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BACKGROUND. The threat of contagious infectious diseases is constantly evolving as demographic explosion, travel
globalization, and changes in human lifestyle increase the risk of spreading pathogens, leading to accelerated changes in
disease landscape. Of particular interest is the aftermath of superimposing viral epidemics (especially SARS-CoV-2) over
long-standing diseases, such as tuberculosis (TB), which remains a significant disease for public health worldwide and
especially in emerging economies.

MATERIALS AND METHODS. The PubMed electronic database was systematically searched for relevant articles linking
TB, influenza, and SARS-CoV viruses and subsequently assessed eligibility according to inclusion criteria. Using a data
mining approach, we also queried the COVID-19 Open Research Dataset (CORD-19). We aimed to answer the following
questions: what can be learned from other coronavirus outbreaks (focusing on TB patients)? Is coinfection (TB and SARS-
CoV-2) more severe? Is there a vaccine for SARS-CoV-2? How does the TB vaccine affect COVID-19?7 How does one diagnosis
affect the other?

RESULTS AND DISCUSSION. Few essential elements about TB and SARS-CoV coinfections were discussed. First, lessons
from past outbreaks (other coronaviruses) and influenza pandemic / seasonal outbreaks have taught the importance of
infection control to avoid the severe impact on TB patients. Second, although challenging due to data scarcity, investigating
the pathological pathways linking TB and SARS-CoV-2 leads to the idea that their coexistence might yield a more severe
clinical evolution. Finally, we addressed the issues of vaccination and diagnostic reliability in the context of coinfection.

CONCLUSIONS. Because viral respiratory infections and TB impede the host’s immune responses, it can be assumed that
their lethal synergism may contribute to more severe clinical evolution. Despite the rapidly growing number of cases, the
data needed to predict the impact of the COVID-19 pandemic on patients with latent TB and TB sequelae still lies ahead.
The trial is registered with NCT04327206, NCT01829490, and NCT04121494.
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KoHdnikT iHTEpeciB: BiACYTHIN

OBI'PYHTYBAHHA. 3arposa KOHTariosHux iHpeKLiiH1X 3aXBOploBaHb NOCTIHO 3pOCTaE, OCKiNbKM AeMorpadiuHmit
BMbYyX, rnobanisauis nopopoxen i 3MiHM cNOCOBY XUTTS NOAUMHU 36iNbLWYIOTh PU3UK MOWMPEHHSA NATOTEHHUX MIiKPO-
OpraHi3MmiB, WO NPM3BOAUTbL A0 NMPUCKOPEHMX 3MiH Y NaHawadTi xBopo6. OcobAMBUIA iHTepeC CTAHOBAATb HACNIAKM
HaKnagaHHA enigemin BipycHux iHdekwuin (ocobnmeo SARS-CoV-2) Ha BaBHO HasfBHI 3aXBOPIOBAHHS, 30KpeMa TybepKy-
nb03 (TB), KM 3aNUWAETHCA 3HAYYLLOK XBOPOHOH ANS CUCTEM OXOPOHM 340POB’'S B YCbOMY CBIiTi, 0COB6MBO B KpaiHax
3 eKOHOMIKOH0, L0 PO3BMBAETHCSA.
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MATEPIAJIN TA METOAMW. B enekTpoHHi1 6a3i naHnx PubMed 6yno npoBeaeHO CMCTEMATUYHMIA NOLWYK BiAMOBIAHWUX
cTaTel 3 iHpopMaLieto, nos’a3aHoto 3 Thb, rpunom i Bipycamu SARS-CoV, 3ro4oM BMKOHYBANacs OuiHKA iX NpUAATHOCTI
3riflHO 3 KpUTEPIAMM BK/OYEHHS. BUKOpMCTOBYOUM NiaXin BUTArY AaHUX, MM Takox 3pobunum 3anuT fo Bigkputoro macusy
naHunx i3 BuByeHHa COVID-19 (CORD-19). Hawa mMeTa nongrana B HafaHHi BiANOBIAEN Ha TaKi 3aMUTaHHA: AKY HAayKy MOXHa
BMHECTU 3i cnanaxiB iHQeKLil, CMPpUYMHEHUX iHLIMMU KOPOHaBipycamu (3 akLEeHTOM Ha xBopux Ha TB)? Yu € koiHdekuis
(TB Ta SARS-CoV-2) Tskuoto? YUn icHye BakumHa npoTtu SARS-CoV-2? fk BakumHa npotu Tb Bnnmeae Ha COVID-19? Sk oanH
[iarHo3 BMJIMBAE Ha iHLLMA?

