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Abstract.

While the majority of pediatric COVID-19 cases follow a mild clinical course, a distinct subset of patients develops severe
disease associated with immune dysregulation and micronutrient deficiencies. Proinflammatory cytokines, including tumor
necrosis factor-alpha (TNF-o) and interleukin-6 (IL-6), are pivotal in driving hyperinflammatory responses, whereas deficiencies
in essential vitamins (4, D, B, B, B,,) may compromise antiviral defense mechanisms and immune homeostasis. Nevertheless,
the combined prognostic utility of cytokine and micronutrient profiles in predicting disease severity among children remains
insufficiently characterized.

Objective. To develop and validate a multivariable logistic regression model for predicting severe COVID-19 in children
integrating inflammatory biomarkers and micronutrient status.

Materials and Methods. Clinical and laboratory data were collected from 175 children with confirmed COVID-19. A subgroup
of 112 children, for whom complete cytokine and micronutrient data were available, was selected for model development. Serum
concentrations of TNF-a, IL-6, and vitamins B, A, and D were measured. Independent predictors were identified through
stepwise logistic regression. Model performance was assessed in both training (n=89) and testing (n=23) cohorts using receiver
operating characteristic (ROC) curve analysis and standard classification metrics. Ethical approval for this study was granted
by the Bioethics Committee of I. Horbachevsky Ternopil National Medical University, Ministry of Health of Ukraine (Protocol
No. 79, dated November 7, 2025). Written informed consent was obtained from the legal guardians of all participating children.
Statistical analysis was conducted using Statistica 10.0 and SPSS 26.0 software. For continuous variables, 95% confidence
intervals (95% CI) were calculated. The Kruskal-Wallis test (H-test) was employed to evaluate differences among the medians
of multiple groups. Statistical significance was defined as a p-value less than 0.05. A multivariable logistic regression model
with stepwise variable selection was utilized to develop the predictive tool. Diagnostic accuracy was evaluated through ROC
curve analysis, including the area under the curve (AUC), sensitivity, and specificity. This study is part of the research project
«Optimization of Diagnostic Approaches for Clinical and Pathogenetic Features of COVID-19 in Children with Comorbidities
and Treatment Considerations» (State Registration No. 0123U100064, 2023-2025).

Results. Elevated serum concentrations of interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a), combined with
deficiencies in vitamins B, A, and D, were identified as significant predictors of severe COVID-19 in children (p < 0.05). The
developed model exhibited outstanding discriminatory capacity, achieving an area under the receiver operating characteristic
curve (AUC) of 0.96, with a sensitivity of 87.5%, specificity of 93.3%, and overall accuracy of 91.3%. These metrics confirm the
model s reliability in distinguishing between mild and severe disease courses.

Conclusion. The proposed logistic regression model represents a robust and clinically interpretable instrument for the early
identification of children at risk of severe COVID-19. The integration of cytokine and micronutrient biomarkers into predictive
algorithms may facilitate personalized interventions and enhance clinical decision-making in pediatric practice.
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Introduction

Although severe COVID-19 is less common in children
than in adults, it remains a critical clinical concern due to the
unpredictable progression of the disease in specific pediatric
subgroups. Global epidemiological evidence suggests that
60-80% of infected children are either asymptomatic or
exhibit only mild upper respiratory symptoms. However,
10-20% may develop pneumonia of varying severity, while
a smaller yet clinically significant proportion progresses
to severe or critical illness, necessitating hospitalization,
respiratory support, or intensive care unit admission [1, 2].
This persistent risk emphasizes the critical need for early
identification of children vulnerable to clinical deterioration.

Despite the lower mortality rates in pediatric populations
compared to adults, sudden and rapid clinical deterioration
has been documented even in previously healthy children,
posing challenges for clinical management [3]. Among the
proposed mechanisms, dysregulation of the host immune
response has emerged as a key factor. The excessive and
uncontrolled release of proinflammatory cytokines —
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termed a «cytokine storm»— has been strongly associated
with the pathogenesis of severe COVID-19. In this
context, interleukin-6 (IL-6) and tumor necrosis factor-
alpha (TNF-a) are consistently identified as biomarkers
of systemic hyperinflammation [4, 5].

IL-6 is a pleiotropic cytokine produced by activated
macrophages, dendritic cells, endothelial cells, and other
immune cells. It mediates diverse biological effects,
including the induction of acute-phase protein synthesis
in the liver, promotion of B-cell differentiation, and
modulation of T-cell responses [6].In COVID-19, elevated
IL-6 levels have been linked to respiratory failure, the
need for mechanical ventilation, and adverse outcomes,
particularly in adult patients [7]. While pediatric studies
remain limited, emerging evidence suggests that elevated
IL-6 levels correlate with disease severity and may serve
as an early indicator of complications in children [8].

