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LONGITUDINAL MICROBIOME ANALYSIS REVEALS EARLY
BACTEROIDES PREDOMINANCE AS A POTENTIAL BIOMARKER
FOR AUTISM SPECTRUM DISORDER: A PEDIATRIC CASE STUDY

WITH COBALAMIN METABOLIC IMPLICATIONS

The intricate relationship between gut microbiota and neurodevelopmental disorders has emerged
as a critical area of research, particularly in autism spectrum disorder (ASD). This case study presents
groundbreaking longitudinal evidence of gut microbiota alterations preceding ASD diagnosis in a two-
year-old female infant. The research aimed to characterize early-life microbiome dynamics and their po-
tential connection to subsequent ASD development, contributing to our understanding of the gut-brain
axis in neurodevelopmental disorders. Using shotgun metagenomic sequencing, we tracked the infant’s
microbiome composition from birth through 18 months of life, comparing it with 215 control samples.
Our methodology incorporated comprehensive bioinformatic analysis using the bioBakery suite, includ-
ing MetaPhlAn 4 for taxonomic profiling and HUMANN 3 for functional profiling. The study revealed a
persistent and significant elevation in Bacteroides abundance, particularly B. fragilis, from the first month
of life, preceding clinical ASD manifestation. Notably, functional analysis demonstrated an increased
presence of cobalamin biosynthesis genes associated primarily with Bacteroides, suggesting potential
interference with vitamin B12 metabolism. These alterations persisted despite probiotic intervention, in-
dicating a robust dysbiotic state. This research provides valuable insights into early microbiome changes
that may serve as potential biomarkers for ASD risk.

Keywords: Autism Spectrum Disorder; Bacteroides fragilis; cobalamin; gut metagenome.
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MuKpPOO6HMOMHDbIH, 60MABIK, TAAAQYbl AYTU3M CNEKTPiHIH, 0Y3bIAbICHIHDBIH,
aAeyeTTi 6uomapkepi periHae Bacteroides 6akTepUsICbIHbIH, epTe 6ACbIMADBIAbIFbIH
aHbIKTAMADI: KOOAaAAMUH MeTabOAM3MIHE acep eTeTiH MeAUaTPUSIAbIK, KAMHUKAABIK, XKaFAan

[Lek MUKPOBMOTAChl MEH HEMPOAAMY AbIH 6Y3bIAbICTapbl apACbIHAAFbI KYPAEAI GaiAaHbIC 3epTTEYAIH,
MaHbI3Abl CaAacbiHa alHaAAbl, 8cipece ayTmM3m CrekTpiHiH 6y3biAbicbiHAQ (ACB). ByA KAMHMKaAbIK,
3epTTey eki acap Kbi3 6asaHbiH ACB AMarHosblHa AERIHTI ileK MMKPOOMOTaCbIHbIH e3repicTepi
Typaabl OYpbIH-COHAbI G0AMaraH GOMAbIK, ADAEAAEMEAEPAI YCbiHAAbl. 3epTTeyAiH MakcaTbl epTe
>KaCTaFbl MUKPOOMOMHbIH, AMHAMMKACHIH >KaHe OHbIH, KeniHri ACH AamybIMeH bIKTUMAA GaiAaHbIChIH
cunartay 60AAbI, OYA HEMPOAAMYAbIH OY3bIAbICTAPbIHAAFbI ILLIEK-MM OCIHIH TYCIHIriH KEHEMTYyre yAec
KOCTbl. bi3 WwoTraH MetareHoMAbIK, CEKBEHMPAEYAI KOAAAHA OTbIPbIN, HOPECTEHIH TyFaHHaH GacTan
18 aitra AeRiHTi MMKPOOMOM KypambiH GakblAar, oHbl 215 GakbiAay YATICIMEH CaAbICTbIPABIK,. bi3AiH
8AicHaMambI3  BioBakery >KMbIHTbIFbIH KOAAQHbBIN  >KaH->KaKThl  GUMOMH(OPMATUKAABIK, TaAAQyAbl
KaMTbIAbI, OHbIH, iliHAe MetaPhlAn 4 TakcoHommsIAbIK, Npodrabaey >koHe HUMANN 3 hyHKLMOHAAADBIK,
npouabaey 6ap. 3epTrey emipAin OipiHwi anbiHaH 6acTar, ACB-HbIH KAMHWMKAABIK, KOPIHICIHE AeWiH
Bacteroides, acipece B. fragilis MeALLepiHiH TypaKTbl XXOHE alTapAbIKTal >KOFapblAaFaHblH aHbIKTAAbI.
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bYHKLMOHAAABIK, TaAAQY HerisiHeH Bacteroides-neH 6aiiAaHbICTbl KOGaAaMMH BUMOCHMHTE3I reHAEpPiHiH
>KOFapblAayblH kepceTTi, 6ya B12 AspyMmeHiHiH MeTaboAM3MIHE bIKTMMaA ocepiH kepceTeai. bya e3-
repictep npoOGMOTMKAABIK apaAacyFa KapaMacTaH CakTaAAbl, OYA TYPAKTbl AMCOMOTUKAABIK, KaFrAanAbl
kepcerteai. bya 3eptrey ACB kayniHiH biIKTMMaA GMOMapkepAepi peTiHAe KbI3MET eTe aAaTbiH epTe
MUKPOBMOMAbIK, ©3repicTep TypaAbl KYHAbI TYCIHIK 6epeai.

