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Tuberculosis in the time of COVID-19 1

The intersecting pandemics of tuberculosis and COVID-19:
population-level and patient-level impact, clinical
presentation, and corrective interventions

Keertan Dheda*, Tahlia Perumal*, Harry Moultrie, Rubeshan Perumal, Aliasgar Esmail, Alex J Scott, Zarir Udwadia, Kwok Chiu Chang,
Jonathan Peter, Anil Pooran, Arne von Delft, Dalene von Delft, Neil Martinson, Marian Loveday, Salome Charalambous, Elizabeth Kachingwe,
Waasila Jassat, Cheryl Cohen, Stefano Tempia, Kevin Fennelly, Madhukar Pai

The global tuberculosis burden remains substantial, with more than 10 million people newly ill per year. Nevertheless,
tuberculosis incidence has slowly declined over the past decade, and mortality has decreased by almost a third in
tandem. This positive trend was abruptly reversed by the COVID-19 pandemic, which in many parts of the world has
resulted in a substantial reduction in tuberculosis testing and case notifications, with an associated increase in
mortality, taking global tuberculosis control back by roughly 10 years. Here, we consider points of intersection
between the tuberculosis and COVID-19 pandemics, identifying wide-ranging approaches that could be taken to
reverse the devastating effects of COVID-19 on tuberculosis control. We review the impact of COVID-19 at the
population level on tuberculosis case detection, morbidity and mortality, and the patient-level impact, including
susceptibility to disease, clinical presentation, diagnosis, management, and prognosis. We propose strategies to
reverse or mitigate the deleterious effects of COVID-19 and restore tuberculosis services. Finally, we highlight
research priorities and major challenges and controversies that need to be addressed to restore and advance the global

response to tuberculosis.

Introduction

Historically, tuberculosis has arguably been the biggest
killer of humans and it remains one of the foremost global
infectious causes of death.' The incidence of tuberculosis
has been slowly declining over the past decade, and
mortality had decreased by almost a third, although the
global burden remains substantial at more than 10 million
people per year newly ill with the disease.! Although the
declining trajectory would have fallen far short of
milestones outlined in the UN Sustainable Development
Goals and the WHO End TB Strategy targets, there was
encouraging movement in the right direction. This
positive trend has been abruptly and dramatically reversed
by the COVID-19 pandemic, which in many parts of
the world has resulted in a substantial reduction in
tuberculosis testing and access to tuberculosis health
services. Data from the latest global tuberculosis report by
WHO shows an 18% reduction in the number of
tuberculosis cases notified in 2020 compared with 2019.2
These losses have overshadowed the potential reductions
in Mycobacterium tuberculosis transmission because of
mask use and physical distancing, and have increased the
global tuberculosis burden and associated mortality,
taking tuberculosis control efforts backwards by
approximately a decade.** With the current delta and
omicron variant-driven surges in many low-income and
middle-income countries (LMICs), and with the
challenges of SARS-CoV-2 vaccine access for most LMICs,
it is likely that the negative impact of the COVID-19
pandemic on efforts to control tuberculosis (as well as
other major infectious diseases, such as HIV and
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malaria)*® will continue well into 2022, especially with
3 billion people still waiting to receive their first dose of
SARS-CoV-2 vaccine.

The aim of this Series paper is to review the
interactions between COVID-19 and tuberculosis,
including the population-level impact of COVID-19 on
tuberculosis outcomes, the clinical presentation and
diagnosis of tuberculosis—COVID-19 co-infection, the
patient-level impact of COVID-19 on the management
and prognosis of tuberculosis, and interventional
strategies that could be used to mitigate the devastating
effects of COVID-19 on the global burden of tuberculosis,
including lessons learned from responses to the
COVID-19 pandemic. We emphasise the ways in which
tuberculosis care and management have been neglected
compared with COVID-19, and how low SARS-CoV-2
vaccine coverage in tuberculosis-endemic countries,
despite the high rates of infection and emergence of
new variants, will continue to fuel the global tuberculosis
pandemic. Priorities for the rapid restoration of
tuberculosis care and prevention—and progress towards
End TB Strategy targets—in the era of COVID-19 are
presented in panel 1.

Population-level impact of COVID-19 on
tuberculosis

Tuberculosis case detection

Compared with 2019, tuberculosis case detection in 2020
was reduced by 18% globally (a decrease from 7-1 million
to 5-8 million cases) and by up to 24% in the ten worst-
affected countries with high tuberculosis burden.”” India,
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Panel 1: Priorities for rapid restoration of tuberculosis care and prevention in the era of COVID-19

Priorities for resource allocation, case finding and prevention, and
treatment for tuberculosis in the time of COVID-19 are listed
below. Communication with the public, training of health-care
workers, ongoing monitoring and evaluation, and tuberculosis
advocacy are cross-cutting themes across these domains.

Resource allocation

« Increase budget and human resources for existing
tuberculosis and other health infrastructures and for
operational research, with a view to reducing the fragility
of health systems, including through public—private
partnerships

»  Mobilise community-based organisations and partners to
advocate for more resources for care and prevention (eg,
personnel, equipment, consumables)

« Develop digital platforms for training and health education

+ Develop public-facing dashboards for tuberculosis
surveillance data

+ Ensure availability and supply of high-quality personal
protective equipment for health-care workers and other
highly exposed individuals, including N95 (or equivalent)
respirators

» Improve and broaden social protection for individuals who
develop tuberculosis, COVID-19, or both

« Actively identify and remove sources of structural violence,
systemic racism, and discrimination, especially those
affecting access to essential services and equitable, high-
quality health care

« Integrate tuberculosis and COVID-19 responses at multiple
levels, including screening and testing

Case finding and prevention

« Target high-risk groups for consent-based universal testing

«  Strengthen community-based active case finding and
tuberculosis diagnostic services (including in shelters for
people who are homeless)

Indonesia, the Philippines, and China account for
1-3 million cases (93%) in the global decline in tuberculosis
case detection (figure 1). Major reductions in notified cases
have been seen in the Philippines (37%), Indonesia (31%),
South Africa (26%), and India (25%; table 1 and figure 1).
Previously unpublished data from South Africa’s
National Institute for Communicable Diseases (NICD)
show substantial reductions in tuberculosis testing and
case detection nationwide, coinciding with each wave of
COVID-19 and the subsequent national lockdown
(appendix p 4). In our analysis of NICD data, predictions
for 2020 were based on national data from 2018 and 2019,
and adjusted for seasonality; detailed methods are
available in the appendix (p 1). By May, 2020, tuberculosis
testing in South Africa had decreased by more than 50%
compared with the previous year: of 193067 (95% CI
181119-205014) expected Xpert MTB/RIF nucleic acid
amplification tests (NAATs) for the detection of

« Enhance screening through the use of mHealth and self-
screening apps

« Develop telemedicine with the use of digital platforms for
consultation

«  Strengthen availability, speed, and reliability of specimen
transportation

+ Use rapid turnaround molecular tests with high sensitivity
and specificity for dual diagnostic testing for tuberculosis
and COVID-19

« Strengthen contact tracing, investigation, and the provision
of tuberculosis preventive therapy

« Broaden use of chest radiography with or without computer-
aided detection for the tuberculosis community, and improve
facility-based screening

«+ Enhance screening and case-finding activities at health
facilities, including targeting high-risk groups (eg, urine
lipoarabinomannan and C-reactive protein as a screening
tool in people with HIV)

« Strengthen provision of Bacillus Calmette-Guérin
vaccination and invest in new vaccine development

« Ensure separation and prompt treatment of those with
disease to reduce Mycobacterium tuberculosis and
SARS-CoV-2 transmission in health-care settings

Treatment

« Strengthen community-based tuberculosis treatment
services

«  Scale up virtual care, digital health, and community-
monitoring solutions to provide remote support such as
video-supported therapy

+  Scale up SMS-based communication to improve treatment
adherence and patient-centred care and support

« Use bulk dispensing, open-air dispensing, or both to reduce
barriers to care and minimise risk to patients and health-
care workers