Tumor necrosis factor-alpha (TNF-a) critically
influences the regulation of inflammatory cascades,
contributes to endothelial dysfunction, and facilitates
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multi-organ involvement. Although most clinical evidence
originates from adult populations, pediatric studies —
particularly those examining multisystem inflammatory
syndrome in children (MIS-C)—have consistently shown
elevated TNF-a levels in severe cases. This cytokine may
act synergistically with interleukin-6 (IL-6) to amplify
hyperinflammatory responses [9, 10]. Consequently, TNF-a
and IL-6 represent biologically plausible and clinically
quantifiable indicators of disease severity in children.

In addition to cytokine dysregulation, accumulating
evidence underscores the significance of nutritional status —
specifically micronutrient levels — in modulating immune
responses to SARS-CoV-2 infection [11]. Vitamin D has
received particular attention in this context. Observational
and case-control studies indicate that children with
insufficient vitamin D levels are at higher risk of developing
moderate or severe COVID-19 compared to those with
adequate status [12, 13]. Vitamin D enhances antimicrobial
activity in monocytes and macrophages by stimulating
cathelicidin and defensin production, while simultaneously
suppressing Thl and Th17 responses and reducing the
secretion of interleukin-2 (IL-2), IL-6, TNF-a, and
interferon-y [ 14]. By promoting an anti-inflammatory state,
vitamin D may mitigate cytokine-induced lung injury [15].

Vitamin A also warrants consideration due to its
essential role in maintaining epithelial barrier function,
regulating mucosal immunity, and facilitating lymphocyte
differentiation. Vitamin A also warrants consideration due to
its essential role in maintaining epithelial barrier function,
regulating mucosal immunity, and facilitating lymphocyte
differentiation. Historical data from respiratory infections,
including measles and respiratory syncytial virus (RSV),
demonstrate that vitamin A deficiency increases morbidity
and mortality, particularly in children under five years of
age [16]. Recent studies suggest that insufficient vitamin
A levels may similarly exacerbate COVID-19 outcomes,
although pediatric-specific evidence remains limited [17]

B-group vitamins contribute to immune function through
multiple mechanisms. Vitamin B, (pyridoxine) participates in
amino acid metabolism and neurotransmitter synthesis while
exerting anti-inflammatory effects by inhibiting nuclear
factor kappa B (NF-«B) signaling and reducing cytokine
production. Folate (vitamin B,) is indispensable for DNA
synthesis and repair, supporting lymphocyte proliferation;
its deficiency has been associated with impaired antiviral
responses and heightened inflammation. Vitamin B,
functions as a cofactor in one-carbon metabolism and redox
balance, with observational studies linking low levels to
poorer outcomes in viral infections [18]. Collectively, these
findings suggest that a comprehensive micronutrient profile
may complement cytokine biomarkers in risk stratification.

Recent clinical trials and meta-analyses have evaluated
the efficacy of combined micronutrient supplementation in
adults with COVID-19, revealing potential reductions in
inflammatory markers and accelerated recovery [13, 16].
Nevertheless, robust pediatric data remain insufficient,
particularly regarding the integrated prognostic value of
immune and nutritional biomarkers. This evidence gap
underscores the necessity for comprehensive approaches that
concurrently assess cytokine activation and micronutrient
deficiencies.

Objective

To develop and validate a multivariable logistic regression
model for predicting the probability of severe COVID-19 in
children, incorporating proinflammatory cytokine levels
(interleukin-6, tumor necrosis factor-alpha) and micronutrient
status indicators (vitamins A, D, B, B;, and B,)).

Materials and Methods

A retrospective cohort study was conducted,
encompassing 175 children aged 1 month to 18 years
who were diagnosed with COVID-19 and received
treatment between 2020 and 2024 at the Municipal
Non-Profit Enterprise «Ternopil City Children’s Clinical
Hospital» in Ternopil, Ukraine. Diagnosis was confirmed
through a positive polymerase chain reaction (PCR) test
for SARS-CoV-2, using upper respiratory tract swabs
(nasopharyngeal or oropharyngeal), and was supported by
clinical manifestations and epidemiological history (contact
with infected individuals or residence in high-prevalence
regions), in accordance with the Ministry of Health of
Ukraine Protocol No. 852, dated April 10, 2020. Children
aged 1 month to 18 years with a confirmed positive PCR
test for SARS-CoV-2, symptomatic COVID-19, and
written informed consent from parents or legal guardians
were eligible for participation

Serum levels of vitamins A, D, B, B,, B,,, and
homocysteine, as well as the proinflammatory cytokines
TNF-a and IL-6, were measured in all patients using
standardized enzyme-linked immunosorbent assay (ELISA)
test systems. Analyses were performed on a Multiskan FC 357
immunoassay analyzer at the Interdepartmental Educational
and Research Laboratory of I. Horbachevsky Ternopil
National Medical University, Ministry of Health of Ukraine.

For predictive modeling, only children with complete
cytokine and micronutrient datasets were included in the
analysis. After excluding cases with missing biomarker data,
112 children remained for logistic regression modeling.
Serum levels of TNF-a and IL-6 were quantified using
ELISA, while vitamin A and 25-hydroxyvitamin D were
measured via high-performance liquid chromatography
(HPLC). Vitamins B, B, (folate), and B, were assessed
through chemiluminescent immunoassay.

