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An updated meta-analysis on the association between
tuberculosis and COVID-19 severity and mortality

Recently, Gao et al. published a paper entitled “Association between
tuberculosis and COVID-19 severity and mortality: A rapid
systematic review and meta-analysis” in the Journal of Medical
Virology.” Their findings demonstrated that tuberculosis was not
significantly associated with the increased risk for severity (odds
ratio [OR]=2.10, 95% confidence interval (Cl): 0.61-7.18) and
mortality (OR = 1.40, 95% Cl: 0.10-18.93) in a meta-analysis on the
basis of six studies with 2765 COVID-19 patients.” This study was
extremely interesting but had limited sample sizes. To our knowl-
edge, a series of articles on this topic have been emerging since then.
Therefore, we performed this updated meta-analysis to clarify the
association between tuberculosis and COVID-19 severity and mor-
tality based on the latest data.

This study followed the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analysis (PRISMA) guidelines.? The
electronic databases including PubMed, Web of Science, and
EMBASE were systematically searched to identify the eligible
studies published between January 1, 2020 and May 14,
2021. The keywords
“COVID-19”, “severe acute respiratory syndrome coronavirus 2",
“SARS-CoV-2”, “2019-nCoV”, and “tuberculosis”. The outcomes

of interest were severity (severe, critical, intensive care unit

used were: “coronavirus disease 2019”,

[ICU] admission, invasive mechanical ventilation [IMV], intuba-
tion or death), and mortality. All peer-reviewed articles written in
the English language reporting the association between tu-
berculosis and COVID-19 severity and mortality were eligibly
included. Accordingly, repeated articles, case reports, review
papers, comments, errata, and studies without sufficient data
were excluded. The pooled OR and 95% CIl were estimated using
a random-effects meta-analysis model.® Heterogeneity across
studies was evaluated using the I? statistic.*> Egger's test and
Begg's test were conducted to assess publication bias.® ® Leave-
one-out sensitivity analysis was performed to evaluate the
stability of our results.” The statistical analyses were performed
by R software (Version 3.6.3). Statistical significance was defined
as p<0.05.

Thirty-six full-text articles with 60,103 COVID-19 patients
were included in this study. Among them, 26 studies were from
Asia (20 from China, three from Korea, and one each from Qatar,
Turkey, and the Philippines), six studies were from Africa (two from
Congo, two from South Africa, one from Ethiopia, and one from

Nigeria), three studies came from Americas (two from Brazil and one

from the United States) and one study was from multi-country.
The baseline characteristics of the enrolled studies are summarized
in Table 1.

Overall, we found that COVID-19 patients with tuberculosis
tended to have an increased risk for the disease severity compared
to those without tuberculosis (OR=1.56, 95% Cl: 1.13-2.16,
Figure 1A). When we restricted the outcomes to mortality, the sig-
nificant association was still present (OR = 1.94, 95% Cl: 1.28-2.93,
Figure 1B). Leave-one-out sensitivity analysis demonstrated that
omitting each eligible study once had no obvious impacts on the
overall results, which suggests that our results were robust and
stable (Figure 1C for severity and 1D for mortality). There was
no potential publication bias detected in Begg's test (p=0.558) or
Egger's test (p=0.293).

There are several limitations in this current meta-analysis. First,
the majority of the included studies are from Asia, especially from
China. Thus, the findings of the present meta-analysis should be
verified by future studies mainly from other regions. Second, the
information on medications for tuberculosis is not available pre-
sently, thus we could not address the effects of medications on the
association between tuberculosis and COVID-19 severity and mor-
tality. Third, the association between tuberculosis and COVID-19
severity and mortality was estimated on the basis of crude OR. It is
reported that age, gender, and several comorbidities had obvious
effects on the clinical outcomes of COVID-19 patients,'°~*? there-
fore, a meta-analysis on this association based on risk factors
adjusted-effect estimates should be performed to verify our findings
in the future. Fourth, most of the included studies (n=25) were
retrospectively designed and only one study was prospectively de-
signed. Therefore, well-designed studies with large sample-sized
prospective articles are warranted to verify our findings in the future
when more data are available.

