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Abstract Autism spectrum disorder (ASD) is a

general term for a group of complex neurodevelop-

mental disorders of brain development that limits a

person’s ability to function normally. Etiology has not

been clearly defined up to date. However, gut micro-

biota and the bidirectional communication between

the gastrointestinal tract and brain, the so-called

microbiota–gut–brain axis, are hypothesized, which

may be involved in the etiology of several mental

disorders. Recent reports suggest that Candida, par-

ticularly Candida albicans, growth in intestines may

cause lower absorption of carbohydrates and minerals

and higher toxin levels which are thought to contribute

autistic behaviors. The aim of this study was to

identify the 3-year deposited yeasts isolated from stool

samples of children with diagnosed or suspected ASD

and to determine in vitro activity of nystatin and

fluconazole against these isolates using Clinical Lab-

oratory Standards Institute M27-A3 guidelines. A

17-year retrospective assessment was also done using

our laboratory records. Among the species identified,

intrinsically fluconazole-resistent Candida krusei

(19.8 %) and Candida glabrata (14.8 %) with ele-

vated MICs were remarkable. Overall, C. albicans

(57.4 %) was the most commonly isolated species in

17 years. The species identification and/or antifungal

susceptibility tests have to be performed using the

strain isolated from stool sample, to select the

appropriate antifungal agent, if antimycotic therapy

is needed.

Keywords Nystatin � Fluconazole � Gut microbiota �
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disorders

Introduction

Autism spectrum disorder is a range of complex

neurodevelopmental disorders characterized by lan-

guage and learning deficits, difficulty with social

interactions and repetitive behaviors, and a commonly

diagnosed condition in childhood and adolescence.

The etiology of ASD is complex and likely multifac-

torial [1, 2]. Recent data propose the etiopathogenetic

role of gut commensal microflora in ASD by affecting

the absorption of carbohydrates and minerals during

digestion [3–5]. Bidirectional signaling between the

gastrointestinal tract and the brain, the so-called

microbiota–gut–brain axis, has been shown to play
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an important role in healthy brain function [6–9].

Although Candida species normally colonize mucosal

surfaces of the gastrointestinal system in an asymp-

tomatic manner and is unable to grow excessively due

to the competition and suppression of bacteria,

scientists have noted that some autistic people have

excessive amounts of Candida albicans in their

intestinal tract [10]. As Candida grows, it releases

ammonia and toxins which are thought to contribute

to autistic behaviors [11, 12] and high levels of the

yeast in gut mean lower absorption of carbohydrates

and minerals and higher toxin levels. It was consid-

ered that this hypothesis could be beneficial in

explaining a certain aspect of the biochemical etiol-

ogy of ASD [13].

There are safe methods to treat yeast overgrowth,

rebalancing the intestinal bacteria and yeast, such as

taking probiotic supplements containing benign

microbes and/or taking antifungal medications, for

example nystatin and/or fluconazole. Kefir, a fer-

mented milk drink which contains a symbiotic com-

bination of lactic acid bacteria and yeasts including

Candida kefyr, Kluyveromyces lactis, and Saccha-

romyces cerevisiae, may be used to maintain balance

of intestinal bacteria and yeasts. Candida kefyr is the

yeast that helps kefir ferment.

The aim of this study was to identify the species and

to determine in vitro susceptibility against nystatin and

fluconazole of the deposited yeasts isolated between

December 2011 and December 2014 from stool

samples of pediatric patients with diagnosed or

suspected ASD. Additional retrospective assessment

was done using our laboratory data about the yeast

C. albicans cultured per year from stool specimens of

this patient population between December 1998 and

December 2014.

Materials and Methods

Strains and Identification

Strains included in this study were cultured from stool

samples from children with diagnosed or suspected

ASD sent by the Pediatric Metabolism Department.

Samples were collected by parents in sterile containers

in the hospital or if needed to collect at home, kept at

?4 �C overnight, and delivered to our laboratory

within 8 h. Samples of children who had been treated

with antibiotics and/or drunk kefir were not accepted

unless these had been stopped for at least 2 weeks

before the acquisition of the sample. A non-autistic

healthy volunteers control group (234 males and 169

females, from 2 to 18 years of age) was included. All

samples were examined freshly by direct microscopy

and culture.

