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Abstract

Tuberculosis (TB) is an airborne life-threatening respiratory disease, and India endures the highest burden of TB cases
worldwide. Moreover, the COVID-19 crisis has significantly disrupted essential health services in India, making TB control
even more challenging. In a densely populated country such as India, the COVID-19 pandemic has further complicated TB
regulation, as millions of Indians now carry latent TB infections (dormant stage of Mycobacterium TB) that could reactivate
at any time. The purpose of the present review is therefore to highlight the scenario of TB patients during COVID-19 pan-
demic as COVID-19 and TB both severely affects patient’s respiratory systems. The COVID-19 pandemic placed strain on
many patients including those with TB and even in the 21st century, with today’s advanced medical facilities and technolo-
gies, SARS-CoV-2 infection has created a mountain of challenges for mankind. Furthermore, the pandemic has redirected
a portion of healthcare workers towards COVID-19 management activities, resulting in a limited workforce available to
address TB management; thus, the threat to TB patients is expected to persist in the future. This short review therefore
aims to enlighten young researchers about the possibilities and preparedness for future pandemic situations.
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Introduction

World Health Organisation (WHO) estimates suggest that
India accounts for almost 1/3 of all global Tuberculosis (TB)
cases. TB remains a significant global cause of mortality, with
India contributing to the majority of global TB cases.! Despite
the brief decline in TB patients observed in 2020 and 2021,
the National Tuberculosis Elimination Programme (NTEP) re-
ported results beyond these numbers. 2022 was a milestone
year for TB surveillance efforts in India, with a record num-
ber of approximately 2.5 million cases; an increase of 13%
compared to 2021. Meanwhile, the total number of drug-re-
sistance cases diagnosed in 2022 was 63,801. Sustaining the
momentum of diagnosing previously undiagnosed TB patients
by strengthening case-finding efforts (both passive and ac-
tive) led to the above achievement under the program.?2
Efforts to bridge the gap in TB case diagnoses in India
showed promise before the COVID-19 pandemic, with a 60%
rise in TB case detection from that of the previous decade.
However, COVID-19 had a severe impact on TB patients,
the diagnostic process, and ultimately on TB in India.3*
Recent data suggests that from the pandemic’s onset,
the associated control and preventive measures taken hay
have affected various factors related to TB. A considerable

rise in TB-related deaths and setbacks in TB control were
expected, but disturbingly, early data on TB case notification
from India indicated a 70% decrease in case reporting time
particularly from 15-20 weeks in 2020 as compared 2019.5-8
The review aims to examine the different facets of TB and
COVID-19, including how the processes of TB diagnosis
were affected during the pandemic.

TB before COVID-19

TB still represents a significant public health challenge world-
wide, affecting nearly 30,000 individuals daily and causing
4,000 deaths worldwide each day, despite being preventable
and curable. The standard treatment for drug-sensitive TB
involves a six-month regimen combining four first-line anti-
tubercular drugs.®-13

Drug-resistant TB (DR-TB) has emerged due to acquired
and transmitted resistance among TB strains, leading to
forms such as rifampicin-resistant TB (RR-TB), multi-DR-TB
(MDR-TB), and extensively DR-TB (XDR-TB). MDR/RR-TB
is becoming a potential hazard to TB control.'4-16

Governments aiming for a 95% reduction in TB deaths
and a 90% reduction in incidence by 2035, with interim mile-
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stones, must adhere to key principles in implementing the
End TB Strategy. This includes government stewardship,
strong coalitions with civil society, protection of human rights,
and adaptation at the country level. Customizing the global
strategy based on in-depth analyses of local TB epidemics
is crucial alongside global collaboration, especially given ris-
ing travel, migration, and threats to health security. This ap-
proach aligns with ambitious targets and ensures effective
TB control while respecting human rights and equity.7-2°

Advancements in TB management have been achieved
through the inclusion of new analogues such as Bedaqui-
line and Delamanid as well as repurposed drugs such as
Linezolid and Clofazimine in combination regimens for DR-
TB over the past couple of years.2! The World Health Or-
ganisation is actively working to enhance treatment success
rates and has introduced all-oral longer regimens with new
drugs lasting 1.5-2 years for DR-TB patients. Furthermore, a
concise year-long treatment therapy has been implemented,
demonstrating promising advantages in minimizing drug bur-
den, accelerating culture conversion time, reducing the risk
of infection transmission, mitigating adverse drug events,
and lowering overall costs. This approach contributes to en-
hanced treatment adherence.?2-25 Moreover, the provision
of complimentary laboratory services for patients attending
public health facilities and those referred from the private
sector has been a longstanding practice since the program’s
inception, and over time, the initiative has established one
of the most extensive TB diagnostic networks. Following
the pandemic, the NTEP has displayed adaptability by in-
corporating global and Indian evidence into the treatment
and care of individuals affected by TB. In recent years, In-
dia has made far-reaching progress in the management of
TB including drug-resistant DR-TB and scaling up of shorter
oral regimens across the country. Similarly, the program in-
troduced a comprehensive package of differentiated care for
TB patients to identify the patients requiring referral or hos-
pitalization at the time of diagnosis to reduce preventable
mortality among TB patients; various states/union territories
have begun implementing the differentiated care approach
adopting different modalities with collaborations. Also, ad-
dressing the various delays, thereby improving the quality
of care provided to TB patients, has been one of the focus
areas monitored periodically by the program. To offer last-
mile service delivery for better access and quality care to TB
patients, including DR-TB patients and their close contacts,
the program has decentralized TB services to the Ayushman
Bharat — Health and Wellness Centres.26

