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Gaps in early and accurate diagnosis, effective drug control, and treatment monitoring are hindering the global eradication effort of tuberculosis. This infectious disease has become the deadliest worldwide before the outbreak of Covid-19. The search for new molecular biomarkers of tuberculosis will help to reverse this trend. Long non-coding RNAs (lncRNAs) have emerged as important regulators of the host immune response to infection, hence their link with the etiology and diagnosis of tuberculosis has attracted some attention from the research community. However, very little is known about their potential for the monitoring of tuberculosis treatment. This study aimed at assessing the potential of two lncRNAs: p50-associated Cyclooxygenase-2 Extragenic RNA (PACER) and Long Non-coding RNA 13 (LNC13) in the monitoring of tuberculosis treatment. This was a cross-sectional study carried out in Douala, Cameroon from December 2020 to August 2021. A quantitative real-time polymerase chain reaction followed by Cq analysis using the Livak method were performed to measure the relative expression levels of PACER and LNC13 in whole blood of healthy controls, patients with active pulmonary tuberculosis at the initiation of treatment, after two, five, and six months into treatment. Receiver Operating Characteristic curves analysis was used to assess the ability of targeted lncRNAs to discriminate among those groups. The study showed that the lncRNAs PACER and LNC13 were significantly upregulated in patients with active pulmonary tuberculosis at the initiation of treatment than in healthy controls. The expression levels of the two lncRNAs were significantly downregulated in patients during the treatment as compared to the active pulmonary tuberculosis patients. However, the expression levels of the lncRNAs PACER and LNC13 in whole blood of patients after six months of treatment were similar to those in healthy controls. Similarly, lncRNAs PACER and LNC13 showed very good performance in distinguishing between active tuberculosis patients and healthy controls as well as in differentiating between newly diagnosed active tuberculosis patients and those under treatment. Interestingly, those lncRNAs could not discriminate healthy controls from patients after six months of treatment. The lncRNAs PACER and LNC13 are therefore potential biomarkers for the monitoring of tuberculosis treatment.
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Introduction

Tuberculosis (TB) is an infectious disease caused by bacteria of the Mycobacterium tuberculosis complex (MTBC) (1, 2). Despite the development of modern antibiotics and vaccination, TB remains a public health burden. It is the deadliest infectious disease worldwide (3). In 2020, 1.5 million people died from TB globally (4). More than 500,000 Africans die from this disease every year (5). In 2020, 9,900 Cameroonians died because of TB (6). This global mortality rate is similar to the 1.4 million in 2015 (7). So, instead of the targeted 35% reduction in deaths due to tuberculosis in 2020 (8), we had a rise; proving that the END TB Strategy is delayed. This plan is mainly jeopardized by the emergence of multi-drug resistant (MDR) and extensively drug-resistant (XDR) Mycobacterium tuberculosis strains (9).

This emergence is due to mismanagement of TB treatment and person-to-person transmission (10). This horizontal transmission can be interrupted by accurate diagnosis and effective treatment (11). Concerning the management of TB treatment, it is assessed through sputum smear microscopy. This laboratory test is limited by its poor sensitivity (12). To obtain positive results, at least 5000 bacilli per mL of sputum are required (13). Due to the length of treatment that leads to failure in following the treatment plan on the path of the patients and further favors drug resistance and reoccurrence of TB, there is a need for better monitoring of TB treatment. Meanwhile, several studies have shown the involvement of non-coding RNAs in numerous biological processes and diseases.

Non-coding RNAs (ncRNAs) like microRNAs (miRNAs) and long non-coding RNAs (lncRNAs) are products of DNA transcription that are not translated into known proteins (14–16). In the case of inflammatory diseases in general and tuberculosis in particular, a variety of research has been carried out, and ncRNAs expression patterns have shown to vary and influence innate and adaptive immunity (17). Kumar et al. (18), Liu et al. (19), and Sinigaglia et al. (20) have presented many ncRNAs associated with the pathogenesis of tuberculosis. Some ncRNAs including miR-26a-5p (21), miR-29a-3p (22–25), and miR-423-5p (26) were found to be used as biomarkers for the diagnosis of tuberculosis. Tamgue et al. (27) reported some lncRNAs like NEAT 1 as therapeutic targets of tuberculosis. A few studies have investigated the involvement of ncRNAs in the monitoring of TB treatment. Hence, the current work aimed at exploring the potential of two lncRNAs, PACER and LNC13 in monitoring tuberculosis treatment.

