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Methods: We conducted a cross-sectional study involving 150 TB patients – 75 from tribal and 75 from non-tribal communities. Blood samples 
were analyzed using enzyme-linked immunosorbent assay to measure CRP, TNF-α, and IL-6 levels. We also gathered clinical and demographic data, 
including symptoms, disease duration, and treatment details. We compared inflammatory marker levels across groups using statistical analysis.

Results: TB patients from tribal communities had notably higher levels of CRP, TNF-α, and IL-6 than those from non-tribal groups (p<0.05). These 
elevated levels were also linked to more severe symptoms and longer treatment durations. Interestingly, females showed higher levels of these 
markers compared to males across both communities.

Conclusion: Our findings suggest that TB patients from tribal areas may experience a stronger inflammatory response, which could be tied to delays 
in diagnosis or treatment. There’s a clear need for early intervention and better access to care in these underserved regions to improve outcomes and 
reduce TB’s impact.
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INTRODUCTION

Tuberculosis (TB) continues to be one of the world’s leading infectious 
diseases, and India carries a large share of the global burden. Even 
with progress in diagnosis and treatment, TB remains a major health 
challenge – especially in rural and tribal regions, where access to 
healthcare is often limited. Inflammation plays a central role in how 
TB develops and progresses, and certain blood markers can give us 
important clues about how active or severe the infection is. These 
include C-reactive protein (CRP), tumor necrosis factor-alpha (TNF-α), 
and interleukin-6 (IL-6), all of which reflect how the immune system is 
responding to the infection [1,2].

People living in tribal communities often face unique health-related 
challenges. Delayed diagnoses, poor nutrition, and limited healthcare 
access can all impact how TB presents and progresses. Some studies 
have found that TB tends to be more severe in tribal populations, 
possibly because of these social and environmental factors [3-5]. These 
same issues might also influence the body’s inflammatory response, 
potentially leading to differences in how TB behaves in tribal versus 
non-tribal patients [6].

This study addresses the limited evidence comparing inflammatory 
markers in TB patients from tribal and non-tribal communities in rural 
India. Existing research has not adequately explored how CRP, TNF-α, 
and IL-6 levels vary across these groups or how gender influences these 
responses. We aim to determine whether significant differences exist in 
these markers and how they relate to disease severity. By doing so, the 

study seeks to uncover biological and healthcare access disparities. The 
findings may inform more equitable, community-specific approaches to 
TB care.

METHODS

Ethical considerations
This study received approval from the Institutional Ethics Committee 
(Ref No. STU/IEC/2022/106). All participants gave informed consent 
before joining the study. We ensured that all personal data remained 
confidential, and participants were made aware that their involvement 
was voluntary and they could withdraw at any time without 
consequences.

Study design
This was a cross-sectional comparative study designed to identify 
immediate changes in biomarkers between both groups. The levels of 
three inflammatory markers – CRP, TNF-α, and IL-6 – in TB patients 
from tribal (n=75) and non-tribal (n=75) communities in rural India. 
The goal was to explore potential differences in inflammation and their 
association with disease severity.

Study population
The study included 150 adult TB patients – 75 from tribal communities 
and 75 from non-tribal rural communities. Both men and women aged 
between 18 and 60years, diagnosed with active pulmonary TB based 
on clinical signs and radiological evidence following the World Health 
Organization guidelines, were eligible to participate.
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Objective:  Tuberculosis (TB) continues to pose a serious health threat, especially in rural parts of India. Inflammation is a key to how TB develops 
and progresses. Tracking certain blood markers – such as C-reactive protein (CRP), tumor necrosis factor-alpha (TNF-α), and interleukin-6 (IL-6) 
– can help us understand how severe the disease is and predict how it might unfold. This study looks at the levels of these markers in TB patients 
from tribal and non-tribal backgrounds in rural India.
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Inclusion criteria
•	 Confirmed diagnosis of active pulmonary TB (via sputum smear or 

culture)
•	 Aged between 18 and 60 years
•	 Residents of rural tribal or non-tribal communities
•	 Willingness to provide informed consent.

