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Introduction
Autism is the most common developmental disability, affecting 1/45

children [1]. Its cause remains unknown. Clinically, it is defined by the
appearance of social/language delay, unusual, repetitive behavior, and
abnormal sensory responses by the age of 3 [2]. Abnormal responses to
touch are amongst the earliest and most universally prevalent of
abnormal sensory symptoms [3]. In 2013, when abnormal sensory
responses were reclassified from co-morbid autism symptoms to core
diagnostic symptoms, the need for definitive evaluation of the sense of
touch was recognized. Children with autism are distinguished both by
lack of interest in affective and affiliative touch [4] and by a generalized
pattern of allodynia and hypoesthesia affecting multiple areas
including the face, mouth, hands and feet [5]. Pain, temperature and
affective/affiliative touch are mediated by small unmyelinated fibers
known as C-tactile fibers [6]. Small fiber loss is diagnosed by skin
biopsy and specialized staining [7]. Quantitative sensory testing is
invalid in children with autism, and skin biopsies have not yet been
reported. This is an exploratory study to determine whether C-tactile
fiber loss is present in four autistic children with signs of hypoesthesia
and allodynia.

Materials and Methods

Subjects
Children were recruited from the mid-Willamette valley in Oregon.

Inclusion criteria were

• Medical diagnosis of ASD.
• Age between 8 and 12 years.

Exclusion critierion was another chronic medical/neurological
condition that would have a significant impact on small fibers (e.g.
diabetes). The study was conducted with Institutional Review Board
approval, and parents of all participants signed informed consent on
their behalf. Four male children aged 8, 9, 9 and 11 met study criteria.
We used published normative data for biopsies in the distal leg in
children aged 10-19 as the comparison group [8,9]. Normal distal leg
intraepidermal nerve fiber (IENF) density for 10-19 year olds is

Mean/SD 20.3 ± 7.4; range is 12.7-36.5. No published normative IENF
data are available for children younger than 10.

Verification of autism diagnosis
Diagnostic records were reviewed: all children had received the

autism diagnosis by a neurodevelopmental paediatrician. A Childhood
Autism Rating Scale (CARS) [8] was administered and confirmed the
diagnosis. The CARS is a widely used rating scale for the diagnosis of
autism and a reliable measure of autism severity [10]. A score of 25.5 is
the cut-off for a diagnosis of autism on the mild end of the spectrum;
30 to 36 is the moderate range; and > 36 is the severe range.

Assessment of tactile responses
In the absence of children’s ability to cooperate with neurological

exam, tactile responses were evaluated with the Autism Touch and
Self-regulation Checklist (ATSC) [11]. The ATSC is a validated parent/
caregiver questionnaire that assesses abnormal tactile responses by
location and severity in the context of daily life. Higher scores reflect
greater abnormality. Questions from the tactile section of the ATSC
were used to identify hypoesthesia (e.g. “Does not cry tears when
hurt”) and allodynia (e.g. "Face-washing is difficult," "Haircuts are
difficult"). Mean tactile scores for autistic children are 28 ± 8; and for
typically developing children are 11 ± 7.

Skin biopsy procedure
Following local anesthestic, a 3 mm punch biopsy specimen was

taken from the distal leg, 10 cm above the lateral ankle. Biopsy samples
were fixed in Zamboni’s solution, cryoprotected and submitted to the
Carlo Besta Neurological Institute in Milan for evaluation.
Cryosections were cut at a thickness of 50 μm and stained by an
immunoperoxidase method using polyclonal antibodies directed
against the panaxonal marker protein gene product 9.5. Using bright
field microscopy, total intraepidermal nerve fibers (IENF) were
counted in 3 different tissue sections and expressed as the number per
millimeter of length of the epidermis.

Results
Characteristics of children and results of CARS testing, tactile

assessments and skin biopsies are shown in Table 1. CARS testing
confirmed previous autism diagnoses and demonstrated that all four
children were in the diagnostic range for ASD; one child in the mild
range, and three in the severe range. ATSC testing demonstrated
elevated scores for hypoesthesia and allodynia in all four children. Skin
biopsies demonstrated a mean IENF count that was less than 50% of
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the mean reported for normal controls aged 10-19; morphology was
normal. Results are shown in Table 1.