Ty#in ce3aep: AyTnam criekTpiHiH 6y3biAbiCbl; Bacteroides fragilis; kobaramuH; illeK MeTareHOMbl.
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MpoaoAbHOE ucCAeAOBaHME MUKPOOMOMaA 0OHaApY>XMBaeT paHHee npeodAasaHue
Bacteroides B kKauecTBe MoTEeHLMAABHOIO GMOMapKepa ayTM3mMa: KAMHMYECKMI CAyYan
y pe6eHKa C MOCAEACTBUSIMU AASl MeTaboAM3Ma BUTaMHHa B12

CAOXHas CBSI3b MEXAY MMKPOOUOTOM KMLIEUHMKA M HAPYLLIEHWUSIMM HEMPOPA3BUTUS CTaAd BaXK-
HenLwen 06AACTbIO UCCAEAOBAHMIA, OCOOEHHO MPU paccTporcTBax aytucTndeckoro crnektpa (PAC). B
3TOM MCCAEAOBAHUM MPEACTABAEHbl HOBAaTOPCKME MPOAOAbHbIE AOKA3aTEAbCTBA M3MEHEHWIA MMKPO-
OGUOTbI KMLLIEYHUKA, NpeAlLecTBYomx amarHoctrke PAC y aAByxaeTHen aeBoukn. Lleabio nccaeposa-
HMS BbIAO OXapaKTepM30BaTb AMHAMUKY MMKPOGMOMA B paHHEM BO3pPacTe U ee MOTEHUMAAbHYIO CBSI3b
¢ nocaeaytolim passutmem PAC, 4To cnoco6CTBOBAAO HaLLIeMY MOHMMAHMWIO OCH KMLLIEYHMK-MO3T NPy
HapyLLeHWsaX HerMpopasBmuTus. Mcnoab3ys ApoGHOE MeTareHOMHOE CEKBEHUPOBAHME, Mbl OTCAEXKUBaAM
COCTaB MMKPOBMOMa MAAAEHLA C POXKAEHMS A0 18 MecsueB XXn3HW, cpaBHMBas ero ¢ 215 KOHTPOAb-
HbiIMK 06pasuamum. Hallla METOAOAOIUSI BKAIOUAAA KOMIMAEKCHbIA 6UOMH(OPMALIMOHHbIM aHAAM3 C UC-
noAb3oBaHueMm nakeTa bioBakery, Bkaouas MetaPhlAn 4 aAst TakCOHOMMUYECKOTO NMPO(UAMPOBAHUS U
HUMARNN 3 aAg pyHKUMOHaAbHOro npouAMpoBaHust. MccaepoBaHWe BbISIBUAO MOCTOSIHHOE M 3Ha-
UYMTeAbHOE MOBbILLEHME YMCAeHHOCTH Bacteroides, B uactHoctu B. fragilis, ¢ neporo mecsiuja >KusHu,
NMpeALLeCcTBYOLEero KAMHn4eckomy npossaeHnio PAC. B yacTHoCTM, (DyHKUMOHAABHBIM aHaAM3 Npo-
AEMOHCTPUPOBAA MOBbILLEHHOE MPUCYTCTBME FeHOB GMoCUHTe3a KobaAamMMHA, CBS3aHHbIX B MEpPBYIO
ouepeab ¢ Bacteroides, uTo yKkasblBaeT Ha MOTEHUMAAbLHOE BMELIATEAbCTBO B METabOAM3M BUTaMMHA
B12. 9T M3MeEHeHMs COXPAHSAAMCb, HECMOTPS Ha MPOOMOTHUUYECKOE BMELLIATEABCTBO, UTO YKa3blBaeT Ha
CUAbHOE AMCOMOTMYECKOE COCTOSIHME. DTO UCCAEAOBAHME AQeT LieHHYIO MH(OPMALIMIO O PaHHMX 13-
MEHEHUSIX MUKPOBMOMA, KOTOPbIE MOTYT CAYXXMTb MOTEHUMaAbHbIMK GuomMapkepamm prcka PAC.

