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Introduction

Tuberculosis (TB) is one of  the leading ten causes of  death 
worldwide and the main cause of  mortality from a single 
infectious agent. In 2019 approximately 1.4 million people 
died, 10 million suffered from TB, and 465000 fell ill with 

drug‑resistant TB. Multidrug resistance/rifampicin resistance 
(MDR/RR) TB has become a threat to public health. An 
estimated 3.3% of  new TB cases and 18% of  previously treated 
cases had MDR/RR TB. About half  of  the global burden of  
MDR‑TB is in three countries viz. India (27%), China (14%), 
and the Russian Federation (8%).[1] Rifampicin mono‑resistances 
are rare and are primarily observed in association with 
Isoniazid resistance. Thus, about 90% of  Rifampicin‑resistant 
Pulmonary Tuberculosis (PTB) cases are multi‑drug‑resistant 
TB (MDR‑TB).[2]
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AbstrAct

Context: Tuberculosis (TB) is one of the main causes of death due to infectious diseases worldwide. Multidrug resistance/rifampicin 
resistance (MDR/RR) TB remains a public health crisis . India has the highest burden of tuberculosis and multidrug resistant TB (MDR 
TB) in the world. There is wide geographical variation in the epidemic and its trends that can be updated by regular reporting and 
sound surveillance systems. The current study tries to fill this gap by analyzing the data of TB patients from a Tuberculosis Unit, 
studying socio‑demographic and clinical profile from December 2017 to November 2019 in Nadia district of West Bengal. Aims: The 
aims of this work were to study socio‑demographic and clinical profile of TB patients attending Tuberculosis Unit of West Bengal, 
and to find out factors associated with drug‑resistant TB. Settings and Design: Record‑based study from Tuberculosis Unit. Methods: 
Records of all patients who undergo CBNAAT in TU are stored as monthly unit. We randomly selected 10 months from a period of 
December 2017 to November 2019 by using lot method. Data of all patients undergoing CBNAAT at Kalyani – Gayeshpur Tuberculosis 
Unit during randomly selected 10 months were accessed. Statistical Analysis Used: Monthly data was entered in Microsoft Excel 
and descriptive tests of significance, proportions and Chi‑square were applied. Results: There was male preponderance for testing 
of tuberculosis. Seven percent of the TB suspects  were HIV positive. The positivity rate of MTB by CBNAAT was 23%. Four percent 
of the samples were Rifampicin resistance. Tobacco consumption, contact with TB case and Diabetes were common risk factors of 
TB. Most of the information was missing in the records. Conclusions: Most of Rifampicin Resistant cases showed very low Ct value 
in CBNAAT. Previous history of TB treatment and positive HIV status was significantly associated with RR TB. There is a need to 
capture complete information on the records of presumptive TB cases.
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India has the highest burden of  Tuberculosis and 
mult i ‑dr ug‑res is tant  TB (MDR‑TB) in  the wor ld , 
disproportionately high even for India’s population. India ranks 
first in the global ranking of  detecting new cases each year. 
Nearly one‑fourth of  all active TB cases detected globally are 
from India.[3] In 2020, the total estimated incidence of  TB was 
193 per lakh population.[1] It was believed that drug‑resistant TB 
was not easily transmissible, and resistance develops from the 
failure of  people to take anti TB drugs in a proper regimen. So, 
a high‑quality DOTS program was started. Recently it has been 
reported that drug‑resistant bacilli are equally infectious. The risk 
of  transmission is the same regardless of  whether the bacilli are 
drug‑resistant or drug‑susceptible. As per the latest report of  the 
Government of  India in March 2021, the estimated number of  
MDR/RR‑TB cases in India is 124000 (9.1/lakh population).[4] 
The level of  drug‑resistant TB may hamper the progress of  India 
towards the target of  TB elimination by 2025.