PE3VY/ILTATU TA iX OBFOBOPEHHA. byno 06roBopeHo Aekinbka BaxkIMBUX acnekTiB, i CTOCYIOTbCS KoiHdeKLii T
Ta SARS-CoV. lNo-nepue, Hayka, BUHECEHA 3 MUHYIMUX CNanaxiB (CNPUYUHEHUX iHWMMU KOPOHaBipycaMm) Ta nNaHaeMmin /
Ce30HHMX Cnanaxis rpuny, NPOAEMOHCTPYBaANA BAXKAMBE 3HAYEHHS iHPEKLIMHOrO KOHTPOJIO AN5 3an06iraHHs ix ceprio3HoOMy
BMNAMBY Ha nauieHTiB i3 Th. [o-apyre, BUBYEHHS NATONOTIYHUX WAAXiB, 9Ki NoB'A3ytoTb Th Ta SARS-CoV-2 (xo4a BOHO SBNSE
coboto cKknafHe 3aBAaHHSA Yepes HecTavy AaHWX), HABOAMUTb HA AYMKY, WO iX CAiBICHYBAHHS MOXE 3yMOBJIOBATU TXUUM
nofanblni KNiHiYHMI nepebir. HapewTi, MW po3rnsiHynu NUTaHHA BaKUMHALIT Ta HALIMHOCTI AiarHOCTUKMU B KOHTEKCTI
KoiHdeKUii.

BUCHOBKMW. Ockinbku BipycHi pecnipaTtopHi iHdekuii Ta Tb npurHivyoTb iMyHHI peakLii opraHiamMy-xassiHa, MOXHa npu-
MYCTUTK, LWLO iX TETANbHUIA CUHEPTi3M MOXE CMPUYUHATU TSXKUYMUIA MOAANBLIMIA KNiHIYHWIA Nnepebir. He3Baxatoumn Ha CTpiMke
3pOCTaHH$ KiNbKOCTi BUNALKIB, AaHi, HeobXiAHI Ans nporHo3yBaHHs BnauBy naHaemii COVID-19 Ha naui€eHTiB i3 naTteHT-
HUM Tb Ta Hacnigku Th, Wwe HanexuTb oTpMMaTH B ManbyTHbOMY. BunpobyBaHHS 3apeecTpoBaHO 3 ifeHTUdikaTopamMu
NCT04327206, NCT01829490 i NCT04121494.

KJ/TIO4YOBI CJI0BA: iHdekUiliHi 3axBoptoBaHHS, Tybepkynbo3, SARS-CoV-2, BakumHa, COVID-19.
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KoHdnukT nHTEpecoB: oTCyTCTBYET

OBOCHOBAHME. Yrpo3a KOHTarmo3HblXx MHPEKLMUOHHbIX 3a00NeBaHNIt NOCTOSHHO BO3pacTaeT, NOCKONbKY
feMorpaduyeckuii B3pbiB, rnobanusaumns nyTewecTBuin U uUsMeHeHns obpasa XM3HM YenoBeka yBENUUYMBAKT pUCK
pacnpocTpaHeHMs NaTOreHHbIX MMKPOOPraHW3MOB, YTO NPUBOAMUT K YCKOPEHHbIM U3MEHEHUSAM B naHalwadTe 6onesHen.
OcobbIft MHTEpEeC NpeaCcTaBAAOT NOCAEACTBUS HANIOXEHUS SNUAEMUIA BUPYCHBIX MHDekuui (B ocobeHHocTn SARS-CoV-2)
Ha [aBHO cylecTBytowme 3aboneBaHus, Takme kak Tybepkynes (Tb), KOTopbIi ocTaeTcs 3HaUMMOW 60Ne3HbI0 ANg CUCTEM
3[,paBOOXPaHEHUS BO BCEM MUPE, 0OCOBEHHO B CTpaHaX C pa3BMBAOLLENACS SKOHOMUKOW.