COVID-19 severity was categorized according to
World Health Organization pediatric criteria. Severe
disease was defined by the presence of respiratory distress,
oxygen saturation below 92%, radiographic evidence of
pneumonia, or multisystem inflammatory syndrome in
children (MIS-C).

The authors assume full responsibility for all aspects of
this study, ensuring that any concerns regarding accuracy
or integrity are thoroughly investigated and resolved. The
study adhered to the principles of the Declaration of Helsinki
(2013 revision). Ethical approval was obtained from the
Bioethics Committee of I. Horbachevsky Ternopil National
Medical University, Ministry of Health of Ukraine (Protocol
No. 79, dated November 7, 2025). Written informed consent
was secured from the parents or legal guardians of all
participating children.

Data were analyzed using Statistica 10.0 and SPSS
26.0 software. A multivariate logistic regression model was
constructed to develop the predictive tool, and diagnostic
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accuracy was assessed through receiver operating
characteristic (ROC) analysis. Statistical significance was
defined as a p-value less than 0.05.

A stepwise multivariate logistic regression approach
was employed to identify independent predictors of severe
COVID-19. The initial model incorporated TNF-a, IL-6,
and serum concentrations of vitamins A, D, B, B,, and B, ,
Only variables demonstrating statistical significance (p <
0.05) were retained in the final model. Model training was
performed using 80% of the dataset (n=89), with validation
conducted on the remaining 20% (n=23).

Model performance was evaluated based on sensitivity,
specificity, positive and negative predictive values,
likelihood ratios, and overall accuracy. A ROC curve
was generated, and the area under the curve (AUC) was
calculated to determine predictive discrimination.

This study is part of the research project «Optimization
of Diagnostic Approaches for Clinical and Pathogenetic
Features of COVID-19 in Children with Comorbidities
and Treatment Considerations» (State Registration No.
01230100064, 2023-2025).

Results

The study included 175 children with confirmed
COVID-19. The mean age was 5.95 + 0.70 years (95%
CI: 5.25-6.65); the cohort comprised 92 boys (52.6%) and
83 girls (47.4%). The largest proportion of cases occurred
in the 1-5-year age group (34.9%), followed by the
5-15-year group (30.3%), children under 1 year (23.4%),
and those aged >15 years (11.4%). Sex distribution differed
significantly across age groups: boys predominated in the
1-5-year age group, while girls were more prevalent in the
5-15-year age group (p < 0.05).

Seasonal analysis revealed that 77.7% of infections
occurred during autumn and winter, 20.0% in spring,
and 2.3% in summer. Household contact was the primary
source of infection (64.0%), while 2.3% of cases were
attributed to school or daycare exposure. In 33.7% of cases,
the source of infection remained unidentified.

Comorbid conditions were present in a subset of
patients, including urinary tract infections (4.6%),
neurological disorders such as cerebral palsy and epilepsy
(4.0%), gastrointestinal and hepatobiliary diseases (4.0%),
dysmetabolic nephropathy (2.9%), allergic history (2.9%),

overweight (1.7%), congenital heart disease (1.7%), and
bronchial asthma (0.6%). No significant association was
detected between comorbidities and disease severity
(p > 0.05).

Fever was the most common clinical manifestation,
present in all enrolled children; high fever exceeding
38 °C was recorded in 64.6% of cases. Further respiratory
symptoms included cough (36.0%), nasal congestion
(28.6%), rhinorrhea (25.7%), sore throat (13.1%), and
anosmia (6.9%), the latter predominantly reported in older
children. General weakness was noted in 32.0% of patients,
myalgia in 9.1%, and headache in 4.0%. Gastrointestinal
involvement was likewise documented, comprising
diarrhea in 15.4%, abdominal pain in 6.3%, vomiting in
4.0%, and nausea in 2.3%. Oxygen desaturation below
92% was identified in 14 children (8.0%), most frequently
among adolescents aged 15 years or older. Radiological
signs of pneumonia were detected in 21.1% of cases,
confirmed by chest X-ray in 12.6%, lung ultrasonography
in 7.4%, and chest computed tomography in 1.1%.

Based on clinical and radiological findings, 139 children
(79.4%) were classified as having mild COVID-19,
24 (13.7%) a moderate course, and 12 (6.9%) severe
disease. Severe cases were more frequently observed
among adolescents, whereas mild disease predominated
in younger age groups. Children with severe disease
characteristically presented with high fever, pronounced
weakness, nasal congestion, myalgia, gastrointestinal
manifestations, and oxygen desaturation.

Table 1 presents the median values and interquartile
ranges for vitamins A, D, B, B, and B, in children
with COVID-19 of varying severity, compared with the
control group A consistent inverse trend is apparent:
vitamin concentrations declined progressively with
increasing disease severity Children with mild disease
maintained values approximating those of the control
group, whereas moderate and severe cases demonstrated
marked reductions, most notably in vitamins A, D, and
B,. Vitamin B, remained comparatively preserved, yet
lower concentrations were nonetheless observed in severe
disease. These findings indicate that monitoring and
correction of vitamin deficiencies may play an important
role in preventing progression to severe COVID-19 in
paediatric patients (Table 1).

