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ABSTRACT

Aim: This study was carried out to determine the serum profiles of biomarkers of inflammation during the course
of six months standard treatment of pulmonary tuberculosis in adults using the first line anti-tuberculosis drugs.
Methods and Materials: The study was a prospective observational study. The protocol was approved by the
Research Ethics Committee of University of Nigeria Teaching Hospital Enugu. The subjects gave informed
consent. Treatment of the patients was undertaken by competent staff of our Teaching Hospital. Blood samples
were taken before commencement of treatment, after 2 months, and then after 6 months treatment. Blood samples
were also taken from healthy volunteers (controls). Serum concentration Interleukin 6 was determined using
Human Elisa technique while white blood cell (leukocyte) count was done by routine manual microscopy. Results:
Prior to treatment, the mean total white blood cell count of the patients was 4783.0+158.0/mm® and the mean
serum concentration of Interleukin 6 was 26.9£2.2 pg/ml. After 6 months of treatment mean total white blood cell
count was 4633.0+143.0/mm® whereas the mean serum Interleukin 6 concentration was 16.0+1.0pg/ml. For
healthy controls, mean white blood cell count was 4817.0+131.0/mm® and mean serum Interleukin 6 was 15.3+2.3
pa/ml. There was statistically significant progressive decline in serum concentration of Interleukin 6 during the
course of treatment (p > 0.05), but the differences in total white blood cell counts were not found significant.

Conclusion: Serum Interleukin 6 is considered a potential biomarker for active tuberculosis.
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INTRODUCTION

Tuberculosis is an infectious disease caused by
Mycobacterium tuberculosis.™! Despite much progress
being made in the global efforts to eradicate tuberculosis,
the disease has remained one of the greatest health
challenges of mankind. In 2014 there were 9.6 million
new cases of tuberculosis worldwide and 1.5 million
people (1.1 million HIV-negative and 0.4 million HIV-
positive) died of tuberculosis.”) Some of the factors
militating against disease elimination are the emergence
of drug resistant strains of the pathogen, poor compliance
with the treatment regimen that lasts for at least six
months or more; and the concurrent epidemics of
HIV/AIDS in some parts of the world.*!

There are two arms to human immune response namely
the innate immune response and the adaptive immune
response.’® Innate immunity which is responsible for the
initial protective response to invading infective agents
comprises of the skin, mucosal epithelium, and
endogenously produced chemicals that possess anti-
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microbial action. It also includes the complement system,
phagocytes, and natural Killer cells. Adaptive immune
response on the other hand, is made up of various types
of lymphocytes, and antibodies produced by host cells.
White blood cells or leukocytes (neutrophils,
lymphocytes, basophils, eosinophils and monocytes) are
vital cellular components of the human blood that work
in concert with other components of the human immune
system to rid the body of invading microbes and foreign
antigens.!”

The peripheral white blood cell (or leukocyte) count is
known to be an important predictor of mortality or co-
morbidity in tuberculosis.®® White blood cells have roles
to play in both the innate and the adaptive immune
responses of the body™®% and their contribution in the
natural immune response to microbial invasion of the
body is thought to include sounding a systemic alarm
through cytokine mediators.[®
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Cytokines are known to be active participants in
inflammatory  conditions including tuberculosis.*
Several cytokines including Interleukin 6 that are
elaborated during infection with tuberculosis serve to
limit or exacerbate the disease process depending on
their combination and balance.?** Interleukin 6 is
secreted by mononuclear phagocytes. It is also produced
by fibroblasts, endothelial cells and activated T-cells. Its
production is stimulated by microbial invasion of the
body, as well as in response to the presence of tumor
necrosis factor, interleukin 1 and some other
cytokines.™ Interleukin 6 has several biologic functions
including the stimulation of the synthesis of acute phase
proteins by the liver. It stimulates the bone marrow,
along with colony-stimulating factors, to produce more
neutrophils. It also serves as a stimulator of B-
lymphocyte proliferation which enhances the production
of immunoglobulin by differentiated B-lymphocytes.
The receptor for interleukin 6 consists of a cytokine-
binding protein and a 130-KD signal-transducing
subunit."® Interleukin 6 thus plays a role in adaptive
immune response.**" Further understanding of human
host immune responses to tuberculosis is expected to
help point the way forward towards conquering this
chronic debilitating disease. In a longitudinal study we
determined the concentrations of serum Interleukin 6 as
well as the total and differential peripheral blood white
blood cell counts of adult tuberculosis patients at
intervals during the course of their six months’ treatment
at Enugu in Eastern Nigeria.

MATERIALS AND METHODS

Subjects:  We  recruited  successive  drug-naive
tuberculosis patients who presented at the Chest Clinic of
the University of Nigeria Teaching Hospital Enugu,
Nigeria. They were adults of both gender and their
diagnosis was based on positive clinical presentation,
sputum microscopy and chest x-ray. They were HIV
negative and had no other disease or inflammatory
condition. Thirty one healthy adult human volunteers
who had no evidence of disease and who were not taking
any medicines were also included in the study as healthy
controls after they gave informed consent.

Ethical consideration

The study protocol was approved by the Research Ethics
Committee of the University of Nigeria Teaching
Hospital Enugu. The study was carried out in line with
the ethical principles of the Helsinki World Medical
Assembly. Each study participant gave informed consent
prior to enrolment.

