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Abstract 

Tuberculosis (TB) and coronavirus disease 2019 (COVID-19) are among the most significant 

respiratory diseases, and their significant syndemic interaction in epidemiology during the 

pandemic period has raised severe global healthcare concerns. Disruption of TB control programs, 

potential co-infection and common risk factors underscore the need for a systematic assessment of 

the connection between these diseases. We summarize the current information regarding the 

relationship between tuberculosis (TB) and COVID-19 during and following the pandemic, 

including epidemiology; potential pathophysiological connections between SARS-CoV-2 infection 

and TB; clinical outcomes; and the implications for management. Global estimates of the burden of 

both diseases are reviewed, along with reported rates of TB–COVID-19 co-infection and associated 

mortality. The authors discuss mechanistic aspects of Mycobacterium tuberculosis and SARS-CoV-2 

immune responses, including how these infections could modulate host immunity, thus impacting 

susceptibility and outcomes of disease upon co-infection. This review additionally discusses 

mutually shared risk factors and the broader implications of the COVID-19 pandemic on TB 

diagnosis, treatment sustainability and public health initiatives. The review also includes current 

therapeutic approaches and preventive strategies such as vaccination and integrated disease 

management. Overall, the evidence indicates that the overlap of TB and COVID-19 presents 

significant diagnostic, clinical and broader public health challenges, especially in settings of high 

burden. To reduce the combined burden of these infections and restore momentum towards global 

TB control targets, strengthening surveillance and respiratory disease management, as well as 

research on immune interactions and long-term outcomes will be the key. 

Keywords: tuberculosis; SARS-CoV-2; COVID-19; coinfection; mycobacterium; immune response; 

cytokine storm 

 

1. Introduction 

The COVID-19 pandemic emerged from China, and its spread has strained the capacities of the 

healthcare system, which in turn has negatively affected the global economy. As we arrive at the 

beginning of 2026, the death count has risen to 7,097,789, highlighting the significance of our battle 

against the virus (Triggle et al., 2021; “WHO COVID-19 dashboard,” 2025). The RNA virus known as 

severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) is the primary cause of the illness. 

The symptoms of patients suffering from covid spans broad ranging from asymptomatic infection to 

life-threatening pneumonia (Bahceci et al., 2022). 

On the other hand, Tuberculosis (TB) is one of the oldest and most common illnesses, caused by 

the bacteria Mycobacterium tuberculosis. It affects one-third of the world’s population and drives 

millions of deaths annually (Natarajan et al., 2020). In 2022, it was reported that an estimated 10.6 

million people fell ill with tuberculosis, including 5.8 million men, 3.5 million women, followed by 

1.3 million deaths worldwide. (Stewart et al., 2003; “Tuberculosis WHO,” 2023). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 April 2026 doi:10.20944/preprints202603.1767.v2

Disclaimer/Publisher’s Note: The statements, opinions, and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting
from any ideas, methods, instructions, or products referred to in the content.

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.1767.v2
http://creativecommons.org/licenses/by/4.0/


2 of 19 

 

Both the disease TB and COVID-19 are transmitted via airborne particles and droplets and the 

lung is considered as their core target. Risk factors for these conditions are comparable and include 

COPD, HIV, diabetes, aging, and immunodeficiency. Co-infection of TB & COVID-19 worsens 

immune deregulation and paves the way for more severe disease manifestations. In the recent past, 

the emergence of the COVID-19 pandemic has impacted the TB care system significantly. Health 

facilities have been distracted from TB diagnosis and treatment from battling against the new threat 

by disrupting TB diagnosis (Cioboata et al., 2023; Koupaei et al., 2021a). The time it takes for clinical 

symptoms to appear is a significant factor in differentiating between these two illnesses; it is quicker 

for COVID-19 individuals but takes a longer period for Tuberculosis patients (Koupaei et al., 2021a).. 

Numerous factors demonstrate that Tuberculosis can aid in the establishment of COVID-19. 

One of these variables is connected to TB-caused lung damage, which predisposes a person. Another 

cause is a TB individual’s immunological system, which might make them more susceptible to the 

COVID-19 outbreak, and resource limitations to monitor it continually in order to prevent the 

emergence of both illnesses at the same time (Koupaei et al., 2021a). Therefore, understanding the 

dynamics of this “deadly” co-infection is the need of the post-covid era. 

This review highlights the interlinkage between TB and COVID-19 as a global burden and the 

urgent need to address the future risks. It begins with epidemiology and the impact of TB in the 

post-COVID era, followed by immunological response and long-term complications of both 

diseases, overlapping comorbidities in TB/COVID-19 cohort patients, as well as preventive measures 

such as vaccination and challenges in diagnosis and treatment in case of co-existing diseases. The 

importance of global collaborative efforts, identifying research gaps & possibilities, and legislative 

changes to improve disease management to mitigate the risks of the twin threat effectively were also 

discussed. 

