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Abstract

Background

The emergence of COVID-19 overwhelmed tuberculosis (TB) prevention and control, result-
ing in a decrease in TB detection rate and an increase in TB deaths. Furthermore, the tem-
porary immunosuppressive effects, lung inflammation, and the corticosteroids used to treat
COVID-19, may play a direct role in immunosuppression, leading to reactivation of either
previous infection or latent TB or the development of new TB. Thus, the aim of this study
was to review TB incidence in individuals who recovered from COVID-19.

Methods

We conducted a systematic search of available databases for previously published studies
that reported TB in COVID-19 survivors. The PRISMA checklist was used to guide the
review, and the JBI checklist was used to evaluate the study’s quality. The descriptive data
were summarized.

Results

Data were extracted from 21 studies conducted in 13 countries having 33 cases. The
median age was 44 years (range; 13.5-80), and more than half (18, 54.5%) were males.
Twelve patients immigrated from TB endemic settings. All 17 patients assessed for HIV
were seronegative, and all 11 patients assessed for BCG vaccination status were vacci-
nated. The majority (20, 69%) of patients had some type of comorbidity with diabetes (12/
29) and hypertension (9/29) being the most common. Four patients (30.77%) had a history
of TB. Corticosteroids were used to treat COVID-19 in 62.5% (10) of individuals. Dexameth-
asone, remdesivir, azithromycin, hydroxychloroquine, and enoxaparin were the most com-
monly used drugs to treat COVID-19. The most common TB symptoms were fever, cough,
weight loss, dyspnea, and fatigue. Twenty, eleven, and two patients developed pulmonary,
extrapulmonary, and disseminated/miliary TB respectively. It may take up to seven months
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after COVID-19 recovery to develop tuberculosis. Data on the final treatment outcome was
found for 24 patients, and five patients died during the anti-TB treatment period.

Conclusion

Tuberculosis after recovering from COVID-19 is becoming more common, potentially lead-
ing to a TB outbreak in the post-COVID-19 era. The immunosuppressive nature of the
disease and its treatment modalities may contribute to post COVID-19 TB. Thus, we recom-
mend a further study with a large sample size. Furthermore, we recommend feasibility stud-
ies to assess and treat latent TB in COVID-19 patients residing in TB endemic counties
since treatment of latent TB is done only in TB non-endemic countries.

Introduction

COVID-19 caused a huge public health impact across the globe. In addition to its direct
impact, COVID-19 exerted many disruptions in the prevention and control of other diseases
including tuberculosis (TB) [1, 2]. It is reported that during the COVID-19 epidemic there was
a decrease in the global TB detection rate and an increase in TB deaths [3]. Different studies
revealed a decrease in TB notification rate due to COVID-19 lockdown [4-8]. A study con-
ducted in Malawi revealed a 35.9% decrease in TB detection rate immediately after the start of
the COVID-19 epidemic [5]. In another study conducted in Sierra Leone it was observed that
there was an overall 12.7% decrease in presumptive TB cases during the first three quarters of
2020 compared to 2019 [8]. Likewise, in Kenya, there was a 31.8% decrease in people with pre-
sumptive pulmonary TB [9]. In addition to the lockdown, the shift of resources from the TB
prevention and control program to COVID-19 exerted a huge impact in the TB detection rate
[1]. Besides, the pandemic increased TB mortality. For the last decades, the global TB mortality
rate was decreasing, however, based on the 2021 Global TB report for the first time in over a
decade, TB deaths have increased because of reduced access to TB diagnosis and treatment in
the face of the COVID-19 pandemic [3].

