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Abstract 

Background Appendicitis remains a common surgical emergency in children. Empirical antibacterial treatment is 
indicated to reduce infective complications. We investigate the bacterial pathogens identified intra-operatively during 
appendectomies in children to guide empirical surgical antimicrobial prophylaxis options.

Methods A retrospective analysis of patients (< 18 years old) undergoing an appendectomy across a multisite 
London hospital (Nov 2019–March 2022) was undertaken. Patient-related outcomes including length of hospital stay 
(LOS), days of antibacterial therapy (DOT), intra-operative microbiology and post-operative radiology reports were 
interrogated.

Results 304 patients underwent an appendectomy during this period; 39.1% of patients had intraoperative samples 
cultured. Bacterial pathogens were found in 73/119 (61.3%) cases; the most common isolates being Escherichia coli 
(42.0%), Pseudomonas aeruginosa (21.0%), milleri Streptococcus spp. (14.3%) and Bacteroides fragilis (5.9%). Polymicrobial 
infection was common (32/73). Isolation of Pseudomonas spp. from intra-operative sampling was associated with a 
greater LOS (7.0 vs. 5.0 days; p = 0.011) but nil effect on the incidence of postoperative collections. Presence of milleri 
Streptococcus spp. was associated with longer LOS (7.0 vs. 5.0 day; p = 0.007), DOT (12.0 vs. 8.5 day; p = 0.007) but had 
no observed outcome on postoperative collections (29.4% vs. 18.6%; p = 0.330). 48% of E. coli positive cultures were 
co-amoxiclav resistant and prolonged LOS compared to the non-resistant group (7.0 vs. 5.0 days; p = 0.040) but had 
no difference in post-operative collections (29.2% vs. 17.9%; p = 0.260).

Conclusion A high proportion of children with appendicitis have Pseudomonas spp. isolated, leading to a prolonged 
LOS. Evolving Enterobacterales resistance and the presence of Pseudomonas spp. necessitate extended antibacterial 
coverage for paediatric appendectomies with evidence of peritonitis.
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Introduction
Acute appendicitis is the most common surgical emer-
gency and cause of abdominal pain in children [1–3]. The 
estimated lifetime risk is around 12% and 25% for males 
and females, respectively [1]. Appendicitis can occur at 
any age; with the peak incidence ocurring between the 
ages of 10–19 years old [1, 2]. While younger children 
experience longer hospital stays, higher rates of read-
mission and are more likely to present with perforation, 
older children tend to develop intra-abdominal collec-
tions [4, 5]. Antibacterial therapy usually in combination 
with surgical intervention is key to optimising outcomes.

Bacterial overgrowth is present in acute appendicitis; 
the most common bacterial isolates consist of Escherichia 
coli, Bacteroides fragilis, milleri Streptococcus spp., Pepto-
streptococcus spp., and Pseudomonas spp. in their order 
of prevalence [6, 7]. However, their role in pathogenesis 
of appendicitis has been debated. The anaerobe B. fragilis 
is found in increased concentrations in acutely inflamed 
appendices, suggesting some causal connection with the 
inflamed intestinal mucosa but no definitive pathogenesis 
has been confirmed [8, 9]. Milleri Streptococcus spp. have 
a similar causal relationship in appendicitis but it has 
been confirmed to be associated with intra-abdominal 
abscess formation [10–12]. Enterobacterales that colo-
nise the gastro-intestinal tract, such as E. coli, likely cause 
opportunistic infection secondary to local inflammation 
and/or perforation with appendicitis [13]. Pseudomonas 
aeruginosa has been described as the critical pathogen 
isolated in perforated and gangrenous paediatric appen-
dicitis, although its role in adults is rare [9, 14]. The accu-
mulating evidence determining the roles of these bacteria 
in complicating postoperative cases highlights the need 
for an empirical antibacterial regimen with activity 
against these common pathogens.