2. Epidemiology of Tuberculosis and COVID-19 

2.1. Global Burden of Tuberculosis 

Tuberculosis (TB) poses a significant global impact being one of the primary causes of mortality 

from an infectious disease. Although since the early 2000s, the number of cases has been decreasing 

due to improved TB control programs, better surveillance and improvements in socioeconomic 

status (Glaziou et al., 2015). According to S. Silva et al. annually, TB deaths are decreasing by 2%, 

estimating 31.8 million TB deaths between 2020-2050, corresponding to an economic loss of around 

seventeen trillion US dollars (Silva et al., 2021). In 2022, the global TB incidence rate was 133/100,000 

population, and the global mortality rate was 16.1/100,000 population. Despite of the declining 

prevalence, multi (MDR) and extensively drug-resistant (XDR) TB continue to be a problem (Shang 

et al., 2024). 

2.2. Global Burden of COVID-19 

The COVID-19 pandemic, which originated from Wuhan, China, was finally deemed a public 

health emergency of international concern (PHEIC) by the World Health Organisation (WHO) on 

March 11, 2020. WHO has received reports of 776 million COVID-19 illnesses and 7.1 million 

fatalities as of July 10, 2024. Based on cumulative number of cases, USA (103 million), China (99.4 

million), India (45 million), France (39 million) and Germany (38.4 million) contributing highest 

number of cases and stands in the top five countries worldwide and on basis of cumulative number 

of deaths, USA (1.2 million), Brazil (0.7 million), India (0.53 million), Russia (0.4 million) and Mexico 

(0.33 million) are the top five contributing countries 

2.3. Co-Infection Rates and Mortality 

WHO has grouped the world regions into 7 categories: the African Region, the Region of the 

Americas, South-East Asia Region, the European Region, the Eastern Mediterranean Region, the 
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Western Pacific Region, and the High TB burden countries. Among these, except the African Region, 

all the countries have shown an increase in TB incidence and death cases in 2020-2022 during the 

COVID-19 pandemic. 

According to a prevalence study conducted by Daneshvar et al., 2018, among 5843 patients 

having COVID-19 and 101 patients having COVID-19 and TB both. It was found that 1.1% of 

patients with confirmed COVID-19 had a TB infection. This rate varies country-wise: 3.6% in Africa, 

1.5% in Asia, and 1.1% in the Americas. Among those 1.1% co-infected patients, 20.83% patients died 

and 65.62% patients recovered. Compared to COVID-19 patients without TB, those with TB had a 

mortality risk that was 2.7 to 2.17 times greater (Daneshvar et al., 2023). Song et al., 2021 have 

included 36 studies and out of 89 co-infected patients, 19 died (80.90% were male and the majority 

had active TB – 88.76%). These cases included patients from India, China, and Italy and portrayed 

that the median age of survivors was less than non-survivors. The mortality rate among these 

co-infected patients was reported as 23.46%. Co-infected patients are twice as likely to die as 

compared to patients with COVID-19 but without TB, calculated by odds ratio (Song et al., 2021). 

Figure 1 illustrates an interesting influence of COVID-19 on TB incidence. The plot shows relatively 

stable TB incidence until 2019, followed by a downfall in 2020 coinciding with the onset of the 

COVID-19 pandemic. COVID-19 incidence sharply increased between 2020–2022, peaking in 2022 

before declining in 2023, while TB incidence interestingly shown to be sharply increasing post 2020. 

 

Figure 1. Global incidence of Tuberculosis and COVID-19 in between 2015 & 2023. The yellow line represents 

TB incidence (in millions, left y-axis), while the blue line represents COVID-19 incidence (in millions, right 

y-axis). 

2.4. Incidence of Tuberculosis in the Post-COVID Era 

The COVID-19 pandemic has severely affected the world’s leading cause of death by a single 

bacterial infection, Tuberculosis. Globally in 2021, 6.4 million people were diagnosed with TB. Of 

these, 83% had pulmonary TB, and 90% of total cases were from Asia and Africa. Since the previous 

two decades, TB incidence cases were annually declining by 2% but in between 2020 and 2021, it 

reversed to a 3.6% increase. Also, TB deaths were suddenly increased in 2020 (1.5 million), reversing 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 April 2026 doi:10.20944/preprints202603.1767.v2

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.1767.v2
http://creativecommons.org/licenses/by/4.0/


4 of 19 

 

the gradual decline of cases in between 2005-2019 and by 2021, the number of TB deaths were 

reverted to the same stage where 2017 was lying at that time (1.6 million, 4.5% increase from 2020). 