In conclusion, our updated meta-analysis demonstrated that
tuberculosis was significantly associated with an increased risk
for severity and mortality among COVID-19 patients. Thus,
several preventive measures should be taken to protect in-
dividuals with tuberculosis from SARS-CoV-2 infection and more
clinical intervention and treatment also should be allocated to
COVID-19 patients with tuberculosis to prevent disease pro-
gression. We hope that the updated data will contribute to the
more accurate elaboration and substantiation of the findings

reported by Gao et al.’
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(A)
Study Odds Ratio OR 95%-Cl Weight
Mollalo A - 0.12 [0.03; 0.45] 4.0%
DaiM 0.24 [0.01; 527] 1.0%
Miciel EL 0.30 [0.01; 822] 0.9%
Song J - 0.32 [0.07; 1.44] 33%
Zhang W 0.33 [0.03; 3.65] 1.6%
YuHH - 0.36 [0.08; 1.59] 34%
Yang C 0.36 [0.02; 7.11] 1.1%
DuRH 0.41 [0.02; 7.88] 1.1%
Yitao Z 0.59 [0.03; 11.64] 1.1%
Zeng JH 0.62 [0.03; 11.84] 1.1%
Nachega JB = 0.80 [0.26; 2.45] 4.9%
Bepouka Bl 0.80 [0.03; 20.67] 0.9%
Lee JY 0.81 [0.04; 16.66] 1.1%
LiX * 0.83 [0.22; 3.12] 4.0%
Pierrotti LC 1.23 [0.07; 21.18] 1.2%
Abraha HE 1.28 [0.07; 22.87] 1.1%
Meng M = 150 [0.35; 6.40] 3.5%
ZhangJ + 155 [0.47; 5.09] 4.5%
LiG —T— 155 [031; 7.77] 3.0%
Oh TK D . — 165 [0.48; 566] 4.3%
Lis 192 [0.89; 4.13] 7.0%
Boulle A - 193 [1.55; 2.40] 10.9%
Luy 285 [0.11; 72.97] 0.9%
SyKTL — 288 [1.64; 506] 85%
Tahtasakal CA 294 [0.18; 47.68] 1.2%
Parker A 3.04 [0.93; 9.96] 4.5%
LiuJ ——*— 3.37 [1.13; 10.01] 5.0%
Al Kuwari HM 3.83 [0.49; 29.82] 2.1%
YanB 5.15 [0.20; 130.97] 0.9%
Lee SG —+— 530 [1.82; 1542] 5.1%
ChenT 5.92 [0.23;152.44] 0.9%
Mo P 5.98 [0.30; 118.49] 1.1%
Zhang JJ 7.30 [0.34;155.84] 1.0%
Wang W 11.00 [0.96; 126.31] 1.5%
Zheng B 13.73 [0.55; 343.40] 0.9%
Ibrahim OR > 2283 [1.27;41057] 1.1%
Random effects model < — 156 [1.13; 2.16] 100.0%

Heterogeneity: = 38%, 2L 0.2300, P Loo T
0102 05 1 2 5 10

(B)

Study Odds Ratio OR 95%-Cl Weight
Mollalo A e 012 [0.03; 0.45] 6.4%
Miciel EL 0.30 [0.01; 8.22) 1.4%
DuRH ' 041 [0.02; 7.88] 1.8%
Bepouka Bl + T * 0.80 [0.03; 20.67] 1.5%
MengM o 150 [0.35; 6.40) 5.6%
LiG + 155 [0.31, 7.77] 4.8%
OhTK * 1.65 [0.48; 566) 7.0%
LiS —"'_ 192 [0.89; 4.13] 11.4%
Boulle A "' 193 [1.55; 240) 17.7%
Luy = 285 [0.11; 72.97) 1.5%
SyKTL "-"'— 288 [1.64; 5.06] 13.8%
Parker A —'—"— 304 [0.93; 9.96] 7.3%
LiuJ ——+— 337 [113, 10.01] 81%
Lee SG ‘—"—’ 530 [1.82; 15.42) 8.3%
ChenT 5.92 [0.23;152.44] 1.5%
lorahim OR 22.83 [1.27,41057] 1.8%
Random effects model < 1.94 [1.28; 2.93] 100.0%
Heterogenetty: 1 = 50%, 7 = 0.2382, p = 0.0 o

