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ABSTRACT

Background: Tuberculosis (TB) is an infectious disease that can affect various parts of the body, with lung
infections being the most common cause. In this study, drug susceptibility testing (DST) using LJ media
was compared to Truenat testing to detect rifampicin resistance in sputum smear-positive cases with related
clinical characteristics.

Materials and Methods: The Vedantaa Institute of Medical Sciences conducted a laboratory-based study
from July 2023 to December 2023, enrolling 102 clinical isolates. Sputum smears with acid-fast bacilli were
cultured in LT medium, isolated, and grown with rifampicin for resistance observation and a correlation with
Truenat.

Results: The study found that individuals aged 21-30 had the highest prevalence of TB. The highest
Mpycobacterium tuberculosis detection ratio was shown in the Below Poverty Line (BPL) at 84.2%, and
Rifampicin (RIF) resistance was detected at 75%. A TB positive ratio of 68.4% were found to be both
alcoholic and smoker population and 42.1% were found to have asthma and liver disease, no Rifampicin
(RIF) resistance was detected in both the population. In HIV patients 50% RIF resistance was detected.
MTB coinfections were observed in 68.4% of pneumonia patients. The LJ culture test had 95% sensitivity
and 100% specificity for MTB detection, while the Truenat test had 100% sensitivity and 100% specificity
for both MTB testing and MTB/RIF resistance detection.

Conclusion: Demographic, clinical, and social variables, including alcoholics and smokers, asthma
and liver disease, hypertension, diabetes, and co-infection with pneumonia, were the main factors for
pulmonary tuberculosis patients. Micro-real-time PCR has higher clinical sensitivity for MTB detection,
while conventional tests predict rifampicin resistance.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
AttribFution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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1. Introduction

Tuberculosis is an infectious

illness that can affect

to a WHO report released on October 14, 2020, 1.4 million
people died from tuberculosis in 2019. In 2019, an estimated
ten million people worldwide were diagnosed with TB. TB

practically any region of the body but is most commonly
associated with lung infections. People with pulmonary
tuberculosis frequently spread the disease through coughing
or sneezing, which releases bacteria into the air. According
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is one of the top 10 causes of mortality globally, and it is
the major infectious agent-related cause of death. Globally,
the incidence of tuberculosis is declining at a pace of about
2% per year, with a 9 percent drop between 2015 and 2019.
This was less than half-way to the goal of a 20% decrease in
tuberculosis between 2015 and 2020 set by the TB plan. The
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United Nations Sustainable Development Goals include the
health goal of ending the tuberculosis pandemic by 2030. !?

MTB is a common opportunistic bacterial infection that
causes severe morbidity and death in both healthy and
immunocompromised people. Those living in the same
country who are HIV-positive and infected with TB are
20-40 times more likely to acquire active TB than people
who are not infected with HIV.>*MDR-TB, or multidrug-
resistant tuberculosis, is still a public health concern and a
security danger. In 2019, a total of 0.20163 million patients
with multidrug- or rifampicin-resistant tuberculosis were
diagnosed and notified worldwide, up 10% from 0.1869
million in 2018. The mechanism of TB resistance is due
to a point mutation in the Mycobacterium tuberculosis
genome that occurs once per 10% cell divisions. MTB
resistance has evolved as a direct result of evolutionary
purging following prolonged drug exposure, typically
through missense mutations in drug targets or activating
enzymes.>®Drug resistance genes such as inhA, katG,
ahpC or isoniazid, rpoB for rifampicin, and pncA for
pyrazinamide are responsible for drug resistance in TB.
Antitubercular medication resistance might be primary
or acquired as a result of ineffective treatment. For
active and drug-susceptible TB patients, a 6-month short-
course regimen containing a mixture of four anti-TB
medications such as rifampicin, isoniazid, pyrazinamide,
and ethambutol has been used as a conventional treatment.
The most common cause of MDR in nature is rifampicin
resistance, which leads to treatment failures and deaths.
Rifampicin resistance in MTB is caused by changes in
the residues of the drug’s molecular target, Mycobacterium
tuberculosis RNA polymerase (MTB-RNAP). More than
95% of rifampicin-resistant strains had mutations in a short
region of MTB-RNAP known as the "rifampicin resistance
determining region.”~?

