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Abstract
Mycobacterium tuberculosis causing the infectious disease tuberculosis 
has a predilection for the lungs although it is common to see other organs 
involved. India has adopted the TB-DOTS program for the treatment of the 
same. Undernutrition and tuberculosis are mutually inclusive. Micronutrients 
like zinc and copper play a key role in cytokine kinetics and immunity and thus 
are important in an individual’s response to infectious disease. Serum copper 
and zinc levels in patients with pulmonary tuberculosis (pTB) before and 
after two months of directly observed treatment short course (DOTS) were 
assessed in this study. The serum samples of 39 pTB patients were collected 
before the commencement of anti-tubercular therapy (ATT) and tested for 
copper and zinc levels. At the end of the intensive phase of treatment, blood 
samples of 31 out of the 39 pTB patients were again collected and tested 
for the same trace elements. In the pre-post comparison of 31 patients 
who could be followed up, an increase in serum zinc levels [101 (74.9) μg/
dl vs 112(155.5) μg/dl)] after the treatment was not statistically significant 
(p=0.15). The serum copper levels [184(105.7) μg/dl vs 247(80.8) μg/dl)] 
were significantly (p<0.01) increased after two months of DOTS therapy. 
Sputum negativity was close to 81%.Serum copper, as well as zinc levels, 
were increased after DOTS therapy for two months. Since the response to 
therapy was 69%, supplementation of copper and zinc may benefit the pTB 
patients in achieving sputum negativity sooner and completely. 
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Introduction
Mycobacterium tuberculosis, primarily affecting the 
lungs and causing pTB is listed by World Health 

Organization (WHO) as the ninth leading cause 
of death globally. In 2019, there were 10.0 million 
(8.9–11.0 million) Tuberculosis (TB) cases and 1.2 
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million TB deaths among the HIV-negative subjects, 
and an additional 208000 deaths (177 000–242 000) 
among HIV-positive subjects. 1Drug-resistant TB 
endures being a threat to community health. In 2019, 
about half a million individuals developed rifampicin-
resistant TB (RR-TB), amongst which 78% had 
multidrug-resistant TB (MDR-TB) globally. The three 
nations with the major share of the worldwide burden 
included India (27%), China (14%), and Russian 
Federation (8%).1

The risk of developing TB is high in people with 
HIV (41.4%), overcrowding (57.3%), poverty 
(39.5%), smoking (26.37%), close contacts (11.5%), 
diabetes (5.4%), family history (17.5%) and alcohol 
use (50.7%).2-4 Undernutrition leads to secondary 
immunodeficiency which in turn upsurges the 
susceptibility of the host to infection. Protein-energy 
malnutrition and deficiencies of micronutrients 
increase the risk of TB.5

Several micronutrients have a role in immune 
modulation. Among these, the trace elements zinc 
and copper have played a key role in the proliferation 
and differentiation of the cells involved in acquired 
and innate immunity and thus they are essential 
in providing resistance to infectious diseases like 
tuberculosis.6 The adversities of zinc deficiency on 
antibody and cytokine production, cell signaling, 
chemotaxis, proliferation, and functioning of natural 
killer, B lymphocytes, and T helper cells have been 
well established.7 Zinc plays a vital role in the 
catalysis and structural stabilization of over 300 
enzymes and is a part of metalloproteins, many of 
which are present in immune cells.8

 
Zinc influences both acquired and innate immune 
functions.9 It is extremely critical for the regular 
growth and functioning of the cells that mediate innate 
immunity, neutrophils, and NK cells. Phagocytosis, 
intracellular killing, and the production of cytokines 
are affected by the deficiency of zinc. Zinc deficiency 
can also affect the growth and functioning of T 
and B cells. Due to the ability of zinc to act as 
an anti-oxidant and stabilize membranes, its role 
in preventing free radical-induced injury during 
the inflammatory processes is well understood.10 
Zinc deficiency causes alteration in the number 
and function of monocytes, natural killer cells, 
neutrophils, B cells, and T cells.5, 9 It decreases the 
synthesis of TNF, IFN-γ, and IL-1.11 

Zinc availability is regulated by transporter proteins, 
ZnT and ZnP, and storage proteins metallothionein.12,13 
Zinc is essential for Mycobacterium tuberculosis 
in small amounts but turns out to be toxic in 
excess.14 Certain bacteria such as Mycobacterium 
tuberculosis thrive inside their host by effluxing 
transition metals, predominantly zinc and copper.15  

