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ABSTRACT 

BACKGROUND AND OBJECTIVES: 

Tuberculosis (TB) is a major cause of illness and death worldwide, and its 

incidence and mortality rates have increased in recent years. Iron is essential for both 

humans and TB-causing bacteria, but its availability is regulated by the host's immune 

system. The study aims to examine the iron levels in pulmonary TB patients in India 

and their association with disease severity. The primary objective is to assess serum 

iron parameters, while the secondary objective is to estimate the association between 

iron levels and disease severity. 

METHODS:  

Study was a hospital-based cross-sectional study that aimed to assess the 

severity of pulmonary tuberculosis (PTB) among patients attending SDM hospital in 

Dharwad. Patients diagnosed with PTB, both male and female, were included in the 

study, while those with multidrug-resistant TB, extrapulmonary TB, and significant 

comorbidities were excluded. The sample size was calculated to be 96 using a 

convenient sampling technique. A pre-designed and pre-tested questionnaire was used 

to collect personal and sociodemographic data, while disease severity was assessed 

using the Bandim TB Score system. Data was collected from 100 adult patients 

diagnosed with PTB over a period of one year. Baseline hematological and 

biochemical parameters were also assessed. Descriptive statistics and Chi-square tests 

were used for data analysis, and ethical clearance was obtained from the Institutional 

Ethics Committee of SDMCMSH, Dharwad. 

RESULTS:  

Among the 100 participants in the study, 71 were males and 29 females, and 

the mean age of the participants was 49.23±16.70. Physical examination showed that 



 

most participants had pallor. In terms of biochemical profile, the study population is 

having iron deficiency anemia and the high levels of serum ferritin may indicate iron 

overload or chronic inflammation including Tuberculosis. The low transferrin 

saturation level may be due to iron deficiency or other factors such as chronic disease 

or inflammation. The high serum CRP level further supports the presence of TB in the 

body. The sample is heavily skewed towards males, representing 71% of the total, and 

the mean age is slightly higher than the median. The study population had 30% AFB 

and 70% CBNAAT for TB. 

CONCLUSION: 

This study in tertiary care hospital in India assessed the hematological and 

biochemical profile of 100 patients with pulmonary tuberculosis India using the 

Bandim TB score system and found significant abnormalities in their hematological 

and biochemical parameters. 

KEY WORDS: Tuberculosis, Bandim Score, Hematological, Biochemical profile, 

Anemia 
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INTRODUCTION 

Tuberculosis (TB) is a communicable disease that is a major cause of ill health 

and also it is one of the leading causes of death worldwide. Until the COVID-19 

pandemic, TB was the leading cause of death from a single infectious agent. TB is 

caused by the bacillus Mycobacterium tuberculosis, which is spread mainly when 

people who are sick with TB expel bacteria into the air through coughing. Around a 

quarter of the global population is estimated to have been infected with TB bacilli. Of 

the total number of people who develop TB every year, about 90% are adults, with 

more cases being reported among men than women. The disease commonly affects 

the lungs (pulmonary TB) but can affect other sites as well.
1 

 Globally, an estimated 10.6 million people fell ill with TB in 2021, an increase 

of 4.5% from 10.1 million in 2020. The TB incidence rate (new cases per 100 000 

population per year) rose by 3.6% between 2020 and 2021, reversing declines of 

about 2% per year for most of the previous two decades. The estimated number of 

deaths from TB also increased between 2019 and 2021, thereby reversing years of 

decline between 2005 and 2019. In 2021, there were an estimated 1.4 million deaths 

among HIV-negative people and 0.2 million deaths among HIV-positive people, 

leading to a combined total of 1.6 million.
1 

 Iron is required for many vital functions including transport of oxygen and 

energy metabolism. About three forth of total body iron is present in heme associated 

with haemoglobin, myoglobin and cytochromes, while nonheme iron is stored either 

in tissues or transported in the circulation bound to the serum protein transferrin. Low 

level of body iron results in iron deficient anaemia, impaired motor activity and poor 

brain development. Whereas, high iron stores promote oxidative stress triggering 

inflammatory responses and cellular injury that may eventually leads to cell damage 
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and death. Therefore, the body has developed protective mechanisms to maintain 

optimal iron concentration.
2 

 Iron metabolism is linked intrinsically to innate immunity by regulation of 

iron availability to pathogens. Epidemiological evidences indicate that iron stores are 

associated with disease susceptibility and inflammatory responses. High iron status is 

related to many infectious diseases and inflammatory responses. Iron administration is 

found to increase mycobacterial growth resulting in increased morbidity and 

mortality. On the other hand, iron deficiency appears to provide a protective 

mechanism from infection by limiting iron utilization and by improving the 

inflammatory condition.
2
  

Iron is an essential micronutrient for both humans and pathogenic microbe. 

Mycobacterium tuberculosis bacilli requires iron for survival and competes with the 

host for the same iron pool. It releases siderophores, namely exochelins, which have a 

high affinity for iron and can remove it from the host’s iron-binding molecules.
3
 

Mycobacterial tuberculosis (MTB) disrupts phagolysosomal maturation, an iron-

dependent process critical for pathogen survival and utilize several mechanisms to 

obtain host iron. Radiolabelling studies demonstrated that MTB acquires iron either 

from transferrin as it cycles through the endocytic pathway or from cytoplasmic iron 

stores.
4
 In the context of infection, iron’s limited availability within the human body 

and its physiological importance to both hosts and microbes make it a valuable 

commodity. Many microbes depend on iron acquired from the host and host in 

response, use their complex system of iron regulation to modify their iron metabolism 

and restrict iron availability. Evidence links iron with Pulmonary TB pathogenesis 

both from the perspective of the pathogen and the host. Upon infection, host immune 

recognition of MTB induces a proinflammatory reaction that restricts iron access. 



Introduction 

3 

Most strikingly, a pattern of altered host iron status characterized by high ferritin, low 

transferrin, and low haemoglobin has been identified as a risk factor for progression to 

Pulmonary tuberculosis.
5
 Targeting iron metabolism has the potential to directly 

inhibit the growth of MTB, by interfering with MTB specific iron pathways and its 

survival mechanisms. Restricting iron availability in host immune cells may also 

serve to fight MTB infection by stabilizing HIF1a to enhance important inflammatory 

and metabolic processes central to eradicating the infection. 

 Studies had documented high prevalence of anaemia in TB patients and there 

is also evidence to suggest that anaemia in TB increases the risk of death. With very 

few studies being documented on Iron metabolism in Pulmonary Tuberculosis 

patients in India, an attempt is made through this study to examine the iron levels in 

Pulmonary Tuberculosis patients and its association with the disease severity. 
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OBJECTIVES OF THE STUDY 

Primary objective:  

 To assess the serum iron parameters in patients with pulmonary tuberculosis.  

Secondary objective:  

 To estimate the association between iron levels and disease severity. 
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REVIEW OF LITERATURE 

TUBERCULOSIS 

History of tuberculosis 

Tuberculosis is a disease which has been in existence through the ages. It 

continues to intimidate the human race since time immemorial due to its effects on 

human body and also by its impact on social and economic condition of people. There 

have been references to this in the Vedas, where it was known as rajayakshma (the 

king of diseases). There is evidence to show that it was prevalent even in the 

prehistoric times in the neolithic and Paleolithic era. Sushrutha also described the 

disease and found that it was difficult to treat and his treatment was mainly based on 

hygiene and diet. Hippocrates [460-377 B.C.] gave a detailed account of the clinical 

features of respiratory and spinal tuberculosis.
6
  

 Over the centuries, Tuberculosis was known by many names, including 

psithisis pulmonaris, white plague, and consumption. The name consumption was said 

to be derived from the fact that the infection seems to “consume” the patient. Oliver 

Wendell Holmes called the disease as white plague. Sylvius de la Boe, A Dutch 

scientist provided the first pathological and anatomical descriptions of the disease in 

1679 by identifying tubercles as a consistent and characteristic pathologic 

manifestation in the lungs of patients with tuberculosis.
7
  

 Girolamo Fracastoro (1476-1553) was the first to suggest that an invisible 

microorganism as a causative agent of tuberculosis. Later Benjamin Marten in 1720 

speculated that tuberculosis was due to “animacula”, microscopic living beings able to 

survive in a new body, as was theorized by Anton van Leuwenhoek (1632-1723). In 

1868, Villemin demonstrated the transmissible nature of tuberculosis by inoculating 

tuberculous material into rabbits and guinea pigs and he also recognised that 
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tuberculous lymphadenitis and pulmonary tuberculosis were manifestations of the 

same disease process.
8 

 The causative agent of tuberculosis was discovered in 1882 by Robert Koch. 

He also in the same year published an article titled “The Etiology of Tuberculosis”. 

Koch’s postulates also became the basics for the study of all infectious disease. He 

had observed that the bacillus in association with all cases of disease, had grown the 

organism outside the host, and had reproduced the disease in a susceptible host.
9
  

 Diagnosis of tuberculosis was supported mainly by the discovery of acid-fast 

nature of bacillus by Paul Ehrlich in 1882. In 1885, Avian bacillus was recognized by 

Nocard. Robert Koch in 1890, discovered tuberculin, a substance derived from 

tubercle bacilli, but it turned out to be ineffective in arresting development of bacteria. 

