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Abstract

Objective

The proportion of COVID-19 patients having active pulmonary tuberculosis, and its impact

on COVID-19 related patient outcomes, is not clear. We conducted this systematic review to

evaluate the proportion of patients with active pulmonary tuberculosis among COVID-19

patients, and to assess if comorbid pulmonary tuberculosis worsens clinical outcomes in

these patients.

Methods

We queried the PubMed and Embase databases for studies providing data on (a) proportion

of COVID-19 patients with active pulmonary tuberculosis or (b) severe disease, hospitaliza-

tion, or mortality among COVID-19 patients with and without active pulmonary tuberculosis.

We calculated the proportion of tuberculosis patients, and the relative risk (RR) for each

reported outcome of interest. We used random-effects models to summarize our data.

Results

We retrieved 3,375 citations, and included 43 studies, in our review. The pooled estimate for

proportion of active pulmonary tuberculosis was 1.07% (95% CI 0.81%-1.36%). COVID-19

patients with tuberculosis had a higher risk of mortality (summary RR 1.93, 95% CI 1.56–

2.39, from 17 studies) and for severe COVID-19 disease (summary RR 1.46, 95% CI 1.05–

2.02, from 20 studies), but not for hospitalization (summary RR 1.86, 95% CI 0.91–3.81,

from four studies), as compared to COVID-19 patients without tuberculosis.

Conclusion

Active pulmonary tuberculosis is relatively common among COVID-19 patients and

increases the risk of severe COVID-19 and COVID-19-related mortality.
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Introduction

The ongoing coronavirus disease 2019 (COVID-19) pandemic is spreading relentlessly, and

has affected more than 230 million people worldwide. COVID-19 is associated with worse out-

comes in the elderly population, and those with comorbid health conditions such as obesity,

diabetes mellitus, hypertension, and cardiovascular disorders [1–9].

Tuberculosis is a destructive pulmonary disease and therefore widely perceived to be associ-

ated with increased susceptibility to acquiring COVID-19, and poorer prognosis in patients

having both diseases concurrently, especially among people living with human immunodefi-

ciency virus infection (PLHIV). A note from World Health organization (WHO) also antici-

pated poorer outcomes in these patients [10]. However, the actual impact of tuberculosis on

occurrence and clinical outcomes of COVID-19 is not clear. A case series from Italy reported a

benign clinical course for patients having both infections [11]. An early meta-analysis of six

Chinese studies found no association between tuberculosis and COVID-19 severity or mortal-

ity [12]. Population based data from South Korea also did not suggest tuberculosis to be signif-

icantly associated with COVID-19-related mortality [13]. However, other investigators

describe a disproportionately higher rate of adverse clinical outcomes among patients with

tuberculosis and COVID-19 [14–16]. Tuberculosis was identified as the commonest comor-

bidity on verbal autopsy among 70 COVID-19 deaths, and in 10% of whole-body autopsies, in

Zambia [17, 18]. Two meta-analyses suggest higher odds of underlying tuberculosis among

patients with severe COVID-19 and those dying from COVID-19 [19, 20]. Due to these incon-

sistencies, we felt a need to perform a detailed analysis of the available evidence till date.

Herein, we evaluate the frequency of concurrent active pulmonary tuberculosis among

COVID-19 patients. We also assess if comorbid pulmonary tuberculosis increases the risk of

severe disease, hospitalization, or mortality in COVID-19 patients.

Methods

We registered our systematic review protocol with the PROSPERO database (registration

number CRD42021245835). We followed the Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) and the Meta-analysis of Observational Studies in Epi-

demiology (MOOSE) recommendations for reporting our review [21, 22]. An approval from

our Institutional Review Board was not necessary as we extracted only summary information

from previously published articles.

Search strategy

We initially looked up the PubMed and EMBASE databases for publications indexed till

March 31, 2021, and further updated our search on June 30, 2021. We queried the PubMed

database using the following search string: (Tuberculosis OR Tubercular OR Tuberculous OR

TB OR Mycobacterium OR Mycobacterial) AND (COVID-19 OR “COVID 19” OR COVID19

OR nCoV OR 2019nCoV OR 2019-nCoV OR CoV-2 OR “CoV 2” OR SARS-CoV-2 OR

SARSCoV2). The Embase database was similarly searched. We further scanned the WHO

compendium of tuberculosis/COVID-19 studies for any additional published studies [23]. We

also examined the bibliographies of selected articles and recent reviews.

