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ABSTRACT 
Introduction: Hirschsprung's disease (HSCR), commonly 
known as aganglionic megacolon, is a rare congenital 
intestinal illness. Hirschsprung-associated enterocolitis 
(HAEC), an HSCR complication, is the major cause of 
morbidity and mortality in patients. Many research has 
highlighted specific microbiomes that promote HAEC, 
although there is still controversy on microbiome 
management. The aim of this study is to profile the gut 
microbiome of paediatric patients on HSCR with or without 
HAEC. 
 
Materials and Methods: We conducted an analytical 
descriptive systematic review of relevant case reports from 
inception research articles between January 2014 to October 
2024 using 3 databases following PRISMA guidelines. We 
extracted data of gut microbiomes in humans with HSCR 
with or without HAEC. Data about microbiome’s effects on 
gut physiology were also extracted. 
 
Results: This study identified 244 citations; 17 articles were 
included and analyzed. Proteobacteria were the most 
common bacteria in HSCR patients developing HAEC and 
Bacteroidetes were the most common bacteria found in 
HSCR patients without HAEC. 
 
Conclusion: Proteobacteria were associated in HSCR 
patient developing HAEC. Therefore, gut microbiome 
dysbiosis may also be the key point to prevent HAEC. 
 
KEYWORDS:  
Gut microbiome, Hirschsprung diseases, Aganglionic megacolon, 
Hirschsprung Associated Enterocolitis 
 
 
INTRODUCTION 
Hirschsprung's disease (HSCR), commonly known as 
aganglionic megacolon, is a rare congenital intestinal illness 
caused by the early termination of craniocaudal migration of 
enteric neuroblasts during development, resulting in distal 
intestine aganglionosis and bowel obstruction.1-2,4,8 This 
condition can extend into the proximal colon but rarely 
affects the small intestine.2 Consequently, various lengths of 
the distal colon are unable to relax, resulting in functional 
colonic blockage over time.2-3,6 
 

It affects around 1 in every 5,000 births.2 Most individuals 
with heritable variation are detected through rectal biopsy in 
the newborn period due to substantial constipation; 
nevertheless, a subset of infants shows symptoms until early 
childhood or even adolescence.2,5 
 
The most serious complication is HSCR associated 
enterocolitis (HAEC), which occurs in up to between 17.3% 
and 35% of cases and can have severe long-term 
implications, including death, with a mortality rate of 1 to 
10%.2,5,7 
 
Hirschsprung's associated enterocolitis (HAEC), defined as a 
clinical syndrome characterized by diarrhea, stomach 
discomfort, fever, and, eventually, septic shock.4,6 
 
The specific pathophysiology of HAEC is mostly unknown, 
even though various explanations have been hypothesized, 
including intestinal barrier failure, decreased gastrointestinal 
mucosal immunity, and dysbiosis of the enteric microbiota 
may contribute to HAEC.3,5 
 
Most critically, HAEC remains the major cause of death 
among infants and children with HSCR HAEC is 
distinguished by inflammation of the intestinal crypts, crypt 
dilatation with mucus retention, abscess formation, mucosal 
ulceration, and transmural necrosis of the colon near the 
affected section.4 Bacterial translocations across the intestinal 
wall in conjunction with particular changes of the intestinal 
microbiota have been hypothesized as a contributing 
mechanism in the development of HAEC.4 
 
Recent studies suggest that an aberrant intestinal milieu, 
particularly gut microbiota, plays a role in the etiology of 
HSCR.2  
 
The microbiome is the complete set of bacteria, genes, and 
genomes in a given environment.5 The human body contains 
approximately 10 times more bacteria than somatic and 
germ cells.5 Most live in human gastrointestinal system, 
which is thought to contain 10 to 100 trillion microbial cells 
and over 1000 species.5 The gut microbiota is a diverse 
collection of bacteria. Most live in the distal ileum and colon, 
which have the ideal habitat for microbial nutrients (e.g., 
vital amino acids, vitamins) and indigestible substances (e.g., 
plant polysaccharides).5 
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The gut microbiome begins to colonize after birth and 
changes dramatically.2 Indeed, abnormal microbiome 
composition and dynamics have been found in HSCR 
patients, particularly those with HAEC.1.2 Intestinal 
microbiome changes composition and relative microbial 
abundance during growth from infancy to adulthood.1-2 Early 
childhood is characterized by differential temporal 
development of gut microbiota.1.2 Certain microorganisms 
(Proteobacteria and Enterobacteriaceae amongst all) show 
major abundance after birth and decrease later, towards 
adulthood.1 
 