MATEPUAJIblI U METOADbI. B anekTpoHHOM 6a3e gaHHbix PubMed 6bin npoBeaeH cucTeMaTUyeCKU MOUCK
COOTBETCTBYKOLWMX CTaTen C MHPopMaLmel, cBg3aHHon ¢ TB, rpunnom m Bupycamm SARS-CoV, 3aTem npoussoannach
OLLEHKA MX NPUrOAHOCTU COFNIACHO KPUTEPUAM BKAOUYEHMS. Mcnonb3ys NOAXOA U3BNEYEHUS AaHHbIX, Mbl TaKXe caenanu
3anpoc B OTKpbITbIM MaccMB AaHHbIX No n3ydeHuto COVID-19 (CORD-19). Hawa wenb 3aknto4anacb B NpefoCcTaBieHUMU
OTBETOB Ha CNefytoLiMe BONPOCHI: KaKyo MHPOPMALMIO MOXHO NMOYEpnHYTb U3 BCMbIWeK MHMEKLMI, BbI3BAHHbIX APYTrUMU
KOpOHaBMpycaMMu (C akLeHTOM Ha 6onbHbix TB)? ABnsetcs nu konHdekums (T u SARS-CoV-2) 6onee Tsxenoii? CywectsyeT
v BakumHa npotus SARS-CoV-2?7 Kak BakumHa npotus Tb Banget Ha COVID-197 Kak ofuH fMarHo3 BavseT Ha Apyroi?
PE3VY/IbTATbl U UX OBCYHAEHMUE. bbino 06CyXAEHO HECKObKO BaXHbIX aCMeKTOB, KacarwWmUXcs KOMHpekuuii Tb u
SARS-CoV. Bo-nepBbix, ypoKU, BbIHECEHHbIE M3 MPOLLIbIX BCMbIWEK (BbI3BAHHbIX APYrMMKU KOPOHABUPYCaMM) U NaHAeMuii /
CEe30HHbIX BCMbIWEK rpunna, NpoAeMOHCTPUPOBANU BaXKHOE 3HaYeHUe MHDEKLMOHHOIO KOHTPONS ANS HELONYLIEHUS UX
Cepbe3HOro BAUSAHUSA Ha nauneHToB ¢ Th. Bo-BTOpbIX, M3yyeHue naTtonormyeckux nyteu, cesasbiBatowmx Tb n SARS-CoV-2
(x0Ts OHO M NpencTaBnseT cOH6OW CNIOXKHYI 33434y BBUAY HEXBATKMU AaHHbIX), HABOAWT Ha MbIC/lb, YTO MX COCYLL,ECTBOBAHUE
MoxeT obycnoBnnBaTb 6osiee TaXenoe fafbHelwee KINMHUYECKOe TeyeHne. HakoHeLw, Mbl pacCMOTpenn BOMpPOChl
BaKLUMHALMUM U HAAEXHOCTU AMArHOCTUKMN B KOHTEKCTE KOMHDEKLMN.
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BbIBOAbI. [Tockonbky BUpYCHble pecnupaTtopHble nHpekumMm U Tb yrHeTalT MMMYHHbIE peakLunn OpraHM3mMa-xo3samHa,
MOXHO NPeANoNIOXKUTb, YTO UX NEeTasbHbIM CUHEPTU3M MOXKET CNOCOBCTBOBATb Hosee TaxenoMy fanbHenWeMy KIMHUYECKOMY
TeyeHuto. HecMOTps Ha CTpeMUTENbHbBIN POCT KONMYECTBA Cy4YaeB, AaHHble, HE0OX0AMMble ANS NMPOrHO3MPOBAHUS BAUSHUS
nanaemun COVID-19 Ha naumeHTOB C naTeHTHbIM Th 1 nocnencTeus Th, ele npeacTonT nonyunThb B 6yayliem. McnbitaHue
3apernctpupoBaHo ¢ uaeHtudukatopamu NCT04327206, NCT01829490 n NCT04121494.

KJ/TIOYEBDIE C/ZIOBA: nHdekunoHHble 3aboneBanus, Tybepkynes, SARS-CoV-2, BakuuHa, COVID-19.

Introduction

The global threat of contagious infectious diseases, par-
ticularly tuberculosis (TB), has long concerned authorities
in charge of public health policies. Most data and all pre-
dictions concerning global epidemiology of TB are based on
“real-life” analysis (surveys and national surveillance pro-
grams) conducted by the World Health Organization (WHO)
[1, 2]. The incidence of TB is slowly declining but remains
a significant issue worldwide (ranked as the ninth leading
cause of death worldwide and the leading cause of a single
infectious agent [3, 4]), especially in most middle-income and
emerging-economy countries.

TB remains of great significance for the public health
in Eastern Europe (e.g., Romania), which has the highest TB
incidence in the European Union (EU) (4 times higher than
the average), accounting for a quarter of the TB burden in
the EU [4]. The incidence of TB increased in Romania after
1990, peaking in 2002 (142.2 %), with a downward trend
since then, 54.5/100,000 in 2016, and 54.2 % lower than
in 2002 [4, 5]. A series of factors augmented the severity of
TB endemic in Romania, namely, a large number of severe
forms, cases with multidrug-resistant TB and extensively
drug-resistant TB (XDR-TB), HIV coinfection, and (TB-related)
mortality in children. TB mortality in Romania has followed
the same course as the incidence, with a peak in 2002 and
an elevation of XDR-TB cases between 2012 and 2015, with
a threefold increase [4].

Influenza infection may promote the progression of la-
tent Mycobacterium tuberculosis (MTB) infection to active
TB, alter the clinical presentation of TB, and also possibly
exacerbate pulmonary TB (PTB) [6]. Both influenza and TB
hinder host immune responses. Specifically, influenza can
impair T cell immunity and weaken innate immune responses
against secondary bacterial infections [6, 7].

This deleterious synergism of viral and bacterial infec-
tions increases the risk of influenza-associated mortality,
and patients with PTB may increase the severity of influenza
disease and death due to chronic lung disease and immu-
nosuppression. Epidemiologic data suggest an increased
rate of influenza or severe influenza-associated disease in
patients with TB during influenza pandemics [6, 8, 9] or
during seasonal influenza epidemics [10] compared with
non-TB individuals.

Objectives

Individuals with chronic respiratory infections, including
TB, are first to experience the adverse effects of a pneumo-
tropic pandemic, especially in the healthcare setting [11, 12].
Given that both coronavirus disease 2019 (COVID-19) and TB
become important causes of mortality worldwide [3, 6, 12]
and the TB endemic situation in Romania [4], we sought to
explore the possible outcomes of the inevitable collide
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of the two pandemics. Considering SARS-CoV-2 high trans-

missibility, it is very likely that COVID-19 will be of particular

concern for individuals infected with MTB [13]. Also, coinfec-
tion with MTB is of particular importance as the TB diagnosis
might be missed or shadowed by concern about COVID-19.

