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Objectives: Latent Tuberculosis infection (LTBI) is postulated to modulate immune responses and alter 

disease severity in SARS-CoV-2 co-infection. However, no data exist on the effect of LTBI on the immune 

responses in SARS-CoV-2 co-infected individuals. 

Methods: We examined the SARS-CoV-2 specific antibody responses, plasma cytokines, chemokines, acute 

phase proteins and growth factor levels in LTBI positive and negative individuals with SARS-CoV-2 infec- 

tion. 

Results: Our results demonstrated that individuals with LTBI (LTBI + ) and seropositive for SARS-CoV-2 

infection were associated with elevated SARS-CoV-2 specific IgM, IgG and IgA antibodies, as well as en- 

hanced neutralization activity compared to those negative for LTBI (LTBI-) individuals. Our results also 

demonstrate that LTBI + individuals exhibited significantly higher plasma levels of IFN γ , IL-2, TNF α, IL- 

1 α, IL-1 β , IL-6, IL-12, IL-15, IL-17, IL-3, GM-CSF, IL-10, IL-25, IL-33, CCL3 and CXCL10 compared to LTBI- 

individuals. Finally, our results show that LTBI + individuals exhibit significantly higher levels of C-reactive 

protein, alpha-2 macroglobulin, VEGF and TGF α compared to LTBI- individuals. 

Conclusions: Thus, our data clearly demonstrates that LTBI + individuals seropositive for SARS-CoV-2 in- 

fection exhibit heightened levels of humoral, cytokine and acute phase responses compared to LTBI- indi- 

viduals. Thus, LTBI is associated with modulation of antibody and cytokine responses as well as systemic 

inflammation in individuals seropositive for SARS-CoV-2 infection. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of The British Infection Association. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Latent Tuberculosis infection (LTBI) is known to infect about 

 quarter of the world’s population, while SARS-CoV-2 has thus 

ar infected over 130 million people worldwide. 1 , 2 Although both 

TBI and SARS-CoV-2 are co-prevalent in many parts of the world, 

here is a paucity of information about the effect of co-infection 

n the host immune responses. Tuberculosis (TB) has been postu- 

ated to play a role in the development of SARS-CoV-2 infection 

nd exacerbation of COVID-19 disease in small studies conducted 
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n China and India. 3 It has been shown that COVID-19 can oc- 

ur before, after or simultaneously with the diagnosis of TB and 

hat mortality is likely to be increased in elderly individuals with 

hese co-infections. 4 A recent study showed that indeterminate re- 

ult in Interferon Gamma Release Assays was associated with se- 

ere lymphocytopenia in COVID-19 patients. 5 In addition, LTBI was 

ot shown to affect the ability to in vitro respond to SARS-CoV-2. 6 

arious papers have suggested that in areas of high LTBI preva- 

ence, the profound lymphopenia induced by SARS-CoV-2 and use 

f steroids as a treatment for COVID-19 could (a) predispose pa- 

ients to TB reactivation as a consequence of a transient suppres- 

ion of cellular immunity and/or (b) increase the risk of progres- 

ive primary TB infection. 7–11 
n Association. This is an open access article under the CC BY-NC-ND license 
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The pathogenesis of COVID-19 is driven by immune responses, 

xcessive inflammation and increased coagulation. 12–14 COVID-19 

an manifest as an asymptomatic, mild, moderate or severe dis- 

ase. 15 , 16 Both LTBI and asymptomatic SARS-CoV-2 infections are 

ssociated with enhanced cytokine, chemokine, acute phase pro- 

ein and growth factor responses. 17 Moreover, antibody responses 

o the spike protein of SARS-CoV-2 and enhanced neutralizing an- 

ibody responses are integral hallmarks of SARS-CoV-2 infection. 18 

herefore, to elucidate the interaction between LTBI and seropos- 

tive SARS-CoV-2 infection, we examined binding and neutralizing 

ntibody responses to SARS-CoV-2 as well as the systemic levels of 

ytokines, chemokines, acute phase proteins and growth factors in 

eropositive SARS-CoV-2 individuals with or without LTBI. 

aterial and methods 

tudy population 

Consenting individuals with age range among 60 - 80 years of 

ge, living in hotspots for SARS-CoV-2 infection in Chennai, India 

ere recruited between July 2020 and September 2020. Those who 

ere diagnosed with tuberculosis (TB) in the previous 6-months 

r were currently on anti-TB treatment were not included in the 

tudy. The study participants were negative for HIV or malignancy. 

ARS-CoV-2 seropositivity and prior infection was diagnosed by 

gG positivity for spike protein. All the seropositive individuals 

ere asymptomatic and did not report any signs or symptoms of 

OVID-19 and did not seek any treatment. LTBI was determined 

n the basis of positivity for QuantiFERON TB Gold in tube (QGIT) 

est, with no symptoms or signs suggestive of active TB. Individuals 

ith SARS-CoV-2 acute infection (as determined by RT-PCR) were 

xcluded from the study. Individuals with no history of previous 

B and normal chest radiographs were included. QGIT was done 

ased on the manufacturer’s recommendations (Qiagen). The study 

roups are defined as those who are positive for both SARS-CoV-2 

nd LTBI (hereafter LTBI + ) and those who are SARS-CoV-2 positive 

ut negative for LTBI (hereafter as LTBI-). 

easurement of SARS-CoV-2 IgA, IgM and IgG 

The SARS-CoV-2 serology was measured by an iFLASH 1800 

hemiluminescent immunoassay from Shenzhen YHLO Biotech 

hich measures IgM and IgG assays against both SARS-CoV-2 S- 

nd N -proteins. The tests were performed following the manu- 

acturer’s protocol (Shenzhen YHLO Biotech Co., Ltd.) The results 

ere determined by chemiluminescent reaction as relative light 

nits (RLUs). IgM and IgG concentrations were obtained using the 

Flash 1800 assay, and ≥ 10 AU/ml were defined as positive and 

 10.00 AU/mL was considered as non-reactive. Nucleocapsid spe- 

ific IgA levels were detected using COVID-19 Human IgA ELISA kit 

RayBiotech) based on the manufacturer’s protocol. The assay was 

alidated by the positive control mean optical density (PC:OD450) 

reater than 0.5 and negative control mean less than 0.3. 