Age Gender CARS Score ATSC Score IENF Density IENF Morphology

8 M 38 22 9.5 Normal

9 M 29.5 39 8.7 Normal

9 M 52 42 11.2 Normal

11 M 42.5 46 7.4 Normal

CARS scores diagnostic of autism>25.5

ATSC tactile score typical children: Mean/SD 11 ± 7;

Mean/SD autistic children: 28 ± 8
Normal distal leg IENF density for 10-19 year olds: Mean/SD 20.3 ± 7.4 [8]

Table 1: Results of CARS testing, tactile assessments and skin biopsies.

Adverse Effects
Biopsy procedures were well tolerated. Two of the four children did

not appear to notice the injection of local anaesthetic. There were no
adverse effects.

Discussion
This was an exploratory study to determine whether C-tactile fiber

loss was present in four autistic children with signs of hypoesthesia and
allodynia. Results demonstrated 50% IENF loss in all four children
when compared with normative controls. Small-fiber neuropathy is
difficult to diagnose in children because quantitative sensory testing is
invalid and nerve conduction studies are normal; diagnosis is
established by reduced IENF counts on skin biopsy [12]. Thus, based
on these biopsy results and existing normative data, hypoesthesia and
allodynia in these four children with autism can be explained on the
basis of idiopathic small fiber neuropathy.

Even though there is only a small amount of IENF data in children
aged 10-19, and even less in 3-5 year olds, what little data is available
supports what is known about plasticity and pruning and the inter-
relationship of the central and peripheral nervous systems during
development [13]. Neuroplasticity is predicated upon the rapid rise of
central synaptic connections in the first few years of life [14]. By the
end of the early childhood developmental period, during which time
touch has been the dominant sensory input, IENF counts are reported
at levels 8-13 times higher than adults [15]. Experience-driven pruning
of excessive connections occurs until adolescence, at which time IENF
counts are reported at twice those of adults [8]. By adulthood, the
IENF norm has drifted down to a level where it will remain, losing 1-2
fibers/mm/decade [16]. Thus, it was truly remarkable that these 8-11
year old children should have 50% loss of IENF density. From a
neuroplasticity perspective alone, a 50% reduction of somatosensory
input would have a dramatic effect on plasticity and pruning.

This study is too small to draw conclusions about tactile loss in
autism in general, but the results are sufficiently unexpected to warrant
replication with a larger number of children, and a larger case-control
study is planned. Until now, it has been very difficult to obtain skin
biopsies from children with autism, but these results provide
justification for additional biopsies. We issue an urgent call to

researchers to obtain further skin biopsy data in children with ASD,
and to add to the database of normative IENF data in children.

Study Limitations
The primary limitations of this study are in the small number of

participants and the application of a diagnostic technology that is
highly reliable in adults to the pediatric population, where there are
less normative data.

Conclusions
The clinical presentation of tactile abnormalities in children with

autism fits the known presentation of loss of C-tactile fibers, both in
terms of loss of the affective and affiliative properties of touch, and in
terms of hypoesthesia and allodynia. This is the first study to carry out
skin biopsies in children with autism and confirm small fiber loss. Not
enough children were biopsied to draw conclusions about the cause of
tactile abnormalities in autism in general, however the findings do
account for tactile abnormalities in these first four children biopsied.
This study should be urgently replicated and we issue an urgent call to
clinicians and researchers to obtain further skin biopsy data in
children with ASD, and to add to the database of normative IENF data
for children.

Acknowledgement
This research was supported by a grant from the Curry Stone

Foundation. We gratefully acknowledge the consultation of Dr.
Giuseppe Lauria regarding study design and choice of biopsy site, as
well as the assistance of Dr. Leigh Ann Chapman, Leo Zhu and Matt
Elliott in carrying out biopsies.

References
1. Zablotsky B, Black LI, Maenner MJ, Schieve LA, Blumberg SJ (2015)

Estimated prevalence of autism and other developmental disabilities
following questionnaire changes in the 2014 National Health Interview
Survey. National Health Statistics Reports 87: 1-21.

2. American Psychiatric Association (2013) Diagnostic and statistical
manual of mental disorders (5thedn), American Psychiatric Association,
Washington DC.