Therefore, we aimed to review the available literature in
order to:

(@) predict the impact of COVID-19 pandemic on patients with
latent TB and TB sequelae based on the data available
from the past influenza pandemic and seasonal influenza
outbreaks (considering similar or more severe outcomes
in the current pandemic);

(b) underline possible clinical particularities and diagnostic
errors on these patients;

(c) evaluate possible different therapeutic approaches on TB
patients (latent, sequelae, or active) given that current
COVID-19 treatment may induce mycobacterial prolifer-
ation [14].

Methods

The electronic database of PubMed was systematically
searched for relevant articles from the inception until March
2020. The search terms used were “tuberculosis” or “TB”, and
“flu” or “influenza”, and “SARS” or “SARS-CoV” or “SARS-CoV-1",
and “MERS-CoV”. The search process included article iden-
tification, removing the duplicates, screening titles and ab-
stracts, and assessing eligibility of the selected full texts.
Additionally, reference lists of valid articles were checked
for studies of relevance. Articles were included if they in-
volved data about past TB, SARS-CoV-1, MERS-CoV epidem-
ics, TB-influenza viruses, and TB-SARS-CoV-1 coinfections
or clinical or laboratory research on the immune responses
during coinfections. Journal articles published with full text
or abstracts in English were eligible for inclusion.

In order to identify emerging coinfection particularities
of novel coronavirus SARS-CoV-1, we queried the COVID-
19 Open Research Dataset (CORD-19), the current largest
open dataset available with over 47,000 scholarly articles,
including over 36,000 with full text about COVID-19, SARS-
CoV-2, and other coronaviruses. The CORD-19 dataset is
available at https://pages.semanticscholar.org/coronavirus-
research. Given the large quantity of textual data in CORD-
19, we applied a data mining approach to answer a few
questions: (1) What can one learn from other coronaviruses
epidemics (with a focus on TB patients)? (2) Is coinfection
(TB and SARS-CoV-2) more severe? (3) Is there a vaccine for
SARS-CoV-2? How does the TB vaccine influence COVID-19?
(4) How does one condition influence the diagnosis of the
other one?

Articles were exported from CORD-19 and merged locally
for further processing. Articles of interest were retrieved by
administering the query “COVID” or “COVID-19” or “2019-nCoV”
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or “SARS-CoV-2” or “novel coronavirus” or “tuberculosis”
or “Mycobacterium tuberculosis” or “flu” or “influenza” or “coin-
fection” or “vaccine” or “immunization”. Data mining was
further applied to select only articles that met our topics of
interest about coinfections between particular pathogens
stated earlier and COVID-19 developing vaccines. The study
selection process and number of papers identified in each
phase are illustrated in the flowchart (fig. 1).

Discussions

What Can One Learn from Other Past Epidemics/Pandemics?
For a better understanding of managing a novel coronavirus
pandemic, one needs to understand the experience. Since
the first discovery of coronaviruses in 1960, there have been
described three human coronaviruses known to cause fatal
respiratory diseases:

(a) the severe acute respiratory syndrome (SARS) coro-
navirus (SARS-CoV, now known as SARS-CoV-1) that led to a
global epidemic in 2002 [13];

(b) the Middle-East respiratory syndrome coronavirus
(MERS-CoV) which was discovered in 2012 and still affects
people from 27 countries [15];

(c) most recently, the novel coronavirus (SARS-CoV-2),
whose outbreak led to an ongoing pandemic with thousands
of new cases being confirmed each day and a growing num-
ber of reported deaths worldwide [13] (fig. 2).

It has to be added that while SARS-CoV-1 was associated
in 37 countries with 8096 cases and 774 deaths during the
entire 9 months of the epidemic [13] and MERS with only
2494 cases and 858 deaths in 27 countries [13], SARS-CoV-2
spread (and still spreading) in 208 countries with 1,009,625
confirmed COVID-19 cases and 51,737 confirmed deaths (as
of the 3rd of April 2020) in only 3 months since the first de-
clared case of COVID-19 pneumonia [16].

Its high transmissibility rate reminds of the 1918-1919
influenza pandemic when it has been estimated that al-
most a third of the world’s population is affected with a
mortality rate of 2.5 % [9]. Other significant differences

applying data mining on CORD-19 dataset

442 papers identified through PubMed database search + 19 papers resulted from

22 duplicates removed

\d

420 possibly relevant papers

(18 from PubMed search + 4 from CORD-19 queries)

336 irrelevant papers

\4

(334 from PubMed search + 2 from CORD-19 queries)

84 papers relevant to research topic included

(71 from PubMed search + 13 from CORD-19 results)

Fig. 1. Study selection process and number of papers included
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Fig. 2. Known and possible interactions between MTB and coronaviruses
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between influenza pandemics and current novel corona-
virus pandemic can be found. One of the most notable is
that death was less frequent amidst healthcare workers in
influenza pandemics as it was the case in SARS, MERS, and
now COVID-19 pandemic [17]. Despite this, other similarities
still exist between SARS-CoV-2 and influenza as the striking
resemblance of pathological features documented in COVID-
19 associated acute respiratory distress syndrome (ARDS)
and H7N9-induced ARDS [18]. Also, it has been suggested
that influenza viruses, as well as SARS-CoV-2, significantly
upregulate angiotensin-converting enzyme 2 (ACE2) recep-
tors. This upregulation facilitates novel coronavirus entrance
into the host cell and makes patients infected by influenza
more susceptible to SARS-CoV-2.