P50-associated cyclooxygenase-2 extragenic RNA (PACER) is an antisense lncRNA located upstream of the promoter region of cyclooxygenase-2 (COX-2) which positively regulates the expression (28). Its gene is located on chromosome 1q31.1 (29). Changes in the expression profile of lncRNA PACER have been linked to the inflammatory response in the case of osteoarthritis (30). In addition, the lncRNA PACER promotes macrophage polarization into the pro-inflammatory M1 phenotype (31–34). It is well known that M1 macrophages are key elements in the host immune response against Mycobacterium tuberculosis (32, 35).

With regard to long Non-coding RNA 13 (LNC13), it is a 2.8 kb transcript whose gene is located on chromosome 2q12.1 (36). Variation in the expression levels of LNC13 has been associated with many diseases such as celiac disease (37), type 1 diabetes (38), and inflammatory bowel disease (39). It was reported that tissue- or disease-specific single nucleotide polymorphism (SNP) alters the expression of this lncRNA (38). Also, the expression of several inflammatory genes has been associated with the dysregulation of LNC13 (37). By acting as a link between hnRNPD, HDAC1, and chromatin, LNC 13 can carry out these regulatory functions (37).

Tuberculosis is a disease that is associated with inflammation as it progresses. Since PACER and LNC13 influence inflammatory genes and other yet-to-be-discovered targets expression, there is a reason to believe that these lncRNAs could be used as biomarkers for monitoring tuberculosis treatment.



Materials and methods


Study design

This was a cross-sectional study. Patients were recruited at the center of respiratory diseases at LAQUINTINIE hospital. Molecular analyses were done at the National Veterinary Laboratory of Douala. The study covered the period from December 2020 to August 2021.

The healthy control group (HC) included 19 non-smoker subjects with no history of TB who underwent a routine physical examination at LAQUINTINIE hospital, Douala, during the study period. They did not have contact with tuberculosis patients within the last two months and had negative results for Human Immunodeficiency Virus (HIV), and TB LAMP tests. The healthy controls did not have a chronic disease and were not receiving immunosuppressive therapy.

The active tuberculosis group (TBT0) comprised 21 HIV-negative patients with no history of tuberculosis, presenting sputum smear positive, chest X-rays consistent with proven pulmonary TB. They did not have a chronic disease and, not receive immunosuppressive therapy. The active tuberculosis participants were not yet on TB therapy and the bacteria was drug-susceptible (assessed by a GeneXpert test). The flow chart in Figure 1 summarizes the steps of the screening process.




Figure 1 | Study flow chart. This figure summarizes the enrolment steps of study participants at LAQUINTINIE hospital. Patients present at the center of respiratory diseases for a follow-up treatment Sputum Smear Microscopy (SS) test were included in the study according to their duration under treatment as TBT2 after two, TBT5 after five, and TBT6 after six months of TB treatment. When they showed up for TB screening test and showed negative (Neg) HIV test, positive (Pos) TB-LAMP test and Sputum Smear Microscopy, abnormal chest X-rays, and drug-susceptible bacteria, they were enrolled as newly diagnosed active tuberculosis patients (TBT0). Meanwhile, HIV and TB-LAMP negative participants recruited from the other hospital services (including healthy volunteers accompanying their relatives), constituted the Healthy Control group (HC). DR, Drug-Resistant; DS, Drug-Susceptible; Ab, Abnormalities; Nab, No abnormalities.



TB patients are put on standard anti-TB treatment immediately after confirmation of TB according to the treatment guidelines of the Cameroon National Tuberculosis Control Program. This therapy algorithm consisted of 2 months of daily rifampicin (R), isoniazid (H), pyrazinamide (Z), and ethambutol (E) (intensive phase), followed by 4 months of daily RH (2RHZE/4RH) (40). During the period of treatment, patients’ sputum is checked three times for the presence of bacilli, at the end of the intensive phase (2nd or 3rd month), after 5 and 6 months of treatment (40). Blood samples were collected from 35 tuberculosis patients after two (TBT2), 15 after five (TBT5), and 18 after six months (TBT6) into anti-TB drug treatment.

