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Purpose: This study clarified the bacterial pathogens currently causing acute infectious enterocolitis (AIE) in children 

and evaluated the clinical characteristics and ultrasonographic findings according to the different pathogens.

Methods: Medical records regarding age, sex, clinical symptoms, laboratory data, identified enteropathogens, ultra-

sonographic findings, treatment, and outcome of 34 patients who were diagnosed with AIE via stool examination 

using multiplex polymerase chain reaction (PCR) or culture, were retrospectively reviewed. 

Results: Twenty-four patients (70.6%) were male. The mean age of the patients was 8.5±6.2 (range, 1.1-17.1) years. 

Six bacterial pathogens were isolated: Salmonella species (spp.) (32.4%), Campylobacter spp. (20.6%), verotox-

in-producing Escherichia coli (14.7%), Staphylococcus aureus (11.8%), Clostridium difficile (8.8%), and Shigella 
spp. (2.9%). Abdominal pain occurred in all patients regardless of pathogen. The patients infected with Salmonella
were older than those infected with verotoxin-producing E. coli (p＜0.05). C-reactive protein levels were higher in 

patients with Salmonella and Campylobacter infections than in those with verotoxin-producing E. coli infection (p＜
0.05), the other clinical and laboratory data were indistinguishable between pathogens. Ultrasonography demon-

strated diverse involvement of bowel segments according to pathogen. Wall thickening of both the ileum and the 

entire colon was the most common lesion site regardless of pathogen.

Conclusion: Various bacterial agents cause AIE and the symptoms are diverse symptoms, however, all most children 

recovered spontaneously. Use of multiplex PCR on stool samples warrants improvement of its sensitivity for diag-

nosis of enteropathogenic bacteria. Ultrasonographic examination is useful for diagnosis of AIE; it can also detect 

the disease extent and severity.
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INTRODUCTION

Acute infectious enterocolitis (AIE) in children re-

mains prevalent worldwide. The etiology and clinical 
course of AIE are diverse. Although the symptoms de-
pend on the causative pathogen, they commonly in-
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clude fever, abdominal cramps, nausea or vomiting, 
and watery or bloody diarrhea. However, these symp-
toms are nonspecific and may mimic a surgical con-
dition such as appendicitis. Thus, accurate diagnosis 
of AIE is essential to ensure adequate management.

The causative bacterial agents of infectious diar-
rheal disease were traditionally diagnosed via stool 
culture, which has a low sensitivity and relatively 
long processing time. The causative agents remain 
unidentified in the majority of patients. Recently, 
more rapid approaches for the direct identification of 
diarrheagenic bacteria in stool specimens have been 
developed using polymerase chain reaction (PCR)- 
based methods. Multiplex PCR has a high sensitivity 
to rapidly and simultaneously detect multiple enter-
opathogens [1,2].

Ultrasonography (US) is usually the first imaging 
examination performed in children with abdominal 
pain and/or gastrointestinal symptoms. US can be 
used to evaluate the severity of wall thickening and 
the extent, distribution and extramural extension of 
the colitis, as well as the presence of small bowel in-
volvement [3]. However, imaging is not required for 
diagnosis of AIE. When the sonographic pattern and 
the anatomic distribution of the colonic disease are 
correlated with clinical findings, physicians can ob-
tain a correct diagnosis and avoid invasive procedures 
such as computed tomography or endoscopy [4].

However, only a few reports have described the 
causative pathogens and US findings in children 
with AIE. This study used multiplex PCR or culture 
to identify the bacterial pathogens currently causing 
acute gastroenteritis in children, assessed the clin-
ical characteristics of AIE according to pathogen, and 
evaluated ultrasonographic findings in AIE accord-
ing to pathogen.

MATERIALS AND METHODS 

Patients
From January 2013 to July 2014, we investigated 

34 patients who were admitted to Pusan National 
University Children’s Hospital for acute abdominal 
pain and who were diagnosed with infectious enter-

ocolitis by multiplex PCR or culture of stool samples, 
and by abdominal US. Patients with non-specific en-
teral co-infection were excluded from this study.

