
Abstract. Background/Aim: Hirschsprung disease (HD) is
caused by the congenital absence of ganglion cells in the
distal bowel (aganglionosis). Rectal biopsy is considered
important for its diagnosis. The aim of this study was to apply
immunohistochemical staining using a minimal set of
antibodies and develop an algorithm that will assist in the
diagnosis of HD. Patients and Methods: Rectal or colonic
biopsies were performed in patients with HD (n=26) or
patients treated for other bowel diseases (n=34).
Immunohistochemical staining was performed for MAP1b,
peripherin, S-100, calretinin, NSE, bcl-2 and CD56 proteins.
Results: Staining for CD56, S-100, peripherin and calretinin
facilitated the identification of ganglion cells. The use of
CD56 and S-100 antibodies together resulted in the highest
rate of ganglion cell staining intensity (94%). Conclusion: We
propose a practical diagnostic algorithm with the application
of CD56 and S-100 antibodies that can be used in clinical
practice in children suspected of Hirschsprung’s disease. 

Hirschsprung disease (HD) is a congenital, genetically-based
functional obstruction due to the congenital absence of

ganglion cells in the distal bowel (aganglionosis) (1, 2). The
absence of ganglion cells along with an analysis of
hypertrophy and hyperplasia of nerves in the nerve plexus of
submucosa and muscularis mucosae in rectal biopsy specimens
(RB) are regarded as potential hallmarks for its diagnosis (3).
Hematoxylin and eosin (HE) staining alone in the assessment
of the presence of ganglion cells (GC) is still challenging,
especially in newborns with total colonic aganglionosis (TCA)
or intestinal neuronal dysplasia (IND) (4). Diagnosis of the
disease is mainly based on the identification of the lack of
ganglion cells in the pathology sections of the colon and often
requires an additional immunohistochemical (IHC) staining,
which is very difficult and time consuming and also needs
several serially cut sections (5, 6).

This study was performed in order to ascertain the role of
IHC staining with a selected set of antibodies in diagnosing
HD and develop a diagnosis algorithm based on the selection
of a minimal set of antibodies sufficient for its diagnosis.

Patients and Methods
Patients. A total of 60 children were enrolled in the study, including
26 with clinical symptoms of aganglionosis (HD, Group 1) and 34
with other diseases, such as meconium ileus, necrotizing
enterocolitis, chronic constipation or sigmoid volvulus (non-HD,
Group 2). All patients with aganglionosis (Group 1) and 24/34 with
non-HD (Group 2) were male. Median age was the same in both
groups: 9 months (range=6-30 months) and 73% and 76% were
under 1 year, respectively. In all cases, rectal or colonic biopsies
were performed and the specimens were archived in formalin-fixed
paraffin-embedded tissue sections, followed by HE and IHC staining.

Immunohistochemistry (IHC). The IHC staining was performed using
a set of antibodies against: MAP1b neuronal marker (Abcam,
Cambridge, UK), peripherin (Novocastra, Newcastle, UK), S-100
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(DAKO, Glostrup, Denmark), calretinin (DAKO), NSE (DAKO), bcl-
2 (DAKO) and CD56 (DAKO). To determine the appropriate antibody
dilution to eliminate false-positive results, as well as to reduce
background reactions, a series of control reactions were performed
before adequate immunohistochemical staining. Positive and negative
control reactions were performed in each case. The independent
assessment was performed by two experienced pathologists. 

In order to identify the best set of antibodies for GC
identification in IHC staining, the following four criteria were used:
1. possibility of GC distinction from other neural components; 2.
lack of artifacts; 3. good intensity of GC staining; 4. the highest
fulfillment rate comparing results of different antibodies. These tests
were performed on non-HD samples (Group 2).

To assess the possibility of GC distinction from other neural
components (first criterion), a GC distinction index was created: GC
distinction=[(0×na+1/2×nm+ne)/(na+nm+ne)]×100%, where: na –
number of samples where GC were absent; nm – number of samples
where GC were moderately easy to detect; ne – number of samples
where GC were easy to detect. Assessment of GC staining intensity
was semiquantitative using 4 groups of results: no staining or
artifacts, weak staining of GC, GC well visible and evidently visible.
To assess good intensity of GC staining (third criterion), a GC
staining intensity index was created: GC staining
intensity=[(0×n0+1/3×n1+2/3×n2+n3)/(n0+n1+n2+n3)]×100%, where:
n0 – number of samples with no staining or artifacts; n1 – number of
samples where GC were weakly stained; n2 – number of samples
where GC were moderately stained; n3 – number of samples where
GC were evidently stained. The study was approved by the
Institutional Review Board, (Department of General and Oncological
Surgery for Children and Adolescents, KB 167/2012).

Statistical analysis. Categorical variables were compared with the
chi-square or Fisher exact test, and non-categorical variables were
compared with the Mann-Whitney U-test. 

Results

Four antibodies clearly facilitated the identification of
ganglion cells (first criterion) in the IHC studies: CD56, S-

100, peripherin and calretinin with a more than 60% index
of GC distinction (Figure 1A).

Analysis of the rate of artifacts (second criterion) revealed
that anti-S-100 and anti-bcl-2 antibodies were the most
efficient (0% of negative staining). A relatively high rate of
negative staining was observed for MAP1B (31%) and
calretinin (18%), while the best intensity of GC staining
(third criterion) was found for CD56 (91%) and peripherin
(83%) (Figure 1B). The overall sensitivity, specificity,
positive, and negative predictive value of antibody staining
is shown in Table I.

