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Abstract: Background and Objectives: The concurrent occurrence of tuberculosis and COVID-19
coinfection poses significant clinical complexities, warranting a nuanced approach to diagnosis,
management, and patient care. Materials and Methods: A retrospective, cross-sectional study was
conducted on two groups: one comprising 32 patients with pulmonary TB (PTB) and COVID-19
co-infection, and one including 100 patients with COVID-19 alone. Data was collected from medical
records, including patient history, clinical parameters, laboratory, imaging results, and patient
outcome. Results: A lower BMI emerges as a significant marker suggesting underlying PTB in patients
with SARS-CoV-2 co-infection. Type 2 diabetes mellitus increases the risk of death in PTB-SARS-
CoV-2 co-infection. Co-infected patients show lymphocytopenia and higher neutrophil levels, CRP,
transaminases, and D-dimer levels. Elevated CRP and ALT levels are linked to increased co-infection
likelihood. Certain parameters like SpO2, CRP, ALT, AST, and D-dimer effectively differentiate
between co-infected and COVID-19 patients. Platelet-to-lymphocyte ratio is notably higher in
co-infected individuals. Lesion severity on imaging is significantly associated with co-infection,
highlighting imaging’s diagnostic importance. Longer hospital stays are linked to co-infection but not
significantly to death risk. Conclusions: Certain clinical and biological factors may serve as potential
indicators of PTB co-infection in patients with SARS-CoV-2.

Keywords: COVID19 outcomes; immunocompromised in SARS-CoV-2 infection; SARS-CoV-2 and
tuberculosis co-infection; pulmonary tuberculosis

1. Introduction

Tuberculosis (TB) is an infectious disease with profound implications for human health.
Mycobacterium tuberculosis primarily invades the lungs, but it can also disseminate to other
organs and tissues, including the intestines, liver, lymph nodes, skin, brain, and various
systems such as musculoskeletal and reproductive [1].

The year 2020 is likely to be etched in memory as the “COVID-19 year”, marked
by the emergence of the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
responsible for the pandemic. While COVID-19 continues to dominate both scientific
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literature and the media, it is crucial not to overlook other communicable diseases, including
TB [2–6]. Since 2019, the genetic makeup of the SARS-CoV-2 reference sequence has
undergone alterations, leading to speculations about the emergence of variants capable
of evading immune responses and resisting treatments and vaccines [7–9]. Phylogenetic
analysis indicated that the Romanian epidemic commenced with numerous introduction
events from various European countries, succeeded by localized transmission [10]. Roughly
all variants ultimately have circulated on Romanian territory, but the most prominent at
the time of our study (the initial months of the pandemic) were variants pertaining to
lineage B, subtype B.1.5 and B.1.1 [10,11]. These variants produced a high variability in
symptomatology and severity. Diabetes and arterial hypertension are comorbidities which
were shown to be associated with a more severe disease form [11].

Amid the World Health Organization’s (WHO) declaration of COVID-19 as a Public
Health Emergency of International Concern, considerable attention has been devoted to
exploring the potential interactions between SARS-CoV-2 and TB infection. The prevailing
view, shared by the WHO and specialized scientific sources, suggests that the COVID-19
pandemic could exacerbate the global TB epidemic. This anticipated worsening is attributed
to various factors, including additional strains on health systems from COVID-19, leading
to the weakening of National TB programs. The potential biological effects of the interaction
between the two infections are also emphasized, reminiscent of the historical concept of a
‘cursed duet’, previously applied to TB and HIV [7–16].

Unlike COVID-19, TB is an ancient menace that has plagued humanity for millennia,
with 25% of the global population harboring latent Mycobacterium tuberculosis infection,
and within this group, 5–15% may progress to develop active TB during their lifetime. The
risk of reactivation varies both geographically and individually [12,17]. Hence, the con-
vergence of COVID-19 and TB poses grave challenges, impacting TB diagnosis, treatment,
and control programs [18,19]. Individuals with active TB are often immunocompromised,
making them more vulnerable to COVID-19’s severe effects. Consequently, the synergistic
relationship between TB, HIV, and COVID-19 has created a global syndemic, underscoring
the urgent need for comprehensive research on TB/COVID-19 co-infection [20]. The two
pathogens, Mycobacterium tuberculosis and HIV, can mutually potentiate each other, accel-
erating the deterioration of immune functions. Each of these diseases holds significance
and can notably impact lung function through distinctive cytokine storms, immunosup-
pression, and respiratory failure. Reported co-infections of SARS-CoV-2 with HIV and
Mycobacterium tuberculosis can alter their pathogenesis and disease advancement. Individu-
als with pulmonary tuberculosis and HIV/AIDS might exhibit heightened susceptibility
to SARS-CoV-2 infection, potentially resulting in lethal synergistic effects and increased
disease severity [21]. Moreover, worldwide, it is estimated that between 10 to 25% of TB
infections occur extrapulmonarily, infecting virtually any organ, thus definitive diagnosis
usually requires invasive procedures and complex imaging examinations, as symptoms
can be very heterogeneous [22].

Both lung TB and COVID-19 share similarities in their airborne transmission, lung-
centric effects, symptoms, and social determinants. However, their pathogenesis differs
significantly, suggesting that understanding their interactions could inform new prevention
and treatment strategies for TB/COVID-19 co-infection. Common clinical manifestations
of COVID-19 include fever, respiratory symptoms such as dispnoea, tachypnea, cough, and
even hemoptysis, along with less severe symptoms such as fatigue, headache, myalgia,
and gastrointestinal symptoms like vomiting and diarrhea. Prolonged cough is a primary
symptom for both lung TB and COVID-19 [20,23–25]. While limited information exists on
the risk and severity of concurrent TB and COVID-19, previous studies suggest the potential
exacerbation of TB in co-infection with certain viruses, such as measles. TB patients face a
potential risk of co-infection with SARS-CoV-2 and vice-versa [17,25,26].