KAroueBble cAoBa: PaccTpoicTBo ayTMCTUMUECKOro cnekTpa; Bacteroides fragilis; ko6anamuu; meTa-
reHOM KMLLeYHMKa.

1. Introduction

Recent studies highlight the complex nature of
autism spectrum disorder (ASD), a neurodevelop-
mental condition characterized by difficulties in so-
cial communication and stereotypical behavior. The
prevalence of ASD has increased significantly, with
current estimates at approximately 2.8% [1]. Sta-
tistical data from Kazakhstan also indicate a rise in
ASD cases over the past decade [2].

Recent research has identified a substantial im-
pact of gut microbiota on neurotransmitters such as
glutamate and GABA, and a significant association
with mental disorders such as depression, schizo-
phrenia, and ASD [3,4]. Studies from different na-
tional cohorts demonstrated significantly altered mi-
crobiota composition features in ASD patients, and
in many cases, an increase in the short-chain fatty

acid (SCFA) producer Bacteroides [5-8]. Consis-
tent with this, some studies have reported elevated
levels of propionic acid (PPA) in ASD patients
[9,10]. PPA, can cross the blood-brain barrier and
may lead to neuroinflammation, increased oxida-
tive stress, glutathione depletion, altered phospho-
lipid/acylcarnitine profiles, effects on mitochondrial
function, and altered gene expression. Noteworthy
Bacteroides is known to be able to interfere with
vitamin B utilization. It has been shown that the hu-
man gut bacterium Bacteroides can not only bind to
vitamin B12 with high affinity, but also remove it
from human intrinsic factor, a B12 transport protein
in humans [11]. Vitamin B12 is essential for optimal
brain development, neural myelination, and cogni-
tive function. Significantly low or high levels of B12
during pregnancy have been associated with an in-
creased risk of offspring with ASD [12].
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2. Materials and methods

Recruiting

We recruited healthy newborns immediately
after birth from the maternity ward of the Perina-
tal Center in Astana. After providing all necessary
information, parents (mothers) signed an informed
consent document, officially confirming their agree-
ment for their child’s participation in the study. Col-
lection of infant fecal samples was conducted im-
mediately after birth (first-pass meconium) and at
dynamic observation points at 1, 3, 6, 12, and 18
months of life. Maternal fecal samples were collect-
ed one month postpartum. The study protocol was
approved by the ethics committee of the National
Laboratory Astana, Nazarbayev University (proto-
col #05-2022). The studies were conducted in accor-
dance with the World Medical Association Declara-
tion of Helsinki.

This study included one child diagnosed with
ASD and 215 samples basic group. ASD diagnosis
was made by pediatric psychiatrists based on the
Diagnostic and Statistical Manual of Mental Dis-
orders, Fifth Edition (DSM-5) diagnostic criteria
(Diagnostic and Statistical Manual of Mental Disor-
ders: DSM-5TM, 5th Ed. 2013) at the age of 2 years.
Exclusion criteria for neurotypical children included
a positive family history of ASD. Exclusion criteria
for both groups were neurological disorders, intel-
lectual disability, depressive disorders, and other
gastrointestinal tract-related diseases. All recruits
included in this report had not taken antibiotics in
the three months preceding sample collection.