Exclusion criteria
•	 History of chronic inflammatory conditions (other than TB)
•	 Presence of comorbidities, such as diabetes, human immunodeficiency 

virus, or cancer
•	 Pregnant or breastfeeding women
•	 Patients already on corticosteroids or other anti-inflammatory 

medications.

Data collection
1.	 Demographic and Clinical Information: Basic information, including 

age, gender, duration of TB symptoms (cough, fever, weight loss, and 
night sweats), and the type of TB treatment regimen, were collected 
using a structured questionnaire.

2.	 Biochemical Markers: Blood samples (5 mL) were collected from each 
participant. Serum was separated and stored at −80°C until analysis. 
The levels of inflammatory biomarkers (CRP, TNF-α, and IL-6) were 
measured using enzyme-linked immunosorbent assay (ELISA) kits, 
following the manufacturer’s protocol due to its high specificity, 
sensitivity, and cost-effectiveness in quantifying low-concentration 
biomarkers in resource-limited settings [7,8].
•	 CRP was estimated as a marker of systemic inflammation
•	 TNF-α and IL-6 were analyzed as pro-inflammatory cytokines 

involved in the immune response to TB infection.

Data analysis
•	 The p-value is evaluated using an analysis of variance as there are 

four groups (Tribal Males, Tribal Females, Non-Tribal Males, and 
Non-Tribal Females)

•	 Correlations between the levels of y markers of inflammation and 
disease severity (measured by symptom duration and radiological 
findings) were calculated using Pearson’s correlation coefficient

•	 Statistical significance was set at p<0.05 for all tests.

Flow chart for methodology:

RESULTS

This study aimed to measure and compare the levels of three key 
inflammatory markers – CRP, TNF-α, and IL-6 – in TB patients from 
tribal and non-tribal communities in the Udaipur region. The goal was 
to understand how inflammation levels vary across these groups, and to 
explore any gender-related differences.

Demographic and clinical characteristics
A total of 150 TB patients were enrolled, with 75 participants each from 
tribal and non-tribal communities. The average age was 38.5  years 
(±10.2 years, Standard deviation [SD]). In the tribal group, 45 were male 
(60%) and 30 were female (40%). Among the non-tribal group, 50 were 
male (66.7%) and 25 were female (33.3%). On average, participants 
reported disease duration of 6.5 months (±2.3 SD). Common symptoms 
across both groups included cough (85%), fever (80%), and weight loss 
(70%).

Biochemical markers of inflammation
Across the board, TB patients from tribal communities showed 
significantly higher levels of CRP, TNF-α, and IL-6 than those from non-
tribal backgrounds. Among both groups, female patients had higher 
levels of inflammation markers compared to males.

Tribal patients – both male and female – had significantly higher 
average levels of all three inflammatory biomarkers compared to 
their non-tribal counterparts. Within each group, females consistently 
showed higher values than males. Elevated biomarker levels were also 
linked to longer disease duration and more intense symptoms, such as 
prolonged fever and weight loss (Table 1).

Gender differences
Across both tribal and non-tribal groups, females had higher levels 
of CRP, TNF-α, and IL-6 compared to males. This difference was even 
more pronounced in the tribal group. These gender-related variations 
suggest that biological or hormonal factors may influence the immune 
response in TB (Table 1).

The results of this study demonstrate significantly higher levels of 
inflammatory biomarkers in TB patients from tribal communities 
compared to non-tribal populations. In addition, females in both 
groups exhibited higher levels of CRP, TNF-α, and IL-6 than males. 
These elevated biomarkers are associated with more severe disease 
symptoms and longer treatment durations. These findings emphasize 
the need for targeted interventions, particularly for tribal populations, 
to address the elevated inflammatory response and improve TB 
outcomes (Table 1).

Correlation with disease severity
We found a strong positive correlation between biomarker levels and 
disease severity indicators, such as symptom duration and radiological 
findings. In other words, patients with higher CRP, TNF-α, and IL-6 
levels tended to have more severe TB symptoms and required longer 
treatment (Table 2).