Tuberculin was later proved to be a useful diagnostic tool. Robert Koch was awarded 

Nobel Prize in medicine in 1905 for his contribution to tuberculosis. In 1898, 

Theobald smith differentiated bovine and human tubercle bacilli, which further lead to 

the identification of Non-Tuberculous Mycobacteria. During 1907-1908, Von Pirquet 

and Mantoux developed the tuberculin skin test, which was once a useful diagnostic 

tool. In 1931, Seibert prepared a purified protein derivative of tuberculin. Robert 

Koch also cultivated tubercle bacilli on inspissated serum and stained it with alkaline 

methylene blue for 24 hours. Later this staining technique was improved by Ehrlich 

by using carbol fuchsin and this was subsequently modified by Ziehl Neelsen, which 

is used widely today.
10

  

 The first significant step in the treatment of the disease was the sanitorium 

therapy which was suggested by George Bodington. In 1921, BCG vaccination was 

introduced as a preventive measure. Streptomycin was the first specific drug to deal 
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with tuberculosis which was discovered in 1944 by Selman Waksman. This was 

followed by other drugs.
11

  

Aetiological agent 

Mycobacteria belong to the family mycobacteriaceae and belonging to 

M.tuberculosis complex which comprises eight subgroups. Mycobacterium 

tuberculosis is the most common agent of human disease. It is a rod shaped, non-spore 

forming, aerobic bacterium measuring about 0.5 to 3 micrometres. It is acid fast 

because of presence of Mycolic acid in its cell wall. In its cell wall, lipids are linked 

to underlying arabinogalactan and peptidoglycan. This structure results in very low 

permeability of the cell wall, thus reducing the effectiveness of most antibiotics.
12 

 

Risk factors for TB 

1. Exposure related: 

a) Bacillary load and sputum status of TB case: 

It has been shown through various epidemiological studies that smear positive 

cases are more infectious than smear negative cases.
13

  

b) Proximity to infectious case: 

 Close contacts of infectious TB cases including household contacts are at a 

higher risk of getting infected with Mycobacterium tuberculosis and the development 

of primary active tuberculosis.
14 

2.Factors related to the individual: 

a) Immunocompromised: 

 TB when associated with HIV has higher mortality and morbidity. Infection 

with HIV is the most potent immunosuppressive risk factor for developing active TB. 

TB coinfection also accelerates HIV replication.
15 
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b) Malnutrition: 

 Malnutrition increases the risk of TB because of impaired immune response to 

the disease-causing organism. Also, TB disease itself can lead to malnourishment.
16 

c) Diabetes: 

 Diabetes has also been shown to increase the risk of active TB. TB can cause 

glucose intolerance and worsen glycaemic control in cases with diabetes (20). Poor 

glycemic control is found to be a significant challenge in treatment of TB.
17 

d) Young age: 

 Children are at higher risk of contracting TB infection.
18 

3. Socio economic and behavioural 

a) Smoking and Alcohol: 

 Smoking and alcohol consumption is also associated with an increased risk of 

developing TB disease.
19,20,21 

b) Poverty: 

 TB burden is found to be higher in countries with high poverty. The low 

socio-economic group is associated with an increased risk of developing active TB. It 

is primarily due to factors including malnutrition, indoor air pollution, alcohol, 

overcrowding and use of biomass fuels for cooking.
22,23 

c) Occupation:  

 Certain occupations Miners, Health care workers are at increase risk of 

developing TB.
24,25 

Burden of tuberculosis 

Global burden 

Worldwide an estimated 10.6 million people fell ill with TB in 2021, which 

was an increase of 4.5% from estimated 10.1 million in 2020, thereby reversing many 
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years of slow decline. Similarly, the TB incidence rate (new cases per 100 000 

population per year) is also estimated to have increased by 3.6% between 2020 and 

2021, following declines of about 2% per year for most of the past two decades. The 

major contributors to the global increase between 2020 and 2021 were India, 

Indonesia and the Philippines. Together, TB incidence rose by about 0.4 million in 

these three countries. Worldwide, the TB incidence rate is estimated to have fallen by 

30% between 2000 and 2020.
1 

 At regional level, the TB incidence rate increased between 2020 and 2021 in 

five of the six WHO regions with an exception of WHO African Region, 

Geographically, in 2021, most people who developed TB were in the WHO regions of 

South-East Asia (45%), Africa (23%) followed by Western Pacific (18%). In the 

Eastern Mediterranean (8.1%), the Americas (2.9%) and Europe (2.2%) developed 

TB.  Overall, 30 high TB burden countries accounted for 87% of all estimated 

incident cases worldwide, and eight of these countries namely India (28%), Indonesia 

(9.2%), China (7.4%), the Philippines (7.0%), Pakistan (5.8%), Nigeria (4.4%), 

Bangladesh (3.6%) and the Democratic Republic of the Congo (2.9%) accounted for 

more than two thirds of the global total incident cases.
1
   

TB Burden in India 

 The estimated incidence of all forms of TB in India for the year 2020 was 188 

per 100,000 population. The total number of incident TB cases (new & relapse) 

notified during the year 2021 was 19,33,381 which was 19% higher than cases 

notified in the year of 2020 (16,28,161).  

 The estimated number of Multi Drug Resistant (MDR) and Extensively Drug 

Resistant (XDR) TB cases to have been put on treatment as per the global TB report 

2021 was 4 per 100,000 and 1 per 100,000 population, respectively. 
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 During the Covid pandemic, a significant reduction was observed in the total 

number of Drug Resistant -TB patients started on treatment as compared to 2019. In 

2020 and 2021, there was a reduction of 14% and 9% in the number MDR patients 

put on treatment as compared to the estimated numbers. Similarly, reductions were 

also seen in the number of XDR-TB patients being started on treatment in 2020 and 

2021 as compared to the previous years. 

 The estimated mortality rate among all forms of TB was 37 per 100,000 

population in 2020, according to the Global TB Report 2021. There has been an 

increase in the mortality rate due to all forms of TB between 2019 and 2020 by 11-

13%.
26

  

 A systematic review done in 2020 estimating the direct and indirect patient 

costs of drug-sensitive and drug-resistant TB care in India reported that 7 to 32 

percent of among Drug Sensitive TB patients and 68% of Drug Resistant TB are 

experiencing catastrophic costs for TB care in India.
27

  

Pathogenesis 

 Once the Mycobacterium tuberculosis bacilli are inhaled, majority are trapped 

in the upper airways and few bacilli reach the alveoli where, the bacilli are 

phagocytized by alveolar macrophages, which then invade the underlying epithelium. 

Inside the alveoli, mannose binding lectin and CR3 helps in the entry of 

Mycobacterium tuberculosis into the alveolar macrophages. The monocytes from 

adjacent blood vessels leads to the formation of granuloma, as the immune system 

attempts to ward off the disease. Granuloma are defined as a focal, compact collection 

of inflammatory cells in which is predominated by mononuclear cells. They are 

produced by persistent non-degradable products or organism, or the result of 

hypersensitivity or both. Within these granulomas, a core of infected macrophages is 
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surrounded by foamy macrophages, monocytes and lymphocytes. This results in 

formation of a fibrous capsule with increased foamy macrophages, which are 

presumed to create the typical caseous debris in the centre of the granuloma.  

Although it appears contained immunologically, the caseous centre tends to liquefy 

and cavitate as a result it empties thousands of Mycobacterium TB bacteria into the 

airway. Infected macrophages can be carried by the lymphatics to the lungs, lymph 

nodes, kidneys, epiphyses of the long bones, and other areas of the body.
 28,29

 

 

Clinical manifestations
30 

 

Constitutional symptoms
 

1. Anorexia 

2. Low grade fever 

3. Night sweats 

4. Fatigue 

5. Weight loss 

Pulmonary symptoms 

1. Dyspnoea 

2. Non resolving bronchopneumonia 

3. Chest tightness 

4. Non-productive cough 

5. Mucopurulent sputum with haemoptysis 

6. Chest Pain 

Diagnosis 

Bacteriological examination of clinical specimen like sputum, urine and 

cerebrospinal fluid has critical diagnostic importance. The specimens should be tested 
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in a laboratory that specializes in testing for M. tuberculosis.
31

 The Diagnostic tests 

for M. tuberculosis include
 

AFB microscopy 

Examination of smears is a rapid, convenient and inexpensive test. Positive 

AFB smear results provide a first indication of mycobacterial infection and potential 

TB disease. It can be accompanied by additional testing including culture for 

confirmatory diagnosis. The traditional method is microscopic examination of 

specimens stained with Ziehl-Neelson (ZN) basic fuchsin dyes. It requires heat during 

staining and higher magnification. 