Between 2025 and 2020, a cumulative 13.5% drop in TB cases was seen, but in 2021, the cases were 

only 10% less than in 2015 (Falzon et al., 2023). According to a study conducted in Brazil, in the time 

duration 2013 to 2023, a decline of 18% in TB reported cases has been seen between 2019-2020 due 

the COVID-19 pandemic. Thereafter in 2021-2022, an 16% inclination of TB reported cases was 

observed (Do Bem Braga et al., 2025). A seven yearlong study from Kazakhstan has revealed that by 

2024, TB incidence had declined by 30.5% (33.5 per 100,000) and mortality by 58.3% (1.0 per 100,000), 

indicating post-pandemic recovery. Globally, TB deaths decreased by about 5.3% from 1.32 million 

in 2022 to 1.25 million in 2023, suggesting improved global TB control measures (Bekshin et al., 

2025). WHO has reported an increase to approximately 10.8 million new TB cases in 2024 and an 

overall rise in TB incidence of approximately 3.9% between 2020 and 2024, reversing earlier annual 

declines. A moderate rise in TB incidence seen among pregnant women in the post-COVID era. 

Globally, women of reproductive age account for about one-third of TB cases, and in high-burden 

regions like Asia and Africa, TB incidences in pregnancy have increased by 10–15% since 2022. The 

trend shows that the pandemic has had a secondary effect on TB control (Starshinova et al., 2025). 

If we look at the Global Tuberculosis Report 2024, World Health Organization, the incidence 

data for tuberculosis post pandemic for the specified 7 regions as mentioned earlier, there are sharp 

increases in TB cases in almost all the regions except European region. (Figure 2) The data for 30 

High burden countries such as Nepal, Bangladesh, Angola, Pakistan, China, India etc. showed 

similar trends in post pandemic increase in TB cases. The marked decline observed in 2020 does not 

reflect a true reduction in disease burden, but rather substantial disruptions in TB surveillance and 

reporting mechanisms caused by the pandemic. However, almost all the high burden countries 

showed an increasing trend in TB incidence post 2020. This sharp rebound is attributed to several 

reasons such as delayed diagnosis, missed cases, recovery of surveillance systems and above all 

reactivation of latent tuberculosis due to coinfection or post-COVID immune dysregulation. 

 

Figure 2. TB incidence from 2010 to 2023 in seven WHO specified regions. TB incidence across seven WHO 

regions show a general decline until 2019, followed by a marked drop in 2020 likely due to underreporting 
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during the COVID-19 pandemic. Subsequent years indicate a rebound in several regions, reflecting recovery of 

case detection and delayed diagnoses. 
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Table 1. Global evidence on TB–COVID-19 co-infection: prevalence, mortality, and risk estimates. 

Study (Year) Region Study design COVID-19 cases  
TB cases with 

COVID-19 

TB–COVID 

prevalence (%) 

Mortality in 

co-infected (%) 
Key findings 

(Daneshvar et 

al., 2023) 
Global Meta-analysis 5843 101 1.1 20.8 

TB significantly increased 

COVID-19 mortality 

(Song et al., 

2021) 
Multi-country Systematic review — 89 — 23.46 

Male predominance; 

survivors had less median 

age 

(Gao et al., 

2021) 
Global Meta-analysis 2765 10-123  0.37–4.47 — 

TB associated with severe 

COVID-19 (OR 2.10); No 

statistically significant 

association in mortality (OR 

1.40) 

(Tadolini et al., 

2020) 
Multi-country Cohort study 1217 49 — 12.3 

Active TB worsened COVID 

outcomes 

(Gupta et al., 

2020) 
India Retrospective cohort 1073 22 — 27.3 

Higher ICU admission risk; 

Treated or Active-T patients 

both vulnerable to COVID-19 

(The 

TB/COVID-19 

Global Study 

Group, 2022) 

34 countries Prospective cohort — 767 — 11.08 Majority had pre-existing TB 

(Koupaei et al., 

2021b) 
Global Systematic review — 146 — 13.0 

Co-infected patients had 

higher mortality than global 

average of COVID mortality 

(Global 

Tuberculosis 

Network and 

TB/COVID-19 

Global Study 

Group et al., 

2023) 

31 countries Longitudinal cohort  788 — 10.8 
Predictors of mortality 

identified 
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3. Pathophysiology of Tuberculosis and COVID-19 Association 

3.1. Shared Risk Factors 

Co-infection may aggravate immune dysregulation and clinical management. COVID-19 

exhibits respiratory conditions analogous to TB, such as difficulty in breathing and cough. Due to 

convergent signs and symptoms, diagnosing co-infection can be complex and challenging (Cioboata 

et al., 2023b). Complications include low oxygen levels (hypoxia), respiratory failure, acute 

respiratory distress syndrome (ARDS), and abnormalities in glucose levels. Some patients require 

noninvasive ventilation, extended hospital stay, and superimposed bacterial infection (Mishra et al., 

2020). The incubation period for TB (lasts two weeks to several years) is greater compared to 

COVID-19 (1-14 days) (Cioboata et al., 2023c). Stigmatisation of Tuberculosis is considered another 

significant issue; the overlapping symptoms of TB and COVID-19 create fear and confusion among 

common people and healthcare workers, leading to stigma. As a result, active TB patients avoid 

seeking medical treatment, exacerbating the situation (Togun et al., 2020). 

