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Abstract
Background: Enterobius vermicularis (EV) is the most common helminthic infection in the world. This small parasite is predominant 
in the pediatric population. The presence of EV in the appendix can cause or mimick appendicitis. The aim of our study was to 
compare patients with EV infection and those without EV infection, and to identify predictive factors that may help the diagnosis 
of EV infection in patients presenting with right iliac fossa pain and avoid negative appendectomy.
Methods: A retrospective analysis of all the appendices removed between January 2012 and December 2016 was conducted 
at the department of pediatric surgery, Hedi Chaker Hospital, Sfax, Tunisia. According to the final histopathological diagnosis, 
patients with EV infection were compared to those without EV infection. Data including age, sex, white blood cell (WBC) count, 
neutrophil count, eosinophil count, C-reactive protein, and ultrasound results for both groups were analyzed and compared. The 
study protocol was approved by the local hospital ethics committee. Statistical analysis was performed using IBM SPSS, version 20. 
Descriptive analysis in the form of mean and standard deviation was performed on demographic information. Differences between 
groups were assessed using the student t-test for continuous variables and the χ2 test and Fisher exact test where appropriate for 
categorical variables.
Results: In total, 540 pediatric appendectomies were performed. Overall, 63.5% of patients were male and 36.5% were female. 
Mean age was 9.28 ± 2.77 years. 22.2% of procedures were completed laparoscopically, 76.5% were open and 1.3% were 
converted. The negative appendectomy rate was 11.1%. EV was present in 9.8% of cases. Comparison of clinical, biological, 
and ultrasound findings between two groups of patients with EV (EV+) and those without EV (EV-) shows a statistical significance 
for pruritus ani (P < 0.001), WBC count (P < 0.001), neutrophil count (P < 0.001), C-reactive protein (CRP) (P = 0.001), positive 
ultrasound (P < 0.001), perforation rate (P = 0.009), and negative appendectomy rate (P < 0.001). No significant difference between 
the two groups was seen when comparing gender (P = 0.271), vomiting (P = 0.130), eosinophil count (P = 0.915), and procedure 
(P = 0.536)
Conclusion: EV was seen in 9.8% of pediatric appendectomies in our study. Pruritus ani, normal WBC count, normal neutrophil 
count, and normal CRP level at presentation could predict EV infection in children who present with right iliac fossa pain.
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Introduction
Enterobius vermicularis (EV), also known as Oxyuris 
vermicularis or pinworm, is the most common helminthic 
infection in the world.1,2 This small parasite is 
predominant in pediatric populations with around 4% to 
28% of  children infected. EV inhabits the cecum and has 
occasionally been reported in the appendix.3 The role of 
this parasite in pathogenesis of  appendicitis still initiates 
controversy.4 The presence of  EV in the appendix 
can cause or mimick appendicitis due to obstructive 
phenomena,5 but there is frequently no histological 
evidence of  acute inflammation.6-9 The aim of  our study 
was to compare patients with EV infection and those 
without EV infection and to identify predictive factors 

that may help diagnosis of  EV infection in patients 
presenting with right iliac fossa pain and avoid negative 
appendectomy.

Materials and Methods
Study Design
In this retrospective study, the records of  our department 
of  pediatric Surgery were searched to identify all patients 
who underwent appendectomy to treat an initial diagnosis 
of  acute appendicitis (AA) between January 2012 and 
December 2016 at the department of  pediatric surgery, 
Hedi Chaker Hospital, Sfax, Tunisia. In our unit, the 
initial diagnosis of  AA is obtained by clinical assessment 
and confirmed by laboratory blood tests and imaging 
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(ultrasound or computed tomography) when the surgeon 
deems it necessary. Patients older than 14 years, patients 
with previous history of  open abdominal or pelvic 
operations, patients with preoperative clinical evidence 
of  bowel perforation, and patients with appendices 
removed during the course of  another intra-abdominal 
procedure were excluded from the study. In our hospital, 
appendectomy specimens are routinely sampled for 
microscopic examination, with representative sections 
including the tip and two cross sections from the base 
and body of  the appendix. The recorded data extracted 
for each patient included age, sex, clinical presentation, 
white blood cell (WBC) count, neutrophil count, 
eosinophil count, C-reactive protein (CRP), ultrasound 
results, and macroscopic and microscopic properties 
of  appendix vermicularis. The surgeon’s diagnosis, 
clinical findings and pathology report were reviewed to 
ascertain whether the clinical diagnosis correlated with 
the histopathological diagnosis or whether the latter 
provided new information.