Selection of studies

After removing duplicate citations, two reviewers (ANA and RA) screened all the titles and

abstracts. We omitted publications not reporting on COVID-19 or tuberculosis. We also

excluded experimental, radiological or autopsy studies, case reports, letters to editor not
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describing original observations, reviews, guidelines, conference abstracts, editorials, and

study protocols. Full texts of citations considered potentially suitable by either reviewer were

assessed further.

We included a publication for data synthesis if it (a) included patients with COVID-19 con-

firmed by detection of novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

RNA in respiratory specimens, or strongly suspected on clinical or radiological assessment if a

confirmatory test was not available, (b) either described the frequency of patients having con-

current active pulmonary tuberculosis among COVID-19 patients, or reported on any of the

following outcomes in COVID-19 patients with and without tuberculosis—severe COVID-19,

hospital admission, or mortality. Severe COVID-19 was defined based on institutional or

national guidelines, or as per the prevalent guidance from international professional bodies or

the World Health Organization. If the same (or substantially overlapping) patient cohort was

reported in two or more publications, we included the one describing the largest patient popu-

lation. In case of any disagreement, consensus between the two reviewers determined study

inclusion.

Data extraction and study quality

We obtained information on study design, location and healthcare setting, participant inclu-

sion and exclusion criteria, period of patient enrollment, the source of patient information,

and the outcomes reported, from all eligible studies. We used the Newcastle-Ottawa Scale

(NOS) to assess methodological quality of studies [24]. We considered a study to be of good

quality if its NOS score was seven or more (out of a maximum possible score of nine).

Statistical analysis

We estimated the percentage of active tuberculosis patients among those with COVID-19 dis-

ease in each study and calculated the corresponding 95% confidence interval (95% CI) by

Clopper-Pearson exact method [25]. We also computed the relative risk (RR), and the corre-

sponding 95% CI, for each predefined outcome from each study [26]. We employed a continu-

ity correction of 0.5 for studies having ‘zero’ cell frequencies prior to these calculations.

We pooled our data using the DerSimonian-Laird random effects model to generate sum-

mary estimates [27]. Freeman-Tukey double arcsine transformation was used to summarize

data on proportions [28]. We assessed between-study heterogeneity through the Higgins’

inconsistency index (I2), which was considered high for values greater than 0.75 [29]. The con-

tribution of each study to overall heterogeneity, and its influence on the summary estimate,

were assessed through the Baujat’s plot [30]. For searching the reasons for heterogeneity, we

performed subgroup analyses for predefined covariates that included study location and set-

ting, study design, COVID-19 diagnostic standards, description of criteria used to define active

tuberculosis, national burden of tuberculosis, and the overall study quality. World Health

Organization standards were used to refer to countries as high burden, and to extract country

incidence estimates, for tuberculosis [31]. In a sensitivity analysis, the influence of each study

on the summary estimate was also assessed by repeating meta-analysis after iteratively omitting

one study at a time. Further, any influential study was identified using a battery of diagnostic

tests using Studentized Residuals, Difference in Fits (DFFITS), Cooks Distance, Covariance

Ratio, Tau Square, and the contribution of each study in the Q, H2 test statistics value and the

weights assigned to these studies [32]. Publication bias was assessed through Eggers’ test and

by visualizing contour-enhanced trim-and-fill funnel plots [33, 34]. We utilized the statistical

softwares Stata (Intercooled edition 12.0, Stata Corp, USA) and R (version 4.1.1, R Foundation

for Statistical Computing, Austria) for analyzing our data.
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Results

We identified 3,375 publications from our literature search (Fig 1). We finally selected 43 stud-

ies, describing 236,863 patients with COVID-19, for data synthesis [35–77]. Thirty-three

(76.7%) of them provided information on one or more of the adverse clinical outcomes of

interest (Table 1). There were 30 (69.8%) publications from Asia, and 10 (23.3%) from Africa,

with maximum contribution from China (22 studies) (Table 1). One (2.3%) study analyzed

data from multiple countries [43]. All studies evaluated data from retrospective patient

cohorts, except for four (9.3%) that collected the information prospectively [39, 40, 56, 69]. Six

(14.0%) studies reported population-based data [35, 36, 42, 52, 59, 62], while the others were

conducted in a hospital setting. Two (4.7%) studies also included COVID-19 patients based on

Fig 1. Flow chart for study selection.

