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Acute Gastroenteritis in Children
What Role for Antibacterials?
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The aim of this article is to define the currently accepted role of antibacterials in the treatment of acuteAbstract
gastroenteritis in children. Most cases of acute gastroenteritis in children are viral, self-limited, and need only

supportive treatment. Appropriate fluid and electrolyte therapy, with close attention to nutrition, remain central

to therapy.

Antibacterial therapy serves as an adjunct, to shorten the clinical course, eradicate causative organisms,

reduce transmission, and prevent invasive complications. Selection of antibacterials to use in acute bacterial

gastroenteritis is based on clinical diagnosis of the likely pathogen prior to definitive laboratory results.

Antibacterial therapy should be restricted to specific bacterial pathogens and disease presentations. In general,

infections with Shigella spp. and Vibrio cholera should usually be treated with antibacterials, while antibacterials

are only used in severe unresponsive infections with Salmonella, Yersinia, Aeromonas, Campylobacter,

Plesiomonas spp., and Clostridium difficile. Antibacterials should be avoided in enterohemorrhagic Escherichia

coli infection. However, empiric therapy may be appropriate in the presence of a severe illness with bloody

diarrhea and stool leucocytes, particularly in infancy and the immunocompromised.

The benefits and risks of adverse drug reactions should be weighed before prescribing antibacterials.

Moreover, a major concern is the emergence of antibacterial-resistant strains due to the widespread use of

antibacterial agents.

Acute gastroenteritis is one of the most common illnesses spp., whereas Campylobacter and Salmonella spp. are the most

amongst children, accounting for 16% of childhood emergency common causes of bacterial enteritis in developed countries.[5,6]

department presentations.[1] The worldwide admission rate for Bacterial enteritides are usually self-limited diseases in healthy

acute gastroenteritis has increased significantly during the past children. However, in a minority of children, the clinical course

decade, and each year diarrheal disease accounts for the lives of may be complicated and become life-threatening. Antibacterials

nearly 2 million children under the age of 5 years.[2] Clinical are not required or appropriate as routine therapy for all cases of
outcome and therapies are best understood by classifying acute bacterial gastroenteritis. When used, their role is to shorten and
gastroenteritis on the basis of specific causative pathogens. Al- lessen the severity of the clinical course, decreasing the excretion
though this approach is useful, it is important to recognize that no of causative organisms in order to reduce the spread of infection
pathogen is isolated in 20–30% of patients.[3,4] and to prevent serious extraintestinal complications.[7-9] Viral in-

Rotavirus is still the most common cause of acute gastroenter- fections tend to target the small bowel, resulting in mid-abdominal

itis, both in developed and developing countries (table I).[3-6] There cramping pain, with large volumes of watery stool. On stool

are no specific antimicrobial agents for viral gastroenteritis.[7] The examination, blood and leucocytes are found to be rare. By com-

most commonly recognized bacterial enteric pathogens in devel- parison, bacteria enteritides tend to target the large bowel, causing

oping countries are Escherichia coli, Salmonella and Shigella lower abdominal pain with smaller volumes of bloody mucoid
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Table I. Enteric pathogens isolated from children, Royal Children’s Hospital (RCH), Melbourne, July 1998–June 1999a, compared with pediatric data
derived from Gastanaduy and Begue[5]

Enteric pathogen RCH (%) Developed countries Developing countries
[n = 896 <16y] (%) (%)

Bacteria

Clostridium difficile 14 ND ND

Clostridium difficile toxin positive 6.5 ND ND

Campylobacter jejuni 8.4 1–7 2–32

Campylobacter (other species) 1.0 ND ND

Salmonella species 4.8 2–4 1–24

Shigella species 0.7 1–3 1–27

Vibrio species 0 <1 0–31

Enterohemorrhagic Escherichia coli toxin positive 0.7 1-4 1–37

Aeromonas species 0.6 Rare 1–42

Viruses

Rotavirus 42 8–50 2–49

Adenovirus 6.3 5–20 0–6

Norwalk 0 5–15 2–5

Protozoa

Blastocystis hominis 4.7 ND ND

Giardia lamblia 3.7 0–8 1–24

Entamoeba coli 2.4 ND ND

Endolimax nana 1.7 ND ND

Entamoeba histolytica 0.8 Rare 0-9

Hymenolepsis nana 0.8 ND ND

Cryptosporidium spp. 0.4 2–12 2–12

Ascaris lumbricoides 0.3 ND ND

Strongyloides stercoralis 0.2 ND ND

a Data courtesy of Dr Mike Starr, RCH, Melbourne, with permission.