According to the final histopathological diagnosis, our 
patients were classified into four groups as illustrated 
in Figure 1. Normal ranges of  WBC and eosinophil 
counts were considered between 4000 and 10 000/
μL for WBC count and between 0 and 700/μL for 
eosinophil count according to our laboratory normal 
ranges. CRP levels were measured by a highly sensitive 
immunonephelometric method; the upper reference 
limit for CRP was 6.0 mg/L. According to ultrasound 
results, patients were diagnosed “positive” for AA if  the 
appendiceal diameter measured ≥6 mm and “negative” 
if  measured < 6 mm or the appendix was not identified.

Follow-up of  the Patients
On discharge, the patients were assessed in the 
outpatient surgical department on the 15th postoperative 
day. Subsequent follow-up visits were scheduled at 
3 months and 9 months after surgery. Furthermore, 
the patients were advised to report immediately to the 
emergency department of  the hospital in case of  signs of 

Figure 1. Classification of Patients According to the Final Histopathological 
Diagnosis.

postoperative complications.

Data Analysis
Statistical analysis was performed using IBM SPSS, 
version 20. Descriptive analysis in the form of  mean 
and standard deviation was performed on demographic 
information. Differences between groups were assessed 
using the student t test for continuous variables and 
the χ2 test and Fisher’s exact test where appropriate for 
categorical variables. Statistical significance was accepted 
as P < 0.05.

Results
Clinical, Biological, and Ultrasound Findings
A total of  540 pediatric appendectomies were performed 
over the four-year period of  this study. Overall, 63.5% 
of  patients were male (n = 343) and 36.5% were female 
(n = 197). Mean age at presentation was 9.28 years (range 
3–14 years; SD ± 2.77). All patients presented with 
right iliac fossa pain, 439 (81.3%) patients presented 
with vomiting, and 12 (2.2%) patients presented with 
pruritus ani. Leukocytosis was found in 418 patients 
(77.4%), neutrophilic leukocytosis was found in 386 
patients (71.5%), and positive CRP was found in 317 
patients (58.7%). Abdominal ultrasound scan was 
performed in 371 patients (68.7%). Ultrasound findings 
and performance were shown in Table 1 and Table 2, 
respectively.

Operative Procedures
Four hundred and thirteen appendectomies (76.5%) 
were performed open (mean age 9.4 years, range 3–14) 
and 22.2% (n = 120) were completed laparoscopically 
(mean age 8.9 years, range 4–14). Seven appendectomies 
(1.3%) were converted from laparoscopic to open due to 
technical difficulty. The difference between perforation 
rates of  open group patients and laparoscopic group 
patients was not statically significant (10.4% and 10.2% 
respectively, P = 0.955).

Appendiceal Histopathology Results
On histopathological analysis 88.9% of  specimen showed 
varying evidence of  AA, giving an 11.1% negative 
appendectomy rate. Overall, suppurative appendicitis 
was evident in 54.4% and perforation in 10.4%. EV was 
present in 9.8% of  cases. Faecoliths were found in 7.7% 
(37/480) of  appendicitis specimens and 3.3% (2/60) of 
negative appendicectomies (P = 0.217).

Factors Predicting the Presence of  EV
The comparison of  clinical, biological, and ultrasound 
findings between two groups of  patients with EV (EV+) 
and those without (EV-) shows a statistical significance 
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for pruritus ani (P < 0.001), WBC count (P < 0.001), 
neutrophil count (P < 0.001), CRP (P = 0.001), positive 
ultrasound (P < 0.001), perforation rate (P = 0.009), and 
negative appendectomy rate (P < 0.001). No significant 

Table 1. Table Demonstrating Relative Accuracy of Ultrasound for Detecting Acute Appendicitis in Patients With EV Infestation Versus Those Without

EV Present EV Absent

39 332

Ultrasound  Positive Ultrasound  Negative Ultrasound  Positive Ultrasound  Negative

20 19 272 60

True Positive False Positive True Negative False Negative True Positive False Positive True Negative False Negative

14 6 14 5 262 10 11 49

Abbreviations: EV, Enterobius vermicularis.