Citation: Silva L, Schalock M (2016) First Skin Biopsy Reports in Children with Autism Show Loss of C-Tactile Fibers. J Neurol Disord 4: 262.
doi:10.4172/2329-6895.1000262

Page 2 of 3

J Neurol Disord
ISSN:2329-6895 JND, an Open Access Journal

Volume 4 • Issue 2 • 1000262

http://www.cdc.gov/nchs/data/nhsr/nhsr087.pdf
http://www.cdc.gov/nchs/data/nhsr/nhsr087.pdf
http://www.cdc.gov/nchs/data/nhsr/nhsr087.pdf
http://www.cdc.gov/nchs/data/nhsr/nhsr087.pdf
http://dsm.psychiatryonline.org/doi/book/10.1176/appi.books.9780890425596
http://dsm.psychiatryonline.org/doi/book/10.1176/appi.books.9780890425596
http://dsm.psychiatryonline.org/doi/book/10.1176/appi.books.9780890425596


3. Baranek GT (1999) Autism during infancy: A retrospective video analysis
of sensory-motor and social behaviors at 9-12 months of age. J Autism
Dev Disord 29: 213-224.

4. Leo K (1943) Autistic disturbances of affective contact. Acta
Paedopsychiatr. 35: 100-36.

5. Silva L, Schalock M (2013) Prevalence and significance of abnormal
tactile responses in young children with autism. North American Journal
of Medicine and Science 6: 121-127.

6. Löken L, Wessberg J, Morrison I, McGlone F, Olausson H (2009) Coding
of pleasant touch by unmyelinated afferents in humans. Nature
Neuroscience 12: 547-548.

7. Lauria G, Hsieh S, Johansson O (2010) European Federation of
Neurological Societies/Peripheral Nerve Society Guideline on the use of
skin biopsy in the diagnosis of small fiber neuropathy: Report of a joint
task force of the European Federation of Neurological Societies and the
Peripheral Nerve Society. European Journal of Neurology 17: 903-912,
e44-49.

8. McArthur J, Stocks E, Hauer P, Cornblath D, Griffin J (1998) Epidermal
nerve fiber density: Normative reference range and diagnostic efficiency.
Archives of Neurology 55: 1513-1520.

9. Schopler E, Reichler RJ, Renner BR (2013) Childhood Autism Rating
Scale, Standard Version. (2ndedn) Western Psychological Services, Los
Angeles, USA.

10. Chlebowski C, Green JA, Barton ML, Fein D (2010) Using the childhood
autism rating scale to diagnose autism spectrum disorders. Journal of
Autism And Developmental Disorders 40: 787-799.

11. Silva L, Schalock M, Gabrielsen, K (2015) About Face: Evaluating and
managing tactile impairment at the time of autism diagnosis. Autism
Research and Treatment.

12. Wakamoto H, Hirai A, Manabe K, Hayashi M (1999) Idiopathic small-
fiber sensory neuropathy in childhood: A diagnosis based on objective
findings on punch skin biopsy specimens. The Journal of Pediatrics 135:
257-260.

13. Johnston MV (2009) Plasticity in the developing brain: implications for
rehabilitation. "Developmental Disabilities Research Reviews 15: 94-101.

14. Huttenlocher PR, de Courten C (1987) The development of synapses in
striate cortex of man. Hum Neurobiol 6: 1-9.

15. Symons FJ, Tervo RC, Barney CC, Damerow J, Selim M, et al. (2015)
Peripheral innervation in children with global developmental delay
biomarker for risk for self-injurious behavior?. Journal of Child
Neurology 30:1722-7.

16. Gøransson LG, Mellgren SI, Lindal S, Omdal R (2004) The effect of age
and gender on epidermal nerve fiber density. Neurology 62: 774-777.

 

Citation: Silva L, Schalock M (2016) First Skin Biopsy Reports in Children with Autism Show Loss of C-Tactile Fibers. J Neurol Disord 4: 262.
doi:10.4172/2329-6895.1000262

