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Ferritin, IL-6 and human-beta-defensin-1

as grognostic markers of the course severity
and treatment effectiveness of pulmonary
tuberculosis

Current methods of investigation in TB patients, namely sputum microscopy, culture, and molecular genetic
methods, although well-studied, have a number of disadvantages, such as low sensitivity, long time required to
obtain results, or high cost. Because of this, the search for alternative diagnostic tools and methods for predicting
the course and effectiveness of treatment in patients with tuberculosis becomes relevant. In this study, ferritin,
interleukin-6 (IL-6), and human-beta-defensin-1 (HBD-1) were selected for comparison of prognostic
performance.

Objective — to investigate the dynamics of ferritin, IL-6, and human-beta-defensin-1 levels against the
background of the intensive phase of pulmonary tuberculosis therapy and to identify the most effective marker
for predicting the effectiveness of treatment.

Materials and methods. 100 patients with pulmonary tuberculosis and 20 healthy individuals were included
in the study. Examination of patients was carried out according to the current standards of providing medical care
to tuberculosis patients. In addition, the patients' fasting blood ferritin, IL-6 and HBD-1 levels were determined
at the beginning of treatment and after 60 days. Healthy individuals from the control group had a single
determination of ferritin, IL-6 and HBD-1 blood levels on an empty stomach.

Results and discussion. At the beginning of treatment, the ferritin level was significantly lower (95.95 +
+ 8.68) ng/ml in patients who later effectively completed the intensive phase of anti-tuberculosis treatment than
in patients with ineffective intensive phase of treatment (152.27 + 8.85) ng/ml. The same trend persisted after
60 days: in the effective intensive phase — (123.87 + 13.39) ng/ml, in the ineffective one — (239.76 = 12.91) ng/ml,
p <0.05. In effective intensive phase of antituberculosis treatment, the level of IL-6 was significantly lower. Thus,
at the beginning of treatment, it was (82.59 * 6.89) pg/ml in patients with an effective intensive phase of
treatment and (146.42 + 8.04) pg/ml in patients with ineffective intensive treatment phase. After 60 days, it was
(48.88 + 4.19) pg/ml in patients with an effective intensive phase of treatment and (142.89 = 9.11) pg/ml in
patients with ineffective intensive treatment phase, p < 0.05. The level of HBD-1 was higher when the intensive
phase of antituberculosis therapy was ineffective, as when measured at the beginning of treatment (effective
intensive phase — (18.71 £ 3.31) pg/ml, ineffective intensive phase — (32.79 + 8.31) pg/ml), as well as when
measured after 60 days (effective intensive phase — (19.93 £ 3.58) pg/ml, ineffective intensive phase —
(42.92 + 12.99) pg/ml, p < 0.05).

Conclusions. Levels of ferritin, IL-6 and HBD-1 are significantly increased in tuberculosis patients compared
to healthy individuals, which allows them to be considered as markers of tuberculosis inflammation. Higher
concentrations of these markers, both at the beginning of treatment and after 60 doses, are predictors of failure of
antituberculosis therapy. The strongest relationship between the studied markers and parameters of the severity
of the tuberculosis process is observed in the study of HBD-1, which allows us to consider it as the most effective
marker of the severity of the course among presented ones.
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uberculosis remains an important global prob-

lem for a long time: about 10 million new cases
of active tuberculosis are detected in the world and
about 1.5 million people die from this disease annu-
ally [20]. This disease carries a large social burden,
leading to the invalidation of patients not only due
to local lesions, but also due to severe metabolic
disorders [16, 17].

Current methods of investigation in TB patients,
namely sputum microscopy, culture, and molecular
genetic methods, although well-studied, have a
number of disadvantages, such as low sensitivity,
long time required to obtain results, or high cost.
Because of this, the search for alternative diagnostic
tools and methods for predicting the course and
effectiveness of treatment in patients with tubercu-
losis becomes relevant [14, 15]. In this study, ferritin,
interleukin-6 (IL-6), and human-beta-defensin-1
(HBD-1) were selected for comparison of prognos-
tic performance.