With regard to biomarkers, COVID-19 and TB present elevated levels of C-reactive
protein, D-Dimer, and interleukin 6, but also alterations such as leukopenia, neutrophilia or
even platelet dysfunctions. These shared clinical parameters and underlying immunological
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reactions imply that co-infection may not only complicate diagnostic processes but also lead
to a potentially fatal convergence in immunopathogenesis [27]. Macrostructural pulmonary
changes caused by TB, such as fibrosis and bronchial obstructions, compromise lung func-
tion and defense mechanisms, potentially worsening COVID-19 outcomes. These insights
underscore the importance of addressing TB/COVID-19 co-infection comprehensively [28].

Hence, the need for additional research specifically addressing the TB-COVID-19
co-infection is evident. This study aims to better understand and mitigate the impact of
this novel pathogenic combination. We assessed differences in several clinical, biological
and imagistic markers in order to better understand the impact of moderate and severe
forms of SARS-CoV-2 infection on patients with recently diagnosed lung TB.

2. Materials and Methods

The present retrospective, cross-sectional, randomized study involved 132 adult pa-
tients aged 39 to 81, hospitalized at the Victor Babes, Hospital of Infectious Diseases and
Pneumoftiziology from Timis, oara. We analyzed data from March to June 2020. The design
of the study was based on the comparison of two groups of patients, one with lung tuber-
culosis and SARS-CoV-2 co-infection (n = 32), and a control group including age-matched
patients with a diagnosis of only moderate or severe SARS-CoV-2 infection (n = 100). The
main objective was to determine the impact of SARS-CoV-2 on an already tarred organism
due to TB.

Inclusion criteria:

□ pulmonary TB (PTB) diagnosed 1 month prior to the confirmation of SARS-CoV-2
infection at most, through solid or liquid cultures (Gene-Xpert) in the TB ambulatory
service from Timis, oara [29];

□ moderate or severe SARS-CoV-2 forms of infection at the moment of hospital ad-
mittance, confirmed by nasopharyngeal exudate RT-PCR analysis in an acreditted
laboratory. A moderate form was considered that in which the individual was ex-
hibiting signs of lower respiratory disease during clinical evaluation or imaging, with
oxygen saturation measured by pulse oximetry SpO2 ≥ 94% on room air.

A severe form is characterized by an SpO2 < 94% on room air, a respiratory rate
exceeding 30 breaths/min, or lung infiltrates exceeding 50% [30].

□ normal renal function (normal GFR, creatinine and urea levels) [31];
□ BCG vaccination completed in all participants [32].

Exclusion criteria:

□ extrapulmonary TB, including pleural TB efussions, TB lymphadenopaties, miliar TB,
osteoarticular TB, intestinal TB, urogenital TB, meningitis TB, and other forms.

□ overweight (BMI = 25 to 30 kg/m2) or obesity (BMI ≥ 30 kg/m2) [33];
□ pre-existing severe or uncontrolled arterial hypertension [34];
□ lung cancer [35] or other neoplasies [36];
□ idiopathic lung fibrosis [37,38];
□ pre-existing advanced chronic heart failure [39];
□ hepatic, renal, or digestive chronic conditions that may result in weight loss and HIV

infection

The Ethics Council for Scientific Research at the Victor Babes, University of Medicine
and Pharmacy Timisoara granted approval for the study, which adheres to the principles of
the Helsinki Declaration (04/19 January 2021). Before enrollment in the study, informed
consent was obtained from all patients after comprehensive explanations about the nature
of the data analysis.

2.1. Data Collection

The data was collected from personal medical files and included anamnestic informa-
tion, clinical parameters and biological and imagistic investigations.
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The medical history revealed the BCG vaccination status. Comorbidities such as COPD
and type 2 DM were noted. A part of the patients diagnosed with TB were observed to
have had a history of TB prior to the present infection (all of them underwent appropriate
therapy at the time and were deemed cured). The smoking status of each patient was
determined: never smoked, smoker. Three social groups were analyzed as per employment:
unemployed, employed, and retired.

The BMI was calculated using the standard formula Weight (kg)/Height2 (m2) [40].
The SpO2 (%) values obtained using calibrated pulse oximeters in the COVID-19 unit [41]
were recorded from charts at two points: first, at the time of SARS-CoV-2 infection diagnosis,
and second, the lowest value recorded during hospitalization. Peripheral systolic and
diastolic blood pressures (SBP, DBP, mmHg) were obtained from charts at diagnosis. The
SARS-CoV-2 symptoms noted in all patients were: fever, coughing, dispnoea, fatigue,
abdominal pain, chest pain, myalgia, vomiting/nausea, diarrhea, headache, olfactory/taste
disorders. The symptomatology was classified as more severe if any of these symptoms
associated tachypnea (respiratory rate ≥ 30 breaths/min) [42].

We analyzed the following blood markers: C-reactive protein (CRP, mg/L), procalci-
tonin (PCT), aspartate aminotransferase (AST, U/L), alanine aminotransferase (ALT, U/L),
lactate dehydrogenase (LDH, U/L), inteleukin-6 (IL-6, pg/mL), D-dimer levels (mg/L),
neutrophil, lymphocyte and platelet count (/µL) [40]. We calculated the neutrophil to
lymphocyte ratio (NLR) [43], the platelet to lymphocyte ratio (PLR) [44], and the systemic
immuno-inflammatory index (SII), calculated as platelet count x NLR [45].

X-ray images were analyzed and the following lesions were noted at the moment of
SARS-CoV-2 infection:

□ unilateral pulmonary infiltrate, no cavities;
□ bilateral pulmonary infiltrates, no cavities;
□ unilatsiral pulmonary cavitary lesions;
□ bilateral pulmonary cavitary lesions.