A patient with both the disease TB and COVID-19, malnutrition, and a low body mass index 

(BMI) is at vital risk factor for early mortality. The high mortality rate of TB/COVID-19 cohort 

patients among older males and migrants is combined with comorbidities such as cardiovascular 

disease, liver disease, HIV, alcohol abuse, and smoking. Males died more compared to females by 

likely higher widespread presence of comorbidities and risk factors. Both TB & COVID-19 patients 

share a disparity of immune response. 

Pregnant women with HIV are more likely to develop TB, which can negatively affect both the 

mother's and the fetus's health, pregnant women are one particular group of TB patients who 

require specialist treatment. Therefore, it is recommended that all pregnant women with HIV get 

evaluated for TB, even if they do not exhibit any clinical symptoms. To prevent treatment-related 

issues, pregnant women with TB who have had a COVID-19 infection should consult with 

cardiologists and have their D-dimer levels monitored (Starshinova et al., 2025b). 

3.2. Immune Response in Co-Infection 

The intersection of two major infectious disease TB and COVID collide in populations already 

facing a high burden of infectious disease. The impact of coinfection can range from TB reactivation 

to severe COVID-19 progression causing higher mortality. Management of tuberculosis (TB) and 

COVID-19 co-infection become a challenge due to overlapping clinical features. Both Tuberculosis 

and COVID-19 are associated with elevated Th1 and Th2 cell levels. Declination of Th17 cells takes 

place in TB, which may worsen with COVID-19. TB alone promote immune regulation by increase in 

Treg cells, whereas COVID-19 triggers a hyperinflammatory state. Accelerating CD4+ T cell 

depletion, COVID-19 worsen the latent TB infection which disrupts granuloma integrity. 

The Type I IFN signalling pathway has an important function in boosting the development of 

tuberculosis among individuals coinfected with respiratory viruses and M. tuberculosis (Redford et 

al., 2014). According to research by L. Donovan et al., (2017) ex vivo data show that host cells that 

harbor M. tuberculosis bacilli, such as macrophages and myeloid DCs, are a source of type I IFN 

during infection (Donovan et al., 2017). IFN gamma is detectable in the initial phase of COVID-19 

(Gadotti et al., 2020). As a consequence, COVID-19 poses a risk for tuberculosis activation, if already 

latent. (Musso et al., 2020) The amalgamated effect of COVID-19 and TB infection brings about 

Lymphocytopenia and a decline in CD4+ cell. This leads to exacerbation of pro-inflammatory 

cytokines, which results in a cytokine storm of active cells in the lungs, immunopathology, and an 

increased risk of morbidity and mortality (Luke et al., 2022). Figure 3 gives an illustrative idea on the 

immune response of the coinfection. 

Granuloma plays a major role in latent TB infection; disintegration of granuloma leads to 

reactivation of infection from latent TB. COVID-19 can further exacerbate TB by triggering type I 

interferon signalling, accelerating the immune response. COVID-19 influence in reduction of 

mycobacterium specific CD4+ T cells and increased cytokines like TNF-α and IL-6, reduces the host’s 
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ability to control latent or active TB (Starshinova et al., 2023). Body shows signature immune 

response in TB-COVID-19 coinfection compared with COVID-19 by increase in TNF-α, macrophage 

inflammatory protein-1 β, and IL-9 secretion. Another signature where TNF-α, IL-1 β, IL-17A, IL-5, 

fibroblast growth factor-basic, and granulocyte macrophage colony-stimulating factor has seen to 

secrete more in coinfected patients compared with patients with TB. Coinfected patients exhibited 

significantly reduced immune responses specific to SARS-CoV-2 and Mycobacterium tuberculosis, 

affecting pro-inflammatory cytokines, anti-inflammatory cytokines, and growth factors (Najafi-Fard 

et al., 2023). The cytokine profile in co-infection is summarized in Figure 4. 

 

Figure 3. Immunological responses involved in the synergistic effect of Tuberculosis and COVID-19 infection. 

This illustration showing the combined impact of SARS-CoV-2 and Mycobacterium tuberculosis on lung 

pathology. Co-infection is associated with lymphocytopenia, decline in CD4⁺ T cell populations in infected 

lungs compared to healthy lungs, and excessive immune activation leading to a cytokine storm mediated by 

macrophages. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 April 2026 doi:10.20944/preprints202603.1767.v2

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.1767.v2
http://creativecommons.org/licenses/by/4.0/


9 of 19 

 

 

Figure 4. Immunological outcomes of TB, COVID-19 co-infection. The Venn diagram highlights distinct and 

overlapping immune responses. TB is associated with reduced Th17 cells, diminished Mtb specific CD4⁺ cells, 

loss of granuloma integrity, and lymphocytopenia, whereas COVID-19 infection shows increased Type I 

interferons, TNF-α, IL-5, IL-6, IL-9, IL-10, IL-17A, and MIP-1β. 