The most common mutations in the rifampicin
resistance-determining region in Eschericia coli are
S456, H451, and D441, which correspond to S531, H526,
and D516. According to studies, 70% of rifampicin-
resistant clinical isolates exhibit point mutations in two
residues (S456 and H451),° with H451 being most
commonly swapped for Asp (D), Tyr (Y), and Arg (R). 012
Rifampicin resistance is linked to three mutations at
position 451 (H451D, H451Y, and H451R).!3 To identify
drug resistance, sputum specimen processing, culture,
and drug susceptibility testing (DST) are required.'*
Traditional DST, on the other hand, is time-consuming,
and there are significant issues with test consistency
and drug stability in various cultural media.'>'®The late
detection of medication resistance could be a crucial factor
in MDR-TB transmission. As a result, quick diagnostic
assays are essential for efficient drug-resistant tuberculosis
control. The World Health Organization (WHO) has
approved genotype MTBDRplus LPA (line probe assay)
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for fast detection of drug-resistant tuberculosis. !’ Resistant
tuberculosis is difficult and costly to treat. It includes the
use of expensive antibiotics for longer periods of time,
which are less effective and more likely to cause side
effects than traditional TB chemotherapy.'®!° A timely
diagnosis of treatment resistance in the infectious agent
is critical for curing the patient and eliminating the risk
of infection spreading throughout a population.?>?!In the
current study, drug susceptibility testing (DST) using LJ
media was compared to Truenat testing for the purpose of
detecting rifampicin resistance in sputum smear-positive
cases with related clinical characteristics.

2. Materials and Methods

2.1. Study setting

A prospective study was conducted in the Department
of Microbiology at the Vedantaa Institute of Medical
Sciences, Vedantaa Hospital, and Research Center for the
duration of July 2023 to December 2023. The sample
size was 102 sputum samples. Inclusion criteria: Sputum
samples were collected from all patients suspected of
having pulmonary tuberculosis due to the Mycobacterium
tuberculosis complex. Samples were collected from
those patients who fulfilled the following: World Health
Organization (WHO) criteria were included: cough for 2
weeks or more; chronic fever for more than 2 weeks;
night sweats; weight loss (unintentional). Exclusion criteria:
extra-pulmonary tuberculosis cases were excluded.

2.2. Data collection

Our research institution was recognized as DMC and
Truenat testing under the RNTCP government program in
Palghar, Maharashtra. Considering the number of patients
with this type of pulmonary tuberculosis, we referred to our
hospital from the surrounding tribal population catered to by
us, there was a need to undertake such a study.

Patients consent was taken. From the study proforma,
basic information such as age, gender, address, socio-
economic status, habits, and co-morbidities was collected.

2.3. Technique

Lowenstein Jensen medium was used to culture sputum
smears that showed acid fast bacilli on Ziehl Neelsen stain.
Smear positive sputum samples were isolated in drug free
Lowenstein Jensen (LJ) medium and grown on LJ medium
with rifampicin (20 ul/ml) for observation of resistance in
the form of visible growth. For correlation, Truenat data
were also retrieved from patient records.

2.3.1. Culture
The smear positive sputum samples were processed using
the NALC technique for digestion, decontamination, and
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concentration before being cultured on LJ media. The
cultured media were incubated for up to 4 weeks and
examined weekly for growth. Growth was observed in the
form of rough, tough and buff-coloured colonies which were
subjected to acid fast staining to confirm acid fast bacilli.
Then the isolates were subjected to re-culture on LJ medium
containing Rifampicin drug for antimicrobial sensitivity
testing using the standard strain H37Rv as the negative
control. The isolates which were showing growth of >1%
in rifampicin containing media when compared to drug free
media were considered as rifampicin resistant. Finally, the
rifampicin resistance was compared with Truenat report.

