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Preface

This Special Issue aims to emphasize the importance of multidisciplinary and transdisciplinary
approaches in pediatric gastrointestinal diseases to provide the adequate management of these
patients. The topics addressed within this article collection cover a vast majority of pediatric digestive
pathology and include research articles, reviews or clinical case reports. The published articles aid in a
better understanding of the pathogenesis and management controversies of pediatric gastrointestinal
disorders, and enrich the literature. These articles reflect the progress in the field and the required

future steps in pediatric gastroenterology.

Cristina Oana Marginean
Editor
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It is an honor and a privilege to have helped bring this Special Issue titled “Multidisci-
plinarity and Trandisciplinarity in the Diagnosis and Treatment of Pediatric Gastrointestinal
Diseases” to you.

The specialty of pediatric gastroenterology has experienced accelerated development
in recent decades through its development as a subspecialty and later a specialty from its
“mother” discipline, pediatrics. This occurred due to its tendency, in the recent years, to be
more and more specialized in a smaller area and because of improvements in diagnosis
and therapeutic techniques and skills associated with this discipline, such as ultrasound,
endoscopy, echo-endoscopy, or endoscopic retrograde cholangiopancreatography [1]. Thus,
pediatric gastro-entero-intestinal diseases are problems that require diagnosis and short-
and long-term management for rare disorders and complex cases of more common dis-
orders that affect the gastrointestinal tract; moreover, these diseases frequently need a
multidisciplinary team in order to provide adequate management [2].

The purpose of this Special Issue is to allow researchers from around the world to
report on the new insights into pediatric gastrointestinal diseases. Thus, we aim to include
papers related to both the diagnosis and management of a wide spectrum of pediatric
gastrointestinal diseases, such as celiac disease, acute and chronic diarrhea, inflamma-
tory bowel disease, food allergies, nutritional disorders, gastritis, and other functional
gastrointestinal disorders. Assessing and reporting novel information regarding different
gastrointestinal disorders is highly important as it is a major concern of pediatricians in
clinical practice. It is a well-documented fact that gastrointestinal diseases represent the
most important cause of morbidity in pediatric patients. The proper diagnosis and manage-
ment of these pathologies independently of their organic or functional etiology will create
healthier adult populations, decreasing the costs related to health services and improving
the care that might have to be individualized for each patient.

Therefore, an important topic in this area is pediatric gastroesophageal reflux disease
(GERD), whose manifestations can be divided into esophageal and extraesophageal syn-
dromes, with the latter including respiratory tract changes such as reflux cough syndrome,
reflux laryngitis syndrome, asthma, wheezing, reflux dental erosion syndrome, pharyngitis,
sinusitis, as well as irritability, failure to thrive, anemia, feeding refusal dystonic neck
posturing (Sandifer syndrome), and other neurological symptoms that need an experienced
gastroenterologist and a multidisciplinary team to carry out correct management [3].

Another challenge in pediatric gastrointestinal diseases is offered by eosinophilic
esophagitis (EoE), an immune-mediated disease that produces esophageal dysfunction
secondary to an increase in the eosinophil count, in the absence of other diseases, and
needs histopathological confirmation (histology scoring system) [4,5]. EoE needs a correct
diagnosis and an appropriate therapy to be selected to prevent complications [4], such as
esophageal stenosis or perforation [6]. The treatment consists of proton pump inhibitors
(PPIs), corticosteroids, and a dietary regimen (the elimination of foods) [4].

Of course, the most complex field that constantly transcends boundaries is represented
by the Helicobacter pylori (H. pylori) infection—with high incidence in children, especially in
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teenagers—which is responsible for gastrointestinal complications (chronic active gastroen-
teritis, gastric and duodenal ulcers, gastric cancer), but which has also been incriminated
as a key player in the development of extra-digestive conditions, including neurological,
cardiac, metabolic, hematologic (immune thrombocytopenic purpura, anemia), ocular, and
dermatological pathologies. The discovery of the modulatory effect of H. pylori upon the
gut-brain axis and the gastric microenvironment suggested possible systemic effects of the
infection [7,8]. Neurological manifestations include cognitive impairment, migraine, or
Alzheimer’s disease, which have been extensively studied, but without a clear pathophysi-
ology of the process [9]. Nevertheless, H. pylori has been associated with a variety of innate
as well as acquired autoimmune disorders [10].

Cystic fibrosis (CF), an autosomal recessive monogenic disease, is a multiorgan disor-
der affecting the respiratory tract, exocrine pancreas, intestine, hepatobiliary system, sweat
glands, and myeloid cells [11,12]. It has a chronic, progressive, and potentially fatal course
of development. The gene responsible for cystic fibrosis is the transmembrane conduc-
tance regulator (CFTR) protein, with multiple well-known and studied mutations, out of
which F508del is the most frequent [11]. Although the respiratory symptoms dominate the
clinical picture in CF, the gastrointestinal manifestations should be recognized and treated
promptly as they can lead to exocrine pancreas involvement, distal intestinal obstruction
syndrome (DIOS), and small intestinal bacterial overgrowth (SIBO), whose management is
very important for the quality of life in patients with CF [11].

Some digestive chronic diseases, such as inflammatory bowel disease (IBD), can have
an unpredictive evolution, and even become debilitating. The constant fatigability, short
stature, growth delay, and delayed puberty that can accompany these conditions can
impair an individual’s mental and emotional wellbeing and place them at a higher risk for
developing psychiatric conditions. Therefore, a quick diagnosis and a good management
of these diseases can prevent psychiatric distress, which can later ensure prophylaxis of
psychiatric disorders, later in adult life [13].

Several viruses with traditional tropism for the gastrointestinal mucosa have been
regarded as major factors of gastroenteritis-associated morbidity and mortality, especially
at a young age. Still, viral infections that usually cause respiratory tract infections can also
determine digestive manifestations. Although the SARS-CoV-2 infection frequently pro-
duces respiratory symptoms, its Omicron variant poses 1.5-fold higher odds of determining
loss of appetite in the infected individual and 1.6-fold more frequent digestive symptoms
in infants between 7 and 9 months of age. Moreover, its frequent association with hepatic
cytolysis has also been reported [14].

Through this Special Issue, we aimed to emphasize that multidisciplinarity and tran-
disciplinarity in pediatric gastrointestinal diseases are very useful for providing correct
management of children affected by these diseases. The topics addressed within this collec-
tion of articles have covered the vast majority of pediatric digestive pathology and have
included research articles, reviews, and clinical case reports. The articles were written by
experts in their fields, with high expertise in clinical management of the disorders that
involve crossing the borders between specialties. The published articles aided in providing
a better understanding of the pathogenesis, outlined management controversies of pediatric
gastrointestinal disorders, and enriched literature data. All these articles reflect the progress
in the field and the future steps in pediatric gastroenterology should be undertaken. Editing
this Special Issue was a great, delightful experience for me—a learning opportunity—and I
hope for that it will prove similar for its audience.

Funding: This research received no external funding.
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Conflicts of Interest: The author declares no conflicts of interest.
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Abstract: (1) Background: Although gastritis has been associated with multiple etiologies, in pedi-
atrics the main etiology is idiopathic. Many studies have reported mild-to-severe gastritis Helicobacter
pylori (H. pylori) as an etiological factor. We evaluated the distribution of the infection with H. pylori
by age, gender and place of living; (2) Methods: A retrospective study was conducted over a period
of 3 years, over a cohort of 1757 patients of both sexes, aged between 1 and 18 years, admitted to a
regional gastroenterology center in Iasi, Romania, with clinical signs of gastritis which underwent
upper gastrointestinal endoscopy. The research was based on the analysis of data from patient
observation charts and hospital discharge tickets, as well as endoscopy result registers; (3) Results:
Out of the 1757 children, in 30.8% of cases the H. pylori infection was present. Out of them, 26.8%
were males and 73.2% females. The average age of children with an H. pylori infection was higher
(14.1 + 2.8 DS), compared with children without H. pylori (12.8 + 3.7 SD), an average difference of
1.3 years (95% confidence interval 0.96 to 1.66; p < 0.001). By place of living, children with H. pylori
infection were from urban areas at 24.7% and from rural areas at 75.3%; (4) Conclusions: H. pylori
infection incidence is still high in children, especially in teenagers, so extensive prevention and
treatment programs are needed.

Keywords: gastritis; H. pylori; child; endoscopy; epidemiology

1. Introduction

Acute gastritis is a term that covers a wide spectrum of entities that induce inflam-
matory changes in the gastric mucosa. Some etiologies share the same general clinical
presentation, but they differ histologically [1]. Some conditions (Helicobacter pylori (H.
pylori), inflammatory bowel disease, allergic gastroenteritis) that injure the gastric mucosa
can lead to inflammation. Thus, gastritis, as suggested by the suffix -itis, is characterized by
the presence of inflammatory cells [2]. The inflammation of the gastric and/or duodenal
mucosa is the end result of an imbalance between defensive and aggressive mucosal factors.
The degree of inflammation and the presence of this imbalance may subsequently result in
varying degrees of gastritis and/or ulceration of the mucosa [3].

Although gastritis has been associated with multiple etiologies, in pediatrics the main
etiology is idiopathic. Many studies have reported mild-to-severe gastritis H. pylori as an
etiological factor. [4].

H. pylori is a Gram-negative microaerophilic bacterium which colonizes the gastric
mucosa generally in childhood and can determine chronic active gastritis, peptic ulcer
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disease, gastric cancer and mucosa-associated lymphoid tissue lymphoma later on during
adulthood [5]. Its transmission route is still partially unclear, but the infections occur as a
result of direct human-to-human transmission or environmental contamination [6]. The
increased number of siblings, the education level of the parents, the water sources and
garbage collection are also known to be representing important risk factors for the H. pylori
infection among the pediatric population [7].

It is known that the rate of infection with H. pylori reaches a percentage of 50% of the
total population and approximately one-third of all children around the world with a high
prevalence in low-income countries and in the absence of sanitary conditions, the incidence
of infection being severely influenced by the socioeconomic status [8]. In their review,
Zabala et al. made an examination of the data from seven cohort studies and showed that
the rate of the infection with H. pylori in healthy children under 5 years of age remained
between 20% and 40% in high-income countries, whereas in the upper-middle income ones,
the infection rates variated between 30% and 50%. These data suggest the importance of
the country of birth concerning the prevalence of the infection [9]. Additionally, Venneman
et al. found in their complex review that in Europe the H. pylori infection reached its highest
rates in Eastern and Southern Europe which represent, as well, the regions with the highest
stomach cancer incidence rates in the European Union [10]. Evidently, the clinical outcome
of an H. pylori infection depends on multiple favorizing circumstances such as the virulence
factors or the host gastric mucosal factors [11].

Clearly, the importance of an early diagnostic of the H. pylori infection is undeni-
able as it can prevent complications in adulthood and implicitly the apparition of gastric
cancer [12].

In children, the guidelines recommend that the diagnosis of H. pylori infection be
based on positive culture or gastritis with H. pylori on histopathology with at least one
other positive test based on biopsy [13]. The authors of a recent study from Iraq regarding
detection of H. pylori infection by invasive and non-invasive techniques in adults concluded
markedly the role of real-time PCR as more sensitive and accurate than other diagnostic
methods because it offers several advantages over culture [14].

Once diagnosed, an H. pylori infection has to be eradicated, but the efficacy of the
regimen consisting of a standard triple therapy involving antibiotics as amoxicillin, clar-
ithromycin and metronidazole along with a proton pump inhibitor seems to be decreasing
lately due to H. pylori-resistant strains [15]. Thus, eradicating H. pylori infection is starting
to become a challenge for all the pediatricians all around the world [16].

As for the epidemiological aspects of the treatment, the results of the EuroPedHP
Registry 2013 to 2016 showed that the primary antibiotic resistance rates may vary signifi-
cantly across the geographical regions and that they can also be correlated with the migrant
status [17]. In the present study, we aimed to evaluate the cases’ distribution based on sex,
age and environmental sources of the H. pylori infection. Although its prevalence seems to
decrease lately, H. pylori infection remains an important public health problem in Romania,
and epidemiological studies on its impact among the pediatric population in our country
are limited. We evaluated the data from a certain region of Romania, namely the northeast
of the country, trying to identify the particularities of H. pylori infection among children in
relation to their age, gender and environment of origin.

2. Materials and Methods

A retrospective study was carried out over a period of 3 years on a cohort of 1757 pa-
tients of both sexes, aged between 1 and 18 years, mainly hospitalized in the Gastroenterol-
ogy Pediatric Clinic, but also in the other clinics of the Emergency Hospital for Children “St.
Maria” in Iasi, Romania, with symptoms suggestive of gastritis or gastroduodenal ulcer
such as upper abdominal pain, abdominal distension, dyspepsia, nausea or vomiting, in
which superior digestive endoscopy (SDE) was performed. Some of them had a positive
fecal H. pylori antigen in ambulatory. Our hospital is the only one in the northeast of
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Romania where SDEs can be performed, so our results reflect the epidemiological situation
of the pediatric population suffering from this disease in this area with great accuracy.

The main criterion for inclusion in the study was the definite diagnosis of the disease
by performing SDE with biopsies taken from the gastric and/or duodenal mucosa. In-
travenous sedation was given and standard upper gastrointestinal endoscopy, using the
Olympus and Pentax video pediatric gastro-duodenoscopes, was performed to identify the
macroscopic changes. General anesthesia in children aged below 10 years of age was used.
We obtained 2 biopsies from the antrum, 2 biopsies from the corpus for the histopatholog-
ical evaluation and 1 biopsy from antrum for the rapid urease test [18,19]. The gastritis
was graded according to Houston-updated Sydney system: absent inflammation (Grade 0),
mild inflammation (Grade 1), moderate inflammation (Grade 2) and severe inflammation
(Grade 3).

During this period, 2042 SDEs were conducted, out of which we excluded 256 SDEs
that were performed for verifying the response to therapy rather than for initial diagnosis
purposes. Out of the 1786 children for which SDE was performed for diagnosis, we
excluded another 29 children who did not have complete data in the observation files. The
study was conducted on a final number of 1757 patients.

The research was based on the analysis of data from hospital discharge tickets, patient
observation charts and endoscopy result registers. The data regarding the batch considered
for the study were organized into a table structure containing a number of 90 category
variables and 2 continuous variables. The processing of these data was performed using
the SPSS 17.0 platform as well as Excel 2016 software. Chi Squared was calculated to asses
association of independent values. Cox regression models adjusting for patient age, sex and
area of origin were used characterize the relationship in pediatric patients with gastritis
and the probability of testing HP-positive.

All patient’s caregivers have given written informed consent and the “St. Mary”
Children Emergency Hospital Ethics Committee’s approval was obtained for publishing
this study (31490/29 October 2021).

3. Results

We evaluated 1757 patients, out of which 1210 were females and 547 males, whereas
1114 of them originated from rural areas and 643 patients were from urban areas.

Of the 1757 children diagnosed in our study with various forms of gastritis and/or
gastroduodenal ulcers, 542 of them (30.8%) had an associated H. pylori infection, while the
other 1215 (69.2%) did not have the infection at the time of diagnosis. All 542 children were
confirmed with H. pylori infection by endoscopy with biopsies, all of whom underwent
rapid urease testing (RUT).

In the studied group, the average age of children who had an H. pylori infection was
higher (14.1 £ 2.8 DS) than in those without an H. pylori infection (12.8 &= 3.7 DS) (Figures 1
and 2), the average difference being 1.3 years; confidence interval 95% 0.96-1.66; p < 0.0001
(Table 1).

In the studied batch, the female gender represented approximately two-thirds of the
entire batch with a percentage of 68.9% (1210 female children), compared to one-third
represented by the male gender with a percentage of 31.1% (547 children). The distribution
of children with an H. pylori infection according to the gender variable revealed a frequency
of 26.6% for boys and a frequency of 32.8% for girls (Figure 3). From the statistical analysis,
it was concluded that there was a significant difference of this association (X2, p = 0.009)
(Table 2). The possibility for females displaying gastritis with H. pylori is 1.34 times higher
as compared to males (OR = 1.34).
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Figure 1. Structure of the group of patients without H. pylori infection by age (years).

10
age (years)

Table 1. Average age of diagnosis of infection with H. pylori.

Wean =12 78
Std. Dev. = 3.694
M=1215

Age Frequency  H. pylori H. pylori Peélilsi(,n Likelihood p Value
(Years) Total Negative Positive Square Ratio

1 4 (0.2%) 4 (100%) 0
2 6 (0.3%) 6 (100%) 0
3 14 (0.8%) 14 (100%) 0
4 22(1.3%) 18 (81.8%) 4 (18.2%)
5 23(13%) 18 (783%) 5 (21.7%)
6 39 (22%)  34(87.2%)  5(12.8%)
7 49 (2.8%) 41 (83.7%) 8 (16.3%)
8 49 (2.8%) 43 (87.8%) 6 (12.2%)
9 74 (42%) 61 (824%) 13 (17.6%) 61.7 72.33 p < 0.0001
10 93 (5.3%) 74 (79.6%) 19 (20.4%)
11 100 (5.7%) 70 (70%) 30 (30%)
12 97 (5.5%) 66 (68%) 31 (32%)
13 181 (10.3%) 119 (65.7%) 62 (34.3%)
14 217 (124%) 152 (70%) 65 (30%)
15 238 (13.5%) 157 (66%) 81 (34%)
16 273 (155%) 171 (62.6%) 102 (37.4%)
17 260 (14.8%) 152(59.6%) 105 (40.4%)
18 18 (1%) 12 (66.7%) 6 (33.3%)
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Figure 2. Structure of the group of patients with H. pylori infection by age (years).
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Figure 3. Structure of the batch of patients with or without H. pylori infection by gender.

Table 2. Estimated parameters in testing the association between H. pylori infection and the gender
variable.

Pearson Chi Likelihood

Female Male Square Ratio p Value
HP positive 397 (32.81%) 145 (26.51%)
HP negative 813 (67.19%) 402 (73.49%) 7.01 7.13 p =0.008

Total 1210 (100%) 547 (100%)

The first column represents females with H. pylori infection (32.81%) and without H.
pylori infection (67.19%). The second column describes males with HP infection (26.51%)
and without HP infection (73.49%). Chi Squared test of independence was performed and
showed there was significant association between gender and H. pylori infection (x? = 7.01,
p = 0.008).

We also evaluated the distribution of the H. pylori infection according to age within
both genders and we noticed that the number of cases increases along with the median age
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of 13.6 years for females compared to 12.2 years for males, the average difference being
1.4 years. (Figures 4 and 5)
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Figure 4. Distribution of H. pylori infection (number of cases) according to age (years) in females.
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Figure 5. Distribution of H. pylori infection (number of cases) according to age (years) in males.

A direct comparison between the median age of debut of the Helicobacter pylori infection
for males and females demonstrates similarities between both genders (Figure 6).

According to patients’ backgrounds, out of the total number of 1757 patients, we
observed that 1114 of them (63.4%) originated from the rural areas, whereas 643 of them
originated from urban areas with a percentage of 36.6%. (Table 3). From the statistical anal-
ysis, it was concluded that there was a powerfully significant difference of this association
(x?; p < 0.0001) (Table 3). The presence of gastritis with H. pylori in patients from rural
environments is 2.2 times higher than in patients from urban environments (OR = 2.2).
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Figure 6. The distribution of age (years) within gender variables in H. pylori infection.

Table 3. Estimated parameters in testing the association between H. pylori infection and the origin

variable.
Rural Urban Pearson Chi Likelihood Value
(Number/Percentage) (Number/Percentage) Square Ratio P
HP positive 408 (36.6%) 134 (20.8%)
HP negative 706 (63.4%) 509 (79.2%) 47.62 49.38 p < 0.0001
Total 1114 (100%) 643 (100%)

The first column represents patients originating from rural environment with H. pylori
infection (36.6%) and without H. pylori infection (63.4%). The second column describes
children originating from the urban areas with HP infection (20.8%) and without HP
infection (79.2%). Chi Squared test of independence was performed and showed there was
significant association between environment of origin and H. pylori infection (x* = 47.62,
p = 0.0001).

The distribution of children with an H. pylori infection according to the origin variable
showed a frequency of 24.7% in the urban environment and a frequency of 75.3% in the
rural environment (Figure 7).

HP (+) population

Urban area
24.7% \

—

Rural area
75.3%

m Rural area = Urban area

Figure 7. The structure of the group of patients according to the place of living for H. pylori present.

Logistic regression was used to characterize the relationship between age, gender and
living conditions (stratified as urban/rural area) for pediatric gastritis patients and the
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probability of testing H. pylori-positive. The most parsimonious model included only age;
the results from the model indicate an increased risk of H. pylori infection mirroring the
aging process. A more complex model included age and living conditions with a similar
log likelihood ratio suggesting an increased risk of H. pylori infection associated with rural
living conditions—odds ratio ~2. A summary of the logistic regression results is shown in
Table 4. Adding gender to a third model was considered but the result was not statistically
significant (p = 0.34) (Wald).

Table 4. Logistic regression model including age, living conditions and H. pylori infection status for
pediatric patient with gastritis.

B S.E. Wald df Sig. OR 950/“0(;{1 for
Lower Upper
Age (years) 0.11 0.02 44.25 1 0.000 1.12 1.08 1.16
Urban area 39.05 1 0.000
Rural area 0.73 0.12 39.05 1 0.000 2.08 1.65 2.61
Constant —2.84 25 126.09 1 0.000 0.06

B = beta coefficient; S.E. = standard error; df = degrees of freedom; Sig. = statistical significance; OR = odds ratio;
CI = confidence interval.

4. Discussion

The results of our analysis confirm that almost one-third of the children enrolled in
the study have a H. pylori infection but unfortunately, in the Romanian medical literature
the data regarding this subject are not updated and comparisons are difficult to be made
within our country’s territory. However, at the national level, the prevalence of H. pylori
infection seems to be decreasing lately.

Usually, an H. pylori infection is acquired during childhood and persists as chronic
gastritis if the organism is not eradicated. With the progress of gastritis over the years, the
gastric mucosa undergoes a series of changes that can lead to glandular atrophy, intestinal
metaplasia and with increased risk of gastric dysplasia and carcinoma [1,20,21]. On the
other hand, a recent study conducted in China identified an inverse relationship between
H. pylori and asthma, indicating that this infection may represent a protective factor for
asthma (OR 1.887-2.008, p < 0.05) [22]. This affirmation is supported by the results of
a meta-analysis by Chen et al. who observed the same inverse association between the
CagA(+) strains of H. pylori and the risk of childhood asthma (OR = 0.58; CI, 0.35-0.96,
p =0.034) [23].

In the United States, the prevalence of gastritis with H. pylori in children appears to be
age-dependent. Below the age of 5, few cases are reported but prevalence increases with
age, becoming the most common cause of gastritis in adolescents [1,2,24].

The authors of a recent systematic review and meta-analysis regarding global preva-
lence of pediatric H. pylori infection reported that this was present in 32.3% of children and
it was higher in low-income and middle-income countries than in high-income countries
(43.2% vs. 21.7%). Additionally, the prevalence of infection was higher in older children
than in younger ones (41.6% in 13-18-year-olds; 33.9% in 7-12-year-olds; 26.0% in 0-6-year-
olds). H. pylori infection in children was associated with lower economic status, more
children, room sharing, no access to a sewage system, having parents infected with H.
pylori, drinking non-treated water and adolescents [25].

It has been suggested that gastric pathology (gastritis and ulcer) has become more
prevalent in Western countries in the nineteenth century due to a change in the epidemi-
ology of the H. pylori infection [24]. Starting from this hypothesis, from environmental
changes (which can cause changes in the gastritis pattern) and from current nutrition, we
have studied some aspects of gastritis and ulcers in children.
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The gastric pathology associated with H. pylori infection was more common among
adolescents, with 17-year-olds registering the highest frequency with an average age of
14.1 £ 2.8 DS. This distribution could be explained by adolescents” diet consisting of fast
food, carbonated juices, alcohol and coffee, which can exacerbate the symptoms of gastritis
with H. pylori [25,26]. Their better compliance with digestive endoscopy with the possibility
of clear diagnosis could also contribute to the deviation of the frequency to the adult age.
There are studies that reported spontaneous elimination of the infection with age, thus
explaining the lower prevalence of infection at age 10 [27]. Some authors also argue that
the lower prevalence of infection in adolescence age could be explained by an increased
attention to health problems in this age group and the use of antibiotics for other infectious
diseases [28,29]. In our case, we cannot support these hypotheses, as the prevalence of
infection increased in relation to age. The low prevalence at the age of 18 cannot be taken
into account, given the lower number of children we have examined, since at this age most
patients with similar symptoms resorted to adult gastroenterology exams.

In our study, the female sex was affected in 68.9% of cases (1210 girls out of a total of
1757) and 32.8% had the bacteria present. This may result from the fact that girls give more
importance to the symptoms they have, thus increasing the addressability to the doctor.
In contrast with our results, Ibrahim et al. show in their meta-analysis that the H. pylori
infection was more frequent in males than in females (102 studies, OR = 1.06, 95%CI: 1.01,
1.12, 12 = 43.7%) [30]. Other studies did not find statistical differences between females and
males [31-33].

According to the place of living, our statistical analysis showed that there is a higher
prevalence of H. pylori infection among the children originating from the rural environments
with a percentage of 63.35% in northeast Romania. Our data are in agreement with the
results obtained by Melit et al. in their study conducted on 137 patients from Romania
where the H. pylori infection rate was more important in the rural environment than in
the urban areas (p = 0.0089) [34]. However, our results are not entirely consistent with a
similar analysis made recently in a center in the northwest part of Romania which proved
that there were no statistically significant differences between the prevalence of H. pylori
infection in the rural areas (42.29%) versus the urban environment (39.75%) (p = 0.6) [35].

The higher frequency of infection in the rural environment could be explained by the
lower socio-economic level and by the larger families in this environment, which promotes
the spread of the bacterium. Several studies have reported a higher prevalence of the
infection in large families [36,37].

More than 50% of the world’s population is infected with H. pylori, which is almost
always acquired in the first 5 years of life [38]. In developed countries, the prevalence
varies between 1.2% and 12.2% [39,40]. In developing countries, the prevalence is higher.
In Indian children, the prevalence of H. pylori infection was reported to be 45% [41]. In
Bolivia, seroprevalence at age 9 was 70% and in Alaska 69% [40,41].

In Romania, the authors of a retrospective study conducted in Cluj-Napoca, on 194
children, reported the general prevalence of H. pylori infection as 36.6% [42]. In another
study in Romania, in Targu Mures, conducted on 1041 children aged from 2 to 18 years, the
prevalence was similar, of 33.05% [43].

In our study, we found a prevalence of H. pylori infection of 30.85%, similar to that
reported in the other Romanian studies. The prevalence of the bacteria was roughly the
same over the three years of study.

Initially, the specific guidelines for eradicating H. pylori infection were limited to
peptic ulcer, but in 1997, the “Digestive Health Initiative” (DHI) during the “International
Update Conference on H. pylori” extended the recommendations for testing and treating
H. pylori [44]. Thus, the recommendations for H. pylori treatment are as follows: in the
presence of H. pylori-associated peptic ulcer, treating H. pylori infection in the absence of
peptic ulcer in children with dyspeptic symptoms may be considered, a “test and treat”
strategy is not recommended in children based on non-invasive methods, in children
infected with H. pylori who have a first-degree relative with gastric cancer, treatment may
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be recommended and the monitoring of antibiotic resistance rates of H. pylori strains in
children and adolescents is recommended in different countries and geographical areas [45].

For the diagnosis, we performed SDE with biopsies taken from the gastric and/or
duodenal mucosa such as in the recommendation of the new guidelines. The guidelines
recommended that the initial diagnosis of H. pylori infection should not be based on
noninvasive tests. A positive bacterial culture or H. pylori gastritis on histopathology
with at least one other positive test such as rapid urease test, or molecular-based assays
(polymerase chain reaction or fluorescent in situ hybridization) are necessary [13].

H. pylori has been shown to be highly resistant to clarithromycin in both children and
adults, which is why studies at all ages recommend testing for antimicrobial susceptibility
in H. pylori using molecular biopsy-based techniques, such as real-time PCR [13,46]. In
our center, this test is not available and we considered it a limitation for our study. This is
added to the unavailable laboratory investigations due to the fluctuation of existing funds
(the study of vacA and cagA strains of H. pylori, the analysis of H. pylori antigen from fecal
samples throughout the study period) and the impossibility of long-term follow-up of
patients due to their very large number, but also to the lack of cooperation on their part.

5. Conclusions

The infection rate with H. pylori is still high in children, especially in teenagers, so
extensive prevention and treatment programs are needed. An early diagnosis can sig-
nificantly minimize complications during adulthood and, undoubtedly, can present an
important impact on the socio-economic status in Romania.
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Abstract: In adults with immune thrombocytopenic purpura (ITP), the identification of H. pylori
infection and its subsequent eradication proved to aid platelet recovery. Similar findings, at a smaller
scale, were allegedly reported by some pediatric studies. This review’s objective was to establish the
influence of H. pylori infection and its eradication upon platelet count and recovery in pediatric ITP.
Three databases, namely Pubmed, Scopus and Web of Science, were searched for pediatric studies
which investigated a link between H. pylori infection and thrombocytopenia. The search results
retrieved a number of 21 articles which complied to the inclusion and exclusion criteria. Some studies
report lower platelet values among children with ITP and documented H. pylori infection, as well
as an improve in platelet numbers after H. pylori treatment. However, results are controversial, as
multiple authors failed to identify a higher prevalence of H. pylori among children with ITP or a lack
of significant change in therapeutic outcome with the addition of an eradication regimen to standard
treatment. The main limitations of current pediatric studies remain the small study samples and the
short follow-up periods of the included subjects. Hence, the long-term impact of H. pylori in children
with ITP is still uncertain.

Keywords: Helicobacter pylori infection; immune thrombocytopenic purpura; children

1. Introduction

Immune thrombocytopenic purpura (ITP) is defined as an isolated, transitory or per-
sistent decrease in platelet count, under a diagnostic threshold of 100 x 10° /L, mediated
by an immune process. The term, “immune”, is nowadays preferred to the old “idio-
pathic” label, in order to highlight a disorder of the immune system characterized by
the coating of platelets with autoantibodies that act against platelet membrane antigens
and inhibit megakaryocyte function [1,2]. Immunoglobulin G (IgG) antibodies bind to
platelet membrane glycoproteins, which leads to the sequestration and phagocytosis of
platelets within the spleen and can simultaneously impair platelet production [3,4]. The
absence of a known cause or other underlying disorders responsible for the autoimmune
thrombocytopenia suggests a diagnosis of primary ITP, whereas secondary ITP refers to
each type of immune-mediated thrombocytopenia with the exception of primary ITP [2].

The result is a decrease in platelet numbers, which, depending on its severity, can
lead to cutaneous hemorrhages such as petechiae and ecchymoses, mucosal bleedings
including epistaxis or genito-urinary hemorrhages [5]. Severe bleeding complications, such
as intracranial hemorrhage, occur with a general frequency of 1/800 at pediatric ages, in
both newly onset and chronic ITP forms and are the main cause of long-term morbidity
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and mortality [5,6]. In spite of the potential severe outcome of ITP, which prompts for early
recognition of the disease, its diagnosis still remains a challenge, as it involves exclusion of
other causes of isolated thrombocytopenia [7].

In children, acute ITP prevails, usually develops a few weeks after a viral infection and
has a self-limiting evolution in most cases, while chronic ITP develops in approximately
20% of the cases, especially in teenagers [8-11]. As pediatric ITP rarely becomes chronic,
the incidence of ITP in children is estimated at 5 cases/100,000 children/year, significantly
lower than the one in adults [12,13]. Recent data sustain the definition of chronic ITP
as thrombocytopenia (<100,000/uL) which lasts for more than 12 months, whereas a
3-12-month interval of thrombocytopenia qualifies as persistent thrombocytopenia [2].
Risk factors for ITP chronicity include age at diagnosis, female sex and platelet count at the
time of the diagnosis [14].

Primary ITP accounts for 80-90% of adult cases [3,15]. In similar fashion, around 20%
of children cases can be attributed to secondary causes, according to a Spanish study [16].
H. pylori has been regarded as one of the potential causes of secondary ITP, but it is yet
unclear whether treatment of this particular infection might be sufficient to improve platelet
numbers [17,18]. There are several hypotheses that link H. pylori to ITP. Firstly, molecular
mimicry plays a huge part. This is characterized by specific bacterial antibody production
that cross-react with platelet glycoprotein antigens [19]. A specific cross-reactivity between
platelet antigens and the cytotoxin-associated gene A (CagA) has also been described [20],
together with a higher prevalence of CagA H. pylori positive strains among populations di-
agnosed with ITP [21]. Lewis (Le) antigens, expressed by particular H. pylori strains, adhere
to platelets, which are consequently targeted by anti-Le antibodies in genetically susceptible
patients. These also interfere with ITP pathogenesis through the same molecular mimicry-
related processes [22]. Particular enhancement of platelet phagocytosis by the monocytes
in H. pylori infected individuals seems to be involved in the development of secondary
ITP as well [23]. Particular haplotypes such as HLA-DRB1*11,*14 and -DQB1*03 are more
frequently encountered in ITP patients infected with H. pylori, whereas HLA -DRB1*03
is more rarely found within the same individuals [24]. Moreover, intestinal microbiota
dysbiosis, which appears in the setting of H. pylori infection, has also been linked to ITP
pathogenesis [25]. However, after H. pylori eradication, autoantibodies disappear after a
period of one to two years, whereas a positive platelet response is seen in some studies
after only one to two weeks, which suggests that other intricated mechanisms might play a
role in the pathogenesis of ITP as well [26].

An association between H. pylori infection and ITP was proven for the first time in
1998, by Gasbarrini et al. [27]. Since then, the beneficial effect of H. pylori eradication over
platelet numbers has been proved in adult patients with moderate ITP forms in studies
with a randomized controlled trial (RCT) design [28]. In children, evidence promoting H.
pylori eradication in ITP patients exists, but the sole influence of H. pylori in pediatric ITP
is put into question [29,30]. Starting from various hypotheses that sustain the benefit of
H. pylori treatment in improving platelet numbers in patients with ITP, this comprehensive
review aims to establish the influence of H. pylori infection and eradication upon platelet
counts and recovery in pediatric ITP.

2. Materials and Methods

We searched the Pubmed, Scopus and Web of Science databases for all articles indexed
through the 25 May 2023, which assessed the relationship between H. pylori and thrombo-
cytopenia in children. The search terms used were “Helicobacter” OR “Helicobacter pylori”
AND “thrombocytopenia” AND “child”. We only aimed to include population-based stud-
ies (including prospective cohort and observational studies, retrospective observational
studies, longitudinal studies and RCTs) conducted on child populations or studies enrolling
both adults and children which conducted a separate analysis on the impact of H. pylori
infection and/or its eradication on thrombocytopenia in pediatric populations. Exclusion
criteria consisted of non-English language literature data, meta-analyses, review articles,
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case reports/series, editorials, letters to editor, as well as experimental, animal studies and
adult population-based studies. Reference lists of the selected articles were also screened
for compliance with the inclusion and exclusion criteria, to the review’s objectives and for
database indexing.

The article selection process firstly consisted of exclusion of duplicates and triplicates,
a task which was performed by authors SM and KAM. Each of the three authors of the
article examined the title and abstracts of the identified reports in order to exclude irrelevant
articles for the reviewer’s objectives. SM and KAM accessed the full-length text of the
elected manuscripts and checked for compliance to the aforementioned inclusion criteria.
Eventual disagreements between authors had been thoroughly debated and discussed by
all authors. The inclusion of each individual record belonging to this review was established
upon mutual agreement.

The following information were extracted from articles belonging to the final selection
pool: author name, year of publication, type of the study, target population, study group
division and main findings of the article related to H. pylori prevalence among children
with ITD, the impact of its presence on platelet count and the effect of its eradication upon
platelet recovery rates.

3. Results

The initial research resulted in a total of 191 records. After exclusion of 59 duplicate
and triplicate articles, 15 non-English language articles and 39 articles which were not
in line with the reviewer’s objectives, a number of 78 relevant articles were screened.
Review articles, meta-analyses, case reports/series, editorials, letters to editor (not reporting
results of original studies) were excluded, together with studies conducted on adults. This
systematic selection resulted in 21 admissible articles. The article selection process has been
detailed in Figure 1, being performed in accordance with the PRISMA 2020 statement [31].

Reports removed before screening:
Reports identified from three | Duplicate/Triplicate reports removed: n=59
databases: n=191 " Reports written in non-English language: n=15

A

Reports excluded due to lack of relevance

Reports screened: n=117 g of the studied theme: n=39

Reports excluded:
case reports/series of cases: n=6
Reports assessed for editorials: n=1
eligibility: n=78 letters to editor: n=3
meta-analyses: n=2
adult studies: n=13
review studies: n=32

v

Studies finnaly included in the
review: n=21

Figure 1. PRISMA flowchart with the eligible studies.

A summary of the main findings of the pediatric studies which complied to our
election criteria has been provided through Table 1.
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Although the causative role of H. pylori in pediatric ITP has not been sufficiently
investigated, some studies sustain a test-and-treat strategy in children diagnosed with this
particular condition. Russo et al. enrolled an impressive pediatric cohort of 244 patients
diagnosed with chronic ITP and proved that platelet recovery rates were significantly
higher in those patients in whom H. pylori was successfully eradicated, when compared
to spontaneous remission rates encountered in H. pylori negative patients [29]. Brito et al.
conducted an RCT on 85 children, including 22 children and adolescents with chronic
ITP, equally randomized into a treatment group and a control group with similar baseline
platelet counts. The authors found no significant difference in complete platelet response
rates, defined as platelet values exceeding 150 x 10°/L, between treated and untreated
children. However, similarly to the study of Russo et al. [29], H. pylori eradication yielded a
more frequent complete platelet response than in the case of uninfected patients [32]. In
accordance with these findings, the study of Ferrara et al. sustains H. pylori screening in
chronic, childhood and adolescence ITP, after showing a more frequent complete platelet
response in patients in whom H. pylori was successfully treated. No differences were seen
in this study in pre-therapeutic platelet counts in relation to H. pylori presence [33]. Another
Ethiopian study found a significant reduction in platelet numbers and mean platelet volume
in children with positive H. pylori stool antigen test or positive H. pylori antibodies [34].

The beneficial effects of H. pylori eradication in children with ITP are still being investi-
gated. The numerically limited cohorts of other studies greatly influence the interpretation
of their results. A Dutch study sustained the favorable therapeutic response brought up by
H. pylori eradication in chronic ITP, but its conclusion cannot be perceived at a larger scale,
as only 3 children out of the entire study cohort were diagnosed with the infection [35].
In similar fashion, a small scale study conducted in Iran found that H. pylori eradication
might facilitate a sustained therapeutic response in chronic pediatric ITP, but this infection
was diagnosed in a very small subset of patients, as well [36]. Jaing et al. reported a
sustained rise in platelet counts after 6 months of follow-up in five out of nine children
infected with H. pylori, but due to the limited number of patients included in the study; it
is unclear whether infection eradication, the course of the disease or standard treatment
played the major role in therapeutic favorable outcome [37]. Thus, it is hard to interpretate
the impact of H. pylori eradication in very small subsets of patients with chronic ITP, which
characterize most pediatric studies. For example, Hayashi et al. identified H. pylori in only
two out of ten patients with chronic ITP and reported a sustained response after 1 year of
follow up in only one of these [38]. A larger subgroup, of 280 patients under the age of
18 years, was though included in a nationwide study, conducted in Taiwan. Within this
study, H. pylori was only associated with adult ITP, the infection being absent in each of the
children included [39].

Prevalence of H. pylori infection varies with age and geographical region among
subjects with ITP [52]. In an adult study enrolling Italian and British populations, the
incidence of H. pylori infection in patients with ITP was reported to be similar to the one
of the general, healthy population [53]. However, one study examining spleen specimens
from patients undergoing splenectomy for ITP or trauma identified a higher prevalence
of H. pylori in the first group. Moreover, the presence of H. pylori infection was associated
with low expression of the FC gamma receptors IIB (FCGRIIB) within splenic macrophages,
which is known to play a role in the etiology of ITP [54]. Furthermore, within a case—
control study, Abdollahi et al. reported a higher prevalence of H. pylori infection among a
pediatric group with ITP, when compared to healthy controls. The study did not analyze
the therapeutic outcome in the case group, nor the impact of H. pylori eradication [40]. On
the other hand, a Finnish study conducted on 17 children with ITP failed to confirm the
presence of H. pylori infection in any of these subjects [41]. Similarly, one study conducted in
Japan which analyzed remission rates of chronic ITP in children, during a follow-up period
of 20 years, did not identify the presence of H. pylori in any of the included subjects [42].
A slightly higher prevalence of H. pylori than in general in population was found in a
Taiwanese case—control study, but this difference did not reach statistical significance. The
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relationship between H. pylori infection and platelet response was also analyzed, revealing
that its presence is slightly discernible in the course of chronic ITP [43].

The sole presence of H. pylori infection might not additionally impact platelet counts
and clinical picture in pediatric ITP. Similar platelet values between children study groups
were reported, divided based on H. pylori infectious status. One study compared multi-
ple hematological parameters between children diagnosed with H. pylori gastritis, those
diagnosed with non-H. pylori gastritis and a control group with functional gastro-intestinal
symptoms, without microscopic anomalies of the gastric mucosa. Platelet numbers were
found to be similar to the ones of healthy subjects in both study groups [44]. Moreover,
the study of Afifi et al. also compared various erythrocyte parameters and platelet num-
bers between pediatric subjects with H. pylori infection and healthy controls. Significant
lower values of the mean corpuscular volume (MCV) and mean cell hemoglobin (MCH)
were found in the H. pylori positive group, but platelet counts did not present significant
variations among the two study groups [45].

