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Abstract: Eosinophils are found in the mucosa of the healthy gastrointestinal tract, but they also often
accompany gastrointestinal diseases. We hypothesized that a positive correlation exists between
blood eosinophil count and colonic eosinophil mucosal density in children. Electronic health records
regarding 181 colonoscopies, performed with biopsy in the years 2019-2022, were screened for
information on blood and colonic eosinophil count, age, sex, diagnoses, weight, height, white blood
cell (WBC) count, serum C-reactive protein (CRP), and total IgE concentration. The median age (IQR)
of the 107 included children (109 colonoscopies) was 12.4 years (8.1-15.5); 32 presented with blood
eosinophilia (29.3%). The median eosinophil density/high-power field in the colonic mucosa was
22.5 (9-31). We found a weak correlation between colonic mucosal eosinophil density and blood
eosinophil count (r = 0.295, 95% CI 0.108-0.462, p = 0.0018). This association was more pronounced
in patients with elevated CRP (r = 0.529, 95% CI 0.167-0.766, p = 0.0054) and older than 12.4 years
(r = 0.448, 95% CI 0.197-0.644, p = 0.00068). Peripheral blood eosinophilia might hint at increased
mucosal colonic eosinophil density, especially in older children and in the presence of systemic
inflammation. However, it seems unlikely that blood and colonic eosinophilia are strongly linked in
younger children. Studies in adults are warranted.

Keywords: eosinophil; Crohn’s disease; ulcerative colitis; colonoscopy; mucosal density; histopathol-
ogy; IgE

1. Introduction

Eosinophils are a subtype of white blood cells (WBCs) found in the immune system
in humans and all other vertebrates [1]. They normally constitute between 1 and 3-5%
of circulating WBCs in humans [1,2], where they play a crucial role in the reaction to
parasites and allergens. It is proposed that eosinophils also facilitate tissue remodeling and
coordinate immune regulation, but further investigation in these areas is still needed [3].
In healthy people, eosinophils are frequently found in the mucosa of the gastrointestinal
tract [4], with the exception of the esophagus [3].

The increased number of eosinophils in the bloodstream may be related to a vast num-
ber of underlying conditions including allergic diseases and asthma, parasitic infections and
medication intake (e.g., penicillins, cephalosporins, NSAIDs) [5-7]. The eosinophilic infiltra-
tion related to most of these causes may also involve the gastrointestinal tract. Eosinophilic
esophagitis (EoE), eosinophilic gastroenteritis and eosinophilic colitis are thought to be
specific eosinophil-driven diseases of the gut [8-10]. Eosinophilia in the peripheral blood is
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often listed among the criteria for diagnosing eosinophilic maladies of the gastrointestinal
tract [11].

In children with severe asthma, blood and airway eosinophilia were correlated, but
the negative predictive value of normal blood eosinophil count was insufficient [12]. Nev-
ertheless, Bedolla-Barajas et al. indicated a positive correlation between asthma severity
and blood eosinophilia [13]. Similarly, Zeiger et al. showed a positive link between
blood eosinophilia and asthma exacerbation risk [14]. In EoE blood, eosinophilic count
significantly correlates with esophagus mucosal eosinophil density [15,16]. Furthermore,
eosinophil count is sometimes considered a potentially useful parameter in the assessment
of treatment effectiveness, which often requires repeated gastroscopy studies [17,18]. In
pediatric ulcerative colitis, colonic or blood eosinophilia was associated with inflamma-
tion severity, but was not a long-term prognostication marker [19,20]. Yet, in adults with
ulcerative colitis, recurrent eosinophilia was associated with severe colitis and primary
sclerosing cholangitis [21]. Whether eosinophilic count is useful for monitoring treatment
efficacy in eosinophilic colitis requires further research; the current evidence on this topic is
negative [22].

Very little is known about the correlation between the concentration of eosinophils in
the bloodstream and the gut. Therefore, we hypothesized that eosinophil count in the blood
positively correlates with the mean eosinophil density found in the biopsies of colonic
mucosa across a group of children undergoing endoscopy.

