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CHILDREN
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Abstract. Background. Autism spectrum disorder (ASD) is characterized by repetitive behaviors. There is evidence that gut
flora imbalance may cause GI difficulties in autistic people. Gastrointestinal (GI) issues are associated with Clostridium
ventriculi (C. ventriculi). The aim of this study was to use 16S rRNA gene sequencing to identify and genetically describe
Clostridium ventriculi in fecal samples from children with autism. Materials and methods. A case-control study was done
on fecal samples collected from 50 children diagnosed with autism. Also, samples were taken from 50 children who
were not autistic as a control group. Using the FavorPrep Genomic DNA Mini Kit, DNA was extracted. PCR was used
to amplify the 16S rRNA gene using the universal primers 27F and 1492R. After the PCR products were sequenced,
BLAST and BioEdit tools were used to check the sequences for homology. The MEGA program was used for phylogenetic
analysis. Results. Based on PCR results, 10% (5/50) of the 50 samples of autistic children that were examined proved
positive for C. ventriculi, and all control group were negative for this bacteria. Genetic polymorphisms were indicated
by specific nucleotide transitions and transversions that were discovered by sequencing. The Iraqi isolates and global
samples exhibited a high level of genetic similarity (99%) according to phylogenetic analysis, indicating a recent common
ancestor and potential clonal expansion. Conclusion. The discovery of C. ventriculi in autistic children raises the possibility
of a connection between this bacteria and gastrointestinal problems linked to ASD.
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BbIIBJIEHUE U ®DUJTIOFTEHETUMECKWUA AHANTU3 CLOSTRIDIUM VENTRICULI'Y BETEN
CAYTU3MOM

Xacan A.X., JIazum X.X.

Yuueepcumem meduyunckux u papmaueemuueckux Hayx Mon Cunwt, baedad, Hpak

Beedenue. PacctpoiictBo aytuctuueckoro crektpa (PAC) xapakTepusyeTcsl TOBTOPSIIOIIMMCS TOBEICHUEM.
CyliecTBYIOT 10Ka3aTeJbCTBA TOT0, YTO AUcCOaTaHC KUIIEYHON (hIOPHl MOXET BbI3BIBATH MPOOJEMBI C XKEJIYyI0UHO-
kumedHbIM TpakToM (2KKT) y mionmeii ¢ ayrusmoM. [Ipo6nemsr ¢ KKT cBszansl ¢ Clostridium ventriculi (C. ventriculi).
Llenplo maHHOro MCCJIEAOBAHMSI OBIJIO MCIOJIb30BaHME CeKBeHMpoBaHUs reHa 16S pPHK mis maeHTudbukanuu
u reHeTudeckoro omucanus Clostridium ventriculi B oOpa3liax Kaja IeTeil ¢ ayTusmMoM. Mamepuaiabt u memodsl.
HccnemoBanme ciyJaii-KOHTPOJIb OBIJIO TIPOBEACHO Ha 00pa3iax Kasa, CoOpaHHBIX 0T 50 meTeit ¢ AMarHo30M ayTHU3M.
Kpowme Toro, 06pa3us! 011 B3ITH Yy S0 meTeif, He CTpamaIInX ayTu3MoM (KOHTpoabHas rpymma). Oopasmnsr JHK
BbLJIeISITN ¢ TpuMeHeHneM Habopa FavorPrep Genomic DNA Mini Kit. ITL[P ucronb3oBanace ajist aMmandukanm
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reHa 16S pPHK ¢ ucrnonb3oBanuem yHuBepcaabHbIX MpaiiMepoB 27F u 1492R. Tlocie cekBeHUPOBaHUS MTPOAYKTOB
TTLP ob11u ucnonb3oBaHbl 0a3bl faHHbIX BLAST u BioEdit ans1 mpoBepku mocienoBaTeJbHOCTEN Ha TOMOJIOTHIO.
ITporpamma MEGA ucnonb3oBajach Ajis ¢GpUIOreHeTUYeCKoro aHanusa. Pesyasbmamsr. Ha ocHOBaHUM pe3ynbTaToB
ITIIP 10% (5/50) u3 50 o6¢cemoBaHHBIX 00pa31IOB AeTeli-ay THCTOB 0Ka3aJUCh IOJIOXUTeIbHbIMU Ha C. ventriculi, a Bce
00pa3ibl KOHTPOJbHOI TPYIIIbI ObLIM OTpULIATEIbHBIMU. [eHeTMUYecK1e MONMMOP(MU3MBI ObLTU BBISIBIECHBI C TTOMO-
IIBIO CITEIM(UUECKUX HYKJICOTUIHBIX TIEPEXO0B ¥ TPaHCBEPCHIl, 00HAPYKEHHBIX ITPU CeKBeHUpoBaHUU. Mpakckue
M30JISThI U 3apyOeXHble 00pa3Libl M0OKA3aIi BHICOKUIA YPOBEHb reHeTHUUeCcKoro cxoucTna (99%) cornacHo ¢uiore-
HETMYECKOMY aHaJIM3y, YTO YKa3bIBaeT Ha HeJaBHEro OOIIEro Impeaka M MOTeHIIMaJbHOEe KJIOHAIbHYIO SKCIIAaHCHUIO.
Boisoowr. O6Hapyxenme C. ventriculi y meTeli-ayTHCTOB TTOBBIIIACT BEPOSTHOCTD CBSI3M MEXKIY 3TOI OaKTepHeil 1 XKe-

