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Abstract
Current research has shown that gut microbiota may play a fundamental role in neurological activity, behavior, mood, cognition,
and possibly for the onset as well as the severity of autism spectrum disorder (ASD). Previous studies emphasized the possible
correlation between Clostridium spp., gut colonization, and possible development or exacerbating of ASD in affected children.
The aim of the present study was to investigate how Clostridia gut colonization can have an impact on the neurological outcome
and anthropometric values in ASD children. The present study included 60 children (30 ASD and 30 neurotypical controls) of
both sexes aged from 2 to 8 years. Children with ASD were diagnosed according to the Diagnostic and Statistical Manual of
Mental Disorders, 5th Edition (DSM-5), AutismDiagnostic Interview-Revised (ADI-R), as well as the Childhood Autism Rating
Scale (CARS). Quantitative real-time polymerase chain reaction (real-time PCR) was used to determine Clostridium presence in
the stools of the enrolled subjects. The number ofClostridium spp. (Clostridium paraputri,Clostridium bolteae, and Clostridium
perfringens) found in the stools of ASD children was greater than neurotypical children. Children with ASD had two types of
Clostridium (Clostridium diffiicile and Clostridium clostridiioforme) not found in neurotypical children, whereas neurotypical
children yielded only one species (Clostridium tertium) not found in the ASD children. The present study emphasizes the
potential correlation between gut colonization of Clostridia and the probability of developing or exacerbating ASD among
Egyptian children. If Clostridium bacteria play a potential role in the etiology of ASD, this may open the possibility for effective
treatment of these patients.
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Introduction

Autism spectrum disorder (ASD) is a neurobehavioral/
developmental syndrome exhibiting impaired social commu-
nication, repetitive behavior, immune dysregulation, and gas-
trointestinal comorbidity, which are considered to have a com-
plex multifactorial pathology (Siu and Weksberg 2017; Strati
et al. 2017; Vuong and Hsiao 2017). Research indicates that
numerous environmental factors are associated with ASD
(Argou-Cardozo and Zeidán-Chuliá 2018). The relationship
with gut microbiota composition and imbalance in the gut-
brain axis is one of the more frequently addressed hypotheses
about ASD pathogenesis, also accounting for major preven-
tive and therapeutic strategies (Mangiola et al. 2016; Navarro
et al. 2016; Kang et al. 2017). Actually, changes in the gut
microbiome can alter the gut microbiome brain axis and be a
fundamental cause of neuropathology (Borghi and Vignoli
2019). Much evidence is currently emerging about the close
relationship between brain activity and the gut microbiome,
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and thus, there is potential that the gut microbiota influence
behavior and mental health (Petra et al. 2015; Cenit et al.
2017; Ding et al. 2017; Li et al. 2017; Proctor et al. 2017;
Quigley 2017; Wiley et al. 2017). In this perspective, the
composition of gut microbiota appears strategic for the eluci-
dation of gut bacteria relationship with ASD. Recent findings
reported that Clostridium tetani neurotoxin might ascend
along the vagus nerves from the gastrointestinal tract (GIT)
to the central nervous system (CNS), triggering autism-like
symptomatology (Parracho et al. 2005; Critchfield et al.
2011). In particular, altered gut microbiota composition has
been related to constipation in ASD subjects and altered neu-
rological patterns due to the existence of Clostridium cluster
XVIII (Strati et al. 2017).

Furthermore, recent meta-analysis and bibliometric research
reported a significant association between Clostridia gut coloni-
zation and ASD (Argou-Cardozo and Zeidán-Chuliá 2018);
some researchers also reported that in formula-fed infants, re-
spect to breastfed ones, an increased presence of Clostridium
spp. could be found in infant gut mucosae (Azad et al. 2013),
offering an important suggestion about the relationship between
gut composition and ASD (Parracho et al. 2005; Li et al. 2017).
Evidence was furthermore reported also in laboratory animals
(El-Ansary et al. 2018).

To the best of our knowledge, no significant evidence has
previously been reported about Clostridium cluster coloniza-
tion in Egyptian children with ASD. The present article is the
first complete research report on this issue in Egyptian chil-
dren with ASD. Thus, the present study aimed to investigate
the effect of Clostridia gut colonization on behavior and an-
thropometric measurements in an Egyptian cohort of recruited
ASD subjects.

