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Abstract: (1) Background: Over the past years, there has been a rise in the incidence of type 1 diabetes,
particularly among younger individuals. This concerning trend has prompted investigations into potential
contributing factors, with intestinal dysbiosis emerging as a likely culprit for the escalating annual rates of the
disease; (2) Methods: We conducted a retrospective ecologic correlational study involving 37 children from the
southern region of Romania between 2019-2021. All participants were within the first six months following the
onset of the disease; (3) Results: In the microbiota of the patients we observed a dysbiosis marked by an
overabundance of bacteria (Clostridium coccoides, Faecalibacterium, Bacterioides, Enterobacteriaceae) and fungi,
compared to the healthy control group. The Spearman correlation revealed a positive association between the
presence of Bacteroides (p=0.0442), Butyricicoccus (p=0.0164), and Clostridium leptum (p=0.0023) with recent
diabetes onset. Furthermore, a significant correlation was observed between younger age at onset and the
presence of Butyricicoccus (p=0.019). The use of antibiotics in the month preceding admission was linked to the
presence of fungi in the microbiota (Candida, p=0.0442); (4) Conclusions: The dysbiosis of Romanian type 1
diabetes children correlates with inflammation, more severe onset of the disease and other autoimmune
diseases.
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1. Introduction

The incidence of type 1 diabetes mellitus (T1DM) is increasing and because the genetic
transmission of this disease remains the same, other culprits have been proposed, like pollutants,
endocrine disruptors, vitamin D deficit and a pathologic colonization of the gastrointestinal tract. The
gastrointestinal microbiota is comprised of all the bacteria, viruses and fungi that colonize this
environment. An imbalance of this microbiota (dysbiosis) with the predominance of
proinflammatory bacteria that affect the immune system is thought to explain the global rise in TIDM
especially the early onset of this disease [1].

The human gastrointestinal tract harbors a diverse array of microbial species. Among these
microorganisms, the most prevalent bacterial phyla found are Bacteroidetes, Firmicutes, Proteobacteria,
and Actinobacteria. These phyla collectively contribute to the microbial ecosystem within the human
gut, playing essential roles in various aspects of human health and physiology and offering numerous
advantages to its host. These include breaking down dietary substances for easier digestion,
producing essential vitamins, regulating the immune system, and safeguarding against harmful
intestinal pathogens. This protection is achieved through competition for nutrients and the
production of bacteriocins and other antimicrobial compounds (hydrogen peroxide, lactic acid) [3,4].

The delicate balance of the gut microbiota can be disrupted by various factors, leading to what
is known as dysbiosis. These factors include a high fat diet, specific health conditions such as
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inflammatory bowel disease and cancer, antibiotics, infections, stress, and other environmental
influences. However, it's important to recognize that the microbiota also plays a vital role in the
development and progression of numerous diseases. One concerning health issue we are currently
grappling with worldwide is the escalating incidence of T1DM, striking at younger ages, especially
as it does not affect all individuals with genetic susceptibility [4-7].

Dysbiosis and T1DM

Recent data strongly supports the crucial role of external triggers in the rapid increase of TIDM
incidence. The alterations in the microbiota and the chronic inflammation, due to environmental
influences, are being suggested as explanations for the shifts in the prevalence of this disease [4,8—
10].

Several animal studies have provided evidence of a potential link between the microbiota and
TIDM. For instance, experiments involving the administration of single antibiotics (such as
vancomycin) or combinations of antibiotics in non-obese diabetic (NOD) mice resulted in microbiota
alterations, which, in turn, either accelerated or delayed disease progression. These findings offer
valuable insights into the intricate relationship between the gut microbiota and T1IDM [4,11-13]. In
the context of TIDM, changes in the gut microbiota have been observed prior to the emergence of
systemic signs of islet autoimmunity. This shift in the microbiota could be attributed to the fact that
previous studies primarily identified these modifications through gene analysis of 165 rRNA, which
might not capture specific structural and functional characteristics potentially involved in disease
progression. To address this concern, subsequent investigations employed specialized designs to
control for all known factors influencing T1DM susceptibility and analyzed microbiome
characteristics using longitudinal metagenomic sequencing of stool samples. Irrespective of
geographical location, the environmental niche associated with TIDM was found to harbor a
proinflammatory environment, with a higher abundance of Bacteroidetes and a lower abundance of
Firmicutes. The reduction in Firmicutes may be detrimental to the host since this phylum includes
many producers of the short-chain fatty acid (SCFA) butyrate, which plays a crucial role in intestinal
homeostasis. On the other hand, the Bacteroidetes phylum encompasses, among others, strains of
Bacteroides and Prevotella. Studies have consistently shown that TIDM is characterized by a
dominance of Bacteroides, a taxa correlated with intestinal inflammation, while Prevotella, which is
believed to be protective, is reduced [4,14-20].