JIYAOYHO-KMIICYHbIMY HAPYIICHUAMU, CBA3aHHBIMHU C PAC.

Karoueswie caoea: Clostridium ventriculi, paccmpoiicmeéo aymucmuueckozo cnekmpa, gunoeenemuyeckuil anaus, een 16S pPHK.

Introduction

Repetitive habits, limited interests, difficulties
interacting with others, and communication diffi-
culties are all hallmarks of autism spectrum disorder
(ASD). It is a condition with genetic origins [4].

The community of around 10" bacteria makes
up the gastrointestinal (GI) microbiota. There are
100 times as many genes in these bacteria’s genetic
material, or microbiome, as there are in the hu-
man genome. More than 103 species can be found
in the human gut ecology. The GI microbiota influ-
ences the onset of disease and contributes to health
maintenance [5].

This microbial community helps break down
components of our diet in the gut and offers pro-
tection against viruses, supports immune system
training, and impacts gastrointestinal maturation.
Additionally, microbes have a major role in the emer-
gence of many diseases [3, 36].

The composition of the gastrointestinal (GI) mi-
crobiota is primarily ascertained by age, genetic fac-
tors, and nutrition [27].

Several individuals with autism display various
gastrointestinal disorders, such as diarrhea, consti-
pation, gas retention, abdominal pain, and discom-
fort. It is possible that aberrant gut microflora con-
tributes to these issues. Multiple publications have
shown an association between Clostridium and these
difficulties [10].

Clostridium ventriculi (C. ventriculi), alterna-
tively referred to as Sarcina ventriculi (S. ventriculi),
is a rare, anaerobic, non-motile, Gram-positive coc-
cus that ferments carbohydrates. It thrives and prolif-
erates in acidic environments [31].

C.ventriculi,amember of the family Clostridiaceae,
is derived from the Latin word “sarcina”, which
means “package”, due to its typical formation of tet-
rads or octets. The precise pathogenic role of C. ven-
triculi in humans remains uncertain [22].

This bacterium is linked to serious gastrointesti-
nal issues, especially in people who have obstruction
of the gastric outlet or delayed stomach emptying. It is
associated with acute blood loss anemia, stomach per-
foration, emphysematous gastritis, and, infrequently,
gastric or colorectal cancer in adults [6, 8, 11].

Although less frequent, pediatric cases exhibit
comparable symptoms, with documented occurrenc-
es of emphysematous gastritis-related fatal stomach
rupture, frequently preceded by persistent vomiting
and gastric distension [22, 29].

The bacterium’s capacity to digest carbohydrates
and produce gas that worsens tissue necrosis and is-
chemia puts both groups at risk for potentially fatal
consequences [14, 29].

Histopathological identification of its character-
istic cuboid tetrads in biopsies is necessary for diag-
nosis [22, 29].

