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Hirschsprung disease (HSCR) is a congenital malformation of the enteric nervous system, characterized by the absence

of ganglion cells in the distal intestine, resulting in spastic contractions at the affected bowel, and functional obstruction of

the intestine above the aganglionic levels. The worldwide incidence of HSCR is approximately 1 in 5000 live births with

various spectrums of defective involvements, clinical manifestations, and outcomes of treatment. Up to now, the only

treatment of choice for HSCR is surgery by resection of an aganglionic bowel segment and reconstruction of the normally

innervated intestine to the anus.
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1. Introduction

Hirschsprung disease (HSCR) is a congenital malformation of the enteric nervous system, characterized by the absence

of ganglion cells in the distal intestine, resulting in spastic contractions at the affected bowel, and functional obstruction of

the intestine above the aganglionic levels . The worldwide incidence of HSCR is approximately 1 in 5000 live births with

various spectrums of defective involvements, clinical manifestations, and outcomes of treatment . Up to now, the only

treatment of choice for HSCR is surgery by resection of an aganglionic bowel segment and reconstruction of the normally

innervated intestine to the anus . Currently, the surgical management for HSCR significantly improves symptoms and

prolongs patient life; however, the surgery does not always equate to curative therapy. About one-third of patients with

HSCR still develop postoperative complications , including obstructive symptoms, fecal soiling, and Hirschsprung-

associated enterocolitis (HAEC) . HAEC is a common life-threatening complication with about 5% mortality in HSCR

patients . HAEC is a severe inflammation of the intestine, and patients with HAEC will present with abdominal

distension, vomiting, fever, and the passage of foul-smelling or bloody stools. The overall incidence of HAEC is 25–35%

, and 25–37% of HSCR patients can develop HAEC after definitive treatment . The etiology of HAEC is unclear. Some

studies proposed underlying mechanisms behind HAEC, including decreased intestinal blood flow from marked and

prolonged bowel dilation, impaired epithelial barrier function, bacterial translocation, gut immune dysfunction, and

dysbiosis of gut microbiota .

2. The Alterations of Taxa in Gut Microbiota between Subjects with
Hirschsprung Disease and Healthy Controls: Evidence from Animal to
Clinical Studies

The majority of HSCR studies in animals found a significant increase in Proteobacteria and Bacteroidetes with a decrease

in Firmicutes at the phylum level . Some studies reported the reduction in Actinobacteria and the TM7 phylum in

HSCR mice . These findings were consistent with a relative increase in Proteobacteria and Bacteroidetes with a

decrease in Firmicutes in patients with bowel obstruction . With regard to the identifiable microbes of HSCR at the

genus, family, and species levels, most studies detected an increase in Escherichia , especially Escherichia coli under the

phylum of Proteobacteria , an increase in Bacteroides  and Tannerella  under Bacteroidetes phylum , and a

decrease in Lactobacillus  and Staphylococcus  under the Firmicutes phylum . Comparison of gut microbiota at

different ages of mutant mice found a decrease in Lactobacillus over time and an absence of this bacterium at a late age

. In a study using piglets, the stools of HSCR piglets tended to show an increase in Proteobacteria at the phylum level

and an increase in Fusobacterium , Mogibacterium , and Bilophilia , these bacteria acting as proinflammatory bacteria .

3. The Diversity of Gut Microbiota in Hirschsprung Disease with and
without Enterocolitis: Evidence from Animal to Clinical Studies

Owing to its importance in postoperative complications and clinical outcomes, several researchers studied and reported

the alterations in gut microbiota in HAEC episodes. Cheng Z et al. reported clinical enterocolitis or HAEC in HSCR mice

after microsurgical resection of the aganglionic segment . The alpha diversity of HAEC mice significantly reduced when

compared with wild-type mice, and tended to reduce when compared with HSCR mice without HAEC . Several pieces

of evidence reported alterations in gut microbiota in HAEC patients. Most of this evidence was cross-sectional in nature,

comparing gut microbiota between HSCR patients with clinical enterocolitis and those without enterocolitis, by measuring

gut microbiota at the time of the surgery and in the postoperative period . Two continuous studies showed a

significant difference in the beta diversity of gut microbiota between patients presenting with and without HAEC during the