National guidelines within the UK for the surgical man-
agement of paediatric appendicitis favour beta-lactam 
based antibacterial prophylaxis; co-amoxiclav or cepha-
losporin based therapies are commonly recommended 
with antipseudomonal agents not routinely included [15]. 
Limited study data is available to support these treatment 
recommendations and as Enterobacterales resistance 
increases and postoperative infections complicated by 
P. aeruginosa become more frequent,many centres may 
extend empirical coverage beyond the national recom-
mendations [16]. In our local organisation, we combine 
an aminoglycoside (gentamicin) with co-amoxiclav (or 
cefuroxime plus metronidazole in penicillin intolerant 
patients) to extend antibacterial coverage for common 
Enterobacterales resistance mechanisms and for antip-
seudomonal activity. Alternative options may include 
using antipseudomonal beta-lactams [17, 18].

Optimising peri-appendectomy antibacterial pre-
scribing can improve patient outcomes while balanc-
ing the antimicrobial stewardship priorities. Identifying 
patient groups at risk of developing postoperative col-
lections, the impact of milleri  Streptococcus spp. and P. 
aeruginosa on infective complications and the optimum 
empirical antibacterial prophylaxis activity and duration 
remains unknown for our paediatric patients undergo-
ing appendectomy [11, 12, 19]. This retrospective study 
aims to determine the microbial epidemiology of paedi-
atric appendicitis from intra-operative cultures in order 
to assess the appropriateness of empirical antimicrobial 
prophylaxis during surgery.

Methods
Study setting and design
A retrospective observational analysis was undertaken of 
paediatrics patients between the ages of 1 and 18 years of 
age who underwent appendectomy in a large single cen-
tre NHS acute Trust; Chelsea & Westminster NHS hos-
pital (London, UK). The study included all presentations 
with diagnostic coded acute appendicitis cases or surgical 
appendectomy between November 1st 2019 and March 
1st 2022. Data was obtained from the electronic health 
record platform  (Cerner®Missouri, United States) includ-
ing patient characteristics, type of appendicitis (simple or 
complex), type of surgery (laparoscopic or open), postop-
erative imaging and interventions, intraoperative cultures 
(if any), length of hospital stay in days (LOS), 30-day 
readmission, radiologically defined postoperative collec-
tions, days of antibacterial therapy [DOT], and antibac-
terial treatments received. Children who underwent an 
interval appendectomy, had primary surgery at another 
centre, had non-surgically managed appendicitis or had 
incomplete patient records detailing their surgery were 
excluded. Intra-operative cultures were not mandatory 
but were morecommon in children with intra-operative 
evidence of peritonitis.

Laboratory techniques
Microscopy for causative pathogens was investigated 
in line with the national UK Standards for Microbiol-
ogy Investigations from Public Health England on the 
relevant media, atmospheres and duration noted in the 
relevant standard operating procedure [20]. Isolate spe-
ciation was performed using MALDI-TOF spectroscopy 
 (Biotyper®, Bruker). Antimicrobial susceptibilities were 
determined by disc diffusion using European Committee 
on antimicrobial susceptibility Testing (EUCAST v.10) 
criteria [21].
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Statistical analysis
Statistical analysis was carried out using GraphPad Prism 
9. Normality was assessed using a Kolmogorov-Smirnov 
test. Parametric data was presented using the mean and 
its respective standard deviations and, a student t-test 
was used to determine statistical significance. Non-par-
ametric descriptive data was presented as median val-
ues with interquartile ranges (IQR). The Chi-Squared 
and Fisher’s exact test was used to compare categori-
cal data and a Mann-Whitney U test was performed for 
continuous data. Post-appendectomy outcomes for each 
bacteria isolate were compared to culture negative out-
comes, anda value of p < 0.05 was considered statistically 
significant.

Study approval
The project was defined as a service evaluation by the 
Chelsea and Westminster NHS Foundation Trust R&D 
department and assigned approval (reference CSS093).
The information was collected as part of routine work 
by the infection team and the need for individual con-
sent was waived for this retrospective analysis following 
review by the Chelsea and Westminster NHS Foundation 
Trust Research & Governance Office. All data was col-
lected and stored in concordance with the Data Protec-
tion Act and the General Data Protection Regulation.

