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Abstract
In this study, we tested the feces of children with ASD and those of healthy children, and the overall changing of the gut fun-
gal community was observed in ASD children compared with controls. However, there were no abundant fungi populations 
showed significant variations between the ASD and Control group both at phylum and class level. Among the 507 genera 
identified, Saccharomyces and Aspergillus showed significant differences between ASD (59.07%) and Control (40.36%), 
indicating that they may be involved in the abnormal gut fungal community structure of ASD. When analyzed at the spe-
cies level, a decreased abundance in Aspergillus versicolor was observed while Saccharomyces cerevisiae was increased in 
children with ASD relative to controls. Overall, this study characterized the fungal microbiota profile of children with ASD 
and identified potential diagnostic species closely related to the immune response in ASD.
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Introduction

Autism spectrum disorder (ASD) is a group of neurodevel-
opmental disorders featuring excessively repetitive behav-
iors, narrow interests, and insistence on sameness (Lord 
and Bishop 2015). The prevalence of autism in school-
age children has climbed dramatically over the past dec-
ade in China and the West, at around 1% (Sun et al. 2019). 
It should be noted that ASD prevalence was significantly 
higher among males than among females (prevalence ratio: 
4.0) (Baio et al. 2018). The exact pathogenesis of ASD is 
unclear, but it appears to be associated with complicated 

gene-environment interactions (Kim and Leventhal 2015). 
Among several comorbidities in ASD, gastrointestinal (GI) 
dysfunctions are quite common, given its great prevalence 
and strong correlation with symptom severity (Adams et al. 
2011). Indeed, GI symptoms can be related to disturbed gut 
microbiota and this relationship is spurring an intensive 
research of the gut microbiota in ASD patients.

The microbiota harbored in our GI tract may influence the 
brain function and behavior through the so-called “micro-
biota-gut-brain axis”, a bidirectional network of commu-
nication between the gut and the brain (Rhee et al. 2009). 
Moreover, gut microbiota may regulate the central nervous 
system (CNS) activities through multiple systems, including 
neural, immune and endocrine (Collins and Bercik 2009). 
Thus, alteration in the composition and metabolites of the 
gut microbiota has been speculated as a possible causative 
mechanism contributing to ASD pathophysiology. There is 
enough scientific evidence proved that gut microbiota differs 
between individuals with ASD and healthy controls (Liu 
et al. 2019), as well as in mouse models of ASD (Sauer 
et al. 2019). Specifically, probiotics Bifidobacterium spp and 
Akkermansia muciniphila (Wang et al. 2011) showed lower 
counts in ASD children compared to controls while poten-
tially harmful species Desulfovibrio spp (Finegold 2011), 
Sutterella (Williams et al. 2012) and Alkaliflexus (Finegold 
et al. 2010)were increased in certain studies. Besides, there 
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are also a few indications that ASD patients have altered fun-
gal components, including reports of the higher incidences 
of genera Candida (Iovene et al. 2017) and Malassezia, 
decreased genera Aspergillus and Penicillium compared 
with controls (Strati et al. 2017). Among Candida spp, Can-
dida albicans is the most represented species. It can shift 
tryptophan metabolism and toward 5-hydroxytryptophan 
metabolites (Cheng et al. 2010), an ASD-related neurotrans-
mitter (Ormstad et al. 2018). Genus Candida is two times 
more abundant in toddlers with ASD than in controls (Strati 
et al. 2017), and it can release ammonia and other toxin that 
may cause autistic behavior (Rosenfeld 2015; Reichelt and 
Knivsberg 2009), suggesting that fungi may play a role in 
the pathogenesis of autism.

Though a few studies have reported the change of fungal 
community in children with ASD, the big-sampled well-
designed studies have to be conducted, as well as a more in-
depth characterization of the fungal flora is strongly needed 
for ASD children. To elucidate the fecal fungal presence in 
autistic children and to provide rationale basis for a possi-
ble specific therapeutic intervention in ASDs, we performed 
internal transcribed spacer 2 (ITS2) region sequencing of 
stool samples from 29 children with ASD and 31 healthy 
children in China in this study.