Materials and Methods

Subjects Enrollment and Anthropometric Data

The enrolled subjects of the present study included a total
number of 60 children. The ages ranged from 2 to 8 years
old with a mean age of 4.4 ± 2.1 years, partitioned as in the
amount of 30 children with ASD randomly selected from the
autistic outpatient clinics in the National Research Centre and
another 30 normal healthy children randomly selected of com-
parable age, sex, and socioeconomic class. The present study
was carried out during the period from January 2016 to
November 2016. Ethical consideration and approval followed
to the instruction of the research ethics committee in the
Faculty of Postgraduate Childhood Studies, and the National
Research Center was taken. Written informed consent was
acquired from the respective parents/tutors after a thorough
full clarification of the study aims and its benefits for their
children as well as other children with the same condition.

The full history of all participants was taken, which confirmed
their diagnosis in accordance with the criteria of DSM-5 (APA
2013) and Autism Diagnostic Interview-Revised (ADI-R)
(Rutter et al. 2013). Anthropometrical assessment (body
weight and height) were performed, using standardized equip-
ment following the International Biological Program’s recom-
mendations (Hiernaux and Tanner 1969; Cameron 1986).
Body mass index (BMI) in kg/m2 was calculated.

Physical growth was assessed for each child by determin-
ing the standard deviation scores (SDS) of weight, height,
BMI, using the Egyptian growth reference data (Ghalli et al.
2002). The SDS was calculated independently from sex and
age, namely according to the formula measure (of any child)
−mean / SD.

Real-Time PCR of Clostridia Species in the Stools

Stools were collected in a suited sterilized container allowed to
be frozen at − 80 °C before analysis. Then, the proportion of
Clostridia bacteria strains was assessed in the thawed stool of
all participants by using a real-time PCR. All the strains were
cultivated on Brucella agar (Anaerobe Systems, Morgan Hill,
Calif.) supplemented with 5% sheep blood and incubated anaer-
obically at 37 °C under N2 (86%), H2 (7%), and CO2 (7%) gas
phase in an anaerobic incubator. The strains are human fecal
isolates; they were identified by phenotypic testing and 16S
rRNA sequencing (Finegold et al. 2002). Genomic DNA from
pure bacterial cultures was extracted with the DNeasy tissue kit
(Qiagen, Hilden, Germany). Alternatively, DNA from these
samples was extracted using the phenol-chloroform method.

Duplicate samples of genomic DNA (20 ng) from each
bacterium were amplified for 40 cycles with each of four
real-time PCR primer/probe sets to assess specificity. One-
milliliter aliquots for stool (previously diluted 1:3 in sterile
bi-distilled water and thoroughly homogenized under anaero-
bic conditions in an anaerobic chamber) were centrifuged at
14,000g for 3 min to pellet fecal bacterial cells. The superna-
tant was carefully removed and discarded. Two hundred mil-
ligrams of cell pellet was transferred to a fresh tube and sub-
jected to DNA extraction by using a commercial extraction
system (QIAamp DNA stool mini kit; QIAGEN) according to
the instructions of the manufacturer. The DNA extractions
were performed in duplicate.

Primers

Potential candidates for PCR primers were compared to the
aligned SSU_rRNA database of the Ribosomal Database
Project (RDP) using the CHECK_PROBE utility (Maidak
et al. 2001) and were compared to all available 16S ribosomal
DNA (rDNA) sequences by using the BLAST database search
program (www.ncbi.nlm.nih.gov/BLAST) (Benson et al. 2004).
The primers were used in combination with internal specific
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probes. The primers’ target regions were located as near as pos-
sible to the probe in order to enable efficient hydrolysis of the
probe during primer elongation by the polymerase. The primer
and probe sequences were analyzed for Tm (melting tempera-
ture), secondary structure formation, G_C content, and primer-
dimer formation with NetPrimer analysis software (http://www.
premierbiosoft.com/netprimer).