Clinical and laboratory data
Data were collected retrospectively by reviewing 

patient medical records. Clinical data regarding age, 
sex, clinical symptoms, laboratory data, identified 
enteropathogens, US findings, treatment, and out-
come were investigated. Laboratory data regarding 
white blood cell count, percentage of segmented 
neutrophils, platelet count, and C-reactive protein 
(CRP) levels were also collected.

Methods for enteropathogenic evaluation
Stool specimens weighing at least 2 g were stored 

at 4oC immediately after collection. All of the stool 
examinations except for Clostridium difficile were 
conducted in the Division of Microbiology and 
Epidemiology, at the Gyeongnam Research Institute 
of Health & Environment in Korea. The specimens 
were delivered by a cooler bag to the laboratory, 
where tests were performed once weekly. 

The examinations were performed using a stand-
ard protocol from The Practice Guideline of Diagno-

sis of the Waterborne and Food Related Diseases 

(2013) [5]. The test techniques were as follows. For 
bacterial examinations, the collected feces were di-
luted in 1 mL of phosphate-buffered saline (pH 7.4). 
Each 100 μL of diluted specimen was incubated on 
2-5 mL of selected enrichment media for enrichment 
culture. All cultured specimens underwent PCR 
analysis. Secondary biochemical PCR analysis was 
performed to identify toxins isolated from the fol-
lowing enteropathogens: Salmonella, Shigella, Vibrio, 
enteropathogenic E. coli, Bacillus, Listeria, Clostri-

dium perfringens, Yersinia, S. aureus, and Campy-

lobacter. Together with the culture study, bacterial 
pathogens were also identified using the SeeplexⓇ 
Diarrhea ACE Detection kit (Seegene, Seoul, Korea) 
by standard protocol in our institute. Positive results 
of culture or PCR tests were considered to be the 
causative pathogens of the enterocolitis.
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Table 1. Distribution of Patients Age and Sex 

Age (y) Male Female Total

1-5 9 (26.5) 2 (5.9) 11 (32.4)
6-12 13 (38.2) 3 (8.8) 16 (47.0)
＞13 2 (5.9) 5 (14.7) 7 (20.6)
Total 24 (70.6) 10 (29.4) 34 (100.0)

Values are presented as number (%). 
Mean age (y): 8.5±6.2 (range, 1.1-17.1).

Table 2. Causative Pathogens in Acute Bacterial Enterocolitis 
in 34 Children

Pathogen n (%)

Salmonella spp. 11 (32.4)
Campylobacter spp. 7 (20.6)
Verotoxin-producing Escherichia coli 5 (14.7)
Staphylococcus aureus 4 (11.8)
Clostridium difficile 3 (8.8)
Shigella spp. 1 (2.9)
Shigella spp.＋Campylobacter spp. 1 (2.9)
Yersinia enterocolitica＋Staphylococcus aureus 1 (2.9)
Salmonella spp.＋verotoxin-producing E. coli 1 (2.9)

US examination
The initial US was performed within the first two 

days of presentation of symptoms in all patients. The 
examinations were conducted by one pediatric gas-
troenterologist and ultrasound specialist. Intestinal 
wall thickness was examined by real-time US (Sequoia 
512 US system; Acuson, Mountain View, CA, USA) 
using a high frequency probe (10-MHz linear trans-
ducers) and graded compression. 

Wall thicknesses ＞2 mm measured in a trans-
verse section were considered abnormal [6]. The ex-
tent and anatomic distribution of colonic involve-
ment were described as follows: diffuse, right-sided 
(cecum, ascending colon, and/or proximal trans-
verse colon) or left-sided (distal transverse, descend-
ing and/or sigmoid colon) [4]. Small bowel involve-
ment, including the terminal ileum and cecum, was 
systematically examined.

