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ABSTRACT

Introduction: Acute appendicitis is the most common cause of abdominal pain requiring surgery in children. In most
instances the infecting organisms are normal inhabitants of the lumen of appendix. Surgery allows easy microbiological
sampling. Aspiration of fluid or pus in a syringe is preferred. Swabs are less suitable and only to be used when sampling
with a syringe is not feasible. Antimicrobial susceptibility testing of the isolated bacteria and particularly of the anaer-
obes can be important to adjust therapy in case of the presence of multi resistant bacteria. Objective: The aim of the
study was to determine the bacteriological profile of acute appendicitis in children. Materials and Methods: Study
design is a prospective descriptive study including children hospitalized for acute appendicitis. Tissue samples (a speci-
men of the appendix), peritoneal fluid swab from the appendicial fossa and the peritoneal exudates (if exists) obtained at
surgery from 54 children with suspected acute appendicitis operated at the pediatric surgery unit at the Maternity and
Child Teaching Hospital in Al-Qadisiya province from the period 1st of June 2007 to the end of May 2011, were exam-
ined histologically and by culture for aerobic and anaerobic bacteria. Results: Out of these, 39 boys (72.2%) and 15
(27.7% girls). Their age ranged between (1.8 - 13) years, with a mean of 6.9 years. Of the all patients studied 34 pre-
sented with suppurative and phlegmnous appendicitis, 8 with gangrenous appendicitis, 6 with septic complications of
appendicitis and 6 had normal appendices. Only 80 of the 108 swabs taken yielded a positive culture (74.07%). Con-
clusion: Although in our study no antibiotic regime was changed on the basis of a positive culture swab and the perito-
neal culture swabs do not improve immediate postoperative therapy based on surgical impression and rapid histological
reporting, however, the routine use of peritoneal culture swabs may be of value in identifying patients requiring outpa-
tient follow-up.
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1. Introduction tion to suppurative necrosis and perforation, but in some
appendectomized patients it could be histologically clas-
sified as normal appendices.

Most workers have found the qualitative flora of ap-
pendicitis does not differ appreciably from that of the
normal appendix in adults and children [3]. Both Strepto-
coccus milleri and Bacteroides fragilis, however, have
been implicated in the pathogenesis of appendicitis by

increased isolation rates in acute inflammation [7,8]. Less

Acute appendicitis is the most common cause of abdo-
minal pain requiring surgery in children. But it is an un-
common entity in young children and rare in infants. The
classic description of appendicitis includes the onset of
periumbilical pain followed by nausea, then migration of
pain to the right lower quadrant (RLQ) and finally, vomi-
ting and fever. However, this progression of symptoms is
less common in children than adults [1]. Absence of clas-

sic symptoms leads to a higher rate of appendiceal per-
foration in children. Pathogenesis of appendicitis is still
uncertain, its significance in septic complications of ap-
pendicitis is well established [2,3].

The exact cause remains unclear, but luminal obstruct-
tion, diet, and familial factors have been suggested, and
the etiology may be multifactorial in some cases [4,5].
Some bacteria and parasites were found in histopatholo-
gical evaluations of the appendices [6]. Inflammation of
the appendix ranges from minor, simple acute inflamma-
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is known of the quantitative flora of the acutely in-
flamed and normal appendix. In adults anaerobic bacteria
are more commonly found in counts of above 10° colony
forming units/ml than aerobic bacteria in acute inflam-
mation, and anaerobic bacteria, in particular bacteroides
species, have been quantified in acutely inflamed and
normal appendices. Cultures from inflamed appendices
usually revealed that there is a hardly pyogenic organism.
The most common organisms are a mixture of Escheri-
chia coli (85%), entercocci (30%), nonhaemolytic strep-
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tococci, anaeropic streptococci together with clostridium
welchii (30%) and bacteroides [9,10]. In most instances
the infecting organisms are normal inhabitants of the lu-
men of appendix. Surgery allows easy microbiological
sampling. Aspiration of fluid or pus in a syringe is pre-
ferred. Swabs are less suitable and only to be used when
sampling with a syringe is not feasible. For anaerobic
culture, special precautions should be taken to expel air
bubbles after aspiration. Gram-staining and aerobic and
anaerobic culture of pus is generally advocated. Blood
cultures are also advised: generally two to three sets of
an aerobic plus anaerobic bottle are obtained with 10 - 30
min interval. Antimicrobial susceptibility testing of the
isolated bacteria and particularly of the anaerobes can be
important to adjust therapy in case of the presence of
multi resistant bacteria [11].

