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Summary 
Autism spectrum disorders (ASD) are neurodevelopmental 
disorders characterized by impaired social interaction and 
communication, as well as repetitive behavior and restricted 
interests. There is convincing evidence that the intestinal 
inflammation is involved in etiology of ASD. Increased levels of 
inflammatory markers were shown to be associated with more 
aberrant behaviors and communication of subjects with ASD. 
Calprotectin in the feces is produced by activated neutrophils and 
epithelial cells of the gut mucosa, and its levels reflect local 
inflammation of the gastrointestinal tract. Concentration of fecal 
calprotectin was determined by ELISA method in 87 individuals 
with ASD and 51 controls, of that 29 siblings of children with ASD 
and 22 non-related controls. In non-relatives significantly lower 
values of fecal calprotectin were observed than in both subjects 
with ASD and their siblings. In the group with ASD significant 
correlations of fecal calprotectin with all domains of the 
ADI-R diagnostic tool were found: qualitative abnormalities in 
reciprocal social interaction and communication, restrictive and 
repetitive patterns of behavior. Results suggest that low grade 
intestinal inflammation may be one of factors implicated in the 
pathophysiology of ASD. 
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Introduction 

Autism spectrum disorders (ASD) are 
neurodevelopmental disorders characterized by 
abnormalities in three domains: impaired social interaction, 
deficient verbal and non-verbal communication, and the 
presence of repetitive behavior and restricted interests 
(American Psychiatric Association 2013). It is a lifelong 
disability, which represents a serious public health concern 
due to its increasing prevalence rates (Christensen et al. 
2016), severity of symptoms, and absence of a causal 
treatment (Volkmar et al. 2014). 

Current understanding of the pathogenesis of 
ASD takes into account genetics along with the 
environmental factors, and various mechanisms have 
been suggested to be involved in abnormal development 
and function of the central nervous system in ASD, 
however neurobiological basis of the disorder remains 
poorly understood (Rossignol and Frye 2012). There is 
convincing evidence that the gut-brain axis, i.e. nervous 
and humoral signalling pathways from gut into the brain, 
is involved in the etiology of ASD. It has been shown that 
in the brain of individuals with ASD, there is an altered 
expression of genes associated with blood-brain-barrier 
integrity coupled with increased neuroinflammation and 
possibly impaired gut barrier integrity (Fiorentino et al. 
2016). Except of the leaky gut, it may be other factors 
that are the cause of abnormal signalling from intestines 
to the brain. Major role is attributed to the abnormal 
composition of gut microbiota that was observed in 
individuals with ASD, also intestinal inflammation and 
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upregulation of proinflammatory cytokines in the gut 
mucosa of children with ASD has been reported (Van De 
Sande et al. 2014, Kushak et al. 2016) Moreover, 
increasing intestinal cytokine levels were associated with 
more impaired communication and aberrant behaviors 
(Ashwood et al. 2011). 

Calprotectin is a cytoplasmic protein found 
mainly in neutrophils. Cell disruption and death trigger its 
release, however some is also actively secreted, and it has 
been detected in multiple types of body fluids. Presence of 
calprotectin in feces indicates neutrophil migration to and 
infiltration in the intestinal tract, and the level of fecal 
calprotectin (FC) correlates well with macroscopic and 
histological inflammation (Ikhtaire et al. 2016). FC has 
gained popularity because of its high sensitivity and 
specificity in the diagnosis of inflammatory bowel disease 
(IBD) in the adults, but also in children, and it is routinely 
used as a validated non-invasive marker of inflammation in 
IBD (Alibrahim et al. 2015). It is believed that FC is  
an under-appreciated marker with potential to serve as  
a diagnostic and follow-up tool for other gastrointestinal 
(GI) conditions. It has been studied as a potential marker of 
intestinal inflammation also in ASD (Fernell et al. 2007, 
De Magistris et al. 2010, Pusponegoro et al. 2015, Kushak 
et al. 2016). 

The aim of present study was to assess the 
concentrations of fecal calprotectin in a sample of 
children with ASD and to investigate the correlations of 
this inflammatory marker with the core behavioral 
symptoms of ASD. 
 
Methods 
 
Subjects 

The cross-sectional study involved 87 subjects 
(75 boys and 12 girls) with low functioning (classical) 
ASD aged 2-17 years (mean age 7.2±3.8 years). The 
control sample included 51 age-matched subjects with 
typical neurodevelopment (21 boys and 30 girls) aged  
3-18 years (mean age 7.7±4.4 years), of that 29 siblings 
of children with ASD and 22 non-related subjects. 
Individuals with associated genetic disorders, or history 
of recent inflammatory disease or digestive disorder were 
not included in the survey. 
 