https://doi.org/10.1371/journal.pone.0259006.g001
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high clinical or radiological suspicion [39, 44]. All others only studied patients with disease

confirmed by the detection of SARS-CoV2 RNA in respiratory specimens. One (2.3%) study

did not specify the inclusion criteria [46]. Only two (4.7%) studies specifically evaluated chil-

dren [63, 71]; others included only adults or described a mixed population. Patient informa-

tion was retrieved mainly from medical records at participating healthcare facilities, or from

surveillance registries or insurance databases (Table 1). Most investigators reviewed patient

records or used tuberculosis-related diagnostic codes in databases to identify patients having

active tuberculosis (Table 1). Fourteen (32.6%) studies reported human immunodeficiency

virus (HIV) seroprevalence in their patient cohorts [36, 37, 42, 48–50, 58–60, 62, 64, 67, 69,

71]. Of these, a single study from South Africa provided tuberculosis prevalence and outcome

data based on HIV status [36]. Only six (14.0%) studies were considered high quality (S1

Table) [36, 42, 43, 52, 54, 58].

Proportion of patients with active tuberculosis

The proportion of patients having active pulmonary tuberculosis among COVID-19 patients

could be computed from all 43 studies. It ranged from 0.18% to 14.42% (Fig 2). The highest

occurrence was noted in a study conducted in a high HIV prevalence South African setting

[60]. All other studies described figures below 6%. Almost all studies reported proportion esti-

mates of comorbid pulmonary tuberculosis among COVID-19 patients that were higher than

their corresponding WHO country estimates for annual tuberculosis incidence (Fig 2). The

pooled proportion estimate from all 43 studies was 1.07% (95% CI 0.81%-1.36%).

There was substantial heterogeneity between the studies (I2 94.7%). Baujat’s plot suggested

that three studies unduly influenced heterogeneity as well as pooled estimates (S1 Fig) [36, 59,

62]. Omitting these three studies from meta-analysis resulted in a slightly higher summary esti-

mate of proportion (1.15%, 95% CI 0.84%-1.50%) with only a minor reduction in heterogene-

ity (I2 86.9%). On influence analysis, a single study with the highest reported proportion of

active tuberculosis patients was associated with large values of Studentized residuals, Cook’s

distance and DFFITS (S2 Fig), and was considered potentially influential [60]. After removing

this study, the pooled proportion estimate from remaining 42 studies was lower at 1.00% (95%

CI 0.75%-1.28%) with hardly any reduction in heterogeneity (I2 94.5%). On sensitivity analysis,

omitting other studies one at a time also did not appreciably influence summary estimates or

heterogeneity (S3 Fig). On subgroup analysis, studies conducted in low tuberculosis burden or

multiple countries showed lesser heterogeneity (Table 2). Overall, the pooled estimates on pro-

portion were much lower from studies conducted in countries not having high tuberculosis

burden, as well as from population-based and high-quality studies (Table 2).

Severe COVID-19

Twenty studies with 24,371 COVID-19 patients, of whom 161 (0.7%) had tuberculosis, pro-

vided information on severe COVID-19 [35, 38, 42, 44, 46, 47, 49, 51, 53–58, 70, 73–77]. All,

except four (20.0%), of these publications were from China [35, 42, 49, 58]. Severe COVID-19

was defined based on World Health Organization guidance in three (15.0%) studies [35, 49,

58], recommendations from international professional bodies in two (10.0%) studies [44, 70],

national guidelines in 11 (55.0%) studies [38, 42, 46, 47, 51, 53, 56, 57, 73, 74, 76], and institu-

tional policy in four (20.0%) studies [54, 55, 75, 77]. Only three (15.0%) studies were consid-

ered high quality [42, 54, 58]. All studies, except two, included patients with laboratory

confirmed COVID-19 [44, 46]. Only one (12.5%) had a prospective study design [56]. Of the

3431 patients with severe disease in the included cohorts, 36 (1.0%) had underlying tuberculo-

sis. Only four (20.0%) studies reported a RR for severe COVID-19 that significantly exceeded
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1.0 (Fig 3) [42, 46, 56, 77]. COVID-19 patients who also had tuberculosis were 1.46 (95% CI

1.05–2.02) times more likely to develop severe COVID-19 as compared to COVID-19 patients

without tuberculosis (Fig 3).