ND = no data.

diarrhea. Leucocytes are usually noted on stool microscopy. Fluid sider many factors and weigh their benefits and disadvantages

before prescribing specific antibacterial agents. In many cases, thisand electrolyte replacement, with close attention to nutritional

has lead to the recognition that certain clinical patterns of diseaserehabilitation, remains the central therapy of acute gastroenter-
are more likely to benefit than others.itis.[10] Breast-feeding should be continued where possible. The

importance of micronutrients, and in particular zinc supplementa-

tion, has recently been recognized.[11] The efficacy of biologic 1. Specific Pathogens
agents, such as probiotics, is still being evaluated.

The widespread use of antibacterials has lead to a significant 1.1 Shigella spp.
increase in the resistance of enteric pathogens over the past dec-

ade, which varies between specific geographic locations.[9,12] This Shigella spp. are Gram-negative, nonlactose fermenting, non-
has become a major issue in defining the role of antibacterials in motile bacilli, and the most common cause of bacillary dysentery.
the management of bacterial gastroenteritis. There is a sparsity of There are four species: S. dysenteriae, S. flexneri, S. boydii, and S.

published evidence supporting the role and efficacy of antibac- sonnei. S. sonnei accounts for most infections in developed coun-

terials in childhood infectious diarrheal disease. We need to con- tries, whereas S. flexneri and S. dysenteriae are responsible for
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most infections in developing countries.[8] The mode of transmis- 1.2 Salmonella spp.

sion is predominantly feco-oral, and humans are the only natural

hosts. As few as 10 organisms can produce infection, hence the Salmonella spp. are Gram-negative, motile and nonlactose fer-
disease is highly contagious. Symptoms in mild infection are menting bacilli. S. enteritidis is the most common cause of nonty-
restricted to watery or loose diarrhea. Systemic symptoms, includ- phoidal salmonella infection in the US, and transmission is usually
ing fever, headache, malaise, and occasional vomiting, occur in food-borne. The major reservoirs for nontyphoidal salmonella are
severe infection. Abdominal cramps, rectal tenesmus, and mucoid animals, including poultry, cattle, rodents, reptiles, and pets. On
stools, with or without blood, are the characteristics of bacillary the other hand, S. typhi and S. paratyphi infect only humans and
dysentery. Life-threatening, rare complications include bacter- are transmitted by the feco-oral route. Typhoid infection (enteric
emia, hemolytic-uremic syndrome, colonic perforation, and toxic fever) is usually acquired during close contact with patients or
encephalopathy, especially in children.[8,13] asymptomatic carriers, as well as by consumption of contaminated

food or water.Appropriate antibacterial treatment in shigella dysentery short-

ens the duration of diarrhea and fever, reducing intestinal protein Nontyphoidal salmonella infection is typically an acute self-

loss and pathogen excretion within 1–2 days.[8,9,13,14] In severely ill limited gastroenteritis; however, severe extra-intestinal infection

patients, antibacterial therapy can be administered intravenously. can occasionally occur in young infants, in the immunocom-

Current choices include either a third-generation cephalosporin, promised, and in patients with underlying chronic medical ill-

ciprofloxacin (for multiply-resistant strains), or cotrimoxazole nesses.[8,24] Diarrhea can be either watery or mucoid with blood,

(trimethoprim/sulfamethoxazole). The clinical response to treat- and may be associated with fever, abdominal pain, and vomiting.

ment of S. sonnei or mild infection is controversial.[8] Here, Bacteremia is the most common manifestation of extra-intestinal

however, antibacterials can be justified on the basis of reducing infection,[24] and is most likely to occur during the first year of life,

transmission. Ampicillin or cotrimoxazole have, in the past, been especially in infants younger than 3 months of age.[24-26] Common

recommended for the treatment of suspected shigellosis,[9,15] but focal infections include meningitis, osteomyelitis, and lung infec-

since the mid 1980s, an increased rate of resistance of Shigella tion.[8,24]

spp. to one or both drugs has been identified all over the world, Enteric fever is the severe systemic illness caused by S. typhi
particularly in Asia, Africa, and North America.[15-19] More than and S. paratyphi, and remains a health problem in developing
50% of shigella isolates have been reported to be resistant to countries with a high mortality rate.[27] The common clinical
ampicillin and cotrimoxazole, with an increasing rate of resistance symptoms of enteric fever are fever, abdominal pain, enterocolitis
to chloramphenicol, cephalosporins, and amoxicillin/clavulanic with diarrhea, and rose spots on the trunk in approximately 30% of
acid.[17,19] patients.[8,28] Neurologic, gastrointestinal, and cardiovascular com-

plications have been found in 3–17% of patients with entericMost shigellae are, however, completely sensitive to ciproflox-
fever.[29] Sustained or intermittent bacteremia can occur.[13]acin, third-generation cephalosporins, and aminoglyco-

