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ABSTRACT
Immunoglobulins are a central component of humoral immunity and their serum concentrations are routinely determined in 
clinical practice because they provide key information on the humoral immune status. In a single centre prospective design study, 
we evaluated IgA, IgE, IgG, and IgM serum concentrations in patients with histologically con!rmed acute appendicitis (study 
group, N=54) and compared it to the control group (N=69), patients submitted to appendectomy, but with normal histological 
!ndings, patients submitted to day case surgery and healthy volunteers. "e serum concentrations of immunoglobulins were 
normal in all cases, except for IgE, that were elevated in both the study (20%) and control (21 %) groups (p= 0.609). "ese values 
are in good agreement with the prevalence of allergies in the general population. Our study is the !rst to address speci!cally the 
acute appendicitis Immunoglobulins humoral immune response in the English literature. We showed that acute appendicitis 
does not elicit a speci!c humoral immune response.
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RESUMO
As imunoglobulinas são um componente central da imunidade humoral e as suas concentrações séricas são determinadas por 
rotina na prática clínica, pois fornecem informações importantes sobre o estado imunológico humoral. Num estudo prospetivo 
de centro único, avaliámos as concentrações séricas de IgA, IgE, IgG e IgM em doentes com apendicite aguda con!rmada 
histologicamente (grupo de estudo, N=54) e comparámos com o grupo controle (N=69), doentes submetidos a apendicectomia, 
mas com achados histológicos normais, doentes submetidos a cirurgia de ambulatório e voluntários saudáveis. As concentrações 
séricas de imunoglobulinas foram normais em todos os casos, exceto para IgE, que estava elevada tanto no grupo estudo (20%) 
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determination4. It was a single-center prospective 
observational study, conducted between April 2016 
and June 2017 at Hospital Garcia de Orta (a 600-bed 
tertiary public hospital that provides medical care 
to 280 000 habitants of an urban area). "e study 
group consisted of patients with AA confirmed 
by histology. "e control group was composed by 
patients admitted with a clinical diagnosis of AA, 
submitted to appendectomy, but with normal 
histological !ndings and patients with appendix 
in situ (AIS) submitted to day case surgery, mainly 
abdominal wall surgery, and healthy volunteers. 
Patients with a history of previous appendectomy 
were excluded, as appendectomy can change Igs 
serum level pro!le5. Patients aged less than 18 years 
were also excluded as they are taken care by the 
Pediatrics department. Also, pregnant women were 
excluded as pregnancy can induces alterations in Igs 
serum levels6.

3.2. Pathologic analysis

Appendix specimens obtained from surgery were 
formalin !xed, divided into three segments from 
tip to base, and para#n embedded. Histological 
criteria were used for AA de!nition: presence of 
neutrophil in!ltration in the muscular propria. AA 
was classi!ed as acute phlegmonous appendicitis 
(APA), when neutrophil in!ltration was limited 
to the muscular propria, or acute gangrenous 
appendicitis (AGA), when there was a background 
of transmural inflammation associated with 
necrosis of the wall of the appendix7. No clinical 
significance was attributed to the presence of 

quanto no grupo controle (21%) (p= 0,609). Esses valores estão em boa concordância com a prevalência de alergias na população 
geral. O nosso estudo é o primeiro a abordar especi!camente a resposta imune humoral de imunoglobulinas na apendicite aguda 
na literatura inglesa. Demonstrámos que a apendicite aguda não provoca uma resposta imune humoral especí!ca.

Palavras chave: apendicite aguda, Resposta imune humoral, IgA, IgE, IgG, IgM.

1. INTRODUCTION

While appendectomy for acute appendicitis (AA) 
is a common surgical procedure, the pathophysiology 
and natural history of this condition remain unclear1. 
The underlying pathogenesis is controversial: 
luminal obstruction, followed by bacterial invasion 
that triggers acute in$ammation, primary infection, 
genetic factors, hypersensitivity type I reaction, are 
all possible causes of AA2. Whatever the inciting 
cause, all these possibilities are thought to lead to 
bacterial overgrowth and acute in$ammation, which 
is responsible for the clinical manifestations 3.

Surprisingly, little is known about the humoral 
immune response in AA. In this study, we evaluate 
the humoral immune response, determining serum 
Immunoglobulins (Igs) in patients with AA and 
compare it with a control group. We hope that 
knowledge on humoral immune response could 
give new insights into its aetiology and pathogeny 
by re$ecting its potential underlying cause.

2. OBJECTIVE

"is study aimed to investigate the Igs humoral 
immune response in acute appendicitis.