There was moderate heterogeneity between the studies (I2 42.9%). Baujat’s plot indicated

that one Korean study unduly influenced heterogeneity as well as pooled estimates [42]. No

additional influential study was identified on formal influence analysis. Omitting this single

study from analysis resulted in a lower summary RR estimate (1.35, 95% CI 0.98–1.87) and

lesser heterogeneity (I2 29.5%). On sensitivity analysis, omitting other studies one at a time did

not significantly affect heterogeneity (S4 Fig). On subgroup analysis, studies conducted in

Africa or in low tuberculosis burden or multiple countries, as well as population-based studies,

showed negligible heterogeneity (Table 3). Overall, the pooled RR estimates were much higher

from studies conducted in countries not having high tuberculosis burden, as well as from pop-

ulation-based studies (Table 3). There was no significant publication bias (S5 Fig).

Fig 2. Proportion of COVID-19 patients also having tuberculosis and corresponding 95% confidence intervals (CI). Individual proportion

estimates are depicted by solid squares, and the corresponding country estimate of annual tuberculosis incidence by hollow circles.

https://doi.org/10.1371/journal.pone.0259006.g002
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Need for hospitalization

Four publications with 28,438 COVID-19 patients, of whom 479 (1.7%) had tuberculosis, pro-

vided data on hospitalization due to COVID-19 [36, 45, 52, 71]. All these studies were from

high tuberculosis burden countries (two from South Africa, and one each from China and

Philippines), had a retrospective study design, and included patients with laboratory con-

firmed COVID-19. Two (50.0%) studies were of high quality [36, 52]. Overall, 20.6% of

patients were hospitalized. Of the 5853 patients who required hospitalization in the included

cohorts, 227 (3.9%) had underlying tuberculosis. Two studies reported a RR for hospitalization

that statistically significantly exceeded 1.0 (Fig 3) [36, 71]. COVID-19 patients who also had

tuberculosis were 1.86 (95% CI 0.91–3.81) times more likely require hospitalization as com-

pared to COVID-19 patients without tuberculosis (Fig 3). This pointed to the absence of any

statistically significant risk of hospitalization among COVID-19 patients with tuberculosis.

There was considerable heterogeneity between the studies (I2 97.5%). A subgroup analysis

was not undertaken due to small number of studies. There was no significant publication bias

(S5 Fig).

Mortality

Seventeen studies with 42,321 COVID-19 patients, of whom 632 (1.5%) had tuberculosis,

reported on deaths due to COVID-19 [36, 39, 41–43, 45, 47–50, 52, 57, 60, 63, 65–67]. All stud-

ies were conducted in high tuberculosis burden countries, except one from South Korea and

another that combined data from multiple nations [42, 43]. All studies, except one, included

patients with laboratory confirmed COVID-19 [39]. Only one publication had a prospective

study design [39]. Four (23.5%) studies were considered as high quality [36, 42, 43, 52]. Of the

2822 patients who died in the included cohorts, 97 (3.4%) had underlying tuberculosis. Only

four (23.5%) studies reported RR for mortality that clearly exceeded 1.0 (Fig 3) [36, 42, 45, 52].

The confidence limits for all other studies were wide (Fig 3). COVID-19 patients who also had

Table 2. Subgroup analysis for summary estimates for proportion of COVID-19 patients with active pulmonary

tuberculosis.

Criteria and subgroups No. of studies Summary proportion, % (95% CI) I2, %

Overall 43 0.99 (0.74–1.27) 94.7

Continent: Africa 10 1.31 (0.73–2.04) 98.4

Asia 30 1.13 (0.81–1.49) 83.5

Other/Multiple countries 3 0.37 (0.02–1.02) -

Study design: Prospective 4 1.49 (0.47–2.98) 68.1

Not prospective 39 1.04 (0.78–1.34) 95.1

Study setting: Hospital-based 37 1.34 (0.94–1.80) 84.5

Population-based 6 0.71 (0.35–1.19) 99.1

Patient inclusion: Confirmed cases only 40 1.03 (0.77–1.33) 94.9

Probable cases also 3 1.80 (0.41–4.01) -

Tuberculosis definition: Criteria specified 15 0.95 (0.60–1.38) 97.9

Criteria not specified 28 1.21 (0.82–1.65) 75.1

Tuberculosis burden: High burden countries 39 1.24 (0.94–1.57) 94.5

Other/multiple countries 4 0.30 (0.15–0.49) 72.6

Study quality: NOS score > = 7 6 0.83 (0.43–1.35) 95.7

NOS score <7 37 1.19 (0.87–1.56) 94.2

95% CI 95% confidence interval, I2 Higgins’ inconsistency index, NOS Newcastle-Ottawa Scale for study quality.

https://doi.org/10.1371/journal.pone.0259006.t002
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tuberculosis were 1.93 (95% CI 1.56–2.39) times more likely to die as compared to COVID-19

patients without tuberculosis (Fig 3).

