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Abstract

Background: Mycobacterium tuberculosis causes tuberculosis (TB), the most lethal infectious disease in the
world that affects people of all ages. The aim of our study was to estimate the prevalence of TB in the Gujarat
state (India). Material and methods: This was a retrospective study conducted at the Pandit Dindayal Upadhyay
Government Medical Hospital (PDUGMH) in Gujarat between 2018 and 2022. Results: A total of 5624 TB notifica-
tion records were reviewed from the TB & Chest Department of the PDUGMH. 5207 of them reported TB-positive
results, majority of which concerned pulmonary TB (57.27%, n = 2982). 3586 (68.87%) of the TB-positive patients
were male and 1621 (31.13%) were female. The most group most affected by TB was 15-29 years of age, with
a high peak in 2019. Amongst the TB-positive patients, 215 suffered from diabetes and 454 were HIV-positive.
Majority of patients with an infected lymph node suffered from extrapulmonary TB. Rifampicin-resistant TB was
observed in 0.8% (n = 42) of patients and 3 patients were treated with the longer oral regimen for fluoroquino-
lone-resistant multi-drug resistant TB (0.1%). Conclusions: Our findings indicate that during 2018-2022, patients
treated at PDUGMH had a TB prevalence of 92.59%, with a corresponding rate of multidrug-resistant TB standing
at 1.48%. A comprehensive study is required to accurately assess the TB burden in India and to guide national
strategies for TB eradication.
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Introduction

Mycobacterium tuberculosis, an infectious bacterial dis-
ease that most frequently affects the lungs but can harm oth-
er tissue, is the cause of tuberculosis. M. tuberculosis spreads
between people through the respiratory system [1]. The glob-
al incidence of tuberculosis was 127 per 100000 people [2].
Tuberculosis (TB) is a leading cause of mortality and a global
health issue among several mycobacterial illnesses. Based on
the World Health Organization’s (WHO) annual TB report for
2021, around 9.9 million people are ill with TB, with an antici-
pated 1.3 million deaths. It necessitates the development of
new medicines, as well as improved diagnostics and health-
care coverage. The WHO internationally endorsed the directly
observed treatment, short course (DOTS) strategy in 1970.
It has been acknowledged as a highly efficient and cost-effec-
tive technique for tuberculosis control [3]. Furthermore, the
End TB strategy by WHO aims for a 95% reduction in TB mor-
tality by the year 2035 [4].

M. tuberculosis is a sessile, noncapsulated, nons-
pore-forming bacterium which although acid-fast staining, it
requires an additional stain (Ziehl Neelsen, ZN). It is because of
mycolic acid, which is an unsaponifiable wax. It creates a sem-
ipermeable wall surrounding the cell, making it acid-fast. Chil-
dren are immunized with the Bacillus Calmette-Guerin (BCG)
vaccine to protect them from severe forms of TB. Sometimes
BCG is advised for adults with drug-resistant TB [5]. Numerous
diagnostic techniques are available now for identifying TB, but
sputum smear microscopy still is the most common, which is
ineffective in cases of medication resistance [6-8].

M. tuberculosis is transmitted via mucous droplets during
activities such as coughing, laughing, sneezing, spitting, and
even breathing. The infected airborne droplets make their
way through the oral and nasal passages, eventually infect-
ing the alveoli of the lungs [9]. Although M. tuberculosis typ-
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ically infects the lungs and causes pulmonary TB, it can also
spread to other bodily areas, including the kidney, spine, and
brain, where it can cause extrapulmonary TB [10]. Samples
from the respiratory system (e.g. sputum, induced sputum,
bronchoalveolar lavage or lung biopsy) are typically analyzed
to diagnose pulmonary TB, which is more prevalent. Whereas
the extrapulmonary TB can be detected through various sam-
ples, including biopsies, urine, pus, aspirates and sterile body
fluids (e.g. pleural, abdominal, cerebrospinal, synovial, geni-
tourinary, pericardial and peritoneal fluids). For HIV-positive
patients, the diagnosis of extrapulmonary TB will depend on
the site of infection. For that, the stool sample is examined for
intestinal TB to detect M. avium [11-12].

