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Abstract

Background: Tuberculosis (TB), caused by the Mycobacterium tuberculosis complex, remains a leading cause of global
morbidity and mortality. While pulmonary tuberculosis (PTB) accounts for the majority of cases, extrapulmonary TB
(EPTB) presents significant diagnostic challenges due fo its heterogeneous clinical manifestations and the poor
sensitivity of routine microbiological tests. This study aimed to examine the physiological and biochemical
characteristics of active TB patients undergoing anti-tuberculosis therapy (ATT) in comparison to healthy controls,
focusing on a teenage population in Balochistan, Pakistan.

Methods: This study enrolled 200 participants (100 confirmed TB patients and 100 age-matched healthy controls)
from the Fatima [innah Chest and General TB Sanatorium Hospital and the Center of Advanced Studies in
Vaccinology and Biotechnology (CASVAB), Quetta, between August 2021 and April 2023. Participants were stratified
into three age groups (13, 14-16, and 17-19 years). Data on demographics, anthropometrics, complete blood count
(CBC), liver function tests (LFTs), lipid profiles, and renal markers were collected and analyzed using SPSS version
22. Descriptive statistics, paired t-tests, and correlation analyses were employed, with a significance level set at p <
0.05.

Results: The study population was predominantly male (58%) and from the 17-19 years age group (62%). A
significant proportion of patients had a normal-to-low body mass index (BMI) and belonged to the middle
socioeconomic class. Hematological analysis revealed derangements, including leukocytosis (36%) and anemia (79%
had low hemoglobin). Liver function tests showed generally normal bilirubin levels, but elevated alanine transaminase
(SGPT/ALT) was observed in 26% of patients. Dyslipidemia was common, characterized by hypertriglyceridemia
(16%) and low high-density lipoprotein (HDL) levels (63%). Comparative analysis between patients and controls
revealed statistically significant differences in most CBC parameters, including hematocrit, mean corpuscular volume,
and platelet counts (p < 0.05), while red blood cell and monocyte counts did not differ significantly.

Conclusion: This study highlights the critical importance of hematological, hepatic, and metabolic monitoring during
ATT. While some hema tological abnormalities improve with therapy, dyslipidemia may persist and requires concurrent
management. These findings underscore the need for standardized protocols to mitigate treatment-related
hepatotox icity and justify further research into the metabolic consequences of TB, particularly in endemic regions like
Pakistan
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INTRODUCTION

Tuberculosis (IB) is a historic and persistent social health issue in both developed and developing

nations. It is a chronic infectious disease caused by the rod-shaped, non-sporing aerobic bacterium

My cobacterium tuberculosis. In 2019, an estimated 10.0 million people worldwide were infected with TB.
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The disease burden is highly heterogeneous, with significant prevalence in regions such as India (26%),
Indonesia (8.5%), China (8.4%), and Pakistan (5.7%), according to the World Health Organization (WHO) (1,
2).

The primary mode of transmission for laryngeal or pulmonary TB is through ambient airborne
droplets, known as droplet nuclei, which are produced when an infected individual sneezes, coughs, or
speaks. These droplet nuclei contain bacilli that, when inhaled, adhere to the pulmonary alveoli (3, 4). The
M. tuberculosis complex is the key etiologic agent, exerting a major impact on human mortality and
morbidity globally (5).

TB is clinically classified into two major types: pulmonary TB (PTB) and extrapulmonary TB (EPTB)
(6). EPTB can involve any organ and presents a wide range of clinical signs and symptoms, manifes ting as
laryngeal TB, cavitary TB, miliary TB, TB pleurisy, as well as infections of the lymph nodes, meninges,
pericardium, peritoneum, and musculoskeletal, genitourinary, and other systems (7-9). Of the 7.5 million
PTB cases reported globally, approximately 16% are estimated to be EPTB (10, 11).