easurement of circulating neutralizing antibodies 

Plasma samples were used to measure the circulating neutral- 

zing antibodies levels using SARS-CoV-2 Surrogate Virus Neutral- 

zation Test Kit according to manufacturer’s (GenScript) instruc- 

ions. The cut-off value for SARS-CoV-2 neutralizing antibody de- 

ection, according to the manufacturer, the SARS-CoV-2 Surrogate 

irus Neutralization more than or equal to 30% was considered as 

ositive and < 30% was considered as non-reactive. 19 
340 
ultiplex assays 

Systemic plasma levels of acute phase proteins, cytokines and 

hemokines were estimated using Luminex Magpix Multiplex As- 

ay system (Bio-Rad, Hercules, CA). Milliplex MAP Human CVD 

anel Acute Phase magnetic bead panel was used to measure 

he acute phase proteins and Luminex Human Magnetic Assay 

it 45 Plex (R & D systems) was used to measure the cytokines 

nd chemokine levels. The minimum detection levels for acute 

hase proteins was as follows: alpha-2 macroglobulin ( α−2-M), 

.49 ng/mL; C-reactive protein (CRP), 0.05 ng/mL; haptoglobin, 

.06 ng/mL; and Serum Amyloid A-1 (SAA-1) 0.06 ng/mL; The low- 

st detection limits for cytokines were as follows: IFN γ , 5.7 pg/mL; 

L-2, 3.6 pg/mL; TNF α, 12.4 pg/mL; IL-1 α, 10.6 pg/mL; IL-1 β , 3.5 

g/mL; IFN α, 3.9 pg/mL; IFN β 3.25 pg/mL; IL-6, 9.0 pg/mL; IL-12, 

8.5 pg/mL; IL-15, 2.5 pg/mL; IL-17, 9 pg/mL; IL-3, 17 pg/mL; IL-7, 

.5 pg/mL; G-CSF, 8.4 pg/mL; GM-CSF, 18.4 pg/mL; IL-4, 1.1 pg/mL; 

L-5, 6.2 pg/mL; IL-13, 31.8 pg/mL; IL-10, 32.2 pg/mL; IL-25, 18.4 

g/mL; IL-33, 13.8 pg/mL; IL-1Ra, 11.7 pg/mL. The lowest detection 

imits for chemokines were as follows: CCL2, 5.9 pg/mL; CCL3, 5.1 

g/mL; CCL4, 103.8 pg/mL; CCL5, 297 pg/mL; CCL11, 21.6 pg/mL; 

CL19, 3.9 pg/mL; CCL20, 2.4 pg/mL; CXCL1, 19.1 pg/mL; CXCL2, 

1.1 pg/mL; CXCL8, 1.4 pg/mL; CXCL10, 2.6 pg/mL and CX3CL1, 188 

g/mL. The lowest detection limits for growth factors was as fol- 

ows: VEGF, 5.9 pg/mL; EGF, 8.6 pg/mL; FGF-2, 8.7 pg/mL; PDGF- 

A, 5.2 pg/mL; PDGF-BB, 7.31 pg/mL; TGF α, 8.6 pg/mL; Flt-3 L, 22.9 

g/mL; Granzyme B (GZB), 4.9 pg/mL; PDL-1, 69.3 pg/mL; TRAIL, 

2.5 pg/mL. 

tatistical analyze 

We used the linear regression curve fit model for the consider- 

tion of the values below or above the detection limit and further 

e normalized the data by performing the normality test prior 

o statistical analysis. Central tendency were measured using Ge- 

metric means. Nonparametric Mann-Whitney U test was used to 

ompare the LTBI + versus LTBI- to identify the statistical signif- 

cant differences. Multiple comparisons were corrected using the 

olm’s correction. Data analyses were done using GraphPad PRISM 

ersion 9 (GraphPad Software, Inc., San Diego, CA, USA). Principle 

omponent Analysis (PCA) was applied to distinguishing possibly 

ignificant trends of cytokines, chemokines, acute phase proteins 

nd growth factors, which are dependable for any of the cluster- 

ng/separation between LTBI + versus LTBI- groups. JMP14 software 

as used to plot Principle Component Analysis (PCA). 

thics statement 

The study was approved by the Ethics Committees of NIRT 

NIRT-INo:2020010). Informed written consent was received from 

ll study individuals. The study is part of the clinical study enti- 

led, Study to evaluate the effectiveness of the BCG vaccine in re- 

ucing morbidity and mortality in elderly individuals in COVID-19 

otspots in India (NCT04475302). 

esults 

tudy population characteristics 

The study population demographics and clinical characteristics 

re shown in Table I. There was no significant difference in age or 

ex or clinical characteristics between the study groups. 
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Fig. 1. LTBI with seropositive SARS-CoV-2 infection is associated with heightened levels of IgA, IgM, IgG and neutralizing antibodies The plasma levels of SARS-CoV-2 spike 

protein specific IgM and IgG, N protein specific IgA and neutralizing antibodies were measured in LTBI + ( n = 61) and LTBI- ( n = 72) individuals. The data are represented 

as scatter plots with each circle representing a single individual. p values were calculated using the non-parametric Mann Whitney U test and with Holms correction for 

multiple comparisons. 