Antimicrobial therapy is usually not indicated in uncomplicatedsides.[16,17,19] The routine use of quinolones in children is discour-
nontyphoidal salmonella gastroenteritis[8,9,13] as there is no evi-aged because of the theoretical potential for damaging epiphyseal
dence that therapy shortens the duration of disease, but may indeedcartilage. Nevertheless, several studies have established their tol-
prolong salmonella excretion.[30-32] Although the benefits are un-erability and efficacy in children during short-term treatments. A
proven, antibacterials are recommended for salmonella gas-double-blind study in Bangladesh confirmed the efficacy of oral
troenteritis in patients with high risk of invasive disease. Theseciprofloxacin in children with shigellosis, using a dosage of 10
include infants younger than 3 months of age, patients withmg/kg every 12 hours for 5 days.[20] Arthropathy did not develop.
malignancy, immunodeficiency, hemoglobinopathies, HIV infec-Nalidixic acid (55 mg/kg/day in four divided doses for 5 days) is
tion, and chronic or severe colitis.[1,8,9,12]also an effective treatment with childhood shigellosis.[21] Qui-

nolones currently play an important role in the treatment of multi- Recommended antibacterials in patients with enteric fever and

ply-resistant strains, but as antibacterial resistance develops to salmonella gastroenteritis in whom therapy is indicated, include

them,[22] recent interest has focused on azithromycin[22,23] as an ampicillin, amoxicillin, cotrimoxazole, cefotaxime, or ceftriax-

alternative. one.[8,13] Fluoroquinolones and ceftriaxone or cefotaxime are rec-
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ommended for multidrug-resistant strains, particularly in develop- adulthood.[41] A definitive diagnosis of campylobacter enteritis is

ing countries.[13,28] Increasing resistance to antimicrobial agents, established by isolation of the micro-organism from stools. How-

including third-generation cephalosporins, is now a worldwide ever, the bacteria grows slowly in culture, and isolation from stool

problem, and is thought to result from unnecessary antibacterial samples may be delayed for up to 72–96 hours.[41]

therapy and the routine use of antibacterials in livestock.[33]  The typical clinical manifestation of C. jejuni is an acute, self-

Restrictions on the use of fluoroquinolones in children (see limited gastroenteritis with diarrhea, fever, and abdominal cramps.

section 1.1) mean that resistance to third-generation cephalospor- Diarrhea can be either watery or bloody, and lasts 4–5 days;

ins has become a public health problem in this age group.[13,33] however, relapses can occasionally occur. Abdominal pain can be

Ciprofloxacin has been used in children <6 years of age who have severe and mimic acute surgical conditions. Extra-intestinal com-

been diagnosed with typhoid fever, and no adverse effects on plications rarely occur, but include meningitis, endocarditis, septic

growth or joints were identified.[34] The recommended duration of arthritis, osteomyelitis, and neonatal sepsis.[41] Guillain-Barre syn-

therapy for susceptible S. typhi is usually 14 days of ampicillin, drome occurs after C. jejuni infection in slightly less than 1/1000

chloramphenicol, or cotrimoxazole.[13] Multidrug-resistant ty- patients.[41-44]

phoid fever should be treated with either 7–10 days of ceftriaxone, Campylobacter enteritis is usually a self-limited illness, and
or 5–7 days of fluoroquinolones.[13] A prolonged course (21–28 antibacterial therapy is not normally required. Antibacterials
days) of norfloxacin has been recommended for treatment of the should be reserved for those patients with severe illness or in
chronic carrier state,[35] but resistance is well recognized and there certain high risk clinical circumstances. These include high fever,
is little published evidence of alternative therapies. A 4–6 week dysentery, and prolonged illness, as well as pregnancy, HIV
course of antibacterial therapy is recommended for focal infec- infection, systemic infection, or immunosuppression.[8,41] There is
tions such as osteomyelitis. evidence that antibacterial therapy given early enough may short-

An alternative antibacterial for children infected with S. typhi, a en the duration of illness, eradicate the organism from stools, and

facultative intracellular organism, is azithromycin, a macrolide prevent relapse.[13,45] The recommended antibacterial for campylo-

with intracellular activity. Randomized trials to study the efficacy bacter enteritis in children is erythromycin at a dosage of 40 mg/

of azithromycin in the treatment of uncomplicated typhoid fever kg/day in two divided doses for 5 days.[8,13,41] Fluoroquinolones

have been carried out during recent years.[36-39] A 7-day course of have historically also been effective, but fluoroquinolone-resistant

oral azithromycin for the treatment of uncomplicated enteric fever C. jejuni has recently emerged worldwide,[41,46-48] while erythro-

due to either sensitive or multi drug-resistant strains is at least as mycin-resistant strains are unusual.[41,46] The reason for the devel-

effective as ceftriaxone,[36] fluoroquinolones,[37,39] and chloram- opment of fluoroquinolone-resistant strains has been their wide-

phenicol.[38] Further studies are needed to confirm these data and spread use in food animal production and veterinary

establish whether azithromycin could be a safer alternative in medicine.[48-50] This issue is an important public health concern