M tuberculosis for the month, only 99513 were actually
done. The microbiological confirmation of drug-sensitive
tuberculosis also declined by 40%, and numbers of
rifampicin-resistant tuberculosis cases fell by about 50%
(appendix p 5). By the end of 2020, South Africa saw an
overall decrease in tuberculosis testing of 22% (95% CI
15-28), and rates of confirmed active tuberculosis cases
fell by 15% (9-20%) in the public sector. In addition, there
was an 18% reduction in attendance at primary health-
care facilities. These trends are substantial given that the
highest population-wide limitations to public activities
and social interaction occurred for only 6 months of the
year.® These patterns extended to other endemic countries
such as India and China (panels 2 and 3; detailed versions
are available in the appendix, pp 1-2).** The full impact
of the current omicron wave in South Africa and other
tuberculosis-endemic countries is unknown, but likely to
be negative for tuberculosis services. The 2021 WHO
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Figure 1: Impact of the COVID-19 pandemic on global, regional, and national tuberculosis detection and mortality

There has been a substantial decline in tuberculosis case detection globally of about 18% in newly ill people reported with tuberculosis at the global (A), regional (B),
and national (C) levels, across key regions. Modelling has predicted that this acute drop will probably be followed by a rebound increase in tuberculosis incidence (C);
data from three exemplar countries are shown relative to baseline trajectories before COVID-19. The decline in case detection is also estimated to have resulted in an
acute increase in mortality in 2020 and is anticipated to take the next few years to reach prepandemic baselines (D); data from three exemplar countries are shown
relative to baseline trajectories before COVID-19. Images reproduced by permission of WHO.?

global tuberculosis report estimated about a 15% reduction
in the number of people treated for drug-resistant
tuberculosis, and a 21% decrease in people receiving
preventive therapy for latent tuberculosis infection
globally.”

However, it remains unclear to what extent diminished
case detection can be attributed to reduced access to care
versus reduction in M tuberculosis transmission from
non-pharmaceutical interventions (eg, mask wearing or
lockdowns), like those seen for other respiratory

www.thelancet.com/respiratory Vol 10 June 2022

infections such as influenza, respiratory syncytial virus,
Streptococcus pneumoniae, and Haemophilus influenzae.””
It is widely assumed that reduced health-care access
dominates and offsets any transmission reduction; this
assumption is supported by the acute nature of the
reductions in case detection, as the effects of decreased
transmission would probably only be seen months later.
Thus, the acute reduction in detection supports reduced
access but does not exclude or confirm the effect of
reduced transmission.

For more on tuberculosis see
https://www.thelancet.com/
clinical/diseases/tuberculosis

For the Sustainable
Development Goals see
https://sdgs.un.org

For more on the WHO End TB
Strategy see https://www.who.
int/health-topics/tuberculosis

For more on the NICD see
https://www.nicd.ac.za/

See Online for appendix
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For more on the Stop TB

Partnership see https://www.
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stoptb.org/

Number of tuberculosis  Reduction (shortfall)
cases notifiedtoWHO  in tuberculosis case
detection from
2019 to0 2020
2019 2020
Philippines 409167 256541  37-3%
Indonesia 559847 384025 314%
South Africa 209545 154344 263%
India 2176677 1629301 251%
Bangladesh 291595 230081 211%
Russia 73328 58723 19-9%
Pakistan 328312 272990 16:9%
Kenya 84345 71646 151%
Angola 74105 63147 147%
China 728265 624715 142%
All countries reporting 5058 801 3833148 243%
quarterly and monthly
data (n=84)
Countries providing quarterly and monthly data are listed in descending order of
shortfall (for the full list of countries, see appendix p 14). Reproduced and
adapted by permission of WHO.”
Table 1: Tuberculosis case detection in ten selected countries with high
tuberculosis burden in 2019 and 2020

Tuberculosis mortality and other metrics
Several modelling studies suggested that COVID-19 and
the pandemic response might lead to an increase in
tuberculosis mortality, driven primarily by reduced access
to health services. Cilloni and colleagues® forecast in 2020
that global deaths would return to those seen in 2013,
undoing almost a decade of work, whereas Hogan and
colleagues® estimated that tuberculosis mortality could
increase by up to 20% between 2020 and 2025, and
stressed the importance of maintaining tuberculosis
service provision despite pandemic-related disruption.
Analyses from WHO and the Stop TB Partnership
predicted, respectively, 190000 additional tuberculosis
deaths in 2020 and about 1.4 million additional
tuberculosis deaths between 2020 and 2025, worsened for
every month taken to achieve restoration of services.*"**
The latest WHO global tuberculosis report provides data
to substantiate the models. In 2020, there were roughly
1-32 million tuberculosis deaths worldwide.? These
numbers represent the first year-over-year increase in
tuberculosis deaths since 2005. The impact of the
pandemic on tuberculosis deaths during 2021 is unclear,
but probably substantially worse following the large delta-
driven surges in many tuberculosis-endemic countries
and the current wave of the omicron variant globally. The
issue is complicated by the methods used to estimate
tuberculosis mortality, which rely heavily on indirect
estimates and extrapolation,” in part because civil
registration and vital statistics systems are weak in many
countries with high tuberculosis burden.” In addition,
given the frequent underdiagnosis of active tuberculosis
among people who die, even outside of a pandemic,”* the

Panel 2: Perspective from India

At least 30 million people have developed COVID-19 in India,
and a devastating second wave has left many individuals with
severe acute respiratory distress syndrome, a proportion of
whom might develop post-COVID fibrotic sequelae.’ India also
has the largest number of people living with chronic fibrotic
lung scarring caused by tuberculosis.”” Post-COVID sequelae
superimposed on post-tuberculosis fibrosis is likely to result in
considerable disability in many of these individuals.

In March, 2020, the prime minister, Narendra Modi, announced
a prolonged and stringent lockdown™ that had catastrophic
effects on health-care provision and severely restricted access
to tuberculosis diagnosis and treatment. Staff and resources
from tuberculosis programmes and health facilities were
diverted to COVID-19 efforts, and drug stockouts were
common.” Bacillus Calmette-Guérin vaccination rates also
plummeted; in April, 2020, 1 million fewer children were
vaccinated than in the same month in 2019.° Tuberculosis
notification rates decreased by 50% in private and public
sectors.’ Treatment completion rates also decreased, as patients
delayed diagnosis and were often unable to reach clinics. For
details of the potential impact of COVID-19 on tuberculosis
indices in India, see appendix p 12.

A modelling study in 2020 estimated that each month of
lockdown would result in 40 685 additional people
developing tuberculosis that year and an additional

151120 tuberculosis deaths over the next 5 years.” In 2020,
the number of tuberculosis cases from India notified to WHO
was 1629301, a reduction of 25-1% from the 2019 number.!
Further details about the perspective from India are provided
in the appendix (p 1).

disruptions to services and reductions in tuberculosis
testing are likely to result in underreporting of
tuberculosis deaths. The expected underdetection yet
predicted increase in mortality represents an epidemio-
logical and surveillance conundrum. Preliminary reports
provide insight into some of these aspects. A small Ttalian
study reported significantly higher loss to follow-up
(p=0-03) and mortality (p=0-04) during the pandemic
than in a control period the year before.* Similarly, brief
reports from Pakistan,” China,” and Ethiopia* document
deteriorations in treatment outcomes and patient support.

The COVID-19 pandemic has also affected other
tuberculosis outcomes and preventive strategies.
COVID-19 has affected tuberculosis vaccination, including
areduction in Bacillus Calmette-Guérin (BCG) vaccination
of up to 60% in some parts of the world (figure 2).°
According to a modelling study,” the consequences of
delayed and missed BCG vaccination might account for
up to 33074 additional paediatric deaths related to
tuberculosis. Apart from tuberculosis mortality, other
unfavourable outcomes such as treatment failure and loss
to follow-up have been negatively affected and are
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discussed hereafter (figure 2), as is the occurrence of
persistent lung disease after active tuberculosis.

Economic impact

The COVID-19 pandemic has had staggering conseq-
uences for the global economy. Economic losses in 2020
were 4% (about US$3 trillion) of the global gross
domestic product (GDP),” with LMICs disproportionately
affected.

Several modelling estimates indicate that the
tuberculosis case burden will increase by up to 15%
(>1 million cases in total) by 2025.>%*%% From a societal
perspective, rising unemployment and money required
for transport, medication, and food are expected to
increase the catastrophic costs substantially (>20% of
household income), particularly in tuberculosis-endemic
countries where these costs were already high in the
prepandemic era.”