DNA Extraction from Fecal Samples and Se-
quencing

Fecal samples were collected using DNA/RNA
Shield Fecal Collection Tubes (Cat. # R1101, Zy-
moResearch). The samples were transported to the
laboratory within 24 hours and stored at +4°C un-
til DNA extraction. Bacterial genomic DNA was
isolated from the fecal samples using the Zymo-
BIOMICS DNA Miniprep Kit (Zymo Research,
D4300), with sterile pQ water as a negative extrac-
tion control. Quality control of DNA isolation was
performed using OD260/280 Nanodrop and 1%
agarose gel electrophoresis. The concentration and
purity of each DNA sample were determined using
an Invitrogen Qubit 3.0 fluorometer (Invitrogen,
Carlsbad, CA, USA). Sterile nQ water served as a
negative control. Following standard Illumina pro-
tocols, sequencing was conducted on the Illumina
NovaSeq 6000 platform at Novogene Laboratory
(Beijing, China).
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Data Processing and Statistical Analysis

Our research took a comprehensive approach to
the analysis of raw sequencing data. We employed
the bioBakery suite, which integrates a range of
methods for taxonomic and phylogenetic profiling
of metagenomes. MetaPhlAn 4 was used for taxo-
nomic profiling, and HUMAnN 3 for functional
profiling. We applied the recommended parameters
provided by the developers to all tools used in the
analysis, ensuring a thorough and rigorous approach.

To identify taxonomic and functional markers
across time points and at individual time points,
the DESeq2 algorithm from the PyDESeq2 0.4.9
library was implemented. Markers were considered
significant at p < 0.05 after correction for multiple
comparisons (BH FDR). The relative abundance of
bacterial genes was analysed based on the results
of HUMAnN 3 profiling. Annotation of HUMAnN
3 profiling results at the gene level was performed
based on UniProt annotations, considering only cur-
rent entries.

3. Results and discussion

We present a case of a female newborn subse-
quently diagnosed with early childhood autism. The
child was born from the seventh pregnancy, compli-
cated by gestational hypertension and chronic py-
elonephritis. Spontaneous vaginal delivery occurred
at 265 days of gestation. The newborn was in good
condition (Apgar score 8/9), requiring no resuscita-
tion, with a birth weight of 4,630 grams and a length
of 56 cm. The infant was discharged after 72 hours
with moderate risk of perinatal central nervous sys-
tem involvement.

Follow-up examinations revealed persistent in-
testinal dysbiosis from 6 months of age (continu-
ing through 36 months), positive IgG antibodies to
cytomegalovirus, and mild anaemia. At 21 months
of age, the child experienced initial absence sei-
zures, which progressed to clonic-tonic seizures by
22 months, occurring twice daily with a duration of
1-20 minutes. Magnetic resonance imaging revealed
the right frontal lobe pachygyria and focal brain mat-
ter changes. Treatment included magnesium sulfate
for 3 days and carbamazepine 75 mg twice daily (15
mg/kg) for one month, followed by oxcarbazepine
1.5 mL in the morning and 2.0 mL in the evening.
At 24 months, autism spectrum disorder was diag-
nosed. The child had been receiving bifidobacteria-
containing probiotics since 3 months of age.

To comprehensively understand the microbiome
characteristics prior to ASD manifestation, we me-
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ticulously conducted a comparative analysis of fecal
samples from the child and mother against a con-
trol group (total 215 samples: 41 mothers and their
children Female/Male: T2 — 37 children (19/18), T3
— 30 children (15/15), T6 — 33 children (15/18), T12
— 26 children (13/13), T18 — 22 children (11/11)).
The average sequencing depth was 7.0 Gigabases
per metagenome. All samples underwent a standard-
ized processing protocol to minimize technical vari-
ability.