Fig. 2. LTBI with seropositive SARS-CoV-2 infection is associated with heightened systemic levels of pro and anti-inflammatory cytokines (A) The plasma levels of Type 1 

cytokines, IL-1 family and IFN α and β cytokines were measured in LTBI + ( n = 61) and LTBI- ( n = 72) individuals with seropositive SARS-CoV-2 infection. (B) The plasma 

levels of inflammatory cytokines, IL-17 cytokines were measured in LTBI + ( n = 61) and LTBI- ( n = 72) individuals seropositive SARS-CoV-2 infection. (C) The plasma levels 

of Type 2 cytokines, and other anti-inflammatory cytokines were measured in LTBI + ( n = 61) and LTBI- ( n = 72) individuals seropositive SARS-CoV-2 infection. The data 

are represented as scatter plots with each circle representing a single individual. P values were calculated using the non-parametric Mann Whitney U test and with Holms 

correction for multiple comparisons. 

341 
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Fig. 3. LTBI with seropositive SARS-CoV-2 infection is associated with heightened systemic levels of CCL3 and CXCL10 chemokines (A) The plasma levels of CC chemokines 

were measured in LTBI + ( n = 61) and LTBI- ( n = 72) individuals seropositive SARS-CoV-2 infection. (B) The plasma levels of CXC chemokines were measured in LTBI + 

( n = 61) and LTBI- ( n = 72) individuals seropositive SARS-CoV-2 infection. The data are represented as scatter plots with each circle representing a single individual. P values 

were calculated using the non-parametric Mann Whitney U test and with Holms correction for multiple comparisons. 
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Table.1 

Demographics of the study population. 

LTBI + LTBI- 

Subjects Enrolled n = 61 n = 72 

Age (Median) 64 (61–78) 63 (60–77) 

Gender (M/F) 30 /31 45/32 

Height (Median) 157 cm 153 cm 

Weight (Median) 61 Kg 62 Kg 

Pulse rate (Median) 90 92 

Systolic Blood Pressure (Median) 135 140 

Diastolic Blood Pressure 

(Median) 

90 85 

Saturation of Peripheral Oxygen 

(SpO2)% (Median) 

98 97 

QGIT Positive Negative 

SARS-CoV-2 specific IgM Positive Positive 

SARS-CoV-2 specific IgG Positive Positive 

QGIT, QuantiFERON-TB® Gold In-Tube. 
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TBI with seropositive SARS-CoV-2 infection is associated with 

eightened levels of IgM, IgG and IgA binding antibodies as well as 

eutralization capacity 

To estimate the impact of LTBI on humoral immunity in SARS- 

oV-2 infection, we compared the plasma levels of SARS-CoV-2 

pecific IgM, IgG, IgA and neutralizing antibodies in seropositive 

ARS-CoV-2 infected individuals with or without LTBI. As illus- 

rated in Fig. 1 , LTBI + individuals showed increased plasma levels 

f IgM (GM of 87.35 AU/ml in LTBI + versus 32.30 AU/ml in LTBI-), 

gG (GM of 71.04 AU/ml in LTBI + versus 52.20 AU/ml in LTBI-), IgA 

GM of 0.1406 Units/ml in LTBI + versus 0.0967 Units/ml in LTBI- 

 and enhanced neutralizing antibody capacity (GM of 75.95% in 

TBI + versus 60.83% in LTBI-) in comparison to LTBI- individuals. 

urther, we wanted to determine the relationship between anti- 

ody levels and the IFN γ levels (QGIT values). As shown in S. Fig. 1

here was no significant correlation between the antibody levels 

nd the IFN γ values. Thus, LTBI with seropositive SARS-CoV-2 in- 

ection is linked with enhanced humoral immune responses. 

TBI with seropositive SARS-CoV-2 infection is linked with elevated 

ystemic levels of pro and anti-inflammatory cytokines 

To estimate the impact of LTBI on cytokine responses in 

eropositive SARS-CoV-2 infection, we compared the plasma levels 

f pro and anti-inflammatory cytokines in seropositive SARS-CoV-2 

nfected individuals with or without LTBI. 

As illustrated in Fig. 2 A and Supplementary Table.1 , LTBI + indi- 

iduals exhibited increased plasma levels of IFN γ , IL-2, TNF α, IL- 

 α and IL-1 β in comparison to LTBI- individuals. 

As illustrated in Fig. 2 B and Supplementary Table.1 , LTBI + indi- 

iduals exhibited increased plasma levels of IL-6, IL-12, IL-15, IL- 

7, IL-3 and GM-CSF in comparison to LTBI- individuals. 

Finally, as illustrated in Fig. 2 C and Supplementary Table.1 , 

TBI + individuals exhibited increased plasma levels of IL-10, IL- 
342 
5 and IL-33 in comparison to LTBI- individuals. Thus, LTBI with 

eropositive SARS-CoV-2 infection is linked with heightened sys- 

emic levels of pro and anti-inflammatory cytokines. 

TBI with seropositive SARS-CoV-2 infection is linked with heightened 

ystemic levels of CCL3 and CXCL10 chemokines 

To determine the influence of LTBI on chemokines in seropos- 

tive SARS-CoV-2 infection, we compared the plasma levels of CC 

nd CXC chemokines in seropositive SARS-CoV-2 infected individ- 

als with or without LTBI. As shown in Fig. 3A , LTBI + individu-

ls showed increased plasma levels of CCL3 (GM of 107.4 pg/ml in 

TBI + versus 56.20 pg/ml in LTBI-) and as illustrated in Fig. 3B, 

XCL10 (GM of 253.5 pg/ml in LTBI + versus 164.2 pg/ml in LTBI- 

 in comparison to LTBI- individuals. Thus, LTBI with seropositive 

ARS-CoV-2 infection is associated with heightened systemic lev- 

ls of CCL3 and CXCL10 chemokines. 
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Fig. 4. LTBI with seropositive SARS-CoV-2 infection is associated with heightened systemic levels of acute phase proteins and growth factors The plasma levels of acute 

phase proteins were measured in LTBI + ( n = 61) and LTBI- ( n = 72) individuals seropositive SARS-CoV-2 infection. (B) The plasma levels of growth factors were measured in 

LTBI + ( n = 61) and LTBI- ( n = 72) individuals seropositive SARS-CoV-2 infection. The data are represented as scatter plots with each circle representing a single individual. 