India is among the countries with high burden of TB [13-
-14]. Whereas the Gujarat state has a moderate case notifi-
cation rate and in 2021 it achieved a > 20% reduction in TB
incidence (received “Bronze” category award). As shown in
Figure 1, the data released by TB India revealed that Nikshay-
-Gujarat stands third in contributing to total TB notification
in April, 2020 [15]. TB burden estimation must be carried out
annually in order to re-calibrate the state- and district-wide
TB strategies.

As a Tertiary Care Institute, the TB and Chest Department
of the PDUGMH receives sputum and other body fluid sam-
ples from the Rajkot district and 11 other districts to investi-
gate cases of TB infections. The aim of our study was to esti-
mate the prevalence of TB in the Gujarat state (India).

Material and methods

This study was conducted at the PDUGMH in, from where
the notification records were collected between January 2018
to December 2022.

Data collection

From TB & Chest Department at
PDUGMH (a Tertiary Care Teaching Insti-

Figure 1. Nikshay-Gujarat stands third in contributing to the total TB notifications in

April, 2020
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Participants who reported cough last-
ing 2 weeks or longer, fever, weight loss or
night sweats of any duration were catego-
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rized as having TB symptoms and their sputum samples were
collected. Two sputum samples were gathered: one immedi-
ately upon admission and the second on the following morn-
ing. The sputum samples were collected in sterile, single-use
disposable containers within the PDUGMH laboratory in
Rajkot on the same day for testing. The sputum from patients
underwent testing for acid fast bacilli (AFB) through smear mi-
croscopy using a fluorescent stain. Patients were diagnosed
with smear-positive TB if at least one sputum sample tested
positive for AFB. The microscopic test employs an exception-
ally sensitive microscope, capable of detecting individual live
bacilli. The sputum was cultured on Lowenstein-Jensen medi-
um and examined for M. tuberculosis growth once a week for
eight weeks. A patient was diagnosed with sputum-positive
pulmonary TB if found positive through smear and/or culture.

Patients underwent chest X-rays, chest ultrasonography,
brain magnetic resonance imaging (MRI) and Cartridge Based
Nucleic Acid Amplification Test (CBNAAT) based on their cur-
rent condition and diagnostic results. For CBNAAT, specimens
were transported at 2-8°C to the nearest diagnostic site using

triple packaging. Extrapulmonary TB symptomatic patients
had their body fluids (e.g. abdominal fluids, pleural fluids, mil-
iary fluids, cerebrospinal fluid, pericardial fluids, genitourinary
fluids) examined. Drug susceptibility tests were conducted,
categorizing patients into H mono-resistant, H poly-resistant,
rifampicin-resistant (RR) TB and longer multidrug-resistant
(MDR) regimen cases.

Statistical analysis

The data were analyzed using Excel software (Microsoft,
Redmond, WA, USA) and exported to IBM SPSS Statistics, Ver-
sion 19 (IBM, Armonk, USA) for the descriptive statistics e.g.
mean, total, and percent distribution. A Chi-Square statistic
was applied to calculate the difference between variables like
subject sex and age. The P-value of < 0.05 determined statis-
tical significance. The percentage of resistance was estimated
by dividing the total number of resistant isolates detected for
a single drug or a combination by the total number of positive
TB patients examined.
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A total of 5624 records from January 1°* 2018
and December 31%t 2022 were examined, with
an annual range of 954-1389. Majority of these,
(92.58%, n = 5207) contained TB-positive results,
with the annual positive rate fluctuating between
89.31% and 96.61%. Notably, there was a dip in
the annual rate in 2021, reaching 89.31%. The year
2019 exhibited the highest case count (n = 1297),
2022 as visualized in Figure 2. Among the 5207 TB-pos-
itive patients, 3,586 (68.87%) were identified as
males, while 1621 (31.13%) were females. With-