Giemsa stained stool smears were examined under

microscope in 9100 oil immersion. Samples were

plated on Sabouraud dextrose agar (SDA, Himedia,

Mumbai, India) supplemented with gentamicin and

cooked sheep’s blood agar and incubated at 37 and

30 �C for 3 days. Isolates were checked for purity by

streaking them over SDA and CHROMagar Candida

(Becton–Dickinson, Sparks, MD) twice for 48 h at

35 �C. Isolates were stored on SDA slants at 4 �C by

periodic subculturing until used in the study. Before

testing, each isolate was passaged on SDA to ensure

viability. The strains were identified by classical

morphological and biochemical tests including germ

tube formation in human serum, blastoconidia, pseu-

dohyphae, true hyphae, chlamydoconidia formation

on corn meal agar–Tween 80 (Difco, Detroid) [14],

and urease production [14], integrating with the results

of the carbohydrate assimilation reactions on the API

20 C AUX system (Biomeriéux, Marcy, l’Etoile,

France).

A 17-year retrospective analysis of data accumu-

lated between December 1998 and December 2014

about C. albicans isolation from this patient group was

also conducted by year.

Antifungal Susceptibility Tests

Susceptibility patterns of the isolates and two quality

control strains (Candida parapsilosis ATCC 22019

and Candida krusei ATCC 6258) to nystatin (Sigma)

and fluconazole (Pfizer) were determined by broth

microdilution assay according to the CLSI M27-A3

document [15, 16]. Stock solution of nystatin was

prepared in dimethyl sulphoxide (DMSO, Sigma) and

absolute ethanol (3:2 ratio) [17, 18], and of flucona-

zole in DMSO, and both were kept at -20 �C until use.

Final dilutions of nystatin were prepared in antibiotic

medium 3 [19], and of fluconazole in RPMI 1640

medium with glutamine, both supplemented with 2 %

glucose and buffered with 0.165 M morpholine-

propanesulfonic acid. Final concentrations of nystatin

ranged from 16 to 0.003 and of FLZ from 64 to 0.125.
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Negative and positive controls were included in each

microplate. The plates were incubated at 35 �C for

24 h. Endpoints were determined visually with the aid

of a mirror. The MIC values for nystatin were the

lowest concentration that caused complete inhibition

of growth (as recommended for other polyenes, for

example amphotericin B); for fluconazole it was the

concentration causing approximately 50 % reduction

in growth relative to the growth in the positive control

wells. Interpretive criteria for FLZ were those pub-

lished by CLSI [19]. Since nystatin was dissolved in

DMSO and absolute ethanol, equivalent amounts of

the later chemicals were tested initially as done in

previous studies using the same isolates to ascertain

whether they had an effect on the isolates tested. The

minute volumes of the chemicals used did not have

any effect on yeast survival/growth when compared

with the controls [16, 17, 20, 21].

Results

Isolates

A total of 338 yeast strains were isolated from 415

stool samples of patients sent in between December

2011 and December 2014. Candida species were the

most common yeasts in number (97.9 %), followed by

Trichosporon mucoides (1.5 %) and S. cerevisiae

(0.6 %). Among Candida spp. isolated, C. albicans

was significantly higher in number (43.2 %). No yeast

strain was cultured from the majority of the feces of

healthy volunteers. Yeast isolates were recovered

from 79 volunteers (19.6 %), and species detected

were C. albicans (58.2 %) and non-albicans Candida

species (41.2 %). When controls were compared with

patients with ASD, the rate of yeast isolates was found

notably lower in healthy subjects (p\ 0.5). Candida

krusei and Candida glabrata were not detected in the

control group (Table 1).

Totally, 1555 stool specimens obtained from this

patient group were mycologically examined over

17 years. The age range of the patients was from

9 months to 18 years. Of them, 879 were male

(56.5 %) and 676 (43.5 %) were female. Totally,

1130 yeast strains were isolated. C. albicans (57.4 %)

was the most commonly isolated species every year

(Table 2).

