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Abstract

This case report examines the beneficial effects of a self-prescribed restricted diet (RD) on disease progression, gut microbiome
composition, and systemic immune responses in a pediatric patient with Crohn’s disease (CD) and autism. Over a two-year period of
dietary intervention, the patient maintained sustained clinical remission (visits 1-4), followed by disease relapse upon reintroduction
of a free diet (FD) at visit 5. The RD included selected animal products, cooked vegetables, fresh fruits, legumes, beans, and
healthy fats, while excluding white bread, rice, pasta, cereal, fresh vegetables, caffeine, processed foods, milk, fast food, and fizzy
drinks. During remission, longitudinal microbiome analysis revealed a progressive stabilization of gut microbial ecology, marked
by a shift from the phylum Bacteroidota to the Firmicutes, mainly dominated by Lachnospiraceae and Bifidobacterium species.
Similarly, the oral microbial profile showed an increase in the Firmicutes, notably Streptococcus thermophilus and Lactobacillus
crispatus. The microbiome recovery paralleled the transcriptomic shifts, wherein gene expression profiles also began to normalize,
particularly in pathways related to immune modulation and metabolic homeostasis. The blood transcriptome analysis at V3 showed
a downregulation of pro-inflammatory biomarkers, reduced activity of macrophages versus an increased activity of T cells CD4+,
CD8+, and Tregs. Metabolic and neurological pathway analysis revealed downregulation of insulin signaling and apoptosis alongside
enhanced neurotransmission (dopamine, norepinephrine, serotonin) and gap junction assembly. Together, these patterns suggest that
specific dietary regimens may promote clinical remission in CD symptoms by rebalancing the microbiome-immune cross-talks. The
observed relapse upon cessation of the restricted diet underscores the potential role of personalized nutrition in disease management,
warranting further investigation into microbiome-directed dietary therapies for CD-autistic patients.
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Introduction

Crohn’s disease (CD) is a subtype of inflammatory bowel disease
(IBD) characterized by transmural inflammation that can affect
any segment of the gastrointestinal tract, most commonly the
terminal ileum and colon [1], resulting in symptoms such as
abdominal pain, severe diarrhea, weight loss, and malnutrition [2,
3]. The pathophysiology is complex, including both genetic and
environmental factors [4]. Dietary interventions play a pivotal
role in CD management [5]. Specialized diet therapies have been
developed for CD [6]. Exclusive enteral nutrition (EEN), the
initial line of management for inducing remission in pediatric CD,
achieves efficacy through anti-inflammatory and microbiome-
modulating effects [7-9]. However, for those who are intolerant
to EEN, alternative dietary strategies such as the Crohn’s Disease
Exclusion Diet (CDED) and CD treatment-with-eating diet (CD-
TREAT) have emerged [10]. CDED restricts pro-inflammatory
dietary components, including animal fats, gluten, maltodextrin,
and emulsifiers known to be linked to microbial dysbiosis,
intestinal barrier disruption, and immune activation [11, 12]. When
combined with partial enteral nutrition (PEN), CDED achieves
remission rates of up to 80% [13, 14]. In contrast, CD-TREAT
mimics EEN’s composition while excluding gluten and lactose,
though further validation is needed [10]. Current guidelines
prioritize EEN, reserving CDED+PEN for patients preferring solid
food [15]. Another notable approach, the Specific Carbohydrate
Diet (SCD), originally designed for celiac disease, has been
repurposed for IBD [16, 17]. SCD restricts or excludes intakes of
grains, fiber, sugars (mainly lactose and sucrose), all refined and
processed foods (e.g., processed meats, canned foods, artificial
sweeteners), along with soy, and further limits the intake of certain
vegetables (such as potatoes and other starchy vegetables) and
dairy products (except for hard cheese and homemade yogurt
fermented for 24 hours) [18-20]. Despite promising outcomes,
patient responses to these diets are heterogeneous, underscoring
the need for precision nutrition strategies tailored to individual
microbiomes and immune profiles.

The composition of the human gut microbiota and its metabolites
play acritical role in human health and the development of diseases,
impacting the immune response and intestinal barrier integrity [21-
24]. This is particularly true for gastrointestinal (GI) tract disorders,
such as CD [25-27]. Any different therapies used for CD have
been shown to impact the gut microbiome composition including
antibiotics, biological therapy, and nutritional interventions such
as EEN and CDED+PEN [28, 29]. Beyond the gut, perturbations
in the oral microbiome have been implicated in CD pathogenesis,
with Streptococcus and Prevotella identified as overlapping
discriminators across stool, saliva, and mucosal samples [30, 31].