The main clinical signs of PTB include fevers, a persistent cough lasting over two weeks, nocturnal
diaphoresis, and unexplained weight loss. Diagnosis is often guided by these symptoms, and physical
examination may reveal fever, tachycardia, and abnormal thoracic findings. EPTB presents more variably,
with symptoms such as abdominal pain, markedly swollen lymph nodes, headache, confusion, and pain or
loss of function in affected bones or joints (12, 13). Diagnosing EPTB is particularly challenging due to its
varied symptomatology, the difficulty in obtaining representative samples from affected sites, and the
pauci-bacillary nature of the disease, which limits the sensitivity of standard microbiological tests (14-16).
Histopathological diagnosis relies on identifying granulomas, caseation, and acid-fast bacilli (AFB).
However, a weakened host immune response can lead to reduced granulomatous reactions, and similar
inflammation can be caused by non-tuberculous mycobacteria, fungi, or other infections, necessitating
careful interpretation (17, 18).

In Pakistan, TB remains a significant public health challenge. Teenagers, in particular, represent a
vulnerable subgroup due to a combination of biological, anatomical, physiological, and social factors. The
motivation for this study stems from the current epidemiological issues related to TB among adolescents in
the Balochistan region. This research aims to provide a detailed examination of the physiological and
biochemical profiles of teenagers with active TB, comparing them with healthy controls, to improve clinical

management and inform public health strategies.

MATERIALS AND METHODS
RESEARCH DESIGN AND SETTING

This study was conducted at the Fatima Jinnah Chest and General TB Sanatorium Hospital and the
Center of Advanced Studies in Vaccinology and Biotechnology (CASVAB), Quetta, Balochistan, from
August 2021 to April 2023. The study employed a comparative, cross-sectional design involving 200
subjects: 100 patients with confirmed active tuberculosis and 100 healthy controls. Written informed consent
was obtained from all participants or their legal guardians. Ethical clearance was granted by the local ethics
committee of CASVAB, Quetta, Pakistan.

DATA SAMPLING AND COLLECTION

Data were collected by professional paramedics and medical doctors using a pre-tested
questionnaire. The questionnaire captured demographic information such as name, age, gender, residence,
ethnicity, socioeconomic status, and family history. Participants were stratified into three age categories: 13

years, 14-16 years, and 17-19 years.

INCLUSION AND EXCLUSION CRITERIA

Inclusion Criteria for Patients: Patients were included if they were undergoing anti-tuberculosis
treatment (ATT), had a sputum smear-positive result, and had a history of medication. Psychological and

environmental stress was documented to be within acceptable limits. Other conditions for inclusion were
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normal chest computed tomography (CT) findings, a confirmed GeneXpert report, and the absence of any
chronic disease. Individuals were excluded from the tuberculosis cohort if they had infections other than TB,

inflammatory disorders, malignancies, autoimmune conditions, bone marrow failure, or anemia.

BLOOD COLLECTION AND LABORATORY ANALYSIS

Blood samples were collected via venipuncture using a disposable syringe. The venipuncture site
was disinfected with a 70% alcohol swab, and 3 mL of venous blood was drawn. Samples were transferred
into purple-top tubes containing 15% EDTA K3 to prevent coagulation. The tubes were gently mixed and

transported to the laboratory.

HEMATOLOGY ANALYSIS

Complete blood count (CBC) was performed within 24-48 hours using a hematology analyzer.
Evaluated parameters included red blood cell count (RBC), hemoglobin concentration (Hb), hematocrit
(HCT), mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), white blood cell count (WBC) with differential (neutrophils,
lymphocytes, monocytes, eosinophils, basophils), and platelet count (PLT).

BIOCHEMICAL ANALYSIS

Lipid profiles (total cholesterol, triglycerides, low-density lipoprotein [LDL], high-density
lipoprotein [HDL]), liver function tests (LFTs) including alanine transaminase (SGPT/ALT), aspartate
transaminase (SGOT/AST), alkaline phosphatase (ALP), gamma-glutamyl transferase (GGT), and bilirubin

(total, direct, indirect), as well as urea and creatinine, were assessed using a fully automated analyzer.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS version 22. Descriptive statistics (means, standard
deviations, frequencies, and percentages) were calculated. Paired t-tests were used to compare means
between the TB patient and control groups and to assess changes before and after treatment. A p-value of <
0.05 was considered statistically significant. Associations between hematological and biochemical indices

were also explored.

