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Abstract 

Introduction: Despite advances made by medical 
science, secondary bacterial peritonitis (SBP) still remains a 
threat for children.  

The objectives of this study were to identify aerobic 
bacteria responsible for SBP in children and to find the 
proper antibiotic treatment to cure it.  

Materials and method: We analyzed medical charts 
and microbiological data of children suffering from SBP (0-
18 years old), admitted to the Pediatric Surgery Department 
of “Louis Turcanu” Children Emergency Hospital.  

Results: Out of 93 children diagnosed with SBP 
between January 2008-March 2009, 49 had positive 
peritoneal cultures with aerobic bacteria. E. coli was the 
dominant bacteria encountered, while Enterococcus isolates 
were the only Gram-positive bacteria found. Imipenem, 
Ertapenem, Ticarcillin/Clavulanic acid and Ciprofloxacin 
seems to be the best choice in the treatment of SBP. 
Perforated appendix was the common cause of SBP 
(87.75%), followed by the intestinal perforation (6.13%), 
necrosis (4.08%), or trauma (2.04%).  

Conclusions: An adequate management of SBP 
assures decreased hospitalization, prevents emergence of 
antibiotic resistance and it is cost effective too. 
Key words: secondary bacterial peritonitis, antibiotic, 
children 
  
Introduction 

Despite advances in diagnosis, surgery, antimicrobial 
therapy and intensive-care support, severe secondary 
bacterial peritonitis (SBP) remains a potentially fatal 
distress. It represents a major cause of morbidity, with a 
mortality rate of 30%1. SBP generally occurs due to the 
entry of enteric bacteria into the peritoneal cavity. This 
pathway is due to necrotic defect in the intestinal wall or 
abdominal organs, caused by infarction, obstruction, or 
direct trauma1. In children, SBP is mainly associated with 
perforated appendicitis (PA), but may associate with 
intussusception, incarcerated hernia, volvulus, or rupture of 
a Meckel’s diverticulum. Although less common in children 
than in adults, SBP can occur as a complication of intestinal 
mucosal disease, including peptic ulcers, ulcerative colitis, 
and pseudomembranous enterocolitis1. Intra-abdominal 
infection in the neonatal period is often a complication of 
necrotizing enterocolitis but may also be associated with 
meconium ileus or spontaneous rupture of the stomach or 
intestines or Hirschsprung's disease1. 

The specific bacteria involved in SBP are generally 
those from the normal gastrointestinal tract flora, at the site 
of entry to the peritoneal cavity. Some retrospective studies 
evaluated the microbiology of the peritoneal cavity and 
post-operative wounds following perforated appendix in 
children1,2. The predominant aerobic bacteria were 
Escherichia coli, Pseudomonas aeruginosa, while 
Bacteroides fragilis and Peptostreptococcus spp. were 
dominant in the anaerobic group. In addition, bacteria 
responsible for SBP differed in newborns than in older 
children. Klebsiella, Enterobacter, Streptococcus spp, and 
Clostridium difficile were the main isolated from peritoneal 
fluid in newborns that had peritonitis associated with 
necrotizing enterocolitis1.  

The dynamics and changes in the microbial flora 
from the gastrointestinal tract influence the nature and 
severity of infections that follow perforation. The alkaline 
environment of the lower intestines, the billiary effect and 
the decrease in oxygen tension in the lower intestine 
explains the increase in the number of bacteria found at the 
distal portions of the gastrointestinal tract.   

The necessity of obtaining cultures from the 
peritoneal cavity of pediatric patients with SBP is believed 
to be an absolute necessity by many surgeons. It is 
axiomatic to identify the bacteria present and their antibiotic 
sensitivities, as they are vital to the care of the child after the 
surgery. Examining the results of intra-operative cultures, 
evaluating the bacterial sensitivity and resistance, as well as 
making appropriate adjustments of antibiotic coverage are 
necessary for good childcare. 
 
Objectives 

The aim of our study was to identify aerobic bacteria 
responsible for acute SBP in children. In addition, their 
antibiotic susceptibility was tested. 
 