Although certain microbes, bacteria, or viruses resemble 
pathogens, the majority of intestinal microorganisms provide 
numerous benefits, including as strengthening the gut 
barrier, creating nutrition, boosting pathogen interception, 
and modifying host immunity.5 A healthy gut environment is 
distinguished by a diversified and plentiful microbiota that is 
dominated by Bacteroidetes, Firmicutes, and Actinobacteria.5 
Other typical characteristics include an intact mucosal 
barrier and high short chain fatty acid (SCFA) synthesis.5  
These balancing processes can be disrupted by altered 
microbial composition and function, known as dysbiosis, 
which is generally characterized by changes in the microbial 
population and its function, as well as disturbance of mucus 
and epithelial barriers.5  Dysbiosis is linked to a variety of GI 
illnesses, including HSCR.5,8 
 
Based on these considerations, our study aims is to profile the 
gut microbiome of pediatric patients on HSCR with or 
without HAEC.  
 
 
MATERIALS AND METHODS 
Following the guidelines set by the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA), we 
developed the procedures for the current systematic review.  
 
Literature Search  
For this review, keywords and Medical Subject Heading 
phrases were utilized to search PubMed/Medical Literature 
Analysis and Retrieval System Online (MEDLINE) (2014-
October 2024), Science Direct (2014-October 2024), and 
Springer (2014-October 2024) focusing on four key concepts: 
studies investigating microbiota in Hirschsprung Diseases 
(HSRC), HSRC with Hirschsprung Associated Enterocolitis 
(HAEC), HSRC without HAEC, and the microbiota profile 
leading to HAEC in HSRC. References found in the identified 
papers were reviewed to generate additional studies. After 
retrieving all full texts, 17 articles were included in this 
review. The Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) technique was used for search 
screening and article selection (Figure 1). 
 
The inclusion criteria were English-language items only, 
journals focused on the gut microbiome of Hirschsprung 
Diseases with or without HAEC, and publications from the 
last 10 years with available full texts.  
 
Exclusion criteria included Systematic Review journals, 
research data before 2014, and studies that did not discuss 
gut microbiota. Data collection yielded 203 papers after 

screening titles and abstracts out of 250 initial studies found, 
with 17 papers qualifying for analysis after full-text reading 
(Figure 1). 
 
 
RESULTS 
Out of 244 literatures, we include and analyze 17 articles, 16 
of them were studies in humans and 1 of them was genome 
study. The sample used mostly came from fecal and soft 
tissue, but there were some studies using intestinal content 
and genome database for the sample. 
 
In Figure 2 and Table I, we could see that most of the study 
found out that Bacteroidetes was the dominant gut 
microbiome in HSCR patients and Proteobacteria was the 
dominant gut microbiome in HAEC patients. 
 
 
DISCUSSION 
Hirschsprung-associated enterocolitis is severe and lethal 
complication that can happen in HSCR patient, this 
condition mostly characterized by fever, abdominal 
distention, diarrhea, and sepsis; this complication is leading 
cause of morbidity of HSCR patients and can occur pre- and 
postoperatively.9 
 
There are several risk factors known that can develop HAEC; 
pre-operatively factor such as family history of HSCR, long 
segment HSCR, trisomy 21, presence of associated congenital 
anomalies, and delay in diagnosis of HSCR can lead to HAEC; 
postoperative risk factors such as the presence of the residual 
aganglionic segment after definitive surgery that can happen 
if an area of bowel or the transition zone between normal 
and aganglionic bowel is not entirely resected, bowel torsion 
proximal to the anastomosis site,  formation of an 
anastomotic stricture, cuff stenosis on the pulled-through, 
bowel dysmotility or functional obstruction after pulled-
through procedure.9   
 
Dysbiosis is the novel insight of HAEC risk factor, dysbiosis is 
condition that happens when there is unbalance of gut 
microbiome.10 Our study found that microbiome in HSCR 
patients were dominated by Bacteroidetes, on the other hand 
HAEC patient dominated by Proteobacteria. 
 
Bacteroidetes 
Bacteroidetes frequently inhabit soil ecosystems and are 
associated with diverse eukaryotic hosts like plants, animals, 
and humans. Alterations in gut and plant microbiome 
community structures often align with dysbiosis and changes 
in host performance. The main bacterial phyla in eukaryotic 
microbiomes are Firmicutes, Bacteroidetes, Proteobacteria, 
and Actinobacteria.11 
 
Bacteroides species are usually benign commensals in the gut 
but can turn into opportunistic pathogens when they move to 
other parts of the body. For instance, Bacteroides fragilis, a 
gut symbiont, is often found as an opportunistic pathogen 
and is the most common isolation from intra-abdominal 
abscesses. In the gut, Bacteroides species perform various 
roles, such as defending against pathogens and supplying 
nutrients to other gut microbes.12 
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Classifying Gram-negative Bacteroidetes has been 
challenging, but recent whole-genome sequencing data has 
improved their phylogenetic delineation. With over 32,000 
genomes sequenced and assembled, the Bacteroidetes 
(Bacteroidota) phylum is now divided into six main classes: 
Bacteroidia, Cytophagia, Flavobacteriia, Chitinophagia, 
Sphingobacteriia, and Saprospira.13 
 
A study by Prato et al. on gut microbiomes found that nearly 
70% of RSA patients had gut communities composed of over 
33% Bacteroidetes, while all TCSA communities had less than 
2% Bacteroidetes, showing a significant difference. 