The diversity and composition of both gut and saliva microbiomes
are influenced by the quantity and types of foods and nutrients [32-
34]. The microbiome is considered a key mediator in the crosstalk
diet-immune response, as specific dietary regimens influence
inflammatory status, mainly via the microbiota modulation [35].
This complex interaction can explain the beneficial effect of
restricted dietary regimens, such as CDED and CD-TREAT, on
CD. The precise mechanism remains elusive, and any emerging
evidence contributes to deciphering their underlying complexity.

Here, we present a pediatric CD case in which a self-prescribed
restricted diet (RD) correlated with clinical remission, microbiome
stabilization, and immunomodulation effects that reversed upon
dietary cessation. This case highlights the potential for personalized
dietary strategies to rebalance host-microbiome-immune axes in
CD patients.

Materials and Methods
Recruitment and clinical assessment

The patient was referred to the Gastroenterology and Nutrition
Division at Sidra Medicine, where he was diagnosed with CD
L3, BI based on the Montreal Classification [36]. The disease
progression was assessed using clinical, endoscopic, histological,
radiological, and calprotectin assessments. In 2018, the patient
was enrolled in an observational study investigating the role of
gut and oral microbiota in IBD. Over the course of five clinical
visits, longitudinal data and samples were collected. Outside the
study protocol, the patient independently adopted a self-prescribed
restricted diet (RD) for approximately two years, which was
assessed for the purpose of this case report.

Dietary assessment

The dietary intake was assessed by using the 24-hour recall
(24HRs) and Food Frequency questionnaire (FFQ) at 2 timepoints:
visit 1 (self-prescribed RD) and visit 5 free diet (FD). The dietary
data were collected by trained staff and used to compute the
nutrient intake by Nutritionist Pro (Axxya Inc.) software. The
FFQ measures the frequency and portion sizes of 30 food items
consumed on a weekly basis. The diet quality was defined using
the Healthy Eating Index (HEI) and Dietary Inflammatory Index
(DII), calculated from the FFQ and 24HRs, at both time points.
HEI reflects the adherence of the diet to the American dietary
recommendations, a higher HEI score shows a high-quality diet
and vice versa [37, 38]; DII reflects the inflammatory potential
of the diet, with lower DII score suggesting an anti-inflammatory
diet, whereas a higher score indicates a pro-inflammatory diet [38].

Description of diet regimens

As reported in the 24HRs and the FFQ, the self-prescribed (RD)
consisted of selected animal products, cooked vegetables, fresh
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fruits, legumes and beans, healthy fats, an adequate amount
of water, reduced or a null intake of white bread, rice, pasta,
cereal, fresh vegetables, caffeine, processed foods, milk, fast
food and fizzy drinks. Furthermore, the patient consumed some
special homemade recipes, like almond-flavored bread without
wheat flour and a homemade yogurt rich in probiotics (shown in
Supplementary Table S1). The free diet consisted of consuming
various kinds of foods, including processed foods, carbs, milk,
fresh vegetables, sweets and fast food (shown in Supplementary
Table S2).

Collection of clinical parameters

Weight, height, BMI percentile, calprotectin, endoscopy and
histological assessment, disease status, symptoms, and patient
well-being data were collected from the medical records and
questionnaires at each clinical visit.