Hence, uncertainty still surrounds the theory of H. pylori’s implications in the patho-
genesis of ITP, as Bisogno et al. proved within a small-scale study. The number of patients
in whom the bacterial infection was not confirmed and presented spontaneous improve-
ments of platelet counts was similar to the one of patients in whom bacterial eradication
showed a beneficial, yet unsustainable, therapeutic response [46]. Efforts to eradicate H.
pylori might not produce the expected positive outcome over platelet numbers. A multi-
center randomized controlled trial showed that H. pylori eradication does not bring any
improvement in platelet counts, after random assignment of 16 children into two balanced
groups of patients, one who benefited from eradication therapy and the other one in which
anti-infectious treatment was not considered. An important number of subjects from this
particular study presented cytotoxin-associated gene A (CagA) and/or vacuolating cyto-
toxin A (VacA) antibodies [51]. Loffredo et al. also reported no difference in therapeutic
outcome from patients without H. pylori, after single or multiple courses of eradication
lines were applied to children in whom bacteria was positive upon detection of at least two
non-invasive tests [47]. Another study confirmed that H. pylori eradication does not bring
any additional benefit to standard treatment in children with chronic ITP [48]. H. pylori in-
fection does not seem to interfere with short term response to intravenous immunoglobulin
(Ivlg) treatment, assessed after a time-span of 2 weeks, according to Morimoto et al. [49].
Furthermore, a case-control study described no significant differences in number of subjects
infected with H. pylori, when comparing children diagnosed with ITP and healthy controls.
Within the study group, the therapeutic outcome was also assessed in relation to H. pylori
infectious status and the bacterial pathogen was found to have no impact on platelet count
response [50]. Therefore, it is still unclear if H. pylori eradication improves therapeutic
outcome in pediatric ITP.

4. Discussion

Extra-gastric manifestations of H. pylori infection seem to be largely represented by
hematological disorders, such as iron deficiency anemia (IDA), megaloblastic anemia
(caused by vitamin B12 deficiency) and ITP [55-57]. This review has focused on the impact
that H. pylori infection poses upon the clinical course and therapeutic efficacy in pediatric
ITP, starting from the long-running debate and controversy surrounding the importance
of H. pylori eradication in patients with ITP. An update to the pediatric literature data has
been provided through inclusion of more recent studies conducted on the subject, which
met the inclusion and exclusion criteria, but which are still hindered by several limitations.
An older review article, published in 2005, initially pointed out that studies analyzing a
relationship between H. pylori and ITP which were conducted to that point were small-scale,
and the enrolled populations were not followed up for longer periods of time [58]. The
studies included in this review are also characterized by numeric limitation of target groups.
Moreover, only two of those were longitudinally designed, but the follow-up period was
limited to 6 months and one year, respectively.
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With the availability of new data derived from adult studies which showed utility of
H. pylori treatment, in cases where the bacterium was encountered, the 2011 guidelines of
the American Society of Hematology recommended against routine screening of H. pylori
infection in patients with ITP, but supported treatment of the bacterial infection in those
patients in whom non-invasive or invasive diagnostic tests delivered positive results [6].
Afterwards, the 2019 guidelines of the American Society of Hematology maintained the
same position, recommending against routine testing for H. pylori, which was meant to
be limited to those subjects with clinical, suggestive symptoms [59]. On the other hand,
the 2010 Consensus Guidelines of the Associazione Italiana di Ematologia e Oncologia
Pedjiatrica (AIEOP) recommended the conductance of H. pylori stool antigen tests in children
with ITP, in order to search for an underlying infectious cause which can be combated [60].
As listed in Table 1, in most of the studies included in this review, the identification of
H. pylori infection was subject to stool antigen testing as well. However, a handful of these
studies assessed the presence of the infection only in a subset of patients. Moreover, only a
third of the studies included in this review evaluated platelet outcome after eradication
therapy was instituted, with the other studies only assessing response to standard ITP
treatment in relation to the presence/absence of H. pylori infection. Still, the presence
of H. pylori in subjects with ITP might prompt the physician towards recommending a
therapeutic scheme. One treatment strategy protocol developed based on an adult study
conducted in a referral center from Northern Brazil also proposes a screening of H. pylori
and its subsequent treatment, if diagnostic test results are positive [61].

The success of H. pylori eradication in patients with ITP varies greatly among different
studies. Eradication rates lower than 1% or 5% have been reported, or even exceeding
60% in research conducted in Italy and Japan [27,62,63]. Stasi et al. found among an adult
cohort diagnosed with ITP a similar prevalence of H. pylori infection to the one found
in general population. Furthermore, the authors described a beneficial effect of H. pylori
eradication only in those mild to moderate cases of ITP, with recent onset [53]. A French
study also reported a similar seroprevalence of H. pylori infection between a study group
of adults with ITP and controls, whereas a Columbian study identified a compellingly
higher prevalence of the same bacteria within an ITP cohort, when compared to healthy
subjects [64,65]. Still, H. pylori seems to be encountered more rarely in children than in
adults suffering from ITP [52]. Kuwana et al. have reviewed the heterogeneity of H. pylori
therapeutic response rates in subjects with ITP, reporting higher eradication failure rates in
the United States and non-Italian European countries. Furthermore, the authors claimed
that the very low incidence of H. pylori infection reported within pediatric studies questions
the utility of the specific eradication treatment among these patients, as opposed to adult
counterparts [66]. As a matter of fact, from the reports included in this review, one study
conducted in Taiwan and another one enrolling a Finish pediatric population failed to
identify H. pylori in any of the enrolled subjects [39,41].

Secondary ITP forms are accompanied by a more pronounced thrombocytopenia,
splenomegaly, hepatomegaly and lower hemoglobin counts, according to an adult study [67].
In children in particular, search for a secondary cause of ITP and treatment of possible
causative agents could represent an important therapeutic aid which can lead to avoidance
of standard treatment and its widely known side effects, which are more extensive at this
particular age group [68]. One study conducted on a numerous cohort of pediatric ITP
patients, identified that the two most frequent causes of secondary ITP cases are recent
immunizations and viral infections, followed by autoimmune disorders and immunodefi-
ciency [16]. Within this study, post-immunization and post-viral infections ITPs showed the
best remission rates [16]. Although H. pylori infection is usually acquired during childhood,
physicians are less familiar with its extra-gastric, hematological manifestations. Hence,
screening of this bacterium is not routinely performed in children with ITP and is reported
as a rare practice among adult studies as well [69,70]. One meta-analysis of six randomized
trials sustained the importance of H. pylori eradication in adults with ITP, but failed to
identify a therapeutic benefit in children diagnosed with the same condition, in whom
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the infection was successfully treated [71]. One systematic review study drew this same
conclusion, in light of the frequent limitations of pediatric studies addressing a potential
association between H. pylori and ITP, such as the lack of controls, the small sample sizes,
the low prevalence of H. pylori infection among the studied subjects and the short period
of follow-ups. Furthermore, the same review concluded that the poor statistical power of
pediatric studies hinders the establishment of benefits to H. pylori eradication in children,
in both gastric and extra-gastric manifestations [72]. Another meta-analysis of 7 Middle-
Eastern, adult studies, highlighted the same advantages of H. pylori screening and treatment
in ITP, but was hindered by several limitations, which the authors acknowledged. Among
these, the small population samples, the heterogeneity of the H. pylori detection methods
used and of the complete versus partial platelet response criteria were the ones that stood
out [73]. Although a correlation between H. pylori eradication and platelet count increase
in children seems obvious, another meta-analysis of miscellaneous studies points out their
limitations related to the design, and the need for further evidence delivered by RCTs [74].
Unicentric studies, even those performed on significantly larger cohorts, identified H. pylori
only in small subsets of patients with ITP and found very low platelet recovery rates in case
of successful infection eradication [75]. Hence, due to the bias-prone studies conducted in
both pediatric and adult populations, the utility of a test and treat strategy for H. pylori is
still in question. Moreover, as shown in Table 1, most of the studies included in this review,
which assessed the effect of H. pylori eradication, showed no significant improvement in
platelet counts.

As the persistence of chronic gastric inflammation might be responsible for mild
thrombocytosis, controversial results were reported by Matsukawa et al., who claimed
through their study that H. pylori eradication leads to a decrease in platelet numbers in
adults with gastritis and gastric ulcer, as opposed to non-eradicated patients [76]. How-
ever, one study, which assessed the impact of chronic gastric inflammation upon platelet
numbers and mean platelet volume (MPV), found no significant differences between two
study groups of subjects, divided depending on H. pylori infectious status. Furthermore,
MPV did not correlate with severity of chronic gastric inflammation [77]. Two pediatric
studies also confirmed these findings, describing lack of significant differences in MPV
values between non-H. pylori gastritis and H. pylori gastritis subjects, eradicated and non-
eradicated patients, and lack of correlations between this parameters and different degree
of gastritis severity [44,78]. Mean platelet volume has been for a long time regarded as a
marker of platelet activation, which might increase with enhanced thromobocytopoiesis in
inflammation and infections [79]. Therefore, it is yet unclear whether concurring H. pylori
infection and chronic gastritis influence platelet parameters in both adults and children.

In various adult cohorts, the eradication of H. pylori has been followed by a sustained,
favorable platelet response after follow-up periods of one year [80]. However, platelet
response rates seem to be higher in patients with milder thrombocytopenia and countries
with higher prevalence of H. pylori infection [81]. One previous systematic review of studies
performed on pediatric populations concluded that platelet response rates in pediatric
populations are expected to be similar to the ones found so far in adults and that H.
pylori eradication should constitute a first-line treatment approach in children with ITP as
well [82]. There is still a discrepancy between the results reported by cohort studies, such as
those included in the review, and individual case reports which sustain the need for H. pylori
infection eradication in pediatric ITP. The case of a 12-year-old male patient who presented
recovery of platelet counts after H. pylori eradication distinguishes among others, due to
a reported higher efficacy of the bacterial eradication when compared to corticosteroid
treatment [83]. In another case report on an 11-year-old, a sustained platelet response
was reported only after H. pylori re-eradication, in spite of previous therapy with Ivlg and
cepharantine, administered as a substitute of corticosteroids [84]. The report of a female of
13 years of age with H. pylori induced atrophic gastritis also details the remission of the
associated conditions, namely IDA and ITP, with infection eradication [85]. A temporary
increase in platelet numbers was also reported in relation to omeprazole monotherapy [84],
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which had previously been described to eventually lead to H. pylori eradication and to
remission of ITP, when administered for a period of approximately 1 year and a half in an
elderly woman [86]. Ikeda et al. describe a peculiar case of neonatal thrombocytopenia
related to maternal ITP, diagnosed during pregnancy. The neonate benefited from Ivig
treatment, but in the mother’s case, ITP was found to be related to H. pylori and infection
eradication led to recovery of platelet counts. Moreover, the case brought into attention
the neonatal impact of gestational platelet auto-antibodies [87]. Although case reports
offer insufficient evidence to sustain H. pylori screening and treatment in pediatric ITP,
they prove that for certain individuals, this strategy might be helpful in improving platelet
numbers.

In spite of the multiple pediatric studies which have thoroughly investigated the
impact of H. pylori infection and its eradication upon platelet counts, their main limitations
remain the small population samples of available studies and the short follow-up periods
of the included patients, which have been highlighted through Table 1. Furthermore, there
are currently only three RCTs [32,48,51] which randomized children with ITP into two
groups, depending on the choice of adding H. pylori treatment to conventional therapy.
Hence, available pediatric studies with higher statistical power, such as RCTs, are very
scarce. Therefore, there are insufficient data available to certify the negative impact of H.
pylori infection upon platelet count in pediatric populations [88], and the long-term stability
of platelet numbers after H. pylori eradication is yet uncertain in children.

5. Conclusions

The generally low prevalence of H. pylori in children with ITP might suggest that this
infection only plays a minor role in the pathogenesis of this condition, at pediatric ages.
Controversy still surrounds the utility of H. pylori identification and treatment in children
with ITP. Several studies reported the benefits of H. pylori screening, but evidence is scarcer
than in adult populations and it is yet unclear how the treatment of this particular infection
influences platelet counts in the long term. The lack of longitudinal design of most of the
available pediatric research calls for future studies which should also consistently follow
up the enrolled study populations.
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Abstract: (1) Background: The correlation between infection with Helicobacter pylori (H. pylori)
and headache has been argued and explored for a long time, but a clear association between the
simultaneous presence of the two in children has not been established yet. In this study, we aimed
to explore this relationship in children from the Northeast region of Romania. (2) Methods: A
retrospective study exploring the correlation between children having H. pylori infection and headache
or migraine was conducted on a batch of 1757 children, hospitalized over 3 years in a pediatric
gastroenterology department in Northeast Romania. (3) Results: A total of 130 children of both sexes
had headache. From 130 children, 54 children (41.5%) also presented H. pylori infection. A significant
association between headache and H. pylori infection (x2; p < 0.01) was noticed. (4) Conclusions:
More studies are needed on this relationship, and we emphasize the importance of further analyses,
as they present great clinical importance for both prompt diagnosis and treatment.

Keywords: headache; Helicobacter pylori; children; migraine

1. Introduction

Headache represents a common complaint among the pediatric population, which,
as well as in adults, is frequently underdiagnosed, although it affects the quality of life.
The prevalence of migraine, one of the most common types of primary headache, is
estimated at approximately 9% among the pediatric population, and a perpetual increase
in its incidence has been registered over the last three decades. Among the indicative
factors of an increased incidence of headache, Anttila et al. mention sleep deprivation,
an increase in the use of information technology, and soft drink consumption [1]. In
children, migraine and tension-type headache usually occur simultaneously with a mixed
symptomatology [2]. They are usually considered to be self-limited conditions, but they can
persist from childhood to adulthood, affecting the quality of life [3]. Being a burdensome
condition, headache plays an important role in mental and physical health, and in children,
it can impair school performance or lead to social isolation [4,5]. Thus, headache can
interfere negatively with the entire education path in childhood and adolescence [6]. In
children, headache can present through neurobehavioral symptoms such as agitation,
sleep disturbances, irritability, and trouble concentrating [7]. Various factors such as sleep
disorders, genetics, environmental factors such as humidity, light, or noise, severe trauma,
and menstruation have been indicated as risk factors and possible triggers of migraine

31



Diagnostics 2023, 13, 1293

headaches [8]. The literature suggests that there may be a significant connection between
Helicobacter pylori (H. pylori) infection and headaches. However, though this association has
been explored in adults, there is still a significant gap in data regarding this issue in the
pediatric population [9].

H. pylori is a gram-negative, microaerophilic, spiral bacterium with increased motility
as a result of the presence of multiple unipolar flagella [10]. It generates urease and
colonizes the mucus layer adjacent to the gastric mucosa, usually being responsible for
gastrointestinal impairments such as chronic active gastroenteritis, infection, gastric and
duodenal ulcer, and, more rarely, stomach cancer [11]. The bacterium possesses adaptive
characteristics that allows the body’s survival in an acidic environment. It produces
urease that consequently converts urea into bicarbonate and ammonium and leads to the
neutralization of the gastric acid [12]. However, numerous studies claim that infection
with H. pylori may be the result of various extra-digestive conditions such as neurological,
cardiovascular, metabolic, hematologic, ocular, or dermatological ones.

Along with various extra-digestive impairments, the relationship between the infec-
tion with H. pylori and neurological manifestations such as mild cognitive impairment,
migraine, or Alzheimer’s disease have been extensively studied, but there are no clear
results concerning the pathophysiology of the process [13]. However, it was shown that
the systemic effects of the infection with H. pylori are the result of the modulation of
the gut-brain axis (GBA), which consists of a two-way signaling pathway between the
gastro-intestinal tract (GIT) and the brain, and which plays a pivotal role in infections and
additional clinical outcomes [14-16].

Among the stated hypotheses, H. pylori infection may trigger a host immune response
to the presence of bacteria and a consequent release of vasoactive substances [17]. The
pathological process encompasses immunological events such as migration of lymphocytic,
monocytic, and neutrophilic invasion into the gastric mucosa and submucosa, along with
the release of chemokines or pro-inflammatory cytokines such as IL-6, IL-1f3, TNF-«, or
IL-8 at the site of infection [18,19]. Moreover, H. pylori infection disturbs the balance in the
microbiota, influences the host-pathogen interaction, and plays an important role in the
modulation of the gastric microenvironment, thus causing changes in homeostasis [20,21].

H. pylori type I cagA-positive strains are also thought to have the ability to induce a sig-
nificant release of proinflammatory substances by the gastric mucosa, leading consequently
to systemic vasospasms [22]. As described in the literature, for patients with H. pylori
infection who complain of headache, bacteria eradication might improve the symptoms or
reduce the migraine-related disability level [19].

There exist multiple pharmaceutical treatment plans for managing both digestive and
extra-digestive infections and diseases caused by H. pylori. Timely and precise identification
of H. pylori plays a critical role in the effective treatment and eradication of the bacterium.
Due to H. pylori’s specific localization in the gastric mucus layer, pharmacotherapy must be
effective in penetrating this layer to prevent H. pylori colonization. As such, the medication
used must be able to penetrate the gastric mucosal layer [23].

The data on children in Romania regarding H. pylori infection reveals a declining trend
that might be the result of improving socio-economic conditions [24]. However, Yuan et al.
highlighted in their review that despite advances in medical science, H. pylori infection
continues to exhibit a high incidence rate among children worldwide, emphasizing the
significance of this infection [25].

Although the data regarding the link between H. pylori infection and headache have
been explored for many years, and the results of this association are controversial, we
present the results we obtained on a pediatric population in Northeast Romania.

2. Materials and Methods

We performed a retrospective study on 1757 children, hospitalized over 3 years in a
pediatric gastroenterology department in “St. Maria” Emergency Hospital for Children
in Iasi, Romania, complaining of symptoms suggestive of gastric or duodenal ulcer. Thus,
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according to Jones et al.’s recommendations from 2017 [26], all the 1757 patients underwent
superior digestive endoscopy. With a treatment that was likely to be offered, biopsies and
cultures were taken for the examined patients. The diagnostic of infection with H. pylori was
established by having H. pylori-positive gastritis on histopathology examination, along with
positive cultures. For these patients, we focused on the association between the Helicobacter
pylori infection and the presence of headache/migraine. Out of the 1757 patients of both
sexes, we selected based on the anamnestic findings those who complained of migraine
or headache at admission. To assess the importance of headache, the Migraine Disability
Assessment Test (MIDAS) along with the Visual Analogue Scale (VAS) were utilized.

We excluded children who previously received eradication treatment of H. pylori,
those who previously had treatment with acetaminophen or antibiotics, children with
evidence of bleeding of the gastro-intestinal tract at endoscopy, those who complained of
headache or migraine during previous hospitalizations or had a medical past history of
headache/migraine, patients with gastrointestinal disorders known to be associated with
headache such as inflammatory bowel syndrome, celiac disease, or functional abdominal
pain, and patients with a history of drug use, including H2 blockers, antibiotics, or proton
pump inhibitors, within 4 weeks [27-29].

Based on the available information in the literature, migraine was defined as the
presence of severe and recurrent headache attacks, along with neurological and autonomic
symptoms. The diagnostic criteria for pediatric migraine were realized according to the
second edition of the International Classification of Headache Disorders (ICHD-2) [30].

All patients enrolled underwent upper gastrointestinal endoscopic examination with
intravenous sedation, and video pediatric gastroduodenoscopes from Pentax and Olympus
were used. For children under 10 years old, the procedure was performed under general
anesthesia. Biopsies were collected from the antrum and gastric corpus during endoscopy
for rapid urease testing and histological and bacteriological examination [27-29].

Informed consent was taken from all caregivers, and the study was approved by the
“St. Mary” Emergency Hospital for Children Ethics Committee’s (no.31490/29.10.2021).

Data were extracted from the hospital database, patient observation charts, endoscopy
results, and discharge papers. IBM SPSS 17.0 platform, GraphPad Prism, and Microsoft
Excel were used to analyze the data.

3. Results

From the 1757 patients, 542 had infection with H. pylori. We reported the structure of
the study group in Table 1.

Table 1. Study group presenting or not presenting H. pylori infection.

Infection with H. pylori %
absent 1215 69.2
present 542 30.8
Headache
absent 1627 92.6
present 130 74
Sex
female 1210 68.9
male 547 31.1

Area of living
urban 643 36.6
rural 1114 63.4
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The main symptoms that led to admission to the pediatric gastroenterology clinic and
that later resulted in the diagnosis of gastritis were represented in order of frequency by:
abdominal pain in 1664 cases (94.7%), nausea in 668 cases (38.0%), vomiting in 468 cases
(27.2%), inappetence in 243 cases (13.8%), heartburn in 144 cases (8.2%), headache in
130 cases (7.4%), vertigo in 87 cases (5.0%), constipation in 57 cases (3.2%), abdominal
flatulence in 56 cases (6.2%), asthenia in 26 cases (1.5%), and early satiety in 17 cases (1.0%).

Among the non-specific symptoms, we found a strongly significant association be-
tween headache and infection with H. pylori (x2; p < 0.01) (Table 2). Of the 130 children
who had headaches, 54 children (41.5%) were also diagnosed with infection with H. pylori.

Table 2. Estimated parameters in testing the association between H. pylori infection and headache.

Headache (+) Headache (—)
HP (+) 54 488
HP (—-) 76 1139

p value = 0.006

HP—Helicobacter pylori.

Important differences between sex-stratified subgroups regarding H. pylori infection
and headache were also noticed. Our evaluation showed that the prevalence of headache
was almost five times higher in girls, out of the total number of 130 cases (83.1% females vs.
16.9% males). (Table 3).

Table 3. Differences between sex-stratified subgroups.

HP (+) HP (-) Headache (+) Headache (-)
Sex
male 145 402 22 525
female 397 813 108 1102

p = 0.0002 chi-squared

HP—Helicobacter pylori.

Moreover, regarding the area of living, we noticed a higher number of children from
rural areas—104 children (80%), compared to 26 children (20%) from urban areas—among
all cases with headache.

Subsequently, we evaluated the environmental distribution of H. pylori (+) and (—) patients.
The distribution of children with H. pylori (+) according to the area of living revealed a
frequency of 75.3% in rural environments compared to 24.7% in urban areas (Figure 1).

In addition, the exploration of the age distribution of all the patients from the initial
batch showed a mean value of 13.19 years (SD = +3.501) (Figure 2).

Considering the population analyzed, which is represented by hospital-referred pedi-
atric patients with clinical pictures suggestive of gastritis, there seems to be a significant
difference in the odds of having chronic headache complaints between the H. pylori positive
and negative subgroups: odds ratio = 1.658 (95% confidence interval [CI]: 1.15-2.38)—as
indicated by a post-hoc binary logistic regression model including the presence of headache
as the dependent variable and H. pylori infection status, gender, and living conditions as
covariates. The computed power was 77% (given the sample size of 1757 and an effect size
of 0.065), and the goodness of fit of the model was deemed low. More data would be useful,
but given the retrospective nature of our analysis, no viable solution to enlarge the data
pool was identified.
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Figure 1. Environmental distribution of patients with or without infection with H. pylori.
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Figure 2. Age distribution of patients with or without infection with H. pylori.

4. Discussion

Migraine is a common condition consisting of primary headaches with a prevalence of
15% in Western societies [31]. Secondary headache is frequently reported by patients with
various gastrointestinal disorders such as gastroesophageal reflux disease, inflammatory
bowel syndrome, constipation, functional abdominal pain, or H. pylori infection, but the
potential causal link remains unclear [32,33]. However, in recent years, research has
focused on the implication of H. pylori activity in the pathogenesis of migraine, as this
microorganism was identified as a cause for multiple extra digestive manifestations [22].
It has been hypothesized that the recurrence of headaches following H. pylori infection
may be due to the systemic vasospastic effects of proinflammatory substances that are
released by the infected gastric mucosa [34]. Other authors indicate the production of
platelet-activating factor in H. pylori infections and claim that the migraine attacks may be
the result of the high level of serotonin released from platelets [35]. Eradication of H. pylori
infection resulted in a significant reduction in the intensity, frequency, and duration of
migraine attacks [36,37]. However, the studies conducted on the correlation between
H. pylori infection and headache have provided mixed and controversial results.

Kikui et al. showed in their study that in comparison to non-migraine individuals of
similar characteristics, migraine sufferers exhibit a higher prevalence of gastrointestinal
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comorbidities—specifically, increased odds of irritable bowel syndrome (adjusted odds
ratio (95% CI: 3.8 (2.7 to 5.4)), heartburn (3.6 (95% CI 2.8 to 4.7)), gastroesophageal reflux
disease (3.5 (2.5, 4.8)), ulcers (3.1 (95% CI 2.0 to 4.8)), frequent diarrhea (3.1 (95% CI 2.3 to
4.1)), and chronic constipation (2.5 (95% CI 1.9 to 3.3)) [38].

Our study found a strongly significant association between headache and infection
with H. pylori (x2; p < 0.01). Out of the 130 children who complained of headaches, 54 of
them (41.5%) also had concomitant H. pylori infection. Thereby, a high prevalence of
infection with H. pylori in patients with headache/migraine is indicated. These results
are in agreement with the findings of Cavestro et al., who conducted an impressive cross-
sectional study on the relationship between H. pylori infection and headache and found
a significant association between these two entities (p = 0.009) [39]. Moreover, in their
case-control study, Yiannopoulou et al. presumed the same association and found that
H. pylori infection prevalence was significantly higher in 49 patients with headache than in
51 control subjects (p = 0.016) [40]. In their study on 70 patients, Hosseinzadeh et al. also
showed that the prevalence of migraine was significantly correlated with the IgG and IgM
titer against H. pylori (p < 0.048 and p < 0.03, respectively) [41].

In addition, the eradication treatment for H. pylori infection proved a beneficial effect
on the patients suffering from migraine compared to controls in a study conducted by
Tunca et al. [36]. Comparable results were obtained in 2012 by Faraji et al., who showed
that their patients with migraine who received H. pylori eradication treatment presented a
lower headache-related disability level than those in the placebo batch. The mechanisms
involved could be linked to oxidative stress and nitric oxide imbalance secondary to acute
inflammation caused by H. pylori infection [42]. The same improvement was obtained by
Karkelis et al., who evaluated a number of 65 children suffering from headache and mi-
graine and discovered that 17 of them had concomitant H. pylori infection. After completing
the anti-Helicobacter infection therapy, a complete resolution of migraine symptoms was
noticed for all the patients in the study [43].

All these studies agree with the results reported by Gasbarrini et al. in 1997 and
1998, who described both an association between H. pylori infection and headache, as
well as a significant alleviation of the intensity of headache along with the eradication of
H. pylori infection [44,45]. In their case-control study, Hassan et al. obtained a similar result
with a significant prevalence of infection with H. pylori in 77 migraine patients (p < 0.001,
OR = 3.439), but at the same time, they obtained no correlation between H. pylori infection
and migraine attacks, migraine disability assessment test, or the visual analogue scale. In
addition, H. pylori infection did not represent a trigger for the migraine attacks or a risk
factor for an increased frequency of headache episodes [46].

Su et al. also described in their meta-analysis of five case-control studies that H. pylori
infection was positive in approximately 45% of patients with migraine compared to a
prevalence rate of 33% among healthy controls (OR = 1.92, 95%CI: 1.05-3.51, p = 0.001).
Moreover, the infection rate of H. pylori was higher in Asian patients with migraine, but the
same could not be established for European ones (OR = 3.48 and 1.19, respectively) [47].

In contradiction with the results above, Lee et al. found a higher frequency of H. pylori
infection in patients with migraines or headaches than in the control groups, but no
statistical significance was obtained (p = 0.51) [48]. In Iran, a study was conducted on
84 patients that revealed a significant correlation between the severity of headache and the
IgG antibody. However, there was no statistically significant difference observed in levels
of IgG in migraine versus control subjects. On the other hand, they observed a statistical
significance in the IgM antibody titer against H. pylori among the patients with migraine
compared to those in the control batches (p = 0.004) [49]. The role of interleukin-10 was
also speculated, on one hand because its elevation was associated with both migraine and
H. pylori infection (cagA-positive strains, in particular), and on the other hand, due to the
fact that sumatriptan (5-HT1D receptor agonist) decreases the levels of this cytokine during
a migraine attack [50,51].
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In another study conducted on 31 children complaining of migraine and abdominal
pain, an impressive high prevalence of esophagitis (41.9%), antral gastritis (38.7%), duo-
denitis (87.1%), and corpus gastritis (51.6%) was found. However, only seven patients out
of the total had simultaneous H. pylori infection, and no association between migraine and
H. pylori infection could be made [52]. In the same manner, Ciancarelli et al. evaluated
30 subjects suffering from migraine and found that for only 16.7% of them, the infection
with H. pylori was confirmed, leading to the absence of a certain association between
infection with H. pylori and migraine [53].

Interestingly, a retrospective study from Turkey performed on 526 subjects with mi-
graine described that the infection with H. pylori, as a chronic infection, can be more
aggressive and may represent one of the risk factors of the apparition and development of
matter lesions in these patients. Here, Ocal et al. found that white matter lesions (WMLs)
were present in 178 (33.8%) H. pylori-positive subjects (p < 0.05), and more than that, there
was a 2.5-fold higher incidence of WMLs on the brain MRIs of migraine patients with
H. pylori infection [54]. In an impressive cross-sectional study from 2021 that covered
489,753 participants, Welander et al. found a significant association between migraine
and H. pylori infection when entered separately, but with other gastro-intestinal condi-
tions added to the same adjusted model, the statistical significance could not be validated
(OR =1.34, p = 0.024) [55].

Having a multifactorial susceptibility with hormonal, genetic, and environmental
factors each playing different, but important roles, headache affects over 17% of females
and only 5-8% of males [56]. In our study, we also found that out of the 130 patients
who complained of headache, 108 were females (83.1%), and only 22 were males (16.9%).
Hormati et al. also described in their research on 341 patients the presence of a higher
prevalence of migraine among females (p = 0.003) [57]. Akbari et al. described in their
research performed on 305 patients with dyspepsia that the prevalence of migraine was
significantly higher in female patients compared to male patients (48.9% vs. 35.5%, respec-
tively, p < 0.010) [58]. This idea may be explained by the fact that girls are, firstly, usually
more aware of their symptoms; secondly, they are prone to encounter more headache
episodes along with the debut of menstrual cycles; and thirdly, females may present a more
important bacterial load.

Regarding the area of living, the results of our study describe an increased incidence of
headache/migraine among the pediatric population living in the rural area (80%) than those
from the urban one (20%). These results are similar to the environmental distribution among
the H. pylori-positive patients in our study, where 75.3% came from rural environments,
whereas 24.7% lived in urban areas. These facts are consistent with Martin et al., who found
that along with females and white people, the individuals residing in rural areas were
more likely to suffer from headache than their respective comparison batches [59]. This
hypothesis may be explained by the lack of specialist care in rural regions, thus leading to
a lower adherence to headache or migraine management and treatment.

Knowing that H. pylori may lead to a low luminal pH by decreasing the bicarbonate
secretion and increasing the acid secretion, this microorganism is recognized for its capacity
to weaken the mucosa in the areas of gastric metaplasia and to make the mucosa more
vulnerable to acid secretion. With many findings that associated the presence of H. pylori
infection with migraine, Hormati et al. even postulated that a low value of the gastric pH
can represent a trigger for headache, whereas the treatment with proton pump inhibitor
(PPI) drugs may contribute to a significant improvement in both the severity and frequency
of migraine attacks [57]. Another hypothesis raised by Lileikyte et al. involves the role of
H. pylori in the development of vestibular migraine through irritation of the respiratory
mucosa by the gastric acid, with subsequent inflammation or direct local infection caused
by the presence of H. pylori, but these interesting affirmations need further explorations [60].

Further, individuals who suffer from migraines may have an increased risk of de-
veloping vitamin B12 deficiency due to the use of non-steroidal anti-inflammatory drugs
for acute symptom relief and an increased incidence of active H. pylori infection [61]. In
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their article, Urits et al. describe that many individuals with migraines also experience
gastro-intestinal damage, and H. pylori infection further impairs vitamin B12 absorption by
destroying gastric parietal cells and reducing the availability of intrinsic factors [62].

Recently developed antimigraine drugs, such as anti-calcitonin gene-related peptide
antibodies (CGRP) and monoclonal antibodies, offer a promising breakthrough in the
treatment of migraine. The antimigraine mechanism of action of these drugs is similar to
that of a kynurenic acid analogue, which can eliminate nitroglycerin-induced hyperalge-
sia by increasing CGRP expression. The kynurenine pathway, which is involved in the
metabolism of L-tryptophan, is known to be altered in functional gastrointestinal diseases
that are associated with migraines. In consequence, targeting this pathway may be an
effective approach for treating both migraine and functional gastrointestinal diseases [63].

The present study showed a significant association between the infection with H. pylori
and headache, but this relationship needs further studies. Although findings about the
correlations between H. pylori and headache pathogenesis have been accumulating, the
existing data do not completely amount to an unequivocal conclusion. However, there are
certain effects of H. pylori infection, such as a decrease in food sensitivity, a lack of changes
in plasma levels of thiobarbituric acid-reactive substances, and nitric oxide metabolites
in infected patients compared to control subjects, and there is a similar prevalence of
infection with H. pylori in patients with migraines compared to healthy subjects. These
effects could be interpreted as valid arguments against H. pylori being considered a risk
factor for migraines [36,47,53].

The need for establishing a definite association between headache and the H. pylori
infection remains of great importance. Furthermore, our study has its limitations, such as a
lack of paraclinical investigations consequent to the irregularity of the funding availability,
the impossibility of performing real-time PCR for testing the antimicrobial susceptibility in
H. pylori infection, along with the inability to conduct a long-term follow-up of the children
due to their refractoriness.

5. Conclusions

Currently, there is sufficient evidence that correlates the increased frequency of mi-
graine or headache with various gastro-intestinal disorders, compared to the general pedi-
atric population. However, no clear association between H. pylori infection and headache
was established to present. The gut-brain axis needs further exploration, as it is indicated
in playing an important role between the H. pylori infection—migraine relationship.

It is important to note that further investigations should be carried out to evaluate the
effectiveness of H. pylori eradication on the severity of headaches, the long-term clinical
implications of this potential relationship, the assessment of multiple strains of H. pylori in
children with headache, and the ethnicity of the participants under study. Furthermore, the
variation in H. pylori in different regions should also be considered as a significant factor in
future evaluations. We are certain that a better understanding of this association between
headache and gastrointestinal disorders in children is of great clinical importance for both
prompt diagnosis and treatment.
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Abstract: Background: The implications of gastroesophageal reflux disease in respiratory tract
infections have been investigated over time. The aim of our study was to evaluate the relationship
between these two pathologic entities and the outcome after proper antireflux treatment. Methods:
A group of 53 children with recurrent respiratory tract infections admitted in the gastroenterology
clinic of a children’s hospital in North-East Romania was investigated for gastroesophageal reflux
disease through 24 h pH-metry. Those with a Boix-Ochoa score higher than 11.99 received proton
pump inhibitor treatment and were reevaluated after 2 months. Results: A total of 41 children were
found with a positive Boix-Ochoa score. After 2 months of antireflux therapy, eight patients still
had a positive Boix-Ochoa score. Conclusions: Recurrent respiratory tract infections with symptoms
resistant to treatment should be considered a reason to investigate for gastroesophageal reflux,
because the symptoms may be due to micro- or macro-aspiration of the gastric refluxate or to an
esophageal-bronchial reflex mediated through the vagal nerve.

Keywords: recurrent respiratory tract infections; gastroesophageal reflux disease; children;

Boix-Ochoa score; pH-metry

1. Introduction

Gastroesophageal reflux becomes a disease when the physiologic retrograde passage
of gastric content due to transient lower esophageal sphincter relaxation crosses a biologic
threshold and determines disturbing symptoms and complications [1].

In children, unlike adults, there are some particular elements that intervene in the
pathogenesis of GERD. These elements are characteristic for a certain age range. First of all,
in infants younger than six months, reflux episodes are due to the physiological immaturity
of the lower esophageal sphincter, the type of exclusively liquid feeding and the extended
periods of time that the newborn and infants spend in a horizontal position. To all this are
added elements related to the anatomical dynamic of the esophagus and stomach, by which
we refer to the lower volumetric capacity of the esophagus and its shorter intraabdominal
portion, as well as the relationship between the volume of food that a child at this age
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consumes relative to his body mass [2,3]. Beyond this age, the mechanisms through which
GERD occurs tend to resemble those of adults.

The connection through which GERD can interfere with the functioning of the res-
piratory tract has its origins in embryonic life. Several events that take place during this
stage of human evolution—the organ formation phase—represent the basis for the links
between the digestive tract and the pathology of the respiratory tract. Due to the cross
between the respiratory and digestive tracts in the pharynx, there are both anatomical and
neural connections among these two pathways. Therefore, there are a series of reflexes
at this level intended to protect the airways from the penetration of reflux liquid: the
pharyngeal swallow reflex, the esophago-upper esophageal sphincter contractile reflex
and the esophago-glottal closure reflex. Also, the fact that on the laryngeal surface of the
epiglottis there are “taste buds” similar to those present on the tongue, determines the
closure of glottis when water and hydrochloric acid reach its surface, to keep away sub-
stances that should not enter the respiratory tract [4]. Respiratory symptoms such as cough,
hoarseness and odynophagia can sometimes be the only signs of gastroesophageal reflux,
many patients (especially pediatric ones) are lacking in typical reflux signs or symptoms [5].

Epidemiological data regarding pediatric gastroesophageal reflux disease (GERD) is
limited; it is estimated that 1.8% to 8.2% of all children have GERD, with an incidence that
decreases until the age of 1 and then rises again to a maximum at the age of 16 [6].

Manifestations that can occur due to GERD can be grouped into two large categories:
esophageal and extraesophageal syndromes. The esophageal symptoms refer to those
pathological entities related to the esophagus or the anatomical region where it is located,
and the extraesophageal syndromes include mainly pathology of the respiratory tract as
follows: reflux cough syndrome, reflux laryngitis syndrome, reflux asthma syndrome,
reflux dental erosion syndrome, pharyngitis, sinusitis, idiopathic pulmonary fibrosis and
recurrent otitis media [7].

Studies have already established a clear link between the esophageal syndromes listed
above, but with regard to the other extraesophageal pathological entities—the recurrent
respiratory tract infections—data from literature suggest that GER could be in fact one of
the multiple factors that contribute to their occurrence and not a single etiological factor [8].
On the same note, when GERD does not manifest itself with the typically known symptoms
of regurgitation or heartburn, it may be not suspected as a leading cause for respiratory
disorder, and hence the treatment result may be unsatisfactory and the disease could be
mistakenly considered refractory to treatment [9].

The correlation between gastroesophageal reflux and pulmonary pathology was first
noted by Mendelson in 1887, who reported symptoms similar to those seen in asthmatic
patients [5]. Since then, numerous studies have elucidated and strengthened the evidence
provided that supports the link between a series of respiratory pathologies and the presence
of gastroesophageal reflux. For example, asthma refractory to treatment was a challenge for
clinicians until research revealed that in several studies more than a half of patients with
asthma tested through continuous pH-metry presented with GERD [10,11]. Considering
these new findings, the suspicion was raised that wheezing, although a symptom commonly
seen in asthmatic patients, could also be linked to GERD, an extra-respiratory pathology
that acts as a trigger factor [12,13]. Last but not least, the negative effects of acid reflux
which can extend even to the level of the oral cavity should not be ignored. Caries is a
public health issue, with GERD being a contributing factor to dental erosion, for patients of
all ages as data in literature suggests [14-16].

The aim of the study presented in this paper was to determine the relationship between
recurrent respiratory tract infections and GERD in pediatric patients aged 6 months to
162 months and to evaluate patients’ response after antireflux treatment.

2. Materials and Methods

The study took place in the gastroenterology clinic of a regional emergency hospital
for children in North-East Romania that serves pediatric patients from seven surrounding
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counties. It is a retrospective study that involved 234 patients admitted to the clinic in a
5-year interval out of which we focused on those with recurrent respiratory tract infections.
Informed consent was signed by all the patients’ caregivers at admission and approval
from the hospital’s ethics committee was obtained.

Patients were diagnosed with GERD after being monitored for 24 h through continuous
esophageal pH-metry and the diagnosis of respiratory pathology was established following
anamnesis, objective clinical examination, laboratory tests and imaging explorations. Cases
were selected for the study after they met the inclusion criteria listed in Table 1 and patients
were excluded based on the criteria presented in the same table.

Table 1. Inclusion and exclusion criteria for the study.

Inclusion Criteria Exclusion Criteria
Regurgitation/vomiting Treatment with proton pump inhibitors over
unrelated to other pathology the last 3 months
Poor weight gain/ weight loss in infants and Treatment with aspirin or other non-steroidal
small children anti-inflammatory drugs
Protracted crying in infants Treatment for H. pylori infection

Chronic cough that did not improve under

treatment Foreign body aspiration

Systemic diseases that caused

Cough that occurred at night time esophageal lesions

Diagnosis of recurrent upper respiratory tract

infection Known diagnosis of bronchopulmonary
(sinusitis, pharyngitis, laryngitis, rhinitis, dysplasia, primary ciliary dyskinesia, cystic
tonsillitis, fibrosis, sleep apnea, asthma

acute otitis media)

Gastrointestinal blood loss identified
at endoscopic
examination

Diagnosis of recurrent lower respiratory tract
infection (pneumonia, bronchiolitis)

Surgery for esophageal or gastric
pathology

Known food allergy

Cardiac abnormalities

The pH measurement procedure involves a series of steps. First, the patient must
stop the ingestion of both liquids and solids for a minimum of 6 h (if the patient is older
than 12 months) or 3 h (if the patient is 12 months or less) prior to investigation. Use of
medication known to modify the gastric secretion must also be stopped before the procedure
within a certain timeframe specific to each drug (6 h for antacid drugs, 48 h for prokinetic
drugs, 3 days for H2 receptor inhibitors and 7 days for proton pump inhibitors). The second
step implies calibrating the device; this is done by performing two measurements in fluids
with different pH levels of 1 and 7. After calibrating the device, the measurement can begin.
In order to insert the electrode, the patient is seated in left lateral decubitus (for infants and
small children) or in seated position (for children over the age of six). Then the lubricated
electrode is inserted through one nostril until it reaches 5 cm above the lower esophageal
sphincter. Next, the patient’s caregiver or the patient itself, depending on age, is advised
to register symptoms and changes in body position (supine or standing) and to press the
device’s button when these occur.

In order to monitor the esophageal pH, the Medtronic Digitrapper® pH 100 SN 37660
with Zinetics 24 and ComforTEc by Sandhill multiuse catheters was used. The measure-
ments were recorded using Polygram.Net™ pH software (version 4.21). Physiological
and pathological reflux episodes were differentiated by the pH values above, respectively,
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Excluded from the study

below 4. The Boix-Ochoa score was used to establish that the reflux episodes were patho-
logical, cases scoring a value higher than 11.99 were included in the statistics [17-19].