The Institutional Ethics Committee for Research on Human Health of the University of Douala (N°2433CEI/Udo/09/2020/M) approved this study. Confidentiality was ensured by the use of a unique Patient Identification Number (PIN). All participants or the participants’ legal guardian/next of kin provided their written informed consent and filled out a questionnaire before blood collection and processing.



Blood collection and processing

Venous blood was collected into five milliliters Ethylene Diamine Tetraacetic Acid (EDTA) -tubes. Blood tubes were then centrifuged at 3000 rpm for 10 minutes. The supernatant (plasma) was separated. 500 µL of the cellular fraction was aliquoted into a 1.5 mL labeled tube and 500 µL of Qiazol reagent (Qiagen, Germany) was added. The mixture was homogenized and stored at -20°C till total RNA extraction.



RNA extraction

Total RNA was isolated from the stored cellular lysate (500 µL cellular fraction + 500 µL Qiazol) using miRNeasy Mini Kit (Qiagen, Germany) according to the manufacturer’s instructions (41).



cDNA synthesis

Total RNA was reverse transcribed into cDNA using Transcriptor First Strand cDNA Synthesis Kit (Roche, Germany) according to the manufacturer’s instructions (42).



Quantitative real-time PCR

Quantitative real-time PCR (qPCR) was performed using LightCycler® 480 SYBR Green I Master (Roche, Germany) and gene-specific primers (IDT, CA, United States). Relative lncRNAs levels were calculated by the 2−ΔΔCq method (43) with glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as the reference gene. The qPCR reaction conditions were as follows: one cycle of pre-denaturation at 95°C for 10 minutes, 50 cycles at 95°C for 10 seconds, 55°C for 15 seconds, 72°C for 10 seconds, and the data acquisition step. Melting curve analysis was performed at the end to confirm specific amplification. Agarose gel electrophoresis was also done to check the size of the specific amplicons. The sequences of qPCR primers sets used were as follows: hs-lncRNA-PACER: forward 5′-TGTAAATAGTTAATGTGAGCTCCACG-3′, reverse 5′- GCAAATTCTGGC CATCGC-3′; hs-linc13: forward 5′-AAGGATCATTGCAGGGTCTC-3′, reverse 5′-GTGGCCAAAAGAAGTCTGAGTC-3′; hs-GAPDH: forward 5′-GAAATCCCATCACCATCTTCCAGG-3′, reverse 5′-GAGCCCCAGCCTTCTCCATG -3′.



Statistical analysis

SPSS 20.0 software (Statsoft Inc, Carey, J, USA) and easyRoc (ver. 1.3.1) were used for statistical analyses. Data were represented as Mean ± Standard deviation. Means comparison was performed through the t-test. A p-value of <0.05 was considered to be statistically significant for a 95% confidence interval. Curves and graphs were drawn under Microsoft Excel 2013.



Receiver operating characteristics curves

To categorize these groups with the targeted lncRNA, ROC curves analysis was realized. The Area Under the ROC Curve (AUC) is a measure of the ability of a factor to distinguish two groups (44). AUC values range from 50% to 100%, with 50% being a bad classifier and 100% an excellent classifier (45). Values between 90-100% are generally considered excellent, 80-90% good, 70-80% fair, 60-70% poor, and 50-60% bad (or failed) (22). An AUC of less than 50% indicates that the random values do not distinguish the two groups (46).




Results


Sociodemographic and clinical characteristics of the study population

A total of 108 participants were enrolled during the period of the study. 63% (n=68) were male and 37% (n=40) were female. Twenty participants (19%) were aged between 18 to 24 years, 33 (31%) between 25 to 34 years, 17 (16%) between 35 to 44 years, 33 (31%) between 45 to 64 years, and 5 (5%) have at least 65 years. Table 1 shows details of the sociodemographic and clinical characteristics of the study population.


Table 1 | Sociodemographic and clinical characteristics of the study population.





LncRNA PACER and LNC13 levels are increased in the whole blood of active tuberculosis patients and diminished to normal levels during anti-tuberculosis treatment

The lncRNA PACER and LNC13 of 21 newly diagnosed active tuberculosis patients (TBT0), 35 tuberculosis patients after two (TBT2), 15 after five months (TBT5), 18 after six months (TBT6), and 19 healthy controls (HC) were detected by RT-qPCR. Their relative expression was estimated by Cq analysis using the Livak method. The means of the relative expression of PACER and LNC13 in those groups were compared using t-test, as such: HC vs TBT0, TBT0 vs TBT2, TBT0 vs TBT5, TBT0 vs TBT6, and HC vs TBT6.