2. Materials and Methods

This was a retrospective cross-sectional study. Records of 181 patients who underwent
colonoscopy with colon biopsy in the years 2019-2022 were screened for information
on both blood eosinophil counts and the presence of eosinophils on histopathological
examination. From the documentation, we obtained information on age, sex, diagnoses,
weight, height, total white blood cells (WBC) count, serum C-reactive protein (CRP), and
total IgE concentrations. The blood count was analyzed with automatic measurement
methods using a Sysmex 5-differential hematology analyzer in the hospital laboratory.
Information on the eosinophil density (per one high-power field, HPF) was extracted
from histopathology reports and, if only descriptive terms were available, they were
interpreted according to typical practice in our laboratory. Over 90% of biopsy reports
were prepared by the same pathologist and all of them came from the same center. Data
analysis focused on correlations in the whole group and specific subgroups. The data
were analyzed using PQStat 1.8.4.138 (PQStat Software, Poznan, Poland). Non-parametric
statistics are presented for the investigated parameters. Spearman’s correlation coefficient
was calculated to investigate monotonic relationships (Spearman’s rho (p) is presented as
r). A multi-variable regression model was built. The significance threshold was set at 0.05.

3. Results

The search identified 109 subjects for whom the information on blood and tissue
eosinophils was available. Patients had typical indications for colonoscopy, including
hematochezia, diarrhea and abdominal pain. The most common final diagnoses were
ulcerative colitis (n = 34, 31.2%) and Crohn’s disease (n = 16, 14.7%). Eight patients (7.3%)
had mild proctitis that did not progress to ulcerative colitis. One patient with familial
adenomatous polyposis was included, and one with a juvenile polyp, because biopsies
of normal mucosa were available (1.8%). The study did not reveal significant colonic
pathology in the remaining patients (n = 49, 44.9%), among whom there were cases of gas-
tritis, duodenitis, infection with Helicobacter pylori (the urease test) and Yersina enterocolitica
(positive serology), and hemorrhoids.

The median age (1st-3rd quartile) was 12.4 years (8.1-15.5), and the age range was
1-18 years (Table 1). Fifty-two study participants were female (47.7%). The median weight
and height were 42 kg (25-58) and 152 cm (130-165). Most of the subjects did not have
elevated CRP and the median was 0.04 mg/dL (0-0.45), with 26 presenting elevated values



Children 2023, 10, 6

30f10

(23.8%). However, in almost all cases, CRP was less than ten times over the upper limit of
the norm (which was 0.5 mg/dL). The median WBC concentration was 7.64 G/L (5.9-9.1).

Table 1. Main characteristics of patients depending on final diagnosis subgroup.

Characteristic ucC CD Other
n 34 16 59
Gender—female, % 64.7% 37.5% 40.7%
Age, years 11.7 (8.2-15.5) 13.7 (10.8-16.4) 12.1 (8.0-15.5)
Weight, kg 43.7 (23.4-53.5) 44.0 (27.3-61.1) 39.0 (28.0-62.0)
Height, cm 149.5 (126.0-162.0) 161.5 (144-165.5) 166.9 (131.0-151.0)
CRP, mg/dL 0.13 (0.005-0.99) 1.1 (0.2-2.9) 0 (0-0.08)
WBC, G/L 8.3 (6.3-11.3) 8.5 (7.0-9.4) 6.8 (5.5-8.4)
Eosinophils, G/L 0.18 (0.09-0.40) 0.14 (0.12-0.27) 0.17 (0.10-0.24)
Eosinophils, % 2.2% (1.2-3.9%) 2.2% (1.6-3.4%) 2.6% (1.6-3.5%)
IgE, kU/L 23 (12-87) 81 (56-284) 55 (11-152)
Colonic mucosal
eosinophil density, 32 (25-39) 19 (10-24) 18 (7-24)
per HPE

CD—Crohn’s disease; CRP—C-reactive protein; HPF—high-power field; UC—ulcerative colitis; WBC—white
blood cell.

The median eosinophil count was 0.16 G/L (0.10-0.31), with 74 results within the
norm (67.9%), 32 above (29.3%) and 3 below (2.7%). Relative to the total WBC count,
the median fraction of eosinophils was 2.5% (1.4-3.7%). The IgE level was available
for 76 patients (69.7%) and the median was 44.3 kU/L (13.1-161.5), with seven subjects
presenting elevated values [23]. In histopathological analysis, the eosinophils were assessed
on average 2.3 times per patient. The median eosinophil density /HPF in the colonic mucosa
was 22.5/HPF [9-31] (Figure 1). The girls and the boys did not differ significantly in median
colonic eosinophil density (p = 0.193), eosinophil count in the blood (p = 0.337) or in any of
the other investigated parameters (all p > 0.4).