operative time . Both studies also detected a distinct microbiome between the proximal ganglionic and distal
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aganglionic parts of the intestine in Hirschsprung disease . Yan Z and his colleagues found a greater alpha diversity

of gut microbiota in the distal aganglionic than that of the proximal intestine. They also found a significant increase in the

alpha diversity in HAEC when compared with HSCR patients without HAEC at the time of surgery . In a subgroup

analysis of Li and his colleagues, the authors detected a similarity in beta diversity of gut microbiota in both proximal and

distal parts of HAEC specimens . The comparison of gut microbiota between HAEC patients and patients who had a

history of HAEC, called “HAEC-remission”, found a similarity in the beta diversity in both groups. These findings

concluded that gut microbiota in an HAEC episode could lose the site-specific microbiome presented in Hirschsprung

disease. Interestingly, the disturbance in gut microbiota persisted even after the symptoms of enterocolitis were resolved

. There were two studies into the gut microbiota in patients who had a history of postoperative HAEC compared with

HSCR patients without a history of HAEC after definitive surgery, which implied that all the patients would not have the

symptoms of an intestinal obstruction. Frykman PK et al. showed that the bacterial microbiome significantly increased in

the enterocolitis group, while the diversity of the fungal mycobiome significantly reduced with an expansion of mycotic

pathogens such as Candida albicans , especially in severe HAEC . Moreover, the authors observed the depletion of

Malassezia and Saccharomyces species in the patients who had a history of HAEC after surgery . There was less

evidence to determine the mechanism of the overabundance of Candida due to limited information regarding long-term

antibiotic treatment which usually caused the fungal expansion. However, it was suggested there was a role of antifungal

therapy in selected HAEC patients . In addition, several clinicians found the co-incidence of prenatal cytomegalovirus

infection with HSCR patients. Some studies proposed the controversial association of prenatal cytomegalovirus infection

and the development of HSCR symptoms , but no study found a direct association between this virus and the

development of HAEC. All these of findings suggest that the contribution to enterocolitis by disturbance of the gut

microbiota may extend beyond bacteria . On the other hand, another study found a decrease in the richness of the

microbiota in HAEC patients after definitive surgery . The possible explanation for this inconsistency between studies

may be due to the difference in the ages of participants in each study and antibiotic usage. Regarding ages of

participants, the median age of patients was 2.7 years old in the HAEC group in a study by Frykman PK and colleagues,

while the median age in the HAEC group in a study by Neuvonen et al. was 12 years old. Regarding antibiotic usage, only

three patients out of nine in Frykman’s study received antibiotics for 2 months prior to the stool collection, while nearly all

patients in Neuvonen’s study used prophylactic oral antibiotics.

There were two longitudinal studies into intestinal tissue microbiota at the time of surgery and the development of

postoperative HAEC. Tang W et al. studied mucosal gut microbiota in Chinese HCSR patients at the time of surgery, then

followed up those patients for the potential development of clinical enterocolitis. The results found a decrease in alpha

diversity of patients who developed HAEC, known as “HAEC potential patients” . However, the study by Arbizu RA in

American HSCR patients showed an increase in the alpha diversity of aganglionic colonic tissue microbiota at the time of

surgery in the patients who developed postoperative HAEC . Although the purpose of the two studies was to identify

the characteristic of gut microbiota in the patients who would develop postoperative enterocolitis or HAEC potential

patients, there were differences in specimen collection for the investigation of gut microbiota between the studies. Tang’s

study used fresh mucosal specimens from the dilated colon to represent normal innervated tissue, while Arbizu’ study

used formalin- and paraffin-fixed tissue from the aganglionic segment to study gut microbiota. Therefore, the differences in

results of gut microbiota between the studies  may be due to the differences in collection and preparation of the

specimens.

There was one self-control study of fecal microbiota between HAEC and normal episodes in same patient after surgery

. The authors found a significant difference in the beta diversity of fecal microbiota between the time of HAEC and in

normal episodes . Due to the limited number of studies and different design of each study, a direct comparison of the

diversity of gut microbiota from each study has been impossible. Therefore, standardization of technique needs to be

adhered to in any future studies which compare the changes in gut microbiota at different time points, such as

preoperative, peri-operative, and postoperative periods, to discover the association between gut microbiota and the

development of HAEC. All these findings are illustrated in Table 1 .

