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Abstract
Introduction
Mycobacterium tuberculosis (MTB), the causative agent of tuberculosis (TB), continues to pose a significant
global health threat, with increasing concerns about antimicrobial resistance (AMR). This study aims to
elucidate the AMR patterns of MTB infections in tertiary care hospital settings.

Materials and methods
A retrospective analysis was conducted on 138 clinical samples collected from patients attending the
outpatient ward with clinically suspected MTB infections from November 2022 to April 2023 in a tertiary
care hospital, Saveetha Medical College and Hospital. The study focused on the sample isolates collected
from various clinical specimens, such as sputum, pus, synovial fluid, wound swabs, and other forms of
samples from the patients. The samples were processed and analyzed with routine microbiological
confirmation tests using standard laboratory methods such as staining and culture. Further, the samples
were subjected to a GeneXpert MTB/RIF assay to assess the resistance to Rifampicin (RIF). The results were
interpreted, analyzed using standard statistical methods, and presented.

Results
The findings revealed marked resistance of the clinical isolate MTB to TIF, with positive and negative results
through various peak levels shown by GeneXpert. Out of the 138 samples screened by GeneXpert for
resistance, 14 samples were found to be positive (10.14%). Resistance to the first-line drug, namely RIF, was
observed in the study, raising concerns about the effectiveness of standard tuberculosis treatment regimens
followed in the country.

Conclusion
This study implies the urgency of monitoring and addressing AMR in MTB infections in tertiary care hospital
settings. The emergence of resistance to even the first-line drugs necessitates continuous surveillance, the
implementation of appropriate diagnostic strategies, and the development of effective treatment protocols.
A comprehensive understanding of the AMR landscape in tuberculosis is crucial for optimizing therapeutic
interventions, preventing the spread of drug-resistant strains, and ultimately curbing the global burden of
tuberculosis.
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Introduction
Tuberculosis is an infectious disease caused by the bacterium Mycobacterium tuberculosis (MTB). It is highly
contagious and primarily affects the lungs, resulting in the characteristic symptoms of pulmonary
tuberculosis. However, it can also affect other organs and tissues, such as the lymph nodes, brain, kidneys,
and spine, which is known as extrapulmonary tuberculosis [1]. Based on the global report by the World
Health Organization (WHO), approximately 5% of the world population shows immunologic evidence of past
infection with MTB through surveillance testing. In the year 2020, an estimated 10 million individuals were
diagnosed with active tuberculosis (ATB). Especially, multidrug-resistant tuberculosis (MDR-TB) has
emerged as a significant global public health issue, affecting approximately 450,000 individuals worldwide
and demonstrating a mortality rate surpassing that of cancer [2]. Thus, tuberculosis is recognized as one of
the most fatal infections worldwide [3].

Primarily the treatment begins with the appropriate antimicrobial drugs. The utilization of antimicrobial
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drugs in modern medicine has aided in the treatment of infectious diseases caused by bacteria, fungi,
parasites, and viruses. However, the repeated use of the drugs in various settings, including human, animal,
and environmental, has led to the emergence of antimicrobial resistance (AMR) in different types of
microorganisms. Consequently, AMR has become a significant concern for public and environmental health
over the last two decades, posing a substantial threat [4]. The timely identification of drug resistance is of
utmost importance to prevent the spread of drug-resistant tuberculosis and reduce mortality rates.
However, in low- and middle-income countries, the establishment of effective tuberculosis resistance
diagnostic programs that utilize molecular tools presents a significant challenge [5].

