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Diagnostic Utility of Calretinin Immunohistochemistry for the Diagnosis of
Hirschsprung's Disease
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ABSTRACT
Objective: The aim of this study was to evaluate the diagnostic utility of calretinin immunostaining in colonic
biopsy specimens in patients having a clinical suspicion of Hirschsprung's disease.

Study Design: This study was a Cross sectional validation study.

Place and Duration of Study: The study was conducted at Pakistan institute of medical sciences, Shaheed
Zulfigar Ali Bhutto Medical University (SZABMU), Islamabad, for a period of 11 months (December 2018 to
November2019).

Materials and Methods: Sixty specimens from patients including multiple colonic biopsies and biopsies from
rectum for doubted Hirschsprung's disease were evaluated. The biopsies were processed in Histopathology lab
and Hematoxylin and eosin slides were examined. 30 ganglionic segments and 30 aganglionic segments along
with control specimens were further stained with calretininimmunohistochemical marker and evaluated.
Results: On Hematoxylin and eosin staining, 30 biopsies showed ganglion cells and 30 biopsies showed absence
of ganglion cells. Calretinin immunohistochemistry was then evaluated on these ganglionic and aganglionic
segments. In this study, sensitivity was found to be 91.4 % and a 100% of specificity was established. The
positive predictive value and negative predictive value was found to be 100% and 89.2% respectively.
Conclusion: Calretinin immunohistochemical marker can be applied on colonic and rectal biopsy specimens as
a dependable and adjunctive tool for diagnosing Hirschsprung's disease, as it is easy and reliable to be used in
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daily practice.
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Introduction

Obstruction of large gut in infants is commonly
caused by Hirschsprung's disease (HD). The disease
occurrence is about 1 per 5000 live births, with a
predicted disease frequency of 1.4 per 5000 live
birthsin Asian populations.’

The etiology of HD is explained by the disruption of
migration of neural crest cells, resulting in congenital
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absence of ganglion cells in the colon, along with
their disrupted proliferation and differentiation. Two
types of HD are identified: Type 1 or short-segment
disease that is identified in 60% to 85% of patients
with HD. It is characterized by aganglionosis which is
limited to the rectum, reaching up to the large gut
distal to the splenic flexure. Type 2 is labeled as long-
segment disease, that is found in 15% to 25% of the
patients having widespread aganglionosis of the
rectum and colon. Aganglionosis in the
gastrointestinal tract is demonstrated by the lack of
the ganglion cells in the two plexuses of gut wall, the
submucosal and myenteric plexuses.*’

A combination of clinical symptoms help in
diagnosing the HD including, contrast enema,
anorectal manometry and histologic findings."
Histopathological absence of ganglion cells and
nerve plexus of submucosa and muscularis propria
showing hypertrophy and hyperplasia constitute the
diagnostic criteria for HD. Hematoxylin and eosin (H
& E) staining is conventionally used for the diagnosis
of Hirschsprung's disease but it requires serial
sectioning and also depends on observer's capability
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to evaluate the biopsy specimen.’
Immunohistochemistry (IHC) in the recent years has
been proven to be an additional tool in the diagnosis
of HD, with increased diagnostic yield. * Calretinin is
one of the many markers used for diagnosing HD. It is
a calcium binding protein which is vitamin D
dependent and richly expressed in neurons, steroid
producing cells, testicular cells, and neuroendocrine
cells etc. *° Ganglion cells in submucosal and
myenteric plexus of a normal gut show a positive
calretinin expression whereas aganglionic regions of
diseased gut show absence of calretinin
expression.”’

In contrast to routine H & E, calretinin IHC staining
has become frequently applied immune-marker to
identify ganglion cells in colonic biopsies with
suspicion of Hirschsprung's disease.

Calretinin carries several advantages in this regard. It
is easily performed on paraffin-embedded sections,
staining patternis simple, pattern of interpretation is
easy, anditis cost effective.