The colonic mucosal eosinophil density weakly correlated with blood eosinophil count
(r =0.295, 95% CI 0.108-0.462, p = 0.0018; Figure 2), but not with eosinophil count as a
percentage of WBCs (r = 0.175, 95% CI —0.019-0.356, p = 0.069). However, there was an asso-
ciation between mucosal eosinophil density and WBC count (r = 0.262, 95% CI 0.072-0.433,
p = 0.0059). The relationship between colonic eosinophil density and CRP did not reach
statistical significance (r = 0.182, 95% CI —0.013-0.364, p = 0.060). There was also no correla-
tion between colonic mucosal eosinophil density and total IgE levels (r = —0.024, 95% CI
—0.254-0.208, p = 0.833) (Table 2). None of these relationships were statistically significant
when only children below the median age were considered (<12.4 years), but interpretation
needs to take into account the fact that, in this subgroup, p values were <0.3 (and the sample
size was two times smaller). However, in older subjects (>12.4 years), despite the smaller
sample size, the relationship between mucosal eosinophil density and eosinophil blood
count was moderately strong (r = 0.448, 95% CI 0.197-0.644, p = 0.000676), and there was
also a positive association with relative eosinophil frequency in the blood (r = 0.432, 95% CI
0.177-0.632, p = 0.0011) and with total WBC count (r = 0.300, 95% CI 0.026-0.531, p = 0.027).
The correlation, seen between mucosal eosinophil density and blood eosinophil count, was
preserved in subjects (all ages) with normal (r = 0.245, 95% CI 0.022-0.445, p = 0.027) and
elevated CRP alike (r = 0.529, 95% CI 0.167-0.766, p = 0.0053). Finally, in children who
were diagnosed with ulcerative colitis, a correlation between eosinophil count and mucosal
eosinophil density was detected (r = 0.530, p = 0.0013). We did not find any statistically
significant correlations in a subgroup of 27 subjects who had total IgE > 100 kU /L (n = 27).
Regression analysis revealed that among age, gender, CRP, WBC and eosinophil count, only
the latter was independently associated with colonic eosinophil density (model R? = 0.161,
p = 0.0028). The beta coefficient for the eosinophil count was 16.07 (95% CI 6.02-26.12,
p = 0.0020). The result was significant also after inclusion of the final diagnosis category in
the model (ulcerative colitis, Crohn’s disease, other).
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Figure 1. (A) Fragment of the mucosa of the large intestine with sparse intestinal eosinophils (arrows
—), H&E, mag. 400 ; (B) stained positive for myeloperoxidase (MPO). (C) Fragment of large intestine
mucosa with 20-25 intestinal eosinophils/1 HPF (H&E); (D) stained positive for MPO. (E) Fragment
of colonic mucosa with over 40 intestinal eosinophils/1 HPF (H&E); (F) stained positive for MPO.
Bar length in all panels: 50 pm.
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Figure 2. Scatterplot of colonic mucosal eosinophil density vs. eosinophil blood count in 109 children
who underwent diagnostic colonoscopy. Some points may overlap. HPF—high-power field. Asterisk
(*) indicates multiplication.
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Table 2. Correlations between colonic mucosal eosinophil density and other parameters in all the
subjects and in selected subgroups. Spearman’s rho (r) is presented, along with 95% confidence
intervals (95% CI). p values < 0.05 are indicated with asterisk (*).

Assessed Correlation, in All Subjects r 95% CI p

colonic mucosal eosinophil density vs.