PACER showed a relative expression level of 3.04 ± 1.28, whereas it was 1.93 ± 0.36 times the normal for LNC13 among patients with active tuberculosis. As indicated in Figure 2, the expression of these two lncRNAs in patients with active TB was significantly higher (P < 0.05) than in healthy controls. So, PACER and LNC13 are more expressed by active tuberculosis patients than by healthy individuals.




Figure 2 | Relative expression of lncRNA PACER and LNC13 in whole blood samples from different groups. Total RNA was extracted. The lncRNA PACER (A) and LNC13 (B) expression levels were assessed by RT-qPCR. The 2−ΔΔCq method was used to calculate lncRNAs’ relative expression of the healthy controls (HC), newly diagnosed active tuberculosis patients (TBT0), tuberculosis patients after two (TBT2), five (TBT5), and six (TBT6) months after treatment. *: P < 0.05; NS: P ≥ 0.05. LncRNA PACER and LNC13 are upregulated in the whole blood of patients with active pulmonary tuberculosis at the initiation of treatment and decreased during the treatment to reach the level of healthy controls after six months of treatment.



However, at the 2nd, 5th, and 6th months of treatment, relative expression levels of PACER were respective 1.32 ± 0.37, 0.75 ± 0.11, and 0.99 ± 0.35. While 0.55 ± 0.25, 1.25 ± 0.35 and 0.96 ± 0.22 for LNC13. Thus, their expression decreased with the progression of the treatment duration (Figure 2). Patients receiving treatment had significantly lowered expression of lncRNA PACER and LNC13, two, five, and six months into treatment compared with the newly diagnosed active tuberculosis patients (P < 0.05). To sum up, PACER and LNC13 are less expressed by tuberculosis patients into treatment than by newly diagnosed active tuberculosis patients.

Meaningfully, the levels of PACER and LNC13 in the whole blood of tuberculosis patients after six months of treatment were respectively 0.99 ± 0.35 and 0.96 ± 0.22 times the normal. As displayed in Figure 2, this expression is similar to that of healthy controls (P ≥ 0.05). Hence, anti-tuberculosis drugs regulate PACER and LNC13 expression after six months.



LncRNA PACER and LNC13 levels distinguish active pulmonary tuberculosis patients from healthy controls

Receiver Operating Characteristics (ROC) (Figure 3) were set up to evaluate the diagnostic values of the differentially expressed lncRNA PACER and LNC13 among active pulmonary tuberculosis patients and healthy controls. The area under the curve (AUC) of lncRNA PACER was 100% and 91.8% for LNC13. This means that PACER and LNC 13 are excellent classifiers for newly diagnosed active TB patients and healthy individuals.




Figure 3 | LncRNA PACER and LNC13 levels distinguish newly diagnosed active tuberculosis patients from healthy controls. Total RNA was extracted from the whole blood samples. The lncRNA PACER and LNC13 levels were measured by RT-qPCR. The 2-ΔΔCq method was used to calculate the lncRNAs’ relative expression. These data were uploaded to the software easyROC to create ROC curves and calculate the area under the curve (AUC) values for the lncRNA PACER (A) and LNC13 (B). PACER (AUC=100%) and LNC 13 (AUC=91.8%) are excellent in distinguishing newly diagnosed active TB patients from healthy individuals.





LncRNA PACER and LNC13 levels differentiate newly diagnosed active tuberculosis patients from those under treatment

To check the potential of PACER and LNC13 to discriminate between newly diagnosed active tuberculosis patients and those under treatment, ROC curves were built. Between untreated active tuberculosis patients and patients after two months into treatment, the lncRNA PACER displayed an AUC of 97.9%; and 100% after five and six months (Figure 4). While it was 100% after two months into treatment, 92.8% after five, and 100% after six months for LNC 13 (Figure 5). This indicated that lncRNA PACER and LNC13 are excellent differentiators of active tuberculosis patients from those under treatment. These data, therefore, show that PACER and LNC13 can be used in the monitoring of TB treatment.