Table 1. The diversity in gut microbiota in Hirschsprung disease with and without enterocolitis: evidence from animal to

clinical studies.
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HSCR with EC
Model/Age (N)

HSCR without
EC Model/Age
(N)

Specimens/Time
of Collection Methods

Diversity
Other
Findings Interpretation Re

Alpha Type of
Analysis Beta

HAEC
patients/2, 6
mo. (n = 2)

HSCR
patients/7, 12

mo. (n = 2)

Intestinal
content from

different
sections/during

surgery

16S rDNA
sequencing

(V1–3)
↑ OTUs Difference

HSCR had
greater

diversity in
distal than
proximal
samples.

HAEC had
greater

diversity in
proximal

than distal
samples.

HAEC
samples

increased the
alpha

diversity,
while both

HSCR-HAEC
had a

difference of
microbiome

between
proximal

(ganglionic)
and distal

(aganglionic)
parts of the
intestine.

HAEC/HAEC-R
patients/10 d.–
2 yrs. (n = 5/3)

HSCR
patients/10 d.–
2 yrs. (n = 5)

Intestinal
contents from

difference
sites/during

surgery

16S rRNA
sequencing

(V4)
N/A  

Difference
(HSCR-
HAEC)

Similarity
(HAEC-

HAEC-R)

HSCR
showed
distinct

microbiomes
between the

proximal-
distal

intestine.
Both HAEC

and HAEC-R
specimens
showed no

different
microbiota

in sites.

HAEC
specimens

found a loss
of a site-
specific

microbiome
of HSCR and
HAEC-R had

persistent
disturbance

similar to
HAEC even

when
symptoms of

EC were
resolved.

HAEC
patients/5 mo.–

8 yrs. (n = 9)

HSCR
patients/5 mo.–

8 yrs. (n = 9)

Stools/after
definitive
surgery

16S rRNA
sequencing

(V1–4)

↑
↓

(mycobiome)

Shannon
OTUs N/A  

The stools of
HSCR

patients had
an increased

alpha
diversity in

the
microbiome

but a
decreased

alpha
diversity in

the
mycobiome.

HAEC
patients/3–25
yrs. (n = 26)

HSCR
patients/3–25

yrs. (n = 8)

Stools/post
definitive
surgery

16S rDNA
sequencing

(V3–4)
↓ richness   N/A  

The loss of
richness in

the
microbiota
led to an

increase in
vulnerability
to colonizing
pathogens in

HAEC.

HAEC
episodes/3 yrs.

(n = 3)

Non-HAEC
episodes/3 yrs.

(n = 3)

Self-
comparisons of

stools

16S rRNA
sequencing ↔ Chao1 Difference  

There was a
difference in

Beta diversity
between

HAEC and
non-HAEC
periods.

post-op HAEC
patients/mostly
<3 mo. (n = 25)

HSCR
patients/mostly
<3 mo. (n = 50)

Mucosa at edge
of dilated

segment close
to normal/at

time of surgery

16S rRNA
sequencing

(V4)
↓

OTUs
Chao1

Shannon
Simpson

PD

Difference  

In
postoperative

HAEC
patients, a

decrease in
the alpha

diversity of
microbiota in

a mucosal
specimen at
the time of

surgery was
found.
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HSCR with EC
Model/Age (N)

HSCR without
EC Model/Age
(N)

Specimens/Time
of Collection Methods

Diversity
Other
Findings Interpretation Re

Alpha Type of
Analysis Beta

post-op HAEC
patients/mostly
<1 mo. (n = 4)

HSCR
patients/mostly
<1 mo. (n = 4)

Aganglionic
colonic tissue
formalin and

paraffin
fixation/at time

of surgery

16S rDNA
sequencing

(V3,4)
↑

observed
alpha

diversity

No
significant
difference

 

In
postoperative

HAEC
patients or

HAEC
potential

patients, an
increase in
the alpha

diversity of
microbiota in
aganglionic

colon
specimens at

the time of
surgery was

found
without

significant
difference in

the beta
diversity
between

HSCR and
potential

HAEC
groups.