 Fluorescence Staining Techniques such as Auramine staining allows to read at 

lower magnification, while examining less fields. It allows Faster screening of smears 

than with ZN staining.
32 

 Sputum microscopy cannot distinguish viable from non-viable organisms. It 

also cannot differentiate mycobacterial species. Sensitivity of AFB smear is reduced 

in advanced HIV and extra-pulmonary Tuberculosis.
33 

NAAT (Nucleic Acid Amplication Technology) 

 This is the most important test to confirm tuberculosis in persons with AFB 

positive specimens. Real time NAAT is called as Xpert MTB/RIF assay. It is a PCR 

based TB diagnostic test. It is used to diagnose tuberculosis & rifampicin resistance in 

less than 2 hours’ time. It is a fully automated test which has high specificity & 

sensitivity to diagnose tuberculosis. WHO recommends it to be used as the initial 

diagnostic test in adults and children presumed to have MDR-TB or HIV associated 

TB. It has 98% sensitivity among AFB positive cases and 70% among AFB negative 

specimens.
34 
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Mycobacterial culture 

 This is one of the definitive diagnostic methods to isolate and identify M. TB. 

The disadvantage of this test is taking longer time and expensive and involves 

complex procedure. Sputum culture can identify mycobacterial species and drug 

resistance pattern. Different culture methods include Lowenstein Jensen medium 

which is egg based, Middlebrook 7H10 or 7H11 which is agar based and Middlebrook 

7H12 and other commercially available broths.
35 

Line Probe Assay (LPA) 

 Line probe assay is a DNA strip test. It uses PCR and reverse hybridization 

methods. It can diagnose MDR TB directly from smear positive sputum samples, 

providing results in just 5 hours.
36

  

Treatment of pulmonary tuberculosis 

 The aims of TB treatment are  

(1) To prevent morbidity and mortality by curing TB while preventing the 

emergence of drug resistance 

(2) To interrupt the transmission to others by rendering the patients non-

infectious. 

Regimen 

The treatment regimen of choice for all forms of drug susceptible TB in adults 

consists of a 2 month of initial (intensive) phase consisting of isoniazid, rifampicin, 

pyrazinamide, and ethambutol followed by a 4 month continuation phase of isoniazid, 

rifampicin and ethambutol. This regimen can cure TB in >90% of patients. WHO now 

recommends that TB treatment to be used in all cases be administered daily. The use 

of fixed-dose combination tablets is recommended over separate drug formulations in 

treatment of patients with drug-susceptible TB.
37 
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In patients who require TB retreatment, the category II regimen should no 

longer be prescribed and drug susceptibility testing should be conducted to inform the 

choice of treatment regimen.
38 

Epidemiological indices: 

These are used for 

− To measure the tuberculosis problem in a community 

− For planning and evaluation of control measures. 

− For international comparison.  

1. Incidence: the number of new and recurrent (relapse) episodes of TB (all 

forms) occurring in a given year.  

2. Prevalence: the number of TB cases (all forms) at a given point in time. It is 

the best available practical index to estimate the case load in a community. 

The age-specific prevalence of patients is considered the most relevant index. 

3. Mortality from TB: the number of deaths caused by TB in HIV-negative 

people, according to ICD 

4. The case fatality rate: The risk of death from TB among people with active 

TB disease. 

5. The case notification rate: New and recurrent episodes of TB notified to 

WHO for a given year, expressed per 100,000 population.  

6. Case detection rate: The case detection rate is calculated as the number of 

notifications of new and relapse cases in a year divided by the estimated 

incidence of such cases in the same year. 

7. Prevalence of drug-resistant cases: It is the prevalence of patient excreting 

tubercle bacilli resistant to anti-tuberculosis drugs. 
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Revised (2013) definitions of tuberculosis cases and treatment 
39 

Presumptive case: Presumptive TB refers to a patient who presents with symptoms 

or signs suggestive of TB. 

A. Case definitions 

a. A bacteriologically confirmed TB case is one from whom a biological specimen 

is positive by smear microscopy, culture or WRD (such as Xpert MTB/RIF).  

b. A clinically diagnosed TB case is one who does not fulfil the criteria for 

bacteriological confirmation but has been diagnosed with active TB by a clinician or 

other medical practitioner who has decided to give the patient a full course of TB 

treatment. This definition includes cases diagnosed on the basis of X-ray 

abnormalities or suggestive histology and extrapulmonary cases without laboratory 

confirmation. 

Clinically diagnosed cases subsequently found to be bacteriologically positive 

(before or after starting treatment) should be reclassified as bacteriologically 

confirmed. 

Bacteriologically confirmed or clinically diagnosed cases of TB are classified 

according to: 

1. Anatomical site of disease 

2. History of previous treatment 

3. Drug resistance 

4. HIV status. 

1. Classification based on anatomical site of disease 

a. Pulmonary tuberculosis (PTB): TB involving the lung parenchyma or the 

tracheobronchial tree.  
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b. Extrapulmonary tuberculosis (EPTB): TB involving organs other than the lungs. 

This includes TB of pleura, lymph nodes, abdomen, genitourinary tract, skin, joints 

and bones, meninges. 

2. Classification based on history of previous TB treatment  

New patients: Patients who have never been treated for TB or have taken anti-TB 

drugs for less than 1 month. 

Previously treated patients: Patients who received 1 month or more of anti-TB 

drugs in the past. They are further classified by the outcome of their most recent 

course of treatment as follows: 

a. Relapse patients: are those who have previously been treated for TB, were 

declared cured or treatment completed at the end of their most recent course 

of treatment, and are now diagnosed with a recurrent episode of TB 

b. Treatment after failure patients: are those who have previously been treated 

for TB and whose treatment failed at the end of their most recent course of 

treatment. 

c. Treatment after loss to follow up patients: are those who have previously 

been treated for TB and were declared lost to follow-up at the end of their 

most recent course of treatment. 

d. Other previously treated patients: are those who have previously been 

treated for TB but whose outcome after their most recent course of treatment 

is unknown or undocumented. 

e. Patients with unknown previous TB treatment history do not fit into any of 

the categories listed above. 
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3. Classification based on drug resistance 

a. Monoresistance: resistance to one first-line anti-TB drug only. 

b. Polydrug resistance: resistance to more than one first line anti-TB drug 

(other than both isoniazid and rifampicin). 

c. Multidrug resistance: resistance to at least both isoniazid and rifampicin. 

d. Extensive drug resistance: resistance to any fluoroquinolone and at least one 

of three second-line injectable drugs (capreomycin, kanamycin and 

amikacin), in addition to multidrug resistance. 

e. Rifampicin resistance: resistance to rifampicin detected using phenotypic 

or genotypic methods, with or without resistance to other anti-TB drugs. It 

includes any resistance to rifampicin, whether monoresistance, multidrug 

resistance, polydrug resistance or extensive drug resistance. 

4. Classification based on HIV status 

a. HIV-positive TB patient 

b. HIV-negative TB patient 

c. HIV status unknown TB patient 

 

IRON METABOLISM 

Iron is the second most abundant metal on earth’s crust and an essential 

micronutrient in the human body.
40

 It plays important roles in oxygen transport, 

regulation of cell growth and differentiation, mitochondrial respiration, DNA 

synthesis and various other metabolic processes.
41

 Both iron deficiency as well as 

excess of iron in the human body is can have adverse effects.
42 

 Free iron is highly reactive and can exist in two redox states i.e., Fe⁺⁺ and 

Fe⁺⁺⁺. This property of iron is useful in biochemical reactions, to be able to donate or 

accept electrons.
43

 In the human body, the chemical reactivity of iron is directed and 
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constrained by proteins and prosthetic groups association with iron.
44

 All circulating 

iron is bound to transferrin. This chelation property renders the iron soluble and 

prevents iron-mediated free radical toxicity.
45

 Iron is toxic if it is present in its free 

form as free iron has the ability to catalyze the formation of harmful oxygen free 

radicals, via the Fenton reaction and Haber Weiss reaction, which may cause cellular 

and tissue damage.
46

 Hence, iron levels in the body need to be highly regulated.  

Iron acquisition and distribution: 

The total body iron content of a normal individual varies from 3 to 5 g in the 

adult and in the new born infant it is 0.5g. An average of 0.8 mg of iron must be 

absorbed each day during the first 15 year of life. More over loss of iron from 

shedding of mucosal cells is to be compensated by intake of further smaller amount. 

Absorption of dietary iron is assumed to be about 10%. For optimal nutrition, diet 

containing 8-10 mg of iron daily is necessary. It varies depending on the sex and 

weight of the individual. Iron increases roughly in proportion to body weight.
47,48,49

 

Distribution of iron 

I. Haemoglobin 

Haemoglobin contains around 2 gm of body iron in men and 1.5 gm in 

women. 1 ml of packed red cells contains around 1mg of iron. As the life span of red 

cells is 120 days, daily 1/120 of the iron in haemoglobin is recycled by macrophages 

and they are returned to the plasma. Iron from plasma they are delivered mostly to 

marrow erythroblasts for incorporation into newly synthesized haemoglobin.
50

 

II. Storage compartment 

The storage form of iron is ferritin and hemosiderin. Ferritin is water soluble 

and hemosiderin is water insoluble.
51 
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Ferritin 

 It is the predominant form in the hepatocytes whereas hemosiderin is mainly 

seen in reticuloendothelial cells. Although normally not visible microscopically it is 

seen as bluish granules in tissues stained by prussian blue reaction. Ferritin is made of 

apoferritin and trivalent iron. Iso ferritins are isomers of ferritins with varying 

proportions of acidic and basic subunits. Heart and red cell ferritin contain acidic (H 

subunit). Liver, spleen and serum ferritin are L-subunit rich.
52 

 There is a direct correlation between amount of iron stored and serum ferritin. 