The usual course of treatment includes acid sup-
pression, management of underlying motility issues,
and antibiotics (such as metronidazole and penicil-
lins) [6, 9, 14].

Through toxin-mediated pathways and dysbiosis
of the gut microbiota, Clostridium species are linked
to the onset and severity of autism spectrum disorder
(ASD). According to research, children with ASD
have higher levels of Clostridium (e.g., Clostridium
perfringens, Clostridium bolteae, and Clostridium his-
tolyticum) than controls do. This is especially true
for strains that produce P2-toxin and neurotoxic
metabolites like 3-(3-hydroxyphenyl)-3-hydroxy-
propionic acid (HPHPA), which interfere with dopa-
mine metabolism and deplete catecholamines in the
brain [3, 15, 17].

By cleaving proteins like synaptobrevin, clostrid-
ial toxins, such as C. fefani’s tetanus neurotoxin
(TeNT), can travel through the vagus nerve and enter
the central nervous system, affecting synaptic func-
tion and resulting in behavioral and neurodevelop-
mental abnormalities [18].

Furthermore, Clostridium species generate phe-
nolic compounds and short-chain fatty acids (like
propionic acid) that worsen intestinal permeability,
neuroinflammation, and oxidative stress, which pro-
motes the systemic spread of neuroactive metabo-
lites [3, 15, 18].

The gut-brain axis may be further disrupted by
environmental variables, such as glyphosate expo-
sure, which may selectively suppress good gut bacte-
ria and encourage the growth of Clostridium |3].

Vancomycin and fecal transplants, two interven-
tions that target the gut microbiota, temporarily low-
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er Clostridium levels and alleviate symptoms of ASD,
highlighting their pathogenic involvement [17, 18].

In children with autism spectrum disorder
(ASD), gastrointestinal issues have been closely
linked to Clostridium species, especially Clostridium
histolyticum (clusters 1 and 1I), Clostridium bolt-
eae, Clostridium perfringens, Clostridium parapu-
trificum, and Clostridium difficile. Research has re-
peatedly demonstrated that ASD patients’ stools
contain higher concentrations of these species than
those of neurotypical controls. For instance, chil-
dren with gastrointestinal symptoms who had ASD
were far more likely to have C. perfringens strains
that produced B,-toxin genes, which may be a con-
tributing factor to the gut problems associated with
ASD. Furthermore, whereas neurotypical youngsters
had distinct Clostridium profiles, ASD patients were
the only ones to have C. bolteae and C. paraputrifi-
cum [3, 19].

Molecular approaches in microbial ecology allow
for the examination of intestinal flora composition
without the need for culturing. This is accomplished
using particular primers, yielding extremely sensi-
tive, practical, and quick results [26].

The purpose of this study was to use 16S rRNA
gene sequencing to identify and genetically describe
Clostridium ventriculi in fecal samples from children
with autism.

Materials and methods

Specimens. The sample for this case-control
study included 50 patients with ASD diagnoses, 40
of whom were male and 10 of whom were female,
ages 2 to 8. They were chosen from two nearby facili-
ties that specialize in treating autism. Samples were
also taken from 50 children who were not autistic as
a control group.

The study excluded children with serious head
traumas, neurological disorders, severe physical ab-
normalities, and gastrointestinal problems like bloat-
ing, gas, indigestion, constipation, or recurrent diar-
rhea. Additionally, the children had not been admin-
istered antibiotics or functional foods (probiotics,
prebiotics) for at least a month prior to the sampling.

Sampling. The fecal sample was taken before
breakfast after each child fasted overnight. Three
successive fecal samples were collected from each
child. The samples were placed in containers made
of sterile plastic, then suspended and stored at a tem-
perature of —70°C for subsequent DNA extraction.

DNA Extraction. Following the manufacturer’s
recommendations, genomic DNA was extracted
from fecal samples using the QIAamp® DNA Stool
Mini Kit (Qiagen, Germany). Electrophoresis
on a 1% agarose gel was used to verify the existence
and quality of the isolated DNA.

