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ABSTRACT
Acute appendicitis is the most common abdominal surgical emergency. Since the work of Fitz in the XIX century it has been 
assumed that luminal obstruction is the main pathological event. However, this theory has been recently challenged by some 
new insights that suggest that an allergic reaction can be one of the possible causes or co-factors. The current knowledge on the 
aetiology of acute appendicitis was reviewed in this article, with a special emphasis on allergic features.
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RESUMO
A apendicite aguda é a mais comum urgência cirúrgica abdominal. Desde o trabalho paradigmático de Fitz, no final do  
século XX, assumiu-se que a obstrução do lúmen apendicular é o principal evento patológico. Esta teoria foi questionada 
recentemente, pois alguns estudos sugerem que a alergia pode ser uma causa ou co-factor na etiologia da apendicite aguda.  
Os autores procedem a revisão da etiologia da apendicite aguda, com particular enfase na reação alérgica.

Palavras-chave: apendicite; alergia; etiologia; reação de hipersensibilidade tipo 1; reação imune; resposta imune.
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INTRODUCTION

The vermiform appendix has occupied a curious 
place in history, from an organ with an undefined 
biological function to an inflammatory site leading 
to an almost immediate surgical removal1.

In fact, acute appendicitis (AA) is the most 
common abdominal emergency, with an 
estimated lifetime risk of approximately 7% to 
8% worldwide,2 and the most common diagnosis 
requiring hospitalization of both children and  
adults3.

Artigos Originais

https://doi.org/10.34635/rpc.893
https://orcid.org/0000 0001 9325 0145
http://orcid.org/0000-0001-5529-2045
https://orcid.org/0000-0003-1321-3278
https://orcid.org/0000-0002-7550-8285


Nuno	Carvalho,	Filipe	Borges,	Beatriz	Costa,	Paulo	Costa

2

no restriction on the date of publication. Titles 
and abstracts were screened and full-text articles 
were obtained. Revision articles, meta-analysis and 
systematic reviews were also evaluated even if no 
mention to aetiology was present. The reference 
lists of the obtained articles were reviewed for 
further identification of potentially relevant studies. 
Articles not clearly addressing aetiology, with no 
full-text available and not written in English were  
excluded.

The search method resulted in 2033 articles, with 
60 proving to be relevant, becoming the final list of 
analysed studies

Fig. 1 – Flow Chart Diagram systematic search process
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RESULTS

Based on the available evidence, it is most likely 
that several aetiologies can be proposed for AA. 
However, bacterial overgrowth in the appendicular 
lumen is a common feature of all the main possible 
hypotheses: infection, hygiene, diet, ischemia, 
genetics, trauma, foreign bodies, obstruction and 
type 1 hypersensitivity reaction6. In this review, we 

Since the original description of Reginald Fitz in 
1886, little has been advanced on the subject of its 
aetiology4,5.

It is assumed that luminal obstruction is the main 
pathophysiological event that leads to appendicular 
inflammation. However, critical examination of 
the available data shows that there is little evidence 
of luminal obstruction being the main cause of 
appendicitis6. A recent study showed that fruit seeds 
and undigested plant residues were present in the 
lumen of only 0,4% of 1696 resected appendices7. 
In 85 appendectomies for clinical diagnosis 
of appendicitis, we found only 6 six luminal 
appendicoliths (unpublished data). It’s interesting 
and humbling that not only a disease of such a 
small organ can so frequently give rise to severe and 
possibly fatal complications, but also that the causes 
of its pathology are still not fully understood8,9.

Some recent insights suggest that allergy can have 
an aetiologic role in AA10,11,12. The microbiota of 
the appendicular environment may be a co-factor 
which triggers the allergy and inflammation of the 
appendice13,14.

OBJECTIVE

To evaluate the current knowledge on acute 
appendicitis aetiology, with emphasis on allergy as 
a possible etiological factor.

MATERIAL AND METHOD

An overview was conducted using a comprehensive 
search strategy in the following databases: Pubmed 
(138), Research Gate (110) and Scopus (1785).