Table 2. Diagnostic Performance of Ultrasound for Appendicitis With 
Regard to Presence or Absence of EV Infection of the Appendix

Diagnostic Performance % (95% CI)

Ultrasound EV Present EV Absent

Sensitivity 74 (49–91) 84 (80–88)

Specificity 70 (46–88) 52 (30–74)

PPV 70 (53–83) 96 (94–98)

NPV 74 (56–86) 18 (12–27)

Diagnostic accuracy 72 (55–85) 82 (78–86)

Abbreviations: EV, Enterobius vermicularis; PPV, positive predictive 
value; NPV, negative predictive value.

difference between the two groups was seen when 
comparing gender (P = 0.271), vomiting (P = 0.130), 
eosinophil count (P = 0.915), and procedure (P = 0.536) 
(Table 3).

Comparison Between 2 Subgroups of  Patients With 
Negative Appendectomy
In the presence of  EV, only 43.4% (n = 23) had evidence 
of  AA. This resulted in a negative appendectomy rate 
of  56.6% in the presence of  EV compared to a 11.1% 
overall (P < 0.001). The comparison between the EV 
group (negative appendectomy with EV+) and the 
control group (negative appendectomy with EV-) in 
terms of  pruritus ani showed a significant difference 
(P = 0.020). There were no statistical differences in 
gender (P = 0.602), vomiting (P = 0.390), WBC counts 

Table 3. Comparison of Clinical, Biological, and Ultrasound Characteristics of Patients With EV and Those Without

EV+ EV-
P Value

No. % No. %

Gender
Male 30 56.6 313 64.3

0.271
Female 23 43.4 174 35.7

Vomiting
Yes 39 73.6 400 82.1

0.13
No 14 26.4 87 17.9

Pruritus ani
Yes 7 13.2 5 1

<0.001
No 46 86.8 482 99

Leukocytosis
Yes 26 49 392 80.5

<0.001
No 27 51 95 19.5

Neutrophilic leukocytosis
Yes 21 39.6 365 74.9

<0.001
No 32 60.4 122 25.1

Eosinophilia
Yes 2 3.8 17 3.6

0.915
No 51 96.2 470 96.4

CRP
≥6 mg/L 20 37.7 297 61

0.001
<6 mg/L 33 62.3 190 39

Ultrasound
Positive 20 51.3 272 81.9

<0.001
Negative 19 48.7 60 18.1

Procedure
Open 43 81.1 377 77.4

0.536
Laparo 10 18.9 110 22.6

Perforation
Yes 0 0 56 11.5

0.009
No 53 100 431 88.5

Negative appendectomy
Yes 30 56.6 30 6.2

<0.001
No 23 43.4 457 93.8

Abbreviations: EV+, Enterobius vermicularis present; EV-, Enterobius vermicularis absent; CRP = C-reactive protein.
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(P = 0.605), eosinophil counts (P = 0.694), and CRP (P = 
0.438) between the 2 groups.

Treatment of  Patients With EV Infestation of  the 
Appendix
All patients with EV infestation of  the appendix were 
treated with antihelmenthic drugs (Albendazole 400 mg 
once and to repeat after 1 week). Close family contacts 
were advised to take prophylactic treatment. There was 
complete resolution of  the symptoms post anti-helminth 
treatment and no complications were noted at 2 months 
follow-up. 