Beginning of 2020

At the beginning of 2020, the WHO announced the infection of
novel coronavirus globally, indicating that the highly infectious
virus had spread beyond containment measures in many
countries. The symptoms of COVID-19 were very common,
such as flu or viral fever; initially, individuals may experience
mild symptoms, often mistaking it for a common flu. Being
a respiratory disease, the virus can spread through inhaling
droplets in the air or by touching infected surfaces.?’-32

India reported its first positive patient of COVID-19 on
30th January 2020 in Kerala, with the affected individual
having a travel history from Wuhan, China. The Indian gov-
ernment issued an advisory for voluntary home quarantine
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(self-isolation) to prevent early-stage virus spread. People
at high risk for severe illness from COVID-19, such as the
elderly, sick individuals, and children, were recommended
to practice protective self-separation at home. In terms of
drugs, Remdesivir and some other antivirals were used for
the management of the virus.33-35

The pandemic significantly impacted TB patients and as-
sociated services, leading to a decline in the diagnosis of
new active TB cases (possibly due to the testing and di-
agnosis process being affected). Challenges in outpatient
settings, community TB management, monitoring, and the
supply of anti-TB medications were observed. The pandemic
restrictions also affected COVID-19 testing, with lockdown
measures exacerbating these issues. Concerns regarding
personal protective equipment, prevention of DR-TB, and
the safety of healthcare workers were notable. Additionally,
the pandemic had implications for TB immunization pro-
grams with economic consequences.3® To attain the goal of
ending TB by 2025, India has rebranded its program as the
NTEP and is executing TB prevention and control initiatives
with a mission-oriented approach. In March 2020, the impact
of COVID-19 disrupted crucial strategic interventions, lead-
ing to a nearly 60% decrease in TB notifications during the
lockdown. However, a rapid response plan has effectively re-
stored and expanded TB services to levels surpassing those
before COVID-19.%7 This program has revitalized the coun-
try’s TB elimination efforts by incorporating innovative stra-
tegic interventions to accelerate the NTEP response (https://
tbcindia.gov.in/showfile.php?lid=3551).

As of April 2023, the pandemic is considered to be in its
end stage as suggested by the WHO. However, it is still
essential to follow safety protocols to prevent further out-
breaks. According to statistics from the Health Ministry,
Government of India, there had been 21,179 active cases,
44,177,204 discharged cases, and 530,901 reported deaths
due to COVID-19 in India by that time.38-4" Despite 60 years
of chemotherapy and 90 years of vaccination employing var-
ious strategies to prevent and control TB, it continues to be
a significant global health challenge, ranking 13th in leading
causes of mortality worldwide. In 2021, TB ascended to the
second position, following COVID-19, as the leading cause
of infectious fatalities, claiming the lives of approximately 1.6
million people (including 187,000 individuals infected with
HIV). Notably, the COVID-19 era in 2020 witnessed a sub-
stantial global reduction in TB incidence, plummeting from
7.1 million cases in 2019 to 5.8 million in 2020. India, along
with Indonesia and the Philippines, is prominently featured
among the top three countries contributing to 67 percent of
this global reduction in TB incidence. However, one study
revealed an 80 percent reduction in TB notification rates in
India during the lockdown period thus, despite India ranking
fourth globally in COVID-19 infections and deaths, there is
a potential scenario wherein a slowdown in COVID-19 could
unveil hidden TB cases and fatalities, leading to an increase
in TB counts in the future. Despite certain similarities in
manifestation and differences in etiology, a comprehensive
understanding of the epidemiological relationship between
TB and COVID-19 is still lacking.*?

Diagnosis of TB during the pandemic
Despite some differences in their modes of transmission,

www.cellnatsci.com


https://tbcindia.gov.in/showfile.php?lid=3551
https://tbcindia.gov.in/showfile.php?lid=3551

both TB and COVID-19 can spread through close physical
contact between infected individuals.*® Additionally, they
share similar clinical features and presentations, which could
have complicated diagnosis and management during the
COVID-19 pandemic.

It is possible for a person to have concurrent infections
of both SARS-CoV-2 (the virus causing COVID-19) and My-
cobacterium tuberculosis (TB). In such cases, the damage
caused by pre-existing TB infection may predispose the pa-
tient to develop COVID-19 or experience more severe COV-
ID-19 symptoms. Therefore, it is important to be vigilant about
the possibility of co-infection during the pandemic.** Globally,
coinfection with TB and COVID-19 is prevalent, and individu-
als experiencing both infections face a higher risk of fatality
compared to those with singular COVID-19 infections. Results
shared significant differences between high-income countries
and low- and middle-income countries.*®

COVID-19-induced circumstances have significantly im-
pacted TB services across various dimensions. Public and
private health facility closures have resulted in reduced ac-
cess to TB diagnosis and notifications. Fear of contracting
COVID-19 has led to a decline in TB service uptake, exacer-
bated by the stigma of both diseases and challenges in sup-
ply chain management. NTEP officers and health workers
engaged in COVID-19 activities have shifted focus, engen-
dering diminished attention towards essential TB services
such as active case finding and patient engagement. Lock-
down-induced geographical restrictions have hampered TB
adherence, while the non-availability of transport services
complicates sample collection and dispatch. The use of
NTEP labs for COVID-19 testing has diminished capacity
for TB testing, diagnosis, and follow-up.*¢ Lockdown-related
mobility restrictions further impact the provision of additional
TB program services, including those related to HIV, diabe-
tes, and beneficiary transfer payments (https://tbcindia.gov.
in/showfile.php?lid=3551).