Integrating TB and COVID-19 disease programs is important to harmonize the effort to
decrease the debilitating effect of both diseases. Assessing COVID-19 patients/suspects/ for TB
and vice versa could be important. A pooled estimate revealed that the proportion of active
pulmonary tuberculosis among COVID-19 patients was 1.07% (95% CI 0.81%-1.36%) [10]. In
addition to the indirect effect of COVID-19 on TB prevention and control programs, it can
directly affect TB incidence by making an individual develop TB after recovery from COVID-
19 [11-13]. The temporary immunosuppressive effects and lung inflammation caused by
COVID-19 along with steroid-induced immunosuppression might lead to reactivation of dor-
mant bacilli to TB disease [14]. COVID-19 affects the immune system by diminishing the total
number of T cells, CD4" and CD8" T cells [15, 16]. COVID-19 and TB share dysregulation of
immune responses that could worsen COVID-19 severity and may favor TB disease progres-
sion and reactivation of TB [17]. We anticipate a higher risk of new TB and the potential reac-
tivation of previous TB or latent TB in individuals who recovered from COVID-19. This
might result in post COVID-19 TB outbreak in TB endemic settings. Thus, this systematic
review aimed to assess TB in individuals who recovered from COVID-19.
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Methods
Article searching strategy

The methodology for this systematic review study was designed following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) reporting checklist
[18] (S1 Table). Two independent authors (AA, and GS) conducted systematic article search-
ing from electronic databases such as PubMed, CINAHL, Global Index Medicus, Global
Health, and OVID and other gray literature sources such as Google Scholar and Google for
studies that reported TB among individuals who recovered from COVID-19 without the time
and boundary restrictions. The search was conducted up to 12 June 2022 for studies published
in the English language. The third author (ZWB) resolved the inconsistencies that arose
between the two authors. The keywords used during article searching were tuberculosis, Myco-
bacterium tuberculosis, COVID-19, SARS-CoV-2, and reactivation in conjunction with the
Boolean operators AND and OR. The search string for the PubMed database was (“Tuberculo-
sis"[MeSH Terms] OR "Latent Tuberculosis'[MeSH Terms] OR "Extensively Drug-Resistant
Tuberculosis"[MeSH Terms] OR "tuberculosis, central nervous system"[MeSH Terms] OR
"tuberculosis, multidrug resistant"[MeSH Terms] OR "tuberculosis, urogenital'[MeSH Terms]
OR "tuberculosis, splenic'[MeSH Terms] OR "tuberculosis, spinal”[MeSH Terms] OR "tuber-
culosis, renal”[MeSH Terms] OR "tuberculosis, pulmonary"'[MeSH Terms] OR "tuberculosis,
pleural"[MeSH Terms] OR "tuberculosis, osteoarticular'[MeSH Terms] OR "tuberculosis,
oral'[MeSH Terms] OR "tuberculosis, ocular"[MeSH Terms] OR "tuberculosis, miliary"[MeSH
Terms] OR "tuberculosis, meningeal"[MeSH Terms] OR "tuberculosis, male genital'[MeSH
Terms] OR "tuberculosis, lymph node"[MeSH Terms] OR "tuberculosis, laryngeal'[MeSH
Terms] OR "tuberculosis, hepatic"[MeSH Terms] OR "tuberculosis, gastrointestinal'[MeSH
Terms] OR "tuberculosis, female genital'[MeSH Terms] OR "tuberculosis, endocrine"[MeSH
Terms] OR "tuberculosis, cardiovascular'[MeSH Terms] OR "tuberculosis, bovine"[MeSH
Terms] OR "tuberculosis, cutaneous"[MeSH Terms] OR "Mycobacterium tuberculosis”[MeSH
Terms]) AND ("COVID-19"[MeSH Terms] OR "SARS-CoV-2"[MeSH Terms]) AND "Case
Reports"[Publication Type] (52 Table).