We considered bilateral pulmonary cavitary lesions the most severe lesions.
An experienced radiology specialist (over 10-year experience) reviewed all CT scans

completed at the confirmation of SARS-CoV-2 infection
The chest CT interpretation focused on detecting lesions such as: ground-glass opacifi-

cations, consolidations, crazy paving pattern, linear opacities combined, air bronchogram
sign, tree in bud [46], and cavitary lesions [47]. To quantify the extent of lung lesions, each
of the five lung lobes was visually scored from 0 to 5, with the following classification:

0 points: no involvement;
1 point: less than 5% involvement;
2 points: 5–25% involvement;
3 points: 26–49% involvement;
4 points: 50–75% involvement;
5 points: more than 75% involvement.

The total chest CT involvement score was then determined by summing the indi-
vidual scores from each lobe, yielding a range from 0 to 25. This approach provides a
comprehensive view of the disease’s impact on the lungs [48,49].

Cavitary lesions were included in calculating the lung involvement score, but were
also noted separately, as an aggravating factor suggestive for lung TB.

The number of total hospitalization days and the outcome (resolved-PCR converted
or death) were also determined in each case.

2.2. Data Analysis

Data collection was conducted using Microsoft Excel for Microsoft 365 MSO (Ver-
sion 2404 build 16.0.17531.20140) and statistical analyses were performed with MedCalc
Statistical Software version 20.111 (MedCalc Software Ltd., Ostend, Belgium). The pri-
mary focus of the analysis was to examine the impact of SARS-CoV-2 infection on patients
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with and without PTB co-infection. Clinical, imagistic and biologic parameters were as-
sessed in comparison. Significance was determined by p-values below 0.05. To assess the
normality of the data distribution, the Shapiro–Wilk test was employed. Subsequently,
appropriate statistical tests were chosen based on the normality of the data: medians and
the Mann–Whitney test were used for non-normal variables. The AUC-ROC analysis was
employed in order to evaluate the significance of various parameters in discerning between
the presence and absence of co-infection. Cut-off values for such discrimination were
determined with the ultimate scope of highlighting the significance of certain parameters
in evaluating these medical conditions. Logistic regressions were employed to identify
independent predictors of co-infection and fatal outcome. The Fisher’s exact test was used
to evaluate the associations between sets of binary data.

3. Results

This study included 132 patients, divided in 2 study groups comprising 32 patients
with PTB and SARS-CoV-2 co-infection, and 100 patients with SARS-CoV-2 infection alone.

Out of the co-infected patients, 21 (65%) were male and 11 (34%) female. In the
SARS-CoV-2 group, 52 patients were male and 48 were female. The mean age in the co-
infected group was 62.8 years, SD = 12.82, while the median age in the SARS-CoV-2 group
was 57 years; a significant difference in age between the two groups was not detected,
p = 0.07 (Mann–Whitney test).

The BMI was significantly lower in the co-infection group, with a median value of
21.88 vs. 24.82, p = 0.0002 (Mann–Whitney test); see Figure 1.
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Figure 1. BMI comparison between the two groups: A = the co-infection group, B = the SARS-CoV-2
group; p = 0.0002.

The comparison between co-infected and SARS-CoV-2 infected patients showed that
there are significant differences between the two groups in the majority of the analyzed
parameters. The co-infected group revealed significantly lower SpO2 both at diagnosis,
and with regard the lowest value registered, lower neutrophil and lymphocyte counts, and
higher SBP levels, CRP, transaminase, and D-dimer levels. The chest CT involvement score
was also significantly higher in the co-infection group. PLR was higher in the PTB-SARS-
CoV-2 group (Table 1).
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Table 1. Comparison between co-infected and SARS-CoV-2 infected patients with regard to multiple
parameters (Mann–Whitney test).

Parameter Co-Infection Group
Median Value

SARS-CoV-2 group
Median Value p

SpO2 at diagnosis 90 94 0.0009

Lowest SpO2 83.5 89.5 0.004

Peripheral SBP at diagnosis 138 133 0.04

Peripheral DBP at diagnosis 92 87 0.07

CRP 89.5 55.5 0.0001

LDH 288 243.5 0.51

IL-6 4.2 1.2 0.08

AST 36 29 0.003

ALT 38.5 30 0.0002

D-dimer 1.91 0.91 0.01

Neutrophils * 6758.75 (SD = 3733.15) 5878.3 (SD = 1162.67) <0.001

Lymphocytes 2210 3010 0.003

Thrombocytes 242.5 × 103 252 × 103 0.42

NLR 2 1.83 0.67

PLR 128.85 77.95 0.03

SII 538,198.71 459,783.69 0.7

Chest CT involvement score 16 12 0.002
* The T-student test was employed for neutrophil count. The bolded data in this table represents statistically
significant results.

A multiple parameter logistic regression was employed with the dependent variable
being the presence/absence of PTB-SARS-CoV-2 co-infection and the independent variables
being clinical and anamnestic parameters: age, sex, BMI, employment status, associating
COPD, type 2 DM, the severity of symptoms and the status of previously having TB. The
BMI and the severity of symptoms emerged as significant predictors of PTB-SARS-CoV-2
co-infection. The lower the BMI levels, the higher the odds of co-infection. Severe symp-
tomatology is associated with a higher probability of co-infection. The rest of the variables
were not included in the model. See Table 2.

Table 2. Logistic regression depicting significant predictors of TB-SARS-CoV-2 co-infection (part 1).

Parameter Odds Ratio 95% CI Coefficient Std. Err. Constant p

BMI 0.76 0.65–0.89 −0.26 0.08 4.9 0.001

Symptoms severity 1.16 1.19–8.56 1.16 0.5 4.9 0.02

The bolded data in this table represents statistically significant results.