Healthcare professionals should consider conducting si-
multaneous testing for both TB- and COVID-19-suspected
patients who present with asymptomatic or unusual clini-
cal symptoms. Maintaining a high index of suspicion for
co-infection will help facilitate appropriate and timely man-
agement for affected individuals. Early detection and treat-
ment of both diseases are crucial to ensure the best suit-
able/available outcomes for patients with concurrent TB
and COVID-19 infections (https://www.who.int/publications/
digital/global-tuberculosis-report-2021/featured-topics/cov-
id-19-tb-india). Until 24th March 2020, India was on track
to eliminate TB by 2025 but the national and state-specific
COVID-19-induced lockdown affected all the key strategic
interventions; however, the country is now better prepared
to tackle TB than ever having advanced and effective inter-
ventions and technologies for the diagnosis, treatment, and
care of TB cases. During the period Jan-June, 2020 almost
half a million cases were not notified against the estimated
target due to the COVID-19 and lockdown situation. Bi-di-
rectional screening was implemented to facilitate the screen-
ing of COVID-19 among individuals diagnosed with TB and
vice versa. To enhance diagnostic capabilities, the number
of machines for nucleic-acid amplification tests (NAATSs)
was doubled through the acquisition of 159 GeneXpert (CB-
NAAT) machines and 1,512 Truenat machines. This resulted
in an increased capacity for conducting an additional 9,200
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COVID-19 tests and 4,600 TB tests per day. Consequently,
the diagnostic capacity for TB, which had initially been redi-
rected for COVID-19 testing, was not only restored but also
augmented. Sputum smear microscopy testing for TB was
replaced with NAATs for all individuals with presumptive TB.
Moreover, laboratory services for TB and COVID-19 testing
were decentralized and integrated to optimize their utiliza-
tion, and referral linkages between TB and COVID-19 ser-
vices were established.4"—4°

Future recommendations for TB patients in
India

India has set a determined goal to completely eradicate TB
by the end of 2025; however, the COVID-19 pandemic has
created a sufficient number of obstacles to achieving this
goal. To mitigate the impact of the COVID-19 pandemic on
TB infection control efforts, it is essential to adopt consistent
practices that prioritize the ultimate goal.

Urgent action plans should be implemented to control
TB infections as well as coinfection with TB and coronavi-
rus respiratory disease, which has proven to be more fatal if
not treated timely. Furthermore, availing of the advent of ad-
vanced medical technology and cell phones could facilitate
quick and easy assessment and supervision for TB patients,
contributing to improved management.50-52

Integrating TB and COVID-19 responses could enhance
India’s health outreach. Ensuring continuous drug and treaty
supply for TB treatment through careful planning of local and
regional distribution and transportation is crucial, especially
for the vulnerable population at a higher risk of adverse TB
outcomes.

Furthermore, the novel advanced diagnosis and treat-
ment technologies developed to manage COVID-19 should
be adapted or modified to effectively tackle TB as well. De-
spite the challenges posed by the pandemic, targeted health
approaches, organized social policies, and special care for
the mental health and health equity of infected TB patients
and others must remain a priority.53.54

In conclusion, concerted efforts are needed to combat
both TB and COVID-19, taking into account the specific chal-
lenges posed by the pandemic while ensuring equitable and
effective healthcare for all.55:56

Conclusions

The fact that India has the highest number of active TB cas-
es worldwide underscores the importance of recognizing the
burden of this disease, especially in the face of challenges
presented by the COVID-19 pandemic. It is, therefore, cru-
cial to adapt and re-evaluate prevention, testing, tracing,
and management strategies for TB patients to effectively ad-
dress their needs in the aftermath of the pandemic.

The experiences and lessons learned in battling COV-
ID-19 can provide valuable insights for enhancing and im-
proving existing TB programs and strategies. By leveraging
the knowledge gained from managing COVID-19, India could
identify areas for improvement and innovation to advance its
efforts towards the ambitious goal of eliminating TB from the
country by 2025.

Incorporating the insights gained from the COVID-19
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response into TB control initiatives could lead to the de-
velopment of more resilient and effective systems, better
equipped to meet the requirements of TB patients and guar-
antee that they receive essential care and attention, even
amid the pandemic. By giving equal priority to both diseases
and adopting well-coordinated strategies, India could make
substantial progress in tackling TB while simultaneously ad-
dressing the challenges posed by COVID-19.