These costs have affected the global tuberculosis
response at multiple levels and led to worsening poverty,
and hence increased susceptibility to tuberculosis
mortality, thus exacerbating the vicious cycle of
susceptibility, death, and poverty (figure 3). Notably,
tuberculosis itself has historically caused economic losses,
estimated at 2-3% of GDP in tuberculosis-endemic
countries.”* Reduced funding of tuberculosis programmes
has already been reported in several countries because of
the diversion of resources to the COVID-19 response,**
including fewer health-care workers (HCWs) for
tuberculosis services, reduced supply of personal protective
equipment (PPE) for tuberculosis exposure, diversion of
diagnostic testing services to COVID-19, and reductions in
support services for patients with tuberculosis (eg, nutrition
and mental health; figure 3). The Global Fund estimates
that approximately an additional $30 billion will be
required to bolster tuberculosis, HIV, and malaria
programmes in the wake of COVID-19.*

Reality in resource-poor settings
Few of the models discussed accounted for the brutal
reality of 2021, during which we witnessed devastating
COVID-19 surges in many countries with a high
tuberculosis burden, driven by the delta variant from
April, 2021, and the omicron variant since November, 2021.
Large new delta variant waves in countries such as India,
Bangladesh, Nepal, Indonesia, Myanmar, Uganda, and
South Africa again forced these countries into new
lockdowns and further disruptions of routine tuberculosis
and all other essential health services. Many South
American countries with high tuberculosis burdens
(eg, Brazil and Peru) have also seen massive COVID-19
surges. Since November, 2021, South Africa has been
dealing with a large omicron wave, and this new variant is
now sweeping the world and keeping the pandemic alive
during 2022.

Given the emergence of a highly transmissible omicron
variant, and the pre-existing and growing inequity in

www.thelancet.com/respiratory Vol 10 June 2022

Panel 3: Perspective from China

COVID-19 prevalence peaked in China in February, 2020

(n=68 033 confirmed cases), but by May, 2020, numbers had
fallen by 99-8% to 143 confirmed cases.* Emergency measures
deployed to control the virus included cancellation of public
transport, prohibition of public gatherings, closing of schools
and public amenities, enhanced disinfection, social distancing,
stay-at-home orders, and home quarantine for individuals from
epidemic areas.*** Moreover, major tuberculosis hospitals were
redesignated as COVID-19 hospitals;**" staff from tuberculosis
programmes, laboratories, and wards were diverted to the
COVID-19 response,** and there have been substantial
reductions in the number of tuberculosis hospital beds and
outpatient visits.”

Across the country, tuberculosis notifications were
substantially lower in the first 5 months of 2020, decreasing by
24%,39%, 25%, 15%, and 13% per month, compared with the
same months in 2019.*% Several studies found reductions in
tuberculosis notifications at provincial levels,”**? with missed
or delayed sputum and follow-up examinations; increased
patient delays,* increased incidence of positive sputum smears
and cavities in baseline chest radiographs,* and reduced
treatment success and multidrug-resistant tuberculosis
screening were also reported.”

Since the national lockdown was lifted, tuberculosis
notifications have gradually approached pre-lockdown
levels.**?4The observed effect on tuberculosis control has
been attributed to traffic restrictions, disrupted tuberculosis
services, and the fear of catching COVID-19 among members
of the population.®"*# Further details about the perspective
from China are provided in the appendix (pp 1-2).

SARS-CoV-2 vaccine access, in which less than 15% of
people in low-income countries have received even one
dose of the vaccine (as of March, 2022), additional new
waves are highly likely in 2022 and beyond. Simply put,
we do not see any easy way out for LMICs to end this
pandemic in the near future, unless we vaccinate the
whole world.® This means that the impact of the
COVID-19 pandemic on tuberculosis will probably be
worse than any mathematical modelling prediction thus
far. This scenario and combination of events perpetuate
the pervading global apathy and neglect of tuberculosis.
None of the End TB Strategy targets for tuberculosis are
likely to be achieved by 2030.

Patient-level clinical impact of COVID-19
Susceptibility to tuberculosis and COVID-19

Does tuberculosis increase susceptibility to COVID-19,
and does COVID-19 increase susceptibility to tuberculosis?
There are no published data around these questions yet.
However, we know—based on a meta-analysis incor-
porating 19 studies—that active tuberculosis increases
susceptibility to influenza virus” and is a risk factor for
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The tuberculosis care cascade

Effects of COVID-19: potential increase or decrease in tuberculosis burden

Exposure and
susceptibility to
tuberculosis

/

Tuberculosis burden decreased by:

« Reduction in non-household community-based contacts (eg, reduced congregation at
religious and recreational establishments)

« Mask-wearing by HCWs and the general public

« Improved IPC practices (eg, ventilation and hand hygiene)

/

Tuberculosis burden increased by:

« Higher contact saturation because of lockdowns

« Worsened poverty (eg, job loss, perpetuated unemployment, economic burden)

« Reduction in HIV control (reduced testing and treatment initiation; reduced treatment access
and adherence)

« Reduction in type 2 diabetes control (reduced screening and treatment)

« Potential co-infection with SARS-CoV-2

« Reduction in BCG vaccination rate (reduced access to health care)

/

Access to
tuberculosis
testing

/

« Reduction in ACF strategies (eg, community-based and house-to-house strategies)

« Reduction in screening services for people at risk of tuberculosis (ie, those living with
diabetes, HIV, previous tuberculosis)

« Reduction in initiation of preventive therapy

« Worsened health-seeking behaviour caused by COVID-19 stigma

« Lowered index of suspicion (because of overlapping symptoms and COVID-19 prioritisation)

« Reduction in access to public transport services

« Reduction in access to health-care facilities

+ Redirection of resources away from national tuberculosis programmes

/

Confirmed
tuberculosis
diagnosis

/

« Redirection of laboratory services away from tuberculosis to COVID-19
« Reduction in access to testing and health-care services to confirm diagnosis
« Overburdened health-care and laboratory services

/

/

Treatment
initiation

« Disruption to transport leading to higher PTLF
« Disruption to resources and medication stock

Treatment services

« Reduction in access to treatment and health-care

success « Reduction in treatment adherence caused by
disruption to transport services

« Reduction in treatment completion caused by
poor adherence

Figure 2: Tuberculosis cascade of care and the potential effects of the COVID-19 pandemic

A detailed look at the potential effects of the COVID-19 pandemic at each step of the typical tuberculosis care cascade: exposure and susceptibility to Mycobacterium
tuberculosis; access to preventive services; testing, diagnosis, and treatment initiation; and completion. The effects of COVID-19 at each step of the tuberculosis care
cascade (blue) are detailed in the adjacent boxes, with an increase in the burden of tuberculosis denoted by red text or a decrease denoted by green text. ACF=active
case finding. BCG=Bacillus Calmette-Guérin. HCW=health-care worker. IPC=infection prevention and control. PTLF=pretreatment loss to follow-up.

subsequent influenza hospitalisation® and increased
mortality.” The reverse has also proved to be true: influenza
is associated with increased susceptibility to pulmonary
tuberculosis  disease (and disease severity). This
relationship was also reported anecdotally during the
1918 influenza pandemic. It is speculated that this might
be through antagonism of the interferon-y pathway (by
type-1 interferons such as a and ), with excessive
production of interleukin-10 and increased apoptosis.” It is
possible that a similar interaction (increased disease
susceptibility and severity) could be occurring between
COVID-19 and active tuberculosis, although this remains
to be proven. A study showed that individuals with

COVID-19 had a reduced frequency of M tuberculosis-
specific CD4 T cells in the peripheral blood compartment,
supporting the hypothesis that COVID-19 might increase
susceptibility to and progression to active tuberculosis.”