Statistical analysis
Clinical symptoms and laboratory parameters 

were compared according to pathogen. Differences 
in clinical symptoms were analyzed using χ2 and 
Fisher’s exact tests, while laboratory parameters 
were analyzed using t-tests. The three groups were 
compared using one-way analysis of variance 
(ANOVA). All statistical tests were performed using 
IBM SPSS Statistics for Windows ver. 21.0 (IBM Co., 
Armonk, NY, USA). p-values less than 0.05 were 
considered statistically significant.

RESULTS

Patient demographic, clinical, and laboratory 
data

A total 34 patients were included in this study. Of 
them, 24 (70.6%) patients were male. The mean age 
of the patients was 8.5±6.2 (range, 1.1-17.1) years. 
There were 11 (32.4%) and 16 (47.1%) patients in 
early and late childhood, respectively (Table 1).

Six bacterial pathogens were isolated: Salmonella 
species (spp.) in 11 (32.4%) of the patients, Campy-

lobacter spp. in 7 (20.6%), verotoxin-producing E. 

coli in 5 (14.7%), S. aureus in 4 (11.8%), C. difficile in 
3 (8.8%), and Shigella spp. in 1 (2.9%). Two kinds of 
pathogens were isolated in stool from three patients 
(Table 2).

Various clinical symptoms such as abdominal 
pain, fever, vomiting, mucoid diarrhea, bloody diar-
rhea, dehydration, and poor oral intake developed 
according to pathogen. Abdominal pain occurred in 
all patients regardless of pathogen. All patients with 
Salmonella and Campylobacter infections had fever. 
Almost all patients had anorexia. However, the 
symptomatic data did not differ significantly be-
tween pathogens. Patients infected with E. coli were 
younger than those infected with Salmonella (p＜ 

0.05; Table 3).
Laboratory data showed mild leukocytosis, in-

creased percentage of segmented neutrophils, and 
normal platelet counts in patients with Campylo-

bacter and E. coli infections; however, the difference 
was not statistically significant. CRP levels were 
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Table 3. Demographics and Clinical Symptoms according to Pathogen

Variable
Salmonella 

spp.
(n=11)

Campylobacter 
spp.

(n=7)

Escherichia 
coli

(n=5)

Staphylococcus 
aureus
(n=4)

Clostridium 
difficile
(n=3)

Age (y) 8.2±3.7* 10.3±5.7 4.0±2.0 8.0±2.0 12.1±3.6
Abdominal pain 11 (100.0) 7 (100.0) 5 (100.0) 4 (100.0) 3 (100.0)
Fever 11 (100.0) 7 (100.0) 4 (80.0) 2 (50.0) 1 (33.3)
Vomiting 7 (63.6) 4 (57.1) 1 (20.0) 2 (50.0) 2 (66.6)
Mucoid diarrhea 3 (27.3) 1 (14.3) 2 (40.0) 0 0
Bloody diarrhea 3 (27.3) 2 (28.6) 3 (60.0) 0 0
Dehydration 9 (81.8) 5 (71.4) 3 (60.0) 4 (100.0) 1 (33.3)
Poor oral intake 11 (100.0) 7 (100.0) 5 (100.0) 4 (100.0) 2 (66.6)

Values are presented as mean±standard deviation or number (%). 
E. coli: verotoxin-producing E. coli. 
*p＜0.05, Salmonella spp. vs. E. coli.

Table 4. Laboratory Data according to Pathogen

Variable
Salmonella 

spp.
(n=11, %)

Campylobacter 
spp.