To consider whether patients had recurrent respiratory tract infections, we used as a
guide the next three criteria for defining recurrent respiratory tract infections: a minimum of
6 respiratory infections over the last 12 months; a minimum 1 episode of upper respiratory
tract infection per month between September and April; a minimum 3 episodes of lower
respiratory tract infection over the last 12 months [20]. In order to be included in the study,
the patients had to check at least 1 of the 3 criteria mentioned above.

After being diagnosed with GERD, all patients received a two-month treatment course
with PPIs (esomeprazole 1 mg/kg/day for children aged 1 month to 1 year, 20 mg/day for
children with a weight below 55 kg, and 40 mg/day for those weighing over 55 kg) during
which they came for the monthly check-up.

Data was processed using IBM SPSS Statistics 20 and correlation analysis was per-
formed with Pearson parametric correlation. The correlation coefficients were established
for a 95% confidence interval.

3. Results

After establishing the diagnosis of GERD and history of recurrent respiratory tract
infection and applying the inclusion and exclusion criteria, we found that of all 234 chil-
dren, 53 (22.64%) patients had recurrent respiratory tract infections and 41 (77.36%) were
associated with GERD (p = 0.0470, 95% confidence interval) (Figure 1).

Patients admitted to
Gastroenterology clinic

Medical history of Patients with - Excluded from the study
No | recurrent respiratory signs/symptoms of GER Nf

tract infections

Patients with positive
Boix-Ochoa score

(N<11.99)

Yes

Patients with GERD

and recurrent
respiratory tract
infections

Figure 1. Flowchart of the selection process.
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Furthermore, we analyzed the number of cases that associated GERD and infectious
respiratory pathology depending on the respiratory tract portion involved. We observed
that 66% of all cases with respiratory tract infections were located above the larynx. Of these
35 cases, 27 (77.14%) were associated with GERD. A similar pattern was seen in children
with lower respiratory tract infections and GERD, even if they were fewer in number
(18 cases), the proportion was preserved, 77.7% were associated GERD (see Table 2). Data
on gender distribution and place of living are presented in Tables 3 and 4. We observed that
there was a higher number of male patients with respiratory tract infections than female
patients (39 vs. 14, with a p value of 0.038) and the same pattern was seen in patients that
associated GERD and respiratory pathology (31 vs. 10, with a p value of 0.045). The mean
age for children with respiratory tract infections was 42.45 months (with a p value of 0.032),
and for those with associated GERD the mean age was almost the same; 41.73 months (with
a p value of 0.040).

Table 2. Distribution of cases regarding respiratory tract infection and GERD presence.

Gastroesophageal Reflux

. . Total
Negative Positive
Recurrent respiratory Upper tract 8 27 35
tract infections Lower tract 4 14 18
Total 12 41 53
Table 3. Data on Gender Distribution and Place of living among patients.
Gender Place of Living
Cases
Male Female Urban Rural
With recurrent respiratory tract infections 39 14 40 13
With recurrent respiratory tract infections
and GERD 31 10 24 17
Table 4. Gender distribution according to the type of cases included in the study.
Gender
Total
Male (% of Total) Female (% of Total)
Cases with RURTI *
without GERD 5(9.43) 3 (5.66) 8 (15.09)
Cases with RURTI
and GERD 20 (37.73) 7 (13.20) 27 (50.94)
Cases with RLRTI **
without GERD 3 (5.66) 1(1.88) 4 (7.54)
Cases with RLRTI
and GERD 10 (18.86) 4 (7.54) 14 (26.41)
Total 39 (73.58) 14 (26.41) 53 (100)

* RURTI = recurrent upper respiratory tract infections. ** RLRTI = recurrent lower respiratory tract infections.

All 41 patients with GERD were counseled regarding postural and feeding changes
based on each individual’s age and treatment with a proton pump inhibitor—omeprazole
or esomeprazole—in appropriate dose was initiated (1 mg/kg/day for children between
1 month to 1 year, 20 mg/day for children with a weight below 55 kg and 40 mg/day for
those weighing over 55 kg). After 8 weeks of therapy, from a total of 41 patients, 8 (19.51%)
screened positive for GERD, with a positive Boix-Ochoa score greater than 11.99, while the
other 33 tested negative for GERD after control pH-metry.
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4. Discussion

Our study aimed to evaluate the relationship between GERD and recurrent episodes of
respiratory infections in pediatric patients. Although we had a small number of cases, only
53 children identified with recurrent respiratory infections (a number that did not allow us
to extract many statistical data) and we found that 41 of them (77.35%) were also associated
with GERD. From these 41 cases, 27 had a history of recurrent ear-nose-throat infections,
while 14 had recurrent lower respiratory tract infections; regarding gender distribution,
we observed that these two pathologies were more prevalent among males (31 out of
41 cases). After the 2 months of treatment with PPIs, 33 patients had a Boix-Ochoa score
lower than 11.99. At evaluation one month after the end of the treatment, the respiratory
symptoms (cough, sneezing, hoarseness, sore throat, rhinorrhea) had improved.

There are two main proposed mechanisms through which acidic reflux determines res-
piratory symptoms. The first would be an indirect one in which receptors in the esophageal
wall that are sensitive to acidic pH are stimulated; this mechanism is suspected of being
mediated by the vagal nerve. By stimulating the vagal fibers present in the respiratory
tract, a series of inflammation-promoting substances are released, such as tachykinins, neu-
rokinins, P substance and TNF alpha [21]. These pro-inflammatory mediators would then
set off an inflammatory reaction and bronchoconstriction. Another hypothesis related to
the nervous stimulation would be that the esophagus and airways have numerous transient
receptor potential channels that are activated by reflux, thus leading to inflammation and
increased bronchial reaction. The second proposed mechanism would be that of the direct
action of acidic gastric content on airways and lung when being aspired; if micro-aspiration
occurs then the usual manifestations are chronic cough and if there is macro-aspiration
then repeated episodes of chemical pneumonitis or aspiration-related bacterial pneumonia
appear [22].

There is always a possibility that GERD may manifest only through respiratory symp-
toms such as chronic cough or wheezing; this form of disease for which typical symptoms
are regurgitation and/or vomiting is called “silent reflux”. This type of gastroesophageal
reflux disease suggests that the degree of severity of reflux is not necessarily correlated with
the appearance of respiratory symptoms, as can be demonstrated by studies on groups of
children diagnosed with GERD through continuous monitoring with pH-metry. Therefore,
whether the refluxed liquid is located in the proximal or distal esophagus, acid reflux plays
arole in the occurrence of respiratory disorders; not necessarily through the intensity of the
reflux, but through the exposure of the respiratory tissue to both the acidic environment
and nonacid components provided by the refluxed liquid [23-25].

A study published in 2022 evaluated the type of symptoms found in 243 eligible pa-
tients with GERD, aged 14 to 88, who had pulmonary micro-aspiration diagnosed through
reflux micro-aspiration scintigraphy technique, a procedure that can detect even silent
micro-aspiration. The results evidenced that the most frequent symptoms were regurgi-
tation, cough and heartburn, while the most encountered combinations were heartburn
and regurgitation followed closely by cough and throat clearing. There were also patients
that associated three symptoms; heartburn with regurgitation and throat clearing being
present in most cases, followed by cough, regurgitation and throat clearing. These findings
suggest that cough that appears in a patient with regurgitation or heartburn should guide
us to investigate a possible reflux with subsequent micro-aspiration in order to prevent
pulmonary damage and further bacterial infection [26].

Results from a study conducted on 65 children aged up to 12 years old with gastroe-
sophageal reflux concluded that different respiratory manifestations in various proportions
were present. In descending order of prevalence, the presence of recurrent bronchopneu-
monia was seen in 79.1% of cases with GERD, cough was positive in 58.3%, and the same
percent was seen in patients that had nasal obstruction; 45.8% had rhinosinusitis, 61.6% had
tonsillitis, 16.7% presented with asthma, and pharyngitis occurred in 12.5% of cases [27].

Also, a study conducted by a research group in New Delhi, India, on 312 pediatric
patients aged 4 months to 11 years, aimed to determine the correlation between recurrent
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lower respiratory tract infections and silent gastroesophageal reflux using gastroesophageal
scintigraphy to diagnose reflux. The results showed that more than a quarter of patients
enrolled (34.6%) presented with GERD, highlighting that silent GER has an important
prevalence rate, even in children older than 18 months where GER becomes pathologic [28].

Evidence exists for gastroesophageal reflux acting as an etiological factor for otitis
media as gastric pepsin was identified in the middle ear fluid. This event determines
mucosal inflammation through proteolytic action of pepsin over the eustachian tube cells.
Also, a pH lower than 4, as happens in pathologic gastroesophageal reflux, determines
ciliostasis which prevents effective clearance, thus favoring the proliferation of pathogens.
A study about the clinical implications of the presence of pepsin in middle ear fluid of
children with otitis media concluded that 31% of children under the age of 1 had pepsin
detected in their ear, this group being definitely larger than other age groups included
in the study, suggesting that pepsin from gastroesophageal reflux is a co-factor in the
pathogenesis of otitis [29].

A study conducted in Egypt by a research group that aimed to identify the risk factors
for recurrent otitis media with effusion (OME) among a group of 2003 children, found that,
from 310 patients diagnosed with OME, 66 were associated with gastroesophageal reflux.
From the 66 cases with OME and GER, 41 were recorded in children under the age of 6.
Gastroesophageal reflux was the fifth risk factor as the number of cases (66) from a list of
ten evaluated in the study, close to presence of nasal polyps (68), sinusitis (72) and adenoid
hypertrophy (73) or allergic rhinitis (73). Thus, the study highlighted the fact that GER is
an important risk factor in the repeated occurrence of otitis media with effusion [30].

In another study on pediatric patients aged 5 to 12 years old, which aimed to establish
the relationship between OME and GERD, the results showed that 58% of the cases enrolled
associated GERD and OME, suggesting that GERD may have an important role in the
etiology of otitis media with effusion [31].

Regarding rhinosinusal pathology, in several studies GERD was found to have a
high prevalence especially in cases of chronic rhinosinusitis refractory to treatment. After
testing positive for presence of acid reflux in nasal cavity and then giving antireflux therapy,
results showed that chronic rhinosinusitis improved, with better results in children than in
adults [32].

Moving on to the next anatomical site where frequent respiratory infections in children
are located, the tonsils, research data showed that, in addition to the already established
mechanism by which tonsillitis occurs, gastroesophageal reflux would also play a role in its
etiopathogenesis. It has been demonstrated that tonsil hypertrophy occurs when lympho-
cytes are stimulated due to bacterial infection but then the hypothesis of reflux mediated
tonsillitis emerged. Considering this aspect, an in vitro study using human tonsillar tissue
showed that when exposed to pepsin activity, the cells expressed higher levels of IL-2 and
IFN-gamma, these being cytokines involved in CD4 lymphocyte proliferation that further
led to tonsil hypertrophy. A particular aspect found in this study was that the phenomenon
mentioned above, where pepsin acts as an antigen was observed only in pediatric patients
and not in adults with tonsillitis [33].

In addition to pepsin, which acts as a trigger for the inflammatory process in the
tonsils, other substances from the refluxed fluid can also play a role in the various forms
of respiratory tract damage, these being hydrochloric acid, bile and trypsin. Hydrochloric
acid exhibits its effects on carbonic anhydrase III, (CA III), E-cadherin and laryngeal
H+/K+-ATPase, leading to several processes that ensure the negative impact of reflux over
the laryngopharyngeal tissue. Thus, when CA III is missing, the bicarbonate secretion is
imbalanced, leading to a pH dysregulation. Next, the reduced expression of E-cadherin,
leads to the loss of cell junctions that result in an alteration of the local cell barrier with
increased intercellular permeability and further deterioration of cells from the pharyngeal
and nasal mucosa. Last but not least, the H+/K+-ATPase, which is found both in the
stomach and larynx, as studies have shown, has been found to have a higher rate of
expression in neoplastic pharyngeal cells. Bile also plays a role in the occurrence of
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laryngeal cancer, but this phenomenon is not the purpose of our research. Last but not
least, trypsin has been shown to increase pulmonary injury and to contribute to the dentine
erosion process [34].

We must mention that even a respiratory infection can be the cause of GERD ag-
gravation, with further pulmonary aspiration and recurrent pulmonary infection. This
affirmation is supported by a recent study published in 2022 that presented the role of
pertussis in the exacerbation of GERD events in a group of 208 patients aged 16 to 85 years.
For inclusion in the study, their profile included GERD exacerbation episodes refractory to
treatment and a positive diagnosis of pertussis, resulting in 103 post-pertussis patients and
105 non-pertussis patients. They were further evaluated for presence of laryngopharyngeal
reflux and aspiration by SPECT/CT. The results showed that the recent pertussis infection
group had higher rates of reflux. The mechanism involved in this case is represented by a
change in the thoraco-abdominal pressures due to chronic cough, this leading to GERD,
hiatus hernia development and pulmonary micro-aspiration episodes [35].

In relation to the presence of recurrent pneumonia and GERD, a study published in
2021 on the risk factors of recurrent pneumonia encountered in a group of 763 patients with
pneumonia, from which 87 had more than 2 episodes in a single year, found that the pres-
ence of gastroesophageal reflux was one of the factors that predisposed to repeated episodes
of respiratory disease [36]. The mechanism by which this occurs is as discussed above.

Another infectious pathological entity that has a preferred pulmonary location is
tuberculosis. In order to explore the impact of GERD on the risk of tuberculosis, a nation-
wide cohort study was conducted in Taiwan exploring patients diagnosed with GERD
over a period of nine years. The results of the study showed that the presence of GERD
represented an independent risk factor for pulmonary tuberculosis [37]. Considering that
at global level and in our country in particular, the prevalence of tuberculosis is still high,
even among children, we consider that this aspect is one that we must take into account
when we are in front of a child with GERD, to whom other factors with known role in
determining tuberculosis are added.

Considering diagnosis methods in GERD manifesting with respiratory symptoms, a
study conducted on 515 adults with GERD diagnosed through pH-metry and who were
also investigated by upper digestive endoscopy, concluded that patients who presented
esophageal lesions detected by endoscopy were associated more frequently with episodes
of respiratory manifestations, including infectious ones that affected their quality of life [38].
Even though it implied adult patients, the study emphasizes the important role of upper
digestive endoscopy in the diagnostic algorithm of GERD and also encourages its use in
pediatric reflux cases that associate important respiratory symptoms or recurrent episodes
of airway infections in order to determine the degree to which reflux is involved in their
occurrence, in the same manner observed in the mentioned study carried out in adults.

Regarding the treatment options in GERD, recent guidelines recommend that before
initiating drug treatment, changes in lifestyle and diet must be implemented, especially in
the case of infants and young children, the ages at which most presentations to the doctor
due to the suspicion of GERD are registered. Therefore, initially it is recommended to use
thickened or extensively hydrolyzed milk formulas for a period of 2 to 4 weeks (where
there is the case to rule out a possible cow’s milk proteins allergy). In parallel with these
dietary changes, it is indicated that meals should be small and frequent, the child should
be kept in a vertical position for at least 30 min after each meal, the last meal of the day
should be eaten 2 h before bedtime, the position during sleep should be 30 degrees from
the horizontal, infants should be placed on their left side during sleep (and during the day
for those that do not sit on their own yet) [1,39].

If these general and dietary measures fail, anti-secretory treatment can be initiated.
The mechanisms by which the antireflux medications act in treating GERD are that of
inhibiting gastric acid secretion and of reducing inflammation through their action on
neutrophils, where they inhibit the production of reactive oxygen species [40].
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A study presenting the GERD implication in respiratory events (recurrent pneumonia,
bronchial asthma, chronic cough, chronic nasal obstruction, recurrent acute middle ear
infection, recurrent tonsillitis) performed on a group of 45 children aged 3 months to
12 years, showed that antireflux treatment combined with antiallergic or surgical treatment
resulted in the improvement of respiratory pathology in various degrees, suggesting that
antireflux therapy has an important role in the management scheme, but does not help if
used alone; other treatment methods being necessary depending on the pathology [41].

In 2022, a narrative review revised studies in which the efficacy of proton pump
inhibitors and histamine H2 receptor antagonists as treatment options for pediatric GERD
was tested. There were studies that evaluated only children under the age of 1 year, studies
that exclusively enrolled pediatric patients aged 1 year and older and studies that included
children of all ages. While the results showed that PPIs are the treatment of choice in
pediatric GERD for patients aged 1 year and up, it did not find them useful in treating
children under the age of 1 year that presented with unspecific symptoms such as crying,
irritability, or apnea, particularly when they had no proven esophagitis or complications
due to gastroesophageal reflux. Also, it concluded that there is no strong evidence in
treating with PPIs asthma symptoms in children with GERD as they might actually be
caused by the quantity of refluxed fluid and not by its quality, i.e., by its pH [42].

Our study showed that proper treatment with PPIs for two months lead to the reso-
lution of GERD which was diagnosed through a Boix-Ochoa score lower than 11.99 after
pH-metry. These results advocate for the effective detection and treatment of GERD in
order to remove it from the equation as a risk factor for recurrent respiratory tract infections.
Our results regarding the efficient use of PPlIs are supported by those in the specialized
literature [43,44].

Maybe the pH is not a direct trigger factor for respiratory symptoms in children
compared to adults, due to the short time of exposure to the effects of acid on the res-
piratory tract, but reflux episodes definitely play a role in the occurrence of respiratory
manifestations, not only of asthmatic ones but also of infectious ones.

Last but not least, one must bear in mind that although for the practitioner the diag-
nosis of GERD or silent reflux is frequently encountered in current practice and he knows
that in most cases the symptoms improve as the child reaches the age of 1 year, for parents
this diagnosis or the uncertainty of its confirmation is a cause of anxiety and depression,
especially for young mothers who are usually the main caregivers for children particularly
those under the age of 2, in which reflux symptoms (both esophageal and extraesophageal
ones) are a frequent cause of hospitalization [45]. Parental mental health is an important
aspect as it always influences a child’s mental and physical development.

Our study had certain limitations. First, the included lot was small and did not allow
us to obtain statistically relevant data, according to a value of p = 0.0470. Second, pH-metry
measurement is an invasive procedure, therefore it is more difficult to perform in pediatric
patients, especially small ones. Also, the technique is performed exclusively in hospital,
which does not respect the child’s regular schedule, pattern of meals, or daily routine.
But, despite these impediments, we consider that our study contributes one more step to
the attempt to establish to what extent GERD contributes as a trigger for respiratory tract
infections or causes the occurrence of repeated episodes by creating an irritating and at the
same time favorable environment for microbial agents.

5. Conclusions

Gastroesophageal reflux and respiratory infections are two of the most frequent rea-
sons for pediatric patients to be consulted by a doctor. When respiratory symptoms do
not improve under appropriate treatment, persist or infections are frequent, even in the
absence of typical symptoms of reflux, the clinician should consider its presence as a source
of the unfavorable evolution.
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Although in our study the results did not register statistical significance, according to
a value of p = 0.0470, the fact that approximately a quarter of the children examined in the
study had repeated episodes of respiratory infections, and of these more than three-quarters
also had associated GERD, shows that reflux is an important factor that contributes to
airway inflammation and creates a favorable environment for repeated infectious episodes.
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Abstract: (1) Background: Gastroesophageal reflux disease (GERD) can cause several complications
as a result of the acidic pH over various cellular structures, which have been demonstrated and
evaluated over time. Anemia can occur due to iron loss from erosions caused by acidic gastric
content. In children, anemia has consequences that, in time, can affect their normal development.
This study evaluates the presence of anemia as a result of pediatric gastroesophageal reflux disease.
(2) Methods: 172 children were diagnosed with gastroesophageal reflux in the gastroenterology
department of a regional children’s hospital in northeast Romania by esophageal pH-metry and
they were evaluated for presence of anemia. (3) Results: 23 patients with GERD from the studied
group also had anemia, showing a moderate correlation (r = —0.35, p = 0.025, 95% confidence
interval) and lower levels of serum iron were found in cases with GERD, with statistical significance
(F =8.46, p = 0.012, 95% confidence interval). (4) Conclusions: The results of our study suggest that
there is a relationship between anemia or iron deficiency and gastroesophageal reflux due to reflux
esophagitis in children, which needs to be further studied in larger groups to assess the repercussions
on children’s development.

Keywords: gastroesophageal reflux; anemia; esophagitis; children

1. Introduction

Gastroesophageal reflux represents the retrograde movement of gastric content into
the esophagus. This phenomenon is physiological and can occur several times a day, for all
age groups [1].

According to the Montreal consensus in 2006, when gastroesophageal reflux leads to
symptoms that interfere with a person’s well-being and/or the occurrence of complications,
it is referred to as gastroesophageal reflux disease (GERD). The complications included
in the definition of gastroesophageal reflux disease can be grouped into esophageal and
extraesophageal syndromes, as presented in Figures 1 and 2 [2].

In pediatric gastroesophageal reflux disease, the symptomatology varies according to
age and is non-specific. If for older children and adolescents this is similar to those present
in the adult patient, in infants, the manifestations are often general or superimposed on
the onset of other diseases (regurgitations, arching, feeding refusal, weight loss or weight
stagnation, agitation, irritability, inconsolable crying, etc.) [3].

The diagnosis of GERD is established both clinically, based on symptoms and signs,
and paraclinical, by identifying lesions caused by acidic pH through upper digestive
endoscopy (esophagitis of various degrees, Barrett’s esophagus, or adenocarcinoma) or by
determining the presence of low pH in the esophagus by esophageal pH-metry. Continuous
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esophageal pH-metry was introduced in the 1990s and represented the gold standard for
the diagnosis of GERD until the introduction of impedance pH-metry. Technological
advances led to the possibility of performing wireless esophageal pH-metry, by means of a
capsule that attaches to the esophageal mucosa and detaches after 48 h, as an alternative to
classical monitoring, but at the moment, this technique is mainly used in the United States
of America [4].

Reflux
Stricture |
Reflux Typical Reflux
Esophagitis . Syndrome
EW"':I"'"‘E: lelth Symptomatic
e et Ll Syndromes
T Reflux .Chest
Esophagus . Yo
Esophageal Syndrome
Adenocarcinoma
Figure 1. Esophageal syndromes of GERD [2].
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Erosion Pharyngitis
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Reflux - %
Asthma Sinusitis
Svndromy'
Established Proposed b
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Reflux Idiopathic
Laryngitis ' Pulmonary
Syndrome Fibrosis
Reflux Cough Recurrent
Syndrome Otitis Media

Figure 2. Extraesophageal syndromes of GERD [2].

The prolonged action of acidic pH on the esophageal epithelial cells can lead to various
important consequences, from feeding intolerance and malnutrition in infants to respiratory
pathology in those predisposed (i.e., children with Down syndrome or neuromuscular
diseases) and, in extreme situations, to Barrett’s esophagus at older ages. Last, but not
least, iron loss from bleedings along the esophagus wall can determine iron deficiency or
hypochromic hyposideremic anemia in the long term [5].

Iron deficiency anemia (IDA) is the most frequent types of anemia and for pediatric
patients has an incidence between 39% and 48.1% in developing countries and between 5.9%
and 20%, depending on age, in developed countries [6]. The main mechanism that leads to
iron deficiency anemia is low nutritional sources of iron from diet both in industrialized
and developing countries, the prevalence for iron deficiency being four times higher in
developing countries as opposed to developed ones. In the long run, anemia has a negative
impact on growth, cognitive function, and behavior of children, but also in the case of
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adults, it produces unwanted effects such as physical and mental asthenia, restless leg
syndrome, for pregnant women it can cause premature birth, low birth weight children,
or even mortality for both mother and fetus [7]. Beside low dietary intake being the main
cause of iron deficiency, there are other sources that ultimately lead to iron deficiency
anemia, as summarized in Table 1 [8].

Table 1. Causes of iron deficiency anemia according to age and different pathologies [8].

Low birth weight
Newborn Perinatal blood loss
Low maternal iron stores

Excessive consumption of cow’s milk
Infants, Small Children Inadequate dietary intake
Intake of foods that disrupt iron absorption

Age

Growth spurt
Adolescents Menstrual period
Von Willebrand disease

Peptic ulcer
Meckel’s diverticulum
Occult Bleeding Intestinal polyp
Hemangioma
Pathologies Inflammatory bowel disease

Celiac disease
Chronic diarrhea
Pulmonary hemosiderosis
Parasitosis

Insensible Blood Loss

Since in our daily clinical practice we encountered many cases of anemia in which
other etiologies were excluded through anamnesis and various paraclinical explorations,
and at the same time we also observed the large number of patients with gastroesophageal
reflux, we proposed to analyze in this study the relationship between these two pathologies.

2. Materials and Methods

We conducted a retrospective study over a period of 5 years, on 234 patients hospi-
talized in the gastroenterology department of a regional children’s hospital in north—east
Romania with suspicion of GERD. The diagnosis of gastroesophageal reflux was estab-
lished following the results of esophageal pH-metry and that of iron deficiency anemia
through the measurement of hemoglobin, hematocrit, mean cellular volume, mean cellular
hemoglobin concentration, and serum ferritin.

Informed consent was obtained from all patients’ carers, and the “St. Mary” Children
Emergency Hospital Ethics Committee’s approval was obtained.

Indications for esophageal pH-metry were the presence of GERD symptoms and signs:
cough unresponsive to treatment, nocturnal cough, odynophagia, frequent regurgitation or
vomiting without other cause, prolonged crying in infants, unsatisfactory weight gain in
infants and small children.

The exclusion criteria from the study were: treatment with antacid medication in the
last 3 months, treatment with non-steroidal anti-inflammatory drugs or aspirin, treatment
for Helicobacter pylori eradication, gastrointestinal bleeding diagnosed through endoscopy,
esophageal strictures or esophagitis in the context of systemic diseases, personal history
of surgery on the esophagus or stomach [9], and other causes of iron deficiency anemia
(excluded through detailed medical history, physical examination).

To determine the pH, the equipment used was Medtronic Digitrapper® pH 100,
SN 37660, the catheters used were Zinetics 24 and ComforTec by Sandhill. Software
used for recording the measurements was Polygram.Net™ pH. The values were recorded
continuously for 24 h through a probe placed 5 cm above the lower esophageal sphincter;
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the difference between the physiological and pathological reflux periods were made by the
pH values below 4. The diagnosis of GERD was established according to the obtained val-
ues of the Boix-Ochoa score, a value lower than 11.99 being considered normal, according
to the literature [9,10].

The diagnosis of anemia was established based on the low values for the age range for
hemoglobin and hematocrit (see Table 2). We also quantified mean cellular volume (MCV),
mean cellular hemoglobin (MCH), mean cellular hemoglobin concentration (MCHC), and
serum iron values and compared them to the normal values (see Tables 3 and 4).

Table 2. Normal hemoglobin and hematocrit values for age groups [11].

Hemoglobin (g/dL) Hematocrit (%)
Age Gender

IF SL IL SL
6 months up to 2 years 11 13.5 31 42
2-6 years 11 13.7 34 44
6-12 years 11.2 14.5 35 44
Girls 114 14.7 36 46

12-18 years
Boys 124 16.4 40 51

IL = inferior limit; SL = superior limit.

Table 3. Erythrocyte parameters values for age groups [11].

MCV (fL) MCH (pg) MCHC (g/dL)
Age IL SL IL SL IL SL
0-1 years 70.5 94.9 229 32.7
1-3 years 72.8 85.2 22.7 29
3-6 years 774 89.9 252 29.3 32.3 35
6-13 years 25.4 30.8
13-18 years 77.6 95.7 259 324

IL = inferior limit; SL = superior limit.

Table 4. Serum iron normal values for age groups [11].

Serum Iron (mcg/dL)

Age
IL SL
0-1 year 20 153
1-5 years 9 151
6-10 years 6 148
11-14 years 19 156
15-18 years 14 156

IL = inferior limit; SL = superior limit.

Software used for data processing was IBM SPSS Statistics 20 and the Pearson paramet-
ric correlation was used for correlation analysis. Furthermore, the correlation coefficients
were calculated for a confidence interval of 95%.

3. Results

Among the 234 children included in the study, 32 patients had anemia and 172 patients
were identified with gastroesophageal reflux disease through a positive Boix-Ochoa score
(N < 11.99). From the 32 patients with anemia, 23 were associated with GERD, a higher
number than those without GERD (F = 7.86, p = 0.0173, 95% confidence interval). The
statistical data analysis shows a moderate correlation between anemia and GERD (r = —0.35,
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p = 0.025, 95% confidence interval). At least two erythrocyte parameters are significantly
affected, namely, MCH and MCYV, which translates into interpretating terms indicating a
tendency towards deficiency anemia (Tables 5 and 6). The decrease in MCH is obvious
and meets the conditions of statistical significance even when statistical correlation tests
are applied. This aspect actually confirms that these children have a marked tendency to
become anemic during the evolution of the disease and the erythrocyte parameters can be
the first detectable changes with indicative value.

Table 5. Statistical indicators for MCV in relation to GERD.

Median Mean Standard Standard . 05 . 75
MCV _95% +95% Deviation  Error Min Max Q Median  Q
With GERD 77.02 75.82 78.23 7.66 0.61 56.25 102 74 77.89 82
Without GERD 80.75 78.89 82.62 7.02 0.93 61 92 77 81 86
Table 6. Statistical indicators for MCH in relation to GERD.
Median Mean Standard Standard ) )
MCH _959, +959% _ Deviation  Error Min Max Q25 Median Q75
With GERD 25.94 255 26.37 2.74 0.22 17.29 33.8 24.8 26.35 27.5
Without GERD 27.2 26.56 27.83 2.38 0.32 19.36 31.1 26.07 27.6 28.5
The serum iron level was investigated in patients who had modified erythrocyte
parameters even if the hemoglobin and hematocrit values were normal. We identified lower
levels of serum iron in cases with GERD, with statistical significance (F = 8.46, p = 0.012,
95% confidence interval). We must emphasize the fact that this serum parameter also
correlates very well with the imminence of anemia as suggested by the other parameters.
The values found in patients with GERD are much lower compared to the control group
and compared to the normal inferior limit of sideremia (Table 7), suggesting the fact that
the origin of the tendency towards anemia is in fact the iron deficiency achieved both by
chronic losses and by affecting the intake.
Table 7. Statistical indicators for serum iron in relation to GERD.
i Mean
Median Stan‘da.rd Standard Min Max Q25  Median Q75
Serum Iron —95%, +95%  Deviation  Error
With GERD 58.93 50.82 67.04 27 4.02 15 131 35 54 77
Without GERD 73.37 51.5 95.24 36.19 10.04 1.78 143 52 66 100

Gender distribution and the area of living for the patients in the studied group are
summarized in Table 8.

Table 8. Distribution of cases according to gender and area of living.

Gender Area of Living
Boys Girls Urban Rural
With GERD 92 80 110 62
With anemia 20 12 21 11
With GERD and anemia 14 9 15 8

4. Discussion

From a pathophysiological point of view, in infants, gastroesophageal reflux is due to
the immaturity of the smooth muscle fibers of the lower esophageal sphincter, which allows
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the passage of the gastric contents back into the esophagus, leading to the destruction of
the esophageal epithelial cells through its acidic pH, with inflammation and irritation [12].
Furthermore, there is a lower resting pressure in the lower esophageal sphincter of the
infants compared to that of the adult, starting at 3.8 mmHg for premature infants born at
27 weeks of gestation, 12.2 mmHg for the ones born at 35 weeks of gestation, and reaching
18 mmHg for full-term infants versus 19 up to 28 mmHg for an adult [13]. At the same time,
the exclusively liquid diet and prolonged periods in a horizontal position also contribute
to the occurrence of GERD in infants under the age of 6 months [12]. Also, there are more
cases of GER at younger ages due to another series of peculiarities at that stage in life: the
esophageal capacity is 5-10 mL, unlike that of an adult that has approximately 180 mL, the
intra-abdominal part of the esophagus is shorter than in the adult, which is about 3 cm,
and last, but not least, infants ingest a volume of food per kilogram of body five to eight
times greater than adults [14]. Usually, physiological reflux begins between the ages of 1 to
6 months and improves progressively until the age of 12 months when it should resolve. If
the symptoms start outside this age range or do not disappear around the age of 1, then the
occurrence of GERD must be considered [5].

When it comes to pediatric patients, for children older than 8 years and adolescents,
the same diagnostic criteria for GERD apply as for adults, since the typical symptoms are
similar to theirs (i.e., heartburn, regurgitation). Nevertheless, in infants and small children
differentiating between GER and GERD is more difficult, as the symptoms are varied and
non-specific, among the most common being regurgitation, prolonged crying episodes,
back arching, irritability (in Table 9 more symptoms are listed as well as signs by age
groups) [15].

Table 9. GERD signs and symptoms in children by age group [15].

Children Aged 1 to 5 Years Children Aged 6 to 18 Years
Recurrent vomiting Heartburn
Weight loss Epigastric pain
Failure to thrive Retrosternal pain
Refusal to feed Nocturnal abdominal/retrosternal pain
Abdominal pain Dysphagia
Difficulty swallowing Nausea
Recurrent pneumonia Nocturnal coughing
Anemia Hoarseness
Chronic sinusitis or otitis Sore throat
Dental erosions Halitosis
Sleep disturbances, fatigue Wheezing
Behavioral disorders, irritability Recurrent pneumonia
Chronic sinusitis or recurrent otitis media
Laryngitis

Dental erosions
Sleep disturbances, irritability, behavioral disorder

Also, in infants, the same constellation of symptoms can be found in cow’s milk
protein allergy, making the two pathologies difficult to differentiate from a clinical point
of view, especially when these symptoms do not correlate with the occurrence of reflux
in esophageal pH-metry studies or do not remit after initiation of proton pump inhibitor
treatment [16].

Regarding the epidemiological data, a systematic review on GERD in pediatric patients
carried out in 2019, which included 25 eligible studies on the prevalence and characteristic
symptoms of GERD, concluded that, in children aged 0 to 18 months, symptoms were
present in more than one quarter of the cases, with their gradual decrease until disap-
pearance until the age of 1. As for children over 18 months old, the percentage of those
symptoms varied between 0 and 38% [17].
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As mentioned above, anemia is recognized as one of the signs of GERD in children.
The underlying mechanism by which it occurs is through corrosive esophagitis, and anemia
might be the only presenting sign of this lesion due to GERD [14].

As stated in the beginning of the article, the effects of iron deficiency anemia in the
human body are multiple, affecting several systems. On the short list, we note: in the central
nervous system, it leads to mental and motor developmental delay, reduced cognitive func-
tion, irritability, and a shorter attention span. In the cardiovascular system, it can determine
cardiac hypertrophy; in the immunologic system, it reduces the recovery rate after illnesses
and increases the rate of respiratory infections, and decreases myeloperoxidase expression
in leukocytes and the small intestine. At different cellular levels, it determines several
perturbances such as ineffective erythropoiesis, increased auto hemolysis, decreased red
cell survival, and oxidative damage to cell membranes [18].

It is known that there are multiple other causes of iron deficiency anemia, but for
several, special attention must be paid. First of all, infants born prematurely have a faster
growth rate that decreases the iron supply accumulated during pregnancy, but in premature
births they are low already, because they are usually formed in the third trimester. Second
of all, menstrual blood losses and, rarely, Von Willebrand disease are another source of
IDA in adolescents; third of all, children with neuromotor pathology are an additional
group predisposed to IDA due to needing gavage or a predominantly liquid diet that may
be deficient in certain nutrients such as iron. Last, but not least, several gastrointestinal
tract pathologies such as celiac disease, Helicobacter pylori infection, chronic inflammatory
bowel disease intolerance to cow’s milk proteins, Meckel’s diverticulum, hiatal hernia, or
parasitosis can lead to the path of insufficient iron absorption [6]. If gastroesophageal reflux
adds to these particular situations, then the iron deficiency or IDA aggravates it.

The involvement of pediatric GERD in the pathophysiology of other entities such
as asthma [19], recurrent pneumonia, recurrent wheezing [20], dental erosions [21,22],
Sandifer syndrome [23], and sleep apnea [24] has been the subject of other adult or pedi-
atric studies over time, but the relationship between iron deficiency anemia and gastroe-
sophageal reflux disease, especially in children, was not the goal of many researchers. A
query of PubMed Central electronic databases with the terms (“anaemia”[All Fields] OR
“anemia”[MeSH Terms] OR “anemia”[All Fields]) AND (“gastroesophageal reflux”[MeSH
Terms] OR (“gastroesophageal "[All Fields] AND “reflux”[All Fields]) OR “gastroesophageal
reflux”[All Fields]) AND (“child”[MeSH Terms] OR “child”[All Fields] OR “children”[All
Fields]) returned 1987 results, from which only a few, at a quick glance, contained the
terms “Gastroesophageal reflux”, “anemia” or “iron deficiency” and “children” or “pe-
diatric” united in the title [25-28]. In other articles relevant to the subject of our study,
anemia was mentioned in the body of the text, as a sign of GERD or as a red flag for this
pathology [1,4,5,29].

We identified studies that searched for causes of iron deficiency anemia unresponsive
to treatment, among which GERD was counted as well. A retrospective study from
2006, conducted by a research group in Naples, Italy, found that 10 cases from a total of
238 studied had anemia due to blood losses determined by reflux esophagitis [30]. Another
study published in 2007 in Cairo, Egypt determined the prevalence of celiac disease,
Helicobacter pylori, and gastroesophageal reflux among a small group of 25 patients with
iron deficiency anemia unresponsive to iron treatment received for 3 months. The research
group concluded that gastroesophageal reflux was positive in 11 of the studied cases, but
only 6 of them had gastroesophageal reflux solely, while the other 5 had an associated
H. pylori infection or a combination of celiac disease and H. pylori infection in addition
to GERD [25]. Another article published by a research group from the United States of
America in 2022 described a series of five cases with iron deficiency anemia as a result
of gastroesophageal reflux in children with congenital esophageal atresia or neurologic
impairment. The article highlighted that these two conditions are at risk of developing
GER and reflux can further lead to columnar metaplasia of the esophagus wall cells. This
often leads to anemia even in the absence of gastrointestinal symptoms, suggesting that
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unexplained iron deficiency anemia in children with neurological disorders or esophageal
atresia should be considered a consequence of gastroesophageal reflux and additional
investigations would be useful in order to diagnose or rule out GERD [26].

A particular and infrequent form of gastroesophageal reflux disease seen typically in
infants is Sandifer syndrome. This pathology associates certain movements and postures
(spasmodic dystonia and opisthotonos) in the presence of reflux, it being considered that
posturing is a way to alleviate pain caused by acidic reflux. Even though it represents
less than 1% of pediatric cases of GERD, it must be taken into consideration as a form of
gastrointestinal disorder and not be misinterpreted as a neurological disease in order to
receive proper antiacid treatment [31]. Regarding the prevalence of anemia in this form
of gastroesophageal reflux, we identified cases in the literature that are associated with
anemia also or articles that pointed the presence of anemia as a complication of Sandifer
syndrome [23,32,33].

Even if our study shows moderate correlation between GERD and anemia, there are
still more patients that have associated anemia and GERD than those that have only anemia
(23 versus 9). In addition, the results show an increased rate of iron deficiency among
patients with GERD. Therefore, we consider it opportune to develop new studies in this
direction, with larger groups, to evaluate the impact that this hematological pathology has
on the pediatric population with gastroesophageal reflux disease.

5. Conclusions

Cumulating the hematological changes obtained in our study, we can say that GERD
is accompanied by a degree of iron deficiency that opens the way to iron deficiency anemia.
Considering the fact that anemia can be one of the signs of gastroesophageal reflux disease,
especially among pediatric patients, this complication should not be neglected due to its
long-term effects in a child’s development and further in adult life. When faced with a
case of hypochromic hyposideremic anemia in which other causes have been excluded, the
clinician should consider it as a result of a gastroesophageal reflux if the patient presents
signs and symptoms suggestive for this gastrointestinal pathology, and also if the anemia
does not respond to oral iron therapy. In addition, the small number of studies found in the
literature regarding the prevalence of anemia in gastroesophageal reflux disease in children
opens the road to further investigation.
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Abstract: Background: Eosinophilic esophagitis (EoE) is an immune-mediated esophageal disease
with rising incidence. While proton pump inhibitors (PPIs) are the first-line treatment, a significant
proportion of patients do not respond. This study aimed to determine if the EoE Histology Scoring
System (EoEHSS) can predict PPI responsiveness. Methods: A cross-sectional study was conducted on
89 pediatric patients diagnosed with EoE between 2016 and 2022. Patients were categorized into PPI
responders (PPIREoE) and non-responders (PPINREoE) based on post-treatment biopsies. EOEHSS
values from biopsies of the esophagus (distal, middle, and proximal segments) were compared
between the two groups. Results: No significant differences in EOEHSS scores were observed for
the distal and proximal esophagus between the groups. However, the middle esophagus showed
a significantly higher EOEHSS grade score in the PPINREOE group, indicating a more pronounced
disease severity. Specific histological features, particularly eosinophilic abscesses and surface layering
of the middle segment of the esophagus, were significantly different between the groups. Conclusions:
Performing a biopsy of each esophageal segment, particularly the middle, is crucial for diagnostic
precision and predicting PPI responsiveness. The EOEHSS can serve as a valuable tool in predicting
therapy response, emphasizing the need for personalized therapeutic approaches in EOE management.

Keywords: eosinophilic esophagitis; pediatrics; EOEHSS; score; EREFS

1. Introduction

Eosinophilic esophagitis (EoE) is an immune-mediated disease characterized by
esophageal dysfunction and a peak eosinophil count (PEC) > 15 eosinophils per high-
power field (HPF) on histological examination, in the absence of other conditions and
diseases that could cause eosinophilia of the esophagus [1]. The incidence of EoE is consis-
tently increasing, in both children and adults. Although it was initially believed that the
incidence was rising due to increased awareness and appropriate diagnostic evaluation,
recent studies have shown a real increase in the occurrence of EoE [2,3]. EoE is usually

64



Diagnostics 2023, 13, 3445

not a life-threatening disease, but nevertheless requires timely treatment. Prolonging the
time of diagnosis or applying inappropriate therapy can lead to complications [1] such
as esophageal stenosis or perforation, the latter of which can prove fatal [4]. Treatment
modalities for EoE include proton pump inhibitors (PPIs), topical corticosteroids, and a
strict dietary regimen (the elimination of certain foods). Considering that they are safe,
inexpensive, and easily applicable, PPIs are the first-line therapy [5]. However, a certain
proportion of patients (51%) with EoE does not respond to PPI treatment and they require
a different therapeutic approach [6,7]. Given that there is a population of patients who
do not respond to PPIs, predicting the response to these drugs would shorten the time to
effective treatment.