Our longitudinal analysis of taxonomic diver-
sity showed no significant increase in alpha di-
versity (Observed index, p=0.28; Shannon index,
p=0.19) in the ASD child’s samples from birth to
18 months. This finding contrasts with some recent
reports suggesting increased alpha diversity in ASD
cohorts [6], which traditionally challenges prevail-
ing notions as decreased alpha diversity has been
associated with compromised health in various con-
ditions. The maintained alpha diversity in our case
may reflect the early intervention with probiotics,
though it did not prevent the underlying dysbiotic
changes. However, our comparison of relative mi-
crobial abundance (Fig. 1A) revealed significant
differences between the control and ASD groups at
all analyzed points, which aroused our interest. Lon-
gitudinal monitoring of the Bacteroides genus (Fig.
1B) demonstrated its significant predominance in
the microbial structure from the first to sixth month
of life (p=0.037) in the child with ASD, peaking at
approximately 55.0% in the first month (T2).

Recent experimental evidence demonstrates
that B. fragilis-treated male mice display social be-
havior dysfunction, increased repetitive behaviors,
and gene expression dysregulation in the prefrontal
cortex, while female mice do not display behavioral
deficits [6]. While our case involves a female infant,
the early and persistent Bacteroides elevation sug-
gests that the timing of exposure may be more criti-
cal than sex-specific susceptibility during early neu-
rodevelopmental windows. The Collinsella genus
also showed consistent elevation in the ASD group
(p=0.007), particularly notable until 3 months of age
(T3), maintaining elevated levels at T12 and T18
time points. Additionally, non-significant decreases
in Escherichia coli (p=0.24) and Bifidobacterium
(p=0.37) were observed from the early months of
life.

Notably, administering bifidobacteria-contain-
ing probiotics at 3 months did not increase the rela-
tive abundance of the Bifidobacterium genus. Con-
versely, by 6 months, an increase in Bacteroides was
observed, predominantly due to B. fragilis. This re-
sistance to probiotic intervention aligns with emerg-

ing evidence that different microbial interventions
may have varying effectiveness in ASD, with some
studies exploring more comprehensive approaches
such as microbiota transfer therapy [13]. By 12
months of age, the fecal microbiome was domi-
nated by Bacteroides and Faecalibacterium praus-
nitzii (Fig.1 A). Notably, the Bifidobacterium level
in the mother of the child with future ASD status
was below the group average (0.6% vs 7% in con-
trols). This observation is consistent with emerging
research on the maternal exposome and autism risk
[14], suggesting that maternal microbiome compo-
sition may influence offspring neurodevelopmental
trajectories.

Functional gene profiling based on the UniProt
database revealed a significantly increased pres-
ence of cobalamin biosynthesis genes (KW0169),
primarily associated with Bacteroides and, to a
lesser extent, with Collinsella and Blautia, as il-
lustrated in the taxonomic distribution diagram
of cobalamin biosynthesis genes (Fig. 1C). The
discovered association between microbial com-
position and metabolic disturbances is of utmost
importance. The increased potential ability of Bac-
teroides for B12 synthesis (Fig. 1C) and utilization
[11] may indicate possible cobalamin sequestra-
tion by the microbiota. Recent systematic reviews
have identified 17 studies examining B12 as a
treatment in ASD, with most studies using oral or
injected methylcobalamin, demonstrating potential
therapeutic benefits [15]. Vitamin B12 is critical in
myelin synthesis, DNA methylation, and nervous
system development, potentially significantly af-
fecting cognitive functions and neurodevelopment
[16]. The early-life elevation of Bacteroides in our
case study suggests that microbial sequestration of
cobalamin may occur during critical neurodevel-
opmental windows, potentially contributing to the
pathophysiology of ASD.