Materials and Methods

Subjects

Children with ASD were diagnosed by the Department of 
Pediatric Neurology at Jinan Central Hospital, which is 
affiliated with Shandong University, and the diagnosis was 
reconfirmed at Shandong Provincial Mental Health Center. 
In the present study, we included 2- to 6-year-old children 
with ASD diagnosed between 2017 and 2019 based on the 
following inclusion criteria: (1) age of 2–6 years; (2) diagno-
sis of autistic disorder defined by the Diagnostic and Statisti-
cal Manual of Mental Disorders, Fourth Edition, Text Revi-
sion (Bell 1994) and confirmed using the Autism Diagnostic 
Interview-Revised (ADI-R); (3) behavioral problems such 
as irritability, agitation, and/or self-injurious behavior; (4) a 
Clinical Global Impression Severity of Illness scale (CGI-S) 
score of ≥ 4 and an Aberrant Behavior Checklist Irritability 
(ABC-I) subscale score of ≥ 18 at screening and baseline; 
and (5) mental age of ≥ 24 months.

The exclusion criteria were as follows: (1) Rett’s disor-
der, childhood disintegrative disorder, Asperger’s disorder, 
or pervasive development disorder not otherwise specified 
according to the DSM-IV-TR; (2) schizophrenia, other psy-
chosis, and mood disorders, including bipolar disorder and 
major depressive disorder according to the DSM-IV-TR cri-
teria; (3) significant risk of committing suicide based on the 

subject’s medical history or a routine mental status examina-
tion; (4) seizure attack in the past year; (5) history of severe 
head trauma or stroke; (6) history of neuroleptic malignant 
syndrome; (7) resistance to antipsychotic medication; and 
(8) presence of a significant comorbid medical illness.

Sample Collection

Stool specimens were collected in the homes of the partici-
pants by their parents and transferred to laboratory within 
three hours. All samples were stored at − 80 °C before DNA 
extraction. The study was approved by the Medical Ethi-
cal Committee of Shanghai Institute of Planned Parenthood 
Research (NO: PJ2019-17). Written informed consents were 
obtained from the parents of all participants involved in this 
study.

Genomic DNA Extraction, PCR Amplification 
and ITS2 Gene Sequencing

Total genomic DNA was extracted using QIAamp DNA 
Stool Mini Kit (QIAGEN). Amplifications of ITS2 region 
were performed with primers ITS3F (5′-GCA​TCG​ATG​
AAG​AAC​GCA​GC-3′) and ITS4R (5′-TCC​TCC​GCT​TAT​
TGA​TAT​GC-3′) using TransStart Fastpfu DNA Polymerase 
(TransGen). Cycling conditions were as follows: denatura-
tion at 95 °C for 2 min, 20 cycles of amplification (45 s at 
95 °C, 30 s at 55 °C and 30 s at 72 °C), extension 72 °C for 
5 min. Three repeat PCR amplifications of each sample were 
purified with AxyPrep DNA Gel Extraction kit (AXYGEN) 
and assessed by spectrophotometry (QuantiFluor-ST, Pro-
mega). The equivalent pooled ITS2 PCR amplicons were 
sequenced on an Illumina MiSeq instrument at Chinese 
National Human Genome Center at Shanghai.

Bioinformatics and Statistical Analysis

Raw paired FASTQ files were processed using QIIME 2 
(Bolyen et al. 2019). Sequence merge, denoising and filter-
ing was performed using DADA2 plugin with default param-
eters. Algorithms VSEARCH was used to assign sequences 
into OTU at 97% similarity based on de novo clustering 
method. Community richness and diversity analysis (ACE, 
Chao, Shannon and Good’s coverage) were performed using 
QIIME 2 with the same sequence depth. The taxonomic 
affiliation assignments were based on Ribosomal Database 
Project at default parameter. Differences between ASD and 
Control samples were assessed using Analysis of Molecu-
lar Variance (AMOVA) in Mothur. The taxonomy features 
(OTU, genus, family and phylum) abundance differences 
between ASD and Control groups were analyzed by STAMP 
(Parks et al. 2014) (p < 0.05).
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Results

