
RESEARCH ARTICLE

Tuberculosis in individuals who recovered

from COVID-19: A systematic review of case

reports

Ayinalem AlemuID
1,2*, Zebenay Workneh Bitew3, Getachew Seid1,2, Getu DiribaID

1,

Emebet Gashu4, Nega Berhe2, Solomon H. Mariam2, Balako Gumi2

1 Ethiopian Public Health Institute, Addis Ababa, Ethiopia, 2 Aklilu Lemma Institute of Pathobiology, Addis

Ababa University, Addis Ababa, Ethiopia, 3 St. Paul’s Hospital Millennium Medical College, Addis Ababa,

Ethiopia, 4 Addis Ababa Health Bureau, Addis Ababa, Ethiopia

* ayinalemal@gmail.com, ayinalem.alemu@aau.edu.et

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.

PLOS ONE Tuberculosis in individuals who recovered from COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0277807 November 28, 2022 2 / 17

Funding: The author(s) received no specific

funding for this work.

Competing interests: The authors have declared

that no competing interests exist.

Abbreviations: BCG, Bacille Calmette-Guerin;

COVID-19, Coronavirus Disease 2019; DM,

Diabetes Mellitus; EPTB, Extra Pulmonary

Tuberculosis; HIV, Human Immunodeficiency

Virus; JBI, Joanna Briggs Institute; MTBC,

Mycobacterium Tuberculosis Complex; PCR,

Polymerase Chain Reaction; PRISMA, Preferred

Reporting Items for Systematic Reviews and Meta-

analyses; PTB, Pulmonary Tuberculosis; SARS-

CoV-2, Severe Acute Respiratory Syndrome

Coronavirus 2; TB, Tuberculosis.

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


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] (S2 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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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

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.g001
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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 Türkiye (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.

Supporting information

S1 Table. Completed PRISMA 2009 checklist.

(DOCX)

S2 Table. Search engines.

(DOCX)

S3 Table. Quality assessment for the included studies in meta-analysis.

(DOCX)

Acknowledgments

We would like to acknowledge the Ethiopian Public Health Institute for the non-financial help

such that for internet searching. Our acknowledgement also goes to primary authors.

Author Contributions

Conceptualization: Ayinalem Alemu.

Data curation: Ayinalem Alemu, Emebet Gashu.

Formal analysis: Ayinalem Alemu, Zebenay Workneh Bitew.

Investigation: Ayinalem Alemu, Getachew Seid, Getu Diriba.

Methodology: Ayinalem Alemu, Zebenay Workneh Bitew.

Software: Ayinalem Alemu, Zebenay Workneh Bitew.

Writing – original draft: Ayinalem Alemu.

Writing – review & editing: Ayinalem Alemu, Nega Berhe, Solomon H. Mariam, Balako

Gumi.

PLOS ONE Tuberculosis in individuals who recovered from COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0277807 November 28, 2022 14 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0277807.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0277807.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0277807.s003
https://doi.org/10.1371/journal.pone.0277807


References
1. Alene KA, Wangdi K and Clements ACA. Impact of the COVID-19 Pandemic on Tuberculosis Control:

An Overview. Trop. Med. Infect. Dis. 2020; 5(123). https://doi.org/10.3390/tropicalmed5030123 PMID:

32722014

2. The Global Fund to Fight AIDS, Tuberculosis and Malaria. The impact of COVID-19 on HIV, TB and

malaria services and systems for health: a snapshot from 502 health facilities across Africa and Asia.

2021:1–17. file:///C:/Users/user/Downloads/covid-19_2020-disruption-impact_report_en.pdf

3. Global tuberculosis report 2021. Geneva: World Health Organization; 2021. Licence: CC BY-NC-SA

3.0 IGO.

4. Golandaj JA. Insight into the COVID-19 led slow-down in TB notifications in India. Indian journal of

tuberculosis. 2021; 68: 142–145. https://doi.org/10.1016/j.ijtb.2020.12.005 PMID: 33641836

5. Soko RN, Burke RM, Feasey HRA, Sibande W, Nliwasa M, et al. Eff ects of Coronavirus Disease Pan-

demic on Tuberculosis Notifi cations, Malawi. Emerging Infectious Diseases. 2021; 27(7). https://doi.

