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Oral hygiene, dietary habits, and signs of anxiety
in internally displaced children during martial law

Abstract. Background. Dental caries remains one of the most widespread health issues in childhood, reflecting the
influence not only of biological but also psychosocial factors. Under the war conditions, the impact of forced displacement,
stress, and lifestyle changes on oral health of children becomes particularly significant. Materials and methods. A
cross-sectional comparative study was conducted involving 330 children aged 6—7 years: 230 internally displaced
children (group 1) and 100 local children (group I1). Data were collected using a custom questionnaire and clinical
indices, including oral hygiene (hygiene index), enamel resistance (TER test), periodontal status (PMA), and caries
indices (dmft + DMFT). Due to non-normal data distribution, non-parametric tests (Mann-Whitney U, x?) and FDR
correction for multiple comparisons were applied. Results. Children in group I were found to have poorer oral hygiene
(1.52 % 0.03vs. 1.42 = 0.02, p = 0.031) and lower enamel resistance (TER: 4.24 + 0.18 vs. 2.64 = 0.12, p < 0.001,
r = 0.23). Caries prevalence was higher among internally displaced children (79.6 vs. 68.0 %, y> = 5.12, p = 0.024),
with greater lesion severity (dmft + DMFT: 3.31 + 0.21 vs. 1.91 = 0.21, p < 0.001). Internally displaced children also
demonstrated higher levels of chronic anxiety, sleep disturbances, and attention difficulties, along with irregular eating
patterns, higher consumption of sweets and carbonated drinks, and lower parental supervision of oral hygiene (60.9 vs.
80.0 %, p = 0.001). Conclusions. Internally displaced children demonstrated higher caries prevalence, poorer oral
hygiene, and lower enamel resistance. These findings support the hypothesis that psychosocial stressors and limited access

to dental care contribute significantly to poor oral health outcomes in displaced pediatric populations.
Keywords: dental caries; internally displaced children; martial law; oral hygiene; psychosocial stress

Introduction

Dental caries remains one of the most widespread medi-
cal and social issues among children, reflecting the complex
interplay of biological, behavioral, and social factors. This
multifactorial disease is characterized by demineralization
and destruction of the hard dental tissues due to acids resul-
ted from the metabolism of carbohydrates by dental plaque
microorganisms [1—3].

According to recent epidemiological studies, the preva-
lence of caries among children worldwide remains high. This
is supported by a meta-analysis involving over 80,000 chil-
dren across five continents, with a mean age of 9.96 £ 3.50
years, which showed that caries in primary teeth occurs in
46.2 % of cases, while the prevalence in permanent teeth is
even higher, 53.8 % [4]. These findings highlight the global

nature of the problem and the urgent need to develop ef-
fective preventive strategies, especially for early school-age
children.

In addition to the generally recognized risk factors for
dental caries, such as excessive carbohydrate consumption,
inadequate oral hygiene, and a high bacterial load, increa-
sing attention in recent years has been paid to psychosocial
stress. Stress affects the body not only through the psycho-
emotional sphere but also through endocrine changes, par-
ticularly an increase in cortisol levels. The literature already
contains data suggesting a possible link between chronic
stress and increased incidence of caries; however, this
mechaism remains insufficiently studied.

In contemporary context, increasing attention is being
paid to the impact of psychosocial stressors such as war,

© «3nopoB'a gutuHi» / «Child's Health» («<Zdorov'e rebenka»), 2026
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forced displacement, violence, and financial instability.
These factors can significantly elevate the risk of dental ca-
ries in children, particularly among refugee and internally
displaced people (IDP). Existing studies indicate that war
and related crises affect oral health primarily indirectly,
through chronic stress, disruption of dietary and hygiene
routines, limited access to dental care, and heightened so-
cial vulnerability [5, 6]. A systematic review, aligned with the
United Nations Sustainable Development Goals, supports a
potential association between war, migration, violence, and
the increased prevalence of caries in children who have ex-
perienced traumatic events [7].

Thus, dental caries represents a multifaceted health issue
that requires a comprehensive approach to prevention and
treatment, one that takes into account both biological and
psychosocial factors, particularly in the context of global
and local crises.

The hypothesis of our study is that forced displacement
of children during wartime, combined with chronic psycho-
emotional stress and disruption of daily routines, is associa-
ted with poorer oral hygiene, less healthy dietary habits, and
more pronounced signs of anxiety. Collectively, these factors
may account for the higher prevalence and severity of caries
observed in this group compared to peers living in relatively
stable conditions.

The purpose of our research was to assess oral hygiene
practices, dietary habits, and signs of anxiety in internally
displaced children, in comparison with local children du-
ring martial law.

Materials and methods
Study design and participant characteristics

The study employed a cross-sectional, comparative, ob-
servational design and was conducted at the Department of
Pediatric Dentistry, Poltava State Medical University. Data
collection took place six months after the displacement of
children from active combat zones.

A total of 612 children aged 6 to 11 years were examined.
For more detailed analysis, 330 children aged 6—7 years who
met the inclusion criteria were selected and divided into two
independent groups: group I consisted of 230 internally dis-
placed children, while group II included 100 local children
from Poltava (comparison group).

Inclusion criteria were age between 6 and 7 years, pre-
sence of erupted first permanent molars, absence of con-
comitant somatic diseases, and written informed parental
consent for participation in the study.

To minimize the influence of socio-economic factors,
only children whose parents had comparable levels of edu-
cation, similar socio-economic status, and complete family
structure were included. Exclusion criteria were as follows:
the presence of psychoneurological disorders, systemic ill-
nesses, recent dental treatment, or the use of medications
that could affect the antioxidant system or hormonal status.

Questionnaire

Data were collected using the original questionnaire
“Oral hygiene, dietary habits, and symptoms of anxiety in
children during martial law” (Certificate of Copyright Re-
gistration dated March 7, 2023). The questionnaire was de-

veloped in accordance with recommendations from leading
dental organizations and drew upon children’s oral health
related to education and socio-economic status, as speci-
fied in the EGOHID II Project (2008) and the WHO Oral
Health Questionnaire for Children (2013) [8—13]. The
questionnaire included modules related to the child’s per-
sonal information, oral hygiene practices, dietary habits,
and symptoms of anxiety.

Clinical examination

The clinical examination involved a comprehensive as-
sessment of the oral and dental health parameters listed be-
low. The level of oral hygiene was evaluated using the Fe-
dorov-Volodkina Hygiene Index (1968), which allowed for
quantification of plaque accumulation and oral cleanliness;
the condition of the hard dental tissues was assessed through
the test of enamel resistance (TER-test), with results re-
corded in points; periodontal status was determined using
the PMA index, modified by Parma (1960), which measures
the extent of gingival inflammation. To evaluate caries expe-
rience, three indices were used: the dmft index for primary
(deciduous) teeth, the DMFT index for permanent teeth,
and a combined dmft + DMFT index to capture overall ca-
ries burden.

Caries prevalence was defined as the percentage of chil-
dren with one or more carious lesions relative to the total
number of participants examined.

Statistical analysis

Statistical processing was performed using IBM SPSS
Statistics, version 27.0. The normality of distribution for
continuous variables (hygiene indices, TER, dmft + DMFT,
PMA) was assessed using the Shapiro-Wilk test, along with
visual inspection (histograms and Q-Q plots). Since most
variables did not follow a normal distribution (p < 0.05,
Shapiro-Wilk), the non-parametric Mann-Whitney U test
was applied for comparisons between independent groups.
Quantitative data are presented primarily as median (Me)
with interquartile range [Q1; Q3], with mean * standard
error (M = SE) also provided for consistency with existing
literature. Categorical variables were compared using Pear-
son’s y? test, with attention to expected cell frequencies ()
not applied where > 20 % of cells had expected counts < 5).
Where applicable, y? values, degrees of freedom (df), and
exact p-values are reported.

Given the large number of independent comparisons
(n = 24, including questionnaire items and clinical indica-
tors), the Benjamini-Hochberg procedure was used to con-
trol for false discovery rate (FDR = 0.05). This method was
selected as the most powerful correction for descriptive and
exploratory studies in which not all comparisons are based
on primary hypotheses. Results were considered statistically
significant at an adjusted p < 0.05 (FDR-corrected). Where
relevant for interpretation, both unadjusted and adjusted
p-values are reported in the text.

Effect sizes were calculated to complement statistical
significance testing. For continuous variables, r was used as
the effect size measure, serving as an equivalent to Cohen’s
d for the Mann-Whitney U test. For categorical variables,
¢ or Cramér’s V were applied, depending on the structure
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of the contingency table. 95% confidence intervals (Cls) for
differences in means, medians, and proportions were esti-
mated using bootstrapping with 1000 iterations, ensuring
robust interval estimates.

The level of statistical significance was set at p < 0.05
(unadjusted) and FDR < 0.05 (adjusted). All p-values are
reported with a precision of three decimal places.

Ethical considerations

The study was conducted in accordance with the ethi-
cal principles outlined in the Declaration of Helsinki and
received formal approval from the Ethics Committee of the
Poltava State Medical University (Protocol No. 224, dated
April 22, 2024). All procedures involving children were car-
ried out in strict adherence to ethical standards for research
with human participants. Rigorous measures were taken to
ensure confidentiality and protect personal data. The study
was conducted with full respect for the rights, dignity, and
well-being of participants, upholding the highest standards
of scientific integrity.

Results

An analysis of socio-demographic characteristics re-
vealed that the parents of the participating children gene-
rally had higher education and comparable levels of material
well-being. Due to forced displacement, 79 % of families
were living in rented housing, while 21 % resided with rela-
tives. The mean age of children in group I was 6.47 = 0.03
years, and in group II — 6.53 & 0.05 years. According to
parents or guardians, all children were somatically healthy.

Clinical dental indicators

According to our findings, the oral hygiene index in
group I was 1.52 [1.40; 1.65] (M + SE = 1.52 £ 0.03), while
in group II it was 1.42 [1.35; 1.50] (M £+ SE = 1.42 £+ 0.02).
Both values fall within the “good hygiene” range accor-
ding to the Fedorov-Volodkina Index, although a tendency
toward poorer hygiene was observed among the internally
displaced children. Results from the Mann-Whitney U test
indicated a statistically significant difference between the
groups (U = 9784, z = —2.154, p = 0.031; r = 0.12), cor-
responding to a small effect size (Fig. 1).

3.0

2.5 =

2.0

1.5

1.0

0.5 -

0.0

O Group | W Group |l

TER-test values in internally displaced children were
significantly higher than those observed in local children,
indicating lower enamel acid resistance. The recorded va-
lues were 4.24 [3.50; 5.20] (M = SE =4.24 £ 0.18) in group
[ versus 2.64 [2.00; 3.40] (M = SE = 2.64 £ 0.12) in group
II. Results of the Mann-Whitney U test demonstrated
a statistically significant difference between the groups
(U=7537,2z=—-4.12,p<0.001; r=0.23), corresponding to
a small-to-moderate effect size (Fig. 2). It was determined
that TER-test scores were 1.6 times higher in internally dis-
placed children, suggesting reduced enamel resistance to
acidic challenges. According to the TER grading scale, local
children exhibited a high level of enamel resistance, whereas
internally displaced ones had a moderate level, indicating
a greater susceptibility to enamel demineralization and the
subsequent development of dental caries (Fig. 2).

The PMA index (%) in group I was 0 [0; 0]
(M £ SE = 0.17 £ 0.05), while in group II it was 0 [0; 1]
(M £ SE = 0.45 £ 0.12), indicating less pronounced in-
flammation of periodontal tissues among internally dis-
placed children. The median PMA index value was 0 in both
groups. According to the Mann-Whitney U test, this diffe-
rence was not statistically significant (U = 11.534, z = 0.04,
p=0.97) (Fig. 1).

In contrast, the prevalence of dental caries, based on
the combined dmft + DMFT index, was notably higher
among internally displaced children. Specifically, 183 chil-
dren (79.6 %) in group I had carious lesion compared to 68
(68.0 %) ingroup I1 ()y>*=5.12,df=1,p=0.024, x>*=0.124),
with the difference remaining significant after FDR correc-
tion. The proportion of children free of caries was 20.4 %
(n=47) in group I versus 32.0 % (n = 32) in group II.

The intensity of caries, as measured by the total dmft +
DMFT index, was significantly higher in internally dis-
placed children: 3.31 [1.5; 5.2] (M £ SE = 3.31 £ 0.21) in
group | compared to 1.91 [0.8; 3.2] (M £ SE=1.91 £ 0.21)
in group II. This difference was statistically significant
(U = 8669.5, z = —3.553, p = 0.00038; r = 0.20), corre-
sponding to a small-to-moderate effect size, and reflects
both greater prevalence and higher intensity of caries in the
internally displaced group.
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Figure 1. Oral hygiene index among examined
children, points

Figure 2. Enamel resistance indicators (TER-test)
in children, points
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Results

The questionnaire consisted of 24 questions divided into
four modules: the child module including demographic data
and health status; the parental module covering educational
level and social status, dental care practices, and dental vi-
sits; the anxiety module including responses to anxiety, sleep
patterns, and the child’s mood; the dietary and behavioral
habits module involving issues of diet, meal frequency, and
preferred beverages.

Questions from different modules were interrelated and
complemented one another. This article presents only se-
lected questions, which, in our opinion, deserve particular
attention.

Dental care and dental visits

Reasons for dental visits. In group 1, 23.5 % of parents
indicated that the visit was part of a routine dental check-
up, while a significantly higher proportion, 45.7 %, brought
their children to the dentist due to toothache, 1.3 % of pa-
rents reported bleeding or painful gums, and 29.6 % noted
concerns related to an improper bite (malocclusion). In
group II, a substantially greater share of parents (81.0 %)
reported that the visit was for preventive purposes; only
11.0 % cited toothache as the primary reason for the visit,
and 8.0 % mentioned tooth discoloration. No parents in this
group reported gum-related symptoms or malocclusion.
The markedly lower rate of preventive visits among inter-
nally displaced children (23.5 vs. 81.0 %, x> = 95, df = 1,
p = 0.001, ¢ = 0.537, FDR-significant) correlates with the
higher caries prevalence observed in this group (79.6 vs.
68.0 %). This trend reflects both limited access to preventive
dental care and reduced motivation, potentially influenced
by challenging social and living conditions. A significantly
higher proportion of internally displaced children visited the
dentist due to toothache compared to local children (45.7
vs. 11.0 %, > = 36.71, df = 1, p = 0.001, ¢ = 0.333, FDR-
significant).

Frequency of dental visits during martial law. In group I,
28.3 % of parents stated that the frequency of dental visits
remained unchanged, 10.0 % reported more frequent vi-
sits, 23.9 % visited the dentist less frequently, and 37.8 %
indicated they had no opportunity to visit a dentist at all.
In group II, 84.0 % of parents reported no change in visit
frequency, 12.0 % visited less frequently, and 3.0 % were
unable to attend dental appointments; notably, no parents
in this group reported increased visit frequency. A signifi-
cantly higher proportion of internally displaced parents re-
ported being unable to access dental care (37.8 vs. 3.0 %;
v =4242,df =1,p=10.001, ¢ = 0.358, FDR-significant),
or reported reduced frequency of visits (23.9 vs. 12.0 %;
v =7.33,df=1,p=0.007, ¢ = 0.149, FDR-significant).
These findings align with the observed higher prevalence of
dental caries in displaced children and support the interpre-
tation that limited access to preventive dental services may
be a contributing factor.

Oral hygiene habits

Toothbrushing frequency varied significantly between the
two groups. In group I, 23.0 % brushed their teeth once per
day, 27.8 % twice daily, 4.3 % did not brush at all, 4.8 % were

not supervised by parents, and 40.0 % reported brushing
“whenever possible”. In group 11, 35.0 % brushed teeth once
daily, 52.0 % twice daily, 2.0 % did not brush, 8.0 % were
unsupervised, and only 3.0 % brushed “when possible”.
The higher proportion of children brushing teeth twice daily
in group II (52.0 vs. 27.8 %; x> = 16.4, df = 1, p = 0.001,
¢ = 0.223, FDR-significant) corresponds with better oral
hygiene outcomes and lower caries prevalence. The high
percentage of children in group I who brushed their teeth
only “when possible” (40.0 %) likely reflects the unstable
living conditions experienced by displaced families.

Parental supervision of toothbrushing. In group 1, 60.9 %
of parents reported actively supervising their child’s bru-
shing, 13.0 % indicated no supervision at all, and 26.1 %
supervised only occasionally. In group II, 80.0 % of parents
provided regular supervision, 9.0 % did not supervise, and
11.0 % did so occasionally. The higher level of parental su-
pervision in group II (80.0 vs. 60.9 %; > = 13.15, df = 1,
p =0.001, ¢ = 0.200, FDR-significant) reflects greater pa-
rental involvement in maintaining children’s oral hygiene,
which may explain the more favorable dental outcomes ob-
served among local children.

Signs of anxiety

The anxiety module aimed to assess the psychological
and emotional state of children under conditions of martial
law.

Anxiety responses. Internally displaced children were far
more likely to exhibit chronic fearfulness regardless of spe-
cific triggers, with 73.9 % showing persistent anxious beha-
vior compared to only 20.0 % of local children (x> = 82.93,
df=1,p=0.001,9=0.501, FDR-significant). This suggests
a higher baseline level of anxiety in group I, likely linked to
psychosocial stress associated with forced displacement and
war-related circumstances. Situational anxiety during actual
air raid alerts or alarms was more common in group II (71.0
vs. 26.1 %; > = 58.7, df = 1, p = 0.001, ¢ = 0.422, FDR-
significant), indicating a less persistent and more context-
dependent form of anxiety in this group.

Sleep patterns were also affected. Sleep disturbances,
such as difficulty falling asleep, were significantly more fre-
quent among internally displaced children (41.3 vs. 15.0 %;
v =21.7,df =1, p=0.001, ¢ = 0.256, FDR-significant),
reflecting a deeper impact of wartime stress. Restless sleep
was more frequently reported in local children (68.0 vs.
58.7 %), although the difference was not statistically signifi-
cant (> = 2.74,df =1, p=0.11, ¢ = 0.091, not FDR-sig-
nificant). These findings indicate that children affected by
displacement experience more chronic and severe psycho-
logical symptoms, particularly in relation to baseline anxiety
levels and sleep quality.

Difficulties with concentration were significantly more
common in group I, with 55.7 % of parents reporting prob-
lems with attention and focus compared to only 15.0 % in
group II (> = 46.9, df = 1, p = 0.001, ¢ = 0.377, FDR-
significant). This may be attributed to the effects of chronic
anxiety and stress, which are known to impair cognitive
functions.

Regarding emotional state, mood deterioration during
anxiety episodes was also more pronounced among inter-
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nally displaced children (54.3 vs. 26.0 %; > = 23.7, df = 1,
p = 0.001, ¢ = 0.268, FDR-significant), as was irritability
(41.3 vs. 18.0 %; x> = 16.81, df = 1, p = 0.001, ¢ = 0.226,
FDR-significant). These findings suggest a higher degree of
emotional lability in group I.

Mood improvement using sweets. Significantly higher
percentage of internally displaced parents reported using
sweets to improve their children’s mood (54.3 vs. 13.0 %;
v =48.97,df =1, p=10.001, ¢ = 0.385, FDR-significant).
While this may serve as a short-term emotional coping stra-
tegy, it may also contribute to an increased risk of dental ca-
ries due to more frequent sugar consumption.

Dietary habits

Meal patterns. In group 1, 10.9 % of children had two
meals per day, 47.8 % had three meals, 19.6 % reported
snacking, and 41.3 % ate on demand. In group II, 11.0 %
had two meals daily, 65.0 % ate three times, 9.0 % had four
meals, 12.0 % reported snacking, and 14.0 % ate on de-
mand. A higher percentage of internally displaced children
reported eating on demand (41.3 vs. 14.0 %; > = 23.49,
df =1, p=0.001, ¢ = 0.267, FDR-significant), while the
proportion of children adhering to a three-meal-per-day
routine was significantly lower (47.8 vs. 65.0 %; y> = 8.25,
df =1, p=0.004, ¢ = 0.158, FDR-significant). These fin-
dings suggest a more irregular eating pattern among dis-
placed children, possibly due to less parental control over
structured mealtimes.

Dietary changes during martial law. In group I, 52.2 %
of children increased intake of sweets, 5.2 % decreased it,
and 42.6 % reported reduced consumption of fruits and ve-
getables. In group II, 32.0 % increased sweet intake, 9.0 %
decreased it, 21.0 % increased consumption of fruits and
vegetables, 13.0 % decreased it, and 25.0 % reported no
change. A higher proportion of internally displaced chil-
dren reported an increased consumption of sweets (52.2 vs.
32.0 %; x> = 1141, df = 1, p = 0.001, ¢ = 0.186, FDR-
significant) and a reduction in fruit and vegetable intake
(42.6 vs. 13.0 %; x> = 27.37,df = 1, p = 0.001, ¢ = 0.288,
FDR-significant), both of which are known risk factors for
dental caries.

Preferred beverages. In group I, 32.6 % of children pre-
ferred carbonated drinks compared to 15.0 % in group II
(x*=10.89,df =1, p=0.001, ¢ = 0.182, FDR-significant).
In contrast, only 4.3 % of children in group I preferred
water compared to 33.0 % in group II (2 = 50.49, df = 1,
p =0.001, ¢ = 0.391, FDR-significant). These patterns in-
dicate a clear association between IDP status and increased
consumption of sugary beverages, which may further elevate
the risk of dental caries in displaced children.

Discussion

Armed conflict in Ukraine has been ongoing since 2014,
with a full-scale invasion beginning on February 24, 2022.
As a result, the conflict has now persisted for over a decade,
exerting a profound impact on all segments of the popula-
tion. Millions of Ukrainians have become IDP within their
own country that has led to the mixing of various groups of
children and adolescents affected by the war. Disruptions in
the healthcare system and social infrastructure, along with

the economic crisis caused by the war, have limited access
to general medical and dental care for a significant portion
of the population.

The results obtained indicate differences in oral health
status and related behavioral factors between internally dis-
placed children and local children aged 6—7 years. Inter-
nally displaced children demonstrated poorer oral hygiene
(1.52 +£0.03 vs. 1.42 £ 0.02), lower enamel resistance (TER
4.24 £ 0.18 vs. 2.64 £ 0.12), a lower frequency of brushing
teeth twice a day (27.8 vs. 52.0 %), and a lower level of pa-
rental supervision (60.9 vs. 80.0 %). Similar associations
between social vulnerability and oral health indicators have
been described in systematic reviews [14].

The prevalence of dental caries among internally dis-
placed children was 79.6 % compared to 68.0 % among
local children. At the same time, 37.8 % of parents of dis-
placed children reported being unable to visit a dentist,
while this figure was only 3.0 % among local children. Such
barriers as financial constraints, transportation difficulties,
and unstable housing conditions are identified as typical for
IDP in Ukraine [15]. Moreover, in regions of Ukraine sig-
nificantly affected by military actions, high levels of caries
intensity have been reported (DMFT 9.93 + 6.21), with a
large proportion of untreated lesions, which aligns with the
high burden of dental disease in wartime conditions [16].

The identified differences in dietary behavior also de-
serve attention: internally displaced children consumed
sweets (52.2 vs. 32.0 %), carbonated drinks (32.6 vs.
15.0 %) more frequently, and fruits and vegetables less of-
ten (42.6 vs. 13.0 %). Slightly more than half of the parents
(54.3 %) reported using sweets as a way to provide emo-
tional support to the child. Similar patterns have been
described among children affected by armed conflicts in
other countries [17].

Psychological and emotional indicators among inter-
nally displaced children also differed from those of local
children: a higher frequency of constant anxiety (73.9 vs.
20.0 %), sleep disturbances (41.3 vs. 15.0 %), and difficulties
with concentration (55.7 vs. 15.0 %) were observed. Scien-
tific literature describes associations between chronic stress
and oral health outcomes [18, 19]. Similar patterns have also
been noted among adult Ukrainian refugees in Germany,
where high levels of stress and anxiety correlated with poo-
rer self-assessed oral health and barriers to accessing dental
care [20]. Given the cross-sectional design of the study, the
results allow us to speak only about the existence of asso-
ciations, without establishing causal relationships. Compa-
rable caries prevalence rates have also been reported among
Ukrainian refugee children in European countries (84 %;
DMFT/dmft 3.5 £ 2.5), indicating a persistent high burden
of dental disease among children affected by war [21].

Thus, the obtained data complement existing Ukrainian
research and highlight the increased vulnerability of inter-
nally displaced children in terms of oral health indicators
and access to dental care during wartime.

Study limitations

This study has several limitations. First, convenience
sampling and unequal group sizes (230 internally displaced
children vs. 100 local children) may introduce selection bias.
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The cross-sectional design limits the ability to establish cau-
sal relationships, allowing only for the identification of asso-
ciations. Control over confounding variables such as detailed
socio-economic status, duration of displacement, exposure
to trauma, and prior access to dental care was limited. Data
regarding hygiene habits and anxiety symptoms were based
on parental report, which is subject to information bias, in-
cluding recall bias and social desirability bias. Furthermore,
the single-center design (Poltava) restricts the generalizabi-
lity of the findings to broader populations. Finally, the large
number of statistical comparisons (n = 24), despite applying
FDR correction, increases the risk of false-positive results.

Conclusions

The findings of this study highlight the urgent need to
strengthen integrated medical, psychological, and den-
tal support for the child population of Ukraine amidst the
ongoing armed conflict. The identified patterns of oral hy-
giene and dietary habits, limited access to preventive dental
check-ups, and elevated levels of psycho-emotional stress
among internally displaced children point to the necessity
of developing and implementing comprehensive preventive
programs. Such programs should not only focus on the early
detection and prevention of dental caries, but also aim to
foster consistent oral hygiene behaviors, encourage healthi-
er dietary practices, and provide psychoeducational support
for both children and their parents.

Further research is needed to better understand the long-
term impact of living under war conditions on oral health
outcomes in children. Moreover, children affected by armed
conflict, particularly those residing in IDP camps or tem-
porary settlements, should be recognized as priority target
groups for oral health promotion and intervention programs.
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MocieHko A.C., etuykosa O.B., MNoaiyk T.B., MapyeHko A.B., HikoimHa E.B., Aoxmarosa H.M., lNoneo fO.B.
[TOATABCHKN AEPXKABHUN MEANYHWI YHIBEPCUTET, M. [TOATABA, YKPAiHO

FirieHa NOPOXXHUHM POTA, XAPYOBi 3BUYKU 1 O3HAKU TPUBOXKHOCTI
B AiTel BHYTPILLHbO NepemileHnx ocib nia 4aC BOEHHOIO CTAHY

Pesiome. AkryanbHicTh. Kapiec 3anuinaeTscs oaHielo 3 Haii-
MOIIMPEHIIINX TTPOOJIeM AUTSYOro BiKYy, IO BimoOpaxka€e BILIUB
He Jule 0i0J0TiYHUX, a i ICUX0CcollialbHUX YUHHUKIB. B yMoBax
BilfHM 0COOJIMBOTO 3HAUE€HHSI HAOYBa€ BIUIMB BUMYLIEHOTO Mepe-
MiLLIEHHSI, CTPeCy Ta 3MiH y CIOCO0i XUTTS Ha CTOMATOJIOTiUHE
3n0poB’st miteir. Marepiaau Ta metoau. [1poBeneHo nepexpec-
He MopiBHAJIbHE HocaimkerHs 330 miteit Bikom 6—7 pokis: 230
BHYTPIilIHBO MepeMiteHux ocio (BITO, I rpymna) ta 100 miciieBux
niteii (II rpyna). BukopucroByBasiv aHKeTy il KJIiHIUHI iHIEKCH:
TirieHn MOpOoXXHUHM poTa, pe3ucteHTHOCTI emani (TER-tect),
crany napogoHta (PMA) Ta kapiecy (dmft + DMFT). Yepes
HEHOPMaJIbHUI PO3MOJiJI JaHMUX 3aCTOCOBAHO HerapaMeTpuy-
Hi Tectu (U-kputepiit Manna — VYitHi, %?) Ta Kopekiito FDR
JUISI MHOXWHHUX TopiBHsIHb. Pe3yabratu. [ditu | rpynu manu
ripury ririeny nopoxsHusu pota (1,52 £ 0,03 npotu 1,42 £ 0,02,
p = 0,031) ta Hmxuy pe3ucteHTHicTh eMani (TER: 4,24 + 0,18

nporu 2,64 £ 0,12, p < 0,001, r = 0,23). [TommpeHicTh Kapie-
cy Oyna Buioio cepen BITO (79,6 nmpotu 68,0 %; x> = 5,12,
p = 0,024), i3 GisbILIO0 iHTEeHCUBHICTIO ypaxeHb (dmft + DMFT:
3,31 £ 0,21 mportu 1,91 + 0,21, p < 0,001). ditu BITO manu Bu-
LUt piBEHb XPOHIYHOI TPUBOXHOCTI, MOPYLLIEHb CHY Ta KOHLIEH-
Tpallii yBaru, HeperyIsipHuil peXUM XapuyBaHHS, CIOXWBAIU
Oinbllie COJIONOLIIB i ra3oBaHUX HaroiB. BaTbKiBCbKUiIT KOHT-
POJIb 32 Tiri€HOI pOoTa TaKOX OyB HYK4YKMM Y I rpymi (60,9 mpoTtu
80,0 %, p = 0,001). BucnoBku. it BI1O manu Buiiy nommpe-
HICTb Kapi€cy i ripii MoKa3HUKY Tiri€HW poTa i1 pe3UCTEHTHOCTI
emauti. Lli maHi y3romxyroThbcs 3 TilOTe3010 1I0A0 BILIUBY IICUXO-
couiaJbHMX (PaKTOPiB Ta 0OMEXKEHOTO JOCTYITY 10 CTOMATOJIOT Y-
HOI TOITOMOTY Ha TOTipIIEHHS 300POB’Sl POTOBOI TTOPOKHUHU B
MepeMillleHUX TiTe.

Ki11040Bi c10Ba: xapiec; BHYTpilIHBO MepeMillieHi OiTH; BOEH-
HMUIi CTaH; ririeHa MOPOXXHUHU POTA; ICUXOCOLIAJIbHUI CTpec
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Cardiac enzymes versus cardiac MRI
for early diagnosis of myocarditis in children

Abstract. Background. Diagnosis of myocarditis in children is still difficult because of nonspecific clinical presentation
and lack of any specific tool. Cardiac troponins are not disease-specific and cardiac magnetic resonance imaging (CMR)
offers detailed myocardial tissue characterization. This study was designed to determine the diagnostic performance
of high-sensitivity cardiac troponin and CMR using the 2018 Lake Louise Criteria (LLC) in children with suspected
acute myocarditis, and to evaluate the incremental benefit of both tests used together. Materials and methods. This
was a prospective diagnostic study performed at the Najaf Cardiac Center from January 2024 to January 2026. One
hundred children (ages 6 months to 16 years) with clinical suspicion of acute myocarditis were enrolled. All patients
underwent serial high-sensitivity cardiac troponin testing within the first 24 h and a standardized CMR read based
upon the 2018 LLC. CMR was used as the standard of reference. Diagnostic accuracy measures (receiver operating
characteristic analysis, agreement testing) and correlations between troponins and CMR parameters were calculated.
Results. CMR confirmed myocarditis in 30 % of patients. High-sensitivity troponin demonstrated high sensitivity
(93.3 %) and negative predictive value (96.4 %) but lower specificity (87.1 %) and positive predictive value (77.8 %).
CMR showed high specificity (97.1 %) and overall diagnostic accuracy. Agreement between troponin and CMR was
substantial (Cohen’s k = 0.78). Troponin levels correlated significantly with myocardial edema, injury, and extent of late
gadolinium enhancement on CMR but not with left ventricular ejection fraction. Combined use of troponin and CMR
achieved 100 % sensitivity and negative predictive value. Conclusions. High-sensitivity cardiac troponin is a useful
early screen for suspected pediatric myocarditis; however, it does not have adequate specificity alone. CMR with the 2018
LLC gives better diagnostic verification. There is significant improvement in diagnostic performance and confidence of
troponin screening with targeted CMR translation by using a combined stepwise approach for early troponin screening
followed by selective CMR.

Keywords: myocarditis; cardiac troponin, cardiac magnetic resonance imaging; Lake Louise Criteria; diagnostic ac-
curacy, myocardial inflammation

Introduction

Myocarditis in children represents a clinically relevant,
albeit diagnostically challenging entity and is responsible for
a sizable proportion of acute heart failure, cardiac arrhyth-
mias, and sudden-onset heart dysfunction in the pediatric
population. Its clinical picture is often rather nonspecific
and may include flu-like symptoms, as well as chest pain,
syncope or cardiogenic shock that may hinder timely re-
cognition and management. An early and correct diagno-
sis, therefore, is very important, as it directly affects clinical
decisions in relation to the need for hospitalization, immu-
nomodulation therapy, intensity of physical activity restric-
tions and long-term prognosis. Modern pediatric as well

as international guidelines are based on a multimodal ap-
proach to diagnosis, which includes the clinical phenotype,
electrocardiography (ECG), echocardiography, laboratory-
based biomarkers and advanced imaging methods when
available [1, 2].

Cardiac enzymes, most commonly cardiac troponins,
are often used as initial diagnostic modalities in suspected
pediatric myocarditis, since they are readily available, have
a fast turnaround time, and are sensitive indicators of myo-
cardial injury. High troponin has been correlated with myo-
cardial inflammation and necrosis, and numerous pediatric
researches indicate its role as an early screening marker.
Cardiac enzymes are non-specific for disease and can be
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normal early in the course or with mild myocarditis, where-
as they may be elevated in other processes such as sepsis,
tachyarrhythmias and systemic inflammatory states. Such
issues limit their reliability as a sole diagnostic modality and
have implications for false-negative and false-positive inter-
pretations in children [3—5].

Cardiac magnetic resonance imaging (CMR) is now
recognized as the single most important noninvasive tech-
nique to diagnose myocarditis, given its ability to directly
characterize myocardial edema, hyperemia, necrosis and
fibrosis. The updated 2018 Lake Louise Criteria (LLC) have
augmented the diagnostic capability of CMR by integrating
parametric T1 and T2 mapping methods with late gado-
linium enhancement (LGE), with improved sensitivity but
preserved specificity for acute myocardial inflammation.
Validation of these criteria has further supported the role of
CMR as a diagnostic reference standard for myocarditis in
both adults and children, especially when image acquisition
is early during illness [1, 6—8].

While CMR has proven to be a useful diagnostic tool in
the pediatric population, its application in pediatrics is li-
mited by availability, cost, protocol diversity and frequent
requirement for sedation of young children. Hence, clini-
cians frequently use only cardiac enzymes as a “screening”
test at presentation, particularly in acute care. This under-
scores a critical diagnostic shortcoming in the early pediat-
ric myocarditis, namely the comparative utility of CMR vs
cardiac enzymes and the added value that combining tech-
niques may have for optimal diagnosis. Comparing these
two modalities is thus clinically pertinent, and, in line with
current international guidelines, represents the basis of this
study [7-9].

Research objectives. The purpose of this study was to
compare the diagnostic value of cardiac enzymes and CMR
in early detection of myocarditis in pediatric patients. More
specifically, it aims to assess the diagnostic accuracy for car-
diac enzymes and CMR using the 2018 Lake Louise Criteria
(the use of high-sensitivity cardiac troponin T (hs-cTnT)),
examine concordance between these tests at initial presen-
tation, and explore whether their joint application increases
early diagnostic certainty. Furthermore, the correlation be-
tween myocardial damage on magnetic resonance imaging
(MRI) and cardiac enzyme levels are examined. It helps
recognize the patient population in which serum cardiac en-
zyme evaluation may be inadequate and support early CMR
assessment.

Materials and methods
Study design and setting

This is a diagnostic prospective study that included pa-
tients attended Najaf Cardiac Center (Najaf, Iraq) starting
from January 1, 2024, to January 1, 2026. The study included
115 children with suspected acute myocarditis. Fifteen pa-
tients were excluded because of labs, CMR, or follow-up is-
sues. A diagnosis of acute myocarditis is suspected based on
clinical features and ECG, as well as echocardiography results.

Study population (patients)
Inclusion criteria:
— age: 6 months to 16 years;

— presentation suggestive of acute myocarditis, i.e. 1 or
more of:

1) symptoms of acute heart failure, acute chest pain,
dyspnea, palpitations, syncope, or unexplained fatigue
and/or

2) new ECG signs (sinus tachycardia, ST-T changes, ar-
rhythmia or conduction disorders), and/or

3) new echocardiographic findings (left ventricular (LV)
dysfunction, global or regional wall motion abnormality,
valvular regurgitation, and pericardial effusion) and/or

4) inflammation markers elevated [1, 2];

— availability of cardiac enzymes (hs-cTnT), and CMR.

EXxclusion criteria:

— reported congenital heart disease of hemodynamic
significance;

— preexisting cardiomyopathy, or previous diagnosis of
myocarditis;

— the principal diagnosis was acute coronary anomalies/
ischemia;

— severe chronic kidney disease or MRI/gadolinium
contraindication;

— insufficient reference or index test(s) data (lack of es-
sential biomarker or incomplete CMR series).

Index tests (cardiac enzymes, hs-cInT)

Hs-cTnT is a biomarker of myocardial injury, not a
disease-specific diagnosis and should be interpreted with
caution in the context of age/gender. Hs-cTnT assays mea-
sure extremely low troponin concentrations (ng/L) and
allow interpretation against the 99 percentile upper refe-
rence limit (URL) of each assay. Sampling must include a
value on presentation and a repeat at 3—6 hours in order to
demonstrate an expression of acute myocardial injury as
evidenced by rise and/or fall (delta change); a single iso-
lated value is less informative. Hs-cTnT level is increased
in 65-90 % pediatric myocarditis patients. However, le-
vels are not consistently related to severity, LV function
or long-term prognosis and a normal level does not ex-
clude myocarditis. False-positive elevations are frequent
and may be attributed to non-myocarditis cardiac causes
(heart failure, tachyarrhythmias, pulmonary hypertension,
cardioversion, post-cardiac procedures) or non-cardiac
conditions (sepsis, severe hypoxia shock/renal disease; re-
nal insufficiency, seizures/stroke/pulmonary embolism),
as well as rarely encountered analytical interferences (he-
terophile antibodies). False negatives can be found with
very early sampling, late/chronic disease or limited myo-
cardial necrosis. In general, hs-cTnT should be interpreted
alongside ECG findings, echocardiography, inflammatory
markers and CMR [4, 5].

Besides the random sampling in our study, blood was
drawn at fixed times during therapy (median ranges): TO (at
admission/initial assessment), T6—12 and T24 hours (in or-
der to adjust for dynamic troponin release).

The primary biomarker (hs-cTnT) was measured in ab-
solute form and classified as normal or elevated by manu-
facturer-derived reference limits, hosted on the basis of test
cut-offs (i.e. > 99 percentile URL).

Using the fifth-generation electrochemiluminescence
immunoassay of the Roche Elecsys® hs-cTnT assay platform
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at Roche Diagnostics (Mannheim, Germany), hs-cTnT was
measured. This assay has a limit of detection of 5 ng/L and
cut-off of 14 ng/L for adult. For pediatric patients, inter-
pretation was based on age-specific 99" percentile reference
ranges derived from published pediatric data. Measure-
ments that exceed the 99" percentile reference cut-off were
considered significant.

Reference standard (CMR)

All patients had CMR with a standardized myocarditis
protocol, comprising cine imaging (ventricular function),
imaging based on T2 (edema imaging and T2 mapping),
T1-based tissue characterization (native T1 mapping and/
or extracellular volume), several parametric T1 maps ac-
quired pre/post contrast, late gadolinium enhancement
(LGE) imaging.

CMR: collection and interpretation as per the 2018 re-
vised Lake Louise Criteria. Myocarditis is supported if > 1
T2-based criterion (edema) and > 1 T1-based criterion (in-
jury/fibrosis) are met, with associated features (e.g., pericar-
dial effusion, LV dysfunction) noted as secondary findings
[6,7].