Prior to the treatment, it is essential to detect the infection in the initial stage and then commence with the
medication. As mentioned earlier, a significant portion of the population shows indications of past or
ongoing infection with MTB. To diagnose either latent tuberculosis infection (LTBI) or ATB, various assays
are available depending on the clinical status. Immunological techniques currently used for diagnosing LTBI
or ATB include the Mantoux Tuberculin Skin Test (TST) and interferon-gamma (IFN-γ) release assays. These
methods help healthcare professionals, especially in tertiary care hospitals to assess the presence of
tuberculosis infection and to determine the appropriate treatment strategy [6]. Nevertheless, the use of the
Bacillus Calmette-Guerin (BCG) vaccine in children has been ineffective in protecting the children against
the primary complex of tuberculosis and tuberculosis infection in adults [7,8].

The current standard treatment for drug-susceptible tuberculosis involves a combination of antibiotics,
including rifampicin (RIF), isoniazid (INH), pyrazinamide (PZA), and ethambutol (EMB) for the initial two
months, which is considered the first line of medications. This is followed by a continuation phase of four
months with RIF and INH [9]. Indiscriminate inappropriate and under-dosing of the above combination of
drugs with a frequent pause in the medication period leads to drug resistance of MTB resistant initially to
RIF; while such discontinuity in medication with a combination of drugs for a longer duration leads to
extensively drug-resistant MTB [10].

Traditional diagnostic assays that are labor-intensive and time-consuming are being substituted with
advanced molecular tests in the field of diagnostics. One such test is the GeneXpert - a nucleic acid-based
test, which not only detects the presence of MTB in the sputum, as well as other body fluids of patients with
ATB but also identifies gene that is resistant to RIF, a crucial first-line drug for ATB treatment.
Consequently, in locations where this test is accessible, patients who are suspected of having ATB can
receive a prompt molecular diagnosis and be prescribed a more efficient initial treatment, especially in cases
of drug-resistant tuberculosis [11,12]. This study undergoes by identification of the positive MTB which is
resistant to the first-line drug RIF and provides a treatment plan and control measures that need to be taken
with the help of the data collected.

Materials And Methods
Materials and chemicals
Blood agar, Lowenstein Jensen (LJ) medium, RIF, and biochemical reagents were purchased from Hi-Media
(Mumbai, India). A standard MTB strain was obtained from the Department of Microbiology, Saveetha
Medical College. GeneXpert MTB/RIF was performed at the Saveetha Medical College and Hospital
Laboratory Complex.

Sample collection
Clinical specimens such as sputum, pus, synovial fluid, wound swabs, and other forms of samples were
collected from the patients suspected of tuberculosis infection attending the tuberculosis and chest
department wards of the tertiary health care setting of Saveetha Medical College and Hospitals (SMCH).
Following all the stipulated ethical guidelines, ethical clearance was obtained from the Institutional Review
Board and Ethics Committee (IRB No. 112101168).

Methodology
A retrospective study was performed on 138 samples of patients undergoing clinical diagnosis at Saveetha
Medical College and Hospital from November 2022 to April 2023. The study received approval from the
institutional review board and adhered to ethical guidelines for research involving human subjects, as
outlined in the Helsinki Declaration [13] and subsequent amendments or similar ethical standards. Prior to
participation, informed consent was obtained from all individuals involved in the study. Clinical specimens,
such as pleural fluid, sputum, bronchoalveolar lavage, pus, fine-needle aspiration cytology (FNAC), and
urine samples were collected if the patient was suspected to have a tuberculosis infection. Medical records
and relevant imaging were reviewed for intervention, and microbiological testing was performed.

Sample processing
The obtained samples were analyzed using the GeneXpert MTB/RIF assay (Figure 1). Samples were
transferred into 15mL falcon tubes, and buffer was added in a 2:1 ratio. The tubes were then agitated
manually twice during the 15 minutes of incubation at the ambient temperature of 37 °C. Then 2mL of the
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material was transferred into the cartridges with the disposable pipettes available in the kits, and then they
were loaded into the machine. Samples were filtered and washed automatically, and the filtered sample
underwent ultrasonic lysis, which caused the organism to release the DNA, which was further mixed with
the dry PCR reagents. Semi-nested real-time amplification and detection take place in the
integrated reaction tube. The results were analyzed and updated on the computer after two hours of
processing.