Many studies in literature demonstrated a high
sensitivity (96%) and specificity (100%) for
Calretinin.” Calretinin highlights ganglion cells which
are not very apparent on H & E-stained sections,
thereby preventing unnecessary surgeries. It is found
to be a cost effective and valuable diagnostic support
inHD.’

The study was carried out to determine the
diagnostic utility of calretinin immunohistochemical
marker for the diagnosis of Hirschsprung's disease in
order to benefit the clinicians for the management of
the patients.

Materials and Methods

The place of study was Pathology department,
conducted at the Pakistan institute of medical
sciences, Shaheed Zulfigar Ali Bhutto Medical
University (SZABMU), Islamabad, Pakistan. Duration
of the study was 11 months, from December 2018 to
November 2019. It was a cross sectional validation
study. Multiple colonic and rectal biopsies from 60
suspected patients of Hirschsprung's disease were
evaluated. The biopsies were processed in
Histopathology lab and Hematoxylin and eosin slides
were examined. Biopsies including 30 ganglionic
segments, 30 aganglionic segments and control
specimens were stained with calretinin
immunohistochemical marker. Calretinin showed a
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granulated staining of neuronal fibers in lamina
propria and submucosal layer of ganglionic
segments, whereas ganglion cells showed a dark
nuclear and cytoplasmic staining which was seen in
the ganglionic segments in both Meissner and
myenteric plexuses. Negative staining shown by
neuronal fibers and ganglion cells in all the gut layers
was considered as negative for calretinin
immunohistochemical maker.
Inclusion criteria: All colonic biopsies with full
thickness sections with suspicion of Hirschsprung's
disease wereincluded.
Exclusion criteria: Inadequate biopsies which
showed only the superficial mucosa without
submucosa and muscularis propria were exempted
fromthe study.
Statistical package for social sciences (SPSS16)
Software was applied for performing the statistical
analysis.  Different variables including sex, H&E
staining patterns and immunohistochemical results
were calculated as frequency and percentages.
Sensitivity, Specificity, Positive and Negative
Predictive values were considered by means of 2x2
tables.
e Sensitivity = True Positives / True Positives + False
Negatives X100
e Specificity = True Negatives / True Negatives + FP
X100
e Positive Predictive Value = True Positives / True
Positives+FP X 100
e Negative Predictive Value = True Negatives / True
Negatives +FN X100

Results

Colonic biopsies were taken from 60 patients
showing an age range from two months to 10 years.
Male to female ratio was 3.2 to 1. Most common
presenting complaint was constipation (93%) while
some of them presented with abdominal distention
and delayed passage of meconium.

Out of total 60 biopsies (n=60), fifteen biopsies (25%)
were from rectosigmoid junction and fourteen (23%)
were rectal wall biopsies. On H & E, 30 biopsies
showed ganglion cells and the other 30 biopsies
showed that ganglion cells were absent. In 16 cases
(26.7%), ganglion cells were present in myenteric
plexus and 14 (23.3%) cases showed the presence of
ganglion cells in both messeiner's and myenteric
plexus. Out of 30 aganglionic segments, 13 cases
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(21.7%) showed nerve bundle hyperplasia. Calretinin
IHC was then applied on all ganglionic and
aganglionic biopsies. Out of the 30 ganglionic
segments, calretinin immunoexpression was seen in
27 segments but 3 ganglionic segments were
negative for calretinin despite the existence of
ganglion cells on routine H&E staining (10%). Out of
30 aganglionic segments calretinin
immunoexpression was seen in five cases (16.6%).
All the other 25 cases were negative for calretinin.
(Photomicrograph showing Calretinin
Immunostaining)

Therefore 32 cases {27 cases (90%) having ganglion
cellsonboth H & E and calretininand 5 (16.6 %) cases
which showed ganglion cells positive based on
calretinin, but H & E declared it negative} were true
positives. 25 (83.3%) cases were true negatives
showing no ganglion cells on H & E and calretinin. 3
(10%) cases are false negatives which are negative on
calretinin but having ganglion cells on H & E. So, this
method showed a sensitivity of 91.4 % and specificity
was found to be 100%. The positive predictive value
was found to be 100% and negative predictive value
was 89.2 %. (Tablel)