2.3.2. Truenat (micro real-time PCR)

The Trueprep Auto MTB sample pretreatment pack was
used to homogenize and concentrate samples, releasing
bacilli and discarding inhibitory substances. The sample
was loaded into the Trueprep AUTO Universal Cartridge-
Based Sample Prep kit for extraction and purification of
bacterial DNA. This lightweight, portable device operates
at room temperature, requires minimal hands-on time,
and is quick, reliable, and efficient. Waste was contained
within the cartridge dump area. The Truenat MTB chip
was used in a micro PCR test. The fluorophore releases
exponentially upon positive amplification; this phenomenon
was detected by the integrated sensor and shown on the
analyzer screen. The cycle threshold (Ct) was the number
of amplification cycles required for the fluorescent signal to
cross the threshold. At the end of the test run, a "detected" or
"not detected" result is displayed, and the internal positive
control (IPC) validates the test run from sample to result.
Samples positive for MTB were tested using the Truenat
MTB/RIF micro PCR chip and TruelabTM Real-Time
Micro PCR Analyzer.

2.4. Statistically analysis

Data were analyzed online using the MedCalc Statistical
Software (https://www.medcalc.org/calc/diagnostic_test.ph
p). In the collected data, the values of total positive (TP),
false positive (FP), total negative (TN), and false negative
(FN) were determined. Furthermore, the provided data was
analyzed to determine the sensitivity and sensitivity values.
Additionally, estimated 95% confidence interval (CI) values
for the pooled sensitivity and specificity of LJ culture media
and Truenat were obtained.

2.5. Ethics Statement

The study was approved by the Ethics Committee of
Vedantaa Institute of Medical Sciences, Palghar (approval
number: EC/05/2023).
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3. Results

During the study period, a total of 102 clinical isolates of M.
tuberculosis were enrolled based on inclusion and exclusion
criteria in the Microbiology department in the tertiary care
hospitals. In our study they were analysed for prospective,
cohort study.

3.1. Sample cohort statistics

The Local population was divided into different groups as
follows groups, 0-20 years, 21-30 years, 31-40 year, 41-
50 years, 11-60 years, 61-70 years and 71-80 years. The
maximum number of TB patients were in the age group
21-30 year, followed by group 41-50 years and group Out
of the total 102 registered cases, 19 (18.63%) were found
to be positive and 83 (81.37%) were negative. The TB-
RIF resistance-detected cases were 4 (21.05%) as shown in
Figure 2.

3.2. Demographic, clinical and social variables
characteristics

Among the total number of patients, 76 (74.5%) belonged
to the below-average poverty line (BPL), followed by 22
(21.6%) above the average poverty line (APL), and 4 (3.9%)
belonged to the middle class. The highest MTB detection
ratio was shown in BPL (16 (84.2%) and RIF resistance
detected at 75%, respectively (Figure 3a). Our study
revealed that MTB detected 13 (68.4%) and RIF resistance
detected 50% of patients who were both alcoholics and
smokers (Figure 3b). Co-morbidities were the main factors
for pulmonary tuberculosis patients. A high TB positive
ratio of 8 (42.1%) showed asthma and liver disease, but
RIF resistance detection was not found. Followed by
hypertension and diabetes (26.3%).HIV patients showed
2/4 (50%) RIF resistance detected (Figure 3c). The MTB
coinfections were noted in the pneumonia patients 13/19
(68.4%), and RIF resistance detection 2/4 (50%) followed
oral candidiasis 4/19 (21.1%)(Figure 3-d). The patients were
grouped into different categories based on their treatment
regimens. 12/19 (63.2%) of the patients with MTB detected
were new patients in the intensive phase, followed by 10.5%
of the new patients in the continuation phase. 50% of the
patients with RIF resistance detected were new patients in
the intensive phase (Figure 3e).