To assess the consistency of readings, a second blinded
observer independently evaluated scans to determine inter-
rater reliability.

Blinding and bias control

Patients are managed according to standard of care with
labs/CMR ordered by the clinicians. For analysis, interpre-
tation of the biomarkers (index test) was done without any
knowledge of the final categorization by CMR and reading
physicians who read CMR were blinded to levels of cardiac
enzymes, in order to avoid incorporation/observer bias. Re-
cruitment was in series to reduce selection bias.

No CMR examinations were classified as uninterpre-
table or indeterminate. When initial hs-cTnT measurement
was borderline, repeat testing at 6—12 and 24 hours was
performed, and the highest reported value was considered
for statistical analysis. There were no missing data for either
the reference standard or the index test. Consequently, the
whole enrolled study cohort was used in the final diagnostic
accuracy evaluation.

To improve transparency and quality of our study, we
followed the 2015 Standards for Reporting Diagnostic Ac-
curacy Studies guidelines [10].

Outfcomes and statistical analysis

Primary outcome: diagnostic accuracy of cardiac en-
zymes for early myocarditis in comparison to CMR as re-
ference standard (CMR-positive versus CMR-negative, ac-
cording to the 2018 LLC).

Secondary outcome: the diagnostic accuracy of CMR
and cardiac enzymes for early myocarditis in children.

Analysis plan

Calculate the sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and likeli-
hood ratios for troponin.

Receiver operating characteristic (ROC) curves were
generated for hs-cTnT, and the area under the ROC curve

(AUC) with 95% confidence interval (CI) was calculated.
The optimal cut-off was determined using the Youden in-
dex (J = sensitivity + specificity — 1). AUCs were compared
using the DeLong’s test for correlated ROC curves.

Calculate Cohen’s kappa (k) for agreement between en-
zymes and CMR.

Determine relationships between troponin level and
MRI injury burden (e.g. LGE presence/extent; mapping
values) and LV function using appropriate tests (Spearman/
Pearson; logistic regression if applicable).

For all tests, 95% CI are reported; statistical significance
isset at p < 0.05.

Ethical considerations

This study was approved by the ethics committee for
clinical studies at the Faculty of Medicine, University of
Kufa, and has a code BU144:03-11-2022. Index test and
CMR sedation were given with informed consent from all
patients’ guardians.

Results

The baseline study population characteristics are pre-
sented in Table 1.

A serial hs-cTnT sampling (through the first 24 h of pre-
sentation) and a CMR were performed in all included pa-
tients. The patient flowchart is presented below (Fig. 1).

Table 1. Baseline characteristics of the study
population (n = 100)

Characteristic Value
Age, median (IQR), years 4.5 (1.2-9.8)
Male sex 60 (60 %
Chest pain 32 %

)
)
48 %)
18 %)
)
)
)

32 (
Dyspnea or respiratory distress 48 (
18 (
42 (42 %
36 (
30 (

Arrhythmia on ECG

LV dysfunction on echocardiogram
Elevated hs-cTnT

Positive CMR (2018 LLC)

36 %
30 %

Screened:
115 patients with suspected
myocarditis

/\

Final cohort: 100 Excluded: 15 (non-
CMR positive = 30 cases | |conclusive workup)
Troponin positive = 36 6 cases: family refuse to

cases do CMR

CMR positive only = 2 3 cases: severe renal
cases insufficiency

Troponin positive only = 2 cases: lack baseline
8 cases cardiac enzyme

4 cases: loss to follow-up

Figure 1. Distribution of patients in the study
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The hs-cTnT findings exhibit high sensitivity and NPV,
with lower specificity and PPV, indicative of an excellent
rule-out but many false positives. The results of CMR in-
dicate high PPV and NPV, which also demonstrate better
diagnostic performance. The combined use of both CMR
and hs-cTnT, however, achieves a diagnostic accuracy of
100 %. This strategy is confirmed by our results, which show
that hs-cTnT may be used as a stepwise approach for ear-
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ly screening and exclusion, and then confirms with CMR
(Table 2, Fig. 2).

While hs-cTnT alone results in a greater number of false
positives and some missed diagnoses, troponin achieves
good concordance with CMR, and their use together in-
creases the diagnostic certainty (Table 3, Fig. 3).

CMR+
Troponin+

Figure 2. ROC curve for hs-cTnT and CMR

Figure 3. Venn diagram showing diagnostic overlap

Table 2. Diagnostic accuracy of hs-cTnT and CMR for early myocarditis

Test Sensitivity, % Specificity, % PPV, % NPV, % AUC
(95% CI) (95% Cl) (95% Cl) (95% CI) (95% Cl)
hs-cTnT 93.3 (77.9-99.2) | 87.1 (78.7-94.9) | 77.8 (60.8-89.9) | 96.4 (89.2-99.6) | 0.95 (0.89-0.99)
CMR 90.0 (73.5-97.9) | 97.1 (90.1-99.7) | 93.1 (77.2-99.2) | 95.8 (88.3-99.1) | 0.96 (0.91-0.99)
Combined 100 (88.4-100) | 85.7 (75.0-93.4) | 75.0 (59.7-86.8) | 100 (94.0-100) | 0.98 (0.94—1.00)

Table 3. Agreement between cardiac enzyme

and CMR findings
CMR CMR
positive | negative el
Troponin positive 28 8 36
Troponin negative 2 62 64
Total 30 70 100

Notes: measures of concordance (agreement) be-
tween modalities; Cohen’s k¥ = 0.78 — substantial
agreement.

Table 4. Correlation between troponin levels
and CMR parameters

Correlation with
CMR parameter hs-cTnT (r) p-value

Extent of LGE

(% myocardium) +0.65 < 0.001
T2 mapping (edema index) +0.58 0.003
Native T1 +0.52 0.01
(myocardial injury)

LVEF (%) -0.18 0.20
Notes: links enzyme levels to tissue-level MRI

findings; LVEF — left ventricular ejection fraction.

Table 5. Missed cases by troponin alone (CMR positive but troponin negative)

Patient ID Age Symptoms Troponin CMR findings Comment
P0O14 3 Fatigue 14 Subepicardial LGE Mild, localized injury
P0O57 7 Chest pain 18 Edema + mid-wall LGE Early case

Note: highlights enzyme-negative myocarditis cases.
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In Table 4, cardiac troponin levels were significantly
associated with myocardial edema, injury and necrosis/
fibrosis.

While negative cardiac troponin does not necessarily
rule out myocarditis, early sampling, patchy or focal myo-
cardial involvement and edema in the absence of extensive
necrosis, subacute presentation or mild forms of the disease
may be reasons for this.

ROC analysis demonstrated excellent discriminative
ability of hs-cTnT for CMR-confirmed myocarditis, with
AUC of 0.95 (95% CI: 0.89—0.99) (Fig. 2).

Based on the Youden index (J = sensitivity + specifi-
city — 1), the optimal hs-cTnT cut-off was > 14 ng/L, pro-
viding 93.3 % sensitivity and 87.1 % specificity.

Comparative ROC analysis using DeLong’s test demon-
strated that the AUC for hs-cTnT (0.95) did not differ sig-
nificantly from that of CMR (0.96) with minimal absolute
difference of 0.01 (p = 0.62).

The ROC analysis of hs-cTnT reported an excel-
lent discriminatory performance, with AUC of 0.95 (95%
CI: 0.89—0.99). There was no significant difference be-
tween the AUCs of hs-¢cTnT and CMR (DeLong’s test,
p=0.62).

Cardiac troponin (hs-cTnT) may guide the severity of
myocarditis in children. High troponin and LGE/edema on
CMR indicate myocardial damage and warrants close fol-
low-up. Conversely, low/normal troponin levels with mild
LGE suggest early or mild disease and necessitate repeat
imaging/laboratory testing. These results are consistent with
the idea that troponin and CMR are complementary: tro-
ponin provides biochemical severity, while CMR provides
structural severity (Fig. 4).

Discussion

It is a prospective diagnostic study, which offers strong
evidence about the comparative and additive roles of
hs-cTnT and CMR in the early diagnosis of pediatric myo-
carditis. Through prospectively comparing these modalities,
head-to-head using the current 2018 LLC as the formal
reference standard, this study introduces an important di-
agnostic aid in pediatric cardiology where diagnosis often
remains elusive secondary to variable clinical presentations
and lack of specificity in traditional testing.

The diagnostic utility of cardiac troponin
in pediatric myocarditis

By focusing on its cut-off value (> 99" percentile
URL), our study confirms that hs-cTnT is a very sensitive
marker as compared to other biomarkers belonged to the
same stimulus-associated family (sensitivity = 93.3 % and
NPV =96.4 %). These results are similar to those from pre-
vious pediatric studies in which sensitivities were reported
between 65 and 95 %, suggesting troponin as a useful diag-
nostic screening, and rule-out test as an acute presentation
[11,12].

The specificity (87.1 %) and PPV (77.8 %) of hs-cTnT in
this population were markedly lower than its sensitivity, sug-
gesting a potentially clinically significant false-positive rate.
This limitation is well described in the literature, as troponin
elevation reflects myocardial damage rather than myocar-
ditis itself, which can be encountered in a heterogeneous
range of pediatric illnesses such as sepsis, tachyarrhythmias,
pulmonary hypertension, renal failure and severe hypoxia
[1, 13, 14]. The eight patients in whom a negative CMR and
positive cardiac enzymes occurred are probably due to the
non-specific mechanisms of injury described above rather
than false negatives.

Crucially, this research shows that the troponin does not
accurately reflect LVEF, which is supported by the negli-
gible, non-significant association between them. This is
consistent with previous reports that demonstrate the rela-
tion between biochemical injury and functional compro-
mise to be non-linear in pediatric myocarditis, especially in
the early or focal disease [3, 5].

CMR and the 2018 Lake Louise Criteria

Whether using the 2018 LLC or comparator standards,
CMR had better overall diagnostic performance and high
specificity (97.1 %), PPV (93.1 %) and NPV (95.8 %).
These data support CMR as the most accurate non-invasive
technique for establishing myocarditis by direct characte-
rization of the myocardial tissue. The better results obtained

Proposed Diagnostic Algorithm for Myocarditis

Step 1: Measure hs-cTnT
High-Sensitivity Cardiac Troponin

|
700 — i i
600 hs-cTnT Negative hs-cTnT Positive
& Low Clinical Suspicion or Persistent Suspicion
500
[ @ Rule Out & Follow-Up ‘ Proceed to CMR
400 Cardiac MR
= Diagnosis
00 d!_ « Risk Stratification
100 v
—¥— . -
9 Confirm & Assess Risk
None Mild LGE LGE + Edema
Figure 4. Box plot of troponin levels vs Figure 5. Stepwise diagnostic algorithm
MRI severity groups of myocarditis in children
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for the 2018 criteria correspond to the addition of paramet-
ric T1 and T2 mapping, which we demonstrated improves
sensitivity at equal specificity compared to LLC original [1,
13—16].

The CMR diagnostic yield in the current study (30 %
positive rate) is similar to that observed in other pediatric
populations imaged for suspected myocarditis [7, 17]. It is
worth mentioning that CMR detected two myocarditis cases
among patients with normal troponin findings. This en-
zyme-negative and CMR-positive group demonstrated mild
symptoms and localized subepicardial or mid-wall LGE,
suggesting that myocardial edema and activity restricted to
an area of the heart may be present without enough necrosis
to cause release of troponin [2, 16, 18].

Concordance rate of cardiac enzymes with CMR

Such high agreement between hs-cTnT and CMR results
(Cohen’s k = 0.78) suggests that there is good concordance
of biochemical and imaging indicators of myocardial injury
with no overlap in diagnostic performance. Concordance
rates have also been seen in adult and mixed-age popula-
tions, confirming that no modality can be considered de-
finitively diagnostic in early disease [16, 18, 19].

The discordant cases described in this study are of parti-
cular clinical interest. In addition, troponin-positive/CMR-
negative cases highlight the lack of specificity of biomarkers
and studies with troponin-negative tests despite CMR raise
concerns for false reassurance based on a negative labora-
tory result. Taken together, these results lend strong support
to the notion of a multimodal diagnostic strategy advocated
by KSM recommendations as well as other major interna-
tional guidelines [16, 20].

Association of froponin levels with myocardial
injury burden on CMR

A major strength of the study is showing a strong rela-
tionship between hs-cTnT levels and quantitative CMR ex-
tra-cellular markers such as LGE extent, T2 mapping index
and native T1 values. These relations strongly support the
concept that higher troponin levels represent more myocar-
dial injury and a greater extent of tissue inflammation, de-
spite not directly predicting functional impairment.

This biochemical-structural correlation has been previ-
ously reported in studies in adult myocarditis and, more re-
cently, with pediatric cohorts who found an association be-
tween the extent of LGE and severity and adverse outcomes
of disease [16, 18, 21]. The lack of a close relationship with
LVEEF, furthermore, suggests the possibility that myocardial
inflammation may occur prior to or in the absence of sys-
tolic dysfunction, particularly when the disease is at an early
stage [3, 5].

Strategy for diagnosis and clinical implications

The main clinically applicable result is that the combi-
nation of hs-¢cTnT and CMR led to 100 % sensitivity and
NPV in almost all respect precluding lost diagnosis in this
population. This reinforces a stepwise diagnostic pathway
for troponin evaluation as an affordable first-line screen-
ing test, with subsequent selective CMR to confirm and risk
stratify.

This approach is consistent with the AHA scientific
statement [22] and the ESC position paper [23] on sus-
pected myocarditis, which highlights the additive value of
biomarkers and advanced imaging. In such resource-con-
strained environments, this approach rationalizes CMR in
patients with continuing symptoms, raised biomarkers or
diagnostic uncertainty so that precious resources to perform
an accurate diagnosis are not wasted.

Strengths and limitations

The strengths of our study are its prospective nature,
standardized biomarker sampling, blinded index and refe-
rence test interpretation, and application of modern CMR
diagnostic criteria. The use of serial troponin evaluations
improves diagnostic accuracy and mirrors our practice in
actual clinical settings.

Limitations include the single center and relatively small
sample size with potential for generalizability. Endomyo-
cardial biopsy was not a reference standard, but that is the
current practice in pediatrics where due to invasiveness and
sampling concerns it is reserved for selected severe cases
[1, 7]. Moreover, long-term prognostic outcomes were not
evaluated and should be studied in the future.

Our results are highly consistent with the recent guide-
line-directed practice. The 2025 ESC Guidelines for the
management of myocarditis and pericarditis recommended
early cardiac biomarker testing and subsequent CMR with
advanced tissue characterization techniques as the non-
invasive gold standard [23]. Similarly, the 2024 ACC/AHA
expert consensus and the AHA scientific statement on pedi-
atric myocarditis suggest the pivotal role of high sensitivity
cardiac troponin in early evaluation, with CMR serving to
confirm diagnosis and refine risk stratification when bio-
marker elevation and clinical suspicion persist [22, 24].

Two methodological issues warrant consideration.
First, the study population was derived from tertiary car-
diac center, where disease prevalence and pre-test pro-
bability are higher, raising the possibility of spectrum bias
and overestimation of sensitivity and predictive metrics.
Second, both cardiac biomarker and CMR are subject to
time effects. Early troponin sampling before peak may miss
myocardial injury, and CMR performed too early or too
late may fail to detect myocardial edema or transient myo-
cardial injury.

Based on our results and their alignment with contem-
porary guidelines, we suggest a stepwise diagnostic approach
(Fig. 5). Step 1 involves measurement of hs-cTnT; if the re-
sult is negative and clinical suspicion is low, myocarditis is
reasonably excluded with appropriate follow-up. Step 2 in-
volves performing CMR, when hs-cTnT is elevated or clini-
cal suspicion is high, for definitive diagnosis and risk strati-
fication.

Conclusions

High-sensitivity cardiac troponin is a useful early screen
for suspected pediatric myocarditis; however, it does not
have adequate specificity alone. CMR with the 2018 Lake
Louise Criteria gives better diagnostic verification. There
is significant improvement in diagnostic performance and
confidence of troponin screening with targeted CMR trans-
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lation by using a combined stepwise approach for early tro-
ponin screening followed by selective CMR.

Future directions

Larger multicenter and longitudinal studies are required
to determine prognostic significance of combined troponin-
CMR phenotypes, in addition to isolated LGE or mapping
abnormalities in such high-risk patients with a history of
positive troponin. Inclusion of new biomarkers and assisted
CMR analysis using artificial intelligence may help improve
the early diagnostic process for pediatric myocarditis.

References

1. Williams JL, Jacobs HM, Lee S. Pediatric Myocarditis. Cardiol
Ther. 2023 Jun;12(2):243-260. doi: 10.1007/540119-023-00309-6.

2. Dawood I, Alhussein ST, Wadi WY, et al. Viral myocarditis in pedi-
atrics: A review of current diagnostic methods and future directions. Ann Pe-
diatr Cardiol. 2025 Jan-Feb, 18(1):42-48. doi: 10.4103/apc.apc_236_24.

3. Hutchinson Z, Law Y. Myocarditis in children: diagnosis and
management. JHLT Open. 2025 Jul 21;10:100332. doi: 10.1016/].jhi-
10.2025.100332.

4. Das BB. Pediatric Myocarditis: Challenges in Diagnosis and Treat-
ment. Paediatr Drugs. 2026 Feb 7. doi: 10.1007/540272-026-00739-4.

5. Kinchler CM, Lightfoot KL, Olliff NS, et al. Pediatric myo-
carditis: Current concepts review. Progress in Pediatric Cardiology.
2025;77:101815. doi: 10.1016/]j.ppedcard.2025.101815.

6. Luetkens JA, Faron A, Isaak A, et al. Comparison of Origi-
nal and 2018 Lake Louise Criteria for Diagnosis of Acute Myocarditis:
Results of a Validation Cohort. Radiol Cardiothorac Imaging. 2019 Jul
25;1(3):e190010. doi: 10.1148/ryct.2019190010.

7. Vaikom House A, Grosse-Wortmann L. Cardiac magnetic reso-
nance imaging assessment of myocardial disease in children and ado-
lescents. Cardiovasc Diagn Ther. 2025 Aug 30;15(4):888-897. doi:
10.21037/cdt-24-502.

8. Jacobs HM, Soslow JH, Cornicelli MD, et al. Practice patterns
of cardiovascular magnetic resonance use in the diagnosis of pediatric
myocarditis: A survey-based study. J Cardiovasc Magn Reson. 2024 Win-
ter;26(2):101091. doi: 10.1016/j jocmr.2024.101091.

9. Goldberg JF, Spinner JA, Soslow JH. Myocarditis in children
2024, new themes and continued questions. Curr Opin Cardiol. 2024 Jul
1;39(4):315-322. doi: 10.1097/HCO.0000000000001151.

10. Cohen JF, Korevaar DA, Altman DG, et al. STARD 2015 guide-
lines for reporting diagnostic accuracy studies: explanation and elabo-
ration. BMJ Open. 2016 Nov 14;6(11):e012799. doi: 10.1136/bmjo-
pen-2016-012799.

11. Ameh A, Brady JJ. Reference intervals for high sensitivity car-
diac troponin I and N-terminal pro- B-type natriuretic peptide in children
and adolescents on the Siemens Atellica. Clin Chem Lab Med. 2024 Feb
20,62(8):1636-1642. doi: 10.1515/cclm-2023-0977.

12. Degen M, Leviter J, Bradley A, et al. Association Between High-
Sensitivity Troponin (hs-cTnT) and Diagnosis of Myocarditis in Previ-
ously Healthy Pediatric Patients. Pediatr Cardiol. 2025 Dec;46(8):2207-
2213. doi: 10.1007/500246-024-03621-7.

Information about author

13. Popa A, Lazea C, Agoston-Coldea L. Novel insights on acute
myocarditis in pediatric patients. Eur Rev Med Pharmacol Sci. 2023
Dec;27(23):11479-11495. doi: 10.26355/eurrev_202312_34587.

14. Sleem B, Zareef R, Bitar F, Arabi M. Myocarditis in COVID-19:
a focus on the pediatric population. Am J Cardiovasc Dis. 2023 Jun
25;13(3):138-151.

15. Karev V, Starshinova AY, Glushkova A, Kudlay D, Starshinova A.
Features of Myocarditis: Morphological Differential Diagnosis in Post-
COVID- 19 Children. Diagnostics (Basel). 2023 Jul 27;13(15):2499. doi:
10.3390/diagnostics 13152499.

16. De Sarro R, Borrelli N, Pelaia G, et al. How to behave with paedi-
atric myocarditis: imaging methods and clinical considerations. Eur Heart
J Imaging Methods Pract. 2025 Apr 4;3(1):qyaf025. doi: 10.1093/ehjimp/
qyaf025.

17. Moktadir A, Daire E, Renard C, Dirani S, Selegny M. Cardiac
MRI characteristics and prognostic value in pediatric myocarditis. Archives
of Cardiovascular Diseases. 2024 Aug-Sep; 117(8-9 Suppl):242-243. doi:
10.1016/j.acvd.2024.07.049.

18. Yukcu B, Aydemir MM, Balci M, et al. Baseline and Follow-Up
Cardiac Magnetic Resonance Imaging Findings in Children with Acute
Myocarditis and Factors Associated with Late Gadolinium Enhancement.
J Clin Med. 2024 Dec 31;14(1):189. doi: 10.3390/jem 14010189.

19. Ricci JC, Farahani NA, Davis CJ, et al. A comparative review
of myocarditis in pediatrics versus adults: pathogenesis, diagnosis, and
management. Front Immunol. 2025 Sep 26;16:1601307. doi: 10.3389/
Simmu.2025.1601307.

20. Moscatelli S, Leo I, Bianco F, et al. The Role of Multimoda-
lity Imaging in Pediatric Cardiomyopathies. J Clin Med. 2023 Jul
24;12(14):4866. doi: 10.3390/jcm 12144866.

21. Zainal H, Rolf A, Zhou H, et al. Comparison of diagnostic algo-
rithms in clinically suspected viral myocarditis: Agreement between car-
diovascular magnetic resonance, endomyocardial biopsy, and troponin T.
J Cardiovasc Magn Reson. 2024 Winter;26(2):101087. doi: 10.1016/].
Jjocmr.2024.101087.

22. Law YM, Lal AK, Chen S, et al.; American Heart Associa-
tion Pediatric Heart Failure and Transplantation Committee of the
Council on Lifelong Congenital Heart Disease and Heart Health in the
Young and Stroke Council. Diagnosis and Management of Myocardi-
tis in Children: A Scientific Statement from the American Heart As-
sociation. Circulation. 2021 Aug 10;144(6):e123-e135. doi: 10.1161/
CIR.0000000000001001.

23. Schulz-Menger J, Collini V, Groschel J, et al.; ESC Scientific
Document Group. 2025 ESC Guidelines for the management of myocar-
ditis and pericarditis. Eur Heart J. 2025 Oct 22;46(40):3952-4041. doi:
10.1093/eurheartj/ehaf192.

24. Drazner MH, Bozkurt B, Cooper LT, et al. 2024 ACC Expert
Consensus Decision Pathway on Strategies and Criteria for the Diagnosis
and Management of Myocarditis: A Report of the American College of Car-
diology Solution Set Oversight Committee. J Am Coll Cardiol. 2025 Feb
4;85(4):391-431. doi: 10.1016/j jacc.2024.10.080.

Received 15.01.2025
Revised 22.02.2026
Accepted 05.03.2026 M

Hussein A. Alsalkhi, Department of Pediatric Cardiology, Najaf Cardiac Center, Faculty of Medicine, University of Kufa, Kufa, Irag; e-mail: husseina.abdulridha@uokufa.edu.ig;

https://orcid.org/0000-0003-3470-2206

Conflicts of interests. Author declares the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of the manuscript.

18 3A0POB g AUTUHW, 1SSN 2224-0551 (print), ISSN 2307-1168 (online)

Tom 21, N2 2, 2026



OpuriHaAbHI A0CAiAXeHHs / Original Researches

Hussein A. Alsalkhi

Najaf Cardiac Center, Faculty of Medicine, University of Kufa, Kufa, Irag

KapaioeH3nmu nopieHsiHO 3 MPT cepus AAS PAHHBOT AIGrHOCTUKU MIOKAPAUTY B AiTei

Pe3iome. AkryambHicTs. [iarHocTka MioKapauTy B HiTeii 3a-
JIMIIAETHCS CKIIAIHOIO Yyepe3 HecrielnbiuHy KIiHIYHY KapTUHY i
BiICYTHICTb OYIb-SIKOTO iHCTPYMEHTY OLiHKU. KapmioTpornoHinu
He € crelu@iYHUMU TSI 1IbOTO 3aXBOPIOBAHHS, a MarHiTHO-pe-
30HaHcHa ToMorpadist cepust (MPTC) 3abesmneuye netaabHy xa-
PaKTEepUCTUKY TKAHWHU Miokapna. MeTa: BU3HAYeHHsI TiarHOC-
TUYHOI e(EKTUBHOCTI BHCOKOUYTJIMBOTO KapmiOTPOIIOHIHY Ta
MPTC 3a nmonomoroto KputepiiB Lake Louise 2018 poky B miteit
i3 Mi03POI0 Ha TOCTPUIL MIOKApAMT, a TAKOX OLiHKA 10aTKOBOL
KOPUCTIi MO€EIHAHOTO BUKOPUCTaHHST 000X TecTiB. MaTepiaiu Ta
MeTonu. Lle mpocrnekTUBHE AiarHOCTUYHE TOCITiIKEHHSI ITPOBe/ie-
He B Kappionoriunomy nentpi nposinuii Hamkad (Kyda, Ipak)
3 ciuns 2024 poky 1o ciuns 2026 poky. bysio 3anydeHo cro aitei
BIiKOM Bizl 6 MicsIIiB 10 16 POKiB i3 KJIiHIYHO 03O0 Ha TO-
CTpUil MiOKapaMT. YCi MALiEHTH MPOWIIUIN CepiliHe BU3HAUYCHHS
BUCOKOUYTJIMBOIO KapAiOTPOMOHIHY MPOTSITOM Mepiiux 24 roauH
i cranmaptu3oBany MPTC BinmosigHo 1o kputepiiB Lake Louise
2018 poxy. MPTC BUKOpPUCTOBYBaIM SIK €TaJIOHHUI MeToa. Bynu
po3paxoBaHi TOKa3HUKM AiarHOCTUYHOI TouyHOCTi (ROC-aHanis,
TeCTYBaHHsI Y3TOIKEHOCTi) Ta KOpeJsilii Mixk piBHEM TPOITOHIHY
it mapamerpamu MPTC. Pesyabratu. MPTC miareepania mio-
kapaut y 30 % mnaiieHTtiB. BucoKouyTaMBuUil TPOMOHIH Tpoje-

MOHCTPYBaB BUCOKi 4ymIuBicTb (93,3 %) i HeraTMBHY MPOTHOC-
TUYHY LiHHICTD (96,4 %), ane Huk4y crienudiunicTs (87,1 %) Ta
MO3UTUBHY IPOTHOCTUYHY LiHHICTD (77,8 %). MPTC mana Buco-
Ky cneuudiunicts (97,1 %) i 3arajibHy AiarHOCTUYHY TOYHICTb.
V3romkeHicTh MiXX BUMipioBaHHSIM TpornoHiHy i MPTC Oyna
cyrreBoto (koediuieHt k Koena = 0,78). PiBHi TporoHiHy Bipo-
TiIHO KOpEeJIOBAIM 3 HAOPSIKOM MioKapja, oro MOIIKOIKEeHHSIM
Ta CTyMEHeM Mi3HbOIO IMOCWJICHHs ragoiaiHieMm mim yac MPTC,
ajie He 3 (ppakiiero BUKUY JIiBoro nuryHouka. KoMGiHoBaHe BU-
KopuctaHHst TpornoHiny it MPTC wmaino 100% 4yTauBicTh Ta He-
raTUBHY MPOTHOCTUYHY IiHHICTh. BUCHOBKM. Bucokouytiusuii
KapaiOTPOTIOHIH € KOPUCHUM METO/IOM PAHHBOTO CKPUHIHTY MPpHU
MiIo3pi HA AUTSIYUN MiOKapauT, OMHAK caM MO cobi BiH HE Mae
nocraTHboi crieundiunocti. MPTC i3 BUKOpUCTaHHSIM KpUTEpi-
iB Lake Louise 2018 poky 3a0e3reuye OilbIl TOYHY AiaTHOCTHYI-
Hy Bepudikaiito. [ToegHaHHS 000X METOMiB 3HAYHO IiIBUIILYE
NiarHOCTUYHY €()eKTUBHICTh Ta BIIEBHEHICTh Y BCTAHOBJICHHI JTia-
THO3Y: ONTUMAJIbHOIO € MOETaIHa CTPaTerisi — paHHill CKPUHIHT
TPOITOHIHY i3 MOJAIBIINM LILOBUM ITpoBeaeHHIM MPTC.
Ki104oBi cjioBa: Miokapmut; ceplieBuii TPOIOHIH; MarHiTHO-
pe3zoHaHcHa Tomorpadist cepust; kputepii Lake Louise; miarHoc-
TUYHA TOYHICTh; 3allaJieHHs MioKapa
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Cytokeratin 18 as a new marker for nonalcoholic fatty liver

disease diagnosis in Down syndrome children

Abstract. Background. Children with Down syndrome (DS) are at increased risk of non-alcoholic fatty liver disease
(NAFLD), which is now referred to as metabolic dysfunction-associated steatotic liver disease, especially in the presence
of obesity. Liver biopsy is still the best diagnostic approach, but noninvasive alternatives are needed. Cytokeratin 18
(CK-18) has shown promise as a biomarker for NAFLD. The purpose was to evaluate the diagnostic utility of CK-18 for
detecting NAFLD in children with DS. Materials and methods. This case-control study included 80 DS children aged
3—18years, divided into obese and non-obese groups. CK- 18 levels were measured using enzyme-linked immunosorbent
assay, and abdominal ultrasound was performed through one sonographer assessment using US device Aplio 500 with
convex and linear probe to assess hepatic steatosis. NAFLD grading (0—3) correlated with anthropometric data, liver
enzymes, lipid profile, and CK-18 levels. Statistical analysis evaluated the predictive value and diagnostic performance
of CK-18. Results. CK-18 levels were significantly increased in DS children with NAFLD compared to healthy controls
(p < 0.001) and positively correlated with body mass index Z-scores, cholesterol, and alanine aminotransferase. CK-18
showed excellent diagnostic accuracy for NAFLD (AUC = 0.912), with a cutoff> 494.35 pg/ml yielding 93.6 % sensitivity
and 87.9 % specificity. It was also effective in distinguishing between NAFLD grades and control, particularly for grade
1 (AUC = 0.919) and grade 2 (AUC = 0.909). Conclusions. CK-18 is a highly sensitive and specific noninvasive
biomarker for NAFLD in children with DS. It can aid in rapid detection and follow-up of liver involvement, potentially

decreasing the requirement for invasive liver biopsies.

Keywords: Down syndrome; non-alcoholic fatty liver disease; cytokeratin 18

Introduction

Down syndrome (DS) is the commonest chromosomal
abnormality, characterized by the presence of a third chro-
mosome 21. It is primarily caused by nondisjunction of tri-
somy of 21 in 95 % of cases and translocation or mosaicism
in 5 % of cases. The prevalence of this DS ranges from one
in 700 to 1 in 1500 live births [1].

DS children frequently have accompanying medical
pathologies, including impaired cognition and abnormal
structural development, especially congenital heart diseases
(affecting half of DS cases). Gut malformations are also re-
corded to affect 7 % of DS cases [2].

Non-alcoholic fatty liver disease (NAFLD), recently
renamed metabolic dysfunction-associated steatotic liver
disease (MASLD) according to international consensus [3],
is a common hepatic disease, and often accompanied obe-

sity, diabetes mellitus (DM), aggravate cardiovascular risk,
and risk for hospital admission and death secondary to he-
patic adverse events which include cirrhosis and HCC [4].
NAFLD is defined by the existence of significant hepatic fat
accumulation (more than 5 %), in the absence of other pos-
sible causes of steatosis [5].

Liver biopsy is still the reference tool regarding the di-
agnosis of hepatic fibrosis. On the other hand, it has several
limitations being of invasive nature, possible risks of com-
plications and sampling mistakes, and high charges. As a
result, there is a growing interest in discovering non-invasive
approaches for detecting hepatic fibrosis comprising clini-
cal predictors, serum biomarkers, and different radiological
approaches [5].

Hepatocyte apoptosis (hepatic cell death) is a distinctive
characteristic in cases with NASH, making it an interesting
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focus for biomarker development and therapeutic interfe-
rence [6]. It has been demonstrated that the measurement of
plasma levels of cytokeratin-18 (CK-18), a marker of hepa-
tic cell death, has a main role in NASH diagnosis. Fitzpat-
rick et al. [7] revealed that children with biopsy-confirmed
NAFLD revealed substantially increased values of CK-18
fragments compared with healthy controls. Additionally,
plasma values of CK-18 fragments have a correlation with
disease gravidity, as children with established NASH had
greater values compared to those with hepatic steatosis [§].
We aimed to evaluate the role of cytokeratin 18 as a new
noninvasive marker for diagnosis of NAFLD in DS children.

Materials and methods

This case-control research was carried out at Mansoura
University Children’s Hospital between November 2021 and
November 2024. The research included 80 children diag-
nosed with DS, who were recruited from the hospital’s Ge-
netics and Endocrinology clinics. This study was approved
by the Committee of Ethical Research, Faculty of Medi-
cine, Mansoura University (approval code: MDP.21.10.61,
approval date: November 2021). All procedures were per-
formed in accordance with the ethical standards of the Dec-
laration of Helsinki.

Eligibility criteria

Children with DS aged 3—18 years were eligible for in-
clusion. Patients were excluded if they were younger than
3 years or had chronic liver disease (CLD) attributable to
other causes, such as viral infections or immune-mediated
disorders.

Size of the sample

Using the next formula, the study’s sample size was de-
termined to be 37 subjects per group at the 1 % level of sig-
nificance and 90 % study power.

N=(Z1-a/2 + Z1-B)*+ 61 - 62/5,

where Z1-0/2 = 2.58; Z1-f = 2.33; 0 = SD (39.67; 81.64);
o0 = expected difference to be determined between both
groups (46); o = level of acceptability of a false positive re-
sult (level of significance = 0.01); § = level of acceptability
of a false negative result (0.01); /-4 = power (0.90).

To enhance study power, the calculated sample size of 37
subjects per group (obese and non-obese) was increased to 40.

All cases were subjected to detailed history taking, an-
thropometric measurements and their Z-scores.

The study group was divided into two equal groups,
obese and non-obese.

CK-18 as a new marker for NASH

Assay range: 10 pg/ml — 3000 pg/ml.

Test principle. The assay was performed using a
double-antibody sandwich enzyme-linked immunosorbent
assay to determine human CK-18 levels. Cytokeratin 18 was
first bound to a monoclonal antibody-coated well pretreated
with CK-18. Following incubation, biotin-labeled CK-18
antibodies were added, which subsequently interacted with
streptavidin-HRP to form an immune complex. After fur-

ther incubation and washing to remove any unbound com-
ponents, chromogen solutions A and B were introduced,
producing a blue color that turned yellow upon the addition
of acid. The final color intensity showed a direct positive
correlation with the CK-18 concentration in the sample.

Imaging

Abdominal ultrasonography (US). Performed for all
subjects through one sonographer assessment using US de-
vice Aplio 500 using convex and linear probe to assess he-
patic steatosis and grade NAFLD (grades 0—3) according to
standard echogenicity criteria.

Statistical analysis

Statistical analysis was done by SPSS software, version
26 (SPSS Inc., Chicago, IL, USA). Categorical variables
were presented as frequencies and percentages, whereas
continuous variables were presented as mean * standard
deviation when normally distributed, and as median with
interquartile range when distribution was non-normal, as
assessed by the Kolmogorov-Smirnov test. Group com-
parisons for categorical data were carried out using the
chi-square test (y?). For continuous data not following a
normal distribution, the Mann-Whitney U test was applied
for two-group comparisons, and the Kruskal-Wallis (KW)
test for more than two groups. Correlations between ordi-
nal or non-normally distributed continuous variables were
examined with Spearman’s rank correlation. Receiver ope-
rating characteristic (ROC) analysis was used to evaluate
diagnostic performance, providing sensitivity, specificity,
cutoff points, predictive values, and overall accuracy. Binary
logistic regression was employed to assess the joint influence
of multiple predictors on binary outcomes. A p-value < 0.05
was considered statistically significant.

Results

There was insignificant difference between studied
groups as regard age and sex of studied groups (p = 0.979 &
0.872, respectively).

Table 1 demonstrates significant difference between
studied groups with regard to the following laboratory
findings; cholesterol (p = 0.001), LDL (p = 0.013), ALT
(p =0.001) and CK (p = 0.001). The median value of cho-
lesterol, LDL, ALT, is higher among grade two followed by
grade 3, grade 1 and normal.

Table 2 illustrates that CK is statistically significant pre-
dictor of NAFLD with every increase 100 pg/ml increase
risk of NAFLD by 1.75 (OR: 1.75, 95% CI: 1.35—2.29) with
overall percentage predicted is 85.

Table 3, Fig. 1 demonstrates that area under curve of
CK-18 in differentiating between NAFLD and control
group is excellent with the best detected cutoff point from
the curve is >494.35 pg/ml yielding sensitivity of 93.6 % and
specificity 87.9 %.

Table 4 shows that CK-18 exhibits excellent diagnos-
tic accuracy in differentiating NAFLD grades, with AUC
values of 0.919 for grade 1 (sensitivity: 96.9 %, specificity:
87.9 %) (Fig. 2A), 0.909 for grade 2 (sensitivity: 90.9 %,
specificity: 84.8 %) (Fig. 2B), and 0.864 for grade 3 (sensi-
tivity: 75 %, specificity: 87.9 %) (Fig. 2C).
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Table 1. Comparison of laboratory findings between studied groups according to ultrasound classification

Test of

Parameters Normal (n = 33) Grade1(n=32) | Grade2(n=11) | Grade 3 (n=4) significance
200 (186.25— . | 2065(197.75- | KW =27.10

Cholesterol (mg/dl) | 150 (127.5-185) 234 25) 213 (185—-290) 293.25)¢° p = 0.001*

172.5 (160~ KW = 3.63

TGS (mg/dl) 150 (107-176) 151.5 (120-169) 150 (79-190) 359.75) o= 0.304
132.5 (101.75- KW = 10.75

- _ ab _ ace __ bde

LDL-C (mg/dl) 100 (91.3-126.5) 140) 135 (97-144)= | 128 (120-131.5) b= 0.013"

KW = 1.98

HDL-C (mg/dl) 40 (35-45) 37 (35-40.75) 37 (32-43) 375 (328-708) | 10 577
64.5 (58.25— KW = 25.08

— a . bc . abd

ALT (U/)) 39 (25.5-47.5)* | 53.5(39.75-70) 66 (50-72) 564 250 b= 0.001*

AST (U/) 35 (26.5-43) 40 (35-48.75) 45 (30-55) 38.5 (35-53.25) ';V! 5 g'gf
CK-18 (pg/mi) 359.5 (225.85— 800.7 (598.2— 1185 (723.7— 1059.4 (471.35— | KW =39.29

P9 458.4) 1279.75)® 1588)2 1486.5)¢ p = 0.001*

Notes: data are presented as median (interquartile range); * — statistically significant p-value < 0.05; values
sharing the same superscript letters (a-d) indicate no statistically significant difference among them.

CK-18 levels increased progressively with obesity, being
351.3 pg/ml (12.88—1185) in non-obese, 627.8 pg/ml
(256.4—1293) in overweight, and 1014 pg/ml (458—2194)
in obese cases, with a significant difference across groups
(KW =45.56, p=10.001).