3.3. Risk of Tuberculosis as a Long COVID Complication 

Long COVID (LC) is the post-acute consequences of SARS-CoV-2 infection where the 

symptoms persists and new symptoms emerge after four weeks of initial infection (Nalbandian et 

al., 2021). There are several risk factors involved in development of Long Covid (LC) such as asthma, 

type 2 diabetes mellitus, pre-existing depression, hypothyroidism, and cases of hospitalized severe 

COVID-19 cases. If a patient feels shortness of breath, fatigue, headaches, myalgia during the acute 

illness or belongs to older age, female sex, socioeconomic deprivation that means the patient belongs 

to high-risk group for LC (Perumal et al., 2023). Patients who suffered severe acute COVID-19 or 

developed cytokine storm syndrome are more prone to LC due to prolonged inflammation and 

tissue damage (Al-Aly et al., 2021). 

There are two main ways that LC can make TB more likely to come back: (a) persistent T-cell 

depletion, which reduces the host’s ability to control latent Mycobacterium tuberculosis, and (b) 

ongoing inflammation or matricellular dysregulation such as elevated osteopontin (OPN) and 

galectin-9 (Gal-9) that makes granulomas less stable and changes the structure of lung tissue (Shete 

et al., 2024). According to recent research, latent TB infection may play a role in TB reactivation as 

part of LC. Lymphopenia, and CD4+ T cell depletion caused by SARS-COV-2 may last into the 

convalescent phase. Immune surveillance systems that normally maintain TB latency may be 

compromised by this immune suppression event, which could result in TB reactivation (Aiello et al., 

2023). According to studies, long COVID is characterized by increase in the levels of IL-6, TNF- and 

other pro-inflammatory cytokines. This persistent inflammation disrupts granuloma structure in 

latent TB patients leading to progression of active TB. Reduced pulmonary function, such as chronic 

dyspnea and interstitial lung abnormalities (e.g., fibrosis), can conceal TB symptoms, delaying 

diagnosis or underreporting cases. (Proal and VanElzakker, 2021) 

A recent cohort found prior SARS-CoV-2 exposure in newly diagnosed pulmonary TB patients 

was associated with reduced circulating elastase, a Neutrophil extracellular trap (NET) marker but 
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normal levels of other inflammatory markers. The change in elastase levels was correlated with 

diabetes status and treatment outcome, suggesting altered neutrophil function after SARS-CoV-2 

that could influence TB pathogenesis (Joseph et al., 2025). Cross-sectional data from LTBI cohorts 

show that prior SARS-CoV-2 seropositivity is associated with higher levels of several cytokines and 

chemokines that cause inflammation, such as IFN-γ, IL-2, TNF-α, IL-17, IL-6, and CXCL9/10, and 

lower levels of IL-10. At the same time, mitogen responses stay the same, which shows that the 

immune system is reprogramming itself to respond to the antigen (Rajamanickam et al., 2022). 

In regions with high TB incidence, the combination of latent TB and long COVID presents a 

public health risk to immunocompromised and socioeconomically disadvantaged populations. 

Therefore, it is essential to keep an eye out for TB reactivation in patients recuperating from 

COVID-19, particularly in those who have underlying LTBI, lung injury, or persistent symptoms. 

4. Impact of COVID-19 on Tuberculosis Control Programs 

The COVID-19 pandemic has been seen to exacerbate worldwide vulnerability to TB, through 

terminating health care facilities, poverty, progression, and worsening treatment consequences 

among those with M. tuberculosis infection (McQuaid et al., 2021a). A qualitative study conducted 

by Garg et al., in Uttarakhand, India to assess impact of COVID-19 on National Tuberculosis 

Elimination Program (NTEP) highlighted a reduction in TB case report by 17%, an expansion in 

percentage of missing cases by 54%, and a fall in the treatment success ratio of new cases during 

pandemic by 45% (Garg et al., 2023). In early 2020, due to the emergence and global spread of 

SARS-CoV-2, interventions executed by different countries to prevent the spread of the COVID-19 

pandemic are directing people to reside at home, maintain social distancing, wear masks, etc., till the 

situation gets normalized. Alongside this initiative has multiple positive aspects in diminishing 

community wide spreading of COVID-19, similarly on same interval of time it also effected TB 

treatment and diagnostic facility in many ways : (1) Constraint of reaching the healthcare facility and 

regular health services; (2) healthcare workers encountered nervousness and panic, pivotal 

indication of error and grade of checkup; (3) media coverage and focus on pandemic operation with 

narrow oversight of TB management; (4) fear, anxiety and stigma of COVID-19 infection, 

demoralized common individuals from undergoing TB regime. All these components come up with 

the hindrance in the onset of treatment and delay in diagnosis (Alene et al., 2020; Sahu et al., 2022). 