ASD diagnostic tests 

The diagnosis of ASD was determined according 
to ICD-10 and DSM-V by trained examiners at the 
Academic Research Centre for Autism, Institute of 

Physiology, Comenius University Faculty of Medicine. 
The diagnostic tools involved observation of a child by the 
Autism Diagnostic Observation Schedule – second edition 
(ADOS-2) (Lord et al. 2012), and the Autism Diagnostic 
Interview-Revised (ADI-R) (Lord et al. 1994). ADI-R was 
evaluated in areas of qualitative abnormalities in reciprocal 
social interaction and communication, as well as in 
restricted, repetitive and stereotyped patterns of behaviour. 
ADOS-2 was evaluated in domains of social affect, and 
restricted and repetitive behaviour scores. All children 
enrolled in the study had to meet criteria for ASD on both 
ASD diagnostic tools. 
 
Laboratory methods 

Stool specimens were collected by parents, kept 
at 4 °C and delivered to our laboratory at latest until the 
next day, where aliquots of 200 mg of each specimen 
were frozen at -80 °C until analysis. The method is based 
upon preparation of an extract of feces using the patented 
Fecal Extraction Buffer. Calprotectin was measured in 
stool samples using ALPROLAB™ Calprotectin ELISA 
(ALP) (Calprolab, Lysaker, Norway) according to the 
instructions provided by the manufacturer. Fecal 
calprotectin levels below 50 µg/g of feces were regarded 
as are normal, 50 µg/g or more represented a positive test 
(Ikhtaire et al. 2016). 
 
Data analysis 

Software GraphPad Prism 7 was used for the 
data analysis. The statistical procedures involved the 
unpaired t-test (age), Mann-Whitney test, analysis of 
variance ANOVA, Chi-square test (FC). Spearman´s 
correlation coefficient was calculated to test correlations 
between FC and behavioral markers. Values p<0.05 were 
considered statistically significant. Levels of FC are 
presented as median and 95 % confidence intervals. 

The study protocol was approved by the Ethics 
Committee of the Comenius University Faculty of 
Medicine. Written informed consent was obtained from 
all the subjects or their caregivers. The study conformed 
to the code of ethics stated in the Declaration of Helsinki. 
 
Results 
 

The levels of FC were higher in subjects with 
ASD (21.7 µg/g; 95 % CI 17.4 – 30.0 µg/g) than in the 
control group including both siblings and non-relatives 
(17.7 µg/g; 95 % CI 12.8 – 30.4 µg/g), however, this 
difference was not statistically significant. When the 
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control group was split into siblings of children with 
ASD and non-related individuals, significantly lower 
values of FC were found in non-related controls 
(11.6 µg/g; 95 % CI 5.0 – 17.5 µg/g) than in both subjects 

with ASD (21.7 µg/g; 95 % CI 17.4 – 30.0 µg/g) and also 
their siblings (30.6 µg/g; 95 % CI 17.7 – 38.8 µg/g), 
Figure 1. The median values of FC in subjects with ASD 
and their siblings were not significantly different. 

 
 

 

 
 
Fig. 1. Levels of fecal calprotectin in subjects 
with ASD, their siblings and non-related 
controls (median ± 95% CI), ** p<0.01. 
 
 
 

There was a trend towards higher prevalence of 
elevated levels of fecal calprotectin (50 µg/g of feces or 
higher) in children with ASD (22.7 %) and their siblings 
(20 %) in contrast to the non-related controls (9.1 %), 
which, however was non-significant. No age or gender 
differences of the FC levels were found. Similarly, the 
FC levels of food supplement users, who were rather 
prevalent (63 %), and non-users were not significantly 
different. 

In the group with ASD significant correlations of 
FC levels with all main domains of the ADI-R diagnostic 

tool were observed indicating that higher levels of FC are 
associated with more severe symptoms of ASD (Table 1). 
FC correlated with the ADI-R domain A: Qualitative 
abnormalities in reciprocal social interaction, (r=0.30; 
p<0.01), there was also a significant correlation between 
FC and ADI-R domain B: Qualitative abnormalities in 
communication (r=0.38; p<0.001). Finally, FC levels 
significantly correlated also with ADI-R domain C: 
Restricted, repetitive, and stereotyped patterns of 
behavior (r=0.33; p<0.01). 

 
 
Table 1. Correlations between levels of fecal calprotectin and main domains of the diagnostic tool ADI-R. 
 

Domains of the diagnostic tool ADI-R r 

A. Qualitative abnormalities in reciprocal social interaction 0.30 ** 
B. Qualitative abnormalities in communication 0.38 *** 
C. Restrictive, repetitive and stereotyped patterns of behavior 0.33 ** 

 
ADI-R – Autism Diagnostic Interview-Revised, r – Spearman´s correlation coefficient, ** p<0.01; *** p<0.001. 
 