Transmission and infection control

The mode of transmission of SARS-CoV-2 was initially
thought to be limited to large respiratory droplets
(>5-10 pm)—as it used to be for tuberculosis—a
conclusion biased by the decades-old assumption that
most respiratory viruses are not transmitted by the
airborne route. Much of this bias was caused by the
so-called proximity pitfall, the fallacious logic that if
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Figure 3: Catastrophic effects of the COVID-19 pandemic on global tuberculosis response and the global economy

An overview of how the COVID-19 pandemic has affected the resources available for tuberculosis control efforts and its effect on individual households leading to a
cycle of increased susceptibility, death, and poverty. Poverty is driven by tuberculosis-related and COVID-19-related deterioration in macroeconomic conditions,
leading to catastrophic costs at the patient level, and is a proxy for increased mortality and burden of tuberculosis. GDP=gross domestic product. LMICs=low-income

and middle-income countries. PPE=personal protective equipment.

there is evidence of transmission of respiratory
pathogens at close contact (eg, 1 m), then there is no
transmission at a distance.” The 1 m rule is also now
known to be false. Large droplets of up to 100 pm have
been shown to be carried in turbulent gas clouds for
7-8 m.” We have also learned that human coughs and
sneezes create plumes of both small and large particles—
ie, both aerosol (<5 pm) and droplets (>5 pm) that are
highest in concentration close to the source case and
dissipate with distance. This is the principle underlying
the benefit of physical distancing. However, patients
with either COVID-19 or active tuberculosis, or both,
often need medical, nursing, and other care requiring
close contact. This can result in exposure to infectious
aerosols that include both larger droplets and smaller
aerosol particles. In the case of tuberculosis, only the
small particles are likely to transmit disease. In the case
of COVID-19, it appears that both the droplets and
aerosol particles transmit disease. Fortunately, all
infection prevention and control (IPC) practices that
prevent transmission of aerosols also prevent
transmission of droplets.

The clinical presentations of COVID-19 and active
tuberculosis, either alone or as co-infection, can be similar,
as discussed hereafter. We are not aware of published data
on the transmission of either SARS-CoV-2 or M tuberculosis
during co-infection, but both can probably be transmitted
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Mycobacterium SARS-CoV-2
tuberculosis
Transmission by small aerosol particles  Strong Strong
Transmission by large aerosol particles  Rare Strong
(droplets)
Transmission by fomites or contact No Weak
Isolation of viable pathogen in roomair  No Yes
Identification of pathogen by PCR in Yes Yes
room air
Isolation (culture) of pathogen from Yes No
cough aerosols
Isolation of pathogen from exhaled Yes Yes
breath
Risk to household contacts High High
Risk to health-care providers High High
Risk with proximity to index case High High
Risk of transmission from Probable High
asymptomatic case
Risk of transmission outdoors Low Low
Risk of transmission indoors High High
Reduction of risk by patient mask use ~ Yes Yes
Susceptibility of pathogen to ultraviolet  High Probably high
light
Superspreading epidemiology Yes Yes
Table 2: Evidence for factors related to transmission by Mycobacterium
tuberculosis and SARS-CoV-2
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if there is evidence of both pathogens in respiratory
secretions. As the transmission of these diseases shares
many common elements (table 2), methods to prevent

A

QO Total number of patients

QO Patients with HIV

QO Patients with non-communicable comorbidities
QO Patients with active tuberculosis

20-39 years
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transmission are nearly identical. A lesson learned from
the outbreaks of multidrug-resistant tuberculosis in
the 1980s and 1990s was that the airborne transmission of
M tuberculosis was preventable by the implementation of
administrative, engineering, and personal respiratory-
protection control measures.”* In tuberculosis-endemic
settings, almost all the spread of rifampicin-resistant and
fluoroquinolone-resistant tuberculosis is by primary
rather than acquired transmission.” The only major
difference now is that vaccination is the most important
administrative control measure for COVID-19, markedly
reducing the susceptibility of exposed HCWs.* The most
important administrative control measure for active
tuberculosis remains rapid diagnosis and treatment,
rendering the patient non-infectious. These findings,
apart from their applicability to frontline HCWs caring for
patients with possible active tuberculosis or COVID-19, or
both, and the use of N95-equivalent respirators,” have
several implications for COVID-19 control, including
improved ventilation in congregate settings (eg, schools,
buses, taxis, places of worship, restaurants, and shopping
malls) and wider use of masking to prevent transmission
and superspreader events. Improved COVID-19 control
would be beneficial for tuberculosis management at the
patient and HCW level.

Clinical presentation

Few comprehensive studies document the prevalence of
tuberculosis in patients with COVID-19. Tuberculosis
prevalence (past, current, or past and current) is
estimated to vary by between about 2% and 8% in
hospitalised COVID-19 cohorts from tuberculosis-
endemic countries; for example, an analysis of
surveillance data from South Africa found that among
3217 individuals hospitalised with COVID-19, 5-5% had
current tuberculosis and 4-0% had previous tuberculosis
(data from the South African NICD). In a population
cohort study of about 3-5 million patients from the
Western Cape province of South Africa (22308 of whom
were diagnosed with COVID-19), about 10% of those
with COVID-19 had a diagnosis of previous tuberculosis
or current active tuberculosis, with about 2% having
concurrent active tuberculosis and COVID-19 in an
inpatient setting.” In another study of 219 265 individuals

Figure 4: Co-prevalence of COVID-19, tuberculosis, HIV, and non-
communicable diseases

(A) Euler diagram of the estimated prevalence of HIV, current tuberculosis, and
non-communicable comorbid conditions in patients admitted to hospital with
SARS-CoV-2 infection by age group. (B) Forest plot of the effect of HIV and
active tuberculosis on the risk of mortality associated with COVID-19.
Multivariable analysis of factors associated with COVID-19 in-hospital mortality
from published South African data is shown.**® The model adjusted for age, sex,
race, other comorbid conditions, health sector, province, and month of
admission. Adjusted odds ratios and 95% Cls are shown for HIV only, current
tuberculosis only, and HIV and tuberculosis co-infection. Values that overlap
between comorbidities are noted in the appendix (p 13).
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who were hospitalised with COVID-19, 5-0% of those
aged 20-39 years had concurrent active tuberculosis
(figure 4A),” although this is probably an underestimate
given the scarcity of comprehensive testing for
tuberculosis and because of other reasons, such as lack
of clinical suspicion. In a limited (minimally invasive
tissue sampling) post-mortem biopsy study undertaken
in Johannesburg, South Africa (n=150), microbiologically
proven tuberculosis was detected in 3% of COVID-19-
positive Dbiopsies and 13% of COVID-19-negative
biopsies.® For comparative purposes, the prevalence of
tuberculosis in the same general population, including
those with subclinical or undiagnosed tuberculosis in the
community, is about 0-5-1%.%

Active tuberculosis is often not considered by clinicians
in the setting of acute lower respiratory tract infection
(LRTI) or acute community-acquired pneumonia.
However, this often reflects a misunderstanding and
unfamiliarity with the concept of tuberculosis-associated
community-acquired pneumonia. Active tuberculosis
presenting as an acute LRTI is well documented, but a
poorly appreciated and inadequately studied entity.”* A
systematic review across several countries in Africa and
Asia (including China, India, Malaysia, Cambodia, and
Vietnam) showed that 10-15% of community-acquired
pneumonia cases or LRTIs in these settings are caused
by M tuberculosis.* Duration of symptoms is a poor guide
to the likelihood of tuberculosis; a study of almost
2500 individuals with respiratory tract infection admitted
to two hospitals in South Africa between 2012 and 2014
showed that when the duration of symptoms was less
than 14 days, a staggering 18% of participants still had
positive microbiological tests for tuberculosis.® The key
message is that in certain high tuberculosis-burden
settings, symptom duration of less than 14 days and
acute presentation of LRTIs does not exclude the
possibility of active tuberculosis. Collectively, these data
suggest that the burden of active tuberculosis in people
hospitalised with COVID-19 (as aforementioned) is
probably underestimated. A patient perspective provided
by AvD and DvD is outlined in panel 4; a more detailed
version is available in the appendix (p 2).

Diagnosis of tuberculosis in the context of COVID-19

Although night sweats, haemoptysis, loss of weight, and
isolated upper-zone pulmonary infiltrates are more
suggestive of active tuberculosis, symptoms of active
tuberculosis and COVID-19 often overlap.” Furthermore,
although isolated upper-lobe pulmonary infiltrates might
indicate active tuberculosis and lower infiltrates might be
suggestive of other bacterial infection, the radiology of
active tuberculosis and COVID-19 are often similar
(appendix p7). Indeed, tuberculosis-associated community-
acquired pneumonia can present as bilateral nodular-to-
confluent shadowing, which is often also seen with
COVID-19.” A study indicated that in almost half the cases
of active tuberculosis and COVID-19 co-infection,
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Panel 4: Patient perspective

Social stigma kills. Like tuberculosis, COVID-19 has fuelled
social stigma because it is easy for societies to associate the
fear of the unknown with others;* we have seen people afraid
of testing and disclosing test results, and not adhering to
guidelines to prevent the spread of disease.