children with typhoid fever.[36] and requires the urgent implementation of more appropriate strate-

gies for the use of antibacterials in food animals. Other new

macrolides (azithromycin, clarithromycin) are as effective as1.3 Campylobacter spp.
erythromycin against C. jejuni, but are more expensive.[41] There is

evidence of a high rate of resistance of Campylobacter species toCampylobacter spp. are flagellated spiral-shaped Gram-nega-
tetracycline, cephalosporin, amoxicillin, aztreonam, and metroni-tive bacteria which have rapid darting motility. C. jejuni is one of
dazole.[17,41] Prevention and control measures remain cruciallythe most common causes of acute bacterial gastroenteritis world-
important.wide, particularly in developed countries. Poultry are the major

reservoir of C. jejuni. Outbreaks occur by ingestion of contaminat-

ed food, water, or unpasteurized milk. Person-to-person transmis- 1.4 Escherichia Coli

sion occasionally occurs by direct contact with fecal material.

Reinfection is particularly common during outbreaks in daycare E. coli is a Gram-negative, lactose-fermenting motile bacillus.

centers, and eradication is difficult.[40] In developed countries, It can produce septicemia and meningitis in neonates, or diarrheal

there are two peak ages of infection – infancy and in young diseases with high morbidity and mortality in pediatric age groups,
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particularly in developing countries. At least five classes of diar- than one week. Cholera-like diarrhea can occur in severe cases.

rheogenic E. coli have been identified by their specific virulence Repeated ETEC infection adversely affects nutrition in infants and

characteristics, epidemiology, and clinical manifestations.[51] children. Diagnosis is based on demonstration of the enterotoxin

through polymerase chain reaction (PCR), DNA probes, or immu-
1.4.1 Enteropathogenic E. Coli

nologic methods.[51] Fluid and electrolytes are the mainstay of
In the 19th century, enteropathogenic E. coli (EPEC) was therapy. Antibacterials are not necessary in most cases and should

associated with diarrheal outbreaks in nurseries and infant diarrhea be reserved for the most severe cases. Cotrimoxazole, fluoroqui-
in summertime in industrialized countries.[8,51] EPEC remain a nolones, and furazolidone have been shown to shorten the duration
health problem in developing countries where they cause both of illness in some clinical trials.[56]

sporadic cases and outbreaks of diarrhea.[13,51] Illness occurs al-
ETEC is the leading bacterial cause of traveler’s diarrhea,

most exclusively in neonates and children younger than 2 years of
followed by Salmonella, Shigella, and Campylobacter.[57] The

age.[13,51,52] Acute secretory diarrhea may be associated with fever,
emergence of resistance of ETEC to cotrimoxazole, ampicillin,

abdominal cramps, and vomiting. Persistent or chronic diarrhea
and tetracycline has been reported worldwide.[57-59] However,

can result in growth retardation in children in developing coun-
fluoroquinolones, are well tolerated and are still effective in the

tries.[13,51-53] Infection by EPEC requires a high inoculum (≈109
early treatment of traveler’s diarrhea.[57] Bismuth salicylate is a

colony forming units) and has a short incubation period (6–48
prophylactic drug which has a 65% efficacy in preventing trav-

hours). The specific characteristic of EPEC is their ability to
eler’s diarrhea.[57,60] Recommendations for antibacterials to be

induce attaching and effacing lesions in small intestinal entero-
used in children developing traveler’s diarrhea include

cytes, resulting in destruction of microvilli with pedestal forma-
furazolidone, or cotrimoxazole with erythromycin if Campylobac-

tion at the area of attachment.[51,52,54] In contrast to enterohemor-
ter is suspected.[56] The avoidance of contaminated food and water

rhagic E. coli (EHEC), EPEC does not produce shiga toxins.[51]

is still the single most important preventive measure.
Diagnosis is difficult as identification tests for EPEC are generally

limited to research facilities.
1.4.3 Enterohemorrhagic E. Coli or Verotoxigenic E. Coli

There is little data to guide the use of antibacterial therapy in
EHEC produce cytotoxins known as shiga-like toxins, or ver-EPEC diarrhea, but appropriate antibacterials appear to reduce

otoxins and enterohemolysin. This group of E. coli causes epidem-morbidity. For mild diarrhea in infants, nonabsorbable antibac-
ic and sporadic cases of diarrhea and hemorrhagic colitis whichterials, such as colistin, neomycin, or gentamicin, can be given
may progress to severe hemolytic uremic syndrome (HUS) ororally for 3–5 days.[8,13] Cotrimoxazole should be considered in
thrombotic thrombocytopenic purpura (TTP). E. coli O157:H7 issusceptible EPEC that cause moderate, severe, or intractable diar-
the prototype of EHEC, and also the most commonly associatedrhea.[13] Nutritional support should be given early after the rapid
with HUS. E. coli O157:H7 infection can occur worldwide, but isrehydration period. Continuation of breast-feeding is advisable,
more common in Northern Europe, Canada, USA, Argentina, andand some authors recommend the use of lactose-free protein
Japan, with an annual incidence rate of 8 cases per 100 000hydrolysate-based formulas.[52]