The National Tuberculosis Elimination Program focuses on 
diagnosing TB cases as early as possible by molecular testing 
methods. The Cartridge‑Based Nucleic Acid Amplification 
Test (CBNAAT) is one such method that is capable of  detecting 
the presence or absence of  TB in a sputum sample and 
determine its susceptibility or resistance to Rifampicin in about 
2 hours with about 93% sensitivity and specificity.[5] Rifampicin 
resistance is a useful surrogate marker for MDR‑TB.[6] Universal 
drug (Rifampicin) susceptibility testing of  all TB patients using 
CBNAAT has been implemented across the country since 
January 2018.[7] There is wide geographical variation in the 
epidemic and its trends. Severe local epidemics go unreported 
behind inadequate data and surveillance systems. [3] TB 
epidemiology in India is diverse, and one‑size policy prescription 
has poorly served the communities. Hence, region‑wise 
studies should be undertaken to assess the program’s quality, 
effectiveness, efficiency, and accessibility. This study has been 
planned to fill the lacune by analyzing the data of  TB patients 
from a Tuberculosis Unit in Nadia district of  West Bengal, 
studying their socio‑demographic, clinical profile, and the 
factors associated with RR‑TB. The results may cater to the 
academic need of  the health care practitioners who provide 
comprehensive and continuous care to TB patients and bring 
their attention to barriers and facilitators to achieve the country’s 
target to eliminate TB by 2025.

Methods

Study design: It is a cross‑sectional study based on secondary 
data analysis of  patients’ records who underwent CBNAAT 
from December 2017‑ November 2019 in a Tuberculosis 
Unit (TU) of  West Bengal. Nadia district, West Bengal, has three 
CBNNAT sites where samples are tested from suspected cases of  
drug‑resistant TB patients. One of  the sites is a teaching hospital 
situated in the Kalyani Municipality. The CBNAAT laboratory in 
Kalyani – Gayeshpur TU, located in the teaching hospital, serves 
a population of  approximately 1.8 lakhs. It covers two adjoining 
municipalities, Kalyani with 1.2 lakhs and Gayeshpur municipality 

with 60 thousand population. The sample collectors also bring 
samples from adjoining areas. On average, 400 samples are tested 
every month in the CBNAAT laboratory. Reports of  all patients 
are stored month‑wise in a folder.

Sample size and study subjects: Records of  all patients who 
undergo CBNAAT in TU are stored in month‑wise folders. We 
have randomly selected ten months from December 2017 to 
November 2019 by using the lot method. Data of  all patients 
undergoing CBNAAT at Kalyani – Gayeshpur TU during 
randomly selected 10 months were accessed.

Study Tool: A standardized form of  Central Tuberculosis 
Division, Government of  India, titled RNTCP request card 
for the examination of  biological specimen for TB, also known as 
Annexure 15 A, is used as a record of  all patients undergoing 
CBNAAT for diagnosis, drug sensitivity testing and follow‑up of  
TB patients. It contains information on the socio‑demographic 
and clinical profile of  patients. Records of  patients were studied 
by accessing form 15 A. Monthly data were entered in Microsoft 
Excel, and descriptive tests of  significance, proportions, and 
Chi‑square were applied.

Ethical Issue: The District Tuberculosis Officer (Nadia) and 
Medical Officer In‑charge of  Kalyani – Gayeshpur TU accorded 
permission to access data for the study. The study proposal 
was submitted to Institutional Ethics Committee, All India 
Institute of  Medical Sciences, Bhubaneswar, mentor institute of  
AIIMS Kalyani, and approval was accorded vide reference no. 
T/IM‑NF/Kalyani/19/03 dated 11.01.2020.

Results

Most of  the annexure 15 A forms, that are used to record 
information of  presumptive TB patients, were incomplete; hence, 
the denominator was different in almost all the studied variables. 
Figure 1 depicts the information of  different variables recorded 
on annexure 15 A forms available at Kalyani‑ Gayeshpur 
Tuberculosis Unit, from randomly selected ten months during 
period of  December 2017 to November 2019. Majority (68%) 
of  the presumptive TB patients were males and most of  the 
samples (96%) tested were of  sputum. Tobacco use was the 
commonest risk factor, others being contact with TB patient and 
Diabetes Mellitus. Twenty three percent of  patients had history 
of  TB treatment and 7% were HIV reactive. Results show that 
23% of  presumptive TB patients were detected MTB positive 
by CBNAAT and 4% of  them were RR. 

The majority of  the presumptive TB patients had tested 
negative in microscopy test. There are slight differences 
in the number of  different categories of  results in sputum 
microscopy in sample A and sample B [Figure 2]. An odd 
number of  455 (24.6%) out of  1847 sample A tested positive 
for Mycobacteria under an LED microscope. Similarly, 
425 (23.8%) out of  1786 sample B tested positive for 
Mycobacteria under an LED microscope.
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Quantitation of  bacillary load by CBNAAT is determined by 
threshold‑cycle [Ct]; High Ct value is <16; Medium Ct value is 
16‑22; low Ct value is 22‑28; very low Ct value is >28.