The logistic regression employed for the paraclinical and biological parameters, with
the dependent variable being the presence/absence of PTB-SARS-CoV-2 co-infection and
the independent variables being: SpO2 at diagnosis, lowest SpO2, SBP, DBP, CRP, LDH,
PCT, IL-6, AST, ALT, D-dimer, neutrophil count, lymphocyte count, thrombocyte count,
NLR, PLR, SII, and the chest CT involvement score. The model revealed as significant
predictors (p < 0.0001) the SpO2 levels at diagnosis, LDH, ALT, neutrophil count, and the
CT score (see Table 3). The higher the ALT levels and CT score, the higher the odds of
co-infection, and the higher the SpO2 at diagnosis and LDH levels, the lower the probability
of co-infection. The rest of the variables were not included in the model.
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Table 3. Logistic regression depicting significant predictors of PTB-SARS-CoV-2 co-infection (part 2).

Parameter Odds Ratio 95% CI Coefficient Std. Err. p

SpO2 at diagnosis 0.58 0.55–0.91 −0.33 0.12 0.007

LDH 0.98 0.98–0.99 −0.01 0.003 0.0005

ALT 1.05 1.01–1.11 0.05 0.02 0.01

Neutrophil count 0.99 0.99–1 −0.0002 0.0001 0.03

Chest CT involvement score 1.35 1.14–1.61 0.3 0.08 0.0005
The constant was 47.62. The bolded data in this table represents statistically significant results.

Further on, AUC-ROC analyses were employed in order to determine the significance
of multiple parameters in discriminating between the presence and absence of PTB co-
infection (Table 4).

Table 4. AUC-ROC analysis for the clinical and anamnestic parameters, as discriminators between
the presence and the absence of PTB co-infection in SARS-CoV-2 patients (n = 132).

Parameter AUC p Se% 95% CI Sp% 95% CI PPV % NPV %

Age 0.6 0.058 81.25 63.6–92.8 39 29.4–49.3 29.9 87.7

Sex 0.58 0.08 68.75 50.0–83.9 48 37.9–58.2 29.7 82.8

BMI 0.72 <0.0001 84.37 67.2–94.7 67 56.9–76.1 43 93.1

Employment status 0.5 0.97 75 56.6–88.5 10 4.9–17.6 21.1 55.6

Smoking 0.51 0.72 37.5 21.1–56.3 66 55.8–75.2 26.1 76.7

COPD 0.5 0.97 81.25 63.6–92.8 19 11.8–28.1 24.3 76

Type 2 DM 0.59 0.052 37.5 21.1–56.3 81 71.9–88.2 38.7 80.2

The bolded data in this table represents statistically significant results.

The AUC-ROC analysis showed that sex (Figure A1) and age are not reliable discrimi-
nators, p = 0.08, and p = 0.058, respectively. The analysis revealed that a cut-off value for the
BMI ≤ 23.23 was significant for discriminating between the presence of PTB co-infection
and its absence (p < 0.0001), see Figure 2 and Table 4. Hence, the smaller the value of BMI,
the higher the probability of TB co-infection.
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With regard to employment status, in the co-infection group 25% were unemployed,
31.2% employed, and 43.8%, retired. In the SARS-CoV-2 group, 10% were unemployed,
58% employed, and 32% retired. See Figure 3. The employment status does not seem to be
significant for acquiring PTB-SARS-CoV-2 co-infection, p = 0.97. Despite a relatively good
sensibility, it revealed a very low specificity, according to the AUC-ROC analysis (Table 2,
Figure A2).
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With regard to smoking, 37.5% patients in the co-infection group were smokers, while
in the SARS-CoV-2 group, 34%. The AUC-ROC analysis did not reveal a significant power
of discrimination between the two groups of study, with relatively low sensitivity and
specificity (Table 4, Figure A3).

In the co-infection group, 18.7% patients associated COPD, and 59.4% associated
type 2 DM. In the SARS-CoV-2 group, 19% also presented COPD, and 19%, diabetes. As
for associating both conditions, 3 patients were detected in the co-infection group and
6 patients in the SARS-CoV-2 group. Neither the association of COPD nor type 2 DM
were significant factors for aquiring PTB-SARS-CoV-2 co-infection, although in the case of
diabetes, the analysis almost reached significance, with a p = 0.052 and a good specificity
(Table 4, Figures A4 and A5).

Further on, the AUC-ROC analysis focused on clinical and biological parameters pre-
sented in Table 5. The following cut-off values were determined as significant for dis-
tinguishing between the presence and absence of PTB: SpO2 at diagnosis ≤89%, worst
SpO2 ≤ 85%, CRP > 81 mg/L, IL-6 > 0.8 pg/mL, ALT > 35 U/L, AST > 40 U/L, D-dimer >
1.44 mg/L, lymphocyte count ≤ 2880/µL, PLR > 139.3, and the chest CT involvement score
>14 (Figures 4 and 5). The analysis revealed that SpO2 at diagnosis and the lowest SpO2 value
have very good specificities, but relatively lower sensibilities. The gravity of the symptoms
also has a good specificity, but quite a low sensibility. The CRP, ALT, AST and D-dimer levels
revealed the same pattern. So do the imagistic parameters-chest X-ray and CT involvement
score (Figure 5). In contrast, IL-6 and the lymphocytopenia revealed good sensibilities, with
lower specificities (Table 5). See also Figures A6–A11.
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Table 5. AUC-ROC analysis for the clinical, biologic and imagistic parameters, as discriminators
between the presence and the absence of PTB co-infection in SARS-CoV-2 patients (n = 132).