P values were calculated using the non-parametric Mann Whitney U test and with Holms correction for multiple comparisons. 
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TBI with seropositive SARS-CoV-2 infection is associated with 

eightened systemic levels of acute phase proteins and growth factors 

To determine the influence of LTBI on systemic levels of acute 

hase proteins in seropositive SARS-CoV-2 infection, we compared 

he plasma levels of these markers in seropositive SARS-CoV-2 in- 

ected individuals with or without LTBI. As illustrated in Fig. 4 A, 

TBI + individuals showed increased plasma levels of CRP (GM of 

.31 ng/ml in LTBI + versus 1.3 ng/ml in LTBI-) and α−2-M (GM of 

30.9 ng/ml in LTBI + versus 100.8 ng/ml in LTBI-) in comparison 

o LTBI- individuals. 

Next, we wanted to determine the influence of LTBI on systemic 

evels of growth factors in seropositive SARS-CoV-2 infection, we 

ompared the plasma levels of these markers in seropositive SARS- 

oV-2 infected individuals with or without LTBI. As illustrated in 

ig. 4 B, LTBI + individuals showed increased plasma levels of VEGF 

GM of 270.7 ng/ml in LTBI + versus 180.3 ng/ml in LTBI-) and 

GF α (GM of 15.64 ng/ml in LTBI + versus 12.90 ng/ml in LTBI- 

 in comparison to LTBI- individuals. Thus, LTBI with seropositive 

ARS-CoV-2 infection is associated with heightened systemic lev- 

ls of acute phase proteins and growth factors. 
343 
rinciple component analyses divulges patterns in cytokines, 

hemokines, acute phase proteins and growth factors 

Principal components analyze (PCA) was used to visualize dif- 

erences between the groups created on the entire data set. To 

isualize the clustering pattern of cytokines between SARS-CoV-2 

ositive with or without LTBI and LTBI + denoted as red circle and 

TBI- denoted as blue circle individuals, we performed PCA analy- 

is with the cytokines which are statistically different (IFN γ , IL-2, 

NF α, IL1 α, IL1 β , IFN α, IFN β , IL-6, IL-12, IL-15, IL-17, IL-3, GM-CSF,

L-4, IL-10, IL-25 and IL-33) between LTBI + and LTBI- individuals. 

fter excluding the factors with commonalities as low as 0.3, Wwe 

ssessed PCA-1 (IFN γ , IL-2, TNF α, IL1 α, IL1 β , IFN α, IFN β , IL-6, IL-

2, IL-15) and PCA-2 IL-17, IL-3, GM-CSF, IL-4, IL-10, IL-25 and IL- 

3). As illustrated in Fig 5 A, PCA analysis showed that cytokines 

lusters differs between LTBI + and LTBI- individuals with seropos- 

tive SARS-CoV-2 infection. The score plot of the first two compo- 

ents revealed 33.8% and 9.18% of overall variance, respectively. 

Next we performed PCA analyze for the chemokines, acute 

hase proteins and growth factors which are statistically different. 

fter excluding the factors with commonalities as low as 0.3,we as- 
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Fig. 5. Principle component analysis (PCA) divulges patterns in cytokines, chemokines, acute phase proteins and growth factors Principal component analysis (PCA) was 

done to exhibit the dissemination of data from the mixture of two groups LTBI + (blue circles) and LTBI- (red circles). The PCA indicates the two principal components of 

variation. (A) PCA analysis was done with cytokines, between LTBI + and LTBI- participants with seropositive SARS-CoV-2 infection. (B) PCA analysis of chemokines, acute 

phase proteins and growth factors between LTBI + and LTBI- participants with seropositive SARS-CoV-2 infection (For interpretation of the references to color in this figure 

legend, the reader is referred to the web version of this article.). 
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essed PCA-1 (CCL3, CXCL-10) and PCA-2 as (CRP, α-2-M, VEGF and 

GF α. As illustrated in Fig 5 B, PCA analysis of chemokines (CCL3, 

XCL10), acute phase proteins (CRP and α-2-M) and growth factors 

VEGF and TGF α) showed two different clusters between LTBI + 

nd LTBI- individuals. The score plot of the first two components 

evealed 27.6% and 19.5% of overall variance, respectively. Thus, 

CA analysis revealed the overall effect of cytokines, chemokines, 

cute phase proteins and growth factors of LTBI + and LTBI- indi- 

iduals with seropositive SARS-CoV-2. 

iscussion 

Since both LTBI and asymptomatic SARS-CoV-2 infection are 

ighly prevalent in South India, it provided us the opportunity 

o examine the impact of LTBI on the humoral and innate im- 

une responses in these co-infected asymptomatic individuals. We 

rst examined the effect of LTBI on SARS-CoV-2 specific IgM, IgG 

nd IgA binding antibodies as well as SARS-CoV-2 induced neu- 

ralizing antibodies. Our data clearly demonstrates elevated levels 

f binding antibodies and enhanced neutralizing antibody capacity 

n LTBI/SARS-CoV-2 co-infected individuals. Previous studies have 

hown that SARS-CoV-2 antibodies are induced in asymptomatic 

ndividuals but at a lower magnitude. 20 This has been taken as 

vidence for a weak adaptive humoral immunity in these individ- 

als. Our data demonstrate that the neutralizing antibody capac- 

ty of asymptomatic individuals is not dampened but rather en- 

anced in the presence of LTBI co-infection. A meta-analysis of 

3,320 individuals revealed that SARS-CoV-2 co-infection increased 

he risk of mortality in TB by a factor of 2.1 (Relative risk, 2.10,

onfidence interval, 1.75–2.51). 21 Whether LTBI or active TB influ- 

nces the clinical manifestations, disease severity or immune re- 

ponses in COVID-19 is not well understood. Asymptomatic infec- 

ion constitutes a variable but large proportion of SARS-CoV-2 in- 

ection and asymptomatic individuals are often considered to be a 

ajor source of transmission. 22 The enhanced capacity to produce 

oth binding and neutralizing antibodies by LTBI individuals sug- 

ests that LTBI might offer a protective role against development 

f severe disease, although this remains to be formally proven. 
344 
The early onset of protective cytokines responses, which in- 