Page 3 of 3

J Neurol Disord
ISSN:2329-6895 JND, an Open Access Journal

Volume 4 • Issue 2 • 1000262

http://www.ncbi.nlm.nih.gov/pubmed/10425584
http://www.ncbi.nlm.nih.gov/pubmed/10425584
http://www.ncbi.nlm.nih.gov/pubmed/10425584
http://www.ncbi.nlm.nih.gov/pubmed/4880460
http://www.ncbi.nlm.nih.gov/pubmed/4880460
http://www.academia.edu/10414821/Prevalence_and_Significance_of_Abnormal_Tactile_Responses_in_Young_Children_with_Autism
http://www.academia.edu/10414821/Prevalence_and_Significance_of_Abnormal_Tactile_Responses_in_Young_Children_with_Autism
http://www.academia.edu/10414821/Prevalence_and_Significance_of_Abnormal_Tactile_Responses_in_Young_Children_with_Autism
http://www.nature.com/neuro/journal/v12/n5/abs/nn.2312.html
http://www.nature.com/neuro/journal/v12/n5/abs/nn.2312.html
http://www.nature.com/neuro/journal/v12/n5/abs/nn.2312.html
http://www.ncbi.nlm.nih.gov/pubmed/20642627
http://www.ncbi.nlm.nih.gov/pubmed/20642627
http://www.ncbi.nlm.nih.gov/pubmed/20642627
http://www.ncbi.nlm.nih.gov/pubmed/20642627
http://www.ncbi.nlm.nih.gov/pubmed/20642627
http://www.ncbi.nlm.nih.gov/pubmed/20642627
http://www.ncbi.nlm.nih.gov/pubmed/9865794
http://www.ncbi.nlm.nih.gov/pubmed/9865794
http://www.ncbi.nlm.nih.gov/pubmed/9865794
https://www.carautismroadmap.org/childhood-autism-rating-scale/
https://www.carautismroadmap.org/childhood-autism-rating-scale/
https://www.carautismroadmap.org/childhood-autism-rating-scale/
file:///C:/Users/Admin/Desktop/v
file:///C:/Users/Admin/Desktop/v
file:///C:/Users/Admin/Desktop/v
file:///C:/Users/Admin/Desktop/Silva%20L,%20Schalock%20M,%20Gabrielsen,%20K%20(2015)%20About%20Face:%20Evaluating%20and%20managing%20tactile%20impairment%20at%20the%20time%20of%20autism%20diagnosis.%20Autism%20Research%20and%20Treatment,%20(http:/dx.doi.org/10.1155/2015/612507).
file:///C:/Users/Admin/Desktop/Silva%20L,%20Schalock%20M,%20Gabrielsen,%20K%20(2015)%20About%20Face:%20Evaluating%20and%20managing%20tactile%20impairment%20at%20the%20time%20of%20autism%20diagnosis.%20Autism%20Research%20and%20Treatment,%20(http:/dx.doi.org/10.1155/2015/612507).
file:///C:/Users/Admin/Desktop/Silva%20L,%20Schalock%20M,%20Gabrielsen,%20K%20(2015)%20About%20Face:%20Evaluating%20and%20managing%20tactile%20impairment%20at%20the%20time%20of%20autism%20diagnosis.%20Autism%20Research%20and%20Treatment,%20(http:/dx.doi.org/10.1155/2015/612507).
http://www.ncbi.nlm.nih.gov/pubmed/10431124
http://www.ncbi.nlm.nih.gov/pubmed/10431124
http://www.ncbi.nlm.nih.gov/pubmed/10431124
http://www.ncbi.nlm.nih.gov/pubmed/10431124
http://www.ncbi.nlm.nih.gov/pubmed/19489084
http://www.ncbi.nlm.nih.gov/pubmed/19489084
http://www.ncbi.nlm.nih.gov/pubmed/3583840
http://www.ncbi.nlm.nih.gov/pubmed/3583840
http://www.ncbi.nlm.nih.gov/pubmed/25918119
http://www.ncbi.nlm.nih.gov/pubmed/25918119
http://www.ncbi.nlm.nih.gov/pubmed/25918119
http://www.ncbi.nlm.nih.gov/pubmed/25918119
http://www.ncbi.nlm.nih.gov/pubmed/15007129
http://www.ncbi.nlm.nih.gov/pubmed/15007129

	Contents
	First Skin Biopsy Reports in Children with Autism Show Loss of C-Tactile Fibers
	Keywords
	Abbreviations
	Introduction
	Materials and Methods
	Subjects
	Verification of autism diagnosis
	Assessment of tactile responses
	Skin biopsy procedure

	Results
	Adverse Effects
	Discussion
	Study Limitations
	Conclusions
	Acknowledgement
	References


