WHO African region, nine from the European 
region, seven from South-East Asia region, two from the 
Region of the Americas, five from Western Pacific region 
and two from the Eastern Mediterranean region. The 
observed probability of TB treatment success aggregated 
across all countries indicated a general increase from 
2012 to 2021. A similar general decrease was seen for 
treatment failure and loss -to -follow up. Observed pro-
portions of deaths fluctuated over time (Table 1).

Comparing the observed and estimated TB treatment 
success from the MLR models in 2020 (Fig. 1), the Central 
African Republic (1.06, 95% CI: 1.01–1.39, p = 0.0259), 
Guinea-Bissau (1.06, 95% CI: 1.01–1.22, p = 0.0339), 
Pakistan (1.01, 95% CI: 1.00–1.06, p = 0.0218), the Rus-
sian Federation (0.93, 95% CI: 0.87–0.98, p = 0.0338) and 
Somalia (1.01, 95% CI: 1.00–1.05, p = 0.0143) had statis-
tically significant ratios, i.e. there were more observed 

successes than expected in all countries except in the 
Russian Federation where there were fewer. For 2021 
(Additional file  1: Fig. S1), Bangladesh (1.01, 95% CI: 
1.00–1.02, p = 0.0468), the Central African Republic 
(1.06, 95% CI: 1.00–1.71, p = 0.0434), Pakistan (1.02, 95% 
CI: 1.01–1.11, p = 0.0116), the Philippines (0.98, 95% 
CI: 0.96–0.99, p = 0.0339) and Zimbabwe (1.03, 95% CI: 
1.00–1.35, p = 0.0240) had statistically significant ratios, 
i.e. there were more observed successes than expected in 
all other countries except in the Philippines where there 
were fewer.

Comparing observed and estimated TB treatment fail-
ure in 2020, statistically significant ratios were observed 
in Angola (1.90, 95% CI: 1.06–7.19, p = 0.0450), Congo 
(2.59, 95% CI: 1.26–55.18, p = 0.0232), Eswatini (10.03, 
95% CI: 3.62–40.54, p = 0.0052) and the Russian Federa-
tion (1.66, 95% CI: 1.15–2.37, p = 0.0229), i.e. there were 
more observed failures than expected in these countries. 
For 2021, Congo (5.54, 95% CI: 1.91–651.18, p = 0.0137), 
Nigeria (16.68, 95% CI: 6.43–24.13, p = 0.0015), the Rus-
sian Federation (1.70, 95% CI: 1.05–3.01, p = 0.0352) and 
Viet Nam (2.03, 95% CI: 1.21–32.49, p = 0.0249) had sta-
tistically significant ratios in treatment failure, i.e. there 
were more observed failures than expected in these 
countries.

Comparing observed and expected TB deaths in 
2020, statistically significant ratios were observed in 
Brazil (1.15, 95% CI: 1.08–1.30, p = 0.0180), Guinea-
Bissau (0.67, 95% CI: 0.45–0.96, p = 0.0458), Indonesia 
(1.63, 95% CI: 1.36–2.44, p = 0.0022), Philippines (1.29, 
95% CI: 1.08–1.66, p = 0.0337), the Russian Federa-
tion (1.20, 95% CI: 1.07–1.29, p = 0.0140) and Tajikistan 
(1.40, 95%CI: 1.04-1.77, p = 0.0159), i.e. there were more 
observed deaths than expected in these countries except 
in Guinea Bissau where there were fewer. For 2021, Bra-
zil (1.26, 95% CI: 1.13–1.51, p = 0.0153), Eswatini (2.30, 
95% CI: 1.05–6.18, p = 0.0467), Guinea-Bissau (0.39, 
95% CI: 0.24–0.71, p = 0.0208), Indonesia (1.70, 95% 
CI: 1.25–3.14, p = 0.0064), Mozambique (1.71, 95% CI: 
1.04-2.30, p = 0.0422), Nigeria (0.09, 95% CI: 0.03–0.13, 
p = 0.0017), the Russian Federation (1.24, 95% CI: 1.06–
1.37, p = 0.0188) and Ukraine (1.27, 95% CI: 1.03–1.72, 
p = 0.0315) had statistically significant ratios in TB 

