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Acute appendicitis is the most frequent surgical abdominal emergency, but its etiology remains poorly understood. Histological
examination of the appendix, following its removal due to acute appendicitis, consistently shows features in common with
bronchial asthma, suggesting an allergic reaction as a candidate etiologic factor. Here, we propose the concept of appendicular
lavage and use it to study the levels of the Th2 cytokines IL-4, IL-5, and IL-9 in patients with a clinical diagnosis of acute
appendicitis. The study group included 20 patients with a histological diagnosis of phlegmonous appendicitis, 13 patients with
gangrenous appendicitis, and a control group of 8 patients with a clinical diagnosis of appendicitis but with normal histology.
Cytokine levels were higher in acute appendicitis. The difference was more pronounced when comparing phlegmonous
appendicitis with nonpathological appendicitis (p = 0:01) for IL-4 (48.3 vs. 21.3 pg/mL), IL-5 (29.2 vs. 8.0 pg/mL), and IL-9 (34.1
vs. 16.6 pg/mL). This Th2 cytokine profile is compatible with the hypothesis of allergy as an etiologic factor for acute
appendicitis and may have important implications for the diagnosis, prevention, and treatment of this condition.

1. Introduction

Acute appendicitis (AA) is a frequent disease whose etiology
cannot be explained by any single factor. Luminal obstruc-
tion is the trigger event that culminates in inflammation of
the appendix. Fecaliths are found in one-third of specimens.
In the other cases, obstruction is thought to be caused by
hypertrophy of mural lymphoid follicles in response to
diverse causes [1]. The peak incidence of appendicitis coin-
cides with the age when the immune response is most vigor-
ous, and the lymphoid follicles are at their maximum
development [2].

Aravindan has reported histological features in AA that
are similar to those of bronchial asthma, a paradigm for an
allergic reaction. Based on these findings, it was proposed

that AAmay be triggered by a type I hypersensitivity reaction
and, therefore, could be caused by an allergic reaction [3].
Cytokines from Th2 lymphocytes are responsible for the his-
tological features of asthma [4]. Th2 effector cells secrete
mainly interleukin-4 (IL-4), IL-5, IL-9, and IL-13, which
are known to be involved in allergic responses [5].

Bronchoalveolar lavage (BAL) is a useful tool for investi-
gating inflammatory cells and mediator profiles, like cyto-
kines, in various bronchopulmonary diseases [6]. High levels
of IL-4 and IL-5 are found in BAL in asthma [7]. Similar to
BAL, we have developed the concept of appendicular lavage
(AL), where saline is instilled and collected in the appendic-
ular lumen of appendectomy surgical specimens. The aim
of this study was to test the hypothesis that AA might be
the consequence of an allergic reaction by evaluating the
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levels of Th2 cytokines in AL fluid of patients submitted to
appendectomy due to a clinical diagnosis of AA.

2. Materials and Methods

2.1. Study Population. The study group, evaluated between
April 2016 and June 2017, consisted of patients with the clin-
ical diagnosis of AA, admitted to the emergency department
of Hospital Garcia de Orta, when one of the authors (NC)
was on call to perform the appendicular lavage. The only
exclusion criterion was the absence of the author (NC). The
histological diagnosis of AA discriminates acute phlegmo-
nous appendicitis (APA) and acute gangrenous appendicitis
(AGA). The control group consisted of patients admitted
with the clinical diagnosis of AA, submitted to appendec-
tomy, but with normal histology (nonpathological appendix
(NPA)). No type of allergy test was performed. Laparoscopic
appendectomy was performed in 33 patients and open sur-
gery in 8 patients, including 3 conversions from laparoscopy.
There were 9 localized and 3 generalized peritonitis.

2.2. Ethics Considerations. This study is part of a research
project approved by the Ethics Committee of Garcia de Orta
Hospital (reference 05/2015). Each enrolled subject gave
written informed consent. The work has been carried out in
accordance with the Code of Ethics of the World Medical
Association (Declaration of Helsinki). The authors declare
no conflict of interest.