Copper is a vital component of the enzyme Superoxide 
Dismutase of the respiratory burst pathway which is 
required for the production of hydrogen peroxide in 
monocytes and neutrophils.9. 16 Copper deficiency 
leads to neutropenia and thus it has been proposed 
that copper has a role in leukocyte proliferation and 
differentiation.17 The innate immune mechanism 
causes accumulation of copper in macrophage 
phagosomes infected wi th mycobacter ia.  
To overcome this, the bacteria have developed copper 
resistance mechanisms.18 Copper is imperative for 
the viability of Mycobacterium tuberculosis but the 
copper supplied by the host has been reported to 
suppress the growth of the bacteria.17 Copper is 
transported into the phagosome thus destroying the 
bacilli. To thrive, the mycobacteria express metal 
efflux pumps.15 Like Zinc, Copper is necessary for 
the growth and development of Mycobacterium 
tuberculosis, but is toxic, when consumed in higher 
amounts.18 Remarkably high levels of copper have 
been observed in primary granulomas in the lungs 
of guinea pigs infected with mycobacteria.14 

There are conflicting reports as regards the role 
of micronutrients in tuberculosis. Also, there is 
not sufficient evidence for the supplementation or 
otherwise of these elements during tuberculosis 
treatment. The current study was planned to 
evaluate the micronutrient status in patients with TB 
before and after DOTS and note the recovery status.

Materials and Methods
The current prospective observational study 
was conducted after obtaining the institutional 
ethical clearance (IEC KMC MLR 02-18/36 dated 
21.02.2018). Freshly diagnosed TB patients 
without any other known immunological disease 
were included during their first visit to the District 
Tuberculosis Centre. Sputum smear-positive cases 
with treatment failure or receiving treatment after the 
treatment interruption, patients with relapse of TB, 
HIV positive, and known cases of extrapulmonary TB 
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were excluded. All participants voluntarily consented 
to participate in the study.

Patient demographics (Age, gender, height, and 
weight) and clinical (sputum positivity) details 
were documented using a proforma. Height and 
weight were noted following standard procedures 
and equipment and calculation of BMI was done 
using the formula: weight (kg) /height (m)2 at 
baseline and after 2 months of the DOTS regime. 
DOTS regime for the first two months consists 
of Isoniazid, Rifampicin, Pyrazinamide, and 
Ethambutol. Treatment adherence was meticulously 
ensured through telephonic calls by the primary 
author and the field workers of the National TB 
eradication program of India. Blood samples from 
study patients were collected in sterile plain blood 
collection tubes under aseptic conditions before the 
initiation of therapy and after the follow-up period of 
2 months. Centrifugation of serum was done at 3000 
rpm for 5 minutes and was stored in 2mL aliquots at 
-20oC for further analysis. Only 31 of the 39 baseline 
cases could be followed up. The rest were either lost 
or refused to be part of the study. For the pre-post 
comparison, data from the 31 patients who could be 
followed up was used.

At the end of the baseline and follow-up period, 
serum Copper and Zinc levels were estimated.

The Nitro-PAPS method and (3, 5-Di-Bromo-2-
pyridylazo)-N-ethyl-N-(3-sulphopropyl) aniline 
method were adopted for the spectrophotometric 

estimation of zinc and copper respectively using 
commercially available kits procured from Coral 
Clinical Systems using semi-auto analyzer Star 
21 Plus. Zinc reacts with Nitro-PAPS in an alkaline 
medium to form a purple-coloured compound. 
The intensity of the compound formed is directly 
proportionate to the concentration of zinc in the 
sample. In an acidic medium, copper released from 
ceruloplasmin reacts with Di-Br-PAESA to form a 
colored compound. The intensity of the compound 
formed is directly proportional to the concentration 
of copper present in the sample.

Analysis of data was done using SPSS (Statistical 
Package for the Social Sciences) version 20.0. 
Depending on the data distribution, continuous 
variables were analyzed by paired t test or Wilcoxon 
sign rank test (before and after comparison). Chi 
square test was used to analyze the categorical 
variables. p<0.05 was considered statistically 
significant.

Results
At Baseline - Prior to the Initiation of DOTS 
Treatment 
The mean age of 39 pTB sputum smear-positive 
patients was found to be 41.56 ±15.67 years. 
The Body Mass Index (BMI) of the patients was 
17.45±2.45 Kg/m2. The median serum Zinc and 
Copper levels before treatment were 105 μg/dl 
(71 μg/dl) and 193 μg/dl (170 μg/dl) respectively. 
[Table 1]

Table 1: Baseline Characteristics of Pulmonary Tuberculosis patients prior treatment  
(n=39) and after two months of DOTS treatment (n=31)