Based on this finding serum ferritin can be used for the diagnosis of iron deficiency 

and also iron overload. As there is a nonspecific increase in levels of serum ferritin in 

inflammatory conditions, neoplastic disorders and liver pathologies. Hence serum 

ferritin is also an acute phase reactant.
53 

Hemosiderin 

 It is present abundantly in macrophages. This insoluble form of storage iron 

represents aging of ferritin molecule with partial denaturation of apoferritin and 

increase in iron content. In unstained tissues it appears as golden yellow granules and 

it appears as blue granules in potassium ferrocyanide method. Observation of amount 

of hemosiderin in bone marrow is an important method of assessing body iron 

stores.
54 
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III. Myoglobin 

 Myoglobin is present in all skeletal and cardiac muscles in small amounts. It 

serves as an oxygen reservoir. It also protects the cells from hypoxic injury and 

scavenges nitric oxide and reactive oxygen species.
55 

IV. Labile iron pool 

 It represents iron in the interstitial compartment before getting incorporated 

into heme or storage compounds. Some of the iron re-enters the plasma. Normally, the 

labile iron pool is <70 to 90 mg.
56 

V. Tissue-iron compartment 

 This amounts to 6 - 8 mg approximately. Cytochromes and other enzymes 

containing iron constitute tissue iron. It is one of the critical parts of the iron 

compartments.
57 

VI. Transport compartment 

 It is the smallest, normally around 3 mg, but very active part of the iron 

compartments. This part of iron is almost entirely carried by transferrin. Transferrin 

turns over more than 10 times per day. This transports iron between various 

compartments.
58 

Transferrin 

 Transferrin is a glycoprotein with two globular domains with binding clefts for 

Fe3+. Human plasma contains 200 to 360 mg/dl of transferrin, capable of binding 250 

to 480 mcg/dl of iron, but carrying only 50 to 180 mcg/dl of iron. Transferrin is 

derived from apotrasferrin, which is devoid of iron, in hepatocytes and the cells of 

monocyte macrophage system. 

 

The function of transferrin are as follows: 

1. Iron is rendered soluble under physiologic conditions. 
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2. Prevention of iron mediated free radical toxicity. 

3. Transport of iron into the cells. 

Transferrin act as the most important physiologic transporter of iron into the 

cells to most parts of the body. The liver acts as the major site of synthesis and 

secretion of transferrin. Other sites include Sertoli cells of testis, oligodendrocytes of 

the central nervous system, lymphocytes, muscle cells and mammary cells. Since 

serum transferrin cannot cross the blood brain barrier, some amount of local synthesis 

in these tissues provides transferrin to these organs for iron transport. 

The sum total of all iron binding sites on transferrin constitutes the total iron binding 

capacity (TIBC) of plasma. As each transferrin molecule can bind two iron atoms, the 

TIBC is twice the concentration of transferrin on a molar basis. In general, only one 

third of transferrin is filled with iron.
59 

Absorption of iron 

Iron is absorbed in the duodenum. The first part of the duodenum shows 

highest expression of the proteins involved in the iron absorption.  Humans have at 

least two distinct pathways for iron absorption: one for uptake of heme iron and 

another for ferrous iron. Heme iron is derived from hemoglobin, myoglobin, and also 

other heme proteins in foods of animal origin.  Exposure to acid and proteases present 

in gastric juices helps to release the heme from its apoprotein. Heme is then taken up 

by mucosal cells. Once heme iron has entered the cell, the heme oxygenase 

enzymatically cleaves the porphyrin ring. The liberated iron then follows the same 

pathways as those used by nonheme iron. A small proportion of the heme iron may 

pass into the plasma intact via heme exporter protein FLVCR (feline leukemia virus, 

subgroup C receptor), which transfers heme onto a heme-binding protein, hemopexin. 

Absorption of heme iron is relatively not affected by the overall composition of the 
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diet. Dietary non-heme iron is largely seen in the form of ferric hydroxide or loosely 

bound to organic molecules such as phytates, oxalate, sugars, citrate, lactate, and 

amino acids. Low gastric pH is thought be important for the solubility of inorganic 

iron. Dietary constituents also have profound effects on the absorption of non-heme 

iron, thus making the bioavailability of food iron highly variable. Ascorbate, keto 

sugars, organic acids, and amino acids enhance inorganic iron absorption, whereas 

phytates, polyphenols, and calcium inhibit its absorption.
60,61,62 

Iron cycle: 

Iron after absorption is bound to transferrin and is moved to erythroblasts of 

the marrow. In the marrow, iron is released from the transferrin and incorporated into 

haemoglobin. The mature erythrocytes are then released in to the circulation. After 

around 120 days, the aged erythrocytes are phagocytosed by the macrophages in the 

reticulo-endothelial system where the iron is extracted from the hemoglobin and 

returned to plasma. Here it binds to transferrin again completing the cycle. With each 

cycle, a small proportion of iron is transferred to storage sites and stored as 

hemosiderin or ferritin.
63 

Intracellular transport of iron: 

The greatest iron content of the body is found in the erythroid precursor cells 

making about 60 to 80% of the total body iron. Around 0.1 % of total body iron 

circulates in the plasma as an exchangeable pool.
64

  

Iron excretion 

 Our body conserves iron effectively. Only about 10% of the total is lost per 

year by normal individuals. Two thirds of this iron is excreted from the alimentary 

tract as extravasated red cells, iron content in bile, and from the turnover of intestinal 

mucosal cells.  In women, menstruation can lead to negative iron balance. Average 
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total iron loss per day in men is 1mg, whereas in menstruating women it is 2mg. 

During iron overload states daily loss can be as high as 4mg. The remaining one third 

loss of iron is accounted for by small amounts of iron in desquamated skin and in the 

urine. Physiological losses of iron in humans vary over a narrow range between 0.5 

mg in the iron-deficient individual and 1.5-2 mg per day if excessive iron is 

consumed.
65 

Studies related to iron metabolism in patients with pulmonary tuberculosis 

Isanaka S et al., in their study in Tanzania found that there was no evidence of an 

association between anemia (with or without iron deficiency) or iron deficiency 

without anemia at baseline and the risk of treatment failure at 1 month after initiation. 

Anemia without iron deficiency was associated with an independent, 4-fold increased 

risk of TB recurrence. Iron deficiency and anemia (with and without iron deficiency) 

were associated with up to 3 fold independent increase in the risk of death. Study 

concluded that efforts to identify and address the conditions contributing to TB 

associated anemia, including iron deficiency, could play an important role in reducing 

morbidity and mortality in areas heavily affected by TB.
66 

Lou Y et al., in their study conducted in China among participants with active 

tuberculosis (ATB) and latent tuberculosis infection (LTBI) observed that all iron 

metabolism biomarkers in the ATB group were significantly different from those in 

the LTBI group. Specifically, serum ferritin and soluble transferrin receptor in ATB 

were significantly higher than LTBI. On the contrary, serum iron, transferrin, total 

iron binding capacity, and unsaturated iron binding capacity in ATB were 

significantly lower than LTBI. The combination of iron metabolism indicators 

accurately predicted 60.00% of ATB cases and 91.09% of LTBI subjects, 

respectively.
67
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Borodulina EA et al., in their case-control study conducted on 42 HIV patients with 

tuberculosis and 44 control subjects consisting of HIV patients with pneumonia, 

found out that there were significant differences between cases and controls in terms 

of iron metabolism. Hepcidin and hemoglobin levels were statistically significantly 

higher (p <0·001), whereas iron concentration was lower (p=0·0002) in patients with 

tuberculosis (cases).
68 

Dai Y et al., in their study investigated biomarkers of iron homeostasis, including 

serum iron, ferritin and transferrin in patients with TB, latent TB infection (LTBI), 

cured TB (RxTB), pneumonia (PN) and healthy controls (HCs) and found that the 

levels of all three biomarkers differed significantly between those with definite TB 

and controls. Specifically, the serum iron and transferrin levels were significantly 

lower in those with definite TB compared with those with HC, LTBI, RxTB and PN, 

and the ferritin levels were significantly higher in those with definite TB compared 

with those with HC, LTBI and RxTB but lower than those with PN. They also found 

that it was possible to apply serum iron and transferrin individually to distinguish TB 

from HC, LTBI and RxTB. HRCT and AFB results of the patients with TB 

unexpectedly showed significantly higher ferritin and lower transferrin levels in those 

with severe lung damage than those with TB with only mild or moderate lung 

damage. When comparing the rare AFB density, they found that higher ferritin and 

lower transferrin levels were significantly associated with a higher AFB score (4+). 

