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Objective: To analyze the evidence on the underdiagnosis of tuberculosis in the SARSCoV-2 pandemic, the risk of COVID-19 morbidity and mortality in coinfection with
Mycobacterium tuberculosis, and the use of microRNAs as diagnostic tools.

Elizabeth Castillo-Villanueva, Antonia Isabel
Castillo Rodal

Material and methods: We used an adaptation of the Cochrane rapid review methodology.
The search was performed in PubMed and was limited to August 3. Titles and abstracts
were reviewed, and the full texts of the final selection were analyzed.
Results: The evidence found reports that in pandemic years there has been a decrease in
the diagnosis of tuberculosis worldwide. In addition, the emergence of the TB-COVID-19
syndemic and its serious implications indicate that TB diagnosis should be prioritized.
Conclusion: As a result of the pandemic, there were serious disruptions in TB care and
services, leading to underdiagnosis of TB cases. To know the implications of the TBCOVID-19 syndemic, more studies are needed in countries with a high burden of TB.
On the other hand, several efforts are being made worldwide to find miRNAs as specific
biomarkers that can be used for the molecular diagnosis of TB.
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Introduction
Tuberculosis (TB) is an infectious disease caused by the bacterium
Mycobacterium tuberculosis (MTB), which mainly affects the lungs,
although; it can also affect other organs of the human body.1,2 The
current pandemic caused by the SARS-CoV-2 coronavirus, first
reported in Wuhan City, China, in December 2019,3-6 has dominated
our attention for the past two years, because it has brought serious
consequences to human life and the global economy.7 On the other
hand, tuberculosis remains a dominant infectious disease worldwide
that disproportionately affects the poor and has been, for many years,
the leading cause of death in people with HIV.8 There are several
points in common between COVID-19 and TB, both mainly affecting
the respiratory tract and transmitted through respiratory secretions
or respiratory droplets.9 The fight against both diseases has been
based on early diagnosis, contact tracing and vaccination.2 However,
in the past two years the world has focused on the fight against the
COVID-19 pandemic. The World Health Organization has reported
that globally there has been a worrying decline in the number of
diagnosed TB cases and patient care worldwide in 2020, especially
in high TB burden countries, a 28% reduction was reported compared
to 2019, which, consequently, may increase the number of TB deaths
by more than half a million additional deaths.7-10 Early diagnosis is
critical in order to control the spread of the bacteria. An important
reason for refocusing on TB diagnosis during the pandemic is because
of the emergence of the TB-COVID-19 syndemic.11 It is unclear what
the implications of this syndemia are; however, one possibility is that
TB-COVID-19 coinfection will lead to a worsening of the existing
active TB condition or an existing MTB infection may increase the
risk of severity in SARS-CoV-2.11,12 Another concerning aspect of
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this syndemic, is the reported cases of reactivation of latent TB in
post-COVID-19 patients,13 as one-quarter of the world’s population
is estimated to be affected by latent TB.14 For these reasons,
simultaneous diagnostic testing for TB and COVID-19 is essential
to ensure effective treatment for patients. In this review we have
analyzed the consequences of underdiagnosis of tuberculosis in the
SARS-CoV-2 pandemic, the risk of morbidity and mortality from
COVID-19 in coinfection with Mycobacterium tuberculosis, and the
use of microRNAs as potential diagnostic tools.