Fungal Populations in ASD and Control Gut

A total of 60 fecal samples were collected from 29 ASD 
children (ranging from 2 to 6.5 years old, average 4.5, aver-
age BMI = 17.2, 6 females and 23 males) and 31 healthy 
children (all at 48 months, no overweight or allergy, 16 
females and 15 males) (Table 1). All the participants were 
not on special diets, like taking probiotics or antibiotics. 
A total of 2,402,928 (18,287 ~ 71,227) high-quality ITS2 
sequences from 60 samples were contained by high-through-
put DNA sequencing. To normalize data to avoid statistical 
bias, 18,287 ITS2 sequences of each sample were chosen to 
calculate richness, evenness, and diversity of the bacterial 
community at 97% similarity. After 60 samples were clas-
sified into two groups (ASD and Control), a total of 1648 
OTUs were obtained. The Good’s coverage was over 99.9% 
for two groups (Table 2), which meant the sequencing depth 
was sufficient for gut fungi investigation of ASD and healthy 
children.

Fungi of ASD and Control

The total gut fungi were revealed through the phylogenetic 
and taxonomic assessments of the ITS2 region. All fungal 
populations could be aligned to six phyla, 224 families 

and 507 genera. At phylum level, Ascomycota (average 
89.78%, ± 0.008), Basidiomycota (4.90% in ASD, 9.81% in 
Control) and Zygomycota (4.28% in ASD, 0.47% in Con-
trol), were the three most abundant fungal divisions in gut. 
At family level, 20 families were major taxa in two groups 
(> 1% in at least one group, accounting for over 88.91% in 
each group, Table 3). Among them, Saccharomycetaceae 
was the most abundant family in each group (58.61% in 
ASD, 36.93% in Control). In the 507 identified genera, 
21 were abundant (> 1% in at least one group, accounting 
for over 84.81% in each group, Table 4). Among them, 
Saccharomyces, Akanthomyces, Candida, and Morchella 
were > 1% both in ASD and Control group. 

Gut Mycobiota Changes Between ASD and Control

The principal component analysis (PCA) analysis with 
Bray–Curtis dissimilarity based on genera revealed that 
the fungi groups show significant differences in similarity 
tested by AMOVA (P < 0.001) (Fig. 1). According to the 
evaluation of fungal populations (Table 2), the ASD had 
lower richness (ACE index and Chao index), lower even-
ness (Shannon even index) and lower diversity (Shannon 
diversity). The result interpreted fungi compositions were 
different between ASD and Control group, and the ASD 
could change fungi compositions of the gut and have lower 
biodiversity compared with the Control group.

There were no fungi populations showing significant 
variations between the ASD and Control group both at 
phylum and class level. At order level, only Eurotiales 
were significantly enriched in the control group (1.85% in 
ASD, 5.89% in Control, FDR = 0.026). Two major families 
Saccharomycetaceae and Trichocomaceae had significant 
differences between ASD (60.45%) and Control (42.81%) 
(Table 3). At genus level (Table 4; Fig. 2), two major gen-
era Saccharomyces and Aspergillus had significant dif-
ferences between ASD (59.07%) and Control (40.36%). 
At species level, we found two abundant species had a 
significant difference between ASD (58.39%) and Control 
(38.50%) (Table 5; Fig. 3). Saccharomyces cerevisiae was 
increased in ASD gut fungi populations (58.38% in ASD, 
36.72% in Control) while Aspergillus versicolor almost 
does not exist in ASD group (0.01% in ASD, 1.78% in 
Control).  

Table 1   The fundamental 
information of subjects

ASD Control

Number
 Male 23 15
 Female 6 16

Age (year)
 Mean 4.5 4
 Max 6.5 4
 Min 2 4
 SD 1.2 0

BMI
 Mean 17.2 –
 Max 25.5 –
 Min 13.9 –
 SD 3.1 –

Table 2   The microbiota 
diversity evaluations of two 
groups

Group Sample OTUs Coverage Richness Evenness Diversity

Chao ACE Shannoneven Shannon

ASD 29 959 0.99987 995.65625 989.474456 0.350991 2.409868
Control 31 1044 0.999929 1057.68421 1058.89889 0.492666 3.424432
p-value 0.84 0.032 0.92 0.96 0.071 0.12
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Discussion