Table 1

Micronutrient levels and COVID-19 severity in children

Group Vitamin A (ng/mL) | Vitamin D (ng/mL) V(I:%Trl:jﬁ V(i:%r?ri:l_% Vitamin B, (pg/mL)
Control 430.80-650.00p | (200043255 | (435000000 | 547 (ATET03R |0 0N o
Mid (094.00.566.00 | (21.50-4245p | ossstaoe | 478G oo ina 1op
Moderate (279.2?)?53%. 100 | (21 .2259-.313.68)13 (35.3(?-'5977.67)b 4.22(3.19-6.23p (288-2?)?413-40)b
Severa (203;?‘3é97%_55)c (18.9292-';5.50)c (37.532‘:;.72)o 3.90(227-5.10) (255.2?5?42%-85)‘3
p-value <0.001* 0.002* 0.015* 0.003* 0.001*

Note.

Values are presented as median (interquartile range, IQR). Overall between-group comparisons were

performed with the Kruskal-Wallis test. Different superscript letters (a, b, c) within a column indicate
statistically significant differences between groups (p < 0.05, Dunn’s post hoc test).
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Table 2 presents the median values and interquartile
ranges of key pro-inflammatory cytokines — IL-6 and
TNF-a — in children with COVID-19 of varying severity,
compared with the control group. The results reveal
a consistent upward trend in cytokine concentrations
corresponding to increasing disease severity. IL-6,
a central marker of systemic inflammation, rose
progressively from mild to severe cases, reaching peak

values in children with severe COVID-19. TNF-a,
another pivotal inflammatory mediator, demonstrated
a pronounced elevation, with concentrations more than
50-fold higher in severe cases than in controls. These
findings underscore the strong association between
cytokine hyperactivation and disease progression in
pediatric COVID-19, pointing to both prognostic and
therapeutic relevance (Table 2).

Table 2
Cytokine levels and COVID-19 severity in children

Group IL-6 (pg/mL) TNF-a (pg/mL)
Control 5.7 (0.23-11.561)a 3.6 (0.12-8.1)a
Mild 80.36 (15.02-176.5)p 56.7 (12.76-119.1)b
Moderate 101 (32.04-274.1)be 97.73 (80.55-178.5)c
Severe 151.90 (84.44-326.2)c 182.42 (172.42-205)d
p-value <0.001* <0.001*
Note. Values are presented as median (interquartile range, IQR). Overall comparisons between groups were

performed using the Kruskal-Wallis test. Different superscript letters (a—d) within a column indicate statistically
significant differences between groups based on Dunn'’s post-hoc test (p < 0.05). Groups sharing the same

superscript letter do not differ significantly.

Multivariate logistic regression analysis was performed
to identify the most significant predictors of severe
COVID-19 outcomes in children. The model incorporated
serum concentrations of vitamins A, D, B, B;, B ,,
alongside pro-inflammatory cytokines IL-6 and TNF-a
as independent variables. This statistical method permits
estimation of the probability of a binary outcome — in this
case, severe versus non-severe COVID-19— from multiple
continuous or categorical independent variables.

The model is structured on the foundation of the logistic
function:

P=1/(1+e"2)
Where:
- P is the predicted probability of severe COVID-19,
- e is Euler’s number (approximately 2.72),
- z is the linear combination of predictors, calculated as:

Z=ao+ arXi + axxz2 + ... + asXy,

where ao is the intercept, a;—a, are the regression
coefficients, and x,—x, are the independent variables.

For the logistic regression analysis, a subset of 112
pediatric patients with available biomarker data (serum

vitamins A, D, B, B,, B, and cytokines IL-6 and TNF-a)
was included. The following seven biomarkers were
initially considered as candidate predictors on the basis of
their established pathophysiological relevance:

- tumor necrosis factor-alpha (TNF-a),

- interleukin-6 (IL-6),

- vitamin B,

- vitamin B, (folate),

- vitamin B,

- vitamin A,

- vitamin D.

Backward stepwise selection identified five predictors
with statistically significant associations with severe
disease, which were retained in the final model: TNF-a,
IL-6, vitamin B,, vitamin A, and vitamin D. Vitamin B, and
vitamin B , were excluded on grounds of non- significance
(p>0.05).

The final logistic regression model was trained on
80% of the cohort (n = 89) and validated on the remaining
20% (n = 23). The estimated regression coefficients (B),
standard errors (SE), p-values, and odds ratios (Exp(B))
for the predictors retained in the final model are presented
in Table 3.

