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SUMMARY

Introduction/Objective Nonspecific clinical signs of neonatal infection dictate routinely determination of
C-reactive protein (CRP) and procalcitonin levels in order to confirm the diagnosis. As hepcidin is an acute
phase reactant, the aim of our study was to analyze its significance in diagnosis of neonatal infections.
Methods The prospective study included 71 term neonates, 37 with signs of infection in the absence of
other pathological conditions and 34 healthy neonates. After standard bacteriological examination, at
the time of diagnosis and after six days of antibiotic therapy, complete blood count, serum CRP, procal-
citonin, and hepcidin were determined.

Results There was no difference in serum hepcidin levels between the control (55.17 + 21.22 ng/ml) and
the infection group (59.72 £ 59.7 ng/ml) on the first day. Hepcidin values in neonates with infection up
to 72 hours were significantly lower (30.2 ng/ml, 1Q: 25.9-39.9 ng/ml) than in older neonates (82.2 ng/ml,
1Q: 39.7-128.1 ng/ml). In neonates up to 72 hours, after six days of antibiotics, the hepcidin values show a signif-
icant increase (36.68 ng/ml, IQ; 31.23-50.3 ng/ml). High hepcidin values (128.05 ng/ml, 1Q: 60.95-201 ng/ml)
were recorded in neonates with CRP over 100 mg/I.

Conclusion Our results shows that the determination of serum hepcidin as a marker of neonatal infection
is not relevant in neonates up to 72 hours of life. After six days of antibiotic therapy, the neonates of this
group reacted with an increase in hepcidin, while the parallel determined values of CRP and procalcitonin
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showed a significant decrease.
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INTRODUCTION

Despite progress in the diagnosis and treat-
ment of infections, neonatal infections remain
a global challenge in perinatal medicine and
treatment of neonates [1].

Neonatal infections are defined as all in-
fections occurring during the first 28 days of
life. Due to the possibility of rapid progression
and unfavorable outcome of infection in neo-
nates, antibiotic therapy must be started before
obtaining positive microbiological culture.
Prompt diagnosis is one of the most delicate
challenges in neonatology. Clinical (Tollner)
and hematological (Rodwell) scoring systems,
as well as determination of inflammatory bio-
markers such as C-reactive protein (CRP) and
procalcitonin (PCT) are of great importance in
the diagnostic process [2, 3, 4].

It is known that the specificity of CRP and
PCT in differentiating infectious from non-
infectious causes of the inflammatory response
is limited [5]. Also, unreliable values of CRP
and PCT in premature neonates limits their di-
agnostic value [4]. In order to overcome these
problems, it is necessary to find new biomark-
ers of infection that would enable well-timed
diagnosis, monitor disease progression and
evaluating the effect of treatment.

It has been proven that proinflammatory
cytokines cause increased expression of hep-
cidin (a 25-amino acid peptide containing eight
cysteine residues), which is now considered an
acute phase reactant type II [6, 7]. Several stud-
ies have demonstrated the antibacterial activity
of hepcidin-25 and hepcidin-20 against a large
number of Gram-positive and Gram-negative
bacteria [8, 9, 10]. The role of hepcidin in in-
nate immunity is not only significant in infec-
tion — it can also have antitumor effects [7, 10,
11]. Hepcidin leads to the retention of iron in
macrophages and decreases its absorption in
the intestines, which results in hypoferremia
and contributes to the host’s defense against
pathogens [7, 11, 12, 13]. Based on the present
knowledge, it will be expected that neonates
with infection would have significantly higher
serum hepcidin levels than healthy ones.

The aim of our study was to examine the
potential significance of hepcidin as a marker
of neonatal infection, compared with the serum
levels of CRP and procalcitonin as standard di-
agnostic markers.

METHODS

A prospective study was conducted at the
Clinic for Children’s Diseases and the Clinic for
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Gynecology and Obstetrics, University Clinical Center of
the Republic of Srpska. The research was approved by the
Ethics Committee of the University Clinical Centre of Banja
Luka and was conducted in accordance with the principles
of the Helsinki Declaration. For all neonates before inclu-
sion in the study, the parents signed the informed consent
for the child’s participation. The study included 71 term
neonates: 37 with clinical and laboratory signs of infec-
tion in the absence of other pathological conditions and 34
healthy neonates with matched demografic characteristics.

In addition to the clinical evaluation (collection of an-
amnestic data on risk factors for neonatal infections, clini-
cal examination, monitoring of the course of treatment and
outcome), capillary and venous blood was taken from all
the subjects.