org/10.3201/eid2707.210557 PMID: 34152962

6. Wu Z, Chen J, Xia Z, Pan Q, Yuan Z, et al. Impact of the COVID-19 pandemic on the detection of TB in

Shanghai, China. http://dx.doi.org/10.5588/ijtld.20.0539 PMID: 33126952

7. Beyene NW, Sitotaw AL, Tegegn B and Bobosha K. et al. The impact of COVID-19 on the tuberculosis

control activities in Addis Ababa. Pan African Medical Journal. 2021; 38 (243). https://doi.org/10.11604/

pamj.2021.38.243.27132 PMID: 34104291

8. Lakoh S, Jiba DF, Baldeh M, Adekanmbi O, Barrie U, et al. Impact of COVID-19 on Tuberculosis Case

Detection and Treatment Outcomes in Sierra Leone. Trop. Med. Infect. Dis. 2021; 6(154). https://doi.

org/10.3390/tropicalmed6030154 PMID: 34449755

9. Mbithi I, Thekkur P, Chakaya JM, Onyango E, Owiti P, et al. Assessing the Real-Time Impact of

COVID-19 on TB and HIV Services: The Experience and Response from Selected Health Facilities in

Nairobi, Kenya. Trop. Med. Infect. Dis. 2021; 6 (74). https://doi.org/10.3390/tropicalmed6020074

PMID: 34068615

10. Aggarwal AN, Agarwal R, Dhooria S, Prasad KT, Sehgal IS, Muthu V. Active pulmonary tuberculosis

and coronavirus disease 2019: A systematic review and meta-analysis. PLoS ONE. 2021; 16(10).

https://doi.org/10.1371/journal.pone.0259006 PMID: 34673822

11. Khayat M, Fan H, Vali Y. COVID-19 promoting the development of active tuberculosis in a patient with

latent tuberculosis infection: A case report. Respiratory Medicine Case Reports. 2021; 32:101344.

https://doi.org/10.1016/j.rmcr.2021.101344 PMID: 33495728

12. Ntshalintshali SD, Abrahams R, Sabela T, Rood J, Karamchand S, et al. Tuberculosis reactivation–a

consequence of COVID-19 acquired immunodeficiency? Current Allergy & Clinical Immunology. 2021;

34(1). https://hdl.handle.net/10520/ejc-caci-v34-n1-a11

13. Aguillón-Durán GP, Prieto-Martı́nez E, Ayala D, G J Jr, Thomas JM, et al. COVID-19 and chronic diabe-

tes: the perfect storm for reactivation tuberculosis?: a case series. Journal of Medical Case Reports.

2021; 15:621. https://doi.org/10.1186/s13256-021-03193-7 PMID: 34915933

14. Pathak L, Gayan S, Pal B, Talukdar J, Bhuyan S, et al. Coronavirus Activates an Altruistic Stem Cell-

Mediated Defense Mechanism that Reactivates Dormant Tuberculosis: Implications in Coronavirus Dis-

ease 2019 Pandemic. Am J Pathol. 2021; 191(7):1255–1268. https://doi.org/10.1016/j.ajpath.2021.03.

011 PMID: 33887214

15. Diao B, Wang C, Tan Y, Chen X, Liu Y, et al. Reduction and Functional Exhaustion of T Cells in Patients

With Coronavirus Disease 2019 (COVID-19). Front. Immunol. 2020; 11:827. https://doi.org/10.3389/

fimmu.2020.00827 PMID: 32425950

16. Riou C, du Bruyn E, Stek C, Daroowala R, Goliath RT. Relationship of SARS-CoV-2–specific CD4

response to COVID-19 severity and impact of HIV-1 and tuberculosis coinfection. J Clin Invest. 2021;

131(12). https://doi.org/10.1172/JCI149125 PMID: 33945513

17. Visca D, Ong CWM, Tiberi S, Centis R, D’Ambrosio L, Chen B, et al. Tuberculosis and COVID-19 inter-

action: A review of biological, clinical and public health effects. Pulmonology. 2021; 27(2):151–65.

https://doi.org/10.1016/j.pulmoe.2020.12.012 PMID: 33547029

18. Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, et al. The PRISMA extension

statement for reporting of systematic reviews incorporating network meta-analyses of health care inter-

ventions: checklist and explanations. Annals of internal medicine. 2015; 162(11):777–84. https://doi.