Iron is a trace element important for the metabo-
lism of both the host and Mycobacterium tubercu-
losis (MTB). Pathogenic mycobacteria compete
with the host for iron either by direct depletion of
intracellular iron from the host cytoplasm, or by
synthesis of siderophores and macromolecules,
including transferrin, ferritin, or lactoferrin, which
have a high affinity for capturing extracellular iron
ions [5]. Anemia resulting from tuberculous inflam-
mation is mainly caused by a problem with iron
delivery, when red cell iron is not used sufficiently
[19]. This condition is different from iron defi-
ciency anemia, which is mostly caused by malnutri-
tion. Although serum iron levels are low in both
types of anemia, other components involved in iron
homeostasis, including ferritin, are elevated in
inflammation-related anemia. Due to the regularity
of the increase in ferritin in tuberculosis lesions and
its normalization with effective treatment, ferritin
becomes a promising marker of the course and treat-
ment effectiveness of tuberculosis process [12].

IL-6 acts as an independent pro-inflammatory
cytokine, which is one of the first to be produced by
monocytes, macrophages, and neutrophils during
MTB infection. This interleukin has a wide range
of effects on hepatocytes (stimulating the produc-
tion of acute phase proteins), bone marrow cells, and
also triggers a number of cytokine reactions [18].
This explains the perspective of using IL-6 as a
marker of the course and effectiveness of tubercu-
losis treatment as its levels should respond sensi-
tively to the occurrence of tuberculosis inflamma-
tion, the massiveness of the bacterial lesion and its
reduction with effective treatment [9].

HBD-1 is the only beta-defensin that has a basic
level of production, and is also produced directly

under the influence of exogenous factors (pathogens)
without endogenous mediators. It is a multifunc-
tional modulator that exhibits innate antimicrobial
activity and mediates an immune response, acting as
a chemoattractant for CD4" T-helper and immature
dendritic cells by binding to the chemokine receptor
CCRS6, as well as macrophages [6]. These features
make the study of HBD-1 promising, first of all, as
a marker of the severity of the course of the tuber-
culosis process and a possible predictor of the inef-
fectiveness of anti-tuberculosis chemotherapy [1].
Objective — to investigate the dynamics of ferritin,
IL-6, and human-beta-defensin-1 levels against the
background of the intensive phase of pulmonary
tuberculosis therapy and to identify the most effective
marker for predicting the effectiveness of treatment.

Materials and methods

100 patients with pulmonary tuberculosis and
20 healthy individuals were included in the study.

Examination of patients was carried out accord-
ing to the current standards of providing medical
care to tuberculosis patients. Mandatory diagnostic
minimum included chest X-ray at the beginning of
treatment and at the end of the intensive phase,
sputum microscopy at the beginning of treatment
and at the end of the intensive phase, sputum culture
at the beginning of treatment.

To determine the severity of the clinical manifes-
tations of the disease, we used a scoring system, in
which each of the symptoms (cough, shortness of
breath, weight loss, pain, malaise) was evaluated as
1 point. In addition, the patients’ fasting blood fer-
ritin, IL-6 and HBD-1 levels were determined at
the beginning of treatment and after 60 days.
Healthy individuals from the control group had a
single determination of ferritin, IL-6 and HBD-1
blood levels on an empty stomach. To retrospec-
tively determine the relationship between the level
of the studied indicators and the effectiveness of
antituberculosis treatment, patients were divided
into groups depending on the effectiveness of the
intensive phase of chemotherapy — effective
(n = 62) and ineffective (n = 38). The effectiveness
criteria were sputum conversion and the presence
of positive clinical and X-ray dynamics, which
allowed the patient to be transferred to the sup-
portive phase of treatment.

Statistical data processing was carried out using
Statistica 8.0 software environment using descrip-
tive statistics, the Mann—Whitney test, and the
Spearman correlation coefficient.

Results and discussion

When comparing the ferritin level between tuber-
culosis patients and practically healthy individuals,
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a significantly higher ferritin level was found in
tuberculosis patients ((106.57 £ 59.15) ng/ml
(median — 96.74 ng/ml)) compared to the control
group ((48.17 = 31.26) ng/ml (median — 43.14 ng/ml)),
p < 0.05 (Fig. 1).

