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INTRODUCTION

Over the last 143 years in the field of tuberculosis (TB), a progress was noticed from the
discovery of Koch's bacillus to the identification of the Mycobacterium genome tuberculosis (MTB) ,
with broadened knowledge and understanding of the evolutionary scenario of mycobacterial
strains. Molecular epidemiology and morpho -pathological imaging studies have substantiated the
persistence of TB trend of morbidity and mortality, and have explained the favorable conditions for
the development of MTB chemoresistance and the extension of TB caseation lesions. The MTB
molecular profile, antiTB therapeutic regimens, and monitoring of the contagious pulmonary
tuberculosis (PTB) patients have constituted a priority in the field of preventing and achieving control
of TB disease. TB must be approached holistically, from the molecular to the morpho-functional profile.
The doctoral research aims to address the alternative pathways of TB, from infection to incipient
disease, from contagion to chronicity and death, with the identification of molecular, immunological,
clinical, imaging, functional ventilatory and evolutionary patterns. The paradigm of MTB strains'
molecular epidemiology is being changed with new concepts such as early detection of incipient forms
of TB disease, lacking contagiousness, prediction of forms at risk of severe evolution and death and
early optimal identification of post-TB complications. The validation of PhD research will be brought
by algorithmic parameters, specific and easily quantifiable biomarkers, with practical applicability for
TB detection in the early phase, alongside with identification of severe PTB, providing an overview of
the trajectories and phenotypes of the acute and chronic disease, according to the updated spectrum of
TB and post-TB chronic pulmonary disease.
l. CURRENT STATE OF KNOWLEDGE

Part | offers an introduction to theoretical concepts, from molecular epidemiology to impaired
lung function, an extremely promising topic in the current context of tuberculosis (TB) pathology.
1.1. The molecular epidemiology of tuberculosis (TB) represents the foundation of better
understanding the epidemiology and pathology, from the origins of Mycobacterium tuberculosis
(MTB), to the traditional concepts of contagion, natural history and the TB infection and disease
updated definitions. Globally, we are faced with alarming aspects of morbidity and mortality due to
TB. In Romania, the trend of TB endemicity seems favorable, constantly descending in the last 2
decades, registering a slight increase, after the COVID-19 pandemic. In 2023, in the European Union,
Romania ranked first in TB morbidity rates reported in the general population and children [1].
I.2.  The spectrum of pulmonary tuberculosis (TBP) suffered change by replacing the classical
binary structure infection — disease, with primary and secondary stages [2-5] (Figure 1), with a
new scheme, including intermediate reactive stages between latent infection and acute disease,
such as TB infection (TBI) and incipient disease [3,6,7], with a new reformulation of TBI concept
(with loss of latency status), acute TB disease [8] and postTB chronic lung disease (PTLD) [9-13]
(Figure 2).
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1.3. Lung Function Impairment. Post-tuberculosis chronic lung disease (PTLD) and its
phenotypes are conditions with increasing recognition, but uncertain prevalence (20% - 60%) and
underestimated clinical significance [9,11,12]. The global success rate of therapeutic strategies has
given rise to an increasing number of survivors who are chronically respiratory ill patients [10].
PTLD patient is generally neglected by the medical system until infectious complications or ventilatory
dysfunction become manifest [ 103-106 ] and contributes substantially to increased risk of death [14,15].
Risk factors for lung function impairment include contagiousness (bacteriological confirmation by
microscopy), extensive lung involvement that persists after the acute episode, prolonged duration of
anti-TB treatment, delayed diagnosis and initiation of anti-TB therapy [16,17], bacterial superinfections
[18], and multidrug resistance [19]. In the absence of guidelines and standards for TB management [20],
early detection of post-TB sequelae and, especially, assessment of pulmonary ventilatory function at
the end of anti-TB therapy are very important.
I1. PERSONAL CONTRIBUTION
I1.1. Research premises, general objectives and working hypotheses

In the epidemiological context, in which Romania is the highest tuberculosis (TB) burden
European country [1], medical stuff must be concerned with the early detection, identification of the
severity and complications of this phenomenon disease, the only one that succeded to resist over the
centuries, despite the accessibility of antiTB drugs and improved diagnostic methods. For many years,
TB control management has been focused on identifying the molecular profile of mycobacteria
resistance and on combating contagiousness. This doctoral research aims to make the transition from
the TB PAST, focused on molecular epidemiology, to the new PRESENT TB algorithm for identifying
incipient forms, in contrast to advanced, severe and lethal ones, assessing the FUTURE risk of death
and chronicity of TB, with impact on the impaired lung function .

The main directions of the research are represented by niche areas, underestimated in



current Romanian medical practice, which outlined new valences for evaluating the magnitutude

of the current TB problems, such as:

1. Redefining the entities in acute TB disease spectrum, during 2020-2025, and their
interconditioning, from asymptomatic to lethal, from incipient to advanced forms of disease
[2,6,7,21,22,23];

2. The magnitude of advanced pulmonary TB, with delayed detected cavitary lesions,
bacteriologically confirmed, in microscopy, and poor prognosis, was defined by MacLaren
Wallace, at the end of the first decade of 21st century [24], but less studied from the perspective
of prognostic biomarkers;

3. The phenotypes within postTB chronic pulmonary disease (PTLD) spectrum have been
recently revisited [7,11], although they have been known since the '50s of previous century
[2,5,9].

The primary objective of PhD research consisted in a complex and updated evaluation of
the clinical-evolutionary spectrum of secondary TB from infection to disease, from molecular and
immuno-inflammatory profile, to morpho-functional patterns of lung structure and ventilatory
function deterioration, with specific presentation of secondary objectives for each study.

All 3 studies, presented in PhD thesis, are non-experimental, non-interventional, and all were
approved by Ethics Committee of Constanta Clinical Pneumophthisiology Hospital (745/February 11,
2020) and Bioethics Committee of Ovidius University, Constanta (UOC 8119/July 22, 2025).

11.2. Study 1 — The spectrum of pulmonary tuberculosis from infection to disease

11.2.1. Objectives of the study. In order to evaluate the characteristics of tuberculosis (TB) spectrum,

from sequelae to infection and disease, from immuno-inflammatory and epidemiological-molecular

perspective to clinical evolution of illness to death, TB infection and disease were separately analyzed,
alongside with the assessment of immunological and molecular profile, clinical and imaging features.

The secondary objectives aimed to identify:

- prevalence of infection and incipient TB, corresponding to the risk of infection progression;

- the risk of TB disease, in an immunosuppressive context and exposure to COVID-19 infection;
- predictive factors for distinguishing active pulmonary TB forms from inactive ones,

- molecular, clinical and imaging profile of contagious tuberculosis disease,

- the risk of death of hospitalized patients with TB disease.

11.2.2. Study material and methods. The study type was prospective observational, cohort type,

conducted between 01.01.2020-31.05.2025. There were followed 2 effects over time: the effect of

progression of tuberculosis infection in early disease (incipient TB) and the risk of death among patients
with pulmonary tuberculosis (PTB). The study population included adult patients (= 18 years), with

TB suspicion, based on with imagistic evidence of lung lesions, hospitalized in Constanta Clinical

Pneumophthisiology Hospital, having previous signed informed consent form. To evaluate the



components within TB spectrum, from infection to incipient disease, and from advanced disease to
death, 2 categories were defined as:

1) TB suspects - carriers of lung nodules, detected by chest computed tomography (CT), having
uncertain stage of lesional activity, no history of previous treated TB, negative bacteriological
smears and cultures, but with mandatory quantitative detection test of serum y -interferon
secretion (IGRA), divided into 2 different types of results: negative IGRA suggestive for TB
sequelae and positive IGRA suggestive for TB infection.

2) TB patients diagnosed with active-evolving lung lesions and administered anti-TB
treatment, classified according to bacteriological confirmation (present or absent).

The inclusion criteria in subcohort 1 consisted in the absence of TB history, quantitative
IGRA, routine non-specific inflammatory tests, initial clinical-imaging and bacteriological evaluation,
and, in dynamics, after >2 and <12 months interval, from the first chest CT scan to the progressive
imaging shift, supporting the progression of TB infection towards incipient stage of TB disease.

The inclusion criteria in subcohort 2 consisted of TB disease notified cases, regardless of
new case or relapse category and bacteriological result (positive or negative), with administered antiTB
regimen of therapy, clinical-radiological and bacteriological phenotypic evaluation.