Table I: Utility of Calretinin ComparedtoH & E

H&E
Ganglion | Ganglion Total
Cells Cells Not
Seen Seen
Positive | 27(90%) | 5(16.6%) | 32
Calretinin 7 tive | 3(10%) | 25(83.3%) | 28
Total 30 30 60

Photomicrograph:

A: H & E Showing Ganglion Cells in Myenteric Plexus
(400x) arrow points ganglion cell

B: Calretinin ilmmunopositivity of Ganglionic Segment.
(400X)
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Discussion

As diagnosis of HD depends upon the demonstration
of the aganglionosis in the colonic biopsy specimens,
sometimes it becomes very difficult and tiresome;
necessitating furthermore serial cut sections on
H&E." To overcome these problems calretinin IHC is
now widely used in the diagnosis of HD.’

The age range of the patients in the current study
(n=60) was 2 months to 10 years. Rakhshani et al in
their study showed that age range of patients with
HD was, one day to 12 yr." Similarly Anbardar et al
demonstrated that age of patients suffering from the
disease was ranging from 2 days to 10 years.” The
current study showed a male predominance (75%).
Collins et al in their study showed that 82% of the
patients were male.” The study conducted by
Rakhshani et al also pointed male predominance
(67.1%)." Joseph et al in his study showed that
constipation was the most common complaint
(94.5%).” This was comparable to the current study
in which constipation (93%) was most common
presenting symptom. In present study out of the total
30 ganglionic segments (which showed ganglion cells
on H&E), 27 cases (90%) showed staining of ganglion
cells by calretinin. Out of the 30 aganglionic
segments calretinin IHC was able to pick 5 (16.6 %)
cases which were negative on H & E. This study
indicated a sensitivity of 91.4 % and specificity was
found to be 100%. The results were comparable to
the study conducted by Mukhopadhyay et al (n=80)
and it was shown that Calretinin IHC marker had
sensitivity equals to 96% and a specificity of value
100%. The positive predictive value was found to be
100% and negative predictive value was 92.59%."
Musa et al and Kazemi et al in their studies concluded
that calretinin immunostaining, is a very sensitive
(100%) and specific (100%) diagnostic tool to the
histopathological analysis in the suspected cases of
HD."" In adequate biopsy specimens calretinin IHC is
confirmatory, but in case of inadequate biopsies it is
decisive, and diagnostic as compared to H&E."” In
present study, out of 13 cases of nerve bundle
hyperplasia, not a single case showed positivity of
calretinin. Similar was the finding observed by Gabal
et al in their study that the nerve fibers showing
calretinin positivity alone was not sufficient to
consider the colonic biopsies as positive for
innervation to exclude Hirschsprung's disease.”
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3(10%) cases in the current study were classified as
false negative which were positive for ganglion cells
on H & E but did not show immunoreactivity with
calretinin. Many studies conducted describe the
reasons for false negative results of IHC in the
laboratories.”

Human inaccuracy leading to false negative results
comprise “wrong on slide control,” “no on-slide
control,” and “wrong protocol run,”. It is predicted
that the explanations for unsuccessful IHC staining,
and their incidences are inconstant among variable
laboratories based on test list, platforms, regularity
of use, conservation, and obviously the value of the
control materialsin place.””