Ednrb-/- mice
with HAEC/3–6

wks. (n = 6)

WT mice/3–6
wks. (n = 4)

Stool/PO
d0,14,28

16S rRNA
sequencing

(V4–5)
↓

OTUs
Chao1

Shannon
Simpson

PD

N/A  

In a potential
HAEC model,
a decrease in

the alpha
diversity of

microbiota in
stools at the

time of
surgery was

found.

Abbreviations: EC: enterocolitis; HAEC: Hirschsprung-associated enterocolitis; HSCR: Hirschsprung disease; rDNA:

ribosomal deoxyribonucleic acid; OTUs: Operational taxonomic units; HAEC-R: Hirschsprung-associated enterocolitis

remission; rRNA: ribosomal ribonucleic acid; EdnrB: Endothelin receptor type B; PO: postoperative day. ↑: increase or

higher in diversity, ↓: decrease or lower in diversity, ↔: no change or equal in diversity.

Due to the variation in design in the studies, it could not directly compare the concordant or discordant results regarding

the microbiota in HAEC patients. However,  those previous studies were divided into three groups with regard to timing of

specimen collection. The first group was the studies that collected specimens at the time of surgery and compared the

microbiota in patients with and without a history of HAEC . The authors did not always clearly identify that the

patients in the HAEC group were in an acute phase of HAEC at the time of surgery. Both studies of this group proposed

that the differences in beta diversity between patients with and without enterocolitis were observed . The second

group were in the postoperative condition, which compared the microbiota in patients with and without a history of HAEC,

without information regarding acute symptoms . This second group showed discordant diversity of postoperative gut

microbiota between patients with and without history of HAEC . The third group involved studies investigating gut

microbiota at the time of surgery without clinical HAEC to predict postoperative HAEC . Information regarding the

history and duration of anti-biotic treatment, which could greatly affect the alteration of gut microbiome, was not clearly

reported in many studies, making it impossible to determine the confounding effect of antibiotics. Until now, no study has

investigated the changes in gut microbiota at different time points of treatment in HSCR patients. In addition, no direct

comparison of gut microbiota in patients at an acute phase of enterocolitis and patients with a history of HAEC has been

carried out.

4. The Alterations in Gut Microbiota Taxa in Hirschsprung Disease with
and without Enterocolitis: Evidence from Animal to Clinical Studies

HSCR mice with enterocolitis after microsurgery showed a significant increase in Akkermansia in the phylum

Verrucomicrobia with a decrease in Bacteroides (phylum: Bacteroidetes) and Clostridium XIVa (phylum: Firmicutes ) . It

was  demonstrated that Akkermansia , a mucin-degrading bacteria found in rodents and humans, plays an

important role in intestinal barrier function as well as having an anti-inflammatory effect on the host. However, recent

studies found a reduction in Akkermansia in IBD patients . Some studies also showed a significant increase in

Akkermansia in rodents with colitis . Therefore, the role of Akkermansia is still elusive, particularly as to whether it acts

as a pathogen predisposing factor to instigate HAEC, or has a compensatory preventive role.
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Cross-sectional studies in children with and without a history of HAEC found an increase in Proteobacteria ,

especially Escherichia  and Enterobacteriaceae , with a decrease in the phylum Firmicutes  and

Bifidobacterium  from the phylum Actinobacteria in the patients with a history of HAEC. A predominance of the

phylum Proteobacteria was still detected in patients with a history of HAEC, when compared with patients without

enterocolitis episodes. This finding emphasized that the expansion of Proteobacteria was mainly associated with gut

dysbiosis, which can lead to many diseases. In addition, several studies reported a correlation between the susceptibility

to colitis and the overabundance of Proteobacteria . For example: (1) The genetically susceptible colitis mice,

lacking Toll-like receptor (TRL)-5, exhibited a disturbance of colonic mucous layers and delayed clearance of infectious

bacteria, leading to a dominance of Proteobacteria , especially from the family Enterobacteriaceae , resulting in a

predisposition to chronic colitis ; (2) IBD, chronic inflammation of the intestine, which has been proved to be associated

with innate and adaptive immune defects . Several IBD studies also demonstrated an increase in Proteobacteria with a

depletion of Firmicutes , when compared with normal controls ; (3) Tash-T mutant mice or HSCR mice showed a

dysregulated activity of Toll-like receptors (TLRs) at the surface of enteric neurons in the mutant intestine. Those mice

also showed an increase in Proteobacteria with a depletion of Firmicutes in HSCR mice, when compared with wild type .