Collectively, the effects of TB and COVID-19 response
strategies could lead to a more comprehensive and effec-
tive healthcare approach, ultimately bringing India closer to
achieving its goal of TB elimination by 2025.

Acknowledgments

We acknowledge humbly Dr. Chandrakant G. Bonde, SSR
College of Pharmacy, Silvassa, India and Dr. Vikas N. Tel-
vekar, Institute of Chemical Technology, Mumbai for their
constant support and motivation during the process of this
review manuscript.

Funding

This review paper received no external funding.

Conflict of interest

The authors declare that they have no known competing fi-
nancial interests or personal relationships that could have
appeared to influence the work reported in this paper.

Author contributions

Conceptualised the contents for manuscript and written the
manuscript: JG; collected the relevant data: NK; proof read
the manuscript: MS, SG, SO. All the authors mentioned here
made significant contributions in preparation of this manu-
script and have approved the manuscript.

Abbreviations

TB, Tuberculosis; NTEP, National Tuberculosis Elimination
Programme; RR-TB, Rifampicin-Resistant TB; MDR-TB,
Multi-Drug Resistant TB.

References

[1] Bagcchi S. WHO’s Global Tuberculosis Report 2022. Lancet Microbe
2023;4(1):€20. doi:10.1016/52666-5247(22)00359-7, PMID:365215
12.

[2] Bhat J, Rao R, Kumar R, Yadav R, Singh P, Rao VG, et al. TB free In-
dia: Reaching the unreached tribal population under National Tu-
berculosis Elimination Programme. Indian J Tuberc 2022;69(1):4-7.
doi:10.1016/j.ijtb.2021.04.009, PMID:35074149.

[3] Cilloni L, Fu H, Vesga JF, Dowdy D, Pretorius C, Ahmedov S, et al.
The potential impact of the COVID-19 pandemic on the tuberculosis
epidemic a modelling analysis. EClinicalMedicine 2020;28:100603.
doi:10.1016/j.eclinm.2020.100603, PMID:33134905.

[4] Shrinivasan R, Rane S, Pai M. India’s syndemic of tuberculosis and
COVID-19. BMJ Glob Health 2020;5(11):e003979. doi:10.1136/bm-
jgh-2020-003979, PMID:33199280.

26 Nature Cell and Science

[S] Arinaminpathy N, Gomez GB, Sachdeva KS, Rao R, Parmar M, Nair
SA, et al. The potential deployment of a pan-tuberculosis drug regi-
men in India: A modelling analysis. PLoS One 2020;15(3):e0230808.
doi:10.1371/journal.pone.0230808, PMID:32218585.

[6] Conradie F, Diacon AH, Ngubane N, Howell P, Everitt D, Crook AM,
et al. Treatment of Highly Drug-Resistant Pulmonary Tuberculosis. N
Engl J Med 2020;382(10):893-902. doi:10.1056/NEJM0a1901814,
PMID:32130813.

[7]1 Burugina Nagaraja S, Thekkur P, Satyanarayana S, Tharyan P, Sagili KD,
Tonsing J, et al. Active Case Finding for Tuberculosis in India: A Syn-
theses of Activities and Outcomes Reported by the National Tuber-
culosis Elimination Programme. Trop Med Infect Dis 2021;6(4):206.
doi:10.3390/tropicalmed6040206, PMID:34941662.

[8] vande BergSEJ, Pelzer PT, van der Land AJ, Abdrakhmanova E, Ozi AM,
Arias M, et al. Acceptability, feasibility, and likelihood of stakehold-
ers implementing the novel BPaL regimen to treat extensively drug-
resistant tuberculosis patients. BMC Public Health 2021;21(1):1404.
doi:10.1186/512889-021-11427-y, PMID:34271884.

[9] Prasad R, Singh A, Gupta N. Can Pan-TB shorter regimens be a prom-
ising hope for ending TB in India by 2025 in ongoing COVID-19 era?
Indian J Tuberc 2022;69(4):377-382. doi:10.1016/.ijtb.2022.06.006,
PMID:36460365.

[10] Freeman S. Systemic social issues reflected in coronavirus out-
break. Dossier Covid 19. Impactos socioculturales de la pandemia
2020;5:18-20.

[11] Government of Canada. Community-based measures to mitigate the
spread of coronavirus disease (COVID-19) in Canada. Retrieved from
government of Canada. 2020; 20.500.12663:15.

[12] Singh J, Singh J. COVID-19 and its impact on society. Electron. Res J
Soc Sci Humanities 2020;3:2.

[13] Chakraborty |, Maity P. COVID-19 outbreak: Migration, effects on society,
global environment and prevention. Sci Total Environ 2020;728:138882.
doi:10.1016/j.scitotenv.2020.138882, PMID:32335410.

[14] Chow EJ, Uyeki TM, Chu HY. The effects of the COVID-19 pandemic on
community respiratory virus activity. Nat Rev Microbiol 2023;21(3):195—
210. doi:10.1038/541579-022-00807-9, PMID:36253478.

[15] El-Sadr WM, Vasan A, EI-Mohandes A. Facing the New Covid-19 Real-
ity. N EnglJ Med 2023;388(5):385-387. d0i:10.1056/NEJMp2213920,
PMID:36724378.