Article selection procedure

Articles were selected in a phase-wise approach such that all the extracted articles were
exported into the EndNote X8 citation manager and the duplicates were removed. Then, the
articles were screened by title and abstract before the full-text review (Fig 1). Finally, data were
extracted from the articles that passed the full-text review. The PICOS criteria for this study
were; population (individuals who recovered from COVID-19), intervention (not applicable),
comparator (not applicable), outcome (developing tuberculosis), study design (case reports),
and study setting (any setting in any country across the globe). The studies that reported TB
(any type of TB whether latent TB or previously treated TB) in individuals who recovered
from COVID-19 or reported TB after completing COVID-19 treatment were included. While
a study that did not include details of individual patients was excluded.

Data extraction

Data were extracted independently by two authors (AA, and EG), and the third author (GD)
resolved the inconsistencies that arose between the two authors through discussion. The
extracted data included the first author name and publication year, country, setting, study
design, sex, age, migration status, type of co-morbidities, COVID-19 diagnostic method, treat-
ment modality of COVID-19, time from COVID-19 recovery to TB symptoms developed,
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| Not described details of each
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1

Studies included in the final analysis
(n=21)

Fig 1. Flowchart describing the selection of studies for the systematic review of case reports for developing tuberculosis in
individuals who recovered from COVID-19.

https://doi.org/10.1371/journal.pone.0277807.9001

types of TB symptoms, TB diagnostic method, anatomical classification of TB, anti-TB drug-
resistance category, anti-TB treatment given, previous TB history, smoking status, HIV status,
BCG vaccination status, alcohol/drugs consumption status, and mortality status during anti-
TB treatment. The data were summarized using Microsoft Excel 2016 spreadsheets (Table 1).

Quality assessment

Two independent authors (AA, and ZWB) assessed the study’s quality using the Joanna Briggs
Institute (JBI) critical appraisal checklist for case reports, and the inconsistencies were resolved
by the third author (GS). The checklist contained eight questions where we gave 12.5 points

for each question and rounded to 100%. As per the tool, all queries were filled with “yes”, “no”,
“unclear” and “not applicable”. The quality score was graded as a low, medium, and high if the

quality score was <60%, 60-80%, and >80% (S3 Table).

Outcome

The primary outcome of this study was developing TB in individuals who recovered from
COVID-19 or completed COVID-19 treatment. While the secondary outcome of the present
study was the mortality status of patients during the anti-TB treatment period. The diagnosis

PLOS ONE | https://doi.org/10.1371/journal.pone.0277807 November 28, 2022 4/17


https://doi.org/10.1371/journal.pone.0277807.g001
https://doi.org/10.1371/journal.pone.0277807