Afraid of being labelled as weak, scared, or sickly, individuals
might hide their disease status or struggle with the mental
and social challenges of existential stigma.’ To ask those who
must battle an airborne infectious disease in isolation to
simultaneously fight social stigma and question their worth is
unacceptable. To find meaning in the devastation of
tuberculosis and COVID-19, and to mitigate the effects of
future pandemics, we need a shift in the way in which society
views infectious diseases and health.

Like tuberculosis, COVID-19 can cause death in one person
but no symptoms in another; we know that some conditions
predispose individuals to infection or more severe disease,
but we do not always know why some apparently healthy
individuals are vulnerable and become so ill. These unknowns
can drive stigma.

Understanding the responses of members of society—
individuals and communities—to the threats posed by an
infectious disease outbreak is crucial to implementing
effective strategies for infection prevention and control, and
to minimising the negative health impacts of mitigation
strategies.

Patient groups have raised concerns about the regrettable
inevitability of the destruction caused to affected
communities by tuberculosis because of the supposedly
insurmountable shortage of resources. Yet US$9 billion were
invested in research and development in the first 9 months of
the COVID-19 pandemic,® which claimed 1 million lives in
that same time. This is the same amount invested in
tuberculosis in the preceding 14 years,* at the cost of

25 million lives.! The COVID-19 response has been lauded for
its unprecedented global solidarity. Similar shared promises
have been made for tuberculosis at the highest levels, but
these have repeatedly failed to result in desperately needed
actions and investments. Are the lives lost to tuberculosis
really worth so much less than those lost to COVID-19?

radiological features were unhelpful diagnostically, and in
40% of cases, CT findings were consistent with
COVID-19.” Furthermore, COVID-19 might also occur
during tuberculosis treatment, and SARS-CoV-2 infection
might unmask a diagnosis of subclinical tuberculosis. In
tuberculosis-endemic countries, such an occurrence is not
unusual, given the very high incidence of tuberculosis.
Indeed, in the South African 2018 national tuberculosis
prevalence survey (which estimated an annual incidence
of 737 cases per 100000 people), 58% of patients with
culture-proven active tuberculosis did not report any
tuberculosis-related symptoms (and thus tuberculosis
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would have remained undetected were it not for COVID-19-
related hospitalisation or presentation).”

Biomarkers are often unhelpful in distinguishing
tuberculosis from COVID-19. Both diseases can cause
lymphopenia and raise inflammatory markers, including
C-reactive protein (CRP). HIV co-infection can further
complicate the picture, especially in African settings,
because HIV can suppress typical symptoms of active
tuberculosis, modulate radiological findings, and
influence biomarker profiles.

To further complicate matters, tuberculosis and
COVID-19-specific NAATs have a false-negative rate of
20-30% because of the sampling error and variability in
pathogen load,” patients with tuberculosis are not
uncommonly sputum scarce, sputum induction is
unavailable or inappropriate in a COVID-19 setting, and
tuberculosis-specific NAATs might give false-positives in
cases of previous tuberculosis.”””* Thus, alternative non-
respiratory tract-based tests for active tuberculosis and
COVID-19 are urgently required. Repeat COVID-19 testing
is often required, and tuberculosis culture positivity can
only be detected several weeks down the line, which can
further complicate the diagnosis. In people who are HIV
positive with advanced immunosuppression, testing for
urine lipoarabinomannan (LAM)” and using abdominal
ultrasound to detect lymphadenopathy and liver and
splenic abscesses could be useful””

In summary, reliance on typical patterns of presentation
of active tuberculosis and COVID-19 (including in
tuberculosis-endemic settings) to ascertain a clinico-
radiological diagnosis is unreliable, and one should test
for both diseases (separate samples are required), or at
least have a low index for also testing for tuberculosis
when testing for COVID-19.7

Implications for HCWs and clinical practice

The ambiguous presentation of tuberculosis in the context
of COVID-19 has implications for HCWs and clinical
practice. It is well recognised that HCWs are at increased
risk (compared with the general population) of both
COVID-19 and tuberculosis.”® In many settings,
including in Africa, HCWs might have HIV, placing them
at even higher risk of both diseases. Because active
tuberculosis and COVID-19 might have similar presen-
tations, present simultaneously, often have overlapping
risk factors and imaging characteristics, and take time
(usually 24-72 h) to diagnose (especially during surges),
and because active tuberculosis might present as an acute
LRTL" HCWs might be exposed to infectious aerosols of
SARS-CoV-2, M tuberculosis, or both for a prolonged period
of time. Effectively, it is impossible to clinically tell the
difference between active tuberculosis and COVID-19.
Thus, airborne IPC packages must be prioritised and
implemented,”” particularly in tuberculosis-endemic
settings. Such packages will include administrative,
environmental, and personal protection measures,
including access to particulate filtering facepiece (N95,

FFP2, or equivalent) respirators to ensure HCW safety, as
well as adequate ventilation. As aerosol transmission of
SARS-CoV-2 has been more widely recognised, several
international bodies (including WHO, the US Centers for
Disease Control and Prevention, and the European Centre
for Disease Prevention and Control) have updated their
guidelines to recommend the use of respirators for
routine care of individuals thought or known to have
COVID-19.4* 1t is already established best practice to
protect against M tuberculosis in high tuberculosis-burden
settings, but this is rarely implemented in LMICs.* This is
a complex topic with many challenges, including the
global shortage of PPE, and several relevant aspects have
been reviewed in detail elsewhere as part of South African
guidance on protecting HCWs.*

Management and prognosis of co-infected patients
Management of COVID-19 is similar in patients with
both active tuberculosis and COVID-19. The need for
steroids and respiratory support is dictated by indices of
oxygenation (eg, oxygen saturation and partial pressure
of oxygen) and clinical presentation. If steroids are
indicated for the treatment of COVID-19 in patients with
active tuberculosis, then the dose is generally doubled
because of the liver enzyme-inducing effect of rifampicin.
Similar considerations might apply to some antiviral
therapies; for instance, rifampicin is predicted to reduce
exposure to remdesivir, although the clinical importance
of this exposure remains unclarified.¥* The
pharmacokinetic effect of rifampicin on newer antivirals
such as molnupiravir and paxlovid remains to be
clarified. In patients who require mechanical ventilation,
tuberculosis treatment might need to be given
intravenously or via a nasogastric tube.* Administration
via nasogastric tube might necessitate therapeutic drug
monitoring.® The management of people with
rifampicin-resistant active tuberculosis and COVID-19
co-infection is similar to that of people who do not have a
co-infection. Given the growing recognition of fungal
infections (eg, mucormycoses) among people who
survive COVID-19, potentially driven by diabetes and
prolonged steroid use, it is important to achieve good
glycaemic control and avoid steroid overuse, especially in
people with concurrent active tuberculosis.

Data from South Africa® and elsewhere®™ suggest that,
similar to co-infection with influenza and active
tuberculosis,” and Dbacterial co-infection with active
tuberculosis,” patients with COVID-19 and concurrent or
past history of tuberculosis have an approximately
two-times greater risk of hospital-based mortality than
do those without tuberculosis. HIV and COVID-19
co-infection alone is also associated with a similar
increased risk of mortality®® and HIV, active
tuberculosis, and COVID-19 co-infection increases this
mortality risk even further (figure 4B), with the highest
mortality riskin those with advanced immunosuppression
and not on antiretroviral therapy.
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These risk factors have implications for triaging patients
for more advanced respiratory support in tuberculosis-
endemic settings and, given the higher mortality in
patients co-infected with active tuberculosis and
COVID-19, supports a role for giving patients with active
tuberculosis and survivors of tuberculosis priority for
earlier SARS-CoV-2 vaccination, testing for tuberculosis in
all people with COVID-19, and testing for COVID-19 in all
people with newly diagnosed active tuberculosis when
there is still substantial community transmission of
SARS-CoV-2. Moreover, people co-infected with active
tuberculosis and COVID-19 should be monitored more
closely with a lower threshold for referral and intervention.