The clinical examination consisted of an assessment
of the child’s general condition, assessment of skin color,
vital parameters, body temperature, physical findings by
organs and systems, and determination of the Tollner sep-
sis score [2].

In laboratory analyses, in addition to the complete
blood count, peripheral blood smear, C-reactive protein,
procalcitonin, hepcidin concentration were performed for
all subjects. The hematological sepsis score according to
Rodwell was determined for all neonates [3].

In neonates with infection, blood was taken at two time
points: at the time of clinical diagnosis of infection and
blood collection for culture, and after six days of antibiotic
therapy, as part of venous blood collection for routine tests.

In both time points, 3 ml of peripheral blood was drawn
into a tube without anticoagulant. Upon separating the
serum by centrifugating the samples at 3000 x g, part of the
serum was kept frozen at -70°C until the time of measure-
ment of hepcidin levels. Other parameters were measured
immediately.

The complete blood count was obtained by routine
methods on Advia 2120 (Siemens Healthineers AG,
Forchheim, Germany). Serum concentration of C-reactive
protein and prokalcitonin were measured by routine meth-
ods on Roche/Hitachi Cobas 6000 using commercial
Roche’s kits. Values of CRP below 10 mg/1 were considered
physiological [14]. According to personal experiance val-
ues of 10-40 mg/1 were considered a low risk for bacterial
infection, 40-100 mg/l were considered a moderate risk,
and values above 100 mg/l were considered a high risk for
bacterial infection.

Concentrations of procalcitonin below 0.5 ng/mL were
considered physiological. Values 0.5-2 ng/ml defined a
moderate risk for sepsis, while values above 2 ng/ml rep-
resented a high risk for sepsis.

The level of hepcidin in the serum was measured by the
by enzyme-linked immunosorbent assay intended strictly
for research (DRG Hepcidin 25 ELISA; EIA 5258) accord-
ing to the manufacturer’s instructions on an open system
device (BP 2000, Siemens). The results were expressesd
in ng/ml.

Data distribution was tested using the Kolmogorov-
Smirnov test. Depending on the type of variables
and the normality of distribution, Student’s t-test and
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Mann-Whitney U test were used to test data differences
between two independent samples. Categorical variables
were tested by the x* test. Wilcoxon signed-rank test
and Student’s t-test for dependent data were used to test
changes between two repeated observations in the same
group. Data are shown as mean + standard deviation for
normally distributed variables. The median for indepen-
dent data or the median of difference for dependent data
with interquartile range were presented for non-normally
distributed variables. Relative or absolute frequencies are
shown for categorical variables.

Statistical analysis and presentation of results were per-
formed using Statistical Package for Social Sciences — SPSS
Statistics for Windows, Version 17.0 (SPSS Inc., Chicago,
IL, USA). A p-value < 0.05 was considered statistically
significant.

RESULTS

The study included 71 neonates, divided into two groups:
a control group of 34 healthy neonates and a group of 37
neonates with signs of infection and no other pathological
conditions. The groups were similar in sex, age, gestational
age, birth weight, birth length, and Apgar score (Table 1).

Table 1. Demographic characteristics of the study population
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Experimental
Parameter group Control group p
Sex Male 20 (54.05) 19 (55.88)

0.877*

N (%) Female 17 (45.95) 15 (44.12)
Age on admission 2 3 0.293%*
(days) (median; IQ) (2-5) (3-4) ’
Gestational age (days) 279 279 0.185%*
(median; 1Q) (274-286) (271-281) '
Apgar score 1st minute 9 9 %
(median; 1Q) (9-9) (9-9) 0.098
Apgar score 5th minute 10 10 0.054%*
(median; 1Q) (10-10) (10-10) ’
Birth weight (grams) 3637.84 +£392.34 | 3605.88 +£338.5 0.716%*
(mean + SD; 95% Cl) (3511.42-3764.26) | (3492.1-2790.66) |
Birth length (cm) 53 53 0.480%
(median; 1Q) (52-55) (53-55) :

*Pearson’s X2 test;
**Mann-Whitney U test;
***Student’s t-test

The Tollner sepsis score was positive in 14 (37.84%)

neonates of the infection group, while score was negative
in all neonates of the control group. Rodwell score was
positive in 18 (48.65%) neonates in the infection group on
the first day, while all neonates in the control group had a
negative Rodwell score. The stated difference between the
neonates of the control and infection group was statistically
significant (p < 0.001).