Results
 A total of 530 patients admitted to the Chelsea & West-
minster NHS Trust (November 2019–March 2022) 
with either appendectomy coded via ICD-10 or listed 
on theatre as having had an appendectomy performed. 
304/530 patients were included in the final analysis 
(Fig.  1); the median age was 11 years old (IQR 8–14) 
and 177/304(58.2%) were male. Laparoscopic appendec-
tomy 283/304(93.1%) was the most frequent interven-
tion, with 18/304(5.9%) and 3/304(1%) having an open 
surgery and laparoscopic procedure converted to open, 
respectively. The median LOS was 3 days (IQR 2–6) and 
DOT was 6 days (IQR 2–9). The overall rate of readmis-
sion and postoperative collections was 29/304(9.5%) and 
32/304(10.5%), respectively.

Microbiological findings
Intra-operative cultures were taken for 119/304 (39.1%) 
patients and 73/119 (61.3%) of patients had one or more 
pathogens cultured; 32/73 (43.8%) cultures were polymi-
crobial. The most common organism isolated from cul-
tures during an appendectomy was E. coli 50/119 (42.0%). 
The presence of pathogens was more commonly identi-
fied in patients who developed postoperative collections 
than those without (87.5% vs. 54.3%, p < 0.01).

Children with intra-operative cultures performed had a 
longer LOS (6 days vs. 2 days, p < 0.0001) and longer DOT 
(9 days vs. 3 days, p < 0.0001) (Table  1). This group had 
higher rates of readmission (14.3% vs. 6.7%, p = 0.045) 
and radiologically confirmed postoperative collections 
(20.2% vs. 4.5%, p < 0.0001) compared to the non-cultured 
group. Median age of the culture group was found to be 
lower 10 years (7–13) vs. 12 (8.5–15), p < 0.0001.

i. E. coli

Escherichia coli was the most frequently isolated path-
ogen (Table 2). Patients with intra-operative cultured E. 
coli endured a greater LOS (8 days vs. 5 days, p < 0.0001) 
and duration of antibacterial treatment (DOT 11 days vs. 
7 days, p < 0.0001) than the control group of non-E. coli 
cultured intra-operative cases. No difference in rates of 
readmission (8/50; 16.0% vs. 9/69; 13.0%, p = 0.79) or 
presence of postoperative collections (12/50; 24.0% vs. 
12/69; 17.4%, p = 0.49) were observed.

In vitro susceptibility for cultured E. coli isolates in 
this study was 26/50 (52%), 45/50 (90%), 46/90 (92%) 
and 43/50 (86%) for co-amoxiclav, 3rd generation ceph-
alosporins, ciprofloxacin and gentamicin, respectively. 
Resistance to first line empiric surgical prophylaxis (com-
bination co-amoxiclav and gentamicin) was 8/50 (12%). 
The presence of co-amoxiclav resistant E. coli was associ-
ated with a longer LOS (7 days vs. 5 days, p = 0.04) than a 
control of co-amoxiclav susceptible E. coli.

 ii. Pseudomonas aeruginosa

Patients with intra-operative cultured Pseudomonas 
aeruginosa had a greater LOS (7 days vs. 5 days, p = 0.011) 
compared to a control group of non-Pseudomonas cul-
tured intra-operative cases. No differences in rates of 
re-admission (4/25; 16.0% vs. 13/94; 13.8%, p = 0.75) or 
postoperative collections (5/25; 20.0% vs. 19/94; 20.2%, 
p = 1.0) between the two groups were identified.

 iii. Milleri Streptococcus spp.

Patients with intra-operative cultured   milleri  Strep-
tococcus spp. had a longer LOS (7 days vs. 5 days, 
p = 0.0069) and DOT (12.0 days vs. 8.5 days, p = 0.0070) 
compared to their non-milleri  Streptococcus spp. con-
trols. The rates of readmission (1/17; 5.9% vs. 16/102; 
15.7%, p = 0.46) and rates of postoperative collections 
(5/17; 29.4% vs. 19/102; 18.6%, p = 0.33) did not differ sig-
nificantly between the two groups.

 iv. Bacteroides fragilis

Patients with intra-operative cultured Bacteroides fra-
gilis had an increased risk of developing a postoperative 
collection (4/7; 57.1% vs. 20/112 17.9%, p = 0.03) and 
a trend to higher hospital readmissions (3/7; 42.9% vs. 
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14/112; 11.6%, p = 0.05) compared to patients with non-
Bacteroides fragilis isolated.

