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Abstract: Acute gastroenteritis, characterized by the onset of diarrhea with or without 

 vomiting, continues to be a major cause of morbidity and mortality in children in mostly resource-

constrained nations. Although generally a mild and self-limiting disease, gastroenteritis is one of 

the most common causes of hospitalization and is associated with a substantial disease burden. 

Worldwide, up to 40% of children aged less than 5 years with diarrhea are hospitalized with 

rotavirus. Also, some microorganisms have been found predominantly in resource-constrained 

nations, including Shigella spp, Vibrio cholerae, and the protozoan infections. Prevention 

remains essential, and the rotavirus vaccines have demonstrated good safety and efficacy profiles 

in large clinical trials. Because dehydration is the major complication associated with gastro-

enteritis, appropriate fluid management (oral or intravenous) is an effective and safe strategy 

for  rehydration. Continuation of breastfeeding is strongly recommended. New treatments such 

as antiemetics (ondansetron), some antidiarrheal agents (racecadotril), and chemotherapeutic 

agents are often proposed, but not yet universally recommended. Probiotics, also known as 

“food supplement,” seem to improve intestinal microbial balance, reducing the duration and 

the severity of acute infectious diarrhea. The European Society for Paediatric Gastroenterology, 

Hepatology and Nutrition and the European Society of Paediatric Infectious Diseases guide-

lines make a stronger recommendation for the use of probiotics for the management of acute 

gastroenteritis, particularly those with documented efficacy such as Lactobacillus rhamnosus 

GG, Lactobacillus reuteri, and Saccharomyces boulardii. To date, the management of acute 

gastroenteritis has been based on the option of “doing the least”: oral rehydration-solution 

administration, early refeeding, no testing, no unnecessary drugs.

Keywords: acute infective gastroenteritis, diarrhea, oral rehydration solution, children, 

 vomiting, probiotics

Introduction and epidemiology
Acute gastroenteritis (AGE), characterized by the onset of diarrhea with or without 

vomiting, continues to be a major cause of morbidity and mortality in children mostly 

in resource-constrained nations. Although generally it is a mild and self-limiting 

disease, gastroenteritis is one of the most common causes of hospitalization and is 

associated with a substantial disease burden.1,2 According to the World Health Orga-

nization (WHO), diarrhea is defined as the passage of three or more loose or liquid 

stools per day, or more frequently than is normal for the individual.3 When young 

children suddenly experience an episode of acute diarrhea, with or without vomiting, 

infectious gastroenteritis is by far the most common explanation.4 Viewed from a 

global perspective, gastroenteritis in children is of enormous public health importance. 
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Worldwide, about 10.6 million children still die every year 