There was only mild heterogeneity between the studies (I2 21.5%). Inspection of Baujat’s

plot indicated that four studies unduly affected heterogeneity as well as pooled estimates [36,

42, 52, 67]. Two of these were also considered to be influential on formal influence analysis

[52, 67]. Omitting these four studies from analysis lowered the summary RR estimate (1.65%,

95% CI 1.25–2.18) and resulted in negligible heterogeneity (I2 0.0%). On sensitivity analysis,

heterogeneity could also be further decreased by individually omitting three of these studies

one at a time (S4 Fig) [36, 42, 67]. Stratification by whether criteria for tuberculosis definition

were specified in the studies resulted in homogeneity in either group (Table 3). On subgroup

analysis, studies conducted outside Asia or Africa or in low tuberculosis burden or multiple

Fig 3. Relative risk, and corresponding 95% confidence intervals (CI), of adverse clinical outcomes among COVID-19 patients having

tuberculosis.

https://doi.org/10.1371/journal.pone.0259006.g003
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countries, population-based studies, those including patients with a clinico-radiological diag-

nosis of COVID-19, and low-quality publications showed negligible heterogeneity (Table 3).

There was no significant publication bias (S5 Fig).

Discussion

We found that 0.99% of the COVID-19 patients had active pulmonary tuberculosis. These

patients showed higher risk for mortality, but not for severe disease or hospitalization, than

COVID-19 patients without tuberculosis. Our data synthesis summarizes far greater number

of studies than previous meta-analyses and provides information both on tuberculosis fre-

quency and COVID-19 outcome estimates [12, 19, 20]. Unlike previous meta-analyses that

reported summary odds ratios, we present summary RR estimates for adverse clinical out-

comes, which are much easier to interpret and understand in a clinical setting.

The summary proportion of those with active pulmonary tuberculosis among COVID-19

patients appears higher than the recent WHO estimates for annual incidence of tuberculosis in

some of the high tuberculosis burden countries where most of the studies were conducted

(China 0.06%, India 0.19%, Nigeria 0.22%, Philippines 0.55%, and South Africa 0.61%) [31].

However, this proportion of active tuberculosis is lower than the generally reported proportion

of other comorbid conditions, like diabetes or hypertension [5, 8]. Whether the lower

Table 3. Subgroup analysis for summary relative risk of adverse outcomes among COVID-19 patients with active

pulmonary tuberculosis.

Criteria and

subgroups

COVID-19

severity

Mortality

No. of

studies

Summary relative

risk (95% CI)

I2, % No. of

studies

Summary relative

risk (95% CI)

I2, %

Overall 20 1.46 (1.05–2.02) 42.9 17 1.93 (1.56–2.39) 21.5

Continent: Africa 2 0.87 (0.38–2.01) 0.0 5 2.10 (1.38–3.18) 24.7

Asia 18 1.52 (1.08–2.15) 42.9 10 1.94 (1.47–2.56) 23.1

Other/Multiple

countries

- - - 2 1.14 (0.53–2.44) 0.0

Study design: Prospective 1 2.05 (1.19–3.53) - 1 0.44 (0.03–6.76) -

Not prospective 19 1.37 (0.95–1.98) 45.3 16 1.93 (1.57–2.41) 21.5

Study setting: Hospital-based 18 1.32 (0.95–1.82) 30.9 14 1.66 (1.25–2.22) 14.4

Population-

based

2 3.17 (2.02–4.97) 0.0 3 2.37 (1.90–2.96) 0.0

Patient inclusion: Confirmed cases

only

18 1.44 (0.98–2.11) 43.1 16 1.93 (1.56–2.39) 21.5

Probable cases

also

2 1.39 (0.65–2.97) 65.0 1 0.44 (0.03–6.76) 0.0

Tuberculosis

definition:

Criteria

specified

5 1.46 (0.64–3.33) 72.3 6 2.58 (2.08–3.20) 0.0

Criteria not

specified

15 1.50 (1.06–2.11) 23.7 11 1.41 (1.08–1.84) 0.0

Tuberculosis

burden:

High burden

countries

18 1.32 (0.95–1.82) 30.9 15 1.94 (1.59–2.38) 11.4

Other/multiple

countries

2 3.17 (2.02–4.97) 0.0 2 2.38 (0.65–8.66) 77.7

Study quality: NOS score > = 7 3 1.31 (0.29–5.97) 75.3 4 2.44 (1.75–3.41) 42.3

NOS score <7 17 1.45 (1.05–1.99) 27.0 13 1.58 (1.22–2.04) 0.0

95% CI 95% confidence interval, I2 Higgins’ inconsistency index, NOS Newcastle-Ottawa Scale for study quality.

https://doi.org/10.1371/journal.pone.0259006.t003
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tuberculosis proportion is due to under-reporting or under-recognition of active tuberculosis

among COVID-19 patients, or to safeguarding strategies commonly employed by people with

respiratory disorders, is not certain. However, when patients with active pulmonary tuberculo-

sis do acquire COVID-19, there is a significantly greater risk (about two-fold higher) of

COVID-19 mortality. Our summary estimate for relative risk of mortality in COVID-19

patients having tuberculosis is quite similar to the relative risk estimates of mortality for

COVID-19 patients having other comorbid conditions (like diabetes, hypertension, or cardio-

vascular diseases) widely known to adversely affect prognosis in COVID-19 patients [1–3]. It

is likely that superadded COVID-19 pneumonia in a lung that is already structurally damaged

by tuberculosis may manifest as more severe disease. Importantly, local alterations in lung

immunity resulting from active pulmonary tuberculosis can also adversely influence host

response to SARS-CoV-2 virus. Recent in-vitro data from COVID-19 patients with active pul-

monary tuberculosis has shown an attenuated interferon-gamma response after stimulation of

whole blood with peptides derived from SARS-CoV-2 spike protein, in contrast to a normal

response to Mycobacterium tuberculosis-specific antigens [78].

There are several similarities between COVID-19 and pulmonary tuberculosis. In several

countries, COVID-19 too is a stigmatizing disorder, much like tuberculosis. Both diseases

show airborne transmission when people are in close contact. Both present with similar symp-

toms like fever and cough. This can complicate decision-making, especially is nations with

high tuberculosis burden. Although several countries have proposed bidirectional screening of

both COVID-19 and pulmonary tuberculosis patients, such policy remains difficult to imple-

ment in resource-constrained settings. This might contribute to underdiagnosis of tuberculo-

sis in COVID-19 patients. As it is, under-reporting of tuberculosis is a problem that is globally

recognized. This is further compounded by reduced access to tuberculosis diagnosis and treat-

ment as a result of COVID-19 related restrictions. It is therefore possible that our calculations

regarding pulmonary tuberculosis among COVID-19 patients might be an underestimate.

Our systematic review has a few limitations. Due to the dynamic nature of the pandemic, and

the lag between data collection and publication of results, most studies provide information from

the initial months of 2020 and from regions that were severely afflicted earlier. Thus, the figures

may not truly represent the patient data from all the geographic locations. Also, most of the

included studies had a retrospective design, and collated data from medical records that were likely

completed in an overwhelmed health system. This could have resulted in both underreporting as

well as misclassification of comorbid health conditions. Several studies reported only on inpatients

who have a higher probability of adverse outcomes compared to patients in the community. Only

15.6% of the included studies were of sufficiently high quality. There were differences in healthcare

strategies regarding SARS-CoV-2 testing and admission/transfer criteria, variability in institutional

practices in the timing of investigations and other evaluations, and the level and extent of medical

intervention available to patients. Such heterogeneity can restrict the generalizability of our results.

We cannot rule out an overestimation from lack of adjustment for potential confounders (like age,

HIV status, other comorbid health conditions, or other patient characteristics) as we focused on

univariate estimates. In particular, only one South African study reported on tuberculosis fre-

quency data and outcome parameters stratified by HIV status, and there is need to gather more

information on the impact of HIV on COVID-19 and tuberculosis associations.

Conclusion

In summary, the available evidence suggests that COVID-19 patients show relatively higher

proportion of concurrent active pulmonary tuberculosis. Active pulmonary tuberculosis sig-

nificantly increases the risk of severe COVID-19 and COVID-19-related mortality.
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