Current overview of tuberculosis
Human TB is the most lethal infectious disease in the world.15 The
latest estimates indicate that approximately 10 million people have
been infected with M. tuberculosis, of which 90% of those affected
are adults. TB causes 1.4 million deaths annually, including about 300
000 HIV-positive people. No country is exempt from the disease, and
it is endemic in most of the world’s poor countries. It is estimated that
about one-third of the world’s current population is infected with M.
tuberculosis;16 and 5-10% of these individuals will develop clinical
symptoms of the disease in their lifetime.2 In 2018, in the Region
of the Americas, 22 900 deaths from TB were estimated, of which
26% (5900) corresponded to persons with TB and HIV coinfection;
the countries with the highest number of reported cases being Brazil,
Mexico, and Peru. In Mexico, the estimated case fatality rate for
TB in 2018 was 8.6%,17 this rate, is an indicator of access to timely
diagnosis and adequate treatment of TB. In 2018, the estimated case
fatality rate for the Region was 7.9%, which, compared to previous
years, showed a downward trend. However, the COVID-19 pandemic
has reversed years of progress in providing TB services and reducing
the burden of disease. The number of newly diagnosed TB persons
notified decreased 18% from 2019 to 2020, returning to the 2012
level. Globally, in 2020, an estimated 9.9 million people became ill
with TB, returning to the 2017 level.2 The pandemic, also impacted
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negatively on case notification, where there was a 17% deficit on
average and in the specific case of Mexico, it presented a 26% case
notification deficit by 2020. 2,17,18 Within the Region of the Americas,
Mexico is one of the countries with a high incidence of TB, with an
estimated 31,000 cases in 2020.2,18
Tuberculosis has been the most contagious and deadly bacterial
disease in the world, and to date, it continues to be a public health
emergency. With the aim of ending the global TB epidemic, in 2014
the End TB Strategy was established by WHO; and in 2018, global
commitments were signed as a result of the political declaration of
the high-level meeting of the United Nations General Assembly on
tuberculosis, which aims to eliminate TB as a public health problem.
The goal is to have a 90% reduction in tuberculosis mortality; an 80%
reduction in tuberculosis incidence, with a regional target of 5.6 new
cases per 100,000 inhabitants. In this sense, the COVID-19 pandemic
has had unprecedented negative effects on global health and economy,
attracting the attention and resources of many other public health
services, such as TB.9 Areas of particular concern during this global
emergency include de novo TB case detection and the continuity of
treatment of TB patients.19 The latest global TB report issued by WHO
presents a bleak picture of the trajectory of the global TB epidemic,
describing an annual decline in TB incidence, marked by a decrease
in both diagnosis and case notifications, resulting in an increase in the
number of deaths from TB infection.20 In Mexico, between 23,000
and 37,000 new TB cases were reported for 2019 according to WHO
figures.2,17 The Ministry of Health, through the National Tuberculosis
Program (PNT) in 2019, recorded 22 285 new cases, with a rate of 23
cases per 100 000 population.21 Mexico is part of the WHO End TB
Strategy, which aims to decrease the incidence rate of TB. However,
not only was it not reduced in the country, but in 2019, before the
COVID-19 pandemic, it increased 4.1% with respect to 2015. This
increase in TB incidence is mainly due to the implementation of
molecular and rapid diagnostic methods, such as XpertMTB/RIF tests
22,23
and/or increased transmission due to the persistent deterioration
of socioeconomic systems and fragmentation of health systems,
late diagnosis, and increased comorbidities and coinfections.17,18,21
Regarding TB diagnosis, the National Tuberculosis Program (NTP)
estimated that in 2019, 75.5% of the TB cases expected for this year
were detected; however, for 2020, as of October there was a lack of TB
case detection of 30%. This resulted in a reduction in reported cases
in the country of 60.53% of the expected cases.18,24 These statistics
show that there was a decrease in the number of cases diagnosed in
the country during the beginning of the pandemic.
The COVID-19 pandemic has surpassed all other health problems
worldwide. There are numerous ways in which this will affect
existing public health problems. If TB diagnostic programs are not
reactivated, there may be serious consequences for undiagnosed TB
patients worldwide, particularly in low- and middle-income countries
where TB is endemic and health services do not have the resources
or infrastructure to cope now with the TB-COVID-19 syndemic,
which will be discussed later. The economic impact of the pandemic
is expected to exacerbate at least two of the main determinants of TB
incidence: poverty and malnutrition. Models suggest that there could
be a spike of more than 1 million additional cases per year in the
period between 2020 and 2025.25 Another concern is that TB patients
often have underlying comorbidities and lung damage that may make
them prone to more severe COVID-19. The response to the COVID-19
pandemic has left us with several lessons, including that public health
programs can be implemented quickly and relatively well coordinated,
demonstrating that current programs can be improved to address TB.26
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Morbidity and mortality risk due to TBCOVID-19 co-infection
It is estimated that about 25% of the world’s population is infected
with MTB. An untreated TB-infected person can infect 10 to 15 people
per year. This happens through aerosols containing the bacillus, which
are expelled from the host by coughing, sneezing, talking, singing
and spitting. Of the infected cases, although a large proportion will
not develop the active phase of the disease (resulting in latent TB,
LTBI), the impact of active TB cases in terms of disability, care costs
and deaths, among other aspects, is more than significant. However,
despite its contagiousness and severity, TB is curable if diagnosed and
treated in a timely and appropriate manner. Among the risk factors for
a person to progress from LTBI to active TB are: being infected with
HIV-AIDS (with greater risk if not receiving HIV treatment), having
received a transplant (due to the immunotherapy received), silicosis,
chronic kidney disease, diabetes mellitus, smoking and SARS-CoV-2
infection.13,15 Currently, the two leading causes of death among
infectious diseases are TB and COVID-19, there are a growing number
of studies attempting to elucidate the interactions between MTB and
SARS-CoV-2. Early reports point to worsening respiratory symptoms
in TB-COVID-19 coinfected individuals.1,10,27,28 Disorders induced by
each pathogen tend to induce an unbalanced inflammatory response,
which may promote progression and worsening of both diseases.12
Prior to COVID-19, TB-HIV syndemia was evident and reported
worldwide, occurring in both adults and children, and has been one
of the major obstacles to eliminating TB worldwide.29,30 Overall, TBCOVID-19 syndemia has several possible implications including
reactivation of TBL after SARS-CoV-2 infection, TB-COVID-19 coinfection which consequently may lead to aggravation of an existing
active TB condition, may increase the risk of severity of SARS-CoV-2
infection.11,12 Understanding the nature of the interactions between
MTB and SARS-CoV-2 pathogens will be crucial for the development
of therapeutic strategies against coinfection.