They also observed that following TB treatment for 1 month, all three iron markers 

returned to normal. From their findings they suggested that the serum levels of the 

three iron homeostasis biomarkers (serum iron, ferritin and transferrin) may be useful 

for the diagnosis of TB.
69 
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Nizamani P, et al., in their study to estimate association among essential trace 

elements in human biological samples of smoking and non-smoking pulmonary 

tuberculosis patients among residents of Hyderabad, Pakistan in 2019, found that the 

Fe concentrations in scalp hair, blood, serum, sputum, saliva and nasal fluid samples 

of male non-smoker and smoker TB patients was found to be lower. An increase in 

Cu and decrease of Fe and Zn concentrations were observed in the biological samples 

of pulmonary TB patients of both genders. they concluded that Zn and Fe deficiency 

combined with high contact of copper due to smoking of tobacco can be synergistic 

with the risk factors related with pulmonary tuberculosis.
70 

Barzegari S et al, in their systematic review and meta-analysis on prevalence of 

anemia among patients with tuberculosis, concluded that prevalence of anemia among 

TB patients was high especially among women and more than 43% of these patients 

suffered from moderate and severe anemia and about half of them had chronic disease 

anemia.
71 

Akpan PA et al., in their study to assess iron parameters and serum protein levels of 

tuberculosis patients in Nigeria observed that packed cell volume, haemoglobin 

concentration, serum iron, total iron binding capacity, transferrin saturation, albumin 

levels and albumin-globulin ratio of tuberculosis patients was significantly lower 

while serum ferritin and globulin were significantly increased as compared with 

control values. They also found that serum ferritin improved among tuberculosis 

patients as anti-tuberculosis therapy progressed.
72 

Miranda P et al., in their study to test if circulating levels of C-reactive protein 

(CRP) and ferritin reflect mycobacterial loads and inflammation in pulmonary TB 

(PTB) patients undergoing anti-tuberculous therapy (ATT), it was found that 

circulating levels of both ferritin and CRP gradually decreased over time on ATT. 
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They also observed that patients who remained with positive cultures at day 60 of 

ATT exhibited higher levels of these inflammatory markers compared to those with 

negative cultures.
73 

Taha DA et al., in their study on antioxidant Status, C-Reactive Protein (CRP) and 

Iron Status in Patients with Pulmonary Tuberculosis found that after two months of 

drug therapy, there was a significant reduction in the levels of CRP and ferritin along 

with significant increase in serum iron and transferring saturation percentage with an 

insignificant effect on the total iron binding capacity in comparison with the patient’s 

pre-therapy values.
74 

In a study done by Mishra S et al., on iron metabolism in pulmonary 

tuberculosis patients in 2018 in Jaipur, it was found that Hemostatic mechanism was 

altered in Pulmonary TB. Iron and its metabolites especially transferrin and ferritin 

correlated to disease severity and sputum positivity. Serum Protein, Albumin, Iron, 

Transferrin and Transferrin Saturation were significantly decreased in PTB patients 

than controls. Both Ferritin and CRP were significantly higher in PTB patients than 

controls due to their nonspecific rise in inflammation. Significant correlation of 

Ferritin and CRP with disease severity and with Sputum positivity suggest their 

potential in severity assessment. It was also observed that sequestration of Iron in the 

form of Ferritin makes Fe non available to MTB and thus limits its growth and 

multiplication. Transferrin was also found to be correlated negatively and strongly to 

Disease severity.
75 

Sharma C et al., in their study conducted in Jammu and Kashmir during 2019 among 

100 adult patients diagnosed with pulmonary TB (PTB) and 74 healthy, age matched 

individuals as controls found that mean serum protein and mean serum albumin, 

which was 6.32±0.78 g/dl and 3.45±0.52 g/dl among PTB patients, varied 
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significantly among healthy controls and stood at 7.82±0.72 g/dl and 4.65±0.61 g/dl, 

respectively, with p<0.05. Mean serum Fe (39.68±18.32 ug/dl) and mean hemoglobin 

level (9.36±1.52) was significantly lower as compared to controls. Serum TIBC, 

serum ferritin and serum CRP showed higher values among cases. Raised serum 

ferritin levels corresponded to the raised CRP and TB is seen causing significantly 

low levels of transferrin.
76 

Chhabra S et al., in their study to find anemia and nutritional status in patients with 

TB at a tertiary care centre observed that 87% patients had low TIBC levels, 2.3% 

patients had high TIBC levels, and 10.7% had normal TIBC levels. 74.8% patients 

had high ferritin levels, 22.9% patients had normal ferritin levels, and 2.3% patients 

had low ferritin levels. 91.3% patients had low level of serum albumin and 8.7% 

patients had normal albumin levels.
77 

Mathur RB et al., in their study to determine the serum level of biochemical 

parameters in pulmonary tuberculosis and its association with severity of disease 

found that serum ferritin, was significantly higher (P<0.001) whereas total protein, 

albumin was insignificant when the patients were compared with control group.
78 
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MATERIALS AND METHODS 

Study design: Hospital based cross sectional study  

Study participants (humans, animals or both): Patients coming to out patient 

department and patients admitted to SDM hospital ward.  

Inclusion criteria:  

Patients (both male and female) diagnosed with Pulmonary Tuberculosis (PTB) were 

recruited for the study.  

Exclusion criteria:  

Patients with Multidrug resistant-TB, extrapulmonary TB, those with 

significant renal, cardiac, respiratory diseases (other than PTB like lung cancer), 

neoplasm, diabetes, endocrine and genetic disorders were excluded from the study. 

HIV positive cases, pregnant and lactating women and those on oral nutritional 

supplements were excluded.  

Sampling population:  

 Pulmonary Tuberculosis positive patients attending SDM hospital, Dharwad.  

Sample size calculation:  

 According to a study done in Jaipur by Mishra Sandhya et al, standard 

deviation(SD) of serum iron levels in PTB patients was found to be 17.5. Hence with 

assumed Standard deviation 17.5, confidence interval of 95% and 7% precision, the 

sample size was calculated using the formula:  

n = 4(Z)
2
 X ( SD)

2
/d

2
 

where, z =relative deviate (at 95% confidence level) i.e. 1.96 

SD = Standard deviation = 17.5 

d = 7% margin of error ( precision) 

n = 4 x (1.96)
2
 x (17.5)

2
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7 x 7= 96. 

Therefore the sample size required for this study is 96. 

Sampling technique: Convenient sampling was applied. 

Study procedure: Pre-designed and pre-tested questionnaire was used to collect 

personal and sociodemographic data. General and systemic examination will be done. 

Assessment of Disease severity by “Bandim TB Score” system: It classifies PTB into 

different classes of severity. The score consists of five symptoms: cough, hemoptysis, 

dyspnea, chest pain, and night sweats followed by six signs: anemia, tachycardia 

(pulse >90/min), abnormalities in chest auscultation, fever, body mass index (BMI), 

and MUAC. [10] Severity Class I (for score 0-5) is least severe, Severity Class II (for 

score 6-7) is moderately severe and Severity Class III (for score 8-13) is most severe. 

Data collection methods including settings and periodicity: 

Study subjects were explained about the objectives of the study and written 

consent was obtained. Data was collected from 100 Adult patients (both male and 

female) diagnosed with Pulmonary Tuberculosis (PTB) for a period of one year. 

Detailed history of the patient on admission, detailed examination including cough, 

hemoptysis, dyspnoea, chest pain, night sweat, vitals and systemic examination will 

be recorded. Baseline hematological and biochemical parameters will be assessed. 

List of statistical tests used for data analysis: Statistical analysis was done using 

SPSS version 23.0. Descriptive statistics and Chi-square test was used to assess the 

association between two variables.  A p ≤ 0.05 was considered as statistically 

significant. 

Ethical Clearance: Ethical clearance was obtained from Institutional Ethics 

Committee of SDMCMSH, Dharwad. 
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RESULTS 

Table 1: General characteristics and Biochemical profile of study population (N=100) 

S. No. General Characteristics N(%) Mean± S.D 

1.  Total Participants 100(100)  

2.   Mean Age in years   49.23±16.70 

3.  Sex   

Males 71(71)  

Female 29(29)  

4.  General Physical Examination  

Pallor 69(69)  

Icterus 1(1)  

Pallor and Clubbing 11(11)  

Pallor and Cyanosis 2(2)  

Pallor and Icterus 2(2)  

Pallor and Lymphadenopathy 12(12)  

Pallor, Clubbing, Lymphadenopathy 3(3)  

5.  Systemic Examination  

Pulse Rate <60 bpm 5(5)  

60-100 bpm 75(75)  

>100 bpm 20(20)  

Blood Pressure Non hypertensive 96(96)  

Hppertensive 4(4)  

Respiratory 

system 

 

Bronchial breath Sounds 41(41)  

Crepitations 46(46)  

Crepitations and Bronchial 

breath Sounds 

11(11)  
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Crepitations and Rhonchi 2(2)  

6.  Sputum status AFB 30(30)  

CBNAAT 70(70)  

7.  Blood Sugar (mg/dl)  97.64±22.34 

8.  Serum Urea (mg/dl)  19.69±9.67 

9.  Serum Creatinine (mg/dl)  0.77±0.25 

10.  Serum Protein (g/dl)  6.31±.59 

11.  Serum Albumin  <3.5 g/dl 73(73)  

>3.5 g/dl 26(26)  

 

A total of 100 participants were included in the study. Table 1 presents the 

general characteristics and biochemical profile of the study population. The study 

included 100 participants, with 71 (71%) males and 29 (29%) females. The mean age 

of the participants was 49.23±16.70. 