Discussion
AA is the most common abdominal surgical emergency 
in children.10-14 In most cases, AA is associated with 
luminal obstruction resulting in progressive increase in 
intraluminal pressure. This obstruction can be caused by 
fecalith, gallstone, tumor, or parasites including EV (most 
commonly), Ascaris, Giardia, and Entamoeba histolytica.7,15 
The histology of  AA is variable. Phlegmonous 
appendicitis is defined as neutrophilic infiltration of 
the appendiceal wall, with associated inflamed and 
ulcerated mucosa and often crypt abscesses. Gangrenous 
appendicitis has necrosis of  the wall of  the appendix in 
a background of  transmural inflammation, often with 
extension into the mesoappendix; perforation may result 
if  untreated.16-18

Majority of  patients infected with EV are 
asymptomatic.19 Reported symptoms include intense 
pruritus in the perianal area that can lead to insomnia, 
restlessness, and irritability.20 EV infestation of  the 
appendix can produce clinical features of  AA or 
“appendiceal colic”21-23 but frequently without any 
histological evidence of  acute inflammation.6-8,24

EV is an obligate parasite infecting approximately 1000 
million humans worldwide.25 Although it is commonly 
held that EV, in contrast to other intestinal helminth 
infections, is more prevalent in temperate than tropical 
climates, there is a paucity of  contemporary data to 
support this view. Well-recognized cofactors for increased 
risk of  Enterobius infection include overcrowding, poor 
sanitation, and lack of  water for bathing and washing of 
hands and clothes.26 The worms live and reproduce in 
the ileum, cecum, colon and appendix and the nematode 
female migrates to the anus to deposit its eggs and die, 
usually at nighttime. Autoinfection occurs by scratching 
the perianal area and transferring infective eggs to the 
mouth with contaminated hands. Following ingestion, 
eggs hatch and release larvae in the small intestine. The 
adult worms establish themselves in the gastrointestinal 
tract, mainly in the cecum and appendix.27 

The incidence of  EV in specimens of  patients who 

underwent appendectomy due to AA was 9.8% in our 
study. In a recent study from Tunisia, pathological 
reports of  24 697 appendectomy specimens were 
analyzed. In this study, 68% of  patients were adults and 
32% were children; the reported incidence of  EV was 
6.4%. Previous reports have shown that this incidence 
was between 0.15 and 12.5 % in different parts of  the 
world.5,13,28-40

Our study provides data that 50% of  children 
with negative appendectomy are EV+. Negative 
appendectomy rate was significantly higher in the EV+ 
group compared to the EV- group. This finding supports 
the notion that presenting with right iliac fossa pain could 
be explained by EV infection. The results of  our study 
made it possible to identify features that could clinically 
differentiate true appendicitis from appendiceal colic 
caused by EV. Pruritus ani, Normal WBC count, normal 
neutrophil count, and normal CRP level at presentation 
could predict EV infection in children who present with 
right iliac fossa pain. Sodergren et al32 and Akkapulu & 
Abdullazade15 compared the white cell counts with a 
control group and found that WBC count in the EV+ 
group was significantly lower than that of  the EV- group. 
In accordance with other studies,15,41 our study showed 
no correlation between eosinophil counts in peripheral 
blood and EV infection. However, some studies suggest 
that eosinophilia may be helpful in predicting EV 
infection.42-44 

In our study, ultrasonography showed an accuracy of 
81.1% for the diagnosis of  AA. Ultrasonography of  the 
right iliac fossa is a useful imaging technique because 
of  its safety and high diagnostic accuracy for evaluation 
of  AA.45,46 Ultrasound is superior to laboratory tests for 
both affirming and excluding appendicitis.45 However, 
ultrasound is not a reliable method to diagnose EV 
infestation of  the appendix.

Our study was limited by its retrospective nature, 
the possibility of  discharged patients presenting with 
appendicitis at other hospitals and the relatively small 
number of  patients. In addition, we did not include clinical 
variables such as the Alvarado score, and specimens were 
only examined by a single pathologist.

In conclusion, EV was seen in 9.8% of  pediatric 
appendectomies in our study. Pruritus ani, normal WBC 
count, normal Neutrophil count, and normal CRP level at 
presentation could predict EV infection in children who 
present with right iliac fossa pain. Careful examination, 
symptomatology awareness, and a high level of  suspicion 
might prevent unnecessary appendectomies. Therefore, 
we strongly recommend that all appendectomy specimens 
be examined histopathologically regardless of  whether 
the specimens are macroscopically normal.
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