ludes Type 1 cytokines such as IFN γ , TNF α and IL-2 as well as 

ype 17 cytokines such as IL-17 and Type I IFNs such as IFN α and 

FN β appears to be the key event in protection against infection as 

ell as severe disease. 23 Asymptomatic patients appear protected 

rom this manifestation perhaps due to their ability to mount pro- 

ective cytokine responses early. 24 Our study clearly demonstrates 

hat coexistent LTBI is associated with heightened plasma levels of 

 variety of protective cytokines, including IFN γ , IL-2, TNFa, IL-1a, 

L-1 β , IFN α, IFN β , IL-6, IL-12, IL-17 and GM-CSF. In addition, LTBI 

s also associated with a concomitant increase in plasma levels of 

ype 2 and regulatory cytokines such as IL-4, IL-10, IL-25 and IL- 

3. Whether the increase in these cytokines is a compensatory re- 

ponse to the enhanced levels of pro-inflammatory cytokines re- 

ains to be determined. Of interest, Type 1 IFN levels were also 

levated in LTBI/SARS-CoV-2 infected individuals. Thus, the capac- 

ty to produce protective cytokines appears to be enhanced in LTBI 

ndividuals, which again might be a potential mechanism to com- 

at infection and morbidity. 

Protection against COVID-19 is also dependent on the increased 

nd early production of chemokines that exhibit the capacity to 

ttract innate and adaptive immune cells to the lung. 25 Our data 

eveal that CCL3 and CXCL10 levels were significantly higher in 

TBI/SARS-CoV-2 co-infected individuals suggesting that LTBI is as- 

ociated with enhanced chemokine responses in addition the cy- 

okine responses. Thus, the occurrence of elevated cytokine and 

hemokine levels might predispose asymptomatic individuals to 

rotection against symptomatic disease in the presence of LTBI. 

Heightened levels of acute phase proteins are a major hallmark 

f COVID-19. 26 CRP is both a diagnostic and prognostic marker of 

orbidity and mortality in COVID-19. 27 Other acute phase reac- 

ants such as α-2-M, SAP and Hp are less well studiedin SARS-CoV- 

 infection. Our data on co-infected individuals suggests that LTBI 

s associated with elevated levels of CRP and α−2-M. Finally, LTBI 

s also associated with enhanced levels of two other biomarkers of 

isease pathogenesis in COVID-19 – VEGF and TGF α. 28 Our study 

lso reveals that cytokines for the most part (and chemokines, 

cute phase proteins and growth factors to a lesser extent) are sig- 

ificantly associated with LTBI positivity. 
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Thus, our study clearly demonstrates an important influence of 

TBI on the humoral and innate immune responses in SARS-CoV-2 

nfection. Our study offers evidence for a positive protective effect 

f LTBI on both innate and adaptive immune responses in asymp- 

omatic SARS-CoV-2 individuals. The enhanced binding and neu- 

ralizing antibody levels combined with enhanced levels of pro- 

ective cytokines and chemokines could potentially contribute to 

ecreased susceptibility to morbidity and mortality in COVID-19. 

ur study is limited by examination of LTBI in only the asymp- 

omatic groups of individuals. Further examination of the influence 

f LTBI on COVID-19 patients with mild, moderate and severe dis- 

ase should shed more insight on the interaction between these 

wo major infections. Our study also examines only association and 

ot causation. Nevertheless, our data provide a plausible mechanis- 

ic explanation for a positive effect of LTBI on SARS-CoV-2- infec- 

ion and calls for more clinical and basic research studies on this 

nteraction. 

unding 

This work was supported by the Indian Council of Medical Re- 

earch (ICMR). The funders had no role in study design, data col- 

ection, and analysis, decision to publish, or preparation of the 

anuscript. 

Redit authorship contribution statement 

Designed the study (S.B., C.P); conducted experiments (A.R., 

.P.K., A.N., N.S., S.M., R,M.R, V.V); acquired data (A.R., N.P.K.); ana- 

yzed data (A.R., N.P.K.); contributed reagents and also revised sub- 

equent drafts of the manuscript (S.B. C.P.); responsible for the en- 

olment of the participants and also contributed to acquisition and 

nterpretation of clinical data (C.P., K.K., S.B.M., T.C.A.); wrote the 

anuscript (A.R. and S.B). All authors read and approved the final 

anuscript. 

cknowledgment 

We thank the Director of the ICMR-NIRT, and staff of the De- 

artment of Clinical Research, NIRT. We thank the data entry op- 

rators Mr. Jaiganesh and Mr. Vigneshwaran, and also all the staff

embers of the ICER department for the timely help. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi:10.1016/j.jinf.2021.07.029 . 

eferences 

1. Report WT. 2020. 

2. WHO C-R. 2021 [April 5]. Available from: https://www.who.int/emergencies/ 
diseases/novel-coronavirus-2019 . 

3. Yasri S , Wiwanitkit V . Tuberculosis and novel Wuhan coronavirus infec- 
tion: pathological interrelationship. Indian J Tuberc 2020; 67 (2):264 AprPubMed 

PMID: 32553324. Pubmed Central PMCID: PMC7130142. Epub 2020/06/20 . 