Table 3
Logistic Regression Coefficients for Predicting Severe COVID-19 in Children
Predictor Coefficient (B) Standard Error p-value Odds Ratio (Exp(B))
TNF-a 0.1413 0.0706 0.02 1.15
IL-6 0.0047 0.0023 0.002 1.00
Vitamin B, —-0.0543 0.0271 <0.0001 0.95
Vitamin A —0.0002 0.0001 0.002 1.00
Vitamin D -0.2773 0.1387 0.02 0.76
Constant -3.0153 0.8615 0.004 0.05

Note. Odds ratios (Exp(B)) are presented with two decimal places. p < 0.05 was considered statistically significant.
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The model demonstrated excellent explanatory
power, with a Nagelkerke R? of 0.7905, indicating that
approximately 79% of the variance in the outcome was
accounted for by the included predictors.

The -2 log-likelihood of the final model was 86.00.

The final predictive equation used to calculate the log-
odds (z) for each patient is as follows:

z=-3.0153 +0.1413 x TNF-a + 0.0047 x IL-6-0.0543 x Vitamin B;-0.0002 x Vitamin A —0.2773 x Vitamin D

Substitution of individual biomarker values into this
equation yields the patient-level probability of severe
disease via the logistic function.

The strength of association of each variable was
reflected in its exponentiated coefficient (Exp(B)),
which represents the odds ratio. Among all predictors,
the strongest association with the probability of severe
COVID-19 was attributed to vitamin A, followed by IL-6,
vitamin D, vitamin B, and TNF-a..

These findings suggest that elevated pro-inflammatory
cytokines and deficiencies in select vitamins contribute
substantially to the risk of severe COVID-19 in children.
The model thereby provides a robust, evidence-based tool
for early risk stratification in pediatric clinical practice.

Model performance and predictive accuracy was
evaluated on a separate test subset comprising 23 children
(20% of the total study population). Of these, 15 children
were clinically diagnosed with mild COVID-19 (Actual =
0), and eight with severe COVID-19 (Actual = 1), classified
according to established clinical criteria and disease course.

Each child was assigned a predicted class based on
the model’s estimated probability. Of the 15 children with
mild disease, 14 were correctly classified as non-severe
(true negatives) and one was misclassified as severe (false
positive). Of the eight children with severe COVID-19,
seven were correctly identified (true positives) and one was
incorrectly classified as non-severe (false negative). These
results are summarised in the confusion matrix (Table 4).

Table 4

Confusion matrix and predictive performance of the logistic regression model (test set)

Indicators

Severe (Actual = 1)

Mild (Actual = 0)

Predicted = Severe (1)

7 (True Positive)

1 (False Positive)

Predicted = Mild (0)

1 (False Negative)

14 (True Negative)

Note. Positive predictive value (PPV): 87.5% (95% confidence interval [Cl]: 52.9-97.8%), negative predictive value

(NPV): 93.3% (95% Cl: 70.2-98.8%).

To comprehensively assess the diagnostic performance
of the proposed logistic regression model in predicting the
severity of COVID-19 in pediatric patients, key evaluation
metrics were derived from the confusion matrix.

Sensitivity, or the true positive rate, reflects the
model’s capacity to correctly identify patients with severe
COVID-19. The model correctly classified 7 of 8 children
with severe disease, yielding a sensitivity of 87.5%. This
indicates that the majority of high-risk cases were detected
and that false negatives were minimised.

Specificity, or the true negative rate, measures the
proportion of children without severe COVID-19 who
were correctly identified by the model. Of the 15 children
with mild disease, 14 were accurately classified, yielding
a specificity of 93.3%. This value reflects a strong
capacity of the model to exclude severe disease in low-
risk patients.

The positive predictive value (PPV) quantifies the
probability that a child classified as high-risk actually has
severe COVID-19. In this validation cohort, 7 of 8 children
predicted to have severe disease were correctly classified,
producing a PPV of 87.5%, confirming that a positive
classification result is highly likely to reflect true severity.

The negative predictive value (NPV) represents the
probability that a child predicted to be at low risk indeed
has mild disease. Of 15 children classified as low-risk, 14
were true negatives, yielding an NPV of 93.3%. This result
reinforces the model’s reliability in excluding severe cases
among those classified as low-risk.

62

Likelihood ratios were additionally calculated to quantify
the model’s discriminative ability. The positive likelihood
ratio (LR+) — comparing the probability of a positive
classification in children with severe disease to that in
children without severe disease — was 13.06, indicating that
a child with severe COVID-19 is approximately 13 times
more likely to be classified as high-risk than a child with
mild disease. The negative likelihood ratio (LR—) was 0.134,
implying that a child with mild disease is approximately
7.5 times more likely to be classified as low-risk than
a child with severe disease, which reflects strong model
performance in minimising false negatives.

The overall accuracy of the model, defined as the
proportion of correctly classified cases, was 91.3%,
demonstrating that the logistic regression model provides
highly reliable, clinically applicable predictions for
distinguishing mild from severe COVID-19 in children.

Collectively, these performance metrics confirm excellent
diagnostic accuracy and support reliable differentiation
between children at high and low risk of severe COVID-19.
The combination of high sensitivity and specificity with
strong predictive values and likelihood ratios substantiates
the model’s potential utility for early clinical risk assessment.