Microbiome profiling and analysis

The microbiome was assessed using 16S rDNA-sequencing on the
[llumina MiSeq platform, with stool samples collected from visit
1 to visit 3, and saliva samples collected from visit 1 to visit 5.
Microbial DNA was extracted with the QIAamp Fast DNA Stool
Mini Kit (Qiagen) via combined chemical/mechanical lysis and
magnetic-bead purification. DNA purity (A260/A280) and integrity
(1% agarose gel) were confirmed before amplification. The V1-V3
and V3-V4 regions were amplified for saliva and stool samples,
respectively. Libraries were prepared with the Illumina Nextera
XT kit (FC-131-1002), PCR products were purified using AMPure
XP beads (Beckman Coulter), pooled equimolarly, and sequenced
on the MiSeq. Demultiplexed reads underwent quality control with
FastQC [39]. The raw sequencing reads obtained from the saliva
and stool samples were processed using the standard Qiime2 and
Dada?2 pipeline using custom classifiers specific to the amplified
regions to generate the amplicon sequence variant (ASV) count
table. These classifiers were built using the GreenGenes2 database
(v2022.10). For the stool samples, the classifier was designed to
target the V3-V4 regions (V3_F: CCTACGGGNGGCWGCAG,
V4 R: GACTACHVGGGTATCTAATCC). For saliva
samples, the classifier was tailored for the V1-V3 regions
(VL _F: AGAGTTTGATCMTGGCTCAG, V3 R:
GWATTACCGCGGCKGCTG). The downstream analysis was
conducted using MicrobiotaProcess [40] and mia R packages [41].
To address sequencing bias, ASV counts were normalized to 5,000
reads per sample.

Blood transcriptome profiling and analysis

Total RNA was extracted from whole blood cultures using the
PAXgene Blood RNA Kit (Qiagen) and assessed for integrity with
the Agilent 2100 Bioanalyzer (RNA 6000 Pico assay). Libraries
were prepared with Lexogen’s QuantSeq 3" mRNA Seq Kit,
incorporating oligo(dT) priming, globin depletion, UMI tagging,

and single index barcoding, then evaluated by LabChip NGS 3K
and KAPA qPCR before sequencing as single end 75 bp reads on
an Illumina NextSeq 500. Raw sequencing reads were quality-
trimmed using BBMap toolkit (v38.69). The trimmed reads were
then mapped to the human genome GRCh38 using STAR (v2.6.1d)
[42]. Reads were then collapsed based on their unique molecular
identifiers (UMIs). Counts were generated using HTSeq-count
(v0.9.1) and subsequently normalized using Trimmed Mean of
M-values (TMM) method from the edgeR package (v4.0.16) [43].
The analysis focused on a customized human inflammation panel
of gene from CD genomics [44]. The quanTIseq method [45] was
used for immune deconvolution analysis. Pathway analysis was
done using the gene variation analysis (GSVA) (v1.50.5) [46] on
the MSigDB C2 canonical pathways gene sets [47].

Transcriptome-Microbiome Association Analysis

The mixOmics R package (v6.30.3) [48] was used to estimate
associations microbial abundance and Diet. Very sparse dietary
elements were excluded using the mixOmics:nearZero Var function.
The multi-block sparse Latent Structure models Discriminant
Analysis method (block.splsda) with 2 latent components was used
to identify the most associated features [49]. The most associated
bacteria and dietary elements on the plsda component one, were
used to estimate the association values using the cimDiablo
function [50] was plotted using ComplexHeatmap R/Bioconductor
package was used for plotting [51].

Results
Case presentation

The study presents a case of a 13-year-old male originally from
Asia, who moved to Qatar in 2012. He was born via normal
delivery, exclusively breastfed, and introduced to solid foods at six
months of age. In 2017, he was referred to the Gastroenterology
and Nutrition Division at Sidra Medicine, where he was diagnosed
with CD affecting the lower GI tract exhibiting an ileocolonic,
non-penetrating, and non-structuring phenotype, corresponding
to L3, B1 based on the Montreal Classification. The patient was
evaluated at baseline (visit 1) and at each follow-up visit (visits
2-5) for the IBD clinical outcome and anthropometric parameters.
The initial symptoms were mild abdominal pain with no patient’s
family history related to IBD and treatment included Azathioprine
and cholecalciferol supplement. A form of autism spectrum
disorder (ASD) was also documented in his medical records;
however, detailed neurological assessments and management
were conducted in a different hospital, limiting available data
on his neurodevelopmental status. At recruitment, the patient
was in remission, with fecal calprotectin value of 116 ug/g at
visit 1 and remaining in the range of normality throughout the
subsequent visits, except at visit 5 at which it was reported as 708
ug/g, an indication of the patient’s relapse (Table 1). The patient
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was monitored by calprotectin and endoscopic assessment was done only if these indices indicated relapse. Endoscopic imaging was
performed at visit 5 to confirm relapse diagnosis following elevated fecal calprotectin levels (Figure 1), whereas during remission, fecal
calprotectin was solely used as a diagnostic tool. Anthropometric measurements remained stable throughout the study period. Baseline
assessment revealed normal growth parameters (BMI at 36th percentile), with all subsequent measurements maintaining a healthy
weight trajectory despite minor fluctuations. At recruitment, the patient was under medication, Azathioprine, and Cholecalciferol, then
discontinued in the follow-up visits. The patient reported feeling well, without fatigue or symptoms of depression during the entire study
(Table 1). This suggests the RD period was not associated with reduced quality of life or apparent nutritional deficiencies.