[16] He G, WuJ, ShiJ, DaiJ, Gamber M, Jiang X, et al. COVID-19 in tubercu-
losis patients: A report of three cases. J Med Virol 2020;92(10):1802—
1806. doi:10.1002/jmv.25943, PMID:32343410.

[17] Jeyashree K, Thangaraj J, Rade K, Modi B, Selvaraju S, Velusamy S,
et al. Estimation of tuberculosis incidence at subnational level us-
ing three methods to monitor progress towards ending TB in India,
2015-2020. BMJ Open 2022;12(7):e060197. doi:10.1136/bmjo-
pen-2021-060197, PMID:35902192.

[18] Robert M, Miossec P. Reactivation of latent tuberculosis with TNF in-
hibitors: critical role of the beta 2 chain of the IL-12 receptor. Cell Mol
Immunol 2021;18(7):1644-1651. doi:10.1038/s41423-021-00694-9,
PMID:34021269.

[19] Luke E, Swafford K, Shirazi G, Venketaraman V. TB and COVID-19: An
Exploration of the Characteristics and Resulting Complications of
Co-infection. Front Biosci (Schol Ed) 2022;14(1):6. doi:10.31083/j.
fbs1401006, PMID:35320917.

[20] Uplekar M, Weil D, Lonnroth K, Jaramillo E, Lienhardt C, Dias HM, et
al. WHO’s new end TB strategy. Lancet 2015;385(9979):1799-1801.
doi:10.1016/S0140-6736(15)60570-0, PMID:25814376.

[21] Xiang M, Liu T, Tian C, Ma K, Gou J, Huang R, et al. For the Topic-The
New Therapeutic Approaches, Biomarkers and Molecular Mecha-
nisms of Organ Fibrosis and COVID19 Rehabilitation Kinsenoside
attenuates liver fibro-inflammation by suppressing dendritic cells
via the PI3K-AKT-FoxO1 pathway. Pharmacol Res 2022;20:106092.
doi:10.1016/j.phrs.2022.106092, PMID:35066108.

[22] Trajman A, Felker 1, Alves LC, Coutinho I, Osman M, Meehan SA, et al.
The COVID-19 and TB syndemic: the way forward. Int J Tuberc Lung
Dis 2022;26(8):710-719. doi:10.5588/ijtld.22.0006, PMID:35898126.

[23] Jain VK, lyengar KP, Samy DA, Vaishya R. Tuberculosis in the era of
COVID-19 in India. Diabetes Metab Syndr 2020;14(5):1439-1443.
doi:10.1016/j.dsx.2020.07.034, PMID:32755848.

[24] Udwadia ZF, Vora A, Tripathi AR, Malu KN, Lange C, Sara Raju R. COV-

www.cellnatsci.com


https://doi.org/10.1016/S2666-5247(22)00359-7
http://www.ncbi.nlm.nih.gov/pubmed/36521512
http://www.ncbi.nlm.nih.gov/pubmed/36521512
https://doi.org/10.1016/j.ijtb.2021.04.009
http://www.ncbi.nlm.nih.gov/pubmed/35074149
https://doi.org/10.1016/j.eclinm.2020.100603
http://www.ncbi.nlm.nih.gov/pubmed/33134905
https://doi.org/10.1136/bmjgh-2020-003979
https://doi.org/10.1136/bmjgh-2020-003979
http://www.ncbi.nlm.nih.gov/pubmed/33199280
https://doi.org/10.1371/journal.pone.0230808
http://www.ncbi.nlm.nih.gov/pubmed/32218585
https://doi.org/10.1056/NEJMoa1901814
http://www.ncbi.nlm.nih.gov/pubmed/32130813
https://doi.org/10.3390/tropicalmed6040206
http://www.ncbi.nlm.nih.gov/pubmed/34941662
https://doi.org/10.1186/s12889-021-11427-y
http://www.ncbi.nlm.nih.gov/pubmed/34271884
https://doi.org/10.1016/j.ijtb.2022.06.006
http://www.ncbi.nlm.nih.gov/pubmed/36460365
https://doi.org/10.1016/j.scitotenv.2020.138882
http://www.ncbi.nlm.nih.gov/pubmed/32335410
https://doi.org/10.1038/s41579-022-00807-9
http://www.ncbi.nlm.nih.gov/pubmed/36253478
https://doi.org/10.1056/NEJMp2213920
http://www.ncbi.nlm.nih.gov/pubmed/36724378
https://doi.org/10.1002/jmv.25943
http://www.ncbi.nlm.nih.gov/pubmed/32343410
https://doi.org/10.1136/bmjopen-2021-060197
https://doi.org/10.1136/bmjopen-2021-060197
http://www.ncbi.nlm.nih.gov/pubmed/35902192
https://doi.org/10.1038/s41423-021-00694-9
http://www.ncbi.nlm.nih.gov/pubmed/34021269
https://doi.org/10.31083/j.fbs1401006
https://doi.org/10.31083/j.fbs1401006
http://www.ncbi.nlm.nih.gov/pubmed/35320917
https://doi.org/10.1016/S0140-6736(15)60570-0
http://www.ncbi.nlm.nih.gov/pubmed/25814376
https://doi.org/10.1016/j.phrs.2022.106092
http://www.ncbi.nlm.nih.gov/pubmed/35066108
https://doi.org/10.5588/ijtld.22.0006
http://www.ncbi.nlm.nih.gov/pubmed/35898126
https://doi.org/10.1016/j.dsx.2020.07.034
http://www.ncbi.nlm.nih.gov/pubmed/32755848

[25]

[26]

[27]

[28]

[29]

(30]

[31]

[32]

[33]

(34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

ID-19 -Tuberculosis interactions: When dark forces collide. Indian J Tu-
berc 2020;67(45):5155-5162. doi:10.1016/].ijtb.2020.07.003, PMID:
33308662.