Many researchers applied calretinin along with other
markers as ancillary techniques on rectal biopsies to
rule out aganglionosis. Study conducted by Takawira
et al has demonstrated that calretinin is superior to
acetylcholinesterase (AChE) as an ancillary
technique because it is readily available, can be
utilized on paraffin embedded tissue and helpful in
improving the diagnostic accuracy.’” Zani et al
observed in the survey study that as the loss of
calretinin staining is a marker of ganglion cell
absence in the colon of HD patients and can be easily
utilized on paraffin embedded tissue, it has widely
replaced AChE staining which is applied on frozen
sections.” Similar observation was made by Kovach
et al showing more significance of calretinin to
AChE.” Chisholm KM et al also reported that
calretininis easier toaccomplish and understand and
increases the investigative accurateness in patients
of HD.” There are few limitations in the study
including: small sample size, anatomical subtyping
of the lesion into short or long segment or total
colonic aganglionosis was not done and the data
regarding clinical follow-up was lacking. Further
studies with large sample size are suggested.
Research should be directed to describe the
calretinin immunostaining configurations of the
variable gut portionsincluding transitional zone, rare
types of Hirschsprung's disease, total
hypoganglionosis patients, and the anorectal
junction. Genetic studies for mutational analysis in
cases of HD should also be carried out.

Conclusion
Calretinin immunohistochemistry is an important
and reliable diagnostic tool showing high sensitivity
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and specificity that aids histopathological
examination in suspected HD. Hence based on
sensitivity and specificity we strongly recommend
the use of calretinin stain especially in cases where
ganglion cells are not seen on routine Hematoxylin
and Eosin staining.

REFERENCES:

1 AliA, Haider F, Alhindi S. The Prevalence and Clinical Profile
of Hirschsprung's Disease at a Tertiary Hospital in Bahrain.
Cureus.2021;13:(1): e12480. doi:10.7759/cureus.12480

2 Anderson JE, Vanover MA, Saadai P. Epidemiology of
Hirschsprung disease in California from 1995 to 2013.
Pediatr Surg Int. 2018, 34:1299-1303. 10.1007/s00383-018-
4363-9

3 Bradnock TJ, Knight M, Kenny S. Hirschsprung's disease in
the UK and Ireland: incidence and anomalies. Arch Dis Child.
2017;102:722-27.10.1136/archdischild-2016-311872

4 Yan BL, Bi LW, Yang QY. Transanal endorectal pull-through
procedure versus transabdominal surgery for Hirschsprung
disease: a systematic review and meta-analysis. Medicine
Baltimore. 2019, 98: el16777. 10.1097/
MD.0000000000016777

5 MusaZA, Qasim BJ, Ghazi HF. Diagnostic roles of calretinin in
hirschsprung disease: A comparison to neuron-specific
enolase. SaudiJ Gastroenterol. 2017; 23:60-6

6  Mukhopadhyay B, Sengupta M, Das C, Mukhopadhyay M,
Barman S, Mukhopadhyay B. Immunohistochemistry-based
comparative study in detection of Hirschsprung's disease in
infants in a Tertiary Care Center. Journal of laboratory
physicians.2017;9(2):76.

7 Jiang M, Li K, Li S, Yang L, Yang D, Zhang X, et al. Calretinin,
S$100 and protein gene product 9.5 immunostaining of rectal
suction biopsies in the diagnosis of Hirschsprung'disease.
American journal of translational research. 2016;8(7):3159

8 Jeongl,Kim SP,JungE, Choi SO. The Usefulness of Calretinin
Immunohistochemistry for Rectal Suction Biopsy to
Diagnose Hirschsprung's Disease. Journal of the Korean
Association of Pediatric Surgeons. 2016;22(2):23-8

9 Sikandar M, Nagi AH, Sikandar K, Naseem N, Qureshi I.
Calretinin Expression in Hirschsprung's Disease—A Potential
Marker of Ganglion Cells. Annals of Punjab Medical College.
2017;11(3):181-6.

10 Najjar S, Ahn S, Kasago |, Zuo C, Umrau K, Ainechi S, et al.
Image Processing and Analysis of Mucosal Calretinin
Staining to Define the Transition Zone in Hirschsprung
Disease: A Pilot Study. European Journal of Pediatric
Surgery. 2019;29(02):179-87.

