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ABSTRACT

The iron metabolism plays a key role in the progression of active Tuberculosis. Several
studies have shown a link between iron metabolism disorders an active tuberculosis. The aim of this
study was to explore the iron metabolism of 100 patients with multidrug-resistant tuberculosis
(MDR-TB) treated with second generation anti-tuberculosis drugs. The levels of iron in serum were
assessed using atomic absorption spectrometry (AAS) while ferritin and transferrin were determined
by imminoturbidimetry methods. The total iron binding capacity and transferrin saturation
coefficient were determined from the values of transferrin and iron in the serum. The data showed a
significant decrease in values of serum iron and total iron binding capacity (TIBC), in contrast to
ferritin and the coefficient of transferrin saturation (CTS) which were in normal range before or after
6 months of treatment. These results are characteristic of inflammatory anemia. The persistence of
this anemia despite treatment requires effective management of the inflammatory process in parallel
with the use of second line anti-TB drugs.
© 2017 International Formulae Group. All rights reserved.
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INTRODUCTION:

Iron is the first and the most
important  trace  element in  cellular
metabolism. It occurs at many metabolic
mechanisms including the modulation of the
immune system and more particularly in the
production of hemoglobin by the process of
erythropoiesis. Iron metabolism control occurs
at the level of the body to maintain the stock
of iron and its distribution to adequate levels,
but also at the cellular level, thereby ensuring
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optimal biological functions (Loreal et al.,
2012). Iron deficiency is the cause of various
metabolic disorders whose final stage is
anemia. While an iron overload could increase
3 to 5 times the risk of developing active
tuberculosis (Edem et al., 2015).

Several studies have shown an
association disorder of iron metabolism with
patients with active tuberculosis (Mc Dermid
et al., 2013; Gribel et al., 2014). Other studies
reported that the anemia observed in
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tuberculosis is due to chronic inflammation
caused by the bacillus Mycobacterium
tuberculosis (Chen et al., 2010). Moreover, to
according Aouam et al. (2007), some anti-TB
drugs would be responsible for hemolytic
anemia. Thus, to improve the program of the
fight against TB in all its forms in Cote
d’Ivoire, the present study aimed at assessing
the impact of Mycobacterium tuberculosis and
the second generation anti-TB on the iron
metabolism of MDR -TB patients in current
treatment.

MATERIALS AND METHODS
Sampling and sample pretreatment

The biological material consists of
serum of MDR-TB in current treatment. In
total, 100 MDR-TB patients were selected for
this study. The sampling was carried out in
deferent stages: M, stage for the initial
assessment before starting treatment and M;
and Mg stages for monitoring assessment after
3 and 6 months of treatment. At the end, 300
MDR-TB samples and 100 samples of non-
tuberculous voluntary witnesses with as many
women as men were selected. It should be
noted that all the MDR-TB patients and TB
voluntary witnesses are aged between 18 and
55 years.

Samples were taken after an overnight
fast in dry tubes (Vacutainer™,) and then
centrifuged at 3000 rounds/min for 5 min. The
serum collected in tubes Ependorf® was
subsequently stored at -20 °C.

Methods for determination of markers of
iron metabolism

This study consists of determining the
concentrations of serum iron, serum ferritin,
the Total Iron Binding Capacity (TIBC) and

the Coefficient of Transferrin Saturation
(CTS). The dosage of serum iron was
performed using atomic absorption

spectrometer (AAS) flame air / acetylene
brand Varian AA 20 ® Pattern, France, after
deproteinization of the serum by Chloridric
acid CARLO ERBA Reagents 2 M (Yaméogo,
2009). The wavelength characteristic of the
serum iron was 249 nm. The threshold of
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detection was 0.001
transferrin were determined by
immonoturbidimetry methods with Cobas
C311 Roche Diagnostic France, a method
firstly described by Heidelberger
(Heidelberger et al., 1935; Dubois et al,
1988). The dosage principle was based on the
fact that human ferritin agglutinates the latex
particles coated with anti-ferritin monoclonal
antibodies while human transferrin forms a
precipitate in the presence of a specific
antiserum. Both of the complexes (ferritin
with anti-ferritin monoclonal antibodies and
the precipitates) obtained were measured by
turbidimetry at 340 nm and 552 nm for
transferrin and ferritin, respectively. The total
iron binding capacity (TIBC) and the
coefficient of transferrin saturation (CTS) are
calculated from both the values of serum
transferrin and serum iron by the following
formulas (Wanger, 2000):

TIBC (umol / L) = transferrin (g / L)

x 25.