Bardhan M, Hasan MM, Ray |, Sarkar A, Chahal P, Rackimuthu S,
et al. Tuberculosis amidst COVID-19 pandemic in India: unspoken
challenges and the way forward. Trop Med Health 2021;49(1):84.
doi:10.1186/s41182-021-00377-1, PMID:34674772.

Khanna A, Saha R, Ahmad N. National TB elimination programme
- What has changed. Indian J Med Microbiol 2023;42:103-107.
doi:10.1016/j.ijmmb.2022.10.008, PMID:36402676.

Kumar MS, Surendran D, Manu MS, Rakesh PS, Balakrishnan S. Mor-
tality due to TB-COVID-19 coinfection in India. Int J Tuberc Lung Dis
2021;25(3):250-251. doi:10.5588/ijt|d.20.0947, PMID:33688819.
Prasad R, Singh A, Gupta N. Tuberculosis and COVID-19 in India:
Challenges and opportunities. Lung India 2020;37(4):292-294.
doi:10.4103/lungindia.lungindia_260_20, PMID:32643635.

Gupta A, Singla R, Caminero JA, Singla N, Mrigpuri P, Mohan A. Im-
pact of COVID-19 on tuberculosis services in India. Int J Tuberc Lung
Dis 2020;24(6):637-639. doi:10.5588/ijtld.20.0212, PMID:32553014.
Arentz M, Ma J, Zheng P, Vos T, Murray CJL, Kyu HH. The impact of
the COVID-19 pandemic and associated suppression measures on
the burden of tuberculosis in India. BMC Infect Dis 2022;22(1):92.
doi:10.1186/s12879-022-07078-y, PMID:35086472.

Behera D. Tuberculosis, COVID-19, and the End Tuberculosis strat-
egy in India. Lung India 2020;37(6):467-472. doi:10.4103/lungindia.
lungindia_544_20, PMID:33154206.

Yadav S, Rawal G. The case of pulmonary tuberculosis with COVID-19
inan Indian male-a first of its type case ever reported from South Asia.
Pan Afr Med J 2020;36:374. doi:10.11604/pam;j.2020.36.374.24260,
PMID:33235651.

Marimuthu Y, Nagappa B, Sharma N, Basu S, Chopra KK. COVID-19
and tuberculosis: A mathematical model based forecasting in Delhi,
India. Indian J Tuberc 2020;67(2):177-181. doi:10.1016/j.ijtb.2020.
05.006, PMID:32553309.

Awasthi AK, Singh PK. Tuberculosis management in India during COV-
ID-19 crisis. J Public Health Policy 2021;42(1):185-189. d0i:10.1057/
s41271-020-00265-8, PMID:33235251.

Meneguim AC, Rebello L, Das M, Ravi S, Mathur T, Mankar S, et al.
Adapting TB services during the COVID-19 pandemic in Mumbai,
India. Int J Tuberc Lung Dis 2020;24(10):1119-1121. doi:10.5588/
ijtld.20.0537, PMID:33126951.

Nath R, Gupta NK, Gupta N, Tiwari P, Kishore J, Ish P. Effect of COVID-19
pandemic on tuberculosis notification. Indian J Tuberc 2022;69(3):364—
365. doi:10.1016/}.ijth.2021.08.007, PMID:35760488.

Husain AA, Monaghan TM, Kashyap RS. Impact of COVID-19 pandem-
ic on tuberculosis care in India. Clin Microbiol Infect 2021;27(2):293—
294. doi:10.1016/j.cmi.2020.08.014, PMID:32822881.

Shrinivasan R, Rane S, Pai M. India’s syndemic of tuberculosis and
COVID-19. BMJ Glob Health 2020;5(11):e003979. doi:10.1136/bm-
jgh-2020-003979, PMID:33199280.

Mannan S, Oga-Omenka C, Soman ThekkePurakkal A, Huria L, Kalra
A, Gandhi R, et al. Adaptations to the first wave of the COVID-19
pandemic by private sector tuberculosis care providers in India. J
Clin Tuberc Other Mycobact Dis 2022;28:100327. doi:10.1016/j.jc-
tube.2022.100327, PMID:35874450.

Mathur SB, Saxena R, Pallavi P, Jain R, Mishra D, Jhamb U. Effect
of Concomitant Tuberculosis Infection on COVID-19 Disease in
Children: A Matched, Retrospective Cohort Study. J Trop Pediatr
2022;68(4):fmac056. doi:10.1093/tropej/fmac056, PMID:35796754.
Kumar P, Anupama A, Singh H, Verma P, Sinha AK. The COVID-19 im-

Nature Cell and Science

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

(53]

(54]

[55]

[56]

Nat Cell Sci 2024;2(1):23-27
https://doi.org/10.61474/ncs.2023.00027

pact on tuberculosis incidence notification in India-A comparative
study (2017-2022).