In addition to affecting mortality risk in patients with
tuberculosis, COVID-19 has also been shown to
negatively affect other tuberculosis outcomes, including
treatment failure and loss to follow-up rates through
several mechanisms (figure 2).

Lung disease after tuberculosis and COVID-19

Persistent pulmonary impairment, disability, or both
after active tuberculosis (due to pulmonary remodelling
associated with cavitation, fibrosis, and bronchiectasis) is
present in about 50% of tuberculosis survivors (a higher
proportion in the severe disease group) despite successful
microbiological treatment.® This impairment is one
reason why tuberculosis co-infection might be associated
with increased susceptibility to COVID-19 and a higher
risk of mortality in people with COVID-19.*

Patients with lung disease after tuberculosis might be at
greater risk of developing COVID-19 pneumonia, and
hence lung disease after COVID-19, and are at increased
risk of death when hospitalised with COVID-19
pneumonia, as discussed in the previous subsection. On
the basis of animal studies and data obtained from patients
with active tuberculosis, dysregulated immunity in
patients with lung disease after tuberculosis is probably
characterised by the unchecked activity of matrix metallo-
proteinases, a proinflammatory and fibrogenic cytokine
profile, an abundance of neutrophil extracellular traps, and
uncontrolled CD4 T-cell activation; these factors might
contribute to a heightened risk of developing lung disease
after COVID-19 in these patients.”” Genetic poly-
morphisms in the MMPI (matrix metalloproteinase 1) and
MCP1 (CCL2 or C-C motif chemokine ligand 2) promoter
regions have been shown to portend an increased risk for
fibrosis and bronchiectasis after tuberculosis. Given the
high prevalence of lung disease after tuberculosis, high
tuberculosis-burden settings should be prepared for a
substantial burden of lung disease after COVID-19 and
resulting disability following the COVID-19 pandemic
(appendix pp 8-9).”% The convergence of lung disease
after tuberculosis and lung disease after COVID-19
necessitates the follow-up of patients with post-tuberculosis
lung disease who had COVID-19 pneumonia and the
prioritisation of their linkage to respiratory services for
optimal care.** We would advocate for joint or combined
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services for lung disease after tuberculosis and after
COVID-19 in appropriate settings.

Interventions to mitigate the impact of
COVID-19

Tuberculosis screening and active case finding

Almost one in three (about 3 million) people with active
tuberculosis, even in the pre-COVID-19 era, remained
undiagnosed or unreported globally.! These individuals act
as a potential reservoir for transmission. The majority of
these so-called missing individuals often reside in
peri-urban informal settlements of large cities in Africa
and Asia*” Thus, to address the COVID-19-related
reduction in case detection and to reduce transmission,
disease burden, and mortality, community-based enhanced
case detection is required. We need to take tuberculosis
testing closer to where people live and work. Active case-
finding strategies have always had important implications
for tuberculosis prevention and reduced amplification of
the epidemic even before the advent of COVID-19.

Real-time data reporting

Instead of annual tuberculosis reports, global and
national public-facing dashboards and trackers reporting
real-time numbers of tuberculosis cases and deaths,
including monitoring of trends over time, would be a
useful addition to tuberculosis monitoring. They would
keep the public informed and hold services accountable
at national, regional, and global levels. Such dashboards
have been used very effectively to monitor the COVID-19
pandemic and to evaluate the effect of interventions. It is
not widely appreciated by the lay public that although the
direct death toll from COVID-19 is estimated to be about
4.5 million people over an approximately 18-month
period,” the sustained death toll from tuberculosis over
the past decade has been close to about 20 million people.’
A public-facing dashboard for tuberculosis has now been
instituted in the Western Cape province of South Africa.”

Screening apps and mHealth

Digital tools such as mobile phone-based screening and
tracing apps have been used with great effect to manage
the COVID-19 pandemic.™ The same methodologies
could easily be applied to tuberculosis. In South Africa,
the Department of Health has recently introduced a
WhatsApp and SMS-based tuberculosis screening app—
the TB Health Check app—that requires little cell phone
memory, uses a few simple screening questions, and links
individuals to tuberculosis testing services. At the time of
writing, more than 30000 screenings had been done, and
a staggering 12-8% of those with symptoms who
subsequently tested for tuberculosis were positive. Work
is underway to integrate the COVID-19 and tuberculosis
screening apps. A more sophisticated version of this
strategy could link individuals to tuberculosis testing
booths in the way individuals have been linked to
COVID-19 testing centres. App-based HIV self-testing
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programmes have already shown great promise,”'” and
their potential could be expanded to include tuberculosis
testing.

Intensified screening of high-risk groups

COVID-19 has increased acceptance of the value of
universal testing for infectious diseases irrespective of
symptoms. WHO recently updated recommendations for
systematic screening of people in high-risk tuberculosis
groups (defined as using tests, examinations, or other
procedures to identify those most likely to have
tuberculosis disease).® In most settings, symptom
screening fulfils this role for tuberculosis, but there is
increasing evidence for the use of WHO-recommended
molecular assays, chest radiography, and, for HIV-positive
inpatients, CRP and urine LAM assays, either as a
standalone or in combination with symptom screening.

In the setting of high tuberculosis burden, people
living with HIV are at high risk of tuberculosis, especially
those with low CD4 counts'' and those not receiving
suppressive antiretroviral therapy and tuberculosis
preventive treatment.” Women who are pregnant and
HIV positive bear a dual risk for active tuberculosis,
given that pregnancy confers additional risk for
tuberculosis disease when compared with non-pregnant
women.”"* Patients who have previously had an episode
of tuberculosis are at a markedly higher risk of a
subsequent episode and warrant additional screening for
recurrence.®™ Finally, incarcerated adults in virtually
every setting have a higher incidence of active
tuberculosis than the populations that surround their
incarcerating facility.>"*

All these populations have a reported tuberculosis
prevalence that is markedly higher than the threshold
recommended by WHO for systematic screening, and
they should be targeted for consent-based universal
testing with rapid turnaround tests that have high
sensitivity and specificity. Better integration of tuberculosis
and COVID-19 molecular testing and optimisation of
multidisease testing platforms will greatly help to expand
access to testing for both infections. Some countries, such
as South Africa, are adopting a targeted universal testing
strategy that will test (regardless of symptoms) all those
attending health-care facilities who have HIV, previous
tuberculosis, previous tuberculosis contact, or are
pregnant. This is an emergency response to the profound
reduction in testing since the start of the pandemic and
should be considered by other countries.

Screening in health-care facilities

Symptom screening is often (and preferably routinely)
done for all primary clinic attendees as part of screening
for COVID-19. This screening offers an opportunity for
systematic tuberculosis screening. There is considerable
overlap between symptoms of mild COVID-19 and active
tuberculosis, which suggests that dual testing for both
pathogens should be done at least in attendees at high

risk for tuberculosis, possibly using a single specimen to
avoid creating an additional hazard for HCWs or other
patients. However, because of safety concerns, there
might be a reluctance to collect sputum, and alternative
specimens that are safer to collect, such as tongue swabs™
or saliva, should be explored for SARS-CoV-2 and
M tuberculosis testing."”""® Non-sputum-based tuberculosis
diagnosis, however, remains a research challenge.