Parameters Pre-treatment (n=39) Mean ± SD Post-treatment (n=31) Mean ± SD

Age (years) 41.56±15.67 41.88±17.08
Height(cm) 161.92±9.14 163.51±6.52
Weight(Kg) 45.92±8.45 47.07±8.15
BMI(Kg/m2) 17.45±2.45 17.56±2.86
Sputum Positivity (Male: Female) 27: 12 23:8
Zinc# μg/dl  105 (71) 122 (92)
Copper# μg/dl  193 (170) 252.5 (99.5)
 
All results were expressed as Mean ± SD
#Expressed as Median and (interquartile range)
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After Two Months of Follow up - Post DOTS 
Treatment
After DOTS treatment, among 31 pulmonary 
tuberculosis patients, BMI was found to be 

17.56±2.86 Kg/m2. The serum Zinc and copper 
levels increased to 122(92) μg/dl and 252.5 (99.5)
μg/dl) respectively. [Table 1]

Table 2: Comparison of demographic, clinical characteristics, and serum Concentrations 
of micronutrients of tuberculosis patients before and after Two months of DOTS

Variables Baseline (n=31) Follow up (n=31) p-value

Height (Cms) 162.8 ± 6.46 162.8 ± 46 -
Weight (Kg) 45.57 ± 8.01 46.52 ± 8.07 0.17
BMI (Kg/M2) 17.16 ± 2.84 17.53 ± 3.06 0.17
Zinc# μg/dl  101(74.9) 112 (155.5) 0.15
Copper# μg/dl  184 (105.7) 247(80.8) <0.01*

All results are expressed as Mean ± SD (Standard Deviation)

Paired t-test, #Expressed as Median and (interquartile range)
*p <0.05 is considered significant, Wilcoxon signed-rank test.

For pre-post comparison, the data of the 31 cases 
available during the follow-up period was used. 
The increase in serum zinc levels of these 31 
cases from their baseline median of 101(74.9) μg/
dl to 112(155.5) μg/dl after the treatment was not 
statistically significant (p=0.15).  The serum copper 
levels significantly increased from 184(105.7) μg/
dl to 247(80.8) μg/dl) (p<0.01) after two months of 
DOTS therapy for the patients. [Table 2]

sputum positive, 12% showed scanty acid-fast bacilli 
and 69% were sputum negative. [Figure 1]

Discussion 
Nutritional status largely determines acquiring 
pTB infection and the course of the disease. In 
this study, we assessed the BMI, sputum negative 
conversion, and serum levels of copper (Cu) 
and Zinc (Zn) before and after two months of the 
Directly Observed Treatment Short course (DOTS) 
regime and compared them. Being underweight is 
identified both as a cause and a result of anorexia 
and weight loss in pTB. The Tuberculosis patients 
included in the current study followed a mixed diet, 
majorly consuming sea foods. BMI of the patients 
didn’t show any improvement post-treatment. TB 
patients were 11 and 7 times had a BMI <18.5 
and mid-arm circumference < 24 cm respectively 
in a study conducted in India.19 Patients in the 
present study also had BMI categorizing them as 
underweight and malnourished. Reduced appetite 
and malabsorption of proteins and micronutrients 
leads to muscle wasting20 in TB. Deficiency of 
micronutrients playing diverse metabolic functions 
in the body is the commonest cause of secondary 
immunodeficiency leading to morbidity and mortality 
in tuberculosis. It has been reported that there is 
a linear increase in weight soon after the initiation 
of therapy,21 this however was not observed in our 
study. There was no significant improvement in the 

Fig. 1: Sputum Conversion After  
2 months of DOTS (n=31)

Sputum Conversion after Follow up
At the end of intensive phase treatment, 31 pTB 
patients were followed up; 19% of patients remained 
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BMI post-treatment despite education on the need 
for a balanced and nutritious diet. 

According to the kit insert, the normal reference 
range of zinc is 60-120 µg/dl and that of copper is 
80-155 µg/dl. All the patients included in the study 
consumed a mixed diet (data not presented) and 
Mangalore being a coastal region has predominant 
seafood eaters. Consumption of zinc and copper-rich 
fish and shellfish possibly explains their adequate 
serum concentrations.22 Contrary to this finding, 
different studies23 conducted in Indonesia, England, 
other parts of India, and Japan reported low levels of 
micronutrients in active pTB patients. Poor nutritional 
status, malabsorption, and increased metabolism of 
several micronutrients lead to their deficiency.24 The 
disease-induced production of cytokines and acute 
phase protein synthesis will inhibit the synthesis 
of serum albumin and cause intense shifts in the 
concentration of some indispensable micronutrients 
in plasma.20