Low Ct values means high bacilli load and vice versa.[8]

Table 1 shows that out of  197 samples having data of  Ct value, 
majority ie 70 samples had high Ct value. Table 2 depicts that a 
very low Ct value, that is, the high bacterial load, is associated 
with Rifampicin resistance. Similarly, most TB patients who 
were not resistant to Rifampicin showed high Ct value, that is, 
low bacterial load.

Table 3 shows that gender was not significantly associated with 
rifampicin resistance. 

HIV status was significantly associated with the presence of  
Mycobacteria tuberculosis in CBNAAT samples [Table 4]. 

It can be seen in Table 5 that HIV status was significantly 
associated with Rifampicin resistance. 

Previous history of  TB was significantly associated with presence 
of  MTB [Table 6] and Rifampicin resistance [Table 7].

Discussion

Risk factors of TB
It was observed that the majority of  the subjects tested for 
presumptive TB were exposed to risk factors. Approximately 
61% of  subjects were tobacco users. Various systematic review 
studies have concluded that there is a causal association between 
smoking and TB disease. Quitting smoking and avoiding 
exposure to passive tobacco smoke are essential factors in TB 
control.[9,10] Obore et al.[11] observed a two‑fold rise in the risk 
from exposure to second‑hand tobacco smoke (RR = 2.15, 
95%CI 1.419–3.242), and tobacco smoking doubled the risk 
of  contracting TB (RR = 2.67, 95%CI 2.017–3.527). Zvolska 
et al.[12] conducted a review study on barriers and facilitators of  
smoking cessation in TB patients of  low‑ and middle‑income 
countries suggested that in order to improve the prognosis of  
treatment, motivational or pharmacological interventions should 
be repeatedly and routinely undertaken in all TB centers to help 
TB patients in quitting tobacco use.

Around 8% of  subjects had a history of  contact with TB patients. 
A study by Kundu et al.[10] in an adjoining district of  West Bengal 
also observed that 14% of  TB patients had a history of  TB 
contacts.

Around 5% of  subjects with presumptive TB were suffering 
from Diabetes Mellitus (DM). Another study of  2020 from 
West Bengal reveals that 43% of  TB patients had Diabetes.[10] 
A study undertaken in four high TB burden countries has 
observed that 12.5% of  TB patients were Diabetic.[13] People 
with a weak immune system because of  chronic diseases such 
as Diabetes are at a higher risk of  developing latent to active 
TB. DM triples a person’s risk of  developing TB. About 15% 
of  TB cases globally may be associated with DM. TB can 
temporarily cause impaired glucose tolerance, which is a risk 
factor for developing DM.[14] Alisjahbana et al.[15] have endorsed 
the WHO policy of  routine bidirectional symptom‑based 

Total forms received: 3211

Information on gender
available on : 3178
M= 2171 (68%) ,
F=1005 (32%),

Transgender = 2

Information on type of
sample tested = 2966
Sputum = 2860 (96%)

Others = 106 (4%)

Information on HIV status
available = 1934

Non reactive = 1722 (89%)
Reactive = 143 (7%)
Unknown = 69 (4%)

Information on risk Factors
available = 704

Tobacco use = 431
Contact of TB patient = 58

Diabetes = 34, others = 217

Previous History of TB
treatment = 2007
Yes = 459 (23%)
No = 1548 ( 77%)

CBNAAT results available
for Mycobacteria

tuberculosis bacilli = 3174
Detected = 741(23%)

Not detected = 2433(77%)

Mycobacteria tuberculosis
bacilli detected = 741
Rifampicin Resistance

Detected = 32(4%),
 Non detected = 692(96%)

Figure 1: Ten months data of presumptive TB patients accessed from a 
Tuberculosis Unit  during period of December 2017 to November 2019

Table 1: Load of mycobacteria in the samples tested 
positive in CBNAAT (n=741)* 

Ct value Very low Low Medium High No data Total
Frequency 23 37 67 70 544 741

Table 2: Status of Rifampicin Resistance and Ct value* 
Rifampicin resistance Very low Low Medium High Total
Detected 7 ‑ 2 ‑ 9
Not detected 15 35 63 66 179
Total 22 35 65 66 188

Table 3: Gender and rifampicin resistance (n=724)* 
Gender MTB Positive 

RR Negative
MTB Positive 
RR Positive

Chi‑square 
P value

Male 545 27 0.58
0.45Female 147 5

Total 692 32

Figure 2: Tuberculosis sputum microscopy result of samples A and B 
from a ten months data
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screening for TB in known DM patients in high TB‑burden 
countries.