Antifungal Susceptibility

The results of the MIC determination are shown in

Table 3. Results for QC strains were within the

acceptable range of MICs of fluconazole as stated in

document M27-A3. All C. albicans, Candida tropi-

calis, and C. parapsilosis strains tested were found

susceptible to fluconazole. Resistance to fluconazole

was found only in C. krusei strains and high MIC

values in C. glabrata strains. All C. albicans, T. mu-

coides, and S. cerevisiae strains showed low MIC

values against nystatin. Low MIC50 values were

observed for C. parapsilosis and C. tropicalis against

nystatin.

Discussion

Recently, accumulating evidence suggests that gut

microbiota can influence behavior by regulating brain

chemistry [22–25] and the microbiota–gut–brain axis’’

became one of the major topics of research interest [6,

8]. Although recent few studies revealed that human

gut microbiome differs among individuals in correla-

tion with diet, age, antibiotic usage, and underlying

conditions [26–29], up to 60 % of healthy people are

thought as asymptomatic carriers of Candida spp. as a

commensal in the gastrointestinal tract. There are

some reports of associations between the occurrence

of some symptoms caused by Candida in patients with

ASD [11, 13]. Recently, scientists suggest that Can-

dida, particularly C. albicans growth in intestines may

cause lower absorption of carbohydrates and minerals

and higher toxin levels which are thought to contribute

to autistic behaviors [7, 11, 13]. However, little is

known about the presence of Candida spp. in gut of

this pediatric patient population.

A few reports about fecal fungal flora focused on

hospitalized children [30] or those with immunosup-

pression, diarrhea [31, 32], or with diabetes [26], as

well as healthy individuals of various age groups [33].

Recently, there are only a few reports investigating the

fecal microbiota of children with ASD mainly focus-

ing on bacteria [3, 34]. Our findings demonstrated that

while the majority of healthy children did not harbor

yeasts in their gut, given the fact that only a small

number of Candida were isolated from stool samples

of healthy volunteers studied (19.6 %), the higher
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prevalence was found in patients with suspected or

diagnosed ASD (81.4 %). This comparative data

might support the hypothesis of the importance of

yeasts present in the intestines in patients with ASD.

Although Candida species were uncommon in stool

samples of healthy children assessed in this study,

C. albicans was the prevalent species isolated from the

samples of both patients (43.2 %) and control

(58.2 %) groups. In the present study, C. krusei and

C. glabrata were not found in healthy children as was

reported in another study [34]. Therefore, the correct

identification of the species might be a crucial element

for efficient therapeutic decisions in patients with

ASD, when needed.

In our Deep Mycoses Laboratory, stool samples of

pediatric patients with metabolic disorders and/or

suspected or diagnosed ASD had been routinely

examined over 17 years. Samples had been accepted

for mycological examination only if the patient did not

drink kefir during the last 2 weeks to avoid misinter-

pretation of the transient presence of Candida isolates.

Isolated yeasts had been reported as C. albicans or

Table 1 Comparison of the distribution of yeasts isolated from healthy children and patients with diagnosed or suspected ASD

Yeasts isolated Patients with diagnosed or suspected ASD (n = 415) Healthy controls (n = 403)

n of isolates % n of isolates %

Candida albicans 146 43 46 58.2

C. glabrata 50 15 – –

Candida krusei 67 20 – –

Candida parapsilosis 34 34 20 25.3

Candida tropicalis 34 34 13 16.5

Trichosporon mucoides 5 1 – –

Saccharomyces cerevisiae 2 0.6 – –

Total 338 81.4 79 19.6

Table 2 Frequency of

isolation of C. albicans

from stool samples by year

Years Number (%) of

C. albicans isolates

Number (%) of

yeast isolates

Number of stool

specimens

December 1998–December 1999 1 (11.1) 9 (13.8) 65

December 1999–December 2000 14 (46.7) 30 (40.5) 74

December 2000–December 2001 25 (61.0) 41 (46.0) 89

December 2001–December 2002 29 (63.0) 46 (49.5) 93

December 2002–December 2003 37 (58.7) 63 (61.8) 102

December 2003–December 2004 32 (56.1) 57 (62.6) 91

December 2004–December 2005 55 (62.5) 88 (78.6) 112

December 2005–December 2006 46 (58.2) 79 (78.2) 101

December 2006–December 2007 40 (56.3) 71 (64.5) 110

December 2007–December 2008 66 (68.8) 96 (69.6) 138

December 2008–December 2009 69 (70.4) 98 (82.4) 119

December 2009–December 2010 89 (78.0) 114 (75.0) 152

December 2010–December 2011 12 (34.3) 35 (43.2) 81

December 2011–December 2012 18 (30.0) 60 (61.9) 97

December 2012–December 2013 36 (51.4) 70 (63.0) 111

December 2013–December 2014 80 (46.2) 173 (83.6) 207

Total 649 (57.4) 1130 (72.7) 1555
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non-albicans Candida species by performing standard

tube germination and chlamydospore production tests.