Discussion

In our study there were two groups normal and NAFLD
as regard ultrasound classification normal group (n = 33)
including 18 males and 15 females, and NAFLD group
(n =47) including 28 males and 19 females. As regards these
results, there was an apparent increase in males’ numbers,
but this increase did not reach statistical significance.

We demonstrated that there was a significant positive
relationship between fatty liver and weight, weight Z-score,
BMI and BMI Z-score with p = 0.001. These came in
agreement with Sartorio et al. [9] who displayed that BMI
Z-score and weight-Z-score could be used as significant

Table 2. Predictors of NAFLD among studied groups

independent predictors of NAFLD in terms of obese cases
(p <0.0001).

As regard, liver function among studied groups inclu-
ding ALT and AST levels there was significant correlation
between degree of obesity and presence of fatty liver and de-
gree of ALT, AST levels, with ALT levels showed median level
39 (25.5; 47.5) and AST median level 35 (26.5; 43) among
normal group while in NAFLD groups ALT showed me-
dian level 60 (45; 70) and AST showed median 40 (35; 50).
This showed significant difference between case and control
groups that are higher among cases than normal groups.

Altalebi et al. [ 10] showed similar results in their studies as
they demonstrated significantly increased liver enzyme levels
among obese individuals compared with healthy controls.
Additionally, obese group demonstrated a significant asso-
ciation between NAFLD and increased hepatic enzymes.

Regarding lipid profile, there is significant difference as
concerning cholesterol and LDL levels that were higher in
cases than control groups, while TGS levels show insignifi-
cant difference between two groups.

In their work, Altalebi et al. [10] revealed a significant cor-

P t -val R (95% CI
arameters p p-value OR (95% Cl) relation between NAFLD and increased CHOL, and LDL.
BMI (kg/m?) 0038 | oses5 | 1:039(0.913- In addition, in their study, Nisihara et al. [11] found that
1.18) not only the rate of increased total cholesterol but also tri-
Cholesterol 0016 | 0.103 1.016 (0.997— glyceride levels were greater in children with DS.
(mg/dl) ' ' 1.04) According to our results, our study demonstrated a sig-
1.018 (0.984— nificant difference between studied groups as regard CK-18
LDL-C (mg/di) 0.018 0.311 1.05) median value with the highest median value among obese
— followed by overweight and the least for normal group.
ALT (U/) 0006 | 0725 | 0% 82)975
- Table 3. Validity of CK-18 in differentiating between
AST (U/l) 0.012 0.724 1 .01? é%.)948— NAFLD and control group
: AUC p Cutoff Sensi- | Speci-

) . 1.75 (1.35— (95% - . tivity, | ficity,
CK-18 (pg/ml)/100 | 0.564 | 0.001 2.29) cly value | point % %
Overall percentage predicted = 85 CK-18 0.912

Note (here and in Table 3, 4): * — statistically signifi- | (q/my) | (0-843-|0.001"|>494.35| 936 | 87.9
cant p-value < 0.05. 0.981)
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Table 4. Validity of CK-18 in differentiating between normal and grade 1, grade 2, and grade 3 NAFLD group

AUC (95% ClI) p-value Cutoff point Sensitivity, % Specificity, %

Grade 1
0919 (0.846-0.992) |  0001* | >49435 | 96.9 | 87.9

Grade 2

CK-18 (pg/ml)

0.909 (0.798-1.0) |  0.001* | > 475 | 90.9 | 84.8

Grade 3
0.864 (0.679-1.0) |  0019* [ >56805 | 75 | 87.9

There were statistically significant positive correlations
that were detected between CK-18 and the following: obe-
sity degree (r = 0.539), weight (r = 0.430), BMI (r = 0.484),
BMI percentile (r = 0.470), BMI Z-score (r = 0.471) among
normal DS groups.

In addition, among cases group, markedly signifi-
cant positive correlation was detected between CK-18 and
the following: obesity degree (r = 0.428), BMI percentile
(r=0.287), BMI Z-score (r = 0.305).

A study on 139 well-characterized, biopsy-confirmed
adult NAFLD cases detected at 8 centers conducted by
Feldstein et al. [12] displayed that there were significant
increases in CK-18 fragments in the blood of cases with
NAFLD compared with healthy controls as well as signifi-
cantly increases in the blood of cases with NASH compared
to cases with simple steatosis.

Also, in the study by Vos et al. [13] of 62 children (28
normal weight, 14 obese and 20 suspected NAFLD), overall,
CK-18 plasma levels ranged from 164 to 875 U/L. Compared
to groups I (children of normal weight) and 11 (children of over-
weight without NAFLD), group III (children with NAFLD)
had markedly higher serum CK-18 values (p < 0.001).

Positive correlation detected between CK-18 level and
cholesterol level (r = 0.312) and ALT level (r = 0.301)
among case groups.

As concerning relation between CK-18 and US grading
of NAFLD our study showed a statistically positive correla-
tion between them.

Also, CK-18 is statistically significant predictor of NAFLD
with every increase 1 pg/ml increase risk of NAFLD by
1.004 (OR: 1.004, 95% CI: 1.001—1.0) with overall percent-
age predicted is 83.8 %.

Feldstein et al. [12] displayed that CK-18 fragment le-
vels had a correlation with serum aminotransferases and the
stage of fibrosis. In contrast, CK-18 fragment levels didn’t
vary significantly based on the age of the cases or anthropo-
metric measurements or the associated comorbidities such
as DM, dyslipidemia, or hypertension (HTN) (p > 0.05).

In Zhang et al. [14] study, CK-18 M30 levels proved
to be markedly higher in NASH cases than in those with
NAFLD, regardless of sex, age, race, and overweight, HTN,
or DM. In addition, cases with increased serum ALT va-
lues had a significant increase in CK-18 M30 values in the
NASH group (p < 0.001).

CK-18 in differentiating between NAFLD and control
group was excellent marker with the best detected cutoff
point from the ROC curve was > 494.35 pg/ml yielding sen-
sitivity of 93.6 % and specificity 87.9 %.

In differentiating between grade one and normal group
was excellent with the best detected cutoff point from the
ROC curve was >494.35 pg/ml yielding sensitivity of 96.9 %
and specificity 87.9 %.

In differentiating between grade two and control group
was excellent with the best detected cutoff point from the
curve was > 475 pg/ml yielding sensitivity of 90.9 % and
specificity 84.8 %.

And, in differentiating between grade 3 NAFLD and
control group was excellent with the best detected cutoff
point from the curve was > 568.05 pg/ml yielding sensitivity
of 75 % and specificity 87.9 %.

In the study conducted by Cusi et al. [15], they declared
that CK-18 had a high specificity for NAFLD and fibrosis,
but its limited sensitivity in NASH diagnosis and recom-
mended its combination with other biomarkers or clinical/
laboratory tests in other studies for further assessment.

In their study, Kwok et al. [16] documented that CK-18
has moderate accuracy in the diagnosis of NASH (of 66 and
82 % sensitivity, and specificity), while following the use of
optimal cutoffs, sensitivity increases to 82 %, and specificity
increases to 98 %.

A major limitation of this study is the use of abdomi-
nal ultrasonography as the reference method instead of
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Figure 1. ROC curve of CK-18 in differentiating
between NAFLD and control group
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and Adolescent Nonalcoholic Fatty Liver Dis-
ease: Is It Different from Adults? J Clin Exp
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holic fatty liver disease in obese children. Eur J

Figure 2. ROC curve of CK-18 in differentiating between normal
and grade 1 (A), grade 2 (B), grade 3 groups (C)

liver biopsy. Although ultrasound is widely used in pediat-
ric practice, it has reduced sensitivity for detecting hepatic
steatosis below approximately 20—30 %, which may result
in misclassification of mild disease. Consequently, some
children classified as normal may have had early steatosis,
potentially underestimating CK-18 diagnostic performance
in early NAFLD.

Conclusions

Down syndrome is more likely to develop NAFLD
whether obese or not obese. Liver ultrasonography, liver
function tests, lipid profile, and anthropometric measures
could provide a good estimate of the presence of hepatic
steatosis. CK-18 is an excellent non-invasive biomarker in
detecting the presence of NAFLD and hepatic steatosis with
good sensitivity and specificity.
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LintokepaTtuH 18 K HOBUI MAPKEpP AIArHOCTUKN HEAAKOTOABHOT XXMPOBOT XBOPOGU NeYiHKuU
B AiTen i3 cMHAPOMOM AdyHO

Pe3tome. Akryambnicts. it i3 cunapomom Hayna (CI) ma-
[OTb MiABUILEHUI PU3UK PO3BUTKY HEATKOTOJbHOI XKMPOBOI XBO-
pobu neuinku (HAXKXII), sky 3apa3 Ha3MBalOTh CTEATOTUIHOIO
XBOPOOOIO TTEYiHKH, TTOB’SI3aHOI0 3 META0O0IIYHOIO TUCHYHKIIIEIO,
0CO0JIMBO 3a HAsABHOCTI OXMPiHHS. biormcis mediHKu 3aauina-
€TbCS 30JIOTUM CTaHAApPTOM JiarHOCTUMKU, OfHAK iCHYye moTpeda
B HeiHBazuBHUX Metomax. Llurtokeparun 18 (CK-18) moxazas
MepcreKTUBHICTh K O6iomapkep HAXKXII. MeTa: ouinutu mia-
rHocTuuHY HiHHicTh CK-18 mono Busisnennss HAXKXII y niteii i3
CJl. Marepiaan ta MeToau. Lle mocmimKeHHs TUITY «BUITAI0K —
KOHTpoJTb» BKItovasto 80 mairienTiB i3 CI BikoM Bin 3 no 18 pokiB,
PO3IiJICHUX Ha TPYIM 3 OXUPIiHHIM Ta 6e3 Hboro. PiBHi CK-18
BUMIpIOBaIM 3a JOMIOMOIOI0 iMyHO(EPMEHTHOIO aHalli3y, a yJb-
TPa3BYKOBE JOCJIIXKEHHSI OpraHiB YepeBHOI MOPOXKHUHU MPOBO-
NIMB OINH clieliaticT, BuKopucroBytouu arapar Aplio 500 i3 KoH-
BEKCHUM Ta JIiHIHHUM JaTYNKAMU ISl OLIIHKYU CTE€ATO3y MeUiHKMU.
Cryninb HAXKXIT (0—3) xopenioBaB 3 aHTPOIIOMETPUYHUMU Ja-
HUMH, MEUiHKOBUMU (hepMeHTaMH, JIMiZHUM MpodijeM Ta piB-

Hamu CK-18. 3a 1onomMoro cTaTUCTUYHOTO aHaJi3y OLliHIOBaIU
MPOTHOCTUYHY WLIHHICTh i AiarHocTMuHy edektuBHicTh CK-18.
PesynpraTi. PiBui CK-18 6y 3HauHo minBuineHi B aireit i3 CIL
ta HAZKXIT nmopiBHSIHO 3i 310pOBUMH MAlLliEHTAMU KOHTPOJIbHOIL
rpynu (p < 0,001) i mo3uTUBHO KOpeoBaiIu 3 Z-IMOKa3HUKAMU
iHIEeKCYy Macu Tijla, yMIiCTOM XOJIeCTepUHY i ajaHiHaMiHOTpaHC-
depazu. CK-18 npopeMOHCTpyBaB BMCOKY [IiarHOCTUYHY TOY-
Hictb mono0 HAXKXIT (AUC = 0,912) npu nmoporoBoMy 3Ha4eHHi
> 494,35 nir/man, i3 uymuBicTio 93,6 % Ta cneuudiunicTio 87,9 %.
Takox moka3zaHo e(eKTMBHICTb LIbOr0 MapKepa B audepeHLiartii
rpyn HAZKXTI ta koHTposto, ocobnmuBo mist 1-ro (AUC = 0,919)
i 2-ro ctynenst (AUC = 0,909). BucHoBku. CK-18 € Bucokouyt-
JIMBUM Ta crielin@ivHuM HeiHBa3uBHUM Oiomapkepom HAXKXII y
niteit i3 C/1, 1110 MOXKe CIPUSITU ILIBUIKOMY BUSIBJICHHIO YpaXKeH-
HsI MEYiHKM Ta MMOAATBbIIOMY MOHITOPUHTY, MOTEHLIIIMHO 3MEHIITY-
[0UM MOTPeOy B iHBa3UBHiil OiOIICii.

Kimo4oBi ciioBa: cunnpom JlayHa; HealKoroibHa XUpPOBa XBO-
poba neviHKu; IUTOKepaTuH 18
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Assessment of teachers’ perceptions, awareness,
and reported supportive practices toward children
with disabilities in primary schools in Baghdad city

Abstract. Background. The children living with disabilities need to be provided with supportive educational, family,
and community contexts that will enable them to participate, be included, and engage in the school in general. Teacher,
parent and community awareness, perceptions and reported supportive practices are key contextual variables that
determine the quality of support that can be offered to these children and the formation of inclusive learning environments.
The purpose of the study was to determine the perception, awareness, reported caregiving and supportive practices of
teachers working with children with disabilities in primary schools in Baghdad. The paper also examined the perception
of teachers regarding parental and community awareness. There was no direct assessment of child behavioral outcomes.
Materials and methods. The selected primary schools of the Al-Karkh and Al-Rusafa districts were chosen and carried
out to conduct a descriptive assessment design between November 2023 and May 2024. A purposive sample of 100
primary school teachers was used to respond to a structured self-administered questionnaire that covered the socio-
demographic factors, disability perception, perceived parental and community awareness and caregiving and supportive
practices. Expert review was conducted to attain content validity and pilot study was conducted to guarantee clarity
and ability. The instrument had shown a satisfactory internal consistency (Cronbach’s a 0.78). Analytical data were
processed using SPSS version 24. Results. Most of the respondents were women (55 %), had 6—8 years of teaching
experience (41 %), and diploma-level education (32 %). Teachers indicated high parental awareness (96 %), high
personal awareness of disability-related issues (72 %). The awareness of communities was moderate to high (41—53 %).
Supportive practices and caregiving were also reported to be largely moderate (60 %), that is, the findings may show
where supportive practices seem to be less consistently reported. Conclusions. Despite the moderate to high levels of
awareness, the supportive practices still need to be reinforced with the help of a specific professional development and
community-based interventions so that inclusive primary schools could be encouraged.

Keywords: children with disabilities; teacher awareness; parental attitudes; community perception; primary schools

Introduction

Children with disabilities experience significant setbacks
in the education systems especially in terms of participa-
tion and engagement in classes, as well as adaptability to the
school-based expectations. These difficulties are also influ-
enced by the attitude, awareness, and the degree of support
of both teachers, families and the community at large [1, 2].
It is important that the way such stakeholders think about
disability and characterize their supportive practices are un-
derstood to enhance the inclusive school environment and
access to equitable education [3, 4].

The studies in the field of developmental psychology and
educational sciences show that a child born with disabilities

is susceptible to emotional, behavioral, and social problems
more than their non-disabled peers [5, 6]. The modera-
ting quality of the educational context is however critical.
Knowledge, readiness and inclusion methods of instruc-
tion used by teachers contribute greatly to the climate in the
classroom and participation of students [7, 8]. Children with
disabilities stand a better chance of having positive engage-
ment and less marginalization when the teachers are more
aware and practice adaptability in their settings.

The contextual factors are also parental awareness and
caregiving practices. The parents of the disabled often face
the challenge of more caregiving tasks and psychosocial
stress, which can impair their ability to work with school ef-
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ficiently [9, 10]. Parental involvement, advocacy, and sup-
portive communication can be beneficial to children in their
learning activities, but a lack of awareness and stigmatizing
beliefs can cause inclusion to be a problem. The social ac-
ceptance or exclusion of people by their communities is also
a reason why perceptions play a vital role in shaping the ge-
neral environment that children are brought up in [11, 12].

It is important to note that the social model of disability
offers a theoretical framework that can be used to study these
relationships. It stresses the fact that disability is a result of
the interplay between people and the environmental impedi-
ments and not the result of being impaired [13, 14]. In this
regard, institutional preparedness, parental involvement and
societal attitudes affect educational outcomes, and therefore,
there is a need to analyze such contextual aspects [15, 16].

Empirical research on the awareness of stakeholders and
supportive practices that are reported in countries with low-
and middle-income levels, such as Iraq, is scarce. In Bagh-
dad city, in particular, little information is available that can
describe perceptions and caregiving behaviors of teachers
[17, 18]. This gap needs to be filled to guide professional
development, policy in education, and community based
policies to intensify inclusive primary education [19, 20].

It should be noted that in the current study, child beha-
vioral outcomes or adaptive functioning has not been directly
measured with the help of standardized behavioral assessment
tools. Rather, this study takes as the subject of interest the
awareness, attitudes and reported care giving and supportive
practices of teachers, parents and community members about
children with disabilities. Consequently, one can only draw
conclusions based on how the stakeholders perceive things
and the practices reported and not on the objective measures
of child behavior. Thus, the proposed study will fill the gap in
the empirical literature within the Iraqi environment by eva-
luating the perceptions, awareness, and reported practices of
caregiving and supportive practices of teachers towards chil-
dren with disabilities in Baghdad city primary schools [21].

The purpose. In order to examine the possible factors
related to differences in awareness and reported practices,
the study as well investigates the chosen socio-demographic
traits of teachers. The specific teachers in the primary edu-
cation sector of Baghdad are addressed in order to produce
context-specific evidence that can be used to inform any
professional development program, education planning and
community-based interventions that can effectively rein-
force the inclusive and supportive school settings to children
with disabilities. As only limited empirical research pertain-
ing to the area of the United Arab Emirates is available, the
prioritization of literature dealing with the topics of inclusive
education and disability awareness in the low- and middle-
income nations, especially in the Middle East, is bound to
provide contextual relevance to the manuscript.

Materials and methods

A descriptive assessment design was used in the current
study, and it was carried out on November 1, 2023, to May
1, 2024, to meet the aforementioned objectives. Data col-
lection was preceded by administrative approval of the Al-
Karkh Health Sector and the concerned authorities of pri-
mary schools in Baghdad city. The research was conducted

at the primary schools in the Al-Karkh and Al-Rusafa sec-
tors that have been selected.

A non-probability purposive sample of 100 primary
school teachers was selected to participate. Feasibility,
accessibility of schools and the study time regime calcu-
lated the sample size as opposed to formal power calcula-
tion. Since this research is exploratory and descriptive, the
sample was assumed to be sufficiently representative to give
some initial information about the awareness of teachers
and the reported supportive practices in the chosen learning
institutions. The self-administered questionnaire used in the
collection of data was created by the investigators through
the analysis of the literature on the topic and the studies re-
lated to it. The questionnaire contained various parts such as
cover letter and socio-demographic question, parents views
about disabilities in children, teachers views about disabi-
lity in children (25 Likert scale items), community members
views about disability (22 items), caregiving and support
behaviors toward children with disability (8 items), and ex-
pectations about disability support (12 items). The sampling
method was purposive and non-probability with no formal
sampling frame having been made. Since the design was an
exploratory descriptive design and there were no existing lo-
cal data to help estimate population parameters, there was
no formal statistical power calculation. The sample size was
calculated at 100 by considering the feasibility, availability of
schools and time. Thus, the results can be considered as be-
ing specific to the chosen districts, as opposed to the entire
primary school instructors in Baghdad or in Iraq.

The level of awareness and perception of the teachers
were classified as low, moderate or high depending on the
cutoff scores. Equal interval categorization was used to cal-
culate cutoff points of low, moderate and high levels based
on the potential range of scores of the Likert-scale instru-
ment. In particular, total scores were split in three propor-
tional ranges so that there would be uniform classification
of respondents. The instrument was evaluated by a panel of
experts in the field to establish content validity of the instru-
ment, and revisions were done based on their suggestions.
The clarity, relevance, and feasibility of the questionnaire
were tested, through a pilot study between December 1 and
December 30, 2023, with 20 teachers as pilot study, who
were later not included in the main sample study.

The Cronbach analysis of reliability showed that the
overall instrument had a coefficient of 0.78, which shows that
the instrument can be considered to have a high standard of
consistency. The instrument was evaluated on internal con-
sistency reliability on a global scale (Cronbach’s o = 0.78)
which revealed that the instrument has good internal con-
sistency that could be used descriptively. The questionnaire
was used as a composite measure to give a descriptive profile
of the teacher perceptions and reported supportive practices
in general. No subscale-level reliability coefficients were
computed, and thus domain-level findings are portrayed as
descriptive summaries and can be viewed as such, but not as
psychometrically sound subscale scores. The subscale level of
reliability was not computed independently, because the in-
strument was evaluated as a composite measure of awareness
and reported supportive practices that reflected the presence
of an acceptable internal consistency of the instrument. They
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were collected by sheer distribution of the questionnaires
and the participation was voluntary and informed coopera-
tion. Statistical packages version 24.0 was used to analyze
data with the help of Statistical Package of the Social Sci-
ences. They were used to analyse the data using descriptive
and inferential statistical methods and include frequencies,
percentages, cumulative percentages, and reliability analysis
using Cronbach’s alpha. The questionnaire was developed
to have five domains including: 1) teachers perceptions of
disability (25 items); 2) perceived parental awareness (10
items); 3) perceived community awareness (22 items); 4) re-
ported caregiving and supportive practices (8 items); and
5) expectations of disability support (12 items). A 5-point
Likert scale was used to rate all the items with a 1 (strongly
disagree) to 5 (strongly agree) scale. The higher scores re-
flected high awareness or positive supportive practices. Some
of the example items were: children with disabilities can be
successfully academic with proper support (teachers per-
ception domain) and parents actively work with schools to
help children with disabilities (parental awareness domain).
Equal-interval categorization on the theoretical minimum
and maximum possible scores of each domain was used to
classify the low, moderate and high levels. The number of
points was subdivided into three parts to form the categories.
This was a score-based methodology that was not based on
external normative data or already established cut-off values.
No standardized child behavioral assessment scales (e.g.
SDQ or Vineland scales) were used. The reported percep-
tions of teachers, awareness, and self-reported practices of
caregiving and supporting children with disabilities were the
main outcome variables and were measured with the help of
the developed structured questionnaire. It served as a struc-
tured descriptive measure of data and no exploratory or con-
firmatory factor analysis was performed, since the research
was intended to describe the aggregate levels of awareness
and reported practice levels and not to study latent construct
structure. Equal interval segmentation of both the minimum
and the maximum possible scores was used to classify them
into low, moderate, and high levels. These categories were
merely employed as descriptive interpretation and are not
normative levels of validity.

Statistical analysis

The SPSS version 24 was used to perform statistical
analysis. The summarization of the data was done with the
help of descriptive statistics such as frequencies, percen-
tages, means, and standard deviations. Since the study did
not have any predefined hypotheses, and the exploratory de-
scriptive design was used, no inferential testing or subgroup
comparison (e.g., 2, t-tests, or Mann-Whitney tests) was
conducted, because the study was not designed and statis-
tically powered to identify demographic differences. The
sample was not calculated using confidence to determine be-
cause of non-probability sampling. In line with this, results
are described in aggregate and context-specific descriptive
summaries, and not population-level approximations.

Ethical approval
The human ethics committee of Al-Karkh Health Sector
and the corresponding primary school gave their approval

to the study and informed everyone who participated in the
study about it and requested them to sign a consent form.
The patient also received an assurance that his information
was going to remain private.

Results
Demographic characteristics
of teachers in Baghdad primary schools

According to Table 1 results, the age category of 6—8
years of teachers in the primary school of both cities Karkh
and Rusafa occupied the largest portion of 41 %), the second
place was 3—5 years old (28 %), the third place was 9—11
years old (9 %), and the last place was 9 years old (9 %).
On gender distribution, 55 % of the sample were female tea-
chers with 45 % male. On monthly income, the greatest per-
centage (46) was on workers whose monthly income ranged
between 301,000 and 600,000 dinars, with 30 % earning less
than 300,000 dinars, 22 % earning between 601,000 and
900,000 dinars and 2 % earning above 901,000 dinars. In the
educational level, most of them (32 %) were diploma, then
those with bachelor degrees (31 %), middle school (28 %),
and the lowest (9 %), were post-middle school course hol-
ders. These findings indicate that there was a variety in the
demographic features of teachers as the schools involved in
the research exhibited various educational, social and eco-
nomic backgrounds.

Parents’ opinions about children’s disabilities
The results of Table 2 indicated that the highest percen-
tage of 96 was positive and at the highest level of opinion

Table 1. Age, gender, monthly income, and
educational level distribution

Variable Frequency %
3-5 28 28.0
6-8 41 41.0
;\gsr’s 911 22 22.0
<11 9 9.0
Total 100 100.0
Male 45 45.0
Gender | Female 55 55.0
Total 100 100.0
< 300,000 30 30.0
Monthly |~ 301,000-600,000 46 46.0
income, | > 601000-900000 22 22.0
dinars ' 901,000 2 2.0
Total 100 100.0
Preparatory school 28 28.0
Diploma 32 32.0
Educa- Bachelor 31 31.0
tion (ch?j::;reparatory 9 9.0
Total 100 100.0
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Demegraphic Characteristics of Teachers in Baghdad Primary Schools

disability and the needs of children with

Percentage (%)

= Age (%)

-8~ Gender (%)

== Monthly Income (%)
--#- Education (%)

disabilities are well understood by the
teachers and this increases the chances
of establishing a friendly learning envi-
ronment among children with disabilities
and promoting proper education practi-
ces within schools.

) . S Community members’ opinions

towards disability

According to the results of Table 4,
the opinions of the community members
towards disability were between vari-
3 ous levels of agreement with moderate
b agreement of 53, high agreement of 41
and low agreement of only 6. These fin-
dings indicate that there is a moderate to

03-May 06-Aug 09-Nov <11
Category

Male Female <300k 301k-600801k-200k >901kPreparatonDiploma Bachdlost-preparatory

high degree of community awareness of
the problem of disability, which is why it

Figure 1. Age, gender, monthly income, and educational level

distribution

regarding children disabilities, 4 as a moderate opinion and
no low opinion was observed. These findings indicate aware-
ness of parents on the significance of disability and its effects
on the behavior of children, which means that they will be
cooperative and willing to support learning and pedagogic
interventions that apply to children with special needs.

Teachers’ opinions about disability in children

The gained results of Table 3 reveal that most teach-
ers are very aware and in agreement over the disabilities of
children whereby 72 % of them have high opinions, 26 %
of them have moderate opinions and only 2 % of them had
low opinions. These findings indicate that the concept of

Table 2. Level of agreement among parents

is necessary to enhance awareness cam-
paigns and community programs to help
children with disabilities and more ef-
fectively incorporate them into community and educational
processes.

Behaviors in child care fowards
disabled children

According to the outcomes of Table 5, the caregiving
practices of children with disabilities were within the va-
rying degree of agreement with moderate agreement of 60,
low agreement of 36, and high agreement of only 4. The re-
sults of this study reveal that most of the responders indica-
ted that they have a moderate degree of positive engagement
with the care giving practices of children with disabilities,
which implies a need to increase training and awareness

Table 3. Level of agreement among teachers

Level of o Mean Level of o Mean
agreement Frequency a score SD agreement Frequency e score =
Low 0 0.0 Low 2 2.0
Moderate 4.0 Moderate 26 26.0

- 1.04 | 0.197 - 1.30 0.50
High 96 96.0 High 72 72.0
Total 100 100.0 Total 100 100.0

—8— Percentage % —&— Percentage %

100 100

80 80
g g
“é, 60 E‘ 60
¥ fw

20 1 20

o 1% ! T 0 ’ : r
Low Moderate High Low Moderate High
Agreement Level Agreement Level

Figure 2. Level of agreement among parents

Figure 3. Level of agreement among teachers
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among caregivers with the aim of providing better care levels
and support to such children in schools.

Discussion

Response patterns are described as domain-level catego-
ries (low/moderate/high) which are reported, though, since
subscale reliability has not been studied independently, the
results can be considered as descriptive trends. The socio-
demographic traits of the involved teachers are covered in
the first part of the discussion. Majority of the teachers were
of gender, with the highest percentage of 55 percentage fe-
male, most had a diploma-level qualification (32 %), and
almost half earned a moderate monthly (301,000—600,000
Iraqi dinars) income as indicated in Table 1. Also, the ma-
jority of the teachers worked with children ages 6—8 years,
and the gender ratio of the children was slightly biased to-
wards females (55 %). It is crucial to mention that the cur-
rent research involved the cross-sectional design by utilizing
self-reported information about teachers only. Thus, results
explain the degree of consciousness and self-reported sup-
portive behaviors as opposed to the quantifiable results in
terms of child behavior or functioning. The findings are to
be understood as the possessions of stakeholder thinking and
not the causal factors of the child outcomes.

These features can give valuable background informa-
tion regarding the context because the teachers and their
educational background, working experience, and the so-
cio-economic background of the teacher can contribute to
their awareness, attitudes, and practices of reported support
to children with disabilities [22]. These results in the current
cross-sectional study outline the claim of reported percep-
tions, meaning that they do not imply direct influence on
child-level results.

Table 4. Level of agreement among community

Results concerning the views of parents regarding the
disabilities of children (Table 2) revealed a great degree of
their awareness and positive attitude, 96 % of the answers
expressed strong agreement. It should be stressed that these
data indicate the perception of the teachers toward paren-
tal awareness, but not the direct evaluation of parents. This
means that, in the eyes of the teachers, parents are aware of
the problems of disability and acceptable of children with
disabilities, as a rule. Past research indicated that awareness
and positive attitudes about parents are linked with more use
of educational services and better cooperation with schools,
which can help to make learning environments more sup-
portive to children with disabilities [23, 24]. However, the
current study is limited to describing perceived levels of
awareness and does not measure actual parental behaviors
or child outcomes.

The awareness among teachers about disability in chil-
dren (Table 3) was also quite high since 72 % of teachers indi-
cated that they strongly agreed and 26 % said that they mod-
erately agreed. The fact has been revealed by previous studies
that have underscored the significance of teacher knowledge
and positive attitudes in ensuring inclusive classroom prac-
tices. Teachers with the awareness of disability-related needs
will have a greater probability of adopting adaptive teaching
strategies and creating inclusive classroom environments
[4]. Nevertheless, given the reliance on self-reported data,
these findings should be interpreted as indicators of per-
ceived awareness rather than verified classroom practices.
Nevertheless, the fact that a minor percentage of teachers (2)
have indicated that they were not very aware raises concerns
about the need to keep on developing the professionals and
offer programs that would maintain the uniformity of service
delivery in the learning processes [1, 5]. A key observation

Table 5. Level of agreement among

members respondents
Level of o Mean Level of o Mean
agreement Frequency . score SD agreement Frequency e score e
Low 6 6.0 Low 36 36.0
Moderate 53 53.0 Moderate 60 60.0
- 2.35 0.59 - 2.03 0.55
High 41 41.0 High 4 4.0
Total 100 100.0 Total 100 100.0
—8— Percentage % —8— Percentage %
100 100 4
80 80 4
g z
L 60 T % 60 1
.. p £ o
20 20 1
o T T T o T T T
Low Moderate High Low Moderate High
Agreement Level Agreement Level

Figure 4. Level of agreement among community
members

Figure 5. Level of agreement among
respondents
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drawn in the current research is the seeming mismatch be-
tween the reported awareness and supportive practices. Even
though 72 % of teachers stated that they were very aware of
the issue related to disabilities, 36 % expressed low suppor-
tive practices. This disparity indicates that awareness will not
necessarily cause consistent inclusive practices. Structural
factors that may determine the implementation of supportive
behaviors usually include resources availability, institutional
guidance, specialized training, classroom size, and adminis-
trative support. Teachers might have conceptual knowledge
lacking appropriate practical tools to support the implemen-
tation of inclusive practices as well as systemic reinforcement
that embodies the inclusive approach in the context of the
development of the inclusive education policy. Thus, the
results demonstrate the possible existence of an awareness-
practice gap that should be addressed by specific professional
growth and institutional assistance instead of a simple aware-
ness campaign. The lack of formal training opportunities on
inclusive pedagogy and standard frameworks of implementa-
tion in the Iraqi educational setting might also add to this
gap. This meaning is consistent with the results in other low-,
and middle-income contexts in which the policy support of
inclusion without classroom-level execution.

The attitude of community towards disability (Table 4)
as perceived by the teachers was largely moderate (53 %)
and high (41 %). These results are the perceptions of teach-
ers towards community awareness and they are not a direct
measure of attitudes of the community. The existing litera-
ture suggests that community attitudes could impact the
stigma and the availability of the support services [8, 14].
However, in this study, there is no direct measurement of
community members and social inclusion outcomes. The
moderate degree of reported supportive practices found in
the given study states that the principles of inclusion might
be conceptually accepted and not yet institutionalized in the
everyday classroom practice in the considered districts.

Table 5 on analysis of reported behavior of caregiving
and support to children with disabilities showed that most of
the responses were under the moderate agreement category
(60 %), 36 % under low agreement and only 4 % high agree-
ment. This shows that even though there are some favorable
practices that have been identified and reported there is still
much to be desired when it comes to taking awareness and
dedicating it to effective and consistent caregiving and sup-
port behaviors. The same results obtained in past studies in-
dicate that awareness might not be appropriate and should
be supported by effective training, institutional resource, and
guidelines that should clarify the proper care giving and edu-
cational practices in children with disabilities [15, 17]. Im-
portantly, due to the cross-sectional and perception-based
design, no causal inferences can be drawn regarding the in-
fluence of these reported practices on children’s behavioral or
educational outcomes. The findings of this descriptive assess-
ment indicate moderate to high levels of reported awareness
among teachers, alongside variability in reported supportive
practices. The difference in the level of awareness and prac-
tice could be due to the contextual or structural differences,
which were not directly assessed in this study. Since it was an
exploratory and descriptive design, the findings can only be
viewed as context-specific summaries but not as indicators of

prescriptive interventions. More studies utilizing an analytical
and longitudinal design are required to gain a deeper insight
into determinants of implementation of inclusive practice.
Limitations. There are also a number of methodological
limitations associated with the present study which are to be
taken into account when the findings are interpreted. To be-
gin with, purposive non-probability sampling based on two
administrative districts, lack of a formal sampling frame, and
no statistical power calculation restricts the external validity
and limit generalizability outside of the sample of schools.
Second, the cross-sectional descriptive design fails to control
the possible confounding variables which might include: years
of teaching experience, previous exposure to children with
disabilities, differences in school sector or previous train-
ing. Data were gathered through the self-administered ques-
tionnaire of one source, which can create information bias,
such as social desirability bias and subjective interpretation
of questions. There was no sensitivity analysis and case-wise
exclusion was used to address the missing data as opposed
to sophisticated imputation techniques. The categories of
awareness were determined by an equal interval division of
theoretical range of scores instead of theoretically tested nor-
mative levels and this could restrict the comparability of the
studies. Only overall instrument reliability was reported but
subscale, and factor structure reliability were not evaluated.
Moreover, there were neither subgroup or inferential analy-
ses; hence, it was not possible to explore demographic diffe-
rences. Results are therefore to be inferred as descriptive sum-
maries of a situation and not generalizations of a population.

Conclusions

The results of the proposed study suggest that teacher
awareness of issues related to disabilities was moderate to
high, and the reported caregiving practices and supportive
practices were largely to the moderate. These findings are
the current perceptions and the self-reported practices in
the schools surveyed. Nevertheless, the design, being cross-
sectional and based on perceptions, does not allow making
conclusions about the direct impact on the behavioral or
educational outcomes of children. Research that involves
validated child behavioral scales and longitudinal studies are
suggested in the future so as to get a better idea of possible
outcome-level relationships.
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OUiHKQ CNPUMAHATTS, 0GI3HAHOCTI TO METOAIB MIATPMMKM, LLO 30CTOCOBYIOTLCS BUUTEASIMU AO AiTer
3 iHBOAIAHICTIO B MOYATKOBUX LUKOAQX baraaaa

Pe3iome. Akryambhicts. [itsm 3 iHBasigHicTio HeoOXinHO 3a-
0e3MevnTy MiATPUMYBaJIbHI OCBITHI, CiMEIHi Ta CycrHiibHi yMO-
BM, 1110 JJO3BOJIUTDH iM OpaTH y4acTh y HaBYaHHI Ta 3aTydaTHCs 10
LIKUTBHOTO KUTTS 3arajoM. OGi3HAHICTh, CIIPUMHSATTS i METOIU
MITPUMKA BYUTEISIMHU, OaThbKaMM W TpOMAIol € KIIOYOBUMU
YUHHUKAMU, 10 OOYMOBIIOIOTH SIKIiCTh JOTIOMOTH TaKWUM IiTSIM
Ta (opMyBaHHS IHKJIIO3MBHOIO OCBITHHOTrO cepenoBuina. Mera:
BU3HAUUTU CIIPUAHSTTS, 00i3HAHICTh, PAKTUKW JOTJISIAY W TIil-
TPUMKU Cepell BUUTEJIIB, SIKi MTPaLIOIOTh 3 JiIThbMU 3 iHBAJTiIHICTIO
B IOYATKOBUX IlIKojax barmama. ¥ poOOTi TakoxX mpoaHasizo-
BAaHO CIPUIHSTTS BUMUTENSIMM O0i3HAHOCTI OATbKiB i 'poMajiu.
[Ipsimy OLIIHKY TTOBEAIHKOBUX PE3YJIbTATIB AiTeil HE BUKOHYBAJIU.
Marepianu Ta MeToau. J{1st HOCTiIKEHHS B MEPiof 3 IUCTOMaaa
2023 poky 10 TpasHs 2024 poxy OyJ10 BiiOpaHO MOYATKOBI IIKOJIU
paiioHiB Anb-Kapx Ta Anb-Pycada. 11inboBy BUOipKy CTaHOBWIN
100 yuyuTesiB MOYAaTKOBUX KJIACIB, SIKi 3aITOBHWJIM CTPYKTypOBa-
Hy aHKeTY ISl CAMOCTIMHOTO OMUTYBAaHHSI, 10 OXOILTIOBAJIA CO-
mianbHO-IeMorpadiuHi XapaKTepUCTUKU, CIIPUAHSTTS iHBaJiI-
HOCTI, OLIiIHKY 00i3HaHOCTi OaThKiB i FpOMaIu, a TAKOX MPAKTUKU
TOTJISIAY U MiATpUMKH. J171sT 3a0e31edyeHHsT 3MiCTOBHOI BaJIiTHOCTI

MPOBEIEHO EKCMEePTHY OIIHKY, a s MEepeBipKU 3pO3yMITOCTi
{HCTpYMEHTY — MiJloTHe nochimkeHHs. [IpogeMoHcTpoBaHO 3a-
IOBiJIBHY BHYTPIlIIHIO y3romkeHicTh (o0 Kponbaxa 0,78). Anamis
JaHKMX 3iICHIOBAaBCs 3a qormomoroio mnporpamu SPSS Bepcii 24.
PesyabraTu. binburicte pecrioHneHTiB Oynu xiHkamu (55 %),
Mai 6—8 pokiB IemarorivHoro nocBiny (41 %) Tta mUIIOM PO
cepe/iHIoO crienianbHy ocBiTy (32 %). Yuuresni Bin3HauYWIM BUCO-
KUii piBeHb 00i3HaHOCTI 6aTbKiB (96 %), BUCOKY OCOOUCTY 06i-
3HAHICTh IIOAO0 MUTAaHb, OB’ g3aHuX 3 iHBaxigHicTiO (72 %). Pi-
BEHb 00i3HAHOCTI TpoMajl KOJMBABCS Bill C€peaHbOTO 10 BUCOKOTO
(41-53 %). TakoX NOBiIOMJISLTIOCSI, IO MiATPUMYBaJIbHI IPAKTU-
KM Ta JOIJISII TepeBaXkHO OLiHIOBaNKCS K cepeani (60 %), 1o
MOXKe CBITUMTH PO HEAOCTATHIO MOCTiIOBHICTD iX 3aCTOCYBaHHSI.
BucHoBku. He3Baxkarouu Ha cepeiHiii i BUCOKMIA piBHI 06i3Ha-
HOCTi, iATPUMYBaJIbHi METOIN MOTPEOYIOTh MOCUICHHS LIJISIXOM
npodeciiiHoro po3BUTKY BUUTEJIIB i BIIPOBAIKEHHST TPOMAaICbKHIX
iHilliaTUB, CIIPSIMOBAaHUX Ha BIOCKOHAJCHHS iHKJIFO3UBHOI TO-
YaTKOBOI OCBITH.