All these findings in animal studies and clinical studies suggest that defects of both the mucosal barrier and immune

function in the HSCR intestine lead to increased susceptibility for colonization and invasion by infectious pathogens,

resulting in a predisposition to enterocolitis.

The alterations in the bacteria in the phylum Bacteroidetes were diverse. Some studies found an increase in bacteria in

the Bacteroidetes phylum , while others reported a decrease in Bacteroidetes  and Prevotella  in patients with a

history of HAEC. However, the Bacteroides bacteria were reduced in IBD patients . Therefore, an increase in

Bacteroides might play a protective role in HAEC, or might be associated with intestinal inflammation, rather than be

specific to HAEC.

Prospective studies into colonic microbiota at the time of surgery in postoperative HSCR participants showed an increase

in Enterobacteriaceae and Escherichia from the phylum Proteobacteria  and an in phylum Firmicutes  in HAEC

potential patients. Tang and colleagues also detected a total of 131-OTUs of microbiomes that had differences in potential

postoperative HAEC specimens in comparison with specimens of non-HAEC patients. It also identified 21-OTUs bacteria,

including nine OTUs in the Enterobacteriaceae family, to predict postoperative HAEC with 85% accuracy . This finding

is potentially useful in predicting the risk of postoperative HAEC in the patients in whom these colonic microbiomes were

detected at the time of surgery. The findings of the study by Arbizu differed from the study mentioned previously that

reported a tendency for Firmicutes bacteria to decrease in patients with a history of HAEC. The possible explanation may

be that the analysis of gut microbiota in the later study was carried out from the aganglionic segment of the colon at the

time of surgery which was free from enterocolitis . All these findings are illustrated in Table 2 .

Table 2. The alterations of gut microbiota taxa in Hirschsprung’s disease with and without enterocolitis: evidence from

animal to clinical studies.

HSCR with EC
Model/Age (N)

HSCR without
EC Model/Age
(N)

Specimens/Time
of Collection Methods

Taxonomy

Phylum Genus, Family, Species

  Proteobacteria Firmicutes Bacteroides

HAEC
patients/2, 6
mo. (n = 2)

HSCR
patients/7, 12

mo. (n = 2)

Intestinal
content from

different
sections/during

surgery

16S rDNA
sequencing

(V1–3)

↑Proteobacteria
↓Firmicutes

↑Enterobacteriaceae
↓Acinetobacter ↑Enterococcus ↑Bacteroide

HAEC/HAEC-R
patients/10 d.–
2 yrs. (n = 5/3)

HSCR
patients/10 d.–
2 yrs. (n = 5)

Intestinal
contents from

different
sites/during

Surgery

16S rRNA
sequencing

(V4)

↑↑Proteobacteria
↓↓ Bacteroidetes

↓Firmicutes

↑↑Escherichia
↓Acinetobacter ↓Veillonella ↓Bacteroide

HAEC
patients/5 mo.–

8 yrs. (n = 9)

HSCR
patients/5 mo.–

8 yrs. (n = 9)

Stool/after
complete
definitive
surgery

16S rRNA
sequencing

(V1–4)

↑Proteobacteria
↑Bacteroidetes

↓Firmicutes
↓Verrucomicrobia

  No significant
difference  

History of
HAEC

patients/3 mo–
8 yrs. (n = 9)

HSCR
patients/3 mo–

8 yrs. (n = 9)

Stool/after
definitive
surgery

16S rRNA
sequencing

(V1–4)

Dominated by
non-SCFA-
producing
bacteria
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HSCR with EC
Model/Age (N)

HSCR without
EC Model/Age
(N)

Specimens/Time
of Collection Methods

Taxonomy

Phylum Genus, Family, Species

  Proteobacteria Firmicutes Bacteroides

HAEC
patients/3–25
yrs. (n = 26)

HSCR
patients/3–25

yrs. (n = 8)

Stool/post
definitive
surgery

16S rDNA
sequencing

(V3–4)
 

↑↑Escherichia
↑↑Shigella

↑Proteobacteria

↑Lactococcus
↑Lactobacillus

↓↓Clostridia
↓Oscillospira
↓Holdemania

↓↓Prevotell

HAEC
patients/2

wks–2 yrs. (n =
10)

Non-HAEC
patients/2

wks–2 yrs. (n =
20)

Stool
16S rRNA
real time

PCR
       

HAEC
episodes/3 yrs.