CTS (%) = (Iron / TIBC) x 100.

mg/L. Ferritin and

Statistical analysis

The data of iron metabolism were
expressed as average values accompanied by
the standard error of the mean (mean + SEM).
Statistical analysis of results was performed
using analysis of variance (ANOVA) followed
by Tukey multiple comparison test. The
difference was significant when p-value <
0.05.

RESULTS

Serum iron and total iron binding
capacity (TIBC) in MDR-TB was very low at
the initial stage (M,) and after 3 and 6 months
treatment (M; and Mg) for both men and
women compared with controls and normal
values, P < 0.05. However, a slight increase in
values of these parameters was found during
the treatment, P < 0.05. The concentration of
iron was in mean: 10.7 = 0.5 pmol/L; 11.7 +
0.5 pmol/L and 12.5 + 0.6 pmol/L at My M;
and Mg stages respectively against 17.7 + 1.3
pmol/L in men witnesses and in women: 8.26
+ 0.48 umol/L; 9.28 = 0.5 umol/L and 10.43 +
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09 pmol/L at M, M; and Mg stages
respectively against 17.50 £ 1.1 pmol/L in
women witnesses. The values of total iron
binding capacity in mean was 41.4 =+ 1.1
pmol/L; 47.1 = 0.8 umol/L and 47.5 + 1.2
pmol/L and in women 28.95 + 1.3 pmol/L;
36.56 £ 1.4 umol/L and 42.62 + 2.0 pmol/L at
My, M; and Mg stages respectively against 63.8

women witnesses respectively. Regarding
ferritin and the coefficient of transferrin
saturation (CTS), the values remained in the
normal range either in men or in women but
with a minimal increase with treatment. All
these values, classified by sex, are given in
Tables 1 and 2 and Figures 1, 2, 3 and 4
reported the comparative analyses by sex.

+ 2.1 pmol/L and 63.84 + 2.1 in men and

Table 1: Values of iron metabolism parameters in men.

Men MDR-TB
Men witnesses Normal values
M, M; M,
Iron (umol/L) 10.7 £0.5%* 11.7+£0.5% 12.5+0.6* 17.7+£1.3 14 -32
FERR (ug/L) 201.3+21.5 148.1+11.9 152.7+99 1643+ 18.4 30-300
TIBC (umol/L) 41.4 £1.1*° 47.1+£0.8* 475+ 1.2% 63.8+2.1 60 - 95
CTS (%) 23.6+1.2 243+1.0 248+1.2 28623 20 -45

The values of iron metabolism parameters in mean. MDR-TB = Multidrug resistant tuberculosis. TIBC = total iron binding
capacity. CTS = Coefficients of transferrin saturation. M, = Initial assessment before starting treatment. M3 or Mg = tracking
sheet after 3 or 6 months of treatment. * Significant difference between MDR-TB and the Witnesses and normal values . P <
0.05. ° Significant difference between M, (before treatment) and M3, Mg (3 or 6 months after treatment). P < 0.05.

Table 2: Values of iron metabolism parameters in women.

Women MDR-TB Women Normal

M, M; Mg witnesses values

Iron (umol/L) 8.26 £ 0.48%* 9.28 £0.5*% 10.43 £ 0.9* 17.50+ 1.1 11-28
FERR (ug/L) 168.00 + 12.0*  164.3 + 14.6* 115.6 £13.0 96.59 £ 13.1 20 - 200
TIBC (umol/L) 28.95+ 1.3*° 36.56 = 1.4* 42.62 +£2.0* 63.84£2.1 60 - 95
CTS (%) 2940+ 1.7 2552+ 1.4 24.13+£2.2 28.01 1.8 20 - 45

The values of iron metabolism parameters in women. MDR-TB = Multidrug resistant tuberculosis. TIBC = total iron binding
capacity. CTS = Coefficients of transferrin saturation. M, = Initial assessment before starting treatment. M3 or Mg = tracking
sheet after 3 or 6 months of treatment. * Significant difference between MDR-TB and the Witnesses and normal values .
P <0.05. ° Significant difference between M, (before treatment) and M3, Mg (3 or 6 months after treatment). P < 0.05.
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Figure 1: Concentrations of Iron by sex. The iron concentrations by sex. MDR-TB = Multidrug resistant
tuberculosis. My = Initial assessment before starting treatment. M3 or M = tracking sheet after 3 or 6 months of treatment.
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Figure 2: Concentrations of Ferritin by sex. The ferritin concentrations by sex. MDR-TB = Multidrug resistant
tuberculosis. M, = Initial assessment before starting treatment. M3 or M = tracking sheet after 3 or 6 months of treatment.
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Figure 3: Total [ron Binding Capacity by sex. The values of total iron binding capacity by sex. MDR-TB =
Multidrug resistant tuberculosis. My = Initial assessment before starting treatment. M3 or M = tracking sheet after 3 or 6