2.3. Appendicular Lavage. After removal of the appendicular
specimen, a gauge was inserted in the proximal luminal
aspect of the appendix and 3mL of saline 0.9% was instilled
and collected for AL. Saline was reinstilled and collected
3 times. The appendicular lavage process was standardized
and performed exclusively by one of the authors (NC).
The appendicular fluid samples were collected to a Sarstedt
Monovette tube and centrifuged. 1mL of the supernatant
was extracted and stored at -20°C. The ELISA protocol was
used for IL-4, IL-5, IL-9, and IL-6 determinations (human
IL-4, IL-5, IL-9, and IL-6 MAX, BioLegend, San Diego,
CA 92121, USA) according to the manufacturer’s protocol.
The cytokine levels, IL-4, IL-5, IL-9, and IL-6, were expressed
in pg/mL.

2.4. Pathologic Analysis. After AL procedures, the appendices
were preserved in 10% formalin for histopathological exam-
ination. A minimum of 24 hours was allowed for adequate
tissue fixation. Appendicular sections were sampled from
the tip, base, and intermediate length for fixation and paraffin
processing. Two sections of 5-micron thickness were cut
from each paraffin block and stained by hematoxylin and
eosin [8]. The criteria for AA were polymorphous nuclear
neutrophil infiltration at the muscularis propria [9]. APA
was defined by the presence of neutrophil infiltrate in the
muscular propria, and AGA was defined by the presence of
necrosis of the wall of the appendix in a background of trans-
mural inflammation [10]. The presence of neutrophils in the
mucosa was considered a variant of normal with no clinical
relevance, when no other inflammatory cells were detected
in abnormal numbers. The specimens were classified as neg-

ative for appendicitis when no neutrophil infiltrate was
shown in the muscular propria (NPA) [10]. All the histo-
pathological analyses were performed by one of the authors
masked to the results of cytokine measurements (CH).

2.5. Statistical Analysis. Data are presented as descriptive
statistics, mean and standard deviation. For continuous
variables, considering the distribution of number of cases
among the categories, a nonparametric approach was followed
to assess statistical differences among the considered groups:
Kruskal-Wallis tests were used, with a posteriori pairwise
Wilcoxon tests; p values were then corrected for multiple
comparisons using the Holm correction. For categorical
variables, such as gender, a strategy based on Fisher’s
exact test overall and pairwise, using the aforementioned
correction, was used. Statistical analysis was performed on
R (https://cran.r-project.org), using the stats package for
hypothesis testing and ggplot2 for the plots.

3. Results

We analyzed 33 patients with a histological diagnosis of AA,
20 patients with APA, 13 patients with AGA, and 8 patients,
the control group, with normal histology. History of allergy
was present in 7 patients (4 to antibiotics, 1 to Metibasol®,
and 2 with allergic rhinitis); no differences between groups
were identified. None took medication. No differences in
age, gender, and BMI among groups were found (p = 0:898,
p = 0:054, and p = 0:211, respectively) (Table 1). A significant
difference was found for C-reactive protein levels and length
of stay (p = 0:001 and p = 0:002, respectively) (Table 1).

The levels of cytokines in AL according to the histologic
groups are presented in Table 2. In all the studied subjects,
cytokines IL-4, IL-5, and IL-9 were detected in AL fluid.
For IL-4, there were significant differences among the histo-
logical groups (p = 0:034). The difference between APA and
NPA groups was significant (p = 0:017). No significant differ-
ences for the AGA group with the remaining groups were
found (AGA vs. APA, p = 0:421; AGA vs. NPA, p = 0:421)
(Figure 1). For IL-5, the differences were subtle (p = 0:056).

Table 1: Characterization of the population according to
histological categories.

Variable
N (%)

APA
20 (49)

AGA
13 (32)