Bacilli Calmette-Guerin (BCG) vaccination is considered a promising preventive measure towards 

TB treatment, have also been negatively affected by the COVID-19 pandemic (McQuaid et al., 

2021b). 

Nigeria reported fewer TB diagnoses and cases in 2020 than in 2019, which may have been 

brought on by the COVID-19 pandemic and a lapse in TB diagnosis and treatment (Adewole, 2020). 

A modelling study undertaken by Cilloni et al.(2020) showed India would experience an additional 

1.65 million TB cases and 438,000 TB deaths over the next 5 years as a result of the lockdown brought 

on by the COVID-19 pandemic (Cilloni et al., 2020).. 

Table 2. Impact of the COVID-19 pandemic on TB control programs and outcomes. 

Indicator 
Pre-COVID 

baseline 
During COVID 

Post-COVID 

trend 
Region / Study Reference 

TB case 

notifications 
Gradual decline 

15–35% 

reduction 
Partial recovery Global 

(Falzon et al., 

2023) 

TB mortality Declining 
Increased 

(2020–21) 

Decreasing after 

2022 
Global (WHO, 2020) 

Diagnostic delays 
Routine 

diagnosis 
Major delays 

Improved but 

uneven 
Global 

(Semnani and 

Esmaeili, 2025) 

DOTS access Routine 
Severely 

disrupted 

Tele-DOTS 

adoption 
India 

(Garg et al., 

2023) 

Gene-Xpert use TB diagnosis Repurposed for Gradual Multi-country (Kabir et al., 
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COVID restoration 2021) 

Hospitalization 

rates 
Baseline 

Increased in 

co-infected 
Stabilizing Global cohort (Dai et al., 2025) 

Health system 

strain 

Focused TB 

services 

Resource 

diversion 

Program 

rebuilding 
Global (WHO, 2020) 

MDR/XDR TB 

risk 
Baseline Increased risk 

Ongoing 

concern 
Global model 

(Cilloni et al., 

2020) 

5. Management of Co-Infection 

5.1. Therapeutic Strategies for Tuberculosis in Association with COVID-19 

Across multiple studies we covered in our review, a finite number of studies provide 

information on the treatment of TB-COVID-19 co-infection. The pair of diseases, COVID-19 and TB, 

showed long-established effects on respiratory function and relative health. Since TB and COVID-19 

share identical signs and symptoms, integrating and jointly screening symptoms of patients within 

existing TB services warrants early diagnosis and optimizing resource utilization (Malik et al., 2022). 

In this review, we have highlighted three studies that emphasize the utilization of Intensive Care 

Units (ICUs) in the management of co-infection. The patients being admitted to the ICU varied from 

1.3% to 31.8% (Gupta et al., 2020; Otlu et al., n.d.; Wang et al., 2022a). Several chemotherapeutics 

such as hydroxychloroquine, azithromycin, lopinavir/ ritonavir, and darunavir/ cobicistat 

combination were employed to treat coinfection (Motta et al., 2020; Tadolini et al., 2020b). Some 

reports indicated the administration of anticoagulation (enoxaparin, parnaparin) as well (Tadolini et 

al., 2020c). 

Wang Y. et al. (2022) reported consumption of Nirmatrelvir/ritonavir (an anti-viral remedial for 

COVID-19 treatment) a cytochrome P450 3A4 inhibitor and highlighted its contraindication in 

persons taking rifampicin (primary treatment for TB) because of drug interaction. Therefore, 

Nirmatrelvir/ritonavir was not considered an appropriate drug for treating persons with active 

TB-COVID co-infection receiving anti-TB treatment (ATT). Despite the severity of the infectious 

nature of the Omicron variant, persons with TB-COVID-19 co-infections do not show the expected 

severity of Omicron infection. (Wang et al., 2022b). 

A cross-sectional study conducted by Kabbur S et al. (2023) in India assessed that TB patients 

faced hindered access to DOTs treatment during the COVID-19 lockdown (Kabbur et al., 2023). 

Telemedicine along with telemonitoring and teleconsultation has demonstrated efficacy in enabling 

remote patient management, guaranteeing access to medical services, and enhancing treatment 

protocol adherence. Future TB care can be strengthened by utilizing these technological 

advancements and digital health solutions. By eliminating the need for in-person visits and 

removing geographic restrictions, it can facilitate the distant diagnosis and follow-up of TB patients 

(Anawade et al., 2024; Bouabida et al., 2022; Haleem et al., 2021). 