3. MATERIALS AND METHODS

3.1. Study population

"is was a pilot study, as the current literature did 
not provide su#cient information for sample size 
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frequency analysis (n, %) was used for qualitative 
data and for quantitative data, the mean and 
standard deviation were used. To compare the 
quantitative data between the histology groups, the 
one-way ANOVA was used (when the assumptions 
of normality were veri!ed) or the Kruskal-Wallis 
test (when the assumptions of normality were not 
veri!ed). To compare Igs serum levels between AA 
and controls, Mann-Whitney test was used, since 
the normality assumption was not veri!ed. To study 
the association between qualitative data, the Chi-
Square test (when the applicability assumptions 
were veri!ed) or the Fisher’s exact test or the Chi-
Square test by Monte Carlo Simulation (when the 
applicability assumptions were not veri!ed) were 
used.

3.5. Other Data

Personal information including age, sex, BMI, 
symptom onset and their duration, absence of 
peritonitis, localized or generalized peritonitis, 
surgical details, open or laparoscopic appendectomy, 
complications, length of hospital stay and other 
particular features of histology were evaluated (some 
data not showed). Individuals were also enquired 
about any symptoms pertaining to allergic disorders, 
episodes of infections and regular medication. "is 
study is part of a more extensive research project, 
and many data are not presented here.

3.6. Ethical considerations

Patients gave written informed consent for 
participating in the study, which conformed to the 
principles of the Helsinki’s declaration. "e study 
was reviewed and approved by the Ethics Committee 
of the Hospital Garcia de Orta (Reference number 
05/2016). All data were anonymized and the results 
were presented in such ways that make it impossible 
to identify single patients.

neutrophils in the mucosa that were considered as 
a normal variant8. "e specimens were classi!ed 
as non-pathologic appendix (NPA), also known 
as negative appendectomy, when no neutrophil 
in!ltrate was shown in the muscular propria7. All 
histological examinations were carried out by the 
same dedicated gastrointestinal pathologist, one 
of the co-authors, blinded to serum Igs profile  
(CH).

3.3. Laboratory Proceeding

In patients with the clinical diagnosis of AA, a 
5 ml blood sample was collected by venipuncture 
in vacutainers before anesthesia induction. In the 
control group, blood samples were collected at the 
time of intravenous access for day-case surgery or 
by schedule in healthy volunteers. "e samples were 
centrifuged at a speed of 2500 rpm for 5 min and the 
serum stored at –20°C until it was processed. "e 
quantitative determination of Igs A, G, and M is based 
on the principle of immunological agglutination, an 
immunoturbidimetric assay performed on Roche® 
automated clinical chemistry analyzer, Modular 
EVO P800. The quantitative determination of 
total IgE is based on a solid-phase, two-step 
chemiluminescent immunoassay performed on 
the Siemens® analyzer, Immulite®2000XPi. The 
reference intervals indicated by the manufacturer 
for healthy adults adopted at Hospital Garcia de 
Orta Pathology department were 70–400 mg/dL for 
IgA, < 120 U/mL for IgE, 700–1600 mg/dL for IgG 
and 40–230 mg/dL for IgM.

3.4. Statistical analysis

Data were analyzed using SPSS statistical 
software, V26.0, for Windows. The results were 
considered signi!cant at the 5% signi!cance level. 
To test the normality of the data, the Shapiro-
Wilk test was used. To characterize the sample, 
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4.2. Serum IgA, IgE, IgG and IgM levels

Concentrations of Igs IgA, IgE, IgG, and IgM in 
serum are shown in Tables 2 and 3. No di%erences 
were found between AA (APA and AGA) and the 
control group (NPA, day case surgery, healthy 
volunteers) for all the studied Igs (Table 2).

We evaluated APA and AGA individually, as 
these different histologic types of AA can have 
potentially di%erent pathogenies9,10 and again no 
di%erences were found (Table 3).

For most of the Igs, the values were within the 
normal range, except for IgE, which was elevated in 
20 % of AA patients and in 21 % of the patients in 
the control group (Table 4).

No significant difference was found for IgE 
between groups (p= 0.609).

"e datasets generated during the current study 
are available from the corresponding author on 
reasonable request.

4. RESULTS

4.1. Patients’ characteristics

There were 54 patients with a histological 
diagnosis of AA, 39 with APA and 15 with AGA. "e 
control group was composed of 69 individuals: 10 
patients with a clinical diagnosis of AA, submitted to 
appendectomy, but with negative histology (NPA), 
59 with AIS, of which 29 were patients submitted to 
day case surgery, mainly abdominal wall surgery, 
and 30 healthy volunteers. Patients’ demographics 
characteristics are depicted in Table 1.