Antimicrobial prescribing
In this study, the most common empirical antibacte-
rial regimen for intra-operatively culturd patients was 
co-amoxiclav and gentamicin, given to 68/119 (57.1%). 
Monotherapy with co-amoxiclav was the next common 

option, with 39/119 (32.8%) patients receiving this 
treatment. Other empirical regimens included a cepha-
losporin in combination with metronidazole or ciproflox-
acin monotherapy.

Escalation of treatment usually consisted of pipera-
cillin/tazobactam or meropenem with some patients 
requiring single doses of amikacin. Among the patients 
who tested positive for E. coli, 78% (39/50) received 
a combination of co-amoxiclav and gentamicin 

Fig. 1 Aflowchart demonstrating the number of patients that were excluded from the rawdata cohort to achieve the final cohort who met the 
inclusion criteria
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preoperatively. Of these patients, 26/50 (52.0%) had 
their initial antibacterial regimen altered, compared 
to 12/69 (17.7%) with non-E. coli pathogens cultured; 
this difference was statistically significant (p < 0.0001). 
Antibacterials were escalated in 15 out of 26 patients 
(57.7%) with E. coli infections, and 9 of these cases had 
co-amoxiclav resistance. A post-operative collection 

was identified in 12 children with E. coli positive cul-
tures, all of these patients received a combination of 
co-amoxiclav and gentamicin preoperatively. Seven of 
these cultures where in vitro co-amoxiclav resistant but 
susceptible to gentamicin, and only one of these seven 
patients (who was gentamicin susceptible) required an 
escalation in antibacterial regimen.

For the E. coli positive patients that did not receive gen-
tamicin preoperatively, none of them developed postop-
erative collections. However, in 10/11 (90.9%) of these 
patients, bacteria isolates identified were sensitive to 
their empirical treatment regimen.

Patients who tested positive for Pseudomonas spp. were 
more likely to have their initial antibacterial regimen 
changed (16/25; 64.0%) compared to patients with other 
pathogens (25/94; 26.9%, p = 0.0008). Intensification 
of regimen occurred in 10 out of 16 patients (62.5%) to 
achieve clinical stability, with only one case not receiving 
gentamicin pre-operatively. Escalation of treatment was 
uncommon within the Streptococcus milleri group [3 out 
of 17 patients (17.6%)].

Discussion
This retrospective study evaluates the microbiology find-
ings from intra-operative cultures in children under-
going appendectomy. The most commonly isolated 
pathogen is E. coli, and susceptibility to first-line beta-
lactam co-amoxiclav is 52% (26/50), raising concerns 

Table 1  A comparison between the group with intraoperative cultures and the group without cultures and their effects on length of 
stay, days of antibacterial therapy, 30-day readmission, postoperative collections and postoperative interventions

Polymicrobial infection was defined as 2 or more bacterial pathogens isolated from intra-operative samples

Intraoperative culture sent (n = 119) No culture sent (n = 185) Statistical 
comparison

Median age, years (IQR) 10 (7–13) 12 (8.5–15) p < 0.0001

Male sex, n (%) 69 (58.0%) 108 (58.3%)

Median LOS, days (IQR) 6 (3–9) 2 (2–3) p < 0.0001

Median DOT, days (IQR) 9 (7–11) 3 (1–7) p < 0.0001

30-day readmission, n (%) 17 (14.3%) 12 (6.7%) p = 0.045

Postoperative collections, n (%) 24 (20.2%) 6 (4.5%) p < 0.0001

Intervention of collection, n

 Conservative (Continued antibacterials post-opera-
tively)

15 4

  Drain 7 1

  Aspiration 2 1

Microbiology results, n

  E. coli isolated 50

  Milleri Streptococcus spp. isolated 17

  Pseudomonas aeruginosa isolated 25

   Anaerobes isolated 17

  Polymicrobial infection present 32

Table 2 A list of the frequency of the most common cultured 
organism combinations and the percentage collections formed 
from this sample type

Organisms cultured Number of 
samples (n)