Table 1  Probabilities of TB treatment outcomes by year (2012–2021) aggregated across 49 high TB, TB/HIV and MDR/RR-TB burden 
countries, as a weighted average of country-specific outcomes

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Success 0.9043 0.9063 0.9072 0.9102 0.9038 0.9110 0.9061 0.9111 0.9128 0.9176

Failure 0.0118 0.0111 0.0096 0.0092 0.0131 0.0092 0.0076 0.0073 0.0072 0.0074

Death 0.0398 0.0391 0.0392 0.0391 0.0407 0.0379 0.0369 0.0387 0.0420 0.0394

Loss to follow up 0.0441 0.0436 0.0439 0.0414 0.0424 0.0419 0.0493 0.0428 0.0380 0.0356
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deaths. There were more observed deaths than expected 
in Brazil, Indonesia, Mozambique, the Russian Federa-
tion and Ukraine, and less observed deaths than expected 
in Guinea-Bissau and Nigeria.

Comparing observed and expected loss to follow up 
in 2020, statistically significant ratios were observed in 
Kyrgyzstan (0.79, 95% CI: 0.45–0.93, p = 0.0322) and 
Pakistan (0.72, 95% CI: 0.48–0.94, p = 0.0413), i.e. there 
were less observed losses to follow up than expected. 
For 2021, Belarus (5.76, 95% CI: 1.25–17.93, p = 0.0348), 
Pakistan (0.60, 95% CI: 0.35–0.96, p = 0.0434), the Philip-
pines (1.45, 95% CI: 1.12–2.48, p = 0.0307) and the Rus-
sian Federation (0.52, 95% CI: 0.46-0.96, p = 0.0432) had 
statistically significant ratios in losses to follow up. There 
were more observed losses to follow up than expected 

in Belarus and the Philippines, and less observed losses 
to follow up than expected in Pakistan and the Russian 
Federation.

See Additional file 1: Tables S1, S2, S3, S4, S5, S6, S7, 
S8, S9, S10, S11, S12, S13, S14 for further details on dif-
ferences between observed and expected TB treatment 
outcomes in 2020 and 2021.

Meta‑analyses
Pooled effects for TB treatment success at WHO 
regional level showed evidence of systematic differ-
ences between observed and expected probabilities in 
2020 (Fig.  2a) in the European Region (0.97, 95% CI: 
0.94-0.99, p = 0.0140, I2 =0%), and in 2021 (Additional 

Fig. 1  Observed and expected tuberculosis treatment outcome probabilities for 49 high TB, TB/HIV and MDR/RR-TB burden countries in 2020. 
Labelled are those with statistically significant differences: AGO – Angola, BRA – Brazil, CAF – Central African Republic, COG – Congo, GNB – 
Guinea-Bissau, IDN – Indonesia, KGZ – Kyrgyzstan, PAK – Pakistan, PHL – Philippines, SOM – Somalia, SWZ- Eswatini, TJK—Tajikistan and RUS – 
the Russian Federation
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file  1: Fig. S2a) in the European Region (0.94, 95% CI: 
0.90-0.99, p = 0.0103, I2 = 0%) and the Western Pacific 
Region (0.98, 95% CI: 0.97-1.00, p = 0.0153,  I2 = 0%). 
However, there was no evidence of systematic differ-
ences globally both in 2020 and 2021.

There was no evidence of systematic differences for 
treatment failure in any of the regions but there was 
evidence of systematic differences globally in both 2020 
(1.14, 95% CI: 1.01-1.28, p = 0.0381,  I2 = 0%) (Fig.  2b) 
and 2021 (1.36, 95% CI: 1.03-1.78, p = 0.0277, I2 = 43.7%) 
(Additional file 1: Fig. S2b).