Additionally, the TCSA microbiota exhibited a greater 
presence of Proteobacteria compared to the RSA microbiota. 
At the genus level, Bacteroides made up more than 25% of 
the gut microbiota in most RSA patients, whereas all TCSA 
patients had less than 1% Bacteroides. Furthermore, Prato et 
al.'s study found no clear correlations between HEAC status, 
genetic background, phenotype, and gut microbiota both 
before and after surgery.13 
 
Collectively, these findings suggest that Bacteroidetes may 
play a protective role in active HAEC and may return to 
baseline levels in HSCR patients after an HAEC episode.14 

Fig. 1: Distribution of microbiome in HAEC and non-HAEC 

Fig. 2: Distribution of microbiome in HAEC and non-HAEC 
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Proteobacteria 
Proteobacteria — a diverse phylum that includes many 
facultative Gram-negative pathogens such as Escherichia 
and members of the Enterobacteriaceae — are consistently 
overrepresented in the guts of patients who experience 
recurrent HAEC.13 The pathomechanism of Proteobacteria, 
which are prevalent in patients with recurrent HAEC, 
involves breaching the inner mucus layer by releasing 
virulence factors that have mucinase activity (mucin-
degrading enzymes, adhesins, endotoxin/LPS and secretion 
systems). However, if patients with HSCR have a 
compromised inner mucus layer, their ability to clear these 
pathogens is reduced, making them more susceptible to 
Proteobacteria colonization, which can potentially lead to 
HAEC.15  
 
In children with HSCR the inner mucus layer and other 
barrier defenses are commonly altered — studies report 
reduced mucus integrity, disturbed short-chain fatty acid 
profiles that weaken mucosal defense and altered local 
immunity (decreased protective secretory IgA or dysregulated 
antimicrobial peptide expression).20 When mucus production 
or organization is compromised, the normal mechanical and 
biochemical clearance of invading or overgrowing 
Proteobacteria is impaired; reduced motility from the 
aganglionic bowel segments further slows luminal clearance 
and favours overgrowth.14  
 
These factors can create a permissive niche in which mucin-
degrading Proteobacteria can expand, contact the epithelium 
more readily, and trigger an exaggerated mucosal 
inflammatory response — the clinical syndrome recognized 
as HAEC. This pathobiological model helps explain why 
some HSCR patients are repeatedly susceptible to enterocolitis 
even after surgery: persistent dysbiosis, a weakened mucus 
barrier, and impaired local immune/motility defenses act 
together to reduce pathogen clearance and permit 
Proteobacteria-driven inflammation.13,20 
 
Decreasing the risk 
Some studies mention that breast feeding can reduce the risk 
of development of HAEC by 40%, that proved by the 
decreasing biosynthesis and release of LPS and reduce 
postoperative HAEC occurrence moreover some studies also 
mentioned that HSCR patients with exclusive breastfeeding 
had diversity of gut microbiome.17,18 Probiotic administrations 
especially that contain Bifodobacterium can reduce the risk 
of HAEC in HSCR patients, Bifidobacterium can suppress 
inflammation process using the SCFA that it produced; that 
was proved by some studies that found that SCFA in HAEC 
patients 4 times lower than in HSCR patients, moreover 
Bifodobacterium also higher in healthy individuals than in 
HSCR patients with history of HAEC.1,16 
 
 
LIMITATIONS AND RECOMMENDATION 
The numbers of patients and samples were limited. 
Additional research is needed to understand more fully the 
role and effect of microbiota and complex interactions that 
cause HAEC. There is a lack of clinical trials available in the 
field, and thus, the management strategies remain quite 
limited.With increasing knowledge of the role of gut 

microbiota dysbiosis in HAEC can provide novel specific 
interventions to improve dysbiosis and protect against the 
development of enterocolitis in the future. 
 
 
CONCLUSIONS 
We conclude that Proteobacteria were associated in dysbiosis 
HSCR patient developing HAEC. and Bacteroidetes were 
found in non-HAEC. With this information, Bacteriodetes 
microbiota can be used to control HAEC and Procteobacteria 
populations. In the future, microbiome nutritional therapy 
can be created so that microbiota can become dominant and 
avoid HAEC. 
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