2. Objective

The aim of the study was to determine the bacteriological
profile of acute appendicitis in children and determining
the influence of microbiological results on postoperative
outcome in patients undergoing appendicectomy.

3. Materialsand Methods

Study design is a prospective descriptive study including
children hospitalized for acute appendicitis. Tissue sam-
ples (a specimen of the appendix), peritoneal fluid swab
from the appendicial fossa and the peritoneal exudates (if
exists) obtained at surgery from 54 children with sus-
pected acute appendicitis operated at the pediatric sur-
gery unit at the Maternity and Child Teaching Hospital in
Al-Qadisiya province from the period 1st of June 2007 to
the end of May 2011, were examined histologically and
by culture for aerobic and anaerobic bacteria. After his-
tology evaluation, patients were classified depending on
the severity of inflammation into Suppurative and phle-
gmnous, Gangrenous, Septic and non-appendicitis (or
normal histology) subgroups. All intra-operative micro-
biological swabs were taken using two microbiological
swab supplemented with amie’s and charcoal transport
medium, and then immediately plated onto aerobic and
anaerobic culture. For each specimen, the following ana-
erobic bacteriologic media were inoculated: brucella
blood agar, Bacteroides bile esculin agar, phenylethyl al-
cohol blood agar, and sheep blood with kanamycin and
vancomycin agar plates, and thioglycollate broth. Ana-
erobic plates were incubated in an incubator placed in-
side the anaerobic chamber (atmosphere, 10% carbon dio-
xide) at 35°C. Aerobic media included trypticase soy
sheep blood agar, Columbia colistin-nalidixic acid agar,
and chocolate agar plates (incubated in 5% CO,) and
MacConkey agar plates (incubated in air). Fluid speci-
mens were inoculated directly (0.05 mL per medium),
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and tissues were emulsified in 1.0 mL of thioglycollate
broth and inoculated to media (0.05 mL in to solid media
and the remainder into the thioglycollate). Plates were
streaked in a standardized quadrant format to facilitate
enumeration of colonies [12]. Gram stains of all speci-
mens were examined, and the plates were examined after
1,2, 5, and 10 days of incubation. The thioglycollate bro-
ths were subcultured, and isolates were identified only if
no growth occurred on primary plates. All organisms
were identified according to standard methods outlined in
the Wadsworth Anaerobic Bacteriology Manual and
Bailey & Scott’s Diagnostic Microbiology [12,13]. Anti-
biotic susceptibilities of bacterial isolates were deter-
mined using the disk-diffusion method, according to the
actual recommendations. The susceptibilities of aerobic
and anaerobic bacteria were determined for antibiotics
ciprofloxacin, ampicilin, trimethoprim/Sulfamethoxazole,
gentamicin, amikacin, cefotaxime, ceftriaxone, imipenem,
clindamicyn, vancomycin, carbenicillin, chloramphenicol,
metronidazole, and tetracycline. Bacteria were enumer-
ated semiquantitatively as follows: growth in the original
inoculum area only, 1+; growth over the first half of the
plate, 2+; growth extending to the third quadrant, 3+; and
growth extending throughout all areas of the plate, 4+.
Significance of differences between groups was deter-
mined using x2-test analysis and two-tailed z-tests. P <
0.05 was considered statistically significant, and all re-
ported P-values were two-tailed. Consent forms were
signed by all the parents for all the patients underwent
this study for academic and ethical considerations.