(n = 3)

Non-HAEC
episodes/3 yrs.

(n = 3)

Self-comparison
of stool

16S rRNA
sequencing

↑Proteobacteria
↑Bacteroidetes
↑Cyanobacteria
↓Actinobacteria

     

post-op HAEC
patients/mostly
<3 mo. (n = 25)

HSCR
patients/mostly
<3 mo. (n = 50)

Mucosa at
dilated segment

close to
normal/at time

of surgery

16S rRNA
sequencing

(V4)
  ↑Enterobacteriaceae    

post-op HAEC
patients/mostly
<1 mo. (n = 4)

HSCR
patients/mostly
<1 mo. (n = 4)

Aganglionic
colonic tissue
formalin and

paraffin
fixation/at time

of surgery

16S rDNA
sequencing

(V3,4)

↑↑Firmicutes
↑Bacteroidetes
↑Cyanobacteria

↑Escherichia

↑Dolosigranulum
↑Streptococcus

↑Roseburia
↑Enterococcus

 

Ednrb-/- mice
with HAEC/3–6

wks. (n = 6)

Ednrb-/- mice
without

HAEC/3–6 wks.
(n = 4)

Stool/PO
d0,14,28

16S rRNA
sequencing

(V4–5)

↑↑Verrucomicrobia
↓Bacteroidetes
↔Firmicutes

  ↓Clostridium
XIVa

↓Bacteroidet
↓Dysgonom

Abbreviations: EC: enterocolitis; HAEC: Hirschsprung-associated enterocolitis; HSCR: Hirschsprung disease; rDNA:

ribosomal deoxyribonucleic acid; HAEC-R: Hirschsprung-associated enterocolitis remission; rRNA: ribosomal ribonucleic

acid; SCFA: short-chain fatty acid; PCR: polymerase chain reaction; EdnrB: Endothelin receptor type B; PO: postoperative

day. ↑: increase or higher, ↓: decrease or lower, ↔: no change or equal.

References

1. Lager, J.C. Hirschsprung disease. In Holcomb and Ashcraft’s Pediatric Surgery, 7th ed.; Holcomb, G.W., Ed.; Elsevier:
Philadelphia, PA, USA, 2020; Volume 7, pp. 557–558.

2. Gosain, A.; Frykman, P.K.; Cowles, R.A.; Horton, J.; Levitt, M.; Rothstein, D.H.; Langer, J.C.; Goldstein, A.M. Guideline
s for the diagnosis and management of Hirschsprung-associated enterocolitis. Pediatr. Surg. Int. 2017, 33, 517–521.

3. Heuckeroth, R.O. Hirschsprung disease—Integrating basic science and clinical medicine to improve outcomes. Nat. Re
v. Gastroenterol. Hepatol. 2018, 15, 152–167.

4. Gosain, A. Established and emerging concepts in Hirschsprung’s-associated enterocolitis. Pediatr. Surg. Int. 2016, 32,
313–320.

5. Ward, N.L.; Pieretti, A.; Dowd, S.E.; Cox, S.B.; Goldstein, A.M. Intestinal aganglionosis is associated with early and sus
tained disruption of the colonic microbiome. Neurogastroenterol. Motil. 2012, 24, 874-e400.

6. Arnaud, A.P.; Hascoet, J.; Berneau, P.; LeGouevec, F.; Georges, J.; Randuineau, G.; Formal, M.; Henno, S.; Boudry, G.
A piglet model of iatrogenic rectosigmoid hypoganglionosis reveals the impact of the enteric nervous system on gut bar
rier function and microbiota postnatal development. J. Pediatr. Surg. 2021, 56, 337–345.

7. Neuvonen, M.I.; Korpela, K.; Kyrklund, K.; Salonen, A.; de Vos, W.; Rintala, R.J.; Pakarinen, M.P. Intestinal Microbiota i
n Hirschsprung Disease. J. Pediatr. Gastroenterol. Nutr. 2018, 67, 594–600.