Method and materials 

Our study took place at the Pediatric Surgery 
Department of “Louis Ţurcanu” Children Emergency 
Hospital, between January 2008 and March 2009. All 
children (aged 0-18 years) admitted in hospital for SBP were 
included in the study group. Exclusion criteria consisted in 
the presence of intra-abdominal or visceral abscess, invasive 
abdominal procedures in the last month, or no previous 
positive peritoneal-culture. SBP is to be defined as a 
positive result when obtained from peritoneal fluid culture, 
which is performed within 72 hours after admission, in a 
child with abdominal pain, fever, vomiting, or anorexia.  
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The following data were obtained after reviewing 
medical charts: age, gender, infection sites, initial 
presentation defined according to the criteria of ASA 
(American Society of Anesthesiologists) score, severity of 
the underlying disease, total hospital stay and mortality rate. 
Microbiological data and antibiotic susceptibility were 
noted.  

One or more peritoneal fluid specimen(s) were 
collected during surgery. Inoculation of these samples was 
on aerobic medium and then incubated at 37ºC for 5-7 days. 
Antibiotic susceptibilities of bacterial isolates were 
determined using the disk-diffusion method, according to 
the actual recommendations. The susceptibilities of aerobic 
bacteria were determined for antibiotics (Ciprofloxacin, 
Levofloxacin, Ampicilin, Trimethoprim/Sulfamethoxazole, 

Gentamicin, Amikacin, Ticarcillin/Clavulanic acid, 
Cefotaxime, Ceftazidime, Ceftriaxone, Meropenem, 
Imipenem, Ertapenem, Colistin, Rifampicin, Clindamicyn, 
Vancomycin and Linezolid). 
 
Results 

During the study period, 93 children were admitted to 
the hospital having SBP. Out of these, 49 children (74.46% 
boys and 25.53% girls) had SBP with aerobic bacteria. Their 
age ranged between 10 days and 18 years, with a mean of 
10.29 years. Among these, perforated appendix was the 
common cause of SBP (87.75%), followed by the intestinal 
perforation (6.13%), necrosis (4.08%), or trauma (2.04%) 
(Figure 1). Severe underlying disease included sepsis with 
multiple organ failure, tetraparesis, and neurofibromatosis. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Upon admission to the Pediatric Surgery Department, 

four children presented severe conditions having an ASA 
score of 4, 7 children had an ASA score of 3 and the rest 
were with ASA 2. The median length of stay at the hospital 
was 10 days (range 3-40 days). In all patients, surgical 
treatment consisted of evacuation of pus and peritoneal 
lavage. The types of surgeries carried out were as follows: 
appendectomy (n = 43), small bowel suture (n =1), small 
bowel resection with anastomosis (n = 4), and colonic 
resection (n =1). Mortality rate was 4.08%, in two 
newborns. One of them was small for gestational age, with 
neonatal peritonitis due to a cecal volvulus complicated with 
intestinal ischemia. The other was a preterm baby with 
Gram-negative sepsis having multiple organ failure 
associated with necrotizing enterocolitis accompanied by 
severe acid-base and electrolyte disorders. 

Fifty-four specimens were collected from 49 children, 
including 51 Gram-negative isolates. Escherichia coli 
(72.22%) were by far the most frequently encountered 
bacteria in our study, followed by Pseudomonas aeruginosa 
(12.96%), Enterobacter (3.70%), Chromobacterium 
violaceum (3.70%) and Klebsiella ascorbata (1.85%). Three 

isolates of Enterococcus faecium were the only Gram-
positive strains found in our lot. Five children had 
polymicrobial infections (E. coli + Pseudomonas aeruginosa 
or E. coli + Enterococcus faecium). 

Gram-negative bacteria were highly sensible to 
Carbapenems, Ticarcillin/Clavulanic acid and Ciprofloxacin 
as presented in figure 2. E. coli, the dominant bacteria 
encountered, was 100% susceptible to Ticarcillin/Clavulanic 
acid. High rate of sensibility was found to Carbapenems, 
Quinolones, 3rd and 4th generation Cephalosporin and 
Aminoglycosides. Pseudomonas aeruginosa was susceptible 
to the same antibiotics as E. coli, but was 100% susceptible 
to Colistin. Both Klebsiella ascorbata and Enterobacter 
isolates were sensible to penicillin plus a beta lactamase 
inhibitor, Carbapenems and Cephalosporins. In addition, 
Enterobacter isolates were susceptible to Colistin and 
Quinolones. All Enterococcus faecium isolates were 100% 
susceptible to Vancomycin, Linezolid, Teicoplanin and 
Rifampicin (Figure 2). Only three isolates of extended beta 
lactamases (ESBL) producing strains were present as 
multiple drug resistant bacteria. We recovered no 
Vancomycin resistant Enterococcus. 