4. Results

During the study period, 54 children were operated with
clinical evidence of acute appendicitis .Out of these, 39
(72.2%) boys and 15 (27.7%) girls. Their age ranged
between (1.8 - 13) years, with a mean of 6.9 years. Of the
all patients studied 34 (60.71) presented with suppurative
and phlegmnous appendicitis, 8 (14.28) with gangrenous
appendicitis, 6 (10.71) with septic complications of ap-
pendicitis and 6 (10.71) had normal appendices. Overall,
an intra-operative swab was taken in the patients, in-
cluding those with normal appendices although swabs
were taken more frequently in patients with “compli-
cated” appendicitis. Only 80 of the 108 swabs taken yie-
Ided a positive culture (74.07%). The proportion of pa-
tients with a positive culture, rang of types and semi-
quantitive counts of isolates increased with severity of
histological diagnosis, Tables 1 and 2. The bacterial spe-
cies isolated from appendices and appendix related infec-
tions (Table 3). Anaerobes were more frequently isolated
than aerobes and members of the Bacteroide spp. group
were predominant. Polymicrobial infection was found
in most of cases. Gram-negative bacilli were the most
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Table 1. Frequency distribution of patients included in the
study according to histopathology profile and positivity of
culture.

Patient Total smear -
. . . Positive
included in (appendiceal culture
Histopathology the study tissue and
o peritoneal o
NO. (%) fluid) NO. (%)
Suppurative
and 34 60.71 68 56 82.35
phlegmnous
Gangrenous 8 14.28 16 12 75
Septic 6 10.71 12 117 91.66
Normal 6 10.71 12 1 8.33
Total 54 100 108 80 74.07

P < 0.0001 {Complex (septic) vs. normal}.

frequently isolated microorganisms among the aerobic
bacteria with the predominant of Escherichia coli and
Klebsiella pneumoniue. There were no significant dif-
ferences in the proportions of different genera found
among the four patient groups. The counts of the isolated
organisms showed no significant differences within indi-
vidual appendices (P > 0.05). Between normal and in-

flamed appendices there was no significant difference in
the counts of all isolates (0.05 < P < 0.1), We also ob-
served differences in the number of organisms recovered
between specimens of perforated appendices and those of
gangrenous appendices: cultures of the peritoneal fluid
were almost always positive for bacteria in cases of per-
forating appendicitis, whereas in cases of gangrenous
appendicitis, fluid cultures were usually negative for pa-
thogens but tissue cultures were positive. Table 3 shows
that bacteroides species and E. coli were the predominant
organisms in most normal and acutely inflamed appen-
dices. Aerobic bacteria were highly sensible to imipenem,
amikacin, ceftriaxone clindamicyn, but it was absolutely
resistance to ampicillin. For anaerobic bacteria, sensitiv-
ity rates from high to low were chloramphenicol, carbe-
nicillin, metronidazole and clindamycin (T able 4).

There was no significant difference in the power of
surgical or histological assessment of the appendicitis at
predicting a positive peritoneal culture result. Complex
appendicitis was more likely to be associated with a
positive peritoneal culture (P < 0.0001).

5. Discussion

Appendicitis is one of the most common and costly acute

Table 2. Enumeration of types and semi quantitative counts of isolated organismsin relation to histopathology results were

availablefor evaluation.

No. of patients with indicated type of
appendicitis from whom both specimens
were available

Appendiceal tissue

Semi-quantitative
counts of isolates
per specimen

Peritoneal fluid

Suppurative and phlegmnous

10 Growth (one isolates per specimen No growth 1+
9 Growth (one isolates per specimen Growth (one isolates per specimen 1+
5 Growth (one isolate per specimen) Growth (1 - 2 isolates 1+
per specimen)
4 Growth (2 isolates per specimen) Growth (one isolates per specimen) 2+
4 Growth (1 isolates per specimen) Growth (2 isolates per specimen) 2+
2 No growth Growth (2 isolates per specimen) 1+
Gangrenous