Door-to-door screening versus scalable mobile clinics

There are several approaches to community-based active
case finding in high-prevalence settings.” As noted by
WHO, implementation of a population-wide screening
programme requires a substantial investment of resources
and needs to be judged against the potential for long-term
reduction in future tuberculosis incidence. A door-to-door
active case-finding or screening strategy has the potential
to detect more people with active tuberculosis, but it is
more costly and labour intensive than a mobile clinic
approach. The door-to-door case-finding strategy, using
laboratory-based molecular tools such as Xpert MTB/RIF,
has been shown to reduce adult tuberculosis prevalence
and have a favourable effect on disease burden in the
wider community." Similarly, reductions in the prevalence
of latent tuberculosis infection have been demonstrated
among children in clusters in which door-to-door
tuberculosis screening was done." Compared with
door-to-door strategies, a mobile clinic-based approach
has been reported to be more effective for case detection.”
Mobile clinics equipped with point-of-care (POC)
molecular tools provide additional opportunities for
community-based active case finding. Indeed, a mobile
clinic-based strategy has previously been shown to be
feasible and highly effective in detecting people in the
community with culture-positive  tuberculosis,” "
although this approach was not readily scalable because of
the logistical challenges of running an Xpert platform in
the community. Recent advances in technology, however,
have enabled the incorporation of portable and battery-
operated molecular tools like the GeneXpert systems into
active case-finding algorithms. These portable systems
enhance the scalability of the mobile clinic-based
approaches. A recently completed randomised controlled
trial evaluating the effect of a scalable intervention
package, including a POC molecular diagnostic tool, on
community-based tuberculosis case finding showed the
feasibility of such a strategy and its potential to detect the
majority of community-based infectious tuberculosis
cases (appendix p 10).”” Such models can also be used to
screen at-risk individuals (eg, close contacts who are HIV
negative) for latent tuberculosis infection and link them to
preventive therapy.™

Chest radiography in screening

Chest radiography is one of the most sensitive tests for
detecting active tuberculosis, particularly in high-burden
countries, and is an important inclusion in tuberculosis
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active case-finding programmes.””"” Results from a
national survey in South Africa showed that more than
half of bacteriologically confirmed tuberculosis survey
cases had chest radiography abnormalities without
reported symptoms.? This finding suggests a potential
role for screening chest radiography in detecting
presymptomatic or minimally symptomatic disease in the
community. A major pitfall of using screening chest
radiography is its low specificity (about 50%) in detecting
active tuberculosis, especially in a setting of high
tuberculosis prevalence in which the prevalence of
previous tuberculosis disease is high. Thus, cases that are
flagged as active tuberculosis still need to undergo
confirmatory bacteriological testing. Furthermore, the
use of chest radiography is often hindered by scarcity of
resources and trained personnel, technical limitations,
high cost of hardware, and intra-reader and inter-reader
variability.®"" Potential technological answers to these
challenges are ultraportable chest radiography machines
and artificial intelligence-driven computer-aided detection
(CAD) software packages.®> On the basis of available
evidence, the WHO recently recommended the use of
chest radiography and CAD for pulmonary tuberculosis
screening, which has the potential to increase equity in
the reach of tuberculosis screening interventions.”

Reprioritising WHO guidance

The WHO consolidated guidelines on screening
recommend  systematic  (untargeted) tuberculosis
screening for people in the general population when the
background tuberculosis prevalence is greater than
500 per 100000 people, and (targeted) screening for those
with a risk factor for tuberculosis when prevalence is
greater than 100 per 100000 people.” Chest radiography
was endorsed as a sensitive but non-specific screening
tool for the early detection of tuberculosis. CAD software
packages had similar performance to human readers but
varied across contexts, and WHO’s recommendation was
thus conditional and based on a low certainty of evidence.
CRP testing has been recommended as a screening tool
in people who are HIV positive. Molecular rapid
diagnostic tests for tuberculosis (eg, Xpert Ultra) have
been recommended by WHO as tuberculosis screening
tools for populations in which screening is recommended
(conditional recommendation with a low certainty of
evidence). However, how these methods should be
deployed remains unclear. We strongly endorse more
aggressive tuberculosis screening practices, including the
use of chest radiography and molecular tests for people at
risk of tuberculosis, as outlined in the guidance. Because
of the COVID-19 pandemic, every country has an
expanded molecular-testing capacity. This capacity should
be leveraged for tuberculosis molecular testing.

Reducing pretreatment loss to follow-up

It is estimated that between 15% and 40% of patients
with active tuberculosis in endemic countries do not
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initiate treatment after a microbiologically confirmed
diagnosis (known as pretreatment loss to follow-up or
PTLF).*® We assume that COVID-19 would affect people
returning to health facilities and exacerbate PTLF
(especially among patients diagnosed at hospital, where
mortality is higher because of loss to follow-up).”"*
Two studies reported an increase in sputum-smear
positivity and more severe clinical and radiological
findings as a consequence of diagnostic and
pretreatment delays during the COVID-19 pandemic."*
By contrast, a Chinese study documented no increase
in pretreatment delay.” Data-integration systems
connecting different levels of the health-care system are
important tools to link patients to care and prevent loss
to follow-up.

Facilitating treatment adherence

Some developments in health-care system strengthening
and person-centred strategies, originally developed for
COVID-19, have been integrated into tuberculosis
programmes to mitigate the impact of COVID-19 on
tuberculosis treatment outcomes as well as knock-on
effects, such drug stockouts.””™ The growing use
of digital health, telemedicine, digital adherence
technologies (eg, video-assisted treatment and smart pill
boxes), and clinical management with bulk dispensing
from decentralised pick-up points or home delivery of
medicines are minimising facility visits, limiting
nosocomial M tuberculosis and SARS-CoV-2 transmission,
and protecting patients with tuberculosis from COVID-19.
However, these strategies have been inconsistently
implemented in tuberculosis programmes, patients have
reported feeling insufficiently supported, and the value of
these strategies has not been prospectively evaluated.***
Augmentation of other interventions shown to improve
treatment adherence—such as SMS-based reminders,
incentives, and enablers (eg, social grants and incentives
with financial value), patient education, counselling, and
psychological interventions—will help to facilitate
treatment adherence and has become even more relevant
in the COVID-19 era."”

SARS-CoV-2 vaccination

The past 18 months have showcased the crucial role
of vaccines in COVID-19 control. Although non-
pharmaceutical interventions and other public health
measures have helped to mitigate the effects of
COVID-19 in many LMICs, vaccine nationalism and
vaccine inequity mean that COVID-19 is likely to
remain a problem in many of these countries for some
time, thus exacerbating suboptimal tuberculosis
control. Vaccinating the world, therefore, is not only
crucial for ending the pandemic, but also for restoring
tuberculosis  services. Thus, as a tuberculosis
intervention strategy, there must be improved access to
SARS-CoV-2 vaccines in LMICs; in many settings,
vaccine resistance and hesitancy also have to be
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Panel 5: Research priorities and major challenges that need to be addressed

A range of research priorities need to be addressed to restore
control efforts and reduce the global burden of tuberculosis.
Some of the goals listed here are long-standing priorities;
others have become relevant in the time of COVID-19.

Diagnosis and care

Improve tuberculosis (and COVID-19) case finding; for
example, through the development of e-health approaches
to enable mass triage and targeted screening (including
self-screening) of people with risk factors, with linkage to
further investigation and care

Optimise systematic tuberculosis (and COVID-19) active
case finding in high-risk populations; establish how active
case finding should be done (mobile clinics vs door-to-door
visits) and how samples should be processed (on site vs in
centralised laboratories)

Develop sensitive and specific point-of-care diagnostics
and cost-effective joint screening strategies for
tuberculosis and COVID-19

Refine diagnostic algorithms for tuberculosis and COVID-19
that optimise the use of available technologies (eg, chest
radiography with or without computer-aided detection)
and are calibrated to the risk profiles of individuals (eg,
previous COVID-19, additional tests for people who are HIV
positive, or more frequent testing for people who are
incarcerated)

Explore implementational approaches to integrate patient-
centred innovations (such as decentralised dispensing, home
delivery, and holistic forms of adherence support) into
routine practice, including in resource-constrained settings
Develop methods and algorithms to integrate screening for
latent tuberculosis infection (and COVID-19) and linkage to
preventive therapy to all significantly exposed individuals
regardless of HIV status

Surveillance and outcomes

Estimate the prevalence and effects of SARS-CoV-2
infection in individuals with active tuberculosis, including
on tuberculosis treatment outcomes and long-term health
Characterise impairment in individuals with lung disease
after tuberculosis and COVID-19

Establish the prevalence and effects of long COVID in
individuals with active tuberculosis

Better monitor adequacy of response to tuberculosis
treatment regimens, including those used for preventive
therapy

Improve and broaden the use of rapid, direct methods to
estimate the impact of COVID-19 on cause-specific
mortality (eg, minimally invasive autopsy)

overcome.” Lessons learned in design, technological
application, testing and fast-tracking of clinical trials,
funding, development, and distribution of the
SARS-CoV-2 vaccines could also be applied to accelerate
tuberculosis vaccine development.