Laboratory findings of our patients are shown in Table
2. The mean value of hepcidin in neonates with infection
was 59.72 + 59.70 ng/ml (95% CI: 40.48-8.96 ng/ml) and
no significant differences in this parameter were observed
compared to the control group (55.17 + 21.22 ng/ml; 95%
CI: 48.04-2.3 ng/ml).
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Table 2. Laboratory characteristics of the study population

Predojevi¢-Samardzic J. et al.

Parameter Group N Mean = SD (95% Cl) Minimum-maximum . Me@lap p
(interquartile interval)
Erythrocytes Control 34 4.68 + 0.55 (45—486) 3.63-6.55 4.7 (438—495) 0.155%
(x10%) Experimental | 37 451 + 0.46 (4.36-4.66) 3.63-5.65 4.59 (4.22-4.71) )
Hemoglobin Control 34 | 164.79 £ 14.15 (159.43-170.16) 144-218 163.5 (149-173) 0.025%
(9/1) Experimental | 37 |156.32+15.18(151.43-161.21) 122-193 158 (145-162) )
Hematocrit Control 34 0.49 + 0.06 (0.47-0.51) 0.37-0.65 0.49 (0.46-0.52) 0164"
(/1) Experimental | 37 0.47 + 0.05 (0.43-0.49) 0.37-0.55 0.48 (0.45-0.5) ’
Thrombocytes Control 34 | 330.34 +6.843 (307.23-353.24) 226-493 321.5(284-347) 0.613%
(x10%) Experimental 37 |309.86 +91.48 (280.39-339.34) 127-478 321 (253-363) ’
Leukocytes Control 34 14.41 +4.8(12.79-16.02) 5.66-26 14(11.39-16.2) 0.102*
(x10°) Experimental | 37 16.56 + 6.02 (14.62-18.5) 6.01-29.32 15.99 (12.64-18.93) )
CRP Control 34 3+1.86(2.38-3.63) 0.4-7.6 2.5(1.8-3.9) <0.0071%*
(mg/l) Experimental | 37 80.11 % 44.1 (65.9-94.32) 29.1-241 65.5 (52.8-96.7) ’
Control 34 0.43 £0.3 (0.33-0.53) 0.05-0.97 0.34(0.15-0.7)
PCT (ng/ml) - <0.001**
Experimental | 37 41.44 +76.34 (16.84-66.83) 0.24-408.65 15.83 (3.23-35.86)
L Control 34 55.17 +21.22 (48.04-2.3) 17.99-13.3 57.07 (36.8-1.3)
Hepcidin (ng/ml) - 0.061*
Experimental 37 59.72 + 59.7 (40.48-8.96) 86.51-252.1 34.79 (26.67-0.6)
CRP - C-reactive protein; PCT - procalcitonin;
*Student’s t-test;
**Mann-Whitney U test
Table 3. Hepcidin value in the group of neonates with infection
Hepcidin (ng/ml)
Group Parameter n e _ o (i ; p
Mean + SD (95% Cl) Mlnlmum Medlar'1 (interquartile
Maximum interval)
) ) 1st day 37 59.72 +59.7 (40.48-78.96) 86.51-252.1 34.79 (26.67-70.6)
All infections 0.428*
6th day 37 | 44.72+22.04(37.62-51.82) 9.1-105 36.73 (30.39-56.61)
) early onset infections | 24 40.07 £43.5 (22.67-57.47) 13.30-235 30.19 (25.9-39.88)
Infections 1st day - - 0.012%*
late onset infections 13 | 95.99 +69.78 (58.06-133.92) 19.54-252.1 82.20(39.7-128.1)
X early onset infections | 24 | 44.05+19.34(36.32-51.79) 25.12-105 36.68 (31.23-50.3)
Infections 6th day - - 1.000%*
late onset infections | 13 45.94 +27.16 (31.18-60.7) 9.1-86.68 44.88 (27.16-66.2)
X . 1st day 24 40.07 +43.5 (22.67-57.47) 13.3-235 30.19 (25.9-39.88)
Early onset infections 0.040*
6th day 24 | 44.05+19.34(36.32-51.79) 25.12-105 36.68 (31.23-50.3)
. . 1st day 13 | 95.99 +69.78 (58.06-133.92) 19.54-252.1 82.2(39.7-128.1)
Late onset infections 0.005*
6th day 13 45.94 +27.16 (31.18-60.7) 9.1-86.68 44,88 (27.16-66.2)