org/10.7326/M14-2385 PMID: 26030634

19. Unal G, Eldeniz FC, Yilmaz A, Akcan OM, Poyraz N, et al. Reactivation of tuberculosis and COVID-19.

2021. https://d197for5662m48.cloudfront.net/documents/publicationstatus/72974/preprint_pdf/

0f24f16d1ffd921dbcde33352eba7e29.pdf

PLOS ONE Tuberculosis in individuals who recovered from COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0277807 November 28, 2022 15 / 17

https://doi.org/10.3390/tropicalmed5030123
http://www.ncbi.nlm.nih.gov/pubmed/32722014
https://doi.org/10.1016/j.ijtb.2020.12.005
http://www.ncbi.nlm.nih.gov/pubmed/33641836
https://doi.org/10.3201/eid2707.210557
https://doi.org/10.3201/eid2707.210557
http://www.ncbi.nlm.nih.gov/pubmed/34152962
http://dx.doi.org/10.5588/ijtld.20.0539
http://www.ncbi.nlm.nih.gov/pubmed/33126952
https://doi.org/10.11604/pamj.2021.38.243.27132
https://doi.org/10.11604/pamj.2021.38.243.27132
http://www.ncbi.nlm.nih.gov/pubmed/34104291
https://doi.org/10.3390/tropicalmed6030154
https://doi.org/10.3390/tropicalmed6030154
http://www.ncbi.nlm.nih.gov/pubmed/34449755
https://doi.org/10.3390/tropicalmed6020074
http://www.ncbi.nlm.nih.gov/pubmed/34068615
https://doi.org/10.1371/journal.pone.0259006
http://www.ncbi.nlm.nih.gov/pubmed/34673822
https://doi.org/10.1016/j.rmcr.2021.101344
http://www.ncbi.nlm.nih.gov/pubmed/33495728
https://hdl.handle.net/10520/ejc-caci-v34-n1-a11
https://doi.org/10.1186/s13256-021-03193-7
http://www.ncbi.nlm.nih.gov/pubmed/34915933
https://doi.org/10.1016/j.ajpath.2021.03.011
https://doi.org/10.1016/j.ajpath.2021.03.011
http://www.ncbi.nlm.nih.gov/pubmed/33887214
https://doi.org/10.3389/fimmu.2020.00827
https://doi.org/10.3389/fimmu.2020.00827
http://www.ncbi.nlm.nih.gov/pubmed/32425950
https://doi.org/10.1172/JCI149125
http://www.ncbi.nlm.nih.gov/pubmed/33945513
https://doi.org/10.1016/j.pulmoe.2020.12.012
http://www.ncbi.nlm.nih.gov/pubmed/33547029
https://doi.org/10.7326/M14-2385
https://doi.org/10.7326/M14-2385
http://www.ncbi.nlm.nih.gov/pubmed/26030634
https://d197for5662m48.cloudfront.net/documents/publicationstatus/72974/preprint_pdf/0f24f16d1ffd921dbcde33352eba7e29.pdf
https://d197for5662m48.cloudfront.net/documents/publicationstatus/72974/preprint_pdf/0f24f16d1ffd921dbcde33352eba7e29.pdf
https://doi.org/10.1371/journal.pone.0277807


20. Lee G, Stoll JJ, Hussien IE. A Rare Case of Latent Tuberculosis Reactivation in the Setting of COVID-

19 Infection. Am J Respir Crit Care Med. 2021; 203:A4079. https://doi.org/10.1164/ajrccm-conference.

2021.203.1_MeetingAbstracts.A4079

21. Elmoqaddem A, Belghoul R, Elbenaye J, Belatik H, Nadour K. Could Sars-Cov-2 Reactivate Latent Pul-

monary Tuberculosis? Saudi J Med. 2020; 5(12): 383–384. https://doi.org/10.36348/sjm.2020.v05i12.