Exclusion criteria in subcohort 1: lack of IGRA test, tuberculin skin testing preceeding IGRA,
qualitative or serial IGRA (2 tests with different results; e.g. conversion of IGRA from negative to
positive), or indeterminate result (due to the confounding role in TB infection assessment); late
bacteriological confirmation by culture positivity, lack of imaging control.

Exclusion criteria in subcohort 2: denial of the initial TB disease diagnosis, after 2 months
of anti-TB treatment, in patients without positive bacteriological criterion; absence of phenotypic
bacteriological investigation; non-compliance to therapy (therapeutic abandon or failure due to the
confounding role in the assessment of death - unfavorable evolution bias); absence of final evaluation
(except for death outcome).

The evaluation protocol included basical (demographic, habitual, epidemiological,
anthropometric), clinical, imaging, bacteriological, immunological (IGRA QuantiFERON TB Gold
Plus-QFT Plus test, and hematological data. Anamnestic evaluation included history of HIV infection,
COVID 19 and other diseases possibly aggravating TB. Evaluation of the molecular profile was
performed by genotypic tests [GeneXpert MTB/RIF, Line Probe Assay (LPA) and Xpert MTB/XDR],
bacteriologically confirmed by phenotypic tests. TB disease definitions of bacteriologically confirmed
and clinically diagnosed used World Health Organization classification [25]. Nutritional status
assessment included MUST (Malnutrition Universal Screening Tool) score and risk [26].

Suspected TB patients were individuals identified by imaging with apparently stabilized
nodular lesions, + calcifications included, fibrotic satellite lesions, in a highly suggestive context, for
TB etiology, by specific location (apical segments, apicoposterior upper lobes and apical inferior lower

lobes) and included calcifications. Depending on IGRA testing, and imaging progressive changes
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detected at the follow-up visit, patients were classified into IGRA negative and sequelae carriers and
IGRA positive TB infected. The assessment of early TB disease risk required the morphometric analysis
of pulmonary nodular lesions, with measurement of the mean diameter of pulmonary nodular lesions
by calculating the arithmetic mean of all nodules diameters, by using the Xvision/RAYSCAPE artificial
intelligence computer software program, regardless of IGRA dichotomic results. Patients identified with
CT lesions progression were considered eligible of incipient TB.

In PTB patients, the risk of death was assessed till 12 months after enrollment. All patients
received anti-TB regimens, or individualized therapy, according to Mycobacterium tuberculosis
chemoresistance profile, as provided by Romanian guidelines [27,28], and no additional therapeutic
interventions were applied, which could be confounding for research.

Statistical analysis was done with IBM Statistics Package for the Social Sciences version 20
(SPSS Inc., Chicago, Illinois, USA), the statistical significance threshold was set as a probability of
95%, corresponding to a value of p < 0.5. In addition to descriptive statistics of frequencies, analysis
of variance, correlations, corresponding to a normal distribution, Receiver Operational Characteristic
(ROC) analysis was used to establish the risk threshold of TB1-Nil and TB2-Nil antigens, and the mean
diameter of the lung nodules. Predictability, for the risk of incipient TB, was corresponding to an area
under ROC curve > 0.6 and a significance threshold of p <0.05. Kaplan Meier survival analysis
assessed life expectancy among TB patients in relation with COVID-19 infection, immunosuppression
and multimorbidity (= 2 comorbidities ) [29]. In assessing the risk of disease and death, the contingency
table was used, through the EP1.INFO 7.2.7.0 program.
11.2.3.Results
11.2.3.1. Descriptive characteristics of the study cohort, according to tuberculosis spectrum

The study cohort included 401 adults, with a mean age of 56.50 + 14.44 years, equal to median
value (57 years), predominantly males (n=256; 63.84%). Males were younger (55.30 +14.08 years) than
females (58.63+14.86 years) (F=4.973; p < 0.026).

Study cohort had 2 subcohorts included 140 TB suspects in subcohort 1, of which 93 were
positive IGRA TB infected cases, and 261 patients (subcohort 2) with pulmonary tuberculosis disease
(PTB), of which 213 were bacteriologically confirmed. PTB patients had a mean age of 53.60 + 14.52
years, compared to TB suspects (61.91+12.67 years) (F= 32.61; p <0.001) and those with incipient TB
(58.39+16.07 years). In subcohort 1, women predominated (n=61/140; 43.57%), versus men in
subcohort 2 (n=195/261;74.72%).

At baseline, the prevalence of TB infection was 23.19% (n=93/401) and the prevalence of TB
disease was 53.12% (n=213/401) (Figure 1). The risk of progression from TB infection to early disease
was 24.73% (n=23//93). It occurred after a mean interval of 4.91 + 2.87 months (range 2-12 months).
The prevalence of early TB in the study cohort was 5.74% (n=23/401). At the final assessment, the
prevalence of TB infection decreased to 17.46% (n=70/401).
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Figure 1. Structure of the study cohort according to pulmonary tuberculosis (PTB) spectrum

The mean body mass index (BMI) recorded low values in bacteriologically confirmed PTB
cases (19.67 + 4.01 kg/m?) compared to negative IGRA PTB suspects (25.98 + 6.13 kg/m?) (F = 53.9;
p < 0.001). The phenomenon of weight loss (BMI < 18kg/m?) was evident in PTB patients (n = 136/261;
52.11%) (OR = 20.67; CI195%: 9.30-45.91; RR = 10.42; CI95%: 5.01-21.65; %2 = 88.13; p < 0.001).
Based on the weight loss, the assessment of MUST (Malnutrition Universal Screening Tool)
malnutrition score, using Bapen program [26], recorded (on a scale from 0 to 6) higher values in patients
(n=159/213; 74.65%), and lower ones, in suspects. The risk of MUST malnutrition was statistically
significantly increased, in patients with bacteriologically confirmed PTB (% = 147.266; p < 0.001).

Spearman correlation between BMI and age was moderate and positive (r s=0.408; p < 0.001),
with weight loss was moderate and negative (r s=-0.657; p < 0.001), with MUST score was high and
negative (rs =-0.821; p < 0.001). BMI < 18.5Kg/m ?and TBP spectrum were negatively and moderate
correlated (rs =-0.486; p < 0.001). Weight loss and MUST score were positively and highly correlated
(rs=0.897; p < 0.001).
11.2.3.2. The molecular profile of pulmonary tuberculosis, explored through genotypic tests, revealed
55.87% positive GeneXpert MTB/RIF results, with a high level of detection of Mycobacterium
tuberculosis (MTB) (n=119/213), genetic mutations of isoniazid resistance, identified by the Line Probe
Assay (LPA), revealing inhA molecular pattern in 2 patients, and KatG in other 5 patients, diagnosed
concurrently with rpoB genetic mutations for rifampicin.

All positive genotypic tests were confirmed by positive phenotypic tests (MGIT 960 liquid
culture method and Lowenstein Jensen solid culture), according to Romanian guideline [27]. The
prevalence of MTB chemoresistance was reduced in patients with bacteriologically confirmed PTB
(n=30/213; 14.09%), increasing to 73.34% in newly detected cases (n=22/30). The prevalence of
multidrug-resistant TB was 9.85% (n=21/213).



11.2.3.3. The clinical-imaging spectrum of tuberculosis was polymorphic. The prevalence of
subclinical (asymptomatic) forms was 13.03% (n=34/261). The history of cough predominated in both
subcohorts (n=395), facilitating lung abnormalities detection by computed tomography. Nodular lung
lesions, more frequent in suspects (n=114/140; 81.43%; OR=8.27; CI95%:3.49-19.62; RR=1.19;
Cl195%:1.10-1.29; y 2=30.38; p< 0.001), had a highest mean value of diameter (13.16+9.46 mm) in
patients with incipient TB (ITB). According to linear regression analysis, there was a statistically
significant relationship for a predictive mean diameter value of 9.48+2.10 mm (F= 6.137; p< 0.016;
t=8.768; p< 0.001; CI195%; 6.41-10.22) positively associated with ITB diagnosis (R?=0.272; p< 0.001).
The prevalence of cavitary TB was increased in the group with bacteriologically confirmed
disease (n=187/213; 87.79%). The Spearman correlation between cavitary TB and bacteriological
confirmation was high, negative and statistically significant (rs =-0.793, p<0.001).
11.2.3.4. Prognostic biomarkers of early tuberculosis risk of disease included pulmonary nodule
diameter (PND) and immunological biomarkers TB1 and TB2 minus Nil (TB1-Nil and TB2-Nil) , which
stimulate the secretion of y-interferon by T-CD4 and T-CD8 lymphocytes. Spearman correlation
between TB1- and TB2-Nil was positive and very high (r;=0.970; p < 0.001).
Receiver Operator Characteristic (ROC) Analysis identified areas under the curve of:
- 0.72240.043 (C195%: 0.637-0.807; p < 0.003), with 0.69 1U/mL cut-off of risk, sensitivity 97%
and specificity 57% for TB1-Nil (Figure 2);
- 0.704+0.042 (CI95%: 0.622-0.786; p <0.006), cut-off value of 0.62 1U/mL, with sensitivity
97% and specificity 57% for TB2-Nil (Figure 2);
- 0.653+0.070 (CI95%: 0.515-0.790; p < 0.040), with an increased risk cut-off of 9.5 mm,
sensitivity 64% and specificity 59% for lung nodules diameter (LND),
- 0.616+0.058 for lymphocytes, but at the limit of statistical significance (p < 0.058).