BMI CALPR GENERAL
AGE DISEASE ABDOMEN FEELING | FEELING
VISITS DATE PERCE OTECTIN TREATMENT WELL-
(YEARS) | b (UG/C) STATUS PAIN BEING TIRED DEPRESSED
23-Dec- Azathioprine
ey 2018 13.58 36 116 Remission Mild and well No data No data
cholecalciferol
ND 20-Oct- " o
2! 2019 14.42 20 40 Remission no None well no no
RD _ _
. ;zlgec 14.58 21 200 Remission no None well no no
TH Tul
4 ;(9)2](;11 15.2 17 - Remission no None well no no
5TH ;3_2%)“_ 15.42 32 708 Relapse no None well no no

Table 1: Patient’s demographic and clinical data at each visit.

Figure 1: Endoscopic appearance after the patient had indication of relapse on PCDAI and high calprotectin, showing deep ulcers and
fissuring in the colon. Two sections of the colon are showed in panels a and b.

Nutrients intakes of the two dietary practices

The patient adhered to the RD from visit 1 to visit 4, then transitioned to FD prior to visit 5. Data from the 24HRs were analyzed to
compute the intake of macro- and micronutrients during both RD and FD. The macronutrient analysis indicated a lower caloric intake
during RD than FD, with 2600 kcal/day at visit 1 versus 3200 kcal/day at visit 5 (Figure 2a). The higher amounts of calories in the FD
were primarily due to a higher intake of proteins and total fats (Figure 2b).
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Figure 2: The distribution of the major macronutrients and micronutrients intakes during RD and FD. Panel a: Kcal; Panel b: proteins,
carbs, and fats; Panel c: fats components, cholesterol; Panel d: omega-3 and -6 PUFA; Panel e: sugars; Panel f: fibers components
(crude, soluble, and insoluble fibers); Panel g: vitamins; Panel h: minerals; and Panel i: salt.
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The detailed fat analysis showed a higher consumption of
cholesterol (main food source: salmon, cheese, and chicken) in
FD, and a higher intake of saturated fats and polyunsaturated fatty
acids (PUFA) in RD, mainly sourced from eggs, chicken, salmon,
and sunflower oil. Monounsaturated fatty acid (MUFA) intake was
shown slightly higher in FD compared to RD. It is notable that
omega-3 fatty acids were higher in RD than in FD while omega-6
remained unchanged. Consequently, the omega-6/omega-3 ratio
was 9.14 and 13.73 in RD and FD, respectively. The omega-3
fatty acids are derived from chicken, unsalted butter, and almond-
floured homemade bread.

The total carbs level showed minimal difference between the two
diet regimes, however, in RD, the carbs were derived from fresh
fruits, steamed and peeled vegetables, and boiled beans and honey,
whereas most carbs in FD were derived from rice, toasted bread,
milk, cookies, and fresh fruit. Total sugar level was higher in RD
with 109.2g compared to 60.5g in FD, and in particular, glucose,
fructose, and sucrose mainly derived from fresh fruits, steamed
carrots, boiled green peas, and natural honey. The intake of total
dietary fiber revealed a higher level in RD vs FD, with 38.2g as
opposed to 19g, mostly contributed by the crude fiber originating
from boiled green beans, steamed vegetables, and fresh fruits.