The search strategy included free-text terms 
“appendicitis, aetiology, allergy, Hypersensitivity 
type 1 reaction, immune reaction, immune response”. 
The search was made with the term appendicitis 
AND any other of the terms described above. The 
review included articles published in English, with 
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is surprisingly limited and the role of microbes in 
the pathogenesis of appendicitis is uncertain15. A 
microbiological cause has often been suggested, 
since the pathologic spectrum of AA encompasses 
a wide range of infectious entities, such as viral, 
bacterial, fungal and parasitic organisms, that can 
be either associated with specific histologic findings 
or not16. A number of microorganisms, including 
Bacteroides, Peptostreptococcus, Fusobacterium, 
and Bilophila have been isolated from appendicular 
cultures in AA15.

Efficacy of antibiotic therapy for AA 
further indicates bacterial involvement in its 

will describe the latest advances published in the 
literature regarding AA aetiologic and pathogenic 
features, with emphasis on allergy. Table 1 presents 
the most common and relevant etiological factors in 
acute appendicitis.

Infection

Although it has traditionally been stated 
that bacterial overgrowth in the appendix is 
secondary to appendicular obstruction and/or 
inflammation, the data supporting this concept 

Table 1. – Etiological factors in acute appendicitis

Aetiology Reference Study Design Conclusion

Infection Schülin 13 Comparative Escherichia coli predominant AA

Infection Oh 14 Comparative Campylobacter jejuni predominant AA

Infection Peeters 17 Observational Differences in microbioma

Infection Salö 21 Prospective No differences in microbioma

Infection Roger 59 Cohort Fusobaterium pathogenese AA

Diet Nelson27 Case-Control Fiber intake AA same controls

Diet Arnbjornsson 28 Case-control Fiber intake AA lower than controls

Diet Damanik 29 Cross-sectional Positive correlation fiber intake and AA

Obstruction Jones 26 Comparative Fecaliths more common AA

Obstrution Wangensteen 34 Experimental Luminal obstruction dogs produce AA

Genetics Dimberg 18 Prospective Gene morphism correlate AA histology

Genetics Rivera 30 Comparative IL-6 gene correlate AA histology

Genetics Murphy 31 Comparative IL-8 gene correlate AA histology

Allergy Aravindan 11 Observational Eosinophils infiltrates in AA

Allergy Carvalho 12 Observational Th2 citokines are higher in AA

Allergy Kim 38 Case-Control Increased risk appendectomy in asma

Allergy Das 51 Observational IgE levels higher in AA

Allergy Salö 52 Cohort IgE allergy lower risk complicated AA

AA – Acute Appendicitis
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response in the etiology of uncomplicated and 
complicated acute appendicitis that hopefully will 
provide new insights in the role of microbiota in 
AA22.

Hygiene

This hypothesis proposes that AA is triggered 
by enteric infections during childhood and early 
adulthood, claiming that as hygiene improves, 
young children avoid infection and will became 
more vulnerable to AA later in life when exposed to 
enteric infections, due to the reduced immunity6,23. 
A recent nationwide population cohort study in 
Taiwan showed that children with low piped water 
supply were at an increased risk of appendicitis, 
which is contrary to the hygiene hypothesis, proving 
that hygiene amenities may protect children against 
appendicitis24.

Diet

Diet may also be a causal factor, since AA is much 
more frequent in industrialized countries than in 
developing ones 25. Low-fiber diets and higher sugar 
intake are possibly associated with AA17, being this 
disease predominantly associated with modern 
Western cultures and rarely seen in Africans and 
Indians that have a traditional lifestyle. However, its 
incidence increases in Africans consuming Western 
diets26.

AA is associated with fecaliths and, low-fiber diets 
consumed in developed countries lead to fecalith 
formation26.

Less refined carbohydrate diets ingested in 
European countries during both World Wars were 
associated with a fall in the prevalence of AA6.

A case-control study showed that low water 
intake was an independent risk factor for AA, while 
for dietary fiber the consumption was similar in 
cases and controls27. The results from a Swedish 

pathophysiology, or at least a disorder of abnormal 
bacterial colonization15,17.