Medications

As our study was not a drug trial, the patients had their
normal consultation and treatment with the Chest Clinic
physicians who prescribed standard anti-tuberculosis
medicines for the patients. Appropriate doses of once
daily oral isoniazid, rifampicin, ethambutol, and
pyrazinamide were taken by the patients for the first 2
months, and thereafter isoniazid and rifampicin were
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taken once daily for the subsequent 4 months. The
treatment for each patient lasted for at least 6 months.
The study participants, like other tuberculosis patients of
the chest clinic, were supplied their medicines by the
clinic free of charge. The healthy volunteers were not
offered any medications.

Laboratory tests

Blood sample was collected thrice during the course of
the study: before treatment, after 2 months of treatment,
and after 6 months of treatment from each enrolled
patient but only once from the healthy volunteers. White
blood cell count was carried out by manual microscopy
on blood film slides prepared with Romanousky stain.[**
1 Serum was separated from clotted blood after
centrifugation and frozen at -20 degrees centigrade until
analysis. The concentration of Interleukin 6 in serum was
measured by human ELISA (e-Bioscience Elisa Ready
Set-Go, San Diego, CA) according to the manufacturer’s
instructions.

Data analysis
Data were analyzed using Graph Pad Prism version 6.0.
Differences were considered statistically significant at p
less than 0.05.

RESULTS

A total of 42 patients (24 males and 18 females) who had
sputum smear-positive tuberculosis completed the study.
Their mean age was 39 years. Four patients dropped out
before completing the study. Those who completed the
study responded very well to treatment. Prior to
treatment, the mean total white blood cell count of the
patients was 4783.0 + 158.0/mm?®. After two months of
treatment the mean white blood cell count was 4705.0 +
106.0/mm°®, and after the completion of six months’
treatment 4633.0 + 143.0/mm°. The mean total white
blood cell count for healthy controls was
4717.0+131.0/mm?>. Figure 1 shows the slight decline of
mean total white blood cell count during the course of
treatment. The differences were however statistically
insignificant. The mean serum IL-6 concentration was
26.9+2.2 pg/ml prior to commencement of anti-
tuberculosis treatment. After 2 months, and after 6
months of treatment the mean Serum Interleukin-6
concentration were 19.6 = 1.3 pg/ml and 16.0 + 1.0
pg/ml respectively. The mean serum IL-6 concentration
for healthy controls was 15.3+2.3pg/ml. The difference
between the pre-treatment value of I1L-6 and the value
obtained after the second month of treatment was
statistically significant. Again the difference between the
mean serum IL6 concentrations after 2 months and after
6 months of treatment was also statistically significant.
The pre-treatment and the post-treatment serum
concentrations of interleukin 6 were respectively
significantly higher than those of the healthy controls (p
less than 0.05). There was no significant difference
between the post-treatment interleukin 6 serum
concentration and that of healthy controls. Figure 2
shows the remarkable progressive decrease in mean IL-6
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serum concentration of the tuberculosis patients during
the course of treatment particularly after 2 months of
treatment.
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Figure 2: showing the mean serum concentrations of interleukin 6 (pg/ml) during the course of anti-tuberculosis

treatment.

DISCUSSION

The mean total white blood cell counts observed at the
three various occasions for our patients were all within
the normal range and showed no statistical difference
when compared to healthy controls. Although a
progressive decline was observed in the mean peripheral
total white blood cell counts during the course of
treatment of our cohort of tuberculosis patients, there
were no statistically significant interval differences. This
trend was in harmony with the report of Kassa and his
co-researchers® but at variance with some other studies
that reported leukocytosis in tuberculosis patients prior to
treatment, particularly where there had been concurrent
infections with some other bacteria.”?*! The patients in
our study were all HIV negative and had no obvious
concurrent illnesses. A history of cigarette smoking had
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been considered to be a predictor of leukocytosis in
active tuberculosis patients.” The mean concentration
of IL 6 of the tuberculosis patients prior to
commencement of anti-tuberculosis treatment was
significantly higher than the mean serum concentration
of IL 6 of the healthy controls. This indicated that IL 6
signaling was increased in active tuberculosis and agrees
with the findings of Tang et al.”! A murine study carried
out in Mexico City”® had also observed an increased
production of interleukin 6 after the establishment of
experimental tuberculosis in mice. That murine study
also suggested that interleukin 6 was involved in the
production of the histopathological changes observed in
active tuberculosis particularly granuloma formation.!
Unsal and his co-researchersi?”! observed higher
interleukin 6 serum concentrations in tuberculosis
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patients than in healthy controls and additionally noted
that interleukin 6 might have played a contributory role
in the development of reactive thrombocytosis in the
acute phase response in pulmonary tuberculosis. The
remarkable decrease observed in the serum concentration
of IL 6 of the patients in our study after 2 months of
treatment (intensive phase of treatment) coincided with
the period of sputum conversion for most of the patients.
Thus treatment and commencement of resolution of
active tuberculosis in our patients were accompanied
with steep decline in serum concentration of IL 6. At the
completion of six months short-course treatment the
mean IL 6 serum concentration of patients approximated
that of the healthy controls. We deduce that IL 6 is a key
player in the cellular and molecular processes leading to
the manifestation of clinical tuberculosis and the serum
concentration of IL6 before and during treatment could
serve as a useful biomarker for the diagnosis, treatment,
and follow-up of patients with active tuberculosis. Larger
prospective studies in both HIV sero-positive and sero-
negative patients are hereby recommended.

CONFLICT OF INTEREST: None declared by the
authors.
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