Fig. 2  Random effect meta-analyses forest plots highlighting ratios between observed and expected proportions for tuberculosis treatment 
success (a) and failure (b) in 2020 for 49 high TB, TB/HIV and drug resistant TB burden countries by WHO region. Greater than one ratio imply 
that the observed proportions were more than expected, and less than one ratio imply that the observed proportions were less than the expected
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There was evidence of systematic differences for TB 
deaths in 2020 (Fig.  3a) in the European Region (1.21, 
95% CI: 1.12-1.30, p = 1.75e-06, I2 = 0%) and the Region 
of the Americas (1.14, 95% CI: 1.05-1.25, p = 0.0036, I2 = 
0%), and in 2021 (Additional file  1: Fig. S3a) in the 

European Region (1.26, 95% CI: 1.13-1.40, p = 3.07e-
05,  I2 = 0%) and the Region of the Americas (1.24, 95% 
CI: 1.08-1.43, p = 0.0027,  I2 = 0%). There was also evi-
dence of systematic differences globally (1.08, 95% CI: 
1.03-1.13, p = 0.0010, I2 = 2.0%) in 2020.

Fig. 3  Random effect meta-analyses forest plots highlighting ratios between observed and expected proportions for tuberculosis treatment death 
(a) and loss to follow up (LTFU) (b) in 2020 for 49 high TB, TB/HIV and drug resistant TB burden countries by WHO region. Greater than one ratio 
imply that the observed proportions were more than expected, and less than one ratio imply that the observed proportions were less than the 
expected
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Lastly, there was evidence of systematic differences for 
loss to follow up in 2020 (Fig.3b) in the Eastern Mediter-
ranean Region (0.70, 95% CI: 0.51-0.96, p = 0.0265, I2 = 
0%) and globally (0.91, 95% CI: 0.86-0.97, p = 0.0059, I2 = 
0%). There was no evidence of systematic differences in 
2021 (Additional file 1: Fig. S3b).

Discussion
Across 49 countries and two years, statistically signifi-
cantly more treatment successes were observed than 
expected in eight countries and fewer treatment suc-
cesses were observed than expected in two countries. 
Significantly more treatment failures than expected were 
observed in eight countries, while more deaths than 
expected were observed in 11 countries and less deaths 
than expected were observed in three countries across 
the two years. Statistically significantly more losses to 
follow up than expected were observed in two countries 
and less losses to follow up than expected were observed 
in four countries across 2020 and 2021. Regionally, only 
four (out of 24) region-outcome pairs had evidence of 
systematic differences in 2020 and four in 2021, where 
the European region accounted for four of these in total. 
Globally, there was evidence of systematic differences in 
the failure outcome in both 2020 and 2021, death out-
come in 2020 and loss to follow up in 2020.

Our results are limited by the fact that treatment out-
comes (where treatment success is defined as a com-
bination of cure and treatment completion [29]), are 
comparatively blunt indicators. For example, it may be 
that patients were considered to have completed treat-
ment six months after enrollment, without receiving 
a negative bacteriological test or ingesting the recom-
mended number of drugs. An increase in the propor-
tion of treatment success that was a result of treatment 
completion may mask a decrease in patients who were 
actually cured of TB. The significant observed reduction 
in TB diagnosis [1] could also have resulted in those who 
were at an increased risk of poor treatment outcomes not 
accessing diagnosis, such that the populations we com-
pare before and during the pandemic may be significantly 
different. While studies have identified groups with dif-
ferential treatment outcomes potentially at an increased 
risk of missed or delayed diagnosis [45], other risk factors 
not included in routine reporting could also play a role 
here. Indeed, due to the structure of reporting systems 
there is a possibility that any increase in death seen in our 
results is a consequence of an increase in death due to 
other causes (in particular, COVID-19), rather than TB. 
This is particularly likely in countries where the popula-
tion with TB is at an increased risk, such as older popula-
tions or populations with multiple comorbidities. These 
outcomes also represent an aggregation of all patients 