008

22. Pozdnyakov A, Jin A, and Bader M. Reactivation of Pulmonary Tuberculosis in a Patient With COVID-

19: Case Report and Review of Literature. Infectious Diseases in Clinical Practice. 2021; 29 (6). https://

doi.org/10.1097/IPC.0000000000001032 PMID: 34803354

23. Garg N and Lee YL. Reactivation tb with severe COVID-19. Chestjournal.org. 2020; 777A. https://doi.

org/http%3A//dx.doi.org/10.1016/j.chest.2020.08.724

24. Dahanayake C, Malinda S, Nanayakkara M, Silva S, Perera E. A post covid activation of latent tubercu-

losis. 2021. Respirology. https://doi.org/10.1111/resp.14150_375

25. Zahid A, Iqbal N, Moeen S, and Irfan M. Post COVID-19 tuberculosis: An emerging threat of pan-

demic. Monaldi Arch Chest Dis. 2021; 91:1749. https://doi.org/10.4081/monaldi.2021.1749 PMID:

33794593

26. Podder CS and Chowdhury N. Concurrent tuberculosis and COVID-19: reports of three cases: Case

Report. Birdem Medical Journal. 2020; 10: COVID Supplement. https://doi.org/10.3329/birdem.v10i0.

50995

27. Asif H, Bagatell S, Hodgin KF, Friedlander AL, Wood C, et al. Reactivation Mycobacterium Tuberculosis

Associated Acute Respiratory Distress Syndrome Following COVID-19 Infection. Am J Respir Crit Care

Med. 2021; 203:A2454. https://doi.org/10.1164/ajrccm-conference.2021.203.1_MeetingAbstracts.

A2454

28. Win KZ, MD, Hamidi A, Sattar A, and Karunakaran A. Tuberculous Thyroiditis Post COVID-19 Infection.

J Endocrine Soc. 2021; 5(1). https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8089611/

29. Noh S and Dronavall G. Active TB after the use of tocilizumab for COVID-19 infection. hestjournal.org.

2021; 289A. https://doi.org/10.1016/j.chest.2021.07.295

30. Elziny MM, Ghazy A, Elfert KA, Aboukamar M. Case Report: Development of Miliary Pulmonary Tuber-

culosis in a Patient with Peritoneal Tuberculosis after COVID-19 Upper Respiratory Tract Infection. The

American journal of tropical medicine and hygiene. 2021; 104(5):1792–5. https://doi.org/10.4269/ajtmh.

20-1156 PMID: 33784243

31. Burda K, Athar MK, Dolla A. Latent Extrapulmonary Tuberculosis Infection in a Recovered COVID-19

Patient: A Case Report (4846). Neurology. 2021; 96 (15 Supplement) 4846. https://n.neurology.org/

content/96/15_Supplement/4846

32. Cutler T, Scales D, Levine W, Schluger N, and O’Donnell M. A Novel Viral Epidemic Collides with an

Ancient Scourge: COVID-19 Associated with Tuberculosis. American Journal of Respiratory and

Critical Care Medicine. 2020; 202(5). https://doi.org/10.1164/rccm.202003-0828IM PMID:

32609542

33. Younes I, Atif M, Elkattawy NS, Viechweg J and Nwachukwu O. Latent Mycobacterium TB reactivation

in two patients with COVID-19 pneumonia. Chestjournal.org. 2021; 469A. https://doi.org/10.1016/j.

chest.2021.07.459

34. Guliani A, Lalwani LK, Gupta KB, Gupta PP, Raj V. Unmasking of miliary tuberculosis in COVID-19: A

case report. Indian J Case Reports. 2021; 7(10). https://doi.org/10.32677/ijcr.v7i10.3086

35. Rahimi E, Ghaderkhani S, Jamshidi Y. Development of Disseminated Tuberculosis in A Non-Immuno-

compromised Patient After COVID-19 Infection: A Case Report. 2021. https://doi.org/10.21203/rs.3.rs-

704284/v1

36. Leonso AA, Brown K, Prol R, Rawat S, Khunger A, Bromberg R. A Rare Case of Latent Tuberculosis

Reactivation Secondary to a COVID-19 Infection. Infectious Disease Reports. 2022; 14(3):446–52.

https://doi.org/10.3390/idr14030048 PMID: 35735758

37. Tadolini M, Codecasa LR, Garcı́a-Garcı́a J-M, et al. Active tuberculosis, sequelae and COVID-19 co-

infection: first cohort of 49 cases. Eur Respir J. 2020; 56: 2001398. https://doi.org/10.1183/13993003.