 Regarding general physical examinations, 69 (69%) participants had pallor, 

while 1 (1%) had icterus, 11 (11%) had pallor and clubbing, 2 (2%) had pallor and 

cyanosis, 2 (2%) had pallor and icterus, and 12 (12%) had pallor and 

lymphadenopathy. Additionally, 3 (3%) participants had pallor, clubbing, and 

lymphadenopathy. 

 In terms of systemic examination, 5 (5%) participants had a pulse rate of less 

than 60 bpm, 75 (75%) had a pulse rate between 60-100 bpm, and 20 (20%) had a 

pulse rate greater than 100 bpm. Four (4%) participants were hypertensive, while 96 

(96%) were non-hypertensive. 

In the respiratory system examination, 41 (41%) participants had bronchial 

breath sounds, 46 (46%) had crepitations, 11 (11%) had crepitations and bronchial 

breath sounds, and 2 (2%) had crepitations and rhonchi. 
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 The sputum status of the participants revealed that 30 (30%) had AFB, while 

70 (70%) had CBNAAT. 

 In terms of biochemical profile, the mean blood sugar level was 97.64±22.34 

mg/dL, the mean serum urea level was 19.69±9.67 mg/dL, the mean serum creatinine 

level was 0.77±0.25 mg/dL, the mean serum protein level was 6.31±0.59 g/dL, and 73 

(73%) participants had serum albumin levels below 3.5 g/dL, while 26 (26%) had 

levels above 3.5 g/dL. 

 

Table 2: Iron profile and CRP level in Pulmonary Tuberculosis patients (N=100) 

S. No. Biochemical Parameters Mean± S.D 

1.  Haemoglobin (g/dl) 9.39±1.28 

2.  Serum Iron (µg/dl) 30.80±17.31 

3.  Serum TIBC (µg/dl) 163.16±66.67 

4.  Transferrin saturation (%) 21.65±14.21 

5.  Serum Ferritin (ng/ml) 652.92±525.22 

6.  Serum CRP (mg/l) 81.18±82.20 

 

The above table displays the mean and standard deviation values of various 

biochemical parameters measured in the study population. The findings show that the 

mean hemoglobin level was 9.39±1.28 g/dl, which is lower than the normal range. 

The mean serum iron level was 30.80±17.31 µg/dl, indicating a low level of iron in 

the blood. The mean serum TIBC level was 163.16±66.67 µg/dl, with a median value 

of 156.5 µg/dl and an interquartile range of 123.25-200 µg/dl, indicating normal to 

high levels of TIBC in the blood. The mean transferrin saturation level was 

21.65±14.21%, which is lower than the normal range. The mean serum ferritin level 

was 652.92±525.22 ng/ml, which is higher than the normal range. Finally, the mean 
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serum CRP level was 81.18±82.20 mg/l, indicating a high level of inflammation in the 

body. 

Overall, the findings suggest that the study population may have iron 

deficiency anemia, given the low levels of hemoglobin and serum iron. The high 

levels of serum ferritin may also indicate iron overload or chronic inflammation. The 

low transferrin saturation level may be due to iron deficiency or other factors such as 

chronic disease or inflammation. The high serum CRP level further supports the 

presence of inflammation in the body, which could be related to an underlying 

condition. Further diagnostic tests may be necessary to identify the underlying cause 

of these findings and provide appropriate treatment. 
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Table 3  : Demographic breakdown of the participants as per gender (N=100) 

Gender Frequency Percentage 

Female 29 29.0 

Male 71 71.0 

Total 100 100.0 

 

The table above provides information on the gender distribution of a sample of 

individuals. Of the 100 individuals in the sample, 71 (71.0%) were male and 29 

(29.0%) were female. The total number of individuals in the sample was 100. 

 The frequency distribution suggests that the sample is heavily skewed towards 

males, with over twice as many males as females in the sample. This may reflect the 

population from which the sample was drawn, or it may be an artifact of the sampling 

method. Regardless, the gender distribution can have important implications for any 

analyses or interpretations of the data. 

 Looking at the percentages, it is clear that males make up the majority of the 

sample, representing 71% of the total. Females, on the other hand, comprise only 29% 

of the sample. These percentages can be useful for making comparisons to other 

populations or for understanding the representativeness of the sample with respect to 

gender. 
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Figure 1: Gender  distribution of the study participants (N=100) 
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Table 4 :  Age wise distribution of study subjects (N=100) 

 Minimum Maximum Mean SD Median 

Age 17 89 49.51 16.626 48.50 

 

The table above provides descriptive statistics for age, including the minimum, 

maximum, mean, standard deviation, and median. The minimum age observed was 17 

years old, while the maximum age was 89 years old. The mean age for the sample was 

49.51 years old, with a standard deviation of 16.626. The median age, which 

represents the middle value when all ages are sorted in order, was 48.50 years old. 

Looking at the frequency distribution of ages, it appears that the sample is relatively 

evenly distributed across age groups. However, the mean age is slightly higher than 

the median, indicating that there may be a few older individuals in the sample that are 

pulling the mean up. The standard deviation suggests that there is some variability in 

the ages of the individuals in the sample, although it is not particularly high. 

Overall, the descriptive statistics presented in the table provide a good 

summary of the ages of individuals in the sample.  

Figure 2: Age-wise frequency distribution of the study participants (N=100) 
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Table 5: Test status of the study participants (N=100) 

Test Frequency Percentage 

AFB 30 30 

CBNAAT 70 70 

Total 100 100.0 

 

The table above provides information on two different diagnostic tests for a 

particular disease: AFB and CBNAAT. Of the 100 individuals in the sample, 70 

(70%) tested positive for the disease using the CBNAAT test, while 30 (30%) tested 

positive using the AFB test. The total number of individuals in the sample was 100. 

The frequency distribution indicates that the CBNAAT test was more sensitive 

than the AFB test, with 70 individuals testing positive using CBNAAT compared to 

only 30 individuals testing positive using AFB. This suggests that the CBNAAT test 

may be more effective for diagnosing the disease in question. 

 Looking at the percentages, it is clear that the CBNAAT test was more 

frequently positive in the sample, representing 70% of the total positive results. AFB, 

on the other hand, represented only 30% of the positive results. These percentages can 

be useful for understanding the relative performance of the two tests in the sample and 

for making comparisons to other populations or samples. 

Figure 3: Test status of the study participants (N=100) 
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Table 6 : Distributions of study subjects based on albumin levels (N=99) 

Albumin Frequency Percentage 

<3.5 73 73.0 

>3.5 26 26.0 

 

The table above provides information on the levels of albumin in a sample of 

individuals. Of the 100 individuals in the sample, 73 (73%) had albumin levels below 

3.5, while 26 (26%) had albumin levels above 3.5. No information is provided on the 

total number of individuals in the sample. 

 The frequency distribution suggests that the majority of individuals in the 

sample had low levels of albumin, with over three-quarters of the sample (73%) 

having levels below 3.5. This may reflect a particular health condition or disease that 

is affecting the individuals in the sample, or it may be an artifact of the sampling 

method. Without additional information on the characteristics of the sample or the 

context in which the albumin levels were measured, it is difficult to draw firm 

conclusions. 

 Looking at the percentages, it is clear that the majority of individuals in the 

sample had albumin levels below 3.5, representing 73% of the sample. Those with 

albumin levels above 3.5, on the other hand, represented only 26% of the sample. 

These percentages can be useful for making comparisons to other populations or for 

understanding the representativeness of the sample with respect to albumin levels. 
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Figure 4:  Albumin levels among the study participants (N=100) 

 

 

Table 7:  Distribution of study subjects based on pulse (N=100) 

Pulse Frequency Percentage 
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60-100 20 20 

>100 75 75 

Total 100 100.0 

 

The table above provides information on the pulse rates of a sample of 
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The total number of individuals in the sample was 100. 

 The frequency distribution indicates that the majority of individuals in the 
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particular health condition or disease that is affecting the individuals in the sample, or 

it may be an artifact of the sampling method. Without additional information on the 
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characteristics of the sample or the context in which the pulse rates were measured, it 

is difficult to draw firm conclusions. 

Looking at the percentages, it is clear that the majority of individuals in the 

sample had pulse rates above 100, representing 75% of the sample. Those with pulse 

rates between 60 and 100 represented 20% of the sample, while those with pulse rates 

below 60 were only 5% of the sample. These percentages can be useful for making 

comparisons to other populations or for understanding the representativeness of the 

sample with respect to pulse rates. 

 

Figure 5: Pulse rates among the study participants (N=100) 
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Table 8:  Distribution of study subjects based on blood pressure (N=100) 

Blood pressure Frequency Percentage 

Non hypertensive 96 96.0 

hypertensive 4 4.0 

Total 100 100.0 

  

 The table above presents information on the blood pressure status of a sample 

of individuals. Of the 100 individuals in the sample, 96 (96%) were classified as non-

hypertensive, while 4 (4%) were classified as hypertensive. The total number of 

individuals in the sample was 100. 

 The frequency distribution indicates that the vast majority of individuals in the 

sample were non-hypertensive, with 96% falling into this category.  