Tuberculosis in individuals who recovered from COVID-19

PLOS ONE

(ponuuon)
Tendsoyy
Ayszoatup | 10dax [sz] TZ0T 61
- - - - Srewd,g 9z uey edy aseD) - BISY ueysned “e32 piyez | juaneq
S35LISI(T
A101e11dsay 103 | 110dax [¥2] 120T “TB 3 8T
- ON SINIPIGIOWOD ON - - eI 85 | Teadsop] reuoneN aseD - eIsy | eyueT g efeueye | jusned
amssaxd poorq jr0dax eOLIWY L1
ON ON | ySiy ‘s1eak 9 10y INQ ¢ 2dA1, | pareurdep | aanedaN | oewog 6% ase) yinos OOIXIIA[ juanjed
sedneure y10dax BOLIOUY 91
SaX ON s1eaf g 10y IN@ 7 9dAL, | pareuroep | aanedoN | SN P¥ Bsou Koy ut ase) yInog 0OIXIN jusneq
Aqyedoanau [exaydrrad stso[noIaqn, ap | 110dax eILIDWY [c1] 120T “TB 32 ST
ON ON s1eaf ¢1 10J N ¢ 2dAL | pajeurooep | aaneSoN | oeIN ¢y | [euordoy onua) asen) ynog 0oIXaJN | ueing-uo[mdy | jusneq
uone[LIqy 110daz eOLIOWY [¢2] 0Z0T al
- [e1ne ‘N ‘uotsualadA - - SN ¥ - aseD) - JION vsn 9o pue S1eny | juaneq
‘erwrapidisAp ‘uorsuajrad4Ay Ayszaatupn | 11odax JUOSIp BOLIDWY [22] 120T “TB 32 €1
- ON ‘stsA[erpoway ‘N ¢ odA L, - - eI $9 I2)SeIADIN ase) ueIsy jseq YJON epeue) Aoxedupzod | jusneq
‘[endsoy AreyA | 310dax [12] 0T0T “Te 30 Al
- Wa - - S[ewd] 65 [rews] Ae[noy aseD - BOLY | 020010 woappebowry | jusneg
SNIIAOTeSaW 014>
IIM UOTdJul
juarmy) “Aoueudiew pue
uorsuatadAy ewroydud]
suoz £ei1d [eunserpajy ‘rendsoy Areyiy | 330dax S661 eOLIOWY [0z] It
- Jo £10)STY] [EOTPOW ISBJ - - S[eIN 6% [rews] Ae[noy aseD) WU A YJION VSN | 1207810997 | judneq
110daz o1
- e1sounysAp Axeio Arewnig | pajeundep | aaneSoN | ofewog | £9°€T aseD) BISY Ay, jusned
1odax 6
- 9SBISIP JIUOIYD ON[ | pajeurddep | aaneSoN | o[ewa 91 ase) BISY afnpmy, jusneq
110dax 8
- 9SBISIP JTUOIYD ON[ | pajeurddep | aaneSoN | ofewd | S'¢1 aseD) BISY afnpmy, jusneq
1odax Vi
- 9SBASIP JTUOIYD ON | pajeumddeA | aaneSoN | oewa 91 aseD) BISY ahnymy, juaneq
1odax 9
- 9SBISIP OIUOIYD ON[ | pajeumddep | aaneSoN | ofewag | S'¢l ase) BISY afnpmy, jusneq
1odax S
- 9SBISIP JTUOIYD ON[ | pajeurddep | aaneSoN | o[ewa L1 aseD BISY afnpmy, jusaneq
1odax ¥
- 9SBASIp OTUOIYD ON | pajeurddep | aaneSoN | d[BN 91 aseD) eridg woxy BISY Ay, juaned
ST)LIY)IE PIOJeWNaYI Ayiszoatup) | 310dax payerdru [61] ¢
- srgyedorpr oruaan( | pajeurodep | aaneSoN | S[eIA 91 ueyeqIq aseD | juaped suQ BISY ahnpmy, | 1207 “[eIo[BUN | IudnE]
Ayszaatupy | 310dax ey | [21] 120T “Te 30 4
- aseasIp guny oruoIyD - aaneSoN | oeIN 59 YOSOqQUAY[AIS aseD Ly ynog TeysjurfeysIN | Juaned
endsoy
s2010] pawnay | jrodax BIQRIY [11] T20T I
ON ON - - aAneSaN | arewrag 0¥ peye] Sury aseD) BISY pneg “re1oefeyy] | jusneg

*MIIAJI JTJRWIA)SAS SIY) UT PIPNIUT AI9A0331 6T-AIA QD 191Je SISO[NdIdqn) Pado[aA3P OYM S[ENPIAIPUI JO SOTISLId)IRIRYD [eIolARyaq pue diyderSowd( °T d[qe,

5/17

PLOS ONE | https://doi.org/10.1371/journal.pone.0277807 November 28, 2022


https://doi.org/10.1371/journal.pone.0277807

Tuberculosis in individuals who recovered from COVID-19

PLOS ONE

+00¥ 208/£¢0auod-[euinoly| /€ 1°01/B10"10p//:sdpy

9seasI(J [eUT adeig PUg ‘qQYSH ‘eOLIWY JO SIS PAjIu() ‘SN SN $a32qeI( ‘N ‘P2qII98ap 0N * .-,