Recently, extensive evidence suggests that gut microbiota 
can influence autism behavior by regulating brain chemistry 
(Gabriele et al. 2014; Zheng et al. 2016) through “micro-
biota–gut–brain axis” and the intestinal flora became one 
of the major topics of ASD research interest. However, 
most gut microbiota studies were focused on bacteria, with 
few studies reporting the fecal fungi of children with ASD. 
In fact, fungi are an important part of the human intesti-
nal flora and have an impact on human health, beneficially 
or harmfully (Andersen et al. 2013). For example, several 
Candida-related symptoms were found in autistic children 
(Kidd 2002), for its over-presence, ammonia and toxins are 
released, and the absorption of carbohydrates and minerals is 
reduced, which may lead to autistic behavior (Burrus 2012). 
These studies suggest that we can further investigate the role 
of fungi in the pathogenesis of autism. Thus, we explored the 
profile of fungal microbiota in 29 subjects with ASD using 
ITS2 sequencing and our data showed significant differences 
in fungal diversity and composition between ASD children 
and healthy children.

The lower fungal diversity of ASD children presented 
here (Table 2) might be a consequence of bacterial micro-
biota imbalance. The bacterial community plays an essential 
role in the maintenance of intestinal microbial homeosta-
sis and its diversity is inversely related to fungal diversity 
(Kuhbacher et al. 2006). Several studies have demonstrated 

Table 3   Major abundant and 
significantly different families 
in the gut microbiota of ASD 
and Control

Family ASD (%) Control (%) p-values (cor-
rected)

Enriched in

Saccharomycetaceae 58.61 36.93 0.032 ASD
Clavicipitaceae 6.65 2.92 0.37
Saccharomycetales_Incertae sedis 4.95 6.12 0.77
Morchellaceae 3.41 6.84 0.36
Mucoraceae 3.02 0.04 0.32
Ramalinaceae 2.18 0.07 0.33
Hymenochaetaceae 2.01 0.05 0.28
Trichocomaceae 1.85 5.89 0.026 Control
Pleosporaceae 1.65 0.37 0.27
Mycosphaerellaceae 1.62 2.81 0.27
Ophiocordycipitaceae 1.37 4.41 0.33
Tuberaceae 0.81 1.77 0.31
Ophiostomataceae 0.68 2.30 0.23
Hypocreales_Incertae sedis 0.41 3.23 0.37
Pezizomycotina_Incertae sedis 0.35 2.39 0.18
Microascaceae 0.19 2.23 0.30
Pichiaceae 0.18 2.13 0.18
Gomphaceae 0.04 4.60 0.17
Orbiliaceae 0.03 1.48 0.27
Metschnikowiaceae 0.01 2.33 0.31

Table 4   Major abundant and significantly different genera in the gut 
microbiota of ASD and Control

Genus ASD (%) Control (%) p-values 
(cor-
rected)

Enriched in

Saccharomyces 58.41 36.84 0.032 ASD
Akanthomyces 6.63 2.89 0.37
Candida 4.92 6.04 0.78
Morchella 3.40 5.93 0.49
Mucor 2.98 0.02 0.32
Ramalina 2.18 0.06 0.33
Fomitiporia 1.84 0.03 0.32
Ophiocordyceps 1.37 4.41 0.33
Alternaria 1.36 0.18 0.28
Cladosporium 1.29 2.12 0.40
Reddellomyces 0.77 1.71 0.31
Eurotium 0.75 1.59 0.25
Aspergillus 0.66 3.52 0.0058 Control
Sporothrix 0.28 2.05 0.17
Acremonium 0.28 3.20 0.35
Parasympodiella 0.17 1.67 0.28
Pithoascus 0.16 2.16 0.31
Pichia 0.15 2.06 0.18
Ramaria 0.04 4.60 0.17
Arthrobotrys 0.01 1.39 0.29
Clavispora 0.00 2.33 0.31
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that the increased diversity of intestinal bacteria in chil-
dren with ASD may be due to the over-presence of harm-
ful bacteria (Finegold et al. 2010). Therefore, it can be 
speculated that harmful bacteria overgrowth in ASD may 
lead to a lower fungal diversity, compared with controls. 
Additionally, results revealed that three major fungal phyla 
were present in autism samples, including Ascomycota, 
Basidiomycota, and Zygomycota. Interestingly, the relative 
abundance of Basidiomycota was almost twice as much in 