(n=7, %)

Escherichia 
coli

(n=5, %)

Staphylococcus 
aureus

(n=4, %)

Clostridium 
difficile

(n=3, %)

White blood cell (10/mm3) 8,221.8±2,656.0 13,365.7±8,040.8 12,490±3,721.0 8,745.0±3,526.1 6,253.3±2,252.4
Neutrophil (%) 74.1±6.8 69.9±15.2 73.9±12.1 59.2±12.0 52.1±4.7
Platelet (103/mm3) 228.7±60.7 227.4±53.6 268.2±54.3 285.0±77.0 284.3±42.6
C-reactive protein (mg/dL) 8.0±6.2* 12.2±10.5† 1.8±2.0 5.1±6.6 5.3±4.3

Values are presented as mean±standard deviation.
E. coli: verotoxin-producing E. coli.
*p＜0.05, Salmonella spp. vs. E. coli, †p＜0.05, Campylobacter spp. vs. E. coli.

higher in patients with Salmonella and Campylobacter 

infections compared to those with verotoxin-pro-
ducing E. coli infections (p＜0.05), the other clinical 
and laboratory data were indistinguishable between 
pathogens (Table 4).

Patient US findings
US demonstrated diverse involvement of bowel 

segments according to the causative pathogen. The 
most common lesion site of AIE regardless of patho-
gen was ileocolic, especially in patients with Campy-

lobacter and E. coli infections. However, ileocecal in-
volvement accounted for a large proportion of pa-
tients with S. aureus infections. No statistical differ-
ences in the distribution of bowel involvement be-
tween pathogens were observed (Table 5).

Treatments and outcomes
The mean durations of diarrhea and fever in pa-

tients with AIE were 5-8 and 2-4 days, respectively, 
which did not differ significantly difference between 
pathogens. Vomiting persisted longer in patients 
with S. aureus infections. Duration of hospitaliza-
tion was shorter in patients with Campylobacter 

infections. Antibiotics were prescribed to two pa-
tients with Campylobacter and one with Salmonella 
infections. Two patients, one with Campylobacter 
and one with Salmonella infections, also had sepsis 
(Table 6).

DISCUSSION

In this study, six bacterial pathogens were isolated 
from 34 pediatric patients with AIE. Salmonella was 
the most frequently identified pathogen in 32.4% of 
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Table 5. Distribution of Intestinal Wall Thickening on Ultrasonographic Examination according to Pathogen

Variable
Salmonella 

spp.
(n=11)

Campylobacter 
spp.

(n=7)

Escherichia 
coli

(n=5)

Staphylococcus 
aureus
(n=4)

Clostridium 
difficile
(n=3)

Ileocecal 2 (18.2) 1 (14.3) 1 (15.0) 3 (75.0) 1 (33.3)
Right-sided 1 (9.1) 1 (14.3) 1 (15.0) 0 0 
Diffuse 2 (18.2) 1 (14.3) 0 0 1 (33.3)
Left-sided 2 (18.2) 0 0 0 0 
Ileocolic 4 (36.4) 4 (57.1) 3 (60.0) 1 (25.0) 1 (33.3)

Values are presented as number (%).
Ileocecal: terminal ileum and/or cecum, Right-sided: cecum, ascending colon, and/or proximal transverse colon, Diffuse: total colon,
Left-sided: distal transverse, descending and/or sigmoid colon, Ileocolic: terminal ileum and total colon.

Table 6. Treatments and Outcomes according to Pathogen

Variable
Salmonella 

spp.
(n=11)

Campylobacter 
spp.

(n=7)

Escherichia 
coli

(n=5)

Staphylococcus 
aureus
(n=4)

Clostridium 
difficile
(n=3)

Diarrhea (d) 8.3±4.4 5.0±1.4 5.0±4.1 7.3±4.3 6.3±2.4
Fever (d) 3.7±2.0 3.0±1.3 3.0±3.2 3.3±4.7 2.0±2.8
Vomiting (d) 1.6±1.8 1.0±0.8 0.2±0.4 3.3±5.3 0.7±0.5
Duration of 
  hospitalization (d)

7.3±3.4 1.1±1.8 6.6±3.5 11.0±4.2 7.0±1.6

Use of antibiotics 1 (9.1)* 2 (28.6)† 0 0 0

Values are presented as mean±standard deviation or number (%).
E. coli: verotoxin-producing E. coli.
*Sepsis developed in one patient. †Septic shock developedin one patient.

cases, followed by Campylobacter (20.6%), verotox-
in-producing E. coli (14.7%), S. aureus (11.8%), C. 

difficile (8.8%), and Shigella (2.9%). The incidence 
of AIE showed a male predominance (2.4:1) and no 
difference between age groups.