Q@ pue ‘erwaprdipradA [eadsoy | 110dax BILDWY [9¢€] zzoT c¢

- uorsuarddLAyg - Srewd,g ¥/ BpLIOL] (INOS asep | sourddiyq JION VSN “Te 32 osuoaT | judneq
SIOUDIOG [EITPIN

Jo Ayszoatup) | jr0dax [s€] 120T 43

- - aaneSaN | arewrag [ UBIYd], aseD BISY uely “lelp TwIyey | Jusned
eIpuy

0N jo eydsoy | 310dax [¥€] 1207 1€

- s1eak g 10§ uorsuarodAf aaneSaN | oreurag ¥ a1ed A1en)I9) v asen) BISY eIpu| “[e1d TUBIND | judneq

110da1 eILDWY o€

- Wda - SN 1L aseD 'IQUINOD HON vsn juened

aseastp Areuowrnd [00YDS [edIpay | 31odax BOLIOWY [e€] TZ0T 62

- 9AT}ONIISQO JIUOIYD) - eI 9/ JESETPVEING aseD [1zeig YJON vsn “[e1osaunox | judneq

EN=R 3351100 [eo1pajy | 310dox BOLIOWY [z€] 0z0T 8T

- s uosunjred jo £103s1y 3seq - SN 19 [PUI0D) T2 M ase) euIy) YION vsn “le1pI9pn) | judned
[endsofy

Ayiszoatupy | 3r0darx ueIsy eOLIOWY [1€] Yad

- - - e GG | uoSIdYR[ sewoy], ase) JseIYINOS YHON VSN | 1207 “[e3o epang | judneq

uonerodio) | jrodax [o€] TZ0T 97

ON ON SSQUIT OTUOIYD UMOWY ON aaneSoN | oeIN 67| [eOIPIIN pewreH aseD) redaN BISY IeR) “re1s Aurzfg | juaneq

[67]

aseastp A12y1e y10dax oZe s1eak eOLIDWY 120T ‘T[[eAeuOIq [

- A1eU0105 “voTIsUSIIdAL] - S[ewa] 08 - ase) 0§ “euryD) YION vsn pueyoN | jusneq

@ygsd 03 anp oeyng | 11odax eILDWY [87] P

- juerdsuen [euay pue W - S[ewd] 8¢ e AyIszaAtupny aseD Tewue N YJION VSN | T20T“Te1d uipy | juaneq
SuPIPIN
Jo [ooyds

I[N Twrerjy | 310dax eILDWY (2] €T

- SINIPIGIOWOD ON aAnedaN | oreN 81 Jo AyiszoAtun aseD) e[ewajens) IION VSN | 1207 “[e10JISY | judneq

xordwo) sy | 110dax w

- uorsuayradAy ‘W - eI 8 | eqizedn 1eMpIQRQ ase) - eisy | ysipeSueg juaneq

xopdwo) yyeay | 310dax 1T

- uorsuay1adAy W - eI £9 | epzedn) rempiqag aseD - ersy | ysipeSuegq [97] ozoz | Yuemed

xordwo) yyreayy | 310dax fmypmoyd | oz

- Wa - S[eN 8 | eqized) rempiqag ase) - e1sy | ysipeSueq pue 1appod | judneq

(panunuod) ‘1 9[qeL,

6/17

PLOS ONE | https://doi.org/10.1371/journal.pone.0277807 November 28, 2022


https://doi.org/10.1371/journal.pone.0277807.t001
https://doi.org/10.1371/journal.pone.0277807

PLOS ONE

Tuberculosis in individuals who recovered from COVID-19

of TB in this study was based on either of or the combinations of culture, AFB smear micros-
copy, molecular method (GeneXpert), pathology, clinically using chest X-ray and chest com-
puted tomography.