Recently, conservative treatment of AA without 
antibiotics was presented, suggesting a non-
bacterial aetiology in uncomplicated appendicitis18. 
Also pointing against an infectious aetiology, is the 
fact that bacterial invasion is a later event in disease 
development19.

The microbial composition of the human 
appendix is subject to extreme

variability and comprises a diversity of biota that 
may play an important and as-yet-unknown role in 
human health20.

The appendiceal microbiome in paediatric 
patients with AA is highly diverse, the intraluminal 
microbial composition differing significantly 
depending on the degree of inflammation, with 
Escherichia coli being predominant in all groups13. 
A large prospective cohort study showed that overall 
composition of the faecal microbiota of patients with 
a recent AA and appendectomy did not significantly 
differ from healthy individuals, however, subtle 
differences were subsequent identified, confirming 
an association of faecal microorganisms with  
AA17.

The microbiome pattern was evaluated in 
phlegmonous, gangrenous, perforated appendicitis 
and control. No differences were found between 
groups, or correlation between inflammation grade 
and a specific bacteria21.

A recent study using quantitative PCR technology 
and 16S rRNA gene sequencing revealed that levels 
of Campylobacter jejuni DNA, unlike those of 
other Campylobacter species or pathogens tested, 
were significantly higher in AA samples than in 
samples of incidental appendectomy, indicating 
that Campylobacter jejuni may be a significant cause 
of AA14. Nevertheless, microbiota and appendicitis 
studies only showed associations, not definitive 
causal relations9.

Microbiology APPendicitis ACuta (MAPPAC) 
is a recruiting prospective multicenter trial that 
compares the role of microbiology and immune 
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intraluminal pressure, resulting in distension of 
the appendix, enteric bacterial overgrowth and 
infection. Simultaneously, venous outflow ceases, 
which is followed by loss of arterial inflow. Without 
arterial supply, the appendicular wall becomes 
ischemic and gangrenous until free wall perforation 
occurs19,35. In rabbit experimental models, silk 
ligation of the appendicular base induces rapid 
pathological changes, as seen in AA36.

This proposed mechanism was challenged by 
research showing that AA can occur in the presence 
of a patent lumen. Fecaliths are equally common 
in the population without appendicitis and intra-
luminal pressures are frequently normal despite 
AA37.

Some authors argue that obstruction is the 
result, rather than the cause, of appendicular 
inflammation6,16. Acute mucosal and submucosal 
inflammation has been suggested to be the main 
pathological cause of appendicitis. The submucosa 
of the human appendix is composed of a large 
number of lymphoid follicles. Thus, immune 
reactions can result in lymphoid hyperplasia and 
inflammation and subsequent appendicitis38. The 
best evidence indicates that obstruction, at least in 
the majority of cases, is unlikely to be the primary  
cause2,19.

Type 1 Hypersensitivity reaction

The appendix is predominantly a lymphoid 
organ associated with the gastrointestinal tract. 
The possibility that an immune response to an 
unrecognised local antigen could be a significant 
factor in the pathogenesis of AA was considered by 
Tsuji10. He showed that the CD4 / CD8 ratio was 
increased and that IgA, IgM and IgG plasma cells 
were elevated in appendicular tissue specimens of 
AA. He proposed that the differential lymphocyte 
response could be the result of an endoluminal 
antigenic stimulation and a major factor in the 
pathogenesis of AA39.

case-control study support the hypothesis that diet, 
in particular a lack of fiber, may be an important 
factor in the pathogenesis of acute appendicitis28.

A cross-sectional design study showed a 
significant correlation between low-fiber diet with 
appendicitis incidence29.

Genetics

Genetic susceptibility was proposed by several 
authors, being based on racial and familiar 
differences. However, it will be very difficult to 
separate genetic factors from environmental ones, 
like diet and others6.

Polymorphism in the IL-6 gene was associated 
with the severity of AA. The risk for developing 
appendicular perforation or gangrene may be 
determined, in part, by variations in the IL-6 gene30, 
as the nature of the inflammatory response in AA 
was correlated with gene expression patterns31. It 
has been proposed that almost half of the variability 
in AA’s risk is attributed to genetic factors5, having 
recently demonstrated that the association of gene 
variants with risk and severity of AA suggests 
an etiologic role for genetic regulation of the 
inflammatory response18. In a study with identical 
twins, researchers reported no genetic effect in 
men, whereas a 20% hereditary effect was found in 
women32.