Traditional tuberculosis
microRNAs as new tools

diagnosis

and

Currently, more than two billion people worldwide are living
with latent Mycobacterium tuberculosis infection. Early diagnosis is
critical in order to control the spread of the bacteria. Most people with
TB disease have one or more of the following symptoms: weight loss,
lack of appetite, night sweats, fever and fatigue. When the disease
affects the lungs, symptoms of cough lasting more than 3 weeks,
hemoptysis, and chest pain may be included.2 All persons with these
symptoms should be evaluated for TB disease. Traditional diagnostic
tests for TB include the Mantoux tuberculin skin test and blood test
by performing the interferon gamma release assay or IGRA, smear
microscopy evaluation of the patient’s specimen, accompanied by a
physical examination and a chest radiograph. Currently, molecular
tests of nucleic acid amplification and GeneXpert are also used; these
tests have a high degree of sensitivity and confidence.22,23,31
Since 2010, the WHO has recommended the use of Xpert MTB/
RIF for the diagnosis of pulmonary TB and in selected samples for the
diagnosis of extrapulmonary TB.32 The diagnosis of latent TB infection
is made in persons without TB disease.33 The diagnosis of latent TB
infection is made by tuberculin skin test or IGRA assay, however,
neither of these two assays is useful in being able to discriminate
between latent or active TB, nor in being able to predict whether the
patient who has latent TB will develop the active form of the disease.34
In this context, it is imperative to apply versatile solutions and
affordable tools to make a differential diagnosis between tuberculosis
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and different respiratory pathogens, such as SARS-CoV-2 virus, and
to discern between the different stages of tuberculosis disease. One
of the most promising tools for the diagnosis and therapeutic followup of patients is the use of microRNAs as biomarkers of infectious
diseases in blood.35,36 miRNAs are small, non-coding RNAs, typically
18-24 nucleotides in size, that have an important role in regulating
gene expression at the post-transcriptional level and are involved
in shaping immunity by regulating gene expression in immune
cells. To carry out their regulatory activities, miRNAs bind to their
complementary sequence at the 3’untranslated end of the messenger
RNA, targeting it for degradation or inhibiting its translation.37,38
Recent studies have established that the innate immune response
against TB is significantly regulated by miRNAs.39 In this sense, the
analysis of the differential expression of miRNAs in samples from TB
patients is an approach that is being studied to obtain biomarkers that
allow us to discern between a healthy person and a person infected
with latent or active TB, see Table 1.2,35,39 For example, some of the

miRNAs suggested to be used as biomarkers in TB infection and
that have been characterized from patient blood samples are: miR199b-3p, miR-199a-3p, miR-6886-3p, miR-486, miR-29, miR-21,
miR-30 and miR-20 for active TB35,36 and miR-6856-3p for latent
TB infection,36 to mention just a few. In another study, where they
used microarrays and validated the results by qRT-PCR, they found
five miRNAs (miR-424-5p, miR-365a-3p, miR-144-3p, miR-2233p, and miR-451a-5p) with high expression in active TB vs. latent
TB.40 MicroRNAs have several attributes to be considered as potential
biomarker molecules, the first being that the microRNA profile
changes in response to treatment or stimuli.36 Also, they are very
stable molecules in blood, or in extracellular fluids,16,41,42 for example,
tumors send a considerable amount of microRNAs to the blood.43
Several research groups have tried to identify well-defined microRNA
signatures to be used as potential noninvasive biomarkers that could
be analyzed in easily accessible specimens, with special attention to
microRNAs circulating in blood, plasma, or in extracellular vesicles
called exosomes.16,44