 
Lower baseline levels of zinc have been explained 
by the preferential movement of zinc to affected 
tissues from plasma, reduced synthesis of the zinc 
carrier protein in the liver, or raised metallothionein 
synthesis.25 Anti-tubercular therapy (ATT) for two 
months, resulting in a slight elevation of Zn levels, 
indicating that plasma zinc levels may serve as a 
marker for assessing the disease severity and the 
patient’s response to therapy.23, 26, 27 Furthermore, 
it was reported that supplementation of zinc 
and vitamin A to adult TB patients would hasten 
the elimination of Mycobacterium, thus leading 
to quick cure in them.28 Consistent with these 
reports, we found an insignificant elevation in the 
serum zinc concentration post-treatment. Zinc 
is an antioxidant and anti-inflammatory agent.  
It acts as a molecular signal for the immune cells 
and the transcription factors involved in the gene 
expression of inflammatory cytokines.11 Zinc helps 
in the modulation of cytokine release and induction 
of proliferation by acting as a cofactor for thymulin 
and adequate intake of Zinc helps in TH1 response.9 

Supplementation of zinc in the elderly has shown 
the reduced occurrence of infections and reduced 
both the generation of inflammatory cytokines 
and oxidative stress.11 Zinc supplementation also 
increases components of innate immunity like 
phagocytosis by neutrophils and macrophages, 
the activity of natural killer cells and oxidative burst 

generation, antibody response, and cytotoxic T 
cells.9

Copper is a vital component of several structural 
enzymes such as cytochrome oxidase, lysyl 
oxidase, superoxide dismutase, ceruloplasmin, 
and metallothioneins that act in redox reactions.29 
Surplus amounts are toxic to microbes and could 
inhibit the growth of M. tuberculosis.30  TB in pigs was 
controlled by the elevation of copper levels in lung 
lesions.31 The role of copper in pTB has been justified 
both as an oxidant and as part of antioxidant systems 
and hence its functions are complex.32 Consensus 
regarding the levels and mechanism of action needs 
further elucidation. The ratio of copper/zinc and the 
absolute copper values were significantly elevated in 
the tuberculosis patients as compared to controls.33 

We found a statistically significant elevation in the 
copper levels after 2 months of DOTS treatment.  
Growth of Mycobacterium tuberculosis necessitates 
the requirement of two of the copper-containing 
enzymes such as cytochrome -c oxidase and Cu/
Zn-superoxide dismutase. Among hosts, copper 
acts as a poison in macrophages by damaging 
the bacterial iron-sulfur clusters of enzymes and 
displacing cofactor ions like zinc and manganese.34 
Post DOTS therapy for two months, serum Zn levels 
as well as copper levels increased in this study. The 
difference in the observed findings from previous 
reports could be attributed to the diverse food habits 
of different patients and their varied socioeconomic 
backgrounds. The increase could also be a result 
of stress on nutrition, adherence to treatment, and 
surveillance and monitoring at various levels by 
the government-implemented Revised National 
Tuberculosis Control Programme. Some patients 
were taken from a TB Sanatorium where they were 
institutionalized. We ensured adherence to treatment 
by frequently calling the patients and educating them 
about the nutritional requirements.

The sputum negativity in the patients who were 
followed up was 69% and another 12% of the 
patients showed scanty acid-fast bacilli. It can be 
safely assumed that the response to treatment 
was 81% which exerts the importance of the raised 
copper and zinc levels in these patients. The 
response to therapy is similar to other studies.35, 

36 Supplementation of copper and zinc may be 
beneficial to patients with pTB in achieving sputum 
negativity at the earliest. 
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However, it would be worthwhile to study the impact 
of these minerals in those patients who remained 
sputum positive even after intensive phase therapy 
for 2 months. 

Despite the small number of participants, the 
strength of the study lies in its prospective follow-
up design. Although the role of adequate nutrition 
is emphasized, the contribution of micronutrients 
in the development, progression, and prognosis 
of the disease has not been well established. This 
study points to the importance of maintaining serum 
copper and zinc levels during the intensive two 
months anti-tubercular therapy phase in pulmonary 
tuberculosis patients. 

Since it was a time-bound study and only the freshly 
diagnosed uncomplicated tuberculosis patients were 
chosen, we could include 39 cases and follow up 
only 31 cases. Based on the results, the authors 
aim to take up a follow-up study where the patient’s 
treatment will be augmented with zinc and copper 
to better understand their efficacy.

Conclusion
Despite the habitual consumption of seafood and 
other non-vegetarian food, there was no significant 
improvement in the nutritional status as evidenced 
by BMI. Copper and zinc are known to play 
important roles in immunity and infection control. 
Supplementation with these may be beneficial in 
enhancing the response to treatment and ensuring 
early sputum negativity in tuberculosis patients. 
Optimization of the levels to bring on a favorable 
response from the host is required.
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