Systems strengthening and pandemic preparedness

+ Realise a more comprehensive tuberculosis response that
simultaneously targets the societal, personal, and health
system levels, recognising that many tuberculosis drivers
also influence COVID-19

+ Explore strategies to protect health-care workers against
tuberculosis and COVID-19 without compromising on
quality of care (eg, introducing respiratory protection
programmes, strengthening occupational health
infrastructure, and maintaining reserves of personal
protective equipment reserves)

+ Explore long-term solutions to vaccine hesitancy,
recognising that SARS-CoV-2 vaccination will reduce the
tuberculosis burden and a viable tuberculosis vaccine is
likely to face similar challenges with uptake

Major challenges

+ Improve understanding and effectively communicate the
cost of tuberculosis, COVID-19, and their interaction, to
the economies of tuberculosis-endemic countries in terms
of effect on gross domestic product and other metrics of
economic development

« Substantially increase research funding for translational and
operational research, and for innovation and
commercialisation activities for tuberculosis interventions
(as has been done for COVID-19)

» Improve systems and processes to enable rapid review of
proposals and to improve regulatory harmonisation (thus
reducing massive delays in the completion of clinical trials)

+ Treat tuberculosis (like COVID-19) as an important entity
in any national or global pandemic response strategy

»  Effectively tackle COVID-19 in countries with high
tuberculosis and COVID-19 burden (predominantly low-
income and middle-income countries) without diverting
resources and personnel from tuberculosis programmes

+ Develop strategies to address the effect of COVID-19 on
tuberculosis treatment outcomes

»  Accelerate the development of tuberculosis vaccines
through harnessing what has been learned from COVID-19

+ Increase the level of ambition in terms of what tuberculosis
control metrics should be achieved within specific timelines
(using COVID-19 as a benchmark)

+ Identify and remove sources of structural violence,
systemic racism, and discrimination, especially those
affecting access to essential services and equitable, high-
quality health care

BCG vaccination

The BCG vaccine was first used about 100 years ago and
is now given at birth in several tuberculosis-endemic
settings to prevent tuberculous meningitis." The impact
of COVID-19 in reducing BCG vaccination rates has
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already been highlighted (panel 2 and figure 2). However,
epidemiological and other studies have shown several
non-tuberculosis  disease-specific effects of BCG,
including protection from respiratory tract infections
other than tuberculosis™ and enhancement of vaccine
responses to yellow fever and influenza." Mechanistic
studies suggest that these vaccines induce trained innate
immunity (appendix pp 2-3)."* A stronger evidence base
to support the clinical application of the heterologous
effects of BCG has more recently emerged. The double-
blind, placebo-controlled ACTIVATE (A randomized
Clinical trial for enhanced Trained Immune responses
through Bacillus Calmette-Guérin VAccination to
prevenT infections of the Elderly) trial among
202 European older patients showed a 45% reduction in
time to first infection and a 42% reduction in all infections
attributed to BCG. The biggest effect was in reducing
viral respiratory tract infections;" findings were
consistent with the earlier smaller studies in Indonesia”
and Japan.'®

This growing evidence-based and Dbiological
understanding of the protective effects of BCG
vaccination on respiratory viral infections provides a
valid justification for clinical studies to establish the
effect, if any, of BCG vaccination on SARS-CoV-2
infections, severe COVID-19, or death.” Although early
observational, ecological studies suggested a benefit of
BCG, more rigorous and updated analyses have shown
no effect of BCG on COVID-19."" Given the limitations
of observational research, as of July 5, 2021, there were
more than 20 ongoing clinical trials registered in
ClinicalTrials.gov that are evaluating the effects of BCG
on SARS-CoV-2 infection (appendix pp 2-3).°"%
Although the BCG-PRIME (Prevention of Respiratory
Tract Infection and COVID-19 through BCG Vaccination
in Vulnerable Older Adults) trial®* has shown no benefit,
other trials are likely to provide a clear answer about the
benefits of BCG vaccination against COVID-19 and other
respiratory tract infections in adults.

Lessons learned from COVID-19

The COVID-19 pandemic has taught the world that
epidemics can only be controlled by several interventions,
some personal (eg, masking and vaccinations) and others
societal (eg, social protection and lockdowns). The Swiss
cheese respiratory pandemic defence model created by
Mackay™ outlines the multiple layers of these personal
and shared responsibilities that are needed to prevent the
spread of SARS-CoV-2. The model has several layers of
Swiss cheese to illustrate the fact that a single layer of
protection will not be enough to stop COVID-19. Because
of the holes in each slice, the coronavirus will always get
through; therefore, multiple layers of protection are
needed to halt the pandemic. We need a similar,
comprehensive approach for tuberculosis, captured in
the tuberculosis Swiss cheese model, with three broad
levels: societal, personal, and person-centric health-care
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Search strategy and selection criteria

We did a literature search of PubMed, MEDLINE, and Google
Scholar for papers published in the English language from

Jan 1, 2000, to Feb 1, 2022, using the search terms “COVID-19
OR SARS-CoV-2" and “tuberculosis OR TB", and “case
detection” or “outcomes” or “diagnosis” or “screening” or
“impact”. Articles were selected—on the basis of a critical
review of the title, abstract and, when appropriate, full text—if
they were regarded as pertinent to our review of the effect of
COVID-19 on the global burden of tuberculosis, including
patient-level or clinical-level impact, or our discussion of
interventions to reverse the deleterious impact of COVID-19.
Preprints were considered as applicable. A selection of citations
within the original search documents were reviewed and
included if relevant. References were also identified through
the authors’ own searches online (up to March 1, 2022) and
through searches of the authors’ personal files and the
reference lists of landmark papers and selected publications.

systems interventions (appendix p 11)."* By addressing
the multiple layers, including improving the glacial pace
of tuberculosis research, correcting suboptimal and
deficient research funding, and treating tuberculosis as
the global emergency that it is, we could end tuberculosis
(panel 5).¢

Conclusion
COVID-19 has set tuberculosis control efforts back by
about a decade. This setback will probably translate into
long-term increases in tuberculosis-related deaths and
structural lung disease. With low rates of SARS-CoV-2
vaccination in tuberculosis-endemic countries and the
emergence of new variants, this trend is likely to
continue. New strategies involving triage tools and
innovative active case-finding interventions require
urgent implementation to reverse these alarming trends.
We have provided several examples of the successful use
of such interventions in different parts of the world. A
more cohesive global approach is now urgently required.

Active tuberculosis and COVID-19 screening should
be combined in tuberculosis-endemic settings. False-
negative results might occur with both tuberculosis and
COVID-19 testing, and better diagnostics, independent
of samples obtained from the respiratory tract, are
needed for both diseases. The inability to distinguish
between acute tuberculosis disease and COVID-19 has
implications for strategies of IPC in tuberculosis-
endemic settings, including the provision of N95
(or equivalent) respirators to HCWs. Individuals with
active tuberculosis and COVID-19 should be monitored
more closely with a lower threshold for referral and
intervention.

The vicious cycle of poverty and death is exacerbated by
the twin epidemics of tuberculosis and COVID-19 (with
HIV making up a triad of infectious disease epidemics

infection see https://

wrapper

For studies evaluating the
effects of BCG on SARS-CoV-2

clinicaltrials.gov/ct2/results?con
d=Covid19&term=BCG+vaccinati
on&cntry=&state=&city=&dist=#
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in some settings, and a non-communicable disease
epidemic expanding in tandem).” In some settings,
disruption of HIV diagnosis and treatment programmes
might fuel the tuberculosis pandemic. It is therefore
crucial to support and revitalise both tuberculosis and
HIV programmes. That airborne and aerosol-based
spread is the dominant form of SARS-CoV-2 and
M tuberculosis transmission has important implications
for interrupting the spread of both diseases and for
protecting HCWs. COVID-19 will exacerbate the situation
in endemic settings, in which there is already an
appreciable burden of pulmonary disability and lung
damage caused by tuberculosis. Addressing the mortality
and morbidity associated with tuberculosis and
COVID-19 will require global unity, political will—
addressing global inequalities and power monopolies—
improved funding for vaccine development, and
enhanced support for preventive and interventional
strategies for both diseases.
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