ROC Curve
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Figure 2. ROC analysis of TB1-Nil and TB2-Nil biomarkers in the incipient TB group
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By applying the ROC filter composed of risk values above the identified cut-off (LND > 9.5
mm, TB1-Nil and TB2-Nil = 0.70 IU/mL), in the group of 93 infected subjects, resulted a trimarker risk
score with 52.17% sensitivity; 78.57% specificity; having 44.45% positive predictive value and 82.09
negative predictive value; with a likelihood ratio of 1.13 and accuracy of 78.57%.
11.2.3.5. The evolution of tuberculosis spectrum

COVID-19 infection preceeded the enrollment in the study, of 228 participants, with a mean
interval of 13.19 + 10.69 months, and a median of 10.50 months, ranging between 17.58 + 10.85 months
in TB infected subjects (median of 13 months) and 7.97+9.36 months (median of 6 months) in PTB
bacteriologically confirmed patients (F= 10.543; p < 0.001; R=-0.312; R 2=0.097; eta = 0.379; eta2 =
0.143). The prevalence of COVID-19 infection was increased in suspects (89.36% in carriers of
sequelae, 83.87% in infected subjects, 56.52% in those with incipient TB). The risk of early TB disease,
through the progression of infection, of 24.73%, was moderately positively correlated with COVID-19
infection (r;=0.492; p < 0.001). The average interval of time between COVID-19 infection and incipient
TB diagnosis was 15.08+7.9 months (median 14 months), without statistically significant differences
compared to the rest of TB infected cases (F = 0.837; p < 363; eta = 0.108; eta 2= 0.012). The progression
of infection in incipient TB was influenced by multimorbidity (n=19/23; 82.60%; OR=5.97; CI95%:
1.84-19.38; RR=1.86; C195%: 1.35-2.57; v 2=10.12; p < 0.002).

In subcohort 2, PTB and COVID-19 infection developed concurrently in 21 patients, the
measure of association of these 2 conditions with highly statistically significance (F=15585.362; p<
0.001; R=-0.843; R?=0.711; eta = 1.000; eta2 = 0.99). During the period 30.01-01.02.22, an outbreak of
nosocomial TB- COVID was identified among 11 patients, of which 3 died.

The overall risk of death in the study cohort was 10.97% (n=44/401), with the highest value
(14.56%) in patients with bacteriologically confirmed TB (n=38/261; y 2=24.52; p < 0.001) and the
lowest in those with incipient TB (n=1/23; 4.35%). The mean age of the deceased was 50.67 + 14.10
years. Males had an increased risk of death (n=37/256; 14%) versus females (n=7/145; 4.8%)
(OR=3.33; Cl195%:1.44-7.68; RR=2.39; Cl95%:1.37-6.54; y 2 =8.76; p < 0.003). There was a male
death pattern, with a high negative correlation matrix (-0.967; p <0.005; -2 Log=514.92; Cox & Snell
R2=0.024; Nagelkerke R?=0.033), according to multinomial logistic regression .

Kaplan Meier analysis identified, in PTB patients, from subcohort 2, a mean survival time of
22.12+6.62 months (C195%: 9.14-35.10), a median of 12+2.28 months (C195%: 7.53-16.47) (Log Rank
Mantel-Cox x 2 = 18.68; p<0.001). Deaths due to the PTB-COVID-19 association (n = 9/44; 20.45%)
occurred after a mean interval of 2.63 + 4.86 months from SARS CoV?2 infection. The negative impact
of COVID-19 infection, according to Kaplan Meier analysis, consisted in reducing the survival time
(mean of 12.07+1.12 months; CI195%: 9.88-14.25; similar to median value of 12.00+1.53 months;
Cl195%: 8.99-15.00) (Log Rank Mantel-Cox y 2 = 13.31; p<0.001) (Figure 3). Survival life expectancy

was not influenced by potentially immunosuppressive comorbidities of PTB (HIV infection, neoplasia,
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diabetes mellitus, chronic hepatitis) (Log Rank Mantel-Cox y 2 = 0.243; p<0.662), but it was influenced
by cavitary lesions, identified in most of the deceased (n = 40/44; 90.90%), and attributed to an
increased risk of death (n = 40/194; 20.62%; OR =5.58; C195%: 1.93- 16.14; RR = 4.64; C195%: 1.71-
12.57; v 2 =12.24; p < 0.001). The death occured after a mean survival period of 19.74 + 5.59 months
(C195%: 8.77-3.72); a median of 12 + 2.49 months (CI195%: 7.11-16.89), according to Kaplan Meier
analysis (Log Rank Mantel-Cox y 2 = 24.37; p<0.001).
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Figure 3. Estimation of cumulative survival curves, in the group of TB-COVID co-infected patients,
using the Kaplan Meier method

11.2.3. Discussions. The redefined spectrum of tuberculosis (TB) [2,6,7,30,31] addresses latent
tuberculosis infection (LTBI) issue, in which latency is difficult to be sustained alongside the obvious
imaging-detected lung lesions [32]. In the era of computed tomography, the concept of TB infection
(TBI) is intertwined by incipient TB (ITB), when the progression of infection to disease can be
demonstrated [31,33,34]. TBI provides the framework for therapeutic interventions and opportunities
to limit the spread of infection, as patients no longer have time to develop contagious disease [33].
Current conventional bacteriological diagnostic criteria for secondary pulmonary tuberculosis
(PTB) have notable limitations in the clinical context of incipient disease. Diagnostic certainty often
remains elusive, despite radiological lung abnormalities suggesting an active disease [35,36]. Incipient
TB (ITB) was initially defined in immunocompetent patients without a history of TB as a combination
of radiological lesions affecting the upper lobes of the lungs exceeding 2 cm2 [31], but there is no
consensus on its definition. Drain PK et al. (2018) have further elaborated on the stages of TBl and ITB,
highlighting the complexity and subtlety of incipient TB, a transient, presymptomatic clinical stage that
differs from subclinical TB, and it is characterized by the presence of viable, multiplying tuberculous
mycobacteria (MTB), with potential progression to disease [33]. In this context, reactivity to MTB

antigens, evidenced by positive detection of serum releasing of interferon y confirms MTB viability
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[32], as 66.43% positive rate in study 1. The ITB risk of disease, 12 months monitored, was influenced
by COVID-19 infection and multimorbidity, higher than literature data (5-15%, with higher values in
the first 2 years after infectious contact) [37].

The RAYSCAPE computerized morphometric investigation of lung nodular lesions, in
dynamics, represented a strong point of the doctoral research, demonstrating that the mean diameter of
lung nodules can have a role of incipient TB diagnostic biomarker.

In opposition to the incipient forms, there are the advanced, cavitary ones, in which positive
smears and cultures provide certainty of TB etiology and allow the identification of chemoresistant
molecular profile, with a low frequency (14.08%), in study 1. Multidrug resistant pattern, although
reduced (9.85%), is increasing compared to the previous years 2013-2017, when, in the same hospital,
it was 1.95% [38]. The most accessible molecular test performed, in study 1, was GeneXpert MTB/RIF
(59.82%), similar to 2013-2017 interval (53.57%) [39], but with an increased rate of detection of
Mycobacterium tuberculosis (MTB) DNA (82%) and a low (3.98%) rate of rifampicin resistance versus
15.43%, in Marius Nasta Institute of Pulmonology, from Bucharest [40].

The phenotype of severe weight loss was identified in the early and advanced stages of
confirmed bacteriologically disease. The malnutrition score MUST (Malnutrition Universal Screening
Tool ) [26], applied in study 1, best reflects the precarious nutritional status of patients with confirmed
bacteriologically PTB. MUST is an element of originality of the research , being little studied in the
field of TB [41], although the malnutrition-TB interrelation is known [42].