Kimo4oBi ciioBa: nitu 3 iHBasnimHicTIO; 06i3HAHICTb YYUTENiB;
CTaBJICHHsI 0ATbKiB; CITPUITHSITTSI IPOMAIH; OYATKOBI LIKOJIX
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Vitamin B,, deficiency in an exclusively
breastfed infant born to a vegan mother:
a case report

Abstract. Vitamin B |, s essential for DNA synthesis and myelination of the nervous system, particularly during rapid
brain growth in early life. Deficiency in infancy may lead to megaloblastic anemia, hypotonia, developmental delay,
and potentially irreversible neurological damage. Exclusively breastfed infants depend entirely on maternal vitamin
B, status; therefore, infants of mothers adhering to strict vegan diets are at increased risk, especially when maternal
deficiency remains undetected. We report a case of a 10-month-old girl presenting with vomiting, decreased activity,
hypotonia, and hyporeflexia. She had been exclusively breastfed and followed a strict vegan diet since the introduction
of complementary feeding. Laboratory evaluation revealed severe macrocytic anemia (hemoglobin 7.6 g/dL; MCV
103.3 L) with megaloblastic features on peripheral blood smear. Serum vitamin B, level was < 125 pg/mL with normal
Jolate levels. Clinical improvement was observed after nutritional correction and vitamin B,, supplementation. Adequate
vitamin B,, intake is essential for fetal and infant brain development, and a deficiency in vegan mothers may remain
undetected during pregnancy and lactation. This case highlights the importance of considering vitamin B, deficiency
in exclusively breastfed infants of vegan mothers presenting with neurological symptoms and macrocytic anemia. Early

nutritional monitoring, screening, and timely intervention are crucial to prevent irreversible complications.
Keywords: vitamin B |, deficiency; megaloblastic anemia; hypotonia; exclusively breastfed infant; vegan diets

Introduction

Vitamin B, , is an essential vitamin involved in DNA syn-
thesis, erythropoiesis, and myelination of the central ner-
vous system [1]. During fetal life and early infancy, adequate
vitamin B, levels are essential for rapid brain growth and
neurological maturation, as deficiency during this critical
period may result in megaloblastic anemia, hypotonia, de-
velopmental delay, regression of milestones, and potentially
irreversible neurological damage [2]. In infants, vitamin
B,, deficiency most commonly results from maternal defi-
ciency, which may arise from inadequate dietary intake or
malabsorption disorders such as pernicious anemia or tropi-
cal sprue [2]. In a prospective study of children aged 6—72
months, the highest prevalence of vitamin B,, deficiency
(25 %) was observed in the 6—11-month age group, indi-

cating early infancy as a particularly vulnerable period [3].
The condition is particularly likely to develop in exclusive-
ly breastfed infants of affected mothers [2, 4]. Exclusively
breastfed infants born to mothers with unrecognized vita-
min B,, deficiency are therefore at particular risk [2]. This
risk is higher among mothers adhering to strict vegetarian
or vegan diets, as vitamin B, is primarily obtained from
animal-source foods [5]. Maternal deficiency may remain
subclinical and undetected during pregnancy, increasing
the likelihood of delayed diagnosis in the infant [6]. Early
recognition is essential to prevent long-term neurodevelop-
mental consequences [2].

The presented case involves a 10-month-old female
infant who exhibited a decrease in activity, increased som-
nolence, and reduced interaction with her parents, accom-
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panied by regression of previously acquired developmental
milestones. These clinical features were ultimately attrib-
uted to cobalamin deficiency.

Clinical case

A 10-month-old girl presented to the emergency depart-
ment with a two-day history of frequent watery diarrhea,
occurring more than ten times per day, accompanied by vo-
miting. The mother reported that the patient had appeared
weak and had decreased oral intake for approximately one
week prior to admission. The girl had a two-week history
of intermittent fever, characterized by recurrent episodes
separated by several days of fever-free periods. According to
her parents, the patient had shown progressive reduction in
activity over the preceding two months, accompanied by de-
velopmental regression, including loss of the ability to sit in-
dependently and decreased responsiveness to social stimuli.
In addition, increased sleep duration and irritability were
reported during this period.

The patient’s immunizations were complete and ad-
ministered on schedule at the primary health center, with
no delays or significant adverse events. Since birth, she had
been exclusively breastfed. Upon starting complementary
feeding, the girl received exclusively plant-based foods with-
out any animal products such as meat, eggs, fish, or dairy,
consistent with the family’s vegan dietary pattern. She was
the third child in the family; both older siblings followed
the same diet and had no history of developmental delays or
similar health issues.

During pregnancy, the mother attended regular ante-
natal care at the community health center and consumed
vitamin B,, and folic acid supplements, although the exact
composition and dosage of the vitamin B , supplement were
unknown. She underwent two ultrasound examinations,
both of which showed no abnormalities. Laboratory evalu-
ation during pregnancy demonstrated a hemoglobin level of
11.7 g/dL. The family followed a strict vegan diet, and the
mother consumed no animal products throughout pregnan-
cy; her daily intake consisted of vegetables, tempeh, tofu,
corn, soy milk, and fruits. The patient was born at term via
uncomplicated spontaneous vaginal delivery at a midwife
clinic, with a birth weight of 3,100 grams. She cried imme-
diately after birth and received vitamin K, HB-0 immuniza-
tion, and early initiation of breastfeeding.

Physical examination revealed pallor and hypotonia.
Vital signs showed a temperature of 37.8 °C, a pulse of
120/min, a respiratory rate of 24/min, and an oxygen satu-
ration of 98 %. Pale conjunctivae were noted. Chest exa-
mination demonstrated normal vesicular breath sounds
bilaterally without rhonchi, wheezing, or signs of respira-
tory distress. Cardiac examination revealed regular heart
sounds at a normal rate and rhythm, with no murmurs,
gallops, or additional heart sounds. The abdomen was flat,
with no palpable liver or spleen. Skin turgor was good, ex-
tremities were warm, capillary refill time was less than 3
seconds, with pale palmar creases noted. The neurological
examination revealed decreased peripheral muscle tone,
and deep tendon reflexes could not be elicited. Anthropo-
metric measurements based on the WHO standards showed
weight-for-age —1.88 SD, length-for-age —0.68 SD, and

weight-for-length —2.08 SD, consistent with mild under-
nutrition.

Initiallaboratory evaluation revealed hemoglobin 7.6 g/dL,
hematocrit 22.1 %, MCV 103.3 fL, and MCH 35.5 pg, con-
sistent with macrocytic anemia. The leukocyte count was
5,090/uL and platelet count 218,000/uL. Peripheral blood
smear demonstrated anisopoikilocytosis with several abnor-
mal red blood cell morphologies, polychromasia, and normo-
blasts. Leukocytes appeared reduced with lymphocyte pre-
dominance and immature granulocytes, without blast cells.

Based on the clinical and hematological findings, the
patient was diagnosed with megaloblastic anemia, suspected
to be secondary to vitamin B, deficiency, with folate defi-
ciency considered as a differential diagnosis. When evalua-
ting macrocytic anemia in infancy, other important differ-
ential diagnoses include Imerslund-Grésbeck syndrome, a
selective vitamin B, malabsorption disorder, and transco-
balamin II deficiency.

The patient was admitted to the pediatric ward and re-
ceived intravenous D5 1/4 NS at 10 drops/min. Empirical
antibiotics were initiated with cefotaxime 3 x 200 mg and
gentamicin 55 mg daily. The parents were counseled regar-
ding the patient’s anemia, which was likely associated with
maternal vegan dietary practices leading to inadequate trans-
mission of vitamin B, , during breastfeeding. The mother was
advised to temporarily discontinue her strict vegan diet and
incorporate animal-source foods to support the adequate
nutritional quality of breast milk. The family was advised that
well-planned vegan diets may meet nutritional requirements
in infancy when appropriately supplemented. However, re-
strictive dietary patterns without adequate supplementation
carry a significant risk of micronutrient deficiencies that are
essential for optimal growth and neurodevelopment.

By the fourth day of hospitalization, the patient de-
monstrated clinical improvement; she was more active and
remained afebrile. Appetite and breastfeeding frequency in-
creased from the third day. Repeat laboratory evaluation —
including complete blood count, peripheral blood smear,
serum iron, and total iron-binding capacity (TIBC) — was
planned for the fifth day.

On the seventh day, the patient showed marked improve-
ment. She appeared active, responsive, and interactive.
Laboratory results on the fifth day showed serum iron at
84 pg/dL, TIBC at 252 pg/dL, and ferritin at 32 ng/mL,
indicating adequate iron status and reducing the likeli-
hood of iron-deficiency anemia. A repeat complete blood
count showed hemoglobin 8.7 g/dL, hematocrit 25.3 %,
and MCV 103.3 fL, consistent with macrocytic anemia. Pe-
ripheral blood smear again showed anisopoikilocytosis with
abnormal red cell forms, polychromasia, and normoblasts,
with leukocyte counts within normal limits, accompanied
by some immature granulocytes and atypical lymphocytes,
without blast cells. These findings supported the diagnosis
of megaloblastic anemia likely due to vitamin B,, deficiency.
The patient was discharged with a plan for outpatient evalu-
ation of vitamin B, and folate levels five days after discharge
to confirm the suspected etiology and guide further manage-
ment.

The girl underwent evaluation of vitamin B, and fo-
late levels. Results demonstrated vitamin B, < 125 pg/mL,

34 3A0POB g AUTUHW, 1SSN 2224-0551 (print), ISSN 2307-1168 (online)

Tom 21, N2 2, 2026



Aikapio, wo npaktnkye / Practicing Physician

significantly below the reference range (187—883 pg/mL),
confirming vitamin B, deficiency. Folate levels were normal
at 16 ng/mL (7.20—19.40 ng/mL), excluding folate deficien-
cy as a contributing factor. These results established vitamin

,, deficiency as the underlying cause of megaloblastic ane-
mia. The patient showed continued clinical improvement,
with increased appetite compared to before hospitalization.
During follow-up, according to her parents, the girl demon-
strated improved responsiveness and social engagement, ap-
pearing more alert and cheerful. As part of ongoing manage-

Figure 1. Peripheral blood smear showing
anisopoikilocytosis with macro-ovalocytes
and hypersegmented neutrophils,
consistent with megaloblastic anemia

Figure 2. Peripheral blood smear showing
anisopoikilocytosis, macro-ovalocytes,
polychromasia, and nucleated red blood cells

ment, oral vitamin B, supplementation was initiated with
the available multivitamin preparation, as injectable vitamin
B, was unavailable at the hospital. The mother and the pa-
tient had also transitioned to a more varied diet since hospi-
talization, regularly consuming animal-source foods such as
chicken, fish, eggs, and milk to support nutritional adequacy.

At three months post-hospitalization, follow-up through
parental communication indicated sustained clinical im-
provement, with increased body weight, normalization of
anthropometric status to an appropriate nutritional catego-
ry, improved activity level, and no residual symptoms. In the
absence of formal laboratory reassessment and standardized
neurodevelopmental evaluation, long-term follow-up is on-
going to monitor for potential residual deficits.

Discussion

Vitamin B, deficiency in this patient most likely resul-
ted from prolonged exclusive breastfeeding in the setting of
a strict maternal vegan diet. Because vitamin B, is derived
almost exclusively from animal-based products, infants of
mothers with limited animal intake are at particular risk of
deficiency [6]. Infants are entirely dependent on maternal
stores during pregnancy and on breast milk content during
lactation [9]. Although the mother reported receiving supple-
mentation during pregnancy, the dosage and adequacy were
uncertain, and maternal vitamin B, status was not assessed
[4]. Throughout gestation, cobalamin is actively transported
from mother to fetus, making fetal stores highly dependent
on maternal nutritional status [6]. Infants of deficient mo-
thers have lower hepatic reserves at birth and receive less vi-
tamin B, through breast milk, making maternal deficiency
the leading cause of infantile cobalamin deficiency [6, 10].

Recent case series describing infants with neurologic
manifestations of vitamin B, deficiency consistently iden-

Figure 3. Peripheral blood smear showing
a segmented neutrophil with hypersegmentation
and the presence of immature granulocytes
and atypical lymphocytes
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tify maternal dietary insufficiency as the leading underlying
cause [8, 10]. Growing infants require approximately 0.06—
0.1 pg of vitamin B, per day, with neonatal stores estimated
at 20—25 pg [2]. The average breast milk concentration is
0.4 pg/l [2]. However, other maternal conditions associ-
ated with vitamin B , deficiency include pernicious anemia,
malabsorptive disorders, obesity, inadequate dietary intake,
insufficient supplementation, and genetic factors such as
the MTHFR polymorphism, while plant-based dietary pat-
terns further increase the risk of vitamin B,, deficiency [2,
10, 11]. Studies have shown that vitamin B, deficiency af-
fects 10—50 % of women of reproductive age, particularly in
South Asia, the Eastern Mediterranean, and South America
[12]. The increasing adoption of plant-based diets may fur-
ther elevate the risk of inadequate cobalamin intake in in-
fants who are often asymptomatic at birth, with symptoms
typically emerging between 4 and 10 months of age [7, 10].
Serum vitamin B,, concentrations below 140 pmol/L are
generally considered indicative of deficiency, while values
within the reference range of 140—450 pmol/L are regarded
as normal [13]. In this patient, the serum vitamin B, level
was markedly low at < 125 pg/mL, which is well below the
diagnostic threshold and strongly indicative of severe defi-
ciency even without the need for metabolic confirmation.

Delayed diagnosis in this case may be attributed to the
nonspecific and gradually progressive nature of the clinical
manifestations. Early symptoms such as a decrease in activity,
irritability, and developmental regression may be subtle and
easily overlooked [10]. Subclinical maternal deficiency may
therefore have led to insufficient transfer of vitamin B, to the
infant, particularly during a period of rapid growth and neuro-
development [2, 10]. In the present case, prolonged inadequate
vitamin B , supply likely impaired DNA synthesis in rapidly di-
viding cells, resulting in megaloblastic anemia and contributing
to the observed neurodevelopmental regression. Megaloblas-
tic anemia often presents with nonspecific symptoms such as
weakness, fatigue, failure to thrive, and irritability. Additional
clinical findings may include pallor, glossitis, vomiting, and
diarrhea [2, 5]. The clinical presentation observed in this case
is consistent with existing literature describing vitamin B, de-
ficiency in early infancy. Previous studies have reported that
infants aged 6—11 months represent a particularly vulnerable
group, with higher prevalence rates compared to older children
|7]. Neurological manifestations, including hypotonia and de-
velopmental regression, have been well documented and may
precede or accompany hematologic abnormalities [2, 8]. Im-
portantly, early treatment has been associated with significant
clinical improvement, whereas delayed intervention may result
in persistent neurodevelopmental impairment.

According to the ESPGHAN, well-planned vegan diets
may meet the nutritional needs of infants when appropri-
ately supplemented with essential nutrients such as vitamin
B ,, vitamin D, iron, iodine, and DHA. However, strict
unsupplemented vegan diets carry a substantial risk of de-
ficiency [12, 14]. Children adhering to a vegan diet should
receive ongoing nutritional guidance from a qualified pedi-
atric dietitian. In circumstances where specialized dietary
support is limited, structured public health strategies should
be implemented to provide clear, evidence-based recom-
mendations informed by clinical practice and research [12].

Recent Cochrane evidence suggests that vitamin B,,
supplementation during pregnancy may improve maternal
and infant vitamin B, status, although the overall quality of
evidence remains uncertain, and the impact on long-term
clinical and functional outcomes has not yet been clearly
established [4]. A recent randomized controlled trial con-
ducted in Nepal demonstrated that daily maternal oral vi-
tamin B, supplementation did not significantly improve
infant motor outcomes despite increased biomarkers of B,
status, highlighting the complexity of translating biochemi-
cal improvements into functional outcomes [15].

Parenteral administration of vitamin B , remains the pre-
ferred therapeutic approach in infants, typically given weekly
until hematologic recovery is achieved, followed by mainte-
nance dosing [16]. In the absence of parenteral preparations,
high-dose oral vitamin B,, can be used as an effective alterna-
tive. It is available in various supplemental forms, including
multivitamin or multivitamin-mineral preparations contain-
ing 5—25 pg, as demonstrated in the present case [16].

This case highlights the importance of maintaining a
high index of suspicion for vitamin B,, deficiency in exclu-
sively breastfed infants of vegan mothers who present with
macrocytic anemia or developmental regression. Vitamin
B, deficiency in early life can have a significant impact on
brain development and function, primarily by disrupting
myelination [2]. Early identification of affected infants is
essential, as vitamin B, deficiency is at least partially rever-
sible with timely treatment. Given the critical role of vitamin
B,, in fetal and neonatal brain development, vegetarian and
vegan mothers should be informed of the potentially severe
and not fully reversible consequences of inadequate vitamin
B, intake during pregnancy and lactation [2].

Conclusions

Vitamin B, deficiency can develop in exclusively breast-
fed infants of vegan mothers even when maternal supple-
mentation is reported during pregnancy. This case empha-
sizes the need for a high index of suspicion in at-risk infants,
particularly those presenting with macrocytic anemia or de-
velopmental regression. Comprehensive diagnostic assess-
ment, adequate supplementation, and targeted nutritional
guidance for mothers adhering to restrictive dietary patterns
are crucial. Greater clinical vigilance among healthcare
providers is required to minimize delayed diagnosis and pre-
vent persistent neurological complications.
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AediuunT BiTaMiHY B,, y HEMOBASITU HO BUKAKOYHO FPYAHOMY BUTOAOBYBCHHI,
HOPOAKEHOrO BiA MATEpi-BeraHku: KAiHIMHMA BUNGAOK

Pe3iome. Biramin B |, HeoOxinHuit wist cunresy JIHK ta mienini-
3allii HepBOBOI CUCTEMU, OCOOJIMBO ITiJl Yac IIBUIKOTO POCTY MO3-
Ky Ha paHHiX eTanax XuTTs. JledilluT y HEeMOBIISIT MOXe TTpU3Bec-
TH JI0 METraJiobJIacTHOT aHEeMii, TIlTOTOHIl, 3aTPUMKM PO3BUTKY Ta
MOTEHLIITHO HEOOOPOTHMX HEBPOJIOTIUHUX YITKOMIKEHb. J1iTH, sIKi
nepedyBaloTh Ha BUKJIIOUHO TPYJAHOMY BUTOJOBYBaHHi, MOBHICTIO
3aJleXaTh Bill PiBHA BiTamiHy B, y MaTepi, TOMy HeMoBJIsATa Ma-
TepiB, SIKi TOTPUMYIOTbCSI CYyBOPOI BeraHCHKOI Ji€TH, MAIOTh TTiJi-
BUILIEHUI PU3UK, OCOOIMBO KO NedillUT Y MaTepi 3aUIIAETHCS
HeBusBIIeHUM. OmucaHo KJIiHIYHMI BUTIaAoK y 10-micstaHOT Ii-
BUMHKH, y SIKOI CITOCTEpiraamcs 0J10BaHHS, 3HIDKeHA aKTUBHICTD,
rinoToHiss Ta rimopedJekcis. BoHa mepeOyBajla Ha BUKIIOUHO
TpyIHOMY BUTOIOBYBaHHI Ta TIiCJIsI BBEACHHS IMPUKOPMY TOTPU-
MyBaJjiacsl CyBOpOi BeTaHCBHKOI mieT. JlabopaTopHe 00CTEeXKEeHHS
BUSIBUJIO TSDKKY MaKpOLMTapHy aHeMiio (reMorsio0id 7,6 r/m;
MCV 103,3 ¢i) i3 Merano61acTHUMU 03HAKaMu B Ma3Ky repude-

puuHoi Kposi. PiBenb BiTaMiHy B, y cupoBaTui KpoBi CTaHOBUB
< 125 nir/ma ipu HopManbHOMY BMicTi ostieBoi kucmotu. [Ticst
KOPEKLIi XapuyyBaHHs Ta MPU3HAYEHHs TIPENapaTiB Bitaminy B,
CITOCTEPIrajiocst KJIiHIYHE TIOJIIMIIEHHS. AleKBaTHE CITOXWBaHHS
BiTaMiHy B, € KpUTHYHO BaXJIMBUM JUIS PO3BUTKY MO3KY TLIOJA
1 HEMOBJISITH, a 1Oro 1e(illUT Y MaTepiB-BEraHOK MOXe 3aIula-
TUCA HETTOMIYEHUM ITiJI Yac BariTHoOCTi Ta Jakrauii. Lleit Bunagok
MiJIKPECTIOE BAXIMBICTh ypaxyBaHHs nediuuty Bitaminy B, y
HEMOBJISIT, HApOIXKEHUX Bil MaTepiB-BEraHoOK, sIKi MepedyBaioTh
Ha BUKJTIOYHO TPYIHOMY BHUTOIOBYBaHHI Ta MalOTh HEBPOJIOTiUHi
CHMIITOMM 1 MaKpOLUTAapHY aHeMilo. PaHHiT MOHITOpWHT Xap-
YyBaHHSI, CKPUHIHT Ta CBOEYACHE BTPYYaHHS MalOTh BUpilllaibHEe
3HAYEHHS 1OJI0 3ar00iraHHsI HEOOOPOTHUM YCKIIATHEHHSIM.
Kroyosi caoBa: nedinmr sitaminy B, ,; meramo6nactHa aHe-
Misl; TIMOTOHIs; HEMOBJISI HA BUKJIIOYHO I'PYTHOMY BUTOJOBYBaH-
Hi; BeraHcbhKa Ji€Ta
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Severe faucial diphtheria with myocarditis:
a case report

Abstract. Background. Diphtheria is a potentially fatal contagious disease caused by toxigenic strains, characterized
by inflammation of the upper respiratory tract mucosa, and may further generate toxicity in the myocardium and peripheral
nerve. Due to the diphtheria toxin’s propensity for cardiac myocytes, cardiac problems are frequent in diphtheria, causing
myocarditis, leading to high morbidity and mortality. Case presentation. We report a 7-year-old girl with faucial
diphtheria complicated by myocarditis. She presented with a “bull neck ” and enlarged tonsils (T3/T3) covered by greyish
white pseudomembrane. A throat swab culture grew C.diphtheriae var mitis. The patient received antidiphtheria serum
100,000 1U at the first day of hospitalization and procaine penicillin 1,200,000 1U for 10 days, with ECG monitoring. On
hospital day 7, the ECG showed ST-segment depression with right axis deviation, and echocardiography demonstrated
reduced ejection fraction of 29 %, consistent with myocarditis. With close monitoring and appropriate treatment, the
girl survived and was discharge on day 22. Discussion. Diphtheria typically involves the upper respiratory tract and
produces exotoxin that causes mucosal necrosis and pseudomembrane formation. Cardiac complications are common
because the toxin has high affinity for cardiac myocytes and the cardiac conduction system. Diphtheria toxin induced
degradation of actin filaments, leading to impaired contractile function. The presence of a “bull neck ” and the extent of
pharyngeal pseudomembrane at admission, incomplete immunization status are potential risk factors for cardiomyopathy.
Conclusions. Severe diphtheria can lead to systemic complications, cardiomyopathy is among the most severe ones.
Early recognition, rapid definitive therapy, and aggressive supportive management are key determinants of survival in
diphtheritic myocarditis. Imnmunization is essential for prevention.

Keywords: diphtheria; myocarditis; severe complications, children; immunization

Introduction

Diphtheria is an acute, dangerous contagious disease
caused by toxigenic strain of Corynebacterium diphtheriae,
C.ulcerans, and C.pseudotuberculosis. In some high-income
setting, most diphtheria cases are linked to C.ulcerans,
whereas in low- and middle-income countries, C.diphtheriae
remains an important cause [4]. In C.diphtheriae, human is
the only reservoir and the transmission can be through by
droplets from cough, vomiting, tableware or direct contact
from skin lesion [1]. Diphtheria is caused by exotoxin, lea-
ding to necrosis of the mucous membranes, characterized
by inflammation of the membranes mostly in the upper
respiratory tract, and may further generate toxicity in the
myocardium and peripheral nerve [2].

Since the introduction of vaccination, the global bur-
den of diphtheria has decreased, but outbreaks still occur

in areas with gaps in immunization. Globally, less than
10,000 cases reported since 2005, but there was a surge
in 2018—2020, with more than 15,000 cases annually [7].
Case fatality is commonly reported around 5—10 % and
tend to be higher in younger children. Diphtheria anti-
toxin is administered as a kind of treatment to counte-
ract the toxin’s effects and antibiotics are used to cause
bacterial lysis [5]. Diphtheria often manifests after a brief
incubation period of 2 to 4 days. The anatomic site of
infection may serve as a classification for the disease for
clinical purposes. There could be simultaneous involve-
ment of multiple anatomical sites. Nasal diphtheria can
appear with fever, serous progressed to mucopurulent
nasal discharge, and white membrane of nasal septum.
Tonsil and pharyngeal diphtheria usually begins with ma-
laise, anorexia, sore throat and low-grade fever. A patch of
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exudate or membrane forms in the faucial region within
24 hours. The membrane may be confined in vaccinated
people and resemble tonsillitis, but in vulnerable people,
it may spread quickly and affect the anterior and poste-
rior faucial pillars, the soft palate, and the uvula within
12 to 24 hours. It is adherent, smooth, and either brow-
nish white or grey. Laryngeal diphtheria mostly results as
an extension of pharyngeal involvement, appears as fever,
hoarseness and cough, which develops a barking quality
[1, 6]. Severe diphtheria is characterized by extensive local
infection with an adherent pseudomembrane and marked
toxemia. Locally, the pseudomembrane can extend from
the tonsils and pharynx to the larynx and tracheobronchi-
al trees, precipitating upper airway obstruction. Cervical
lymphadenitis with soft-tissue edema may produce a “bull
neck”, which can narrow the airway and complicate air-
way management [7]. Systemic complications occur when
diphtheria toxin is absorbed into the bloodstream and
cause organ injury. The most important toxin-mediated
systemic complications are myocarditis, neuropathy, and
nephritis. Due to the diphtheria toxin’s propensity for car-
diac myocytes and the cardiac conduction system, cardiac
problems are more frequent and most severe complication
in diphtheria. Actin filaments degraded by diphtheria to-
xin, which impairs contractile activity, cause myocarditis,
leading to high morbidity and mortality [6, 8].

We report this case to emphasize the critical importance
of daily ECG monitoring in severe faucial diphtheria, even
in asymptomatic patients, and to illustrate successful multi-
disciplinary management of toxin-mediated myocarditis in
a resource-limited setting.

Case illustration
Initial presentation and history

A 7-year-old girl with body weight 20 kg was referred to
emergency department of Dr. Soetomo General Academic
Hospital with 1-day history of neck swelling. She also had
sore throat for 1 week and fever for preceding 2 days, the fe-
ver was improved temporarily after acetaminophen. She had
five episodes of vomiting and nausea the day before admis-
sion. The child also had a productive cough with tenacious
secretions. There was no respiratory distress or chest pain.
She had previously received antipyretics, antiemetics, and
cephalosporin antibiotic. There was no known contact with
anyone with similar symptoms.

History of past illnesses and developmential
background

The patient had no history of hospitalization before.
Her parents were divorced and the girl lived with her cousin,
aunt and grandparents; none had similar symptoms. She
attended kindergarten, and her schoolmates were repor-
tedly well. Her immunization history was
incomplete, she had received only Hb0,
BCG and polio vaccines. There was no
history of developmental delay.

Physical examination
and anthropometry

On examination, she was fully alert,
vital signs were within normal limit. There
was a “bull neck” with left cervical lymph
node enlargement. Oropharyngeal exa-
mination showed enlarged tonsils (T3/
T3), hyperemic, and covered with greyish
white pseudomembrane involving half of
the left tonsil. No stridor was noted. She
was moderately malnourished, with body
weight of 20 kg and height of 126 cm.

Diagnostic investigations
and findings

Initial laboratory evaluation sho-
wed hemoglobin 12.1, leucocytosis
16.90 - 103/uL (4.5—13.5 10°/uL), platelet
count 224,000 and CRP 71.4 (reference
< 10). Liver and renal function tests were
within normal limits. Chest radiography
on admission day was unremarkable.
Initial ECG showed sinus tachycardia at
130 beats/min.

Diagnosis and freatment

Figure 1. Clinical presentation on admission day showing a “bull neck”
(A, B) and enlarged tonsils (T3/T3) with pseudomembrane on the left
tonsil (C)

The patient was assessed as having
suspected diphtheritic tonsilitis with a
“bull neck” and moderate malnutrition.

Tom 21, N2 2, 2026

www.mif-ua.com, https://childshealth-journal.com 39



Aikapio, wo npaktukye / Practicing Physician

She received intravenous antidiphtheria serum 100,000 IU  pathy with an ejection fraction of 29 %, severe tricuspid re-
on the day of admission and intramuscular procaine penicil-  gurgitation, and severe mitral regurgitation. Blood pressure
lin 1,200,000 IU for 10 days, with ECG monitoring. A throat  decreased to 78/45 mmHg (p5 81/40), and norepinephrine

swab culture obtained at admission grew C.diphtheriae var  ~ 8 mcg/kg/min by syringe pump was added, along with
mitis. maintenance dose of dexamethasone 7 mg every 8 hours,

dopamine ~ 5 mcg/kg/min via syringe pump, and dobu-
Serial monitoring and progress tamine ~ 10 mcg/kg/min, as well as fluid restriction, laxa-

Follow-up (days 1—7). During hospitalization, diphthe-  tives, and strict bed rest. Serial ECGs were performed every
ria swabs were obtained three times according to protocol at 6 hours.
our hospital (on days 1, 2, and 7). An ECG was performed Follow-up (days 19—22). Evaluation of the echocar-
at the end of first week. On hospital day 7, the ECG showed  diography showed improved ejection fraction (58 %), mo-
ST-segment depression in V3-V6 with right axis deviation.  derate tricuspid regurgitation and severe mitral regurgita-
The patient had no complaints (no chest pain, leg swelling, tion. Dobutamine, dopamine and norepinephrine were
shortness of breath, fatigue or other symptoms). Vital sign  discontinued on day 19, and oral prednisone 3—3—2 tab,
showed BP 80/50 (p5 81/40), HR 110, RR 27. Temperature  lisinopril 1 x 2 mg and digoxin 2 x 0.1 mg were given. The
36.7 °C and saturation 100 % room air. The girl was assessed ~ patient was transferred to the low care on hospital day 21
as having faucial diphtheria with a “bull neck” and myocar-  and discharged after 22 days of hospitalization. At follow-up
ditis. Intravenous dexamethasone was administered (20 mg  one week later, echocardiography showed mild TR and mild
loading dose, followed by a maintenance dose 7 mg every 8 MR with ejection fraction 69.4 %.
hours), along with dopamine ~ 5 mcg/kg/min via syringe
pump, serial ECG every 6 hours, fluid restriction, laxatives, Discussion
and strict bed rest. Additional laboratory tests showed BUN  Pathophysiology of diphtheria and myocarditis

21, creatinine 0.8 with GFR 87, liver function was normal Diphtheria is caused by toxigenic strain of Corynebac-
and no electrolyte imbalance was found. Unfortunately, car-  ferium diphtheriae, C.ulcerans, and C.pseudotuberculosis.
diac enzymes were not obtained. In Indonesia, C.diphtheriae remains a public health prio-

Follow-up (days 8—12). On day 8, the patient developed  rity. Corynebacterium diphtheriae is a Gram-positive bacil-
dyspnea with oxygen desaturation. Oxygen support was es-  lus, which produces toxin that causes diphtheria with high
calated to a simple mask. Chest radiography showed right — mortality rates [9]. Diphtheria was once leading cause of
pleural effusion and cardiomegaly, and

dobutamine ~ 7 mcg/kg/min was given. <) y = P U A BT 5 o Y.
Because of the pleural effusion increased, AT S ame e padita ia S X &
a chest tube was inserted by cardiotho- . - ' A R S ASS U SlY S S ES
racic surgery team on day 12. Pleural fluid B e S A AT N N NN :
analysis showed 4+ PMNs cell, bacterial e €0 : Rt s 0 X NN N e
and fungal cultures showed no growth, cell SIS T A by | ST , \ \ :
count 0.004 - 103, pH 8, MN% 66.7, PMN | ' v ¢ : 3 ! L S~
33.3, glucose 149.7, protein 2.28 g/dl | Ml A A S S T T Y g
and LDH 296/90 U/L. B e i i Sy ] TR R

Follow-up (days 13—18). The pa- SO\ - % v w o E
tient’s condition deteriorated, dys- @ L/ TThen N 0@ i s B
pnea worsened and oxygen support was 13 53 i s e
switched to Jackson-Rees system, the |, N AT L G v mi] mmice
patient was moved to ICU. Echocardio- sevice: e 08 BV T .69 B2 [T A
graphy demonstrated dilated cardiomyo- Figure 2. Patient’s ECG onday 7

Figure 3. Chest radiog;raphs on days 9 (left), 12 (middle), and after chest tube insertion (right)
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Figure 4. Patient’s condition on day 13 with
chest tube

global child mortality, but cases have been markedly reduced
through mass vaccination campaigns followed by routine
childhood immunization [5]. The organism primarily af-
fects the pharynx, tonsils, and nose, but the toxin could im-
pact vital organs such as the heart, kidneys, and nervous sys-
tem. Globally, the case fatality rate for diphtheria is 5—10 %,
but it may be higher (about 20 %) in children under the age
of five and the elderly [10].

Diphtheria fatality usually has been a consequence of
toxin-mediated myocarditis. Diphtheria myocarditis was
associated with 60—70 % mortality rate and was the main
case of death in diphtheria infection [11, 12]. Cardiac com-

plications are common and well documented in diphtheria
because of the affinity of the diphtheria toxin for cardiac
myocytes and the cardiac conduction system. Toxin-medi-
ated degradation of actin filaments leads to impaired con-
tractile function. In survivors, damaged cardiomyocytes
may be replaced by fibrotic tissue, resulting in long-term
cardiac sequelae. A “bull neck” and extensive pharyngeal
pseudomembrane at admission are potential risk factors for
cardiomyopathy [12, 13].

Onset and clinical pattern

In this patient, a “bull neck” with left neck lymph node
enlargement was present, the tonsils were enlarged (T3/
T3) and covered by pseudomembrane, no stridor was no-
ted. Diphtheria may be classified by the anatomic location
of infection. Tonsillar diphtheria usually begins with ma-
laise, anorexia, sore throat and low-grade fever. Within 24
hours, a patch of exudate or membrane can appear in the
faucial area. Membrane spread is typically limited in vac-
cinated people, but in susceptible ones, it may occur ra-
pidly, involving the anterior and posterior faucial pillars, soft
palate, and uvula within 12—24 hours. Pharyngotonsillar
involvement is characterized by cervical adenitis; in severe
cases, marked swelling produces a “bull neck” appearance.
A “bull neck” occurs as part of the inflammatory response
to diphtheria, leading to lymphadenopathy, adenitis, and
surrounding soft-tissue edema [14]. In a study by Kneen
et al., presence of a “bull neck” and pseudomembrane with
confluent coverage of tonsils with/without extension to the
palate, pharyngeal wall, nose or larynx were predictors of
myocarditis. The median time from infection to prodromal
symptom onset was 1.4 days, progressing to membranous
diphtheria 2—3 days after symptom onset [13].

Table 1. Timeline of key clinical events

Time _
point Key clinical events
Hospital admission due to neck swelling, “bull neck”, enlarged tonsils covered by a grayish white
Day 1 pseudomembrane on the left tonsil. Administration of intravenous antidiphtheria serum 100,000 IU, along
with procaine penicillin 1,200,000 IU intramuscularly for 10 days
No symptoms. ECG showed ST-segment depression in V3-V6 with right axis deviation. Blood pressure
Day 7 | decreased to 80/50 mmHg (p5 81/40). Intravenous dexamethasone was given (20 mg loading dose),
dopamine ~ 5 mcg/kg/min, serial ECG every 6 hours
Dyspnea and desaturation. Chest radiograph showed right pleural effusion and cardiomegaly. Intravenous
Day 8 | dexamethasone was continued with dose 7 mg every 8 hours, along with dopamine ~ 5 mcg/kg/min, added
by dobutamine ~ 7 mcg/kg/min
Day 12 | Increasing pleural effusion, chest tube insertion
Dyspnea worsened, oxygen support was changed to Jackson-Rees. The patient was transferred to ICU.
Echocardiography showed dilated cardiomyopathy with ejection fraction 29 %, blood pressure decreased
Day 13 | to 78/45 mmHg (p5 81/40). Therapy included intravenous dexamethasone 7 mg every 8 hours, dopamine
~ 5 mcg/kg/min, dobutamine increased to ~ 10 mcg/kg/min, and norepinephrine ~ 8 mcg/kg/min was
added
Dav 19 Echocardiography showed improvement of ejection fraction to 58 %. Dobutamine, dopamine and
Y norepinephrine were tapered off
Oral prednisone 3—-3-2 tab, lisinopril 1 x 2 mg and digoxin 2 x 0.1 mg were started, patient was transferred
Day 20
to low care
Day 22 | Patient was discharged after 22 days of hospitalization
Day 29 | Outpatient follow-up: echocardiography showed ejection fraction 69.4 %
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Diagnosis and treatment

Early diagnosis of diphtheria is essential because delays
in antitoxin administration may worsen the outcome. Ini-
tial diagnosis should be made based on clinical ground first,
while awaiting the bacteriologic confirmation [6]. The di-
agnosis of diphtheria is confirmed by the demonstration of
diphtheria bacilli cultured from material obtained from the
site of infection. The specimens were taken on first, second
and seventh day [1]. In this patient, first diphtheria swab
yielded positive results for C.diphtheria var mitis.

The patient received intravenous antidiphtheria serum
100,000 1U, intramuscular procaine penicillin 1,200,000 IU
for 10 days based on the Indonesian protocol because intra-
venous penicillin G was not available. Daily ECG monitoring
was planned from the end of first week to detect early cardiac
complications. Antitoxin is crucial, it should be administered
as early as possible and given based on disease severity, not
on body weight, with dose range 20,000—100,000 IU [1].
The administration of diphtheria antitoxin reduces morta-
lity by 76 %. Systemic complications arise when toxin pro-
duced within the pseudomembrane is absorbed into the
bloodstream, bind to myocardium where its cytotoxic effect
is mediated through inhibition of protein synthesis. Because
antitoxin can neutralize only toxin that is still unbound in
the circulation, it should be administered promptly, with de-
cisions made empirically based on the clinical presentation
[11]. Probability of mortality increased with delays in admi-
nistration, from 4.2 % if administered within 24—48 hours, to
24 % if administered on day 5 or later [14].

Intramuscular procaine penicillin was administered
at 50,000 1U/kg, with a maximal dose 1,200,000 IU every
12 hours for 10 days [1]. Administration of antibiotics kills
C.diphtheriae respiratory colonization within 5.2 days of ini-
tiating treatment on average, reducing the average duration
of infectiousness by as much as 2 weeks [14]. Antibiotics are
used to kill the toxigenic C.diphtheriae, stop the toxin pro-
duction and limit the dissemination in symptomatic patients,
while also decrease the transmission from asymptomatic car-
riers and reduce colonization among close contacts [15].
Centers for Disease Control and Prevention and Academy
of Pediatrics recommended to do isolation of the patients for
6 days or longer, until swab culture become negative [9, 17].