11 RakhshaniN, Araste M, Imanzade F, Panahi M, Tameshkel FS,
Sohrabi MR, et al. Hirschsprung disease diagnosis: Calretinin
marker role in determining the presence or absence of
ganglion cells. Iranian journal of pathology. 2016;11(4):409.

12 Collins L, Collis B, Trajanovska M, Khanal R, Hutson JM,
Teague WJ, et al. Quality of life outcomes in children with
Hirschsprung disease. Journal of pediatric surgery.
2017;52(12):2006-10.

13 Joseph B M, Neema M, Mange M, Alphonce B C, Peter F R,



JIIMC 2022 Vol. 17, No.3

14

15

16

17

18

Phillipo L C Hirschsprung's disease in children: a five-year
experience at a university teaching hospital in
northwestern Tanzania. BMC Res Notes. 2014; 7: 410
Mukhopadhyay M, Das C, Kumari M, Mukhopadhyay B,
Saha AK. Evaluation of calretinin expression in diagnosis of
hirschsprung's disease: as an adjunct to histopathological
diagnosis. International Journal of Scientific Research.
2019;8(3).

Musa ZA, Qasim BJ, Ghazi HF, Al Shaikhly AW. Diagnostic
roles of calretinin in hirschsprung disease: A comparison to
neuron-specific enolase. Saudi journal of gastroenterology:
official journal of the Saudi Gastroenterology Association.
2017;23(1):60

Kazemi Aghdam M, Khoddami M, Mollasharifi T, Almasi-
Hashiani A. Diagnostic Value of Calretinin and S100
Immunohistochemistry in Hirschsprung's Disease.
International Journal of Pediatrics. 2019;7(6):9577-89.
Sheir M, Samaka RM, Fakhry T, Albatanony AA. Comparative
study between use of calretinin and synaptophysin
immunostaining in diagnosis of Hirschsprung disease.
International Surgery Journal. 2019;6(3):658-63.

Gabal HH, Osman WM, El Atti RM. Effectiveness of calretinin
immunohistochemistry with digital morphometry in

CONFLICT OF INTEREST
Authors declared no conflicts of Interest.
GRANT SUPPORT AND FINANCIAL DISCLOSURE
Authors have declared no specific grant for this
research from any funding agency in public,
commercial or nonprofit sector.

19

20

21

22

23

Diagnostic Utility of Calretinin IHC in HD

mapping of different segments of Hirschsprung disease.
EgyptianJournal of Pathology. 2016;36(1):9-18.

Cheung CC, Taylor CR, Torlakovic EE. An audit of failed
immunohistochemical slides in a clinical laboratory: the role
of on-slide controls. Applied Immunohistochemistry &
Molecular Morphology. 2017;25(5):308-12.

Cates JM, Troutman KA. Quality management of the
immunohistochemistry laboratory: a practical guide.
Applied immunohistochemistry & molecular morphology.
2015;23(7):471-80.

Zani A, Eaton S, Morini F, Puri P, Rintala R, Van Heurn E, et al.
European Paediatric Surgeons' Association survey on the
management of Hirschsprung disease. European Journal of
Pediatric Surgery. 2017;27(01):096-101.

Kovach AE, Pacheco MC. Ganglion Cells Are Frequently
Present in Pediatric Mucosal Colorectal Biopsies: H&E
Sections and Calretinin Immunohistochemistry in the
Evaluation of Children With Chronic Constipation. Pediatric
and Developmental Pathology. 2018;21(1):48-53.

Chisholm KM, Longacre TA. Utility of peripherin versus MAP-
2 and calretinin in the evaluation of Hirschsprung disease.
Applied Immunohistochemistry & Molecular Morphology.
2016;24(9):627-32.

DATA SHARING STATMENT
The data that support the findings of this study
are available from the corresponding author
uponrequest.

This is an Open Access article distributed under the terms of the Creative Commons Attribution- Non-

Commercial 2.0 Generic License.

174