 

Figure 6:  Blood pressure status among the study participants (N=100) 
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Table 9: Distribution of study subjects based on auscultatory findings (N=100) 

Respiratory Frequency Percentage 

Bronchial breath Sounds 41 41.0 

Crepitations 46 46.0 

Crepitations and Bronchial breath Sounds 11 11.0 

Crepitations and Rhonchi 2 2.0 

Total  100 100.0 

 

The table above provides information on the respiratory sounds of a sample of 

individuals. The sample consisted of 100 individuals, and four different types of 

respiratory sounds were observed. The most commonly observed respiratory sound 

was crepitations, which were present in 46 individuals (46%). Bronchial breath 

sounds were observed in 41 individuals (41%), while a combination of crepitations 

and bronchial breath sounds were present in 11 individuals (11%). A smaller 

proportion of individuals (2%) exhibited a combination of crepitations and rhonchi. 

The frequency information in the table provides a basic summary of the respiratory 

sounds observed in the sample. Crepitations were the most commonly observed 

respiratory sound, occurring in nearly half of the sample population. Bronchial breath 

sounds were also observed in a substantial proportion of the sample, indicating that 

these sounds are relatively common. The combination of crepitations and bronchial 

breath sounds was less frequently observed, occurring in only 11% of the sample 

population. A very small proportion of individuals (2%) exhibited a combination of 

crepitations and rhonchi. 

The percentage information provided in the table indicates the proportion of 

the sample population that exhibited each type of respiratory sound. The high 
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percentage of individuals exhibiting crepitations suggests that this respiratory sound is 

relatively common in the sample population. The lower percentage of individuals 

exhibiting bronchial breath sounds and the combination of crepitations and bronchial 

breath sounds suggests that these sounds are less common. The very low percentage 

of individuals exhibiting a combination of crepitations and rhonchi indicates that this 

combination of respiratory sounds is rare in the sample population. 

 

Figure 7:  Examination findings among the study participants (N=100) 
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Table 10  : Association between biochemical parameters and disease severity 

(N=100) 

Biochemical Parameters Disease severity. P value 

Severe Normal 

Haemoglobin (g/dl) 9.1 11.2 0.82 

Serum Iron (µg/dl) 24.5 34.6 0.04 

Serum TIBC (µg/dl) 152.4 174.5 0.03 

Transferrin saturation (%) 18.2 22.6 0.94 

Serum Ferritin (ng/ml) 612.5 666.6 0.05 

Serum CRP (mg/l) 80.18 89.6 0.76 

*p value <0.05 is considered to be statistically significant  

# Independent sample t test  

## Mann Whitney U test  

 
The table above provides information on the mean comparison between different 

biochemical parameters among the two groups according to the severity of disease. The 

sample consisted of 100 individuals. It was found that mean difference of Serum iron levels, 

serum TIBC and serum ferritin levels between the two groups was significantly different. 

(P<0.05) 
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Table 11 : Association between demographic and clinical details  with disease 

severity (N=100) 

Variable Disease severity. Total P value 

Severe Normal 

Gender  Female 15 14 29 0.05 

Male 51 20 71 

Diagnostic 

Method 

AFB 10 20 30 <0.01 

CBNAAT 56 14 70 

Albumin <3.5 50 23 73 0.38 

>3.5 16 11 27 

PR <60 00 05 5 0.01 

60-100 11 09 20 

>100 55 20 75 

*p value <0.05 is considered to be statistically significant  

Chi square test  

When the disease severity was compared between the different variables to 

know the association, it was found that, Gender, diagnostic method of tuberculosis 

and pulse rate were significantly associated with the severity of disease.  

 



Discussion 

46 

DISCUSSION 

Iron deficiency anemia and Malnutrition is common in developing countries 

and is a major pre-disposing factor in Pulmonary Tuberculosis (PTB). Iron 

metabolism which is tightly regulated in normal condition is often found to be 

disturbed in various pathological conditions. Both deficiency and excess of free iron 

compromise cellular and immune functions and also affect disease susceptibility and 

outcome. 

TB by all means is a poverty related disease, mainly affecting the most 

vulnerable population in the developing countries. Among various micronutrients, Fe 

deficiency is most commonly observed in general population as well as in TB 

patients. Fe metabolism is most tightly regulated with control existing at the level of 

absorption. 

Present study was conducted in the SDM College of medical sciences and 

hospital, Sattur, Dharwad, Karnataka for one year. According to the inclusion criteria, 

100 patients diagnosed with pulmonary tuberculosis admitted to medical wards or 

attending outpatient depatment were studied. Their clinical features, severity and iron 

parameters were studied. The results of study which has been described are discussed 

below. 

In our study mean age of study participants was 49.23±16.70 years with 71% 

males and 29% females. In a study by Sharma C et al,
79

 65% were males and 35% 

were females with mean age of 43.56±15.63 years and these findings were 

comparable to our study. 

In this study, mean hemoglobin level was 9.39±1.28 g/dl, which is lower than 

the normal range. The mean serum iron level was 30.80±17.31 µg/dl, indicating a low 

level of iron in the blood. The mean serum TIBC level was 163.16±66.67 µg/dl, with 
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a median value of 156.5 µg/dl and an interquartile range of 123.25-200 µg/dl, 

indicating normal to high levels of TIBC in the blood. The mean transferrin saturation 

level was 21.65±14.21%, which is lower than the normal range. The mean serum 

ferritin level was 652.92±525.22 ng/ml, which is higher than the normal range. 

Finally, the mean serum CRP level was 81.18±82.20 mg/l, indicating a high level of 

inflammation in the body. 

Overall, the findings suggest that the study population may have iron 

deficiency anemia, given the low levels of hemoglobin and serum iron. The high 

levels of serum ferritin may also indicate iron overload or chronic inflammation. The 

low transferrin saturation level may be due to iron deficiency or other factors such as 

chronic disease or inflammation. The high serum CRP level further supports the 

presence of inflammation in the body, which could be related to an underlying 

condition. Further diagnostic tests may be necessary to identify the underlying cause 

of these findings and provide appropriate treatment. 

CRP is synthesized by hepatocytes, under the influence of interleukin-I and 

other types of cytokines at the infection site. CRP suggests a beneficial role in the 

evaluation of respiratory tract infection in adults and often normalizes with therapy 

and treatment. Breen et al showed that elevated CRP could detect TB cases also.
80 

Malabsorption due to hookworm or other infections, inadequate and iron-deficient 

diet or blood loss in pulmonary tuberculosis is bound to reduce iron stores in body.
81

 

Very high ferritin level shows oxidative stress and association of ferritin with 

lung function and smoking habit has been seen, showing its role in pulmonary 

infections. As observed by Lee et al, Huang et al and in our study also, levels of CRP 

and ferritin reflected a possible extent of oxidative stress and inflammation among 

patients, making them useful markers of PTB and its associated risks.
82,83 
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Ferritin in PTB patients is more of an inflammatory marker and patients with 

adequate haemoglobin also showed lower ferritin levels. In studies by Sandhya et al 

ferritin has been found to be having positive correlation to inflammation and severity 

of disease.
84 

Transferrin typically decreases in any infectious conditions. It is both a marker 

of nutritional status as well as a negative acute phase protein, such that its level is 

affected by protein diet and malnutrition state. In the patients or cases studied here, it 

was found that TB is causing low levels of transferrin but not so significant. Where as 

in a study by Sharma C et al
79

 there was significant low level of transferrin.  

Quiet clearly, this study has shown that iron metabolism is altered during 

pulmonary tuberculosis. Serum iron levels, serum TIBC and serum ferritin showed 

strong relation with the severity of disease.  
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SUMMARY 

The study design was a hospital-based cross-sectional study that recruited 

patients diagnosed with pulmonary tuberculosis (PTB) who were attending the 

outpatient department or admitted to the SDM Hospital ward. The inclusion criteria 

were patients (both male and female) diagnosed with PTB, while exclusion criteria 

included patients with multidrug-resistant TB, extrapulmonary TB, significant renal, 

cardiac, respiratory diseases (other than PTB like lung cancer), neoplasm, diabetes, 

endocrine and genetic disorders. HIV-positive cases, pregnant and lactating women, 

and those on oral nutritional supplements were also excluded from the study. The 

study used a convenient sampling technique, and a total of 100 adult patients were 

recruited for the study over a period of one year. 

 The study procedure involved collecting personal and sociodemographic data 

using a pre-designed and pre-tested questionnaire. General and systemic examinations 

were conducted to assess the severity of PTB using the "Bandim TB Score" system, 

which classifies PTB into different classes of severity based on five symptoms and six 

signs. The symptoms include cough, hemoptysis, dyspnea, chest pain, and night 

sweats, while the signs include anemia, tachycardia (pulse >90/min), abnormalities in 

chest auscultation, fever, body mass index (BMI), and mid-upper arm circumference 

(MUAC). Severity Class I (for a score of 0-5) is the least severe, Severity Class II (for 

a score of 6-7) is moderately severe, and Severity Class III (for a score of 8-13) is the 

most severe. 