Obstruction

The concept of obstruction as the cause of AA 
was described as early as 1896 in separate work 
by Dieulafoy and Talamon33. However, it was not 
until the classic work of Wangensteen in 1937, that 
obstruction by a fecalith (hard lump of obstructing 
faeces) or lymphoid tissue was thought to be the 
most common cause34. The mucosal secretory 
function of the inflamed appendix continues and 
without a patent lumen, this causes increased 
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were affected except for a small gastric erosion in 
one case45.

Allergy is also characterized by a powerful 
immunogenic response, after antigen recognition, 
through production of Th2 cytokines and ultimately 
of IgE, in conjunction with release of inflammatory 
mediators46.

T helper type 2 (TH2) lymphocytes and eosinophils 
accumulate in inflammatory tissues. TH2 cells 
orchestrate the inflammatory response through 
the secretion of several cytokines, particularly 
interleukin 4 (IL-4), IL-5, IL-9 and IL-13. IL-4 is 
the major regulator of IgE production by B cells and 
is required for optimal TH2 differentiation. IL-5 is 
a key factor in eosinophilia. IL-9 has pleiotropic 
activities on allergic mediators such as mast cells, 
eosinophils, B cells and epithelial cells. IL-13 
overlaps with IL-447,48.

By analogy with bronchoalveolar lavage fluid, the 
concept of appendicular lavage fluid was developed 
by us to study local inflammatory reaction in AA12. A 
clinical study showed IL-4, IL-5 and IL-9 elevation in 
phlegmonous AA lavage fluids in comparison with 
appendectomy specimens obtained after clinical 
suspicion of AA, which was not histologically 
confirmed, therefore corroborating that AA has an 
allergic component12.

In allergy, antibodies are synthesized in the shock 
organ and their presence in the bloodstream is a 
consequence of the excessive local production49. 
IgE is found at the nasal mucosa of patients with 
allergic sinusitis50. Using an anti-IgE monoclonal 
antibody we were able to assess the presence of IgE 
in appendicular specimens of patients with clinical 
diagnosis of AA and in incidental appendectomies. 
IgE levels were higher in AA, as it was expected, in 
the presence of an allergic component during AA 
(Unpublished data).

IgE serum levels were determined in recurrent 
appendicitis, first-time acute appendicitis, histolo- 
gically normal appendices and chronic asthma. 
Higher levels were seen in recurrent appendicitis, 
suggesting a type 1 hypersensitivity reaction51.

Aravindan showed eosinofilic infiltration, 
muscular edema and mastocyte degranulation in 
appendicular specimens of AA11. This features are 
similar to those observed in bronquial wall in asthma 
and sistemic anaphylaxis. He proposed that AA was 
a type 1 hipersensitivity reaction and that infection 
was a later consequence of appendicular mucosa 
breakdown11. Muscle contraction is a feature of 
allergy, the appendix behaving as a contractile 
chamber and appendicular wall muscle contraction 
leading to luminal obliteration40. This response can 
happen in any segment of the gastrointestinal tract, 
however, the appendicular lumen is much more 
vulnerable because of its small calibre and low 
tolerance for oedema, mucosal ischemia happening 
aftwerwards. In a resected ileum segment in a case of 
AA, a similar eosinophilic infiltration was present, 
demonstrating that the inflammatory process is not 
limited to the appendix11.

Appendicular mucosa is densely populated by 
resident immune cells including CD4+, CD8+ 
effector and regulatory T cells, antibody-secreting 
B cells and mononuclear phagocytes (macrophages 
and dendritic cells). Eosinophils are also resident 
cells in the normal intestinal mucosa41. All cells 
involved in both allergy and AA are present in the 
appendicular mucosa and, therefore, AA can be a 
consequence of antigen intolerance10,39.