(general population),[61] and results in HUS in 5–10% of infected
1.4.2 Enterotoxigenic E. Coli children.[13,62] The predominant mode of transmission is by inges-

Enterotoxigenic E. coli (ETEC) is an important cause of diar- tion of contaminated food, especially undercooked ground beef,

rhea in weaning infants in developing countries, and also causes but person-to-person transmission can occur and has been docu-

traveler’s diarrhea at all ages. The fucosylated oligosaccharide of mented after swimming in contaminated water.[63] The inoculum

human milk has the ability to protect against heat-stable enterotox- dose is low, and as few as 100 organisms can cause illness. EHEC

in of E. coli in animal models.[55] ETEC causes acute secretory adhere tightly to the brush border[64] and produce an attaching

diarrhea by producing either heat-labile or heat-stable enterotoxin effacing lesion.[13,51] In contrast to EPEC, shiga-like toxins are

without intestinal mucosal invasion. It also has colonization-factor elaborated, which cause a hemorrhagic colitis and also induce the

antigens to help adherence to the mucosa. A high inoculum is endothelial cell damage, white blood cell activation, and platelet-

required and symptoms develop with a short incubation period of endothelial cell interaction which are responsible for HUS.[62]

<24 hours to 2 days. Illness is typically self-limited, lasting less Illness often begins with watery diarrhea and cramping abdominal
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pain, followed by bloody diarrhea for 2–3 days which can mimic with low grade fever. However, bloody stools have occasionally

surgical conditions. Fever is usually absent or low grade. These been reported. The most important characteristic of EAEC is the

symptoms precede the HUS by 1–15 days.[65] Risk factors for the ability to adhere to Hep-2 cells and the intestinal mucosa with a

development of HUS or TTP include youth or old age, bloody ‘stacked-brick’ adherence pattern.[51,71] There are other identified

diarrhea, fever, high initial white blood cell count, and the use of virulence factors, including enterotoxin, which is similar to the

antimotility agents.[66-69] heat-stable toxin of ETEC, hemolysins, fimbriae, and outer mem-

brane proteins that may promote the adhesion process, but theirAntibacterial therapy does not seem to prevent HUS, and in
roles in the disease have been unclear.[71] Diagnosis depends onsome studies resulted in a worse outcome.[69,70] One prospective
either the demonstration of the aggregative pattern in the Hep-2cohort study has shown that antibacterial treatment of E. coli

cell assay or DNA probes, or PCR for detection of the genesO157:H7 infection increased the risk of HUS in children.[69]

encoding cell adhesion.[51,71] Acute diarrhea is usually a self-Current recommendations are to avoid the use of antibacterial
limited illness and antibacterials are unnecessary; however, persis-therapy in EHEC infection. Careful follow-up and aggressive
tent diarrhea may benefit from antibacterial and nutritional ther-supportive therapy are the key to reducing morbidity and mor-
apy. There is a high rate of antibacterial resistance, and suscepti-tality. Definitive diagnosis of E. coli O157:H7 is based on its
bility testing is recommended.[74]inability to ferment sorbitol on Sorbitol-MacConkey agar in con-

trast to 90% of human intestinal E. coli strains. The sorbitol-

negative colonies can then be serotyped for confirmation. Other 1.5 Cholera
EHEC strains can be diagnosed by demonstration of shiga- like

toxins in stools. Bloody stools should be cultured and tested for E. Vibrio cholerae is a curved, motile Gram-negative rod that
coli O157:H7.[51]

causes profuse watery diarrhea without abdominal cramps or

fever, leading to severe dehydration and electrolyte imbalance.
1.4.4 Enteroinvasive E. Coli

Hypovolemic shock can occur in 4–12 hours[13] unless rehydration
Enteroinvasive E. coli (EIEC) invade the intestinal mucosa and

therapy is given.
cause dysentery similar to Shigella species. Diarrhea is usually

There have been seven pandemics of cholera. The three most
watery, and symptoms are milder than in shigella infection, but

recent have been caused by two biotypes of V. cholerae group O1
fever, crampy abdominal pain, and bloody stools with mucus can

– classical and El Tor.[75] Until 1993, only the O1 serotype was
occur. The epidemiology is similar to shigella in developing

believed to cause epidemics, but in late 1992 a non-O1 strain
countries.[8] However, EIEC infection requires a higher inoculum

(O139 Bengal) was reported to be the causative agent of epidemics
than shigella. Outbreaks have been attributed to contaminated

in India and Bangladesh. If the outbreaks of V. cholerae O139
food, but person-to-person transmission has also been reported.[51]