3.3. Sensitivity and specificity of MTB and RIF
resistance detection by LJ culture and the Truenat
method

Considering the Truenat data as a reference, the number of
true positive, true negative, false positive, and false negative
samples was enumerated as shown in Table 1. Using online
statistics analysis software, the assay sensitivity for the LJ
culture test was calculated to be 95% (95% CI, 75.13% to
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Fatil et al. / IP International Journal of Medical Microbiology and Tropical Diseases 2024;10(1):41-47

20

E 13 g 2 1 2
E APL L
]
Em # Middle class E
Z oy 3
IE 3 3 2 B 2 1 G & o |
5 " - B | ﬁ 0 I [ | -
Z I Sunoker Bolh
0 aleoholic and — ex-smeker  ex-aleoholie
MTB defected Rif registance Smokers ;
detected actors
(a) (b)
14 13
12
% 10 uMTB detected = Rif registance detected
g
28
2 6
2 4
2 4
2
2 101 1 1
. - -
Pneumonia Covid-19 Oral candidiasis  Diabetic foot
) ulcer

Factors

wMTB detected

Rifregistance detected

Aleoliolic and Smokerand - Ex-smoker - Ex-alcoholie

9 mMTB detected = Rif registance detected 8

5
1 I 1 I 11
|

3
o0 00 I
m

No. of MTB patients

8
6

5

N

T 5

2 1
1

0

Asthma v Chronic Kidney Tlypertension © Asthma + Liver Hypertension +
Disease Diabetes Disease Liver Disease
(c) Faclors
Rif registance detected ®MTB detected
Cantinuation Phase & Previously Treated
Relapse/ Treatment failure/ Default &
Intensive Phase . 1
@ Vi &V X 1
é [ntensive Phase & Previously Treated . 2
E Relapse/ Treatment failure/ Default &
Continuation Phase 1
New Patient & Continuation Phase - 9
New Patient & Intensive Phase — 12
0 i 4 b 8 10 12 14
No. of MTB patients
(e)

Figure 3: Demographic and clinical characteristics of positive pulmonary tuberculosis andRIF resistance patients (n=102); a: Socio-
economic status; b: Addictive habits; ¢: Co-morbidities; d: Co-infection; e: Treatment regimen for TB

Table 1: Sensitivity and specificity of the molecular method and the phenotypic method for MTB and RIF resistance detection. (n=102)

Methods TP FN TN FP
MTB LJ media culture 18 1 83 0
detection Truenat 19 0 83 0
MTB/RIF LJ media culture 4 0 15 0
detection Truenat 4 0 15 0

Clinical specificity
(95 % CI)
100%(95.65% to 100.00%)
100%(95.65% to 100.00%)

100%(78.20% to 100.00%)

Clinical sensitivity
(95 % CI)
95%(75.13% to 99.87%)
100%(82.35% to 100.00%)

100%(39.76% to 100.00%)

**; TP=True positive; FN=False negative; TN=True negative; FP=False positive

99.87%) with a specificity value of 100% (95% CI, 95.65%
to 100.00%) for MTB detection. The assay sensitivity for
the LJ culture test was calculated to be 100 (39.76% to
100.00%) with a specificity value of 100% (78.20% to
100.00%) for MTB/RIF detection.

4. Discussion

During our study, 102 clinical isolates of MTB were
collected over a period of six months (July 2023 to
December 2023). Smear-positive samples were subjected to
culture on LJ medium and DST by the proportion method
on rifampicin-containing LJ medium. The results were
compared with our study.

The age group of 21-30 years old had the highest
prevalence of tuberculosis in the current study, whereas
the age groups of 0-20 and 60+ years old had the lowest
infection rates. Similarly, according to the Xpert MTB/RIF
technique, the age group of 21 to 30 years old in Jumla
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had the highest rate of tuberculosis infection.?? In Patan
Hospital, the oldest patients (32.54%) had the highest rate
of tuberculosis, although the youngest patients (5.79%) had
the lowest prevalence.?® In Ethiopia, a higher prevalence of
tuberculosis was in the 15-24 age group, followed by 25-34
years.?* But in Nigeria, the highest prevalence (17%) was
in the age group 30-43 years,? in Malaysia 21-40 years
(37%), and in Pakistan < 20 years (48.08%).2°