The micronutrient analysis showed a higher level of all vitamins
and of some minerals in the RD than in FD. In particular, vitamin
A, beta- and alpha-carotene, lutein, total folate, vitamin K, beta-
cryptoxanthin and vitamin C were higher in RD, mainly sourced
from steamed broccoli and carrots, orange juice, eggs, unsalted
butter, peas, and broccoli. Similarly, the mineral intake indicated
that potassium and magnesium are elevated in RD compared to
FD, derived mainly from grilled salmon, chicken, green peas,
fresh fruits, steamed carrots, and broccoli. The phosphorus level

is slightly higher in RD, mostly from grilled salmon, chicken, and
eggs. On the other side, sodium and chloride are elevated in FD
compared to RD, mostly derived from high-salt food (almond-
floured homemade bread, eggs, chicken, and sea salt). As a
confirmation, the total salt consumption was higher in FD than RD
(7.6g vs 4.7g), mainly from rice, cheddar cheese, processed meat
(turkey salami), and chicken. Likewise, calcium, iron, and fluoride
levels are higher in FD, primarily sourced from milk and cheddar
cheese; fortified cornflakes, rice, and salmon; and drinking water,
respectively.

Food Frequency and Dietary patterns across diet regimens

The frequency of food consumption was recorded at both time
points using FFQ. During RD, the patient reported higher
consumption of fruits, fresh juices, cooked vegetables, nuts, red
meat, and eggs compared to FD. The return to FD coincided
with a shift in dietary habits: bread consumption changed from
homemade bread recipes (using non-wheat flour) to the common
white bread; the consumption of homemade yogurt was reduced,
whereas poultry and fish intake increased. Furthermore, some
food items were introduced in the FD, such as cereal, rice, pasta,
potatoes, fresh vegetables, milk, processed food, pizza, fast food,
fried potatoes, and chocolate and cookies, which were absent from
the RD (Figure 3a). The dietary pattern analysis was conducted
from the 24HRs and FFQ using the HEI and DII scores. The results
indicated an anti-inflammatory diet (DII = -2.97) when the patient
followed the RD, whereas it shifted to a slightly pro-inflammatory
profile (DII = -0.65) when the FD was reintroduced. Similarly, a
modest difference in HEI scores between the RD (HEI=72) and FD
(HEI=67), yet RD reflects a higher overall diet quality compared
to the FD (Figure 3b).
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Figure 3. Food frequency intake (grams/week, Panel a) and DII and HEI dietary scores (Panel b) in both RD and FD.

Gut microbiome

During the RD period (Visits 1-3), analysis of gut microbiota
composition revealed significant temporal changes. The
bacterial composition shifted across three visits from a
profile mainly dominated by the phylum Bacteroidota and the
species Phocaeicola_dorei, with a respective abundance of
62.1% (V1), 59.84% (V2), and 48.79% (V3), to the phylum
Firmicutes, specifically the unclassified species from the family
Lachnospiraceae (6.48% at V1, 3.08% at V2, and 10.53% at V3),
from genera Lachnospira (4.8% at V1, 5.5% at V2 and 3.79% at
V3) and multiple species of the genus Faecalibacterium. We also
observed the appearance of the species Bifidobacterium longum
(0.06% at V1, 0.1% at V2, and 0.66% at V3) and the Bilophila
wadsworthia (0% at V1, 0.08% at V2 and 0.66% at V3) (Figure
4a). The enrichment analysis confirmed the increased abundance of
the Faecalibacterium species, Butyribacter intestine, Bacteroides
uniformis, Bifidobacterium longum, Bilophila wadsworthia,
Dialister invisus, unclassified species from the genera Blautia and
Roseburia, and the family Lachnospiraceae at V3 compared to V1.
Conversely, abundances of species from the genera Clostridium
and Haemophilus, and the families Peptostreptococcaceae and
Butyricicoccaceae decreased in V3 compared to V1 (Figure 4b).
These microbial changes suggest a beneficial modulation of the
gut ecosystem during RD, characterized by a more favorable
Bacteroidota/Firmicutes ratio, expansion of protective bacterial
taxa, and attenuation of potentially harmful bacterial species,
possibly contributing to the observed clinical improvements
during this dietary intervention period.