NPA
8 (19)

p value

Age (y) 36:2 ± 16:9 20:0 ± 15:1 34:2 ± 12:9 0.898

Gender (M/F) 14/6 4/9 6/2 0.054

BMI 25:3 ± 6:0 26:6 ± 3:1 23:7 ± 3:7 0.211

Allergy 3 2 2 NA

WBC 14:3 ± 4:4 14:4 ± 3:8 12:3 ± 2:9 0:161
CRP 3:7 ± 5:6 9:4 ± 6:2 4:6 ± 6:3 0.001

LOS 2:8 ± 1:8 5:4 ± 3:9 3:3 ± 3:1 0.002

Results presented as number (valid percentage) or mean ± standard
deviation. APA = acute phlegmonous appendicitis; AGA= acute
gangrenous appendicitis; NPA = nonpathological appendix; M =male;
F = female; BMI = body mass index; NA = not applicable; WBC=white
blood count; CRP = C-reactive protein; LOS = length of stay.
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Differences among groups showed a tendency for different
levels of IL-5 between APA and NPA (p = 0:05) (Figure 2).
As for IL-9, there was no clear evidence of differences for
the AGA group (AGA vs. APA, p = 0:587; AGA vs. NPA,
p = 0:587). IL-9 was the cytokine whose levels revealed less

differences among groups (p = 0:083). However, while not
statistically significant, there was a tendency indicating that
differences exist between APA and NPA groups for this cyto-
kine (p = 0:062) (Figure 3). No differences were found
between groups for IL-4 and IL-5 in the peripheral blood.

Th2 cytokines can be elevated in the course of an acute-
phase response together with other inflammatory mediators
[11]. To test whether Th2 cytokines were specifically associ-
ated with a histological diagnosis of AA, we have also mea-
sured the levels of IL-6 in the AL fluid, a prototypical
general (nonallergic) acute-phase cytokine [12]. No differ-
ences were found among the groups (Supplementary
Figure 1) in the study (p = 0:627).

To test an independent indicator of the contribution of
an allergic reaction to the pathophysiology of AA, we have
quantified IgE levels in the histological samples of the differ-
ent groups (Figure 4). While differences among groups did
not reach statistical significance (p = 0:29), both the median
(49 for APA, 42 for AGA, and 26 for NPA) and mean
(68.16 for APA, 48.85 for AGA, and 23.50 for NPA) were
substantially higher for APA and AGA when compared to
NPA. These results, while not reaching statistical significance
due to high variation in the APA and AGA, strongly sug-
gest that IgE levels are substantially higher in histologically
documented cases of AA.

4. Discussion

The most common theory for the etiology of AA is intralum-
inal obstruction, which is not supported by histological find-
ings in surgical specimens. In most cases, no obstruction can
be found [13]. In one study, only in 0.4% of 1969 appendec-
tomy specimens was there evidence of luminal obstruction by
vegetable fibers [14].

Based on histologic findings, specifically eosinophilic
infiltration, mastocyte degranulation, and muscular edema,
an allergic reaction was proposed as a possible etiology of

Table 2: Cytokine levels (pg/mL) according to the histological
categories.

IL-4 IL-5 IL-9
Mean ± SD Mean ± SD Mean ± SD

Phlegmonous 158:1 ± 228 76:3 ± 106:5 101:9 ± 141:7
Gangrenous 109:2 ± 154:7 49:2 ± 81:6 72:5 ± 110:3
Nonpathological 23:5 ± 6:8 9:9 ± 4:0 17:9 ± 7:0
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Figure 1: Box plots of IL-4 levels according to the different
histological categories.
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Figure 2: Box plots of IL-5 levels according to the different
histological categories.
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Figure 3: Box plots of IL-9 levels according to the different
histological categories.
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AA [3]. The concept is attractive: the appendix is a lymphoid
organ; therefore, an immune response to a local antigen
could be a factor in the pathogenesis of AA [15]. The gastro-
intestinal system is one of the main entrances into the body
for allergens during all life stages [9]. Atopy may be a risk fac-
tor for appendicitis [9]. By analogy with asthma, the contrac-
tion of the muscular wall of the appendix in response to
antigenic stimulation may result in luminal obstruction cul-
minating in AA. This response may occur in any segment
of the intestine, but the appendix is more vulnerable because
of its small lumen size and limited capacity to accumulate
fluids [3]. The identification of the offending allergen(s) is
not always straightforward [16].

Allergies are inflammatory diseases dependent on Th2
activation, mediated by IL-4, IL-5, and IL-9, in response
to environmental allergens [7]. IL-4 acts as a growth factor
for Th2 cells and promotes the production of IgE. IL-5
induces the differentiation, activation, and survival of eosin-
ophils. IL-4 and IL-9 induce the growth of mast cells and
basophils [7].