DISCUSSION

The results of this study demonstrate significantly higher levels of CRP, 
TNF-α, and IL-6 in TB patients from tribal communities compared 
to non-tribal populations. Furthermore, higher levels of these 
inflammatory markers were observed in females within both groups, 
which may suggest a gender-specific inflammatory response. These 
findings are consistent with previous studies, which have shown that 
inflammation is a key contributor to the pathogenesis and progression 
of TB, and may influence treatment outcomes [1,2].

Inflammatory markers and TB severity
Elevated levels of CRP, TNF-α, and IL-6 are often associated with the 
immune response to TB infection. CRP is a well-known marker of 
systemic inflammation, and its levels rise significantly during active TB 
infection [3]. Our findings, with higher CRP levels in tribal TB patients, 
align with the results of Rathi et al. (2017), who reported increased 
CRP levels in rural populations with TB, suggesting that the heightened 
inflammatory response might be linked to delayed diagnosis and longer 
disease duration in these communities [9]. Similarly, TNF-α and IL-6, 
both pro-inflammatory cytokines, have been found to play a critical role 
in the immune response to TB by promoting granuloma formation and 
influencing tissue damage [4,5]. Our study supports these findings, with 
elevated levels of these cytokines in tribal TB patients correlating with 
more severe disease symptoms and prolonged treatment durations.

Gender differences in inflammation
The gender differences observed in our study, with females exhibiting 
higher levels of inflammatory markers than males, are consistent with 
the findings of Möller et al. (2018), who reported that women with TB 
tend to have a more intense immune response, which may contribute to 
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higher levels of systemic inflammation [10]. Gender-based differences 
in the immune response have been well documented in various diseases, 
including TB, where hormonal and immune system variations may 
influence the severity of inflammation [11,12]. These findings suggest 
that gender-specific healthcare approaches may be necessary to better 
manage TB, particularly in rural and tribal populations where gender 
disparities in healthcare access and treatment outcomes are common.

Tribal versus non-tribal populations
The higher inflammatory response observed in tribal populations in our 
study may be attributed to a combination of factors, including delayed 
access to healthcare, nutritional deficiencies, and environmental 
factors. Previous studies have shown that tribal populations in India 
often experience worse health outcomes due to isolation, poverty, 
and limited access to medical facilities [9,10,13]. The study by Rao 
et al. (2016) found that TB patients from tribal areas had more 
severe disease manifestations, possibly due to delayed diagnosis and 
treatment [3]. In addition, tribal populations often face challenges such 
as poor nutritional status and higher susceptibility to infections, both of 
which can contribute to an exaggerated inflammatory response [6,14].

Implications for healthcare interventions
The elevated levels of inflammatory markers in tribal populations 
underline the need for targeted interventions that focus on early 
diagnosis, better access to healthcare, and improved management 
of inflammation in these communities. Addressing the disparities in 
healthcare access between tribal and non-tribal populations is crucial 
for improving TB outcomes. As highlighted by Chatterjee et al. (2019), 
improving healthcare infrastructure and providing education on TB 
prevention and treatment could significantly reduce the burden of TB 
in tribal regions [2].

CONCLUSION

This study highlights important differences in the inflammatory 
response to TB among patients from tribal and non-tribal communities 
in rural India. We found that levels of CRP, TNF-α, and IL-6 were 
significantly higher in tribal patients, suggesting a stronger or prolonged 
immune reaction – possibly due to delayed diagnosis, limited access 
to care, or environmental and nutritional challenges. These elevated 
markers were also associated with more severe symptoms and longer 
treatment durations.

Another key finding was the consistent gender difference: women in 
both groups showed higher levels of inflammation than men, pointing to 
possible biological or hormonal influences on the body’s response to TB.

Together, these findings underline the need for more tailored healthcare 
strategies – especially in tribal areas. Early detection, gender-sensitive 
care, and focused management of inflammation could improve 
treatment outcomes and reduce the overall burden of TB in these 
underserved populations.

Assumptions and limitations
•	 The cross-sectional design precludes causal inferences regarding 

inflammation and disease progression
•	 Symptom severity scoring was based on self-reported data, which 

may introduce recall bias
•	 Nutritional and genetic factors influencing inflammation were not 

controlled for
•	 The use of ELISA assumes uniform kit sensitivity and specificity 

across batches.
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