T
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(©)
Odds Ratio Odds Ratio
Study IV, Random, 95% CI IV, Random, 95% CI
Omitting Mollalo A 1.82[1.40;2.37) ——
Omitting Dai M 1.59 [1.15; 2.20] ——
Omitting Miciel EL 1.58 [1.14; 2.20] ——
Omitting Song J 1.66 [1.21;2.28] ——
Omitting Zhang W 1.60 [1.16; 2.22] —
Omitting Yu HH 1.65[1.20; 2.28] —=
Omitting Yang C 1.59[1.14; 2.20] ——
Omitting Du RH 1.58 [1.14; 2.20] —
Omitting Yitao Z 1.58[1.13;2.19] ——
Omitting Zeng JH 1.57 [1.13;2.19] ——
Omitting Nachega JB 1.62[1.16; 2.25] ——
Omitting Bepouka BI 157 [1.13;2.18] ——
Omitting Lee JY 1.57[1.13;2.18] —
Omitting Li X 1.60[1.15;2.23] —E
Omitting Pierrotti LC 1.56 [1.12;2.17] ——
Omitting Abraha HE 156 [1.12;:2.17] ——
Omitting Meng M 1.56[1.11;2.18] ——
Omitting Zhang J 1.55[1.11;2.18] —
Omitting Li G 156 [1.11;2.18] _—
Omitting Oh TK 1.55[1.11;2.18] ——
Omitting Li S 1.53[1.08;2.16] ——
Omitting Boulle A 1.50 [1.02; 2.20) ——
Omitting Lu Y 155[1.11;2.15] ——
Omitting Sy KTL 1.47 [1.04; 2.08] —
Omitting Tahtasakal CA  1.54 [1.11; 2.15] —_—
Omitting Parker A 1.51[1.08;2.11] —i—
Omitting Liu J 1.50 [1.07; 2.09] ——
Omitting Al Kuwari HM ~ 1.53[1.10; 2.13] ——
Omitting Yan B 1.54[1.11;2.14] _—
Omitting Lee SG 1.47 [1.06; 2.04] —
Omitting Chen T 1.54[1.11;2.14] ——
Omitting Mo P 1.54[1.11;2.13] —_—
Omitting Zhang JJ 153[1.11;2.13] ———
Omitting Wang W 1.52[1.10;2.10] ——
Omitting Zheng B 1.53[1.10;2.12] ——
Omitting Ibrahim OR 1.52[1.10; 2.10] —I—
Total (95% CI) 1.56 [1.13; 2.16] l _-T
05 1 2
(D)
0Odds Ratio Odds Ratio
Study IV, Random, 95% CI IV, Random, 95% CI
Omitting Mollalo A ~ 2.10[1.76; 2.52] i
Omitting Miciel EL 1.99[1.32;3.02] +
Omitting Du RH 1.99[1.31;3.02 —i—
Omitting Bepouka Bl 1.96 [1.29; 2.99] —i—
OmittingMengM ~ 1.96[1.27; 3.03] —i—
Omitiing Li G 195[1.27,3.02) —i—
Omitting Oh TK 195[1.25,3.04) —i—
Omitting Li S 1.92[1.21; 3.06] —i—
Omitting Boulle A 1.88[1.09; 3.24] ——
OmittingLu Y 1.92[1.26;2.94] —h—
Omiting Sy KTL 181[1.12,291) —i—
Omitting Parker A 1.86[1.20;2.89] +
Omitting Liu J 1.84[1.18; 2.86] —l—
Omitting Lee SG 1.78[1.17,2.71] —i—
Omitting Chen T~ 1.90[1.25; 2.90] —a—
Omitting Ibrahim OR ~ 1.86 [1.24; 2.79] —i—
Total (95% CI) 1.94[1.28;2.93] ————
| |
05 1 2

FIGURE 1 Forest plot indicated that there was a significant association between tuberculosis and the increased risk for severity (A) and
mortality (B) among patients with coronavirus disease 2019 (COVID-19); Leave-one-out sensitivity analysis demonstrated that our results were
stable and robust ((C) for severity and (D) for mortality). For Mollalo et al.'s study, the combined odds ratio was used
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