During the first 2 years of the pandemic, despite of transient intersection between MTB and
SARS CoV2, severe and lethal PTB forms were revealed [43]. In study 1, the risk of death was 10.97%,
increased in males, and cavitary TB patients. The association between TB and COVID-19 represented
an epidemiological peculiarity of PhD research, influencing the early illness risk and reduced life
expectancy.

11.3. Study 2 — Prognostic biomarkers of tuberculosis disease’ severity

11.3.1. Research premises and objectives. Starting from the desire to achieve a better control of
tuberculosis (TB) endemic, despite involved strategic plans [44], there is a paradox related to the
apparent decline trend of TB cases in contrast to severe, advanced, extensive, late-detected,
cavitary phase forms, capable to induce death even in young adults.

In this context, early detection and prediction of severe evolution become important
objectives, and the premise of the research, in study 2, for identifying rapid, inexpensive
diagnostic tests that are predictive of TB disease severity and risk of death, such as serum adenosine
deaminase (SADA), a relevant biomarker of cellular immunity in TB pathology [45,46], studied in
diagnosed and treated pulmonary tuberculosis (PTB) [47,48], but not in advanced forms of disease [49];

and systemic immune inflammatory index (SIl), a neutrophil surrogate biomarker [50], studied in
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autoimmune diseases [51], neoplasia [50,52], sarcoidosis [53], COVID-19 infection [54,55], but not in
advanced forms of TB disease [49].

The primary objective was to identify immuno-inflammatory biomarkers, easily accessible,
with clinical applicability, in the early severity prediction of advanced forms of pulmonary tuberculosis
(a PTB), and the secondary objectives aimed to identify the prevalence of advanced forms of PTB
disease, and its phenotype causing severe evolution to death.

11.3.2. Study material and methods

The type of study was prospective observational, conducted between 01.01.2020-31.03.2025.

The study population included adult patients (> 18 years old), hospitalized in Constanta
Clinical Pneumophthisiology Hospital, and diagnosed with pulmonary tuberculosis (TB), new case or
relapse, having a previous signed informed consent form (ICF).

Inclusion criteria were serum adenosine deaminase (SADA) dosing prior to initiating antiTB
treatment; hematological investigations: complete blood count (leukocytes, lymphocytes, neutrophils,
platelets); imaging evaluation to confirm cavitary lesions; assessment of malnutrition score and risk by
Malnutrion Universal Screening Tool (MUST) Bapen calculator [26]; bacteriological phenotypic
screening for TB mycobacteria; and exclusion criteria consisted of lack of informed consent, clinically
diagnosed and refuted TBP case, after 2 months of initiating antiTB regimen; any disease with potential
to disrupt the results provided by ADA test (pleural empyema, HIV coinfection, concomitant COVID-
19 infection, neoplasia, autoimmune diseases, liver diseases, to avoid SADA growth bias); case of
abandon or therapeutic failure (to avoid unfavorable evolution bias). According to the definition and
TB diagnostic criteria, established by the World Health Organization [25] , the study group was divided
into 2 groups: group 1 consisting of cases with bacteriologically confirmed TB, and group 2 with
clinically diagnosed TB. In this study, a special subcategory was included, called advanced pulmonary
tuberculosis (aTBP), firstly defined, in 2009, by MacLaren Wallace et al. [24], as disease with cavitary
lesions, identified by chest radiography, positive sputum microscopy, by Ziehl Nielsen staining,
reflecting TB delayed diagnosis and contributing to the severe evolution towards relapses or death, as
poor outcomes. Delayed diagnosis was considered to exceed the time interval > 2 weeks from the onset
of symptoms to the initiation of antiTB treatment [56].

The evaluation protocol included standard evaluation with anamnesis, medical history,
clinical and radio-imaging examination, bacteriological (microscopy, liquid culture, solid, molecular
tests GeneXpert MTB/RIF, Line Probe Assay), with nutritional status assessment by MUST
(Malnutrition Universal Screening Tool) score and risk [26], calculation of the systemic immuno-
inflammatory index (SIl) according to the formula: (neutrophil count x platelet count)/lymphocyte
count. According to the kinetic method of determining serum adenosine deaminase (ADA), in the

biochemistry lab of Constanta Clinical Pneumophthisiology Hospital, values >19 IU/L were considered
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elevated. Biomarkers with potential predictability of severe evolution were evaluated, considering, ab
initio, advanced TBP as a severe form of the disease, with a poor prognosis.

Statistical analysis, done with IBM Statistics Package for the Social Sciences (SPSS) version
20 (SPSS Inc., Chicago, Illinois, USA) included, in addition to descriptive statistics of frequencies,
analysis of variance, correlations, corresponding to a normal distribution. Receiver Operational
Characteristic (ROC) analysis was performed in order to establish the threshold between negative and
positive serum results of adenosine deaminase (SADA), systemic immunoinflammatory index (SII) and
MUST malnutrition score. To evaluate the discriminative power of SADA and SlI, the optimal high risk
cut-off values for an area under the curve (AUC) >0.6 and p <0.05 were applied; and sensitivity and
specificity were determined. A value of p <0.05 was considered statistically significant.

11.3.3. Results
11.3.3.1. Demographic, epidemiological and nutritional characteristics of the study group

Study group included 208 adults, mean aged 54.40 + 14.40 years, 74% men (n=154), 75%
smokers (n=156). The mean age was almost equal distributed by gender (54.61 + 16.53 years, men,
compared with 54.29 + 15.83 years, women; F=0.02; p < 0.887).

The study group structure included 156 bacteriologically confirmed patients (group 1) and 52
clinically diagnosed (group 2), 75% new cases. The prevalence of advanced pulmonary tuberculosis
(aPTB) was 88.46% (n=138/156). Late diagnosis was frequent in group 1 (n=138/156) versus group 2
(n=10/52) (OR=32.2; Cl195%:13.81-75.08; RR=4.6; CI95%: 2.63-8.05; y 2 =90.63; p < 0.001). The
mean interval between the onset of symptoms and APTB diagnosis was 3.30+2.86 months, in the study
group, and 3.53+2.636 months in patients with APTB (p <0.001). Early detection was determined by
hemoptysis and fever, but cavitary lesions confirmed APTB.

The prevalence of chemoresistance was 8.17% in the study group, 11.50% in group 1.
Multidrug-resistant forms (n=11) included 4 rifampicin-resistant (RR) cases.

The prevalence of underweighting with BMI < 18.5 kg/m? appears increased in patients with
bacteriologically confirmed PTB (n= 70/156; 44.87%) versus clinically diagnosed ones (n=10/52;
19.23%) OR= 3.41; CI95%: 1.60- 7.29; RR= 2.33; Cl95%: 1.30- 4.18; y 2= 10.78; p< 0.001). The
average malnutrition score MUST (Malnutrition Universal Screening Tool) by Bapen [26], ranged from
3.80+2.31, in patients with advanced TB, (eta =0.370; eta 2=0.137; F=36.60; p< 0.001) to 4.38 +2.30,
in deceased (eta =0.180; eta 2=0.032; F = 6.89; p< 0.009). MUST score 6 was detected in 33.33% of
bacteriologically confirmed TB cases (33.33%) (eta =0.328; y?= 27.801; p< 0.001).

Severe malnutrition risk was identified in:

- 73.01% of bacteriologically confirmed TB cases (n=114/156; eta =0.306; y 2= 23.347; p<

0.001),

- 73.65% of patients diagnosed late (n=109/148; 73.65%; eta =0.300; y 2= 21.234; p< 0.001),
- 79.16% of deceased (n=19/24; eta =0.099; y 2 =3.289; p< 0.2).
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11.3.3.2. The clinical-imaging and evolutionary characteristics of the study group were represented
by extensive cavitary lesions (n=145), severe forms of hematogenous dissemination (n=9),
bronchopneumonia (n=18), late detection (n=148), attributes of the severity of tuberculosis disease,
with an increased impact on the fatality rate in the study group (n=24/208; 11.53%), especially in group
1 (n=22/156; 14.10%) (OR= 4.10; C195%: 0.93-18.09; RR= 3.67; C195%:089-15.06; y 2=4, p < 0.046).
11.3.3.3.Biomarkers with predictive potential for the prognosis of TB disease severity

Serum adenosine deaminase (SADA) recorded average values:

34.06 + 9.27UI/L, in bacteriologically confirmed cases (p <0.002),

34.04 + 9.01UI/L in those with advanced pulmonary tuberculosis (»TBP) (p <0.016),
37.17 + 9.94 IU/L, in the deceased (p < 0.016), with no influence by age (p < 0.345), patient gender
(p <0.165), residence (p <0.964), weight loss (p < 0.091 ), but increased proportionally with MUST
malnutrition score (F=2.49; p < 0.024; R= 0.154; R 2= 0.024; eta=0.263; eta 2=0.069 ) and severity
of malnutrition risk. MUST from 28.91 + 6.44 IU/L, to 34.11 + 9.43 IU/L (F=3.38; p < 0.036; R=
0.153; R 2=0.024; eta=0.179; eta 2=0.032 ) (Figure 4).