. : 0.295 0.108-0.462 0.0018 *
blood eosinophil count
colonic mucosal eosinophil density vs. .
blood eosinophil count if CRP < 0.5 mg/dL 0245 0.022-0.445 0.027
colonic mucosal eosinophil density vs. .
blood eosinophil count if CRP > 0.5 mg/dL 0.529 LRIENZED DRI
colonic mucosal eosinophil density vs. _ g
relative eosinophil count in the blood 0-175 0.019-0.356 0.069
colonic mucosal eosinophil density vs. .
total WBC count 0.262 0.072-0.433 0.0059
colonic mucosal eosinophil density vs. 0182 —0.013-0.364 0.060
colonic mucosal eosinophil density vs. —0.024 0.254-0.208 0.833
total IgE levels
*if p <0.05
Assessed Correlation, in Adolescents > 12.4 Years r 95% CI p
colonic mucosal eosinophil density vs. .
blood eosinophil count in subjects > 12.4 years 0448 LTEZEN LLL
colonic mucosal eosinophil density vs. .
relative eosinophil count in the blood in subjects > 12.4 years 0432 LAVZENEE DALY
colonic mucosal eosinophil density vs. .
total WBC count in subjects > 12.4 years 0-300 DI bizel Lzt
*if p <0.05

Higher colonic mucosal eosinophil density was found in ulcerative colitis (32.5 (25.0-39.0)
per HPF), compared with both Crohn’s disease (19.5 (10.0-24.5), p = 0.0021) and the re-
maining diagnoses (18 (7—24), p = 0.000002). Total IgE concentrations were slightly lower
in ulcerative colitis compared with Crohn’s disease (22.9 (12.1-101.0) vs. 81.3 (49.3-383.0)
kU/L, p = 0.037). Subjects with inflammatory bowel diseases did not differ in age, mass or
height from other patients.

4. Discussion

In the present study, we found a correlation between colonic mucosal eosinophil
density and blood eosinophil count. The association was more pronounced in patients with
elevated CRP and adolescents older than 12.4 years (i.e., the median age). In contrast, the
association was not confirmed in younger children. We also found a modest correlation
between colonic mucosal eosinophil density and WBC count, both in the studied population
as a whole and among patients > 12.4 years. Surprisingly, we found no association between
total serum IgE and colonic mucosal eosinophil density. The subject is understudied and
there are only a few studies to compare independent findings with our analysis.

4.1. Molecular Aspects of Eosinophilia

Our knowledge of the eosinophil is mostly related to the airway mucosa because of
the importance of this type of cell in asthma. In gastroenterology, more recent research has
focused mostly on EoE and not on physiological functions of the eosinophil in the intestine.
The pathophysiology of eosinophilia beyond the esophagus relates to allergy and dysbiosis,
both of which are briefly discussed below, together with a general overview of the mucosal
eosinophil [24].

The eosinophil originates from the granulocyte lineage and does not multiply. It is
found where the organism meets the environment: in the gut, lungs, skin, and also in the
lymph nodes and spleen. The eosinophil is able to survive in tissues longer than other gran-
ulocytes. Activation of the eosinophil may lead to its rupture, with the spread of granule
content, which contains a mixture of effector proteins, cytokines and leukotrienes [25]. The
key protein for anti-helminthic, antibacterial and cytotoxic effects is the major basic protein,
which also stimulates the release of histamine. Other eosinophilic granule proteins include
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enzymes that may have direct activity on the offending organisms or help to produce reac-
tive oxygen species. Eosinophils respond to various stimuli, one of which is IgE. However,
IgE alone is much more likely to promote degranulation of mastocytes, and not eosinophils.
Pathways involving IgE and eosinophils (IL-5) are considered as distinct in the context of
targeted therapies [26].

Eosinophils are recruited by such inflammatory factors as IL-5, TNF and IL-1beta, but
also the hypoxia-inducible factors. The strongest eosinophil chemoattractant in the mucosa
is eotaxin-1, secreted by healthy intestinal lamina propria. Mucosal eosinophils acquire
markers of activation, including ICAM-1 and CD69, remaining in a state of alertness,
ready to react to bacterial products. Recent research implicated the aryl hydrocarbon
receptor as a key factor in promoting the optimal level of eosinophil reactivity in intestinal
mucosa [27] that prevents premature degranulation. Importantly, eosinophils are able to
present antigens via the major histocompatibility complex (MHC) class 2. Eosinophils
are therefore involved in maintaining mucosal integrity and are closely linked with other
immune cells. The view of the eosinophil as an effector cell and actor of inflammation
should be reconciled with its potential functions in the early priming of inflammation (e.g.,
via the aforementioned antigen presenting capacities). Moreover, eosinophils are also able
to secrete anti-inflammatory proteins (IL-10 and TGF-beta), influence tissue healing and
promote fibrosis. It is often difficult to distinguish whether eosinophils in the biopsy are
pro-inflammatory or take part in repair [28]. Furthermore, even the inflammatory activity of
eosinophils may be difficult to categorize as primary (EoE) or secondary (gastroesophageal
reflux disease) without a broad knowledge of the preexisting pathology, coupled with
information about past and current environmental and intrinsic stimuli. This leads to two
interesting aspects of eosinophilia: dysbiosis and allergy.