*Wilcoxon W test;
**Mann-Whitney U test

In the group of neonates with infection overall, regardless
of whether they were up to 72 hours old (early infections)
or older (late infections), no statistically significant differ-
ences were observed in hepcidin values obtained on the first
day (34.79 ng/ml; IQ: 26.67-70.60 ng/ml) compared to the
sixth day (36.73 ng/ml; IQ: 30.39-56.61 ng/ml). The values
obtained in the group of neonates with early infections (me-
dian 30.2 ng/ml, I1Q: 25.9-39.9 ng/ml), were significantly
lower compared to the values in neonates with late infec-
tions (82.2 ng/ml, IQ: 39.7-128.1 ng/ml). In neonates with
early infections, hepcidin values on the first day (median
30.19 ng/ml, IQ: 25.9-39.88 ng/ml) were significantly lower
than on the sixth day (36.68 ng/ml, IQ: 31.23-50.3 ng/ml).
In neonates with late infections, hepcidin values on the first
day (median 82.20 ng/ml, IQ: 39.70-128.10 ng/ml) were sig-
nificantly higher than on the sixth day (median 44.88 ng/ml,
1Q: 27.16-66.2 ng/ml) (Table 3).

In early infections, a slight increase in hepcidin val-
ues from the first to the sixth day (9.21 ng/ml; IQ:
1.12-22.03 ng/ml) is noticeable, while in late infections,

‘ DOI: https://doi.org/10.2298/SARH220503093P

there was a marked decrease in hepcidin values from the
first to the sixth day (52.2 ng/ml, IQ: 10.44-69.95 ng/ml).
This difference between early and late infections was sig-
nificant (p = 0.001).

Our results showed statistically higher values of hep-
cidin (median 128.05 ng/ml, IQ: 60.95-201 ng/ml) in the
group of neonates with CRP values over 100 mg/1 (high
risk of sepsis) compared to neonates with moderate (me-
dian 32.68 ng/ml, IQ: 24.69-43 ng/ml) and low (median
28 ng/ml, 1Q: 27.14-29.56 ng/ml) risk of sepsis according
to CRP (p =0.012).

DISCUSSION

Our study included neonates born after 37 weeks of gesta-
tion, average postnatal age 4.27 days in the group of neo-
nates with infection, or 3.21 days in the control group of
healthy neonates. Premature babies were not tested, due
to the underdevelopment of their immune system [15, 16].

Srp Arh Celok Lek. 2023 Nov-Dec;151(11-12):670-675
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Although positive culture is the “golden standard” in the
diagnosis of infection, the percentage of positive culture re-
sults in different studies ranges 8-73% [17]. In our study, a
positive blood culture was obtained in 10.72% of neonates.
The frequency of positive urine cultures was 29.73%, and
there was only one case with a positive cerebrospinal fluid
culture (data not shown).

Prompt antibiotic therapy is required in order to pre-
vent the development of sepsis, but time required to obtain
culture results is at least 48 hours [18]. Due to the non-
specificity of clinical signs and long time to microbiologi-
cal results, acute phase reactants have great importance in
therapeutic decision. One widely used biomarker of neona-
tal infection is CRP. According to CRP values, all neonates
in the control group were without signs of inflammation,
while the mean level of CRP in the group of neonates with
infection was 65.5 mg/l. The mean level of procalcitonin in
the group of neonates with infection was 41.44 + 76.34 ng/
ml. In addition to these standard parameters of systemic
inflammatory response that are used in clinical practice, we
determined the values of hepcidin, an acute phase reactant
synthesized in the infection.

Studies in children have not provided a uniform refer-
ence range of hepcidin values. The median (interquartile
range) of hepcidin in the plasma of boys is 21.89 ng/mL
(16.5-51.7 ng/ml), and that of girls is 21.95 ng/ml
(19.2-47.7 ng/ml) [19]. The levels of hepcidin in cord
blood of term neonates (19.40 + 4.40 ng/ml) were simi-
lar to the values in preterm neonates (20.9 + 13.8 ng/ml)
[20]. In the study by Kulik-Rechberger et al. [21], hepcidin
values of healthy neonates on the third day of life were
66.79 £ 22.85 ng/ml. The median value of hepcidin in the
serum of preterm neonates who required erythrocyte trans-
fusions, in the study by Muller et al. [22] was 52.4 ng/ml,
about 30% lower than the hepcidin values detected in the
umbilical blood of term neonates in previous studies [23].
Lower hepcidin values in premature neonates are thought
to be the result of reduced iron reserves due to a shorter
gestation [22].