The systemic immuno-inflammatory index (SII) recorded average values:
2006.47 + 3028.18 in cases with bacteriologically confirmed TB (F=5.64; p< 0.018);
2126.23 + 3110.14 in patients with cavitary TB (F=9.53; p< 0.002);
2077.67 + 3131.46 in patients with advanced TB, compared to the rest of the patients (1110.63 +
1355.68) (F=6.085, p< 0.014; age = 0.169; eta? = 0.029);
3308.16 + 3023.07 in deceased (F=9.34; p< 0.003);
3251.13 + 4477.43 in malnutrited patients with a MUST score of 6 (F=4.908; p< 0.001; R= 0.306;
R 2=0.093; eta=0.357; eta 2=0.128).

70 70
i = 189 68
o] o o S 60 0 8
143 2
3
a
50 = 50
a
o
g £
Q 40- H 5 4
= a
']
£
@ -
30 g 30
@
=]
<
201 S
]
wy
10 10
T T T T T T T T T T
0 1 2 3 4 5 6 Low Medium High
A MUST SCORE B Malnutrition Risk

Figure 4. Mean serum adenosine deaminase (ADA) values according to MUST (Malnutrition
Universal Screening Tool Bapen [261) score (A) and malnutrition risk (B)
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Receiver Operational Characteristic (ROC) analysis revealed a predictive area under the curve
(AUC) of 0.708 + 0.09 (p < 0.032) for SADA and 0.765 + 0.05 (p < 0.001) for SII (Figure 5), identifying
the SADA risk threshold of 30.50 IU/L, with sensitivity (Sn) of 75%; specificity (Sp) of 78%; and the
Sl threshold of 902, with 50% Sn and 84% Sp.
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Figure 5. Evaluation of inflammatory biomarkers by Receiver Operating Characteristic (ROC)
analysis, in study group (adapted from!“!)

Applying the sADA > 30.50 IU/L filter, the ADA risk cohort (n=116) was identified, representing
- 61.54% of PTB bacteriologically confirmed cases (n=96/156) (OR= 4.16; CI95%: 2.26-7.64;
RR= 2.21; C195%: 1.49-3.28; y 2=22.36, p < 0.001),
- 66.67% of advanced pulmonary tuberculosis (A TBP) cases (n=92/138),
- 75% of total deaths (n=18/24), 15.52% risk of death (n=18/116) (OR=2.63; C195%: 0.99-6.93;
RR= 2.387; C195%: 0.98-5.75; y 2= 4.05, p < 0.045).
In APTB assessment, SADA threshold had a positive predictive value of 83.62% a negative
predictive value of 55.43% and a 75% sensitivity and 46.74% specificity in death risk prediction.
By applying the SII > 902 filter, resulted a SlI risk cohort of 110 patients, representing
- 60.26% in bacteriologically confirmed PTB group (n=94/156) (OR=5.22; C195%: 1.71-15.87,
RR= 4.45; C195%: 1.57-12.58; y 2= 10.05, p < 0.002),
- 81.82% of APTB cases (n=90/110),
- 83.84% of total deaths (n=20/24), inducing a death risk of 18.18% (n=20/110) (OR= 5.22;
Cl195%: 1.71-15.87; RR= 4.45; CI195%: 1.57-12.58; y 2=10.05, p < 0.002).
Sl risk had a sensibility (Sn) of 65.22% and 71.43% specificity (Sp) in predicting the risk of
APTB; with 83.33% Sn and 51.08% Sp in predicting the risk of death.
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The mean interval from TB diagnosis to death was 54.32 + 76.61 days, reduced to 43.10 £ 74.41
days in patients with APTB and 21.50 + 21.89 days in SADA+SII risk cohort, with statistically
significant multinomial multiple regression (y 2=16.529; p < 0.036), log odds for the fitting model (-
2Log likelihood) of 28.359, and pseudoR 2 Cox and Snell of 0.952 and Nagelkerke of 0.976.

ROC analysis for MUST score and body mass index (BMI) revealed predictive AUC only for
MUST (0.71 in APTB cases and 0.67 in deceased) (Figure 6). The cut-off value of MUST score 3 had,
in patients with APTB, a 74% Sn and 66% Sp, and, for deceased, a cut-off value of 4 had a Sn of 71%
and a Sp of 51%.
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Figure 6. Evaluation of nutritional status’ biomarkers (MUST score and BMI) by Receiver Operating
Characteristic (ROC) analysis, in patients with advanced pulmonary tuberculosis (A) and in deceased
patients (B)

The prevalence of malnutrition, corresponding to a MUST score > 4 , was 51.92% in the study
group (n=108/208), 63.77% in the APTB group (n=88/138), 87.50% in the APTB cohort with SADA+SI|I
risk filter (n=49/56), and 70.83% in the deceased group (n=17/24). Using this filter of biomarker
threshold values prognostic factors ADA, SII, MUST.

The prevalence of PTB with severe evolution was identified in half of APTB patients (n=63/138;
45.65%) (OR= 5.04; C195%: 2.88-10.65; RR= 3.19; CI195%: 1.75-5.83; y 2= 19.16, p < 0.001).

11.3.4. Discussion. The partial results of study 2 were published in June 2025 [49]. The delayed
diagnosis of pulmonary tuberculosis (PTB) justifies, morphologically, the extensive caseation, lesional
extension and bilateralization, and, epidemiologically, the contagion, since the majority of enrolled
inpatients had cavitary lesions and positive smears, determinants of advanced forms of PTB (a.PTB)
[24]. In order not to influence the prediction of death, in study 2, aggravating comorbidities with the

potential to increase serum adenosin deaminase (SADA) and systemic immuno-inflammatory index (SII)
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levels were excluded, independent of TB-dependent immuno-inflammatory activation way. In general,
studies have explored the diagnostic role of SADA in PTB patients [48,57-62]. There is a notable lack
of information regarding the value of SADA as a prognostic biomarker in APTB [47,57]. Some
researchers have proposed it to be considered a diagnostic biomarker when bacteriological confirmation
of TB is lacking [58,59], with critical threshold values between 21-34 1U/L [47,60,61,63].

There is a complex bidirectional relationship between inflammation-cachexia-anorexia-
malnutrition [42]. Malnutrition may be a surrogate biomarker of \PTB, as demonstrated by MUST
score > 4, comparable to 3.5 value identified by Miyata [64,65]. The association of MUST score with
SADA-SII prognostic biomarkers duet [49] constitutes a trimarker with a strong imprint in the
prediction of severity and death in APTB. The phenotype of the PTB patient at risk of severe progression
and death, identified in study 2, is male, aged < 60 years, diagnosed late with cavitary lesions, with
positive bacteriology in microscopy, ADAs > 30.50UI/L, SII > 902 and MUST score 2 4.

11.4. Study 3- Impaired lung function, phenotype of post-tuberculosis chronic lung disease

11.4.1. Research premises and objectives. The success of antituberculosis chemotherapy has turned
into a real chance of survival with post-tuberculosis (TB) sequelae and lung function impairment (LFI)
[66], since completed antiTB therapy has not always been associated with healing [2,9,67-69]. After
revisited post-TB chronic lung disease (PTLD) [11], new definition and spectrum phenotypes have
emerged [13,70,71]. In the context of a true extremely complex and heterogeneous phenotypic cluster,
the magnitude of PTLD prevalence and LFI are topics that have not been addressed in Romania [69].
Starting from the hypothesis that the passive, late detection of advanced forms of PTLD is the main
cause of impaired lung function, this study aims, as its main objective, to identify the impaired lung
function, a PTLD phenotype, with secondary objectives to assess the ventilatory defects patterns,
related to PTLD phenotypes, including chronic obstructive pulmonary disease (COPD), and subsequent
risk of death in PTLD, LFI, COPD patients.

11.4.2. Study material and methods

The study type was an ambispective, longitudinal cohort, conducted between 01.01.2017 and
31.05.2025, in order to cover a longer period of time, retrospectively (2017-2019) and prospectively.