Interestingly, recent studies have shown that
Bacteroides-dominant gut microbiomes in late in-
fancy are associated with enhanced neurodevelop-
ment, with different species of Bacteroides includ-
ing B. fragilis and B. uniformis positively associated
with increased cognitive development [17]. This ap-
parent contradiction with our findings highlights the
importance of timing, dose-response relationships,
and individual susceptibility factors in microbiome-
neurodevelopment interactions. The persistence of
Bacteroides elevation from the first month of life in
our case suggests that early, excessive colonization
may disrupt normal neurodevelopmental processes,
whereas moderate levels at later time points may be
beneficial.
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Figure 1 — Relative abundance of microbial taxa in fecal samples from control group children (NO) and child
with autism spectrum disorder (ASD) during the first 18 months of life, as well as their mothers. A) Mean relative abundance
of taxa at taxonomic levels: genus and species levels. B) Relative abundance of Bacteroides in Collinsella genera in NO and ASD.
Data are presented for six time points: mother microbiome (M), at 1 month (T2), 3 months (T3), 6 months (T6),
12 months (T12), and 18 months (T18). C) Chord diagram
of the taxonomic distribution of cobalamin biosynthesis genes (KW0169) at genera level

Our study highlights the critical importance of

developing an altered microbial structure in a child
who subsequently develops ASD. From the first
month of early life, we detected significant dysbi-
otic changes in the feces of the child with future
ASD status, characterized by the predominance of

48

Bacteroides (31.0% vs 18.5% in controls on aver-
age), mainly due to B. fragilis (19.1% vs 3.8% in
controls), which chronologically preceded clinical
disease manifestation. Recent research suggests that
interventions targeting the gut microbiota through
various approaches, including fecal microbiota
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transplantation, may be promising for treating gas-
trointestinal disorders and behavioral traits associat-
ed with ASD [13]. Our findings support the potential
for early microbiome screening as a risk assessment
tool, potentially enabling interventions before clini-
cal symptoms manifest.

The gut-brain axis and its complex bidirection-
al communication system between the central ner-
vous system and the enteric nervous system have
revealed the central role of the gut microbiome in
regulating neuroimmune networks, modifying neu-
ral networks, and communicating directly with the
brain [4]. Our case study contributes to this under-
standing by providing longitudinal evidence of mi-
crobiome alterations preceding clinical diagnosis.
Recent randomized clinical trials have demonstrat-
ed that specific Bacteroides strains, such as B. fra-
gilis BF839, can significantly improve abnormal
behavior and gastrointestinal symptoms in chil-
dren with ASD [18]. However, our findings sug-
gest that the therapeutic window and strain-specific
effects require careful consideration, as early-life
overgrowth of certain Bacteroides species may be
detrimental.

While our case study provides valuable longi-
tudinal data, several limitations must be acknowl-
edged. First, this is a single case study, limiting
generalizability. Second, the complex interplay be-
tween genetic predisposition, environmental factors,
and microbiome composition requires larger cohort
studies to disentangle. Third, the functional impli-
cations of elevated cobalamin biosynthesis genes
require direct metabolomic validation. Recent sys-
tematic reviews of pediatric and adult studies have
highlighted the functional contribution of intestinal
microbiomes in various neurodevelopmental dis-
orders [19], emphasizing the need for standardized
methodologies and larger sample sizes. Our study
contributes to this growing body of evidence while
acknowledging the need for replication in larger co-
horts.

The relationship between eating issues, microbi-
ome, and gastrointestinal symptoms in autism spec-
trum disorder has become increasingly recognized,
with food selectivity and nutritional deficiencies be-
ing closely associated with altered gut microbiota
composition [20]. Our case study supports these
associations, as the child showed selective eating
patterns and required nutritional interventions. The
findings of this case report shed light on the forma-

tion of an altered gut microbiome prior to ASD, in-
dicating a potential role for the microbiota in the de-
velopment of the pathological process. The increase
in the copy number of vitamin B12 biosynthetic
genes, a significant finding in this study, suggests a
potential link between gut microbiome and vitamin
B12 metabolism in ASD. Given that most existing
studies have focused on cross-sectional observation
of microbiota after the onset of ASD, there is a sig-
nificant opportunity for further research in this area.

Conclusion

This case study identified significant changes
in the gut microbiota in the first months of early
life, characterized by Bacteroides dominance and
increased cobalamin biosynthesis genes, preceding
the onset of ASD. The persistence of these changes
despite probiotic therapy, along with a similar ma-
ternal microbiota profile, reveals potential micro-
bial markers of ASD risk. These findings highlight
the importance of early screening of the microbiota
and its metabolic activity. However, they also un-
derscore the urgent need for extensive prospective
studies to confirm these associations and advance
our understanding of ASD.
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