. . . . +
1 Growth (3 isolates per specimen) Growth (3 isolates per specimen) 2
1 Growth (2 isolates per specimen) Growth (one isolates per specimen) 3+
6 Growth (2 - 3 isolate per specimen) No growth 2+

Septic
5 Growth (2 - 6 isolates per specimen) Growth 3 - 5 isolates per 4+

specimen)
1 No growth Growth (2 - 6 isolates per 4
specimen)
Normal
1 No growth Growth (2 isolates per specimen) 1+
5 No growth No growth -
Copyright © 2012 SciRes. OJMM
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abdominal illnesses associated with inflammation [14].
In this study we investigated patients with acute appen-
dicitis as well as patients with normal appendices and
with septic complications of appendicitis. Both aerobic
and anaerobic bacteria were isolated from all groups of
patients, though in varied proportions. Since the micro-
bial etiology of appendicitis was described in 1938, it has
served as the prototype of mixed aerobic and anaerobic
intra abdominal infections [15]. Whereas Altemeier’s
original investigations demonstrated mixed flora in pa-
tients with complicated appendicitis, subsequent studies
have also documented mixed flora in patients with acute
suppurative appendicitis [15,16]. However, investigators
in these studies did not rigidly distinguish between acute
and complicated appendicitis on the basis of pathology, a
distinction which has made comparison of the bacteria
encountered in each of these conditions difficult. In our
study, E. coli was the most frequently encountered aero-
bic bacteria, similar with previous reports of children
with gangrenous and perforated appendicitis [17,18]. Per-
forated appendicitis was responsible for the majority of

Table 3. Organisms isolated from both appendiceal tissue
and peritoneal fluid specimens according to histological pro-
file.

Bacterial Suppurative and Gangrenous Septic Normal Total
species phlegmnous (34) (8) (6) ©6) (54)
Anaerobes
Bacteroide spp. 28 7 11 1 47
Fusobacterium 0 | | 0 )
Spp.

Veillonella spp. 1 0 1 0 2
Cl osx_rl dium 1 2 1 0 4
perfringens

Peptococcus spp. 0 0 1 0 1

Peptostreptococcus 0 ) | 0 3
Spp.
Total 30 12 16 1 59
Aerobes
Escherichia coli 11 5 6 1 24
Klebsiella 4 2 4 0 9
pneumoniae
Citrobacter freundi 0 1 2 0 3
Enterobacter
cloacae 0 ! 2 0 3
Proteus spp. 0 0 1 0 1
Pseudomonas spp. 1 1 2 1 5
Streptococcus spp. 0 1 1 0 2
Saphylococcus 0 0 3 0 5
Spp.
Total 16 11 25 1 43
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Table 4. Antibiotic susceptibility pattern for aerobic and
anaer obic bacteria which wereisolated from both appendic-
eal tissue and peritoneal fluid specimens.

Antibiotics Susc;oe/i))t ible Resistance (%)
Aerobic isolates
Ampicilin 15% 85%
Ciprofloxacin 76% 24%
Gentamicin 45% 55%
Amikacin 84% 16%
Cefotaxime 80% 20%
Ceftriaxone 80% 20%
Imipenem 100% Zero
Clindamicyn 95% 5%
Vancomycin 85% 15%
Sli?ar?:gglzrf;ggle 9% 21%
Anaerobic isolates

Carbenicillin 92% 8%
Cefoxitin 55% 45%
Cefotaxime 55% 45%
Clindamycin 72% 28%
Chloramphenicol 100 Zero
Metronidazole 86% 14%
Tetracycline 35% 65%

secondary bacterial peritonitis found in our study. Alex-
ander noticed that between one third and three quarters of
children present with perforated appendicitis at the time
of diagnosis depending on age [17]. There was little dif-
ference in the incidence of Bacteroides species in the
various lesions except in patients with a perforated ap-
pendix where these organisms were found in most of the
swabs. There are several issues regarding the importance
of certain microorganisms isolated in secondary peritoni-
tis. Although enterococci are frequently isolated as part
of a polymicrobial intra-abdominal infection, their role as
pathogens and the need for antibiotic coverage specifi-
cally toward this organism remains unclear in a review of
several trials [19].