Parameter AUC p Se% 95% CI Sp% 95% CI PPV % NPV %

SpO2 at diagnosis 0.69 0.002 46.88 29.1–65.3 94 87.4–97.8 71.4 84.7

Lowest SpO2 0.67 0.007 62.5 43.7–78.9 72 62.1–80.5 41.7 85.7

Symptoms severity 0.62 0.01 43.75 26.4–62.3 80 70.8–87.3 41.2 81.6

CRP 0.73 <0.001 65.62 46.8–81.4 75 65.3–83.1 45.7 87.2

PCT 0.56 0.17 28.12 13.7–46.7 84 75.3–90.6 36 78.5

LDH 0.54 0.52 62.5 43.7–78.9 50 39.8–60.2 28.6 80.6

IL-6 0.6 0.04 81.25 63.6–92.8 45 35–55.3 32.1 88.2

AST 0.67 0.006 46.88 29.1–65.3 93 86.1–97.1 68.2 84.5

ALT 0.72 0.0001 65.62 46.8–81.4 78 68.6–85.7 48.8 87.6

D-dimer 0.64 0.01 56.25 37.7–73.6 69 59.0–77.9 36.7 83.1

Neutrophils 0.58 0.3 46.88 29.1–65.3 92 84.8–96.5 65.2 84.4

Lymphocytes 0.67 0.002 78.12 60–90.7 59 48.7–68.7 37.8 89.4

Thrombocytes 0.54 0.48 37.5 21.1–56.3 88 80–93.6 50 81.5

NLR 0.71 0.52 43.75 26.4–62.3 80 70.8–87.3 41.2 81.6

PLR 0.62 0.04 50 31.9–68.1 79 69.7–86.5 43.2 83.2

SII 0.52 0.74 43.75 26.4–62.3 76 66.4–84 36.8 86.9

Chest Rx 0.7 <0.001 62.5 43.7–78.9 75 65.3–83.1 44.4 86.2

Chest CT
involvement score 0.67 0.001 62.5 43.7–78.9 73 63.2–81.4 42.6 85.9

The bolded data in this table represents statistically significant results.
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Figure 5. ROC curves for chest X-ray and CT involvement score.

Fisher’s exact test was used to evaluate the connection between associating PTB
infection and several instances presented in Table 6. Having TB prior to the present episode
and having a more severe symptomatology were revealed as significantly associated with
the likelihood of associating a TB infection.

Table 6. Associations between the probability of having TB co-infection and several parameters
(Fisher’s exact test).

Parameter Fisher’s Exact Test p

Presence of PTB

Smoking 0.83
COPD 0.99

Type 2 DM 0.053
TB prior to present episode <0.0001

Severe symptoms 0.01
PCT 0.19

Outcome 0.31
The bolded data in this table represents statistically significant results.

The Chi-squared test was used to analyze associations between the imagistic lesions
shown on chest X-ray and chest CT. The severity of the lesions on X-ray were significantly
associated with co-infection (Chi-squared = 22.55, DF = 2, p < 0.0001), see Figure 6.

With regard to the presence of ground glass opacities and cavitary lesions on chest CT,
the following analysis involved only their presence. Ground glass and bilateral cavitary
lesions were considered the most severe finds and were significantly associated with
co-infection (Chi-squared = 29.1, DF = 3, p < 0.0001), see
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However, according to the chest CT involvement score, we divided the subjects into
two groups according to the previous AUC-ROC analysis result showing that a cut-off >14
is significant for the likelihood of co-infection, in our cohort (Table 7).

Table 7. Distribution of subjects according to the chest CT involvement score cut-off.

Chest CT
Involvement Score

PTB-SARS-CoV-2
Co-Infection

n

Associated Cavitary
Lesions

n

SARS-CoV-2
Co-Infection

n

>14 20 2 27

≤14 12 2 73

Within the two categories of chest CT involvement score, there were no differences
between coinfected and subjects with COVID-19 alone in neither >14 category (p = 0.8,
Mann–Whitney test), nor ≤ 14 (p = 0.85, T-test).

The length of hospitalization is also a reliable parameter that discerns between the
two groups, with a cut-off (criterion) of >10 days, AUC = 0.69, p = 0.001, Se% = 65.62, 95%
CI = 46.8–81.4, Sp% = 78, 95% CI = 68.6–85.7, PPV% = 48, NPV% = 87.6 (see Figure 8).
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Figure 8. ROC curve for the days of hospitalization.

With regard fatal outcomes, 25% (n = 8) of the patients in the co-infection group
and 17% in the SARS-CoV-2 group died. The AUC-ROC analysis did not show that a
fatal outcome is a reliable discriminator between the two instances (AUC = 0.54, p = 0.35,
Se% = 25, 95% CI = 11.5–43.4, Sp% = 83, 95% CI = 74.2–89.8, PPV% = 32, NPV% = 76.6),
see Figure 9.

The logistic regression analysis did not retain the presence of PTB-SARS-CoV-2 co-
infection as a significant predictor of fatality. A multiple parameter logistic regression was
employed to evaluate the effects of several markers (independent variables: severe symp-
toms, smoking, COPD, type 2 DM, prior TB infection) on outcome (dependent variable).
The result showed that the presence of type 2 DM, severe symptomatology and longer
hospitalization are significant independent predictors of fatal outcome (Table 8).
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Figure 9. ROC curve for outcomes.

Table 8. Logistic regression depicting significant predictors of fatal outcome.

Parameter Odds Ratio 95% CI Coefficient Std. Err. Constant p

Type 2 DM 7.03 1.8–27.3 1.9 0.69 −4.78 0.004

Severe symptoms 12.17 3.1–47.75 2.49 0.69 −4.78 0.0003

Hospitalization 1.16 1.02–1.32 0.15 0.006 −4.78 0.02

The bolded data in this table represents statistically significant results.