In their study, Koukoulas et al. [24] found significantly
increased hepcidin levels in patients with bacteremia on
day 0 and day 7, compared to healthy controls, and a sig-
nificant reduction of serum hepcidin after a seven-day
treatment. In a prospective study, Olinder et al. [25] have
shown that hepcidin values are significantly higher in sep-
tic than in non-septic patients.

In the study by Sherbiny et al. [26], hepcidin values in
the serum of premature neonates with late-onset sepsis
(288 + 81.3 ng/ml) were significantly higher compared to
the control group (66 + 12 ng/ml). They have also shown a
significant decrease of hepcidin (to 98.3 + 31 ng/ml) after
a seven-day antibiotic therapy to 98.3 + 31 ng/ml [26].

In their research, Wu et al. [27] found four times higher
hepcidin values in neonates with late-onset sepsis com-
pared to healthy neonates (26.8-67.7 ng/ml) and neonates
with infection who did not develop sepsis (5.3-89.8 ng/ml).
The results of the study by Cizmeci et al. [28] show el-
evated values of hepcidin in the umbilical cord blood of
neonates who developed early neonatal sepsis. Similar
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results were obtained by Motalib et al. [5] among neonates
with early neonatal sepsis. Wu et al. [27] and Motalib et
al. [5] have also proven a significant correlation between
hepcidin and CRP. In the study by Delaby et al. [29] in
adult patients, subjects with CRP below 10 mg/dl had a
mean hepcidin values of 4.64 ng/ml, while those whose
CRP level was higher than 10 mg/d]l had a mean hepcidin
level of 55.85 ng/ml.

In our study, hepcidin values in neonates with infection
on the first day were not significantly different from hepci-
din values in healthy neonates. However, hepcidin values
in neonates with late infections were significantly higher
compared to neonates with early infections (p = 0.012). In
the group of neonates with early infections, hepcidin values
on the sixth day were significantly higher compared to the
values on the first day (p = 0.040). In contrast to this, in the
group of neonates with late infections, the values obtained
on the sixth day were significantly lower compared to the
tirst day (p=0.005). The values of hepcidin in neonates
with a high risk of sepsis according to the CRP value were
131.52 + 84.37 ng/ml, which was higher than the values
in the low- and moderate-risk group, indicating that the
severity and intensity of inflammatory response in severe
bacterial infections lead to a significant increase in hepci-
din, which is in line with other studies [5, 27, 29].

It remains questionable whether the observed differ-
ences in hepcidin values are a consequence of maturation
and a better response to various stimuli with increasing
postnatal age, or a consequence of the longer time from
the onset of infection to blood sampling for analysis, con-
sidering the fact that in our study the “older” neonates
were hospitalized from home, while neonates with early
infections had not been discharged and the signs of in-
fection were recognized earlier. According to our results,
early infection (from the first to the sixth day) is associated
with an increase in hepcidin levels, while late infections are
followed by a decrease in hepcidin. Thus, the relationship
between observed hepcidin levels and the time of infec-
tion recognition and blood sampling in our study appear
to be in agreement with the expected kinetics of hepcidin
synthesis during the inflammatory response.

Even though our study has certain limitations, due to
the small number of patients, the diversity of severity and
time of infection onset, based on the results obtained, we
summarized that hepcidin values are dependent on post-
natal age. The neonatal period is also characterized by nu-
merous changes in hematopoiesis and iron metabolism, in
which hepcidin plays a significant role.

CONCLUSION

According to our results, serum hepcidin may not be a
relevant marker of neonatal infection in the first 72 hours
of life. After six days of antibiotic therapy, all investigated
neonates had increased hepcidin levels, while their CRP
and procalcitonin levels were decreased. Despite the
significant increase in hepcidin found in neonates with
CRP above 100 mg/l, we conclude that hepcidin has no
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significant advantages as a tool to ascertain neonatal in-
fection compared to CRP and procalcitonin and could be
used only as an additional biomarker of serious neonatal
infections. Additional studies of hepcidin level alterations
are, however, clearly warranted, primarily in the healthy
neonates, and also under pathological conditions.
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Hepcidin as a biomarker of neonatal infections

XenuuauH Kao 6uomapkep HeoHaTanHUX UHEKUUja

Jenunua Mpepojesuh-Camapyuh'?, OparaHa Manuuh-3anuh'?, Xenummnp Epuh? lopaaHa lysnjan'?, Ceprej CamapLinh?