Figure 2. Number of positive TB cases

in this TB-positive group, 215 (4.13%) patients
(mostly male) were diagnosed with diabetes and
454 (8.72%) were HIV-positive. The distribution
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of patient ages is illustrated in Table 1. When seg-
mented by age, the group of patients were 15-29
years of age (n = 1692), while the lowest number
of patients were in the 0-14 age bracket (n = 378),
as portrayed in Figure 3.

Among the 5207 TB-positive patients, majori-
ty (n=2982, 57.27%) were pulmonary TB-positive,
and 2225 (42.73%) were extrapulmonary TB-pos-
itive. Majority of these patients were male, cases,
A high prevalence of pulmonary TB and extrapul-
monary TB was found in males: n = 2193 and n =
1393, respectively [13], as shown in Figure 4.

Figure 3. Age-wise distribution of TB-positive cases
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Table 1. Age distribution of TB-positive patients of the Pandit Dindayal Upadhyay Government Medical Hospital during 2018-2022

- Number of records (Year)

Age (Years) 2018 2019 2020 2021 2022
0-14 114 89 63 59 53
15-29 345 396 345 273 333
30-43 295 364 249 206 233
44-59 200 255 183 182 234
> 60 131 196 109 132 172
Total 1122 1389 1037 954 1122 5624
Positive cases 1084 1297 949 852 1025 5207
Pulmonary tuberculosis 2982 (57.27%)
Extrapulmonary tuberculosis 2225 (42.73%)
Diabetes 215 (4.13%)
HIV-positive 454 (8.72%)
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Figure 4. Specific diagnoses of TB-positive patients
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The total of 683 deaths occurred while under-
going treatment, with the lowest count observed in
the year 2022 (n =97).

This retrospective study aimed to determine
the prevalence of TB in a particular region of In-
dia and to gauge the incidence of drug-resistant
tuberculosis. We found that during the 5-year pe-
riod (2018-2022), the prevalence of TB among the

Figure 5. Distribution of extrapulmonary TB cases

Positive pulmonary TB cases were detected through spu-
tum analysis by fluorescent stain microscopy [16]. Positive ex-
trapulmonary TB cases were detected in the abdominal fluid,
pleural fluid, lymph node, miliary, spinal fluid, genitourinary
fluid, pericardial fluid, TBM, and bone (excluding spine). Apart
from these sites, the positive extrapulmonary TB patients
were classified as “others”. The highest number of extrapul-
monary TB cases were detected through the lymph nodes
(n = 610) and the least with genitourinary fluid (n = 11), as
shown in Figure 5.

Among the 5207 TB-positive cultures, 5130 (98.52%)
were susceptible to all the TB medications, while 77 (1.48%)
were resistant to at least one drug. Of the 77 drug-resistant
cultures, most (n = 42) were RR-TB cases (Figure 6).

patients treated at this institute was 92.59%. 2019

was the year with the most remarkable rate of TB
positive cases, probably due to the hospital laborato-
ry receiving samples from various districts throughout
the year.

Our results also showed males were more fre-
quently infected with TB (p < 0.05), both the pulmo-
nary and extrapulmonary presentation, as reported
in the WHOQ's global surveillance report [17] and also
seen in other studies [18-19]. The reasons behind this
gender difference are behavioural (e.g. the patient’s
activities, tobacco smoking and alcohol use) and phys-
iological e.g. sex hormones might modulate the im-
mune response required for defending against TB and
other infections [20-22].

In some of the published studies pulmonary TB
and extrapulmonary TB were found equally often with
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Figure 6. Distribution of drug resistant cases

FQ - fluoroquinolone-resistant, MDR — multidrug-resistant, RR — rifampicin-resistant, TB — tuberculosis
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no significant difference (p > 0.05) [23-24], which is so seen in
the results of the current study. We noted that the majority of
pulmonary TB cases were confirmed with microscopy tests,
whereas lymph node specimens were the major site for ex-
trapulmonary TB.