The study population was represented by adult patients (=18 years), with a history of
pulmonary tuberculosis (PTB) and completed anti-TB treatment, diagnosed with chronic post-TB lung
disease (PTLD), in whom lung function impairment (LFI) and PTLD phenotypes were monitored.

Inclusion criteria consisted in history of at least one episode of treated PTB, PTLD diagnosis,
clinical, imaging and lung function evaluation, at least mandatory validated spirometry.

Exclusion criteria included lack of informed consent, cognitive deficit, lack of cooperation
when performing spirometry, conditions that are contraindications to spirometry (severe cardiovascular
disease, severe chronic respiratory failure, thromboembolism, hemoptysis in the last 30 days), diseases

(such as bronchiectasis, chronic bronchitis, pulmonary fibrosis, asthma, chronic obstructive pulmonary
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disease (COPD), pleural pathology), that preceded PTB first treated episode, or comorbidities
responsible for lung parenchyma damage and LFI (severe forms of COVID-19 infection, HIV,
neoplasms, autoimmune diseases, extreme obesity) in order to avoid bias.

The evaluation protocol included retrospective data collection from the hospital's electronic
database and clinical observation records of patients with acute-evolving PTB, prior to 2020, alongside
to prospective evaluation of PTLD cases diagnosed after January 2020. The evaluation of eligible cases
included demographic, anthropometric, clinical, imaging, nutritional data. Assessment of dyspnea,
exercise tolerance and quantification of exercise desaturation according to the covered distance were
performed by the 6-minute walk test (6MWT) [72], pulse oximetry, MMRC (modified Medical Research
Council) dyspnea scale [73], standardized CAT questionnaire (COPD- Assessment Test- COPD
assessment test) [74]. Pulmonary function testing by spirometry was mandatory for all enrolled patients.
Ventilatory dysfunction patterns (obstructive, restrictive, mixed) and LFI severity assessment by
spirometry and complex lung function tests as diffusing capacity of the lungs for carbon monoxide
(DLCO) and impulse oscillometry (10S), were defined according to guidelines [75-81]:

- obstructive ventilatory dysfunction (OVD) by the ratio between maximum expiratory volume in the
first second (FEV1) and forced vital capacity (FVC) < 70%, normal or lower FEV1 < 80%,

- restrictive ventilatory dysfunction (RVD) by total lung capacity (TLC) (determined by DLCO
technique) below 80%; normal or increased FEV1/FVC ratio (above 70%), low FVC;

- mixed ventilatory dysfunction (MVD) by low FEV1/FVC ratio < 70%, FVC and FEV1 < 80%, in
association with low DLCO (mild between 61-75%, moderate between 41-60% and severe <40 %);

- chronic obstructive pulmonary disease (COPD) by bronchial obstruction syndrome, identified by
the ratio FEV1/ FVC <0.70; absence of reversibility >12% in the bronchodilator test; with the 4
stages of severity depending on the FEV1 value: I- mild (FEV1 > 80%), II- moderate (50%-79%),
I11- severe (30%-49%), V- very severe (FEV1 < 30%)], corresponding to the COPD Global
Initiative for Chronic Obstructive Lung Disease (GOLD) classification [82].

Statistical analysis done with IBM Statistics Package for the Social Sciences (SPSS) version
20 (SPSS Inc., Chicago, Illinois, USA), included descriptive statistics of frequencies, analysis of
variance, correlations, corresponding to a normal distribution, Receiver Operational Characteristic
analysis, to assess the risk threshold of time interval between ended antiTB treatment and LFI
occurrence. The chi 2test was used to measure the association between PTLD and LFI, COPD, the risk
of death, at a statistical significance threshold of p < 0.05 corresponding to a confidence level of 95%.
11.4.3. Results
11.4.3.1.Descriptive characteristics of the study cohort

The study cohort included 376 adult patients, mean aged 60.30 £ 12.61 years, predominantly
males (n=253) and smokers (n=239). The prevalence of lung function impairment (LFI) was 86.17%

(n=324/376). The predictive time interval for LFI detection after a first treated episode of pulmonary

19



tuberculosis (PTB), identified by the Receiver Operating Characteristic (ROC) method, according to
the predictive area under the curve (AUC) of 0.944 + 0.015 (CI95%:0.91-0.97; p < 0.001) was 6.50
months, with 94% sensitivity and 78% specificity (Figure 7).
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Figure 7. Receiver Operating Characteristic (ROC) analysis of the time interval between the
diagnosis of pulmonary tuberculosis (PTB) and post-tuberculous chronic lung disease (PTLD)

The mean age of patients with LFI was 60.43 £ 12.16 years, (median of 62 years; limits: 21- 89
years) (p < 0.624). Males dominated LFI cohort (57.41%) (OR=2.56; CI95%: 1.41-4.64; RR=1.46;
Cl195%: 1.09-1.96; y 2= 10.09; p < 0.002).

The prevalence of smoking exposure in the PTLD cohort was 63.56% (n=239/376), and 68.20%
in the LFI subcohort (n=221/324). The risk of LFI in PTLD smokers was 92.46% (n=221/239) versus
75.18% in non-smokers (n=103/137) (OR=4.05; CI195%: 2.18-7.51; RR=1.23; C195%:1.11-1.36; y 2
=21.77; p < 0.001).
11.4.3.2. The phenotypes of post-tuberculosis chronic lung disease (PTLD), by concerned
anatomical compartment, were classified into subgroup 1 with lung fibrotic sequelae, or missed lung
tissue (postsurgery), with 93.88% prevalence; subgroup 2 with destroyed lung by persistent cavities +
intracavitary aspergillomas, with 16.65% prevalence; subgroup 3 with bronchial sequelae and 81.38%
prevalence; subgroup 4 with pleural sequelae, and highest prevalence (93.88%). PTLD patients with
lung function impairment (LFI) had more fibrosis in subgroup 1 (p<0.001), bronchial lesions in
subgroup 3 (p<0.005) and pleural lesions in subgroup 4 (p<0.001). Bronchiectasis was a frequent
phenotype regardless of LFI association (n=265/376; 70.48%) (p<0.129). The suppurative

bronchiectasis phenotype was associated with bacterial spectrum dominated by Pseudomonas
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aeruginosa and Klebsiella pneumoniae and extended antibiotic resistance spectrum to 3 lactams and
cephalosporins (n=27/43; 62.79%).

11.4.3.3. Classification of lung function impairment (LFI) patterns included mixed ventilatory
deficit (n=138; 36.70%), obstructive (n=105; 13.30%), restrictive (n=81; 21.54%), and small airway
disease (12.77%). Ventilatory deficit was classified into mild (FEV1 > 70%) in 33.02% of patients;
moderate (FEV1 between 50-60%) in 30.56%; severe (FEV1 between 35-49%) in 27.78%, and very
severe (FEV1 < 35%) in other 8.02% of patients (Figure 8). The diffusing capacity of the lungs for
carbon monoxide (DLCO%) was <75% in 69.13% of investigated PTLD LFI cases (n=168/243), with
an increased prevalence of moderate deficit (47.96%) (Figure 9).
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11.4.3.4. Evaluation of chronic obstructive pulmonary disease in the context of smoking exposure.

Chronic obstructive pulmonary disease (COPD), a phenotype of postTB lung disease (PTLD),
was diagnosed in 214 patients with impaired ventilatory function, corresponding to a prevalence of
56.91% (n=214/376), higher in smokers (n=162/221; 73.30%) versus non-smokers (n=52/103; 50.48%)
(OR=2.69; C195%: 1.65-4.38; RR=1.45; C195%: 1.18- 1.78; y 2= 16.26; p < 0.001). The TB associated
COPD cohort included 2 groups: 52 non-smokers (NS) NS-TB-COPD; and 162 smokers (S) S-TB-
COPD, in whom the average number of pack/years was 33.78+16.21.

The age of COPD patients at the time of PTB first diagnosis was not different between groups
(42.31 + 18.28 years versus 42.48+15.62 years; p< 0.949), but subsequently, at the time of COPD
diagnosis, it was increased in NS (64.98+11.35 years) versus S (60.44+10.26 years) (p< 0.007).

The gender distribution of patients with TB-COPD highlights an increased male proportion in
smokers (n=130/162; 80.24%) versus nonsmokers (n=27/52; 51.92%) (OR= 3.46; CI95%: 1.76-6.81,
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RR=1.48; C195%: 1.14- 1.94; v 2=13.63; p <0.001). Non-smoking women had an increased prevalence
of COPD (n=25/52; 48.07%) compared to smoking women (n=32/162; 19.75%) (OR=3.76; CI95%:
1.93-7.33; RR=2.43; C195%: 1.59-3.70; 2 = 16.08; p < 0.001).