months of treatment.
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Figure 4: Coefficients of Transferrin Saturation by sex. The values of coefficients of transferrin saturation by
sex. MDR-TB = Multidrug resistant tuberculosis. M, = Initial assessment before starting treatment. M3 or Mg = tracking sheet

after 3 or 6 months of treatment.
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DISCUSSION

Iron status plays an important role in
the progression of active TB (Kassu et al.,
2006). Exploration of iron metabolism
comprises the determination of serum iron that
represents the pool of exchanges, ferritin
reflects the reserve pool and finally transferrin
and total capacity of iron binding to transferrin
that represents the pool of functional iron
(Mario, 2012). The present study showed that
serum iron and total iron binding capacity
(TIBC) were significantly lower in highly
multiresistant tuberculosis (MDR-TB)
compared with non-tuberculous witnesses and
normal values while the serum ferritin rate and
coefficient of transferrin saturation (CTS)
remained in the normal range. These results
are characteristic of inflammatory anemia or
anemia of chronic diseases as previously
reported (Celi et al., 2011; Gavazzi, 2014).
This type of anemia is not due to an iron
deficiency but rather a functional deficiency of
iron. Our results are in accordance with those
of Lovey et al. (2010) that have shown that
serum ferritin, greater than 100 mg/L,
excludes the hypothesis of iron deficiency and
that the coefficient of transferrin saturation
(CTS) only decreases when iron stores are
completely exhausted. However, low serum
iron concentrations and the decrease in iron
total binding capacity are explained by a
strong iron retention in macrophages and the
decrease of the supply of iron to erythropoiesis
during chronic inflammation induced by
mycobacterial infection (Beaumont and
Karim, 2013). The mechanisms leading to the
introduction of this type of anemia are set
through the production of various cytokines
including interferon-y, TNF-a and interleukins
1 and 10 that cause the iron sequestration by
macrophages and repress the erythropoietin
synthesis. This process is amplified by
excessive synthesis of hepcidin. A pro-
inflammatory protein produced mainly by
hepatocytes and secreted into the blood stream
interacts with ferroportin which is the exporter
of the iron present in enterocytes and
macrophages causing the degradation there of.
This leads to a decrease in intestinal iron
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absorption and to a retention of iron in
macrophages and hepatocytes (Celi et al.,
2011). This set of mechanisms helps to reduce
the concentration of serum iron and iron total
binding capacity of transferrin (Marioa, 2012).
However, there was a slight increase in these
values during processing. These results are
contrary to the work of Edem et al. (2015)
which showed a progressive decrease in iron
concentrations in TB patients currently treated.
Because tuberculosis molecules of second
intension anti-TB drugs have no hemolytic
activity in MDR-TB unlike those of the first
generation such as Rifampicin (Aouam et al.,
2007). There is no significant difference
between men and women in MDR-TB. This
indicates that the disorder in iron metabolism
is not linked with sex.

Conclusion

It appears from this study that MDR-
TB patients have an inflammatory type of
anemia characterized by lower concentrations
of serum iron and total iron binding capacity.
The persistence of this anemia despite the
treatment provided to these MDR-TB requires
effective management of the inflammatory
process in parallel with the use of second
generation anti-TB. However, other studies
such as the dosage of hepsidine and soluble
transferrin receptor (ST{R) are seen in order to
confirm the inflammatory origin of the
anemia.

COMPETING INTERESTS
The authors declare that they have no
competing interests.

AUTHORS’ CONTRIBUTIONS

This work was carried out
collaboration between all the authors.
APB carried out the study, the statistical
analysis and prepared the manuscript; GAB
carried out the technical analysis and
prepared various parts of the manuscript;
SM corrected the English version of the
manuscript; AJD co-directed the study; All
the authors read and approved the final
manuscript.

in



G.A.BAHI et al. /Int. J. Biol. Chem. Sci. 11(3): 1039-1045, 2017

ACKNOWLEDGEMENTS

We  acknowledge the  national
tuberculosis program for allowing us to be in
touch with MDR-TB patients and addressed
them to us at Institut Pasteur Cote d’Ivoire.
We thank all of the participants and healthy
volonteers who consented to take part into the
present study. We do not forget about the head
of Institut Pasteur Cote d’Ivoire, Prof. DOSSO
Mireille, who provided us with the Atomic
Absorption  Spectrometer machine. She
exclusively dedicated to the project.