Control (9.81%) than in ASD (4.90%), though this differ-
ence was not significant (FDR = 0.22). The same is true of 
Zygomycota (FDR = 0.23), though it is highly enriched in 
ASD (ASD: 4.28%; Control: 0.47%). A tendency at genus 
level towards a higher abundance of Saccharomyces and a 
lower proportion of Aspergillus was revealed in fecal sam-
ples of ASD children. Different food groups and different 
nutrient intake may have distinct effects on the microbiota 
composition (Berding and Donovan 2018). For example, 

Fig. 1   Principal component 
analysis (PCA) analysis with 
Bray–Curtis dissimilarity based 
on genera between the micro-
biota of the two groups. Points 
represent samples. The groups 
show significant differences in 
similarity tested by AMOVA 
(P < 0.001)

Fig. 2   Gut microbiota comparison between ASD and Control group on genus level; *p < 0.005
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dairy intake was negatively associated with the abundance 
of species whereas vegetable intake increased the abundance 
of certain microbiota (Smith-Brown et al. 2016). However, 
its effects on certain fungi are less reported, further studies 
on this point are needed.

The differences of yeast infection among stools from 
ASDs and healthy controls were investigated in recent 
years. Kantarcioglu et al. (Kantarcioglu et al. 2016) found 
Candida species, especially Candida albicans, were preva-
lent in stool samples of ASD children while our finding 
demonstrated that Candida albicans were more common 

in healthy controls (ASD: 2.24%, Control:3.93%).Candida 
albicans may contribute to the imbalance carbohydrate 
and mineral absorption and the increased toxin levels, 
which are believed to cause the autistic behaviors (Borre 
et al. 2014; Burrus 2012). However, little is known about 
the exact role of Candida in the intestinal tract of ASD 
patients and it is impossible to explain the effect of its 
increased or decreased levels on the condition of ASD 
children. Contrary to another study report (Kantarcioglu 
et al. 2016), Candida krusei and Candida glabrata were 
not detected in our ASD children. We found the increased 

Table 5   Major abundant and 
significantly different species in 
the gut microbiota of ASD and 
Control

Species ASD (%) Control (%) p-values (corrected) Enriched in

Saccharomyces cerevisiae 58.38 36.72 0.032 ASD
Akanthomyces novoguineensis 6.63 2.89 0.37
Mucor racemosus 2.94 0.00 0.33
Morchella sp Mes_22 2.60 1.76 0.73
Candida albicans 2.24 3.93 0.63
Ramalina fastigiata 2.18 0.06 0.33
Fomitiporia punicata 1.77 0.02 0.33
Candida sake 1.38 0.08 0.34
Alternaria longipes 1.36 0.18 0.28
Cladosporium halotolerans 1.29 2.12 0.40
Ophiocordyceps stylophora 1.20 4.41 0.31
Reddellomyces sp JT27724 0.77 1.71 0.31
Aspergillus reptans 0.69 1.54 0.24
Candida parapsilosis 0.44 1.00 0.42
Morchella sp Mes_26 0.33 1.09 0.49
Acremonium alcalophilum 0.20 3.08 0.36
Sporothrix sp 2 ML_2011 0.18 1.98 0.16
Parasympodiella elongata 0.17 1.67 0.28
Pithoascus langeronii 0.16 2.16 0.31
Ramaria conjunctipes 0.04 4.59 0.17
Aspergillus versicolor 0.01 1.78 0.00051 Control
Arthrobotrys conoides 0.00 1.38 0.29
Clavispora lusitaniae 0.00 2.33 0.31
Morchella sp V Morchella sp Mel_23 0.00 2.89 0.29