Some studies have shown that, in a patient with TB,
induction of type | interferons (IFN) determined by influ-
enza infection could be detrimental [11], impeding the im-
mune-competent host’s ability to limit bacterial replication.
Thus it promotes the infection [19] and precipitates TB mor-
tality rate (pneumonia and influenza death rates among
the age group most affected by TB exceeded in 1918 the
TB mortality rate noted before and after the pandemic)
[9]. Higher TB death rates were noted in winter months
(coinciding with seasonal influenza outbreaks), which led to
the suggestion of PTB being an independent risk factor for
influenza-associated mortality [10]. In contrast, few studies
suggested no association between influenza coinfection and
PTB’s progression or severity [20, 21]. One murine model
demonstrated that although influenza infection increased
the IFN-c secretion, it had little effect on bacterial load in
chronically infected mice with BCG [21]. Half of the analytical
studies included in a recent systematic review showed no
evidence on influenza affecting PTB presentation or its out-
comes or, conversely, PTB affecting influenza presentation
and outcomes [6]. Nevertheless, the magnitude of TB burden
in a given setting might be an essential factor that should
be considered in any study regarding PTB because its results
might be biased [6].

During the 2002-2003 SARS-CoV-1 epidemic, it was
highlighted that to contain the epidemic, the correct man-
agement of symptomatic patients (within and outside the
hospital) was critical [22]. The secondary transmission
within Vancouver (Canada) was stopped due to the cor-
rect management of several imported cases, as opposed
to other places (e. g., Toronto, Canada, or Taipei, Taiwan)
where the incorrect management conducted to spread
further and hospital clusters [22, 23]. Also, inappropriate
implementation of infection control strategies in Singapore
led to massive healthcare personnel infection (half of the
SARS cases were among healthcare workers) and several
superspreading events [23].

TB in SARS patients has been reported in several
studies from TB endemic countries such as Singapore,
China, or Taiwan [24, 25], all with known TB patients
that acquired SARS and in individuals that developed TB
after recovery from SARS [25]. The transient immuno-
suppression characterized both conditions [26], a reason
for poorer IgG antibody response and a delayed viral
clearance in coinfected SARS patients [24]. Also, the use
of corticoid therapy in SARS added even more on immu-
nosuppression [24].

INFUSION & CHEMOTHERAPY

During an epidemic, many measures are taken (espe-
cially in hospitals) to limit the transmission of the disease to
naive patients. However, overcrowding hospitals are prone
to mistakes. Known-TB patients from China supposedly ac-
quired SARS due to exposure to SARS patients from the
same hospital wards. Hence, coinfection could have been
avoided [24]. Even though most of them recovered without
complications, SARS coinfection on TB cases led to signifi-
cantly lower mean CD4+ and CD8+ T cells and undetectable
or unusually low antibody levels after SARS recovery [24].
Also, the viral excretion was 2 times longer in sputum and
5 times longer in stools for TB + SARS patients compared
to SARS patients without TB, which translates into a higher
potential to spread the virus [24].

When dealing with a possible SARS patient from an en-
demic TB region, one should never forget TB as a coexisting
pathology. In April 2003, a SARS-related hospital screening
from Taipei (Taiwan) resulted in discovering 60 TB cases
among healthcare workers [27]. Moreover, during the SARS-
CoV-1 epidemic from Singapore, SARS cases were reported
developing active PTB short after recovering from SARS [25],
data compatible with previous studies on mice regarding the
suppression of cellular immunity after a viral infection [11].
There is also data on MERS-CoV augmenting TB by the added
immunosuppression and reinforcing the need to evaluate a
suspected patient [28].

Key Points

(1) Influenza pandemic / seasonal outbreaks and other coro-
naviruses epidemics might have a negative impact on TB
patients.

(2) Transmission prevention was crucial for containing the
epidemics.

(3) In order to decrease the opportunity of SARS-CoV-2
spreading among TB cases, hospital treatment for TB
patients should be limited to severe cases.

Is Coinfection More Severe? Pathological Pathways Linking
TB and SARS-CoV-2. Although the pathophysiology of SARS-
CoV-2 is not fully understood, it seems most likely similar to
the one of SARS-CoV-1. Substantial evidence suggests that
SARS-CoV-2 infection could initiate an aggressive inflamma-
tion by increasing cytokines secretion such as interleukin-1§
(IL-1B), interferon-c (IFN-c), tumor necrosis factor-a. (TNF-a),
interleukin-2 (IL-2), interleukin-4 (IL-4), and interleukin-10
(IL-10), their plasma levels being associated with disease
severity, leading to a so-called “cytokine storm,” thus
explaining some young adults’ disease severity [29].