Data synthesis and statistical analysis

The extracted data were exported to STATA version 16 for statistical analysis. Simple descrip-
tive statistics such that frequency, proportion, mean/median age and time to develop TB were
determined. Descriptive data were summarized by study country, sex, age, immigration status,
co-morbidity types, COVID-19 diagnostic method, COVID-19 treatment modality, time from
COVID-19 recovery to developing TB, TB symptoms, TB diagnostic methods, anatomical clas-
sification of TB, anti-TB drug-resistance category, anti-TB treatments, previous TB history,
smoking status, alcohol/drugs consumption status, HIV status, BCG vaccination status, and
mortality status during anti-TB treatment.

Results

From the whole search, 2653 studies were identified, and 316 duplicates were removed. Then,
the remaining 2337 studies were screened by title and abstract. Full-text screening was con-
ducted for 23 studies, and finally, data were extracted from 21 studies comprising [11-13, 19-
36] 33 individual cases (Fig 1). The studies were reported from 13 countries with the highest
frequency from the United States of America (10 patients), and Tiirkiye (eight patients) fol-
lowed by Bangladesh (three patients), and Mexico (three patients). The other countries were
Canada, India, Iran, Morocco, Pakistan, Qatar, Saudi Arabia, South Africa, and Sri Lanka. Per
continent, 17, 11, 3, and 2 cases were reported from Asia, North America, South America, and
Africa respectively. Twelve patients immigrated from TB endemic settings. The median and
mean age of individuals were 44 years (Min; 13.5 years, Max; 80 years), and 42.96 years

(SD = 21.54 years) respectively. Of 33 patients, more than half (18, 54.55%) were males. In a
study conducted by Tadolini et al. (2020) [37], among 49 patients with COVID-19 and TB co-
infection, in 14 patients COVID-19 preceded TB by a median (range) time of four (2-10) days.
However, the authors revealed that they could not report on the potential contribution of
COVID-19 towards development of active TB disease because they did not follow individuals
with latent TB infection overtime. Besides, the details of each patient was not reported so that
we were unable to find each patient’s data for the current systematic review.

Seventeen patients were HIV seronegative however, HIV serostatus was not determined for
the remaining 16 patients. BCG vaccination status were available for only 11 cases and all were
vaccinated. More than half of (20/29) patients had some type of one or more comorbidities
other than COVID-19. The most frequent comorbidities were diabetes mellitus (12 cases), fol-
lowed by hypertension (nine cases), and hemodialysis/ renal transplantation (two cases)
(Table 1).

Among 13 patients assessed for the previous TB history, four patients had previous TB
treatment history with three active TB cases and one latent TB case, one case had home-based
TB contact history, and eight patients were new TB cases. COVID-19 was confirmed in 13
cases by RT-PCR, while in nine cases it was confirmed by SARS-CoV-2 antibody tests. Two
cases were treated for COVID-19 by considering the chest X-ray result. The COVID-19 treat-
ment modalities were reported in 16 cases. Per group of drugs, ten six, six, five, and five
patients took steroids, antibiotics, anticoagulants, anti-viral, and anti-malarial drugs respec-
tively approved for COVID-19. The remaining treatment anti-parasites (2), cough suppres-
sants (2), immunosuppressant (2), anti-allergies (1), and monoclonal antibody (1). Specific to
the drugs, dexamethasone (7), remdesivir (5), azithromycin (4), hydroxychloroquine (4),
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enoxaparin (4), tocilizumab (2), ivermectin (2), doxycycline (2), unspecified antitussives (2),
unspecified steroids (2), Plaquenil (1), ceftriaxone (1), heparin (1), unspecified anticoagulant
(1), unspecified antibiotic (1), oral prednisolone (1), unspecified antihistamine (1), and bamla-
nivimab (1). Four patients also took oxygen (Table 2).