Fig. 3   Gut microbiota comparison between ASD and Control group on species level; *p < 0.005
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level of Candida sake and decreased level of Candida par-
apsilosis in ASD children. Therefore, the correct identi-
fication of the species might be a key factor for efficient 
therapeutic decisions in patients with ASD. Genus Saccha-
romyces is classified as potential human pathogens (Hit-
tinger 2013), which colonizes the mucous membranes of 
small intestine (Marra et al. 2007) that potentially results 
in an endogenous infection (Macfarlane and Dillon 2007). 
In recent years, an association of autism with endogenous 
infection was reported and infections have been connected 
to the incidence of ASD (Meltzer and Van de Water 2017). 
This reminds us that the overgrowth of Saccharomyces 
is one of the concerns for the occurrence of infectious 
symptoms in ASD and therefore may be involved in the 
formation of ASD indirectly. Among Saccharomyces, 
the identified Saccharomyces cerevisiae species is at the 
highest level in ASD children of this study, indicating its 
essential role. Saccharomyces cerevisiae is known to be a 
transient component of the normal flora of the gut (Sanata 
et al. 2014). It was only found in ASD as was reported 
in another study (Kantarcioglu et al. 2016). Saccharo-
myces cerevisiae may be involved in ASD pathogenesis 
through immune factors. It could potentially shape the 
immune response through a specific way: Saccharomyces 
cerevisiae cells can enhance TNF-α and IL-6 production 
upon secondary stimulation with TLR ligands (Rizzetto 
et al. 2016), and antibodies produced by this way can be 
used as a marker of intestinal inflammation (Severance 
et al. 2012). Some immune response can be associated 
with ASD-related immune dysfunction and may play an 
essential role in the development of ASD (Ahmad et al. 
2019). Additionally, living as a commensal yeast spe-
cies (Wilson 2017), Saccharomyces cerevisiae and Can-
dida albicans can be imbalanced in the unhealthy human 
microbiome, and their abundances were previously found 
elevated in schizophrenia (Severance et al. 2017). Over-
growth of Candida albicans has been noted in ASD in 
a few studies (Kaluzna-Czaplinska and Blaszczyk 2012; 
Zimmermann et al. 2012) and their suspected metabolic 
byproduct, d-arabinitol, was found in ASD children (Noto 
et al. 2014). These studies seem to suggest that overgrowth 
of Candida albicans may be influenced by Saccharomyces 
cerevisiae dysbiosis, which in turn may increase the risk of 
ASD indirectly. However, using SPSS to calculate the cor-
relation of species, our data showed that these two species 
were not correlated. Interestingly, although Saccharomy-
ces cerevisiae has been regarded as a potentially harmful 
fungi for ASD children in this study, its variant, Saccha-
romyces boulardii, is an effective agent for the prevention 
and treatment of gastrointestinal complications in autism 
children (Kobliner et al. 2018). In addition, Aspergillus 
versicolor only accounted for 0.01% of the fecal samples 

from ASD children in our study. Aspergillus versicolor 
has attracted particular attention for its metabolites with 
anti-inflammatory activities (Chen et al. 2018). We specu-
late that the decreased abundance of Aspergillus versicolor 
may reflect a slightly immune dysbiosis in ASD children. 
It reminds us that Aspergillus versicolor might be taken 
as a probiotic fungus having beneficial effects on children 
with ASD. Because the diet is an obvious influence on 
gut fungal composition (David et al. 2014), some of our 
results does not necessarily reflect live fungi in the gut. 
The abundance of Candida was positively correlated with 
recent carbohydrate intake and negatively correlated with 
total saturated fatty acid (Hoffmann et al. 2013), almond 
and pistachio consumption intake (Ukhanova et al. 2014). 
Recent consumption of short chain fatty acids may also 
drive down the abundance of Aspergillus (Hoffmann et al. 
2013) and higher levels of Aspergillus were detected in 
the vegetarian than conventional diet samples (Suhr et al. 
2016). The significant reduction in Aspergillus levels of 
ASD children in this study may also be affected by the 
plant-based diet and the intake of short chain fatty acids. 
But this is just a hypothesis, and more related studies 
incorporating detailed dietary information will be valu-
able in clarifying the effect of diet on the fungus in ASD 
children.

Taken all together, our results proved that the fungus in 
intestinal microbiota is most likely involved in the devel-
opment of ASD. These fungi are opportunistic which may 
become ASD pathogenic under the influence of general 
risk factors notably (Kohler et al. 2017), imbalance of gut 
flora after taking antibiotics (Pais et al. 2016) or deficit 
of immunity (Stanzani et al. 2005). Although variations 
on the composition of the fungal flora were described 
for ASD children compared to controls, their pathogenic 
mechanism is not clearly defined. Thus, further large-scale 
study taking into account multiple factors are required for 
better understanding of their roles in ASD.

The major limitation of this study is that only relative 
abundance of each fungus was measured. Though the 
gut fungal richness of ASD children and control can be 
reflected by ACE and Chao index, the absolute abundance 
of gut fungal community cannot be determined through 
ITS sequencing. So the absolute amount of each fungi 
must be taken into account in further study to discover 
more pathogenic fungi.
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