On day 7 of hospitalization, the patient’s ECG showed
abnormality with ST-segment depression in V3-V6 and
right axis deviation, consistent with myocarditis despite the
absence of overt symptoms. Diphtheritic myocarditis usual-
ly manifests at the end of the second week of infection but in
severe infections can manifest earlier [17]. Myocarditis has
been reported in 19—68 % of diphtheria cases. A significant
proportion of these individuals will just present with ECG
changes without any symptoms of failure or shock. Beside
sinus tachycardia and bradycardia, atrioventricular blocks,
bundle branch blocks, ST-T changes, T wave inversion and
ventricular/atrial ectopics are seen in varying frequencies in
patients with myocarditis [8]. Severe conduction abnorma-
lities, including complete heart block, develops in approxi-
mately 50 % of patients with diphtheria myocarditis and is
considered to be uniformly fatal [18]. In this case, the myo-
carditis was further supported by the development of dilated
cardiomyopathy with reduced left ventricular systolic func-

tion, reflected by a decreased ejection fraction. This pattern
is compatible with diphteritic toxin-induced myocardial
damage, where direct cellular injury leads to impaired con-
tractility, ventricular dilatation, and clinical heart failure [8].

Corticosteroids may be used for upper respiratory tract
obstruction and have been used in cases complicated by
myocarditis. Dexamethasone was administered with a
20 mg loading dose, followed by a maintenance dose of 7 mg
every 8 hours. Prednisone has also been used at 2 mg/kg for
2 weeks with tapering [1]. However, the role of systemic
corticosteroid in diphtheritic myocarditis remains contro-
versial. Hayat et al. reported a case of diphtheritic myocar-
ditis managed with combination of heart-failure therapy,
antibiotics, and corticosteroid followed by improvement in
ejection fraction over follow-up, but the specific corticoste-
roid agent, dosing, and duration were not stated [20].

Diphtheritic myocarditis is primarily a toxin-mediated
cardiac injury that may be clinically silent in its early course,
presenting initially with ECG changes before overt heart
failure or arrhythmias become apparent. Because the patho-
genesis is driven by circulating diphtheria toxin rather than a
predominantly immune-mediated process, the cornerstone
of therapy remains early diphtheria antitoxin administra-
tion, combined with appropriate antibiotics and close car-
diopulmonary monitoring. Current guidance emphasizes
rapid initiation of presumptive therapy and vigilant moni-
toring for myocarditis and neurologic complications [21].

Contemporary summaries note that steroids may help re-
duce local inflammatory edema in severe respiratory diphthe-
ria but do not prevent systemic toxin-mediated complications
[11]. Major protocols more consistently mention corticoste-
roids for the management of antitoxin-related reactions (e.g.,
serum sickness or as an adjunct in anaphylaxis management),
rather than as a disease-modifying treatment for myocarditis
itself [22]. Although a recent observational cohort suggested
potential benefit of early pulse methylprednisolone in “pre-
dicted” diphtheric cardiomyopathy, the authors acknowledged
the need for randomized trials, and these findings cannot be di-
rectly extrapolated to routine dexamethasone use [23]. There-
fore, any improvement in ventricular function observed after
dexamethasone in an individual case should be interpreted
cautiously because of confounding by concurrent intensive
supportive care (inotropes, ventilation/oxygen escalation, fluid
restriction) and the natural recovery trajectory [11].

In our patient, vasoactive agent was used as supportive
therapy for toxin-mediated myocardial dysfunction, aim-
ing to maintain perfusion pressure and cardiac output,
while definitive treatment and close cardiac monitoring
were continued. After ECG abnormalities with borderline
hypotension on day 7, dopamine was initiated as an initial
hemodynamic support; when respiratory compromise with
cardiomegaly and pleural effusion suggested worsening low-
output heart failure on day 8, dobutamine was added to aug-
ment contractility [24].

In a clinical series focusing on severe diphtheritic myo-
carditis managed with temporary cardiac pacing, intrave-
nous dopamine and dobutamine were used for hemodynam-
ic support, typically within infusion range of 2.5—10 mcg/
kg/min [20]. Another report describes titrated dobutamine
in severe pediatric diphtheritic myocarditis, sometimes with
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escalating doses and combined with vasopressors when hy-
potension persists, guided by bedside monitoring with echo-
cardiography [12].

With progression to severe left ventricular dysfunction
(ejection fraction 29 %) and persistent hypotension, norepi-
nephrine was added to restore and maintain adequate perfu-
sion pressure, consistent with pediatric cardiogenic shock
principles where dobutamine is favored for low-output states
with relatively preserved blood pressure, and norepinephrine
is preferred when hypotension persists despite inotropic sup-
port. Dopamine has been used in some settings as a tempo-
rizing inotrope/vasopressor, but several expert recommenda-
tions caution that it is less desirable in pediatric cardiogenic
shock, which is particularly relevant in diphtheria where con-
duction disturbances and arrhythmias are common — there-
fore, all catecholamines should be titrated in ICU with serial
ECG and echocardiographic reassessment [25, 26].

Prognosis

After intensive management for life-threatening diph-
teritic myocarditis, the patient improved and was discharge
on day 22. The latest echocardiography evaluation showed
improvement of the ejection fraction to 58 %, moderate TR
and severe MR. Inotropic agents were discontinued, and
further improvement was documented at outpatient fol-
low-up (mild TR, mild MR with ejection fraction 69.4 %).
Prognosis in diphtheritic myocarditis is highly variable and
depends on the severity of toxin-mediated myocardial in-
jury. Severe myocarditis can deteriorate rapidly, but out-
comes may be favorable when intensive monitoring enables
early recognition of hemodynamic decline. Prognosis is also
strongly influenced by timing of therapy administration.
Diphtheria antitoxin neutralizes only unbound circulating
toxin, so prompt empiric antitoxin administration and an-
tibiotics to prevent further toxin production are essential to
improve the survival, while cardiac monitoring and timely
management of cardiac and hemodynamic problem will de-
termine the outcome during critical phase.

Conclusions

A 7-year-old girl had one-day history of neck swelling
and vomiting, two days of fever and one week of sore throat.
Her immunization status was incomplete. She had a “bull
neck” and enlarged tonsils (T3/T3) covered by grayish white
pseudomembrane. A throat swab culture grew C.diphtheriae
var mitis. Antidiphtheria serum was administered on the first
day, and intramuscular procaine penicillin was administered
for 10 days. On day 7 of hospitalization, myocarditis deve-
loped, indicated by ST-segment depression and right axis
deviation on ECG, reduced ejection fraction (29 %) on
echocardiography. Intravenous dexamethasone and inotro-
pic support with dopamine, dobutamine, and norepineph-
rine were administered. The patient survived and was dis-
charged after 22 days of hospitalization.

Diphtheria remains a potentially lethal infection in
under-immunized children with various systemic compli-
cations. Prompt administration of diphtheria antitoxin and
appropriate antibiotics is essential to neutralize circulating
toxin and prevent further toxin production. Close cardiac
surveillance (serial ECG and echocardiography) enables

early detection of myocardial involvement, since diphthe-
ritic myocarditis may initially be silent and present only with
ECG changes before progressing to hemodynamic compro-
mise. Overall, early recognition, rapid definitive therapy,
and aggressive supportive management are key determinants
of survival in diphtheritic myocarditis.

Recommendations. This case highlights the importance of
accurate and rapid clinical diagnosis, anticipatory against po-
tential complications, and appropriate management of diph-
theria. Delays in diagnosis and treatment may increase mortal-
ity. Immunization is crucial for prevention of the disease.
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condition and the purpose of publication.
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Tshxkka Andrepis 3 MioKApPAUTOM: KAIHIYHUIA BUNOAOK

Pe3iome. AkryambhicTh. [udrepis — ue noTeHuiiiHO cMep-
TeJIbHE KOHTario3He 3aXBOPIOBAHHSI, CIIPUYMHEHE TOKCUTEHHUMM
LITAMaMH, 110 XapaKTePU3YEThCS 3aMaJIeHHSIM CJIM30BOI 000JIOH-
KM BEPXHiX AUXaJbHUX IUISIXiB i MOXKe BUKIMKATH TOKCUUHE ypa-
JKEHHST MioKap/a Ta nepudepuIHuX HepBiB. Yepes criopinHeHICTh
IUQTEepiltHOTO TOKCUHY 10 KapAiOMiOILIMTiB CepIIeBi YCKIIaTIHEHHS
npu IudTepii BUHUKAIOTh YacTO, CIIPUIMHSIIOUN MiOKApIUT, 11O
00YMOBJIIOE BUCOKI 3aXBOPIOBaHICTb Ta cMepTHicTh. KiiHiunmii
BUNAAOK. HageneHo Bumanok nudrepii, yckiagHeHoOi Miokap-
IUTOM, Yy 7-piyHOi AiBYMHKM. Y Hel criocrepiraiucs «Ouvyaya
musi» Ta 30imbmeHi murgamvku (T3/T3), mokputi cipyBato-
0inoto mceBaoMeMOpaHow. Y MOCiBi Ma3Ka 3 ropja BUSIBICHO
C.diphtheriae var mitis. TlanieHTKa oTprMaja PoTUIU(TEpiliHy
cuposatky 100 000 MO B nepiumii 1eHb ToCITiTaTi3allii Ta TpoKaiH
neHinuaiH 1 200 000 MO mnpotsirom 10 gHIB mix MOHITOPWMHIOM
EKIT. Ha 7-ii nenn nepedyBanHs B jikapHi Ha EKI BusiBneHo ne-
npecito cermeHTa ST i3 BiIXUJIEHHSM eJIEKTPUYHOI OCi BIIPaBoO, a
exokapmiorpadist mokaszana 3HWKeHHs dpakuii Bukuny mo 29 %,
110 BiIMOBima;o MioKapauTy. 3aBISIKM PETeIbHOMY MOHITOPUHTY

1 BiIMOBIZIHOMY JIIKYBaHHIO [iBYUMHKA BIKWJIa Ta OyJia BUITMCaHa
Ha 22-it netb. Q0rosopenns. Judrepist 3a3Buyaii Bpaxae BepxHi
NUXaJIbHI HUTAXK 3 TTPOAYKYBAHHSIM €K30TOKCUHY, SIKUI CITPUYU-
HSIE HEKPO3 CJIM30BOI OOOJIOHKHU i YTBOPEHHSI TICEBIOMEMOpaH.
CeplueBi YCKJIaAHEHHS! € TMOIIMPEHUMHU, OCKIJIbKU TOKCHUH Mae
BHUCOKY CIOPiZIHEHICTh 1O KapAioMiOLMTIB Ta MPOBiAHOI CUCTEMU
cepus. AndrepiiiHnii TOKCMH BUKIUKAE AETpafallilo aKTHHOBHUX
¢inaMeHTIB, 1110 OOYMOBIIIOE MOPYLIEHHSI CKOPOTIMBOI (DYHKIIII.
HasBHicTb «OMyayoi wmiMi» Ta TMOLIMPEHICTb MCeBAOMEMOpaHU
TIpY TOCITiTai3allii, a TAKOX HEIOBHUI cTaTyc iMyHi3allii € 1mo-
TEHUIMHUMM haKTopaMy PU3KKY Kapuiomionatii. BHCHOBKH.
Tsoxka nudTepiss MoXe MPU3BECTU OO0 CUCTEMHUX YCKJIAIHEHb,
cepell SIKMX KaplioMiomnaTisi — ofHe 3 Halicepilo3Hiluux. PaHHe
po3Mi3HaBaHHS, LWIBUAKE MPU3HAUYEHHs crienudivyHoi Tepartii Ta
iHTEHCUBHE MiATPUMYIOUE JIIKyBaHHS € KJIIOUOBUMU 1100 BUXKM-
BaHHS NIpU IUMTEpiliHOMY MiOKapAMUTi; iMyHi3allisl BaxkjauBa JJIst
MPOhiTaKTUKH.

KiouoBi c10Ba: mudrepis; MioKapauT; TSKKi YCKIaTHEHHS;
IiTH; iMyHi3a1is
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Breastfeeding-associated congenital syphilis in an infant
of a seronegative mother:
a case report

Abstract. Syphilis, caused by Treponema pallidum, can be transmitted congenitally from mother to child during
pregnancy, delivery, or even after birth. This case report presents an unusual manifestation: a 1-month and 25-day-old
male infant diagnosed with congenital syphilis despite being born to a mother who tested negative for syphilis. The infant
presented to the emergency department with a two-week history of cough, fever, generalized rashes, and peeling skin
on the palms and soles. Critically, while his biological mother was seronegative, there was a history of the infant being
breastfed by a relative subsequently found to be reactive for syphilis. Physical examination revealed significant findings,
including respiratory distress signs with chest retraction and rhonchi, hepatosplenomegaly, abdominal distension, and
widespread skin desquamation. Laboratory investigations confirmed the diagnosis with a VDRL titer of 1 : 64 and reactive
TPHA, alongside findings of anemia, leukocytosis, elevated transaminases, and abnormal urinalysis; imaging further
demonstrated bilateral pneumonia. The patient received comprehensive treatment including oxygen, intravenous fluids,
antibiotics were ceftriaxone, procaine G penicillin, and supportive care, with vitamin K added later for gastrointestinal
bleeding. Following ten days of hospitalization, the infant showed marked improvement and was discharged. This case
underscores that Treponema pallidum transmission causing congenital syphilis may occur postnatally, potentially through

breastfeeding from an infected individual, highlighting diagnostic challenges when maternal screening is negative.
Keywords: congenital syphilis; Treponema pallidum; hepatosplenomegaly; breastfeeding

Introduction

Syphilis, caused by Treponema pallidum, is primarily
transmitted sexually but can also spread via contaminated
needles or direct contact [1, 2]. Congenital syphilis occurs
through maternal transmission during pregnancy (transpla-
cental), delivery (contact with lesions), or postnatally, pos-
sibly via breastfeeding if maternal nipple lesions are present
[3]. Syphilis poses a significant morbidity and mortality bur-
den; the World Health Organization estimated 700,000 con-
genital cases and 390,000 adverse birth outcomes globally
in 2022, including fetal/neonatal deaths, preterm birth, and
infants diagnosed with congenital syphilis [4, 5].

Case report

A one-month and twenty-five-day-old male infant pre-
sented with shortness of breath, cough, and generalized
rashes, following persistent cough unresponsive to primary
care treatment. Born preterm at 7 months gestation (birth

weight 1,000 g) via home delivery, the mother received no
antenatal care. Critically, the infant was initially breastfed
by a relative later found reactive for syphilis, before exclusive
breastfeeding from his biological mother. The family con-
text involved low socioeconomic status, poor sanitation, and
reliance on grandparents for care. Growth and development
were appropriate for age. Immunizations were incomplete.
Physical examination showed a weight of 3.6 kg and length
of 52 cm (normal nutritional status). Respiratory distress
was evident with chest retractions and bilateral rhonchi. Ab-
dominal examination revealed reduced bowel sounds, he-
patomegaly (3 cm below costal margin), and splenomegaly
(Schuftner II-III). Skin findings included peeling lesions
on palms, soles, and perigenital area, alongside a maculo-
papular rash (Fig. 1).

Laboratory testing confirmed syphilis: TPHA reactive
and VDRL/RPR titer 1 : 64. HIV and HBsAg were non-
reactive. Importantly, the biological mother tested negative
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for syphilis (THPA negative, VDRL/RPR negative). Chest
X-ray findings are shown in Fig. 2. Abdominal ultrasound
showed normal organs but excessive intraluminal gas. The
overall diagnosis included congenital syphilis, pneumonia,
hepatosplenomegaly, anemia, and diaper rash.

Initial management included oxygen therapy, orogastric
tube placement, intravenous (IV) fluids (D10 then D5 1/4
normal saline), paracetamol, ceftriaxone, and intramuscu-
lar procaine G penicillin (180,000 IU daily). On day four,
gastrointestinal bleeding occurred, requiring intramuscular
vitamin K. The patient improved and was discharged on
day 10. Written informed consent was obtained from the
patient’s legal guardian for publication, and the study was
approved by the hospital ethics committee.

Discussion

This case highlights congenital syphi-
lis in a one-month-old infant present-
ing with respiratory distress, persistent
cough, fever, and characteristic skin
desquamation, born to a seronegative
mother following preterm, unattended
home delivery. The crucial history ele-
ment is initial breastfeeding by a syphi-
lis-reactive surrogate. This presentation
underscores potential alternative trans-
mission routes, diagnostic difficulties,
and screening limitations when maternal
serology is negative. Congenital syphilis,

radiographs, and hematological studies [15]. The CDC
and AAP provide risk-stratification guidelines for manag-
ing exposed infants (Table 1). Benzathine penicillin G is
the definitive treatment during pregnancy [10]. Infants (< 1
month) with reactive serology require full evaluation and a
10-day penicillin course [16]. Those with clinical signs or
significantly elevated non-treponemal titers (> 4-fold ma-
ternal titer) need CSF analysis, complete blood count
(CBC), and long-bone radiographs, followed by 10 days of
IV penicillin regardless of results [1]. Our patient received
procaine G penicillin (180,000 IU daily for 10 days), leading
to clinical improvement. Follow-up serological monitoring
was planned per standard recommendations [10]. Non-
treponemal tests should become non-reactive by 12 months
post-treatment; persistent titers require consideration for
retreatment [12].

caused by T.pallidum, typically transmits
transplacentally or perinatally [1, 6—8].
It manifests as early-onset (< 2 years) or
late-onset (> 2 years) disease [1, 2, 9—11].
Our patient exhibited classic early-onset
features: preterm birth, low birth weight,
skin rashes, hepatosplenomegaly, anemia,
positive VDRL/TPHA, and pneumonia,
consistent with literature descriptions.
The CDC guidelines emphasize mater-
nal screening for syphilis [2, 11]. Nega-
tive results early in pregnancy warrant
repeat testing at 28 weeks and delivery for
high-risk women (high prevalence areas,
behavioral risks) [8, 12, 13]. Transmission
risk correlates with the timing of mater-
nal infection (highest in early pregnancy
per Kassowitz law) and remains elevated
if treatment is initiated late [2, 3, 12].
Diagnosis typically relies on maternal
screening (VDRL/RPR, TPHA/TPPA).
Placental histology can sometimes reveal
spirochetes or characteristic changes.
Many infants are asymptomatic at birth,
but symptoms like hepatomegaly, jaun-
dice, rhinitis, or rashes may appear within
three months, necessitating serologi-
cal testing [8, 10, 14]. Positive maternal
treponemal tests warrant infant evalua-
tion including cerebrospinal fluid (CSF)
analysis (for neurosyphilis), long-bone

did & v L

Figure 1. Cutaneous manifestations of early congenital syphilis.
The images display characteristic skin findings associated with the
diagnosis: A) desquamating and peeling lesions observed on the
palms of the hands; B) maculopapular rash and extensive peeling
(desquamation) of the skin on the soles of the feet. These findings are
consistent with the moist and ulcerative lesions often seen in early-

onset congenital syphilis
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Figure 2. Babygram and chest X-ray findings of the patient. The lungs,
heart, and other thoracic structures were normal, with air distribution
visible up to the distal colon. The stomach appeared mildly dilated
without wall thickening, and the nasogastric tube was seen with its
tip within the gastric lumen. The intestinal loops were not dilated, and
no abnormal mass was observed. The psoas line and other structures
were preserved. These findings suggest mild gastric dilatation with
otherwise normal findings (A). There was opacity on the middle lobe
part of the right lung and minimal patchy opacities in the left parahilar
and pericardial regions, while the heart and other structures were
shown to be normal. These findings suggest bilateral pneumonia with
which the right side was more prominent (B)
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Table 1. Adapted evaluation and management guidelines based on the CDC
and AAP risk-stratification algorithms [1]

Scenario (CDC), risk
category (AAP)

Clinical history and
examination

Evaluation Treatment

Scenario 1, category:
confirmed proven
or highly probable
congenital syphilis

Abnormal physical exam or
RPR titer > 4-fold maternal
titer

CSF analysis (cell
count, protein, VDRL),
CBC, long bone radio-
graphs

IV penicillin G 10 days (regard-
less of evaluation results)

Normal physical exam and
RPR titer < 4-fold maternal
titer and maternal treatment
none/unknown/inadequate
or initiated < 30 days before
delivery

Scenario 2, category:
possible congenital
syphilis

Penicillin G 10 days (if evalu-
ation is abnormal, uninterpre-
table, incomplete, or follow-up
uncertain) or intramuscular ben-
zathine penicillin x 1 (if evalua-
tion and follow-up certain)

CSF analysis (cell
count, protein, VDRL),
CBC, long bone radio-
graphs

Normal physical exam and
RPR titer < 4-fold maternal

Scenario 3, category: less | titer and maternal treatment:

Intramuscular benzathine peni-
cillin x 1 (if follow-up uncertain)

titer and maternal treatment

likely congenital syphilis | adequate and initiated 30 None or no treatment with follow-up
days before delivery and no titers (follow-up certain)
concern for reinfection
Normal phvsical exam and No treatment with follow-up
Scenario 4, category: 3! phy RPR titers (if infant RPR posi-
; ; RPR titer < 4-fold maternal . -
unlikely congenital None tive) or intramuscular benza-

syphilis adequate before pregnancy thine pgmcﬂhn x 1 (if follow-up
uncertain)
Conclusions 8. Serra G, Carta M, Di Pace MR, et al. Congenital syphilis in a

Congenital syphilis, caused by Treponema pallidum, can
be transmitted transplacentally, perinatally, or potentially
postnatally via breastfeeding. Diagnosis relies on VDRL
and TPHA testing. Routine maternal screening is crucial
for prevention. A 10-day course of procaine G penicillin re-
mains the standard, effective therapy. This case emphasizes
considering alternative transmission routes when maternal
serology is negative but infant presentation is highly sugges-
tive.
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Bpoa>keHn cudiaic, NOB’a3CHUMN i3 TPYAHUM BUTOAOBYBOHHSIM,
Y HEMOBASTU BiA CE€POHEraTtMBHoOi Marepi:
KAiHIYHMIA BUNOAOK

Pestome. Cudinic, cnpuuunenuit Treponema pallidum, moxe
repenaBaTUCsl BPOMXKEHO Bil MaTepi 10 AUTUHM IIiJl yac BariT-
HOCTIi, MoJioriB a00 HaBiThb Mic/si HAPOIXKEHHS. Y LbOMY KIi-
HIYHOMY BUMANKy OTMCAHO HE3BUYAWHWI TPOSIB: Y XJIOMYUKA
BikoM 1 Mmicsupb i 25 nHIB AiarHOCTyBajiy BPOMXKEHUI cudiic,
HEe3BaXXalouM Ha Te, 110 BiH HAPOJAMBCS BiJ MaTepi 3 HeraTUBHUM
pe3yibTaToM TecTyBaHHSI Ha cudinic. HeMoBnsa mocraBuim no
BiTiJIEeHHST HEBiIKJIaMHOT JOTTOMOTU 3 IBOTUKHEBOIO iCTOPI€IO
KalllTlo, JUXOMaHKU, TeHepali30BaHUX BUCHUIAHb i JYLIEHHS
IIKip¥ Ha JOJIOHSIX i cromax. Baxmauso, 110, xouya OiosoriyHa
Matu OyJia CepOHETaTUBHOIO, B aHaMHe3i 3a(hiKCOBaHO TpyaHE
BUTOJOBYBaHHS POIMYKOIO, Y SIKOI 3TOJIOM BUSIBJIEHO MMO3UTUBHY
peakiiito Ha cudinic. I1ix yac dizukanbHOrO OrJIsIAY BiAZHAUEHO
CYTTEBI 3MiHM, BKJIIOYHO i3 CUMIITOMaMM PECIipaTOPHOIO JAUC-
Tpecy 3 BTATYBaHHSIM TPYIHOI KJIITKU I XpUTIaMM, TeNaToCIuie-
HOMeETaJli€l0, 3AYTTSIM XWBOTA Ta TMOUIMPEHUM 3JTYLITYBAaHHSIM
wikipu. JlabopaTopHi NOCTiIKEHHS MiNTBEPAUIN IiarHO3: TUTP

VDRL 1 : 64 i peaktuBHicth mono TPHA, Takox BHSBIEHO
aHeMilo, JIeMKOUMTO3, MiABUILIEHHS PiBHS TpaHcaMiHa3 i marTo-
JIOTiIYHI MOKa3HUKM aHaji3y cedi, a Ipyu BUKOPUCTAaHHI Bi3yasli-
3aliiHUX METOMIiB — ABOOIYHY ITHeBMOHilo. [lallieHT oTpuMaB
KOMILJIEKCHE JIiKyBaHHSI, BKJIIOUHO 3 OKCHUT€HOTEpaIli€lo, BHY-
TPilIHPOBEHHUM BBEIEHHSIM pPilMHU, aHTUOiOTHKIB (LedTpi-
aKkcoH, neHiuwiiH G npoxaiH) Ta MiATPUMYIOUOIO Tepari€lo, a
IMi3HiIIe y 3B’SI3Ky 31 IIYHKOBO-KHUIIKOBOIO KPOBOTEUE0 OYyJI0
noaano Bitamid K. Ilicns gecatu qHiB rocmitaniizailii cTaH He-
MOBJISITY 3HAYHO MOJIMIIKMBCS, i Horo Bunucanu. Lleit Bunagox
MiIKpecoe, o nepenavya Treponema pallidum, sika CippuanHsIe
BPOKEHUI cudilic, MoXe BimOyBaTUCS MOCTHATAILHO, ITOTEH-
LiiiHO yepe3 rpyqHe BUTOAOBYBaHHS iH(iKOBaHOO 0cO0010, 1110
CTBOPIOE [1IarHOCTUYHI TPYIHOLLI, KOJIMU CKPUHIHT MaTepi Hera-
TUBHUM.

Kmouosi ciioBa: spomxennii cudinic; Treponema pallidum; re-
MaToCIUIeHOMeralisl; FpyJIHe BUTOAOBYBaHHS
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ANCA-acouinosaHi Hedputn y airen:
CYYQACHI NOrASIAU HO AIQrHOCTUKY TA AiIKYBAABHY TOKTUKY
(orasA AiTepatypm)

Pe3iome. Axmyaavnicmo. ANCA-acouiiiosani eackyaimu (AAV) y dimeil nanescams 00 ophanHux 3axe0piosans, npo-
me ypasiceHHs HUPOK 3a MUNOM UBUOKONPOPECyoH020 2A0MepyI0HedpUmy UHAYAE NPOCHO3 BUICUBAHOCII NAYIEHMA
ma pusuk mepmiHanbHoi HUpKo8oi Hedocmamuocmi. Mema po6omu: 30iticHumu 02150 HAYKOBUX 00CAIONCCHb, OHOBACHUX
MIDICHAPOOHUX NPOMOKOAIE U000 2eHeMmU4HOi 0emepmMIiHOBAHOCMI, MeXAHI3MI6 NABUUIMYHHO20 YPadiceHHs, JiaeHOCMUKU
ma nikysanns ANCA-neghpumie y dimeii. Mamepiaau ma memoou. Ozns0 aimepamypHux dxcepen 6a3yeascs Ha aHanizi
DPe3YAbMamie HayKoeux 00CAiONCceHb, o OnyoAiKo8ani y IOKpUmMoMy 00Cmyni, 3 GUKOPUCIAHHAM [HHOPMAUIHHO-NO-
wykosux cucmem PubMed, Web of Science, Scopus, Google Scholar i ResearchGate. Pozeasinymo 60 naykogux pobim,
NepesanicHo 3a OCMAaHHi 5 pokie, 6ionogioHo do o0panoi memu ii memu docaiovcenns. Pezyabmamu. B oensndi demanizo-
eano Homenkaamypy Chapel Hill (CHCC 2012) i eenemuuny cxunvricms 0o AAV (poav noxycie HLA-DP ma HLA-DQ).
Obrpynmosaro nepuiouepeoge diacHoCmu4He 3HAYeHHs 8U3HA4eHHs anmumin do npomeinasu-3 (PR3-ANCA) i mieno-
nepoxcuoazu (MPO-ANCA) memodom imynogpepmenmmuoco ananizy (IPA), wo mae eucoky cneyughiunicmo s eepu-
Qixayii enomepyasaproeo nosianeiimy (I'TIA) ma mikpockoniunoeo nosianeiimy (MIIA) gionosiono. Onucaro cheyugixy
<HUPKOBUX MACOK» ma no3anupkosux nposeie (JIOP-namonoeis, arveeonspri kposomeui). Hasedeno oughepenyianvry
diaeHocmuky 3 X60po0oio aumumin 0o 6a3arvHoi memoparu kayooukie (anmu-bMK) ma imynokomnaexcHumu Heghpuma-
mu. Buceimaeno 3miny napaduemu aikysanHs Ha 0CHO8I 00ka3060i 6azu docaioxcentss PEXIVAS ma nosux pexomendayiii
KDIGO 2024: o6rpynmosano cmpamezito wiu0Koi MiHiMizayii entokoKopmukoioHoeo HasanmasiceHHs (00 5 me/000y 0o
12-20 mudicns) 0as 306epedcents pocmosoeo nomeHyiary oumuru. AKUeHmosano ysazy Ha npiopumemHoCcmi pumyKcu-
maby sk cmepoio-36epiearonoco azenma ma poai 2icmoaoeiunoi Kaacugikauii Berden y npoenosyeanni Hupkoeoi eudicu-
sarocmi. O6TpyHmosaro areopumm it nediampa npu nido3pi Ha WeUOKonpozpecyruuil nomepyronedpum. Bucnosku.
Panns eepugpixayis diaenosy 3a donomoeoro 1DPA-mecmysanus Ha anmumina 0o PR3/MPO ma 6ioncii Hupku 32i0H0 3
kpumepismu KDIGO 2024 € supiwanvHor. Bnposadicenns mapeemuoi bionoeiunoi mepanii ma pejcumie HU3bKUX 003
cmepoidie 0036045€ NOAINWUMU AKICIMb ICUMMS NAYIEHMIE | 3HU3UMU Yacmomy IHeaniouzauyii.

KmouoBi caoBa: ANCA-acoyiiiosanuii  negppum; Oimu; nasyuimynnuii enomepyionedpum; pumykcumao;
PR3-ANCA; MPO-ANCA; IDA; KDIGO 2024; PEXIVAS; kaacughixauis Berden, oenso

Bctyn

ANCA-acouiiioBani Backyaitu (AAV) — 1ue rpymna
CUCTEMHMX HEKPOTM3YIOUMX BaCKYIiTiB, 110 YypaxkaloTh
CYAMHU MaJoro i cepelHbOro Kajiopy Ta MaTOreHeTUY-
HO TOB’sI3aHi 3 HAsSIBHICTIO aBTOAHTHUTLI O IUTOIJIA3MU
HeiTtpodiniB (ANCA). YV nenmiatpuyHiii momnyssuii AAV

HajexaTb J0 pinKicHuX (op¢aHHUX) 3aXBOPIOBaHb, IIPOTE
3a TSDKKICTIO Mepediry Ta pu3nMKOM JeTaabHOCTI BOHU I10-
CialoTh OJHE 3 MPOBIAHUX MiClb Y CTPYKTYPi CUCTEMHUX
XBOPOO CMOJYyYHOI TKAHUHM Y JiTei [1].

HaiiGinbmr kpuTuyHUM mposiBoM AAV, 110 BU3Ha-
4ya€e JOBrOCTPOKOBUI MPOTHO3 i SIKICTh XUTTSI TUTUHU, €
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ypaxeHHs1 HUpok — ANCA-acouiifoBanuit Hedput. Kiti-
HIYHO BiH MaHi(ecTye $SIK IIBUIKONPOTPECYIOUMA IJIO-
mepynoHedput (LLIIITIH) i3 maBuuiMyHHUM XapakKTepoMm
3arnajeHHs (3 BIICYTHICTIO MAaCUBHUX IMYHHUX JETIO3UTIB
Yy CYIMHHUX TETISIX KIyOOUKiB), 1110 3a BiZICYTHOCTI BUac-
HOI JiarHOCTUKY TTPU3BOJIUTH IO HEOOOPOTHOTO CKIIEPO3Y
HUPKOBOI MapeHXiMU Ta TepMiHAJIbHOI HUPKOBOI HENO-
CTaTHOCTI MIPOTSITOM JIiYEHUX TUXHIB [2].
ANCA-acomiiioBaHi HepUTH y OiTeil B YKpaiHi Xxapak-
TEpU3YIOThCS MMi3HBOIO AiaTHOCTUKOIO Ta BiAMOBIAHUMU
pU3MKaMU [IJIs1 KUATTS nalienTa. He3paxaiouu Ha JiKyBaH-
HS BiIMOBIAHO 10 MiKHApPOOHUX PEKOMEHAALliil, pU3UKU
iHBaJIiTHOCTi Ta CMEPTHOCTI 3a/IMIIAI0TLCSI BUCOKMMHU, 1110
MiIKpec/II0e€ HEOOXiMHICTh paHHbOI AiarHOCTUKM i Garato-
MpodiabHOTO MiAXOMY A0 BeNeHHs NallieHTiB [3].
CknanHictb paHHboi Bepudikauii ANCA-Hebputy
y OiTeii 3yMOBJIeHa Pi3HOMAHITTSIM «KJIiHIYHUX MacOK»
(tpuBani JIOP-3axBoproBaHHSI, JiereHeBi iHinIbTpaTh),
SIKi 4acTo TepeayoTh HUPKOBIit MaHidecralii. Kpim Toro,
nudepeHiliaibHa JTiarHOCTUKA 3 XBOPOOOIO aHTUTLI 110
0azanbHOI MeMOpaHn KiryooukiB (aHTU-BMK) i1 iMmyHO-
KOMILIEKCHUMU HedpuTaMu BUMarae Bim (axiBIIiB BUCO-
KOi HACTOPOXKEHOCTI Ta IIIBUIKOTO 3aCTOCYBaHHS Cy4YaCHUX
MeToiB: iMyHopepMeHTHOro aHani3y (IPA) Ha crienmdiu-
Hi antuTina (PR3 ta MPO) i nmyHkuiitHoi Gioricii HUpKH.
OcTraHHIMM pOKaMU BiZOyBCsI TIEperJisia CTpaTeriii Te-
pamnii AAV. KDIGO 2024 i pe3yiasrati MaciuTabGHOTro J0-
crnimkeHHs PEXIVAS s3wmicTuim akiieHT 3 arpecuBHOI
IIUTOCTAaTUYHOI Teparii Ta TPUBAIUX KypPCiB BUCOKUX 103
TJIFOKOKOPTUKOIIB y OiK OiosoriuHoi Teparii (pUTyKCu-
Mab) i pexuMiB IIBUAKOI MiHiMi3allii CcTepoinHOro Ha-
BaHTaxeHHs1 [4]. Iisi menmiaTpuyHOI TNMPakTUKUA 1€ Ma€e
BUpilllaJibHE 3HAUYEHHSI, OCKUJIBKU JO3BOJISIE 30€perTu poc-
TOBU Ta peNPOAYKTUBHUI MOTEHIIiaJl IUTUHU, 3HU3UBIIU
puY LbOMY pU3HUK DaTanbHUX iHQEKIIMHUX YCKIaAHEHbD.
MeTo10 11HOr0 OIJISIIY € CUCTEMATH3ALis CYYaCHUX YSIB-
JIEHb TIpO MaToreHe3, MiarHOCTUYHI KpUTepii i OHOBIIEHI
anroputMu JikyBaHHss ANCA-Hedpury y miTeit, 110 10-
TMOMOXe MPAKTUKYIOUMM JIiKapsiM BYACHO PO3ITi3HATH Ma-
TOJIOTIIO Ta 3a0€3MeYNTH NalliEHTaM Cy4YaCHUI piBEeHb Me-
JMUYHOI IOTIOMOTH 3TiTHO 3 Mi>)KHApOJHUMM CTaHIapTaMU.

MarepiaAn Ta meToamn

Orsin niTepaTypHMX Jkepes 0a3yBaBCsl Ha aHaisi
pe3yJbTaTiB HAayKOBMX IOCIIIKEHb, IO OIyOJIiKOBaHI Yy
BiIKpUTOMY OOCTYIIi, 3 BUKOPUCTAHHAM iH(OpMaliiiHO-
nomrykoBux cucteM PubMed, Web of Science, Scopus,
Google Scholar i ResearchGate. Mu po3arisanaiu HayKoBi
poboTu, ony0JIiKoBaHi 3a OCTaHHi 5 pokiB. JIjis 1i€i cTaTTi
OyI0 BimiopaHo 60 cyyacHMX HayKOBUX IyOJiKaliil Bimmo-
BiJTHO [10 3a3HAYEHOI TEMU U METU JOCITIIXKEHHS.

PesyAbTaTU
EnipemioAoriyHi T KAiHIYHi OCOBAMBOCTI
ANCA-acouinnoBaHnx HeppuUTiB y Aiteun

AHaniz nmaHnux wixHapogHux peectpiB (ARChiVE/
PedVas ma miteii i RaDaR mist nopociux) mo3Bosisie BUSIBU -
TH CYTTEBI BiTMiHHOCTI y MaHi(decTarii Ta mporHo3i AN CA-
aconiiioBanoro rimomepyinoHedputy (AAGN). Xoua AAV
YacCTillle CIIOCTePIra€Thcs y TOPOCIOro HaceJeHHs, JOCIi-

JDKEHHSI TOBIZOMJISIIOTH MPO 3POCTAHHSI 3aXBOPIOBAHOCTI
i1 cepen miteii, 3i 36inbieHHsaM 3 0,1 go 0,4 Bumaaky Ha
MiJIBIOH, TOJI K iHIII 3BiTU OLIiHIOIOTH IOPIYHY 3aXBOPIO-
BaHicTh Bif 0,5 no 1,1 Bunaaky Ha miabiioH [5]. AAGN y
MiTeN TAaKOX 3yCTPiYaloThCsl 3HAUHO PiAlIe, HiXX Y TOPOCTUX
(mpu6smsHo 1 : 1 000 000 Ha pik), poTe 3ayd4eHHsS] HU-
pok y mireit 3 I'TIA crioctepiraetbest yactinie (mo 80—90 %
BMIIAJIKIB), TOJi SIK MOPiBHSIHHA YaCTOTa MOBiTOMIISIETHCS
mpu MITA. Hait0inplni KOropTHI JOCIiIKEeHHS, IIPOBEACHI
y IliBHiuHiit AMepuii (40 ueHTpiB), €Bpomi (3 LeHTpH) Ta
A3zii (2 uentpn), nokasanu, 1o I'TIA 3ycTpiuaeTbcs maiike
B YOTHPH pasu dacriire, Hixxk MITA [6].

CyuacHhi ysaBneHHs npo nepedir ANCA-HedpuTiB y 1i-
Teil 3HAaYHOIO0 Mipoo 0a3ylThCs HA TaHUX MiXXHapOIHOTO
peectpy ARChiVE/PedVas, sikuii y3araJbHUB IOCBiJ CITO-
cTepexxeHHs 3a 406 mamieHTaMu TIPOTSATOM IMoHaz 15 po-
KiB. BimbImicTs mamieHTiB (68 %) CTaHOBWIIM AiBYaTa, IO
MIKPECIIOE XiHOUY MepeBary B CTPYKTYpPi TUTIUUX AAV.
MenianHuii Bik MaHidecrallii y aiteit craHoBUTb 14 pokiB,
TOMIi SIK y JOPOCTUX — MoHan 60 poKiB. AHaI3 1iei KOTOpTH
BUSIBUB UiTKy KopeJrsaiiio Mixk cepoturiom ANCA i TsokKic-
TIO ypaXkeHHST HUPOK [7].

