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Abstract The World Health Organization (WHO) estimated that in 2019, 10.0 million people worldwide developed tu-
berculosis (TB), with 1.4 million deaths from TB in that year. Infection with Mycobacterium tuberculosis that is
resistant to at least isoniazid and rifampin and an additional chemotherapeutic agent is known as multidrug-
resistant TB (MDR TB). Until recently, the prevalence of drug resistance in patients with TB has been poorly un-
derstood due to a lack of infection surveillance and molecular testing. Countries with the highest prevalence
of TB, including MDR TB, are also those most affected by the COVID-19 pandemic. The identification of MDR
TB requires careful monitoring and resources for molecular testing. Previous treatment regimens have required
intravenous treatments of long duration and high cost. The 2020 and 2021 recommendations from the WHO
for the management of drug-susceptible TB and MDR TB have included oral treatment regimens and reduced
treatment duration. This Editorial aims to present the rationale for the 2020 and 2021 recommendations from

the WHO for the management of drug-susceptible TB and MDR TB.
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The genus, Mycobacterium is now believed to be millions of
years old [1]. Mycobacterium tuberculosis (M. tuberculosis) may
have infected humans since 2,400 BC, as vertebral deformities
typical of Pott’s disease, or spinal tuberculosis (TB), have been
identified in preserved Egyptian mummies [1,2]. Cases of TB
continue to rise due to the ability of M. tuberculosis to adapt
and develop opportunistic infection strategies [3,4]. Recent
pathogenic strategies include co-infection with the human im-
munodeficiency virus (HIV), which results in HIV-associated TB,
and the development of strains that are resistant to multiple
anti-TB therapies, or multidrug-resistant TB (MDR TB) [3,4].

Until recently, the prevalence of drug resistance in patients
with TB has been poorly understood due to a lack of infection
surveillance and molecular testing [3,4]. Infection with M. tu-
berculosis that is resistant to at least isoniazid and rifampin
and an additional chemotherapeutic agent is known as MDR
TB [3]. Infection with M. tuberculosis resistant to isoniazid, ri-
fampin, and fluoroquinolones (levofloxacin or moxifloxacin)
is now known as ‘pre-extensively drug-resistant TB’ (pre-XDR
TB) [3,4]. Infection with M. tuberculosis resistant to at least
isoniazid, rifampin, and any fluoroquinolone, and at least one
additional group A drug, which currently includes bedaquiline
and linezolid, is now known as ‘extensively drug-resistant TB’

(XDR TB) [3]. Totally drug-resistant TB (TDR TB) is an infection
with M. tuberculosis resistant to all current medications [3,4].

Since 1997, the World Health Organization (WHO) has pub-
lished an annual Global TB Report. The latest WHO Global TB
report was published in October 2020 [5]. The WHO has esti-
mated that in 2019, 10.0 million people worldwide developed
active TB, with 1.4 million deaths due to TB in that year [5].
In 2019, the regions with the highest prevalence of TB were
Africa (25%), South-East Asia (44%), and the Western Pacific
(18%) region [5]. In 2019, eight countries and regions ac-
counted for two-thirds of the global cases of TB, including
China (8.4%), India (26%), Pakistan (5.7%), Nigeria (4.4%),
Indonesia (8.5%), the Philippines (6.0%), South Africa (3.6%),
and Bangladesh (3.6%) [5]. Also, in 2019 there were an addi-
tional 208,000 deaths in people with TB who were also HIV-
positive [5]. In 2019, the main risk factors for TB were identi-
fied by the WHO as poverty, poor nutrition, diabetes, tobacco
smoking, and air pollution [5]. The 2020 WHO report included a
preliminary assessment of how the COVID-19 pandemic could
affect the prevention and management of TB [5]. However,
global efforts to control TB were not on track even before the
COVID-19 pandemic. Diagnosis and treatment targets set by
the United Nations (UN) in 2018 at the UN General Assembly
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meeting on TB, which was held in New York, USA, were not
achieved by early 2020 [5,6].

Until recently, precise information about the global incidence
of MDR TB has been difficult to obtain, as routine sputum cul-
ture and drug susceptibility testing are not performed routine-
ly in all resource-limited settings, where the infection occurs
most frequently [7]. Currently, the WHO collects data on MDR
TB from more than 160 countries [5]. The latest WHO Global
TB Report estimated that in 2019, there were 500,000 cases of
MDR-TB worldwide [5]. However, in 2019, only 186,772 cases
of MDR-TB were confirmed by laboratory and molecular inves-
tigations, and only 57% had positive treatment outcomes [5].
In the most recent report, the WHO highlighted the need for
a more rapid and accurate diagnosis of MDR TB, screening for
MDR TB, and improving treatment and patient follow-up [5].
Data collection has been improved by implementing infection
surveillance supported by molecular testing [5]. Continuous
monitoring of the prevalence of MDR TB may now be possi-
ble, even in countries with a high infection rate [5].