Oral microbiome

Analysis of the oral microbiota from saliva samples collected during
both dietary regimens revealed significant compositional shifts.
During the RD period (V1-4), the microbial profile was initially
dominated by Proteobacteria, which showed a relative decrease
by V4. However, at species level, we observed a fluctuation of
abundance of unclassified Neisseria (28.52% at V1, 18.15% at V2,
18.61% at V3,5.14% at V4 and 24.55% at V5), Moraxella bovoculi
(2.4%atV1,9.59% at V2,10.81% at V3, 0.32% at V4 and 4.43% at
V5), and Lautropia mirabilis (2.42% at V1, 11.50% at V2, 9.83%
at V3, 0.38% at V4 and 0.63% at V5). Visit 4 marked a dramatic
transition with Firmicutes becoming predominant, particularly
through increased abundance of wunclassified Streptococcus
(rising steadily from 3.51% at V1 to 18.61% at V5) and a striking
appearance of Lactobacillus crispatus (33.70% at V4, absent at
other visits) (Figure 4c). The enrichment analysis showed the most
abundant species across the visits including Neisseria cinerea,
unclassified_Haemophilus, and unclassified Porphyromonas
at V1; Neisseria oralis and Porphyromonas gingivalis at V2;
unknown species HOT-345, Moraxella bovoculi at V3; Prevotella
melaninogenica, Cutibacterium acnes, Lactobacillus crispatus,
and Streptococcus sanguinis at V4; unclassified Streptococcus,
Streptococcus infantis, and Streptococcus pseudopneumoniae at
V5 (Figure 4d).
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Figure 4: Gut and oral microbiota profiling across study visits. Panel a: Gut microbiota composition at the species level, represented
by relative abundance at visits V1-V3. Panel b: Heatmap of enriched gut microbial species at visits V1-V3. Panel ¢: Oral microbiota
composition at the species level, represented by relative abundance at visits VI-V5. Panel d: Heatmap of enriched oral microbial
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Correlation analysis revealed opposing nutrient-microbe associations between remission (V1-2) and relapse (VS5), with several
Streptococcus and Prevotella species showing negative correlation with the intake of carbohydrates, vitamins D and E, niacin and a few
amino acids at V1-V2, which then shifted to positive correlation at V5. Some nutrients, such as vitamins, carotenoids, polyphenols, and
fatty acids showed a strong negative association at V5 compared to V1-V2 (Figure 5a, b), suggesting that the RD may have promoted
microbial-nutrient interactions supportive of remission. These findings demonstrate the potential responsiveness of the oral microbiome

to dietary changes.

d

Visit
K
H:2
M5

Omics
| Diet
| Microbiome

association

2
_E

0

=1
I

1
IR NN EEEEE | e

Saliva

visit [

Streptococcus downii
Neisseria subflava
W5053 sp000467935
Prevotella salivae
Prevotella copri
SDRWO01 sp007845485
Stomatobaculum longum
Neisseria bacilliformis
Centipeda noxia
Parvimonas parva
Eubacterium_N saphenum
Lachnoanaerobaculum sp000.
Streptococcus sinensis
Schaalia cdontolytica
Streptococcus oralis_E_3510:
Streptococcus gordonii
Gemella morbillorum
Gamma.Tocotrienol
Histidine

Tyrosine

Leucine

Vitamin.D.

Carbohydrate

Chloride

Vitamin.E..IU.

Niacin

Alpha.Tocotrienol
Total.isoflavones
Pyridoxine..Vitamin.B6.
Thiamin
Lutein....Zeaxanthin.
SFA6.0

SFA.17.0
PFA.22.6..DHA

Figure 5: The correlation between nutrients and oral microbiota at visits 1, 2 (RD) and 5 (FD). Color intensity indicates the strength and
direction of correlation: darker red represents stronger positive correlations, while darker blue denotes stronger negative correlations.
Dark green, orange, and dark purple correspond to visits 1, 2, and 5, respectively. Light purple and light green highlight nutrients and

oral microbiota features, respectively.

9

Ann Case Rep, an open access journal
ISSN: 2574-7754

Volume 10; Issue 4



Citation: Alabduljabbar S, Djekidel NM, Ahmed SH, Shallouf N, Kumar M, et al. (2025). Breaking The Cycle: A Dietary Approach To Modulating The Microbial-
Immune Crosstalk In A Patient With Crohn’s And Autism. Ann Case Report. 10: 2378. DOI: 10.29011/2574-7754.102378

