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Abstract. Background. The purpose was to study the relationship between intestinal fatty acid-binding protein (IFABP)
levels and markers of inflammation and severity to the children with COVID- 19. Materials and methods. We conducted
a cohort, observational, retrospective study involving 88 patients aged 1 month to 18 years with laboratory-confirmed
COVID-19. The children were hospitalized in Kyiv City Children’s Clinical Infectious Disease Hospital (Kyiv, Ukraine).
They were divided into the study and control groups according to the course of the disease: the study group included 42
patients with complicated COVID-19, and the control group consisted of 46 participants with uncomplicated disease.
During a comprehensive examination on the first day of hospitalization, we collected blood serum for further study of
IFABP by enzyme-linked immunosorbent assay using the Human I[FABP/FABP2 (Intestinal Fatty Acid Binding Protein)
ELISA Kit (FineTest, China) with a working measurement range of 0.156— 10 ng/ml and a sensitivity of 0.094 ng/ml.
The study was performed according to the principles of the Declaration of Helsinki and in compliance with modern
principles of evidence-based medicine and bioethics in accordance with the principles of good clinical practice. The study
was approved by the Local Ethics Committee of the hospital. Informed consent of parents and children was obtained.
Diagnostic measures carried out during this study were not accompanied by risks. We used statistical, analytical methods
and the method of empirical research. To calculate the results obtained, we used the statistical software EZR v. 1.54.
Results. According to the calculations, IFABP in the control group was 15.1 = 3.1 ng/ml, while in the study group it
was higher, amounting to 21.7 £ 5.5 ng/ml (p = 0.01). The results of the study demonstrated a correlation between
IFABP level and an increased level of leukocytes (r = 0.284, p < 0.001), erythrocyte sedimentation rate (r = 0.56,
p <0.001), D-dimer (r = 0.259, p < 0.001), C-reactive protein (p = 0.225, p = 0.03) and radiological changes in the
lungs (p = 0.355, p < 0.001). Conclusions. We have found a correlation between IFABP level and the COVID-19
inflammation and severity markers in children.
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Introduction

Fatty acid-binding proteins (FABPs) are a family of
highly expressed intracellular proteins that were identified
about 50 years ago. Initially thought to bind almost exclu-
sively long-chain fatty acids, a broader spectrum of their ac-
tions has now been discovered. FABPs have unique, tissue-
specific functions and may exert regulatory effects beyond
their tissue expression. Circulating levels of FABPs are con-
sidered diagnostic markers of the physiological state of vari-
ous organs and tissues [1, 2].

To date, 10 genes encoding FABPs have been identified
in the human genome (FABP1—-9 and FABP12). They were
originally named according to the tissue in which were first
identified or predominate. However, as many FABPs are ex-
pressed in multiple tissues, they are now designated by the
following numbers: FABP1 (LFABP, liver), FABP2 (IFABP,
intestine), FABP3 (HFABP, muscle and heart), FABP4
(AFABP, adipocyte), FABP5 (EFABP, epidermal), FABP6
(ILBP, ileum), FABP7 (BFABP, brain), FABP8 (PMP2
or P2, myelin), FABP9 (TFABP, testis), and FABP12. Al-
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though initially described as intracellular proteins, they are
also found outside the cell and function via the circulatory
system, as well as intracellularly [3].

Our study aimed to examine the intestinal fatty acid-
binding protein, which is expressed in the small intestine.
IFABP transports lipids and binds excess fatty acids to
maintain a constant level of fatty acids in the epithelium.
When the integrity of the intestinal epithelium is disrupted,
IFABP is released into the bloodstream, which confirms its
significance as a clinical marker. Thus, the use of IFABP
as a biomarker for detecting epithelial permeability may be
useful for assessing the integrity of the intestinal mucosa in
various pathologies [4].

The effectiveness of the marker has been described in the
literature in gastrointestinal dysfunction, sepsis, cardiovas-
cular pathology, obesity, insulin resistance, and polytrauma.
In all these conditions, the authors indicate that IFABP is a
promising parameter in the diagnosis of intestinal damage
and can serve as an early biomarker for the detection of the
above-mentioned conditions [5—9].

In the diagnostic search for relevant research methods,
coronavirus infection (COVID-19) was no exception, it has
been disturbing scientists around the world for more than 5
years. The spectrum of clinical manifestations in COVID-19
can be varied, including gastrointestinal dysfunction. Since
IFABP is able to reflect damage to the intestinal mucosa, it
can also be potentially useful in the diagnosis of this disease.
In particular, Tyszko M. et al. (2022) suggest using IFABP in
COVID-19 to predict the severe course of the disease. The
authors found that higher levels of the marker in critically
ill and fatal patients were associated with a poor outcome
according to multivariate logistic regression analysis, which
proved the prognostic aspect of the marker [10].