Dheda K, Perumal T, Moultrie H, Perumal R, Esmail A, Scott AJ, et
al. The intersecting pandemics of tuberculosis and COVID-19: pop-
ulation-level and patient-level impact, clinical presentation, and
corrective interventions. Lancet Respir Med 2022;10(6):603-622.
doi:10.1016/52213-2600(22)00092-3, PMID:35338841.

Chatterjee S, Das P, Vassall A. Impact of COVID-19 restrictive meas-
ures on income and health service utilization of tuberculosis patients
in India. BMC Infect Dis 2022;22(1):711. doi:10.1186/s12879-022-
07681-z, PMID:36038848.

Wang Q, Guo S, Wei X, Dong Q, Xu N, Li H, et al. Global prevalence,
treatment and outcome of tuberculosis and COVID-19 coinfection:
a systematic review and meta-analysis (from November 2019 to
March 2021). BMJ Open 2022;12(6):e059396. doi:10.1136/bmjo-
pen-2021-059396, PMID:35725250.

Patra K, Batabyal S, Mandal K, Ghose D, Sarkar J. Tuberculosis and
COVID-19: A combined global threat to human civilization. Clin Epide-
miol Glob Health 2022;15:101031. doi:10.1016/j.cegh.2022.101031,
PMID:35372717.

Casco N, Jorge AL, Palmero DJ, Alffenaar JW, Fox GJ, Ezz W, et
al. Long-term outcomes of the global tuberculosis and COV-
ID-19 co-infection cohort. Eur Respir J 2023;62(5):2300925.
doi:10.1183/13993003.00925-2023, PMID:37827576.

Aggarwal AN, Agarwal R, Dhooria S, Prasad KT, Sehgal IS, Muthu V.
Active pulmonary tuberculosis and coronavirus disease 2019: A sys-
tematic review and meta-analysis. PLoS One 2021;16(10):e0259006.
doi:10.1371/journal.pone.0259006, PMID:34673822.

Alene KA, Wangdi K, Clements ACA. Impact of the COVID-19 Pan-
demic on Tuberculosis Control: An Overview. Trop Med Infect Dis
2020;5(3):123. doi:10.3390/tropicalmed5030123, PMID:32722014.
Rai DK, Kumar R, Pandey SK. Problems faced by tuberculosis pa-
tients during COVID-19 pandemic: Urgent need to intervene. Indian
J Tuberc 2020;67(4S):5173-S174. doi:10.1016/].ijtb.2020.07.013,
PMID:33308666.

Koupaei M, Naimi A, Moafi N, Mohammadi P, Tabatabaei FS, Ghazi-
zadeh S, et al. Clinical Characteristics, Diagnosis, Treatment, and
Mortality Rate of TB/COVID-19 Coinfectetd Patients: A System-
atic Review. Front Med (Lausanne) 2021;8:740593. doi:10.3389/
fmed.2021.740593, PMID:34926494.

Hazra D, Chawla K, Shenoy VP, Pandey AK, S N. The aftermath of
COVID-19 pandemic on the diagnosis of TB at a tertiary care hospital
in India. J Infect Public Health 2021;14(8):1095-1098. d0i:10.1016/].
jiph.2021.07.001, PMID:34274858.

Chopra KK, Arora VK, Singh S. COVID 19 and tuberculosis. Indian J Tu-
berc 2020;67(2):149-151. doi:10.1016/j.ijth.2020.06.001, PMID:325
53303.

McQuaid CF, Vassall A, Cohen T, Fiekert K, White RG. The impact
of COVID-19 on TB: a review of the data. Int J Tuberc Lung Dis
2021;25(6):436—-446. doi:10.5588/ijtld.21.0148, PMID:34049605.
Matta S, Chopra KK, Arora VK. Morbidity and mortality trends of
Covid 19 in top 10 countries. Indian J Tuberc 2020;67(4S):5167-S172.
doi:10.1016/j.ijtb.2020.09.031, PMID:33308665.

Ragab D, Salah Eldin H, Taeimah M. The COVID-19 cytokine storm;
what we know so far. Front immunol 2020;11:551898. doi:10.3389/
fimmu.2020.01446, PMID:32612617.