Bengal still persist it may represent the beginning of the eighth
Diagnosis of EIEC is classically based on the demonstration of

pandemic.[76] Cholera is a highly contagious disease which is
invasiveness in an animal model.[51] DNA probes and enzyme-

transmitted by consumption of fecally-contaminated water and
linked immunosorbent assay are available in research laboratories.

foods. V. cholerae O1 and O139 can grow well in foods that have
Antibacterial therapy is usually given in EIEC dysentery, as

high moisture and organic content, neutral or an alkaline pH, low
shigella infection is difficult to exclude. Recommended antibac-

temperature, and where there are no other competing bacteria.[77]
terials are the same as for shigellosis, but should be based on

Epidemics in many countries have resulted from ingestion of raw
susceptibility testing of the isolates.

or undercooked shellfish, crabs, oysters, and clams. Stools are

1.4.5 Enteroaggregative E. coli typically colorless with mucus, and described as rice-water.

Enteroaggregative E. coli (EAEC) has recently emerged as an Because of the potential development of life-threatening severe

important enteric pathogen which is particularly responsible for dehydration, oral and parenteral rehydration are crucially impor-

persistent diarrhea (>14 days) in young children in the developing tant to correct fluid and electrolyte abnormalities. Antibacterial

world.[71,72] It can cause both acute and persistent diarrhea, with an therapy has been demonstrated to eradicate vibrios and reduce the

incubation period reported in a massive outbreak in Japan to duration of diarrhea and amount of fluid loss.[8,13] Recommended

average 40–50 hours.[73] Patients typically have watery diarrhea antibacterials are tetracycline (50 mg/kg/day, maximum 2 g/day in
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Table II. Recommended antibacterials in acute gastroenteritis. The role of antibacterial therapy is unclear for gastroenteritis due to enterohemorrhagic
Escherichia coli, enteroaggregative E. coli, Yersinia enterocolitica, Aeromonas spp. and Plesiomonas shigelloides

Pathogen/disease presentation Antibacterial agents (dosage)

Shigellosis Fluoroquinolones, e.g. ciprofloxacin (20 mg/kg/day PO q12h for 5 days)

Nalidixic acid (55 mg/kg/day PO q6h for 5 days)

Third-generation cephalosporins, e.g. ceftriaxone (50 mg/kg/day IV od
for 3–5 days)

Cotrimoxazole or ampicillin for susceptible strains (Trimethoprim 8 mg/
kg/day PO q12h for 5 days)

Salmonella gastroenteritis where there is high risk of invasive disease Ceftriaxone (50 mg/kg/day IV/IM od for 7–10 days)

Enteric fever Cefotaxime (150 mg/kg/day IV q8h for 7–10 days); fluoroquinolones
[ciprofloxacin] (20 mg/kg/day PO/IV q12h for 5–7 days

Ampicillin, amoxicillin, and cotrimoxazole only for susceptible strains

Azithromycin still in research studies

Campylobacter gastroenteritis – only in certain circumstances (high Erythromycin (40 mg/kg/day PO q6h for 5 days); azithromycin,
fever, dysentery, prolonged illness, other host risk factors) clarithromycin, fluoroquinolones

Enteropathogenic E. coli gastroenteritis in infants and older children with Nonabsorbable antibacterials, e.g. neomycin (100 mg/kg/day PO q6–8h
moderate to severe diarrhea for 5 days); also colistin, gentamicin

Enterotoxigenic E. coli with severe diarrhea and traveler’s diarrhea Cotrimoxazole (trimethoprim 8 mg/kg/day PO q12h for 5 days);
fluoroquinolones, furazolidone

Enteroinvasive E. coli dysentery Same as shigellosis

Cholera Tetracycline (50 mg/kg/day max 2 g/day PO q6h for 3 days);
doxycycline (6 mg/kg PO single dose); fluoroquinolones, erythromycin,
furazolidone

Clostridium difficile-associated diarrhea Oral metronidazole (20–40 mg/kg/day PO q6h for 7 days) or
vancomycin (40 mg/kg/day PO q6h for 7 days)

Probiotics (further clinical trials are needed to confirm efficacy)

IM = intramuscular; IV = intravenous; od = once daily; PO = orally; qxh = every x hours.

four divided doses) for 3 days, or doxycycline (6 mg/kg, maximum of asymptomatic colonization, whereas older children have the