The gastrointestinal tract is one of the main points 
of entrance of allergens into the body during life 
and it usually develops immunological tolerance to 
allergens, that are mostly present in food, although 
allergic reactions and food intolerance may occur in 
some patients. Previous studies reported increased 
allergic reactions in patients with appendicitis, 
as assessed by a skin prick test 42, whereas others 
found no difference between positive tests of 
paediatric patients with AA and the control  
group43.

Histamine is the final effector of allergic 
reactions44. In 1936 Seyle experimentally induced 
AA in 11 out of 12 rats, with histamine injection 
in the jugular vein. Interestingly, no other viscera 
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microbiota, but the results of the different studies are 
inconsistent and a definitive causal relation cannot be  
proposed9.

Allergic reaction can trigger an inflammation in 
appendicular mucosa that results in appendicular 
lumen obstruction, followed by the sequence of 
events that are classically teached57.

The allergy hypothesis is attractive, as thousands 
of antigens pass through the gastrointestinal tract, 
being some of them endogenous to the gut. Smooth 
muscle contraction and mucosal oedema that occur 
in asthma, which is the paradigm of allergic disease, 
can obstruct the appendicular lumen and give rise to 
the known physiopathology events that culminate in 
appendicular wall necrosis. As in asthma, the allergy 
can regress by itself and the obstruction resolved58. 
In AA, if a recanalization of the obstruction zone 
occurs spontaneously or as a result of antibiotic 
treatment, the inflammatory process may  
regress.

The histologic features of AA, eosinofilic 
infiltration, muscular edema and mastocyte 
degranulation are common in allergic reations11. 
Clinical and experimental data clearly show that an 
allergic reaction, or at least an immune component, 
is present in AA, which is more common in atopic 
than in non-atopic individuals42, having asthma 
patients increased risk of appendectomy38 and IgE-
mediated allergy lowering the risk of complicated 
allergy52. A Th2 immune response is present in AA12 
and IgE levels are higher in AA than in the control 
group52.

AA may represent an abnormal immune response 
to changes in the composition of the microbiome. 
Appendiceal dysbiosis could be mediated by 
environmental factors, like low fiber content in 
Western diet15,59.

The confirmation of the concept of AA as an 
allergic reaction, or at least, an allergic component 
in AA, can open novel strategies for conservative 
treatment of AA.

A recent cohort study of 605 children undergoing 
appendectomy showed that those with IgE-mediated 
allergy had a 3-fold lower risk of complicated 
appendicitis compared with those without allergy. 
The authors concluded that an allergic immune 
response modulates the severity of appendicitis. 
Yet they could only speculate about the causal 
mechanisms52.

A case-control study using a national sample 
cohort showed an increased risk of appendectomy 
in asthma patients. An allergic reaction or 
atopy was proposed as a plausible mechanism. 
Allergic reactions could accelerate inflammation 
and obstruction of the appendix and lead to 
appendicitis38.

A clear understanding of the pathological basis 
of appendicitis requires further investigation31. 
Evidence showing allergic features in AA is 
growing. The diagnosis of allergy in AA will be 
particularly difficult or impossible because there will 
be thousands of antigens to test53.

DISCUSSION

Although AA has been recognized for more than 
130 years, its aetiology is controversial and no real 
progress has been made in the last century4,5. It is 
believed that the primary pathogenic event in AA 
is luminal obstruction, resulting from a variety of 
causes, however, in most cases no obstruction can 
be found19,54.

Others factors contribute to confounding AA 
aetiology. Recent evidences suggest that perforated 
and non-perforated appendicitis are different 
entities, the natural history of appendicitis is not 
always progression to necrosis, inclusive, in some 
cases there is AA spontaneous regression and the 
relation between disease progression and time 
elapsed is not straight full55,56.

Several causes have been proposed, some of 
them are merely academic, such as foreign body, 
trauma or ischemia. Recent interest focused on 
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A definitive causal relation between allergy 
and acute appendicitis cannot be established, but 
allergic features are undoubtedly present in acute 
appendicitis12,42,52.

The allergic component of Acute Appendicitis is 
a field of interest for future research that can change 
its treatment12.

CONCLUSION

The exact pathogenesis of acute appendicitis 
is still unclear60. Appendicitis may represent a 
convergence of genetic and environmental factors, 
including diet and microbial colonization8.
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