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Despite advances in imaging technology (ultrasound and computed 
tomography) and computer-assisted decision-making models, ac-
curate diagnosis of appendicitis in children can be difficult and 
perforation rates are reported to be as high as 20%. [1]. Most 
of the deaths from acute appendicitis are due to complications 
associated with delayed diagnosis [2]. To reduce the incidence of 
perfora tion, the surgical community tradition ally accepts that ap-
proximately 15%–20% of appendectomies will yield a non-inflamed 
appen dix [3]. While the numbers in cer tain populations may be 
as high as 40% [3], in two large series of appendectomies in 
children non-inflamed appendix was identified in up to 12% of the 
cases [4,5]. Consequently, surgical procedures are not infrequently 
performed in children with recurrent abdominal pain who may 
continue to suffer from abdominal pain following surgery [6,7].

Childhood RAP, defined as at least three attacks of pain oc-
curring over a period of 3 months that were severe enough to 
affect activities and for which no organic cause was identified [8], 
has been reported to occur in 10–15% of children between the 
ages of 4 and 16 years, and it is estimated that an equal number 
of children suffer from similar symptoms but do not request 
medical consultation [9]. Five years after the first presentation 
of abdominal pain, approximately one-third of children with 
RAP will have resolution of their pain, one-third will continue to 
complain of the same symptoms, and another third will have a 
different set of recurrent pain symptoms [10]. RAP is frequently 
related to emotional problems, and therefore it is feasible to as-
sume that the characteristics of abdominal pain and psychosocial 
functioning would be different in children whose appendices are 
found normal as compared to children with acute appendicitis. 
The aims of this study were twofold: to compare the abdominal 
pain characteristics as well as the demographic data, school 
performance, behavior, and social interaction of children with 
histologically confirmed appendicitis to those with non-inflamed 
appendix; and to look for predicting factors for non-inflamed 
appendices and unnecessary surgical procedures, if differences 
between the groups were identified.

Patients and Methods 
The charts of all children (under 18 years) with suspected ap-
pendicitis who had undergone appendectomy at the Bnei Zion 
Medical Center in Haifa from 1994 to 2001 were retrospectively 
reviewed for both clinical and laboratory data. Children with 
history of chronic illness or with post-surgical histological 
findings suggesting other pathologies were excluded. Following 
oral consent to be questioned on the phone, the patients or 
their parents were asked to respond to a detailed questionnaire 
regarding symptoms and demographic data as well as school 
performance and social adaptation of the patient [11]. The study 
was approved by the internal review board at the Bnei Zion 
Medical Center. 

SigmaStat for Windows version 3.0 (SyStat software, Richmond, 
California, USA) was used for data analysis. The t-test was used 
for continuous variables, and chi-square test and calculation of 
odds ratio for categorical variables. 

Results
The study group comprised 156 children who underwent appen-
dectomy between 1994 and 2001 at the Bnei Zion Medical Center, 
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a primary care hospital serving a mixed population from northern 
Israel: 117 with histologically confirmed appendicitis and 39 with 
normal appendices. Two children from the inflamed appendix 
group were excluded, one suffering from familial Mediterranean 
fever and the other from nephrotic syndrome. Eighty-two patients 
of the 154 (53.2%) were located and interviewed: 62 of the origi-
nal 115 positive appendectomies (54%) and 20 of the original 39 
normal appendectomies (51%). All of them consented for the 
interview. Table 1 shows the demographic features, emphasizing 
that there were significantly more girls in the normal appendix 
group and more boys in the inflamed appendix group. The age 
at operation and time from surgery to the telephone survey were 
similar for both groups.