Comparison of the ferritin level in patients
depending on the effectiveness of the intensive phase
of treatment showed a significant difference both at
the beginning of treatment and after 60 doses. Thus,
at the beginning of treatment, the ferritin level was
significantly lower ((95.95 + 8.68) ng/ml (median —
80.24 ng/ml)) in patients who later effectively
completed the intensive phase of anti-tuberculosis
treatment than in patients with ineffective intensive
phase of treatment ((152.27 + 8.85) ng/ml (medi-
an — 44.17 ng/ml)). The same trend persisted after
60 days: in the effective intensive phase —
(123.87 £ 13.39) ng/ml (median — 112.24 ng/ml),
in the ineffective one — (239.76 + 12.91) ng/ml
(median — 250.22 ng/ml), p < 0.05 (Fig. 2).

A significantly higher level of ferritin was found in
patients with destruction of pulmonary tissue
((115.91 = 8.90) ng/ml (median — 125.68 ng/ml))
compared to patients without destruction ((88.68
+ 10.90) ng/ml (median — 79.42 ng/ml)), p < 0.05
(Fig. 3).

When comparing the level of 1L-6, it was found
to be significantly higher in tuberculosis patients
((96.22 + 6.44) pg/ml (median — 104.20 pg/ml))
compared to practically healthy individuals
((54.17 = 5.74) pg /ml (median — 55.25 pg/ml)),
p <0.05 (Fig. 4).

In effective intensive phase of antituberculosis
treatment, the level of IL-6 was significantly lower.
Thus, at the beginning of treatment, it was (82.59 =
* 6.89) pg/ml (median — 78.20 pg/ml) in patients
with an effective intensive phase of treatment and
(146.42 + 8.04) pg/ml (median — 140.40 pg/ml) in
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Fig. 1. Comparison of ferritin levels between patients
with tuberculosis (1) and healthy individuals (0)

patients with ineffective intensive treatment phase.
After 60 days, it was (48.88 + 4.19) pg/ml (medi-
an — 45.90 pg/ml) in patients with an effective
intensive phase of treatment and (142.89 =+
+9.11) pg/ml (median — 146.38 pg/ml) in patients
with ineffective intensive treatment phase, p < 0.05
(Fig. 5).

The level of HBD-1 was also significantly higher
in patients with pulmonary tuberculosis ((22.21
+ 2.78) pg/ml (median — 9.17 pg/ml)) compared
to healthy individuals ((8.97 + 2.56) pg/ml (medi-
an — 3.37 pg/ml)), p < 0.05 (Fig. 6).

The level of HBD-1 was higher when the inten-
sive phase of antituberculosis therapy was ineffec-
tive, as when measured at the beginning of treatment
(effective intensive phase — (18.71 = 3.31) pg/ml
(median — 3.31 pg/ml)), ineffective intensive pha-
se — (32.79 £8.31) pg/ml (median — 24.60 pg/ml),
as well as when measured after 60 days (effective
intensive phase — (19.93 + 3.58) pg/ml (median —
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Fig. 2. Comparison of ferritin level at the beginning of treatment (A) and after 60 days (B) in patients with ineffective
(0) and effective (1) intensive phase of anti-tuberculosis treatment
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Fig. 3. Comparison of ferritin level in patients
with destruction of pulmonary tissue (1) and without
destruction (0)
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Fig. 4. Comparison of the level of IL-6 in patients
with tuberculosis (1) and healthy individuals (0)

B Boxplot by Group
180 T T
T O Median
e[ 1 025%-75% —
o T Min—Max
2 “wol|—————~+ :
172)
S |l
= 120
=3
N J
[oqoof
<@
- em——
— 80
oo 0 |
[m]
N
1 1
20 0 1

Fig. 5. Comparison of the level of IL-6 at the beginning of treatment (A) and after 60 days (B) in patients
with ineffective (0) and effective (1) intensive phase of anti-tuberculosis treatment
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Fig. 6. Comparison of the level of HBD-1 in patients
with tuberculosis (1) and healthy individuals (0)

7.17 pg/ml)), ineffective intensive phase —
(4292 £ 12.99) pg/ml (median — 28.50 pg/ml),
p <0.05 (Fig. 7).