01398-2020 PMID: 32457198

38. Cohen A, Mathiasen VD, Schon T, Wejse C. The global prevalence of latent tuberculosis: a systematic

review and meta-analysis. The European respiratory journal. 2019; 54(3). https://doi.org/10.1183/

13993003.00655-2019 PMID: 31221810

39. Harries AD, Satyanarayana S, Kumar AM, Nagaraja SB, Isaakidis P, Malhotra S, et al. Epidemiology

and interaction of diabetes mellitus and tuberculosis and challenges for care: a review. Public Health

Action. 2013; 3(Suppl 1):S3–9. https://doi.org/10.5588/pha.13.0024 PMID: 26393066

PLOS ONE Tuberculosis in individuals who recovered from COVID-19

PLOS ONE | https://doi.org/10.1371/journal.pone.0277807 November 28, 2022 16 / 17

https://doi.org/10.1164/ajrccm-conference.2021.203.1_MeetingAbstracts.A4079
https://doi.org/10.1164/ajrccm-conference.2021.203.1_MeetingAbstracts.A4079
https://doi.org/10.36348/sjm.2020.v05i12.008
https://doi.org/10.36348/sjm.2020.v05i12.008
https://doi.org/10.1097/IPC.0000000000001032
https://doi.org/10.1097/IPC.0000000000001032
http://www.ncbi.nlm.nih.gov/pubmed/34803354
https://doi.org/http%3A//dx.doi.org/10.1016/j.chest.2020.08.724
https://doi.org/http%3A//dx.doi.org/10.1016/j.chest.2020.08.724
https://doi.org/10.1111/resp.14150_375
https://doi.org/10.4081/monaldi.2021.1749
http://www.ncbi.nlm.nih.gov/pubmed/33794593
https://doi.org/10.3329/birdem.v10i0.50995
https://doi.org/10.3329/birdem.v10i0.50995
https://doi.org/10.1164/ajrccm-conference.2021.203.1_MeetingAbstracts.A2454
https://doi.org/10.1164/ajrccm-conference.2021.203.1_MeetingAbstracts.A2454
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8089611/
https://doi.org/10.1016/j.chest.2021.07.295
https://doi.org/10.4269/ajtmh.20-1156
https://doi.org/10.4269/ajtmh.20-1156
http://www.ncbi.nlm.nih.gov/pubmed/33784243
https://n.neurology.org/content/96/15_Supplement/4846
https://n.neurology.org/content/96/15_Supplement/4846
https://doi.org/10.1164/rccm.202003-0828IM
http://www.ncbi.nlm.nih.gov/pubmed/32609542
https://doi.org/10.1016/j.chest.2021.07.459
https://doi.org/10.1016/j.chest.2021.07.459
https://doi.org/10.32677/ijcr.v7i10.3086
https://doi.org/10.21203/rs.3.rs-704284/v1
https://doi.org/10.21203/rs.3.rs-704284/v1
https://doi.org/10.3390/idr14030048
http://www.ncbi.nlm.nih.gov/pubmed/35735758
https://doi.org/10.1183/13993003.01398-2020
https://doi.org/10.1183/13993003.01398-2020
http://www.ncbi.nlm.nih.gov/pubmed/32457198
https://doi.org/10.1183/13993003.00655-2019
https://doi.org/10.1183/13993003.00655-2019
http://www.ncbi.nlm.nih.gov/pubmed/31221810
https://doi.org/10.5588/pha.13.0024
http://www.ncbi.nlm.nih.gov/pubmed/26393066
https://doi.org/10.1371/journal.pone.0277807


40. Gopalaswamy R.; Subbian S. Corticosteroids for COVID-19 Therapy: Potential Implications on

Tuberculosis. Int. J. Mol. Sci. 2021; 22 (37730). https://doi.org/10.3390/ijms22073773 PMID:

33917321

41. Reisinger AC, Hermann J, Vagena FR, Hackl G, Eller P. Tuberculosis sepsis after tocilizumab treat-

ment. Clinical microbiology and infection: the official publication of the European Society of Clinical

Microbiology and Infectious Diseases. 2020; 26(11):1493–4. https://doi.org/10.1016/j.cmi.2020.05.030

PMID: 32512231

PLOS ONE Tuberculosis in individuals who recovered from COVID-19

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

https://doi.org/10.3390/ijms22073773
http://www.ncbi.nlm.nih.gov/pubmed/33917321
https://doi.org/10.1016/j.cmi.2020.05.030
http://www.ncbi.nlm.nih.gov/pubmed/32512231
https://doi.org/10.1371/journal.pone.0277807