300mg single dose).[13] The use of tetracyclines is generally not same prevalence as in adults.[79] Disease in both children and

recommended for children younger than 8 years of age, but in the adults usually results from a complication of broad spectrum

case of severe cholera, the benefits may offset the risk of staining antibacterial therapy, especially with third-generation cephalo-
developing teeth.[13] Alternative drugs for resistant strains are sporins and clindamycin.[81] Normal intestinal microflora which
cotrimoxazole, erythromycin, furazolidone, ciprofloxacin, or inhibit the overgrowth of pathogenic organisms are disrupted by
ofloxacin. In a recent study in Bangladesh, 100% of V. cholerae antibacterial therapy,[79] allowing colonization and overgrowth of
O139 strains were susceptible to tetracycline, erythromycin and pathogens. Toxins A and B, produced by C. difficile, cause intesti-
ciprofloxacin, 92% to furazolidone, and only 5% to cotrimox- nal inflammation and fluid secretion, resulting in diarrhea and
azole.[78] colitis. Up to 20% of antibacterial-associated diarrhea has been

attributed to C. difficile.[82] Other host factors, such as age, diet,

and immune response, are also significant determinants of dis-1.6 Clostridium difficile 

ease.[79] A retrospective review of hospitalized patients with hema-

tologic malignancies identified C. difficile-associated diarrhea inC. difficile is a spore-forming Gram-positive anerobic bacteria

7.0% of all cycles of chemotherapy-induced neutropenia.[83] An-which is the leading cause of nosocomial infectious diarrhea.

nual reports from the UK show a significant increase of C. difficileInfections vary in severity from asymptomatic carriage and acute

infection during the last decade.[84] Diagnosis is made by stoolself-limited diarrhea to pseudomembranous colitis, toxic megacol-

on, and recurrent infections.[79,80] Neonates have high frequencies testing for toxins, or by cell cytotoxin assay.
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Acute diarrhea Rehydrate
Ensure adequate nutritional intake
Consider micronutrient supplement

Exclude other causes of diarrhea
e.g. urinary tract infection, pneumonia, otitis media, appendicitis

History of:
Fever, systemic illness, abdominal cramping, tenesmus, travel, daycare,
food- or water-borne source, recent antibacterials, immunosuppression, infancy

Continue rehydration therapy
Maintain nutritional intake
Re-evaluate frequently

No Yes

Specific therapy if appropriate Parasites Stool specimen (microscopy and culture)

Leucocytes ++

Culture
Likely pathogens include:
- Campylobacter vibrio (TREAT only if severe illness or high risk)
- Salmonella spp. (TREAT infants or if risk of invasive disease)
- Shigella spp. (TREAT)
- Enterohemorrhagic E. coli (AVOID antibiotics)
- Enteroinvasive E. coli (TREAT if bloody diarrhea)
- Plesiomonas shigellosis (TREAT if severe)

Culture, virology
Likely pathogens include:
- Rotavirus
- Adenovirus
- Salmonella spp. (TREAT infants or if risk of invasive disease)
- Yersinia spp. (TREAT if septicemia or extra-intestinal infection)
- Aeromonas spp. (TREAT if severe, chronic, or extra-intestinal infection)
- Enterotoxigenic E. coli (TREAT only if severe)
- Enteropathogenic E. coli (TREAT if severe)
- Clostridium difficile (TREATMENT second line)
- Cholera (TREAT as adjunct to rehydration)

YesNo

Fig. 1. Management flow chart for acute diarrheal disease in children. Refer to text for specific antibacterials to be used in treatment.

First of all, offending antibacterials should be discontinued as of Lactobacillus GG in the successful treatment of four young

children with multiple relapses of C. difficile colitis. A nonblindsoon as possible. Both metronidazole and oral vancomycin are

trial with S. boulardii, in infants with C. difficile-associated enter-effective against C. difficile. If symptoms persist after discontinu-
opathies, showed clinical improvement.[89] Two randomized trialsing the offending antibacterial, oral metronidazole should be of-
have also demonstrated the efficacy of Lactobacillus GG in thefered as first-line therapy for economic reasons and to reduce the
prevention of antibacterial-associated diarrhea in children.[90,91]risk of development of vancomycin resistance.[79,82,83] Metronida-
However, further clinical trials of probiotics are clearly needed.zole can also be used intravenously; intravenous vancomycin will

be ineffective because of poor intestinal secretion. In children,
1.7 Yersinia enterocolitica metronidazole has been prescribed at a dosage of 20–40 mg/kg/

day, while vancomycin (40 mg/kg/day) is used in severe pseudo-
Yersinia enterocolitica is a Gram-negative bacillus which

membranous colitis, recurrent colitis, immunocompromised pa- causes a wide range of age-specific clinical manifestations. En-
tients, and after failure of metronidazole.[79] The recommended terocolitis with fever and diarrhea is the most common presenta-
duration of treatment is usually 7–10 days.[13]

tion in young children, while pseudoappendicitis syndrome occurs
Several clinical reviews have advocated the use of probiotics in primarily in older children and young adults.[92] Focal extra-

the management of both adults and children with viral gastroenter- intestinal infection and bacteremia are less common; however,

itis, antibacterial-associated diarrhea, C. difficile diarrhea, and infants younger than 3 months of age are at the highest risk of