Receiver operating characteristic (ROC) curve
analysis was performed to evaluate the overall predictive
performance of the model in identifying children at risk of
severe COVID-19 (Figure 1). The ROC curve characterises
the model’s discriminatory ability across the full range of
classification thresholds.
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Figure 1. Receiver Operating Characteristic (ROC) curve for the logistic regression model predicting
severe COVID-19 in children.

The area under the ROC curve (AUC) was 0.96,
which, by accepted criteria, corresponds to outstanding
discriminative ability (AUC 0.90-1.00). This result
confirms that the model yields highly reliable predictions
of severe disease in pediatric patients. The sensitivity and
specificity derived from ROC analysis were consistent with
previously reported values: 87.5% and 93.3%, respectively,
with an overall accuracy of 91.3%.

These findings confirm the robustness and practical
utility of the logistic regression model in clinical settings.
The high AUC and associated diagnostic metrics affirm its
capacity to serve as an early predictive tool for stratifying
pediatric patients by risk level at the time of hospital
admission or diagnosis.

Clinical Case application. To illustrate the practical
application of the model, a clinical case is presented.
A 13-year-old patient was admitted to the Municipal
Children’s Clinical Hospital in Ternopil with a diagnosis of
COVID-19, bilateral lower lobe viral-bacterial pneumonia
of moderate severity, and grade II respiratory failure.

Laboratory evaluation revealed the following biomarker
levels:

- TNF-a: 95 pg/mL

- IL-6: 105 pg/mL

- Vitamin B;: 2 ng/mL

- Vitamin A: 180 ng/mL

- Vitamin D: 15 ng/mL

Substitution of these values into the logistic regression
equation yielded:

z=-3.0153 +0.1413%95 + 0.0047x105-0.0543%2-0.0002x180-0.2773x15
z=-3.0153 +13.4235 + 0.4935-0.1086-0.036-4.1595 = 6.5976

The predicted probability was subsequently calculated as:
P=1/(1+eM2z)=1/(1+¢e"~6.5976) = 0.9986 (or 99.86%)

The model thus predicted a 99.86% probability
of severe COVID-19 in this patient. The concurrent
presence of deficient vitamin By, vitamin A, and vitamin
D concentrations alongside markedly elevated TNF-a and
IL-6 contributed substantially to the high-risk classification.

This case illustrates the model’s value in real-time
clinical decision-making. Measurement of serum vitamin
B,, vitamin A, and vitamin D concentrations alongside
TNF-a and IL-6 provides a quantitative, evidence-based
approach to identifying children at high risk of a severe
COVID-19 course.

The logistic regression equation derived from this
study identifies the most informative predictive variables

and enables early, individualised risk estimation, thereby
supporting triage decisions and proactive therapeutic
interventions.

These results highlight the clinical utility of the
proposed logistic regression model as a reliable and
interpretable tool for identifying paediatric patients at risk
of severe COVID-19, enabling timely intervention and
resource prioritisation.

Discussion

The present study aimed to identify clinical and
biochemical predictors of severe COVID-19 in children
through a logistic regression model incorporating
key proinflammatory cytokines and micronutrient
concentrations. These findings confirm that elevated IL-6
and TNF-a concentrations are significantly associated
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with severe outcomes, consistent with previous reports
implicating cytokine dysregulation in COVID-19
pathogenesis [3-5]. IL-6 is recognised as a central mediator
of cytokine storm and is frequently elevated in patients
with severe disease [5, 6]. The significance of TNF-a
in pediatric COVID-19 is equally noteworthy; although
most data derive from adult cohorts, several pediatric
studies have highlighted its involvement in multisystem
inflammatory syndromes [4, 5].These findings reinforce
the value of both cytokines as early biomarkers of clinical
deterioration.

Micronutrient deficiencies — particularly those of
vitamin D, vitamin A, and folate (vitamin B,) — also
demonstrated strong associations with disease severity.
These findings align with prior studies linking vitamin
D deficiency to increased susceptibility to respiratory
infections and adverse COVID-19 outcomes [7-12]. The
immunomodulatory properties of vitamin D, including
attenuation of pro-inflammatory cytokine release and
enhancement of innate defences through antimicrobial
peptides, likely underlie this protective effect [10, 11].
Vitamin A, recognised for its role in maintaining epithelial
integrity and regulating immune responses, similarly
emerged as a protective factor [15, 16]. Folate deficiency,
previously associated with impaired immune function, was
identified as an independent risk factor [18, 19]. Vitamins
B, and B, were not retained in the final model on grounds
of statistical non-significance, although their broader
immunological relevance is acknowledged.

Odds ratios derived from the model provided
interpretable risk estimates: elevated IL-6, for example,
was associated with an OR of 2.13, confirming its role
as a strong positive predictor. The model achieved high
diagnostic performance, with sensitivity of 87.5%,
specificity of 93.3%, overall accuracy of 91.3%, and an
AUC of 0.96-values considered excellent in predictive
modeling [20]. Such performance is particularly important
in pediatrics, where unnecessary interventions carry
potential for harm, yet early identification of high-risk
cases remains critical. Comparable performance has been
reported for models integrating cytokine and nutritional
parameters [6, 11, 13, 21].