Figure 4 | LncRNA PACER levels differentiate newly diagnosed active tuberculosis patients from those under treatment. Total RNA was extracted from the whole blood samples of newly diagnosed active tuberculosis patients (TBT0), tuberculosis patients after two (TBT2), five (TBT5), and six (TBT6) months of TB treatment. The lncRNA PACER relative expression was evaluated by RT-qPCR coupled to the 2-ΔΔCq method. The ROC curves were generated and area under the curve (AUC) values were calculated using the software easyROC. The lncRNA PACER is an excellent classifier of newly diagnosed active tuberculosis patients from those under treatment; displaying respective AUCs of 97.9% after two, and 100% after five and six months.






Figure 5 | LNC13 level differentiates newly diagnosed active tuberculosis patients from those under treatment. Total RNA was extracted from the whole blood samples of newly diagnosed active tuberculosis patients (TBT0), tuberculosis patients after two (TBT2), five (TBT5), and six (TBT6) months of TB treatment. The LNC13 relative expression was evaluated by RT-qPCR coupled to the 2−ΔΔCq method. The ROC curves were generated and the area under the curve (AUC) values were calculated using the software easyROC. LNC13 has an excellent potential to discriminate between newly diagnosed active tuberculosis patients and those under treatment; with AUCs of 100% after two, 92.8% after five, and 100% after six months of treatment.





LncRNA PACER and LNC13 levels cannot discriminate between tuberculosis patients after six months of treatment and healthy controls

ROC curves (Figure 6) were constructed to assess the capacity of PACER and LNC13 to differentiate between TB patients after six months of anti-tuberculosis drugs and healthy controls. It was found that PACER and LNC13 exhibited respective AUCs of 42.8% and 45.7%. Consequently, these lncRNAs could not discriminate healthy people from tuberculosis patients after six months of treatment.




Figure 6 | LncRNA PACER and LNC13 levels cannot discriminate tuberculosis patients after six months of treatment from healthy controls. Total RNA was extracted from the whole blood samples of healthy individuals (HC) and active tuberculosis patients after six (TBT6) months of TB treatment. The lncRNA PACER and LNC13 were detected by RT-qPCR coupled to the 2−ΔΔCq method. These data were uploaded to the software easyROC to generate ROC curves and calculate the area under the curve (AUC) values for the lncRNA PACER (A) and LNC13 (B). With respective AUCs of 42.8% and 45.7%, PACER and LNC13 cannot discriminate patients from healthy controls after six months of treatment.






Discussion

This study aimed to assess the potential of two long non-coding RNAs PACER and LNC13 in the monitoring of tuberculosis treatment. These pro-inflammatory lncRNAs have been associated with many diseases. Experimentally, PACER was found to be upregulated in cells infected by Mycoplasma pneumonia and its knockdown inhibited the production of inflammatory cytokines as well as the expression of its proximal target COX-2 (47). Similarly, LNC 13 was upregulated in Peripheral Blood Mononuclear Cells (PBMC) of Inflammatory Bowel Disease (IBD) patients compared to controls (39). In the same way, this investigation showed that lncRNA PACER and LNC13 are upregulated in the whole blood of patients with active pulmonary tuberculosis as compared to Healthy Controls.

It is known that antitubercular agents act by y reversibly inhibiting DNA-dependent RNA polymerase, which further stops bacterial protein synthesis and transcription, or constrains the enzyme arabinosyltransferases and thus preventing the biosynthesis of the mycobacterial cell wall. As a result, tuberculosis-causing bacteria growth will be inhibited and they will be killed very slowly (48). The gradual reduction of the bacteria will result in a decrease in the inflammatory response, which is part of the body’s defense mechanism. Consequently, all the pro-inflammatory effectors will follow the same trend. Similarly, it has been observed in this study that the pro-inflammatory lncRNA PACER and LNC13 are downregulated in patients during the treatment as compared to the newly diagnosed active tuberculosis patients. Huang et al. (2018) (49) also reported that Nuclear-Enriched Abundant Transcript 1 (NEAT1), which was significantly upregulated in PBMCs of TB patients gradually declined after treatment. This observation is similar to the result of Lv et al. (2016) (50) who found that sputum and serum miR-144 levels which were significantly upregulated in TB patients, decreased meaningfully after anti-TB treatment (30). In the same way, Wang et al. (2018) found a reduction in the expression levels of miR-21-5p, miR-92a-3p, and miR-148b-3p in the serum of cured TB patients as compared to the untreated TB patients (51).