Despite the considerable variability observed in TIDM-associated microbiota, numerous studies
have consistently reported a link between Bacteroides and T1IDM development. Species within this
genus can ferment glucose and lactate to produce propionate, acetate, and succinate, but they lack
the ability to generate butyrate. Butyrate is a crucial metabolite for intestinal homeostasis, stimulating
mucin synthesis and contributing to a decrease in gut permeability by facilitating the assembly of
tight junctions (T7J). Additionally, lactate-producing bacteria, including certain probiotic strains like
Lactobacillus rhamnosus, L. reuteri, L. johnsonii N6.2, L. plantarum, and Bifidobacterium lactis, have the
ability to synthesize butyrate, thereby reinforcing the intestinal barrier function. These findings
underscore the intricate role of the gut microbiota in TIDM and suggest that targeting specific
microbial components could hold potential for interventions aimed at supporting intestinal health in
individuals with TIDM [21-25].

2. Results

In our 31 patients the median of age was 9 +/- 0.5 SD years, the ratio male: female was 1, and the
BMI was 17.48 kg/m2. The age of onset of the disease was 9 +/- 0.5 SD, the median glycaemia was
350 +/- 98 mg/dl. The ratio normal: caesarian birth was 0.36, representing 42 % (13/31) had a family
history of autoimmune disease and 33% (10/31) of TIDM.

We observed a dysbiosis in the TIDM, with a predominance of detrimental bacteria (Clostridium
coccoides, Faecalibacterium, Bacterioides, Enterobacteriaceae) and fungi versus the healthy control group.
Also, reduced Bifidobacterium spp. in TIDM in the beneficial taxa was noticed.
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We observed a dysbiosis in the TIDM, with a predominance of detrimental bacteria (Clostridium
coccoides, Faecalibacterium, Bacterioides, Enterobacteriaceae) and fungi versus the healthy control group.
Also, reduced Bifidobacterium spp. in TIDM in the beneficial taxa was noticed.
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Figure 1. (a) Relative abundance of Bifidobacterium spp. in TIDM patients compared to healthy
controls; (b) Relative abundance of Lactobacillus spp. in TIDM patients compared to healthy controls;
(c) Relative abundance of A. muciniphila in TIDM patients compared to healthy controls.
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Figure 2. (a) Dysbiosis with increased abundance of Candida sp. in TIDM; (b) Dysbiosis with
increased abundance of Saccharomyces sp. in TIDM; (c) Dysbiosis with increased abundance of
Aspergillus sp. in TIDM.

Clostridium coccoides Bacteroides spp. F. praustnitzii Enterobacteriaceae
10 20 100

80
60

40

Relative abundance

Relative abundance
]

Relative abundance
o
Qo

Relative abundance



https://doi.org/10.20944/preprints202312.0720.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 December 2023 doi:10.20944/preprints202312.0720.v1

Figure 3. (a) Dysbiosis with increased abundance of Clostridium coccoides in TIDM group; (b)
Dysbiosis with increased abundance of Bacteroides spp. in TIDM group; (c) A reduction of butyrate
producing bacteria was seen in the TIDM group; (d) Dysbiosis with increased abundance of

Enterobacteriaceae in TIDM group.
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Figure 4. (a) Dysbiosis with a reduction of Butyricicoccus spp. in TIDM group; (b) Dysbiosis with a
reduction of F. Praustnitzii in TIDM group.

The Spearman correlation showed a positive correlation between the presence of Bacteroides sp.
(p=0.0442), Butyricicoccus sp (p=0.0164), and Clostridium leptum (p=0.0023) with the recent onset of
diabetes. The younger age onset correlated with the presence of Butyricicoccus sp.(p=0.019).

Antibiotic use in the last month before admission is associated with the presence of fungi in the
microbiota, especially Candida spp. (p=0.0442).

High values of blood glucose at diagnosis negatively correlate to the presence of Bacteroides and
the presence of diabetic ketoacidosis positively correlate to the detrimental taxa-Enterobacteriaceae and
Aspergillus, but not significantly.