IFABP has not been studied enough in the pediatric
cohort, especially in COVID-19. We decided to investigate
the level of this marker in children with COVID-19 who
underwent inpatient treatment at the Kyiv City Children’s
Clinical Infectious Disease Hospital (Kyiv, Ukraine) and to
determine the relationship of inflammation indicators and
COVID-19 severity with IFABP.

The purpose was to study the relationship between
IFABP levels and the COVID-19 inflammation and severity
markers in children.

Materials and methods
Study design and data gathering

We conducted an observational, cohort, retrospec-
tive study involving 88 children with laboratory-confirmed
COVID-19 aged from 1 month to 18 years who underwent
inpatient treatment at the Kyiv City Children’s Clinical In-
fectious Disease Hospital.

According to the International Statistical Classification
of Diseases, Tenth Revision, all patients were assigned a fi-
nal diagnosis code of U07.1. The diagnosis was confirmed in
the hospital using a single polymerase chain reaction (PCR)
test of a nasopharyngeal swab, according to the current pro-
tocol. A case was considered confirmed if there was a posi-
tive PCR test for SARS-CoV-2.

According to the course of the disease, patients were di-
vided into study and control groups. The study group included

42 patients with a complicated course of COVID-19, the con-
trol group included 46 patients with an uncomplicated course
of'the disease. Patients in both groups had moderate severity of
COVID-19. There were no cases of severe and critical disease.

During the first day of hospitalization, blood serum was
collected from all patients for routine hematological exami-
nations and determination of IFABP level by enzyme-linked
immunosorbent assay (ELISA). The laboratory stage of the
biomarker study was carried out in the immunological labo-
ratory of the Scientific Research Institute of Experimental
and Clinical Medicine of the Bogomolets National Medi-
cal University using the Human IFABP/FABP2 (Intestinal
Fatty Acid-Binding Protein) ELISA Kit (FineTest, China)
with a working measurement range of 0.156—10 ng/ml and
a sensitivity of 0.094 ng/ml.

Eligibility criteria

Inclusion criteria: age of children under 18 years, la-
boratory-confirmed COVID-19, the presence of informed
consent of the child’s parents or legal representatives to par-
ticipate in the study.

Exclusion criteria: age over 18 years, unconfirmed or
denied diagnosis of COVID-19, refusal of the child or his/
her parents/legal representatives to participate in the study.
Patients with concomitant chronic gastrointestinal diseases
and gastrointestinal symptoms that occurred before hospi-
talization were not included, since these conditions could
affect the results of the marker study.

Ethical clearance

The study was conducted according to the principles of
the Declaration of Helsinki and in compliance with mo-
dern principles of evidence-based medicine and bioethics
in accordance with the principles of good clinical practice.
The protocol of the research was approved by the Biomedi-
cal Ethics Committee of the Kyiv City Children’s Clinical
Infectious Disease Hospital (ethical approval No. 26 dated
December 1, 2023).

Statistical analysis

The obtained numerical data were checked for norma-
lity of distribution using the Shapiro-Wilk W criterion and,
depending on its result, are presented as the mean value
and its standard deviation (SD), or the median with the
interquartile range (25—75 quartile). Categorical data are
given as a quantity value with a percentage. To determine
the difference in the indicators of the compared groups, the
parametric Student’s t-test, nonparametric Mann-Whitney
tests, chi-square, Fisher’s exact test were used. The Spear-
man rank correlation test (p) was applied to assess the rela-
tionship. The significance of the type I error was selected at
the level of 5 % (p < 0.05), the confidence interval (CI)
at the level of 95 %. For statistical processing, the licensed
statistical software EZR v. 1.54 was used.

Results

There was no significant difference in gender and age
characteristics between the study and control groups. The
average age of the patients of the study group was 5.50 = 1.17
years, the control group — 5.30 + 0.97 years.
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Most participants were admitted for inpatient treatment
during the first day of the disease. The duration of inpatient
treatment ranged from 2 to 11 days and was significantly
longer in the study group (p < 0.05). Among the symp-
toms, fever, cough, runny nose, headache were most often
observed. More than a third of patients had gastrointestinal
symptoms (diarrhea, vomiting), which were relatively more
common in the study group. Symptoms of impaired smell
and taste perception (anosmia, ageusia) and febrile seizures
were also relatively more common in this group (p < 0.05).