Clinical evaluation of TB-COPD patients highlights statistically significant differences in the
sensation of chest tightness (p < 0.001) and fatigue (p < 0.031) in non-smokers. Imaging evaluation of
TB-COPD patients reveals differences in the distribution of scar lung fibrosis (p < 0.021), bronchiectasis
(p <0.009), fibrothorax (p <0.003), more frequent in non-smokers, compared to emphysema, more

frequent in smokers (p < 0.037) (Table 1).

Table 1. Imaging phenotypes of TB-COPD, depending on smoking exposure

Variable NS-TB-COPD | S-TB-COPD | Total OR %2 p<
(N=52) (N=162) N=214 C195%,

Emphysema 18 83 101 0.50 (0.26-0.96) | 4.36 | 0.037
Scar fibrosis 47 122 169 3.08 (1.14-8.28) | 5.36 | 0.021
Fibrothorax 11 11 22 3.68 (1.49-9.09) | 8.76 | 0.003
Bronchiectasis 43 102 146 2.81(1.28-6.17) | 6.98 | 0.009
Destroyed lung 11 27 38 1.34 (0.61-2.93) | 0.54 | 0.463
Missing lobe / 5 9 14 1.8 (0.57-5.66) 1.06 | 0.303
missing lung*

Legend: COPD= chronic obstructive pulmonary disease; TB=tuberculosis; NF=non-smokers;

F=smokers; * post-surgical intervention

Lung function assessment, by spirometry, reveals reduced mean values of forced vital capacity
(FVC) in non-smokers (p < 0.001) and decreased bronchial permeability index (BPI) in smokers (p <
0.002). COPD severity classified in the 4 GOLD stages does not appear to be influenced by smoking
exposure (x2=6.21; p < 0.400). The diffusing capacity of the lungs for carbon monoxide (DLCO%) was
lower in smokers (p < 0.002). Impulse oscillometry (10S) revealed the small airways stiffness syndrome,
with fibrosis and a greatly increased resonance frequency (Fres) > 20 Hz in both subgroups, but without
statistically significant differences (p < 0.733).

Isolated TB-COPD phenotypes such as chronic bronchitis and pulmonary cachexia were
similarly distributed in non-smokers (NS) and smokers (S). Emphysema occurred more frequently in S
(p<0.038), in contrast to NS, in which the phenotypes of scar lung fibrosis (p< 0.021), fibrothorax (p<
0.003) and bronchiectasis (p< 0.009) were more frequent. The phenotypic cluster of bronchiectasis,
lung fibrosis and COPD had an increased prevalence in NS (n= 36/52; 69.23%) versus S (n= 33/162;
20.37%) (OR=8.79; C195%: 4.36- 17.75; RR=3.39; C195%= 2.38- 4.84; 2=42.81; p< 0.001).
11.4.3.3. Assessment of death risk

The risk of death in the study cohort with post-tuberculous chronic lung disease (PTLD) was
11.43% (n=43/376), increasing to 17.52 in patients with lung function impairment (LFI) (n=41/234).
Over % of the deaths in the PTLD+LFI cohort were due to TB-COPD phenotype, regardless of smoking
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exposure (n=25/41; 60.97%). The mortality prevalence in the TB-COPD cohort, regardless of smoking
exposure and comorbidities, was 11.68% (n=25/214). The death risk of TB-COPD patients due to severe
and very severe forms of COPD (stages Ill and IV GOLD) was 16.10% (n=19/118), higher in NS
(n=9/28; 32.14%) compared to S (n=10/90; 9%) OR=3.43; C195%: 1.23-9.51; RR=2.70; CI195%: 1.21-
6.01; x2=15.97; p <0.015). Non-smoking TB-COPD males had a 4-fold increased risk of death (27.58%)
compared to smoker ones (8.46%) (OR= 4.12; CI95%: 1.48- 11.45; RR= 3.39; CI195%= 2.38- 4.84;
RR=3.26; C195%: 1.44-7.38; y 2=8.19; p< 0.005).

5.4. Discussion. In the final stage of tuberculosis (TB) cycle, the extent of chronic posttuberculous
lung disease (PTLD), with distinct phenotypes, converging with lung function impairment (LFI), which
may be greater than estimates in the literature. This study is the first cohort study that approaches the
issue and phenotypes of PTLD, from the perspective of redefined disease and spectrum [10-13], and
developing assessment standards [20], after Anastasatu and Didilescu prior research [9]. PTLD is a
generic, umbrella terminology for a series of complications, classified into phenotypes, that can occur
months or years after the completion of antituberculosis therapy, requiring early identification and a
multidisciplinary approach [ 2,5,7,9,10-13]. In study 3, the critical interval from PTB diagnosis to
PTLD occurrence, identified by Receiver Operational Characteristic analysis, was 6.50 months, with
high sensitivity (94%) and specificity (78%), in contrast to the threshold of 24 months stipulated in the
1980s [9]. The PTLD prevalence and phenotypes have not been yet a research topic in Romania since
the 1980s [9,69]. The phenotypes identified in the cohort of 376 hospitalized PTLD patients included
scar lung fibrosis, bronchiectasis, chronic obstructive pulmonary disease (COPD) and fibrothorax, a
pathology less studied, which had a low prevalence, but highly associated with COPD in non-smokers,
resulting in a distinct PTLD phenotype, with an increased risk of death. There is a great heterogeneity
in the prevalence of LFI, investigated by spirometry, with limits between 18 and 87% [83]. Impaired
pulmonary function is a frequent phenotype of PTLD (86.17%), in the study cohort, being at the upper
limit of the values mentioned in recent years, in the literature [84,85]. In study 3, spirometry identified
all types of ventilatory dysfunctions, with predominant mixed deficit (36.7%), followed by restrictive
(21.54%) and obstructive (13.30%) dysfunction. In the literature, the prevalence of ventilatory
dysfunction differs, depending on the history of Mycobacterium tuberculosis chemoresistance, with
oscillations between 15% for restrictive deficit and 43% for mixed [86]. In other studies, obstructive
deficit predominates (23-61%) [87,88].

As a particularity of study 3, there was an increased share of mixed dysfunction in non-
smoking TB-COPD patients, in contrast to the predominant obstructive dysfunction in smokers. Severe
and very severe ventilatory deficit, in the PTLD-LFI study cohort, had a prevalence of 35.8%, higher
than the 26.3% identified in an African multicenter study [84]. The reduction in gas diffusion (DLCO)
was significant in the cohort of S-TB-COPD, being attributable, on the one hand, to pulmonary

emphysema [89], frequently encountered in smoker group, and, on the other hand, to the combined
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phenotype of COPD with post-TB lung scaring fibrosis, since the rest of pathologies, which could have
interfered the results, constituted ab initio exclusion criteria. In contrast to the classic phenotype of
emphysema, smoking and COPD, which occurs predominantly in men over 40 years [90], COPD also
occurs in 25-30% of nonsmokers, somewhat equally distributed by gender, more prevalent in young
individuals, associated with small airway dysfunction, preserved DLCO, and a slow rate of decline in
lung function [89]. TB-COPD is both a phenotype of TB, but itself has a wide spectrum of phenotypes
[91-93]. The combined phenotypes identified in the TB-COPD cohort included scaring lung fibrosis,
fibrothorax and bronchiectasis in nonsmokers; emphysema and bronchiectasis in smokers (p < 0.031).
According to literature data, post-TB sequelae with residual pleuro - broncho -pulmonary

structural alterations are responsible for 18-80% risk of death, and LFI increases this risk [14,94].

Progressive decline in lung function leads to increased hospitalizations and risk of death [95-98].

Between 28 and 68% of patients with inactive TB lung lesions are at risk of developing COPD [99],

and patients with TB-COPD have an increased risk of death even in the first year after diagnosis [100].

The risk of death highlighted in study 3, in TB-COPD cohort, was 11.68%, being influenced by male

gender (p< 0.005), COPD severity (stages Ill and IV GOLD) and multimorbidity (p< 0.001). A

limitation of the study in generalizing the data may be the unicentric nature and the inclusion of

hospitalized patients. Given the endemicity of TB in Romania, patients suspected of developing TB
are in any geographical or administrative area of our country.

6. General conclusions

1. The PhD research approaches, for the first time in Romania, pulmonary tuberculosis (PTB), at the
interface of its newly defined spectrum, identifying the course of infection and disease from
incipient to advanced forms, from acute to chronic phase of disease, with polymorphic structural
alterations and deterioration of lung ventilatory function.