High insulin doses in the treatment of patients positively correlated with Bacteroides (p=0.0351)
and Candida sp. (p= 0.0427) while high CRP was correlated with the presence of Enterobacteriaceae
(p=0.0022).

In the calcium-phosphorous metabolism, calcium levels positively correlate with Aspergillus,
IGF-1 with Lactobacillus (p= 0.0337), phosphorus with Lactobacilli (p= 0.0226) and vitamin D with
Bacteroides levels (p=0.0376).

The positive anti-thyroglobulin antibodies correlated with Candida (p=0.0388) and low fT4 with
Bacteroides levels (p= 0.0427). The anti-transglutaminase antibodies positive correlated with
Enterobacteriaceae, but not significantly.


https://doi.org/10.20944/preprints202312.0720.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 11 December 2023 doi:10.20944/preprints202312.0720.v1

Bacteroides
Enterobacteriaceae
F prausnitzii .
Butyricicoccus
Bifidobacterium
Lactobacillus spp
C. coccoides

C. leptum

A. muciniphila
Candida spp.
Aspergillus
Saccharomyces spp.

Age
<6 months onset

Antibiotic
Cetoacidosis

||

Blood glucose

Insulin dose !

Hb Alc (%)
TTG Ab
Tireoglobulin Ab

IGF-1 .

PTH

TSH ]

Hb (g/dl)
Calcium (Total) .

Phosphorus
vitamin D

T4
CRP =

Figure 5. Spearman correlations between microbiota patterns and clinical parameters; blue=negative

correlation, red=positive correlation.

3. Discussion

Our study reveals a dysbiosis characterized by an overabundance of proinflammatory bacteria,
Clostridium coccoides, Faecalibacterium, Bacterioides, Enterobacteriaceae) and fungi versus the healthy
control group in the pediatric romanian TIDM cohort. The literature cites Bifidobacterium and
Ruminococcus and the risk of this disease [1-5,33].

The positive correlations found between specific proinflammatory bacterial species — mainly
Bacteroides but also Butyricicoccus sp and the disease onset, especially with early onset correlates with
the data found in the literature [21-25].

The presence of antibiotic use during acute infections in the last 2 months in the cohort of
children with TIDM perturbs microbiota with the overabundance of fungi.

Diabetic ketoacidosis positively, but not significantly, correlates to the detrimental taxa-
Enterobacteriaceae and Aspergillus. As children that received antibiotics during the last two weeks were
excluded from the microbiota study, the microbiota detection prior to antibiotic administration in
diabetic ketoacidosis would help asses if in TIDM patients as in type 2 diabetic patients from
Romania these pathological taxa correlate with inflammation and a more severe onset of the disease
[32].

The presence of pro inflammatory bacteria and fungi (Bacteroides and Candida) correlate with
higher insulin dosses to achieve euglycemia and high CRP with the presence of Enterobacteriaceae
showing the importance of this dysbiosis and the inflammation that aggravate the evolution and
control of TIDM.

The role of microbiota in the onset of other autoimmune diseases is showed by the positive
correlation between anti-thyroglobulin antibodies and the presence of Candida sp. and the anti-
transglutaminase antibodies and Enterobacteriaceae, but not with Bifidobacterium as in other studies
[33].

The calcium-phosphorous metabolism is also influenced by the microbiota, as calcium levels
positively correlate with Aspergillus, IGF-1 and phosphorus with Lactobacilli and vitamin D with
Bacteroides levels. As impaired bone health in type 2 diabetes was found to be linked to dysbiosis and
higher abundance of Lactobacilli the determination of growth and also of bone density is important to
be assessed in these children [34].
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The opportunity of this study is that it's one of very few researches of the microbiota in recently
diagnosed T1DM patients in Romania, especially in the group with early onset. Also, the correlation
between this dysbiosis and other autoimmune diseases like Hashimoto’s thyroiditis and Coeliac
disease that was not determined in this region is very important to assess the associations between
autoimmune diseases and the gut bacterial and fungi population.

The limitations of this study are the fact that it was a heterogeneous study group, the study was
a retrospective one with a small number of patients, with mostly urban predominance and the
exclusion of the patients that had antibiotics after infections (mostly with diabetic ketoacidosis).