Of the 82 children, 16 reported recurrent episodes of abdomi-
nal pain before or after surgery: 11 (17.7%) in the appendicitis 
group and 5 (25%) in the normal appendix group (OR = 0.65, NS) 
[Table 2]. In 4 patients the abdominal pain commenced after the 
operation – 3 (5%) from the appendicitis group and 1 (5%) from 
the non-inflamed appendix group. Only 6 patients fulfilled the 
formal criteria for the diagnosis of RAP: 5 (8%) from the appen-
dicitis group and 1 (5%) from the non-inflamed appendix group 
(OR 1.67, NS) [Table 2]. Eight of the 11 children (73%) in the 
inflamed appendix group reported resolution or improvement of 
their abdominal symptoms following the appendectomy, whereas 
3 of 5 (60%) in the non-inflamed group reported improvement 
in symptoms (NS). Of the six children who fulfilled the criteria 
for the diagnosis of RAP before surgery five reported resolution 
or improvement of their abdominal symptoms following the ap-
pendectomy. We further compared the children from both groups 
regarding school performance, behavior and their social interac-
tion with peers [Table 3]. No significant statistical differences 
were found between the groups. 

Discussion
In this study we compared the abdominal pain characteristics 
in post-appendectomy children with histologically confirmed 
appendicitis to those who had a non-inflamed appendix, with 
special emphasis on the diagnosis of recurrent abdominal pain. 
Our results are contradictory to previously reported studies. 

Several reports have been published on the association be-
tween emotional problems in non-inflamed appendix patients 
both pre- and post-appendectomy. Barker et al. [12] argued that 
the clinical presentation of acute abdominal pain without clear 
underlying pathology may represent a behavioral syndrome with 
poor prognosis in terms of long-term utilization of hospital re-
sources. Table 4 summarizes six studies showing more psychiatric 
and psychological morbidity as well as more abdominal pain and 
more admissions in the non-inflamed appendix groups. 

Studies on the surgical findings in patients with RAP [7] found 
that approximately 20% of their 161 RAP patients underwent 
surgical (8.7%) or medical treatments of doubtful necessity. A 
recent multivariable analysis found that patients with irritable 
bowel syndrome had three times more cholecystectomies, twice 
the number of appendectomies and hysterectomies, and 50% 
more back surgery than other subjects without irritable bowel 
syndrome [6]. 

Walker and colleagues [19] showed that patients with RAP 
reported significantly higher levels of functional disability, school 
absence, and clinic visits for abdominal distress. Among patients 
with RAP, higher levels of irritable bowel syndrome symptoms 
were associated with significantly greater functional disability, 
more clinic visits, more life stress, higher levels of depression, 
and lower academic and social competence [19].

With these background data, it was tempting to assume that 
patients with non-inflamed appendix would have a higher per-
centage of RAP and its later consequences such as depression 

OR = odds ratio

Table 1. Demographic data

P

Normal  
appendix
(n=20)

Inflamed  
appendix
(n=62)

0.03*7 (35%)39 (63%)Male

13 (65%)23(37%)Female

NS**12.55 ± 3.1712.03 ± 3.45Age at surgery (yrs)

NS**73.3 ± 25.5468.75 ± 30.56Time course from surgery

   (mos) 

*   Chi-square
** t-test

Table 2. Abdominal pain and RAP versus appendicitis

Acute appendicitis Normal appendix Total

Abdominal pain present 11 (17.7%) 5 (25%) 16 (19.5%)

Abdominal pain absent 51 (82.3%) 15 (75%) 66 (80.5%)

Total 62 (100%) 20 (100%) 82 (100%)

RAP present 5 (8%) 1 (5%) 6 (7.3%)

RAP absent 57 (92.0%) 19 (95%) 76 (92.7%)

Total 62 (100%) 20 (100%) 82 (100%)

Table 3. Social and behavior parameters of the two groups

P
Normal appendix
(n=20)

Inflamed appendix
(n=62)

Immigration status

NS(70%) 14(83.8%) 52Parents born or more than 30  

   years in Israel

NSAcademic achievements

(30%) 6(36%) 22Excellent students

7 (35%) (43%) 26Good students

6 (30%)(13%) 8Mediocre students

1 (5%)5 (8%)Weak students

NSSocial interaction with peers

6 (30%)(33.8%) 21Socially active children

11 (55%)(61.2%) 38Socially accepted children

3 (15%)14 (22.5%)Socially introverted children

Behavior

NS0 (0%)2 (3%)Hyperactivity
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and personality disorders [20-23] than those with confirmed acute 
appendicitis. 