FIGURE 1: GeneXpert Diagnostic device to detect Mycobacterium
tuberculosis
Diagnostic device GeneXpert was performed at Saveetha Medical College and Hospitals

Drug-sensitivity testing
Drug sensitivity testing was conducted using the proportion method on LJ medium. The time required to
obtain updated results for the smear was approximately one to two hours, while the GeneXpert MTB/RIF
assay took around three to four hours. Results from the Mycobacterium growth indicator tube were obtained
after four to six weeks, and culture along with the drug sensitivity testing yielded results after eight to 10
weeks.

Compliance with ethical standards
The institute review board for ethical concerns approved the study. This study was performed in accordance
with the Declaration of Helsinki and its further amendments to comparable standards [13].

Results
Out of 138 samples evaluated (Table 1), pleural fluid one (0.72%), sputum five (3.62%), bronchoalveolar
lavage one (0.72%), pus four (2.89%), FNAC two (1.44%), urine one (0.72%) and tuberculosis negative
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samples were found to be 124 (Figure 2, Table 2).

Sl.No. Types of sample collected Negative for MTB Positive for Rifampicin

 Sputum Negative Negative

 Urine Negative Negative

 Pleural fluid - Positive

 Sputum Negative Negative

 Bronchoalveolar lavage Negative Negative

 Pleural fluid Negative Negative

 Urine Negative Negative

 Bronchoalveolar lavage Negative Negative

 Sputum - Positive

 Pus Negative Negative

 Urine Negative Negative

 Bronchoalveolar lavage Negative Negative

 Sputum - Positive

 Pus Negative Negative

 Sputum Negative Negative

 FNAC Negative Negative

 Pleural fluid Negative Negative

 Urine Negative Negative

 Bronchoalveolar lavage Negative Negative

 Urine Negative Negative

 Bronchoalveolar lavage Negative Negative

 Pleural fluid Negative Negative

 Sputum - Positive

 FNAC Negative Negative

 Pleural fluid Negative Negative

 Sputum Negative Negative

 Pus Negative Negative

 Sputum Negative Negative

 FNAC Negative Negative

 Bronchoalveolar lavage Negative Negative

 Sputum Negative Negative

 Pleural fluid Negative Negative

 FNAC Negative Negative

 Urine Negative Negative

 Bronchoalveolar lavage Negative Negative

 Pleural fluid Negative Negative

 Sputum Negative Negative

2024 Ranganathan et al. Cureus 16(3): e55755. DOI 10.7759/cureus.55755 4 of 11

javascript:void(0)
javascript:void(0)
https://sl.no


 FNAC Negative Negative

 Bronchoalveolar lavage Negative Negative

 Sputum Negative Negative

 Pleural fluid Negative Negative

 Pus Negative Negative

 Urine - Positive

 Bronchoalveolar lavage Negative Negative

 Sputum Negative Negative

 Pus Negative Negative

 Bronchoalveolar lavage Negative Negative

 Sputum - Positive

 Urine Negative Negative

 FNAC Negative Negative

 Sputum Negative Negative

 Bronchoalveolar lavage Negative Negative

 Urine Negative Negative

 Pus Negative Negative

 Bronchoalveolar lavage Negative Negative

 Sputum Negative Negative

 Pus Negative Negative

 Bronchoalveolar lavage Negative Negative

 Sputum Negative Negative

 FNAC - Positive

 Urine Negative Negative

 Pus Negative Negative

 Sputum Negative Negative

 Bronchoalveolar lavage Negative Negative

 Pleural fluid Negative Negative

 FNAC Negative Negative

 Sputum Negative Negative

 Bronchoalveolar lavage Negative Negative

 Urine Negative Negative

 Pleural fluid Negative Negative

 Sputum Negative Negative

 Bronchoalveolar lavage Negative Negative

 Sputum Negative Negative

 Pus Negative Negative

 Urine Negative Negative

 Sputum Negative Negative

 Pleural fluid Negative Negative
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 FNAC Negative Negative