In Satara district, the frequency of pulmonary
tuberculosis in children appears to be steadily rising,
with men having a nearly twofold higher prevalence than
females.”’” The result was similar in the our study. A
similar result had also been shown at Lumbini Provincial
Hospital.”® TB was more common in men than in
women throughout most of the nation, including Nepal.?’
According to a different survey, men were more common
than women in certain districts of Nepal, including
Ramechhap, Gorkha, Jumla, and Chitwan. 22.23.29 However,
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in Pakistan, women (57.63%) had a higher infection rate
than men (42.37%).%6 It was possible because, Males
increased exposure to the environment, frequent travel,
social contact, and professions associated with higher
tuberculosis risk, such as mining, contribute to increased
transmission. 3033

In our study, we found that 76 patients (74.5%) were
below the poverty line, 22 were above the APL, and
3.9% were middle-class, with the highest MTB detection
ratio and RIF resistance in BPL. similar to other studies
conducted in India, 36 percent of TB patients in Karnataka,
India were unemployed, 71 percent belonged to BPL.3*
All patients were studied for their addictive habits; 68.4%
were both alcoholics and smokers. In a similar study,
drinking and smoking were linked in men, with 38% of
control men reporting alcohol and smoking, while less
drinking and smoking habits were reported in women
(14%; 1,112/8,021).3*3> Compared to non-smokers and
non-alcohol drinkers, smokers and alcohol users had higher
odds of PTB [OR 3.2; 95% CI 516.4-1986.4; p = 0.003;
OR 3.2; 95% CI 480.8-2254.8; p = 0.009], respectively.
Individuals who smoked and consumed alcohol had odds of
PTB that were equal to those who did not smoke and drink
(OR 4.1; 95% CI1 477.6-2581.6; p = 0.001).3¢

In our study, a high TB positive ratio (42.1%) identified
asthma, liver disease, hypertension, and diabetes, but no RIF
resistance detection was found, followed by HIV patients
with 50% RIF resistance. Similarly comorbid conditions,
including diabetes mellitus in 64 cases (21.33%), chronic
kidney disease (CKD) in 22 instances (7.33%), and co-
infection with the human immunodeficiency virus (HIV)
in 36 cases (12.00%), were noted. We reported that
MTB coinfections were observed in 68.4% of pneumonia
patients, with RIF resistance detection in 50% of cases.
Similarly, due to the significant global incidence of
both diseases, co-infection between Pneumoccus and
Mycobacterium tuberculosis was unavoidable.3”-38 Patients
were categorized based on treatment regimens, with 63.2%
new MTB patients in the intensive phase, 10.5% in the
continuation phase, and 50% in the intensive phase with RIF
resistance. Reported by Sotgiu,? the 6-month treatment
was nearly 100 percent successful; however, following a
two-year follow-up period, the relapse rate can range from
0% to 7%. In our study, the LJ culture test has a 95%
sensitivity and 100% specificity for MTB detection and
78.20% to 100.00% for MTB/RIF detection. According
to Gashaw et al.*’ using LJ media, 384 samples of
Mycobacterium smear-positive samples were cultivated; of
these, 29.2% (112/384) showed culture-positive results. The
MTBDR plus assay and traditional MGIT test demonstrated
fair agreement in detecting Mycobacterium tuberculosis,
with sensitivity, specificity, and positive/negative predictive
values of 94.2, 30.2, 68.4, and 76.5%, respectively. The

samples that tested positive for LJ culture produced 95
appropriate results for the MTBDR plus assay, and 16/95
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(16.8%) showed drug resistance.

5. Conclusion

We found that the demographic, clinical, and social
variables included alcoholics and smokers. Co-morbidities
were the main factors for pulmonary tuberculosis patients,
such as asthma and liver disease, hypertension, and diabetes.
The MTB coinfections were noted in the pneumonia
patients. The micro-real-time PCR had higher clinical
sensitivity than conventional culture methods for MTB
detection. The conventional drug susceptibility test had the
equal sensitivity and specificity as Truenat in predicting
resistance to rifampicin.
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