Statistically signi!cant di%erences were detected 
only in relation to BMI (p=0.005), con!rming that 
the groups with lower BMI are AIS and NHF.

Table 1 – Patients’ demographics characteristics

AIS
Histology

NHF APA AGA p

Age (Mean ± SD) 37.63±17.05 32.20±8.94 39.85±15.58 36.93±14.53 0.753a

Gender
(N. %)

Female 21 (35.6%) 7 (70%) 22 (56.4%) 6 (40.0%)
0.054b

Male 38 (64.4%) 3 (30%) 17 (43.6%) 9 (60.0%)

Allergy
(n. %)

No 40 (76.9%) 7 (70%) 30 (83.3%) 12 (85.7%) 0.777 
(C.I.95%=(0.769;0.785))c

Yes 12 (23.1%) 3 (30%) 6 (16.7%) 2 (14.3%)

BMI (Mean ± SD) 24.04±4.23 22.78±3.87 26.69±5.29 28.25±4.27 0.005*a

AIS – Appendix in situ NHF – Normal Histologic Findings
APA – Acute Phlegmonous Appendicitis AGA – Acute Gangrenous Appendicitis
a. One Way ANOVA. b. Qui-Square test. c. Qui-Square test by Monte Carlo Simulation
C.I. – Con!dence Interval
* Statistically signi!cant di%erences at a 5% signi!cance level
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Table 2 – Immunoglobulin Serum Levels in Acute Appendicitis and Controls

Immunoglobulin Histology N
Ranks Test Statisticsa.b

Mean Rank Sum of Ranks Mann-Whitney U p

IgA

Control 69 63.11 4354.50

1786.500 0.697Acute Appendicitis 54 60.58 3271.50

Total 123

IgG

Control 69 65.33 4508.00

1633.000 0.241Acute Appendicitis 54 57.74 3118.00

Total 123

IgM

Control 69 65.65 4530.00

1611.000 0.199Acute Appendicitis 54 57.33 3096.00

Total 123

IgE

Control 67 61.62 4128.50

1700.500 0.692Acute Appendicitis 53 59.08 3131.50

Total 120   

a. Grouping Variable: Histology
b. Mann-Whitney test

Table 3 – Immunoglobulin Serum Levels in APA, AGA and Controls

Immunoglobulin Histology
Ranks Test Statisticsa.b

N Mean Rank Kruskal-Wallis H df p

IgA

Control 69 63.11

1.011 2 0.603
APA 39 63.37

AGA 15 53.33

Total 123

IgG

Control 69 65.33

1.421 2 0.491
APA 39 57.09

AGA 15 59.43

Total 123

IgM

Control 69 65.65

2.016 2 0.365
APA 39 59.15

AGA 15 52.60

Total 123

IgE

 

Control 67 61.62

0.211 2 0.900
APA 39 58.42

AGA 14 60.93

Total 120  

APA – Acute Phlegmonous Appendicitis AGA – Acute Gangrenous Appendicitis
a. Kruskal Wallis Test
b. Grouping Variable: Histology
df. Degrees of freedom
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Infection has been proposed as a cause of 
AA, whether it is primary or following luminal 
obstruction, with a wide range of infectious entities 
having been identified19. A humoral immune 
response is a key factor to !ght an infection20.

"e diagnosis of an acute infectious disease most 
commonly involves the detection of the pathogen 
by culture, immunoassay, or molecular methods15.

For many infections, a more convenient and less 
expensive alternative is the detection of the IgM 
antibody, while IgG testing can help determine 
whether or not an infection was recent15.

We evaluated the general concentrations of Igs, 
because no speci!c agent was uniformly identi!ed 
in association with AA and so no speci!c Ig could 
be evaluated, because it would be impractical to 
tests for all speci!c infectious agents. "erefore, the 
generic humoral immune response was our target, 
which can be a relevant limitation.

No signi!cant di%erences were found between 
IgM and IgG concentrations in the AA and control 
groups. "ese results can be an argument against 
an infectious origin of AA, because if this were 
the case, higher values would be expected in the 
AA group. However, when a patient is at an early 
stage of this disease, IgM and IgG antibodies may 
not yet be detectable in peripheral blood15. In the 
present series, the mean time to presentation was 
37,33±23,89 hours, ranging between 6 and 124 
hours. Furthermore, we measured total and not 
speci!c Igs concentrations.

Serum IgA has e%ector functions that allow for 
the destruction of microorganisms and mammalian 
cells21. IgA de!ciency is the most common primary 
immunoglobulin de!ciency and is associated with 
infections, namely in gastrointestinal tract22. IgA 
concentrations were normal, with no de!ciency 
detected in any case of AA.