Based on the multi alignment analysis data, four pairs of
16S rRNA gene-targeted cluster- and species-specific primers
were designed, one for each of the Clostridium types (difficile,
paraperfringens, paraputrificum, clostridioforme, bolteae,
and tertium), respectively. For real-time PCR, primers forward
(50-TTGAGCGATTTACTTCGGTAAAGA-30) and reverse
(50-CCATCCTGTACTGGCTCACCT-30) were used to am-
plify 157 bp of the C. difficile 16S rRNA gene. A specific 6-
carboxyfluorescein-labeled Taqman probe (TaqMan Probe
CGGCGGACGGGTGAGTAACG, the present study) was
used as an internal probe. Samples were assayed in duplicate
in a 25-mL reaction mixture containing 2.5 mL of template
DNA, 12.5 mL of Ready Mix (Sigma, Munich, Germany),
2.5 mL of MgCl2, 0.5 mM of forward primer and reverse
primer (MWG,Munich, Germany), and 0.15mM of the probe
(Eurogentec, Liege, Belgium). Amplification and detection
were performed with an ABI Prism 7700 sequence detection
system (Applied Biosystems, Foster City, CA, USA) by using
the manufacturer’s standard protocols. The cycling conditions
used were as follows: 50 °C for 2 min, 95 °C for 10 min,
followed by 40 cycles at 95 °C for 15 s, and 60 °C for 1 min
each. To determine the sensitivity of the real-time PCR assay,
a standard curve was achieved by using serial 10-fold dilu-
tions from 102 to 108 cfu/mL of previously quantified bacteria
lysate of a C. difficile pure culture and subjected to real-time
PCR. Standard and clinical samples were run in duplicate and
averaged for calculation of the bacterial load.

Calculation of Results and Plotting

Calculation of real-time PCR analysis was performed using
linear graph paper to construct a standard curve by plotting the
mean absorbance obtained from each standard against its con-
centration with absorbance value on the vertical (Y) axis and
concentration on the horizontal (X) axis. The mean absor-
bance value for each sample allowed to determine the corre-
sponding concentration from the standard curve, as follows:
(1) calculation of log count for eachmean absorbance value of
each value and (b) calculation of the mean log count of all
samples was done separately.

Statistics

The present study compared Clostridia gut colonization (data
were normalized by log10 transformation before statistical
analyses were conducted) and z-score for anthropometric

parameters in both groups, utilized an independent t test, the
Mann-Whitney U test with Spearman’s correlation test using
SPSS for Windows (version 17; SPSS). When a P value was
less than 0.05, it was considered as statistically significant.

Results

Table 1 shows the sex distribution among the studied children
(n = 60) with ASD and neurotypical controls, where a slight
predominance in female subjects occurred in the randomized
recruitment. Table 2 shows differences in the presence of gut-
colonized Clostridia cluster by real-time PCR, between ASD
and neurotypical children. Children with ASD showed the
existence of at least two different Clostridium spp. that not
were found in neurotypical children, i.e., Clostridium difficile
and Clostridium spp., whereas neurotypical children yielded
only one species not found in ASD children (Clostridium
tertium). The number of Clostridium spp. found in the stools
of ASD children was greater than in the stools of neurotypical
children with a statistically significant difference in two spe-
cies of Clostridium (Clostridium paraputrificum SD 7.740
and P = 0.016 and Clostridium bolteae SD 5.437 and P =
0.001) (Table 2). A Spearman correlation test was performed
between the six observed species of Clostridium with CARS
and reported in Table 3. There appear to be three positive
correlations and two negative correlations but with no statis-
tically significant difference.

Moreover, also, ADI-R did not correlate with the Clostridia
cluster and ADI-R in ASD children. As regards Clostridium
tertium bacteria, they were not detected in ASD children.

This negative result was also reported for the correlation
between the different species of Clostridium and the ADI-R
(Table 4). Notwithstanding, a correlation was found between
components of CARS and the count of bacteria species in
ASD children (Table 5). A statistical negative significant cor-
relation between visual response in ASD subjects and the
existence of Clostridium perfringens was shown (Table 5).
Further data about the relationship between behavioral and
social interaction in ASD children associated with Clostridia
gut colonization was found in the present study.