Number of 
collections 
formed  (%)

E. coli only 24 7 (29.2%)

E. coli & Pseudomonas aeruginosa 10 1 (10%)

Anaerobes only 6 2 (33.3%)

Pseudomonas only 5 1 (20%)

E. coli & anaerobes 4 2 (50%)

E. coli, milleri Streptococcus spp. & anaer-
obes

4 2 (50%)

E. coli &  milleri Streptococcus spp. 4 0 (0%)

Pseudomonas aeruginosa & anaerobes 3 1 (33.3%)

Milleri Streptococcus spp. only 3 1 (33.3%)

E. coli & milleri Streptococcus spp., Pseu-
domonas aeruginosa

3 0 (0%)

Milleri Streptococcus spp. & Pseudomonas 
aeruginosa

2 2 (100%)
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about the reliability of this agent as monotherapy. Intra-
operative culturing of Pseudomonas spp. is also fre-
quently identified; however its pathogenicity remains 
unclear.

The role of intra-operative cultures in appendicec-
tomies is widely debated [12]. At this local centre, it is 
commonly utilised for children with appendicectomies 
and evidence of peritonitis and /or systemic signs of 
sepsis. Some studies, such as the one by Foo et al., ques-
tion the value of this practice, describing a low yield of 
pathogens (32%) and minimalistic changes to patient 
management [22]. Others argue that the increasing anti-
microbial resistance and thus less reliable empiric treat-
ment options necessitate the need for intra-operative 
cultures to identify these pathogens present and their 
resistance mechanisms [23, 24].

The presence of a cultured pathogen may not accu-
rately reflect the problem pathogen at time of appen-
dectomy which limits this and other similar studies. 
Selective culturing of our more complex cases (e.g. where 
pus is identified intra-operatively) may skew results for 
the more extreme presentations and not represent the 
microbiology of all patients [19]. From our findings, the 
presence of a confirmed pathogen is associated with 
post-operative complications including LOS and antimi-
crobial duration of therapy. However, many confound-
ers exist. Once cultured, the presence of a pathogen can 
direct post-operative antibacterials through targeting 
resistance mechanisms to first-line therapies (e.g. ESBL 
Enterobacterales) or through extending beta-lactam ther-
apy to cover Pseudomonas. Identification of milleri Strep-
tococcus spp. resulted in prolonged DOT due to this 
pathogen’s association with abscess formation. Bespoke 
microbiology recommendations for extended treatment 
are common for  milleri Streptococcus spp. associated 
complex intra-abdominal infections.

The availability of intra-operative samples is useful for 
guiding post-operative antibacterials, especially when 
complications such as post-operative collections exist. 
In our practice, consolidating empirical antimicrobials 
to a targeted therapy is common in our post-operative 
complicated cases to facilitate oral step down, prolonged 
intravenous antibacterials in the out-patient setting or 
escalation in clinically unstable cases.

This study confirms that E. coli is the most commonly 
isolated pathogen from intra-operative cultures (42.0%), 
similar to other epidemiological studies (32–85%) [18, 
25]. As a common commensal organism within the intes-
tinal lumen and known invasive pathogen, it is plausible 
that E. coli is responsible for postoperative infective com-
plications and warrants empiric antibacterial coverage 
[13]. However, the increasing antimicrobial resistance of 
Enterobacterales, such as E. coli, is of increasing concern, 

and empiric antimicrobial treatments are becoming less 
robust. In this study, 48% of the E. coli positive specimens 
had phenotypic evidence of co-amoxiclav resistance. The 
addition of gentamicin extends activity against many of 
these resistant pathogens, with bespoke targeted therapy 
introduced post-operatively if complex infection per-
sisted. This could be through use of ceftriaxone based 
options for non-ESBL infection or either ciprofloxacin or 
meropenem dependent on susceptibility data. Where co-
amoxiclav resistant E. coli were present, the median LOS 
and DOT was approximately 48 h longer than a co-amox-
iclav susceptible E. coli control. This may reflect delay 
to infection resolution or may be driven by prescriber 
behaviours for extended targeted therapy.