4. Discussion

This study aimed to analyze the impact of SARS-CoV-2 infection on patients with PTB.
To achieve that we compared two groups: one with PTB and SARS-CoV-2 co-infection and
a group with only SARS-CoV-2 infection. The discussion will focus on the key findings and
their implications in understanding the interaction between these two infectious diseases.

The demographic characteristics of the study population revealed a predominance of
males in the co-infected group, with a 1.9:1 male to female ratio, whereas the SARS-CoV-2
group had a more balanced sex distribution (52% males). Globally, tuberculosis affects a
significantly higher number of men than women. The exact reason for this sex disparity
remains uncertain, with epidemiological factors traditionally regarded as the primary drivers.
One common explanation suggests that the male bias observed in TB cases stems from
systematic underreporting and underdiagnosis of the disease in women [50]. A comprehensive
meta-analysis of 29 surveys across 14 countries revealed a consistent male bias in both
notification and prevalence rates [51], hence, considering the consistent reports about sex bias
around the world, it is strongly suggested that biological sex differences do exist [52].

Furthermore, although age is a significant risk factor for both TB [53] and a more severe
form of COVID-19 [54], this study did not detect significant differences in age between the
two studied groups, due to the design of the study, which ensured that the selection of
patients in the SARS-CoV2 group is as similar as possible to the co-infection group.

This study confirms lower BMI as a significant marker of a probable PTB-SARS-
CoV-2 co-infection. Low BMI represents a risk factor for developing lung TB due to an
immunomodulatory effect on cytokine and chemokine response [55]. It has been known for
decades that a BMI 10% lower than the ideal body weight increases the risk of developing
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lung TB three times in young men [56], and that the lowest BMI category is associated with
a fivefold risk of lung TB compared to the highest BMI category [57], as shown in two very
large cohort studies. The inverse link between BMI and the risk of developing lung TB has
been reconfirmed multiple times [58–60]. In contrast, COVID-19 is associated with a higher
risk of severe outcomes in overweight and obese individuals [61,62]. On the other hand,
however, frailty, a common characteristic of TB patients, represents a major risk factor for
mortality or longer hospitalization in COVID-19 patients [63]. Frailty is associated with
both extremes of the BMI spectrum, and is often observed in both underweight [64] and
severely obese individuals [65]. A healthy BMI may reduce the prevalence of frailty [64],
leading to better outcomes in both acute and chronic ailments. Nevertheless, BMI is not
a clinical marker with reliable specificity to TB infection, as numerous other pulmonary
and extrapulmonary pathologies might associate weight loss. In situations where these
pathologies are excluded, such as our study, a lower BMI could bring additional information
for the diagnostic effort.

Social determinants such as poverty, living conditions, population density, and eco-
nomic status play a role in influencing the incidence of COVID-19 and TB [66,67]. Employ-
ment status did not emerge as significantly impactful for the likelihood of co-infection in
our study. However, the proportion of unemployed individuals reached 25% in the TB
group, compared to 10% in the SARS-CoV-2 group. Unemployment in TB patients poses a
significant challenge, as they seem to exhibit more severe radiographic abnormalities and
increased occurrences of treatment discontinuations and elevated mortality rates during
hospitalization [68].

More than a third of both studied groups were smokers, but smoking did not emerge
as a significant marker or predictor of co-infection. Smoking is connected to TB through its
potential of damaging the immune response through defects in macrophages, monocytes
and CD4 lymphocytes function, and hence, making the organism more susceptible to
TB infection [69]. Most studies agree that smoking also increases the susceptibility to
SARS-CoV-2 infection, about 1.5 times according to a comprehensive literature review [64],
although differences in populations and tobacco products (e-cigarettes) have been invoked
as less harmful or even protective in a few studies [70]. A further impactful risk factor
can be heavy alcohol consumption. Its toxic impact on the immune system heightens the
risk of developing active illness. Alcohol intake stands as one of the foremost modifiable
risk factors for tuberculosis, with alcohol use disorders prevalent in 30% of TB cases and
contributing to 11.4% (9.3–13%) of TB-related mortality [71]. Regarding the subjects of
our study, 90% declared no alcohol consumption at all, with the remaining occasionally
consuming small amounts.

Comorbidities such as COPD and type 2 DM are aggravating factors for both TB
and SARS-CoV-2 infection. COPD is characterized by a combination of emphysema and
chronic bronchitis, leading to chronic systemic inflammation that weakens the immune
system. People with COPD are prone to various additional health problems, including
heart failure, diabetes, atherosclerosis, osteoporosis, muscle loss, and co-infections. Among
these complications, active TB poses a significant risk for individuals with COPD. Recent
research indicates that individuals with COPD are three times more likely to develop
active TB compared to those without. Moreover, once infected, individuals with COPD
and TB face twice the risk of mortality compared to those without these conditions [72].
On the other hand, COPD is associated with worse outcomes in SARS-CoV-2 infection,
although data is unclear on whether COPD increases the susceptibility to coronavirus
infection [73]. This study has not shown that COPD increases the probability of co-infection
or the risk of fatal outcome. In contrast, associating type 2 DM has been significantly more
prevalent in our study (59.4% of the subjects in the co-infection group presented type 2
DM, versus 18.7%, COPD). Diabetes heightens the susceptibility to TB and correlates with
the manifestation of severe cavitating disease as well as unfavorable treatment outcomes,
including mortality [74–77]. An underlying cause is the exacerbation of insulin resistance
and stress-induced hyperglycemia by TB, which may ameliorate during the course of
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treatment [78,79]. It is even advisable to screen TB patients for DM after 2–3 months of
initiating TB treatment [80]. Furthermore, diabetic patients with SARS-CoV-2 infection are
expected to present worse symptomatology and even worse outcomes. SpO2 at hospital
admission, along with glycemia and glycosylated hemoglobin, seem to have the highest
sensitivity and specificity in predicting the prognosis of type 2 DM patients with SARS-
CoV-2 infection [81]. Associating TB and type 2 DM in the context of SARS-CoV-2 has not
been studied sufficiently. Our study shows that type 2 DM increases the likelihood of a
fatal outcome, but the analysis did not confirm it as significant for predicting co-infection.
Further studies of this grave trio should be encouraged in larger samples. Another very
significant comorbidity which was excluded from this particular study is represented by
an impaired kidney function. Chronic kidney disease (CKD) can predispose individuals to
TB due to impaired immune function and reduced ability to fight infections. In contrast,
TB can exacerbate kidney function impairment in patients with CKD, leading to worsening
renal outcomes. Additionally, CKD and COVID-19 are considered significant risk factors
for severe COVID-19 outcomes. Patients with CKD often have underlying conditions
such as diabetes and hypertension, which further increase their vulnerability to severe
COVID-19. COVID-19 can directly affect kidney function through various mechanisms,
including direct viral invasion of renal cells, systemic inflammation, and cytokine release
syndrome. Acute kidney injury is a common complication of severe COVID-19 and can
exacerbate pre-existing CKD or lead to new-onset kidney dysfunction [82].