After six months of treatment, tuberculosis patients and healthy controls expressed a similar level of PACER and LNC13. Wagh et al. (2017) also reported that miR-16 expression levels in sera of TB patients who received the standard anti-TB drug regimen for six months increased to reach the approximate level of healthy controls (52). Similarly, Kim et al. (2022) found that the levels of miR-199b-3p, miR-199a-3p, and miR-16-5p were restored to healthy controls levels after standard anti-tuberculosis therapy (53).

Many non-coding RNAs have been reported able to distinguish active pulmonary tuberculosis patients from healthy individuals. miR-769-5p, miR-320a, and miR-22-3p were found to distinguish TB patients from healthy controls with AUC ranging from 69.2% to 97.0% (54). miR-29a (23), miR-197 (55), miR-16, and miR-155 (52) were described as discriminators of TB patients from healthy controls with AUC respectively of 83.1%, 96.0%, 100%, and 96.7%. Similarly, this study indicated that lncRNA PACER and LNC13 were excellent in distinguishing active pulmonary tuberculosis patients from healthy controls with respective AUCs of 100% and 91%.

This study reported for the first time the ability of lncRNA PACER and LNC13 to monitor anti-tuberculosis treatment. The previous studies were focused on miRNAs, or were limited to the observation of changes in the expression levels of ncRNAs after TB treatment. PACER was found able to discriminate newly diagnosed active tuberculosis patients from those after two, five, and six months of treatment with AUC respectively of 97.9%, 100%, and 100%. Similarly, LNC13 was capable of separating active tuberculosis patients at the initiation of treatment from those after two, five, and six months of treatment with AUC respectively of 100%, 92.8%, and 100%.

According to the World Health Organization (4), active, drug-susceptible TB disease is treated with standard 6-month treatment. Cameroon also recommended the same treatment duration (56). The expression levels of the lncRNAs PACER and LNC13 in whole blood of patients after six months of treatment were similar to those in healthy controls. Also, these lncRNAs could not discriminate (AUC ≤ 45.7%) healthy controls from patients after six months of treatment. The expression of these lncRNAs was important in active patients, and gradually decreased in patients under treatment to reach, after six months, the same level as healthy volunteers. Therefore, this study confirmed that active and drug-susceptible tuberculosis could be treated with a standard six months antitubercular drugs regimen.

No reference test (57) is available for the diagnosis of latent tuberculosis. The ability of PACER and LNC13 to discriminate latent tuberculosis from the other groups remains unknown and could be a new avenue to investigate.

In conclusion, the present study reported that the lncRNA PACER and LNC13 were significantly upregulated in patients with active pulmonary tuberculosis at the initiation of the treatment than in healthy controls. The expression levels of the two lncRNAs were significantly downregulated in patients during treatment compared to the active ones. The expression levels of the lncRNAs PACER and LNC13 in whole blood of patients after six months of treatment were similar to those in healthy controls. PACER and LNC13 showed very good performance in distinguishing between active tuberculosis patients and healthy controls as well as in differentiating between newly diagnosed active tuberculosis patients and those under treatment. They could not discriminate healthy controls from patients after six months of treatment. The lncRNA PACER and LNC13 could constitute potential biomarkers for monitoring tuberculosis treatment.
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OEBPS/Images/table1.jpg
TBro TBr, TBys TBrs All

Gender Male 12 63% 15 71% 23 66% 6 40% 12 67% 68 63%
Female 7 37% 6 29% 12 34% 9 60% 6 33% 40 37%

Age (years) [18-24] 2 11% 6 29% 7 20% 2 13% 3 17% 20 19%
[25-34] 6 32% 5; 24% 8 23% 4 27% 10 56% 33 31%
[35-44] 5 26% 4 19% 5 14% 2 13% 1 6% 17 16%
[45-64] 5 26% 6 29% 13 37% 6 40% 3 17% 33 31%
[65-c0] 1 5% 0 0% 2 6% 1 7% 1 6% 5 5%

TOTAL 19 21 35 15 18 108

Table 1 describes the study population which was made up of 108 participants (All) with 19 Healthy Controls (HC), 21 newly diagnosed active tuberculosis patients, 35 active tuberculosis
after two months (TBr,), 15 after five months (TBrs) and 18 after six months (TBrs) of TB treatment. Among these, were individuals of both sexes and aged 18 years and above.
Bold values, Total; Infinity, above.