The symptoms identified before TB diagnosis were fever (25/33), cough (19/33), weight loss
(7/33), dyspnea (7/33), fatigue 6/33), chest pain (3/33), chills (3/33), side pain (3/33), anorexia
(3/33), swelling at the neck (2/33), diarrhea (2/33), hypoxic (2/33), hematochezia (1/33), aci-
dotic (1/33), septic (1/33), hemoptysis (1/33), hoarseness of voice (1/33), anosmia (1/33), nau-
sea (1/33), sore throat (1/33), dysphagia (1/33), altered mental status (1/33), headache (1/33),
and acute progressive encephalopathy (1/33). Tuberculosis was confirmed bacteriologically
(26 cases), clinically (four cases), pathology (two cases), and one case had an abnormal chest
X-ray, abnormal Contrast-Enhanced CT chest, high ESR count, and high adenosine deaminase
activity of pleural fluid. Specific to the bacteriological diagnostic methods, in 18, 15, and 13
cases GeneXpert, smear microscopy, and culture were positive. Anti-TB drug susceptibility
status was determined in ten cases where all were susceptible to anti-TB drugs. However, keep-
ing in mind 20 patients who took first line anti-TB drugs we assumed the cases were suscepti-
ble to anti-TB drugs. However, one case took different anti-TB drugs: rifampicin, isoniazid,
pyrazinamide, ethambutol, linezolid, rifabutin, levofloxacin and finally took six month treat-
ment with rifabutin, levofloxacin, and ethambutol. Regarding the anatomical site of TB, 20
cases developed PTB. Eleven cases developed EPTB with different sites; pleural TB (five cases),
TB lymphadenitis (three cases), Congenital TB (one case), Thyroid TB (one case), and both
bone TB and lymph node TB (one case). The remaining two cases developed disseminated/
miliary TB. From 20 PTB cases, three cases were reported from the high TB burden countries,
while all the 11 EPTB cases were reported from the countries that are not included in the list of
high TB burden countries. For the remaining 2 cases, 1 miliary TB case was reported from a
high TB burden country, while 1 disseminated case was reported from a country not included
in the high TB burden countries list. The time of developing TB from COVID-19 recovery was
reported in 24 studies that extends up to seven months with a median of 25.5 days. The TB
treatment modalities were described for 26 cases such that 20 patients exclusively took first-
line anti-TB drugs, one patient took first-line anti-TB drugs, amikacin, and piperacillin-tazo-
bactam, one patient took first-line and second-line anti-TB drugs, while in the remaining four
cases, the type of anti-TB drug was not specified rather described as anti-TB chemotherapy.
The mortality status of the patients was described in 24 cases, where 19 were alive and five died
during the anti-TB treatment period. While for the remaining 9 cases, their anti-TB treatment
outcome is not described in the studies (Table 2).

Discussion

This study is a systematic review of case reports that reported TB in individuals who recovered
from COVID-19. The study revealed that TB reactivation or new TB infection is becoming a
common phenomenon in individuals who recovered from COVID-19. Post COVID-19 recov-
ery TB was happening in all age groups. The study also revealed that TB in COVID-19 recov-
ered individuals was reported from 13 countries found in four continents. This suggests that
post COVID-19 recovery may become the potential risk factor for TB outbreak across the
globe mainly in high TB burden countries. The prevalence of latent TB is high in individuals
residing in high TB prevalence settings [38]. Thus, the impact of COVID-19 in these settings
might be significant. However, the number of studies from high TB endemic settings are lim-
ited with only 6/33 cases reported in individuals residing in high TB burden countries. Many
cases may have been missed because endemic countries’ scientists/doctors did not bother to
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report common TB cases. The current study also revealed that 12 patients immigrated from
high TB settings who might have latent TB. This reflects the potential reactivation of latent TB
to active TB in individuals who recovered from COVID-19. In the present study, relatively the
number of men is higher than women in line with the global TB report where there are more
TB cases among men than women [3].