Table 1 Sex distribution among the studied children with autism
spectrum disorder (ASD) and neurotypical controls

Group Total

Control ASD

Male 13 (43.3%) 20 (66.7%) 33 (55%)

Female 17 (56.7%) 10 (33.3%) 27 (45%)

Total 30 (100%) 30 (100%) 60 (100%)
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Table 6 shows a correlation between components of ADI-
R and the count of bacteria species in ASD children. A neg-
ative correlation with a significant statistical difference be-
tween the presence or lack of socio-emotional reciprocity
and Clostridium perfringens was obtained (A4—r = 054,
p = 0.002; TC r = − 0.48, p = .0.006). The Mann-Whitney U
test regarding the statistical evaluation of the anthropometric
data with different Clostridium species in ASD children
showed that no possible association in z-score was present
(Table 7), a circumstance also observed for controls (Table 8).
Interestingly, Clostridium tertiumwas absent in ASD children
while it was present in neurotypical controls with an absence
of Clostridium difficile. On the contrary, a Mann-Whitney U
comparison of the different taxa of Clostridium, where the
difference between ASD children Clostridia in the gut and
neurotypical controls, is statistically significant in the log
bacterial population (Table 9). Conversely, when comparing
the z-score for weight, height, and BMI of ASD children
values, they were lower than neurotypical children, although
with no statistically significant difference (Table 10).
Therefore, the hypothesis that differences in Clostridium ge-
nus distribution in the gut might depend on social and anthro-
pometric data is irrelevant in the present study, which on the
contrary, addresses for the first time in the Egyptian pediatric
population that some Clostridium species may be related with
behavioral patterns.

Discussion

Appropriate assembly early in the life of gut microbiota is
considered to be critical for subsequent cognitive and
emotional development. It has been hypothesized by
Finegold et al. (2017) that Clostridium spp. are associated
with ASD symptomology, and the spore-forming property of
Clostridium is of major importance for the reoccurrence of
ASD symptoms (Nogay and Nahikian-Nelms 2019;
Pequegnat and Monteiro 2019; Wang et al. 2019).

Moreover, Ding et al. (2017)) reported that Clostridium
perfringens might produce potent toxins that are known to
cause a variety of human diseases.

Góra et al. (2018) studied 111 strains of Clostridium
perfringens obtained from 29 patients with ASD, using
PCRs, alpha, beta, beta2, epsilon, iota, and enterotoxin genes
were detected. The alpha-toxin gene (cpa) was detected in all
111 strains (100%). The beta2 gene (cpb2) was measured in
45/49 strains (91.8%) obtained from ASD patients;
Clostridium perfringens strains with the cpb2 gene were iden-
tified in 27/29 ASD patients (93.1%); Beta2 toxin-encoding
cpb2 gene was considerably more common in strains obtained
from patients with ASD, with non-statistical significant differ-
ence between control children irrespective of diet.

Finegold et al. (2017) stated that ASD children with gas-
trointestinal disease show statistically significant (p = 0.031)

Table 2 Comparison between
children with autism spectrum
disorder (ASD) and neurotypical
controls regarding the presence of
clostridia bacterial species

Control (No. 30) ASD (No. 30) Mann-Whitney U P

Mean± SD Mean± SD

Clostridium difficile 0.00 0.00 4.356 4.260 − 4.926 < 0.0001

Clostridium paraputrificum 4.352 6.456 8.099 7.740 − 2.412 0.016

Clostridium perfringens 7.899 7.544 7.254 7.911 − 0.372 0.710

Clostridium clostridioforme 0.00 0.00 5.133 6.423 − 3.810 < 0.000

Clostridium bolteae 0.869 2.314 4.831 5.437 − 3.297 < 0.00

Clostridium tertium 6.930 6.289 0.00 0.00 − 4.744 < 0.000

Table 3 Correlation between scores on the Childhood Autistic Rating
Scale (CARS) and bacterial species count in children with autism spec-
trum disorder

Bacterial species CARS

R P

Clostridium difficile 0.034 0.85

Clostridium paraputrificum 0.086 0.65

Clostridium perfringens − 0.161 0.39

Clostridium clostridioforme − 0.183 0.33

Clostridium bolteae 0.101 0.59

Clostridium tertium – –

Table 4 Correlation between Autism Diagnostic Interview-Revised
(ADI-R) and bacterial species count in children with autism spectrum
disorder