The level of HBD-1 was also significantly higher
in patients with pulmonary tissue destruction
((26.88 = 3.83) pg/ml (median — 11.41 pg/ml))
compared to patients without pulmonary tissue
destruction ((14.27 £ 3.39) pg/ml (median —
4.64 pg/ml)), p < 0.05 (Fig. 8).

When studying the relationships between the
studied indicators and severity of the tuberculosis
process, it was found that HBD-1 showed positive,
significant (p < 0.05) correlations with the volume
of lung tissue damage (+0.33), clinical manifesta-
tions, assessed by a point scale (+0.52), the massive-
ness of bacterial excretion detected by microscopy
(+0.48) and culture (+0.33), as well as a negative
correlation with body mass index (BMI) (-0.32).
IL-6 showed a significant (p < 0.05) negative cor-
relation with BMI (-0.39). Ferritin showed sig-
nificant (p < 0.05) positive correlations with clinical
manifestations assessed by a scoring scale (+0.30),
the volume of lung tissue damage (+0.25) and the
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Fig. 7. Comparison of the level of HBD-1 at the beginning of treatment (A) and after 60 days (B) in patients
with ineffective (0) and effective (1) intensive phase of anti-tuberculosis treatment

massiveness of bacterial excretion revealed by the
culture (+0,23), as well as a negative correlation
with BMI (—0.37). Significant (p < 0.05) positive
correlations between the investigated parameters
were found: HBD-1 — ferritin (+0.22), HBD-1 —
IL-6 (+0.31), ferritin — IL-6 (+0.28) (Fig. 9).

The obtained data made it possible to detect
significantly higher levels of ferritin, IL-6 and
HBD-1 in tuberculosis patients before the start of
treatment compared to healthy individuals, which
once again confirms the fact that these pro-inflam-
matory markers are included in the anti-tuberculo-
sis treatment even at the beginning of the disease
immune response, which leads to an increase in their
concentration in the blood of patients [3, 6, 10].

All 3 studied markers showed higher levels at
the beginning of treatment and after 60 days in
patients in whom the intensive phase of anti-
tuberculosis treatment was ineffective. The studied
biomarkers are reagents of the acute phase of
inflammation and their production is stimulated
by the direct effect of mycobacteria on the cells of
the immune system, therefore, with a high bacte-
rial load and its slow decrease or even the absence
of positive dynamics, which later turns to ineffec-
tiveness of the intensive phase of treatment.
Ferritin, IL-6 and HBD-1 react first, which allows
predicting the likely ineffectiveness of anti-tuber-
culosis treatment long before the results of micro-
biological diagnostics [7, 9, 11]. With effective
anti-tuberculosis treatment, the levels of all studied
indicators decrease, which makes it possible to use
them as quick markers of the effectiveness of anti-
tuberculosis therapy. Also, increased levels of
HBD-1 and ferritin were observed in the destruc-
tion of lung tissue by the tuberculosis process.

When studying correlations between the studied
indicators and clinical parameters, the greatest
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Fig. 8. Comparison of the level of HBD-1 in patients
with destruction (1) and without destruction (0)
of pulmonary tissue

strength and number of correlations was observed
in HBD-1, which makes it the most important prog-
nostic factor among the studied ones. Thus, there
were positive relationships with the massiveness of
bacterial excretion, the volume of lung tissue dam-
age, and the severity of clinical symptoms, assessed
on a point scale, and a negative relationship with
BMLI. Therefore, more severe the lesions and worse
the patient’s somatic condition leads to the higher
the level of HBD-1.