BAL has been performed for several years in lung dis-
eases. We extend and adapt this approach to monitor the
levels of cytokines in the appendix—appendicular lavage.
The fluid collected from the appendicular lumen may reflect
local inflammatory alterations. We used 3 washes with NaCl
0.9% at the appendicular lumen to mobilize cytokines that
are adherent to the mucosa. All steps of the process were
standardized, from the surgical handling of the specimens
to the processing of lavage and quantitative determinations.
Differences in cytokines should be accepted as reflecting local
inflammatory changes. Elevated levels of IL-4 and IL-5 are
present in BAL of patients with allergic asthma [6]. Higher
levels are seen in symptomatic patients [17]. The results of
our study show a statistical difference in the levels of IL-4
between phlegmonous and nonpathologic appendicitis. IL-4
elevation reflects a putative allergic reaction in AA. In the
case of IL-5, our data suggests differences between groups,

mainly between the phlegmonous and nonpathological
appendix. For IL-9, there are also indications of differences
between groups, mainly between the phlegmonous and non-
pathological appendix.

No significant differences for the Th2 cytokine profile
were found between AGA and APA or NPA. In fact, some
authors claim that simple inflammatory appendicitis and
necrosis represent different diseases, or different patient
responses to disease, with distinct epidemiology, natural
history, and microbiology and different Th17 cytokine pro-
files [18]. Blood inflammatory response in AA showed a pos-
itive association of Th1-mediated immunity and gangrenous
appendicitis [19]. AGA etiology may be different from APA,
without an allergic component, and so Th2 cytokines are not
elevated in AL. Another possible explanation for IL-4 and
IL-5 similar values in AGA and NPA is that the cellular
destruction in AGA is so marked that Th2 cells can no longer
produce IL-4 and IL-5 and the values fall down to values
found in NPA. This hypothesis is compatible with the possi-
bility that AGA represents a later phase of the disease where
tissue destruction is more pronounced and where the initial
cytokines have been depleted.

In asthma, the paradigm of allergic disease, the cytokine
profile in BAL shows elevation of IL-4, IL-5, and IL-9 com-
pared to control groups [6]. Our results with AL are similar
to those findings in BAL in the presence of allergy. In fact,
our study showed elevations of Th2 cytokines in AL fluid of
patients with appendicitis, compared with the control group
(nonpathologic appendicitis).

Nonsurgical therapeutic alternatives are viable options to
treat AA in uncomplicated cases as recently demonstrated for
the use of antibiotics [20]. Therefore, our work adds allergy
not only as a possible etiology for AA but also as an alterna-
tive therapeutic target to be explored.

4.1. Strengths. Using a novel methodology, appendicular
lavage, our study provides objective and original data dem-
onstrating a correlation between Th2 cytokines and appen-
dicular histological features that show that an allergic
component is present in AA.

4.2. Limitation. Appendicular lavage should be reproduced
by other researchers. The sample size is still limited. A larger
dataset of patients, originating from multiple centers, is
strongly recommended because it is likely to validate and
extend the conclusions of the current study.

4.3. Conclusion.Differences in IL-4, IL-5, and IL-9 in AL fluid
were found between the 3 study groups and especially signif-
icant between phlegmonous and negative appendicitis.
Therefore, in AL fluid, we found a Th2 cytokine profile com-
patible with allergy. Further studies are required to assess the
importance and robustness of our results regarding the aller-
gic components in AA. The identification of an allergen will
be a particularly difficult task, but our results open the possi-
bility for novel management strategies in AA that might not
always include a surgical procedure.
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Figure 4: Box plots of IgE levels according to the different
histological categories.
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Data Availability
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Dr. Nuno Carvalho (nunomdcarvalho1964@gmail.com),
the leading author of this study, for researchers who meet
the criteria for access to confidential data.

Conflicts of Interest

The authors have no conflict of interest in relation to this
work.

Authors’ Contributions

N.D.C. designed the experiments, acquired the data, and
wrote the manuscript. A.B.B., C.F.M., D.P. and A.N.C. did
the analyses of the data. H.O.C. and F.C.B. acquired the data
including the pathology analyses of surgical samples. L.F.M.
and P.M.C. were the advisors of the project and reviewed
the manuscript.