The distribution of patients in the groups was carried out
according to the presence of complicated COVID-19. Com-
plications were observed only in the study group (47.7 % of

the total sample), they were respiratory and neurological.
Bacterial pneumonia was detected in 20 (47.6 %) patients,
stenosing laryngotracheitis — in 9 (21.4 %) cases, purulent
tubootitis — in 1 case (2.4 %). Encephalopathy with convul-
sive syndrome was diagnosed in 4 (9.5 %) children and le-
sions of the I and IX pairs of cranial nerves — in 8 (19.1 %).

We also analyzed the results of laboratory and instru-
mental studies in both groups (Table 1).

According to most indicators, the results did not differ
significantly between the groups. However, the patients of
the study group had a significantly higher level of erythro-
cytes (p = 0.011) and more often an increased level of C-
reactive protein (p = 0.002) compared to the control group.

90|
85|

75
70| ——-
65|
60|
55|

45|
40|
35|

25

1? l

Control group

Study group

Figure 1. Interval estimate of the mean value of serum IFABP in children with COVID-19
(median, standard deviation, 95% CI are indicated)

Table 1. The results of laboratory and instrumental research in patients of the study and control groups

Indicator All patients Control group Study group P
Leukocytes (G/L)* 6.85 (5.28-9.03) 7 (5.78-8.55) 6.65 (5.2-10.08) 0.973
Neutrophils (G/L)* 3.32 (2.04-6.05) 3.32 (1.83-5.26) 3.32 (2.12-6.51) 0.387
Lymphocytes (G/L)* 2.53 (1.49-3.28) 2.43 (1.45-3.67) 2.58 (1.57-3.22) 0.951
Erythrocytes (T/L)** 4.57 + 0.54 4.39 + 0.49 4.68 +0.55 0.011
Color index** 0.83 +0.07 0.84 +0.07 0.83 +0.07 0.521
Platelets (G/L)* 232 (184-288) 243 (187-305) 226 (184-270) 0.248
ESR (mm/h)* 5 (4-7) 5 (4-7) 5 (4-7) 0.403
Fibrinogen (g/L)** 3.1+0.8 3.3+0.9 3.1+0.8 0.389
D-dimer (mg/L)* 1.02 (0.42-3.45) 1.01 (0.43-2.52) 1.02 (0.36-3.61) 0.87
ALT (IU/L)* 25 (20-36.25) 33.5 (23-37.75) 24 (18.85-30.25) 0.059
AST (IU/L)* 41 (31.6-47.85) 443 (39.78-49.7) | 39.35(29.15-44.08) 0.01
CRP level above normal*** 34 (38.6 %) 6 (6.8 %) 28 (31.8 %) 0.002
Procalcitonin (ug/L)* 0.23 (0.18-0.3) 0.18 (0.12-0.28) 0.25 (0.2-0.3) 0.327
Creatinine (mmol/L)* 40 (33.9-48.4) 40.4 (31.8-44.4) 40 (35-55) 0.331
IFABP (ng/mL)* 18.7 (12.3-43.7) 15.1 (12.3-20.4) 21.7 (14.1-43.7) 0.01
E?]‘;‘;'*E’i‘dio'°gi°a' changes in the 42 (47.7 %) 0 (0 %) 42 (47.7 %) 0.01

Notes: * — median (interquartile range); ** — mean * SD; *** — number (%); ESR — erythrocyte sedimentation

rate; ALT — alanine aminotransferase; AST — aspartate aminotransferase; CRP — C-reactive protein.
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On the other hand, the patients of the control group had a
higher level of AST (p = 0.01). According to the results of
the chest X-ray, all patients of the study group had changes
in the lungs, which included areas of consolidation, inter-
stitial changes and ground glass opacity (p = 0.01). In pa-
tients of the control group, IFABP was observed at a level
of 15.1 ng/ml, while in the study group, the indicator was
higher, amounting to 21.7 ng/ml (p = 0.01). These data are
also shown in Fig. 1.

We decided to check whether IFABP levels and severity
of the condition are related. To test this hypothesis, the re-
lationships between biomarker levels and indicators of in-
flammation and severity (leukocyte count, ESR, C-reactive
protein, D-dimer, and lung radiographic findings) were
analyzed by calculating Pearson’s linear correlation coeffi-
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cient for parametric measures and Spearman’s rank correla-
tion coefficient for nonparametric measures. The data are
presented in Fig. 2—6.

When conducting a study of the correlation between
[FABP and D-dimer (Fig. 2), we found a linear correlation
of medium significance (p < 0.01). The value of the correla-
tion coefficient (r=0.259; 95% CI 0.05—0.45) is statistically
significantly different from 0.