The fourth criterion was assessed using cluster analysis
and the largest incompatibility rate (Table II). Two groups of
results were defined: the first cluster included MAP1B, S-
100 and bcl-2, while the second one included peripherin,
CD56, NSE and calretinin. As only four antibodies clearly
facilitated the identification of ganglion cells (Figure 1A),
available sets of antibodies included: CD56 and S-100,
peripherin and S-100, and calretinin and S-100 with
summary marker expression indexes: 94%, 88% and 74%,
respectively. The identification of ganglion cells was the
most efficient for the set of CD56 and S-100, in cases
without artifact staining.

In order to verify the value of IHC in patients with
aganglionosis, an expanded set of IHC studies was
performed on biopsy specimens obtained from patients with
Hirschsprung`s disease (Figure 2). The staining with CD56,
S-100, peripherin and calretinin demonstrated the presence
of GC in 3/26 patients initially qualified as aganglionosis in
HE examination. In two patients, the morphology of GC was
truly dysplastic, and the third patient was further diagnosed
and treated for food allergy. All 23/26 HD cases after
surgical treatment were uncomplicated, except for more
frequent bowel movements and perianal excoriations for a
period of 1-2 months in two patients. 
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Figure 1. Immunohistochemical staining: (A) ganglion cells distinction index; (B) ganglion cells staining intensity rate.



Discussion

Nowadays, surgical treatment of Hirschsprung disease is
performed at an earlier age and more often in a one-stage
manner and therefore, requires very precise preoperative
diagnosis (7). HE staining of rectal biopsy specimens is a
gold standard for HD and differential diagnosis (2, 8, 9).
Proper assessment of GC presence requires primarily
adequate tissue sampling and careful tissue preparation.
There are numerous reports on the use of various antigens in
IHC studies for better diagnosis of aganglionosis. An ideal
immunohistochemical marker would facilitate easy detection
of GC through good, intensive staining, as well as easy
distinction of GC from other neural components, and a low
artifact rate (10).

We showed that selection of a pair of IHC assay reagents
facilitates the diagnostic examinations of patients tested for
HD. In the meantime, high sensitivity, specificity and
efficacy of peripherin and S-100 staining was confirmed in
a diagnostic protocol for HD. Ganglion cells were diagnosed
in 93% of samples excluded in the primary examination (11).
According to our algorithm, rectal biopsies with ambiguous
histopathological presentation that does not allow for
confirmation or exclusion of HD were subject for internal
verification as assessed by another experienced pathologist,
and final diagnosis was pursued by means of the proposed
set of IHC assays. 

A biopsy for the ganglion cells, and consequently, for neural
hypertrophy is regarded to be the basic modality for the

diagnosis of HD. S-100 staining was shown to be diagnostic
in rectal suction biopsies in the samples that were devoid of
ganglion cells. Staining for S-100 coupled with calretinin and
PGP9.5 immunostaining performed on suction rectal biopsies
was shown to be sensitive and specific for diagnosing HD
(12). However, S-100 was found to be positive in ovarian
cancer (13), metastases to the small intestine (14) and
fibrosarcoma cells (15). The other marker, CD56, was used in
evaluating a “transition zone” proximally to the aganglionic
segment, with the use of serial colonic wall biopsies and
obtained very good results (16). CD56 is known to be useful
for definitive histopathological diagnosis of isolated
hypoganglionosis. In the aganglionic segment in HD patients,
CD56-positive extrinsic nerve fibers and bundles replaced
typical ganglion cells that are immunoreactive for Hu C/D
(17). Other recommended combinations of staining included
AChE and calretinin (6) or peripherin and calretinin (18). 

The practical value of the study is related to clinical
verification: in three cases classified as HD, the use of the
examined panel of immunohistochemical reagents allowed
for clear visualization of ganglion cells, and therefore for
verification of the primary diagnosis of HD. The
histopathological diagnostic algorithm presented in this study
provides a tool for improving the sensitivity and specificity
of assays used in the analysis of specimens and eventually
for a reduction in the number of patients unnecessarily
subjected to surgical treatment. 

In conclusion, we created a practical diagnostic algorithm
with the application of CD56 and S-100 markers that can be
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Table I. Sensitivity, specificity, positive, and negative predictive value of antibody staining of ganglion cells.

% MAP1B Peripherin S100 Calretinin NSE Bcl-2 CD56

Sensitivity 26.5 91.2 97 76.4 97 97 91.2
Specificity 95.6 95.6 100 100 95.6 100 100
PPV 90 96.8 100 100 97 100 100
NPV 46.8 88 95.8 74 95.6 95.8 88.4

PPV: Positive predictive value; NPV: Negative predictive value.

Table II. Percent incompatibility rate between the ganglion cells staining results in the group with a normal ganglionic bowel.

Antibody MAP 1B Peripherin S-100 Calretinin NSE Bcl-2 CD56

MAP 1B - 0.85 0.79 0.82 0.97 0.85 0.94
Peripherin 0.85 - 0.94 0.62 0.59 0.82 0.21
S-100 0.79 0.94 - 0.88 0.88 0.59 0.94
Calretinin 0.82 0.62 0.88 - 0.76 0.91 0.59
NSE 0.97 0.59 0.88 0.76 - 0.85 0.53
Bcl-2 0.85 0.82 0.59 0.91 0.85 - 0.82
CD56 0.94 0.21 0.94 0.59 0.53 0.82 -



used in IHC in clinical practice for the diagnosis of HD.
Nevertheless, additional studies are needed to confirm the
value of calretinin and peripherin in patients diagnosed for
aganglionosis. 
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Figure 2. Diagnostic algorithm based on verification of immunohistochemical markers in Hirschsprung’s disease.
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