Bacterial species ADIR

R P

Clostridium difficile 0.081 0.669

Clostridium paraputrificum − 0.263 0.161

Clostridium perfringens − 0.309 0.096

Clostridium clostridioforme − 0.005 0.977

Clostridium bolteae 0.342 0.065

Clostridium tertium – –

J Mol Neurosci (2020) 70:897–907900
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higher number of Clostridium perfringens in the GIT com-
pared to control subjects. ASD children also show statistically
significant (p = 0.015) higher number of Clostridium
perfringens producing beta2-toxin gene in the GIT in compar-
ison to control subjects, and the frequency of Clostridium
perfringens producing beta2-toxin gene is much more in
ASD children in comparison to control subjects (p = 0.014).
Alpha toxin gene was identified in allClostridium perfringens
strains examined. The enterotoxin gene of Clostridium
perfringens was detected from three ASD children and one
control child. Beta, epsilon, and iota toxin genes were not
identified in ASD or control children.

Previous studies comparing ASD and neurotypical control
groups have suggested that some microorganisms are more
related to autistic symptoms, as more species are found in
ASD cases than in neurotypical children, and those are related
to disease severity (Finegold et al. 2017). Recent research

supports that Clostridium spores may play a crucial role in
ASD etiology (Wiley et al. 2017).

In the present study, analysis of real-time PCR data showed
that the number of Clostridium spp. in the stools of ASD
children was greater than in neurotypical children. The differ-
ence was statistically significant for two of the Clostridium
spp. (Clostridium paraputrificum and Clostridium bolteae).

Children with ASD had two species of Clostridium not
found in neurotypical children (Clostridium difficile and
Clostridium clostridioforme), whereas neurotypical children
yielded only one species not found in ASD children
(Clostridium tertium). This is the same results that were ob-
served by Finegold et al. (2002), who reported a ten-fold
higher level of cultured Clostridium spp. in the feces of chil-
dren with ASD compared to neurotypical children. Moreover,
Song et al. (2004) reported that the cell count of Clostridium
bolteae by analysis of the real-time PCR data was

Table 7 Relation between
bacterial species count and
anthropometric parameters in
children with autism spectrum
disorder (ASD)

ASD (no. 30) Z-score height Z-score weight Z-score body mass index

Bacterial species R

p

R

p

R

p

Clostridium difficile 0.209

0.268

0.080

0.675

0.153

0.428

Clostridium paraputrificum − 0.006

0.975

− 0.155

0.415

− 0.160

0.397

Clostridium perfringens 0.111

0.560

− 0.093

0.624

− 0.211

0.262

Clostridium clostridioforme 0.061

0.749

− 0.119

0.531

− 0.205

0.278

Clostridium bolteae 0.168

0.374

0.097

0.610

− 0.142

0.453

Clostridium tertium -

-

-

-

-

-

Table 8 Relationship between
bacterial species count and
anthropometric parameters in
neurotypical children (control)

Control (no. 30) Z-score height Z-score weight Z-score body mass index

Bacterial species R

P

R

p

R

p

Clostridium difficile –

–

–– ––

Clostridium paraputrificum 0.209

0.268

0.150

0.429

− 0.304

0.102

Clostridium perfringens − 0.224

0.235

− 0.123

0.518

0.234

0.214

Clostridium clostridioforme –– –– ––

Clostridium bolteae 0.149

0.432

0.312

0.093

0.146

0.443

Clostridium tertium − 0.170

0.369

− 0.167

0.377

− 0.032

0.865
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significantly different between ASD and neurotypical
children. Also, Parracho et al. (2005) identified higher levels
of Clostridium bolteae in patients with ASD compared with
neurotypical children. van De Sande et al. (2014) reported
significantly more clostridia found in the stools of the ASD
compared to the neurotypical control group. Also, the results
of Finegold et al. 2017 indicated that ASD patients with a
gastrointestinal disease have a statistically significant higher
amount of Clostridium perfringens.

Further studies have shown higher count and diversity of
Clostridia (mainly Clostridium tetani, Clostridium
perfringens, and Clostridium bolteae) in the fecal samples of
ASD children compared to normal healthy children with same
sex and age (Adams et al. 2011; De Angelis et al. 2013;
Finegold et al. 2010; Finegold et al. 2012).