In 2017, Collins et al. developed the EoE Histology Scoring System (EoEHSS) which
has proven to be superior to peak eosinophil count in terms of diagnosis and patient
monitoring [8]. This raises the question whether EOEHSS can also be used to predict
response to therapy. The objective of our study is to compare EOEHSS values from biopsies
of the distal, middle, and proximal segments of the esophagus, as well as clinical parameters,
between two patient groups based on their response to PPI therapy, with the aim of
predicting therapy response.

2. Materials and Methods
2.1. Study Design and Patient Selection

This cross-sectional study included 89 pediatric patients, aged between 0 and 18 years,
who were diagnosed and treated for EoE at a tertiary healthcare center between 2016 and
2022. The diagnosis of EoE was made according to guidelines [1]. Biopsies were taken
from all segments of the esophagus (proximal, middle, distal). A minimum of four tissue
samples were taken from at least two locations, typically proximally and distally. In cases
where all three segments of the esophagus were biopsied, a minimum of six tissue samples
were taken. This sampling approach was applied both during the initial diagnosis and
in the evaluation of the PPI therapy’s effectiveness. After the diagnosis was established,
all patients received PPI treatment at a dosage of 1-2 mg/kg per day. Three months after
treatment, a follow-up endoscopy with multiple biopsies was performed to evaluate the
treatment’s effectiveness. Based on their response to the PPI therapy, patients were divided
into two groups: responders (PPIREoE) and non-responders (PPINREoE). Responders
were defined as those patients who had fewer than 15 eosinophils per HPF within their
esophageal biopsies. Analyses for this study were conducted based on data from the
initial endoscopy and initial biopsies. We analyzed 151 tissue samples (35 samples of
PPIREOE and 116 samples of PPINREOE) from the distal esophageal segment, 64 tissue
samples (28 samples of PPIREoE and 36 samples of PPINREOE) from the middle esophageal
segment, and 148 samples (32 samples of PPIREoE and 116 samples of PPINREoE) from
the proximal esophageal segment. The inclusion criteria for patients into the study were: at
least two esophageal biopsies, before and after the administration of therapy. The exclusion
criteria were if the patient initially received some other form of therapy other than PPI,
if the patient did not undergo a follow up endoscopy with biopsy after treatment, or if
the slides were inadequate for analysis because they had faded or for other reasons. This
study was conducted with the approval of the Ethics Committee of the Faculty of Medicine,
University of Belgrade.

2.2. Demographics, Clinical Characteristics and Endoscopy

The data collected included demographic information, allergy details, laboratory
values, comorbidities, and symptoms at the time of the initial endoscopy. Endoscopic data
related to EoE were collected using the EREFS score, which is actually an acronym derived
from the initial letters of the endoscopic features of EoE (Edema, Rings, Exudates, Furrows,
and Strictures) [9].
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2.3. Tissue Processing and Preparation of H&E Slides for Scoring

After performing esophageal endoscopic biopsies, the samples were fixed for 24 h in
10% buffered formalin, then rinsed with distilled water, and subsequently dehydrated in
increasing concentrations of alcohol (from 70% to pure alcohol). After dehydration in alcohol,
the samples were lipophilized in xylene and, following lipophilization, embedded in paraffin
blocks. The obtained paraffin blocks were cut with a standard microtome into sections 3-5 pm
thick. The sections were further stained with hematoxylin and eosin (H&E).

2.4. Biopsy Scoring

Biopsy scoring was carried out according to the modified validated EOEHSS system
developed by Collins et al. [8]. The EOEHSS encompasses more than just eosinophil count; it
also considers various histological characteristics of EoE. This scoring system includes eight
characteristics: peak eosinophil count (PEC), basal zone hyperplasia (BZH), eosinophilic
abscesses (EA), eosinophil surface layering (SL), dilated intercellular spaces (DIS), surface
epithelial alterations (SEA), lamina propria fibrosis (LPF), and dyskeratotic epithelial cells
(DEC). Due to their presence in a limited number of biopsies, LPF, SEA, and DEC were
excluded. Therefore, the scoring was based on PEC, EA, SL, BZH, and DIS (Figure 1). A
grade and stage were assigned to each of the aforementioned characteristics [8]. For each
histological feature, grade and stage values were determined semi-quantitatively, ranging
from 0 to 3 (Tables 1 and 2). If the maximum values for grade and stage for each biopsy
feature of a patient were 3, then the maximum possible score for grade and stage would
be 15. The final score would be calculated by dividing the given biopsy’s grade and stage
score by the maximum possible values. Scoring was performed using an Olympus BX43
microscope (Pittsford, NY, USA).

Table 1. Grading within the EOEHSS.

Grade Score

Peak eosinophil count (PEC)

0 PECO

1 PEC < 15/HPF
2 PEC 15-59/HPF
3 PEC > 60/HPF

Basal zone hyperplasia (BZH)

0 BZH not present

1 BZH occupies >15% but <33% of the total thickness
2 BZH occupies 33-66% of the total thickness

3 BZH occupies >66% of the total thickness

Eosinophilic abscesses (EA)

0 EA not present

1 EA consists of 4-9 eosinophils

2 EA consists of 10-20 eosinophils
3 EA consists of >20 eosinophils

66



Diagnostics 2023, 13, 3445

Table 1. Cont.

Grade Score

Eosinophil surface layering (SL)

0 SL not present

1 SL consists of 3—4 eosinophils
2 SL consists of 5-10 eosinophils
3 SL consists of >10 eosinophils

Dilated intercellular spaces (DIS)

0 DIS not observed at any magnification

1 DIS are observed only at 400 x magnification

2 DIS are observed at 200 x magnification

3 DIS are observed at 100x magnification or lower
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Figure 1. This figure represents a part of the scoring methodology, displaying histological character-

istics of EoE that have been scored. ((A)—Eosinophil surface layering (arrow), magnification x100;
(B)—Dilated intercellular spaces (arrow), magnification x100; (C)—Eosinophilic abscesses (arrow),
magnification x100; (D)—Basal zone hyperplasia (The line shows the portion of the esophageal
epithelium affected by BZH), magnification x40; On each image, more than 15 eosinophils per high
power field (Eo/HPF) are present).
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Table 2. Staging within the EoEHSS.

Stadium Score

Peak eosinophil count (PEC)

0 PEC 0-14/HPF

1 PEC > 15/HPF in <33% HPFs

2 PEC > 15/HPF in 33-66% HPFs
3 PEC > 15/HPF in >66% HPFs

Basal zone hyperplasia (BZH)

0 BZH not present

1 BZH of any grade > 0 occupying < 33% of the biopsy epithelium
2 BZH of any grade > 0 occupying 33-66% of the biopsy epithelium
3 BZH of any grade > 0 occupying > 66% of the biopsy epithelium

Eosinophilic abscesses (EA)

0 EA not present

1 EA of any grade > 0 occupying < 33% of the biopsy epithelium
2 EA of any grade > 0 occupying 33-66% of the biopsy epithelium
3 EA of any grade > 0 occupying > 66% of the biopsy epithelium

Eosinophil surface layering (SL)

0 SL not present

1 SL of any grade > 0 occupying < 33% of the biopsy epithelium
2 SL of any grade > 0 occupying 33-66% of the biopsy epithelium
3 SL of any grade > 0 occupying > 66% of the biopsy epithelium

Dilated intercellular spaces (DIS)

0 DIS not present

1 DIS of any grade > 0 occupying < 33% of the biopsy epithelium
2 DIS of any grade > 0 occupying 33-66% of the biopsy epithelium
3 DIS of any grade > 0 occupying > 66% of the biopsy epithelium

2.5. Statistical Analysis

To characterize the study sample, we used descriptive statistics. For numerical vari-
ables, we calculated means, medians, standard deviations, and percentiles. For categorical
variables, we determined the numbers and their respective percentages. The Pearson
chi-squared test or Fisher’s exact test were used to evaluate associations between cate-
gorical data. The Student’s t-test or the Mann-Whitney U test were used for numerical
data to evaluate differences between responders and non-responders. Univariate logistic
regression analysis was used to establish factors related to overall therapy response. In all
analyses, the level of statistical significance was set at p < 0.05. SPSS version 25 statistical
software (Chicago, IL, USA) was used to perform the statistical analysis.
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3. Results
3.1. Demographic and Clinical Characteristics

A total of 89 pediatric patients with EoE were included in the study. The average
age of study participants was 12.1 £ 3.8 years and more than half were male (78.7%). The
youngest patient included was 2 and the eldest was 18 years old. There was no significant
age or gender differences between the PPIREoE and PPINREOE groups. Additionally, no
differences were observed in terms of allergic factors (Table 3). Regarding symptoms, pain
and dyspeptic complaints were more prevalent among PPIREoE, while regurgitation and
food impaction were more common among PPINREoE. Vomiting and dysphagia were
almost equally represented in both groups. Interestingly, comorbidities were exclusively
observed in the non-responder group of patients.

Table 3. Demographic and clinical characteristics of PPINREoE and PPIREoE.

Response to Therapy
Total
(n =89) PPINREoOE PPIREOE
(n="72) (n=17) P
Gender, 1 (%) 0.284
Male 70 (78.7) 55 (76.4) 15 (88.2)
Female 19 (21.3) 17 (23.6) 2(11.8)
Age, mean + sd 121+ 338 123+ 3.8 11.7+£35 0.594
Atopy, 1 (%) 20 (22.5) 17 (23.6) 3(17.6) 0.596
Food Alergy—SPT, 1 (%) 12 (13.5) 10 (13.9) 2(11.8) 0.818
Food Alergy—IGE, 1 (%) 24 (27.0) 20 (27.8) 4(23.5) 0.723
Inhalation allergy panel test, 1 (%) 23 (25.8) 19 (26.4) 4 (23.5) 0.809
Comorbidities, 1 (%) 17 (19.1) 17 (23.6) * 0(0.0) 0.026 *
Regurgitation, n (%) 4 (4.5) 4 (5.6) 0(0) 0.320
Dysphagia, 1 (%) 31(34.8) 25 (34.7) 6(35.3) 0.964
Impaction, 1 (%) 34 (38.2) 29 (40.3) 5(29.4) 0.407
Pain, n (%) 21 (23.6) 14 (19.4) 7 (41.2) 0.058
Dyspepsia, 1 (%) 13 (14.6) 8 (11.1) 5(29.4) 0.055
Vomiting, 1 (%) 12 (13.5) 10 (13.9) 2(11.8) 0.818
EREFS, median (25th—75th percentile) 2 (1-2) 2 (1-2) 2 (0.5-2) 0.291

* Statistically significant. PPINREOE: proton pump inhibitor non-responders; PPIREoE: proton pump inhibitor
responders; SPT: skin prick test; EREFS: endoscopic reference score.

3.2. Histological Characteristics

The final EoOEHSS grade score for distal segment biopsies was 0.6 (0.5-0.7) for the
PPINREOE group and 0.5 (0.4-0.7) for the PPIREoE group, indicating a slight but not
statistically significant difference in the overall disease severity score between the two
groups. A similar result was observed in biopsies from the proximal segment where the
score was 0.6 (0.3-0.7) for the PPINREOE group and 0.4 (0.2-0.6) for the PPIREoE group.
When we compared individual components of EOEHSS for grade, no statistically significant
difference was observed between PPINREoOE and PPIREOE in both distal and proximal
segments of the esophagus.

Interestingly, the final EOEHSS grade score for the middle segment was 0.5 (0.5-0.8) for
the PPINREOE group, which was significantly higher than the 0.3 (0.3-0.5) observed in the
PPIREOE group (p = 0.037), indicating a more pronounced severity in the PPINREOE group.
Similar results were obtained when comparing individual components of the EoOEHSS with
respect to grade, revealing a more pronounced disease severity in the PPINREoE group.
Specifically, EA and SL demonstrated a statistically significant difference compared with
the PPIREOE group (p = 0.044 and p = 0.046, respectively) (Table 4) (Figure 2).
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Table 4. EOEHSS final score and individual components for grade of PPINREoE and PPIREoE.

Response to Therapy
EoEHSS OR p
PPINREOE PPIREoE

DG (n =78)
PEC 2(2-3) 2(2-3) 0.676 0.403
BZH 2(2-3) 2(2-3) 0.694 0.296
EA 1(0-1) 0(0-1) 0.882 0.734
SL 1(0-2) 1(0-1) 0.814 0.495
DIS 3(2-3) 3(2-3) 0.755 0.428
Final score 0.6 (0.5-0.7) 0.5(0.4-0.7) 0.225 0.327

MG (n =29)
PEC 3(2-3) 2(1-2) 0.392 0.112
BZH 3(2-3) 1(1-3) 0.562 0.144
EA 1(0-1)* 0 (0-0) 0.106 0.044 *
SL 1(0-2)* 0 (0-0) 0.248 0.046 *
DIS 3(2-3) 2(1-3) 0.712 0.305
Final score 0.5 (0.5-0.8) * 0.3 (0.3-0.5) 0.011 0.037 *

PG (n =76)
PEC 2(1-3) 2 (0-3) 0.648 0.154
BZH 3(2-3) 3(0-3) 0.669 0.147
EA 0(0-1) 0(0-1) 0.852 0.683
SL 0(0-2) 0(0-1) 0.914 0.763
DIS 3(1-3) 3(0-3) 0.759 0.293
Final score 0.6 (0.3-0.7) 0.4 (0.2-0.6) 0.278 0.253

Data are presented as median (25th-75th percentile). * Statistically significant. EOEHSS: eosinophilic esophagitis
histology scoring system; PPINREoOE: proton pump inhibitor non-responders; PPIREoE: proton pump inhibitor
responders; DG: distal esophagus grade; MG: middle esophagus grade; PG: proximal esophagus grade; PEC:
peak eosinophil count; BZH: basal zone hyperplasia; EA: eosinophilic abscesses; SL: eosinophil surface layering;
DIS: dilated intercellular spaces.
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Figure 2. EoEHSS final score for grade of PPINREoE and PPIREoE; (A) EoEHSS final score of the
distal esophagus; (B) EOEHSS final score of the middle esophagus; (C) EoOEHSS final score of the
proximal esophagus. * p < 0.05.

None of the EOEHSS stage scores showed a statistically significant difference between
PPINREOE and PPIREOE for the proximal, distal, or middle segments of the esophagus.
Analysis of the individual EOEHSS parameters for disease stage yielded results consistent
with those observed for disease grade. Notably, significant differences between PPINREoE
and PPIREOE were identified in the EA values from biopsies of the middle segment and
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BZH values from the proximal segment, suggesting a more extensive disease distribution
in patients unresponsive to therapy (Table 5) (Figure 3).

Table 5. EOEHSS final score and individual components for stage of PPINREoE and PPIREoE.

Response to Therapy
EoEHSS OR p
PPINREoOE PPIREoE

DS (n =78)
PEC 3 (2-3) 3 (1-3) 0.831 0.512
BZH 3(3-3) 3(3-3) 0.730 0.405
EA 1(0-2) 0(0-2) 0.890 0.705
SL 1(0-2) 1(0-1) 0.713 0.268
DIS 3 (2-3) 3 (2-3) 0.791 0.546
Final score 0.7 (0.5-0.8) 0.6 (0.5-0.8) 0.290 0.339

MS (n =29)
PEC 3(1-3) 1(0-3) 0.750 0.392
BZH 3(3-3) 3(2-3) 0.802 0.570
EA 1(0-2)* 0 (0-0) 0.126 0.049 *
SL 1(0-2) 0 (0-0) 0.367 0.077
DIS 3 (2-3) 2 (1-3) 0.784 0.470
Final score 0.5 (0.4-0.8) 0.4 (0.3-0.6) 0.053 0.102

PS (n =76)
PEC 2 (1-3) 2 (0-3) 0.738 0.206
BZH 3 (2-3) 3 (0-3) 0.623 0.041 *
EA 0 (0-1) 0 (0-1) 0.769 0.469
SL 0(0-2) 0(0-1) 0.852 0.614
DIS 3(1-3) 3(0-3) 0.923 0.745
Final score 0.6 (0.3-0.7) 0.4 (0.2-0.6) 0.276 0.212

Data are presented as median (25th-75th percentile). * Statistically significant. EOEHSS: eosinophilic esophagitis
histology scoring system; PPINREOE: proton pump inhibitor non-responders; PPIREoE: proton pump inhibitor
responders; DS: distal esophagus stadium; MS: middle esophagus stadium; PS: proximal esophagus stadium;
PEC: peak eosinophil count; BZH: basal zone hyperplasia; EA: eosinophilic abscesses; SL: eosinophil surface
layering; DIS: dilated intercellular spaces.
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Figure 3. EoEHSS final score for stage of PPINREoE and PPIREOE; (A) EoEHSS final score of the
distal esophagus; (B) EOEHSS final score of the middle esophagus; (C) EOEHSS final score of the
proximal esophagus.
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4. Discussion

The consistent increase in the incidence of EoE necessitates research regarding its
etiology, pathogenesis, as well as the refinement of diagnostics and therapy. The primary
objective of EoE treatment is not only to alleviate disease symptoms and enhance patients’
quality of life but also to prevent potential complications, including those that could be
life-threatening. Delay in treatment or application of inadequate therapy carries the risk of
disease complications. The aim of this study is to predict the response to PPI therapy as the
first-line treatment in patients with EoE, with the goal of initially selecting the therapy to
which the patient will best respond. Additionally, there is still no method to predict the
response to PPI therapy, which would enable selection of the appropriate treatment at the
outset. Our study, encompassing 89 pediatric patients, provides valuable insights into the
clinical and histological characteristics of EoE in relation to PPI responsiveness.

Taking into account the response to PPI therapy, our study showed a lower rate of
response compared with most studies. However, there are also studies in the pediatric
population that have shown a similar response rate [10]. Such findings can be explained by
poorer compliance with therapy, considering that a significant number of adolescents were
included in the study, where compliance with therapy is generally lower. Additionally,
it has been demonstrated that the response to PPI therapy in the pediatric population is
generally poorer compared with adults [11].

From a demographic perspective, our cohort predominantly comprised males, con-
sistent with previous literature that has identified a male preponderance in EoE [12]. The
age range of our study participants, spanning from 2 to 18 years, highlights the broad
spectrum of pediatric ages at which EoE can manifest. Notably, the absence of significant
age or gender differences between the PPIREoE and PPINREOE groups suggests that these
demographic factors might not play a pivotal role in determining PPI responsiveness.

The clinical presentations of EoE are known to be diverse, and our study confirms this
heterogeneity. While pain and dyspeptic complaints were more common in the PPIREoE
group, regurgitation and food impaction were predominant in the PPINREoE group. This
divergence in symptomatology could be attributed to variations in esophageal mucosal
involvement, eosinophilic infiltration, or other inflammatory processes, which might be
influenced by genetic, environmental, or immunological factors. The equal representation
of vomiting and dysphagia in both groups, however, suggests that these symptoms might
not be reliable indicators of PPI responsiveness. The exclusive presence of comorbidities in
the non-responder group is intriguing and raises questions about potential associations
between comorbid conditions and PPI resistance. Given that the comorbidities in our study
group were highly diverse (asthma, epilepsy, Hashimoto’s thyroiditis, kidney agenesis,
cerebellar medulloblastoma, etc.), even after an extensive literature search, we were unable
to find a connection with a lack of response to therapy. Therefore, further research on this
topic is essential.

Although nearly fifty years have passed since EoE was first described, there are
still no clear protocols regarding the number and localization of biopsies necessary for
diagnosis [13,14]. While various studies emphasize the importance of performing a biopsy
on both the proximal and distal segments of the esophagus for diagnosis [15], others
highlight the significance of also sampling the middle segment of the esophagus [16,17].
The only point on which most researchers agree on is taking a larger number of biopsies
from different locations (polytopic biopsies). Our study underscores the critical need for a
standardized approach to biopsy protocols in EoE diagnosis. The ambiguity surrounding
the optimal number and location of biopsies highlights a significant gap in the current
understanding and approach to EoE diagnosis and management. The scores (grade and
stage) for the distal and proximal segment did not show significant differences between
the two groups. Even though they cannot be used to predict the response to PPI, biopsies
of the distal and proximal esophageal segments are essential for the diagnosis of EoE and
for differentiation from GERD. However, the middle segment of the esophagus emerged
as a potential region of interest. In a recent study by Hiermath et al., it was shown that
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most histological features of EoE, except for DIS, are not uniformly represented in all
parts of the esophagus, regardless of whether the EoE is active or in remission [18]. Lin
et al. demonstrated that EOEHSS scores can significantly vary between the distal and
middle segments of the esophagus in both the population of patients with active EoE and
in patients in remission. Additionally, it has been shown that EOEHSS scores were not
always higher in the distal segment of the esophagus, suggesting that such distribution
might be associated with different types of EoE, varying symptomatology, and distinct
therapeutic requirements and responses [17]. The significantly higher EOEHSS grade score
for the PPINREOE group in the middle segment in our study suggests that this region
might be more susceptible to severe eosinophilic infiltration, especially in non-responders
to PPI therapy. The pronounced differences in individual components, particularly EA
and SL, further emphasize the importance of performing a biopsy on the middle segment
of the esophagus. Additionally, Lin et al. have shown that different segments of the
esophagus do not undergo simultaneous repair, with the mid-esophagus, where changes
related to damage have been observed to persist for a longer period [17]. Interestingly,
despite the differences observed in the grade scores, the EOEHSS stage scores did not offer
a clear distinction between the two groups across all esophageal segments. By analyzing
individual score characteristics with respect to stage, a statistically significant difference
between PPINREOE and PPIREoOE was observed in the EA values of the middle segment
and BZH values of the proximal segment, potentially indicating that the distribution of the
disease may be significant in terms of response to therapy.

While this study brings new insights, it also has its limitations, primarily in terms of
its retrospective nature, a small sample size and univariate analysis. Future studies should
aim to validate our findings in larger cohorts and explore the underlying mechanisms
driving the observed differences between PPI responders and non-responders.

Further research could employ immunohistochemistry to assess eosinophil activity,
potentially highlighting differences between these groups. Molecular investigations are also
essential for a more in-depth understanding. The role of genetic factors in determining the
response to PPI therapy also cannot be overlooked. Genetic polymorphisms might influence
the pharmacodynamics and pharmacokinetics of PPIs, thereby affecting the therapeutic
outcomes. Understanding the genetic makeup of the patients could potentially aid in
personalizing the treatment strategies, ensuring more effective and efficient management
of EoE. Additionally, examining the intercellular connections in these two patient groups
is crucial. The epithelium’s permeability itself may be linked to the response to therapy,
necessitating a comprehensive exploration in this aspect. Research on the esophageal
microbiota could significantly contribute to understanding the pathogenesis and selection
of therapy for EoE. It has been shown that the esophageal microbiota in EoE patients is
altered, with an increase in Haemophilus and a decrease in Firmicutes [19-21]. Additionally,
a study conducted by Parashette et al. demonstrated significant differences in microbiota
among EoE patients in terms of their response to PPI therapy, particularly in the context of
the Bacteroidetes phylum [22]. Therefore, further investigations of the microbiome may hold
significance in predicting the response to PPI therapy.

5. Conclusions

The EoEHSS score was successfully applied for the first time in order to predict the
response to PPI therapy in children with EoE. EOEHSS grade score of the middle esophageal
segment in PPINREOE was significantly higher compared with PPIREoE. Although some
authors recommend performing a biopsy of two regions of the esophagus (most commonly
the proximal and distal segments), our study points to the need for all segments of the
esophagus (proximal, middle and distal) to be examined, particularly the middle. This
increases diagnostic precision and facilitates therapeutic personalization through prediction
of PPI responsiveness. Additionally, besides assessing the response to various forms of
therapy, EOEHSS can also be an excellent tool in predicting the response.
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Abstract: Cystic fibrosis (CF) is primarily known for its pulmonary consequences, which are ex-
tensively explored in the existing literature. However, it is noteworthy that individuals with CF
commonly display gastrointestinal (G-I) manifestations due to the substantial presence of the cystic
fibrosis transmembrane conductance regulator (CFTR) protein in the intestinal tract. Recognized
as pivotal nonpulmonary aspects of CF, G-I manifestations exhibit a diverse spectrum. Identifying
and effectively managing these manifestations are crucial for sustaining health and influencing the
overall quality of life for CF patients. This review aims to synthesize existing knowledge, providing a
comprehensive overview of the G-I manifestations associated with CF. Each specific G-I manifestation,
along with the diagnostic methodologies and therapeutic approaches, is delineated, encompassing the
impact of innovative treatments targeting the fundamental effects of CF on the G-I tract. The findings
underscore the imperative for prompt diagnosis and meticulous management of G-I manifestations,
necessitating a multidisciplinary team approach for optimal care and enhancement of the quality of
life for affected individuals. In conclusion, the authors emphasize the urgency for further clinical
studies to establish a more robust evidence base for managing G-I symptoms within the context of
this chronic disease. Such endeavors are deemed essential for advancing understanding and refining
the clinical care of CF patients with G-I manifestations.

Keywords: cystic fibrosis; children; gastrointestinal manifestations; diagnosis; management

1. Introduction

Cystic fibrosis (CF) is an intricate multiorgan disorder affecting epithelial organs,
including the respiratory tract, exocrine pancreas, intestine, hepatobiliary system, sweat
glands, and, more recently, myeloid cells in secretory vesicle membranes [1-3]. It stands
as the most prevalent autosomal recessive monogenic disease, exhibiting a chronic, pro-
gressive, and potentially fatal course in the Caucasian population. The condition involves
a generalized dysfunction of the exocrine glands, particularly those producing mucus,
resulting in the clinical triad of exocrine pancreatic insufficiency, chronic lung disease,
and elevated chloride and sodium concentrations in sweat [4]. The gene responsible for
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encoding the cystic fibrosis transmembrane conductance regulator (CFTR) protein, a 1480-
amino acid protein, was identified in 1989, with over 2000 mutations discovered to date
and F508del representing 75% of mutations in Europe and North America [2].

Six pathogenic molecular mechanisms elucidate the extent of CFTR impairment,
including protein-production defects (class I), processing defects (class II), regulatory
defects (class III), conduction defects (class IV), reduced synthesis (class V), and decreased
CFTR stability or impaired regulation of other channels (class VI) [2,4,5].

CF is predominantly renowned for its extensively studied pulmonary manifestations,
yet it is noteworthy that these patients frequently experience gastrointestinal (G-I) prob-
lems due to the robust expression of the CFTR protein throughout the intestine [6,7]. The
spectrum of G-I manifestations is diverse, encompassing exocrine pancreas involvement,
meconium ileus, distal intestinal obstruction syndrome (DIOS), constipation, small in-
testinal bacterial overgrowth (SIBO), and intestinal inflammation. These manifestations
significantly impact the quality of life and long-term prognosis [8], establishing them as the
foremost nonpulmonary aspects of CF. Consequently, recognizing and effectively managing
G-I manifestations hold paramount importance for maintaining health and enhancing the
quality of life in CF patients.

The primary objectives of this study were to synthesize knowledge on G-I manifes-
tations of CF, offering comprehensive insights into each G-I manifestation, the diagnostic
methods, and the potential advancements in therapeutic strategies. This includes novel
treatments addressing the fundamental effects of CF on the G-I tract and their outcomes.

2. Material and Methods
2.1. Search Strategy

This systematic review included 148 studies, identified through systematic database
searches using “gastrointestinal manifestations” and “cystic fibrosis” on PubMed and
Google Academic. After title screening, 12,745 articles were excluded due to title-research
objective mismatch. Abstract examination excluded more articles based on relevance,
publication date, accessibility, or pertinence. Thorough text analysis led to the exclusion
of 218 articles due to relevance, methodological incongruity, scope misalignment, quality
issues, or language barriers. The accompanying flowchart (Figure 1) illustrates the sequen-
tial progression of information through the review process, depicting the tally of records
ascertained, incorporated, and eliminated.

2.2. Study Selection

The article selection and curation for our review adhered to strict criteria, including
alignment with central research questions on G-I manifestations of CF in children, consid-
ering diagnosis and management. The criteria involved research objectives, publication
year, scientific categorization, and presentation quality. Searches were precisely structured
with keywords and Boolean operators.

After data extraction, selected articles underwent meticulous categorization and syn-
thesis within a structured framework, forming the review’s foundation. Qualitative analysis
scrutinized scholarly adherence, clarity, brevity, citation frequency, sample size, data rele-
vance, results articulation, and conclusions formulation. These facets were amalgamated
into the final narrative synthesis.
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3. Results
3.1. Gastrointestinal Manifestations in CF—General Data

CF exerts its influence on the G-I tract from the uterine and neonatal stages, persisting
throughout an individual’s life [1,9]. G-I symptoms, observed in approximately 85% of
cases, tend to be more prevalent in patients with severe disease or genotypes associated
with moderate or severe abdominal involvement, potentially contributing to heightened
morbidity and mortality among CF patients [10]. This phenomenon arises due to inade-
quate pancreatic enzyme release into the intestine, resulting in impaired food digestion.
The multifactorial etiology of these manifestations involves CFTR dysfunction, a high-fat
CF diet, and antibiotic use. Abdominal symptoms serve as a distinctive feature of mul-
tiorgan CF involvement, with patients undergoing intravenous antibiotic therapy often
experiencing more pronounced G-I symptoms [11].

G-I impairment in CF is attributed to altered intestinal secretion, the absence of pan-
creatic fluids containing enzymes, dysbiosis, and intestinal inflammation. In the digestive
tract, CFTR functionality is crucial for water and ion homeostasis, with a strong expression
of the CFTR gene in the stomach and particularly in the intestinal tract. CFTR dysfunction
adversely affects smooth-muscle contractility, leading to consequences such as pancreatic
insufficiency, reduced bicarbonate, and fluid secretion, resulting in the formation of viscous
secretions and fat malabsorption [12]. The CF gut operates within a deleterious cycle
involving impaired luminal flux due to the viscous mucus layer, epithelial inflammation,
infection, and/or dysbiosis [13]. The G-I damage observed in CF is attributed to the alter-
ation of intestinal secretion, absence of pancreatic fluids containing enzymes, dysbiosis,
and intestinal inflammation, as illustrated in Figure 2 [1,8,14,15].

l

CFTR dysfunction

A 4

\ 4

\ 4 \ 4 \ 4 \ 4

Pancreatic | Bicarbonate Poor micelles Fat malabsorption Infections
insufficiency | Fluides secretion formation
4 4 4
Thikened mucous High fat Antibiotics
secretions diet

Dysbiosis

7

Intestinal

Il I )

inflammation

Figure 2. Etiology of G-I manifestations in CF (Legend: | = decreased).
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The dehydration of secretions leads to intraductal blockage, inflammation, fibrosis,
and potential organic destruction in the presence of digestive enzymes [16-19]. Several
studies report a reduction in (3-cell area, ranging from 11% to 52%, while others indicate
an unchanged number of pancreatic cells. In the proximal intestine, increased bicarbonate
secretion fails to adequately neutralize gastric acid, contributing to imbalances. In pancre-
atic CF patients, low bicarbonate levels and secretion volume are observed, but the flow
remains sufficient to support necessary enzyme secretion for digestion [14].

G-I symptoms in CF patients exhibit an inverse correlation with dietary fiber content.
Studies on mice suggest that fiber reduces the paracellular permeability induced by oleic
acid or reserpine, and elevated enzyme doses lead to intestinal eosinophilia and necrosis [20].
Emerging evidence highlights the significant role of intestinal inflammation in the manifesta-
tion of G-I symptoms in CF, with multifactorial causes contributing to inflammation.

Within the small intestine lumen of individuals with CF, elevated levels of inflam-
matory markers and morphological abnormalities, such as edema, erythema, ulceration,
and destruction, are observed. Studies on mice indicate that intestinal inflammation cor-
relates with reduced activity of ligand-dependent type-II nuclear receptors, impacting
the metabolism and transport of fatty acids, sterols, bile acids, and xenobiotic acids. The
modification of the intestinal microbial environment contributes to inflammation and the
subsequent deterioration of the protective bacterial barrier in CF patients [21,22]. Inflam-
mation further enhances Escherichia coli colonization of the intestinal mucosa. Conversely,
E. coli can contribute to inflammation, impairing metabolism and lipid absorption, leading
to malnutrition and symptom exacerbation [1]. Antibiotic use is recognized as an iatrogenic
factor in CF associated with gut inflammation. Knoop et al. (2016) observed in a mouse
study that oral antibiotic administration leads to increased inflammatory cytokines (IL-17,
IFN-y, and chemokine C-X-C motif ligand 1) alongside alterations in gut microbial compo-
sition [23]. Prolonged exposure to antibiotics in CF patients exacerbates the alteration of
gut microbial composition [24-27]. During antibiotic treatments in CF, butyrate-producing
strains, such as Anaerostipes, Butyricicoccus, and Ruminococcus, are diminished [21]. Regard-
ing cumulative intravenous antibiotic use over one year, Bruzzese et al. (2014) reported a
negative correlation between the number of intravenous antibiotic courses and gut micro-
biota diversity. The highest exposure to intravenous antibiotics was associated with the
lowest proportions of Bacteroidetes and the highest proportions of Firmicutes [28].

In the short term, intestinal inflammation demonstrates an impact on nutritional status,
as demonstrated by the correlation between calprotectin levels and Z-scores for weight and
waistline. Over the long term, inflammation influences morbidity and mortality, particu-
larly elevating the risk of colon cancer [29]. Chronic inflammation and perturbation of the
gut microbiome are prevalent among individuals with CF. Research indicates heightened
levels of inflammatory proteins in the intestine, increased fatty acids in stools, and endo-
scopic findings, revealing villous atrophy, edema, erythema, and mucosal ulceration. These
histological manifestations are associated with elevated calprotectin levels in stools [13].
Nonetheless, although increased calprotectin levels in stools do not precisely predict in-
testinal inflammation in CF, their elevated values across both the pancreatic sufficiency and
pancreatic insufficiency groups studied substantiate the concept of “enteropathy” in CF,
irrespective of pancreatic status [30].

3.2. Gut Dysbiosis

In CF, gut dysbiosis manifests shortly after birth, impacting the intestine [14]. Dysbio-
sis arises from disruptions in microbiome cell density and diversity, antibiotic effects, and
alterations in the luminal environment and small intestine physiology, as well as mucus and
mucin accumulation. These factors influence both intestinal and extraintestinal manifesta-
tions [1,9,13,14]. Contributing factors to dysbiosis encompass hydro-electrolyte imbalances,
intestinal exocrine dysfunction, slowed G-I transit time, impaired intestinal immunity, inges-
tion of infected mucus, severity of CFTR gene mutations, and a hypercaloric diet [29,31].
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Alterations in the microbiome are associated with intestinal inflammation in CF, char-
acterized by a deficit in species like Bacteroides, Bifidobacterium adolescentis, Faecalibacterium
prausnitzii, and Eubacterium spp., accompanied by an increase in opportunistic bacteria
such as E. coli and Eubacterium biforme [29,31-33]. Pediatric CF samples notably exhibited a
higher E. coli prevalence compared to non-CF samples. Elevated E. coli concentrations in the
colon correlate with inflammatory processes and carcinogenesis initiation in inflammatory
bowel disease, suggesting a link between dysbiosis, particularly the overrepresentation of
E. coli, and the development of chronic G-I pathology [34].

Intestinal motility and soluble mucins regulate bacterial load in the proximal intestine,
while mucus adhesion and lubrication influence bacterial binding to complex oligosaccha-
rides on mucin molecules. Abnormal colonization results from sticky mucus and slowed
motility, leading to increased proinflammatory species (E. coli, Enterobacteriacee, Bacteroides
fragilis, Mycobacterium, Proteobacterii, Streptococcus, and Veillonella) and reduced beneficial
bacteria (bifidobacteria, Akkermansia, Eggerthella, and Anostipes). Specific microbial profiles
are associated with distinct CF characteristics, such as elevated E. coli and E. biforme levels
in F508del mutation carriers, increased F. prausnitzii, bifidobacteria, and E. limosum in those
with moderate disease, and an altered Firmicutes—Bacteroidetes ratio in those with liver dam-
age. An abundance of Staphylococcus and Faecalibacterium negatively correlates with body
mass index (BMI) in CF patients, and increased Alistipes levels impact glucose homeostasis.
Some CF patients harbor Clostridioides difficile in stool, often remaining asymptomatic or
having nontoxigenic strains [9,13]. Notably, CF-associated loss of Oxalobacter formigenes,
a microorganism metabolizing oxalates, increases the risk of hyperoxaluria and kidney
stone formation [1,14]. Table 1 summarizes the findings from various studies regarding
alterations in gut microbiota observed in individuals with CE.

Table 1. Gut microbiota changes in CE.

Study Author Year Increased Level Decreased Level Reference
E. coli Staphylococcus spp.
Gut and respiratory Madan Parabacteroid Clostridi
microbiome in CF in infants otal. 2012 arabacteroides spp. ostridium spp. [35]
Veilonella spp.
Enterobacteriaceae spp. Faecalibacterium prausnitzii
i i Clostridium spp. Actinobacteria spp.
M1crob19?a the CF oati Fouhy et al. 2017 9% . ' Pp (36]
composition of the CF patients Enterococcus faecalis Bacteroidetes spp.
Firmicutes spp. Proteobacteria spp.
Propionibacterium spp. Eggerthella spp.
Staphylococcus spp. Eubacterium spp.
Gut microbiota signatures in CF VerTOChi 2018 Clostridiaceae spp- Ruminococcus spp. [37]
etal. Dorea spp.
Faecalibacterium prausnitzii
Lachnospiaceae spp.
Microbiota E.coli Bacteroides spp.
disturbances in Enaud 2019 Eubacterium diforme Bifidobacterium adolescentis [29]
children with CF etal. ) ; o
Faecalibacterium prausnitzii
Fusobacteria spp. Verrucomicrobia spp.
Gut microbiota in children with ey of al, 2019 Proteobacteria spp. Firmicutes spp. 381

CF

Ruminococcus spp.

Lachnospira spp.
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Table 1. Cont.

Study Author Year Increased Level Decreased Level Reference
Enterococcus spp. Bacteroides spp.
Impact of CF on gut microbiota ~ Kristensen et al. 2020 Streptococcus spp. » ) [26]
E ol Bifidobacterium spp.
.coli

Enterococcus spp. Bacteroidetes spp.

) ) Veilonella spp. Ruminococcacceae spp.
CF gut microbiome van Dorst et al. 2022 Enterobacter spp. Bifidobacteriu spp [39]
Roseburia spp.
Intestinal microbiome in CF Price et al. 2023 Blautia spp. Roseburia spp. [40]

Several mechanisms intervene in the production of CF dysbiosis:
a.  Mechanisms related to CFTR:

Thick mucus due to chloride channel dysfunction;
Deficient bicarbonate secretion that alters intestinal pH;
Malabsorption due to pancreatic insufficiency;
Intestinal dysmotility with prolonged transit time;
Altered immune mechanisms in the mucosa;

Increased inflammation;

Damage to the intestinal barrier.

b.  Acquired factors:

e  Frequent use of antibiotics for recurrent respiratory infections;

e  Hypercaloric, hyperlipidic diet;

e  Use of other drugs (inhibitors of acid secretion, opioids, anticholinergics, im-
munosuppressants) [9].

Dysbiosis is associated with fat malabsorption, as evidenced by the heightened preva-
lence of E. coli in individuals with CF, indicating a positive correlation with intestinal inflam-
mation and disturbances in lipid metabolism and absorption, further exacerbating malnutri-
tion [41]. Identifying dysbiosis in infants and young children may offer an opportunity for
intervention, enabling therapeutic modulation of their gut microbiota. Early onset of lung dis-
ease and intestinal dysbiosis mutually influence each other [9]. The clinical symptomatology
observed in dysbiosis resembles that of bacterial overpopulation syndrome.

3.2.1. Diagnosis of Gut Dysbiosis
The tests that are useful for identifying gut dysbiosis are:
Stool test that measures the amount of good and bad bacteria in the stool;
Organic acid test that measures the number of organic acids in the urine, bacteria
producing organic acids as by-products of metabolism;

e  Hydrogen breath test that measures the amount of hydrogen exhaled after drinking a
sugar solution and breathing into a test tube;

e  DNA analysis tools for gut microbiota, used to identify and quantify disease severity [42].

New research methods on gut microbiota in CF patients include a multiomics approach,
involving metagenomics, metatranscriptomics, metaproteomics, and metabolomics [43].

3.2.2. Treatment of Gut Dysbiosis
Methods of modulation of dysbiosis in CF are recommended:

Change in the composition of macronutrients;
Micronutrient supplementation;
Administration of prebiotics, probiotics, symbiotics, postbiotics, and flavonoids [9].
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Human-milk oligosaccharides contribute to elevated Bifidobacterium levels in the in-
fant’s gut, influencing acetate production and acting as a preventive measure against E.
coli infection. Feeding infants with human milk enhances gut microbiome diversity and
diminishes respiratory tract colonization [9]. In the context of CF, probiotics have demon-
strated positive effects on gut motility, inhibition of bacterial colonization, enhancement
of intestinal barrier function, improvement in metabolic processes, and modulation of
immunity [44]. The administration of probiotics (specifically, Lactobacillus rhamnosus GG at
one capsule/day, and Lactobacillus reuteri at five drops/day, continuously) proves beneficial
in reducing markers of intestinal inflammation, as indicated by decreased fecal calpro-
tectin and rectal nitric oxide levels, although such interventions are not yet part of routine
prescription practices [9]. A recent study by Asensio-Grau et al. (2023) emphasized that
supplementation with Lacticaseibacillus rhamnosus, Limosilactobacillus reuteri, and Lactiplan-
tibacillus plantarum induced modifications in the colonic microbiota, reducing Proteobacteria
and Bacteroidota levels while increasing Firmicutes abundance [45].