Studies had showed an IgA reduction after 
appendectomy5. In our case, IgA determination 
was performed before appendectomy. It would be 
interesting to know the current levels of IgA in these 
patients.

5. DISCUSSION

Igs are a central component of humoral immunity, 
measured routinely in clinical practice, as they 
provide key information regarding the humoral 
immune status11.

The etiology of AA remains controversial2. 
Current knowledge is still limited in both 
appendicitis pathophysiology and causative 
mechanism2,12. Recent theories have focused on 
genetic factors, environmental in$uences, allergies, 
and infections2,13,14.

Humoral immune response has been studied in 
di%erent clinical situations, including chronic liver 
disease, trauma, or acute myocardial infarction, 
all with signi!cant alterations that are clinically 
relevant15,16,17,18. Alcohol consumption and tobacco 
smoke also interfere with Igs levels (16). Our 
comprehensive study in a general adult population 
showed that serum concentrations of Igs in AA 
do not signi!cantly di%er from patients without 
appendicitis. Recent studies showed that APA and 
AGA can have di%erent etiologies9,10 and so, we 
evaluated APA and AGA individually, but again no 
di%erences were founded. Albeit not signi!cant, it is 
interesting to note that Igs concentrations, whether 
IgA, IgE, IgG, or IgM are higher in the control group 
than in the AA group (Tables 2 and 3). It is possible 
that the small appendix size prevents local changes 
to have statistically signi!cant repercussions at a 
systemic level.

Table 4 – Immunoglobulin abnormal blood levels

Control Group 
n (%)

Acute Appendicitis 
n (%) p value

IgA ↑ 2 (2.8) ↑ 1 (2.2) 0.999a

IgE ↑ 14 (21) ↑ 9 (20) 0.609b

IgG ↔ ↑ 1 (2.2) 0.439a

IgM ↑ 1 (1.4) ↑ 1 (2.2) 0.999a

a. Fisher Exact Test
b. Chi Squared Test
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in acute appendicitis, namely IgA, IgE, IgG and 
IgM. Previous studies had focus only on IgE blood 
levels. "e prospective nature of the study, which 
involved precise AA histologic de!nitions and the 
enrollment of a heterogeneous control group are 
notorious strengths.

Limitations

"e main limitation was the absence of speci!c Igs 
determination, the lack of immunological pro!les 
prior to acute appendicitis and the small sample 
size from a single institution. "e results should be 
reproduced by others, preferentially with speci!c 
Igs determinations. It is strongly recommended that 
others studies should evaluate di%erent components 
of the humoral immune response, and correlate 
with Igs response in acute appendicitis.

CONCLUSIONS

"e present study showed no speci!c Igs humoral 
immune response in acute appendicitis, as the Igs 
serum pro!le was identical to the control group. 
"us, acute appendicitis does not elicit a humoral 
immune response, at least detectable with routine 
laboratorial evaluation.
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"ough statistically not signi!cant, IgA, IgG and 
IgM levels were increased in patients with histologic 
proven AA.

The immune system can react to otherwise 
harmless environmental agents, causing hypersen- 
sitivity reactions. Type I hypersensitivity reactions 
are mediated by allergen-specific IgE23. AA has 
histological features of an allergic reaction24. 
Allergic patients are characterized by the increased 
production of IgE antibodies to antigens from 
di%erent sources25.

If AA is an allergic reaction, it is expected that 
IgE levels are elevated. In our study, 9 cases of 
histological con!rmed AA (20 %) and12 cases from 
the control group (21 %) had elevated levels of IgE. 
"ese values are in accordance with the prevalence 
of allergic diseases in the general population23.

Serum IgE can be normal in allergy, as most of IgE 
is located at the target organ, where it binds to mast 
cells, and is therefore not present in the serum. In a 
previous study, we showed IgE increased deposition 
in APA compared with incidental appendectomy26. 
"e non-speci!city of IgE was the reason we evaluated 
total IgE27. Furthermore, experimental allergy 
can be induced in animals in the absence of IgE28.

A recent retrospective cohort study showed that 
children with IgE-mediated allergy had a lower risk 
of complicated appendicitis29.

In a recent paper, Das et al. demonstrated that 
serum IgE concentrations were signi!cantly higher in 
recurrent appendicitis30. "e authors hypothesized 
that persistently high serum IgE levels may lead 
to recurrent appendicitis, as seen in bronchial 
asthma30. A prospective pediatric study showed 
no di%erences in IgE serum levels in complicated 
and uncomplicated AA31. In our study, no peculiar 
IgE response was founded in association with AA.

Strengths

"is is the !rst study in the English literature 
reporting on the Igs humoral immune response 
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