Contrary to previous research, Gondalia et al. (2012) did
not find differences in the gut microbiome, comparing ASD
children with their siblings. Similarly, another study reported
intermediate levels of Clostridia in healthy siblings of ASD
children, which did not show a significant difference between
ASD and neurotypical control groups (Parracho et al. 2005).
Thus, these studies would suggest little agreement in the mi-
crobial profile of ASD children, reporting that there are no
particular identified bacteria responsible for the pathophysiol-
ogy of ASD (Parracho et al. 2005).

In the present study, correlation between the six species of
bacteria and CARS revealed non-significant positive

correlations with Clostridium perfringens, Clostridium
bolteae, and Clostridium difficile (r = 0.034, 0.086, and
0.101, respectively) (p = 0.859, 0.653, and 0.597, respective-
ly) and non-significant negative correlations with Clostridium
perfringens and Clostridium spp. of r = − 0.161 and − 0.183,
respectively (p = 0.396 and 0.332, respectively).

This evidence confirms the results by Strati et al. (2017), who
observed that the severity of the autistic phenotype, as measured
by CARS scores, does not affect the bacterial community struc-
ture among AD individuals (p > 0.05) (Strati et al. 2017).

While it was not significant positive correlations between
ADI-RwithClostridium difficile andClostridium bolteae (r =
0.081; p = 0.669 and r = 0.342; p = 0.065, respectively) and
non-significant negative correlations with Clostridium
paraputri, Clostridium perfringens, and Clostridium spp. of
r = 0.263; p = 0.161, r = − 0.309; p = 0.096 and r = − 0.005;
p = 0.977, respectively. When correlating between compo-
nents of CARS and count of bacteria species in ASD children,
there was negative correlation between the presence of
Clostridium perfringens and visual response, Clostridium
spp., and imitation.

In agreement with the present study, Iovene et al. (2017)
reported a significant linear correlation between the presence of
Clostridium spp. in feces of ASD subjects and autism severity.

In contrast to the present study, Gondalia et al. (2012) did
not find significant differences regarding the gut microbiota
composition of Clostridium spp. in individuals with ASD.

Table 9 Comparison using
Mann-Whitney z-test between
children with autism spectrum
disorder (ASD) and neurotypical
controls with regard to
Clostridium types

Clostridium type LogMar (10) ASD (n = 30) Control (n = 30) z-test p value

C. difficile

Mean ± SD 2.10 ± 1.30 0.64 ± 0.19 36.895 < 0.001**

C. paraputrificum

Mean ± SD 5.19 ± 1.56 4.34 ± 1.20 5.707 0.019*

C. paraperfringens

Mean ± SD 5.25 ± 1.33 5.25 ± 1.35 0.000 0.997

C. clostridioforme

Mean ± SD 4.47 ± 1.02 3.74 ± 0.22 14.973 < 0.001**

C. bolteae

Mean ± SD 4.13 ± 1.18 3.49 ± 0.44 7.783 0.007*

C. tertium

Mean ± SD 3.61 ± 0.28 4.56 ± 1.05 22.81 < 0.001**

p value > 0.05 NS; *p value < 0.05 S; **p value < 0.001 HS

Table 10 Comparison of
anthropometric measurements in
the studied children with autism
spectrum disorder (ASD) and
neurotypical controls

Controls (No. 30) ASD (No. 30) t P

Mean± SD Mean± SD

Z-score weight − 3.04 1.33 0.19 1.18 − 1.528 0.132

Z-score height − 1.38 2.32 0.455 9.83 − 1.28 0.206

Z-score body mass index − 6.11 1.368 − 2.54 1.160 − 1.089 0.281
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In the present study, when comparing the six species of
bacteria with anthropometric parameters in ASD children
(cases), one type of bacterial species was found not detected
along with five species detected with no significant statistical
difference. Moreover, when comparing the six species of bac-
teria with anthropometric parameters in neurotypical children
(controls), two species were found not detected along with
four species detected with no significant statistical difference.
Finally, when comparing ASD children with neurotypical
children as regard anthropometric parameters, there appear
to be no significant statistical differences in all parameters.