Nutritional factors impact the fecal microbiome, with nutritional supplements and
high-calorie, high-fat, processed foods influencing the gut microbiota. However, it is
essential to note that gut dysbiosis can also impact nutrient absorption. Treatment for C.
difficile infection involves Metronidazole or Vancomycin administered for 10-14 days [13,46].
Furthermore, Ivacaftor (IVA) treatment has been associated with an elevation in Akkermansia
species, known for mucosal protection, and this increase is negatively correlated with stool
markers of inflammation [9].

3.3. Small Intestinal Bacterial Overgrowth (SIBO)

Impairment to peristalsis, antibacterial proteins, gastric acid, intestinal fluids, and the
ileocaecal valve leads to bacterial overgrowth in the small intestine, representing a form
of intestinal dysbiosis. This condition can advance to abdominal distension, flatulence,
steatorrhea, weight loss, diarrhea, and macrocytic anemia. Concurrently, mucus accumula-
tion, mucosal immune dysfunction, water and electrolyte imbalances, and malabsorption
contribute to alterations in the nutrient pool within the G-I lumen [1]. The observed weight
loss can be attributed to bacterial competition for ingested nutrients, the presence of inflam-
mation, and the bacterial capacity to deconjugate bile acids, diminishing their efficacy in
emulsifying fats [14].

SIBO is prevalent in approximately 30-40% of CF patients. It arises from the accumu-
lation of thick mucus and the compromise of normal bacterial defenses, manifesting as
the presence of over 10 colony-forming units/mL in the small intestine. The heightened
bacterial load stimulates mucus secretion, perpetuating a detrimental cycle between mucus
plaque formation and dysbiosis. SIBO may be linked to intestinal dysmotility and the
malabsorption of essential nutrients, such as iron, vitamin D, vitamin B12, bile acids, and
folates [13,47].

3.3.1. Diagnosis

SIBO encompasses a spectrum ranging from nonspecific abdominal manifestations
(abdominal cramping or pain, steatorrhea, anemia, weight loss, abdominal distension,
flatulence, fatigue, and poor concentration) to more severe outcomes like malnutrition and
malabsorption [48,49].

The “gold standard” diagnostic method for SIBO involves an aspirate culture with
a bacterial count of >103 CFU/mL. However, due to its invasive nature, this method is
not recommended for use in pediatric populations [49,50]. An alternative, noninvasive
diagnostic approach employs the hydrogen breath test, with a positive outcome indicative
of SIBO when hydrogen levels exceed 12 parts per million (ppm) [49,51]. In a study by
Gabel et al. (2022), 73.7% of CF patients demonstrated a positive breath test, suggesting
the presence of SIBO [52]. Another diagnostic alternative to the breath test involves the
utilization of orally ingested capsule technology, which measures in vivo hydrogen and
carbon levels following carbohydrate ingestion [49].
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3.3.2. Treatment

Due to diagnostic limitations, empirical treatment is commonly employed for SIBO,
with the resolution of clinical symptoms serving as confirmation for this syndrome.

Typically, SIBO treatment involves the administration of antibiotics, such as Metron-
idazole at a dosage of 20 mg/kg body weight/day, Rifaximin at 200 mg twice daily
for children aged 3-11 years, and 550 mg twice daily for those over 12 years, Trimetho-
prim/Sulfamethoxazole at 12 mg/kg body weight/day, and Amoxicillin-clavulanate. A
rotational strategy, alternating antibiotics every two weeks, is implemented to mitigate
the risk of bacterial resistance development [13,47]. It is crucial to acknowledge that
antibiotic usage impacts the normal commensal bacterial flora and may contribute to selec-
tive bacterial resistance. Additionally, antibiotic use raises the potential for Clostridioides
difficile infection, triggering secretory diarrhea through the toxin-induced activation of
CFTR-dependent chloride secretion [1].

Studies investigating the efficacy of probiotics in the context of SIBO have yielded
conflicting outcomes. According to Dorsey et al. (2017), probiotics may serve as a viable
treatment for SIBO, contributing to alterations in the fecal microbiome and a reduction in
markers of inflammation [13]. Probiotic use in SIBO has been associated with a decrease
in hydrogen (H2) levels and an elevation in decontamination rates. Zhong et al. (2017)
suggest that probiotics are effective in diminishing the bacterial burden in SIBO, while the
study by Husebye et al. (2001), conducted on rats, indicates that probiotics administered in
SIBO exhibit prokinetic effects [53,54]. Dual therapy involving probiotics, such as L. casei, in
conjunction with antibiotics, results in superior symptom improvement compared to the ad-
ministration of antibiotics alone, as reported by Rosania et al. (2013), a finding corroborated
by Khalighi et al. (2014), who assert that Bacillus coagulan probiotics administered during
antibiotic therapy for SIBO can be beneficial in preventing complications [55,56]. It is noted
that optimal outcomes are achieved by combining probiotics with rifaximin or minocy-
cline [57]. However, the study by Rao et al. (2018) observes opposing effects, accentuating
digestive symptoms following probiotic administration [58]. Aslan et al. (2023), in a study
on rats treated with probiotics in conjunction with various essential oils (coconut, pep-
permint, lemon, and patchouli), demonstrated reduced proinflammatory cytokine levels
(IL-1p, IL-6, and TNF«), histological improvement, and decreased inflammation [59]. The
study by Kumar et al. (2018) concludes that the administration of Bifidobacterium infantis
35624 leads to an increase in methane levels in the breath test, while Zhong et al. (2017) de-
termine that probiotic administration does not improve abdominal pain or stool frequency
in SIBO patients [54,60]. Similarly, the results of the study by Khalighi et al. (2014), cited
by Chen et al. (2014), indicate that probiotics do not significantly enhance pain, bloating,
and diarrhea, with improvements in nausea, vomiting, and constipation similar to those
observed in the control group. This study also reveals that the administration of symbiotics
leads to the resolution of G-I symptoms in SIBO [61]. The study by Mitten et al. (2018)
concludes that probiotic administration increases the risk of associating predominantly
methanogenic SIBO forms with constipation [62].

The use of laxatives in the eradication of SIBO is posited to contribute to the nor-
malization of intestinal transit [63]. In a study by Gabel et al. (2022), the administration
of Lumacaftor/Ivacaftor (LUM/IVA), CFTR modulators, for one month did not result in
significant changes in the breath test, with 65.8% of the patients still exhibiting a positive
test [52].

Nutritional recommendations entail a reduction in fermented foods and the avoid-
ance of fiber-rich products, polyols, sweeteners, and prebiotics [51]. The low fermentable
oligosaccharides, disaccharides, monosaccharides, and polyols (FOODMAP) diet is con-
sidered optimal for individuals with SIBO, promoting the proliferation of less pathogenic
bacteria [64]. Additionally, vegetarian and vegan diets appear to be more effective in
managing SIBO [65].
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3.4. Motility Disorders

The modulation of gut motility is orchestrated by the interplay among the gut luminal
environment, immune system, enteric nervous system, and central nervous system. In
individuals with CF, gastric motility may be impacted by a reduction in overall gastric
secretion, leading to heightened viscosity and electrolyte concentration. Gut motility
disorders observed in CF contribute to:

Development of SIBO;

Reducing the solubility of bile salts;
Deconjugation of bile acids;

Reducing intestinal absorption of bile acids;
Excessive loss of bile acids in stools [66].

A correlation between dysbiosis and dysmotility exists, though it remains unclear
whether dysbiosis serves as the cause or consequence [12]. Lewindon et al. (1998), as cited
by Avelar-Rodriguez et al. (2019), observed a prolonged orocecal transit time in individuals
with CF, potentially elevating the risk of SIBO [57]. SIBO, characterized by the presence of
species such as E. coli, can contribute to intestinal dysmotility, leading to a deceleration of
intestinal movements.

Within the initial 30 min following gastric evacuation, the small intestine exhibits
abnormal acidity, facilitating the formation of mixed micelles with bile salts and lipid
digestion products. This temporal window is crucial for the dissolution of pancreatic
enzymes, influencing their efficacy. The administration of enzymes in the form of enteric-
coated microcapsules ensures their passage through the acidic stomach lumen unaffected,
subsequently dissolving in the less-acidic pH of the duodenum [1].

3.4.1. Diagnosis

In human investigations, Hedsund et al. (2012) utilized a radio-opaque marker and
reported a significant prolongation in the orocecal transit time in individuals with CF
compared to their healthy counterparts [67]. More recently, Ng et al. (2021) employed inno-
vative magnetic resonance imaging (MRI) techniques, demonstrating prolonged orocecal
transit times in CF patients, concurrently associated with an augmented colon volume [15].
Gastric emptying scans are considered the optimal diagnostic method for evaluating gastric
emptying. Other contemporary methods facilitating the diagnosis of delayed gastric empty-
ing include wireless luminal imaging, transit-time recording using the Pillcam or the Smart
pill, and the 3D-Transit system [13]. Utilizing endoscopic capsules, Malagelada et al. (2020)
observed a notable reduction in intestinal contractility, accompanied by increased retention
of intraluminal content in individuals with CF compared to their healthy counterparts [68].

3.4.2. Treatment of Dysmotility

Given the interplay among the immune system, G-I secretions, microbiota, and fer-
mentation byproducts in modulating gut motility, the utilization of probiotics appears
promising for mitigating G-I dysmuotility. Probiotics, such as Lactobacillus rhamnosus GG,
exhibit potential in modulating mucosal and systemic immune barriers, consequently nor-
malizing inflammation-related dysmotility, as evidenced by studies conducted by Guarino
et al. (2008) and Isolauri et al. (2001) [69,70]. However, there is insufficient data regarding
the role of prebiotics in G-I dysmotility. Dietary fiber consumption is reported to have a
positive impact on stool consistency and frequency, as confirmed by other authors [71].
DelLisle et al. (2013) and Quigley et al. (2013) propose that probiotics positively influence
the G-I tract by ameliorating visceral hypersensitivity, dysmotility, and permeability, albeit
with limited impact on the intestinal microflora [14,72]. Studies conducted on mice have
demonstrated that a novel molecule called “Oligo G” can reduce mucus levels and enhance
intestinal transit [73].
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3.5. Malabsorption Syndrome

Malabsorption in CF manifests as a severe and early-onset condition, exacerbated by
the frequently observed delayed gastric evacuation in CF patients [74]. Maldigestion and
lipid malabsorption are intensified by hyperacidity in the duodenum, typical in CF, along
with pancreatic insufficiency-induced lipase deficiency and reduced bile acid resorption in
the ileum [1]. Proteins and carbohydrates absorption and digestion seem to be less affected,
with maltase and sucrase activities appearing unaltered, while lactase activity is notably
lower or suppressed [75].

The multifactorial etiology involves dysfunction of the endocrine pancreas and liver,
impaired bile acid metabolism, and intestinal resorption processes [76]. Nonetheless, pan-
creatic enzyme deficiency stands out as the primary cause of malabsorption. Contributing
factors encompass bicarbonate deficiency, abnormalities in bile salt, disruptions in mu-
cosal transport, various motility issues, abnormal intestinal mucus, structural anatomical
changes, dysfunction in enteric circular muscles, defects in mucosal mechanisms leading
to the abnormal release of lipoproteins into the bloodstream, intestinal bacterial overload,
and inflammatory processes [74,75,77,78].

CF malabsorption manifests through impaired pancreatic enzyme release and in-
testinal damage, hindering nutrient absorption. Severe pancreatic damage in exocrine
pancreatic insufficiency results in reliance on lingual and gastric lipase for lipolysis [79].
The factors contributing to persistent fat malabsorption in CF include:

a.  Intestinal pH: CFTR dysfunction reduces bicarbonate secretion, leading to a lower
pH. Improper mucin expansion due to disrupted bicarbonate secretion impedes
lipid translocation, necessitating an increased pH for optimal fat absorption. Acid-
suppressing treatments can enhance fat absorption but may induce SIBO and alter
bile salt metabolism [13,79]. Cases of ongoing fat malabsorption despite enzyme-
replacement treatment and low intestinal pH have been reported [80,81]. Stool pH
correlates with fat absorption, possibly explaining enzyme-replacement ineffective-
ness [81];

b.  Intraluminal bile salts: CF patients exhibit increased bile salt loss in stools due to
mucosal changes (thickened mucus, SIBO). An elevated glycine—taurine ratio and
reduced bile solubilization capacity affect fat absorption and decrease the bile salt
pool. Even CF patients without liver damage experience bile acid loss in stools,
contributing to malabsorption [14,79,82];

c. Abnormalities of the gut mucosa: thick and adherent mucus, bacterial overgrowth,
ileal hypertrophy, villous atrophy, increased permeability, and chronic inflammation
contribute to fat malabsorption [79];

d.  Reduced orocecal intestinal transit time: fat absorption is influenced by the duration
that fats are in contact with the absorption surface [79];
e. Deficiency of essential fatty acids: low linoleic and docosahexaenoic acid levels,

along with elevated arachidonic acid, can impede fat absorption, contributing to
inflammation, mucus secretion, and smooth muscle relaxation [79].

3.5.1. Diagnosis

Clinical indicators of malabsorption in CF include inadequate weight and height gain
in pediatric patients, while low BMI in adults may suggest malabsorption. Confirmatory
laboratory assessments include stool fat evaluation, optical microscopy for fat droplets,
acid steatocrit, and the 13C-mixed triglyceride breath test [83].

Traditional verification of fat malabsorption involves measuring fecal fat excretion
over at least three days, assessing concurrent food intake, and quantifying fat intake and
production for a percentage fat absorption calculation. An alternative, validated, semiquan-
titative method modifies the steatotrit technique through fecal homogenate acidification,
requiring stool-specimen centrifugation [83].
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The 13C-mixed triglyceride breath test provides a safe and repeatable, albeit costly
and less accessible, means of assessing fat digestion [84,85]. Annual evaluations, combining
clinical and laboratory methods, are recommended for all CF patients [86].

Histologically, most CF patients exhibit a normal brush-border appearance, but some
may present ileal hypertrophy or partial villous atrophy in the small intestine due to acid
aggression, chronic inflammation, or denutrition [87].

3.5.2. Treatment
Treatment of malabsorption syndrome has the following objectives:

Control of symptoms;
Correction of malabsorption;
Obtaining a nutritional status and growth as close to normal as possible [77].

Effective enzyme-replacement therapy may enhance lipid absorption [74,88]. Despite
treatment, lipid malabsorption persists in some cases, with absorption coefficients below
85-90% of dietary lipid intake [79]. The cause of persistent malabsorption extends beyond
pancreatic insufficiency, involving abnormal interenterocytic events impacting plasma lipid
transport [78]. Fat-balance measurement is the “gold standard” for enzyme-replacement
therapy monitoring [82].

Supplementing with essential fatty acids (70 mg/kg body weight of docosahexaenoic
acid for 6 weeks) and regular use of omega-3 fatty acids did not improve fat absorption and
nutritional status [79]. Due to increased mucus viscosity in the CF intestinal epithelium,
N-acetylcysteine administration, breaking disulfide bonds, may be beneficial [76].

3.6. Meconium Ileus

Observed in 10-20% of CF patients, it represents the earliest G-I manifestation [12,47,89,90].
Its pathophysiology, though not fully elucidated, is hypothesized to stem from CFTR dysfunction
in the enteric nervous system, particularly affecting the ileal response to abnormal intraluminal
content [12]. Common mutations include F508del, G542X, W1282X, R553X, and G551D [35],
with approximately 67% survival [90].

3.6.1. Diagnostic

Manifestations emerge within the first 2 days, featuring signs of intestinal obstruction
(abdominal distension, bile vomiting, delayed mucus elimination). Examination may
reveal an abdominal mass in the right iliac fossa or supra pelvic region. Complicated
cases may exhibit perforations, volvulus, or atresia [90,91]. Most cases involve pancreatic
insufficiency [92]. Abdominal radiography shows dilated loops with hydro-aerial levels
and an intra-abdominal mass, occasionally indicating meconial peritonitis [93].

3.6.2. Treatment

Treatment involves intravenous rehydration and barium enema with Gastrografin® or
N-Acetylcysteine. Surgical intervention becomes necessary in cases with complications [90,94].

3.7. Rectal Prolapse

Rectal prolapse affects 3.5% of CF patients, with 3.6% of those experiencing prolapse
having CFE. Causes include constipation and heightened intra-abdominal pressure from
coughing. Unexplained prolapse necessitates iontophoresis [95].

Treatment

Manual reduction, with the patient in the genupectoral position, constitutes the primary
treatment. For recurrent cases, options include sclerotherapy or surgical intervention [93].

3.8. Intussusception

Intussusception is 10-20 times more prevalent in CF patients aged 9-12 years. Twenty-
five percent of cases manifest as ileo-colonic forms. CFTR dysfunction, altered luminal
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environment, mucus clearance, abnormal bacterial colonization, dysbiosis, and appendiceal
mucocele contribute to its etiology [1].

3.8.1. Diagnosis

Intussusception presents with severe cramp-like pain, vomiting, abdominal distension,
dehydration, and lethargy. Palpation reveals a lower right quadrant mass, requiring
differentiation from distal intestinal obstruction syndrome. Mechanically described as
“telescoping”, it commonly involves the ileum and cecum, with the mesentery’s potential
incorporation elevating the risk of ischemia and necrosis [96]. An unusual manifestation
results from CF-induced constipation, demanding a thorough diagnostic evaluation to
exclude other CF-associated G-I conditions [97].

3.8.2. Treatment

Management includes nasogastric tube placement for distension, intravenous elec-
trolyte correction, nonopioid analgesics, and surgical intervention, if necessary [46]. Ade-
wale et al. (2019) advocate conservative measures before surgery, emphasizing pancreatic
enzyme use to prevent constipation and subsequent fecaloma formation, a potential trigger
for intussusception [98].

3.9. Volvulus

Volvulus occurs in 15% of CF patients, causing 3—4 times proximal intestinal dilation.
Meconium ileus complicated with volvulus poses a life-threatening scenario [99].

3.9.1. Diagnosis

Often diagnosed prenatally through ultrasound, it manifests as a hyperechoic intestine
with ascites and abdominal distension. Decreased fetal movements and incidents like
volvulus necessitate CF testing at birth [100].

3.9.2. Treatment

Intestinal volvulus is an urgent, life-threatening condition, particularly in confirmed
or suspected CF cases. Emergency cesarean section and surgical resolution, involving
intestinal resection, are imperative to mitigate absorption-function impairment [99].

3.10. Gastric and Duodenal Complications

Helicobacter pylori infection, inadequate gastric acidity neutralization, and prolonged
antibiotic use contribute to gastroduodenal issues in CF [101,102]. H. pylori prevalence and
cross reactivity with anti-Pseudomonas antibodies were explored in CF patients [103].

3.10.1. Diagnosis

Despite treatment, severe G-I symptoms persist in some patients, necessitating en-
doscopy with biopsy. Noninvasive H. pylori testing (fecal antigen test or urea breath test)
may be warranted for those with dyspepsia or suspected peptic ulcer disease [104]. Gastro-
paresis prevalence rises with age in CF, with scintigraphy recommended for diagnosis [105].

3.10.2. Treatment

Gastroparesis treatment includes prokinetic agents, macrolides, gastrostomy, and
gastro-jejunostomy tubes [78]. Inflammation on biopsy warrants immunomodulatory
agents [106]. IVA and LUM/IVA modulators improve weight gain in CF, likely linked to
reduced stool calprotectin and enhanced dietary-fat absorption [107,108]. IVA normalizes
intestinal pH, decreases calprotectin, and increases Akkermansia abundance, resolving
histopathological changes [40,47,107,109,110]. Modulator-induced intestinal inflammation
mitigation may positively influence CF patient growth and nutrition [110].
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3.11. Gastro-Esophageal Reflux (GER)

Less-specific GER symptoms are common in CF, particularly in youth [6,12]. CF
patients with GERD experience worsened lung disease progression due to refluxed contents
containing acid, enzymes, and bacteria [111]. Lower gastro-esophageal sphincter pressure
reduction, elevated intra-abdominal pressure from chronic cough, and increased gastro-
esophageal pressure gradient contribute to GER, which is intensified by higher negative
intrathoracic pressure in CF [112,113].

This pressure difference may increase the gastroesophageal pressure gradient, leading
to GER. Dysfunctional esophageal sphincter pressure contributes to increased proximal
reflux, causing prolonged exposure to acidic contents, elevating GERD symptoms, and
exacerbating lung issues [114,115].

3.11.1. Diagnosis

GER may cause pain and complications, requiring exploration of pepsin as an as-
piration biomarker [115]. Esophageal manometry reveals coughing following reflux
episodes [91]. For GER patients with Barrett’s esophagus, endoscopy screening is rec-
ommended [111].

3.11.2. Treatment

No CF-specific GER treatment guideline exists; chronic PPI use correlates with a
potential exacerbation risk [111,116,117]. PPIs improve esophageal acid exposure and the
DeMeester Score [118]. Surgical intervention (Nissen fundoplication) is required for cases
with unfavorable outcomes [91].

Zeybel et al. (2017) observed reduced GER symptoms during ivacaftor (IVA) ad-
ministration over 52 weeks, with alkalization of the intestinal pH and improved enzyme
functionality [118]. Ongoing studies assess Elexacaftor, Tezacaftor, and Ivacaftor (ETI)
modulators, revealing improvements in GERD symptoms after 3 and 6 months of ETI
administration [119,120].

3.12. Eosinophilic Esophagitis (EoE)

In CF, EoE, a chronic inflammatory disorder characterized by esophageal eosinophilic
infiltration (>15 eosinophils/field), presents with symptoms such as dysphagia, chest
pain, burning sensation, abdominal pain, and growth difficulties [14,91,121]. The increased
EoE prevalence in CF may result from factors like antibiotic exposure altering the G-I
microbiome, higher GERD rates in CF patients, and associated PPI use, as well as an
elevated prevalence of atopic manifestations [9,22,46,122].

3.12.1. Diagnosis

Diagnosis involves endoscopy and esophageal biopsy, with a crucial differential
diagnosis from GER [14].

3.12.2. Treatment
Consensus guidelines propose three EoE treatment lines:

Proton-pump inhibitor (PPI) use (20-50% success rate);
Corticosteroid therapy (Budesonide, Fluticasone), with efficacy in 50-90% of cases;
Dietary interventions (elimination of food allergens) [9,46,123-125].

3.13. Distal Intestinal Obstruction Syndrome (DIOS)

DIOS, a CF complication, results from the accumulation of viscous feces and mucus,
causing obstruction in the terminal ileum and cecum [112]. Characterized by a complete
or incomplete obstruction, it affects 10-22% of CF patients, with a higher incidence in
older individuals and a 77% recurrence risk [90,126]. Risk factors include severe genotype,
dehydration, meconial ileus history, and post-transplant complications, notably after lung
transplantation [90].
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3.13.1. Diagnosis

Acute onset includes periumbilical or lower right quadrant pain, distension, and
bile vomiting. Differential diagnosis involves constipation, intussusception, inflammatory
bowel disease, and fibrosing colonopathy [126].

3.13.2. General Treatment
e Laxatives;

o Osmotic drugs (lactulose, Macrogol 3350, Diatrizoate);
o  Stimulants (Senna, Sodium docusate, Sodium picosulfate).

Mucolytics: N-acetylcysteine (oral, diluted);
Other agents: prokinetics (macrolides, Metoclopramide), Lubiprostone (Amitiza);
Surgical procedures: considered for refractory cases [90,127].

Incomplete Forms Treatment:

Oral rehydration, osmotic laxatives (PEG), magnesium citrate, or Gastrografin;
Prokinetics are suggested in pseudo-obstructions or postoperatively [126,128].

Complete Forms Treatment:

PEG in nonvomiting patients;

Intestinal lavage;

Rehydration (IV or Gastrografin enema);
Cecum instillations (colonoscopy);

Surgery (laparotomy, ileocecal resection) [126].

Prevention:

Hydration;

Laxatives;

Adequate pancreatic enzymes;

PEG 0.5-1 g/kg/day orally for 6-12 months [126].
CFTR Modulators:

Unclear impact; no specific studies conducted [129].

3.14. Constipation

Constipation, affecting over half of CF patients, is distinguished from DIOS, manifest-
ing as gradual fecal impaction in the entire colon [90].
ESPGHAN working group definition:

1.  Abdominal pain/distension;

a. Reduced bowel movement frequency;
b. Increased stool consistency.

2. Responds to laxatives [128].

Incidence is 1.5 times higher in pancreatic insufficiency. Contributing factors include
meconium ileus history and fat malabsorption [111]. Colon barriers, vulnerable to compro-
mise, may undergo destruction due to immune-cell infiltration and inflammation [1].

3.14.1. Diagnosis
The presence of defined symptoms constitutes diagnosis.

3.14.2. Treatment

There is no distinct CF approach; general-population treatments apply. Mineral oils
are discouraged for those with lung disease [84]. The impact of CFTR modulators on
constipation remains uncertain, with potential adverse events observed [130,131].
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3.15. Colon Disease: Fibrosing Colonopathy
3.15.1. Fibrosing Colonopathy

Fibrosing colonopathy, a severe, yet infrequent, condition, typically emerges in patients
aged 2-7 years. While its pathogenesis remains elusive, prolonged high-dose pancreatic
enzyme therapy is implicated, though occurrences in untreated patients exist. Predisposing
factors include youth, colitis history, meconium ileus, DIOS, bowel surgery, antioxidant
deficiency, and drug use (laxatives, corticosteroids, dornase alpha, and H2 receptor antago-
nists) [132]. Primarily affecting the ascending colon, the disease may progress throughout
the colon, histologically characterized by submucosal fibrosis and elevated calprotectin
correlating with colonic inflammation [14,112].

Diagnosis

Often presenting as treatment-resistant intestinal obstruction resembling DIOS, symp-
toms include abdominal pain, distention, vomiting, and constipation. Diagnosis considera-
tion arises when standard DIOS interventions prove ineffective. Submucosal concentric
rings, muscular mucosa hypertrophy, inflammatory cell infiltration, and collagen depo-
sition typify the disease, suggesting recurrent ischemic events and mucosal reparative
mechanisms [133]. Excessive pancreatic enzyme doses (>50,000 U lipase/kg) show a
significant correlation with increased fibrous colonopathy risk [134].

Treatment

Prevention involves limiting lipase to 10,000 IU/kg/day. Nonresponsive cases necessi-
tate treatment-adherence review, enzyme-preparation adjustments, timing changes, gastric
acidity reduction, and exclusion of other G-I diseases. Surgical intervention, such as right
hemicolectomy, is occasionally warranted [75,135,136].

3.15.2. Crohn’s Disease

Crohn’s disease prevalence is 12.5 times higher in individuals with CF than in the
general population. Genetic and environmental factors and immunological interactions
with intestinal microbiota contribute to this heightened occurrence [1,14].

Diagnosis

In CF, elevated markers of intestinal inflammation (IL-8, IL-13, neutrophilic elastase,
eosinophilic cationic protein, and plasma proteins) and increased calprotectin in stool are
observed [21,28]. Although serum biomarkers for inflammatory bowel disease may yield
false values, a rectal biopsy is recommended to enhance diagnostic accuracy [1].

Treatment

Immunosuppressant use, particularly Infliximab, is infrequent in CF patients. Relative
contraindications include bronchiectasis and P. aeruginosa colonization [137].

3.16. Celiac Disease

Celiac disease exhibits a prevalence 2-3 times higher in individuals with CF than in the
general population. This association, first described in 1969, involves complex interactions,
including CFTR as a molecular target of gluten, contributing to CD pathogenesis [138,139].

The heightened prevalence varies globally, with increased occurrences noted in certain
countries, emphasizing geographic distinctions [138,140-142]. CFTIR inhibition by gluten
disrupts ion balance, autophagy, and proteostasis, mirroring the stress response observed in
FC. CFTR dysfunction, linked to increased intestinal permeability and inflammation, may
predispose individuals to CD. Exocrine pancreatic insufficiency intensifies the antigenic
load and antibody response [138,142].

Studies reveal that gluten-derived peptides inhibit CFIR, causing local stress responses
contributing to CD immunopathology. The correlation involves factors like undigested
gluten proteins, intestinal mucosa destruction, and immunological reactions against wheat
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gluten. Chronic inflammation in CF increases susceptibility to osteoporosis and colorectal
cancer [140,143].

CFTR loss escalates reactive oxygen species and activates transglutaminase, leading to
NF-KB activation and proinflammatory cytokine release. Malabsorption, high-calorie diets,
and shorter duration of natural diet increase the risk of CD in CF patients [144].

3.16.1. Diagnosis

CF and CD share malabsorption, clinical manifestations, and symptoms, posing chal-
lenges in differentiation. Liver damage, persistent anemia, and exocrine pancreatic insuffi-
ciency contribute to diagnostic complexities [115]. CF patients exhibit elevated antibodies,
increased intestinal permeability, calprotectin levels, and microbiome alterations. Screening
for CD is vital in CF patients with persistent symptoms, inappropriate growth, low BMD,
and those requiring high pancreatic enzyme doses [14,99,138-140,145,146]. Pancreatic
isoamylase activity distinguishes CF from CD in patients with steatorrhea [147].

3.16.2. Treatment

CFTR modulators, like VX-770 (IVA), mitigate gliadin’s negative impact on CFTR
function, reducing inflammation and inducing gluten tolerance in CD patients. CFTR
modulators significantly enhance G-I symptoms and prognosis in both conditions [7].

3.17. Appendicular Disease

Appendicitis is uncommon in CF, presenting with atypical manifestations and a
heightened risk of perforation and abscess formation.

3.17.1. Diagnosis

Diagnosing appendicitis in CF poses challenges, often characterized by an appendix
diameter exceeding 6 mm due to luminal mucus. Delayed diagnosis, potentially con-
fused with conditions like intussusception or DIOS, may lead to complications, such as
appendicular abscess formation. Recognition of appendiceal mucocele involves identify-
ing recurrent abdominal pain and palpable masses and confirmation through ultrasound
examination [1,112,148].

3.17.2. Treatment

Appendectomy, involving appendix resection and cecal tip removal, is effective in pre-
venting recurrence of appendicitis or appendiceal mucocele. However, studies suggest that
asymptomatic cases may not necessitate surgical intervention. Noninvasive approaches,
such as mucin distension of the appendix, emerge as potential methods to safeguard CF
patients against appendicular inflammation [148].

4. Discussions

The diminished levels of bicarbonate and the absence of bicarbonate-rich pancreatic
fluids, essential for food digestion, contribute to the emergence of G-I manifestations in
CF. These manifestations significantly impact the patient’s quality of life and long-term
prognosis. While extensive research has been dedicated to pulmonary aspects, there is
a notable scarcity of high-quality studies on G-I manifestations in CF. Therefore, further
investigations are imperative to comprehensively assess the scope of G-I manifestations,
the long-term risks associated with this pathology, and the potential impacts of emerging
therapies specific to G-I manifestations.

Despite limited clinical studies on the efficacy of probiotics in managing CF patients,
the presence of gut dysbiosis necessitates interventions targeting the gut microbiota. Probi-
otics such as Lactobacillus reuteri and Lactobacillus rhamnosus GG hold promise for conferring
health benefits to CF patients. The heterogeneity in strains, doses, and treatment durations
across existing studies underscores the need for large-scale investigations to elucidate the
specific effects of these probiotics.
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Given the early onset of G-I manifestations and the approval of CFTR modulators
for older patients, it is crucial to explore their preventive effects on disease progression.
Additionally, the discovery of novel CFTR modulators suitable for younger age groups
warrants investigation. A worthwhile avenue for research involves examining the potential
synergies between probiotics and CFTR modulators in alleviating CF G-I distress. Since
existing studies primarily focus on the pulmonary effects of different CFTR modulators, fu-
ture directions should encompass an exploration of their short-term and long-term impacts
on G-I distress, including their role in preventing G-I cancer, along with considerations of
optimal modulator-therapy timing.

5. Conclusions

Timely identification and intervention for gastrointestinal manifestations in cystic
fibrosis hold significance not only in ameliorating symptoms but also in enhancing the
nutritional status and overall survival of affected individuals. Given the intricate nature
of G-I manifestations associated with CF, their effective management necessitates careful
oversight and follow up, preferably administered through a collaborative effort involving a
multidisciplinary healthcare team. This comprehensive approach is integral to optimizing
care and elevating the quality of life for CF patients grappling with G-I complications.

Our contention underscores the imperative for further clinical investigations, aiming
to establish a more robust and evidence-based framework for the management of G-
I symptoms within the context of this chronic disease. Such scholarly endeavors are
pivotal for advancing the understanding of the intricate interplay between CF and G-I
manifestations, ultimately contributing to refined clinical strategies and improved outcomes
for individuals facing these challenges.
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Abstract: The Omicron variant of SARS-CoV-2 has caused a large number of cases and hospitaliza-
tions in the pediatric population. Infants due to their age are susceptible to viral infections that may
have a worse prognosis. Therefore, the aim of the current study has been to characterize the clinical
features and the outcome of infants hospitalized with confirmed SARS-CoV-2 infection during the
Omicron wave. We conducted a retrospective study of all consecutive infants hospitalized with
symptomatic COVID-19 and no other co-infections, from January to September 2022 in one of the
largest infectious diseases hospitals from Bucharest, Romania. A total of 613 infants were included in
the analysis. The median age was 5 months (IQR: 3, 8 months). The clinical features were dominated
by fever (96.4%), cough (64.8%) and loss of appetite (63.3%), and overall, respiratory symptoms were
the most numerous (76.0%). Infants between 1-3 months old had a 1.5-fold increased risk of elevated
alanine aminotransferase (ALT) values, and a longer length of hospitalization as compared to older
infants. Infants between 7-9 months of age had 1.5-fold higher odds of loss of appetite, 1.7-fold more
frequent cough and 1.6-fold more frequent digestive symptoms compared to infants in other age
groups. The presence of digestive symptoms increased the probability of hepatic cytolysis (increased
ALT) by 1.9-fold. Continued monitoring of COVID-19 among infants is very necessary, given the
progressive character of SARS-CoV-2, in order to take correct and rapid therapeutic measures and to
adapt to clinical changes driven by viral variant change.

Keywords: COVID-19; infants; children; Omicron; respiratory; digestive; SARS-CoV-2

1. Introduction

Infants are a particular group among children because of their age and specific anatom-
ical and physiological characteristics [1,2]. The management of this type of patient during
an acute infectious disease is based on a limited number of therapeutic resources and a care-
ful follow-up of their clinical manifestations is necessary to prevent possible complications
and an unfavorable course. Given the experiences with influenza viruses and respiratory
syncytial virus for which infants are an at-risk group for hospitalization and potentially
severe outcomes with respiratory failure [3-5], the onset of the COVID-19 pandemic has
been regarded with concern [6] for this group of children.

However, somewhat unusually for a viral infection, children of all ages, including
infants, have been significantly less affected than adults by COVID-19 since the beginning
of the pandemic [7-9]. Factors hypothesized to have contributed to this initial trend
included the non-pharmacological protective measures instituted, as well as the parental
care for children [10,11], but different pathogenic mechanisms are also considered to have
contributed to the different course of COVID-19 in children. Overall, children have had
milder forms of the disease, with significantly lower rates of hospitalization and of severe
disease compared to adults [7].
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SARS-CoV-2 has undergone a number of changes in its viral structure so that the emer-
gence of the Omicron variant caused an increase in the number of cases worldwide [12,13].
Omicron infection rates among children increased significantly, which has also resulted
in an increase in hospitalizations for the pediatric population [13,14], but, fortunately,
most cases have had a favorable outcome [13]. Although the first case of COVID-19 was
identified in February 2020 [15], Romania experienced the largest wave of SARS-CoV-2
infections only after the first case of Omicron was identified [16] and the rate of confirmed
cases of COVID-19 among children exceeded 10% [17].

The spectrum of clinical manifestations of COVID-19 in infants is highly heterogeneous,
and each variant of SARS-CoV-2 has had a different impact on the clinical course in
children [13,18]. Moreover, due to age, many subjective symptoms cannot be quantified
and analyses on large groups of infants are needed to better characterize the impact of
COVID-19 on this group of children. Therefore, we aimed at evaluating the spectrum of
clinical symptoms of the omicron variant among infants hospitalized in one of the largest
infectious disease hospitals in Romania.

2. Methods

We conducted a retrospective study among infants hospitalized with COVID-19 be-
tween 1 January and 30 September 2022 in the National Institute of Infectious Diseases
“Prof. Dr. Matei Bals”, Bucharest, (NIID), with the aim of characterizing the clinical fea-
tures and outcome of infants with SARS-CoV-2 infection, Omicron variant. NIID is the
largest tertiary infectious disease hospital in Romania and during the pandemic it was
the main care center for patients with SARS-CoV-2 infection in the capital and the nearby
metropolitan areas.

We included in the study all infants (under 1 year of age) consecutively hospitalized
during the study period (1 January-30 September 2022) with symptomatic SARS-CoV-
2 infection, confirmed by RT-PCR from nasopharyngeal swabs. We excluded from the
analysis asymptomatic infants, those with confirmed respiratory, digestive, urinary tract or
systemic co-infections, those with incomplete data in the medical charts, and those who
had been transferred from another hospital after more than 24 h of previous hospitalization.
Infants who, during hospitalization, turned 1 year of age were considered eligible and
included in the final analysis.

Each infant according to the clinical presentation at the time of the hospital admission
received investigations such as multiplex RT-PCR of the respiratory tract, rapid stool
antigen testing, stool culture, multiplex RT-PCR of stool, urine culture and blood culture.
Any positive result in one of these investigations was considered co-infection with SARS-
CoV-2 and these patients were excluded from the final analysis.

Data for each patient were extracted from the patient medical charts by teams formed
by two of the authors of this article. Cough, rhinorrhea or nasal obstruction and dyspnea
were considered respiratory symptoms, and vomiting, diarrhea or constipation were con-
sidered digestive symptoms. Given the age of the patients analyzed, symptoms such as
headache, sore throat, fatigue, or other subjective manifestations could not be analyzed.
Fever and loss of appetite were analyzed as separate symptoms from respiratory and diges-
tive symptoms. Chest imaging assessment was performed in a small number of infants, so
we have not reported these data.

In 2022, a total number of 683 infants were hospitalized in NIID with confirmed SARS-
CoV-2 infection. After applying eligibility criteria in the final analysis, 613 (89.8%) of the
infants were included.

Data analysis was performed using IBM SPSS Statistics for Windows, version 25 (IBM
Corp., Armonk, NY, USA). For a p-value of less than 0.05, data were considered to be
statistically significant. Since our continuous variables were not normally distributed, we
present the median and the interquartile range (IQR: 25th—75th percentile). Comparative
analysis between this type of data was done using the Mann-Whitney U test and the
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Kruskal-Wallis H test. For dichotomous variables we present frequencies and percentages
and Chi-squared test values with odds ratios and 95%CI in the comparison analysis.

3. Results

3.1. General Data Analysis for the Whole Study Group On

A total of 613 infants were included in the analysis. The male sex was more numerous
(n =361, 58.9%), and the median age for the whole study group was 5 months (IQR: 3,

8 months), with a balanced distribution by age group (Table 1).

Table 1. Demographic and clinical characteristics for all infants included in the study.

Characteristic Frequency, n Percentage, %
Male sex 361 58.9
Age groups
Newborn 14 2.3
1-3 months 182 29.7
4-6 months 160 26.1
7-9 months 149 243
10-12 months 108 17.6
Clinical features
Fever 591 96.4
Loss of appetite 388 63.3
Respiratory symptoms 466 76.0
Cough 397 64.8
Rhinorrhea 295 48.1
Dyspnea 69 11.3
Digestive symptoms 309 49.6
Vomiting 148 241
Diarrhea 230 37.5
Constipation 21 3.4
Preterm 57 9.3
At least one chronic condition 69 11.3

The clinical presentation was dominated by fever (96.4%, n = 591), cough (64.8%,
n = 397) and loss of appetite (63.3%, n = 388) (Table 1). Overall, respiratory symptoms
were most common among infants with SARS-CoV-2 infection (76.0%, n = 466), and 11.3%
(n = 69) had general manifestations only, such as fever and/or loss of appetite (Figure 1).

Figure 1. Distribution of symptom type in infants in the study.
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White blood cell (WBC) counts showed no significant patterns, with a median of
6800 cells/uL (IQR: 4900, 9500 cells/ ulL); 24.6% (n = 151) showed increased WBC and 7.3%
(n = 45) decreased WBC. A high number of infants, 82.9% (n = 508), had anemia at the time
of hospitalization with median hemoglobin values of 10.9 g/dL (IQR: 10.2, 11.7 g/dL).
Aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) values were elevated
in 80.1% (n = 491) and 83.8% (n = 514) of cases, respectively. In contrast, alanine aminotrans-
ferase (ALT) was abnormally high in 32.1% (n = 191) of patients. Increases in interleukin-6
(IL-6) were identified in 96.7% (n = 88/91) of infants, with a median of 177.7 pg/mL
(IQR: 57.5,1333.5 pg/mL) (Table 2).

Table 2. Laboratory findings in infants included in the study:.

Laboratory Analysis Results
WBC count, median (IQR) 6800 (4900, 9500) cells/uL
WBC increase, n (%) 151 (24.6)
WBC decrease, n (%) 45 (7.3)
Lymphocytes count, median (IQR) 3000 (1700, 5300) cells/uL
Lymphocytes decrease, n (%) 84 (13.7)
Hemoglobin, median (IQR) 10.9 (10.2,11.7) g/dL
Anemia, n (%) 508 (82.9)
Platelets count, median (IQR) 278,000 (210,000, 356,000) cells/uL
Platelets increase, n (%) 11 (1.8)
Platelets decrease, n (%) 0(0.0)
AST, median (IQR) 66 (53,82) U/L
AST increase, n (%) 491 (80.1)
ALT, median (IQR) 32(25,45)U/L
ALT increase, n (%) 191 (31.2)
LDH, median (IQR) 350 (304, 406) U/L
LDH increase, n (%) 514 (83.8)
CRP, median (IQR) * 2.7(0.9,7.6) mg/L
CRP increase, n (%) * 182/509 (35.8)
IL-6, median (IQR) * 177.7 (57.5,1333.5) pg/mL

IL-6 increase, n (%) *

88/91 (96.7)

WBC—white blood cells, ALT—alanine aminotransferase, AST—aspartate aminotransferase; LDH—Iactate
dehydrogenase; CRP—C-reactive protein; IL-6—interleukin 6; * Data available for 509 patients; * Data available
for 91 patients.