PCR Amplification. The 16S rRNA gene was
amplified by PCR with universal primers 27F

(5-AGAGTTTGATCCTGGCTCAG-3’) and 1492R
(5-TACGGYTACCTTGTTACGACTT-3") (10).
In a 25 ul reaction mixture, 1.5 pl of DNA, 12.5 ul
of Green Master Mix PCR (Promega, USA), 1 ul
of each primer, and nuclease-free water were used
for PCR amplification. Thirty-five cycles of dena-
turation for 45 seconds, annealing at 55°C for 45 sec-
onds, extension at 72°C for 45 seconds, and final ex-
tension at 72°C for 7 minutes were performed after
the initial denaturation at 95°C for 3 minutes. A 1.5%
agarose gel electrophoresis was used to separate
the PCR products.

Sequencing. The Sanger sequencing method
was used to sequence the amplified PCR products
(25 uL) and 50 pL of primers, which were delivered
to Macrogen (Seoul, South Korea). BioEdit software
and NCBI’s BLAST program were used to evaluate
the resultant sequences. Homologous sequences were
found by comparing them to the NCBI GenBank
database. To evaluate the robustness of the tree to-
pology, the phylogenetic tree was visually shown us-
ing the Molecular Evolutionary Genetics Analysis
(MEGA) software version 6.0 and the neighbor-join-
ing procedure with 1000 bootstrap replicates. The ac-
quired 16S rRNA sequences were added to the NCBI
GenBank database with the accession numbers listed
below: OM943844.1, OM943845.1, OM943846.1,
0OM943847.1, OM943848.1.

Results

The results presented in this study were based
on analyses of data from a total of 50 children with
autism. The findings indicated a higher risk of autism
in males (40, 80%) compared to females (10, 20%).

To identify the 16S rRNA gene, 50 samples were
subjected to PCR analysis. PCR analysis showed that
10% (5/50) of the samples had positive Clostridium
ventriculi findings, distributed as 3 males and 2 fe-
males. All control group samples were negative
for this bacterium.

Certain genetic alterations in Clostridium ventriculi
are revealed by the 16S rRNA gene sequencing analy-
sis. At nucleotide positions 63 and 43, respectively,
these alterations consist of one transition (C to T) and
one transversion (T to A). Furthermore, at nucleotide
positions 93 and 129, there is one transversion (G to C)
and one transition (A to G). Additionally, there are
three transversions (A to C) at nucleotide positions 157,
195, and 207, as well as a transition (T to A). Moreover,
there is one transition (C to T) at nucleotide position
227, and one transition (C to T) and one transversion
(Cto A) at nucleotide positions 306 and 328.

Analysis of the GenBank revealed a segment of the
16S rRNA gene that has 99% similarity with the 16S
rRNA gene sequence in NCBI, as shown in Table.

The sequences with the highest degree of similar-
ity and the most extensive overlap were discovered by
comparing isolates acquired from dialysis patients.
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Table. Type of polymorphisms of 16S rRNA gene

No. of sample Typ_e . Location Nucleotide Reference Sequence Seque_nc_e ID
of substitution change submission

Transvertion 43 T/A . .

1 Transition 63 /T ID: MG733966.1 ID: OM943844.1
Transition 93 A/G . .

2 Transvertion 129 G/C ID: MG733966.1 ID: OM943845.1
Transvertion 157 A/C

3 Transvertion 195 A/C ID: MG733966.1 ID: OM943846.1
Transvertion 207 T/A

4 Transition 227 C/T ID: MG733966.1 ID: OM943847.1
Transition 306 C/T . .

5 Transvertion 328 C/A ID: MG733966.1 ID: OM943848.1

Note. Abbreviations: T: Thymine, A: Adenine, C: Cytosine, G: Guanine.

A neighbor-joining tree was created for the phyloge-
netic analysis. The genetic relatedness between Iraqi
isolates and isolates from various regions worldwide
is illustrated using the phylogenetic tree. According
to hierarchical cluster analysis, there are multiple
clusters. The main cluster is separated into several
subgroups. Many global isolates showed a high de-
gree of similarity to the Iraqi isolates studied in this
research, as shown in Fig.

Discussion

Researchers have found that people with ASD
have more of the bacterium Clostridium ventriculi
in their digestive tracts [25]. Because there is a link
between Clostridium ventriculi and autism, scientists
are studying how gut bacteria affect the behavior and
symptoms of kids with autism.