The treatment of patients with MDR TB and XDR TB has been
challenging because of prolonged treatment duration of up
to 24 months, drug toxicity, treatment cost, and poor clini-
cal outcomes [8]. After four decades of lack of drug develop-
ment, three new drugs, bedaquiline, delamanid, and pretoma-
nid, were approved for the management of patients with MDR
TB and XDR TB and were also endorsed by the WHO, with the
possibility of shorter treatment duration [5,8]. In 2019, the
American Thoracic Society (ATS), the US Centers for Disease
Control and Prevention (CDC), the European Respiratory Society
(ERS), and the Infectious Diseases Society of America (IDSA)
sponsored new clinical guidelines for the treatment of MDR
TB [9]. These guidelines were evidence-based from a review
of published systematic reviews and meta-analysis data [9].
The study group recommended the most effective oral drug
regimen for treating MDR TB, the role of surgery in treating
MDR-TB, treatment of patient contacts, and treatment of iso-
niazid-resistant TB [9].

Since early 2020, the COVID-19 pandemic has had a direct and
indirect detrimental impact on health services in all areas, in-
cluding infectious diseases and TB services [10]. Prioritized
health services, clinical studies, and vaccine and drug devel-
opment to treat SARS-CoV-2 infection have diverted these ap-
plications and resources from other infectious diseases [10].
These effects of the COVID-19 pandemic have come when TB
cases, combined infections with TB, and MDR TB have all been
increasing globally [10]. It has recently been estimated that
MDR-TB cases will rise in 2021 and 2022, further affecting al-
ready poor treatment outcomes [10]. There is an urgent need
for continued drug development and the use of shorter treat-
ment regimens for patients with MDR TB [5,10].
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In November 2019, an independent international WHO expert
panel reviewed new evidence on the treatment of MDR TB and
rifampicin-resistant TB, and published new guidelines in June
2020 [11]. The WHO recommends a shorter treatment regimen
of between 9 to 11 months for patients with MDR TB not re-
sistant to fluoroquinolones, including oral bedaquiline [11,12].
For patients with MDR-TB who also have fluoroquinolone re-
sistance, a regimen composed of bedaquiline, pretomanid, and
linezolid may be used for between 6 to 9 months [11,12]. The
oral drug treatment regimens may be individualized based on
the severity of TB and the MDR TB molecular profile [11,12].
The data review from 2019 showed no safety concerns for the
use of bedaquiline for more than 6 months’ duration, the use
of delamanid combined with bedaquiline, or the use of beda-
quiline during pregnancy [11,12]. The WHO 2020 revised guide-
lines have highlighted the ongoing need for high-quality evi-
dence from clinical trials to develop treatment guidelines [11].

On 14 June 2021, the WHO issued a rapid communication on
the management of drug-susceptible TB, following a review
of the evidence and status of available treatment regimens
and considering the effects of the current COVID-19 pandem-
ic [13]. The WHO recommends a four-month regimen for drug-
susceptible TB, with a shorter treatment regimen, oral dosing,
and has evaluated the safety and efficacy of the recommend-
ed regimen [13]. In support of these recommendations, in
May 2021, the findings were published from an international
phase 3 randomized, controlled trial funded partly by the US
CDC (NCT02410772) [14]. The study compared patients with
newly diagnosed TB treated with two four-month rifapentine-
based regimens with a standard 6-month regimen [14]. The
efficacy of a four-month rifapentine-based regimen contain-
ing moxifloxacin was non-inferior to the standard six-month
regimen in the treatment of TB [14].

The shorter treatment regimens for both MDR TB and drug-sus-
ceptible TB, recently recommended by the WHO, would ease
the burden on patients and healthcare systems, particularly
during the COVID-19 pandemic [11,13]. The reduced duration
of treatment may improve treatment compliance and reduce
healthcare costs [11,13]. Implementing the new first-line WHO
regimen for drug-susceptible TB would be facilitated by im-
proved availability and reduced cost of rifapentine [13]. Also,
patient monitoring will be required, as this regimen contains
moxifloxacin, an antibiotic usually used to treat MDR TB [14].

Conclusions

Countries with the highest prevalence of TB, including MDR
TB, have also been most affected by the COVID-19 pandem-
ic. The identification of MDR TB requires careful monitoring
and resources for molecular testing. Also, previous treatment
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regimens have required intravenous treatments of long du-
ration and high cost. The 2020 and 2021 recommendations
from the WHO for the management of drug-susceptible TB and
MDR TB have included oral treatment regimens and reduced
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