'YHuBep3utet y baroj Nyuy, MeguumHcku dakynteT, barba Jlyka, Penybnuka Cpncka, BocHa n XepuerosuHa;
YHnBep3UTETCKI KNUHUYKM LieHTap Penybnuke Cpnicke, barba Jlyka, Penybnuka Cpncka, bocHa 1 XepLeroBuHa;
*3aBog 3a TpaHcdy3ujcky mepnumHy Penybnike Cpncke, batba Jlyka, Peny6niuka Cpncka, bocHa 1 XepuerosuHa

CAXETAK

YBop/Llwmb HecneundryHoOCT KNMHUYKMX 3HaKOBa MHeKLmje
Kog, HoBopoheHuYaau Hanaxe PyTMHCKO oapehrBame cepym-
cKor H1Boa Ll-peakTnHor npotenHa (LIPI1) n npokanunuToHrHa
y uniby noTBpAe AujarHose. byayhu aa je xenumpanH peakTaHT
aKyTHe dase 3anasbeta, UWb Haler paga je 6uo ncnuratu
3Hayvaj ogpehmBarba xenuuarHa y AnjarHocTuLy HeoHaTan-
HUX UHbEeKUMja.

MeTopae MpocneKkTMBHIM cTyaujom obyxsaheHo je 71 TepMuH-
CKO HOBOpONheHue, 37 ca KINMHUYKAM 1 NabopaTopujcKiM 3Ha-
uMMa nHbeKLwje 6e3 fpyrix NaTONMOLWKMX CTakba U 34 3npaBa
HoBopoheHyeTa. Mocne cTaHfapaHe 6akTepronoLke obpage,
y Bpeme AnjarHo3e 1 HakoH LLeCT AaHa aHTMbKOoTCKe Teparnuje
oppehuBaHe cy BpejHOCTV NapameTapa y KOMMIETHOj KPBHOj
Cmum, cepymckmx Hueoa LIPM-a, npokanuuToHnHa 1 xenum-
AnHa.

Pesynrtatu Huje ytBpheHa pasnvka y cepyMcKoj BpefHoCTu
XenuuavHa namehy KoHTponHe rpyne (55,17 + 21,22 ng/ml) n
rpyne HosopoheHuagu ca nHdekumjom (59,72 + 59,7 ng/ml) y
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npBOM JaHy. BpegHocTn xenuuaguHa kog HoBopoheHyaau ca
nHeKumjom yHyTap 72 cata (30,2 ng/ml, 1Q: 25,9-39,9 ng/ml)
CTATUCTUYKIM CY 3HAYajHO HVXKE Y OAHOCY Ha BPeAHOCTH HO-
BopoheHYaaw ctapmje o 72 cata (82,20 ng/ml, 1Q: 39,7-128,1
ng/ml). HakoH LuecT faHa aHTUOMOTCKe Tepanuje BpeAHOCTY
XenuuaunHa Kog HoBopoheHuaam ca MHdEKLMjom y3pacTa Ao
72 caTa noKasyjy CTaTUCTYKM 3HavajaH pacT (36,68 ng/ml, IQ;
31,23-50,3 ng/ml). Bucoke BpepHocTy xenuuamHa (128,05 ng/ml;
1Q: 60,95-201 ng/ml) 3abenexxeHe cy camo Kof HoBopoheHuaau
ca LIPM-om npeko 100 mg/I.

3aksbyyak [lpema pe3yntaTMa Haller UCTPaXKmMBahba, ofpe-
hHuBare cepymcKor XxenuuarHa Kao MapKepa HeoHaTasHe WH-
dbeKumje HUje peneBaHTHO KOA HOBOpOTheHYaau ca MHdeKLuujom
[0 72 caTa MBOTa. HaKoH LwecT AaHa aHTMOMOTCKe Tepanuje
HoBopoheHua oBe rpyne cy pearoBasna nopacTom Xenuuam-
Ha, Npy YeMmy cy napanenHo ogpehusaHe BpegHocTy LIPM-a n
NMPOKaNUMTOHNHa NOKa3are 3HavyajaH nag.

KmbyuHe peun: HoBopoheHuas; nHdekumje; xenumany; LIPTT;
NPOKaNUUTOHUH
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