Figure 1 Common causes of SBP encountered. 
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Conclusions 

In our study, E. coli was the most frequently 
encountered bacteria, similar with previous reports of 
children with gangrenous and perforated appendicitis4,1. 
Enterococcus spp. recovered in peritoneal cultures 
significantly increased morbidity but not the mortality rate1. 
The treatment of other bacteria, such as E. coli or anaerobic 
bacteria stops the development of Enterococcus, a fact that 
suggests its pro inflammatory role1. 

Perforated appendicitis was responsible for the 
majority of SBP found in our study. Alexander noticed that 
between one third and three quarters of children present with 
PA at the time of diagnosis depending on age1. The high 
rates of perforation mainly encountered are due to delays in 
seeking care at a hospital rather than errors in diagnosis or 
hospital delays1. 

"Triple" antibiotic therapy (Ampicilin, an 
Aminoglycoside and Metronidazole or Clindamicyn)1  has 
been the gold standard in treating SBP and PA in pediatric 
patients. According to our study, implementation of this 
triple regimen is not possible because of the antibiotic 
resistance encountered; Ampicillin had high resistance 
(72.5%). Aminoglycosides were significantly more 
nephrotoxic than 3rd generation Cephalosporins, and are 
inefficient in the low pH level of the infected peritoneal 
environment1. In addition, these antibiotic regimens require 
multiple doses of various antibiotics, a fact that makes it 
inappropriate for child administration. 

According to the Surgical Infection Society, 
monotherapy with broad-spectrum agents in SBP and PA is 
equally effective, possibly even more cost-effective; 
children are treated in the same manner as adults1. In 
addition, a retrospective study demonstrated that single 
broad-spectrum antibiotic in the treatment of PA used with 
increasing frequency might offer improvements in terms of 
length of stay, pharmacy charges and hospital charges12. 

Medical studies illustrated that single-agent therapy 
with Carbapenems (Imipenem, Ertapenem) or penicillin plus 
a beta lactamase inhibitor (Ticarcillin-Clavulanic acid) were 
at least as effective as combination therapies1,2,3. These 
drugs have single or double daily dose administration 
schedule and are generally better tolerated by children. 

Cephalosporins are efficient as single-agent therapy in the 
management of peritonitis following trauma1. The 
advantages of single-agent therapy consist in elimination of 
Aminoglycosides side effects, as well as reduction of 
associated costs.  

Sganga1 recommended the use of antibiotics in the 
treatment of SBP according to the severity of infections. 
Mild and moderate infections need a short-term therapy with 
a single active drug against anaerobes bacteria. Severe 
infections require a more aggressive therapy specifically, an 
association between antibiotics that cover anaerobic, Gram-
positive and Gram-negative bacteria. 

According to our results, the treatment of mild-to-
moderate SBP (ASA score 2) consists in the use of 
antibiotics with narrower spectrum of activity e.g. 
Ticarcillin/Clavulanic acid or Ertapenem, similar with 
medical literature1. Pediatric patients with more severe 
infections, as defined by ASA score 3 or 4, might benefit 
from regimens with a broad spectrum of activity against 
facultative and aerobic Gram-negative organisms. Our 
recommendations consist in monotherapy with Imipenem or 
Meropenem1. 

Despite common beliefs that Ciprofloxacin 
association with Metronidazole is very efficient against 
Gram-negative bacteria responsible for SBP, its activity 
against anaerobic bacteria is only moderate1. For the same 
reason, 3rd or 4th generation Cephalosporins are suitable for 
the treatment of SBP just in association with 
Metronidazole1.  

  Switch therapy from injection to oral antibiotic in 
SBP is associated with good evolution. The proper time of 
the switch is when the body temperature has dropped to 37.5 
ºC and blood, as well as clinical findings has demonstrated 
the tendency to improve by the 4th day1. 

SBP still represents the "bread and butter" for 
pediatric surgeons. SBP controlled effectively and with low 
associated morbidity by removal or repair of the infected 
focus, antibiotic treatment according to antibiograms 
sensibility, infection severity and restoration of anatomy if 
resection is performed for definitive source control. Proper 
management of SBP in children is cost effective, decreases 

Figure 2 Antibiotics susceptibly of Gram-negative isolates in SBP. 
(IMP-Imipenem, TZP-Ticarcillin/Clavulanic acid, ERT-Ertapenem, 

MER-Meropenem, F-Ceftazidime, AK-Amikacin, CO-Colistin)
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hospitalization, and can prevent the emergence of antibiotic resistance.
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