8. Toure, A.M.; Landry, M.; Souchkova, O.; Kembel, S.W.; Pilon, N. Gut microbiota-mediated Gene-Environment interactio
n in the TashT mouse model of Hirschsprung disease. Sci. Rep. 2019, 9, 492.

9. Pierre, J.F.; Barlow-Anacker, A.J.; Erickson, C.S.; Heneghan, A.F.; Leverson, G.E.; Dowd, S.E.; Epstein, M.L.; Kudsk,
K.A.; Gosain, A. Intestinal dysbiosis and bacterial enteroinvasion in a murine model of Hirschsprung’s disease. J. Pedia
tr. Surg. 2014, 49, 1242–1251.

10. Hegde, S.; Lin, Y.M.; Golovko, G.; Khanipov, K.; Cong, Y.; Savidge, T.; Fofanov, Y.; Shi, X.Z. Microbiota dysbiosis and it
s pathophysiological significance in bowel obstruction. Sci. Rep. 2018, 8, 13044.

11. Cheng, Z.; Zhao, L.; Dhall, D.; Ruegger, P.M.; Borneman, J.; Frykman, P.K. Bacterial Microbiome Dynamics in Post Pull
-Through Hirschsprung-Associated Enterocolitis (HAEC): An Experimental Study Employing the Endothelin Receptor B
-Null Mouse Model. Front. Surg. 2018, 5, 30.

12. Frykman, P.K.; Nordenskjold, A.; Kawaguchi, A.; Hui, T.T.; Granstrom, A.L.; Cheng, Z.; Tang, J.; Underhill, D.M.; Iliev, I.;
Funari, V.A.; et al. Characterization of Bacterial and Fungal Microbiome in Children with Hirschsprung Disease with and
without a History of Enterocolitis: A Multicenter Study. PLoS ONE 2015, 10, e0124172.

13. Li, Y.; Poroyko, V.; Yan, Z.; Pan, L.; Feng, Y.; Zhao, P.; Xie, Z.; Hong, L. Characterization of Intestinal Microbiomes of Hi
rschsprung’s Disease Patients with or without Enterocolitis Using Illumina-MiSeq High-Throughput Sequencing. PLoS
ONE 2016, 11, e0162079.

14. Yan, Z.; Poroyko, V.; Gu, S.; Zhang, Z.; Pan, L.; Wang, J.; Bao, N.; Hong, L. Characterization of the intestinal microbio
me of Hirschsprung’s disease with and without enterocolitis. Biochem. Biophys. Res. Commun. 2014, 445, 269–274.

15. Mao, Z.Q.; Huang, Y.; Sun, M.; Ruan, Q.; Qi, Y.; He, R.; Huang, Y.J.; Ma, Y.P.; Ji, Y.H.; Sun, Z.R.; et al. Genetic polymor
phism of UL144 open reading frame of human cytomegalovirus DNA detected in colon samples from infants with Hirsch
sprung’s disease. World J. Gastroenterol. 2007, 13, 4350–4354.

16. Tam, P.K.; Quint, W.G.; van Velzen, D. Hirschsprung’s disease: A viral etiology? Pediatr. Pathol. 1992, 12, 807–810.

17. Tang, W.; Su, Y.; Yuan, C.; Zhang, Y.; Zhou, L.; Peng, L.; Wang, P.; Chen, G.; Li, Y.; Li, H.; et al. Prospective study reve
als a microbiome signature that predicts the occurrence of post-operative enterocolitis in Hirschsprung disease (HSCR)
patients. Gut Microbes 2020, 11, 842–854.

18. Arbizu, R.A.; Collins, D.; Wilson, R.C.; Alekseyenko, A.V. Evidence for Differentiation of Colon Tissue Microbiota in Pati
ents with and without Postoperative Hirschsprung’s Associated Enterocolitis: A Pilot Study. Pediatr. Gastroenterol. Hep
atol. Nutr. 2021, 24, 30–37.

19. Singer, G.; Kashofer, K.; Castellani, C.; Till, H. Hirschsprung’s Associated Enterocolitis (HAEC) Personalized Treatment
with Probiotics Based on Gene Sequencing Analysis of the Fecal Microbiome. Case Rep. Pediatr. 2018, 2018, 329230
9.