in a country who received treatment across an entire 
year. It is not possible to identify whether those who 
did so during stringent lockdowns may have been more 
affected than those who received treatment during peri-
ods where lockdowns were less stringent or non-existent. 
Similarly, those treated in 2021 may represent individu-
als who experienced a delayed diagnosis, and poten-
tially therefore more severe disease, in 2020 as a result of 
COVID-19-assocaited disruptions. This increase in dis-
ease severity could have affected treatment outcomes in 
2021, and may still for future years, however it is not pos-
sible to disaggregate these results here. It is also not pos-
sible to identify variation at a more granular geographic 
scale, where previous centre-, city-, and province-specific 
studies suggest that this could be important. At the same 
time, there are limitations in the data available for analy-
sis, where we considered just one predictor (time) with 
no other available factors that may have changed during 
the study period and that may have played a role in TB 
treatment outcomes across different countries. Lastly, 
our analysis focuses on drug-susceptible TB; given the 
differences in care between drug susceptible and MDR/
RR-TB, such as drug-susceptibility monitoring and 
extended duration of treatment, it would be inadvisable 
to extrapolate our findings to MDR/RR-TB.

Our results are in line with a number of other country-
level studies in finding that, unlike widespread reduc-
tions in TB diagnosis and prevention, at a country level 
TB treatment outcomes do not appear to have been 
noticeably affected by disruptions associated with the 
pandemic. In particular, treatment success remained 
high, and loss to follow up and relapse were not widely 
affected. It is likely that the pandemic saw an increase in 
risk factors associated with poor TB treatment outcomes, 
such as untreated HIV [1], undernourishment [46], pov-
erty [47], alcohol use [48] and many others [49]. In this 
context, given the individual-level consequences of poor 
treatment outcomes including TB relapse, lung dam-
age and death, this achievement should be celebrated. A 
widespread switch to digital treatment adherence tech-
nologies to support treatment [50], as well as signifi-
cant efforts on the part of healthcare workers to ensure 
patients were able to access medicines [51], may have 
helped to reduce the effect of these disruptions, poten-
tially including a reduction in loss to follow up.

However, where we did observe a change in TB treat-
ment outcomes, this was broadly a decrease in treatment 
success and an increase in poor treatment outcomes. 
A small number of countries, in particular Eswatini, 
Guinea-Bissau, Nigeria, Pakistan, Philippines, and the 
Russian Federation, also appeared to be more affected 
than others with multiple indicators affected, warrant-
ing further investigation. For example, in Nigeria this 
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may represent changes due a recent concerted effort to 
increase case finding during the study period, rather than 
as a result of COVID-19-assocaited disruptions. Most 
strikingly, evidence from our analysis that TB treatment 
failure and deaths on treatment may have increased in 
2020 requires further study, although a relatively small 
effect size suggests that there may not be cause for seri-
ous concern. Overall, therefore, although we found 
limited evidence at a country level that TB treatment 
outcomes worsened as a result of the pandemic, we did 
find some evidence at a global level that certain poor 
outcomes increased. As a result, fears that potentially 
thousands more people treated for TB might experience 
long-term consequences as a result of pandemic-associ-
ated disruptions appear to warrant further investigation.

Conclusions
Our study found limited evidence of COVID-19 associ-
ated disruptions on TB treatment outcomes in high bur-
den countries and globally. Some countries registered 
fewer treatment successes than expected and more fail-
ures, deaths and losses to follow up than expected. Glob-
ally, however, there were more treatment failures and 
deaths than expected in 2020, but less losses to follow up. 
Given these findings, in a future pandemic, it is crucial 
that TB treatment outcomes are closely monitored so 
that, where necessary, TB treatment initiatives and cam-
paigns may be intensified to achieve better outcomes.
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