Blood Immune Transcriptome

Longitudinal blood transcriptome analysis was performed across visits 1-4. The analysis focused on immune function and inflammatory
pathways to assess the immunomodulatory effect of diet and microbiome. RD regimen revealed a pronounced immunomodulatory shift at
V3, characterized by coordinated downregulation of pro-inflammatory pathways including TNF signaling, interferon-stimulated genes,
and interleukin cascades alongside upregulation of immunoregulatory mediators (TGF-f isoforms, cytokine/chemokine ligands) (Figure
6a). This transient reprogramming corresponded with significant immunological changes including a reduced activity of macrophages
M1 and M2 and increased activity of T cells CD4+, CD8+, and Tregs at visit 3 followed by a partial reversion at V4 (Figure 6b). Pathway
analysis confirmed the downregulation of toll-like receptors (TLR), apoptosis, and insulin pathways, among others, and the upregulation
of gap junction assembly, and dopamine, norepinephrine, and serotonin neurotransmitters at V3, which were restored at V4 (Figure
6¢). The V4 restoration trend suggests this immune-metabolic reset was diet-dependent, highlighting the RD’s capacity to transiently
rebalance inflammatory-adaptive immune crosstalk while modulating neuro-immune axes, a phenomenon potentially relevant to the
observed clinical remission.
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Discussion

This case report describes a pediatric patient with CD and
comorbid autism who experienced sustained remission during a
two-year, self-prescribed RD characterized by the consumption of
cooked vegetables, fresh fruits, legumes and beans, healthy fats,
an adequate amount of water, reduced intake of animal products,
and null intake of white bread, rice, pasta, cereal, fresh vegetables,
caffeine, processed foods, milk, fast food, and fizzy drinks. Two
years of such a self-prescribed dietary regime coincided with a long
period with no disease relapse. The restricted diet induced a strongly
anti-inflammatory profile, as reflected by the low DII score (-2.97),
which may be associated with the observed remission status.
While causation cannot be established, the temporal association
between dietary adherence and disease remission coupled with
parallel improvements in microbial and immunological profiles.
This suggests that the RD may have modulated disease activity
through microbiome-immune crosstalk.

The observed clinical benefits align with established dietary
therapies for CD, including CDED and CD-TREAT either as
alternatives to EEN or in combination with PEN [52, 53]. SCD
is efficient in decreasing symptoms in people with mild to
moderate Crohn’s disease [19, 20]. The SCD, as described, limits
or excludes grains, fiber, sugars, refined and processed foods,
and certain vegetables [16]. The reported case followed a 2-year
diet that resembled an SCD and confirmed the beneficial effect
on the clinical outcomes. The molecular mechanism behind it is
still not fully clarified, however, diet is well known to be a major
modulator of the microbiome composition [54]. Other dietary
regimens, such as CDED, have shown beneficial effects on the gut
microbiota composition and metabolites [29, 55]. In the case of
our patient, we evaluated changes in the oral and gut microbiota, as
well as the blood immune transcriptome, during adherence to and
discontinuation of the RD regimen to identify potential biomarkers
and pathways involved in disease progression. Gut microbiome
analysis indicated a progressive change across the three visits,
with a reduction in Bacteroidota and an increase in Firmicutes,
particularly species from Lachnospiraceae, Faecalibacterium,
and Bifidobacterium, which aligns with expectations following a
high-fiber diet modification [56-58]. These species are recognized
as short-chain fatty acids (SCFA) producers known for their role
in reducing intestinal inflammation, enhancing insulin sensitivity,
and promoting satiety [59-62]. Likewise, our observations
indicated an improvement in oral microbiome composition during
the RD period. Specifically, there was a gradual increase in the
phylum Firmicutes, reaching a peak at V4, accompanied by an
enrichment of species from the Lactobacillus and Streptococcus
genera. Conversely, Proteobacteria levels decreased until they
rose again with the introduction of the FD diet at V5. The eubiotic
status of both gut and oral microbiota has probably contributed to

maintaining the remission status of the patient. Oral microbiome is
associated with CD oral manifestations, and it has been indicated
as a diagnostic tool for CD [30, 63]. The change in the dietary
regimen showed a clear effect on the oral microbiome, with many
species from the genera Streptococcus, Prevotella and Neisseria
showing a negative correlation with the intake of carbohydrates,
vitamins D and E, niacin, and a few amino acids during RD, which
changed to a positive correlation in FD. A study investigating
the impact of a vegan diet showed similar results, with Neisseria
species negatively correlated with intake of starch and fibers [64],
which are measured together in our dataset as total digestible
and undigestible carbohydrates. When we measured the specific
intake of fibers in RD, our data showed a higher intake of total
and crude fibers only, and no difference in the total carbohydrates,
not allowing us to discriminate between the effects of starch and
fibers. Moreover, the fibers did not correlate with any species in
the oral microbiome.