A high score of positive TB infection is seen in the group
15-29 years of age (p < 0.05). The cause could be attributed
to either disregarding the symptoms or delaying the seeking
of medical attention upon their emergence. There might be
a lack of awareness regarding the high transmission rate of
the disease within the patients’ own family [25]. The rise in
co-morbidities or immunosenescence may also be one of the
reasons for the reactivation of latent M. tuberculosis infection
and the increase in susceptibility to TB disease in older people
[26-27].

Therates of drug resistant TBin other regions of India is the
subject of several studies [14, 28]. Similar studies are carried
out which involved the estimation of rends in TB prevalence
in different communities in south India [29-30] and north In-
dia [31]. The study conducted in Chennai [30] revealed a high
prevalence among individuals aged 55-64 years, whereas we
found a high prevalence among those aged 15-29 years which
is consistent with the report from the Thiruvallur district of the
Tamil Nadu state [32]. A study conducted in northern Indian
districts [31] reported a high male representation among the
TB-positive cases, which aligns with our own study’s findings.
Another study showed high TB burden in the states of Delhi
and Tamil Nadu [33]. Also a 2005 study showed a compara-
tive TB prevalence in India focusing rural and urban areas [34].
Following these studies, including the current one, there is
a significant difference in rates of drug-resistant TB in India.

Furthermore, a study compared TB data from India with
the WHO report where there was a decline in TB incidence
which were close to estimates published in the recent Global
TB report 2022 [35].

Since our study period includes the COVID-19 outbreak
(2019), the TB incidence might be affected by the COVID pos-
itive cases. The data we collected did not include the COV-
ID-19 results, therefore a correlation cannot be made on the
TB positive and COVID positive cases. However, another study
reports that there was a rise in May 2020 with peak in August
and a decline in October 2020 [36]. Following our data from
Table 1, it can be seen that there was a rise in TB positive cas-
es from 2018 to 2019. Then it declined which might be due
to the lock-down period from April to July 2020, as seen in
a modelling study [35].

As seen in our results and in the literature, the drug re-
sistance rate at the PDUGMH has dramatically decreased over
the past five years (p < 0.05) [13, 37-39]. Improved compliance
brought on by direct witnessed therapy and advancements in
TB diagnosis and resistance testing may be responsible for
the decline in antibiotic resistance. Among all the TB-positive

resistant cases, the majority of cases were attributed to RR-TB
cases.

Limitations

Our study has several limitations, including the fact that
we analyzed data from only one center, which does not ac-
curately reflect the demographic structure of the entire
nation. The TB notification records do not include data on
previous history of TB, therefore we were not able to assess
the risk factors for drug-resistant TB. This analysis excluded
second-line anti-TB medications and patients for whom com-
plete data were unavailable.

Future perspectives

The overall prevalence of TB in the Gujarat state is low.
Still, to understand the deadliness of TB, the pattern of the
disease must be monitored periodically to do appropriate
planning. Also, details of the patient’s history must be record-
ed, such as the spread of TB, sufficient and balanced nutri-
tion, and cautious handling of ill family members. Healthcare
providers must look into the information of patients’ close
contacts and perform screening, particularly for those having
cough, fever, and weight loss and treat them if required.

Among PDUGMH patients, the prevalence of tuberculo-
sis, particularly MDR-TB, is still low. Adult male patients are
more likely to contract M. tuberculosis. Our findings indicate
that men and people over 60 are more likely to have active TB
iliness. Investigations into India’s nation-wide TB prevalence
and antibiotic resistance are still needed. More emphasis
must be placed on the importance of thorough national and
international studies of the risk factors for the emergence of
active TB and the treatment of its drug-resistance.
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