 Urine Negative Negative

 Bronchoalveolar lavage Negative Negative

 FNAC Negative Negative

 Sputum Negative Negative

 Pleural fluid Negative Negative

 FNAC Negative Negative

 Sputum Negative Negative

 Bronchoalveolar lavage Negative Negative

 Pleural fluid Negative Negative

 Sputum Negative Negative

 Pus Negative Negative

 Urine Negative Negative

 FNAC Negative Negative

 Sputum - Positive

 Pleural fluid Negative Negative

 Pleural fluid Negative Negative

 Sputum Negative Negative

 Pus Negative Negative

 Pleural fluid Negative Negative

 Bronchoalveolar lavage Negative Negative

 Sputum Negative Negative

 Pus Negative Negative

 Bronchoalveolar lavage Negative Negative

 Sputum Negative Negative

 Pleural fluid Negative Negative

 FNAC Negative Negative

 Pus - Positive

 Sputum Negative Negative

 Pus - Positive

 Sputum Negative Negative

 Pleural fluid Negative Negative

 Bronchoalveolar lavage - Positive

 Sputum Negative Negative

 Pleural fluid Negative Negative

 Pleural fluid Negative Negative

 Pus - Positive

 Sputum Negative Negative

 Sputum Negative Negative
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 Pleural fluid Negative Negative

 Pus - Positive

 Sputum Negative Negative

 FNAC Negative Negative

 Sputum Negative Negative

 Pleural fluid Negative Negative

 FNAC Negative Negative

 Sputum Negative Negative

 Urine Negative Negative

 Sputum Negative Negative

 Pleural fluid Negative Negative

 Urine Negative Negative

 Sputum Negative Negative

 Bronchoalveolar lavage Negative Negative

 FNAC - Positive

 Urine Negative Negative

 Sputum Negative Negative

 Urine Negative Negative

 Pleural fluid Negative Negative

 Urine Negative Negative

 Sputum Negative Negative

 Sputum Negative Negative

TABLE 1: Total number of samples collected, negative, and positive results
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FIGURE 2: Positive and negative results obtained from different sample
matrix
The figure denotes the total number of samples tested and number of positive and negative results obtained from
various types of samples collected and “N” denotes total number of samples collected

FNAC - Fine-Needle Aspiration Cytology

Types of samples tested Number of samples Positive for rifampicin resistance Positive in percent (%)

Pleural fluid 24 1 0.72

Sputum 40 5 3.62

Bronchoalveolar lavage 20 1 0.72

Pus 12 4 2.89

FNAC 13 2 1.44

Urine 15 1 0.72

TABLE 2: Positive and negative results confirmed from various types of samples collected
(N=138)
FNAC - Fine-Needle Aspiration Cytology

Totally, 14 samples showed positive results (10.14%) (Table 3). The rifampicin resistance pattern of MTB was
detected by GeneXpert. The presence of MTB, the DNA molecule of the bacteria, and the percentage of
samples which is responsible for the resistance to the first-line drug Rifampicin were successfully detected
(Figure 3).
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Number of samples collected Positive results Percentage

138 14 10.14

TABLE 3: Susceptibility of M. tuberculosis against the antibiotic drug Rifampicin (N=138)

FIGURE 3: Antimicrobial resistance pattern of M. tuberculosis
The figure denotes the number of samples tested or antimicrobial resistance of M. tuberculosis along with the
number of positive cases and represented in percent (%).