According to our accumulated laboratory data, a high

number of yeast strains (72.7 %) and prevalently

C. albicans (57.4 %) were isolated from stool samples

of 1555 patients over a wide range of age (9 month–

18 years).

In the present study, the non-albicans Candida

species, C. krusei, C. parapsilosis, C. tropicalis, and

non-Candida strains including T. mucoides and

S. cerevisiae were determined among yeasts deposited

in the last 3 years. Trichosporon species may be a part

of human intestinal flora [35, 36]. Saccharomyces

cerevisiae is known to be a transient component of the

normal flora of the intestinal tract [37]. Although both

of these two non-Candida yeasts were isolated in low

numbers in our study and in another [37], probably,

non-albicans Candida and non-Candida yeast species

may also cause lower absorption of carbohydrates and

minerals in the intestines and may probably take a role

in the microbiota–gut–brain axis.

Many molds and yeasts are susceptible to nystatin,

which is active mostly in the intestinal tract and is

poorly absorbed systemically. Nystatin tablets or

capsules do not dissolve until they reach the stomach

or lower; therefore, this is an advantage over other

antifungal agents to be limited to the intestinal tract.

Fluconazole is another effective candidastatic anti-

fungal agent. Nystatin and/or fluconazole is used to

restore the proper balance of microbiota or to treat

Candida overgrowth in the intestines of children with

ASD.

In the present study, the vast majority ofC. albicans,

C. parapsilosis, and C. tropicalis isolates were inhib-

ited at low MIC values of nystatin (MIC90, 0.5, 1, and

1 lg/ml, respectively) and also were found susceptible

to fluconazole using new species-specific breakpoints

[19]. These results indicate good in vitro activity of

both antifungals tested against C. albicans, C. parap-

silosis, and C. tropicalis [18, 37–41]. However, other

non-albicans Candida species isolated were the intrin-

sically fluconazole-resistant C. krusei (34.9 %) and

C. glabrata (26.0 %), which have intrinsically low

susceptible to azole or acquire resistance during

prolonged azole therapy, by undergoing mutation [42].

This retrospective study provides significant base-

line data for the future researches about the yeasts–

gut–brain axis associated with the patients diagnosed

or suspected ASD. Our results suggest that, if

antifungal treatment would be necessary for otherwise

healthy pediatric patients with metabolic disorders or

diagnosed or suspected ASD, the species identification

Table 3 In vitro nystatin and fluconazole susceptibility of Candida fecal yeast isolates determined by CLSI reference microdilution

method

Organisms Antifungal agent MIC (lg/ml) Frequency

Range 50 % 90 % S* S-DD** R***

Candida albicans (146) Nystatin 0.25–0.5 0.5 0.5

Fluconazole 0.125–2 0.5 1 146

Candida glabrata (50) Nystatin 0.5–4 1 4

Fluconazole 2–32 4 16 50

Candida krusei (67) Nystatin 1–8 2 8

Fluconazole 8–64 32 64 67

Candida parapsilosis (34) Nystatin 0.25–1 0.5 1

Fluconazole 0.5–2 0.5 1 34

Candida tropicalis (34) Nystatin 0.25–4 0.5 1

Fluconazole 0.125–4 0.5 2 34

Trichosporon mucoides (5) Nystatin 0.016–1 0.25 1

Fluconazole 0.25 1 4

Saccharomyces cerevisiae (2) Nystatin 0.006–0.25 0.006 0.25

Fluconazole 0.25 0.25 0.5

MIC50 and MIC90 are the drug concentrations that inhibit the growth of 50 and 90 % of the isolates, respectively

* Susceptible; **Susceptible-dose dependent; ***Resistant
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and/or antifungal susceptibility tests have to be

performed using the strain isolated from stool sample,

to select the appropriate antifungal agent.
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