Acknowledgments

We especially thank the patients, surgical residents, surgeons,
anesthesiologists, pathologists, nurses, and medical and nurs-
ing students. Without their generous collaboration and hard
work, this study would not have been possible.

Supplementary Materials

A single figure that displays the IL-6 levels in AA samples
according to their histological classification. (Supplementary
Materials)

References

[1] R. B. Sanda, “Epidemiologic features of appendicitis,” in
Appendicitis - A Collection of Essays from Around the World,
pp. 1–20, IntechOpen, 2012.

[2] T. Kuga, S. Taniguchi, T. Inoue, N. Zempo, and K. Esato,
“Immunocytochemical analysis of cellular infiltrates in
human,” Surgery Today, vol. 30, no. 12, pp. 1083–1088, 2000.

[3] K. Aravindan, “Eosinophils in acute appendicitis: possible sig-
nificance,” Indian Journal of Pathology &Microbiology, vol. 40,
no. 4, p. 49, 1997.

[4] J. Just, L. Fournier, I. Momas, C. Zambetti, F. Sahraoui, and
A. Grimfeld, “Clinical significance of bronchoalveolar eosino-
phils in childhood asthma,” The Journal of Allergy and Clinical
Immunology, vol. 110, no. 1, pp. 42–44, 2002.

[5] K. C. L. Torres, W. O. Dutra, and K. J. Gollob, “Endogenous
IL-4 and IFN-γ are essential for expression of Th2, but not
Th1 cytokine message during the early differentiation of
human CD4+ T helper cells,” Human Immunology, vol. 65,
no. 11, pp. 1328–1335, 2004.

[6] J. C. Virchow, C. Kroegel, C. Walker, and H. Matthys, “Inflam-
matory determinants of asthma severity: mediator and cellular
changes in bronchoalveolar lavage fluid of patients with severe
asthma,” Journal of Allergy and Clinical Immunology, vol. 98,
5, Part 2, pp. S27–S40, 1996.

[7] M. Yazdanbakhsh, A. van den Biggelaar, and R. M. Maizels,
“Th2 responses without atopy: immunoregulation in chronic
helminth infections and reduced allergic disease,” Trends in
Immunology, vol. 22, no. 7, pp. 372–377, 2001.

[8] A. Kolur, A. Patil, V. Agarwal, S. Yendigiri, and B. Sajjanar,
“The significance of mast cells and eosinophils counts in surgi-
cally resected appendix,” Journal of Interdisciplinary Histopa-
thology, vol. 2, no. 3, pp. 150–153, 2014.

[9] A. Harlak, M. Gulec, O. Mentes et al., “Atopy is a risk factor for
acute appendicitis? A prospective clinical study,” Journal of
Gastrointestinal Surgery, vol. 12, no. 7, pp. 1251–1256, 2008.

[10] L. W. Lamps, “Beyond acute inflammation: a review of appen-
dicitis and infections of the appendix,”Diagnostic Histopathol-
ogy, vol. 14, no. 2, pp. 68–77, 2008.

[11] F. A. Rivera-Chavez, H. Wheeler, G. Lindberg, R. S. Munford,
and G. E. O’Keefe, “Regional and systemic cytokine responses
to acute inflammation of the vermiform appendix,” Annals of
Surgery, vol. 237, no. 3, pp. 408–416, 2003.

[12] N. S. Shommu, C. N. Jenne, J. Blackwood et al., “The use of
metabolomics and inflammatory mediator profiling provides
a novel approach to identifying pediatric appendicitis in the
emergency department,” Scientific Reports, vol. 8, no. 1, article
4083, 2018.

[13] L. S. Bernstein, B. Surick, and I. M. Leitman, “Is acute appen-
dicitis in the weather forecast?,” The Journal of Surgical
Research, vol. 185, no. 1, pp. e23–e25, 2013.

[14] O. Engin, M. Yildirim, S. Yakan, and G. A. Coskun, “Can fruit
seeds and undigested plant residuals cause acute appendicitis,”
Asian Pacific Journal of Tropical Biomedicine, vol. 1, no. 2,
pp. 99–101, 2011.