RESULTS
GENERAL CHARACTERISTICS OF TUBERCULOSIS PATIENTS

The demographic and anthropometric features of the 100 TB patients are summarized in Table L
The data showed a higher proportion of males (58%) compared to females (42%). The majority of patients
(62%) belonged to the 17-19 years age group, followed by the 14-16 years group (28%). The sample was
ethnically diverse, with Pashtoons (48%) and Baloch (41%) being the most represented. Body mass index
(BMI) analysis revealed that 52% of patients had a normal BMI (18.6-24.9), while 29% were underweight

(BMI<18.5). Socioeconomic examination showed that 72% of the patients belonged to the middle class.

Table I. General characteristics of Mycobacterium tuberculosis patients (N=100)

Numbers (N=100) Percentage (%)
Age Group
13 10 10
14-16 28 28
17-19 62 62
Gender
Male 58 58
Female 42 42
Social Class
Lower 21 21.0
Middle 72 72.0
Higher 7 7.0
Ethnicity
Baloch 41 41.0
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Pashtoon 48 48.0
Others 11 11.0
BMI (Body
Mass Index)
<18.5 29 29.0
18.6-24.9 52 52.0
>25 19 19.0

* Data on residence and water source are available in the source document but are summarized here for conciseness

COMPLETE BLOOD COUNT (CBC) ANALYSIS

CBC findings for the 100 TB patients are detailed in Table II. Regarding white blood cells, 60% had
normal WBC counts, while 36% had leukocytosis (>10.0x10"9/ul). Neutrophil levels were normal in 75% of
patients, with 25% showing neutrophilia (>80%). A significant proportion (58%) of patients had
lymphopenia (<20%). Eosinophil counts were normal in 67% of cases. All patients had normal basophil
counts.

Anemia was prevalent, with 79% of patients having low hemoglobin levels. Red blood cell counts
were normal in 48% and low in 33%. Hematocrit was below normal in 77% of patients. Microcytosis (low
MCV) was observed in 61% of patients, and low MCH was found in 75%. Platelet counts were normal in
61%, with thrombocytosis in 23% and thrombocytopenia in 16%.

Table Il. Distribution of complete blood count (CBC) in TB patients (N=100)
Parameter Category Frequency Percent (%)

HB Low 79 79.0
Normal 21 21.0
RBC High 19 19.0
Normal 48 48.0
Low 33 33.0
HCT Normal 23 23.0
Low 77 77.0
MCV Normal 39 39.0
Low 61 61.0
MCH Normal 25 25.0
Low 75 75.0
WBC High 36 36.0
Normal 60 60.0
Low 4 4.0
PLT High 23 23.0
Normal 61 61.0
Low 16 16.0
NEUTR High 25 25.0
Normal 75 75.0
LYMPTs High 1 1.0
Normal 41 41.0
Low 58 58.0
EOSINPs  High 10 10.0
Normal 67 67.0
Low 23 23.0

LIVER FUNCTION TEST (LFT) ANALYSIS

The results of LFTs are presented in Table IIl. Serum total bilirubin was normal in 84% of patients.
While 74% of patients had normal SGPT/ALT levels, 26% showed elevation. ALP was raised in 55% of cases.
GGT was within the normal range in 71% of patients, and SGOT/AST was elevated in 37%.

Table Ill. Distribution of liver function tests (LFTs) in TB patients (N=100)

Parameter Category Frequency Percent (%)
S_T_BILIR High 16 16.0
Normal 84 84.0
SGPT_ALT High 26 26.0
Normal 74 74.0
ALK _PHOSTs High 55 55.0
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Normal 44 44.0

Low 1 1.0

GAMMA_GT High 29 29.0
Normal 71 71.0

SGOT_AST High 37 37.0
Normal 63 63.0

LIPID PROFILE, UREA, AND CREATININE ANALYSIS

Lipid profile, urea, and creatinine results are summarized in Table IV. Triglyceride levels were
normal in 84% of patients, with 16% having hypertriglyceridemia. Total serum cholesterol was in the
desirable range for 91% of patients. A notable finding was low HDL cholesterol in 63% of patients. LDL and
VLDL levels were normal in the majority (86% and 85%, respectively). Urea was normal in 76% of patients,

and creatinine was normal in 43%.