In children with postoperative infections requiring 
prolonged antibacterials, the presence of intra-operative 
culture resulted in a change of empiric therapy in 75% 
of patients. Addition of anti-pseudomonal beta-lactam 
where Pseudomonas aeruginosa was isolated, chang-
ing from co-amoxiclav where resistance confirmed or 
extended therapy for milleri Streptococcus spp. was com-
mon. Milleri Streptococcus spp. are a common coloniser 
of the gastrointestinal tract recognised for its virulent 
and invasive role, especially in acute appendicitis [10]. 
Various studies performing microbiological cultures have 
described a wide range of rates from 13 to 61%, with our 
study reporting 14.3% of cultured cases [12]. Locally, the 
confirmation of S. milleri was predictive of post-operative 
abscess formation (29% of cases with milleri Streptococ-
cus spp. cultured) further highlighting the added benefit 
of culture results, similar to previous studies [11, 12].

The clinical significance of intra-operative Pseu-
domonas spp. is not fully understood. Unlike in adult 
appendicitis, paediatric cases persistently report on the 
presence of Pseudomonas spp. with prevalence ranging 
from 0 to 29% of all cultures, similar to the rate found 
in this local study (21%) [19, 26–28]. Identification of 
Pseudomonas spp. cultures resulted in an extended LOS 
but had no impact on confirmed rates of abscess forma-
tion or re-admission. Many patients were managed with 
gentamicin in combination with co-amoxiclav, with tar-
get beta-lactam therapy (e.g. piperacillin/tazobactam) 
reserved for children with uncontrolled systemic infec-
tion or confirmed abscess formation [19]. Theodorou 
et  al. describe a similar rate of surgical site infection in 
both Pseudomonas spp. positive and negative patients 
[19], while other studies suggest that surgical site infec-
tion is higher with Pseudomonas spp. where prophy-
lactic coverage of this pathogen was often lacking [25]. 
In our local practice, empiric antipseudomonal anti-
microbial surgical prophylaxis is recommended (gen-
tamicin) and as such may mitigate against some of the 
possible Pseudomonas spp. complications. A control 
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of non-pseudomonal surgical prophylaxis would be 
required to accurately determine the true pathogenicity 
of this pathogen in complex paediatric appendicitis.

Limitations
This study had a retrospective design, and microbiologi-
cal data was not routinely collected for all patients. In 
some cases of perforated appendicitis, intra-operative 
cultures were not available, and this selective nature may 
over-estimate bacterial involvement by association with 
more severe presentations. The study is limited to two 
hospital sites and may not reflect epidemiology of other 
regional areas. Local surgical practice, empirical antibac-
terial prescribing and antimicrobial resistance patterns 
may vary with other external centres [24].

Intra-operative cultures were not available for all chil-
dren due to the retrospective nature of the study design. 
Cultures were more likely to be taken in children with 
evidence of local peritonitis or systemic signs of sepsis. 
Thus, the studied cohort is not reflective of all children 
requiring an appendectomy, and our results are con-
founded by more severe surgical cases.

Intra-operative culturing is commonly utilised; how-
ever, correlating positive cultures with confirmed inva-
sive infections is challenging. Inference of outcomes from 
initial culturing may, therefore, be inaccurate. Post-oper-
ative sampling is uncommon in this practice, as success-
ful culturing using traditional microbiological methods 
post exposure of systemic antibacterials is problematic. 
Serial invasive sampling using molecular microbiologi-
cal may provide more accurate epidemiological data, but 
unfortunately, is not widely available in our practice.

Conclusion
This study confirmed the utility of intra-operative cul-
tures for complex paediatric appendectomies. Due to 
increasing Enterobacterales resistance, the possibility of 
abscess formation post-operatively with some Strepto-
coccus spp. and the presence of Pseudomonas spp., cul-
ture results may help guide clinicians’ judgement when 
deciding to alter post-operative treatment to achieve 
clinical stability. Whilst beta-lactam combinations are 
widely recommended for surgical prophylaxis, locally we 
continue to recommend the addition of an aminoglyco-
side to extend activity against resistant Enterobacterales 
and Pseudomonas spp.  Further prospective studies are 
required to further understand the pathogenicity of com-
monly isolated pathogens to support tailored treatment 
plans.
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