A greater severity of acute symptomatology in COVID-19 at hospital admission is
associated with a higher probability of co-infection with PTB [16,83–85]. In this regard,
our study aligns with other findings. These results should be taken into consideration
specifically in TB-endemic regions, especially in these post-pandemic times when SARS-
CoV-2 infection has become less concerning. Moreover, severe symptoms are also connected
with higher odds of fatal outcome.

In comparing patients with co-infection to those with SARS-CoV-2 infection alone, sig-
nificant differences emerge across various parameters. Co-infected individuals exhibited
notably lower levels of SpO2 at both diagnosis and at their lowest recorded value, and higher
levels of systolic blood pressure. The logistic regression connected lower SpO2 levels to
a greater probability of co-infection. A systematic review of case reports of TB-COVID-19
co-infections has placed SpO2 levels at 90–97% room air in most cases [86]; the lower the SpO2,
the worse the outcome [87]. Contrary to our results, the aforementioned review reported that
about a third of the cases presented hypotension [86]. Among individuals with COVID-19
alone, arterial hypertension is considered a prevalent comorbidity. Due to the involvement of
angiotensin converting enzyme 2 in SARS-CoV-2 infection, there is speculation regarding the
potential role of hypertension in the pathogenesis of COVID-19 [88]. Hypertension correlates
with a 2.5-fold heightened risk of elevated disease severity and mortality among COVID-19
patients. Moreover, this association was predominantly observed among individuals aged
over 60 years [89].

The present study reported diminished lymphocyte count and higher levels of C-
reactive protein, transaminases, and D-dimer in the co-infection group. Lymphopenia is
consistently identified as a characteristic observed in cases of COVID-19 [86,90–92]. It has
been suggested that in addition to the specific clinical signs and symptoms, lymphopenia
could be helpful in suspecting and isolating cases [90]. Neutrophilia is more typical in
COVID-19, with severe neutrophilia being correlated to severe disease [93,94]. Our study
reported normal median neutrophil count in the SARS-CoV2 group, and significantly higher
neutrophil levels in the co-infection group. Neutrophilia is a protective immune response
in active TB infection, with neutrophil counts normalizing usually within 6 months of
treatment [95]. Neutropenia is a rare complication of anti-tuberculous treatment, such as
isoniazid [96]. Referring again to the previously mentioned review of case reports, the
rise in serum inflammatory markers such as CRP, D-dimer, and IL-6 was reported to have
a significant association with unfavorable outcome [86]. Moreover, when substantially
elevated, these markers predict mortality and are used as a main indicator of intensive care
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need [97]. Liver enzymes are typically elevated due to activation of immune responses
and represent markers of systemic inflammation [86,98]. Our study showed that higher
ALT and neutrophil count levels are associated with increased odds of co-infection. With
regard to the AUC-ROC analysis, parameters such as SpO2, CRP, ALT, AST, and D-dimer
levels exhibited good discriminatory power between co-infected and COVID-19 patients
alone, while others like IL-6 and lymphocyte count showed higher sensitivity but lower
specificity.

Systemic inflammation was also analyzed via three surrogate markers: the neutrophil
to lymphocyte ratio (NLR), the platelet to lymphocyte ratio (PLR), and the systemic immune-
inflammation index (SII). These are markers usually utilized to determine the prognosis of
viral or bacterial infections. They are considered more feasible, cost-effective, and accessible
markers, that can be readily conducted within any healthcare facility setting [99,100].

High NLR accurately predicts disease severity and mortality in COVID-19 [101,102].
The pre-treatment NLR upon admission could serve as a valuable biomarker for predicting
mortality and the onset of acute respiratory distress syndrome in individuals with miliary
tuberculosis [103]. A recent meta-analysis has shown that NLR has a reliable power to
discriminate between PTB infection and bacterial community acquired pneumonia—the
lower the NLR, the higher the chances of PTB infection [104]. Our study has not showed
significant differences in NLR between the two groups.

Blood hypercoagulability is a prevalent condition observed among hospitalized
COVID-19 patients, often accompanied by elevated D-dimers [105]. Thrombocytopenia
has been associated with disease severity in several studies [106], while others have noted
that patients with significantly elevated platelet counts tend to experience longer hospi-
talization stays. This latter observation is thought to be linked to the correlation between
platelet count and the cytokine storm associated with SARS-CoV-2 infection. Specifically,
IL-6 promotes megakaryocyte generation by stimulating thrombopoietin levels, leading
to elevated platelet counts [107]. The PLR, particularly during the peak of the platelet
count, has emerged as an independent prognostic factor for prolonged hospitalization [108].
Moreover, an increased PLR is associated with increased risk of fatal outcome [108,109].
Elevated PLR levels have also been examined in several studies regarding TB. It has been
shown to discriminate between TB infection and non-infection in COPD patients [110]. Our
study showed that PLR is significantly higher in the case of PTB-SARS-CoV-2 co-infected
patients. Moreover, it showed that a PLR > 139.3 can distinguish between the two groups
with a specificity of 79% (p = 0.04).