Table 1V. Distribution of lipid profile, urea, and creatinine in TB patients (N=100)

Parameter Category Frequency Percent (%)
UREA High 17 17.0
Normal 76 76.0
Low 7 7.0
CREAT High 35 35.0
Normal 43 43.0
Low 22 22.0
TRI_GLY High 16 16.0
Normal 84 84.0
SERUM_CHOLST Desirable 91 91.0
Borderline High 5 5.0
High 4 4.0
HDL Normal 37 37.0
Low 63 63.0
LDL Normal 86 86.0
Borderline High 10 10.0
High 1 1.0
Very High 3 3.0
V_LDL Normal 85 85.0
High 15 15.0

STATISTICAL ANALYSIS OF HEMATOLOGICAL PARAMETERS

Descriptive statistics for CBC parameters in active TB patients are shown in Table V. The analysis
showed that the mean values for hematocrit (2.77 + 0.42), MCH (2.75 + 0.44), and MCV (2.61 + 0.49) were
higher on the ordinal scale used, while platelet count (1.93 + 0.62), WBC count (1.68 + 0.55), and neutrophil
count (1.75 £ 0.44) were lower.

Table V. Descriptive statistics of hematological parameters in TB patients
Variable Minimum Maximum Mean Std. Deviation

HB 2.00 3.00 2.2100 0.40936
RBC 1.00 3.00 2.1400 0.71095
HCT 2.00 3.00 2.7700 0.42295
MCV 2.00 3.00 2.6100 0.49021
MCH 2.00 3.00 2.7500 0.43519
MCHC 1.00 3.00 2.4000 0.66667
WBC 1.0 3.0 1.680 0.5483
PLT 1 3 1.93 0.624
NEUTR 1 2 1.75 0.435
LYMPTs 1 3 2.57 0.517
MONOTs 1 3 1.70 0.503
EOSINPs 1 3 2.13 0.562
BASPs 2 2 2.00 0.000

The comparison between the diseased and control groups, shown in Table VI, reveals highly
significant differences (p < 0.05) for WBC, eosinophils (EOS), hemoglobin, neutrophils (NEUTs), basophils
(BASO), HCT, MCH, lymphocytes, MCV, and PLTs.
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Table VI. Paired t-test comparison of hematological parameters between TB patients and controls (N=100 pairs)

Variables Mean Difference t-value df Sig. (2-tailed)
HB1 - HB2 -3.34 -126 99 0.000
RBC1 - RBC2 -0.21 -1.61 99 0.111
HCT1 - HCT2 -5.40 -6.71 99 0.000
MCV1-MCV2 -6.80 -497 99 0.000
MCHI - MCH2 -6.25 -8.28 99 0.000
MCHC1 - MCHC2 -3.66 -8.99 99 0.000
WBC1 -WBC2 1.98 2.75 99 0.007
PLT1 - PLT2 73.56 4.35 99 0.000
NEUTRI1 - NEUTR2 18.56 10.19 99 0.000
LYMP1 - LYMP2 -18.10 -1099 99 0.000
MONO1 - MONO2 1.08 1.52 99 0.132
EOSO1 - EOSO2 -0.78 218 99 0.031
BASO1 - BASO2 0.10 3.00 99 0.003

DISCUSSION

Tuberculosis remains one of the world's deadliest infectious diseases, causing significant morbidity
and mortality (19, 20). The disease burden has seen a concerning increase, with a substantial proportion of
cases concentrated in Asian countries, including Pakistan (21, 22). While industrialized nations have seen a
decline in TB cases due to public health measures, low -income countries and marginalized populations
continue to bear a disproportionate burden (23, 24). Teenagers represent a highly vulnerable group due to
various biological and social factors, motivating the focus of this study.