[15] M. Tsuji, G. McMahon, D. Reen, and P. Puri, “New insights
into the pathogenesis of appendicitis based on immunocyto-
chemical analysis of early immune response,” Journal of Pedi-
atric Surgery, vol. 25, no. 4, pp. 449–452, 1990.

[16] D. G. Ebo, J. Sainte-Laudy, C. H. Bridts et al., “Flow-assisted
allergy diagnosis: current applications and future perspec-
tives,” Allergy, vol. 61, no. 9, pp. 1028–1039, 2006.

[17] S. E. Wenzel, “Abnormalities of cell and mediator levels in
bronchoalveolar lavage fluid of patients with mild asthma,”
Journal of Allergy and Clinical Immunology, vol. 98, 5, Part 2,
pp. S17–S21, 1996.

[18] M. Rubér, M. Andersson, B. F. Petersson, G. Olaison, R. E.
Andersson, and C. Ekerfelt, “Systemic Th17-like cytokine pat-
tern in gangrenous appendicitis but not in phlegmonous
appendicitis,” Surgery, vol. 147, no. 3, pp. 366–372, 2010.

[19] M. Rubér, A. Berg, C. Ekerfelt, G. Olaison, and R. E. Anders-
son, “Different cytokine profiles in patients with a history of
gangrenous or phlegmonous appendicitis,” Clinical and Exper-
imental Immunology, vol. 143, no. 1, pp. 117–124, 2006.

[20] P. Salminen, R. Tuominen, H. Paajanen et al., “Five-year
follow-up of antibiotic therapy for uncomplicated acute
appendicitis in the APPAC randomized clinical trial,” JAMA,
vol. 320, no. 12, pp. 1259–1265, 2018.

5Mediators of Inflammation

http://downloads.hindawi.com/journals/mi/2019/8146257.f1.docx
http://downloads.hindawi.com/journals/mi/2019/8146257.f1.docx


Stem Cells 
International

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

MEDIATORS
INFLAMMATION

of

Endocrinology
International Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Disease Markers

Hindawi
www.hindawi.com Volume 2018

BioMed 
Research International

Oncology
Journal of

Hindawi
www.hindawi.com Volume 2013

Hindawi
www.hindawi.com Volume 2018

Oxidative Medicine and 
Cellular Longevity

Hindawi
www.hindawi.com Volume 2018

PPAR Research

Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2013
Hindawi
www.hindawi.com

The Scientific 
World Journal

Volume 2018

Immunology Research
Hindawi
www.hindawi.com Volume 2018

Journal of

Obesity
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

 Computational and  
Mathematical Methods 
in Medicine

Hindawi
www.hindawi.com Volume 2018

Behavioural 
Neurology

Ophthalmology
Journal of

Hindawi
www.hindawi.com Volume 2018

Diabetes Research
Journal of

Hindawi
www.hindawi.com Volume 2018

Hindawi
www.hindawi.com Volume 2018

Research and Treatment
AIDS

Hindawi
www.hindawi.com Volume 2018

Gastroenterology 
Research and Practice

Hindawi
www.hindawi.com Volume 2018

Parkinson’s 
Disease

Evidence-Based 
Complementary and
Alternative Medicine

Volume 2018
Hindawi
www.hindawi.com

Submit your manuscripts at
www.hindawi.com

https://www.hindawi.com/journals/sci/
https://www.hindawi.com/journals/mi/
https://www.hindawi.com/journals/ije/
https://www.hindawi.com/journals/dm/
https://www.hindawi.com/journals/bmri/
https://www.hindawi.com/journals/jo/
https://www.hindawi.com/journals/omcl/
https://www.hindawi.com/journals/ppar/
https://www.hindawi.com/journals/tswj/
https://www.hindawi.com/journals/jir/
https://www.hindawi.com/journals/jobe/
https://www.hindawi.com/journals/cmmm/
https://www.hindawi.com/journals/bn/
https://www.hindawi.com/journals/joph/
https://www.hindawi.com/journals/jdr/
https://www.hindawi.com/journals/art/
https://www.hindawi.com/journals/grp/
https://www.hindawi.com/journals/pd/
https://www.hindawi.com/journals/ecam/
https://www.hindawi.com/
https://www.hindawi.com/