Gut microbiome and immune system function in a synchronized
manner to maintain the host-microbe symbiosis [65]. In our study,
we observed a parallel shift in the expression of genes mainly
involved in the immune response and inflammation, with areduction
of the macrophages and an increase in the Treg lymphocytes,
controlling the immune response, at V3, and reversed at V4. We
have no records of any clinical signs or symptoms that can explain
the change in the immune response at V3. This immunological
modulation may reflect microbiome-mediated effects, as supported
by animal studies demonstrating Bifidobacterium infantis-induced
Treg expansion [66]. The deregulation of T cell response and
macrophage modifications is associated with IBD [67, 68]
through the activation of the TLR signal [65]. At confirmation, we
observed a downregulation of multiple TLR and insulin pathways
at V3 compared to the other time points. TLR pathways, mediated
by microbial elements, are crucial for bacterial clearance and
inflammatory responses. Dysregulation of these pathways during
early and chronic intestinal inflammation may contribute to the
persistent inflammation underlying IBD pathogenesis [69]. In
parallel, the pathways analysis showed an enrichment of the release
of three major neurotransmitters at V3: serotonin, norepinephrine,
and dopamine. It has been found that elevated serotonin levels are
implicated in gut inflammation associated with IBD [70] in autistic
children and mice models [71-73]. This finding is highly relevant
for our patient, who is co-affected by autism along with CD. The
risk of coexistence of these two phenotypes was found to be in
47% of children [74]. Unfortunately, we do not have clinical data
on the autism progression, however, the family reported behavioral
improvements during the RD period and worsening symptoms
after FD reintroduction which is consistent with established gut-
brain axis mechanisms. This could be due to gut dysbiosis as a
result of diet change, as Fulceri et al. showed that gastrointestinal
dysfunction in children with ASD has been linked to increased
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incidences of irritability, anger, and aggressive behavior [75].
The gut-brain axis has been deeply investigated and explains the
beneficial effects of a healthy diet and eubiosis on brain function
[76]. Research suggests that Bifidobacterium and Lactobacillus
species, and butyrate, a SCFA, can help manage neurological
disorders, including autism, by reducing neuroinflammation,
enhancing neurotransmitter modulation, and improving histone
acetylation [77, 78]. In line with these findings, in our patient
case, we observed an increased level of various species of
Bifidobacteria in the gut and Lactobacilli in the saliva after about
1 year under RD. Microbiome-based therapeutic approaches, both
probiotics and fecal material transfer, show promising beneficial
effects on autism, reducing gastrointestinal symptoms as well.
These observations underscore the potential of precision medicine
approaches, utilizing multi-omics data, to enable early diagnosis
and intervention in IBD and ASD before the conditions progress
to more severe stages. As a major outcome of our investigation,
the personalized nutritional approach of this patient confirmed the
importance of the diet regimen tailored to personal needs and the
baseline microbial and immune profiles. The field of personalized
nutrition is receiving growing attention and is being incorporated
into clinical practice, demonstrating notable improvements in IBD
management [79-81].

This study has both strengths and limitations. It is the first CD
case report to combine dietary data assessment with molecular
investigations using a multi-omics approach. Additionally, the
patient was monitored through multiple visits over approximately 2
years, allowing for analysis of long-term changes in diet regimens,
clinical parameters, and the collection of prospective samples for
omics analyses. There are some limitations due to sample and data
availability. The study lacks gut microbiome data at time points V4
and V5, transcriptome data at V5, and clinical reports on autism
diagnosis and progression status across all time points. These
missing data points are critical for elucidating the potential role of
dietary factors in shaping the microbiome-transcriptome crosstalk
and identifying key contributors to the observed molecular and
microbial alterations in both phenotypes. Moreover, the dietary
data may be affected by bias since it relies on self-reports from the
patient’s mother.

Conclusion

In conclusion, while our study cannot establish causality,
the concordance of clinical, microbial, and immunological
improvements during RD supports the hypothesis that personalized
nutrition may beneficially reshape host-microbiome-immune axes
in CD. Future prospective cohort studies are needed to confirm
these findings on a bigger scale, and clinical trials are required to
introduce a personalized nutrition approach as a gold standard in
the treatment of CD.
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