 
Discussion 
 

Elevated levels of inflammatory markers in 
individuals with ASD have been shown in several studies 

(Xu et al. 2015, Rossignol and Frye 2012). Compared to 
serum markers, fecal markers are more specific and more 
successful in localizing inflammation in the intestinal 
mucosa. 
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A few studies have addressed the levels of FC in 
ASD. In the study of De Magistris et al. (2010) 
pathological high mean value of FC was found in 
individuals with ASD indicating a mild degree of 
intestinal inflammation, while in our study the median 
concentration was in the normal range. In another survey, 
median levels of FC were also higher than in our study, 
but there were no significant differences between 
controls, children with mild and severe maladaptive ASD. 
Young age of the study individuals may be one of the 
contributory factors as children below 2 years have been 
reported with increased fecal calprotectin concentrations 
in the absence of any disease (Pusponegoro et al. 2015). 
Similarly, Kushak et al. (2016) reported no significant 
differences of FC between the groups of individuals with 
and without ASD. In earlier studies, that measured 
FC levels only in subjects with ASD without including 
control samples, only 2 out of 26 individuals with ASD 
had levels above the normal range (Wos et al. 2008), and 
3 out of 21 subjects, respectively (Fernell et al. 2007). 

The commonest level of FC for defining 
normality is 50 µg/g of feces. This level allows to detect 
individuals with inflammatory bowel disease with 
sufficient specificity and sensitivity, although for 
diagnostic precision the cut-off value of 100 µg/g is even 
better. Several other disorders have been shown to be 
associated with elevation of FC, and intestinal 
inflammation was a common feature of these conditions 
(Alibrahim et al. 2015). It is hypothesized, though, that 
different cut-off values of FC might be more adequate for 
patients with other conditions (Alibrahim et al. 2015, 
Montalto et al. 2013). This may apply also to ASD, since 
in association with this condition a chronic low grade 
inflammation has been reported (Skevaki et al. 2016). 

A high prevalence of GI problems is reported in 
children with ASD (Van De Sande et al. 2014), and 
intestinal biopsy samples showed only mild levels of 
microscopic inflammation in some of the children with 
ASD who suffered also from gastrointestinal (GI) 
symptoms, but there seems to be no specific 
gastrointestinal pathology specific to ASD (Kushak et al. 
2016). The most common gastrointestinal complaints 
resemble rather those of individuals with functional 
bowel diseases such as irritable bowel syndrome in which 
FC levels are lower in comparison to subjects with 
inflammatory bowel disease (Gijsbers et al. 2014). Raised 
fecal calprotectin should prompt further assessment in 
children with ASD and chronic intestinal symptoms, 
since organic bowel disorders, such as gastroesophageal 

reflux disease, or coeliac disease, are likely, which are 
reported to be more prevalent in ASD (Alibrahim et al. 
2015). 

In our samples only mild elevations of FC levels 
in the range of 50 – 100 µg/g were found, with exception 
of 1 child with ASD and 1 sibling whose levels exceeded 
100 µg/g. In the group with ASD even within this range 
of mostly normal and only in 22.7 % of cases mildly 
elevated levels a correlation of FC with all domains of the 
diagnostic scale ADI-R was found, i.e. higher levels of 
FC were associated with more severe behavioral 
impairments whether in respect to qualitative 
abnormalities in reciprocal social interaction, or 
qualitative abnormalities in communication, and also in 
restricted, repetitive, and stereotyped patterns of 
behavior. This observation is in favor of the hypothesis 
that even mild forms of neutrophilic infiltration and/or 
intestinal inflammation may influence the brain functions. 

Interestingly, in our study not only the 
concentrations of FC of children with ASD, but also of 
their siblings were significantly higher than the levels in 
the control group. Also, in our previous survey, tumor 
necrosis factor alpha (TNFα) was assessed and a trend of 
elevated levels of this inflammatory marker were 
observed not only in the group of children with autism, 
but also in their siblings compared to the control group 
(Tomova et al. 2015). Significantly higher FC have been 
also found in 49 % of first-degree relatives of patients 
with Crohn’s disease, also in first-degree relatives of 
patients with colitis ulcerosa as compared with controls. 
On the other hand, significantly higher FC levels were 
found also in a group of spouses than in controls and 
lower in respect to relatives. This suggests that both 
genetic and environmental factor may be responsible for 
changes of the markers od intestinal inflammation 
(Montalto et al. 2013). 

Limitation of our study is the small sample size, 
especially when the control group was split into subgroup 
of siblings and non-relatives, as well as 
overrepresentation of girls in the control sample, even 
though no gender differences of FC were found. Also, no 
verification of possible symptoms of ASD was done in 
the control group beyond the parental report. Additional 
factors that might have been a cause of elevated 
FC levels, such as nutritional or gastrointestinal factors 
were not analysed. 

In conclusion, the median concentrations of 
FC observed in subjects with ASD, but also in their 
siblings were significantly higher than in controls. There 
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was only low prevalence of elevated concentrations of 
FC in subjects with ASD, predominantly in the range of 
only mild elevation. Even within the range of mostly 
normal and mildly elevated levels, the higher 
concentrations of FC were associated with more severe 
behavioral impairments. The results support the 
hypothesis that low grade intestinal inflammation can be 
one of factors involved in pathomechanisms of ASD. 
Further research is needed to bring more light into this 

topic and to establish if FC is a valid biomarker in ASD. 
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