Vpaxkenns Hupok Oyiao 3adikcoBaHo y 76,4 %
(n = 310) miteit. HaliBuluuii mokKa3HUK 3alydeHHSI HM-
pok croctepiraBcs y rpyni MPO-ANCA+ (88,1 %), Toxai
gk npu PR3-ANCA+ 1eit mokasHuk crtaHosus 77,2 %, a
B ANCA-HeratuBHuX nauieHTiB — ume 50,0 %. IMamni-
€HTu 3 MPO-cepoTUIIOM JAeMOHCTPYBaiu 3HAYHO TSIKYE
MOYaTKOBE ypaxeHHs. TskKke MmopylieHHs (yHKIT HU-
pok (pIIK® < 15 ma/xB/1,73 m?) 3ycTpivanocs y MPO-
MO3UTHUBHUX [iTell Maiixke BTpudi yacrime, Hix y PR3-
no3utuBHUX (15,9 potn 6,0 %). AHajoriuyHa TeHICHIIis
criocrepiranacs i st moMipHux nopyiieHp (pIIK® 15—
49 mn/xs/1,73 m?) — 19,8 nipotu 8,2 % BinmosinHo [8].
byno BkazaHo, 110 HiTH IEMOHCTPYIOTH JIIIIIY 30epexe-
HiCTbh HUPKOBOI (PYHKIII ITia yac MaHigecrallii. ¥ Koropri
ARChiIVE yvacrtka narienTis i3 pIIK® < 50 ma/xB/1,73 m?
craHoBuia 35,7 % ninss MPO-ceporumy Ta juie 14,2 %
115t PR3-ceporuny. HatomicTe y nopociiii momysnsiii (pe-
ectp RaDaR, cepenns plLIK® — 30 mi/x8/1,73 M?) ypa-
>KEHHSI HUPOK Ha MOMEHT TIEpIIOro 3BEPHEHHSs OyJI0 3Ha-
YHO BUpaxkeHuM [9].

Xoua 10-piuHa BUXKUBAHICTh HUPOK Y JOPOCUX Malli-
€HTIB € BiTHOCHO BUCOKOIO (0113bK0 80 %), MIst IUTUHMU,
sIKa 3aXBOpiJia Y IMUTITKOBOMY Billi, IOIIEpeay MeCSATIIIIT-
TS KUTTS 3 PU3UKOM TPOTPECYBaHHS XPOHIYHOI XBOPOOU
HUpokK (XXH). OckKinbky OiTM MaiOTh BUIIMI CTapTOBUIA
HUPKOBUI pe3epB i MOBIIMI OUiKyBaHUU IEpiod >KUTT,
30epekeHHs KOXHOTro He(hpoHa CTa€ MeplIoYeproBUM 3a-
BraHHsM [10]. HaBiTh mpw JIMIIKMX TOYATKOBUX ITOKA3HU-
kax plIK® nitn 3 ANCA-GN MaloTb BUCOKY HMOBIpHICTh
nporpecyBaHHs yepe3 yci cranii XXH mpotsgroMm Xutrs,
110 BUMarae MakKCMMaJIbHO arpeCUBHOI Tepartii 1151 JOCSIT-
HEHHS MOBHOI peMicii Ta MiHiMi3alliil STPOTeHHOTO MOIIKO-
JKEHHST HUPOK.

ETionaroreHe3 1a Cy4aQCHQ HOMEHKAQTypQa
Knacugikamisi ANCA-acowiiioBaHMX BacKyJIiTiB 3a

KajiiopoM ypaxXeHUX CyOuH Oyja MpuiiHATa Ha KOHCEH-

cycHilt koHdepen1ii y Yanen-I'iut (Chapel Hill Consensus
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Conference — CHCC, 1994 p.) [11] i € MiXXHapoaHUM
CTaHAAPTOM [JIs BUBHAUEHHS HOMEHKJIATypU CUCTEMHUX
BackysitiB. OcTtaHHs penakiiist 6yiaa npuitasata y 2012 porti
(CHCC 2012, Tab6n. 1).

3rimHo 3 miero Kiacudikamieo, AAV HajexXaTh 10 Bac-
KYJITiB cynuH masioro kaniopy. Lle aprepionu, kamninsipu,
BEHYJIU, a TAKOX iHOJIi apTepil HEBEJIMKOTO KaJiopy.

Y rpyny AAV BX0sITh TpU OCHOBHI HO30JIOTi1:

— rpanyiemMarto3 i3 rojianriitom (I'TIA) — crapa Ha3Ba:
Berenepa. Xapaktepusy€eTbcs TpaHyJIeMaTO3HUM 3artaieH-
HSIM IMXaJbHUX IUIXIB i HEKPOTU3YIOUMM BaCKYJIiTOM;

— MikpockoniuHuii momaiaHriit (MITA) — HekpoTusy-
04U BacKydiT 0e3 rpaHyjaeMaTo3HOro 3amnajeHHs. Haii-
yacrTille MpOsIBISIETbCS caMe SIK HEKPOTU3YIOUHUii TJioMe-
pyJIoOHE(DPUT;

— eO03uHO(MUIBbHUI TpaHyJIeMaTo3 i3 ToJiaHTiiTOM
(ET'TIA) — crapa HasBa: cuHapom Yapra — Crpocc. ITo-
€JIHYETBCS 3 €03UHOMINTIEI0, ACTMOIO Ta TPAHYJIEMaTO30M.

3rigHo 3 pimeHHsM koHbepeHiii CHCC 2012 Bin0OyB-
cd Tepexia Big BUKOPUCTAHHS IIPi3BUIL aBTOPIiB OO Ha3B,
IO BiZOMBAIOTh MATOMOP(OIOTIYHY CYTh 3aXBOPIOBAHHSI.
Lle mozBomuiio gitko po3mexxyBatu ANCA-acowiiioBaHi
Backyaitu (I'TIA, MIIA, EI'TIA) sk rpyny 3axBOpIoBaHb 3
HEIMyHOKOMILJIEKCHUM XapaKTepOM ypaxKeHHS Bifl iMyHO-
KOMILIEKCHUX BacKymiTiB (IgA-BackymiT Touro). EBomio-
1ito HoMeHKJIaTypu AAV neMoHcTpye Tab. 2.

Otxe, KoHceHCyc peKOMEHIye 3aMicTb Ha3BU «Ipa-
HyJleMaTo3 BereHepa» BHUKOPHMCTOBYBATH <«TpaHyJeMa-

To3 i3 momiaHriitom (I'TIA)», 3amicth «cuHapom Yap-
ra — Crpocc» — «c03UHOMDIUIBHUII TpaHyleMaTo3 i3
nojiaxriitom (ETTIA)» [12].

MikpockoniuHuit nmomianriit (MITA) BU3HaYaeThCs SIK
HEKpPOTU3YIOUMi BACKYJIT i3 BiACYTHICTIO a00 MiHiMaslb-
HOIO KiJIbKICTIO iMyHHUX JEIO3UTIB, IO BpaXkae IepeBak-
Ho Maji cynuau. Ha Bimminy Big I'TIA ipu MIIA BincytHe
rpaHyjiemMaTo3He 3anajieHHs [13].

KitouoBi Buznauennss CHCC 2012 Oynu mpuitHATI i
BimHOCHO HedpuTiB. Kinacudikaiiis BBe1a KpUTUIHO BaxK-
JIMBE MOHSITTSA IJ1s1 He(poaoTii — MmaBLHUIMyHHMI (pauci-
immune) xapakTep ypaxxeHHs. Lle o3Hauae, 1110 npu Giormcii
HUDPKU BUSIBJISIETbCS HEKPOTU3YIOUMIA TJIOMEpYI0HEDPUT
(4acTo 3 «IiBMicsILIsIMU» — crescents), ajie pu iMyHodI1y-
OpECLIeHIIil BiACYTHi a00 MiHiMaJIbHi BiIKJIaIeHHS iMyHO-
[JIOOYJTiHIB i KoMIIEeMeHTYy [14].

Kiacudikanis pomomarae IIBUAKO audepeHIliio-
Batu ANCA-HedpUT BiIl HAWIMOIIMPEHIIIOr0 JUTSIYO-
ro Backynity — IgA-Backymnirty, sikuii, 3a CHCC 2012,
HQJIEXUTh J0 IMYHOKOMIUJIEKCHUX BAaCKYJITiB Majoro
Kajiopy.

Jnst o0’€KTMBHOI OLIHKMA CTYMNEHS ITOLIKOIKEHHS
HUPKOBOI MapeHXiMM Ta BU3HAUYEHHSI TAKTUKU JTiKyBaHHS
BUKOpUCTOBYEThC monili ANCA-acouiiioBaHux Hedpu-
TiB HAa YOTUPU NMAaTOMOPGOJIOTiUHI KJIacu, 3aCHOBaHUI Ha
repeBakalouoMy TUITI ypaxkeHHsI KJIyOOUKiB IMPU CBITIOBIlA
Mikpockorii [15]. Ticronoriuna knacudikaiiist (3a Berden
et al., 2010) HaBeneHa y TabJ1. 3.

Tabnuuys 1. Knacudikauis Backynitie 3a kani6pom ypaxxeHux cyauH (3rigHo 3 CHCC 2012)

Kaniép cyguH Twun Backynity

OcHOBHi Ho3onorii

0Oco6nMBOCTI ypaXKeHHs
HUPOK

Benuki cyonHun AopTa Ta ii rofIoBHi rinku

[iraHTOKNITUHHWI apTepiiT,
apTepiit Takascy

Pigko (MoxnuBa peHoBac-
KynsipHa rinepTeH3is)

BicuepanbHi apTepii Ta ix

CepepnHi cyonHu Cinku

Byanukosuin noniaptepiit
(PAN), xBopo6a KaBacaki

ILuemis HUPOK, MikpoaHeB-
pu3mu (6e3 rmomepyno-

HedpuTY)

ApTepionu, Kaninapwu,

ANCA-acoujioBaHi Backyni-

HekpoTuayounin rmomepy-

HWUIA BaCKyniT

Mani cyamHn . g
vA BEHYNN T (AAV) noHedpuT (MaBUMiIMYHHWIA)
IgA-BackyniT (LeHnenHa — | FmomepynoHedpuT i3
Mani cyamHn IMyHOKOMMNEKCHI Backynith | FeHoxa), Kpiorno6yniHEMiY- | MaCUBHUMMW iMyHHUMU

Jenosutamu

Tabnuuys 2. HomeHknaTtypu cucTteMHux Backynitie 3a sepcismu CHCC 1994 i CHCC 2012

Ho3zonoriss (CHCC 1994)

CyuyacHa Ha3Ba (CHCC 2012)

Kno4oBi 3MiHU 1 YyTOYHEHHSI

[paHynemaros BereHepa (TMIA)

paHynemaros i3 nomniaHriitom

BigomoBa Big enoHima. lNigkpecneHo HasBHICTb
HEKPOTU3YOHOro rpaHyfiemMaTo3HOoro 3anaseHHs

Cuppom Hapra — CTpoce noniaxriitom (EMMIA)

EosnHodinebHui rpaHynemartos i3

BigmoBa Big enoHima. AKLEHT Ha e03UHOMIiNbHO-
My 3anasieHHi Ta 3B’A3KYy 3 aCTMOI0

Mikpockoni4yHuim noniaHriim

MikpockoniyHuii nonianriit (MIMA)

IMA)

Ha3Ba 36epexeHa, ane yTo4HEHO BiOCYTHICTb
rpaHynemMaTo3HOro 3ananeHHs (Ha BigMiHy Bif

Mypnypa LWeHnneriHa — NeHoxa | IgA-BackyniT

BigmoBa Big enoHima. BkasaHo Ha OCHOBHUI na-
TOreHEeTUYHUIN MapKep — iMyHHi geno3ntu IgA1

EceHujianbHui kpiornobyniHe-
MiYHWIA BaCKyniT

Kpiorno6yniHemi4Huin Backynit

CnpoLueHHs Ha3BK; akLEeHT Ha iIMyHOKOMIIIeK-
CHOMY MEXaHi3Mi ypa>KeHHs1 Manux CyauH
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Otxe, ricronoriuHa kiacudikaiis Berden et al.
(2010) € KJIIOYOBHUM AOMOBHEHHSIM [0 HOMEHKJIATypu
Chapel Hill, ockibKM BOHa JO3BOJISIE KIIIHILIUCTY HE
MPOCTO KOHCTATYBaTH JIiarHO3, a CIIPOTHO3yBaTH BiIHOB-
JIeHHs1 QyHKLIT HupoK y nutuau. Knacudikamis Berden
MiIKPECIIOE, 10 Yac A0 0iorncii € KpUTUIHUM (PAKTOPOM
[16]. SIkuio auTuHA MOTpPAIUISE 10 CTaLlioHApy Ha cTafil
CKJIEPOTUYHOTO KJIacy, arpecBHA iMyHOCYIIpECis Moxke
Hagaty Oinbmre mkoau (iH(EKiiHI YCKIagHeHHS), HixX
KOpPUCTi; BUABICHHS (DOKAIbHOTO ab0 KpeCLeHTHOIrO
KJIaCiB Y AUTUHU € aOCOJIIOTHUM MOKA3aHHSIM JIJIsl iHTeH-
cudikalii JiKyBaHHSI, OCKUJIbBKM HUPKOBHUI pe3epB Iie
MOXHa 30eperTu.

Bapro takox 3azHauutu, 1o xoua CHCC 2012 € Ho-
MEHKJIATYpHOIO IS BCTAHOBJIEHHSI [iarHo3y, y AiTeid J0-
JIaTKoBO  BUKopucToBYIOTh Kputepii EULAR/PReS/
PRINTO (2010), sxi 3BaXkaroTb came Ha MeliaTpuuHy crie-
mmoiky (Hanmpukiazn, 3amydeHHs1 JIOP-opraHiB, ocobmu-
BOCTi C€4OBOTO ocajy Tol1io) [17].

Marogizionoris ANCA-acowuirnoBaHnx
HeppPUTIB i reHeTUYHQ CXUABHICTb

Xoya ocHOBHA 11aTo}i3i0I0risa JOCi HE TTOBHICTIO 3pO-
3yMila, LEHTpaJibHAa POJIb BiIBOAUTHCS ABTOAHTUTIIAM
MPOTU IBOX OCHOBHUX HENUTPO(diabHUX OiIKiB: ab0 MmpoTte-
iHazu 3 (PR3-ANCA) npu I'TIA, a6o mienonepokcuaasu
(MPO-ANCA) npu MITA [18]. Lli aBroaHTHTIIa 30aTHI
npaiiMyBaTu i aKTUBYBAaTHU HEUTpodinu, siki pa3om 3 iH-
LMY 3alaIbHUMU KJIITUHAMU, SIK-OT Makpogaru, MOHO-
LIUTU Ta CUCTEMA KOMITJIEMEHTY, IPU3BOISTD 10 EHIOTETi-
ajibHOTO TIoIKoKeHHs. ObunBa 3axBoptoBaHHs, ['TIA Ta
MIIA, MaOTh CXUIBHICTh 10 YpaXkeHHS JeTeHb i HUPOK,
npuyomy v 58,6 % miteit Ta 82,2 % mopociux 3 AAV Bu-
aBJst0Th naBuuiMmyHHuit AAGH [19].

Tepmin «maBuMiMyHHHI» (pauci-immune) ITOXOOWUTh
Bill JTaTUHCBHKOTO pauci (Majo), 110 BKa3dye€ Ha TOJOBHY
iMmyHoJioriuHy oco0uBicTb ANCA-Hedputy: npu Giorncii
HUPKM iMYHOJIyOpECLIEHTHE 3a0apBJIEHHST BUSIBIISIE Bill-
CYTHICTh 200 MiHiMaJbHY KiJIbKiCTh AEMO3UTIB iMyHOIJIO-
oyniniB (Ig) Ta kommnementy (C3) [20].

[MaBuumiMmyHnHuii xapaktep ypaxeHHss npu ANCA-
HedpuTax BimoOpakae yHiKaJIbHUM [IUTOTOKCUYHUI Mexa-
Hi3M, Jie KJII0YOBY POJIb Billirpa€ mpsiMa aKTUBallisl HEUTpo-
(iniB aBroanTuTinamu. Ha BiaMiHy Bill iMyHOKOMIUIEKCHUX
[JIOMEPYJIOHE(PUTIB, 32 SIKUX TOIIKOIKEHHSI HUPKU BU-
KJIMKaHEe OCiTaHHSIM FTOTOBUX IMyHHUX KOMIUIEKCIB i3 KpPOBI,
npu ANCA-HedhpuTi HeUTpOodiau caMi CTarOTh iIHCTPYMEH-
ToM pyiiHyBaHHs [21]. JlecTpykilisi HUPKOBOI MapeHXiMu
BimOYBa€ThCS BHACIIIIOK JErpaHyIIsALil eeKTOPHUX KIITUH
Ta (OpMYyBaHHS HEUTPOMIILHMX ITO3aKIITUHHUX ITaCTOK
(Neutrophil Extracellular Traps, NETs), 1o kiiHidHO Ma-
HiecTye K HEKpOTU3YIOUUil roMepyaoHedputr 3 dop-
MYBaHHSIM «ITiBMICSIIIiB» 3a BiICYTHOCTiI 3HAUHUX IMYHHUX
nerno3utiB [22]. TooBHY poJib B YIIKO/KEHHI Billirpae aib-
TEPHATUBHUU LUISAX aKTUBALlil KOMITJIEMEHTY Yepe3 MOTyX-
Huii xemoarpaktaHT CS5a. CaMe Ha OJIOKyBaHHSI 1IbOTO Me-
XaHi3My cripsiMOBaHa Jiist aBakornaHy (iHribiTopa pelenTopis
C5a), sikuit 3a TTorepeIHiMU pe3yJibTaTaMU BiIKPUBAE ILISIX
110 OE3CTepOINHUX MPOTOKOJIIB JIiKyBaHHS [23].

lTenetnyna cknamoBa ANCA-acoliiioBaHMX BacKyili-
TiB — IIe OIHA 3 HAWOUIBII IMHAMIYHIX cDep TOCITIIKECHHS
ocTaHHiX pokiB. CyJacHi ITOBHOI€HOMHI acOLliaTUBHI 0-
craimkeHHss (GWAS) moBenu, 1110 reHeTUYHMI (DOH TIalli-
€HTa KOPEJIOE He CTUIbKU 3 KAiHiuHMUM aiarHo3oM (I'TIA uyu
MITIA), ckinbku 3 TuioM BusiBaeHuX aHTUTLT (PR3-ANCA
yu MPO-ANCA) [24].

Lle xi1touoBe BiIKPUTTSI OCTAHHBOTO AecATUIITTSI: PR3-
ANCA- i MPO-ANCA-BacKyJliTl € TeHETUYHO Pi3HUMU
cranamu. PR3-ANCA-1o3UTUBHICTh XapaKTepHa JacTille
st TTIA. Tpu yomy HaliCWIIBHIIINIA 3B’SI30K BUSIBICHO 3
nokycom HLA-DPB1*04. HasBHiCTh IIbOTO ajiejisl MiaBU-
1Iye pu3uK po3BuTky PR3-Backymity B Kinbka pasiB. Ta-
Kox acomitoeTbes 3 reHoM SERPINAL, sikuii Kogye aHTH-
TPUIICUH (IIpUPOXHUI iHTiIOiTOp TpoTeiHa3u-3). Jdediuut
a00 mosiMopdi3M ILILOTO reHa MPU3BOAUTH A0 HAAMipHOI
aktuBHOCTI PR3 Ta nocunenHs 3ananeHHs. Takox Big3Ha-
yeHo acouiaitito 3 reHom PRTN3, 110 6e3nocepeqHbo Ko-
JIy€ MillleHb aHTUTIJI — TMpoTeiHasy-3 [25].

MPO-ANCA-1103UTHBHICTb YacTiiie Kkopetoe 3 MITA.
Tyt momiHye 3B’s130K 3 Jjokycom HLA-DQB1*06. LlikaBo,

Tabnunys 3. FicTtonoriyHa knacngikauis ANCA-acouiiioBaHOro rnomepysiioHeppuTty Ta nporHo3
(3a Berden etal., 2010)

MopdponoriyHi kputepii

FicTonoriyHun knac d . L
(cBiTnoBa Mikpockonis)

MporHo3 wopao BigHOBNEHHS
cpyHKLUii HUPOK

Pu3uk possutky THH
npotaArom 5 pokis

> 50 % HopmarsnbHuWX (iHTakK-
THWX) KIy604KiB 6€3 03HaK
HEeKpOo3y 4 CKNeposy

®okanbHui (Focal)

Havikpaiymii. Bucoka nmosip-
HIiCTb NOBHOI pemicii Ta 36epe-
XKEHHS PYHKLIT HUPOK

Huabkmvi (~5—-10 %)

> 50 % KNy60YKiB i3 KNiTUH-
HUMU «MiBMiCALAMM» (O3HaKa
aKTMBHOrO ekcTpakaninspHo-
ro MH)

KpecueHTHUR
(Crescentic)

CripusTinBui rpu BHacHivi
Tepanii. NoTpebye HeranHoi
arpecusHoi iHgykuii (RTX,
nynbc-tepanisa [K)

lMomipHwii (~20-25 %)

< 50 % HopmanbHux, < 50 %
«niBmicayis», < 50 % cknepo-
30BaHMX Kny6o4KiB

3miwanuni (Mixed)

lNpomixHm¥i. Pe3dynetaT 3ane-
XWTb Bif LUBUOKOCTI BignoBiai
Ha iMyHoCyrnpecuBHY Tepanito

CepegHivi (~30-35 %)

> 50 % rno6anbHO cKknepo-
30BaHuX KIy6o4KiB (03Haka
XpOHi3aujii npouecy)

CKnepoTn4HUin
(Sclerotic)

HaviripLumvi. HA3bKUIA NOTEH-
Lian BiQHOBNEHHS; BUCOKUI
puauK iHBanigmaadii

Bucokmi (> 50-60 %)

Mpumitka: THH — TepmiHanbHa HUpPKOBa HE[4OCTAaTHICTb.
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1o reHeTuyHuii npodine MPO-nmo3uTHBHUX Malli€HTIB
OVDKYMI 10 iHIIMX aBTOIMyHHHUX 3aXBOpPIOBaHb HMPOK,
Hix 10 PR3-mmo3utuBHOrO Backymiry [26].

Yowmy nokycu HLA rtaki Baxnugi? I[enu cucremu HLA
(Human Leukocyte Antigen) kiacy Il BinmosizaioTh 3a
MpeJCTaBJICHHS aHTUTeHIB (HANPUKIIaa, YaCTMHOK Hell-
tpodini) T-nimponmram. Konkperni Bapiantu HLA-DP
i HLA-DQ MaroTh TaKy CTPYKTYPY «KHUILIEHi» IJIsT aHTUTe-
Ha, sIKa ieaqbHO MiIXOMUT TS TIPeICTaBICHHS (hparMeH-
TiB PR3 a60 MPO. lle 3anmyckae maToioriyHy iMyHHY Bim-
noBiab: T-KIiTUHY aKTUBYIOTH B-KIiTHHMU, SIKi TOYMHAIOTH
BupooOsitu ANCA [27].

EnireHeTnka 1Q 30BHILUHI TPUrepu

VY niteil reHeTUYHA CXWJIBHICTh YaCTO BMUKAETHCS TIiJL
Ji€lo 30BHiLIHIX (hakTopiB (emireHeTMuHa Monudikailis).
ImomerumoBanust JJTHK y npomortopax reHiB PRTN3 Ta
MPO vy gmiTeii 3 aKTUBHOIO XBOPOOOIO TIPU3BOAUTE 10 HaI-
MipHOI eKCITpecii IIMX aHTUTEeHIB Ha TTIOBEPXHi HeMTpodiniB
[28]. Lle mosicHIOE, YOMY OWUTHHA 3 TEHETUYHOIO CXUJIb-
HICTIO MOXXe OyTH 3I0pOBOIO, IIOKM BipycHa iH(eKIIisT abo
(aKTOop IOBKIJUISI HE 3aITyCTUTh KacKaa aBTOIMYHITETY.

Otxe, reHeTUYHi acrekTu AAV NpoaeMOHCTPYBaIU
4iTKy acouianiro Mixk TurmoM ANCA Ta crieliu¢piyHUMU JIO-
kycamu HLA, 1110 cBimuuTh Mpo pi3Hi MaTOre HeTUYHi 1T~
xu po3BuTKy 3axBopioBaHb (PR3-ANCA, MPO-ANCA)
i MOXe CTaTh OCHOBOIO ISl TIEPCOHAJTI30BAHOTO Minoopy
OiosioriyHoi Teparnii. [eHeTUYHI MapKepu y MaiiOyTHbOMY
JIO3BOJISITh TAKOX IMPOrHO3YBaTU PU3UK PAHHBOTO PELIMIM-
BY, AKUi1 y fiTeit i3 PR3-1M03UTHBHICTIO € 3HAUHO BUIIIUM.

KAiHiyHi ocobaunBocTi AAV i AAGH y aiten

VY nmiTeit 3aXBOpIOBaHHSI YacTO TOYWMHAETHCS HecTe-
mugivyHo (BTOMa, CyodeOpumiaiTeT, 00N y KMBOTI), 11O B
VYKpaiHi IpU3BOOUTL OO0 3aTPUMKM JiaTHOCTUKU Ta TSDK-
KOro ypaxkeHHSI HMPOK Ha MOMEHT rociiranizarii. [ia-
rHoctuyHa ckiaanHictb ANCA-HebpuUTy y aiTeil moJjsrae
y TpUBajioMy Iiepioni HecnieuupiyHux «Macok» [29]. Ilo-
enHaHHs 3aTskHoro JIOP-3axBoproBaHHs, pedpakTepHO-
ro J10 JIiKyBaHHSI, 3 TIOSIBOIO «aKTUBHOTO» CEYOBOTO OCaIy
(reMarypist, HWIIHAPYpisl) Ta MiABUILICHHSIM KPEaTUHIHY €
MaTOTHOMOHIYHUM CUMMTOMOKOMILIEKCOM, IO MTOTpeOye
HeraiiHoi niarHocTuku AAV i AAGN.

Crienndika excrpapeHaJbHUX TPOSIBIB y HiTelt: yac-
te ypaxkeHHs JIOP-opraniB (mo 75—90 % sumazakis I'TIA)
[30]. YepBoHi mparopiii — XpOHIYHUI PUHIT, CHHYCUT a00
CepeIHill OTUT, 110 He IiIHaloThCsl CTaHAAPTHIN aHTUOi0-
TUKOTEpaIlii; FTHilfHO-KPOB’IHUCTi BUIIJIEHHS 3 HOoca, (hop-
MYBaHHSI KipOK, HOCOBi KpoBOTeui. MoXyTb (hopMyBaTUCS
YCKJIQHEHHSI y BUIJISIAI pyHHYBaHHS HOCOBOI MEPETUHKU
(cimmononibHa nedopmallist Hoca) Ta MiA3B SI3KOBUIA CTe-
HO3 TOpTaHi (MOXe CIPUYMHUTHA CTPUIOP i TOTpedyBaTn
TpaxeocTtowmii) [31].

YpaxeHHs JiereHb KJIiHIYHO MaHidecTye Kauuiem, 00-
JIeM y TPYISIX Ta 3aguinKoro. HaifOimblr rpi3He yeKIIagHeH-
HsI, aJlbBEOJISIpHA KPOBOTeUa, MOXe OyTH «HiMol0» (0e3
KPOBOXapKaHHS), TIPOSIBIISIIOYNCH JIUIIIe CTPIMKUM TaIiH-
HSIM DPiBHSI TeMOIVIOOiIHY Ta IIOSIBOIO HOBHUX iH(IBTpaTiB
Ha peHtreHorpaMi/KT. TunoBa KT-kaptuna: By3nu (rpa-
HYJIbOMM), YacTO 3 po3ManoM (KaBiTalli€lo), a00 CUMIITOM

«MaTOBOIO CKJIa» Ipu KpoBoBmiuBax [32]. Jleski aBropu
3a3HayvyaloTh, 1110 y AiTei yac Big nosiBu nepiuux JIOP-
CUMIITOMIB 110 BcTaHOBIeHHs aiarHo3y ANCA-Hedputy
MOXe CTAaHOBUTH Bif 3 10 6 MicCsIIiB, 110 KpUTUIHO BILIH-
Ba€ Ha PO3BUTOK Hedpockieposy [33].

ANCA-acouiiioBanuii HepuT y aiteil Haivacriiie
repebirae sik MIBUIKOMPOTPECYIOUUiA TJIOMEPYIOHEDPUT.
I[emartypiss — mpakTUYHO MOCTiliHA O3HaKa. XapaKTepHa
HasSBHICTb TUCMOP(PHUX SPUTPOLIUTIB i epUTPOLUTAPHUX
LWIIHOPIB Y CEUOBOMY OCali, 10 MiATBEPIKYE IIIOMEPY-
JISIpHEe TIOXOMXKeHHsI KpoBoTedi. I[IpoTeiHypist 3a3Buyait
He gocsirae HeppoTuuHoro piBHs (10 1—2 r/mo0y), ane ii
IIBUAKE 3POCTAHHSI CBiIYUTbL MPO aKTUBHY JAECTPYKIIilO
KamiisipiB. XapakTepHe CTpiMKe 3pOCTaHHs PiBHIB Kpe-
aTUHIHY Ta CEUOBMHU. Y JAiTeil 3 HU3bKOK M’SI30BOIO Ma-
CO10 HaBiTh He3HauHe (Ha 20—30 MKMOJIb/JT) MiABUIIIEHHS
KpeaTHHiHy MOXe MpHUXOoByBaTH 3HauHe mamiHus [TK®.
ApTepiajibHa TinepTeH3ist 3yCcTpivyaeTbes pidlie, HixX Mpu
iHmmx HedpuTax, aue ii mosiBa Ha (GOHI remaTypii € 1po-
THOCTUYHO HECTIPUSITIMBOIO 03HAKOIO [34].

Amnazni3 mixkaaponaux koropt (Kanana, Itamist) i mannx
peectpy Berden et al. meMOHCTpy€e€ NMPUHLIMIIOBI BimMiH-
HOCTi y MoponoriuHoMy mpodini Ta (pyHKIIIOHAJTbHOMY
BiIHOBJIEHHI HMPOK y MeMiaTpU4Hill momyssuii. ¥ miteit
HAWMOIIMPEHIIIMM € CEepIONOoAiOHNI (MiBMicsLEeBuUiA)
kiac (50,6 %), Toni SIK y JOPOCIMX JOMiHY€E BOTHUIICBUI
(boxanphwmit) kirac (35,9 %) [35]. Lle cBimuuTh Mpo GibIx
TOCTPUIA i arpeCMBHUIA TTOYATOK 3aXBOPIOBAHHS Y ITUTSI-
qomy Bili. [Tokasuuku plIIK® npu manidecranii 4iTko
KOPEJIIOIOTh i3 TICTOJIOTIYHUM KJIACOM B 000X BiKOBUX TpY-
nax (HalHWX4i 3HAYeHHS TIPU CeprionoaiOHOMY Ta CKJie-
potnyHoMy Kitacax — ~20 mi/xB/1,73 m?). [Ipote mitn 3
BOTHUIIIEBUM KJACOM MalOTh 3HAYHO BMIIMI CTApTOBUIA
peseps (pIIIK® 80 mu/xB/1,73 M?) TOPiBHSHO 3 JOPOCIIH-
mu (pIIK® 50 mu/xB/1,73 m?) [36].

JliT MaloTh (peHOMEeHaIbHUI pereHepaTOPHUIA OTeH -
ian ¢yHkIii Hupok. [IpoTsirom mepioay crocTepeKeHHs
y IiTeii, 1110 He noTpedyBanu mianizy, mpupict pLLIK® 6yB
Takuil: miBMicsaueBuit kinac: + 49 miu/xs/1,73 m? (potu
+ 19 y nopocnux); 3mimanuii kiaac: + 39 mi/xs/1,73 m?
(mpotu + 10 y mopociux); BOTHUIIEBUI Kiac: + 23 mui/
xB/1,73 M2 (mpotu + 8 y mopocnux). EQUHUM KJIacoM, Jie
CIIOCTEPIraeThCsl MpOrpecyroue 3HUKEHHST (yHKIIT HUPOK
(— 10 mu/x8/1,73 M?), € ckiepornunuii. Lle minkpeciioe
KPUTHYHY BaXKJIMBICTh PAHHBOI AiarHOCTUKH 1O MOMEHTY
¢dopmyBaHHS TI00anMbHOrO cKiepoay. Ilamientn 3 MPO-
ANCA+ cepoTUioM IeMOHCTPYIOTH Bpaxkalouy IUHaMi-
Ky BimHOBHeHHs pIIK®D yepe3 12 wmicamis (+ 31,6 miu/
xB/1,73 m?) nopiBusHo 3 PR3-ANCA+ rpynoro (+ 8,7 mi/
xB/1,73 M?), He3BaXKalOYM Ha OMHAKOBO TSKKMiA cTapT [37].

ToOTo MOTYXKHUIA pereHepaTOPHUil MOTEHIIial HUPOK Y
NiTeil Hajae yHiKajibHe BiKHO MOXJuUBocTei. HaBiTh mpu
KpuTuHO HM3bKiK pIIIK® iMmyHOCyTIpecis 103BoJIsIE 10-
CSITTH 3HAYHOTO MPUPOCTY (PYHKIIT HUPOK, 110 HEMOXKITH -
BO Y IOPOCJIiii TIOTYJISIIIl.

AiarHoctnyHuni anroputm ANCA-Heppury
y Aiten

CyyacHui1 minxin 6a3yeThcs Ha MIPUHILNIIL KOMOiHOBA-
HOI1 BepMiKallii: cepooTiYHNI CKPUHIHT Ja€ IIBUAKY Bifl-
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MOBiAb, a MOPMOJIOTisSs HUPKU — MPOTHO3 (3TiAHO 3 MiXKHa-
ponHumu pekomernauisimu EULAR/PReS) [38].

Eran 1. Ceponoriuna maHens (I®A na PR3/MPO,
HI®). 3rinHo 3 wmixHaponHum KonceHcycom (Revised
2017 International Consensus), 30JO0TUM CTaHIAPTOM
nepBuHHOI niarHocTuk ANCA-BacKyJiTiB, BUTICHSIIO-
Yy TpaaMIiiiHy HempsMy imyHodayopecteHuio (HID),
€ imyHodepmenTHuii aHainiz (IMA, ELISA). IDA nosBo-
JIsI€ KiUTbKICHO BU3HAYNTH KOHKpPETHI aHTUTiIa 10 PR3 Ta
MPO. lle mae nikapio ditke po3ymiHHs ceporuny (PR3-
ANCA+ a6o MPO-ANCA+), 1110 KpUTUYHO AJISI IPOTHO3Y
(six Mu Gauwiu Ha nipukiani peectpiB PedVas/ARChiVE).
HI® noxkasye nuiie tun cBiTiHHs (c-ANCA a60 p-ANCA).
Hanpuxknan, p-ANCA-CBiTiHHS MOXe OyTH XMOHOIIO3M-
TUBHUM TIPpU HAssBHOCTI aHTUHYKJIEApHUX aHTUTIT (ANA)
a00 aHTUTIN IO ejlacTa3u, WO AE30PiEHTYE KIIiHILMCTA.
CyuacHi I®A-Tectu TpeThoro rokosiHHs (anchor-ELISA)
MalOTh BUIIY YYTJIMBICTb i CIelU@iuHICTh MOPIBHSHO 3
HI®. Koncencyc 2017 poky CTBepIKY€E, 110 BUKOHAHHS
IDA na PR3 i MPO € nocrathim aist Bepudikariii ANCA-
BaCKyJIiTy 6e3 miarBepaxeHHs meTogom HID.

Eran 2. biomcis nupkm (3omotuii cranmapt). lLle
000B’SI3KOBUI eTan s Bepudikallil maBUUiMyHHOTO Xa-
pakTepy ypaxkeHHs. CBiTJIoBa MiKpOCKOITisl BUSIBJISIE CEr-
MEHTapHUII HEKpo3 KamiIspiB KiIyOouka Ta (hopMyBaHHS
eMiTeNiaJIbHUX <«ITiBMICSILiB», 110 3alOBHIOIOTH IIPOCTIp
kancynu boymeHa. ImyHodbyopeclieH11ist AeMOHCTPYE ro-
JIOBHY O3HAaKy — Bi/ICyTHICTb (00 MiHiMyM) eno3uTiB IgG,
IgA ta C3-dpakuii KoMmruieMeHTy. Lle miaTBepaxye rnaBim-
iMyHHUI1 MexaHi3M (Ha BiJIMiHY Bi BOBYaKOBOTO He(PpUTY
yn IgA-Hedpormarii). ExekrpoHHa MiKpOCKOTisi 103BOJISIE
BUKJIIOUUTHU CYITyTHIO MATOJIOTi10 0a3aibHUX MeMOpaH.

Eran 3. Ticromoriuna knacudikamis (Berden et al.)
Ilicnsgs oTrpuMaHHs OiomTaTy JliKap Ma€ BHU3HAUYUTU KJ1ac
(bokanpbHMii, KPECLIEHTHU, 3MilllaHUK a00 CKJIEPOTUY-
HUIi1), 110 J03BOJISIE MPOrHO3YBATU BMXKMBAHICTh HUPKMU:
dokanbHuit K1ac — 93 % BMXKMBAHOCTI HUPOK MPOTSTOM
5 pOKiB; CKJIepOTUYHMIA Kitac — jinie 50 %.

OcTaHHI JOCiIKEeHHSI TaKOX BUBYAIOTh CEYOBi 0io-
MapKepu (Hampukian, po3unHunii CD163) sk iHgukatopu
aKTHMBHOCTI 3anajieHHs y HupKax [39]. SIkiio Hemae MoX-
JUBOCTI IBUIKO 3poout IMDA, aje muTHHA Ma€e remMatypiio
Ta BUCOKUI KpeaTUHIH — OiOTICis Ma€e MpiopuUTET, OCKiJIb-
K1 MOp(oJIoriYHa KapTHHA <«IIiBMICSIIiB» 3a BiICYTHOCTI
NETIO3UTIB € MOCTATHBOIO JIJIST BCTAHOBJIEHHS JiarHO3y Ha-
BiTh mpu HeraTUBHUX ANCA.

[IpoTunoxkasaHHs 10 OiOICii HUPKU y AiTel MOAINSIOTH
Ha aOCOJIOTHI Ta BiTHOCHI. AOCOJIIOTHI: MOPYIIEHHSI 3rop-
TaHHSI KpOBi (HEKOPUTOBaHA KOATryJOoMaTisl, TSKKA TPOM-
oouurorneHist < 50—100 Tuc/MKIT); HasgiBHICTh JIMIIIE OAHI€ET
(byHKIIiOHYI0UOT HUPKU (BiIIHOCHE, aJie yacTillle yHUKalTh
yepe3 pU3MK BTPATU €MHOrO OpraHa); HEKOHTPOJbOBaHA
TsDKKa apTepiajibHa TinepTeH3ist (pU3uK MacUBHOI KPOBO-
Teui) [40].

BigHocHi: akTuBHUMI iH(EKIITHUI Mpolec Y HUpKaxX
(mmienonedpur); rimpoHedpo3, MOMIKICTO3 ad0 MyXJIUHU
HUPOK; aHATOMIYHi aHOMaJIii CyIuH HUPOK; TSLKKMIA CTaH
IUTUHU, 110 HE J03BOJISIE OE3MEYHO MPOBECTU ceaallito/
HapKo3.

IMpu HEMOXJIMBOCTI BUKOHAHHS OioIcii HUpKM (sKa €
30J0TUM cTaHnapToM) aiarHo3 ANCA-Hedputy BcTaHOB-
JIIOETHCSI HA OCHOBiI CYKYMHOCTiI CEpOJIOTIYHMX MapKepiB
Ta KJIiHiYHOT KapTuHu. CeposioriuHe MinTBepIKEeHHS MpU
boMy myxe BaxiuBe: mo3utuBHUN THTP ANCA (IDA) —
BUsiBIIeHHsI aHTUTT 10 PR3 a6o MPO y Bucokux Tutpax
Ha (OHI KIiHIKK He(pUTY BBAXKAETHCSI JOCTATHIM IS TTO-
YaTKy iHIyKIiHOI Teparrii.