Immune system hyperreaction was also described in the
1918-1919 influenza pandemic, which was the first known
pandemic to report an excess risk of death among individuals
25-35 years old [9]. Although cytokines storms seem to be
induced by both SARS-CoV-2 and influenza, given the early
stage in our understanding regarding SARS-CoV-2 infection,
to conclude that the immunomodulatory or immune suppres-
sive effects of these two viruses are highly similar might be
premature, few studies proved that influenza aggravated the
pulmonary status of individuals with TB so that latent TB
could become active, a closed cavity might open, and various
lesions might progress, leading to further deterioration of
pulmonary function [9]. In this regard, a mouse coronavirus
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model demonstrated the ability to reactivate dormant MTB
from CD271 + mesenchymal stem cells through the altruistic
stem cell-based defense mechanism, predicting a potential
increase of TB in SARS-CoV-2 era. Additionally, in a cohort
of 49 patients with active TB and COVID-19, the diagnosis of
COVID-19 preceded or was simultaneous (within 7 days) with
TB in 23 patients, raising the suspicion that SARS-CoV-2 in-
fection might boost the development of active TB. However,
this remains purely speculative as individuals with latent TB
infection were not followed up over time [30].

Cytokines have an essential role in host resistance to
TB infection, being first demonstrated in murine infection
models [19] and later validated by severe mycobacterial
disease findings in patients with mutations in the IFN-c and
IL-12 signaling pathways and rheumatoid arthritis or Crohn’s
disease patients treated with TNF-a blockade [19, 31].

Since the SARS-CoV-2 is a newly discovered pathogen
(first infection being reported in December 2019) [29], lit-
tle data about the coinfection with MTB could be found
(especially considering the long incubation period of MTB
from exposure to developing the disease, often with a slow
onset) [32, 33]. Still, the existent studies showed that TB
status might play a role in the development of severe acute
respiratory syndrome in SARS-CoV-2 coinfection, considering
the cases described in China and India [34]. A recent me-
ta-analysis [35] concluded that patients with TB are not more
likely to get COVID-19, but TB is associated with a 2.1-fold
increased risk of severe COVID-19 disease, although the sta-
tistical difference was not significant. Moreover, no increased
risk for mortality in coincident COVID-19 and TB was found.
However, this study included a small number of TB patients
infected with SARS-CoV-2, and the publication bias was not
rigorously assessed. Thus, the findings should be interpreted
with caution. Similarly, in a cohort of 69 patients, in all cases,
COVID-19 contributed to worsen the prognosis of TB patients
and/or cause death, although TB was not a significant deter-
minant of mortality [36].

On the contrary, 20 patients with TB and COVID-19 had
a rather benign clinical course of the coinfection, with only
one patient that died. TB lesions at chest X-ray were not
aggravated, and only four patients had signs of newly de-
veloped pneumonia [37].

One should keep in mind that the existence of under-
lying conditions, autoimmune diseases, poor hygiene, and
overcrowding is all known as risk factors for developing one,
another, or both diseases [29, 32]. In a paper developing a
model of pathogen dissemination in the outpatient clinic, it
was suggested that populations with a high risk of contract-
ing influenza or SARS might also have a higher prevalence
of MTB [38]. It is no coincidence that the regions with the
highest TB burden, as reported by the World Health Orga-
nization, were predicted to be hardest hit by the social and
economic consequences of COVID-19 [39].

Another serious problem posed by the COVID-19 pan-
demic is the treatment continuity of TB patients. The na-
ture of the disease, with extended treatment regimens and
poor outcomes with drug resistance resulting from therapy
discontinuation, are significant problems even in regular
times, all the more in a pandemic context with numerous
and stringent isolation measures [40]. This shifts the directly
observed therapy to self-administered therapy, for which
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digital-health technologies such as electronic medication
monitors and video-supported therapy were recommended
to ensure adherence to treatments [41]. Discontinuation risks
and other challenges faced by the TB clinical trials in the
face of COVID-19 have been discussed, sounding the alarm
around these threats [42].

Key Points

(1) Cytokines seem to play an essential role in both COVID-19
and TB, their plasma level being associated with disease’s
severity.

(2) Immune system hyperreaction could explain a more un-
fortunate outcome in people 25-35 years old.

(3) Although there is limited data on MTB and COVID-19 coin-
fection, one could reasonably presume that their coexis-
tence might have a more severe evolution for the patient.

(Proven or Presumed) Clinical and Paraclinical Impacts of Vac-
cination. One of the most effective ways to prevent diseases
caused by pathogens, like bacteria or viruses, proved to be
vaccination [43]. Since the first discovery of SARS, extensive
research was done to find a vaccine to prevent the disease [44].
Different vaccine types were tested: inactivated or live-attenu-
ated virus, DNA-based vaccines, recombinant proteins, virus-like
particles, and viral vectors with some promising efficiency, but
with neither being finally approved for use [44, 45]. Recent data
suggest that the SARS-CoV-2 genome is up to 80 % similar
to SARS-CoV-1 and up to 50 % similar to MERS-CoV [46], so
previous studies on protective immune responses SARS-CoV-1
or MERS-CoV may aid vaccine development for SARS-CoV-2
[47]. Considering that there is no approved vaccine neither for
SARS-CoV-1 nor for MERS-CoV, other options are considered,
such as the vaccine used for TB prevention [48].