Table 1 Summary of miRNAs as biomarkers in TB
Samples

LTBI

Whole Blood

miR-6856-3p

Whole Blood

Whole Blood

miR-183-5p
miR-409-3p
miR-4286
miR-4435
miR-629-5p
miR-99b-5p
piR_019675
miR-21-5p

Serum, plasma and whole blood

Exosome

Plasma

Serum of HIV positive patients

miR-155-5p

158

ATB
miR-199b-3p
miR-199a-3p
miR-6886-3p
miR-486
miR-29
miR21
miR-30
miR-20
let-7a-5p,
miR-196b-5p,
miR-589-5p
SNORD104

LTBI and ATB
miR-16-5p
miR-374c-5p

piR_020490
piR_017936
piR_009059
piR_020548
piR_019912
miR-4286
miR-99b-5p
SNORD104

miR-21-5p
miR-26a-5p
miR-29a-3p
miR-144-3p
miR-146-5p
miR-148b-3p
miR-155-5p
miR-424-5p
miR-484
miR-425
miR-96
hsa-miR-223-3p
has-miR-448
SAMD8_hsa_circRNA994
TWF1_hsa_circRNA9897
hsa-miR-29b-3p
hsa-miR-30c-2-3p
hsa-miR-197-5p
hsa-miR-340-3p
hsa-miR-452-5p
hsa-miR-671-3
hsa-miR-885-5p
hsa-miR-941
hsa-miR-3127-5p
hsa-miR-3605-5p

Ref.

Year

36

2022

35

2022

51

2019

38

2020

52

2019

53

2020

54

2021
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However, so far, despite many publications in the last decade,
miRNA research has not resulted in consistent or validated biomarkers
for the detection of TB or TBL,35 nor for other diseases such as
cancer.38,45-47 The question is, why is there such a wide discrepancy
between the miRNAs found, and to determine this, more sample
analysis and conditions are needed to determine whether or not it will
be possible to translate microRNA biomarkers from the laboratory to
the clinic. In the case of active and latent tuberculosis infection, as
shown in Table 1, the published results have not been able to reach a
consensus on which microRNAs can be used as biomarkers of MTB
infection.35 Another point to consider is that, depending on the origin
of the sample obtained, it is the molecular signature that should be
sought in order to be able to give an accurate result. Although there
is still a long way to go to understand and characterize microRNAs
as biomarkers, their use could be a powerful tool for molecular
diagnosis not only for TB disease, but also for many other diseases
of diverse etiologies.44,48-50 To date, tuberculosis remains one of the
major infectious diseases worldwide and that, with the increase in
the number of cases, the decrease in diagnosis caused by the SARSCoV-2 pandemic, and the increase in multidrug resistance, rapid and
specific diagnostic modalities are required to achieve tuberculosis
control.

Conclusion
Derived from the pandemic, there were serious disruptions in TB
care and services, which have delayed progress toward achieving the
global targets taken at the United Nations High Level Meeting (20182022) on TB treatment and prevention. The point of greatest concern
is to end the TB Epidemic by 2035, however, with the under-diagnosis
of TB cases resulting from the pandemic, it has become clear, that,
if global actions are not resumed, with a holistic approach (social,
personal and health system sector) to TB care, we will not be able to
restore progress towards TB elimination.
On the other hand, several efforts are being made worldwide to
find specific molecules that can be used for the molecular diagnosis
of TB, as well as to generate new treatment alternatives for infected
patients. In this sense, miRNAs have enormous therapeutic potential
for the treatment of tuberculosis, since Mycobacterium tuberculosis
regulates host defenses in order to survive and replicate by altering
various signaling pathways. In recent studies, the role of miRNAs in
the innate and adaptive immune response after MTB infection has
been studied, and it has been reported that miRNAs are involved in the
regulation of many altered cellular pathways in the immune response,
through the regulation of host cell gene expression. However, as
described in the review, there are several limitations associated with
miRNAs as biomarker molecules, and one of these is that miRNAs
are not specific to a single gene or a single disease, in that sense,
autophagy, apoptosis or immune response, are common mechanisms
in different inflammatory diseases, and it is for this reason that the
same miRNAs can be present in different pathologies, and one of the
strongest challenges is to be able to separate or discern tuberculosis
disease from another disease that also presents an inflammatory
picture such as COVID-19 or cancer, based only on the molecular
signatures of microRNAs.
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