It was observed from the available records that 23% of  
presumptive TB patients were found to be Mycobacteria TB 
positive by CBNAAT. Similar observations were reported 
in studies conducted in Karnataka and New Delhi, where 
22.3% and 21.8% of  subjects, respectively, were positive 
for MTB.[16,17] A study conducted in Ethiopia had observed 
a similar finding of  25% MTB in samples of  presumptive 
subjects.[2]

There was a male preponderance (68%) among the subjects 
who had come for the presumptive TB test. The majority of  
patients (79%) with MTB positive were males. Our findings are 
consistent with findings of  other studies across India conducted 
during the last few years where Dewan et al.,[18] Jethani et al.,[19] 
Sumana et al.,[20] Sundaram et al.,[21] and Shankar et al.[22] respectively 
observed that 76%, 75%, 70.5%, 71% and 72% of  the TB 
patients were males. As per the WHO report of  2021, the highest 
burden of  TB is found in adult males, who accounted for 56% 
of  all TB cases in 2019.[1]

Bacillary load and rifampicin resistance
CBNAAT offers a quantitative estimation of  mycobacterial load 
in cycle threshold values (Ct) which inversely correlates with the 
TB bacilli load. Low Ct values imply high bacilli load and vice 
versa.[23] In this study, most of  the data was missing. Among 
available information, most of  the samples had high/medium 
Ct values.

It is observed that a very low Ct value, that is, the high bacterial 
load, is associated with Rifampicin Resistance. Similarly, most TB 
patients who were not resistant to Rifampicin showed high Ct 
Value, that is, low bacterial load. The higher bacillary load and 
Rifampicin resistance showed a statistically significant association. 
This finding was found consistent with the study by Singh et al. 
conducted in New Delhi.[8] A study published in the Lancet 
concur that higher bacillary load is associated with MDR, whereas 
a very low bacillary load was strongly associated with false 
rifampicin resistance (OR 63·6, 95% CI 9·9–410·4). The study 
recommended that the Xpert testing algorithm should include an 
assessment of  retesting in case rifampicin resistance is detected 
with a high Ct value. The multidrug‑resistant tuberculosis 
treatment should be started after rifampicin resistance has been 
confirmed on repeat testing. If  the rifampicin resistance is not 
confirmed on repeat testing, the study proposed that patients 
be given first‑line anti‑tuberculosis drugs and monitored closely 
during the treatment.[24]

From the available records, it was studied that overall, 4% of  MTB 
patients were Rifampicin resistant. Gender‑wise, 5% and 3.4% 
of  MTB‑positive male and female patients, respectively, were 
having Rifampicin resistance. The first National Drug Resistance 
Survey revealed that 28% of  TB patients were resistant to any 
drugs (22% among new and 36.82% among previously treated) 
and 6.19% had MDR‑TB,2.84% among new and 11.62% among 
previously treated TB.[4] Kashyap et al.[17] observed Rifampicin 
resistance as 9.2%, 8.5% and 10.3% of  the total, pulmonary and 
extra‑pulmonary samples respectively in M. tuberculosis‑positive 
samples. Our finding is in concurrence to a cohort study in 
Karnataka, where Rifampicin resistance among MTB‑positive 
patients was found to be 4%.[22] A study conducted in Zambia 
reported Rifampicin mono‑resistance respectively among 3.9% 
of  the new TB cases and 10.1% of  the previously treated TB 
cases.[25] MDR‑TB can result from the failure of  drug‑sensitive 
TB treatment with the development of  resistance or direct 
transmission of  an MDR strain. The acquisition of  resistance 
can arise from medical error, inefficient implementation of  TB 
control programs, or poor patient compliance to treatment. 
A history of  TB treatment remains the most crucial risk factor 
for MDR‑TB.[25]

TB and HIV
It was observed that 7% of  the presumptive TB patients were 
HIV positive. Among MTB‑positive subjects, 3.34% were HIV 
positive. There was a significant association between HIV and 
MTB coinfection. HIV prevalence among MTB patients is 2.7% 