It may be postulated that dysbiosis causes eosinophilia by impairing the integrity of the
gut barrier. However, the evidence for this is limited. The presence of Ruminococcus gnavus
(Lachnospiraceae) in infants associated with atopy and its introduction in animal models
resulted in exacerbated Th2 immunity [29]. Eosinophilic esophagitis is associated with a
kind of dysbiosis that persists despite treatment [30]. The fact of continued colonization
with altered microbiota, despite the reduction in inflammation, is especially important
because the inflammation itself can shape the microbiota. A specific example is provided
by overexpression of IL-13 in mice, which led to changes in gut bacterial communities,
such as reduction in Firmicutes and Proteobacteria [31]. Moreover, in this animal model,
overexpression of IL-13 in the airways alone was sufficient to promote changes in the
intestinal microbiota, highlighting the systemic consequences of local inflammation. We not
only lack information on the relationship between intestinal microbiota and the abundance
of eosinophils in the colonic mucosa, but also on how bacteria exposure in early life could
prime the gastrointestinal mucosa for greater or lower eosinophil density. The relationships
between nutrition, smoking, bacterial metabolism, abundance of aryl hydrocarbon receptor
ligands and eosinophilic disorders also warrant further study [27].

The intestinal mucosa is the main site of food allergy reactions, despite the fact that
allergens may cross this barrier and reach the bloodstream. Likewise, the involvement
of eosinophils in allergic reactions is important, even though other cells also take part.
Therefore, eosinophils are critically important in allergy, but do not produce it alone. This
is demonstrated by the aforementioned fact that both anti-IgE and anti-IL-5 strategies
prove to be useful in the management of asthma. Allergic and eosinophilic asthma may
overlap [32], and in such cases a transition from omalizumab (anti-IgE) to mepolizumab
(anti-IL-5) might bring additional benefit [33]. In the gut, similar to the lungs, allergy is
a complex pathology, where IgE and/or eosinophilia may be involved and do not need
to be reciprocally linked [34]. Some functional disorders might be attributable to subtle
forms of allergy that attract eosinophils and mast cells to the mucosa, as demonstrated in
functional dyspepsia [35] and irritable bowel syndrome [36] independent of IgE. Also, it
was postulated in functional dyspepsia that eosinophil recruitment may be reduced by
the use of proton pump inhibitors, highlighting unexpected mechanisms of this drug’s
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activity [37]. In summary, mucosal eosinophils take part in maintaining homeostasis and
developing allergic diseases, but the exact mechanisms—even if they are related to the
microbiota—remain elusive.

4.2. Challenges in the Clinical Interpretation of Colonic Eosinophilia

Many authors emphasize the difficulty of diagnosing eosinophilic colitis due to the
frequent lack of coexisting peripheral eosinophilia in this condition [8-10,38,39]. Estimates
of the occurrence of increased eosinophilic count in the blood in eosinophilic colitis range
from 20% to 80% [8,38]. In the diagnostic process, peripheral blood eosinophilia may
thus be used to highlight a systemic tendency towards eosinophilia, aiding the diagnostic
process, but no strict concordance with histopathology is expected. Of note, very low
eosinophil counts were historically considered a sign of ongoing severe inflammation, and
therefore the negative predictive value of low eosinophil counts should be considered
insufficient. Overall, only high blood eosinophilia appears useful in the diagnosis of
eosinophilic diseases of the gut, and its sensitivity is moderate or low. As dictated by
clinical experience, a systematic and cautious assessment of the eosinophilic inflammation
is required, especially given the considerable overlap with inflammatory bowel diseases
already described by Grzybowska-Chlebowczyk et al. [40] This is in addition to the fact
that, in some cases, eosinophilic inflammation of the gastrointestinal tract may conclude in
fibrosis and mimic surgical emergencies [41].