The study by Huang et al. (2023) reveals that there is a substantial transcriptome overlap 

between SARS-CoV-2 and TB, suggesting that there may be molecular interaction during 

co-infection. Three key hub genes—GAS6, OAS3, and PDCD1LG2—that control immunological 

dysregulation and interferon signaling pathways have been found, along with 124 common 

differentially expressed genes, using integrated bioinformatics and machine-learning analysis. This 

highlights that TB–COVID-19 co-infection is a mechanistically linked state rather than just a clinical 

cohabitation, necessitating more functional validation and investigation of host-directed treatment 

options. 

5.2. Preventive Measures: Vaccination Programs 

Bacillus Calmette-Guérin (BCG) is the only licensed vaccine developed and available for a long 

time that induces protection against Tuberculosis and has a non-specific (off-target) immune 

reaction that defends against a broad range of infections (Curtis et al., 2020). In some studies, the 
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BCG vaccine is reported to reduce the severity of infection caused by a similar single-stranded 

positive-sense RNA virus like SARS-CoV-2. For instance, among Dutch volunteers, the BCG 

vaccination decreased viraemia caused by the yellow fever vaccine by 71% (Arts et al., 2018). In two 

other studies, it significantly decreased the severity of mengovirus (encephalomyocarditis virus) 

infection in mice model. (Floc’h and Werner, 1976; Old et al., 1961). 

The BRACE trial (NCT04327206) Phase III, a randomized, double-blind study, aimed to 

investigate whether the BCG vaccine can protect healthcare workers against COVID-19 in several 

countries (Curtis et al., 2020; Pittet et al., 2023, 2021). The result showed that the BCG vaccine, along 

with some live vaccine, prompts epigenetic and metabolic changes that boost the innate immune 

response to lower the risk of subsequent infection, a process called trained immunity (Netea et al., 

2020). One of the most favourable candidates, M72-AS01E, stepped into a phase III clinical trial to 

investigate the ability to slow down the severity of TB. Previously, the same candidate showed 54% 

protection against active pulmonary TB in a phase IIb preventive trial (Tait et al., 2019). 

The dawn of mRNA vaccines marks a paradigm shift in the fight against TB. Its benefits include 

high efficiency, humoral and cellular immune activation, and safety (no genome integration). 

Antigen selection, however, is the primary bottleneck. A possible remedy is provided by rational 

design of multi antigen construction, such as BioNTech's BNT164 (Ag85A, Esat, M72, VapB47, Rpf 

A/D) (Li et al., 2025). 

Researchers revealed neutralizing antibodies specific for the receptor binding domain (RBD) 

inside the Spike protein aimed at the angiotensin converting enzyme 2 (ACE-2) receptor diminish 

infection by preventing attachment to and entrance into host cells of SARS-CoV-2. There are no 

neutralizing antibodies against protective antigens in TB due to the intracellular habitat of M. 

tuberculosis, which is mostly found in macrophages. There is growing evidence that 

non-neutralizing antibodies play a part in protective immunity by activating several effector 

functions (Kaufmann, 2023). In recent times, several TB & COVID vaccines are in controlled clinical 

trials; however, there is no report of a unique vaccine that offers protection in case of the TB-COVID 

association. The focus is still directed at preventing the disease individually. 

6. Challenges and Future Directions 

6.1. Challenges in Diagnosis and Treatment 

Bilateral ground glass opacities in CT scan were more frequent in COVID-19, and likewise, 

cavitary lesions in TB (Cioboata et al., 2023; Mishra et al., 2020; The TB/COVID-19 Global Study 

Group, 2022) 

There are several traditional TB diagnostic methods available. One of them is smear 

microscopy, which is widely used but has a low sensitivity. TB culture takes 3-8 weeks to diagnose 

TB, leading to delayed treatment. However, TB detection has improved with the Gene-Xpert 

MTB/RIF assay, but its availability is limited in low-resource areas (Kabir et al., 2021). 

Before the occurrence of COVID-19, TB was the deadliest infection. The COVID-19 pandemic 

has significantly disrupted TB diagnosis worldwide. The reason behind the differential diagnosis of 

TB and COVID becomes so difficult is that both infections show similar respiratory symptoms like 

cough, difficulty in breathing, and fever. This can lead to underreporting or misinterpretation of TB 

cases. In 2020, during the pandemic, all the healthcare resource was allocated for COVID-19 

management, which led to a decline of TB case detection by 20% compared to 2019. Europe was 

severely disrupted by the pandemic, and more than 56% of TB labs throughout Europe faced a 

shortage of healthcare staff, personal protective equipment (PPE). A study conducted in Malawi 

showed a 35.9% decrease in TB detection immediately after the start of COVID-19 (Soko et al., 2021). 

The number of patients beginning TB preventive medications in 2020 decreased by 21% as a result of 

the pandemic-induced delay in the onset of TB therapy. Lockdown and transportation restrictions 

slowed down the supply chain of anti-TB drugs, leading to a shortage of resources. Fear of 

contracting COVID-19 restrained people from visiting health facilities (Jeong and Min, 2023). 
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Gene-Xpert machines were repurposed for COVID-19 testing, limiting TB diagnosis. Due to a lack of 

cost-effective, rapid diagnostic tools, it is going to be difficult to detect both TB and COVID-19 

simultaneously. Overall, the healthcare system was prioritizing COVID-19 testing over TB case 

detection (Kabir et al., 2021). 