Table 4: HIV status and presence of MTB in CBNAAT 
(n=1846)*

HIV status MTB absent 
in CBNAAT

MTB present 
in CBNAAT

Chi‑square 
P value

Reactive 123 17 17.95
0.00Non‑reactive 1215 491

Total 1338 508

Table 5: HIV status and rifampicin resistance (n=500)*
HIV status MTB Positive 

and RR Negative
MTB Positive 

and RR Positive
Chi‑square 

P value
Reactive 14 3 6.344

0.01Non‑reactive 462 21
Total 476 24

Table 6: Previous history of TB and presence of MTB in 
CBNAAT (n=1846)*

Previous 
history of  TB

MTB absent 
in CBNAAT

MTB present 
in CBNAAT

Chi‑square 
P value

Yes 365 92 3.29
0.06No 1161 371

Total 1338 508

Table 7: Previous history of TB and rifampicin resistance 
(n=500)*

Previous 
history of  TB

MTB Positive 
RR Negative

MTB Positive 
RR Positive

Chi‑square 
P value

Yes 83 8 4.49
0.03No 351 13

Total 434 21
*According to ten months data compiled from Form 15 A, accessed from a Tuberculosis Unit during 
period of  December 2017 to November 2019
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in India.[1] A study conducted in a neighboring district observed 
that 2% of  TB patients were coinfected with HIV.[10] A study 
conducted in Odisha, a neighboring state of  West Bengal, had 
found HIV coinfection to be 6.22%.[26] TB is the most common 
opportunist infection among persons living with HIV. Immune 
suppression in HIV cases increases the risk of  reactivation of  
latent TB infection and rapid progression to active TB disease. 
Diagnosis of  TB is more difficult in people living with HIV 
infection, and initiation of  HIV treatment can paradoxically 
worsen TB by restoring immune function. Overall, an estimated 
8% of  new TB cases are attributable to HIV coinfection. TB 
coinfection is the main cause of  mortality among HIV‑infected 
patients in the developing world.[27]

Rifampicin Resistance (RR) and HIV
This study had observed the statistically significant association 
between HIV status and RR. It was observed that 17.64% of  
HIV‑positive persons were found to be having RR. It was also 
observed that there was a significant association between the 
previous history of  TB and RR. Global data reveals that 9% of  
TB patients are HIV positive.[1] A systematic review By Sultana 
et al.[28] published in 2021 indicates that HIV infection raises the 
risk of  MDR‑TB. The odds of  MDR‑TB among HIV‑positive 
cases were 1.42 times higher, and this was statistically significant, 
and the pooled odds of  MDR‑TB was 1.86 times higher for 
HIV positives than HIV negative individuals (OR = 1.86, 95% 
CI = 1.30–2.67) in the South‑East Asian countries. The upward 
risk trend of  drug‑resistant TB is highest in the South‑East 
Asian region, particularly in HIV‑infected 40 years of  age and 
older patients. Meta‑analysis of  10000 adult MTB‑resistant 
patient data shows that the odds of  death were higher, around 
2.5 times greater for HIV positive individuals compared to HIV 
negative. HIV‑positive patients not on ART had four times 
and, on ART were 1.8 times the odds of  dying compared to 
HIV‑negative.[29] Drug malabsorption in HIV‑infected patients, 
especially rifampin, ethambutol and with adverse side effects 
leading to non‑adherence to treatment can cause drug resistance 
and treatment failure.[30]

Detailed documentation and treatment of  Rifampicin Resistant 
cases is critical to effective control of  TB, as it can avoid raised 
toxicity with long‑term therapy and psychosocial issues by 
preventing emergence and transmission of  drug‑resistant TB. 
Thus, epidemiological studies are essential in providing local data 
that could be the potential objective of  future studies.

Conclusions

The study’s key findings based on 2 years of  secondary data 
analysis of  a Tuberculosis Unit observed male preponderance 
for testing of  Tuberculosis. Tobacco use, Diabetes mellitus, 
and history of  TB contacts were the risk factors for TB. 
Seven percent of  the TB suspect were HIV positive, while the 
positivity rate of  MTB by CBNAAT was 23%. Four percent 
of  the samples were rifampicin resistance, with most of  them 
associated with very low Ct value. The previous history of  TB 

treatment and HIV status was significantly associated with 
drug‑resistant TB.

The current study is the first report from this region that has 
observed that the relevant information on most of  the forms 
was missing. Hence, it is concluded that there is a need for 
micro monitoring to take suitable and timely interventions at 
the local level to collect the complete information, diagnosis, 
and treatment considering risk factors and comorbidities in TB 
patients. Unless a more significant amount of  dedication and 
expertise is applied in microplanning and management at the 
district level with customized local initiatives, it is difficult to 
achieve SDG 3 to end the global TB epidemic by 2030.

Limitation of study
The results of  this study are based on secondary data analysis 
and hence are liable for discrepancies due to the incomplete 
data.
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