The positive relationships between the level of
ferritin, clinical manifestations of tuberculosis, the
massiveness of bacterial excretion and the volume
of lung tissue damage can be explained not only by
the increase in the synthesis of ferritin, as an acute-
phase protein, by the host organism, but also by
MTB-associated hyperferritinemia, since with a
high bacterial load, MT transform free iron in mac-
rophages and the intercellular space into ferritin to
avoid the toxic effects of free iron (oxidative stress
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Fig. 9. Relationships between HBD-1, IL-6, ferritin and severity of tuberculosis lesions

due to the catalysis of the formation of active oxygen
radicals) [1]. In addition, with excessive inflamma-
tion, the host organism itself can deposit free iron
in the form of ferritin to prevent the Fenton reaction,
which leads to the formation of free radicals and
increased inflammation with the destruction of the
host organism’s own cells [8].

A positive relationship was found between the
level of IL-6 and the volume of lung tissue damage,
since the larger is the area of specific inflammation,
the more immune cells are involved in the anti-tu-
berculosis immune response and the higher is the
production of pro-inflammatory peptides, including
IL-6 [2].

The positive correlations between HBD-1, fer-
ritin and IL-6 were also observed. The production
of these peptides by the cells of the host organism
begins immediately under the direct influence of

There is no conflict of interest.

MTRB, but later they stimulate the synthesis of each
other and other cytokines, triggering a cascade of
inflammatory reactions [4].

Conclusions

Levels of ferritin, interleukine-6 and human-beta-
defensin-1 are significantly increased in tuberculo-
sis patients compared to healthy individuals, which
allows them to be considered as markers of tuber-
culosis inflammation. Higher concentrations of these
markers, both at the beginning of treatment and
after 60 doses, are predictors of failure of antituber-
culosis therapy. The strongest relationship between
the studied markers and parameters of the severity
of the tuberculosis process is observed in the study
of human-beta-defensin-1, which allows us to con-
sider it as the most effective marker of the severity
of the course among presented ones.

Participation of the authors: concept and design of the study — O.S. Shevchenko, L.D. Todoriko; collection of material — I.A. Ovcharenko;
processing of material — O.M. Svets; writing the text — O.O. Pohorielova; text editing — S.L. Matvyeyeva.
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1XapKiBCbKMIM HALiOHaNbHUI MefUYHMiA yHiBEpCUTET
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®eputun, JI-6 1 B-neder3unn-1 AK MPOrHOCTUYHI MAPKEPU TAXKKOCTL
nepe6iry Ta eQeKTUBHOCTI NiKyBaHHA TyOEPKYIbO3Y JlereHb

CyuacHi METOIM MOCTIKEHHST Y XBOPUX Ha TYOEpKyIb03 (MIKPOCKOIISI MOKPOTUHHSI, KYJIBTYPaTbHi
JOCJTIIPKEHHST Ta MOJIEKY/IIPHO-TEHETUYHI METOIM) X0ua € H06pe T0CTiKEHIMI, MAfOTh HU3KY HEeIOJIIKIB,
30KpeMa HU3bKY YyTJIHMBICTh, TPUBAJIMIT Yac, HEOOXITHUI /IJIsi OTPUMAHHS PE3YJIbTaTiB, BUCOKY BapTiCTh.
Yepes 11€ MOIIYK albrepHATUBHUX [AIarHOCTUYHUX 3aC0O01B i METO/IIB IIPOrHO3YBaHHsI IIepediry Ta eheKTHB-
HOCTI JIIKYBaHHSI Y XBOPUX Ha TyOEPKYJIbO3 € aKTYalbHIM.

Mema po6omu — nociguti quHaMiKy piBHs deputuny, intepieiikiny-6 (1J1-6), B-nedensumy-1 Ha T
inTeHcuBHOI (hasu Teparii TyOepKyJIb03y JieTeHb Ta BUAIIMTH HAWKPaIuil MapKep IPOrHO3yBaHHs edek-
TUBHOCTI JIIKyBaHHS.

Mamepianu ma memoodu. Y nocuimkenns Gyio 3anydero 100 mamieHTis i3 TyGepKyJIb030M JieT€Hb Ta
20 mpakTUyHO 370poBHX 0ci6. OOCTEKEHHS TAIEHTIB MPOBOAWIN 3TiJHO 3 YMHHUMH CTaHAAPTaMU
Ha/[aHHST MEANYHOIL IOMOMOTH XBOPUM Ha TyOepKy1b03. J[01aTKOBO BU3HAYAIN KOHIIEHTPAIIiI0 (DePUTHHY,
1JI-6 Ta B-nmedensuny-1 y KpoBi HaTIe HA MOYATKY JiKyBaHHs i yepe3 60 auiB. [Ipaktuuno 3m0poBUM
ocobaM i3 rpynu KOHTPOJIIO MPOBOANINM OJHOPAa30Be BU3HAYeHHsI piBHSA (pepuruny, 1JI-6 ta B-meden-
3uHy-1 y KpoBi HaTIIE.