According to the 2013 Korea Centers for Disease 
Control and Prevention reports of acute diarrheal 
disease in a surveillance study of age groups, the 
prevalences of S. aureus, E. coli, and Salmonella 
were 4.77%, 4.23%, and 2.38%, respectively (http:// 
www.cdc.go.kr). Cho et al. [2] studied 173 speci-
mens from Korean pediatric and adult patients with 
infectious diarrheal disease using multiplex PCR, 
and detected Salmonella (n=5), Campylobacter 

(n=15), Vibrio (n=1), Clostridium difficile toxin B 
(n=4), Clostridium perfringens (n=5), Yersinia en-

terocolitica (n=1), Aeromonas (n=5), and verotoxin 
producing E. coli (n=2). Campylobacter was the 

most common causative bacterial agent in both chil-
dren and adults.

Ivanova et al. [7] reported the results of surveil-
lance and outbreak of campylobacteriosis and other 
bacterial gastrointestinal diseases in Sofia, Bulgaria 
in 1987-2008. Salmonella was the most frequently 
identified pathogen (32%), followed by Shigella 

(30%), Campylobacter (22%), and diarrheagenic E. 

coli (16%). Children between 0 and 4 years of age were 
most affected by Campylobacter infections (52%).

Discrepancies the incidence of enteropathogens 
between reports may result from the regional and so-
cioeconomic status of the enrolled patients, as well 
as the methods used to identify pathogens.

Although the incidence of AIE is high, it remains 
an underestimated diagnosis in most institutions be-
cause identifying the causative organism is difficult 
and identification of the lesion site is difficult based 
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on clinical suspicion alone. For some important 
pathogens such as diarrheagenic E. coli, Campylo-

bacter, and Yersinia, testing is not readily available in 
all institutions. Therefore, there has been interest in 
developing multiplex platforms that can simulta-
neously detect a range of enteropathogens. We used 
a multiplex PCR system that simultaneously detects 
10 pathogens as well as a conventional culture sys-
tem as well. Cho et al. [2] reported that multiplex 
PCR and cultures identified enteropathogens in 36 
(20.8%) and 8 specimens (4.8%) of 173 specimens, 
respectively.

Salmonella, Campylobacter, and enterohemorrhagic 
E. coli outbreaks continue to occur with concerning 
regularity [8]. Campylobacter enterocolitis is the most 
frequent form of acute bacterial diarrhea affecting 
humans, particularly children and young adults [9]. 
According to the World Health Organization, 
Campylobacter is one of the most frequently isolated 
bacteria from stools of infants with diarrhea in devel-
oping countries [10]. Campylobacter jejuni accounts for 
more than 90% of infections [9] and was isolated in 
56% of patients with colitis in a large study from 
Sweden [11]. The symptoms of Campylobacter jeju-

ni/coli enterocolitis are not so distinctive as to differ-
entiate from enterocolitis caused by other organisms 
[10]. It has a generally good prognosis, although 
postinfectious sequelae are possible and Guillain- 
Barre syndrome is the most serious secondary com-
plication [12]. Campylobacter enterocolitis does not 
routinely require antimicrobial treatment, but anti-
biotics are indicated in immunocompromised and 
other high-risk patients or in severe forms of the dis-
ease [9].