The majority of infants were hospitalized within 1 day (IQR: 0, 2 days) of symptom
onset and the median length of hospitalization was 4 days (IQR: 3, 5 days). A total of 11.3%
(n = 6) of infants had a chronic condition and 9.3% (n = 57) were premature. However, these
risk factors were not associated with an increased length of hospitalization (p > 0.05). All
infants had a favorable outcome, and none required admission to intensive care.

3.2. Data Analysis by Age Group

The analysis of data by age group is highlighted in Table 3. Infants between 1-3 months
had a 5.5-fold increased risk of anemia (p < 0.001, x2 =27.07,OR = 5.5, 95%CI: 2.7-11.2) and
a 1.5-fold increased risk of liver cytolysis with increased ALT values (p = 0.019, x? = 5.50,
OR = 1.5, 95%ClI: 1.1-2.2). Similarly, infants between 4-6 months had a 1.5-fold increased
risk of having increased ALT values (p = 0.043, x% =4.06, OR = 1.5, 95%CI: 1.1-2.2). The
7-9 months age group had a 1.2-fold increased risk of loss of appetite (p = 0.022, x> = 5.22,
OR = 1.5, 95%CI: 1.1-2.4), a 1.7-fold higher risk of cough (p = 0.013, x2=6.07,O0R=1.7,
95%Cl: 1.1-2.5) and 1.6-fold higher risk of having digestive symptoms (p = 0.009, x> = 6.85,
OR = 1.6, 95%CI: 1.1-2.4). In terms of laboratory parameters, there was a 2.1-fold increased
risk of elevated AST values in this age group (p = 0.006, x> = 7.55, OR = 2.1, 95%ClI: 1.2-3.6).
For infants between 10-12 months there was a 1.9-fold higher risk of vomiting (p = 0.003,
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x? =8.73, OR = 1.9, 95%CI: 1.2-3.1) and 1.7- and 2.1-fold higher risks of WBC (p = 0.020,
x? =5.35, OR = 1.7, 95%CI: 1.1-2.7) and C-reactive protein (p = 0.001, x> = 9.66, OR = 2.1,
95%Cl: 1.3-3.3) increases, respectively.

Table 3. Data analysis according to age group.

Characteristics Newborn 1-3 Months 4-6 Months 7-9 Months 10-12 Months g;:?:::i:gi
N=14 N =182 N =160 N =149 N =108 between All Groups

Male sex, n (%) 10 (71.4) 93 (51.1) 96 (60.0) 96 (64.4) 66 (61.1) 0.105
Fever, n (%) 12 (85.7) 176 (96.7) 155 (96.9) 145 (97.3) 103 (95.4) 0.243
Loss of appetite, n (%) 11 (78.6) 109 (59.9) 93 (58.1) 106 (71.1) 69 (63.9) 0.093
Respiratory symptoms, n (%) 8(57.1) 131 (72.0) 122 (76.3) 121 (81.2) 84 (77.8) 0.149
Cough, n (%) 3(214) 106 (58.2) 111 (69.4) 109 (73.2) * 68 (63.0) <0.001
Rhinorrhea, n (%) 6 (42.9) 80 (44.0) 76 (47.5) 84 (56.4) 84 (45.4) 0.211
Dyspnea, n (%) 2 (14.3) 15 (8.2) 23 (14.4) 15 (10.1) 14 (13.0) 0.433
Digestive symptoms, n (%) 5(35.7) 76 (41.8) 84 (52.5) 89 (59.7) * 55 (50.9) 0.016
Vomiting, n (%) 2 (14.3) 20 (11.0) 39 (24.4) 49 (32.9) 38(35.2) * <0.001
Diarrhea, n (%) 4 (28.6) 59 (32.4) 68 (42.5) 65 (43.6) 34 (31.5) 0.083
Constipation, n (%) 0 (0.0) 7 (3.8) 7 (4.4) 2(1.3) 5(4.6) 0.484
Preterm, n (%) 4 (28.6) 17 (9.3) 17 (10.6) 10 (6.7) 9 (8.3) 0.099
Chronic conditions, n (%) 1(7.1) 19 (10.4) 22 (13.8) 13 (8.7) 14 (13.2) 0.622
WBC increase, n (%) 3(214) 29 (15.9) 41 (25.6) 42 (28.2) 36 (33.3) * 0.011
WBC decrease, n (%) 0 (0.0) 17 (9.3) 12 (7.5) 9 (6.0) 7 (6.5) 0.614
Lymphocytes decrease, n (%) 1(7.1) 23 (12.6) 19 (11.9) 21 (14.1) 20 (18.5) 0.513
Anemia, n (%) 8 (57.1) 173 (95.1) * 132 (82.5) 119 (79.9) 76 (70.4) <0.001
AST increase, n (%) 8(57.1) 128 (70.3) 133 (83.1) 131 (87.9) * 91 (84.3) <0.001
ALT increase, n (%) 3(214) 69 (37.9) * 60 (37.5) * 37 (24.8) 22 (20.4) 0.003
LDH increase, n (%) 13 (92.9) 147 (80.8) 133 (83.1) 124 (83.2) 97 (89.9) 0.281
CRP increase *, n (%) 1/10 (10.0) 25/140 (17.9) 55/133 (41.4) 56/136 (41.2) 45/90 (50.0) * <0.001
IL-6 increase *, n (%) 1/1 (100) 18/18 (100) 21/21 (100) 30/32(93.8) 18/19 (94.7) 0.656

WBC—white blood cells, ALT—alanine aminotransferase, AST—aspartate aminotransferase; LDH—lactate
dehydrogenase; CRP—C-reactive protein; IL-6—interleukin 6; * Data available for 509 patients; * Data available
for 91 patients; * Age group with statistical significance; In bold, data with statistical significance by comparing
characteristics for all groups by x2(4).

The infants in the 1-3 months group presented earliest to the hospital (1 day (IQR: 0,
1 days)), and those in the 10-12 months group presented latest (1 day, IQR: 1, 2.75 days)),
H(4) = 17.323, p = 0.002, Figure 2. Also, the length of hospitalization was the highest in the
1-3 months group (4 days, (IQR: 3, 6 days)), H(4) = 13.674, p = 0.008, Figure 3.
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Figure 2. Number of days of onset of symptoms according to age group. Infants between
1-3 months presented to the hospital earliest after the onset of symptoms. In contrast, infants between
9-12 months presented the latest. Box and whiskers plot represent the 25th and 75th percentiles (box),
the median (x) and the range (whiskers).
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Figure 3. Number of days of hospitalization according to age group. The length of hospitalization
was longer in infants between 1 and 3 months. Box and whiskers plot represent the 25th and 75th
percentiles (box), the median (x) and the range (whiskers).

3.3. Analysis of Data by Type of Symptoms

The analysis of data by type of symptoms is presented in Table 4. The presence of
combined respiratory and digestive symptoms was more common among males (p = 0.028,
x% =4.82, OR = 1.5, 95%CI: 1.1-2.0). In contrast, females were more likely to have digestive
symptoms only (p = 0.028, x> = 4.82, OR = 1.5, 95%CI: 1.1-2.0). For infants in the 7-9 months
age group, it was 1.9-fold more common (p = 0.001, x%=10.72, OR = 1.9, 95%CI: 1.3-2.7) to
have both respiratory and digestive manifestations during the COVID-19 episode as com-
pared to the other age groups. ALT was significantly higher, 1.9-fold, among infants who
experienced only digestive manifestations (p = 0.011, x> = 6.44, OR = 1.9, 95%CI: 1.1-3.0).

Table 4. Analysis of data according to the type of symptoms.

General Respiratory Respiratory and Digestive
Characteristics Symptoms Only, Symptoms Only, Digestive Symptoms Only, p-Value
N =69 N =235 Symptoms, N = 231 N=78
Male 35 (50.7) 140 (59.6) 149 (64.5) * 37 (47.4) 0.027
Female 34 (49.3) 95 (40.4) 82 (35.5) 41(52.6) * :
Newborn 3 (4.3) 6 (2.6) 2(0.9) 3(3.8)
1-3 months 27 (39.1) 79 (33.6) 52 (22.5) 24 (29.7)
4-6 months 15 (21.7) 61 (26.0) 61 (26.4) 23 (29.5) 0.049
7-9 months 12 (17.4) 48 (20.4) 73 (31.6) * 16 (20.5)
10-12 months 12 (17.4) 41 (17.4) 43 (18.6) 12 (15.4)
Preterm 2(2.9) 24 (10.2) 28 (12.1) 3(3.8) 0.056
At least one chronic condition 5(7.2) 32 (13.6) 25 (10.8) 7 (9.0) 0.412
WBC increase 14 (20.3) 70 (29.8) 54 (23.4) 13 (16.7) 0.074
WBC decrease 5(7.2) 17 (7.2) 16 (6.9) 7(9.0) 0.947
Lymphocytes decrease 12 (17.4) 29 (12.3) 30 (13.0) 13 (16.7) 0.606
Anemia 60 (87.0) 187 (79.6) 193 (83.5) 68 (87.2) 0.295
AST increase 58 (84.1) 178 (75.7) 194 (84.0) 61 (78.2) 0.120
ALT increase 18 (26.1) 61 (26.0) 78 (34.2) 34 (423) 0.044
LDH increase 54 (78.3) 198 (84.3) 198 (85.7) 64 (82.1) 0.494
CRP increase * 20/54 (37.0) 74/193 (38.3) 71/195 (36.4) 17/67 (25.4) 0.286
IL-6 increase * 7/7 (100) 42/44 (95.5) 32/33 (97.0) 7/7 (100) 0.873

WBC—white blood cells, ALT—alanine aminotransferase, AST—aspartate aminotransferase; LDH—lactate
dehydrogenase; CRP—C-reactive protein; IL-6—interleukin 6; * Data available for 509 patients; * Data available
for 91 patients; * Symptoms group with statistical significance; In bold, data with statistical significance by
comparing characteristics for all groups by x2(3), and x?(12) for age groups.

The presence of general manifestations only (fever and/or loss of appetite) led to an
earlier hospital presentation in infants with COVID-19, H(3) = 11.679, p = 0.009, Figure 4.
Length of hospital stay was not influenced by the type of symptoms presented by infants,
H(3) = 4.002, p = 0.261, Figure 5.
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Figure 4. Number of days since onset of symptoms according to type of symptoms. The presence of
general symptoms only (no digestive or respiratory symptoms) led to an earlier hospital presentation
among infants. Box and whiskers plot represent the 25th and 75th percentiles (box), the median (x)
and the range (whiskers).
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Figure 5. Number of days of hospitalization according to type of symptoms. The length of hospital-
ization was not influenced by the type of symptoms and was similar in all groups. Box and whiskers
plot represent the 25th and 75th percentiles (box), the median (x) and the range (whiskers).

4. Discussion

In the present study we have conducted an extensive analysis of the demographic,
clinical and laboratory characteristics of SARS-CoV-2 Omicron variant infection among
infants hospitalized in a major infectious disease hospital in Romania. The number of
children hospitalized for COVID-19 increased with the emergence of the omicron variant
(65.0% of all children hospitalized in NIID since the onset of the pandemic), and infants
represented an age group that required close medical monitoring during their COVID-19
episode. This trend is consistent with national [17] and international reports [13,19,20]; for
example, in the USA, by early 2022 the proportion of children hospitalized with COVID-19
had increased four-fold from previous waves [21]. In a meta-analysis of pediatric cases
of SARS-CoV-2 infection in 2020, Bhuiyan et al. showed that infants represented 53% of
all pediatric COVID-19 hospitalizations, but most were asymptomatic [22]. During the
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Delta variant circulation, epidemiological monitoring of SARS-CoV-2 infection showed an
increase in pediatric cases and hospitalizations of infants, but these were associated with
an increased incidence of COVID-19 in the adult population as well and were not due to
increased Delta virulence in infants [23].

Fever (96.4%), cough (64.8%) and loss of appetite (63.3%) were the main symptoms
of infants hospitalized with Omicron in our study. Overall, we showed that three out
of four infants (76.0%) had a respiratory symptom and one out of two infants (49.6%)
had a digestive symptom. Diarrhea was the main digestive manifestation in 37.5% of
patients. In a report of 300 infants with COVID-19 from March to December 2020, fever
and cough were also the two main symptoms present in different proportions, 77% and
40%, respectively [24]. In the same study, loss of appetite was reported in only 18% of
infants, and digestive manifestations such as diarrhea (24%) and vomiting (10%) were
also less frequent than in our study [24]. During the Delta variant, fever remained the
main symptom in infants, but cough, rhinorrhea, diarrhea or vomiting were reported in
lower percentages than in our study [13,23,25]. Both ours and most pediatric studies on
COVID-19 highlighted the male sex as more likely to have symptomatic infection and
hospitalization. In addition, we showed that female infants had a 1.7-fold higher risk of
hospitalization when they had digestive manifestations only.

In the age group analysis, fever dominated in all age groups. Moreover, as significant
clinical features we identified that loss of appetite, cough and digestive manifestations
(of any type) were more common in those between 7-9 months of age, while vomiting
was most common in infants between 10-12 months of age. We did not identify a similar
analysis of COVID-19 manifestations by age group in existing field literature. Thus, this
analysis is important in identifying clinical differences between infants, knowing that
the rate of growth and development of infants is very rapid, and the therapeutic and
management interventions of an infant are directly dependent on their age.

The clinical features of COVID-19 in children are similar to other viral infections, but
their dominance varies widely by pediatric age group. Many symptoms are subjective
and depend on children’s ability to describe them. In many case reports fever was the
most common symptom at presentation, followed by cough, rhinorrhea and sore throat
for the entire pediatric population up to 18 years of age [26-30]. Additionally, Zhou et al.
showed that nasal congestion/rhinorrhea, sore throat, abdominal pain, and digestive
manifestations were commonly seen but did not have a strong association with COVID-19
in children [31]. This is of interest, but the analysis was performed on a heterogeneous
age group of 0-18 years, therefore we believe that narrow age group analyses are essential
for a comprehensive characterization of SARS-CoV-2 infection in children. Infants are a
special group that cannot express certain symptoms, therefore our study focused only on
the analysis of symptoms that could be quantified by the parent/physician.

Blood counts did not change significantly, but the increase in WBCs (24.6%) and
decrease in lymphocytes (13.7%) were seen in higher proportions than in other studies
with non-Omicron variants [32,33]. A high number of infants had anemia, a mild form
(82.9%), especially in the 1-3 months age group. This finding should be interpreted with
caution, as it may not be due to SARS-CoV-2 infection alone, particularly given the fact that
some infants experience physiological anemia in the first months of life. We identified high
percentages of infants with mild increases in AST and LDH, compared with reports from
other studies [32-34]. These data are of great interest because they show that in infants
Omicron infection presents a systemic involvement, not being limited to the respiratory
or digestive tract. ALT, as a sign of hepatic cytolysis, was elevated in fewer infants and
was significantly associated with a younger age (1-3, and 4-6 months), and only with the
presence of digestive symptoms. These findings highlights the need for monitoring liver
enzymes in clinical practice in infants under 6 months of age presenting with digestive
manifestations only. The presence of inflammatory syndrome was evident in most infants,
but IL-6 elevations were significant in all age groups at higher values than for non-Omicron
variants, as reported in the literature (177.7 vs. 120.36 ng/mL) [34].
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Newborns and infants between 1-3 months of age presented more quickly to the
hospital after the onset of symptoms, compared to other infants. In addition, only the
presence of general signs (fever and/or loss of appetite) also determined earlier hospital
presentation. These aspects can be explained by parental worries and fears related to the
very young infant, and the uncertainty of a diagnosis, without other symptoms, only in
the presence of fever. Moreover, it is well known that infants under 3 months of age with
signs of acute illness are a pediatric emergency. It is therefore important for parents to
keep in close contact with their pediatrician and/or general practitioner to identify early
alarm signs.

The median length of hospital stay was 4 days, comparable to other published reports
for the Omicron variant [24,33], and young infants (1-3 months) required longer monitoring
compared with other infants.

Overall, in our analysis we have shown that Omicron in infants has a very diverse
spectrum of clinical manifestations with predominantly respiratory, but also intricate
respiratory-digestive manifestations. Thus, clinical diagnosis can be difficult to establish
based on symptoms alone, and testing for SARS-CoV-2 should remain a standard practice in
emergency departments for rapid and targeted epidemiological and therapeutic measures.

Our study has several limitations mainly represented by the retrospective nature of
the data and the absence of long-term follow-up of infants included in the study. The large
number of infants included in the analysis with SARS-CoV-2 infection, however, provides
a comprehensive overview of the burden that the Omicron variant has had in this pediatric
group. The first year of every child’s life is very important in physical, mental, and cognitive
development. In this first year of life there are many stages of development, the newborn
(0-28 days) being totally different from the young infant (1-3 months), and the latter
being totally different from older infants (9-12 months). Infectious diseases among infants
represent a big challenge, both for diagnosis (the clinical features are often atypical and vary
according to the age groups mentioned above) and for treatment (each age group comes
with certain treatment restrictions). If we analyze RSV or influenza viruses infection, we can
see that infants are a group at risk of hospitalization and unfavorable outcomes. Therefore,
we decided to perform an extensive analysis of infants hospitalized with Omicron. The
Omicron variant is currently the dominant variant of SARS-CoV-2, and at the same time
the variant that has caused the highest rates of morbidity and hospitalization among the
pediatric population. We included a large number of infants in the study and performed
an analysis of clinical and laboratory data. In addition, we conducted an analysis by age
subgroups precisely to highlight the variability of these characteristics among infants. So
far there are several reports on SARS-CoV-2 infection, including Omicron, among children,
but none of them focus specifically on infants and age subgroups.

5. Conclusions

Infants are a pediatric group with very heterogeneous manifestations during SARS-
CoV-2 infection, and these may be different even among them depending on age group. Age
under 3 months was associated with earlier presentation to hospital and longer duration of
hospitalization, and hepatic cytolysis was more common in infants with digestive manifes-
tations only. Continued monitoring of COVID-19 among infants is highly necessary, given
the evolving nature of SARS-CoV-2, in order to take accurate and rapid therapeutic and
epidemiological measures, and to adapt to clinical changes driven by viral variant change.
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Abstract: Inflammatory bowel disease (IBD), which includes Crohn’s disease, ulcerative colitis, and
unspecified inflammatory bowel disease, is a chronic, unpredictable and immune-mediated condition
of the gastrointestinal tract. In pediatric populations, the diagnosis of a chronic and debilitating
pathology significantly reduces quality of life. Children diagnosed with IBD may cope with physical
symptoms such as abdominal pain or fatigue, but mental and emotional well-being are also important
for preventing and reducing the risk of developing psychiatric conditions. Short stature, growth
delay and delayed puberty can contribute to poor body image and low self-esteem. Furthermore,
treatment per se can alter psycho-social functioning due to the side effects of medication and surgical
procedures such as colostomy. It is essential to acknowledge and treat early signs and symptoms of
psychiatric distress in order to prevent the development of serious psychiatric disorders in adult life.
The literature underlines the importance of incorporating psychological and mental health services
as part of the management of inflammatory bowel disease. Diagnosing mental health problems in
pediatric patients with IBD can improve their adherence to treatment and pathology course and,
consequently, reduce long-term morbidity and mortality.
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1. Introduction

Inflammatory bowel disease (IBD) is a group of chronic inflammatory conditions
of the gastrointestinal system with a remitting-relapsing evolutive character. Crohn’s
disease (CD), ulcerative colitis (UC) and unspecified IBD are subtypes described in the
literature [1]. Patients frequently experience symptoms such as abdominal pain, diarrhea,
weight loss, and delayed growth or fatigue [2,3]. The presenting symptoms of pediatric
IBD are summarized in Table 1.
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Table 1. Frequent presenting symptoms in pediatric IBD [4].

General Gastrointestinal Tract
Weight loss Abdominal pain
Fever Diarrhea

Anorexia Rectal bleeding
Delayed growth Nausea/vomiting
Lethargy/fatigue Constipation

Perianal disease (CD)
Mouth ulcers

Inflammatory bowel disease is often associated with extraintestinal manifestations
(EIM) and complications (EIC) [5]. Reportedly, EIM occur in approximately 5-50% of
patients [5]. The organs most commonly affected are joints, skin, ocular system and
hepatobiliary tract, although nearly every system may be involved [6]. Table 2 summarizes
the extraintestinal manifestations and complications (EIM and EIC) of IBD.

Table 2. Extraintestinal manifestations (EIM) and complications (EIC) of IBD.

System Manifestation/Complication

Generalized Fever .[7], weight loss [8], fatigue [7,9], nausea/vomiting /appetite
changing [7]

Ocular Uveitis/episcleritis/iritis / conjunctivitis [6,10]

Oral Cheilitis/stomatitis/oral ulcerations [6,11]

Pulmonary Pulmonary vasculitis/fibrosing alveolitis [12,13]

Vascular Vasculitis /thrombosis [14,15]

- Primary sclerosing cholangitis/fatty liver disease/granulomatous

Hepatobiliary o - - . . .
hepatitis/autoimmune liver disease/cholestasis/gallstone formation [6,16]

Pancreatic Pancreatitis (acute, chronic, autoimmune) [17]

. Nephrolithiasis [18]/tubulointerstitial nephritis [19]/glomerulonephritis
Renal/Urinary [20]/amyloidosis [21]
Hematologic Iron deficiency/chronic anemia/thrombocytosis/vitamin B12
& deficiency /autoimmune hemolytic anemia [6,22]

Endocrine Decreased growth velocity/delayed sexual maturation [23,24]

Integumentary Erythema nodosum/pyoderma gangrenosum/perianal disease/CD [6,25]
Osteopenia and osteoporosis/arthritis/arthralgias/ankylosing
spondylitis /sacroiliitis [23,26]

Musculoskel'etal‘ Venous and arterial thrombotic and thromboembolic events/demyelinating

Neuropsychiatric

diseases/peripheral neuropathies/white matter lesion/psychiatric
disorders [27]

The burden of living with various and multisystemic symptoms, and the need for
implementing treatment has piqued considerable interest in the mental health management
of patients with IBD [28].

The incidence of inflammatory bowel disease (IBD) appears to be more common
in northern countries as well as in industrialized areas [29], and studies have shown
that the risk for serious mental illness is generally higher in cities compared to rural
areas [30]. Approximately 25% of patients diagnosed with IBD are younger than 18 years
old. Although pediatric incidence is currently lower than that in adults, it continues to
increase, and there is evidence that the illness can be chronic and has a very aggressive
evolution in this particular group of patients [1,31,32].
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2. Psychological Implications in Inflammatory Bowel Disease
2.1. Inflammatory Bowel Disease and Its Psychological Implications in Childhood and
Young Adulthood

The pediatric manifestation of inflammatory bowel disease cannot be separated
from its psychosocial context. Children and adolescents frequently feel embarrassed and
ashamed by fecal incontinence and frequent bathroom visits and often experience social
anxiety due to school absences, nutritional strategies such as exclusion diets and distorted
body image perception related to short stature or other physical effects of gastrointestinal
diseases [33,34]. Additional factors such as age, social support network, primarily repre-
sented by the family and coping mechanisms to stress may also influence how adolescents
manage and react to their somatic burden [35]. Fatigue is a common symptom reported by
children affected by IBD [36] and it refers to a subjectively overwhelming sense of tiredness
associated with lack of energy and exhaustion that decreases the capacity for physical and
mental activity, decreasing quality of life in similar ways as rheumatologic disease and
cancer [37,38]. Fatigue, exhaustion, diminished physical activity and trouble sleeping are
more common in children and adolescents with IBD than in their healthy counterparts.
Fatigue is likely to be a multifactorial phenomenon and includes biological factors (such as
disease activity), psycho-behavioral factors (such as anxiety, depression and family sup-
port) disorder [39]. The above-described factors can contribute to significant psychological
and functional factors (such as decreased functional capacity) [37,38]. Moreover, fatigue
represents a core symptom in major depressive burden that influences disease outcomes
and patient’s psychological development [40].

Moreover, inflammatory bowel disease is increasingly being recognized as a complex
multifactorial and multisystemic disorder [6]. Alarmingly high rates of depression within
the adolescent IBD population have been observed in the largest population-based study,
which aimed to evaluate the burden of psychiatric disorders in children and young adults
with IBD in USA, comprising a total of 11,316,450 patients aged between 5 and 24 years,
including 58.020 patients with a diagnosis of IBD. The prevalence of psychiatric disorders
was found to be 21.6% among IBD, and mainly comprised depression and anxiety disorders.
The study’s results also indicate that IBD is five times more likely to be associated with
psychiatric disorders than controls (p < 0.001) [41]. Furthermore, studies on pediatric and
adult populations show a significant relationship between depression and anxiety with
IBD disease activity and evolution [42-44]. In 2018, Van den Brink et al. conducted a
randomized controlled trial, concluding that active disease was a significant risk factor for
depressive symptoms (OR 4.6, p < 0.001). Other significant risk factors for anxiety and/or
depression included female gender (OR 1.7), active disease (OR 1.9), and a shorter disease
duration (OR 1.4) (all p < 0.025) [43]. Furthermore, a meta-analytic review comprising
a total of 1167 young people with IBD (M age = 14.33, 50% female) concluded that they
had higher rates of depressive disorders and internalizing disorders than young people
with other chronic conditions [45]. Extensive research has explored the idea that mental
health comorbidities are only a direct result of the global burden of living with a chronic
disease or complex mechanism involved in gut-brain interactions. Recent studies indi-
cate that the relationship between IBD and mental illness can be bidirectional, evoking
the systemic inflammation that damages the body’s immune and nervous systems and
is a possible mechanism for both IBD and mental illness, as well as complex gut-brain
interactions [46—49]. Moreover, another management impairment is that patients with
IBD and co-morbid depression and/or anxiety may be less likely to adhere to medical
care procedures and therapeutic schemes, resulting in unnecessary escalation in therapy
and complications [50-52]. The importance of family support and the coordination of the
medical treatment are factors of pediatric IBD management that can impact psychological
outcomes for children affected by the disease [53]. Younger and middle-aged adolescents
benefitted from family support in the context of IBD care management according to Feld-
man et al.’s (2020) analysis conducted on 76 young IBD patients aged between 11 and
18 [51]. Dealing with a chronic illness and a lifelong management can be overwhelming
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for children [54]. As described in other chronic disease such as diabetes, poor treatment
adherence can cause a high prevalence of psychiatric comorbidities [55]. Lifestyle changes
sometimes occur unexpectedly due to disease exacerbation, impacting the lives of both
patient and parents, resulting in disruptions to family life. According to a study comprising
87 patients and their parents, a worse disease course was directly associated with the
increased distress of parents and indirectly with the lower health-related quality of life
(HRQOL) of pediatric patients with IBD, emphasizing that parental distress should be
considered in the management of pediatric IBD to improve HRQOL of children [56,57].

Anxiety symptoms may also be related to arising concerns about different lifestyles
compared to other children and related to the unknown progression of the illness (relapse
or complications of disease requiring surgical procedures or colostomy that can impact
one’s body-image perception and self-esteem) [34,58]. Social impairments may be caused
by educational deficiencies due to school absences [59,60], as well as low self-esteem due
to delayed development or a lack of satisfaction with one’s physical appearance [61]. It is
also important to acknowledge and prevent any educational impairments of children with
IBD in order to prevent any delays in educational acquisitions. The financial burden of a
chronic illness as well as familial sacrifices, repeated hospitalizations, and family issues are
problems that a child with IBD may face [62].

Assessing the adaptation of pediatric patients to disease is an important component of
long-term management of children with IBD. Existing models of assessment tools focus
on evaluating a patient’s social support network, coping mechanisms and skills, daily
activities, and body image perception [56,57].

2.2. Critic Period: Transition from Pediatric to Adult Inflammatory Bowel Disease Care

While the pediatric management of chronic illnesses includes the benefit provided
by the patients” family support, the transition from children to adult life mandates the
development of abilities of self-management and self-care. This transition can be facilitated
by gradually increasing the patient’s responsibility and participation in their care plan.
Older adolescents should be taught to recognize the warning signs of an emergency and be
able to appropriately describe the manifestations and seek immediate treatment, as well as
being familiar with administered medication. It is well documented that any discontinuity
in patients with IBD care during the transition from a pediatric to adult patient can result
in severe adverse outcomes, unfavorable evolution and higher medical costs [53]. Because
most patients with pediatric-onset inflammatory bowel disease progress into adulthood,
the chances of disease’s long- and short-term complications increase, and burdens of IBD
are also increased by psychosocial factors including poor coping ability and other obstacles
regarding medical management, as described above. The economic burden and financial
impact of a chronic illness must be taken into account in patients experiencing chronic
and debilitating symptoms, especially regarding the current evidence for an impaired
quality of working life in IBD patients [63]. Regarding work impairments, concentration
problems (72%), low working pace (78%) and delayed work productivity (50%) were the
most prevalent IBD-related work difficulties described in a questionnaire-based study
including 202 IBD patients [64].

It is ideal for the transition from pediatric to adult care to happen when young adults
already have a basic understanding of IBD, as well as its therapeutic schemes, prognosis
and evolution in both the presence and absence of specific treatments [65,66]. Somatic
disease course is beneficial for young adults who have stable mental health, sufficient
self-efficacy and are willing to communicate regarding self-care behaviors, developing a
beneficial patient-healthcare worker relationship [66,67]. On the other hand, it is widely
known that self-management skills may be undermined by the onset of mental illnesses or
other psychosocial problems; therefore, it is critical to efficiently diagnose and treat any
mental-health-related disturbances.

Findings from a pilot study conducted in the United States of America aimed to
understand disease transitions from a broader psychosocial perspective. The results show
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that transition barriers include disease uncertainty and lack of control, psychological
distress, and disruptions to daily life [33]. Facilitators such as mental health support,
adequate social support and adequate communication ease the transition process for young
patients. Furthermore, the study highlights certain particular and adaptable interventions
for facilitating the transition to adulthood IBD care and management, as presented in
Table 3 [33,68-70].

Table 3. Interventions considered to facilitate IBD care transition [33].

Adaptab{e Elements/Examples
Intervention

What is IBD and what symptoms are most prominent for you day-to-day?
Develop a What are some of the challenges that you might experience related to having
disease IBD (e.g., managing medications, medical procedures, dietary or activity

narrative restrictions)?
In what ways have you grown through the challenges of living with IBD?

Practice Write a gratitude letter
gratitude Keep a gratitude journal

Engagement with the IBD community
Pay it forward  Voluntary
Mentorship

Specific

Measurable

Achievable goals
Relevant

Time-sensitive

Set SMART
Goals

Optimizing education about the complex interactions of the gut and brain axis
Understanding relationship stress symptoms

Master the Useful questions:

gut-brain axis ~ What do you notice about how your stress levels influence your IBD symptoms?
Conversely, when you begin to experience the onset of IBD symptoms, how
does that impact your mental state?

Although we present several interventions/facilitators, additional research is needed
to evaluate the impact of incorporating these exercises into psychosocial programs and to
discover further targeted interventions designed to facilitate the transition process.

Finally, these interventions can be introduced to patients at any age and in any order
following the opinion of a healthcare professional regarding the most appropriate treatment
for the patient and their particularities. However, if not previously initiated, the pediatric-to-
adult transition may benefit from the inclusion of these interventions in care management.

The above-mentioned interventions are recommendations that can be implemented
during the pediatric IBD care management or as part of transitioning process. The interven-
tions are based on positive psychology and cognitive-behavioral principles, which may be
associated with improved disease outcomes across the spectrum of digestive disorders [71].

These facilitating interventions can be introduced to patients at any age and include
the following recommendations:

e Develop a disease narrative to develop ways to talk about IBD with those who are not
familiar with the disease. Before transitioning to adult care, pediatric patients may
benefit from establishing their own disease narrative. By discussing how the disease
has affected the patient’s life experiences in a positive way can encourage patients to
adopt an optimistic point of view, be self-efficient, and advocate for themselves. This
method of communication strengthens mechanisms of growth and learning abilities
and was previously associated with happiness, gratefulness, as well as reduced stress
and depressive symptoms [72].
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e  Practicing gratitude has the benefit of enhancing support and strengthening existing
connections and social support networks. Examples of gratitude activities include
writing letters (in which the patient expresses their gratitude to the persons that helped
them during difficult times) and writing a gratitude journal (logging disease symptoms
and subsequent emotions that can be easily accessed to help patients focus on the
positive aspects of their lives) [33,73].

e Paying it forward means to engage in IBD community activities such as volunteering
and mentorship for the newly diagnosed patients. These interventions can boost self-
efficacy and are associated with increased satisfaction, well-being and happiness [74].

o  Setting SMART goals is a means to divide up large and sometimes difficult goals
into smaller and more achievable targets. Setting SMART goals for IBD management
can allow adolescent patients and their caregivers to prioritize the goals of interest,
focusing on optimizing their chances of successfully completing the tasks, conse-
quently building efficacy that prepares patients to reach the disease management
independency.

SMART is an acronym that highlights the key features of the goal:

Specific: what, where, and when will we work toward on this goal?

Measurable: how can we evaluate if we have achieved the goal or not?

Achievable: is this goal within the realm of possibility?

Relevant to larger goals: does this goal fit into my value system?

Time-sensitive: at what point will we check in on progress to determine whether we
have reached the goal? [75]

e  Mastering the gut-brain axis means to optimize education about the complex in-
teractions of the gut-brain axis that may help pediatric patients to better manage
their disease. Helping patients differentiate between their symptoms can help reduce
concerns for those who may feel that stress-induced symptoms are not important.
It is therefore mandatory for doctors to identify certain concerning symptoms and
establish multidisciplinary approaches with qualified mental health professionals
(psychologists and psychiatrists) [33,76].

2.3. Anatomopathology and Reported Pathogenesis of Psychiatric Implications in Patients with
Inflammatory Bowel Disease

The complexity of the gut-brain axis has sparked significant interest from researchers
over the last twenty years [49,77,78]. The gut-brain axis is a complex bidirectional com-
munication system driven by neural, hormonal, metabolic, immunological, and microbial
signals [77,78]. Signaling events from the gut can modulate brain function, and recent
evidence suggests that the gut-brain axis may play a pivotal role in linking gastrointestinal
and neuropsychiatric pathologies [78,79]. In a review article, RK Masanetz et al. explored
a series of cascade events along the gut-immune-brain axis, initiated by the evasion of
chronic intestinal inflammation, that pass through the epithelial-vascular barrier in the
gut and cause systemic inflammation [79]. Moreover, the malfunctioning of the gut-brain
axis described in IBD patients includes structural and functional abnormalities of the en-
teric nervous system (ENS) and induced abnormal, innate, and adaptive immunological
responses, affecting intestinal barrier integrity and leading to systemic fallout [80]. It has
been postulated that neuroinflammation-induced depression in IBD involves peripheral
inflammatory mediators originating from the inflammation in the gastrointestinal system,
penetrating the blood-brain barrier and activating the resident macrophage-like microglial
cells within the central nervous system [46,81,82].

It has been reported that neuroinflammation can induce the dysregulation of the
hypothalamus—pituitary—adrenal (HPA) axis [83] and decrease serotonin levels [84], as
well as altering the hippocampus [85], mechanisms involved in major depressive disorder
(MDD) [81]. In a previous study, low serum serotonin levels were correlated with depressive
symptoms [86] and in a small study, plasmatic serotonin level was used as a screening
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marker for anxiety and depression in patients with type 2 diabetes [87]. Further studies are
essential for evaluating the use of serum serotonin as a predictor of depression.

Bonaz BL (2013) suggested a dysfunction of brain—gut interactions in the pathogenesis
of IBD, evidenced by the dysfunctionality of the autonomic nervous system and abnormal
functioning of the hypothalamic—pituitary—adrenal axis. Their study is supported by [77],
which found similar results for the cholinergic anti-inflammatory pathway [88]. The
harmful effect of stress, abnormal association of the prefrontal cortex-amygdala, and an
abnormal microbiota—brain relationship were found in pro-inflammatory models [83,88].

In Neurogastroenterology and Motility, Agostini et al. (2013) evaluated patients with
Crohn’s disease for brain volumetric alterations, and the results indicate decreased gray
matter volumes in the dorsolateral prefrontal cortex and anterior midcingulate cortex.
Illness time evolution was negatively correlated with volumetric measures in the subgen-
ual anterior cingulate cortex, posterior midcingulate cortex, ventral posterior cingulate,
and parahippocampal cortex [89]. The anterior midcingulate cortex was responsible for
feedback-mediated decision making [90]. The gray matter volume in the subgenual anterior
cingulate cortex was found to be abnormally reduced in subjects with major depressive
disorder and bipolar disorder [91,92]. The ventral posterior cingulate cortex plays a role
in self-monitoring the personal relevance of somatosensory stimuli. It is also involved in
spatial processing, actions in space, and some types of memory pathways [93] that may
be interrupted by posterior cingulate cortex atrophy, as discovered in small studies of
Crohn’s disease [89,94]. Moreover, a systematic multi-database study comparing adult
IBD patients versus healthy controls (1 = 687) concluded that IBD patients had significant
deficits in attention, executive function, and working memory compared with healthy
controls, suggesting that cognitive impairment is a potential extraintestinal manifestation
of IBD [95]. Another small comparative study on a pediatric population found that patients
with IBD and cystic fibrosis performed more poorly than healthy controls in attention and
memory tests [96].

Moreover, white matter alterations have also been observed in IBD patients compared
to controls in a small number of studies on nervous system imaging in patients with IBD.
The lesions were clinically asymptomatic and potentially associated with IBD, and whether
these structural changes represent a unique extraintestinal manifestation of the disease
remains unclear and further studies must be conducted [97]. In contrast, a study with a
relatively small sample size did not find an increased rate of white matter lesions among
patients with IBD when compared to healthy controls [98]. Conflicting data and small
studies regarding white matter lesions mandate further studies.

Inflammatory bowel disease has been associated with a higher risk of cerebrovascular
accidents [99] according to a study including 261,890 IBD patients compared to non-IBD
patients (6.24% vs. 0.48%, p < 0.0001) [100]. The hypercoagulability [14] state present in
IBD could be a mechanism by which the presence of IBD might lead to the development of
cerebrovascular accidents.

2.4. Mental Disorders Associated with Inflammatory Bowel Disease

In patients with IBD, several studies have described an increased frequency of var-
ious mental disorders, ranging from mild depression to severe forms of schizophrenia
and serious dementia, but the prevalence of mental disorders depends on the study, as
described below.

Upon examining the literature, depression and anxiety disorders were the most studied
mental health disorders, both in pediatric and adult IBD patients [41,101,102].

IBD patients often suffer from anxiety and depression that may influence the course of
disease via the complexity of the gut-brain axis [101]. In a systematic review, Mickoka et al.
(2016) demonstrated that the prevalence of anxiety and depression is higher in patients with
IBD and even higher in the active phase of the disease [101]. A review and meta-analysis
of 60.114 adult and pediatric IBD patients identified high prevalence of: mood disorders,
10%; anxiety disorders, 12%; substance misuse, 3%; psychotic disorders, 2%; behavioral
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disorders, 1%; personality disorders, 3%; developmental disorders, 1%; and behavioral and
emotional disorders with onset usually during childhood, 1% [102].

Thavamani et al. conducted a retrospective case—control analysis, including 58,020 IBD
pediatric patients, of which 12,540 were diagnosed with psychiatric disorders. Depression,
anxiety and adjustment disorder contributed to about 95% of all psychiatric disorders.
Among the screened psychiatric disorders, IBD patients had an increased risk of associated
anxiety, depression, panic disorder, phobias and dysthymias [41]. The study results are
presented in Table 4.

Table 4. Association between psychiatric disorders and inflammatory bowel disease in pediatric
population and young adults (<24 years) (adapted following Thavamani et al.) [41].

Mental Health Disorder Odds Ratio (OR) Lower CI-Upper CI p-Value
Bipolar disorder 3.5 3.3-3.73 <0.001
Depression 3.94 3.82-4.06 <0.001
Anxiety disorder 4.05 3.96-4.16 <0.001
Any mental health disorder 3.83 3.75-3.91 <0.001

Comparatively, Bernstain et al. conducted a retrospective matched-control study
analyzing the incidence and prevalence of psychiatric disorders in an adult IBD cohort
compared with a matched cohort without IBD [103]. The results are presented in Table 5.

Table 5. Association between psychiatric disorders and inflammatory bowel disease in young adult
(18-24 years) and adult populations (>24 years) (adapted following [103]).

IRR Incidence Rate Ratio in

Mental Health Disorder IBD Patients IRR in Match Cohort p Value
Depression 1.58 (>) 1.0 p <0.05
Anxiety disorder 1.39 (>) 1.0 p<0.05
Bipolar disorder 1.82 (>) 1.0 p <0.05
Schizophrenia 1.64 (>) 1.0 p >0.05

Various researchers studied the risk factors of depression among patients with IBD
and concluded that age, severe disease, flare ups, disability, unemployment, socioeconomic
impairment [104] and coronavirus disease 2019 isolation due to extensive lockdown mea-
sures are factors responsible for developing depressive symptoms [105]. Various studies
highlight the increased risk of suicide among IBD patients [106-108].

There is conflicting research data regarding the association between bipolar disorder
and inflammatory bowel disease. A population-based, cross-sectional study from Taiwan
demonstrated that patients with IBD were more likely to have bipolar disorder. Moreover,
a national cohort study conducted in Denmark presented a higher risk of bipolar disorder
only in patients with CD [109,110]. Thavamani et al. observed a high odds ratio (OR) of
bipolar disorder in an IBD pediatric population [41]. In 2022, Wang et al. found a significant,
positive association for genetically predicted bipolar disorder with the risk for IBD and
ulcerative colitis (per log/odds ratio increase; odds ratios: 1.18 and 1.19, respectively) [111].

Regarding comorbid IBD-schizophrenia, studies show inconsistent results. While
a population-based cohort study conducted in Taiwan (2020) demonstrated a significant
association between schizophrenia and subsequent IBD development (1.14% vs. 0.25%
in non-IBD population), other studies failed to demonstrate any association between
somatic and mental illnesses [112,113]. In pediatric populations, rare and isolated cases of
medication-induced psychosis are described in the literature [114,115]

Recent evidence suggests there is a possible association between IBD and eating
disorders, although the exact mechanisms involved in its ethio-pathogenesis are not fully
understood. This association may lead to worse prognosis [108,116,117].
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Table 6 presents the association between childhood-onset inflammatory bowel disease
and mental health disorders in adulthood as well as the specific adaptation hazard ratios
as found by Butwicka et al. (2019) [108].