2. The discrepancy between incipient, subclinical and advanced forms of TB disease is justified by
the increased severity profile, specific to inhospital morbidity, with an increased rate of
bacteriological confirmation, in the context of late detection of TB.

3. The screening of interferon y serum releasing in TB suspects, in conjunction with dinamic imaging
evaluation, within a maximum of 12 months, provides, through the RAY SCAPE software program,
and arguments he transition of infection into incipient disease. Thus, the multimarker composite
score of mean diameter of lung nodules > 9.5 mm, TB1- and TB2-Nil antigens > 0.70 IU/L can
anticipate and facilitate, in TB infected patients, the detection of TB disease at an early stage.

4. In the context of the COVID-19 pandemic retrospective, there is an accelerated transition from TB
infection to disease and from disease to death, with reduced survival time.

5. Cavitary lesions, late detection, multimorbidity, age under 60 years, and male gender have a

negative impact on the risk of death in patients with advanced PTB.
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6. The severe evolution of PTB can be estimated, from the first week of hospitalization, by
determining serum adenosine deaminase, systemic immuno-inflammatory index and MUST
malnutrition score, prognostic biomarkers of PTB disease severity, that are easily accessible,
inexpensive, and studied, for the first time, together in human pathology and in the context of
advanced TBP disease.

7. The screening of postTB sequelae by complete clinical-imaging, endoscopic evaluation and
functional testing should be performed early, at an optimal interval of 6 months, after the completion
of anti-TB treatment.

8. The heterogeneity of isolated and combined PTLD phenotypes reveals the high prevalence of LFI,
regardless of PTLD phenotype. The most common phenotype of impaired pulmonary function was
mixed ventilatory dysfunction justified by the extent of fibrotic lesions, which can coexist and
interact with chronic obstructive pulmonary disease (COPD), in the absence of smoking exposure.

9. This study identified antibiotic resistance of microbial flora associated with post-TB bronchiectasis
exacerbations, and rare PTLD phenotypes such as tracheobronchial stenosis syndrome with
cartilaginous spurs, and post-TB fibrotorax and COPD cluster phenotype, in hon-smokers, with an
increased risk of death (a phenotype that has not been yet reported in the literature).

10. Pulmonary function testing in PTLD patients should be performed by both spirometry and gas
diffusion method, not neglecting the importance of impulse oscillometry method, capable to early
revealling of small airway disease. Impulse oscillometry was used for the first time in Romania,
within a doctoral research, in the evaluation of a cohort of COPD patients.

7. Originality and innovative contributions of the thesis

The doctoral research confirms that tuberculosis (TB) is a complex entity, transcending the
importance of classical paradigm consisting in molecular epidemiology, acute disease notification and
curability of the infectious episode. The results obtained from the three studies show that pulmonary
tuberculosis (PTB) is a process with various evolutions, from exposure and latent infection, to active
disease and, subsequently, to chronic post-tuberculous lung disease (PTLD), with structural and

functional sequelae. The first 2 studies approaches the TB spectrum components in suspects and ill

patients, from inactive lung sequelae and infection, to early forms of the disease, in contrast to advanced

pulmonary tuberculosis (PTB), with favorable or unfavorable, lethal prognosis. Study 1 highlighted TB
spectrum distinct clinical forms, transition to incipient PTB. Low-dose computed tomography (CT)
imaging monitoring, digitally assisted by RAYSCAPE software program, allows the morphometric
evaluation of nodular lung lesional dynamics in patients with suspected TB. The multimarker composite
score, consisting of mean diameter of lung nodules 9.5 mm and TB1 and TB2-Nil antigens >0.70 IU/L,
represents a simple and extremely accessible tool in detecting incipient TB disease. Study 2 introduced
the concepts of advanced PTB [24] and delayed diagnosis [56], demonstrated the value of serum
adenosine deaminase (SADA) and systemic immunoinflammatory index (SIl) as prognostic biomarkers

in the early definition of severe evolution [49]. The immunoinflammatory pattern, nutritional status,
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clinical examination, imaging, bacteriological and molecular investigation, facilitated diagnosis and
prognosis of advanced PTB by prognostic biomarkers. The assessment of nutritional status by MUST
(Malnutrition Universal Screening Test) malnutrition score, using the Bapen computer [26], was used,
for the first time, in a large cohort of TB patients, in Romania, and represents an original contribution
of doctoral research. The use of the ADAs+SII duet, in study 2, to identify the critical threshold in the
prognosis of advanced PTB represents, again, a premiere of Romanian research in the field of
phthisiology [49], and the association of the third pillar, the MUST malnutrition score, enhances the
predictability of ADAs-SII duet in the early anticipation of death risk, in the first week of
hospitalization. It is the first research that propose 3 biomarkers with predictive value of advanced TBP
severe evolution and risk of death.

The 3rd study explored the topic of classical post-tuberculosis respiratory syndromes, almost
40 years after the research conducted by C. Anasatastu and C. Didilescu [9] , from the perspective of
modern imaging and functional-ventilatory complex exploration. The era of molecular epidemiology
is overshadowed by the ballast of chronic survivors of prior treated PTB. The doctoral thesis confirms
the theory that the microbiological success of clearing the contagiousness does not coincide with the
restoration of pulmonary integrity and does not ensure a normal ventilatory function. The complex
evaluation of lung function, by gas diffusion through the alveolar-capillary membrane (DLCO) and
impulse oscillometry (10S), represents a special contribution of the PhD research, being used, for the
first time, in Romania, for evaluating a large cohort of PTLD patients.

Study 3 showed that PTLD is not a uniform and static picture, it is a dynamic expression of a
great variety of imaging and functional phenotypes. The combinations between imaging phenotypes
(lung fibrosis, cavities, bronchiectasis) and functional defects (obstruction, restriction, mixed) have
outlined distinct clinical profiles, with variable impact on exercise capacity and quality of life. Among
these particular PTLD phenotypes, described in study 3, there is one not yet described in literature,
post-TB COPD and fibrothorax phenotypic cluster in non-smoking males, correlated with an increased
risk of death. Also, TB associated COPD phenotype with tracheobronchial stenosis, cartilaginous
spurs, retractile fibrous upper lobitis identified in doctoral research and reported at an international
congress [101].

Taken together, the three studies, part of the doctoral research, demonstrate that there is not a
single pattern of evolution, but a diversity of paths, determined by the interaction between the pathogen,
the host's immuno-reactivity and the epidemiological context. Innovative contributions of the doctoral
research and the applicability of doctoral research results in medical practice include:

- the phenotype of the adult patient with incipient TB (ITB), identified predominantly in women aged

<60 years, with moderate malnutrition risk, predominance of multimorbidity and COVID history;

- paucisymptomatic stage of ITB revealed by multimarker risk score of TB1- and TB2-Nil antigens

plus the average diameter of pulmonary nodules, with progressive lesion dynamics,
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ITB diagnostic algorithm included digitally assisted chest CT screening using the RAYSCAPE
program in dynamics to detect progressive nodular lesional progression in suspects with
pulmonary nodules, positive quantitative IGRA test and multimarker risk score,

the phenotype of the adult patient with a risk of severe evolution and risk of death was identified
predominantly in men <60 years old, delayed diagnosed with cavitary lesions, with positive
bacteriology in microscopy, detected by serum adenosine deaminase (SADA) > 30.50UI/L, systemic
immuno-inflammatory index (SII) > 902 and MUST score 2 4;

the algorithm for evaluating patients with advanced PTB by assessing nutritional status with
estimation of kilograms lost, weight before and after weight loss; use of the Bapen calculator [26]
for calculating the score and risk of malnutrition using the universal malnutrition screening tool
(MUST); determination of SADA and complete blood count with leukocyte formula for calculating
SI1 by the calculation formula (neutrophils x platelets)/ lymphocytes.

the algorithm for early evaluation of PTLD, 6 months after the completion of anti-TB therapy,
through clinical -imaging methods and exploration of lung ventilatory function through spirometry
+ DLCO and I0S;

TB-COPD phenotype in non-smokers (NS) identified in elderly women, characterized by the
severity of COPD, with an increased risk of death in men, phenotype to be suspected in patients
with PTLD and clinical pattern dominated by thoracic constriction, functional pattern of mixed
ventilatory dysfunction and DLCO% < 75%, distinct fibrotic imaging pattern, in which fibrothorax
and bronchiectasis are particular components of the overlap with COPD.

For an early identification and complex approach of PTB and PTLD phenotypes, optimized

diagnostic and therapeutic protocols to prevent chronicity are necessary, protocols integrated in a

molecular, clinical and morpho-functional epidemiological context.
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