REFERENCES

Loréal O, Bardou-Jacquet E, ouanolle A-M,
Gandon Y, Deugnier Y, Brissot P, Ropert
M. 2012. Métabolisme du fer et outils
diagnostiques pour le clinicien. Rev.
Med. Interne, 33: 3-9.
doi:10.1016/j.revmed.2012.03.005.

Edem VF, Ige O, Arinola OG. 2015. Plasma
vitamins and essential trace elements in
newly diagnosed pulmonary tuberculosis
patients and at different durations of anti-

tuberculosis chemotherapy. Egypt. J.
Chest Dis. Tuberc., 64: 675-679.
http://dx.doi.org/10.1016/j.ejcdt.2015.03.
031.

McDermid JM, Hennig BJ, van der Sande M,
Hill AVS, Whittle HC, Jaye A, Prentice
AM. 2013. Host iron redistribution as a
risk factor for incident tuberculosis in
HIV infection: an 11-year retrospective
cohort study. BMC Infect. Dis., 13: 48 —
57.

Gribel OM, Neves DK, Marinho de Melo
Gomes OK, Ruffino-Netto A, Kritski L,
Maria OM. 2014. Anemia in hospitalized
patients with pulmonary tuberculosis. J

Bras Pneumol., 40: 403 — 410.
http://dx.doi.org/10.1590/S1806-
37132014000400008

Chen H-C, Huang I-T, Wang H-C. 2010.
Severe Hemolytic Anemia due to Active
Pulmonary Tuberculosis. Fooyin J.
Health Sci., 2: 113 — 116.

Aouam K, Chaabane A, Loussaief C,

Romdhane FB, Boughattas N-A,
Chakroun M. 2007. Les effets
indésirables des antituberculeux:

épidémiologie, mécanismes et conduite a

1045

tenir. Méd. et Maladies Infect., 37 : 253 —
261. doi:10.1016/j.medmal.2006.12.006

Yameogo Pouiré. 2009. Contribution a 1’étude
des paramétres hematologiques chez les
femmes enceintes atteintes d’une a-alpha
thalassémie au centre médical saint
camille de ouagadougou. Université¢ de
Ouagadougou Burkina Faso, 57 P.

Dubois S, McGovern M, Ehrhardt V. 1988.
Eisenstoffwechsel-Diagnostik mit
Boehringer Mannheim/Hitachi-
Analysensystemen: Ferritin, Transferrin
und Eisen. GIT Labor-Medizin., 9: 468 —
471.

Heidelberger M, Kendall FE. 1935. A
quantitative theory of the precipitin
reaction. J Exp Med., 62: 697 — 720.

Kassu A, Yabutani T, Mahmud ZH,
Mohammad A, Nguyen N, Huong BTM,
Hailemariam G, Diro E, Ayele B,
Wondmikun Y, Motonaka J, Ota F. 2006.
Alterations in serum levels of trace
elements in tuberculosis and HIV
infections. Euro. J. Clinic. Nutrit.,, 60:
580 — 586.

Marioa N. 2012. Marqueurs biologiques pour
le diagnostic des troubles du
métabolisme du fer. Rev. Franco. Labo.
442: 39 —48.

Celi J, Samii K, Perrier A, Remi J-L. 2011.
Anémie ferriprive, inflammatoire ou
mixte : comment orienter le diagnostic?
Rev. Med. Suisse, 7: 2018 —2023.

Gavazzi G. 2014. Meétabolisme du fer :
physiopathologie et biomarqueurs chez le
sujet agé. Geriatr Psychol
Neuropsychiatr Vieil., 12: 5 — 10.

Lovey P-Y, Stalder M, Zenhdusern R, Donzé
N, 2010. Paramétres biochimiques du
métabolisme du fer. Caduceus Exp.,
12(11).

Beaumont C, Karim Z. 2013. Actualit¢é du
métabolisme du fer. Rev. Med. Interne,
34: 17 — 25. http://dx.doi.org/10.1016/
j.revmed.2012.04.006

WAGNER A. 2000. Le réle du laboratoire
dans 'exploration du métabolisme du fer.
Revue de 'ACOMEN, 6: 23-27.