V KpUTUYHUX CUTYyallisgX (HAIIpUKJIIaI, IIPU aIbBeOJIsIp-
Hill KpoBOTeui abo aHypii), Koau OiOMCil0 BUKOHATU He-
MOXJIMBO Ye€pes3 TSKKICThb CTaHy, MOYMHAKOTh eMITipUYHY
iHOyKUiiiHy Teparito (myabc-Tepamiss ['K). IIBuaka mo-
3UTUBHA BilIOBiAb (3HMKEHHST KpeaTUHIHY, TPUMTUHEHHS
KpOBOTEYi) MOOIYHO MiATBEPIXKYE AiarHO3 BACKYJIITY.

AvgepeHLiriHa AiarHocTuka

Kmouosi acriektn nopiBHssHHST ANCA-Hedputy 3
OCHOBHHMMM «MacKaMW» HaBeIeHO y Ta0. 4.

KoyoBuMu nudepeHiiaibBHUMU KPUTEPiISIMA Ha KO-
puctb aHTu-BMK (cmHmpom Iyamacuepa) € BiZMiHHICTB
mpu Gioricii HUpKU — JiHiiiHe BinknameHHs IgG B3moBxX
kamisipiB (mpu ANCA-HehpuTi Ieno3uTiB HeMmae) Ta
OinbpII OMMCcKaBUYHUM mepebir. KputepisiMu Ha KOpPUCTh
IgA-Backynity (nypmypa Illenneiitna — [eHoxa) — HasiB-
HICTh XapaKTepHOI eK3aHTeMU (MaJbIIyEThCS MypIlypa) Ha
HiXKax, a0IoOMiHaJIbHUI CUHIPOM, ITPU Oi0IICii — MacHBHi
neno3uty IgA B Me3aHrii. Ha KopucTh cMCTEMHOTO 4epBO-
Horo BoBuaka (CUB) — HasiBHICTb crienmdivHnX MapKe-
piB (ANA, anti-dsDNA, anti-Sm) Ta rimrokoMruieMeHTeMist
(uu3bkuit C3, C4). INpu ANCA-HedpuTi piBHI KOoMIuie-
MEHTY 3a3BUYail y HopMmi [41].

JwndepeHiiiiHe 3HaYeHHS MAa€ TaKOX CTaH CHCTEMM
komruieMmeHTy (C3, C4). lnsa mudepeHiaabHOI giarHOC-

Tabnuys 4. lNopiBHANbHA TA6IMLS TUMIB LUBUAKONPOIrPECYYoro riaoMepysioHedputy

O3Haka Tun | Tun I Tun
AHTU-BMK (l'ypnacuepa) IMyHOKOMMNEeKCHUM ANCA-acouiioBaHui
Mexariam AHTUTINA fo 6a3anbHoI Oenosutn IgA, IgG abo komn- | MaBumiMyHHUA (iIMyHHUX Oe-
MeMbpaHu Kancyrn NeMeHTy No3uTiB MawXe Hemae)

Mypnypa LWeHnenHa — le-

Mpuknagn Cwvngpom MNygnacyepa HOXa, BOBYaKOBUIN HEPUT, IMA (Berenepa), MINA, EITIA
nocTtctpentokokosun M

Ceponoris AHTU-BMK aHTuTina (+) Stanornn S9/CA ieona(y) | ANCA (+) (PR3 a6o MPO)

Creumdika y aiTeil | 3ycTpidacThes BKpaii pinko HarnbinbLw nowmpeHun tmn y PigkicHnin, ane Han6inbLL

H YA yerp pan pia negiatpii OECTPYKTUBHUN
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TUKU ypaxkeHb HUPOK Yy HiTel 1 MapKepu T03BOJSIOTH
BinpisHuT ANCA-HedpUT Bin iMyHOKOMIUIEKCHUX 3a-
xBoproBaHb (CUB, nocrcrpenrtokokopuii 'H) abo aHTH-
bMK-xBopobu (Tab. 5).

[Mpu ANCA-HedpuTi akTuBallisi KOMIUIEMEHTY Bil-
OyBa€ThCSl aJIbTEPHATUBHUM IILISIXOM Oe3IM0oCepeHbO Y
TKaHWHaxX, ToMy piBeHb (pakiiiii C3 Ta C4 y cucreMHOMY
KPOBOTOLIi 3a3BUYAil 3AIMIIAETHCS Y MexXax peepeHTHUX
3HaueHb. OTXe, KO y IUTUHU 3 TeMaTYPi€l0 Ta BUCOKUM
KpeaTMHiHOM BusBIeHO Hu3bKuii C3, ciim Hacammepen
OyMaTd PO JIOIyc-HePpUT abo IOCTCTPENTOKOKOBUIA
T'H, a He mpo ANCA-Backyit [42].

AHTunykieapHi antutiza (ANA) i anti-dsDNA € 30510-
TUM cTaHIapTOM 1jis1 BUKtoueHHst CUB. Y niteit BoBuako-
Buii Heput Moxke imityBati ANCA-HedpUT 3a KITiHIKOIO
(1IBUIKE 3pOCTaHHS a30TeMii), MPOTe HasIBHICTb BUCOKOTO
TuTpy ANA Ta rinoKoMIJIeMEeHTeMil 4iTKO BKa3ye Ha iMy-
HOKOMIUIEKCHUI XapakTep xBopoou (tun I1 3a knacudika-
uiero LLTITH).

AHTUTINIA 10 Oa3aibHOI MeMOpaHU KJIyOOuKiB (Anti-
GBM) e mapkepom cuHapomy I[ymmacuepa. AntTn-bMK-
xBopoba (abo xBopoOa aHTUTII IO Oa3abHOI MeMOpaHU
KJITy0OUKiB) — IIe BKpali piIKiCHe if arpecBHe aBTOIMyHHE
3aXBOPIOBAHHS, 110 ypaXka€ HUPKU Ta JIETeHi.

OpraHiaM IUTUHU TOYMHAE BUPOOIATU crerudiu-
Hi aBroaHTUTiNa (anti-GBM) mpoTu BiaacHoro koJjare-
Hy IV Tumny, siKuii € OCHOBHUM «KapKacoM» 06a3ajlbHOI
MeMOpaHM KamiisIpiB y HUpPKaxX i ajdbBeosiax JieTeHb.
TomoBHi BigMmiHHOCTI Bim ANCA-BackyJiTy: aHTUTiNa
BKPHUBaOTh MEMOpaHY CYLiJIbHUM IIapoM, 110 Tpu 6io-

Tcii Jae xapakTepHe JiHiliHe c¢BiTiHHA 1gG; anTu-BMK
3a3BMYail MpoOrpecye 3HAYHO ILIBUJIIE Ta XOPCTKillle,
Hixk ANCA-Backysit. Lle 3axBoproBaHHSI € TOJIOBHUM
«KOHKypeHTOM» ANCA-HedpuTy B AiarHOCTUII IIBUI -
KOTIporpecyrJoro riiomepyiaoHedputy. OCKiabKM aHTH -
BMK-xBopob6a nmoTpebye HeraiiHOro BUIAJeHHSI aHTH-
TN i3 KpoBi (Tnazmadepes), aHaniz Ha anti-GBM wmae
OyTH 3pO0JIeHUIT yXKe mepioi 700U rocmiTanizaiii pazom
i3 ANCA-nanemno [43].

Y 10—40 % BumankiB y AUTUHU MOXYTb OJHOYACHO
BusgBUTH i ANCA-, i antu-bMK-anturina. Lle HaitTsokua
KaTeropis mnaili€HTiB, sika ITOTpedy€e HeraitHoro ria3madge-
pe3y [44].

Hudepenuiiini kpurtepii ANCA-Hedputy il imyHO-
KOMIUTIEKCHHUX TJIOMEPYIOHEe(MPUTIB MmoJaHi y TaoJ. 6.

[Tpu IgA-Backyniti (mypnypa Llenneiina — IeHoxa)
ypaxkeHHsI HUPOK 3a3BUYaii MEHIII arpecuBHe (piflie Bu-
HMKAIOTh «IIiBMicslli»). [oJ10BHA BiIMiHHiCTb — Ipu 6io-
TICii HUPKM BUSIBJISIIOTH MacHUBHi BimkiageHHs [gAl, Tomi
sk ipu ANCA-HedpuTi ix Hemae.

CUYB maGopaTopHO 3aBXOU CYMPOBOMIKYETHCS TillO-
koMIuieMeHTeMielo (Hu3bKi C3 ta C4 yepes iX CIIOXXMBaH-
HSI KOMIUIEKCaMM) Ta HasSBHICTIO crielU(iYHUX aHTUHY-
KieapHux aHTuTi. biomcia mokasye kaptuny Full house
(Bci KJ1acM iMyHOTJIO0YJTiHiB MPUCYTHI B HUPLIi).

BaxkiuBo mam’satatu, 110 SIKIIO Y IUTUHU 3 He(PUTOM
HOpMaJibHUii piBeHb KoMruiemMeHTy C3/C4 Ta HeraTwBHi
ANA, iimoBipHicTs ANCA-BacKyJliTy 3pOCTa€e B pa3u, Ha-
BiTh SIKIIIO CUCTeMHi nposiBu (Bucun uu JIOP-marosorist)
1IIe BiICYyTHI.

Tabnuys 5. JlTaboparopHi mapkepu angepeHuialii LUBUAKONPOrpecy4Yoro riaoMepysioHe@dpuTy

MocTcTpenToKoKoBUM AHTU-BMK
Mapkep ANCA-Heput c4yB rH (Fyanacuepa)
C3- i CA-KOMMNEMEHT Hopma 3HWxeHi (cnoxueaH- | 3HmxeHnin C3 (_C4 4acTo Hopma
HSl KOMMNIEMEHTY) y HOpMI)
ANA/anti-dsDNA HeraTtusHi |-|O3I/ITVI.I::-II_S)3I/ICOKMVI HeraTtusHi HeraTuHi
MoxyTe Gyt (+) HeratuBHi (3a-
ANCA (PR3/MPO) [Mo3uTnBHI npw nronyc-HepuTi HeraTuBHi o
: 3BUYan)
(piako)
Antn-BMK (anti- HeraTusHi HeraTusHi HeraTuBHi Mo3nTuBHiI
GBM)
ACJ10O (ASLO) Hopma Hopma MNigsrLweHni Hopma

Ta6aunuys 6. MNMopieHaHHa ANCA-HegdpuTy 3 iMyHOKOMIMIEKCHUMU rJioMepy/IoHeppuTamu

O3Haka ANCA-acouivioBaHun 'H

IgA-Backynit
(WennenHa — leHoxa)

BoByakoBui HeppuT
(C4B)

MaBumimyHHWI (NpsmMa aTta-

Mexaniam (CHCC 2012) Ka HeTPOLINiB)

IMyHOKOMMNEKCHUI (feno3u-

IMyHOKOMMNIIEKCHUI (Aeno3u-

™ IgA) T Full house)

BincyTHicTb 260 MiHIMYM Ig i

IMyHObnyopecLeHLis KOMIMTIEMEHTY

MacvBHe cBiTiHHSA IgA B
mMesaHrii

CaitiHnsg IgG, IgA, IgM, C3,
Ciq

KomnnemeHT (C3, C4) Hopma

3asBuyan HopmMa Pi3ko 3HMXeHi

JIOP-opraHu, nerexi, HEKpo3

CucTemHi npossu
CyAvH

«MeTenuk» Ha o0bnuyi, ce-
po3uTn, hoToceHcubinizauis

ManbnyeTtbes nypnypa, ap-
Tpanrii, 6oni B XXUBOTI

CneundivHi mapkepu ANCA (PR3/MPO)

CrieumndivHmx mapkepis

. ANA, anti-dsDNA, anti-Sm
KpOBi Hemae
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CyyacHa cTpareris AiKkyBaHHS
TQ CroCTepe’KeHHs

3rimHo 3 onoBieHMHU HacTaHoBaMu KDIGO 2024, te-
paneBTUYHA CTpaTerisi CIIpsIMOBaHa Ha IIBUAKY iHIYKIIiIO
peMicii 3 MiHiMiZalie no3 raokokoptukoiniB (I'K). IH-
MyKI1Iist pemicii mojsirae y KoMmOiHatii: putykcumad (RTX)
a6o nukinodocdamin (CYC) y noenHanHi 3 'K.

VY nmopociux TokKa3aHo e(peKTHBHICTh BUKOPHUCTAHHS
aBakoraHy (iHrioiTop pememnropa C5a) sIK crepoim-30e-
piratoyoi Teparii, sika J03BOJISIE 3HAYHO 3MEHIIIUTH eKC-
nosuuiro I'K. Ilmasmagepe3 Hapasi pekoMeHIOBaHUIMA
JIMIIE TP TSLKKiiE HUPKOBiil HEMOCTaTHOCTI (KpeaTHHiH
> 500 MKkMOJIb/J1) a00 3a HAsSIBHOCTI JIET€HEBOI KPOBOTEY.
IlinTpuMyBabHa Tepallisi: pUTYKCHMMa0 € IpernapaToM BU-
06opy sl podiNakTUKK PeLMINBIB Y AiTeii [45].

Cnenudika 1o3yBaHHs TpenapartiB y JiTeil HaBeaeHa y
Tad1. 7.

CyuvacHa crpateris jgikyBaHHSI ANCA-HedpuTiB y mi-
Teil 0a3yeThCsl HA TAKOMY MPUHIIMIT: MaKCMMaJlbHa iMyHO-
cympecisi Mpu MiHiMaIbHINM CTePOiAHIl TOKCUYHOCTI. 30-
JIOTUM CTaHIAPTOM IHOYKIIii peMicii y miTeil 3aIuIIaeThbCs
KOMOiHAaIIisI TIIOKOKOPTUKOIAIB 3 pUTYKCHUMaOoM abo I~
kiaodochamigom. Crepoin-36epiratoua crparteris iHIyKIil
y niteii 6asyeTbcst Ha rnpotokoiax EULAR/PReS i mae
TaKU BUTJISIA:

Memuanpednizonon (mynbc-tepamist): 10—30 wmr/kr
(makcumym 1000 mMr) B/B IpoTSIrOM 3 IHIB MOCITiJIb.

Pumykcuma6 (RTX): npioputetHuit st piteit. [lo3za:
375 mMr/m? moBepxHi Tifa 1 pa3 Ha TUXKIEHb MPOTITOM 4
TIKHIB (2060 750 MT/M? IBidi 3 iHTepBaJIOM Yy 2 THUXHI).

Huknogocgpamio (CYC): BUKOPUCTOBYETHCS TIPU HE-
MoxxmBocTi RTX. Joza: 500—750 mr/m? B/B KoxHi 2—4
TIKHI (MakCHMajbHAa KYMYJISITUBHA 11032 HE Ma€ Tepe-
pumyBatu 10 T o1 3amoObiraHHsS TOHAZOTOKCUYHOCTI).
KinbKicTh LMKIIB 3a3BMYaii CTAHOBUTh 3—6 iH(DY3iit 10
IOCSITHEHHSI peMicii, IicJIsl Yoro — HeraliHuii mepexia Ha
OiATpUMYyBaJbHY Tepalrito (a3zationpuH). Y meniatpii Mu
HamaraeMocsl He mepeBuilyBatu 6—7,5 r/m? 3a BeCh Mepi-
o1 JiKyBaHHs. Y mimmiTkiB nepen moyarkom Tepamnii CYC
(SIKIIO A03BOJISIE Yac) il 0OroBOPUTH KPiOKOHCEPBALlito
CTaTeBUX KJITUH a00 BUKOpUCTaHHSI aroHictiB [HPT mis

3aXUCTY SIEUHUKIB [46]. s 3amobiraHHs reMopariaHoMy
LIMCTUTY (Yepe3 BIUIMB METa0OJITy aKposeiHy) PEKOMEH-
NIYETHCS BUKOPUCTAHHSI MECHU (2-MepKanToeTaHCyIb(ho-
HaT HaTpilo) mia yac iH(y3ii it arpecuBHa rigparanis (He
MEeHIIe HiX 3 J1/M? Ha 100y) Ticis iHdy3il mpenapary.

V cygacHoMy nipotokoii KDIGO 2024 i pekomeHaari-
ssx EULAR/PReS CYC nepemicTuBcs 3 M03ULlii 30J10TOr0
craHgapTy Ha edekTuBHY ansrepHatuBy RTX. 3acrtocy-
BaHHs UMKiIodochaMiny y aiTeil moTpedye CyBOpOro Io-
TPUMaHHS MPOTOKOJIiB BHYTPIITHLOBEHHOI ITyJIbC-Teparil
IJI MiHiMi3alil KyMyJsSITUBHOL JO3M Ta 30€peXeHHsS pe-
MPOAYKTUBHOTO 310poB’s [47].

[Ticnsa mynbc-Tepanii METUIPEAHI30JJOHOM MMpU3HaYa-
€TbCSI NpedHiz040H (a00 METUIIIIPEIHI30I0H MEPOPaIbHO) Y
no3i 1 Mr/kr/moby (MakcuMyM 60 mr). OCKiTBKY CTepOinHa
TOKCUYHICTb (3aTpUMKa POCTY, OCTeONopo3, cuHApoM Ky-
IIWHTA) Y IiTell € 3HAaYHO HeOe3IevHilllo, HiX y J0poc-
ymx, cydacHuii minxin 3a KDIGO 2024 ta mocmimkeHHS
PEXIVAS HamonsiratoTb Ha BUKOPUCTAHHI CXeMU Majlux
1103. 3riHO 3 MPOTOKOJAaMHU, TIepeXil Ha HU3bKOI030Bi pe-
JKUMY TIEpOPATbHUX TIIOKOKOPTUKOIIB (JOCSITHEHHS 031
5 Mr/mo6y no 12-ro TUXKHS) T03BOJISIE 3MEHIITUTH TOKCHUY-
HICTh Teparrii, 30eperTd pOCTOBMII IIOTEHIiaJl AUTUHU,
3HU3UTU PU3MK iHPEKLINHUX YCKIaaHEeHb, HE 3HIXKYIOUU
MpU 1IbOMY €(PeKTUBHICTb iHAYKIIii peMicii. ¥ Tabi1. 8 HaBe-
JIEHO OPiEHTOBHUI IpadiK 3HUXKEHHS J03U TJIIOKOKOPTH-
koinis. [ToBHa BinmiHa 'K MoxkiuBa uepe3 6—12 micsuis,
SKILIO Malli€eHT MepedyBae Ha CTAOUIbHIN MIATPUMIL PUTYK-
cuMabowm [48].

OnHUM i3 HaBaXJIMBIIIUX TOCSITHEHb OCTaHHIX POKIB
y nikyBaHHi ANCA-HebhpuUTy CTalo BIIPOBAKEHHS PEXU-
My reduced-dose steroids, 0OTpyHTOBaHOTO pe3yjibraTaMu
HalOiIbIIOro pa”momizoBaHoro mociimkeHHsT PEXIVAS
(2020). ¥V mocaimKkeHHi IMOPiBHIOBAIM CTaHAAPTHUI IIPO-
tokoia 'K i3 pexxuMom 3HMKeHUX 103 (IIBUIKE 3HUKEHHS
no3u Ha 50 % Bxe m0 12-Tro THKHS JIiKyBaHHs). Bysio 10-
BeIEHO, 110 PEXUM 3HUKEHUX 103 HE TIOCTYITA€ThCS CTaH-
JIapTHOMY Y IOCSITHEHHI peMicii Ta 3aro0iraHHi TepMiHalb-
Hilf HUPKOBil HEMOCTATHOCTI. ¥ IPyIli HU3bKUX 103 PU3UK
PO3BUTKY CEpilO3HUX iH(EKIIiil TTPOTITOM MEepIIOro PoKy
Teparnii 6yB Ha 40 % Huxxuwii [49].

Tabnuuys 7. Cxemu fo3yBaHHs npenaparis npyu ANCA-vegpuTi y giten

Mpenapat

PeXum fo3yBaHHS Ta KpaTHICTb

MakcumanbHa fo3a, NPUMITKU

MeTnnnpenHi3onoH (/B

nynbc-Tepanis) nocnine

10-30 mr/kr Ha goby npoTsarom 3 oHIB

Makcumym 1000 mMr Ha ogHe BBefeHHs. Mpo-
BOAMTLCA Y cTauioHapi nig koHTponem AT

MpepHi3onoH (nepoparsb-
HO) npunomm)

MoyaTkoBa fo3a: 1 Mr/kr Ha goby (y 1-2

Makcumym 60 Mr Ha o6y. SHVKEHHS [O3M
(tapering) oo MiHimanbHoi 3a 3—6 MmicAuiB

Putykcumab (RTX)
iHTEpPBaoOM 2 TUXHI)

375 Mr/m2 B/B LLOTUXHSA (BCbOro 4
iHy3ii) ABO 750 mr/m? (aBi iHDYS3IT 3

Mpenapat Bnéopy ans sd6epexeHHsa depTusb-
HOCTI (He Mae roHagOTOKCUYHOCTI)

Linknodocamig (CYC) k)

500—750 Mr/m? B/B KOXHIi 3 TUXHi (Ln-

MakcumansHa KymynaTmueHa gosa < 10 .
KoHTponb nenkouuTie Ha 10—14-1 geHb nicna
BBE[EHHS

ABakonaH (iHri6iTop

C5aR) > 40 Kr)

30 mr gBivi Ha o6y (aiTM > 12 pokiB i

[o3Bonsie NOBHICTIO BiMOBUTUCS Bif opalb-
Hux 'K 4yepes 4—-8 TnxHIB

AzaTtionpwvH (nigTpymy-

BanbHa Tepanis) 2 mMr/kr Ha poby nepopanbHO

MoumHatoTb Micna JOCArHEHHS peMicii (3a3Bu-
Yyar yeped 3—6 Mic. Bif No4aTkKy)
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Otxe, KJIIOYOBI MPUHLMIIM MiHiMi3allii TOKCUYHOCTI
MaTOreHEeTUYHOI Tepallii y IemiaTpii: IBUIAKE 3HWXKEHHS
I'K, ayse 3a yMOBM anekBaTHOI IHAYKIii PUTYKCMMaOOM
(RTX). Came RTX no3BoJsie 3a6patu cTepoian 6e3 pusu-
Ky HEraifHoro peluauBy; 0OOB’SI3KOBUI 3aXUCT KiCTOK —
NpU3HaYeHHs BiTaMiHy D, Ta pernaparis Kablilo Ha BECh
nepioa nipuiiomy 'K (> 5 Mr); KOHTpOJIb POCTY IUTUHU:
nemiaTp Ma€ moMicsig (GiKcyBaTH 3picT AUTUHM Ha LIEH-
TbHuX Taommusgx. [Ipu 3acTtocyBanHi Bucokux mo3 'K i
LUTOCTATUKIB OOOB’SI3KOBO IIpM3HAYATU IPOQIIaKTUKY
MHEeBMOILIMCTHOI ITHEBMOHIi (KO-TpMMOKCA30J1) Ta 3aXUCT
cn3oBoi o0ooHkM nutyHKa (IT1IT) [50]. InapuBigyaabHMit
MiAXia 3aMUIIAEThCS, KO Y IMTUHU 30€pira€TbCs akTUB-
Ha remaTtypist a6o 3poctae TuTp ANCA Ha 8—12-My THXKHI,
TemI 3HKeHHs 'K Moxe OyTu CIOBUIbHEHU, ane meTa
3IMIIAETHCS HE3MIHHOIO — MiHiMi3allisl CTepOITHOro Ha-
BaHTaXXeHHS. SIKIIIO KpUBa POCTY «IUIaTO» — 11€ CUTHAJ 10
npuckopeHHs BigMinu ['K.

Hocnimxennsi PEXIVAS (Plasma Exchange and Glu-
cocorticoids in Severe ANCA-Associated Vasculitis) — 11e
HaMOiJIbIIIe 0araToLIeHTPOBE PaHIOMi30BaHE BUIIPOOYBaH-
H# B icTopii BuBueHHS AAV, pesynbratu sikoro (2020 p.) mo-
kopiHHo 3miHuu npotokoiu KDIGO it EULAR/PReS.

Ho PEXIVAS BBaxanocs, 1o 1ua3madepe3 €
000B’SI3KOBUM IIPU TSKKOMY YpakKeHHi HUPOK (KpeaTHHiH
> 500 mkMouib/). JlocaiakeHHS ToKa3ajio, 1110 J0JaBaHHSI
rutazMadgepesy 10 CTaHAAPTHOI Teparii He 3HUXYE PUZUKY

CMEPTHOCTI a0 PO3BUTKY TepMiHAJIbHOI HUPKOBOI HEIO-
CTaTHOCTI y JOBrOCTPOKOBilt nepcnekTusi [51]. Y neniatpii
masmadepes 3aMUIIATh JUILLE AT BUMAAKIB MOABIAHOT
no3utuBHocTi (ANCA + antu-BMK) a6o npwu 3arposinu-
Bili JJ1S1 )KMTTSI aIbBEOJISIPHIT KPOBOTEYi.

Etanu cryninuyactoi tepamnii ANCA-HedpuTiB y mi-
Tei 3rimHo 3 octaHHIMU pekoMeHnaiisimu (KDIGO 2024,
EULAR/PReS, PEXIVAS) cucremaruzoBaHo y Tadn. 9.

HogiTHii1 ipenapat aBakoIiaH (IepopajbHUI1 iHTi0i-
top C5aR1) moka3aB BUCOKY €(peKTUBHICTh Y JOPOCIHX i,
IO CYTi, pO3moYaB HOBY epy 0e3CTepoimHOoi iMyHOCympe-
cii. Bin mo3Boussge 3aMeHIMTH 103y opaiabHux I'K Ha 60—
100 %. Y nopocnux 3 pLIK® < 20 mi/x8/1,73 M? Tepanist
aBaKOIIaHOM Yy NOCJiIKeHHi «ABakomaH ISl JIiKyBaHHS
ANCA-acouiiioBaHoro Backynity» (ADVOCATE) npu-
3Besia 10 30itbimeHHs plUIK® Ha 16,1 mi/x8/1,73 M? Ha
52-My THXHI, 0 Ha 8,4 Mi1/xB/1,73 M? Gisbllle, HiXX y TPY-
i mopiBHSIHHSA. [lesiKi aBTOpU NiJIAThCS YCITIXOM OO BU-
KOpUCTaHHs y MiIiTKiB (Big 12 pokiB Ta Barot > 40 Kr):
30 Mr 1Bidi Ha 106y [52]. Vloro BUKOpUCTaHHS y memiaTpil
Hapa3i oOMeXXeHe BIACYTHICTIO 3aBepIICHUX KIIIHIYHUX
BurnpoOyBaHb da3u 111 y miteit, ase HAIIpSIMOK TOCITiI>KeH -
HsI € TIepCIIeKTUBHUM. Ta MOKM 110 3aCTOCYBaHHS Tpera-
paty ABakoIlaH y MeaiaTpUyHill MpaKTUIli MOXJIMBE JIUIIIe
y BUHSITKOBUX BUIIAJIKaX 3a PIlIEHHSIM €TUYHUX KOMITETiB
Yy BEJIMKMX CBITOBHUX LIEHTPaX MpPU HENEPEeHOCUMOCTI CTe-
poinis.

Ta6anus 8. OpieHToBHMI rpagpik 3HMKEeHHSI 403U IJTIIOKOKOPTUKOIAIB Ans aitei

(3a macolio Tina)

TepMiH Big no4yaTky

[o3a npeaHi3onoHy (Mr/Kr/po6y)

LinboBa po3a pgnsa gutnHn 30-40 kr

TwxpgeHb 1-2 1,0 mr/kr 30-40 mr
TuxpeHb 3—4 0,5-0,75 mr/kr 20-25 mr
TwxpeHb 8 0,25 mr/kr 10-12,5 mr

TwxpgeHb 12 (3 mic.)

0,1-0,15 mr/kr

5 mr (cpisionoriyHa [o3a)

Micsaub 6 Cnipo6a noBHoI BigMiHM a6o 2,5 Mr Mpw cTabinbHOCTi Ha pUTYKCMMaObi
Tabnuys 9. CyyacHuii npoTokos ctyniHyacToi Tepanii ANCA-HegpuTty y piteii
. . : . O6rpyHTyBaHHs (PEXIVAS/
ETan Tepanii Mpenapart i pexxum po3yBaHHA | LlinboBa po3a i TepmiHu

KDIGO)

MeTunnpenHi3onoH B/B

Mynbc-iHpyKuisa 10-30 Mr/kr/poby (Makcmym

LLiBnake KynipyBaHHs «LUTO-

3 OHi nocninb :
KIHOBOrO LUTOPMY»

1000 wmr)
MepopankHuii cTapT MpepHizonoH 1 mr/kr/poby (ne- | MakcumyM 60 Mr (TUXKHI Hep?X|n Ha nepopanibHi
popanbHo) 1-2) npuinom nicnsa nynbc-Tepanii
LLIBMOKe 3HMXEHHS 3HWXeHHs fo3un Ha 50 % Big no- | 0,5 Mr/kr/goby (o KiHus | 3MEeHLLEHHS paHHBOro pu3u-
(Reduced-Dose) 4aTKOBOI [0 4-ro TUXHS 1-ro micaus) KY TSXXKKUX iHdpekUir Ha 40 %

HocsrHeHHs goau 5 mr/go6y
(a60o 0,1 mr/kr)

MiHimizauisa (ctepoig-
36epiraHHs)

Crpareris PEXIVAS: nosepe-
Ha 6e3neKka Ta 36epexeHHs
pOCTOBOro noTeHuiany

o 12-ro TwxHa (3 micsaui)

Putykcumab 375 mr/m? (a6o

BionorivyHa niaTpuMmkKa 500 mr (biKC.)

OCHOBHWI areHT, Lo J03BO-

KoxHi 6 micauis o
° 6 micsy nse 6e3neyHo BigMiHUTK K

MpunuHeHHs npuitoMy npea-

[NoBHa BigmiHa K .
Hi30NOHY

3a yMOBM CTIliKOI KniHi-
KO-nabopaTopHOI pemicii
(BVAS = 0)

6—12 micsauiB Big novaTky
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Kpurepii pemicii ANCA-Hegppury y Aiten
TA NiATOUMYBAABHQA TEPArIs

Pewmicia npu ANCA-acoliiitoBaHOMY BacKYJIiTi TOmiIsI-
€ThCS HA TIOBHY Ta YaCTKOBY.

[ToBHa pewmicis XapaKTepU3yEThCS: BIACYTHICTIO KJIi-
HIYHMX TIpOSIBIB CHCTEMHOTO BacKymiTy (3a IIKaJIolo
BVAS = 0); nopmarnizawieio abo crabimizamiero GpyHKIIii
HUPOK (KpeaTWHiH y MexXaX BiKOBOI HOPMH); BiICyTHiC-
TIO aKTUBHOTO CEYOBOIO ocamy (reMaTypii), IpoTeiHypis
< 0,2—0,5 t/mo6y; Hopmamizanielo TutpisB ANCA (PR3/
MPO).

YacTKoBa peMicisi KOHCTaTyeTbCS: MPU 3HUXKEHHI aK-
TUBHOCTI 3a 1ikajaoo BVAS Ha > 50 %; crabinizatii abo mo-
JlinieHHi QyHKIii HUPOK, aje 3 HAsSIBHICTIO 3aJUIIKOBOI
MpoTeiHypii a0 MikporemaTypii.

BaxaMBO TakoX pO3yMiTH, IO TO3UTUBHUN TUTP
ANCA (PR3/MPO) nipu BincyTHOCTI KJIiHIKM He 3aBXIU
O3Hayva€ pelyauB, IPOTEe BUMATa€e peTeJIbHOTO MOHITOPUH-
TY, OCKiJIbKM PU3MK 3aTOCTPEHHS Yy TAKUX JiTeid BUIumii [53].

ITicast mocsiTHeHHST IHAYKIIIT pemicii (3a3BuJaii uepe3 3—6
MICSIIB Bif ITOYATKY JIIKyBaHHSI) IUTHMHA MAa€ OTPUMYBATHU
MiITPUMYBaJIbHY TePAIIiio 1T 3aIT00iraHHS peLIINBaM.

Bubip nmpemapaty ns miaTpuMyBajbHOI Teparltii 0a3y-
€ThCA Ha akTyaJabHux pekoMeHaauisx KDIGO 2024 ta me-
niatpuuHux rpotokoiax EULAR/PReS (ta6i. 10).

TpaguuiiiHo azationpuH (AZA) OyB 30J10TUM CTaHIap-
ToM micas iHayKuii mukinodocdaminom. IMpore ocraHHi
nocmimkeHHs1 (3okpema, RITAZAREM, 110 oxorumoBaio
miaTiTKiB) noBenu nepeary putykcumady (RTX) y 3aro-
OiraHHi pelyIMBaMm.

Putykcrmab BUSIBUB BUIIly €(DEKTUBHICTh y TIAIIEHTIB
3 PR3-ANCA-M03UTHUBHICTIO (CXWJIBHUX /10 PELUAUBIB).
BincyTHicTh mIOAEHHOTO IpUItOMY TaOJETOK ITiIBUIILYE
KOMILIA€HC Yy MiMTTKIB. CxeMa miaTpuMyBaJIbHOI Tepartii:
500 mr (a6o 375 Mr/m?) KoxHi 6 MicaliB rmporsrom 18—24
MmicauiB. OO0OB’I3KOBUM € KOHTPOJIb PiBHsI B-miMdonuTiB
(CD19+) ta imyHorno0yniHiB IgG nepen KOXXHUM BBEIEH-
HsIM (pU3UK rinorammario0yiinemii). [pu 3HmxenHi IgG
< 3—5 r/n1 po3rasiHaEThCs MUTAHHS TIPO 3aMiCHY Tepariito
BHYTPILITHBOBEHHUM iIMYHOIJIOOYJIIHOM a00 BiACTPOYKY
yeproBoi no3u RTX. Yci miaHoBi nieruieHHs1 (0co0aMBO

JKMBUMM BaKLIMHAMM) MalOTh OYyTH 3aBeplIeHi A0 MOYaTKy
iMyHocCyIpecii abo BiIKJIageHi 0 MOMEHTY BiTHOBJIEHHS
nyay B-kiaitun (CD19+). Ipu 3nuxenHi IgG < 3—5 r/a
PO3IISIAAETHCS TUTAHHS MPO 3aMiCHY Teparilo BHYTpIlll-
HbOBEHHUM IMYHOIJIO0YJIiIHOM a00 BiICTPOUYKY 4E€proBoi
nmo3u RTX [54].

A3zaTionpuH CTaB pO3MISAATUCS K ajbTepHaTUBA MPU
HertepeHocuMocTi RTX a6o oomexeHomy O0romkeTi. o3y-
BaHHS ISl IATPUMYBaIbHOI Tepartii: 2 Mr/Kr Ha n1o0y. [le-
pen movyaTkoM 6axkaHo MTPOTECTYBaTU aKTUBHICTb (pepMeH-
Ty TPMT (TiomypuHMmeTunaTpaHcdepasn), 1100 YHUKHYTH
¢aTaabHOI MPUTHIYEHOCTI KiCTKOBOI0O MO3KY [55].

CKinpky TpuMaTu pemiciro? st giTeit muTaHHS TpU-
BJIOCTi € MUCKYCIMHUM 4yepe3 pU3MK iH(eKIIil i BIIMB Ha
pict. CTaHAapTHUI TepMiH He MEHIIE HixX 24 Micsi micst
JIOCATHEHHS MOBHOI KJIiHiKO-J1abopaTtopHoi pemicii. [Tpo-
JIOHTOBaHa Tepartist (1o 3—5 pokiB) peKOMEHI0BaHa JiTIM
i3 BucokuM TuTpoM PR3-ANCA Ha MOMEHT 3aBeplIeHHS
CTAaHIAPTHOTO KYPCY, TSDKKUM YPasKeHHSIM JIETeHb B aHAM-
He3i, HasIBHICTIO PEeLIUAUBIB y MUHYJIOMY.

[lix yac minTpmMmyBaiabHOI ha3u memiaTp Ma€ KOHT-
pOJIIOBATU: CEYOBMIT ocas (ITOsiBa HaBiTh MiKporeMarypii —
nepiuunii curdan Tpusorn); TuTp ANCA (cTpimMKe 3poc-
TaHHS TUTPY, ocobaruBo PR3) yacto nepenye xiiHivHOMY
peuuauBy 3a 1—3 Micslli; piBeHb B-kiiTuH (iX BiTHOBIEH-
Hs1 'y KpoBi Ha ¢poHi RTX Moxke cBiquuTH Mpo 3aBeplieHHSs
Iii mpemnapary Ta pU3MK 3arocTpeHHs) [56].

lporHo3 Ta BiaAaneHi HacAiaku ANCA-Heppury
y Aiten

be3 nikyBaHHs JetanbHicTh mocsirae 90 %. Ilompu
3HAYHI ycmixu B iMyHocymnpecuBHilt Tepamii, ANCA-
acounilioBaHNI He(PUT 3aIUIIAETLCS CEPUO3HUM BUKIIM-
KOM [IJ151 IOBTOCTPOKOBOTO MPOTHO3Y.

[Ipu cBoevacHiit Teparii 5-piyHa BIKMBaHICTh HUPOK
craHoBUTh 0sin3bKo 80 %, mpote 20 % nallieHTiB moTpe-
OyIOThb Aiajizy abo TpaHCIUIaHTAllil MPOTIroM 5 pokiB. ¥
6u3bK0 25—40 % miteit mpotsiroM 5—10 pokiB miciist BcTa-
HOBJIEHHS J[iarHO3y PO3BUBAETHCS XPOHIYHA XBOPOOA HU-
pok II1—-V craniit. Haliripiumii mporHo3 MaroTh Naui€eHTH
3i CKJIEPOTUYHUM KJ1acoM 3a Berden (pu3uK TepMiHaJIbHOT

Ta6nuys 10. Ctparerii nigTpumyBanbHoi Tepanii ANCA-acouirioBaHux HegpuTiB y giten

Mpenapar

[lo3yBaHHSA Ta pexum

TpuBanictb Ta yMOBU

lMepeBaru Ta 3acTepexeHHs

Putykcumab (RTX) —
npenapar Bubopy

500 mr (a6o 375 mr/m2)
B/B KOXHi 6 MicauiB

18-24 wmicaui nicna gocsar-
HEHHs1 NMOBHOI peMmicii

Hareuwa edektmBHicTb ansa PR3-
ANCA(+). 36epirae dpepTUNbHICTb.
Motpebye koHTponio IgG Ta CD19+

AzaTtionpuH (AZA) —
aneTepHaTuBa

1,5-2 Mr/kr Ha poby
nepopanbHO (LLOAEHHO)

He meHLwwe Hix 24 micsui.
[MouaTok 4yepes 2 TUXHI
nicnst OCTaHHbLOI J03M
uuknodocdamigy

HocTynHicTb. [NoTpebye KOHTPOso
3AK (pn3unk nevkoneHii) Ta neviHko-
BUX Npo6. BaxkaHnn TeCT Ha aKTUB-
HicTb TPMT

MpenHi3onoH (HM3bKi
[o3n)

MocTynoBe 3HWXEH-
Hs 0o 5 Mr/no6y (a6o
0,1 mr/kr)

[NoBHa BigMiHa oo 6—-12
MicaLiB NiATPUMYBanbHOI
hasu (3a ymoBM cTabinb-
HOCTI)

MpiopuTteT y nepiatpii — MiHimi3auis
'K gna 3ano6iraHHsA 3aTpuMLi pocTy
1 0CTEoNnopo3y

MikobeHonaty mode-
Tin (MM®)

600 mr/m? oBa pasu Ha
[o6y (makcumym
2 r/poby)

BukopucToByeTbCs npum
HenepeHocumocTi RTX Ta
AZA

MeHLua etpeKTUBHICTbL Y 3anobiraHHi
peumameam nopisHAHO 3 RTX
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HUPKOBOI HEIOCTaTHOCTI > 60 %) Ta MOYaTKOBO HU3HKOIO
LIBUAKICTIO KIIy6oukoBoi (inbrpauii (IHK® < 30 mu/
xB/1,73 m?) [57].