4. Visca D , Ong CWM , Tiberi S , Centis R , D’Ambrosio L , Chen B , et al. Tu-
berculosis and COVID-19 interaction: a review of biological, clinical and 

public health effects. Pulmonology 2021; 27 (2):151–65 Mar-AprPubMed PMID: 
33547029. Pubmed Central PMCID: PMC7825946. Epub 2021/02/07 . 

5. Torre A , Aliberti S , Castellotti PF , Cirillo DM , Grisolia A , Mangioni D , et al. Pre-
liminary observations on IGRA testing for TB infection in patients with severe 

COVID-19 eligible for immunosuppressive therapy. Respir Med 2020; 175 :106204 
DecPubMed PMID: 33186846. Pubmed Central PMCID: PMC7645275. Epub 

2020/11/14 . 

6. Petrone L, Petruccioli E, Vanini V, Cuzzi G, Gualano G, Vittozzi P, Nicastri E,
Maffongelli G, Grif oni A , Sette A , Ippolito G, Migliori GB, Palmieri F, Goletti D.

Coinfection of tuberculosis and COVID-19 limits the ability to in vitro respond 
to SARS-CoV-2. Int J Infect Dis 2021 S1201-9712(21)00176-4 Epub ahead of print. 

PMID: 33713816PMCID: PMC7944764. doi: 10.1016/j.ijid.2021.02.090 . 
345 
7. Riou C, du Bruyn E, Stek C, Daroowala R, Goliath RT, Abrahams F, Said-Hartley Q,
Allwood BW, Hsiao NY, Wilkinson KA, Arlehamn CSL, Sette A, Wasserman S, 

Wilkinson RJ. HIATUS consortium. Relationship of SARS-CoV-2-specific CD4 re- 
sponse to COVID-19 severity and impact of HIV-1 and tuberculosis coinfec- 

tion. J Clin Invest 2021; 131 (12):e149125 PMID:33945513PMCID: PMC8203446. 
doi: 10.1172/JCI149125 . 

8. Tadolini M, Codecasa LR, García-García JM, Blanc FX, Borisov S, Alffenaar JW, 
Andréjak C, Bachez P, Bart PA, Belilovski E, Cardoso-Landivar J, Centis R, 

D’Ambrosio L, Luiza De Souza-Galvão M, Dominguez-Castellano A, Dourmane S, 

Fréchet Jachym M, Froissart A, Giacomet V, Goletti D, Grard S, Gualano G, Izad- 
ifar A, Le Du D, Marín Royo M, Mazza-Stalder J, Motta I, Ong CWM, Palmieri F,

Rivière F, Rodrigo T, Silva DR, Sánchez-Montalvá A, Saporiti M, Scarpellini P, 
Schlemmer F, Spanevello A, Sumarokova E, Tabernero E, Tambyah PA, Tiberi S, 

Torre A, Visca D, Zabaleta Murguiondo M, Sotgiu G, Migliori GB. Active tu- 
berculosis, sequelae and COVID-19 co-infection: first cohort of 49 cases. Eur 

Respir J 2020; 56 (1):2001398 PMID:32457198PMCID: PMC7251245. doi: 10.1183/ 

13993003.01398-2020 . 
9. Boulle A, Davies MA, Hussey H, Ismail M, Morden E, Vundle Z, Zweigenthal V, 

Mahomed H, Paleker M, Pienaar D, Tembo Y, Lawrence C, Isaacs W, Math- 
ema H, Allen D, Allie T, Bam JL, Buddiga K, Dane P, Heekes A, Matlapeng B,

Mutemaringa T, Muzarabani L, Phelanyane F, Pienaar R, Rode C, Smith M, Tif- 
fin N, Zinyakatira N, Cragg C, Marais F, Mudaly V, Voget J, Davids J, Roodt F,

van Zyl Smit N, Vermeulen A, Adams K, Audley G, Bateman K, Beckwith P, 

Bernon M, Blom D, Boloko L, Botha J, Boutall A, Burmeister S, Cairncross L, Cal-
ligaro G, Coccia C, Corin C, Daroowala R, Dave JA, De Bruyn E, De Villiers M,

Deetlefs M, Dlamini S, Du Toit T, Endres W, Europa T, Fieggan G, Figaji A,
Frankenfeld P, Gatley E, Gina P, Govender E, Grobler R, Gule MV, Hanekom C, 

Held M, Heynes A, Hlatswayo S, Hodkinson B, Holtzhausen J, Hoosain S, Ja- 
cobs A, Kahn M, Kahn T, Khamajeet A, Khan J, Khan R, Khwitshana A, Knight L,

Kooverjee S, Krogscheepers R, Jacque Kruger J, Kuhn S, Laubscher K, Lazarus J, 

Le Roux J, Lee Jones S, Levin D, Maartens G, Majola T, Manganyi R, Marais D,
Marais S, Maritz F, Maughan D, Mazondwa S, Mbanga L, Mbatani N, Mbena B, 

Meintjes G, Mendelson M, Möller E, Moore A, Ndebele B, Nortje M, Ntusi N, 
Nyengane F, Ofoegbu C, Papavarnavas N, Peter J, Pickard H, Pluke K, Rauben- 

heimer PJ, Robertson G, Rozmiarek J, Sayed A, Scriba M, Sekhukhune H, Singh P, 
Smith E, Soldati V, Stek C, van den Berg R, van der Merwe LR, Venter P, Ver-

mooten B, Viljoen G, Viranna S, Vogel J, Vundla N, Wasserman S, Zitha E,

Lomas-Marais V, Lombard A, Stuve K, Viljoen W, Basson V, Le Roux S, Linden- 
Mars E, Victor L, Wates M, Zwanepoel E, Ebrahim N, Lahri S, Mnguni A, Crede T,

de Man M, Evans K, Hendrikse C, Naude J, Parak M, Szymanski P, Van Kon-
ingsbruggen C, Abrahams R, Allwood B, Botha C, Henndrik Botha M, Broad- 

hurst A, Claasen D, Daniel C, Dawood R, du Preez M, Du Toit N, Erasmus K,
Koegelenberg CFN, Gabriel S, Hugo S, Jardine T, Johannes C, Karamchand S, 