3. Future research

In future studies proteomics and metabolomics profiling technologies are of interest for the
assessment of functional changes in the microbiome. Identifying unique biological signatures (SCFA)
and their delivery to a recipient host might allow personalized treatments in TIDM.

This type of treatment with probiotics, prebiotics, and dietary factors that normalize the
dysbiosis and help control the autoimmunity might be a solution for the genetic predisposed siblings
of TIDM patients.

Also, the associations between dysbiosis and other autoimmune diseases —Hashimoto’s
thyroiditis, celiac disease need to be investigated more attentively regarding the presence of
antibodies but also the clinical control of this diseases.

Tools that estimate the risk of developing T1IDM are becoming more advanced. These tools take
into account factors like specific genetic traits (HLA haplotypes), the presence of autoantibodies, and
a family history of the disease. By considering these aspects, these risk calculators can potentially
predict the likelihood of someone getting diabetes even before they actually develop the condition.
This early prediction could open up opportunities for people to try out new treatments that aim to
extend the period before the disease becomes apparent. Intervening early, when there’s still a
reasonable amount of the insulin-producing {3-cells in the pancreas, might offer valuable help to these
kids by modulating their immune responses. This could potentially slow down the progression of
the disease and provide better outcomes [26,27].

4. Materials and Methods

Using 165 rRNA qRT-PCR, we analyzed phyla abundance as well as the relative abundance of
specific bacterial and fungal groups.

Study population

This was a retrospective case control study of 31 TIDM pediatric patients 4-18 years of age
recently diagnosed (within the last six months) according to the American Diabetes Association
criteria and their 7 first-degree T1IDM family members.

All the participants were of Caucasian origin, as defined by Gorodezky, et al. [26-28].

The exclusion criteria were antibiotic/probiotic administration in the last 2 weeks prior to the
admission to the department, TIDM more than 6 months from diagnosis and other types of diabetes
mellitus. The newly diagnosed T1DM patients were matched by age, gender, BMI, same type of
environment (urban) to normal (without any chronic disease) children.

The study was conducted at the Pediatric Endocrinology and Diabetes Department of the Elias
Emergency and University Hospital, in Bucharest, Romania, between 2019-2021 with the hospital
approval by the Etic Commission for Scientific Research.

All participants or their parents were asked to sign an informed consent. From all study subjects,
a complete medical history was taken (age, sex, hereditary-collateral background of autoimmune
diseases/diabetes, personal physiological/pathological history including autoimmune, type of birth,
antibiotic therapy, breastfeeding, weaning, cesarean/vaginal birth, history of breastfeeding, viral
infections, antibiotic therapy history, parasite history, date of TIDM diagnosis, number of
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hospitalizations, blood glucose control, ketoacidosis events, emergency hospitalizations due to
hypo/hyperglycemia, type of treatment - presence of sensor and pump).

Current dietary survey (focusing on intake of soluble/insoluble fibers, saturated/unsaturated
fats, fast/slow carbohydrates, red meat, sugars, and anthropometric measurements (age, weight,
height, body mass index [BMI], blood pressure, Tanner Stage, waist to hip ratio) were taken. A 10 cc
peripheral blood sample was obtained eight hours after the last meal for a complete blood count and
blood chemistry.

Laboratory procedures

Complete blood count and blood chemistry were performed, including glucose, creatinine, uric
acid, total cholesterol, HDL-cholesterol, LDL-cholesterol, triglycerides, glycated hemoglobin
(HbAlc), hepatic function, -cell function tests (C-peptide), and p-cell antibodies (anti-GAD). Anti-
thyroglobulin and anti-thyroperoxidase antibodies (autoimmune thyroid disorders) and anti-tissue
transglutaminase antibodies (for celiac disease) were dosed, to assess autoimmune diseases. Thyroid
function was assessed by TSH and free T4. IGF1 and phospho-calcium metabolism were evaluated.