De Angelis employed the 16S rRNA gene, a bac-
terial species marker, to detect Clostridium ventriculi
in individuals with autism [9], The study's findings
may be consequential in clarifying the influence
of Clostridium ventriculi on the gut microbiota of in-
dividuals with autism. If a consistent association
between this bacterium and autism is established,
research into the influence of gut bacteria on the be-
havioral manifestations of autism may be stimulat-
ed [9]. Research indicates that individuals with ASD
exhibit alterations in gut microbiota, suggesting that
imbalances, such as an excess or deficiency of specif-
ic bacteria, may exacerbate ASD symptoms [11, 30].

Several studies have shown that people with ASD
have higher levels of Clostridium than people who
don't have ASD, these studies also indicate that
Clostridium may generate neurotoxins that could af-
fect the etiology of ASD [3, 10].

The 16S rRNA gene presents numerous significant
benefits for the phylogenetic analysis of Clostridium
ventriculi, The 16S rRNA gene is mostly the same
in all organisms, but it does have some parts that
are different from others that help tell species apart.
This dual nature makes it feasible to draw evolution-
ary connections between Clostridium ventriculi and
other genus members. Even in preserved areas, re-

search has shown that there is enough variation to ef-
fectively resolve phylogenetic relationships [17, 33].
A strong basis for comparison is provided by the large
collection of 16S rRNA sequences. Because there are
several sequences from related Clostridium species,
researchers may accurately position C. ventriculi into
the wider clade, increasing the validity of phyloge-
netic findings [7, 14].

The distribution of the Iragi samples throughout
several phylogenetic tree branches indicates genetic
variety. According to the study of relationships, there
may be variance within this group, as certain Iraqi
isolates (such as OM943844.1 and OM943845.1)
have closer genetic distances than others (like
OM943846.1). The genetic diversity seen in Iraqi
Clostridium ventriculi isolates may be due to differ-
encesin how well they adapt to different environments
and how well they fit into different niches in the gas-
trointestinal tract or other places, as shown by how
they are spread out on the phylogenetic tree [2].

The distribution of Clostridium ventriculi iso-
lates from Iraq over various branches of the phylo-
genetic tree indicates genetic variation among these
isolates. Some Iraqi isolates, like OM943844.1 and
OM943845.1, form tight clusters with little genetic
separation. Others, like OM943846.1, spread out
more, which suggests that there is some variation
within the group, this diversity may arise from en-
vironmental influences, host-specific adaptations,
or evolutionary divergence over time. Bacterial phy-
logenetic studies frequently highlight the influence
of ecological niches and geographic isolation on ge-
netic variation within species [24, 28].

The genetic similarity seen in the isolates from Iraq
may be due to the ancestor's spread, as well as genet-
ic drift, a small population size, or a lack of selective
forces that encourage diversity. Consequently, the ge-
netic diversity of the strains may be limited [18, 20].

The phylogenetic tree revealed a close genetic re-
lationship among a group of isolates from the Czech
Republic, Saudi Arabia, Japan, the UK, Norway,
Ireland, and Russia. Some isolates from Iraq be-
long to a distinct branch, whereas others are located
within this cluster, indicating a lesser degree of re-
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Figure. Neighbor-joining tree of Clostridium ventriculi based on the 16S rRNA gene
Note. Triangles indicate the positions of the Iragi isolates within the phylogenetic tree.

latedness. The complicated connections between
C. ventriculi strains from different parts of the world
are made even clearer by the fact that a single iso-
late from China has appeared on a separate branch.
Horizontal gene transfer, environmental factors, and
historical patterns of core genome migration all work
together to explain why bacterial strains from differ-
ent countries are genetically similar. These compo-
nents enhance the intricate relationships elucidated
in bacterial phylogenetics, allowing populations from
various geographic regions to exhibit significant ge-
netic similarities [23, 28, 34].

Conclusion

The examination of Clostridium ventriculi and
ASD highlights the increasing focus on the gut-
brain-microbiota axis and its possible link to neuro-
logical disorders. Research demonstrates that indi-
viduals with ASD show considerable changes in their
gut microbiota composition, marked by increased
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