Lalla U, Langenegger E, Louw E, Mashigo B, Mhlana N, Mnqwazi C, Moodley A, 

Moodley D, Moolla S, Mowlana A, Nortje A, Olivier E, Parker A, Paulsen C, 
Prozesky H, Rood J, Sabela T, Schrueder N, Sithole N, Sithole S, Taljaard JJ, Ti-

tus G, Van Der Merwe T, van Schalkwyk M, Vazi L, Viljoen AJ, Yazied Chothia M,
Naidoo V, Alan Wallis L, Abbass M, Arendse J, Armien R, Bailey R, Bello M,

Carelse R, Forgus S, Kalawe N, Kariem S, Kotze M, Lucas J, McClaughlin J, 
Murie K, Najjaar L, Petersen L, Porter J, Shaw M, Stapar D, Williams M, Aldum L,

Berkowitz N, Girran R, Lee K, Naidoo L, Neumuller C, Anderson K, Begg K, Boer-
lage L, Cornell M, de Waal R, Dudley L, English R, Euvrard J, Groenewald P, Ja-

cob N, Jaspan H, Kalk E, Levitt N, Malaba T, Nyakato P, Patten G, Schneider H,

Shung King M, Tsondai P, Van Duuren J, van Schaik N, Blumberg L, Cohen C,
Govender N, Jassat W, Kufa T, McCarthy K, Morris L, Hsiao NY, Marais R, Am-

bler J, Ngwenya O, Osei-Yeboah R, Johnson L, Kassanjee R, Tamuhla T. Risk 
factors for COVID-19 death in a population cohort study from the Western 

Cape Province, South Africa. Clin Infect Dis 2020:ciaa1198 Epub ahead of print. 
PMID:32860699PMCID: PMC7499501. doi: 10.1093/cid/ciaa1198 . 

10. Aznar ML, Espinosa-Pereiro J, Saborit N, Jové N, Sánchez Martinez F, Pérez- 

Recio S, Vitoria A, Sanjoaquin I, Gallardo E, Llenas-García J, Pomar V, Gar- 
cía IO, Cacho J, Goncalves De Freitas L, San Martin JV, García Rodriguez JF, 

Jiménez-Fuentes MÁ, De Souza-Galvao ML, Tórtola T, Zules R, Molina I. Sánchez- 
Montalvá A. Impact of the COVID-19 pandemic on tuberculosis manage- 

ment in Spain. Int J Infect Dis 2021; 108 :300–5 EpubPMID:33930543PMCID: 
PMC8078060. doi: 10.1016/j.ijid.2021.04.075 . 

11. Sheerin D, Abhimanyu Wang X, Johnson WE, Coussens A. Systematic 

evaluation of transcriptomic disease risk and diagnostic biomarker over- 
lap between COVID-19 and tuberculosis: a patient-level meta-analysis ; 2020. 

medRxiv [Preprint]2020.11.25.20236646PMID:33269371PMCID: PMC7709192. 
doi: 10.1101/2020.11.25.20236646 . 

2. Haberman R , Axelrad J , Chen A , Castillo R , Yan D , Izmirly P , et al. Covid-19 in
immune-mediated inflammatory diseases-case series from New York. N Engl J 

Med 2020; 383 (1):85–8 Jul 2PubMed PMID: 32348641. Pubmed Central PMCID: 

PMC7204427. Epub 2020/04/30 . 
13. Domingo P , Mur I , Pomar V , Corominas H , Casademont J , de Benito N . The

four horsemen of a viral apocalypse: the pathogenesis of SARS-CoV-2 infection 
(COVID-19). EBioMed 2020; 58 :102887 AugPubMed PMID: 32736307. Pubmed 

Central PMCID: PMC7387269. Epub 2020/08/01 . 
14. Webb BJ , Peltan ID , Jensen P , Hoda D , Hunter B , Silver A , et al. Clinical criteria

for COVID-19-associated hyperinflammatory syndrome: a cohort study. Lancet 

Rheumatol 2020; 2 (12):e754–ee63 DecPubMed PMID: 33015645. Pubmed Cen- 
tral PMCID: PMC7524533. Epub 2020/10/06 . 

15. Huang C , Wang Y , Li X , Ren L , Zhao J , Hu Y , et al. Clinical features
of patients infected with 2019 novel coronavirus in Wuhan. China Lancet 

https://doi.org/10.1016/j.jinf.2021.07.029
https://www.who.int/emergencies/diseases/novel-coronavirus-2019
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0003
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0004
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0005
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0005
https://doi.org/10.1016/j.ijid.2021.02.090
https://doi.org/10.1172/JCI149125
https://doi.org/10.1183/13993003.01398-2020
https://doi.org/10.1093/cid/ciaa1198
https://doi.org/10.1016/j.ijid.2021.04.075
https://doi.org/10.1101/2020.11.25.20236646
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0012
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0013
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0014
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0014
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0014
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0014
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0014
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0014
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0014
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0014
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0015


A. Rajamanickam, N.P. Kumar, C. Padmapriyadarsini et al. Journal of Infection 83 (2021) 339–346 

 

 

 

2  

 

2  

 

2  

2

2  

2  

2

2020; 395 (10223):497–506 Feb 15PubMed PMID: 31986264. Pubmed Central 
PMCID: PMC7159299. Epub 2020/01/28 . 