In our study, TB was more prevalent in the 17-19 years age group (62%) and in males (58%). This
finding aligns with other epidemiological studies. Pervin et al. (2024) found a higher prevalence of EPTB in
individuals aged 11-18 years, though they reported a higher rate in females (25). Conversely, Aidarbek et al.
(2022) reported a higher prevalence of pulmonary TB in females (65.3%) than in males (42.8%) (26). Gender
disparity observed in our study may reflect differences in healthcare-seeking behavior, exposure, or
biological susceptibility within the specific cultural context of Balochistan.

Nutritional status is a critical factor in TB pathogenesis (27). Our study found that a significant
proportion of patients had a normal-to-low BMI, with 29% being underweight. This is consistent with the
established link between TB and weight loss. While obesity rates are rising globally, underweight remains a
significant problem in regions like South Asia, and this nutritional deficiency is a key risk factor for TB (28,
29). The inverse relationship between obesity and TB highlights the importance of nutritional status in
disease development (30, 31). In a study by Dubois et al. (2022), a high percentage of children with TB were
found to be underweight, reinforcing our findings (32).

Hematological abnormalities are a common feature of TB infection (33). These derangements,
affecting both cellular and plasma components, can be exacerbated by anti-TB therapy (34, 35). In our study,
we observed a spectrum of hematological findings. The presence of leukocytosis in 36% of patients reflects
the systemic inflammatory response to infection. The significant lymphopenia observed in 58% of patients is
a notable finding, as it may indicate immunosuppression or T-cell dysfunction, which is a hallmark of active
TB. The high prevalence of anemia (79%) is a classic finding in chronic infectious diseases like TB, often
attributed to anemia of chronic disease, nutritional deficiencies, or the infection itself.

The comparison between TB patients and controls (Table VI) revealed significant differences in most
CBC parameters, underscoring the profound impact of the disease on hematopoiesis and the systemic
inflammatory state. The lack of significant difference in RBC and monocyte counts in this paired analysis
suggests that while these parameters are affected, their variability or the study's power might have limited
the detection of a statistically significant difference. These findings emphasize the importance of thorough
hematological monitoring for accurate diagnosis and follow-up of TB patients.

Recent years have seen a growing interest in the relationship between cholesterol and infectious
diseases. While modern treatment protocols focus on lowering serum cholesterol to prevent cardiovascular

disease, emerging evidence suggests a link between low serum cholesterol and conditions like TB (36).
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Alterations in lipid profiles are known to occur during TB infection, with an initial fall in total cholesterol
(TC) and HDL followed by a rise in triglycerides (TGs) (37). Low HDL levels, a strong independent risk
factor for poor cardiovascular outcomes, are also observed in TB patients (38-40).

Our study revealed a significant prevalence of dyslipidemia. Low HDL cholesterol was found in
63% of patients, and hypertriglyceridemia in 16%. These findings suggest a state of metabolic dysregulation
that may contribute to the pathogenesis of the disease and have long-term cardiovascular implications for
survivors. Furthermore, we noted abnormalities in renal markers, with 35% of patients having elevated
creatinine, indicating potential renal involvement or dysfunction associated with the disease or its
treatment.

A major concern associated with anti-tubercular therapy (ATT) is drug-induced hepatotoxicity
(DIH) (36, 41). While many patients remain asymptomatic, subclinical hepatotoxicity is identified by
changes in LFTs. In our study, elevated SGPT/ALT was observed in 26% of patients, and SGOT/AST was
elevated in 37%. These elevations, particularly in ALT and AST, are key indicators of hepatocellular injury,
commonly associated with first-line ATT drugs like isoniazid (INH) and rifampicin (RIF) (42, 43). Regular
monitoring of LFTs is crucial for the early detection and prevention of hepatotoxicity. The lack of
standardized protocols for managing DIH underscores the need for uniform guidelines to ensure patient

safety without compromising the efficacy of treatment (44).

CONCLUSION

This study provides a comprehensive overview of the physiological and biochemical landscape in a
cohort of teenage TB patients undergoing ATT in Balochistan. The results confirm that TB is associated with
significant hematological derangements, including anemia, leukocytosis, and lymphopenia, which show
significant differences compared to healthy controls. Furthermore, the study highlights a substantial burden
of dyslipidemia, particularly low HDL, and a notable incidence of elevated liver enzymes, indicating

subclinical hepatotoxicity.
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