However, to address the diagnosis challenges, (Purohit et al., 2025) introduced and evaluated 

the Truenat MTB Ultima/COVID-19 multiplex assay, a portable, chip-based real-time PCR platform 

capable of detecting both Mycobacterium tuberculosis and SARS-CoV-2 from a single sample within 

one hour. By utilizing different specimens like nasopharyngeal and tongue swabs, it reduces 

biosafety hazards and diagnostic wait times. The research demonstrated that combined molecular 

testing and comorbidity assessment facilitate early simultaneous identification and improved 

treatment of co-infected or high-risk individuals, providing an effective approach for TB–COVID 

diagnosis in settings with limited resources 

6.2.. Research Gaps and Opportunities 

The topic, interaction between TB and COVID-19, has a lot of scope for research. Several 

research gaps need to be addressed to improve differential diagnosis and treatment of both or 

treatment when one is co-infected. There is limited understanding of the immunopathological 

interplay between Mycobacterium tuberculosis (Mtb) and SARS-CoV-2, how co-infection alters 

innate and adaptive immune responses, such as IFN and TNF signaling (Booysen et al., 2023). 

Limited data regarding the link between COVID and latent TB reactivation has been published. 

Limited availability of data on studies showing the drug interactions between these two. The 

long-term pulmonary consequences in a pre-existing TB patient coinfected with COVID-19 still 

remain porrly elucidated (D’Souza et al., 2021). 

The cross-sectional studies mostly are with small samples, to find the cause, we need 

longitudinal and mechanistic tests, the timeline by which SARS-CoV-2 alters Mtb-specific immunity 

(and vice versa). There is also limited data on how HIV co-infection, anti-TB therapy, corticosteroids, 

and SARS-CoV-2 vaccination modify these interactions (Flores-Lovon et al., 2022). 

Moreover, underreporting and restricted monitoring in countries with a high burden of TB 

mask the actual prevalence and results of co-infection. The effects of co-infection on T-cell 

functionality, cytokine imbalance, and immune fatigue are still uncertain, emphasizing the necessity 

for thorough immunological and transcriptomic research. Also, BCG vaccination has not 

demonstrated a reliable protective effect against COVID-19 in extensive clinical trials, emphasizing 

the necessity for innovative vaccines or adjuvant strategies that can provide dual protection 

(Booysen et al., 2023). 

The translation challenge in drug-discovery for tuberculosis in complex disease settings was 

highlighted by a recent study where they reported a novel series of indazole derivatives with 

combined antiviral, anticancer, and anti-tuberculosis activities. One lead compound, 

6-(1H-pyrazol-4-yl)-1H-indazole, demonstrated multi-target potency in vitro but also showed high 

in vivo toxicity. (Anastasia et al., 2025) 

The pandemic has increased the risk of drug-resistant TB (MDR-TB and XDR-TB), which 

requires new treatment strategies. Innovative combined therapies that can effectively treat the twin 

threat of TB and COVID. There are lots of opportunities for future research. Development of 

mRNA-based TB vaccine and development of diagnostic multiplex platforms that can detect both 

simultaneously are among them. Following the recent advancements around the globe, AI & 

machine learning integration is also not remain a big task to integrate here (D’Souza et al., 2021), 

(Crisan-Dabija et al., 2020). 

7. Conclusion 

The interconnection of TB and COVID-19 is an ongoing global health problem, like a twin 

threat. Before the pandemic, TB was the deadliest disease caused by a single bacterium. Since 2020, 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 3 April 2026 doi:10.20944/preprints202603.1767.v2

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.

https://doi.org/10.20944/preprints202603.1767.v2
http://creativecommons.org/licenses/by/4.0/


14 of 19 

 

the COVID-19 pandemic has largely impacted the influence of TB control programs, also 

suppressing TB diagnosis and treatment. 

One of the most serious concerns is the long-term consequences of COVID-19 on TB 

progression and immune response. These interactions at both the immunological and clinical levels 

are poorly understood and are crucial for improving patient health by taking proper patient care. 

The way the pandemic refuelled the surge of rapid vaccine development globally also brings up the 

urgency of advancement in mRNA-based TB vaccine development, which may become a future 

breakthrough. Scientists are trying to use artificial intelligence and machine learning to enhance 

diagnostics and epidemiological tracking in both TB and COVID-19 surveillance. Lastly, a global 

coordinated effort is needed to mitigate the effects of the pandemic on controlling TB. There are a 

few steps to be required to taken so that the TB epidemic can be eliminated by 2030, such as 

improvement in health infrastructure and fostering interdisciplinary research. 
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