 Baseline hematological and biochemical parameters were assessed, and 

statistical analysis was conducted using SPSS version 23.0. Descriptive statistics and 

chi-square tests were used to assess the association between two variables, and p ≤ 
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0.05 was considered statistically significant. Ethical clearance was obtained from the 

Institutional Ethics Committee of SDMCMSH, Dharwad. 

 Table 1 presents the general characteristics and biochemical profile of the 

study population. The study included 100 participants, with 71 (71%) males and 29 

(29%) females. The mean age of the participants was 49.23±16.70. Regarding general 

physical examinations, 69 (69%) participants had pallor, while 1 (1%) had icterus, 11 

(11%) had pallor and clubbing, 2 (2%) had pallor and cyanosis, 2 (2%) had pallor and 

icterus, and 12 (12%) had pallor and lymphadenopathy. Additionally, 3 (3%) 

participants had pallor, clubbing, and lymphadenopathy. 

In terms of systemic examination, 5 (5%) participants had a pulse rate of less 

than 60 bpm, 75 (75%) had a pulse rate between 60-100 bpm, and 20 (20%) had a 

pulse rate greater than 100 bpm. Four (4%) participants were hypertensive, while 96 

(96%) were non-hypertensive. In the respiratory system examination, 41 (41%) 

participants had bronchial breath sounds, 46 (46%) had crepitations, 11 (11%) had 

crepitations and bronchial breath sounds, and 2 (2%) had crepitations and rhonchi. 

 The sputum status of the participants revealed that 30 (30%) had acid-fast 

bacilli (AFB), while 70 (70%) had cartridge-based nucleic acid amplification test 

(CBNAAT). In terms of the biochemical profile, the mean blood sugar level was 

97.64±22.34. 

When the disease severity was compared between the different variables to 

know the association, it was found that, Gender, diagnostic method of tuberculosis 

and pulse rate were significantly associated with the severity of disease(p<0.05) and 

mean difference of Serum iron levels, serum TIBC and serum ferritin levels between 

the two groups was significantly different. (P<0.05) 

 



Conclusion 

51 

CONCLUSION 

This is a hospital-based cross-sectional study that aimed to assess the 

hematological and biochemical profile of patients with pulmonary tuberculosis (PTB) 

at SDM Hospital in Dharwad, India. The study enrolled 100 adult patients (71 males 

and 29 females) diagnosed with PTB for a period of one year. The severity of the 

disease was assessed using the Bandim TB score system, which consists of five 

symptoms and six signs. The mean age of the participants was 49.23±16.70 years. 

The study found that 69% of the participants had pallor, and 73% had serum albumin 

levels below 3.5 g/dL. The mean hemoglobin level was 9.39±1.28 g/dL, which is 

lower than the normal range, and the mean serum iron level was 60.22±25.14 μg/dL. 

The study concluded that PTB patients had significant abnormalities in their 

hematological and biochemical parameters. Descriptive statistics and chi-square test 

were used to assess the association between two variables. The study obtained ethical 

clearance from the Institutional Ethics Committee of SDMCMSH, Dharwad 

 

Limitation 

1. Convenience sampling technique was used to select the study participants, 

which may lead to selection bias and limit the generalizability of the study 

results to the overall population. 

2. The study was conducted only in one hospital, which may limit the 

generalizability of the study results to other settings. 

3. The study design was cross-sectional, which limits the ability to establish 

causal relationships between the variables studied. 

4. The exclusion criteria may limit the representativeness of the study sample, as 

patients with multidrug-resistant TB, extrapulmonary TB, significant 

comorbidities, and other conditions were excluded. 
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5. The Bandim TB Score system used to assess disease severity has not been 

validated in all settings, which may limit the generalizability of the study 

results. 

6. The sample size of 100 participants may be small, which may limit the 

statistical power and precision of the study results. 

7. The study did not collect information on potential confounding variables such 

as diet, lifestyle factors, and medication use, which may limit the ability to 

adjust for these factors in the analysis. 

8. There may be measurement errors and inaccuracies in the biochemical 

parameters measured, which may affect the validity of the study results. 

9. The study did not collect longitudinal data, which may limit the ability to track 

changes in the variables studied over time. 

10. The study did not provide information on the reliability and validity of the 

questionnaire used to collect personal and sociodemographic data, which may 

limit the internal validity of the study. 
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ANNEXURE-I 

PATIENT INFORMATION SHEET 

SERIAL NUMBER: 

We are conducting a study on Iron metabolism in Pulmonary tuberculosis 

patients. 

 The purpose of this study is to know the serum levels of iron in Pulmonary 

Tuberculosis patients and its association with the disease severity. If you agree to be 

part of this study, you will have to fill the socio demographic proforma and undergo 

baseline hematological and biochemical investigations. No new or different treatment 

will be given if you take part in the study. 

 You may not have any direct benefits by participating in this study. However, 

the information collected during this study may be useful for further study. Any 

information collected about you will be kept strictly confidential. Participation in this 

study is voluntary and you can withdraw at any time from the study. 

 You may contact the following if you have any questions about the study: 

 

Principal investigator: 

Post Graduate student, Department of General Medicine 

SDMCMSH, Sattur, Dharwad. Tel. no: 

I hereby agree, in accordance with the above information, that a doctor or 

member of the study personnel may contact me in person or by post or telephone (tick 

one which is appropriate) me to ask questions regarding my state of health and these 

data may then be anonymously evaluated. 

 

NAME OF THE PATIENT  

ADDRESS  

PINCODE  

TELEPHONE NUMBER  

DATE  
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CONSENT FORM 

SL.NO: ………………… 

Title of the study: A CROSS SECTIONAL STUDY OF IRON METABOLISM IN 

PATIENTS WITH PULMONARY TUBERCULOSIS IN A TERTIARY CARE 

CENTER, DHARWARD. 

Name of principal investigator:  

Telephone number: 

 The contents of the information sheet dated …………………. that was 

provided have been read carefully by me/ explained in detail to me, in a language that 

I comprehend and I have fully understood the contents. I confirm that I have had the 

opportunity to ask questions. 

 The nature and purpose of the study and its potential risks/ benefits and 

expected duration of the study and other relevant details of the study have been 

explained to me in detail. I understand that my participation is voluntary and that I am 

free to withdraw at any time, without giving any reason, without my medical care or 

legal right being affected. 

 I understand that the information collected about me from my participation in 

this research will be looked by the principal investigator. I give permission for the 

principal investigator to have access to my records. 

 I agree to take part in the above study. 

………………………………                                         Date: 

(Signature / Left Thumb Impression)                                       Place: 

Name of the participant: ………………………………………. 

Son / Daughter / Spouse of: …………………………………… 

Complete postal address: ……………………………………… 

This is to certify that above consent has been obtained in my presence. 

………………………………………..                                                

Date: 

(Signature of Principal Investigator)       Place: 

Witness-1             2) Witness-2 

………………………….                             ……………………… 

Signature                                                    Signature 

Name:                       Name: 

Address:                                                     Address: 
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KANNADA CONSENT FORM 

1.                                 . 

                        . 

                                . 

2. 

                                          

                                         

             . 

3. 

                                     

                                       

                 . 

4. 

                                

                           . 

5.                                      . 

                                        

     . 

6. 

                                         

                                         

                                   

                           

 

       ………………………………………… 

      ………………………………………………………….. 

     …………………… .. 

      …………………………………………………………. 
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          /                      

       ………………………………………. 

(                              ) 

      …………………………………………………………… 

     ………………….……………………………………………………………. 
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ANNEXURE-II 

PROFORMA 

IRON METABOLISM IN PULMONARY TUBERCULOSIS PATIENTS 

Serial no: 

Name:                                                            OP no:    

Age:                                                                             IP no: 

Sex:                                                                                

Occupation:                Socio-economic status:        

Address:            Phone Number:   

   

Chief complaints and duration: 

1 

2 

3 

 

History of present illness: 

Cough:             Yes               No 

Hemoptysis:         Yes               No 

Dyspnea:          Yes               No 

Chest pain:       Yes               No 

 Night sweats:    Yes               No 

Past History: 

Family history: 

Personal history: 

    Diet:  

   Appetite:  

   Sleep:   

Bowel  and  Bladder    : 

Treatment history: 

General physical examination: 

BUILT:  

NUTRITION: 



Annexures 

68 

 Weight:  Height:  BMI:                 MUAC: 

 Vitals:    Pulse:             BP:                     RR:          Temp: 

Pallor:       

Icterus: 

Cyanosis:        

Clubbing:             

Lymphadenopathy:  

Edema 

Systemic Examination: 

  CVS: 

  RS: 

  P/A: 

  CNS: 

Provisional diagnosis: 

Investigations: 

Sputum status: 

Blood Sugar (mg/dl)  

Serum Urea (mg/dl)  

Serum Creatinine (mg/dl)  

Serum Protein (g/dl)  

Serum Albumin (g/dl) 

Biochemical Parameters  

Hemoglobin (g/dl)  

Serum Iron (ug/dl) 

Serum TIBC (ug/dl) 

Serum Transferrin (mg/dl) 

Transferrin saturation (%) 

Serum Ferritin (ng/ml) 

Serum CRP(md/ 
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ANNEXURE-III 

ETHICAL COMMITTEE LETTER 
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MASTER CHART 
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