Kabbur S, Patil B, Angolkar M, Narasannavar A. Effect of pandemic on
DOTS treatment during COVID-19 lockdown-A cross-sectional study.
Indian J Tuberc 2023;70(3):324-328. doi:10.1016/].ijth.2022.09.001,
PMID:37562908.

www.cellnatsci.com 27


https://doi.org/10.1016/j.ijtb.2020.07.003
http://www.ncbi.nlm.nih.gov/pubmed/33308662
https://doi.org/10.1186/s41182-021-00377-1
http://www.ncbi.nlm.nih.gov/pubmed/34674772
https://doi.org/10.1016/j.ijmmb.2022.10.008
http://www.ncbi.nlm.nih.gov/pubmed/36402676
https://doi.org/10.5588/ijtld.20.0947
http://www.ncbi.nlm.nih.gov/pubmed/33688819
https://doi.org/10.4103/lungindia.lungindia_260_20
http://www.ncbi.nlm.nih.gov/pubmed/32643635
https://doi.org/10.5588/ijtld.20.0212
http://www.ncbi.nlm.nih.gov/pubmed/32553014
https://doi.org/10.1186/s12879-022-07078-y
http://www.ncbi.nlm.nih.gov/pubmed/35086472
https://doi.org/10.4103/lungindia.lungindia_544_20
https://doi.org/10.4103/lungindia.lungindia_544_20
http://www.ncbi.nlm.nih.gov/pubmed/33154206
https://doi.org/10.11604/pamj.2020.36.374.24260
http://www.ncbi.nlm.nih.gov/pubmed/33235651
https://doi.org/10.1016/j.ijtb.2020.05.006
https://doi.org/10.1016/j.ijtb.2020.05.006
http://www.ncbi.nlm.nih.gov/pubmed/32553309
https://doi.org/10.1057/s41271-020-00265-8
https://doi.org/10.1057/s41271-020-00265-8
http://www.ncbi.nlm.nih.gov/pubmed/33235251
https://doi.org/10.5588/ijtld.20.0537
https://doi.org/10.5588/ijtld.20.0537
http://www.ncbi.nlm.nih.gov/pubmed/33126951
https://doi.org/10.1016/j.ijtb.2021.08.007
http://www.ncbi.nlm.nih.gov/pubmed/35760488
https://doi.org/10.1016/j.cmi.2020.08.014
http://www.ncbi.nlm.nih.gov/pubmed/32822881
https://doi.org/10.1136/bmjgh-2020-003979
https://doi.org/10.1136/bmjgh-2020-003979
http://www.ncbi.nlm.nih.gov/pubmed/33199280
https://doi.org/10.1016/j.jctube.2022.100327
https://doi.org/10.1016/j.jctube.2022.100327
http://www.ncbi.nlm.nih.gov/pubmed/35874450
https://doi.org/10.1093/tropej/fmac056
http://www.ncbi.nlm.nih.gov/pubmed/35796754
https://doi.org/10.1016/S2213-2600(22)00092-3
http://www.ncbi.nlm.nih.gov/pubmed/35338841
https://doi.org/10.1186/s12879-022-07681-z
https://doi.org/10.1186/s12879-022-07681-z
http://www.ncbi.nlm.nih.gov/pubmed/36038848
https://doi.org/10.1136/bmjopen-2021-059396
https://doi.org/10.1136/bmjopen-2021-059396
http://www.ncbi.nlm.nih.gov/pubmed/35725250
https://doi.org/10.1016/j.cegh.2022.101031
http://www.ncbi.nlm.nih.gov/pubmed/35372717
https://doi.org/10.1183/13993003.00925-2023
http://www.ncbi.nlm.nih.gov/pubmed/37827576
https://doi.org/10.1371/journal.pone.0259006
http://www.ncbi.nlm.nih.gov/pubmed/34673822
https://doi.org/10.3390/tropicalmed5030123
http://www.ncbi.nlm.nih.gov/pubmed/32722014
https://doi.org/10.1016/j.ijtb.2020.07.013
http://www.ncbi.nlm.nih.gov/pubmed/33308666
https://doi.org/10.3389/fmed.2021.740593
https://doi.org/10.3389/fmed.2021.740593
http://www.ncbi.nlm.nih.gov/pubmed/34926494
https://doi.org/10.1016/j.jiph.2021.07.001
https://doi.org/10.1016/j.jiph.2021.07.001
http://www.ncbi.nlm.nih.gov/pubmed/34274858
https://doi.org/10.1016/j.ijtb.2020.06.001
http://www.ncbi.nlm.nih.gov/pubmed/32553303
http://www.ncbi.nlm.nih.gov/pubmed/32553303
https://doi.org/10.5588/ijtld.21.0148
http://www.ncbi.nlm.nih.gov/pubmed/34049605
https://doi.org/10.1016/j.ijtb.2020.09.031
http://www.ncbi.nlm.nih.gov/pubmed/33308665
https://doi.org/10.3389/fimmu.2020.01446
https://doi.org/10.3389/fimmu.2020.01446
http://www.ncbi.nlm.nih.gov/pubmed/32612617
https://doi.org/10.1016/j.ijtb.2022.09.001
http://www.ncbi.nlm.nih.gov/pubmed/37562908

	﻿﻿﻿Introduction﻿

	﻿﻿﻿TB before COVID-19﻿

	﻿﻿﻿Beginning of 2020﻿

	﻿﻿﻿Diagnosis of TB during the pandemic﻿

	﻿﻿﻿Future recommendations for TB patients in India﻿

	﻿﻿﻿Conclusions﻿

	﻿﻿﻿﻿﻿Acknowledgments﻿

	﻿﻿﻿Funding﻿

	﻿﻿﻿Conflict of interest﻿

	﻿﻿﻿Author contributions﻿

	﻿﻿﻿Abbreviations﻿

	﻿﻿﻿References﻿

	﻿﻿Abstract﻿