The clinical utility of this approach was demonstrated
through a real-life clinical case: in a 13-year-old patient
presenting with elevated IL-6 and TNF-a concentrations
alongside deficiencies of vitamins A, D, and B,, the model
predicted a 99.86% probability of severe COVID-19.
This degree of individualised risk prediction illustrates
the potential of biochemical profiling to guide decisions
regarding monitoring intensity, hospitalisation, and
targeted nutritional support.

Collectively, these findings emphasise the importance
of evaluating immune-nutritional status in pediatric
COVID-19 and support the rationale for early nutritional
interventions as part of an integrated treatment strategy [14,
16, 18, 23]. Current evidence indicates that severe disease
in children is also associated with immune dysregulation
and the development of hyperinflammatory conditions,
including multisystem inflammatory syndrome, further
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underscoring the role of immunometabolic disturbances in
COVID-19 pathogenesis [25-28].

The proposed logistic regression model is statistically
robust and clinically relevant, providing a practical tool for
early risk stratification of severe COVID-19 in children.
Beyond its applicability to pandemic preparedness and
resource allocation [1, 2, 24], this integrative approach may
serve as a basis for immunonutritional risk assessment in
other infectious diseases affecting pediatric populations.

Conclusions

A multivariable logistic regression model was developed
and validated to predict the risk of severe COVID-19 in
children, incorporating pro-inflammatory cytokines (IL-6
and TNF-a) and micronutrient concentrations (vitamins A,
D, and B). The model demonstrated excellent predictive
performance: AUC = 0.96; sensitivity = 87.5%; specificity
= 93.3%; overall accuracy = 91.3%.

Elevated IL-6 and TNF-a concentrations emerged as
strong positive predictors of disease severity, consistent
with their established role in cytokine storm syndromes.
Conversely, deficiencies in vitamins D, A, and folate
significantly increased the likelihood of severe disease,
underscoring the importance of adequate micronutrient
status for immune resilience. Vitamins B, and B, were
not retained in the final model on grounds of statistical
non-significance, although their immunomodulatory roles
are acknowledged.

Clinical relevance was further confirmed through
a case-based application, demonstrating the model’s
capacity to estimate individual risk and inform targeted
preventive and therapeutic decisions. The integration of
cytokine and nutritional biomarkers provides a practical,
interpretable approach to early risk stratification, enabling
timely intervention and contributing to optimised pediatric
COVID-19 management.

Future research perspectives. Further studies
should address expansion of the patient cohort, external
validation of the model across independent clinical
centers, and evaluation of the effect of micronutrient
status correction on disease course and model predictive
performance.
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B3AEMO/JIIA U TOKIHIB I BITAMIHIB SIK TPEJUKTOPIB TSI)KKOCTI COVID-19 Y JITEM:
PO3POBKA TA BAJIJIALIS JOTICTAYHOI MOJEI

I A. Ilagnuwun, O. B. Jlabdiexa

TepHomisibebKkuii HanioHaJILHMIT MennyHui yHiBepeuTeT imeHi 1. SI. TopdayeBchbkoro
(M. TepHominb, Ykpaina)

Pesrome.

Xoua 6inpmricTs Bumaakis COVID-19 y niTeit MatoTs Jierkuii epeoir; y 9acTHHY 3 HUX PO3BUBAETHCS TSDKKE 3aXBOPIOBAHHS, 3yMOB-
JICHE AUCPETYISIIEI0 IMyHHOT CHCTEeMH Ta Ie(iUTOM IOKUBHUX pedoBHH. [Ipo3ananshi nurokiny, Taki ssk TNF-a ta IL-6, Binirpatots
LIEHTPaJIbHY POJIb Y Tilep3anaabHUX PEaKIlisx, TOl K Ae(IIUT KII0U0BUX BiTamiHiB (A, D, Bs, Bo, Bi2) Moxe nopyrrysaru nporusipyc-
HUH 3aXHCT 1 PeTyIsIiio iMyHHOI BinnoBini. OqHak KoMOiHOBaHA MPOTHOCTUYHA IIHHICTH MPO(LTIB INTOKIHIB 1 MIKPOHYTPIEHTIB IS
IIPOTHO3YBAHHS TSHKKOCTI 3aXBOPIOBAHHS y JITEH 3aJIMIIA€THECS HEJJOCTATHO BU3HAYEHOIO.

Meta: noOyayBaTu Ta Baligu3yBaTu 0araToakTOpHY MOAENb JIOTICTUYHOI perpecii JUIst IpOrHO3yBaHHS TSXKKOTO Iepediry
COVID-19 y niteit Ha OCHOBI 3aNaJIbHUX Ta MIKPOHYTPIEHTHUX OiOMapKepiB.