traveler’s diarrhea.[85-87] Biller et al.[88] demonstrated the efficacy bacteremia.[93] Patients with iron-overload or other predisposing
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diseases, such as malnutrition, cirrhosis, and the immunosup- 1.9 Plesiomonas shigelloides

pressed, have an increased risk of bacteremia.[92] Symptoms of Y.
Plesiomonas shigelloides is a Gram-negative, facultative, aner-enterocolitis in children may mimic Crohn’s disease,[94] and infec-

obic bacillus which causes acute gastroenteritis in all agetion can result in granulomatous appendicitis.[95] Consumption of
groups.[106,107] The risk of infection increases with a history ofchitterlings (raw pork intestine), untreated water, and unreticulated
tropical travel,[106-108] consumption of seafood or uncookedsewerage are important risk factors of infection.[93,96,97]

food[106,107] and untreated water.[106] Clinical manifestations vary,In vitro studies show the susceptibility of Y. enterocolitica to
but include acute watery, bloody, and chronic diarrhea.[107,108]

cotrimoxazole, aminoglycosides, third-generation cephalosporins,
Most patients have an acute illness with abdominal pain andand quinolones.[92,93] However, in a placebo-controlled, double-
colitis.[106] The majority of patients have a self-limited diar-blind evaluation of cotrimoxazole treatment of Y. enterocolitica
rhea[107,108] but antibacterial therapy has been demonstrated togastroenteritis in children, therapy failed to shorten or improve the
reduce the duration of illness.[106] A retrospective study in Hongclinical course.[98] A recent retrospective review in children has
Kong has shown the superiority of quinolones and ceftriaxone inshown the efficacy of cefotaxime in treating bacteremia in young
treating severe cases of P. shigelloides infection compared withinfants.[93] There was no difference in clinical improvement in
ampicillin, tetracycline, cotrimoxazole, and chloramphenicol.[107]

patients with enteritis treated with oral cotrimoxazole compared

with those who were not treated.[93] The benefits of antibacterials
2. Conclusionsin uncomplicated enterocolitis have not been proven, but patients

with septicemia or extra-intestinal infection should receive anti-
Most cases of acute gastroenteritis in children are self-limitedbacterial therapy.[13]

and need only supportive treatment. The primary therapies should

be appropriate fluid and electrolyte replacement, and close atten-
1.8 Aeromonas spp.

tion to nutrition. Antibacterial therapy should be restricted to

specific bacterial pathogens and disease patterns, as summarized
Aeromonas species (A. hydrophila, A. caviae, A. sobria) are

in table II. The aims of antibacterial therapy are to shorten the
Gram-negative, facultative anaerobic bacilli that are regarded as

clinical course, eradicate the causative organisms, reduce trans-
water- and food-borne enteropathogens. Most aeromonas infec-

mission, and prevent invasive complications. Figure 1 outlines a
tions occur during the hot, humid season and affect young chil-

suggested management algorithm for acute diarrheal disease. Se-
dren, particularly those younger than 3 years of age.[99,100] The

lection of antibacterials to use in acute bacterial gastroenteritis is
most prevalent species is A. caviae.[99,100] Despite many known

based on clinical diagnosis of the likely pathogen prior to defini-
virulence factors, the mechanism of gastroenteritis in aeromonas

tive laboratory results, but there is a real need for more studies to
infection is still unclear.[99-101] Enterotoxin and cytotoxin can be

be carried out to define the role and efficacy of antibacterials in
identified from A. hydrophila and A. sorbria, but not A. caviae.[99]

childhood infectious diarrheal disease. The benefits and risks of
Aeromonas infection can result in a wide spectrum of diseases,

adverse drug reactions should be weighed before prescribing anti-
including asymptomatic carriage, watery diarrhea, dysentery,

bacterials. This particularly applies to drugs such as tetracyclines
chronic diarrhea,[8] and bacteremia which usually occurs in pa-

in cholera, where benefit may outweigh the adverse effect of tooth
tients with either liver cirrhosis or malignancy.[102] Diarrhea is

staining, and quinolones where there is risk of damage to the
typically a self-limited illness lasting no longer than 7 days and

epiphysial cartilage. Moreover, a major concern is the emergence
rehydration therapy is the most important management.

of antibacterial-resistant strains due to the widespread use of
Antibacterials should be considered in chronic disease[8] or

antibacterial agents. In part, this may have resulted from the
extra-intestinal infection.[103] Most strains are susceptible to cipro-

inappropriate overuse of antibacterials.
floxacin, gentamicin, and nalidixic acid,[103] but resistant to

ampicillin.[104,105] A. sobria, which has caused outbreaks of acute
Acknowledgements

gastroenteritis, has been found to be sensitive to chloramphenicol,

cotrimoxazole, tetracycline, and gentamicin.[104] A broad spectrum This manuscript was prepared by the authors during the course of their
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