Like the NLR and PLR, the SII serves as a proinflammatory marker of systemic
inflammation and holds potential for independently predicting mortality in COVID-19
cases [111]. SII is also a reliable marker of inflammation in TB patients [112]. Our study
revealed more elevated SII in the co-infection group, but the difference was not statistically
significant. Further studies should be employed on larger samples in order to clarify the
role of these three surrogate markers in PTB-SARS-CoV-2 co-infection.

Additionally, our study showed that the severity of lesions on chest X-ray and CT
scans was significantly associated with co-infection, highlighting the importance of imaging
modalities in diagnosis and prognosis. Chest X-rays are typically the initial imaging
modality of choice due to their widespread availability and cost-effectiveness. However,
chest CT scans offer greater sensitivity compared to conventional X-rays. They allow for the
detection of complications beyond pulmonary involvement and can also indicate alternative
diagnoses. In COVID-19 cases, the predominant radiological findings often include bilateral
airspace opacities, such as consolidations and/or ground-glass opacities [113]. Imaging
plays a crucial role in diagnosing and managing tuberculosis also. While chest X-rays serve
as the primary imaging tool for pulmonary tuberculosis, CT is invaluable for evaluating
both pulmonary and extrapulmonary manifestations of the disease [114]. Our study focused
on the chest CT involvement score, which was significantly higher in co-infected subjects.
Moreover, this score was shown to serve both as a significant independent predictor
of co-infection, and as a significant discriminator between co-infection and COVID-19
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alone, with a cut-off >14. One of the first studies to evaluate a PTB-SARS-CoV-2 co-
infected cohort showed that on chest CT evaluations, about 43% of patients presented
multifocal ground-glass opacities distributed peripherally, specific to COVID-19, and about
47% presented lesions associated to TB such as cavitary lesions, branching micronodules,
and consolidations [16]. Other studies have supported more or less the same findings,
suggestive of both diseases [115,116].

The length of hospitalization emerged as a reliable parameter for distinguishing
between the two groups, with a longer duration associated with co-infection. The analysis
did not reveal a significant difference in fatal outcomes between the co-infected and SARS-
CoV-2 groups.

An observation on extrapulmonary TB and SARS-CoV-2 co-infection is important,
although our study did not explore this issue. Studies conducted during the same time-
frame of the pandemic indicate a slight increase in extrapulmonary tuberculosis cases. The
similarity in symptoms between pulmonary TB and COVID-19 may have skewed suspi-
cions towards TB lung disease, potentially contributing to the uptick in extrapulmonary
tuberculosis diagnoses [22]. Further multicenter studies involving larger populations from
diverse regions would provide greater clarity on diagnosing extrapulmonary TB amidst
the COVID-19 pandemic.

The key strengths of this study are the valuable results concerning a multitude of
parameters which show that the initial premise that SARS-CoV-2 has an additive impact
on TB patients than on those TB-free, is true. Although a few studies with somewhat
similar designs have been completed before and thus have been cited here, we believe
our input is valuable to the global information on PTB-SARS-CoV-2 co-infection, as TB
infection is still an important issue in many parts of our world. We bring forward accessible
and cost-efficient markers which can be used to determine the probability of co-infection
in questionable situations. We consider the single-center nature of our study and thus,
the sample size of the co-infection group as a limitation for this study, but, according to
our pre-statistical estimations, the ratios were sufficient to provide statistical significance.
Further research directions could explore extrapulmonary TB-COVID-19 co-infections
or the impact of HIV or CKD on the outcome of TB-SARS-CoV-2 co-infection. From an
epidemiological point of view, the impact of anti-SARS-CoV-2 vaccines on co-infection
should be explored. Our study collected data from a period when vaccines were not
available. However, vaccines have played a crucial role in slowing down and stopping the
pandemic, and demonstrated significant efficacy in preventing severe forms of the disease
and deaths associated with COVID-19. With regard to TB-SARS-CoV-2 co-infection, further
research is needed to better understand the duration of protection provided by vaccines,
and the adaptation of vaccines to new virus strains [117].

5. Conclusions

The study highlights the intricate relationship between SARS-CoV-2 infection and
pulmonary tuberculosis, indicating that certain demographic, clinical, and biological factors
may serve as potential indicators of TB co-infection in patients with SARS-CoV-2.

A lower BMI emerges as a significant marker suggesting underlying pulmonary TB in
patients with SARS-CoV-2.

The presence of type 2 diabetes mellitus increases the likelihood of a fatal outcome in
patients with PTB-SARS-CoV-2 co-infection.

Co-infected patients exhibit more pronounced lymphocytopenia and higher levels
of neutrophils, C-reactive protein, transaminases, D-dimer levels, and a higher chest CT
involvement score.

High ALT and chest CT score are associated with an increased likelihood of co-
infection. Parameters including SpO2, CRP, ALT, AST, D-dimer levels, and the chest
CT score demonstrate good discriminatory power between co-infected individuals and
those with COVID-19 alone. The platelet-to-lymphocyte ratio is notably elevated in co-
infected patients.
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While longer hospitalization durations are linked to co-infection, they do not signifi-
cantly increase the likelihood of a fatal outcome.
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Figure A4. ROC curve for the association of COPD.
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