Marepiann i MmeToqu. Kitinivni Ta 1abopaTopHi XapakTepHCTHKHU OyI IpoaHaitizoBai y 175 mireif i3 migreepmxernm COVID-19.
JUist moOy0BY IPOTHOCTHYHOI Mozei Oy10 BKITIOUEHO Hiarpymy 3 112 mitei i3 HOBHUMH JaHUMH IOJI0 HUTOKIHIB i MIKDOHYTPI€HTIB.
AnanisyBamu piBai TNF-a, IL-6 Ta BitaminiB By, A i D y cuposarii kposi. [TokpokoBa joricTH4Ha perpecist J03BOJIMIIA BU3HAYHTH
He3aJIexKHi peankTopy. EdexTuBHICTE Mozeni OIiHIOBaNM y HaBYalbHIH (n=89) Ta TecToBiif (n=23) Bubipkax 3a JOMOMOTOIO0 aHaJi3y
ROC-kpuBoi Ta cTanmapTHuX KiacudikamiifHux moka3HuKiB. Komicis 3 6ioeTrky TepHOMiNbCEKOro HalliOHATEHOTO MEIMIHOTO YHIBEPCH-
tety imeHi L. SI. Top6aueBcskoro MO3 Vkpainu (ripotokon Ne 79 Bin 07.11.2025) cxBanuia rocmimkeHHs. [HauBiyansHa iHGopMoBaHa
3rojia Ha el aHaii3 Oya oTpuMaHa BiJl ycix omikyHIB gitei. CTaTucTndHy 00poOKY BUKOHYBAJIM 3 BUKOPHCTaHHIM IMporpaM Statistica
10.0, SPSS 26.0. ITix gac crarucTHaHOl 00pOOKH OTPHUMAHUX JIAHUX JUIS CEPEeHIX 3HAaYeHb PO3paxoBaHo ix 95% moBipunii intepsai (95%
JI), a kpuTepieM T0CTOBIPHOCTI AJIsI IIEPEBIpKH pIBHOCTI Me/[iaH KUTbKOX BHOIpOK € kputepiit Kpyckana-Yomrica (H-kpurepiit). PiBens
CTaTHCTHYHOI 3HauyImocTi npuitasaTo (P<0,05). s noOynoBr IpOrHOCTHYHOT MOJENI 3aCTOCOBYBAIIM Oararo()akTopHy JIOTiICTHIHY
perpecio 3 MOKPOKOBHUM BiIOOPOM 3MiHHUX. JliarHOCTHYHY €(eKTHBHICTB OIiHIOBaIH 32 gornoMoroio ROC-ananizy (AUC, yyTiuBicTs,
crnerudivgnicTs). [l1s HOPIBHAHHS TPyIl BUKOPUCTOBYBAIH KpHuTepiit Kpyckana—Yomrica. PiBeHb craTucTHYHOT 3HaTyIOCTI MpuiiMau
npu p < 0,05. Jlane mociipKeHHS € (parMeHTOM HayKOBO — NOCHITHOI pobotH «ONTHMI3alis JiarHOCTHKH KITiHIKO-NaTOreHeTHIHIX
XapakTepucTHK KopoHaBipycHoi iHdekmii COVID-19 y nmiteif 3 KoMOopOigHOIO MATONOTIEI0 Ta 0COOIMBOCTI JIIKYBaHHS « (AepxKaBHA
peectparist Ne 0123U100064, Tepmin Buxonanus 2023-2025 pp.).

Pe3yabrarn. [linsumeni piai IL-6 Ta TNF-o pa3om i3 nedinurom BiTaminiB Bo, A Ta D Oynu 3HaUyImuMy IpeJUKTOPAMH TSDK-
kocTi 3axBoproBaHHs (p<0,05). Monens nmpogeMoHCTpyBalla BiIMIHHY JUCKpUMiHaNiiHy 31aTHICTE: 1ioma mix ROC-kpusoio (AUC)
cranosmia 0,96, uytiuBicts — 87,5%, cnenudiunicts — 93,3%, 3arampHa To4HICTE — 91,3%, 1m0 3a0e3medye HamiliHe PO3MEKYBaHHS
MDK JISTKUMU Ta TSDKKAMU BHTIATIKAMH.

BucnoBok. L[ Monens goricTuaHOl perpecii € HagiHUM Ta IHTEPIPETOBAaHUM IHCTPYMEHTOM JUISl PAHHBOTO BUSIBICHHS JiTEH i3
PHU3HKOM PO3BHUTKY TsDKKOrO Hepebiry COVID-19. Inrerparis MUTOKIHOBHX Ta MIKPOHYTPIEHTHHX OioMapKepiB CIpHsIE EPCOHATIZ0-
BaHMM BTPYYaHHSM i MOXeE ITOKPAIINTH KJIIHIYHE PUHHATTS PIlIeHb y NeiaTpHYHIN MPaKTHLI.

KirouoBi ci1oBa: COVID-19; aiTu; TSKKICTh 3aXBOPIOBAHHS; JIOTiCTHYHA PErPECis; IUTOKIHM; BiTAMiHHL.
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