Y niteit 3 PR3-ANCA pusuk peuuuBy BABiUi BULLKIA,
HiX ipu MPO-1103UTUBHOCTI, 1110 BUMAara€e arpeCUBHilIlIO-
O MOHITOPWHTY.

3axBOpIOBaHHS Ta OTO JIIKyBaHHS CYTTEBO BILUIMBAIOTh
Ha (Gi3MYHUT i ICUXOCOLiaIbHUI CTaH AUTUHU. 3aTpUMKa
POCTY, OCTEONOPO3, KYIIMHTOITHUI CUHIPOM Ta CTpii 3Ha-
YHO TTOTipIIYIOTh CAMOOILIHKY ITiTITKIB. Came ToMy cydac-
HuUil TpeHa Ha MiHiMizamio 'K € mpiopurernum [58]. bara-
TO MAalli€EHTIB CKap>KaThCsl HA XPOHIYHY BTOMY Ta TPYIHOIIL
3 KOHIIEHTpAIIi€l0 yBary HaBiTh y (¢pa3i moBHOI peMicii. Bu-
KOpPUCTaHHsI pUTYKCMMaOy 3aMicTh LMKI0hochaminy 10-
3BOJISIE YHUKHYTHU TT€PeIYacCHOrO0 BUCHAXXEHHS SIEYHUKIB i
a300cCMnepMii, 110 KPUTUYHO JJI5T MALli€EHTIB AUTSIYOTO BiKY.

Hditn 3 ANCA-HedputoM MOTpeOyOTh IHAUBIIYyaTb-
Horo rpadika HaBYaHHS ITiJ 9ac 3arOCTPEeHb Ta CYBOPOTO
iHdeKIiiTHOro KOHTpOJIIO (Yepe3 imyHocymnpeciio). Baxkin-
BOIO € TICUXOJIOTiYHA TiATPUMKA POIUHU, OCKIJIBKM CTpax
peuunuBy (ANCA-TpuBOora) € MNOCTIMHUM CTPECOBUM
(daxTopoM It OATHKIB.

Otxe, nporHo3 npu ANCA-Hedpuri y miTeii BU3HA-
Ya€EThCS HE JIMIIEe JOCSTHEHHSIM pPeMicii, a i 30epekeHHSIM
(YHKIIIOHAJIBHOTO Pe3epBy HUPOK, MiHiMizalli€elo mobiu-
Hux edexTiB Teparii. Ilepexin Ha GiosoriyHi mpemnapatu
JIO3BOJISIE 3MICTUTU aKUEHT 3 <«BWUXXWUBAHHS 3a OyAb-SKY
1iHy» Ha 3a0€e3MeYeHHs] MOBHOLIIHHOI SIKOCTi XXUTTS Ta CO-
LiaJabHOI iHTerpallii INTUHU.

Anroputm Aivi npu nipaospi HO ANCA-Heppur
Y AUTUHN

IIpu BusBICHHI Tpiagm TemaTypisa + IpoOTeiHypis +
IIBUIKE ITiIBUIIEHHS KpeaTUHiIHYy HEOOXiTHMIT HeraiiH!it
J1abopaTOpHUIL CKPUHIHT («30JI0Ta TOAMHA»), 0e3 OYiKy-

BaHHsI Ha TOCHiTajJi3allil0 10 CIeliaJi30BaHOIo LIEHTPY.
Heo6xigHo npusHauntu: ANCA-nanenb (I®A — BusHa-
YeHHs aHTUTiN a0 npoteiHasu-3 (PR3) Ta mienonepokcu-
nasu (MPO); aHTuTina 10 6a3abHOi MEMOpPaHU KJIyOOUKiB
(Anti-GBM, mis BukiouyeHHs1 cuHapoMy [yarmacuepa);
komrieMeHT (C3, C4 — mpu ANCA-HedpuTi BiH 3a-
3BUYail y HOpPMi, Ha BiIMiHY BiJl BOBYAaKOBOTO YM ITOCT-
crpentokokoBoro ['H); saranbHuii aHamis cedi (mouryk
E€PUTPOIIUTAPHUX IIWITIHIPIB K MapKepa aKTUBHOTO TJIO-
MepyioHedputy) [59].

ANCA-BacKyJIiT pigkKo Bpaxae JIMIIe HUPKU, IITyKaiTe
YEpPBOHI Mparopli TaKoX y BUIISAI MO3aHUPKOBHUX IIPO-
aBiB: JIOP-opranu (3aTs>kHi pUHITH, OTUTU, CUHYCHUTH,
1110 HE IMiIIarThCsl aHTUOIOTUKOTEpalii (XapaKTepHO ISt
I'TIA)); nereni (3aguilKa, KpOBOXapKaHHSI, TEPMiHOBO
HeoOxigHuit peHTreH a6o KT OI'K ajist BUK/IIOUeHHS ajib-
BEOJISIPHOTO KPOBOBUJIMBY); 1IKipa (Mypriypa, 110 MaybIy-
€ThCS1, A00 BUPA3KHU).

HwutunHa 3 nino3poto Ha LLTIT'H mae 6yTu HeraliHo roc-
ritajizoBaHa J0 BiIiIeHHS OUTsA4Y01 Hedposiorii abo iH-
TeHCHBHOI Teparlii, e € MOXJIUBICTh IIPOBEICHHS OioIICii
HUPKU Ta reMomiajiidy. 3aTpuMKa diarHOCTHMKU Ha 48—72
TOIMHM MOXe CTaTH (haTaIbHOIO WISl (PYHKIIII HUPOK.

SIKIII0 CTaH OIUTUHU KPUTUIHUI (aHYpist, IereHeBa Kpo-
BOTE€YA): PO3IJSIHYTU MPOBENCHHS ITyJbC-Teparii MeTHJI-
npenHizonoHoMm (250—1000 Mr go6OBO IMPOTITOM 3 [HIB)
HaBiTb 0€3 pe3yJIbTaTiB HepOOioICii; YHUKATU MPU3HAYECH-
Hs HI133, siki 1omaTKoBO MOTipHIyIOTh HUPKOBUI KPOBO-
Tik. [Ticis crabinizaitii ctaHy — MOXUTTEBUI KOHTPOJIb AT,
piBHSI KpeaTuHiHy it aHamizy ceui. Kontpoabs tutpy ANCA
KOXHi 3—6 MicsLiB 151 IPOrHO3YBaHHS pelnauBy [60].

[Mpaktnunmii  moeramHuii  MeHemkMeHT ANCA-
Hedputy y miteit, sskuii 00’€qHY€E OiarHOCTUKY, JTiKYBaHHS
3a mpoTtokosioM PEXIVAS/KDIGO 2024 Ta 3axonu 6e3me-
KU, HaBeaeHo y Taou. 11.

Tabnuys 11. MpakTtnyHnii anroputm BegeHHs antuHn 3 ANCA-acouirioBaHuM HeppUTom

ETan meHeg)XMeHTYy LLlo po6uTtn

Yoro yHuKaTtu

[NepBuHHA giarHocTMKa

HeraviHo npmusHadntn ANCA-naHens
(PR3/MPOQO) i anti-GBM npw Tpiagi: rema-
TYpisi + NPOTEIHYpPIs + PICT KpeaTUHIHY

He ouikyBaTu CNOHTAHHOrO 3HUWXEHHS KpeaTu-
HiHy. 3aTpumka y 48—72 rog npv LLUMMH moxe
NPU3BECTN O HEO60POTHOIO CKNEPO3Y HUPOK

Bepvdikauisa giarHosy
Horo knacy (Berden)

[MpoBecTn NyHKUiAHY GiONCit0 HAPKK Y
nepLui 72 ro ans BU3HA4YEHHS ricTonoriy-

He Bigknagatu 6ioncito npu HeratueHux ANCA.
o 20 % eunapgkis ANCA-HecbpuTy € cepoHe-
ratMBHUMM (MaBLWIMYHHUMMW)

IHOyKUis pemicii

BukopuctoByBatu putykcnmab (RTX)
375 Mr/m? K npiopuTeTHWIA 3acié ons
36epexeHHs PepTUbHOCTI NIAMITKIB

He nepeBuLlyBaTN KYMYnATUBHY 003y Liu-
knodpocamigy (> 7,5-10 r/m?) yepes puauk
Heo60opOoTHOro 6e3nnigaa

CrepoigHa Tepanis

(PEXIVAS) (cxema reduced-dose)

3HWXyBaTV [O3Y NPEQHI30I0HY
00 5 mMr/poby o 12-ro TVKHS NikyBaHHS

He BrkopucToByBaTtu BUCOKi fo3n 'K

(> 0,5 mr/kr) TpmBaro. Lie Bege Ao 3aTpUMKM
POCTy Ta THXKUX iHpeKLin (Ha 40 % BULLMIA
pU3KK)

MoHiTopuHr 6e3neku

KoHTponiosaTy piBeHb IgG i CD19+
nepen KoxHum BeegeHHam RTX. Mpu-
3Ha4aTtu NpodinNakTUKy NHEBMOLMCTHOI

He irHopyBaTn «mani» peunanem (Mikporema-
Typito). 3pocTtaHHa TuTpy ANCA vacTto nepegye
KIiHIYHOMY 3aroCTpeHH!o

Teyi Ta rpaHyrnboM Y flereHsx

MHEBMOHIT
. 0O608B’a3koBo BMKoHaT KT OIK ans Bu-
EkcTpapeHansHuia S A
KITHOYEHHS «HIMOI» anbBeONAPHOI KPOBO-
KOHTPOJb

He npusnayatn HMN33 gna 3He6onoBaHHA npu
nigo3pi Ha HepuT: BOHM NPOBOKYIOTb rOCTpe
MOLUKOA)KEHHSI HUPOK
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BucHoOBKMU

ANCA-acouiiioBadi HeppuTu y OiTel 3aIUIIAIOTh-
Cs1 OfHI€I0 3 HAMCKIAAHIIINUX MPOOJIeM CydacHOI OUTSIYO1
HedpoJorii yepe3 BUCOKUIT PU3UK HEOOOPOTHOI BTpaTU
¢yHK1ii HUpok. Crienudika TUTSIIOro BiKy IOJISITAE Y J10-
MiHYBaHHi (DEHOTUITy TpaHyJieMaTo3y 3 TOJiaHTiITOM Ta
yacromy 3anydeHHi PR3-ANCA, 1110 KopeJto€e 3 BUCOKOIO
YacTOTOI PELIMINBIB.

JliarHOCTMYHA CTpaTeTis Ma€e 0a3yBaTHUCSI Ha pAHHbOMY
CKPUMHIHTY cieM(PiYHNX aHTUTIJI Ta 000B’I3KOBOMY BUKO-
HaHHI 0IOIICii HUPKY 3a IMepIInX 03HAK IIBUIKOIIPOTPECy-
1040ro riomepynoHedpury. AudepeHitiaabHa giarHOCTUKA
3 aHTu- BMK-xBopo6oio Ta CUCTEMHHM YepPBOHUM BOBYA-
KOM € KPUTMYHOIO ISl BUOOPY IMPaBUJIbHOI JIIKyBaJbHOI
TaKTUKU.

CyyacHa Teparmisi 3a3Hajla CYTTEBOI TpaHchOpMallii:
nepexia BiJi arpeCUBHUX LUTOCTATUYHUX PEXXUMIB 10 BU-
KOPUCTaHHSI 0i0JIOTIYHUX areHTiB (pUTyKCUMa0) TO3BOJISIE
JOCSITTU peMicii 3 MiHIMaTbHUMU TIOOIYHUMU eheKTaMH,
1110 € XXUTTEBO BAXJIUBUM 7151 30€peKEHHST PeNPOAYKTUB-
HOTO Ta pOCTOBOTO MOTEHIiaTy TUTUHU.

Ilepen KoxXXHUM BBEIEHHSIM PUTYKCHMMaOy HEOOXimHO
KOHTPOJIIOBATH piBeHb iMyHOT100ymiHiB (IgG) B cupoBartii
KpoBi. Tpupaine 3actocyBanHs1 RTX y miTeii Mmoxe nmpusBec-
TU A0 BTOPMHHOI TimoramMmarjioOyliHeMil, 1110 moTpedye
3aMiCHOI Teparlii iMyHOTr100yJIiHaMu.

3 omsiy Ha opaHHUIA CTATYC MATOJIOTI] Ta CKJIAAHICTD
MEHEDKMEHTY TaKWX TAalli€EHTIiB HaraJbHUM MUTAHHSIM
€ CTBOPEHHs1 eauHoro HarlioHasibHOrO peecTpy HiTei 3
ANCA-acoriiioBaHnMM BackyiiTamu. Lle 103BOIMTH KOH-
COJTimyBaTU KJIIHIYHWI MOCBiJ, CTaHIAPTU3YBaTH ITiIXOAN
110 6ioJIOTiYHOI Tepartii Ha 1ep>KaBHOMY PiBHi Ta MO~
TU JOBrOCTPOKOBUI TTPOTHO3 HUPKOBOI BUXKMBAHOCTI Ta-
LIEHTIB y MeXXax KpaiHu.

Konduikt inTepeciB. ABropu 3asIBIsIIOTH PO BiACYT-
HiCTh KOHMJIIKTY iHTepeciB Ta BjacHOiI (hiHaHCOBOI 3alli-
KaBJICHOCTI IPU MiArOTOBLI JaHOI CTATTi.

Buecok aBtopiB. bynHik T.B. — KoHIemist Ta u3aiiH
po0oTu, 30ip AaHUX, aHaJIi3 Ta iHTeprpeTalist AaHUX, Hallu-
caHHs cTaTTi; XailToBud M.B. — aHasi3 Ta iHTeprpeTaitist
JaHUX, OCTaTOYHE 3aTBepIKeHH cTatTi; bamanbka H.1. —
aHaJli3 Ta iHTepIripeTallis JaHUX, peJaryBaHHS CTaTTi.
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ANCA-associated nephritis in children: current perspectives on diagnosis and treatment strategies
(literature review)

Abstract. Background. ANCA-associated vasculitis in children
is considered an orphan disease; however, renal involvement mani-
fested as rapidly progressive glomerulonephritis determines the pa-
tient’s survival prognosis and the risk of end-stage renal disease. The
purpose was to review scientific research and updated international
protocols regarding the genetic determinacy, mechanisms of pauci-
immune injury, diagnosis, and treatment of ANCA-associated ne-
phritis in children. Materials and methods. The literature review
was based on the analysis of scientific research results available in
open access, using information retrieval systems such as PubMed,
Web of Science, Scopus, Google Scholar, and ResearchGate. Sixty
scientific papers, primarily published within the last 5 years, were
reviewed in accordance with the selected topic and study objec-
tive. Results. The review details the 2012 Chapel Hill Consensus
Conference nomenclature and genetic predisposition to ANCA-
associated vasculitis (the role of HLA-DP and HLA-DQ loci). The
primary diagnostic significance of detecting antibodies to protein-
ase-3 (PR3-ANCA) and myeloperoxidase (MPO-ANCA) via en-
zyme-linked immunosorbent assay is substantiated, demonstrating
high specificity for the verification of granulomatosis with poly-
angiitis and microscopic polyangiitis, respectively. The specificity

of “renal masks” and extrarenal manifestations (ENT pathology,
alveolar hemorrhages) is described. Differential diagnosis with an-
ti-glomerular basement membrane disease and immune complex
nephritis is provided. The shift in the treatment paradigm based on
the PEXIVAS trial evidence and the new KDIGO 2024 guidelines
is highlighted: a strategy for rapid glucocorticoid load minimiza-
tion (down to 5 mg/day by the 12" week) to preserve the child’s
growth potential is substantiated. Particular attention is focused on
the priority of rituximab as a steroid-sparing agent and the role of
the Berden histological classification in predicting renal survival.
An algorithm for pediatrician actions in cases of suspected rapidly
progressive glomerulonephritis is substantiated. Conclusions. Early
diagnosis verification using enzyme-linked immunosorbent assay
for PR3/MPO antibodies and kidney biopsy according to KDIGO
2024 criteria is crucial. The implementation of targeted biological
therapy and low-dose steroid regimens improves patients’ quality of
life and reduces the incidence of disability.

Keywords: ANCA-associated nephritis; children; pauci-im-
mune glomerulonephritis; rituximab; PR3-ANCA; MPO-ANCA;
enzyme-linked immunosorbent assay; KDIGO 2024; PEXIVAS;
Berden classification; review
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Current diagnosis and treatment of bronchiolitis in children:

a narrative literature review

Abstract. Bronchiolitis in children is an acute infectious disease of the lower respiratory tract caused primarily by viral
pathogens. It is one of the most common illnesses in infants and children under 2 years of age and, therefore, a leading
cause of hospitalization in this age group, especially during the winter months. The disease typically begins with a few
days of upper respiratory symptoms, such as nasal congestion and rhinorrhea, which then progress to lower respiratory
symptoms, including wheezing, cough, difficulty feeding, respiratory failure, hypoxia, and dehydration, often requiring
emergency care or hospitalization for supportive care. Respiratory syncytial virus (RSV) is the most common cause,
and recent advances in RSV vaccination are expected to help reduce the global burden of bronchiolitis. Treatment is
primarily supportive, focusing on rehydration, suctioning of respiratory secretions, and monitoring for respiratory distress.
In severe cases, supplemental oxygen and mechanical ventilation may be required. The purpose of this article is to review
and describe current knowledge about epidemiology, physiopathology, clinical picture, diagnosis and management of
acute bronchiolitis, with particular emphasis on updated evidence and future perspectives in terms of treatment and
prevention. We searched Cochrane for systematic reviews and PubMed for scientific articles published in the last 10
years, using a combination of the following search terms: “bronchiolitis”, “respiratory syncytial virus”, “epidemiology”,
“risk factors”, “severity”, “diagnosis”, “clinic”, “diagnostic imaging”, “management”, “wheezing”, “prevention”,
“vaccine”. The inclusion criteria were articles pertinent to the topic addressed and reviews of the literature available
in full in the these databases. Furthermore, we examined references and available guidelines from UK, USA, Canada,
China, Italy. The inclusion criteria were articles pertinent to the topic addressed and reviews of the literature available in
full in the aforementioned databases. The exclusion criteria, in turn, included articles published in periods prior to 2016
and duplicate articles.
Keywords: bronchiolitis; respiratory syncytial virus; severity; risk factors; children; management; prevention; review

Introduction

Acute bronchiolitis in children is considered a serious
medical problem, as it is one of the leading causes of child-
hood illness. Despite numerous studies, the problem of acute
bronchiolitis in children remains unresolved due to delayed
diagnosis, unique clinical symptoms, and laboratory data.
Bronchiolitis in children is a lower respiratory tract infection
caused primarily by viral pathogens. This disease is one of
the most common among children under 2 years of age and a
leading cause of hospitalization in this age group [1, 3].

The diagnosis of bronchiolitis is primarily based on
clinical findings, but in severe cases requiring hospitaliza-
tion, virological testing may be required. Identifying a spe-
cific viral cause can facilitate infection control measures and
prevent nosocomial spread. Although most hospitalized in-

fants have identifiable risk factors that increase their suscep-
tibility, healthy infants and older children can also develop
severe infections requiring hospitalization. In severe cases,
infants with significant respiratory impairment may require
mechanical ventilation [5, 6, 8].

Respiratory syncytial virus (RSV) is the leading cause
of bronchiolitis, although nearly all respiratory viruses
can cause this disease in infants and young children. RSV
bronchiolitis contributes significantly to the global disease
burden, with approximately 33 million cases reported an-
nually, 95 % of which occur in low-income countries. Ac-
cording to recent estimates, approximately 3.6 million in-
fants are hospitalized with bronchiolitis annually, with up
to 118,000 deaths attributed to the disease or its compli-
cations. It should be noted that half of these deaths occur
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within the first 6 months of life, and 97 % of all infant deaths
from bronchiolitis are recorded in low- and middle-income
countries [1, 9].

Etiology and epidemiology

Respiratory syncytial virus (RSV) is the leading infec-
tious agent causing acute bronchiolitis in children, account-
ing for up to two-thirds of cases. Human metapneumovirus
and parainfluenza virus type 3 account for almost half of the
remaining cases. The substantial burden is on young infants
under six months of age and high-risk populations such as
preterm infants or infants with known cardiopulmonary
disease or immunodeficiency status. Incomplete immunity
to RSV results in repeated infections and, thereby, causes
a heavy disease burden, including recurrent wheezing and
possible asthma [1, 4].

During the COVID-19 pandemic, the highest number
of bronchiolitis cases associated with SARS-CoV-2 were
reported, along with a significant decrease in hospitaliza-
tions for RSV-associated bronchiolitis. However, after the
pandemic, this trend reversed, and RSV again became the
predominant cause of bronchiolitis [1, 2]. The prevalence
of RSV is affected by geographical location and climate. In
Northern Hemisphere countries, RSV is prevalent mainly
in winter and spring from November to March of the next
year. The infection rate of RSV increases significantly in
the humid rainy season in tropical and subtropical regions.
The disease burden of RSV infection in children is caused
mainly by ALRTIs. While RSV is the primary causative
agent of bronchiolitis, other respiratory viruses, although
less frequently, may also contribute. These include adeno-
viruses, bocaviruses, coronaviruses (e.g., SARS-CoV-2),
enteroviruses, human metapneumovirus, influenza viru-
ses, measles, and rhinoviruses, as well as mycoplasma |3,
4, 10].

As therapeutic options for respiratory infections expand,
identifying the specific pathogen is becoming increasingly
important. This is especially important for seriously ill chil-
dren, as identifying the causative factor is crucial for select-
ing targeted and effective treatment and will improve disease
outcomes [5, 6]. The role of genetic factors in the course
of lower respiratory tract diseases is well known, and a link
has been established between the development of bronchial
asthma and chronic bronchitis with the A38G polymor-
phism of the CC16 gene: the identified features of the poly-
morphism (A38G) of the CC16 gene are a genetic marker
and the main factor in the development of bronchial asthma
in children: an increase in the homozygous genotype A/A
by 5.8 times (50.5 %), in relation to the group of children
with recurrent obstructive bronchitis (8.6 %) (x> = 13.9;
p < 0.001; OR = 19.4; RR = 1.38; 95% CI 2.49—151.03),
significant differences in the frequency of the unfavorable
genotype G/G were determined compared to the control, in
which a reliable decrease in the genotype G/G by 3.6 times
was noted (x> = 20.8; p < 0.001). A predisposing effect of
the A/A genotype of the A38G polymorphism of the CC16
gene to the severe course of acute bronchiolitis (2= 10.659;
p = 0.002) has been established, with the development of an
intense inflammatory process (x*>=5.814; p = 0.016) against
a background of allergic burden (x?> = 27.676; p = 0.001),

and a significant imbalance in the production of pro- and
anti-inflammatory interleukins.

Risk factors for recurrent BOS in children who have had
acute bronchiolitis are the A allele (x*> = 10.659; p = 0.002)
and the AA genotype (x> = 10.659; p = 0.002) of the A38G
polymorphism of the CC16 gene [16—18].

Bronchiolitis is one of the most common respiratory dis-
eases affecting infants and young children worldwide and is a
clinical condition predominantly observed in this age group
[1, 3]. This condition is characterized by wheezing, tachy-
pnea, and other common symptoms of viral respiratory in-
fections, such as cough, nasal congestion, and rhinorrhea.
This disease most often occurs in children between 2 and
6 months of age. The severity of bronchiolitis varies con-
siderably: from mild wheezing with rapid breathing (com-
monly referred to as a “happy wheeze”) to severe respira-
tory distress that can progress to respiratory failure requiring
intubation and mechanical ventilation. Early detection and
prompt treatment are essential to prevent complications and
improve outcomes in severe cases [1, 5, 7].

Bronchiolitis outbreaks occur annually, typically during
the fall and winter months in temperate climates, coinciding
with the circulation of other respiratory viruses. In subtropi-
cal and tropical regions, bronchiolitis can occur year-round,
with outbreaks more common during the rainy season. In
desert climates, cases are typically limited to a narrow pe-
riod during the winter, with minimal or no activity observed
during the rest of the year [1, 9]. Factors such as tempera-
ture, humidity, and UVB radiation have been found to influ-
ence the seasonality of the virus. However, further research
is needed to better understand the factors driving these pat-
terns worldwide [5, 10].

Many respiratory viruses have a relatively short incuba-
tion period, typically 2—3 days. In older children and adults,
viral shedding is typically short-lived, lasting only a few days.
However, in infants, young children, and immunocompro-
mised individuals, viral shedding can persist for more than 4
weeks [4, 6]. This prolonged viral shedding can complicate
infection control measures and make PCR testing difficult
to interpret. Residual viral shedding from a recent but inac-
tive infection is sometimes detected, potentially complicat-
ing the diagnosis of new disease [5, 9].

A variety of host, environmental, and social factors
contribute to an increased risk of severe bronchiolitis in in-
fants and children [8, 11]. Recognition of these risk factors
is important for developing prevention strategies and im-
plementing early measures to reduce disease severity [12,
13]. Factors that predispose a child to severe bronchiolitis
include low birth weight, chronic lung diseases (broncho-
pulmonary dysplasia, asthma, cystic fibrosis), congenital
heart defects (especially with right-sided bypass), immu-
nodeficiencies, Down syndrome, neuromuscular diseases,
children under 3 months of age, and chronic comorbidi-
ties. It was revealed that the main regional risk factors for
the development of acute bronchiolitis in children are se-
vere anemia (RR = 1.495) and chronic foci of infection in
the mother (RR = 1.637), chronic intrauterine hypoxia of
the fetus (RR = 1.402), low birth weight (RR = 1.572), the
onset of acute bronchiolitis before 3 months (RR = 1.304),
5 or more people in the family (RR = 1.528), a burdened
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heredity for bronchial asthma (RR = 1.598) and COPD
(RR = 1.591) [5, 18, 19]. Exclusive breast feeding during
the first 3 months of life is a modifiable protective factor
against severe bronchiolitis in infancy and its associated
health sequelae (e.g., childhood asthma), with the poten-
tial for substantial impact on public health. Environmen-
tal factors, such as exposure to tobacco smoke, exposure
to air pollutants (both indoors and outdoors), and living
at high altitudes (> 2500 m), are also significant. Social
factors also contribute to the development of bronchiolitis
in children, including twins or multiple births, living in
overcrowded homes, having older siblings, and attending
daycare [35, 12].

Disease pathogenesis

Viral pathogens most often enter the body through the
nasopharynx and the mucous membranes of the oral cavity
or conjunctiva. RSV, the most common cause of bronchio-
litis, initially replicates in the nasopharynx before spreading
to the airway cells lining the terminal bronchioles. RSV pri-
marily infects alveolar type I pneumocytes, with some in-
volvement of alveolar type 11 pneumocytes, while basal cells
remain intact. Aspiration of upper respiratory secretions and
subsequent cell-to-cell dissemination typically leads to lo-
wer respiratory tract infection within 1—3 days after the ini-
tial upper respiratory tract infection.

Infection of airway cells lining the terminal bronchioles
leads to cellular damage and activates local inflammatory
responses. Viral inflammation triggers the release of cyto-
kines and chemokines, leading to swelling, increased mucus
production, and the recruitment of additional inflammatory
cells to the airways [4, 7].

Dead bronchial epithelial cells and inflammatory cells
are shed into the inflamed, mucus-filled airways, further
worsening small airway obstruction. Infants are particularly
susceptible to airway obstruction due to the small diameter
of their airways, which can lead to wheezing and air trap-
ping. Lung parenchymal atelectasis and the resulting hy-
poxia further contribute to varying degrees of respiratory
failure [15].

The pathology of bronchiolitis includes necrosis of air-
way epithelial cells, as well as proliferation of bronchiolar
epithelium and cellular infiltration of monocytes and T
cells, affecting both bronchial and pulmonary arterioles.
Neutrophilic infiltration can also be observed between vas-
cular structures and small airways [1, 11, 13]. Airway ob-
struction and air trapping lead to increased airway resistance
[1, 11, 13].

History and key physical findings
in diagnosis

The history and physical examination of infants with
bronchiolitis typically reveal a characteristic clinical pic-
ture. In the first days of illness, symptoms include cough,
nasal congestion, and rhinorrhea, with or without fever, as
viral replication occurs in the upper respiratory tract. Pa-
rents often describe initial cold-like symptoms, which then
progress to signs such as “strange breathing” or “rapid
breathing”, difficulty feeding, or bluish discoloration of the
lips and nail beds. They may also observe nasal flaring and

intercostal retractions as the infant attempts to optimize air-
flow [1, 11, 20].

On physical examination, vital signs may reveal a low-
grade fever, rapid breathing, and hypoxia. A respiratory rate
exceeding 100 breaths per minute is common and often
contributes to feeding difficulties in young children. Pulse
oximetry typically reveals varying degrees of hypoxia due to
mucus plugging and atelectasis, leading to ventilation/per-
fusion imbalance [3, 13]. Cyanosis of the lips and nail beds
may also be observed. Key physical signs include wheezing,
nasal flaring, intercostal retractions, and abdominal breath-
ing. Viral bronchiolitis is characterized by diffuse inspira-
tory and expiratory wheezing throughout the lung fields. A
tired, pale child with labored breathing is an alarming sign of
impending respiratory collapse, requiring urgent intubation
and mechanical ventilation [7, 20].

In children, bronchiolitis is diagnosed primarily clini-
cally. Diagnosis and assessment of disease severity should be
based on a detailed history of the current illness and clinical
features of the disease. Oxygen saturation levels can help de-
termine the need for supplemental oxygen therapy and hos-
pitalization. An important clinical indicator of the severity
of the disease in a child is their ability to breastfeed or for-
mula feed. Monitoring the child’s behavior during feeding is
crucial, and if the infant exhibits cough, difficulty breathing,
tachypnea, > 60 breaths per minute, or oxygen saturation
< 92 % during feeding, hospitalization and supplemental
oxygen therapy and intravenous fluids should be considered.
Patients with severe respiratory distress may benefit from a
trial of aerosols [3, 6, 7, 20]. In cases of severe hypoxia, en-
dotracheal intubation and mechanical ventilation should be
seriously considered, elevated CRP levels at admission are
associated with increased disease severity and higher com-
plication rates in children hospitalized with RSV bronchio-
litis [10, 11].

Laboratory testing in patients with bronchiolitis should
include viral identification, if possible. Rapid diagnostic
tests, such as nucleic acid amplification, immunofluores-
cence, and enzyme immunoassay, are available for the de-
tection of viral RNA or antigens in nasopharyngeal or other
respiratory tract specimens. Cytokine profiling facilitates
early diagnosis and effective therapy [12, 28]. These results
can help physicians tailor patient evaluation and treatment.
In addition to determining treatment strategies, this infor-
mation is crucial for decisions regarding patient placement,
isolation, and grouping of hospitalized patients. Chest ra-
diography is generally not recommended for bronchiolitis
because it often reveals nonspecific findings such as pulmo-
nary hyperventilation, interstitial changes, and peribron-
chial thickening, which typically obscure the diagnosis [5,
11, 31, 32].

Management and treatment of sick
children

Treatment of bronchiolitis is primarily supportive and
typically focuses on hydration, upper airway suctioning as
needed, and monitoring for signs of respiratory distress or
the need for intubation and mechanical ventilation. Chil-
dren with oxygen saturation levels below 92 % in air should
receive supplemental oxygen, and continuous pulse oxi-
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metry monitoring is recommended for hospitalized patients
[33, 34].

Antipyretics should be administered if fever occurs. Al-
though bronchodilators are not always effective, aerosols may
be considered, especially in children with severe respiratory
distress [14, 23]. Glucocorticoids and racemic epinephrine
have not been shown to be effective and are not recommen-
ded. Antibiotics should be prescribed only in cases with clear
evidence of a comorbid infection in addition to bronchio-
litis. If a child tests positive for influenza, antiviral medica-
tions are recommended. A monoclonal antibody targeting
the F protein of respiratory syncytial virus is previously re-
commended for high-risk infants during the first year of life.
It can positively impact the course of the disease.

Currently, two options are available for RSV preven-
tion: vaccinating pregnant women with the RSV vaccine or
administering the new monoclonal antibody nirsevimab to
infants during the first RSV season if the biological parent
has not received the RSV vaccine [7, 22, 23]. The Abrysvo
vaccine has been approved for use in pregnant women to
prevent RSV infection in infants during the first 6 months
of life [23, 24]. First Italian survey on bronchiolitis manage-
ment in primary care reveals substantial variability in diag-
nostic and treatment practices. Diagnostic inconsistency is
associated with non-guideline-recommended prescribing.
Standardized diagnostic criteria are needed. Nirsevimab
prophylaxis was widely accepted, supporting its continued
use to reduce the burden of bronchiolitis [25—27, 35].

Despite this, the American Academy of Pediatrics and
other health organizations recommend age-appropriate
vaccination of all children to prevent these infections. For
children too young to be vaccinated, it is crucial to vaccinate
family members and close contacts to minimize the risk of
disease transmission [2].

Differential diagnosis, prognosis,
and complications

Bronchiolitis in children should be differentiated from
gastroesophageal reflux, aspiration pneumonia, foreign
body aspiration into the lower respiratory tract, congenital
malformations (such as vascular rings or loops), asthma exa-
cerbation, and anaphylaxis.

The prognosis for bronchiolitis in children is generally
favorable; most infants recover within 5—7 days. Although
some authors suggest an increased risk of developing asthma
after bronchiolitis, only a small percentage of affected chil-
dren develop asthma. A history of recurrent wheezing and a
positive family history of asthma, allergies, or atopic derma-
titis may increase the likelihood of these patients developing
asthma in the future [36].

Complications of bronchiolitis in children are rare but
can be severe, especially in premature infants or infants with
underlying lung, cardiac, or immunocompromised condi-
tions. Even healthy infants can develop acute or chronic
complications, although most recover without complica-
tions [3, 15, 37]. Acute complications of bronchiolitis in-
clude aspiration, respiratory failure, apnea, secondary
bacterial infections, and death. Chronic complications of
bronchiolitis include recurrent episodes of wheezing and
bronchiolitis obliterans.

Conclusions

The respiratory syncytial virus is the leading infectious
agent causing acute bronchiolitis in children. Identifying
a specific viral cause can facilitate infection control mea-
sures and prevent nosocomial spread. It was revealed that
the main regional risk factors for the development of acute
bronchiolitis in children are severe anemia, and chronic foci
of infection in the mother, chronic intrauterine hypoxia of
the fetus, low birth weight, the onset of acute bronchiolitis
before 3 months, 5 or more people in the family, a burdened
heredity for bronchial asthma and COPD. According to
most recent data, bronchiolitis definition encompasses a
plethora of different clinical entities related to each subjects
genetic and immune predisposition. Breastfeeding should
be encouraged, however, as it provides additional protection
for the infant from pathogens encountered by the mother to
prevent the disease, RSV vaccination is recommended for
pregnant women and infants at their first exposure during
the respiratory season.
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KapumaxxaHos I.A., Asimosa P.A., MasaoHoBa A X., KOcyniosa I A., Icpairosa H.A.
TQLUKEHTCHKNM APXKABHUN MEANYHU YHIBEOCUTET, M. TALLKEHT, Y36EeKMCTaH

Cy4aCHA AiGrHOCTUKA TA AIKYBOHHSI GPOHXIOAITY B AiTel:
OrASIA AiTepaTtypu

Pestome. BpouxioniT y aiteit — rocTpe iHbekiiiiHe 3aXBopio-
BaHHSI HYKHIX IUXaJbHUX IUISIXiB, CIPUUMHEHE MepeBaXKHO Bi-
pycHUMM mnaToreHamu. Lle omHa 3 HalimomMpeHinmMx XBopood y
HEMOBJIST Ta IiTeil BIKOM 110 2 POKIB i, BilMOBITHO, OQHA 3 IIPOBII-
HUX TIPUYMH ToCHiTaiizallii y il BiKOBiil rpymi, 0CO0JIMBO B 31~
MOBHUIA Mepiosl. 3aXBOPIOBAHHSI 3a3BUYAii MOYMHAETHCS 3 KiJIbKOX
JTHIB CUMIITOMIB YPaXKeHHSI BEPXHIX AUXAJbHUX HUISIXiB, SIK-OT
3aKJIa[IeHICTh HOCa Ta pUHOPESI, SIKi TIOTIM ITPOTPECYIOTh 10 CUMIT-
TOMIiB ypaK€HHS HU3KHIX IUXaJbHUX IIJISXiB, BKIIOYAIOUN XPUIIH,
Kallesb, TPYAHOIL 3 TOAYBaHHSM, IUXaJbHY HEIOCTAaTHICTh, Ti-
MOKCil0 Ta 3HEBOIHEHHSI, 1110 YacTO MOTpedye HEeBiIKIAIHOI J10-
moMoru abo TOCHiTami3alii A MiATPUMYBAaTbHOTO JTIKyBaHHS.
PecniiparopHo-cunnutianibHuit Bipyc (PCB) € HailimommpeHi-
IO TTPUYMHOIO, i OUiKYETHCS, 1110 OCTAHHI JOCSITHEHHS Y BakK-
uuHatlii npot PCB 1onomMoxXyTh 3MEHIIUTH IJTO0AIBHUIA TSITAp
oponxioJity. JIikyBaHHS € TIepeBaxKHO MiATPUMYBAJILHUM 1 CIIPSI-
MOBaHE Ha perigpaTallilo, OYUILEeHHS TUXaJbHUX IILISXiB Bil ce-
KpeTy il MOHITOPUHT PeCcIipaTOPHOTO AUCTPECY. Y TSKKUX BUIIAT-
Kax MOXe 3HalOOMTHUCS JOAATKOBA OKCUTEHOTEpaIlisl Ta IITyYHA
BEHTWJISILIIS JIeTeHb. MeTOro 1i€l CTaTTi € OIJISII i OIUC CYJacHMUX

3HaHb 110/10 erifeMiosorii, maTodizionorii, KJIiHIYHOT KapTUHU,
NiarHOCTUKM I JIIKyBaHHSI TOCTPOTO OPOHXIOJITY 3 OCOOJMBUM
aKIIEHTOM Ha OHOBJICHUX JIaHWX Ta MaiOyTHIX MepCITIeKTUBAaX Jii-
KyBaHHSI i mpodimakTuku. [IpoBemeHO MOIIyK OMyOIiKOBaHMX
3a octaHHi 10 pokiB cuctemaTnyHuX orjsidiB (6a3a Cochrane) i
HayKoBuX cTareil (6aza PubMed). BukopucroByBaiu KoMOGiHa-
11if0 HACTYITHUX TepMiHiB: bronchiolitis, respiratory syncytial virus,
epidemiology, risk factors, severity, diagnosis, clinic, diagnostic
imaging, management, wheezing, prevention, vaccine. Kputepisi-
MM BKJIIOUEHHSI OYJIM CTaTTi, 110 BiMOBiIaI0Th T€Mi JOCIIiXKEHHSI,
a TaKOX OIJISII JIiTepaTypu, AOCTYITHI B TTOBHOMY OOCSI3i B IIMX
6a3zax maHux. KpiM Toro, mpoaHali30BaHO MOCHWJIAHHSI Ta IIO-
CTYIHI KJiHiYHi pekomeHzaauii 3 Benukoi bpuranii, CLIA, Ka-
Hanu, Kurato, Itanii. KpurepissMu BKJIIOUEHHST Oy/M CTaTTi, 110
CTOCYIOTBCSI PO3IJISTHYTOI TeMU, i OIJISIIN JIiTepaTypH, JTOCTYITHI
B MOBHOMY 00CsI3i y BUILIe3raJjaHuX 0a3ax IHaHUX, a KPUTEePisIMU
BUKJIIOUEHHS — CTaTTi, onyosikoBaHi 10 2016 poky, i 1yOTiKaTu.
Kio4oBi cj1oBa: Gponxionit; pecripaTopHO-CHHIMTIaIbLHUI
BipYyC; TSIKKICTb; (pakTOpu pU3UKY; AiTH; JIiKyBaHHS; npodinak-
THKA; OTJISIT
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