Microbiota analysis

Stool samples were gathered during hospitalization or at home using a standardized procedure
that involved antiseptic handling, collection in sterile tubes (without culture media), and immediate
freezing at —20 °C. Subsequently, fecal DNA was extracted utilizing the PureLink Microbiome
Purification Kit (Invitrogen) following the manufacturer's instructions. The concentration of DNA
was assessed with a Qubit 4 fluorometer (Thermo Scientific). For gPCR analysis, DNA samples were
diluted in DNase-free water to a concentration of 3 ng/ul. gRT-PCR was employed to determine the
relative abundance of intestinal microorganisms in stool DNA isolated from both MetSyn patients
and healthy controls, using a ViiA7© Fast Real-Time instrument (Applied Biosystems). Bacterial or
fungal group-specific primers (165 rDNA and 185 rDNA, respectively) were utilized at their
designated annealing temperatures, with primer sequences selected from literature [55-57] and listed
in Table 1. Each PCR reaction comprised 2.5 nM of forward and reverse primers, 9 ng of DNA, and
2x SYBR Green Master Mix (Applied Biosystems). Negative controls were included, consisting of
samples without DNA templates. The samples underwent incubation at 95°C for 5 min, followed by
amplification through 40 cycles of 95°C for 10 s, 60°C for 30 s, and 72°C for 1 s.

Table 1. Primers used within this study.

Taxonomic target Sequence
Eubacteria ACT CCT ACG GGA GGC AGC AGT
ATT ACC GCG GCT GCT GGC
Bacteroides CCT ACGATG GATAGGGGTT
CAC GCT ACT TGG CTG GTT CAG
Betaproteobacteria AACGCGAAAAACCTTACCTACC
TGCCCTTTCGTAGCAACTAGTG
Butyricicoccus sp. ACCTGAAGAATAAGCTCC
GATAACGCTTGCTCCCTACGT
Gamma proteobacteria GCTAACGCATTAAGTACCCCG
GCCATGCAGCACCTGTCT

Akkermansia muciniphilaGCG TAG GCT GTT TCG TAA GTC GTG TGT GAA AG
GAG TGT TCC CGA TAT CTA CGC ATT TCA
ACG AGT AGG GAA ATC TTC CA

Lactobacillus CAC CGC TAC ACA TGG AG
Clostridinm lent GCACAAGCAGTGGAGT
ostriduum feptum CTTCCTCCGTTTTGTCAA

Clostridium coccoides GACGCCGCGTGA AGG A
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AGC CCC AGCCTTTCA CATC
ACTGAGAGGTTGAACGGCCA
CCTTTACACCCAGTAATTCCGGA
GGAGCATGTGGTTTAATTCGAAGCA

Ruminococcus sp.

Firmicutes AGCTGACGACAACCATGCAC
g GGAACATGTGGTTTAATTCGATGAT

Bacteroidetes AGCTGACGACAACCATGCAG

. prausnitzii CCCTTCAGTGCCGCAGT
GTCGCAGGATGTCAAGAC

ATTGGAGGGCAAGTCTGGTG

ARNr 185 CCGATCCCTAGTCGGCATAG
AGGAGTGCGGTTCTTTG

Saccharomyces sp. TACTTACCGAGGCAAGCTACA

TTTATCAACTTGTCACACCAGA
ATCCCGCCTTACCACTACCG
GTGGAGTGATTTGTCTGCTTAATTG
TCTAAGGGCATCACAGACCTGTT

Candida sp.

Aspergillus sp.

Statistical analysis

Our study data are presented as mean +SEM and were graphed using the GraphPad Prism 9.0
software. Power analysis was initially performed with a set power (1) of 0.90 and of 0.05 for two
groups (Control, MetSyn) tested using difference in means and standard deviation as parameters.
The * p < 0.05 was considered as statistically significant. Statistical significance levels were * p < 0.05;
**p < 0.01; *** p < 0.001. Standardized statistical test methods were used to analyze the results of
demography and laboratory tests (biochemistry tests and metabolite levels). Continuous variables
were expressed as means SD. The analysis of differences between groups was performed by a
normality test; a p-value 0.05 was considered to be normal and homogeneous, followed by parametric
testing (t-test); a p-value < 0.05 was considered to be statistically significant.

A Spearman correlation analysis evaluating the association between the risk haplotype and early
onset T1IDM, and high-level onset glycaemia and ATPO antibodies was performed using SPSS
Windows v. 17.0 (SPSS, Inc). Also, a binary logistic regression analysis was used to study the
association between HLA alleles, ketoacidosis, anti-thyroglobulin antibodies and vitamin D deficit.

For all tests, p < 0.05 was considered statistically significant.

5. Conclusions

In our T1D children cohort, there is a dysbiosis similar to what is found in the literature, which
correlates with inflammatory pathogens. Thus, it may be a reasonable explanation for the more
frequent severe onset of T1D, taking into account the fact that genetics are not to be changed.
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