Since 1921 a vaccine is used widely for TB prevention,
a live-attenuated strain of the bovine tubercle bacillus named
bacillus Calmette - Guerin (BCG) [49, 50]. In 1927, it was ob-
served that BCG-vaccinated newborns had a 3 times lower
mortality rate in their first year of life than the unvaccinated
ones [51]. Later was noted a decrease in infectious morbidities,
protecting both mice (against secondary fungal or parasitic in-
fections with Candida albicans or Schistosoma mansoni through
tissue macrophages activation) [49] and infants (against acute
lower respiratory infections). Thus, the risk of acute lower respi-
ratory infections in BCG-vaccinated infants seemed to be 37 %
lower than in unvaccinated controls among children <5 years
old [49, 52]. However, there seem to be no proven data regard-
ing the duration of these beneficial effects [53], and there is
data suggesting that subsequent administration of different
vaccines was associated with altering the nonspecific immunity
[54], so one might safely presume that the chance of a BCG
vaccine received decades ago in childhood could influence the
course of one pandemic in adulthood which would be low.

Although one might argue that the lack of widespread
BCG vaccination in the United States may be influencing
the course of their pandemic compared to countries with
broad spread vaccination, one should also keep in mind that
the United States delayed the implementation of infection
control strategies (that could avoid superspreading events).
There still is a reluctance of face masks wearing when out
in public, a measure that has been proven to slow and stop
the spread of the virus [55].
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There is data suggesting that BCG vaccination of adults
could increase the capacity of producing proinflammatory
cytokines such as IL-1 and IL-6, which leads to nonspecific
protection against unrelated pathogens like Staphylococcus
aureus or Candida albicans [56].

Considering these facts, the BCG vaccine is contemplated
as a potential candidate against respiratory viruses [48].
Moreover, Muldron Children’s Research Institute from Austra-
lia already announced a phase Il randomized controlled trial,
which will determine if healthcare workers’ BCG vaccination
will have any impact on SARS-CoV-2 infection (BCG Vaccina-
tion to Protect Healthcare Workers against COVID-19, BRACE,
NCT04327206). However, more time is needed to establish
its supposed efficiency.

Given the high TB burden, especially in emerging econ-
omies and the high global threat of SARS-CoV-2, a vaccine
that may be beneficial in combating TB and COVID-19 would
be of high interest.

Adenoviral vectors have previously been used to improve
immunogenicity with excellent results in the enhancement
of both humoral and cellular immunity [57]. ChAdOx1 85A
has been contemplated as a TB vaccine first in healthy vac-
cinated BCG adults (Phase | Trial to Evaluate the Safety and
Immunogenicity of a ChAdOx1 85A Vaccination with and
without MVAS85A Boost in Healthy BCG Vaccinated Adults,
NCT01829490) and most recently with an ongoing trial
in healthy adults with or without prior BCG vaccination
(A Phase | Clinical Trial to Compare the Safety and Immuno-
genicity of Candidate TB Vaccine ChAdOx1 85A Administered
by the Aerosol Inhaled Route and the Intramuscular Route in
Healthy Adult Subjects, NCT04121494).

The University of Oxford appears to be repurposing this
viral-based TB vaccine for use against SARS-CoV-2 by chang-
ing the immunogenetic antigen expressed. ChAdOx1 nCoV-19
(more recently known as AZD1222) is a replication-deficient
simian adenoviral vector expressing the full-length
SARS-CoV-2 spike (S) protein. In rhesus macaques,
ChAdOx1 nCoV-19 induced both humoral and cellular im-
mune responses after one single dose. In humans, the pre-
liminary results demonstrated an acceptable safety profile
and spike-specific T cell responses as early as day 7, peaking
on day 14, and maintained up to day 56 [57]. The neutrali-
zing antibody responses were observed in up to 91 % of the
cases after one single dose and up to 100 % after a booster
dose [19]. 10,560 healthy UK volunteers are expected to
be enrolled in a phase II/1ll clinical trial that already begun
and they will undergo follow-up for one-year after enroll-
ment (A Phase 2/3 Study to Determine the Efficacy, Safety,
and Immunogenicity of the Candidate Coronavirus Disease
(COVID-19) Vaccine ChAdOx1 nCoV-19, NCT04327206).

It is noted that SARS-CoV-2 envelope spike (S) protein has
a decisive role for determining host tropism and transmission
capacity [46] and T cell epitopes-based peptide derived from
S proteins that map to SARS-CoV-2 proteins [47] and subunit
vaccines based on S protein are also considered for preven-
ting SARS-CoV-2 infection [47, 58, 59].

Novel methods are emerging such as reverse vaccino-
logy that refers to the process of constructing vaccines by
detecting viral antigens through genomic analysis using bio-
informatics tools. Reverse vaccinology has successfully been
applied to fight against the Zika virus or Chikungunya virus.
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One study proposed reverse vaccinology and immunoinfor-
matics methods to design potential subunit vaccines against
SARS-CoV-2 using the highly antigenic viral proteins and
epitopes. Suggested vaccine constructs appeared to confer
good immunogenic response through various computational
studies. Three vaccine constructs were designed, and the
best one was selected through molecular docking study.
Another study proposes a specific synthetic vaccine epitope
and peptidomimetic agent, identified through bioinformatics
methods [60].