16. Day M . COVID-19: four fifths of cases are asymptomatic, China figures indicate. 
BMJ 2020; 369 :m1375 Apr 2PubMed PMID: 32241884. Epub 2020/04/04 . 

17. Tay MZ , Poh CM , Renia L , MacAry PA , Ng LFP . The trinity of COVID-19: im-
munity, inflammation and intervention. Nat Rev Immunol 2020; 20 (6):363–74 

JunPubMed PMID: 32346093. Pubmed Central PMCID: PMC7187672. Epub 
2020/04/30 . 

18. Dogan M , Kozhaya L , Placek L , Gunter C , Yigit M , Hardy R , et al. SARS-CoV-2

specific antibody and neutralization assays reveal the wide range of the hu- 
moral immune response to virus. Commun Biol 2021; 4 (1):129 Jan 29PubMed 

PMID: 33514825. Pubmed Central PMCID: PMC7846565. Epub 2021/01/31 . 
19. Meyer B , Reimerink J , Torriani G , Brouwer F , Godeke G-J , Yerly S , et al. Valida-

tion and clinical evaluation of a SARS-CoV-2 surrogate virus neutralisation test 
(sVNT). Emerg Microbes Infect 2020; 9 (1):2394–403 2020/01/01 . 

0. Post N , Eddy D , Huntley C , van Schalkwyk MCI , Shrotri M , Leeman D , et al. An-

tibody response to SARS-CoV-2 infection in humans: a systematic review. PLoS 
ONE 2020; 15 (12):e0244126 PubMed PMID: 33382764. Pubmed Central PMCID: 

PMC7775097 www.icmje.org/coi_disclosure.pdf and declare: no support from 

any organisation for the submitted work; JM is chief scientific officer, share- 

holder and scientific founder of Leucid Bio, a spinout company focused on de- 
velopment of cellular therapeutic agents; no other relationships or activities 

that could appear to have influenced the submitted work. This does not al- 

ter our adherence to PLoS ONE policies on sharing data and materials. Epub 
2021/01/01 . 

21. Sarkar S , Khanna P , Singh AK . Impact of COVID-19 in patients with con-
current co-infections: a systematic review and meta-analyses. J Med Virol 

2021; 93 (4):2385–95 AprPubMed PMID: 33331656. Epub 2020/12/18 . 
2. Buitrago-Garcia D , Egli-Gany D , Counotte MJ , Hossmann S , Imeri H , Ipekci AM ,

et al. Occurrence and transmission potential of asymptomatic and presymp- 
346 
tomatic SARS-CoV-2 infections: a living systematic review and meta-analyze. 
PLoS Med 2020; 17 (9):e1003346 SepPubMed PMID: 32960881. Pubmed Central 

PMCID: PMC7508369 following competing interests: GS has participated in two 
scientific meetings for Merck and Biogen. NL is a member of the PLOS Medicine

editorial board. Epub 2020/09/23 . 
3. Fara A , Mitrev Z , Rosalia RA , Assas BM . Cytokine storm and COVID-19: a chron-

icle of pro-inflammatory cytokines. Open Biol 2020; 10 (9) Sep200160. PubMed 
PMID: 32961074. Pubmed Central PMCID: PMC7536084. Epub 2020/09/23 . 

4. Yu Chen, Yaguo Wang, Joy Fleming, Yanhong Yu, Ye Gu, Chang Liu, Lichao 

Fan, Xiaodan Wang, Moxin Cheng, Lijun Bi, Yongyu Liu. Active or latent tu- 
berculosis increases susceptibility to COVID-19 and disease severity. medRxiv 

2020.03.10.20033795; doi:https://doi.org/10.1101/2020.03.10.20033795. 
5. Coperchini F , Chiovato L , Croce L , Magri F , Rotondi M . The cy-

tokine storm in COVID-19: an overview of the involvement of the 
chemokine/chemokine-receptor system. Cytokine Growth Factor Rev 

2020; 53 :25–32 JunPubMed PMID: 32446778. Pubmed Central PMCID: 

PMC7211650. Epub 2020/05/25 . 
6. Skevaki C , Fragkou PC , Cheng C , Xie M , Renz H . Laboratory characteristics of

patients infected with the novel SARS-CoV-2 virus. J Infect 2020; 81 (2):205–12 
AugPubMed PMID: 32579986. Pubmed Central PMCID: PMC7306198. Epub 

2020/06/25 . 
27. Soraya GV , Ulhaq ZS . Crucial laboratory parameters in COVID-19 diagnosis 

and prognosis: an updated meta-analyze. Med Clin 2020; 155 (4):143–51 (Engl 

Ed)Aug 28PubMed PMID: 32864456. Pubmed Central PMCID: PMC7442896. 
Epub 2020/08/31 . 

8. Mousquer GT , Peres A , Fiegenbaum M . Pathology of TB/COVID-19 Co-Infection: 
the phantom menace. Tuberculosis (Edinb) 2021; 126 :102020 JanPubMed PMID: 

33246269. Pubmed Central PMCID: PMC7669479. Epub 2020/11/28 . 

http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0015
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0016
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0017
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0018
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0019
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0019
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0019
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0019
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0019
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0019
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0019
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0019
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0020
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0020
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0020
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0020
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0020
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0020
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0020
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0020
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0021
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0021
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0021
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0021
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0022
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0022
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0022
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0022
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0022
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0022
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0022
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0022
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0022
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0023
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0023
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0023
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0023
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0023
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0025
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0025
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0025
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0025
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0025
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0025
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0026
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0026
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0026
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0026
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0026
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0026
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0027
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0027
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0027
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0028
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0028
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0028
http://refhub.elsevier.com/S0163-4453(21)00372-8/sbref0028