The current study also revealed that, all the 17 cases assessed for HIV status were sero-nega-
tive. This revealed the diminished immune status of COVID-19 patients might lead to devel-
oping TB. Another important finding observed in the present study is, though 11 patients
were BCG vaccinated (eight were <17 years and three were 43-49 years of age), they developed
TB after COVID-19 recovery. This highlights two things, first the immunogenicity of BCG
vaccination in general, and second the effect of COVID-19 on the immunogenicity of BCG to
protect against TB. However, this needs further investigations in future studies. We hypothe-
sized the potential for low reactivation in countries where BCG is routinely administered. The
other factor observed in this study was the presence of any type of co-morbidity. Presence of
co-morbidity may be potential confounding factor. In the current study, more than half of
(20/29) patients had any type of one or more comorbidities mainly DM and hypertension. It is
well known that DM increases TB risk by two to three times [39] however, we anticipated
more TB risk in DM patients who infected with SARS-CoV-2 that needs further investigation.
This study also revealed that patients on hemodialysis and with renal transplantation had TB
after COVID-19 recovery. There are also other identified comorbid conditions in this study.
Generally, this study revealed that patients with underlined comorbidities mainly chronic dis-
eases had a higher risk of developing TB after COVID-19 recovery that needs a close follow-
up.

The current study also revealed that among 13 patients with data on previous TB history,
four patients had previous TB treatment history that might be due to the potential reactivation
of TB after COVID-19 recovery. However, we are not sure whether it was due to endogenous
reactivation or due to exogenous reinfection. The other factor assessed in the present study is
the type of treatment modality given to COVID-19. The most frequent treatment modality
given was corticosteroids (dexamethasone, and oral prednisolone) in eight cases. Corticoste-
roids given to COVID-19 patients can cause immunosuppression and are associated with TB
susceptibility [40]. Besides, two patients took tocilizumab which is an immunosuppressant,
and reported to increase TB susceptibility [41]. Thus, assessing for latent TB or previous TB
history before giving steroids and tocilizumab for COVID-19 treatment may be important to
decrease TB reactivation in this group of individuals. However, due to short window of deci-
sion making, it may not be possible to rule out tuberculosis before starting treatment for
COVID-19.

This study also revealed the most common TB symptoms identified in individuals who
recovered from COVID-19 include fever, cough, weight loss, dyspnea, and fatigue. However,
there are also other symptoms identified in this study. Thus, assessing these identified symp-
toms may be important to early detect TB in this group of individuals. This study also revealed
that about 36.36% (11/33) of TB cases identified were EPTB with different sites, and two cases
developed disseminated/miliary TB that indicated the importance of assessing COVID-19
recovered patients for non-respiratory symptoms. However, this needs to be further investi-
gated in future studies. Per the high TB burden category, all the 11 the EPTB cases were
reported from the countries that are not included in the high TB burden category. The study
also revealed that the time to develop TB in individuals who recovered from COVID-19
extends up to 7 months. This emphasizes the importance of long-term follow-up in this group.
Even though the overall sample size is low in the current review, 20.83% (5/24) of COVID-19
recovered patients died during their anti-TB treatment which is higher compared to the global
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TB mortality in 2020 [3]. However, we hypothesized more deaths since the mortality in this
study is determined in the early phase of anti-TB treatment where the final TB treatment out-
come is not assessed for all cases. Finally, this study is an early and rapid systematic review that
might have limited evidence due to limited number of available studies included in the review.

Conclusion

The findings of this study revealed that developing TB among individuals who recovered from
COVID-19 might result in a TB outbreak in the post-COVID-19 era. The risk of TB in
COVID-19 recovered individuals might be due to the immune suppressive nature of COVID-
19, and the treatments used to treat COVID-19. Those individuals who recovered from
COVID-19 having certain types of comorbidities might have a higher risk of developing TB.
In addition, a considerable proportion of the TB cases were EPTB and the mortality rate is
higher than the global mortality rate. Thus, we recommend a further cohort study assessing
the incidence of TB post-COVID-19 recovery. Besides, since treatment of latent TB is done
only in TB non-endemic countries, feasibility studies to assess and treat latent TB in COVID-
19 patients residing in TB endemic countries may be considered in future studies.
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