Currently, there are 15 potential vaccine candidates for
SARS-CoV-2 in the pipeline globally developed using various
technologies (messenger RNA, synthetic DNA, synthetic, and
modified virus-like particles) [61, 62].

Key Points

(1) SARS-CoV-2 genome is up to 80 % similar to SARS-CoV-1
and 50 % similar to MERS-CoV.

(2) No SARS vaccine was approved for clinical use (in 18 years
of research).

(3) Ongoing trials on the SARS-CoV-2 vaccine are on the high-
est interest.

Diagnostic Errors in the Context of COVID-19 and TB
Coexistence (or How Does One Condition Influence the Diag-
nosis of the Other?). TB and COVID-19 are mainly respira-
tory diseases that primarily affect the lungs; however, the
onset of TB is often slow compared to COVID-19, which
seems to develop in a few days from exposure [4, 22].
Given the clinical and imagistic similarities such as cough,
fever, or shortness of breath and various radiological pul-
monary lesions [4, 22], accurate diagnostic tests should
be made available to avoid overlooking one condition in
favor of the other one.

Tuberculin skin test (TST) and with a greater sensibility
and specificity, the interferon-gamma release assays (IGRA)
are widely used for TB screening [63]. Given their results are
influenced by the host’s immune response after MTB (or BCG)
exposure [64], there is a gap for diagnostic errors in individ-
uals with an impaired immune system, such as in a concur-
rent severe infection [65, 66]. Increased age, low peripheral
lymphocyte count, high body mass index, and immunosup-
pressive therapies were also associated with false-negative
results [66] that could lead to missing TB diagnose. Moreover,
an excess of inflammatory markers could affect IGRA sensi-
tivity, and the high value of C-reactive protein (CRP) might
be a confounder for false-negative results [67].

It has been observed that high CRP and low peripheral
lymphocyte counts could occur within a few days of expo-
sure to SARS-CoV-2 [68]. Therefore, this observation may
lead to the possibility that a patient with latent TB or TB
sequel may have a false-negative IGRA.

As SARS-CoV-2 has not been identified for a few
months in humans, there is no specific treatment [13].
Given the growing number of reported cases, suspected
patients must be diagnosed as quickly as possible to iso-
late and limit further transmission [13]. Conventional
methods such as assays for detecting viral antigens or
antiviral antibodies and newer methods of diagnosis as
multiplex nucleic acid amplification have been developed
and used clinically [13].
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With the urge of identifying the radiological features
of SARS-CoV-2 infection, with the community transmission
present in most countries, and with its nonspecific clinical
onset (fever, dry cough, dyspnoea and radiological findings
of bilateral infiltrates, and even pleural effusion and cavita-
tion) [69], doctors may either be facing a steep differential
diagnostic or not consider TB at all.

Considering the sudden onset of the SARS-CoV-2 pan-
demic, countries struggled to quickly find a possible treat-
ment to prevent respiratory failures and deaths, especially
among patients with respiratory comorbidities. Also, since its
fatal dynamics, there is no time to carry out new drug devel-
opment in the traditional manner. Therefore, screening for
already available drugs (for any activity against SARS-CoV-2)
[13] is usually preferred in the first instance. It seems that an
antiviral used for HIV infection, composed of two protease
inhibitors (lopinavir and ritonavir), would have a therapeutic
effect on coronavirus infections. It seems to have entered as
a recommendation in the treatment of the COVID-19 in a
short time [13]. Other compounds, such as redexivir, favivir,
ribavirin, nitrazine, and chloroquine/hydroxychloroquine,
are evaluated [13, 68]. Chloroquine and hydroxychloroquine
have been shown to shorten the duration of SARS-CoV-2
viremia by reducing the viral load [68]. However, hydroxy-
chloroquine has also been associated with a higher risk of

nontuberculous mycobacterial (NTM) infection in rheumatoid
arthritis patients [14].

Key Points

(1) Coinfection of TB and SARS-CoV-2 may be challenging to
diagnose.

(2) SARS-CoV-2 infection may mask the clinical and radiolo-
gical active TB.

(3) Patients receiving the proposed treatment for COVID-19
may be at risk for the infection with NTM.

Conclusions

Because viral respiratory infections and TB impede the
host’s immune responses, their lethal synergism can be
assumed to contribute to more severe clinical evolution.
Coinfection most likely affects both sides of these patients:
rapid development of severe acute respiratory syndrome
through cytokine-mediated immune response and increased
risk of TB reactivation. As a lesson from previous outbreaks,
hospital treatment for patients with TB should be limited
to severe cases, to prevent the spread of SARS-CoV-2 in TB
cases. Despite the rapidly increasing number of cases, the
data needed to predict the impact of the COVID-19 pandemic
on patients with latent TB and TB sequelae and to guide
management in this particular context still lies ahead.
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