Discussion
This study was carried out with 138 patient samples, out of which 14 (10.14%) samples showed positive
results for RIF resistance. Other similar studies showed 86 (68.8%) positive results out of 125 samples of
tissue biopsies [13]. Additionally, another relevant study reported, that out of 170 patients diagnosed with
tuberculosis, 11 (6.47%) were found to be RIF resistant [14]. Therefore, detecting MTB and drug-resistant
strains at an earlier stage is crucial for the prompt initiation of anti-tuberculosis treatment, ensuring better
control of the infection [15]. Initially, studies relied on conventional methods based on solid culture media,
which resulted in longer turnaround times for obtaining results [16]. Later, the diagnosis method stepped
toward nucleic acid amplification (NAA)-based techniques. There has been a notable improvement in the
performance of NAA tests. These tests, developed and conducted within a specific laboratory, have shown
advancements in their accuracy and reliability [17]. Our study was carried out using a recent advancement
technique, the GeneXpert MTB/RIF assay, which is a rapid and automated molecular test that can be
conveniently performed near the point of care, allowing for early diagnosis of tuberculosis [18]. The main
benefit of the study is that it is conducted within an automated cartridge, which significantly reduces the
risk of contamination. This approach enhances the overall biosafety measures associated with handling such
an infectious agent [19]. One of the other key advantages is that it provides simultaneous information on the
potential drug resistance to RIF, a commonly used anti-tuberculosis medication [20]. This feature enables
healthcare providers to quickly identify drug-resistant strains of tuberculosis and make informed decisions
regarding appropriate treatment options [14].

Previous studies reported that the main reason for the RIF resistance against MTB due to mutation caused by
specific codons (507-533) of the rpoB gene, which encodes the RNA polymerase beta subunit [21].
This specific region, known as the RIF resistance-determining region (RRDR), is the main target for modern
molecular-based assays used to detect RIF resistance. Mutations in this region account for approximately
96% of RIF resistance cases [22]. Additional research studies have indicated that a portion of RIF resistance
does not show any alterations in the rpoB gene. This suggests the presence of alternative mechanisms
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contributing to RIF resistance [23]. Additional studies report that changes in the amino acids surrounding
the binding pocket for RIF in the active site of RNA polymerase lead to alterations in the active site,
resulting in resistance to RIF [24]. As an alternative way of treatment for patients with RIF-resistant MTB, a
regimen with at least five effective anti-tuberculosis drugs during the intensive phase is recommended,
which includes PZA and four core second-line anti-tuberculosis drugs Each one is from Group A and Group
B, and two drugs are from Group C [25]. It is clearly understood that it is necessary to closely monitor the
tertiary care hospital, focus on the RIF-resistant MTB strains by earlier identification using advanced
techniques, and initiate alternative treatment for the emergence of the drug-resistant strains.

With increased availability and access to many classes of antibiotics from the access, watch, and reserve
groups, the probability of drug resistance is relatively high in any given tertiary healthcare hospital setting.
However, a larger number of samples need to be screened and evaluated for sensitivity and resistance status
to arrive at the appropriate resistance status. Moreover, the samples for a few of the cases were not available
with the discontinuation of the patients receiving the antibiotic medication among the medical records
available. Hence, further studies with a larger sampling size would shed more light on the precise status of
antibiotic resistance in patients suffering from MTB.

Conclusions
In conclusion, the AMR pattern of MTB infection in tertiary care hospital settings is a significant concern.
The emergence of drug-resistant strains such as MDR-TB and extensively drug-resistant tuberculosis poses
a serious threat to public health. Understanding the molecular mechanisms of drug-resistant tuberculosis is
crucial in mitigating the spread of drug-resistant strains, shortening treatment duration, minimizing adverse
drug effects, and enhancing treatment outcomes for patients. This is especially important as the threat of
tuberculosis to public health has intensified due to the emergence of drug-resistant tuberculosis, including
MDR-TB and extensively drug-resistant tuberculosis, despite a global decline in infection rates. It is
imperative for healthcare providers in tertiary care hospitals to closely monitor and address the AMR
patterns of MTB to ensure appropriate and timely interventions. Continued research and collaboration are
essential to combating these global health challenges.
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