20. Derrien, M.; Belzer, C.; de Vos, W.M. Akkermansia muciniphila and its role in regulating host functions. Microb. Pathog.
2017, 106, 171–181.

21. Macchione, I.G.; Lopetuso, L.R.; Ianiro, G.; Napoli, M.; Gibiino, G.; Rizzatti, G.; Petito, V.; Gasbarrini, A.; Scaldaferri, F.
Akkermansia muciniphila: Key player in metabolic and gastrointestinal disorders. Eur. Rev. Med. Pharmacol. Sci. 2019,
23, 8075–8083.

22. Håkansson, Å.; Tormo-Badia, N.; Baridi, A.; Xu, J.; Molin, G.; Hagslätt, M.L.; Karlsson, C.; Jeppsson, B.; Cilio, C.M.; Ah
rné, S. Immunological alteration and changes of gut microbiota after dextran sulfate sodium (DSS) administration in mic
e. Clin. Exp. Med. 2015, 15, 107–120.

23. Shen, D.H.; Shi, C.R.; Chen, J.J.; Yu, S.Y.; Wu, Y.; Yan, W.B. Detection of intestinal bifidobacteria and Lactobacilli in pa
tients with Hirschsprung’s disease associated enterocolitis. World J. Pediatr. 2009, 5, 201–205.

24. Shin, N.R.; Whon, T.W.; Bae, J.W. Proteobacteria: Microbial signature of dysbiosis in gut microbiota. Trends Biotechnol.
2015, 33, 496–503.

25. Carvalho, F.A.; Koren, O.; Goodrich, J.K.; Johansson, M.E.; Nalbantoglu, I.; Aitken, J.D.; Su, Y.; Chassaing, B.; Walters,
W.A.; González, A.; et al. Transient inability to manage Proteobacteria promotes chronic gut inflammation in TLR5-defic
ient mice. Cell Host Microbe 2012, 12, 139–152.

26. Knights, D.; Silverberg, M.S.; Weersma, R.K.; Gevers, D.; Dijkstra, G.; Huang, H.; Tyler, A.D.; van Sommeren, S.; Imha
nn, F.; Stempak, J.M.; et al. Complex host genetics influence the microbiome in inflammatory bowel disease. Genome
Med. 2014, 6, 107.

27. Morgan, X.C.; Tickle, T.L.; Sokol, H.; Gevers, D.; Devaney, K.L.; Ward, D.V.; Reyes, J.A.; Shah, S.A.; LeLeiko, N.; Snap
per, S.B.; et al. Dysfunction of the intestinal microbiome in inflammatory bowel disease and treatment. Genome Biol. 20
12, 13, R79.

28. Gong, D.; Gong, X.; Wang, L.; Yu, X.; Dong, Q. Involvement of Reduced Microbial Diversity in Inflammatory Bowel Dise
ase. Gastroenterol. Res. Pract. 2016, 2016, 6951091.

29. Lavelle, A.; Lennon, G.; O’Sullivan, O.; Docherty, N.; Balfe, A.; Maguire, A.; Mulcahy, H.E.; Doherty, G.; O’Donoghue,
D.; Hyland, J.; et al. Spatial variation of the colonic microbiota in patients with ulcerative colitis and control volunteers.
Gut 2015, 64, 1553–1561.



30. Santoru, M.L.; Piras, C.; Murgia, A.; Palmas, V.; Camboni, T.; Liggi, S.; Ibba, I.; Lai, M.A.; Orrù, S.; Blois, S.; et al. Cros
s sectional evaluation of the gut-microbiome metabolome axis in an Italian cohort of IBD patients. Sci. Rep. 2017, 7, 95
23.

31. Demehri, F.R.; Frykman, P.K.; Cheng, Z.; Ruan, C.; Wester, T.; Nordenskjold, A.; Kawaguchi, A.; Hui, T.T.; Granstrom,
A.L.; Funari, V.; et al. Altered fecal short chain fatty acid composition in children with a history of Hirschsprung-associat
ed enterocolitis. J. Pediatr. Surg. 2016, 51, 81–86.

Retrieved from https://encyclopedia.pub/entry/history/show/47987