Moreover, in agreement with the present study, van De
Sande et al. (2014) found that no relationship was evident
between the levels of any of the bacterial populations exam-
ined and anthropometric data.

The association of C. perfringens with ASD was recently
assessed only for gastrointestinal symptoms, due mainly to the
Clostridia toxin gene Cpb2 (Alshammari et al. 2019 and de-
spite the very recent reports about the presence of
C. perfringens in the gut of children with ASD, no significant
association with behavioral scores was shown so far (Finegold
et al. 2017; Góra et al. 2018).

Another study did not find significant differences in body
mass index between ASD cases and neurotypical controls, and
the estimates suggested that energy intake was similar in
neurotypical controls of a similar age, regardless of the ASD
children were selective, demanding, and difficult eaters had
started to eat solid food relatively late, or they did not want to
try new food (Emond et al. 2010).

Xiong et al. (2009) found high values of BMI among ASD
children in the sample they studied. Also, Sun et al. (2013)
summarized the average body height, body weight (Z-score)
of the ASD children and typically developing children. No
statistical differences in height mean z-score height for age
(ZWA), z-score weight for age (ZHA), and weight were found
when the two groups were compared. The mean BMI and the
mean BMI-for-age z-score (ZBMI) in ASD children were sig-
nificantly higher than those in typically developing children
(P < 0·05).

This result indicated that a few ASD children were stunted,
which suggests the possibility of becoming overweight and an
increased risk of the more ASD children being obese.

Meguid et al. (2014) studied 100 children with ASD, and
their results showed a tendency towards the increase of Z body
weight and Z body mass index, indicating an increase in total
body mass as well as weight per height.

Marí-Bauset et al. (2015) compared the BMI, the height,
and the weight between ASD children and neurotypical chil-
dren. They did not find statistically significant differences
between ASD children and neurotypical children with regard
to raw BMI (p = 0.44), BMI z-score (p = 0.37), and HEI (p =
0.43). For values above the 95th percentile (8% vs. 5%, p =
0.04) and below the 5th percentile (11% vs. 4%, p = 0.03), the

BMI distribution of the ASD children became distorted (Marí-
Bauset et al. 2015).

Meguid et al. (2015) studied ASD children in Egypt and
found they were all overweight: the BMI z-scores of group 1
were 0.95 ± 0.04 and 0.4 ± 0.3 and for group 2 were 0.9 ± 0.05
and 1.6 ± 0.5 for both sexes (boys and girls), respectively, and
showed highly significant in group 2.

Srivastava et al. (2016) found that the mean, standard de-
viation of ASD for height, weight, and BMI were 101.73 ±
9.4, 16.05 ± 3.25, and 15.65 ± 1.95, respectively. Similarly,
for control group height, weight and BMI were 94.45 ±
11.30, 18.07 ± 4.70, 20.03 ± 0.89, respectively, with statistical
significance in the height, weight, head circumference be-
tween cases and control (Srivastava et al. 2016).

Shaaban et al. (2018) found that 60% of ASD patients were
overweight (+ 1 SD < ZBMI A < + 2 SD), and 40% had a
ZBMI within the normal range (− 1 SD < ZBMIA < + 1 SD).

Conclusions

The results of the present study assessed previous reported
data about the association betweenClostridium genus bacteria
colonization of the intestinal tract and ASD. Despite some
statistical irrelevance, C. perfringens was found to be associ-
ated with some autistic behavioral parameters, and this evi-
dence represents a novelty in the field, as previous data report-
ed only an association with gastrointestinal symptoms. By the
way, this is the first experimental study in the issue reported in
the Egyptian pediatric population with ASD. Recent data
showed that ASD subjects suffering from gastrointestinal dis-
orders such as constipation showed a gut bacterial taxon rep-
resented by high levels of the Clostridium cluster XVIII. Yet,
new data about the reclassification of Clostridium spp. in the
gut should reappraise the research about this fundamental is-
sue for ASD, offering more insights on our research (Yutin
and Galperin 2013). The detection of Clostridium spp. as a
possible cause of ASD can offer effective treatment modalities
for these children, such as antimicrobial drugs targeting these
microorganisms.
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