Table 6. Association between childhood-onset IBD and psychiatric comorbidities [108].

Psychiatric Pathology in Patients with Childhood-Onset Inflammatory Bowel Disease

Psychiatric Pathology Ulcerative Colitis Crohn’s Disease IBD—Unclassified

HR (85% CI) p Value HR (85% CI) p Value HR (85% CI) p Value
Psychotic disorders 0.9 (0.5-1.5) 0.58 1.3 (0.8-2.2) 0.27 0.8 (0.2-3.1) 0.7
Mood disorder 1.4 (1.3-1.7) <0.001 1.6 (1.4-1.9) <0.001 1.8 (1.3-2.4) <0.001
Anxiety disorders 1.6 (1.4-1.8) <0.001 2.2(1.9-24) <0.001 2.4 (1.9-3.0) <0.001
Eating disorders 1.3 (0.9-1.8) 0.13 1.9 (1.4-2.6) <0.001 2.4 (1.3-4.3) 0.005
Substance misuse 1.1 (0.9-1.3) 0.33 1.2 (0.9-1.4) 0.16 0.7 (0.4-1.1) 0.12
Personality disorders 1.4 (1.0-2.0) 0.03 1.2 (0.8-1.8) 0.44 2.0 (1.0-3.9) 0.04
Behavioral disorders 0.8 (0.3-1.9) 0.64 2.0 (1.0-3.9) <0.05 1.4 (0.3-5.8) 0.62
ADHD 1.2 (1.0-1.5) 0.07 1.2 (0.9-1.5) 0.13 1.1 (0.6-1.7) 0.8
Autism spectrum disorders 1.5 (1.1-2.1) 0.01 1.2 (0.8-1.7) 0.42 1.6 (0.8-3.3) 0.19
Intellectual disability 1.1 (0.7-1.9) 0.62 0.9 (0.4-1.7) 0.68 2.7 (1.2-5.7) 0.01
All psychiatric disorders 1.4 (1.3-1.5) <0.001 1.7 (1.6-1.9) <0.001 1.8 (1.5-2.1) <0.001
Suicide attempts 1.2 (0.9-1.6) 0.23 1.5 (1.1-2.0) 0.01 2.3 (1.4-3.8) 0.001

Abbreviations: HR—hazard ratio, IBD—inflammatory bowel disease.

Moreover, suicide represents a serious global public health burden. According to
the WHO (World Health Organization), approximately 703,000 people per year die from
suicide worldwide [118]. In 2019, suicide accounted for more than 1 out of 100 deaths,
and 58% of suicides occurred before age 50. Mental disorders are the leading cause of
disability worldwide, accounting for one in six cases of disability [119]. Patients diagnosed
with severe mental health conditions die on average 10-20 years earlier than the general
population. Sexual molesting and bullying are major causes of depression in children, and
bullying should not be overlooked in pediatric IBD patients, especially in those who lack
confidence in their physical appearance [119].

The most severe outcome in patients with depression is suicide, but the risk of suicide
in patients with IBD is not entirely clear. A systematic review based on 28 studies concluded
that patients with inflammatory bowel disease were associated with an increased risk of
suicide attempts (relative risk= 1.39; 95% CI, 1.08-1.79) and deaths from suicide (relative
risk= 1.25; 95% CI, 1.09-1.43) compared to controls. The review also concluded that
Crohn’s disease subtypes, female patients, childhood-onset IBD, young-adult IBD, and
short-duration IBD characteristics are factors that carry a high risk of suicide [106]. Another
case—control study regarding the Danish population highlights the necessity to correctly
assess the risk of suicide among IBD patients. The results indicate increased rates of
suicide among participants with CD (odds ratio = 1.6, 95%) and UC (OR = 1.9, 95%) [120].
Butwicka et al. observed an increased hazard ratio (HR = 1.2, respectively 1.5) in UC and
childhood-onset CD [108].

Regarding these findings, healthcare providers should consider a multidisciplinary
approach that includes medical and psychological factors. Psychological factors should
always be considered via assessments of depressive symptomology and the co-occurrence
of suicide risk, especially if patients with IBD present co-occurring factors, such as active
disease phase or high pain levels, that increase the risk of suicide [59]. The identification
and treatment of mental health conditions such as depression in IBD populations is essential
for reducing the high number of patients at risk of suicide [121]. Childhood traumas must
also be assessed, as certain traumatic events may increase suicide risk [122].
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3. Conclusions

To our knowledge, childhood-onset inflammatory bowel disease has an impact on
more than just the gastrointestinal tract; patients often have psychological comorbidities
and mental health implications further in adult life. Although the pathogenetic mechanisms
between inflammatory bowel disease and mental illnesses are not fully elucidated, genetic
factors and the gut-brain interaction seem to contribute to the increased prevalence of
mental disorders in patients with IBD, and further studies must be established in order to
describe and elucidate the complex mechanisms. Childhood-onset inflammatory bowel
disease tends to have a more severe evolutive course than IBD diagnosed in adulthood, and
mental health burden adds to the overall low quality of life rates described in this particular
group of patients. Psychiatric comorbidities are independent predictors of the severity of
IBD symptoms, not only negatively impacting a patient’s quality of life, but also increasing
healthcare utilization and economic burden. The importance of family support and the
coordination of the medical treatment is a particularity that can impact psychological
outcomes for children affected by inflammatory bowel disease. Addressing mental health
problems in pediatric patients with IBD can improve their medication adherence and
somatic disease course, reducing overall morbidity and mortality. Specific measurable
variables such as serum serotonin levels may become useful tools in assessing a patients’
risk of developing psychiatric comorbidities such as depression, but further larger research
studies are required.

Understanding the need to implement various transition mechanisms of psychological
support from childhood to adulthood care in patients with IBD is important for both
healthcare providers and insurance payers, as it has a direct impact on medical care
and disease outcomes. It is ideal for the transition from child to adult care to happen
when young adults already have a good general understanding of their disease. Social
and educational impairments in pediatric patients require special attention regarding the
management of inflammatory bowel disease patients because adaptation difficulties can
underlie the development of serious mental health problems in adult life and decrease the
global functionality.

Somatic disease courses may benefit patients who are stable in terms of their mental
health and have sufficient self-efficacy and willingness to communicate regarding self-care
behaviors.

The increased frequency of psychiatric comorbidities in childhood-onset inflamma-
tory bowel disease, as described in the literature, especially mood and anxiety disorders,
demonstrates that early interventions can prevent and attenuate the development of serious
psychiatric pathologies; however, further studies and investigations are mandatory for
developing the best approaches and multidisciplinary protocols to manage mental health
implications in pediatric inflammatory bowel disease. We believe that further prospec-
tive follow-up studies on the prevalence of psychiatric disorders in childhood-onset IBD
populations would be greatly valuable and of considerable interest to researchers.
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Abbreviations

CD Crohn’s disease

CI Confidence interval

EIM Extraintestinal manifestations
EIC Extraintestinal complications
HPA Hypothalamus—pituitary—-adrenal axis
HRQOL  Health-related quality of life
IBD Inflammatory bowel disease
MDD Major depressive disorder
OR Odds ratio

IRR Incidence rate ratio

ucC Ulcerative colitis

WHO World Health Organization

References

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Conrad, M.A.; Rosh, J.R. Pediatric Inflammatory Bowel Disease. Pediatr. Clin. N. Am. 2017, 64, 577-591. [CrossRef] [PubMed]
Diefenbach, K.A.; Breuer, C.K. Pediatric inflammatory bowel disease. World ]. Gastroenterol. 2006, 12, 3204-3212. [CrossRef]
[PubMed]

Murch, S.H.; Baldassano, R.; Buller, H.; Chin, S.; Griffiths, A.M.; Hildebrand, H.; Jasinsky, C.; Kong, T.; Moore, D.; Orsi, M.
Inflammatory Bowel Disease: Working Group Report of the Second World Congress of Pediatric Gastroenterology, Hepatology,
and Nutrition. J. Pediatr. Gastroenterol. Nutr. 2004, 39 (Suppl. 52), S647-5654. [CrossRef]

Rosen, M.]J.; Dhawan, A.; Saeed, S.A. Inflammatory Bowel Disease in Children and Adolescents. JAMA Pediatr. 2015, 169,
1053-1060. [CrossRef]

Malik, T.E; Aurelio, D.M. Extraintestinal Manifestations of Inflammatory Bowel Disease. In StatPearls; StatPearls Publishing:
Tampa, FL, USA, 2022.

Aloi, M.; Cucchiara, S. Extradigestive manifestations of IBD in pediatrics. Eur. Rev. Med. Pharmacol. Sci. 2009, 13 (Suppl. S1),
23-32.

Singh, S.; Blanchard, A.; Walker, ].R.; Graff, L.A.; Miller, N.; Bernstein, C.N. Common Symptoms and Stressors Among Individuals
with Inflammatory Bowel Diseases. Clin. Gastroenterol. Hepatol. 2011, 9, 769-775. [CrossRef] [PubMed]

Moeeni, V,; Day, A.S. Impact of Inflammatory Bowel Disease upon Growth in Children and Adolescents. ISRN Pediatr. 2011, 2011,
365712. [CrossRef] [PubMed]

Jelsness-Jorgensen, L.-P.; Bernklev, T.; Henriksen, M.; Torp, R.; Moum, B.A. Chronic fatigue is more prevalent in patients with
inflammatory bowel disease than in healthy controls. Inflamm. Bowel Dis. 2011, 17, 1564-1572. [CrossRef]

Troncoso, L.L.; Biancardi, A.L.; de Moraes, H.V,, Jr.; Zaltman, C. Ophthalmic manifestations in patients with inflammatory bowel
disease: A review. World ]. Gastroenterol. 2017, 23, 5836-5848. [CrossRef]

Klichowska-Palonka, M.; Komsta, A.; Pac-Kozuchowska, E. The condition of the oral cavity at the time of diagnosis of inflamma-
tory bowel disease in pediatric patients. Sci. Rep. 2021, 11, 21898. [CrossRef]

Ji, X.-Q.; Wang, L.-X.; Lu, D.-G. Pulmonary manifestations of inflammatory bowel disease. World ]. Gastroenterol. 2014, 20,
13501-13511. [CrossRef]

Olpin, J.D.; Sjoberg, B.P.; Stilwill, S.E.; Jensen, L.E.; Rezvani, M.; Shaaban, A.M. Beyond the Bowel: Extraintestinal Manifestations
of Inflammatory Bowel Disease. Radiographics 2017, 37, 1135-1160. [CrossRef] [PubMed]

Zezos, P.; Kouklakis, G.; Saibil, F. Inflammatory bowel disease and thromboembolism. World ]. Gastroenterol. 2014, 20, 13863-13878.
[CrossRef]

Arvanitakis, K.D.; Arvanitaki, A.D.; Karkos, C.D.; Zintzaras, E.A.; Germanidis, G.S. The risk of venous thromboembolic events
in patients with inflammatory bowel disease: A systematic review and meta-analysis. Ann. Gastroenterol. 2021, 34, 680-690.
[CrossRef] [PubMed]

Yarur, A.J.; Czul, E; Levy, C. Hepatobiliary manifestations of inflammatory bowel disease. Inflamm. Bowel Dis. 2014, 20, 1655-1667.
[CrossRef] [PubMed]

Fousekis, ES.; Theopistos, V.I.; Katsanos, K.H.; Christodoulou, D.K. Pancreatic Involvement in Inflammatory Bowel Disease: A
Review. J. Clin. Med. Res. 2018, 10, 743-751. [CrossRef] [PubMed]

Ganji-Arjenaki, M.; Nasri, H.; Rafieian-Kopaei, M. Nephrolithiasis as a common urinary sys-tem manifestation of inflamma-tory
bowel diseases; A clinical review and meta-analysis. ]. Nephropathol. 2017, 6, 264-269. [CrossRef]

Tokuyama, H.; Wakino, S.; Konishi, K.; Hashiguchi, A.; Hayashi, K.; Itoh, H. Acute interstitial nephritis associated with ulcerative
colitis. Clin. Exp. Nephrol. 2010, 14, 483-486. [CrossRef]

Ambruzs, ].M.; Walker, P.D.; Larsen, C.P. The Histopathologic Spectrum of Kidney Biopsies in Patients with Inflammatory Bowel
Disease. Clin. J. Am. Soc. Nephrol. 2014, 9, 265-270. [CrossRef]

Elaziz, M.M.A; Fayed, A. Patterns of renal involvement in a cohort of patients with inflammatory bowel disease in Egypt. Acta
Gastro Enterol. Belg. 2018, 81, 381-385.

121



Diagnostics 2023, 13, 1868

22.
23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Shizuma, T. Coexistence of Crohn’s Disease and Autoimmune Hemolytic Anemia. Austin. |. Gastroenterol. 2015, 2, 1043.

Jin, H-Y; Lim, J.-S.; Lee, Y.; Choi, Y.; Oh, S.-H.; Kim, K.-M.; Yoo, H.-W.; Choi, J.-H. Growth, puberty, and bone health in children
and adolescents with inflammatory bowel dis-ease. BMC Pediatr. 2021, 21, 35. [CrossRef] [PubMed]

Amaro, F; Chiarelli, F. Growth and Puberty in Children with Inflammatory Bowel Diseases. Biomedicines 2020, 8, 458. [CrossRef]
Stephan, R.V.; Schoepfer, A.; Scharl, M.; Lakatos, P.L.; Navarini, A.; Rogler, G. Extraintestinal Manifestations of Inflammatory
Bowel Disease. Inflamm. Bowel Dis. 2015, 21, 1982-1992. [CrossRef]

Fornaciari, G.; Salvarani, C.; Beltrami, M.; Macchioni, P.L. Muscoloskeletal manifestations in inflam-matory bowel disease. Can. ].
Gastroenterol. 2001, 15, 399—-403. [CrossRef]

Plata-Bello, J.; Acosta-Lopez, S. Neurological Manifestations of Inflammatory Bowel Disease. In New Concepts in Inflammatory
Bowel Disease; Intechopen: London, UK, 2018. [CrossRef]

Umar, N.; Harvey, P; King, D.; Chandan, J.S.; Nirantharakumar, K.; Adderley, N.; Haroon, S.; Trudgill, N. O33 The association
between IBD and mental ill health: A retrospective primary care cohort studyGut. BJM 2022, 71, A20-A21.

Cui, G.; Liu, H,; Xu, G.; Laugsand, ].-B.; Pang, Z. Exploring Links Between Industrialization, Urbanization, and Chinese
Inflammatory Bowel Disease. Front. Med. 2021, 8, 757025. [CrossRef]

Gruebner, O.; Rapp, M.A.; Adli, M,; Kluge, U.; Galea, S.; Heinz, A. Cities and Mental Health. Dtsch. Arztebl. Int. 2017, 114,
121-127. [CrossRef]

Kuenzig, M.E.; Fung, S.G.; Marderfeld, L.; Mak, ] W.; Kaplan, G.G.; Ng, S.C.; Wilson, D.C.; Cameron, F.; Henderson, P.; Kotze,
P.G,; et al. Twenty-first Century Trends in the Global Epidemiology of Pediatric-Onset Inflammatory Bowel Disease: Systematic
Review. Gastroenterology 2022, 162, 1147-1159.e4. [CrossRef]

Mamula, P.; Markowitz, J.E.; Baldassano, R.N. Inflammatory bowel disease in early childhood and adolescence: Special con-
siderations. Gastroenterol. Clin. N. Am. 2003, 32, 967-995. [CrossRef]

Mendiolaza Michelle, L.; Feingold Jordyn, H.; Kaye-Kauderer Halley, P.; Dubinsky Marla, C.; Gorbenko Ksenia, O.; Keefer Laurie,
A. Transitions from pediatric to adult IBD care: Incorporating lessons from psychogastroenterology. Front. Gastroenterol. 2022, 1,
037421. [CrossRef]

Kum, D.J.; Bang, K.-S. Body image, self-esteem, and quality of life in children and adolescents with inflammatory bowel disease
in a tertiary hospital in South Korea. Child Health Nurs. Res. 2021, 27, 181-189. [CrossRef]

Murray, C.D.R;; Flynn, J.; Ratcliffe, L.; Jacyna, M.R.; Kamm, M.A.; Emmanuel, A.V. Effect of acute physical and psychological
stress on gut autonomic innervation in irri-table bowel syndrome. Gastroenterology 2004, 127, 1695-1703. [CrossRef]

Van De Vijver, E.; Van Gils, A.; Beckers, L.; Van Driessche, Y.; Moes, N.D.; Van Rheenen, P.F. Fatigue in children and adolescents
with inflammatory bowel disease. World |. Gastroenterol. 2019, 25, 632-643. [CrossRef]

van Langenberg, D.R.; Gibson, PR. Systematic review: Fatigue in inflammatory bowel dis-ease. Aliment. Pharmacol. Ther. 2010, 32,
131-143. [CrossRef] [PubMed]

Marcus, S.B.; Strople, J.A.; Neighbors, K.; Weissberg-Benchell, J.; Nelson, S.P.; Limbers, C.; Varni, ].W.; Alonso, E.M. Fatigue and
Health-Related Quality of Life in Pediatric Inflammatory Bowel Disease. Clin. Gastroenterol. Hepatol. 2009, 7, 554-561. [CrossRef]
[PubMed]

Ghanean, H.; Ceniti, A K.; Kennedy, S.H. Fatigue in Patients with Major Depressive Disorder: Prevalence, Burden and Pharmaco-
logical Approaches to Management. CNS Drugs 2018, 32, 65-74. [CrossRef] [PubMed]

Mackner, L.M.; Greenley, R.N.; Szigethy, E.; Herzer, M.; Deer, K.; Hommel, K.A. Psychosocial issues in pediatric inflammatory
bowel disease: Report of the north American society for pediatric gastroen-terology, hepatology, and nutrition. |. Pediatr.
Gastroenterol. Nutr. 2013, 56, 449-458. [CrossRef]

Thavamani, A.; Umapathi, K.K.; Khatana, J.; Gulati, R. Burden of Psychiatric Disorders among Pediatric and Young Adults with
Inflammatory Bowel Disease: A Population-Based Analysis. Pediatr. Gastroenterol. Hepatol. Nutr. 2019, 22, 527-535. [CrossRef]
Brink, G.V.D.; Stapersma, L.; Vlug, L.; Rizopolous, D.; Bodelier, A.; Van Wering, H.; Hurkmans, P.; Stuyt, R.; Hendriks, D.; Van
Der Burg, J.; et al. P205 Prevalence and risk factors for anxiety and depressive symptoms in children, adolescents and young
adults with inflammatory bowel disease. . Crohn’s Colitis 2018, 12 (Suppl. S1), S202-5203. [CrossRef]

Brink, G.V.D,; Stapersma, L.; Vlug, L.E.; Rizopolous, D.; Bodelier, A.G.; van Wering, H.; Hurkmans, PC.W.M,; Stuyt, R.J.L.;
Hendriks, D.M.; van der Burg, ].A.T,; et al. Clinical disease activity is associated with anxiety and depressive symptoms in
adolescents and young adults with inflammatory bowel disease. Aliment. Pharmacol. Ther. 2018, 48, 358-369. [CrossRef]
Szigethy, E.; Levy-Warren, A.; Whitton, S.; Bousvaros, A.; Gauvreau, K.; Leichtner, A.M.; Beardslee, W.R. Depressive Symptoms
and Inflammatory Bowel Disease in Children and Adolescents: A Cross-Sectional Study. J. Pediatr. Gastroenterol. Nutr. 2004, 39,
395-403. [CrossRef] [PubMed]

Greenley, R.N.; Hommel, K.A.; Nebel, J.; Raboin, T.; Li, S.H.; Simpson, P.; Mackner, L. A meta-analytic review of the psychosocial
adjust-ment of youth with inflammatory bowel disease. J. Pediatr. Psychol. 2010, 35, 857-869. [CrossRef]

Craig, C.F; Filippone, R.T; Stavely, R.; Bornstein, ]J.C.; Apostolopoulos, V.; Nurgali, K. Neuroinflammation as an etiological
trigger for depression comorbid with inflammatory bowel disease. J. Neuroinflamm. 2022, 19, 4. [CrossRef] [PubMed]

Keefer, L.; Kane, S.V. Considering the bidirectional pathways between depression and IBD: Recommendations for comprehensive
IBD care. Gastroenterol. Hepatol. 2017, 13, 164-169.

Gracie, D.J.; Ford, A.C. Psychological Comorbidity and Inflammatory Bowel Disease Activity: Cause or Effect? Clin. Gastroenterol.
Hepatol. 2016, 14, 1061-1062. [CrossRef]

122



Diagnostics 2023, 13, 1868

49.
50.

51.
52.
53.
54.
55.
56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.
76.

Appleton, J. The Gut-Brain Axis: Influence of Microbiota on Mood and Mental Health. Integr. Med. 2018, 17, 28-32.

Keethy, D.; Mrakotsky, C.; Szigethy, E. Pediatric inflammatory bowel disease and depression: Treatment implications. Current
opinion in pediatrics. Curr. Opin. Pediatr. 2014, 26, 561-567. [CrossRef]

Feldman, E.C.; Durkin, L.K.; Greenley, R.N. Family Support is Associated with Fewer Adherence Barriers and Greater Intent to
Adhere to Oral Medications in Pediatric IBD. J. Pediatr. Nurs. 2021, 60, 58—64. [CrossRef]

Spekhorst, L.M.; Hummel, T.Z.; Benninga, M.A.; van Rheenen, P.F; Kindermann, A. Adherence to Oral Maintenance Treatment in
Adolescents with Inflammatory Bowel Disease. J. Pediatr. Gastroenterol. Nutr. 2016, 62, 264-270. [CrossRef]

Abraham, B.P,; Kahn, S.A. Transition of Care in Inflammatory Bowel Disease. Gastroenterol. Hepatol. 2014, 10, 633-640.

Turkel, S.; Pao, M. Late Consequences of Chronic Pediatric Illness. Psychiatr. Clin. N. Am. 2007, 30, 819-835. [CrossRef] [PubMed]
Lica, M.; Papai, A.; Salcudean, A.; Crainic, M.; Covaciu, C.; Mihai, A. Assessment of Psychopathology in Adolescents with
Insulin-Dependent Diabetes (IDD) and the Impact on Treatment Management. Children 2021, 8, 414. [CrossRef] [PubMed]

Day, A.; Whitten, K.; Bohane, T. Childhood inflammatory bowel disease: Parental concerns and expectations. World J. Gastroenterol.
2005, 11, 1028-1031. [CrossRef]

Diederen, K.; Haverman, L.; Grootenhuis, M.A.; Benninga, M.A.; Kindermann, A. Parental Distress and Quality of Life in
Pediatric Inflammatory Bowel Disease: Implications for the Outpatient Clinic. J. Pediatr. Gastroenterol. Nutr. 2018, 66, 630-636.
[CrossRef] [PubMed]

De Boer, M.; Grootenhuis, M.; Derkx, B.; Last, B. Health-related quality of life and psychosocial functioning of adolescents with
inflammatory bowel disease. Inflamm. Bowel. Dis. 2005, 11, 400-406. [CrossRef] [PubMed]

Assa, A.; Ish-Tov, A.; Rinawi, F,; Shamir, R. School Attendance in Children with Functional Abdominal Pain and Inflammatory
Bowel Diseases. |. Pediatr. Gastroenterol. Nutr. 2015, 61, 553-557. [CrossRef]

Eloi, C.; Foulon, G.; Bridoux-Henno, L.; Breton, E.; Pelatan, C.; Chaillou, E.; Grimal, I.; Darviot, E.; Carré, E.; Gastineau, S.; et al.
Inflammatory Bowel Diseases and School Absenteeism. |. Pediatr. Gastroenterol. Nutr. 2019, 68, 541-546. [CrossRef]

Engstrom, I. Mental Health and Psychological Functioning in Children and Adolescents with Inflammatory Bowel Disease:
A Comparison with Children having Other Chronic Illnesses and with Healthy Children. . Child Psychol. Psychiatry 1992, 33,
563-582. [CrossRef]

Manzari, Z.S.; Mohsenizadeh, S.M.; Vosoghinia, H.; Ebrahimipour, H. Family caregivers’ burden in inflammatory bowel diseases:
An integrative review. J. Educ. Health Promot. 2020, 9, 289. [CrossRef]

van Gennep, S.; de Boer, N.K.H.; Gielen, M.E.; Rietdijk, S.T.; Gecse, K.B.; Ponsioen, C.Y.; Duijvestein, M.; D’'Haens, G.R,;
Loéwenberg, M.; de Boer, A.G.E.M. Impaired Quality of Working Life in Inflammatory Bowel Disease Patients. Dig. Dis. Sci. 2020,
66, 2916-2924. [CrossRef] [PubMed]

De Boer, A.G.; Evertsz’, EB.; Stokkers, P.C.; Bockting, C.L.; Sanderman, R.; Hommes, D.W.; Sprangers, M. A.; Frings-Dresen, M.H.
Employment status, difficulties at work and quality of life in inflammatory bowel disease patients. Eur. ]. Gastroenterol. Hepatol.
2016, 28, 1130-1136. [CrossRef] [PubMed]

Karve, S.; Candrilli, S.; Kappelman, M.D.; Tolleson-Rinehart, S.; Tennis, P.; Andrews, E. Healthcare Utilization and Comorbidity
Burden among Children and Young Adults in the United States with Systemic Lupus Erythematosus or Inflammatory Bowel
Disease. J. Pediatr. 2012, 161, 662-670.e2. [CrossRef] [PubMed]

Click, B; Rivers, C.R.; Koutroubakis, I.; Babichenko, D.; Anderson, A.; Hashash, J.G.; Dunn, M.A.; Schwartz, M.; Swoger, J.;
Baidoo, L.; et al. Demographic and Clinical Predictors of High Healthcare Use in Patients with Inflammatory Bowel Disease.
Inflamm. Bowel Dis. 2016, 22, 1442-1449. [CrossRef] [PubMed]

Carlsen, K.; Haddad, N.; Gordon, J.; Phan, B.L.; Pittman, N.; Benkov, K.; Dubinsky, M.C.; Keefer, L. Self-efficacy and Resilience
Are Useful Predictors of Transition Readiness Scores in Adolescents with Inflammatory Bowel Diseases. Inflamm. Bowel Dis. 2017,
23, 341-346. [CrossRef]

Regueiro, M.D.; McAnallen, S.E.; Greer, ].B.; Perkins, S.E.; Ramalingam, S.; Szigethy, E. The Inflammatory Bowel Disease Specialty
Medical Home: A new model of patient-centered care. Inflamm. Bowel Dis. 2016, 22, 1971-1980. [CrossRef]

Gray, W.N.; Holbrook, E.; Morgan, PJ.; Saeed, S.A.; Denson, L.A.; Hommel, K.A. Transition readiness skills acquisition in
adolescents and young adults with inflammatory bowel disease: Findings from integrating assessment into clinical practice.
Inflamm. Bowel Dis. 2015, 21, 1125-1131. [CrossRef] [PubMed]

Klostermann, N.R.; McAlpine, L.; Wine, E.; Goodman, K.J.; Kroeker, K.I. Assessing the Transition Intervention Needs of Young
Adults with Inflammatory Bowel Diseases. ]. Pediatr. Gastroenterol. Nutr. 2018, 66, 281-285. [CrossRef]

Feingold, ]J.; Murray, H.B.; Keefer, L. Recent Advances in Cognitive Behavioral Therapy for Digestive Disorders and the Role of
Applied Positive Psychology Across the Spectrum of GI Care. J. Clin. Gastroenterol. 2019, 53, 477-485. [CrossRef]

Scheier, M.F,; Carver, C.S. Optimism, coping, and health: Assessment and implications of generalized outcome expectancies.
Health Psychol. 1985, 4, 219-247. [CrossRef]

Komase, Y.; Watanabe, K.; Hori, D.; Nozawa, K.; Hidaka, Y.; lida, M.; Imamura, K.; Kawakami, N. Effects of gratitude intervention
on mental health and well-being among workers: A systematic review. J. Occup. Health 2021, 63, €12290. [CrossRef]

Thoits, P.A.; Hewitt, L.N. Volunteer Work and Well-Being. J. Health Soc. Behav. 2001, 42, 115-131. [CrossRef]

Bailey, R.R. Goal Setting and Action Planning for Health Behavior Change. Am. ]. Lifestyle Med. 2017, 13, 615-618. [CrossRef]
Keefer, L.; Palsson, O.S.; Pandolfino, J.E. Best Practice Update: Incorporating Psychogastroenterology Into Management of
Digestive Disorders. Gastroenterology 2018, 154, 1249-1257. [CrossRef]

123



Diagnostics 2023, 13, 1868

77.

78.

79.

80.
81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Ge, L.; Liu, S,; Li, S,; Yang, J.; Hu, G.; Xu, C.; Song, W. Psychological stress in inflammatory bowel disease: Psychoneuroimmuno-
logical insights into bidirectional gut-brain communications. Front. Immunol. 2022, 13, 1016578. [CrossRef] [PubMed]

Ginther, C.; Rothhammer, V.; Karow, M.; Neurath, M.F,; Winner, B. The Gut-Brain Axis in Inflammatory Bowel Disease—Current
and Future Perspectives. Int. J. Mol. Sci. 2021, 22, 8870. [CrossRef]

Masanetz, R.K.; Winkler, J.; Winner, B.; Giinther, C.; Siif3, P. The Gut-Immune-Brain Axis: An Important Route for Neuropsychi-
atric Morbidity in Inflammatory Bowel Disease. Int. . Mol. Sci. 2022, 23, 11111. [CrossRef] [PubMed]

Zhang, Y.Z.; Li, Y.Y. Inflammatory bowel disease: Pathogenesis. World ]. Gastroenterol. 2014, 20, 91-99. [CrossRef]

Troubat, R.; Barone, P.; Leman, S.; Desmidt, T.; Cressant, A.; Atanasova, B.; Brizard, B.; El Hage, W.; Surget, A.; Belzung, C.; et al.
Neuroinflammation and depression: A review. Eur. |. Neurosci. 2021, 53, 151-171. [CrossRef]

Brites, D.; Fernandes, A. Neuroinflammation and Depression: Microglia Activation, Extracellular Microvesicles and microRNA
Dysregulation. Front. Cell. Neurosci. 2015, 9, 476. [CrossRef] [PubMed]

Bonaz, B. Inflammatory bowel diseases: A dysfunction of brain-gut interactions? Minerva Gastroenterol. Dietol. 2013, 59, 241-259.
[CrossRef]

Sublette, MLE.; Postolache, T.T. Neuroinflammation and depression: The role of indoleamine 2,3-dioxygenase (IDO) as a mo-lecular
pathway. Psychosom. Med. 2012, 74, 668-672. [CrossRef] [PubMed]

Eisch, A.].; Petrik, D. Depression and hippocampal neurogenesis: A road to remission? Science 2012, 338, 72-75. [CrossRef]
[PubMed]

Trujillo-Hernandez, P.E.; Sdenz-Galindo, A.; Saucedo-Cardenas, O.; Villarreal-Reyna, M.D.L.; Salinas-Santander, M. A.; Carrillo-
Cervantes, A.L.; Torres-Obregon, R.; Esparza-Gonzélez, S.C. Depressive Symptoms are Associated with low Serotonin Levels in
Plasma but are not 5-HTTLPR Genotype Dependent in Older Adults. Span. J. Psychol. 2021, 24, e28. [CrossRef] [PubMed]
Moroianu, L.-A.; Cecilia, C.; Ardeleanu, V.; Stoian, A.P,; Cristescu, V.; Barbu, R.-E.; Moroianu, M. Clinical Study of Serum
Serotonin as a Screening Marker for Anxiety and Depression in Patients with Type 2 Diabetes. Medicina 2022, 58, 652. [CrossRef]
Bonaz, B.L.; Bernstein, C.N. Brain-Gut Interactions in Inflammatory Bowel Disease. Gastroenterology 2013, 144, 36—49. [CrossRef]
[PubMed]

Agostini, A.; Benuzzi, F; Filippini, N.; Bertani, A.; Scarcelli, A.; Farinelli, V.; Marchetta, C.; Calabrese, C.; Rizzello, F.; Gionchetti,
P; et al. New insights into the brain involvement in patients with Crohn’s disease: A voxel-based morphometry study.
Neurogastroenterol. Motil. 2012, 25, 147-e82. [CrossRef] [PubMed]

Vogt, B.A. Midcingulate cortex: Structure, connections, homologies, functions and diseases. J. Chem. Neuroanat. 2016, 74, 28-46.
[CrossRef]

Drevets, W.C.; Savitz, J.; Trimble, M. The Subgenual Anterior Cingulate Cortex in Mood Disorders. CNS Spectr. 2008, 13, 663-681.
[CrossRef]

Drevets, W.C.; Price, J.L.; Simpson, J.R., Jr.; Todd, R.D.; Reich, T.; Vannier, M.; Raichle, M.E. Subgenual prefrontal cortex
abnormalities in mood disorders. Nature 1997, 386, 824-827. [CrossRef]

Rolls, E.T. The cingulate cortex and limbic systems for action, emotion, and memory. Handb. Clin. Neurol. 2019, 166, 23-37.
[CrossRef] [PubMed]

Bao, C.H,; Liu, P; Liu, H.R.; Wu, L.Y,; Shi, Y.; Chen, W.E,; Qin, W.; Lu, Y,; Zhang, ].Y.; Jin, X.M.; et al. Alterations in Brain Grey
Matter Structures in Patients With Crohn’s Disease and Their Correlation With Psychological Distressl. J. Crohn’s Colitis 2015, 9,
532-540. [CrossRef] [PubMed]

Hopkins, C.W.; Powell, N.; Norton, C.; Dumbrill, J.L.; Hayee, B.; Moulton, C.D. Cognitive Impairment in Adult Inflammatory
Bowel Disease: A Systematic Review and Meta-Analysis. J. Acad. Consult.-Liaison Psychiatry 2021, 62, 387—403. [CrossRef]
[PubMed]

Piasecki, B.; Stanistawska-Kubiak, M.; Strzelecki, W.; Mojs, E. Attention and Memory Impairments in Pediatric Patients with
Cystic Fibrosis and Inflammatory Bowel Disease in Comparison to Healthy Controls. ]. Investig. Med. 2017, 65, 1062-1067.
[CrossRef]

Chen, M.; Lee, G.; Kwong, L.N.; Lamont, S.; Chaves, C. Cerebral White Matter Lesions in Patients with Crohn’s Disease. J.
Neuroimaging 2010, 22, 38-41. [CrossRef]

Dolapcioglu, C.; Guleryuzlu, Y.; Uygur-Bayramicli, O.; Ahishali, E.; Dabak, R. Asymptomatic Brain Lesions on Cranial Magnetic
Resonance Imaging in Inflammatory Bowel Disease. Gut Liver 2013, 7, 169-174. [CrossRef]

Horta, E.; Burke-Smith, C.; Megna, B.W.; Nichols, K.J.; Vaughn, B.P; Reshi, R.; Shmidt, E. Prevalence of cerebrovascular accidents
in patients with ulcerative colitis in a single academic health system. Sci. Rep. 2022, 12, 18668. [CrossRef]

Ghoneim, S.; Shah, A.; Dhorepatil, A.; Butt, M.U.; Waghray, N. The Risk of Cerebrovascular Accidents in Inflammatory Bowel
Disease in the United States: A Population-Based National Study. Clin. Exp. Gastroenterol. 2020, 13, 123-129. [CrossRef]
Mikocka-Walus, A.; Knowles, S.R.; Keefer, L.; Graff, L. Controversies Revisited: A Systematic Review of the Comorbidity of
Depression and Anxiety with Inflammatory Bowel Diseases. Inflamm. Bowel Dis. 2016, 22, 752-762. [CrossRef]

Arp, L.; Jansson, S.; Wewer, V.; Burisch, J. Psychiatric Disorders in Adult and Paediatric Patients with Inflammatory Bowel
Diseases—A Systematic Review and Meta-Analysis. J. Crohn’s Colitis 2022, 16, 1933-1945. [CrossRef]

Bernstein, C.N.; Hitchon, C.A.; Walld, R.; Bolton, ].M.; Sareen, J.; Walker, J.R.; Graff, L.A_; Patten, S.B.; Singer, A.; Lix, LM.; et al.
Increased Burden of Psychiatric Disorders in Inflammatory Bowel Disease. Inflamm. Bowel Dis. 2018, 25, 360-368. [CrossRef]
[PubMed]

124



Diagnostics 2023, 13, 1868

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

Nahon, S.; Lahmek, P.; Durance, C.; Olympie, A.; Lesgourgues, B.; Colombel, J.-F.; Gendre, J.-P. Risk factors of anxiety and
depression in inflammatory bowel disease. Inflamm. Bowel Dis. 2012, 18, 2086-2091. [CrossRef]

Sempere, L.; Bernabeu, P.; Cameo, J.; Gutierrez, A.; Laveda, R.; Garcia, M.F; Aguas, M.; Zapater, P,; Jover, R.; Ruiz-Cantero, M.T,;
et al. Evolution of the emotional impact in patients with early inflammatory bowel disease during and after COVID-19 lockdown.
Gastroenterol. Hepatol. 2021, 45, 123-133. [CrossRef]

Xiong, Q.; Tang, F.; Li, Y.; Xie, F,; Yuan, L.; Yao, C.; Wu, R,; Wang, ].; Wang, Q.; Feng, P. Association of inflammatory bowel disease
with suicidal ideation, suicide attempts, and suicide: A systematic review and meta-analysis. . Psychosom. Res. 2022, 160, 110983.
[CrossRef] [PubMed]

Santa, A.; Szanto, K.J.; Sarlés, P.; Miheller, P.; Farkas, K.; Molnar, T. Letter: Suicide risk among adult inflammatory bowel disease
patients. Aliment. Pharmacol. Ther. 2020, 51, 1213-1214. [CrossRef] [PubMed]

Butwicka, A.; Olén, O.; Larsson, H.; Halfvarson, J.; Almqvist, C.; Lichtenstein, P.; Serlachius, E.; Frisén, L.; Ludvigsson, J.F.
Association of Childhood-Onset Inflammatory Bowel Disease with Risk of Psychiatric Disorders and Suicide Attempt. JAMA
Pediatr. 2019, 173, 969-978. [CrossRef]

Eaton, W.W.; Pedersen, M.G.; Nielsen, PR.; Mortensen, P.B. Autoimmune diseases, bipolar disorder, and non-affective psychosis.
Bipolar Disord. 2010, 12, 638-646. [CrossRef]

Kao, L.-T,; Lin, H.-C.; Lee, H.-C. Inflammatory bowel disease and bipolar disorder: A population-based cross-sectional study:. J.
Affect. Disord. 2019, 247, 120-124. [CrossRef]

Wang, Z.; Wang, X.; Zhao, X.; Hu, Z.; Sun, D.; Wu, D.; Xing, Y. Causal relationship between bipolar disorder and inflammatory
bowel disease: A bidirectional two-sample mendelian randomization study. Front. Genet. 2022, 13, 970933. [CrossRef] [PubMed]
Sung, K.; Zhang, B.; Wang, H.E; Bai, Y.; Tsai, S.; Su, T.; Chen, T.; Hou, M.; Lu, C.; Wang, Y.; et al. Schizophrenia and risk
of new-onset inflammatory bowel disease: A nationwide longitudinal study. Aliment. Pharmacol. Ther. 2022, 55, 1192-1201.
[CrossRef]

West, J.; Logan, R.F.,; Hubbard, R.B.; Card, T.R. Risk of schizophrenia in people with coeliac disease, ulcerative colitis and Crohn’s
disease: A general population-based study. Aliment. Pharmacol. Ther. 2006, 23, 71-74. [CrossRef]

Kim, J.W,; Kang, K.S.; Kang, N.R. Steroid-induced Psychosis in Adolescent Patient with Crohn’s Disease. Soach’ongsonyon
Chongsin Uihak ]. Child Adolesc. Psychiatry 2020, 31, 161-164. [CrossRef] [PubMed]

Locher, M.R.; Alam, A. Acute Psychosis in an Adolescent Treated with Infliximab for Crohn’s Disease. Prim. Care Companion J.
Clin. Psychiatry 2015, 17, 4. [CrossRef] [PubMed]

Galmiche, M.; Déchelotte, P.; Lambert, G.; Tavolacci, M.P. Prevalence of eating disorders over the 2000-2018 period: A sys-tematic
literature review. Am. J. Clin. Nutr. 2019, 109, 1402-1413. [CrossRef] [PubMed]

Kuznicki, P.; Neubauer, K. Emerging Comorbidities in Inflammatory Bowel Disease: Eating Disorders, Alcohol and Narcotics
Misuse. J. Clin. Med. 2021, 10, 4623. [CrossRef]

World Health Organization. Suicide Worldwide in 2019: Global Health Estimates. Available online: https://www.who.int/
publications/i/item /9789240026643 (accessed on 8 December 2022).

World Health Organization. Report Urges Mental Health Decision Makers and Advocates to Step Up Commitment and
Action to Change Attitudes, Actions and Approaches to Mental Health, Its Determinants and Mental Health Care. Available
online: https:/ /www.who.int/news/item/17-06-2022-who-highlights-urgent-need-to-transform-mental-health-and-mental-
health-care (accessed on 8 December 2022).