The study of IFABP correlation with leukocytes
(Fig. 3) has shown a linear correlation of high signifi-
cance (p < 0.001). The value of the correlation coefficient
(r =0.284; 95% CI 0.07—0.47) is statistically significantly
different from 0.

When conducting a study of the correlation of IFABP
with ESR (Fig. 4), we found a linear correlation of high sig-
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Figure 2. Correlation field for IFABP and D-dimer
indicators (r = 0.259, p < 0.001)

Figure 4. Correlation field for IFABP and ESR
(r=0.56, p<0.001)
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Figure 3. Correlation field for IFABP and leukocyte
indices (r=0.284, p < 0.001)

Figure 5. Correlation field for IFABP and radiological
changes (p =0.355, p < 0.001)

360

Childs Heallth, ISSN 2224-0551 (print), ISSN 2307-1168 (online)

Vol. 20, No 5, 2025



OpuriHaAbHI AoCAiaXeHHs / Original Researches

, 100

80

60
o
[a1]
<
w

40

I
I—
_///_
20
0.0 0.2 0.4 0.6 0.8 1.0
C-reactive protein

Figure 6. Correlation field for IFABP and C-reactive
protein indicators (p = 0.225, p = 0.03)

nificance (p < 0.0001). The value of the correlation coef-
ficient (r = 0.56; 95% CI 0.39—0.68) is statistically signifi-
cantly different from 0.

The correlation was found between IFABP and radio-
logical changes in the lungs (Fig. 5). Radiological changes
included areas of consolidation, interstitial changes, and
ground glass opacity. The value of the rank correlation coef-
ficient: p = 0.355, p < 0.001.

We have found a correlation between IFABP and
C-reactive protein (Fig. 6). The value of the rank correla-
tion coefficient: p = 0.225, p =0.03.

Discussion

Due to the continued spread of SARS-CoV-2 among
children, we decided to conduct a single-center pilot study
aimed at finding correlations between the level of IFABP
and indicators of inflammation and severity of COVID-19.

We divided patients into the study and control groups
by the presence of a complicated course and compared
their IFABP levels. According to the results of the work,
IFABP was higher in the study group (21.7 = 5.5 ng/ml vs.
15.1 = 3.1 ng/ml, p=10.01).

We have suggested that IFABP levels may correlate with
markers of inflammation and severity. By determining the
Pearson linear correlation coefficient for leukocyte counts,
ESR, and D-dimer, and the Spearman rank correlation
coefficient for C-reactive protein and lung radiographic
changes, we found a relationship between an increase in the
marker and the above-mentioned indicators.

According to the results of the study, IFABP levels in
children with COVID-19 correlate with markers of inflam-
mation, such as leukocyte counts (r = 0.284, p < 0.001),
ESR (r=0.56, p < 0.001), D-dimer (r = 0.259, p < 0.001),
C-reactive protein (p = 0.225, p = 0.03), and lung radio-
graphic changes (p = 0.355, p < 0.001).

Our study is pilot and has no analogues for comparison
in children. Regarding adult COVID-19 patients, Brazilian

researchers conducted a study, but it involved patients with
severe and critical COVID-19 who showed ~ 48-, 74- and
125-fold increases in IFABP levels. They were significant-
ly higher in patients who died of COVID-19 compared to
those who recovered. Based on the results of the perfor-
mance curve analysis, IFABP was proposed as a biomarker
of COVID-19 severity (p < 0.0001; Youden index = 6.89;
area under the curve = 0.699) [11].

Limitations of this work. This study has limitations,
since it was conducted in a single clinical center and was
retrospective. The lack of similar studies on COVID-19, es-
pecially in the pediatric population, is also one of the limit-
ing factors.

Conclusions

In this study, compared to the works of our colleagues,
there were no fatalities, and the goal was to investigate the
relationship between IFABP and markers of inflammation
and complicated course of COVID-19 in children, not mor-
tality, which explains the significantly lower rates obtained.