Our results demonstrated surprisingly lower rates of RAP in 
children with normal appendix than might have been anticipated 
according to previous studies. Only one girl with a non-inflamed 
appendix met the criteria for RAP and her symptoms resolved 
following appendectomy. This was also true for the group with 
abdominal pain not meeting the formal criteria for RAP. We also 
could not demonstrate differences regarding school performance, 
behavioral problems and social interactions between the groups 
that might have been expected according to previous studies. 
The explanation for this finding is not clear and may be partially 
related to the fact that the number of patients with non-inflamed 
appendices (25%) was relatively high compared to other stud-
ies in the literature [4]. Both groups were similar with regard 
to age at operation, percentage of responders and time course 
after surgery, so we presume that type B recall bias does not 
significantly affect the results. 

The major limitation of the study is that our data are based 
on a telephone questionnaire and not on objective assessment, 
and the fact that only about 50% of the original group could be 
recruited for the study; however, the recruitment percentage was 
similar in both groups and therefore probably unbiased. Although 
we did not use the Rome II criteria [24], our study group met the 
commonly used classical criteria for childhood functional RAP 
[8,25] without further subgrouping for specific gastrointestinal 
complaints suggested by the Rome II criteria. 

We therefore conclude that in our study we could not demon-
strate any relationship between a normal appendix on histological 
examination and higher incidence of RAP. We were also unable 
to verify the purported association of a non-inflamed appendix 
with psychosocial morbidity. According to our results, neither 
abdominal pain characteristics nor the patients’ psychosocial 
background could predict non-inflamed appendices or a different 
postoperative course.
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The success of the WHO smallpox eradication program three 
decades ago resulted in termination of routine vaccination 
and consequent decline in population immunity. Despite 
concerns regarding the reintroduction of smallpox, there is 
little enthusiasm for large-scale redeployment of licensed 
live vaccinia virus vaccines because of medical contraindica-
tions and anticipated serious side effects. Therefore, highly 
attenuated strains such as modified vaccinia virus Ankara 
(MVA) are under evaluation in humans and animal models. 
Earl and collaborators demonstrated more rapid immune 
responses after a single vaccination with MVA compared 
to the licensed Dryvax vaccine. To determine the kinetics of 
protection of the two vaccines, macaques were challenged 

intravenously with monkeypox virus at 4, 6, 10 and 30 days 
after immunization. At 6 or more days after vaccination 
with MVA or Dryvax, the monkeys were clinically protected 
(except for 1 of 16 animals vaccinated with MVA), although 
viral loads and number of skin lesions were generally higher 
in the MVA vaccinated group. With only 4 days between 
immunization and intravenous challenge, however, MVA 
still protected whereas Dryvax failed. Protection correlated 
with the more rapid immune response to MVA compared 
to Dryvax, which may be related to the higher dose of MVA 
that can be tolerated safely.

Proc Natl Acad Sci USA 2008;105:10889
Eitan Israeli

Capsu le
Rapid protection in a monkeypox model by a single injection of a 
replication-deficient vaccinia virus

South Africa has one of the world's highest burdens of 
tuberculosis (TB), including multidrug-resistant (MDR) and 
extensively drug-resistant (XDR) strains. The gold standard 
for TB diagnosis is growth of the bacillus in culture, but 
estimates show that this test is applied to only ≈5% of 
new cases. Dowdy and co-workers developed a quantita-
tive model to investigate the benefits of expanding culture 
and drug susceptibility testing to a larger fraction of South 
Africa's TB patients over a 10 year period. The authors 
found substantial benefit from the expanded testing, at 
a reasonable cost, provided the new regime is initiated 
immediately. They considered eight scenarios, each with 

variations in the proportion of patients tested and the time 
of program onset. Their model showed that if culture and 
drug susceptibility tests are applied to 37% of new patients 
and to 85% of patients whose first round of treatment was 
unsuccessful, then ≈48,000 lives will be saved and 60,000 
TB cases averted – including 7700 MDR cases – of the 
estimated 2 million TB cases that are likely to develop in 
South Africa over the next 10 years. However, this strategy 
will not reduce the incidence of XDR-TB unless transmission 
is also inhibited. 

Proc Natl Acad Sci USA 2008;105:11293
Eitan Israeli

Capsu le
Modeling TB culture and drug susceptibility testing
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