Gradus, J.L.; Qin, P; Lincoln, A K.; Miller, M.; Lawler, E.; Serensen, H.T.; Lash, T.L. Inflammatory bowel disease and completed
suicide in Danish adults. Inflamm. Bowel Dis. 2010, 16, 2158-2161. [CrossRef]

Mihajlovic, V.; Tripp, D.A.; Jacobson, J.A. Modelling symptoms to suicide risk in individuals with inflammatory bowel disease. J.
Health Psychol. 2020, 26, 2143-2152. [CrossRef]

Moulton, C.; Pavlidis, P.; Norton, C.; Norton, S.; Pariante, C.; Hayee, B.; Powell, N. Depressive symptoms in inflammatory bowel
disease: An extraintestinal manifestation of inflammation? Clin. Exp. Immunol. 2019, 197, 308-318. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

125



0

@v‘% diagnostics

Review

The Crosstalk between Vitamin D and Pediatric
Digestive Disorders

Cristina Oana Marginean
and Tudor Fleseriu 3

check for
updates

Citation: Marginean, C.O.; Melit,
L.E.; Borka Balas, R.; Vésiesiu, A.M.;
Fleseriu, T. The Crosstalk between
Vitamin D and Pediatric Digestive
Disorders. Diagnostics 2022, 12, 2328.
https:/ /doi.org/10.3390/
diagnostics12102328

Academic Editor: Costin Teodor

Streba

Received: 31 August 2022
Accepted: 23 September 2022
Published: 27 September 2022

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

, Lorena Elena Melit 1'*, Reka Borka Balas !, Anca Meda Vasiesiu 2

Department of Pediatrics I, “George Emil Palade” University of Medicine, Pharmacy, Science, and Technology
of Targu Mures, Gheorghe Marinescu Street No 38, 540136 Targu Mures, Romania

Department of Infectious Disease, “George Emil Palade” University of Medicine, Pharmacy, Science, and
Technology of Targu Mures, Gheorghe Marinescu Street No 38, 540136 Targu Mures, Romania

Department of Infectious Disease, County Clinical Hospital Targu Mures, Gheorghe Doja Street No 89,
540394 Targu Mures, Romania

*  Correspondence: lory_chimista89@yahoo.com

Abstract: Vitamin D is a cyclopentane polyhydrophenanthrene compound involved mainly in bone
health and calcium metabolism but also autophagy, modulation of the gut microbiota, cell prolifera-
tion, immune functions and intestinal barrier integrity. The sources of vitamin D include sunlight,
diet and vitamin D supplements. Vitamin D3, the most effective vitamin D isoform is produced
in the human epidermis as a result of sunlight exposure. Vitamin D undergoes two hydroxylation
reactions in the liver and kidney to reach its active form, 1,25-dihydroxyvitamin D. Recent studies
highlighted a complex spectrum of roles regarding the wellbeing of the gastrointestinal tract. Based
on its antimicrobial effect, it was recently indicated that vitamin D supplementation in addition to
standard eradication therapy might enhance H. pylori eradication rates. Moreover, it was suggested
that low levels of vitamin D might also be involved in the acquisition of H. pylori infection. In terms of
celiac disease, the negative effects of vitamin D deficiency might begin even during intrauterine life in
the setting of maternal deficiency. Moreover, vitamin D is strongly related to the integrity of the gut
barrier, which represents the core of the pathophysiology of celiac disease onset, in addition to being
correlated with the histological findings of disease severity. The relationship between vitamin D
and cystic fibrosis is supported by the involvement of this micronutrient in preserving lung function
by clearing airway inflammation and preventing pathogen airway colonization. Moreover, this
micronutrient might exert anticatabolic effects in CF patients. Inflammatory bowel disease patients
also experience major benefits if they have a sufficient level of circulating vitamin D, proving its
involvement in both induction and remission in these patients. The findings regarding the rela-
tionship between vitamin D, food allergies, diarrhea and constipation remain controversial, but
vitamin D levels should be monitored in these patients in order to avoid hypo- and hypervitaminosis.
Further studies are required to fill the remaining gaps in term of the complex impact of vitamin D on
gastrointestinal homeostasis.

Keywords: vitamin D; digestive disorders; children

1. Introduction

Vitamin D belongs to the group of fat-soluble vitamins, which can be found in two
compounds: cholecalciferol (vitamin D2) and ergocalciferol (vitamin D3). This vitamin can
be obtained from a pro-vitamin of the skin in the presence of ultraviolet B rays from the sun
by conversion in cholecalciferol or from alimentation by consumption of fish, mushrooms,
dairy products or some supplements [1]. Vitamin D undergoes two hydroxylation reactions,
first at the level of the liver, where it is transformed into 25(OH)D (25-hydroxyvitamin D),
which is also the main circulation form, and then at the level of the kidneys, where it is
further converted into 25-(OH)2D (1,25-dihydroxyvitamin D), also known as calcitriol,
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the active form of the vitamin (Figure 1). The functions of calcitriol in the body are
mediated by the nuclear vitamin D receptor (VDR), expressed in various tissues such as
the skin, adipocytes, small intestine, colon, parathyroid, etc. VDR and the retinoic acid
receptor (RXR) form a heterodimer, which, at the level of the nucleus, binds to the vitamin
D response element (VDRE), which involved in nuclear transcription regulation [1-3].
VDRE is found in multiple genes, explaining certain vitamin D-associated activities, such
as autophagy [4], modulation of the gut microbiota [4-6], cell proliferation [7], immune
functions and the intestinal barrier role [8,9]. Nevertheless, regulation of bone health and
governance of calcium homeostasis remain the most important and well-documented roles
of vitamin D [2,3,5]. Thus, vitamin D is essential for bone mineralization and bone mass
development (Figure 1).

Food sources
Cholecalciferol D:
Ergocalciferol Dz

Pro-vitamin of the
skin

UVB rays (sun)

Small intestin
(vitamin D is absorbed
with the fat)

D3 > 25(0H)D:

Cholecalciferol (D3
vitamin)

Chylomicrons

-

Liver

Parathyroid hormone

Kidney

25(0H)D; = 1,25(0H):Ds

Calcitriol (1,25(0H)2D3)
Primary active form of vitamin D
- action mediated by nuclear
vitamin D receptor (VDR)

Small intestine Bone Other tissues
Figure 1. Schematic representation of vitamin D sources and metabolism.

The most common circulating form of vitamin D is 25(OH)D, which is also the best
indicator for monitoring vitamin D status. In terms of vitamin D status, most studies
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have been performed on adults and define severe vitamin D deficiency as 25(OH)D lev-
els < 10 ng/mlL, resulting in an increased risk of rickets even when calcium intake is
adequate, whereas in the presence of improper calcium intake, a level of 10-15 ng/mL vita-
min D also leads to a high chance of developing rickets [10-12]. In adults, a vitamin D level
of at least 20 ng/mL prevents the occurrence of rickets in up to 97.5% of the population,
whereas levels > 30 ng/mL have been proven sufficient to assure bone health [13,14]. In
the pediatric population, the definition of an accurate cutoff level for vitamin D is difficult
to establish. Despite the positive association between vitamin D levels, bone mineral
density and bone mineral content revealed by pediatric studies, no specific threshold has
been identified [15]. Moreover, it has been proven that calcium absorption in children
might display an age-related compensatory mechanism that does not rely on vitamin D
levels [16-18]. Similarly, a Chinese study performed on pediatric subjects aged between
0 and 7 years underlined that in the setting of 25(OH)D levels >30 ng/mL, the prevalence
of decreased tibial bone mineral density plateaued [19]. Nevertheless, vitamin D deficiency
and hypovitaminosis D were proven to be extremely common, irrespective of age. The
National Health and Nutrition Examination in the US reported a prevalence of vitamin
D deficiency of between 9-18% and 51-61% for hypovitaminosis D [20,21]. In Europe, a
meta-analysis that involved 14,971 pediatric subjects identified a varying prevalence of
vitamin D deficiency depending on age: 4-7% between 1 and 6 years, 1-8% between 7 and
14 years and 12-40% between 15 and 18 years, revealing that the prevalence increases with
age [22]. Moreover, the authors found a higher prevalence in subjects living in relatively
mid-latitude countries and non-white individuals.

The skin is the most important organ, involved in up to 90% of vitamin D synthesis as
a result of sun ultraviolet B radiation exposure, which is influenced by skin pigmentation,
altitude, latitude, daily timing of sun exposure, seasonality, atmospheric pollution, type of
clothing, percentage of skin area exposed and sunscreen use [23]. Based on their higher
body surface-area-to-volume ratio and their augmented capacity to produce vitamin D,
children clearly require less sunlight exposure compared to adults in order to produce
sufficient amounts of vitamin D for proper bone mineralization and development [24].
Most foods, including breast milk, contain only low amounts of vitamin D and are con-
sidered insufficient as sources of vitamin D [25,26]. Thus, experts worldwide agree that
vitamin D should be supplemented independent of the dietary habits. In the United
Kingdom, the Scientific Advisory Committee on Nutrition recommends a safe vitamin D
intake of 340400 IU/day in infants, 400 IU/day in children aged between 1 and 4 years
and 400 IU/day for the population aged 4 years and older [27]. The European Union
recommendations differ, suggesting that an intake of 400 IU/day in infants between 7 and
11 months and of 600 IU/day in pediatric subjects aged 1-17 years might be sufficient to
prevent further complications due to vitamin D deficiency [28]. Nevertheless, according to
both the European Society for Pediatric Gastroenterology, Hepatology and Nutrition [29]
and the European Academy of Pediatrics [30], the tolerable upper intake levels of vitamin
D are 1000 IU/day in infants, 2000 IU/day for children aged between 1 and 10 years and
4000 IU/day for those aged between 11 and 17 years [31].

Besides the historical skeletal functions of vitamin D, in recent years it has been
emphasized that vitamin D is involved, in a direct or indirect manner, in the regulation of
up to 1250 genes, implying a wide spectrum of extraskeletal roles [23].

Thus, the aim of this review was to assess the role of vitamin D in the development of
gastrointestinal disorders.

2. Vitamin D and Gastrointestinal Disorders

Based on the wide spectrum of immune-modulatory properties of vitamin D, its
involvement in the development of gastrointestinal disorders is not surprising. Vitamin D
deficiency has been proven to result in severe dysfunctions of the intestinal barrier [32],
mucosal damage [33] and increased susceptibility to infectious agents, thus altering the
development and maintenance of gut homeostasis [34]. On the contrary, adequate levels
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of vitamin D have been associated with the integrity of junction complexes, therefore
protecting the intestine from injury [35,36].

2.1. Vitamin D, Gastritis and Gastroesophageal Reflux

The role of vitamin D in modulating the host’s response to pathogens and foreign anti-
gens, along with the properties of vitamin D receptors as regulators of the immune system,
attracted considerable attention in the research community during the last century [37].
Several hypotheses were proposed as potential mechanisms to explain the involvement of
vitamin D in host defense against infection, such as the ability of immune cells to produce
cytochrome P450 family 27 subfamily B member 1 and to convert 25(OH)D into 1,25(0OH)2D;
the expression of vitamin D receptor by the majority of immune cells; the strong relationship
between 1,25(OH)2D production in immune cells and subsequent synthesis of antibacterial
products, such as 3-defensin and cathelicidin; and the strong evidence that vitamin D
deficiency augments the burden of infectious diseases worldwide [38]. Moreover, epidemi-
ologic studies revealed that the altered status of vitamin D is closely involved in mitigating
susceptibility to various pathogens [39]. The wide spectrum of vitamin-D-related functions
in terms of the immune system includes stimulation of macrophages and activated B and T
cells, as well as maturation of dendritic cells; production of neutral antibacterial peptides
and proteins, as well as reactive oxygen species; and the expression of inducible nitric
oxide synthase [40]. Moreover, children with rickets were found to be at increased risk of
developing infections, especially those involving the respiratory tract [41] (Table 1).

A recent study performed on subjects with Helicobacter Pylori (H. pylori) infection proved
higher eradication rates if vitamin D supplements were combined with clarithromycin-based
triple therapy [42], suggesting that vitamin D might also exert a protective antimicrobial
effect against H. pylori infection. These findings were obtained in a study by Yildirim et al.,
who reported significantly lower eradication rates in deficient individuals [43]. Moreover,
another study that included Italian subjects highlighted that patients with H. pylori-positive
gastritis had lower serum vitamin D concentrations compared to uninfected individuals [44].
Similarly, Guo et al. [45] reported that vitamin D plays a major role in gastric mucosa
homeostasis, exerting an antimicrobial effect against H. pylori based on its implications
in sustaining host defense mechanisms. Thus, in patients with vitamin D deficiency, the
infected macrophages no longer produce sufficient amounts of 1,25-(OH)D2, altering the
subsequent synthesis of antimicrobial peptides and proteins and eventually disabling their
ability to suppress and kill H. pylori strains [46]. Another potential explanation for the
positive association between vitamin D levels and H. pylori eradication was suggested by
an in vitro study that proved that the vitamin D3 decomposition product has a selective
antibacterial effect against H. pylori [47]. In addition, vitamin D deficiency is associated
with the augmentation of T-cell aggression in patients with chronic H. pylori infection,
worsening gastric mucosal injury [44]. A recently reported case in an 18-month-old child
underlined that hypovitaminosis D might result in an exacerbation of H. pylori gastritis,
despite the young age of the patient [48] (Table 1).

As previously mentioned, gut epithelial VDR signaling seems to play a crucial role
in regulating mucosal inflammation; although vitamin D is not produced in the stomach,
it alters immune regulatory responses through the presence of this receptor within the
stomach [45,49]. Studies proved that VDR mRNA expression levels were significantly
increased in patients with H. pylori infection and were positively correlated with the activity
scores of chronic inflammation [45]. Animal studies also revealed out a strong association
between VDR and H. pylori infection, with VDR knockdown mice experiencing an increased
susceptibility to this infection [50] (Table 1).

Chronic atrophic autoimmune gastritis is another pathology worth mentioning in the
discussion of vitamin D. In addition to vitamin B12 deficiency and iron malabsorption,
which are the most common disturbances in patients with this condition, other deficiencies
were also recently described in these patients, including vitamin D deficiency [51] (Table 1).
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The relationship between vitamin D and gastroesophageal reflux is less studied than
the effect of vitamin D on gastritis. Thus, a recent study with the aim of assessing vitamin
D intake and vitamin D levels in children with gastroesophageal reflux disease reported
that children with this pathology had a normal level of vitamin D, despite a level of vitamin
D intake below the daily recommended intake [52].

Undoubtedly, there is a strong relationship between vitamin D levels in children and
H. pylori-positive gastritis, and vitamin D most likely also impacts other types of gastritis
and even gastroesophageal reflux disease. However, further studies are required to define
the precise role of this vitamin in the pathophysiology of these disorders.

2.2. Vitamin D and Celiac Disease

It is well-documented that celiac disease (CD) is an autoimmune disorder of the
gastrointestinal tract triggered by an immune response to gluten-containing grains in indi-
viduals carrying HLA class II molecules HLA-DQ2 and HLA-DQ-8 [53]. The prevalence of
CD in the US and most of European countries is approximately 1% [54]. Early-life vitamin
D deficiency might be linked to the development of CD < 15 years of age [55]. The main
mechanism implicated in childhood-onset CD involves the dysregulation of the intestinal
response in deficient subjects, resulting in a disruption of the epithelial barrier, further
increasing gluten permeability [56]. Moreover, the negative effects of vitamin D deficiency
might begin during the intrauterine life, several studies have highlighted that low vitamin
D concentrations in pregnant women may negatively affect fetal development, increas-
ing the offspring’s susceptibility to developing both infections [57,58] and autoimmune
disorders [59,60] (Table 1). Nevertheless, the results on this topic remain controversial, as
although the authors of some studies have hypothesized the role of maternal vitamin D
deficiency in the onset of CD [61,62], a recent study that tested this hypothesis revealed
no association between gestational or early-life vitamin D levels and the development of
childhood CD [63] (Table 1).

The core of the complex pathophysiology of CD is represented by the intestinal barrier.
The gut barrier is a complex structure meant to prevent harmful agents from passing
though the gut mucosa and reaching the lamina propria [64]. The proper functioning of this
barrier is closely related to epithelial layer integrity, intestinal microbiota homeostasis and
gut-associated lymphoid tissue health [65-67]. Although the main trigger of all pathological
events in CD is gluten, it seems that early disruption of the intestinal barrier in susceptible
individuals and subsequent increased permeability could also contribute to the onset of
immune responses triggered by gluten [65,66]. Aside from the positive effect of vitamin D
on lymphocyte T and dendritic cells, this vitamin in also involved in the regulation of gut
barrier integrity based on its close interaction with tight junctions, enabling the suppression
of the zonulin release signaling pathway to upregulate tight junction protein expression
and to consequently suppress the increase in gut mucosa permeability [64,66]. Moreover,
vitamin D was reported to be involved in regulating inflammatory cytokines, such as tumor
necrosis factor « [68], adding to its crucial role regarding gut barrier integrity maintenance
(Table 1).

Children with CD are commonly reported to have low vitamin D levels, and it is
difficult to establish whether this deficiency is a result of their dietary restrictions or whether
vitamin D deficiency is involved in the onset of childhood CD. This phenomenon is most
likely a vicious circle in which general trends of hypovitaminosis D during childhood
contribute to the onset of CD, and its persistently decreased levels during the clinical course
of CD augment disease severity. A recent study indicated that the decreased expression of
VDR and epithelial barrier proteins claudin-2 and E-cadherin are positively correlated with
histological findings of disease severity [69]. The authors pointed out that this decreased
expression of VDR and epithelial barrier proteins is the result of vitamin D deficiency.
Similar findings were reported by Zanchi et al., who found that 35% of biopsy-proven CD
children included in their study experienced vitamin D deficiency [70]. On the contrary,
Villanueva et al. failed to identify a positive association regarding vitamin D levels in
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healthy children and those with CD [71]. As previously stated, vitamin D deficiency is
also common after the initiation of a gluten-free diet, most likely due to imbalances in
calcium and vitamin D levels caused by this type of diet [72]. Although gluten-free diet
was associated with considerable improvement in bone mineral density after only one
year [73], the complete normalization of bone mineral density cannot always be achieved
only by excluding dietary gluten [72]. Multiple controversies emerged regarding the
supplementation of vitamin D in patients with CD based on the contradictory findings
reported in the literature. The authors of a study that assessed children and teenagers
with CD reported that a 2-year course of vitamin D (400 Ul/day) and calcium (1 g/day)
supplementation had a positive impact on bone mineral density [74]. On the contrary,
another study proved that a gluten-free diet alone lasting for approximately 6 months
was sufficient to resolve hypocalcemia and hyperparathyroidism, as well to normalize
vitamin D levels [70]. Therefore, the choice to supplement vitamin D in combination with a
gluten-free diet in patients with CD should be judiciously weighed (Table 1).

It has been reported that at the time of diagnosis, low bone mineral density might be
present in CD patients, regardless of symptomatic or asymptomatic status [75,76]. Thus,
there is a global consensus that vitamin D levels should be assessed upon diagnosis of
CD [23,77-79]. Nevertheless, a recent study reported no difference in mean 25-(OH)D in
recently diagnosed CD patients compared to healthy controls [80].

Thus, the assessment of vitamin D levels is mandatory in children with CD upon
diagnosis and even during the clinical course in order to avoid improper the use of
vitamin D supplements.

2.3. Vitamin D and Cystic Fibrosis (CF)

CF is an autosomal recessive disease and one of the most common causes of death
related to this type of disorders among Caucasians in the US. The incidence of this disease
is of 1 in 3200 live births, accounting for approximately 30,000 patients in the US and
approximately 70,000 patients worldwide [81,82]. CF is caused by a mutation in the cystic
fibrosis conductance regulator (CFTR) gene, resulting in an absent or dysfunctional CFTR
protein-altering chloride transport through the apical epithelial membrane [83]. Several
studies reported that the prevalence of vitamin D insufficiency is as high as 90% in the CF
population [84,85]. A wide spectrum of factors was incriminated in the etiology of this
deficiency, such as pancreatic insufficiency, reduction in body fat and vitamin D binding
protein, reduced sunlight exposure and improper hepatic hydroxylation of vitamin D [86].
According to the Cystic Fibrosis Foundation, the serum 25(OH)D concentration should be
determined annually, especially at the end of winter, and should be preserved > 30 ng/mL
year round [87] (Table 1).

Studies performed on both adults and children revealed that vitamin D deficiency
(<10 ng/mL) in adults with advanced CF was positively correlated with low hip and spine
bone mineral density as compared to CF patients with higher vitamin D levels, whereas in
children, the concentration of the same vitamin was also positively correlated with femoral
neck and lumbar spine Z scores [88,89]. Vitamin D may be also be involved in preserving
lung function in patients with CF [90], as a positive correlation was identified between
vitamin D status and lung function indicators, such as forced expiratory volume in 1 s
and forced vital capacity [91]. Several mechanisms were suggested to explain the role of
vitamin D in preserving lung function, such as the effect of this vitamin on decreasing
airway inflammation, the impact on airway remodeling as a response to various injuries
caused by CF and the ability to decrease airway bacterial colonization [92] (Table 1).

Moreover, increased vitamin D levels were proven to be associated with both improved
lung function and a reduction in the frequency of pulmonary exacerbation episodes [92]. In
terms of lung exacerbations and infections, it was proven that locally produced 1,25(0OH)2D
enhances interleukin (IL)-37 airway concentrations, which further decrease airway colo-
nization by certain pathogens, such as Pseudomonas aeruginosa and Bordetella bronchisep-
tica [93]. Vitamin D has the ability to downregulate proinflammatory cytokine synthesis
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in macrophages, resulting in a reduction in CF airway inflammation [94]. Another benefi-
cial effect of vitamin D is reactive nitrogen and oxygen intermediate production, with a
major effect on inducing autophagy to clear infections [95]. The authors of a randomized,
controlled, double-blind placebo trial that included 30 CF adults hospitalized for a pul-
monary exacerbation concluded that patients who were administered a one-time oral dose
of 250,000 IU of vitamin D3 experienced more antibiotic therapy-free days and hospital-free
days, as well as 1-year survival rate in comparison to those who received a placebo [96].
In addition, the authors pointed out that the high-dose vitamin D group presented with
a significant decrease in inflammatory biomarkers, such as tumor necrosis factor « and
IL-6. According to these findings, a high dose of vitamin D might represent a beneficial
adjunctive therapy in CF patients with acute airway infections, which was also supported
follow-up in a larger multicenter study performed by the CF Foundation [97] (Table 1).

CF-related intestinal microbial dysbiosis has been well-documented to result from
both bacterial overgrowth as a result of poor intestinal motility and alterations of bacterial
populations due to commonly used antibiotic treatment [98]. Studies on animals revealed
that vitamin D exerts strong anti-inflammatory effects in the intestine of CF patients, re-
sulting in decreased synthesis of proinflammatory markers, such as nuclear factor kB
and IL-8, as well as reduced eosinophilia levels within the duodenal mucosa and fewer
apoptotic cells [99]. Multiple factors can alter the microbial population in CF patients, such
as common pulmonary infections, malnutrition and repeated systemic or local antibiotic
treatment [100], impairing microbial communities within both the lungs and intestine. A
recent study that assessed the influence of vitamin D on the lung and intestinal micro-
biome of CF patients revealed that vitamin D treatment led to major changes in lung and
intestinal microbiome compositions, enhancing the development of healthier intestinal and
respiratory microbes [101] (Table 1).

Another emerging topic related to vitamin D and CF is represented by metabolomic
studies. A study on CF adult patients hospitalized with lung exacerbations aimed to assess
the role of vitamin D in biochemical and metabolomic studies by dividing patients into
two groups: a vitamin D group, which received a single 250,000 IU bolus dose of vitamin
D, and a placebo group [102]. The authors collected baseline serum samples prior to drug
administration and 7 days later for metabolomic analysis and reported that the baseline
metabolome of CF patients was mainly catabolic, implying increased markers of lipid and
fatty acid metabolism and reduced levels of essential amino acids. The samples collected
after drug administration revealed that the placebo group exhibited 15 more catabolic
pathways involving carbohydrates, amino acids and lipid metabolism overall compared to
the vitamin D group (Table 1).

Based on the aforementioned facts, prescribing daily or weekly supplements of vitamin
D in CF patients seems a reasonable choice.

2.4. Vitamin D and Inflammatory Bowel Disease (IBD)

IBD comprises two major clinical entities, Chron’s disease (ChD) and ulcerative (UC),
represents a chronic, relapsing-remitting systemic disorder with onset usually occurring
during young adulthood and lasting throughout life [103]. Remission maintenance through
medical therapy represents the cornerstone of management in IBD patients [104]. Vitamin D
was proven to induce and maintain remission in IBD patients based on its anti-inflammatory
and antibacterial properties, although it might also contribute to the repair of the intestinal
mucosal barrier [105,106]. Moreover, vitamin D might also impact the incidence and
progression of ChD and UC [107-109], as although controversial, it seems to be involved in
the development of IBD and its severity according to several findings revealing common
vitamin D deficiency in newly diagnosed IBD patients [104,110,111]. Similar findings were
reported by Li et al., who found a significant association between vitamin D levels and
IBD [103]. Moreover, previous studies highlighted that this micronutrient might also be
involved in IBD-specific complications [112,113]. Studies with the aim of stratifying the
impact of vitamin D on either UC or ChD remain controversial. Veit et al. [114] and EI-
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Matary et al. [115] reported that vitamin D levels were higher in pediatric patients with UC
as compared to those with ChD, whereas Li et al. found no significant differences between
UC and ChD patients in terms of vitamin D levels [103] (Table 1).

The prevalence of vitamin D deficiency in IBD patients is significantly higher than
that in other populations, independent of IBD type [116]. A systematic review and meta-
analysis of 14 observational studies including 938 IBD patients underlined a prevalence
of vitamin D deficiency of 38.1% in ChD patients and of 31.6% in those with UC [117].
Several studies assessed the predictors of vitamin D deficiency in IBD and reported IBD-
related surgery, non-white ethnicity [118,119], African-American ethnicity and body mass
index > 30 kg/ m? as the most common [120] (Table 1).

Vitamin D status also seems to be related to IBD activity. Worldwide studies [121-127]
proved a significant association between vitamin D and disease activity, raising a ‘chicken
or egg’ question, calling into doubt whether vitamin D levels are linked to intestinal
inflammation or whether intestinal inflammation results in low vitamin D absorption. Nev-
ertheless, more recent evidence suggests that serum vitamin D concentrations are inversely
correlated with endoscopic and histologically proven inflammation, mucosal expression
of proinflammatory cytokines and disease activity [128,129]. A reverse correlation was
also highlighted between vitamin D levels and both fecal calprotectin and erythrocyte
sedimentation rate [124]. Some studies have suggested that these findings were accurate
only in ChD and not UC patients [126,130]. Other studies suggest that low or insufficient
vitamin D levels are related to the increased need for hospitalization and surgery in patients
with IBD compared to those with normal serum levels [131,132]. Another important aspect
of disease activity in IBD patients is related to the gut microbiota, as it is well-documented
that abnormal immune response to intestinal commensal bacteria is a specific feature of
IBD, resulting in a less diverse and imbalanced microbial community [133-135]. Several
promising effects of vitamin D on IBD gut microbiota modulation were recently reported
by Battistini et al., suggesting its crucial positive role in modulating the composition of the
gut microbial community [9] (Table 1).

In terms of vitamin D supplementation, IBD patients might require higher doses to
achieve the recommended circulating level (>20 ng/mL) due to common nutrient malab-
sorption issues in these patients [13]. Nevertheless, supplementation has been reported to
be beneficial, as it is associated with an improvement in inflammatory biomarkers, such as
the erythrocyte sedimentation rate, C-reactive protein and suppression of the Thl immune
response, reducing the clinical disease activity index [136-143] (Table 1). Thus, the complex
beneficial implications of vitamin D in the pathophysiology, outcome and disease activity
of IBD should increase the awareness in clinical practice regarding the supplementation of
this micronutrient in IBD patients.

2.5. Vitamin D and Food Allergies

Recent evidence suggests that the prevalence of vitamin D insufficiency in the pop-
ulation increases in parallel with the prevalence of food allergies [144]. Moreover, the
role of vitamin D insufficiency at the age of 12 moths in the development of food allergy
was emphasized by a population-based study performed on infants in Melbourne [144].
Nevertheless, the precise mechanisms involved in this relationship remain unclear. It
was proven that vitamin D receptor agonists influence Th1 and Th2 cell function by sup-
pressing allergen-specific IgE synthesis, inhibiting the maturation of dendritic cells, induc-
ing tolerogenic dendritic cells and eventually contributing to the induction of regulatory
CD4*CD25"Foxp3* T cells [145]. A potential mechanism described by Vassallo and Ca-
margo implies the negative impact of vitamin D deficiency on the integrity of the gut
barrier, resulting in increased permeability due to colonization by pathogenic microbial
flora and subsequent inadequate immune system exposure to dietary allergens [146]. An-
other potential mechanism emphasizes the possibility of transcutaneous sensitization in
children with vitamin D deficiency [147]. Thus, reduced antimicrobial factors at the skin
level and the lack of effective tight junctions due to this deficiency might lead to inappropri-
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ate exposure and stimulation of the immune system, triggering the development of allergic
sensitization, eczema and food allergy [147], in addition to worsening the evolution of
atopic dermatitis [148]. The genetic aspect of the relationship between vitamin D deficiency
and allergic disorders should not be neglected being, proving that certain individuals are
more susceptible to developing food allergies, most likely due to differences in the genes
involved in vitamin D metabolism and the response to vitamin D supplementation [149].

Recently, a worldwide increase in the prevalence of allergic diseases was reported [150,151].
Vitamin D deficiency was associated with the development of several allergic disorders,
such as atopic dermatitis, asthma and food allergy [152]. A study conducted in Australia
revealed that vitamin D levels < 50 nmo/L at 1 year of age were associated with an
11-fold increased risk of peanut allergy and a 4-fold increased risk of egg allergy [153].
Nevertheless, the question, “‘which came first: the chicken or the egg?’ also applies to
this topic, as vitamin D deficiency was also reported in patients already diagnosed with
food allergies, including cow’s milk allergy (CMA), due decreased intake [154]. Children
with both IgE- and non-IgE-mediated food allergies were proven to be at increased risk of
vitamin D deficiency [155-157]. On the contrary, it was recently suggested that increased
levels of vitamin D might increase the likelihood of sensitization and food allergy [158].
Similarly, a recent review revealed no benefit of vitamin D supplementation with respect to
primary allergy prevention [159]. A recent Japanese study concluded that the correction of
vitamin D deficiency might have a positive impact on food allergy prognosis, emphasizing
the domino effect between inadequate sunlight exposure, vitamin D deficiency, altered gut
barrier integrity, impaired immune response and food allergies [160].

The contradictory findings reported regarding the role of vitamin D in the development
of food allergies represent proof that further studies are required in order to clearly delineate
the effect of vitamin D on patients with food allergies and the effect of food allergies on
vitamin D status. However, vitamin D status should be closely monitored in children with
food allergies in order to assure its appropriate level for the best outcome.

Vitamin D and Cow’s Milk Allergy (CMA)

Taking into account that CMA is one of the most common food allergy in infants [161],
we considered that it would be useful to briefly discuss certain aspects regarding the
relationship between vitamin D and CMA. It is essential to underline that cow’s milk
composition contributes to normal development and growth, especially during early
childhood; its micro- and macronutrients, such as protein, energy, B vitamins and calcium,
are particularly important for the proper development of bones and teeth [162]. Several
studies revealed that the exclusion of cow’s milk from the diet might lead to the impairment
of bone health, short stature or weight deficit [151,163,164]. Infants with CMA were
reported to have lower levels of vitamin D compared to healthy controls [165]. On the
contrary, other authors failed to identify any significant difference regarding vitamin D
status between CMA infants and healthy controls [166,167]. The contradictions become
even more exacerbated, as a recent study performed on infants with CMA found no
correlation between the serum level of vitamin D and eosinophilic cationic protein, an
indicator of allergic diseases [161].

All these findings represent a burden for clinical practice in terms of correct workup of
infants with CMA. Further studies including larger samples should be performed in order
to provide an accurate evidence-based approach to these patients.

2.6. Vitamin D and Diarrhea

Diarrhea represents one of the most common pathologies in children younger than the
age of 5 years in developing countries and the second most common cause of morbidity
and mortality related to infectious causes in these patients [168,169]. Given that vitamin
D deficiency is related to susceptibility to and the severity of acute infections and poor
outcomes in several chronic infections [170], it is not surprising that studies have been
conducted with the aim of identifying the role of this vitamin in pediatric patients with
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diarrhea; however, the evidence remains scarce. Several studies from different geographic
areas, such as Columbia, Egypt, Pakistan and Saudi Arabia, reported a significant associa-
tion between low vitamin levels and increased incidence of diarrhea in children [171-174].
A recent study questioned these findings, proving that although children younger than five
years were commonly found to be vitamin-D-deficient, this deficiency is not necessarily
related to the incidence of diarrhea in this age group [175]. Similarly, Ahmed et al. found no
association between vitamin D status and the incidence or severity of diarrhea in children
aged 6-24 months [176]. Nevertheless, Wang et al. suggested that low vitamin D levels
might be associated with ab increased likelihood of recurrence in patients with Clostridium
difficile-associated diarrhea [177]. Similar findings were concluded in a study including
patients with Rotavirus infections, with the authors proving that rotaviral diarrhea was
associated with low vitamin D levels [178].

2.7. Vitamin D and Constipation

The relationship between vitamin D and chronic constipation is probably one of the
less studied topics and; it remains unclear how vitamin D influences the motility of the
gastrointestinal tract. It is well-documented that the presence of VDR on the surface of
macrophages, lymphocytes and gut epithelial cells represents the key factor linking vitamin
D deficiency, VDR dysfunction and altered gut microbial composition, eventually leading
to the onset of several chronic conditions [179-181]. The relationship between vitamin D
deficiency and both slow colonic motility and autonomic rectal dysfunction was previously
proven in patients with multiple sclerosis [182-185]. Moreover, Panarese et al. recently
hypothesized that vitamin D deficiency might be responsible for immunologic/metabolic
damage to neuromuscular and epithelial components of the gut [186]. The authors proved
that vitamin D levels were independently related to intestinal motility disorders. In ad-
dition, the symptoms of patients with functional chronic constipation were reported to
worsen in parallel with decreased vitamin D levels. These findings remain to be further
validated in larger studies focusing on the effect of vitamin D supplementation in patients
with chronic functional constipation.

Table 1. The role of Vitamin D in pediatric digestive disorders.

Disease

Vitamin D Roles

Gastritis and
gastroesophageal reflux

Increased eradication rates of H. pylori infection if vitamin D supplementation is combined with
clarithromycin-based triple therapy [42] — protective antimicrobial effect

against H. pylori infection

Patients with H. pylori-positive gastritis: lower serum vitamin D concentrations compared to
uninfected individuals [44]

Vitamin D plays a major role in gastric mucosa homeostasis [45]

Vitamin D receptor mRNA expression levels were significantly increased in patients with

H. pylori infection and positively correlated with the activity scores of chronic inflammation [45]

Celiac disease

Vitamin D deficiency might be linked to the development of CD < 15 years of age [55]
Negative effects of vitamin D deficiency might begin during intrauterine life, with maternal
vitamin D deficiency implicated in the onset of CD [61,62]

Positive effect of vitamin D on lymphocytes, as well as T and dendritic cells, which are involved
in the regulation of gut barrier integrity, upregulating tight junction protein expression and
consequently suppressing the increase in gut mucosa permeability [64,66]

Vitamin D is involved in regulating inflammatory cytokines, such as TNF «, playing a crucial
role in the maintenance of gut barrier integrity [68]

Decreased expression of vitamin D receptor and epithelial barrier proteins claudin-2 and
E-cadherin is positively correlated with histological findings of disease severity [69]

A gluten-free diet alone lasting for approximately 6 months was sufficient to resolve
hypocalcemia and hyperparathyroidism, as well as to normalize vitamin D levels [70]

In teenagers with CD, a 2-year course of vitamin D (400 UI/day) and calcium (1 g/day)
supplementation had a positive impact on bone mineral density [74]
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Table 1. Cont.

Disease

Vitamin D Roles

Cystic fibrosis

Vitamin D deficiency (<10 ng/mL) in adults with advanced CF was positively correlated with
reduced hip and spine bone mineral density compared to CF patients with higher vitamin D
levels [88,89]

In children, the concentration of vitamin D was positively correlated with femoral neck and
lumbar spine Z scores [88,89]

Vitamin D may be also involved in preserving lung function in patients with CF [90]

In lung exacerbations and infections, locally produced 1,25(OH)2D enhances the IL-37 airway
concentrations, further decreasing airway colonization by certain pathogens, such as
Pseudomonas aeruginosa and Bordetella bronchiseptica [93]

Vitamin D downregulates proinflammatory cytokine synthesis in macrophages, resulting in a
reduction in CF airway inflammation [94]

High-dose vitamin D supplementation decreases inflammatory biomarkers TNF & and IL-6 [96]
High-dose vitamin D represents an adjunctive therapy in CF patients with acute airway
infections [97]

Vitamin D exerts anti-inflammatory effects in the intestine of CF patients, resulting in decreased
synthesis of proinflammatory markers, reduced eosinophilia levels within the duodenal mucosa
and fewer apoptotic cells [99]

Vitamin D contributes to the development of healthier intestinal and respiratory microbes [101]
Vitamin D exerted an anticatabolic effect in CF patients [102]

Inflammatory
bowel disease

Vitamin D induces and maintains remission in IBD patients based on its anti-inflammatory and
antibacterial properties [105,106]

Vitamin D might also impact the incidence and progression of CD and UC [107-109]
Vitamin D is involved in IBD-specific complications [112,113]

Vitamin D levels might be higher in pediatric patients with UC compared to those with

CD [114,115]

Predictors of vitamin D deficiency in IBD include IBD-related surgery, non-white ethnicity
[118,119], African-American ethnicity and body mass index > 30 kg/ m? [120]

Serum vitamin D concentrations are inversely correlated with endoscopic and histologically
proven inflammation, mucosal expression of proinflammatory cytokines and disease
activity [128,129]

Low or insulfficient vitamin D levels are related to increased need for hospitalization and
surgery in patients with IBD compared to those with normal serum levels [131,132]
Promising effects of vitamin D on IBD gut microbiota modulation [9]

Supplementation of vitamin D in IBD is associated with an improvement in inflammatory
biomarkers, suppression of Th1l immune response and reduced clinical disease activity
index [136-143]

Food allergy

Vitamin D insufficiency supports the development of food allergies [144]

Vitamin D receptor agonists influence Th1 and Th2 cell function, inhibiting the maturation of
dendritic cells and inducing tolerogenic dendritic cells, as well as contributing to the induction
of regulatory CD4*CD25*Foxp3* T cells [145]

Vitamin D deficiency increases gut permeability due to colonization by pathogenic microbial
flora, resulting in inadequate immune system exposure to dietary allergens [146], allergic
sensitization, eczema and food allergies [147]

Vitamin D deficiency is associated with the development of atopic dermatitis, asthma and food
allergies [152]

IgE- and non-IgE-mediated food allergies are associated with increased risk of vitamin D
deficiency [155-157]

Higher levels of vitamin D might increase the likelihood of sensitization and food allergies [158]
The correction of vitamin D deficiency has a positive impact on food allergy prognosis, with a
domino effect between inadequate sunlight exposure, vitamin D deficiency, altered gut barrier
integrity, impaired immune response and food allergies [160]

Infants with CMA present with lower levels of vitamin D compared to healthy controls [165]
No correlation between the serum level of vitamin D and eosinophilic cationic protein, which is
an indicator of allergic diseases [161]
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Table 1. Cont.

Disease

Vitamin D Roles

Diarrhea

Significant association between low vitamin levels and the increased incidence of diarrhea in
children [171-174]

No association between vitamin D status and incidence or severity of diarrhea in children aged
6-24 months [176]

Low vitamin D levels associated with increased likelihood of recurrence in patients with
Clostridium difficile-associated diarrhea [177]

Constipation

Vitamin D deficiency might be responsible for immunologic/metabolic damage to
neuromuscular and epithelial components of the gut [186]

Vitamin D levels are related to intestinal motility disorders [186]

The symptoms of patients with functional chronic constipation worsened in association with a
decrease in vitamin D levels [186]

3. Conclusions

Vitamin D plays a crucial role in terms of gastrointestinal health. Thus, besides the
classical role of vitamin D in calcium metabolism and bone health, emerging evidence
indicates a wide spectrum of other multisystemic implications. The antimicrobial effect is
extremely useful in enhancing H. pylori eradication. Studies of pediatric patients proved
that supplementation of vitamin D in combination with standard eradication regimens
increases H. pylori eradication rates. In terms of gastroesophageal reflux, the evidence
in pediatric ages remains scarce, suggested that these children have normal levels of
vitamin D despite their low intake. Moreover, this beneficial micronutrient acts as an
immunomodulator of both innate and adaptive immune responses at the level of the
gastrointestinal tract. In terms of CD, vitamin D deficiency is involved not only in the
onset of CD, but it might also aggravate its clinical course. Therefore, early disruption of
the intestinal barrier in susceptible individuals and subsequently increased permeability
triggered by vitamin D deficiency could contribute to the onset of immune responses
triggered by gluten. Maternal vitamin D status might also be involved in the early onset
of CD in genetically susceptible offspring. The impact of vitamin D on CF is complex,
as it was proven to exert antimicrobial, modulatory and anticatabolic effects. Moreover,
vitamin D deficiency in CF children was proven to be positively correlated with reduced
bone mineral density. Vitamin D may be also involved in preserving lung function in
patients with CF. The supplementation of vitamin D in CF patients might enhance the
development of healthier intestinal and respiratory microbes, improving the composition
of the lung and gut microbiome. The role of vitamin D on maintaining gut barrier integrity
was demonstrated to be of considerable importance in IBD patients. Moreover, based
on its immunomodulatory properties, this vitamin seems to decrease disease activity in
these patients, preventing IBD-related complications. Pediatric patients with ChD were
proven to have lower vitamin D levels compared to those with UC. Children with food
allergies were reported to have lower levels of vitamin D, and vitamin D was found to
increase the risk of developing food allergies in the pediatric population. CMA infants
were found to have lower levels of vitamin D levels compared to controls, although the
reported findings remain controversial. Several studies worldwide have reported that
low vitamin D levels are associated with increased incidence of diarrhea in children;
however, other authors found no association between vitamin D status and increased
likelihood of diarrhea. Vitamin D was recently linked to the development of intestinal
motility dysfunctions, proving that vitamin D deficiency might increase the risk of chronic
constipation, worsening its associated symptoms. Nevertheless, further studies including
larger samples should be performed in order to define the precise systemic role of vitamin
D and to elucidate the related ‘chicken or egg’ controversies.
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Abbreviations

CD celiac disease

CF cystic fibrosis

CFTR cystic fibrosis conductance regulator
ChD Crohn’s disease

CMA cow’s milk allergy
H. pylori  Helicobacter Pylori

IBD inflammatory bowel disease
IL interleukin

RXR retinoic acid receptor

ucC ulcerative colitis

VDR vitamin D receptor

VDRE vitamin D response element
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