Pezyavmamu ma 062060penns. Ha nodatky JIiKyBaHHs y TAIE€HTIB, SIKi 3r0I0M e(eKTHBHO 3aBEPIININ
iHTeHCUBHY (hasy MpoTUTYOEPKYIbO3HOIO JIKyBaHHsI, piBeHb (hepuTHHY OYB CTATUCTHYHO 3HAYYIIO HUIK-
qum (95,95 + 8,68) Hr/MII, Hi)K Y HAINEHTIB, y SKUX iHTeHCUBHA (hasza POTUTYOEPKYIHOZHOTO JIKYBAHHS
Oyna HeedpexrusHom (152,27 + 8,85) Hr/mu. Taky camy TeHeHIIi0 criocTepiranu dyepes 60 qHiB: 3a edek-
TUBHOI iHTeHCcUBHOI (pasu gikyBanng — (123,87 £ 13,39) ur/mu, 3a HeedexTuBHOI — (239,76 = 12,91) 5Hr/™MTI
(p <0,05). 3a epexkTrBHOI iHTEHCUBHOI (hasu IPOTUTYOEPKYIHO3HOTO JIiKYBaHHs piBerb LJI-6 6yB craruc-
TUYHO 3HAUYIO HIKYMM. Ha nouatky slikyBanHs Bin cranoBuB (82,59 + 6,89) nir/mut y narienTis 3 edek-
THUBHOIO iHTEeHCUBHOIO (hazoro JikyBanHs Ta (146,42 = 8,04) 1ir/Ma — y naiienTiB 3 Hee(eKTUBHOIO, Yepes
60 muiB — BigmosizHo (48,88 £ 4,19) Ta (142,89 + 9,11) ur/ma (p < 0,05). Bumict B-nedensuny-1 6ys
BUIUM 32 HeeeKTUBHOI iHTeHCUBHOI (asu MpoTUTYOepKy/IbO3HOI Tepallii sK Ha MOYaTKy JiKyBaHHS
(edextrBHa iHTeHCHBHA (haza — (18,71 + 3,31) nir /M, HeedbekTHBHA iHTeHCHBHA haza — (32,79 = 8,31) ir/mun),
tak i yepes 60 auiB (BigmosizHo (19,93 = 3,58) 1 (42,92 = 12,99) nr/mu, p < 0,05).
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Bucnosxu. Pisenn depurnny, 1JI-6 Ta B-nedensuny-1 craTncTnano 3Ha4yImo MiBUTIYETHCS Y XBOPUX
Ha TyOEpKYJIb03 TIOPIBHSIHO 31 3/0pOBUME 0COOaMH, 110 JIA€ Ii/ICTaBY BBAKATHU iX MapKepaMu TYOEPKYIb03-
HOTO 3amajieHHs. Buiili KoHIeHTpaiii X MapKepiB SK Ha MOYATKY JIKyBaHH:], Tak i gepe3 60 mHiB € mpe-
JMKTOpPaMU HeBIavi MpoTUTYOepKy/Ib03HOT Tepartil. HaificuibHINMii B3aEMO3B'I30K MiK JIOCJI/[KYBaHUMI
MapKepaMu i mapaMerpamu TSKKOCTI TYOEePKYJIbO3HOIO TIPOIIECY 3apeecTpoBaHo st B-aedensuny-1, 1o
JIa€ TiIcTaBy BBaXKaTH HOTo HalleeKTHBHIIIIMM MapKePOM TSIKKOCTI T1epediry.

Kantouoei crosa: bepurun, L1-6, B-nedensun-1, Ty6epKy603, IPOTHO3YBaHHSI.
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