An increase in IFABP levels is associated with activa-
tion of the immune response and can serve as a marker of an
unfavorable course and an increased risk of complications.
The use of IFABP allows for the diagnosis of gastrointesti-
nal lesions in patients with COVID-19, which expands the
possibilities of timely identification of groups at risk for the
progression of a complicated course and the application of
measures to prevent them.
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2TaBpiicbku HALIOHAALHUK YHIBepCUTET iMeHi B.l. BepHaacbkkoro, M. Kuis, YkpaiHa

Kopeasuis IFABP i3 Mapkepamu 3anaAeHHs B aAiten is COVID-19

Pe3iome. Mera: BUBUNTH 3B’S130K MiX TMOKa3HUKAMU OilKa
IFABP Ta mapkepamu 3ananenHs i Tskkocti mpu COVID-19 y ni-
Teit. Marepianu Ta meTonu. ITpoBeneHO KOropTHe obGcepBaliiiiHe
PETPOCIEKTUBHE MOCTIIKEHHS i3 3aJTydyeHHsIM 88 TallieHTiB Bi-
koM Bif 1 micsis go 18 pokis i3 COVID-19, mo 6yB 1abopatop-
HO TATBEPIKEHU METOIOM TOJIiMEPa3HO1 JIAaHIIIOTOBOI peaKilii.
Hditu O6ynu rocmitanizoBadHi B KHIT «KuiBcbka Micbka AuTsIua
KJIiHiuHa iHdekuiiHa gikapHs» (M. Kuis, Ykpaina). 3a nepedirom
3aXBOPIOBAHHS 1X PO3MOIUIMIN HA OCHOBHY Ta KOHTPOJIBHY TIpy-
Ty: 10 OCHOBHOI yBiinn 42 nutuHu 3 yeckinanneHum COVID-19,
J10 KOHTPOJIbHOT — 46 i3 HeyckiaagHeHuM. [1i1 yac KOMITJIEKCHOTO
00CTeXEeHHSI MPOTSITOM MepIloi J00M nepedyBaHHS B CTallioHapi
Oysa 3ibpaHa crpoBaTKa KPOBi MAIIEHTIB [JIs1 TTOAAJTBIIOL OIliIHKA
oiomapkepa IFABP meTomom iMmyHO(DEepMEHTHOTO aHaTi3y 3 BUKO-
pucTtaHHsIM HaykoBoro Ha6opy Human IFABP/FABP2 (Intestinal
Fatty Acid Binding Protein) ELISA Kit (FineTest, KuTaii) i3 po-
60ounM gianazoHoM BuMiptoBaHb 0,156—10 Hr/MII Ta YYTIMBICTIO
0,094 wur/mu. JdocmimkeHHsT BUKOHAHO 3TiIHO 3 TMPUHLMMAMU
lenbciHebkoOl Aekapallii Ta 3 TOTPUMAHHSIM Cy4YaCHUX MPUHLIU-
MiB JOKA30BO1 MEAULIMHU 1 OI0ETUKM BiAMOBIAHO 10 MPUHIIUITIB

HaJIeXXHOI KJIHIYHOI MpakTUKU. BUKOHaHHS poOOTH cxBajieHe
JIOKaJTbHUM €TUYHUM KOMITeTOM JIiKapHi. byna orpumana ingop-
MOBaHa 3roja 6aTbKiB Ta aiTei. JliarHOCTUYHI 3aX0au, 1110 TTPOBO-
NIAIKCDH T Yac 1bOTO AOCHIIKEHHS, He CYNTPOBOKYBATUCH PU-
3uKaMu. Y poOOTi BAKOPUCTAHO CTATUCTUYHI, aHATITUYHI METOIN
i MeTol eMITipUYHOro MOCTiIKeHHs. Po3paxyHOK OTpUMaHUX
Pe3yJIbTaTiB BUKOHYBAIM 3a JIONIOMOT'OI0 CTAaTUCTUYHOI IIPOrpaMu
EZR v. 1.54. Pe3yabraT. Y KOHTPOJbHIN rpymi pieHb IFABP
cranHoBuB 15,1 * 3,1 Hr/mi, Toli SIK B OCHOBHiil MOKa3HUK OyB
BummM — 21,7 + 5,5 ur/min (p = 0,01). 3a pesynbraTamu 10CTi-
JDKEHHSI BUSIBIGHUI KopesiiiiHuii 38’5130k Mixk IFABP Ta min-
BULLIEHUM piBHeM JieiikouuTiB (r = 0,284, p < 0,001), mBuaKicTIO
ocigaHHst epurpouutis (r = 0,56, p < 0,001), ymicrom D-numepa
(r=0,259, p <0,001), C-peaktuBHoro 6inka (p = 0,225, p=10,03)
Ta PEHTreHOJOTiYHMMU 3MiHaMHu B jiereHsx (p = 0,355, p < 0,001).
BucHoBKuU. BusiBiieHO KOpesiiiHUi 3B’ 130K Mix MOKa3HUKaMU
IFABP ta mapkepamu 3ananeHHs i tsokkocti npu COVID-19 y
iTeit.

Kmouosi ciioBa: COVID-19; IFABP; nitu; 6iomapkep; Mapke-
Py 3anajieHHs
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