Studying colonic mucosal eosinophil density in biopsy samples is challenging because
eosinophilic infiltration along the colon is frequently patchy [39,42]. A typical example of
a condition with patchy lesions in pediatric gastroenterology is celiac disease, where at
least five biopsies are required to establish the diagnosis [43]. In eosinophilic esophagitis,
multiple specimens are required as well. It is also known that a decreasing gradient of
eosinophil density exists along the colon [22,44]. Normal mean values in children range
from 20 in the caecum and 16 in the transverse colon to 8 in the sigmoid colon [4]. This was
also subject to a meta-analysis that highlighted differences in the real surface of HPF [45].
Although in this study it cannot be ruled out that biopsies, collected during colonoscopy,
were taken out of colon segments where eosinophils density was low, the number of
mucosal eosinophil density assessments was considerable (~250). This should make the
results representative, unless a specific biopsy location bias existed.

4.3. Association of Mucosal Eosinophilia with Inflammation, but Not Serum IgE

The limited value of total serum IgE level in diagnosing eosinophilic gastrointestinal
diseases was demonstrated previously [46,47]. We nevertheless decided to check for an
association between total IgE and mucosal eosinophil density in the colon because of the
common functional pathways. Previously, such a relationship was reported in an analysis
of 32 children with eosinophilic colitis [22]. Our work points towards a lack of correlation
between total serum IgE and colonic mucosal eosinophil density. On the contrary, CRP and
WBC correlated with the presence of eosinophils in the colon, stressing the relationship
between inflammation in general and eosinophilic infiltration.

4.4. Results Reflect Specific Eosinophil Regulation in Younger Children

The lack of a statistically significant relationship between the studied parameters in
the younger half of the group can be explained by fundamental differences in immune
system regulation. This was studied in eosinophilic esophagitis, where children typically
have a background of food allergens, and adults present with sensitization to inhaled
allergens [48]. It was shown that molecular profiles of eosinophils differ depending on
age [49].

4.5. Specific Aspects and Limitations of This Study

As presented above, many of the patients in our study were diagnosed with in-
flammatory bowel disease, which in itself often causes secondary eosinophilic mucosal
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infiltration [9,50]. Nevertheless, the underlying condition does not necessarily cause periph-
eral eosinophilia. Moreover, in many patients, inflammatory bowel disease was suspected,
but not confirmed. This study aimed at investigating a general relationship between blood
and colon eosinophilia, across age groups, conditions, and various biopsy sites. Although
a group selection bias may exist (related to indications for colonoscopy in children), the
eosinophil is currently not thought to be the central cell of inflammatory bowel disease or
irritable bowel syndrome. Likewise, differentiating between primary and secondary colonic
eosinophilia is a current challenge in clinical practice [24]. If a strong general mechanism
linking blood and colon eosinophilia existed in children, it should be detectable in the
studied population.

Study aspects that warrant consideration are the lack of information on biopsy sites
(healthy vs. ulcerated mucosa), endoscopic scores, symptoms and medication. This study
also did not include children below 1 year of age. Yet, it managed to explore a number
of pertinent parameters across over one hundred patients, describing the strength of the
relationship between blood and colonic eosinophilia. This is potentially useful information,
given how frequently these parameters are assessed and what uncertainty often surrounds
their practical interpretation.

5. Conclusions

In conclusion, we observed a modest relationship between blood eosinophil count
and the colonic mucosal eosinophil density in symptomatic children who underwent a
diagnostic colonoscopy. This association was moderately strong in adolescents and patients
with elevated CRP. From a practical standpoint, colonic eosinophilia in children seems to be
an unspecific finding that may or may not be accompanied by blood eosinophilia. Colonic
mucosal eosinophil density correlated with inflammation (CRP, WBC), but not total serum
IgE levels. Investigating healthy adults undergoing colon cancer screening presents itself
as an attractive, complementary subject which will facilitate further fundamental study
into this topic.
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