In this study, two kinds of pathogens were isolated 
simultaneously in stool samples from three patients. 
The possible explanations include co-infection of 
two pathogens, secondary nosocomial infection, or 
laboratory error. Antibiotic treatment of AIE is usu-
ally not necessary except in complicated cases such 
as septic condition and immune compromised state. 
We prescribed antibiotics to two patients with 
Campylobacter and one with Salmonella infections. Two 
case, one each with Campylobacter and Salmonella in-

fections, were accompanied by sepsis.
Clinical symptoms such as abdominal pain, fever, 

vomiting, mucoid diarrhea, bloody diarrhea, dehy-
dration, and poor oral intake developed according to 
pathogen. Although almost all patients had abdomi-
nal pain, fever, and anorexia regardless of the causa-
tive pathogen, symptomatic data did not differ sig-
nificantly between pathogens. Patients infected 
with E. coli were significantly younger than those in-
fected with Salmonella. CRP levels were sig-
nificantly higher in patient with Salmonella and 
Campylobacter infections compared to those with 
verotoxin-producing E. coli, the other clinical and 
laboratory data were indistinguishable between 
pathogens. Therefore, clinical and laboratory data 
were insufficient to distinguish the causative 
pathogens. Differences in clinical and laboratory 
findings may be attributed to the pathogen type and 
loading dose as well as host factors.

US is a conventional, non-invasive, and relatively 
low-cost means of detecting GI lesions. Despite its 
limitation due to intraluminal gas, US with graded 
compression has been shown to be a reliable techni-
que for the diagnosis of bowel inflammation. The di-
agnostic accuracy of US is greatly influenced by so-
nologist experience. In the current study, US assess-
ment of the entire abdomen was performed by a 
physician who had performed more than 5,000 bow-
el examinations. US was helpful in detecting the af-
fected bowel segments based on wall thickening in 
patients with enterocolitis; US can also be used to 
evaluate the severity of wall thickening and the ex-
tent, distribution, and extramural extension of the 
colitis, as well as the presence of small bowel involve-
ment [3,4,13].

The sonographic hallmark of AIE is symmetric 
mural thickening of the terminal ileum and the ma-
jor part of the colon. The sonographic wall thicken-
ing is confined to mucosa and submucosa without 
involvement of the muscularis, serosa, or surround-
ing fatty tissue, which is different from the sono-
graphic findings of acute appendicitis or Crohn’s dis-
ease [3]. In our study, while enteropathogens caus-
ing AIE had different patterns of ileocolic affection, 
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there was considerable overlap. Namely, the lesion 
sites of AIE were not confined to certain segments of 
the intestine and may have depended on the severity 
of the AIE. The most common lesion sites of AIE 
were the ileum and the entire colon, regardless of 
pathogen, especially in patients with Campylobacter 

and E. coli infections. Ileocecal involvement ac-
counted for a large proportion of patients with S. 

aureus infections. Patients with severe abdominal 
pain had more severe wall thickening.

Ueda et al. [14] reported that 40% of children with 
Salmonella enterocolitis had mural thickening of the 
colon, and the colonic wall thickness was sig-
nificantly correlated with CRP and stool blood levels. 
Puylaert et al. [3] reported that wall thickening of 
the cecum and ascending colon was more prominent 
in Salmonella and Campylobacter ileocecitis.

This study has several limitations. First, US is an 
operator-dependent procedure in which procedural 
mistakes are possible. Second, measurement of the 
intestinal wall with US is not easy in obese patients. 
Third, since this is a single-center study with a small 
number of patients, some selection bias is likely. 
Fourth, this study is insufficient to make conclusions 
regarding the relationship between clinical severity 
and degree of intestinal wall thickening.

In conclusion, AIE is a common disorder and may 
cause problems due to its ability to mimic an acute 
surgical abdomen. Multiplex PCR may be useful to 
identify enteropathogenic bacteria causing AIE. US 
is the best tool to rapidly and easily differentiate AIE 
from other diseases and to estimate the disease ex-
tent, localization, and severity. However, additional 
larger studies are necessary to investigate the char-
acteristics of US findings according to different 
pathogens.
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