Bacteroides are anaerobic Gram-negative bacilli which
are relatively difficult to isolate in the routine laboratory
without special precautions [20]. Care must be taken in
the collection of the swab and it must be delivered to the
laboratory in special anaerobic transport media. It is nec-
essary to use special selective culture media to allow
easy identification, and blood agar containing neomycin
0.01% is commonly used. It has been shown that using
these precautions the rate of isolation can be significantly
increased [21]. The shift from histologically normal to-
ward gangrenous appendices was clearly associated with
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markedly elevated anaerobic bacterial counts in terms of
species. Bacteriod fragilis is the most frequent anaerobic
species found in acute appendicitis. Nonetheless Bacte-
riod fragilis is the most common isolate [22]. It is evi-
dent that some bacteria may pass the intact appendiceal
wall prior to perforation, while progressive infection and
subsequent tissue damage with necrosis allows bacteria
to move in to peritoneal cavity [22]. And here we must
remember most of the bacteria that are implicated in in-
tra-abdominal infections originate from the normal intes-
tinal flora. With the exception of Bacteroides spp., most
other anaerobes are never encountered in pathology but
they are our main barrier against colonization and infec-
tion by pathogens. This colonization barrier is particu-
larly sensitive to different factors like antimicrobial
treatments [11]. The longer the duration of peritonitis,
the more anaerobes become present [23]. Although this
study is too small to draw any definite conclusions, it is
felt that Bacteroides should be considered an important
pathogen in appendicitis and should be taken into ac-
count in the few ill patients where antibiotic treatment is
contemplated. It was also noted that swabs taken from
the surface of the appendix itself were more often posi-
tive than those from the peritoneal cavity, and this dif-
ference appears to be significant. It is important that the
chemotherapy of post appendicectomy infections include
an antibiotic active against Bacteroides.

The debate remains open concerning the role of Pseu-
domonas aeruginosa in perforated appendicitis. Pseu-
domonas aeruginosa has been reported in previously
healthy children in several studies [24-28] and even in
20% of young adults without co-morbidities in one study.
In one pediatric study P. aeruginosa was isolated in up to
42% of peritoneal pus [28]. Two retrospective open (non-
randomized) studies comparing different antibiotic reg-
imens have found an increased complication rate in the
group without antipseudomonal coverage. However, P.
aeruginosa was often co-cultured with anaerobes [29]. In
a retrospective study performed in a Belgian pediatric
hospital, 23% of the children with peritonitis had P.
aeruginosa in their peritoneal fluid. The presence of P.
aeruginosa was correlated with an increased surgical
complication rate, independently from the presence of
anaerobes [30]. No prospective large trial has evaluated
the role of Pseudomonas aeruginosa in patients (particu-
larly children) with complicated appendicitis.

All studies questioning the use of intra-peritoneal sw-
abs were open, non-randomized, and retrospective with
incompletely matched control groups, non-standardized
swab collection techniques, and consequently lacked
power to inform surgical practice. They concluded that
an appropriately powered randomized, blinded, prospec-
tive, controlled clinical trial is needed to test for absolute
efficacy in the use of peritoneal swabs in patient man-
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agement. Until controlled trial data becomes available, it
may be wise to continue peritoneal swabs at least in
high-risk patients to decrease clinical and medico legal
risk [31].

6. Conclusion

Although in our study no antibiotic regime was changed
on the basis of a positive culture swab and the peritoneal
culture swabs do not improve immediate postoperative
therapy based on surgical impression and rapid histo-
logical reporting, however, the routine use of peritoneal
culture swabs may be of value in identifying patients
requiring outpatient follow-up and Empiric antibiotic ther-
apy in acute complicated appendicitis in children should
be efficient against microorganisms were isolated.
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