before reaching their fifth birthday. Gastroenteritis alone is 

responsible for almost 20% of the deaths.4

In spite of the intense promotion of oral rehydration 

solution (ORS) at the community level and the training 

of health care workers, diarrhea mortality remains unac-

ceptably high: more than 2 million children aged less than 

5 years die each year from gastroenteritis, almost all liv-

ing in resource-constrained nations, where acute diarrhea 

represents a leading cause of child mortality, second only 

to pneumonia.2 AGE causes 1.5 million visits to primary 

care providers each year and 220,000 hospital admissions 

for children under the age of 5 years; that is 10% of all 

the hospital admissions of children in the US.5 In general, 

resource-constrained nations have a higher rate of hospital 

admissions compared to rich nations.6 In the US, the admis-

sion rate is nine per 1000, per year, for children younger 

than 5 years old.5 In England each year, 9.4 million cases 

of gastroenteritis occur in the community and 1.5 million 

present to their primary care doctor.4 In Europe, rotavirus 

infection accounts for more than 50% of hospitalizations 

for gastroenteritis and about one-third of emergency depart-

ment visits.2,6,7 Not surprisingly, the economic burden of 

acute diarrhea is substantial, not only in management costs 

but also in indirect costs, such as absence from work by 

parents or caregivers of sick children.2 The severity of acute 

diarrhea is related to etiology, with rotavirus infection dis-

proportionately implicated in severe cases that frequently 

require hospitalization.2,8 Worldwide, up to 40% of children 

aged less than 5 years with diarrhea are hospitalized with 

rotavirus: while most of the episodes are mild, about 10% 

of cases lead to dehydration requiring a doctor visit, and 

in resource-constrained nations, one in 250 children will 

die from this dehydration.7–11 In Europe, rotavirus infection 

accounts for more than 50% of hospitalizations for gastroen-

teritis and about one-third of emergency department visits.2,7 

Otherwise, some agents have been found predominantly in 

resource-constrained nations, including Shigella spp, Vibrio 

cholerae, and the protozoan infections. Mode of transmis-

sion is mainly horizontal, through physical contact with an 

infected person or with their excretions. The pathogens, most 

frequently transmitted during the passage through the birth 

canal, are enteropathogenic Escherichia coli, Salmonella, 

and enterovirus. Although rare, the passage of the germ 

can also occur transplacentally during bacteremia. Several 

maternal infections are asymptomatic. Horizontal transmis-

sion can occur through direct contact with siblings, parents, 

or health care workers. Some cases of transmission through 

the ingestion of contaminated water or infant formula are 

also reported. Some viral infectious agents, such as adeno-

virus and rotavirus, can be transmitted by air.12

The relatively low incidence of the disease in newborns is 

the result of several factors: breastfeeding and the universal 

practice of giving birth at home in rural villages, and improve-

ments in social and educational standards and medical care in 

advanced countries.13,14 Otherwise, newborns are particularly 

susceptible to enteric infections in early life, due to reduced 

local and systemic immune response, absence of an adequate 

intestinal flora, and reduced gastric acidity. In the newborn, 

the protective role of gastric motility and of the intestinal 

mucus is still uncertain. Other external factors contribute 

to the balance of the intestinal ecosystem: nutrition, type 

of delivery, hygiene habits, use of antibiotics in the mother 

and infant and the supplementation with probiotics and/or 

prebiotic oligosaccharides in the newborn.15–17 The mortality 

risk for very low-birth-weight infants (less than 1500 g) due 

to acute diarrhea is 100 times higher than for infants of low 

or appropriate birth weight (more than 1500 g). Acute diar-

rhea has several risks and complications; it may lead to life-

threatening dehydration and electrolyte disturbances. When 

diarrhea is not halted, there is a risk of disturbed digestion 

and absorption of nutrients with nutritional deterioration.13 

Prevention is essential, and all health professionals should 

ensure caregiver education in the following main principles 

of prevention:13

•	 Full and exclusive breastfeeding that protects against 

intestinal infections and prevents exposure to environ-

mental contamination.18,19 Thriving breastfed babies under 

6 months of age do not require water supplements, even 

in hot weather.19,20

•	 Provision of safe water for drinking and food preparation.

•	 Proper hand-washing hygiene after toilet use and before 

food preparation and feeding.

•	 Safe disposal of human and other waste.

Etiology
Table 1A–C shows the main characteristics of the princi-

pal bacterial, viral, fungal, and parasitic enteropathogens, 

respectively: typical age of presentation, type of diarrhea, 

duration of symptoms, clinical features, transmission, and 

seasonality.

Bacterial enteritis (Table 1A)
Some bacteria directly invade the intestinal mucosa, caus-

ing an inflammatory response of the host, while others 

cause damage by producing toxins. This classification is 
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not always well defined, because some agents use both 

these  pathogenetic strategies to induce disease. In Europe, 

the most common bacterial agent is either Salmonella or 

Campylobacter, depending on country.6

Aeromonas hydrophila and Plesiomonas shigelloides 

(previously also known as Aeromonas shigelloides) belong-

ing to the family of Vibronacee, can cause watery diarrhea. 

The pathogenic role of A. hydrophila as an enteric pathogen 

causing gastroenteritis is difficult to confirm, because of the 

frequency of other pathogens isolated with A. hydrophila in 

symptomatic and asymptomatic subjects. But A. hydrophila 

is recognized increasingly as a clinically significant enteric 

pathogen associated with diarrhea also in children younger 

than 2 years of age living in a rural community, and is linked 

to local drinking water sources.21

Campylobacter is the most common enteropathogen after 

5 years of age, particularly in Northern European countries.6 

C. jejuni and C. coli infections are endemic worldwide and 

hyperendemic in resource-constrained nations. Infants and 

young adults are most often infected.22 C. jejuni, followed by 

C. coli and C. lari, are the most common bacterial causes of 

acute diarrheal illnesses in rich nations.22 C. jejuni has invasive 

properties, leading to epithelial ulceration and inflammatory 

infiltrates in the lamina propria, mainly in the colon, ileum, 

and jejunum. Some C. jejuni isolates elaborate very low levels 

of cytotoxins, similar to Shiga toxin. Some isolates have been 

reported to elaborate an enterotoxin similar to cholera toxin. 

Enterotoxin production has been more frequently observed 

in isolates from resource-constrained nations, where infec-

tion by C. jejuni has been associated with watery  diarrhea. 

However, the clinical significance of the toxigenicity of these 

organisms is still unclear.23 Symptoms and signs of C. enteritis 

are not distinctive enough to differentiate it from illness 

caused by many other enteric pathogens.  Diarrhea is often 

associated with blood, but it can be difficult to distinguish 

from other invasive forms. A cholera-like illness with massive 

watery diarrhea may also occur. Bacteremia is uncommon 

(less than 1%) in immunocompetent patients with C. jejuni 

infection.22 Newborn infection by Campylobacter spp is rare; 

most cases were born to mothers with Campylobacter diar-

rhea at the time of delivery. The transplacental passage of 

Campylobacter fetus is responsible for abortion, premature 

birth, bacteremia, and meningitis.

C. jejuni/coli infections can cause a series of complica-

tions as reactive arthritis, irritable bowel syndrome, and 

Guillain–Barré Syndrome (GBS), an acute neurologic disease 

driven by autoimmunity and molecular mimicry in which 

the body stages a cell-mediated and humoral immunological 

response against peripheral nerve myelin. A recent systematic 

review of GBS estimated that 40%–70% of all cases are pre-

ceded by an acute infectious illness, of which 22%–53% are 

upper respiratory infections and 6%–26% are gastrointestinal 

infections, one of the most common being enteritis due to 

Campylobacter.24,25 Several studies have shown that patients 

with GBS (most of cases associated with the variant acute 

motor axonal neuropathy) have a recent history of infection 

due to C. jejuni.26

Clostridium difficile is a major nosocomial pathogen that 

causes a spectrum of intestinal disease from uncomplicated 

antibiotic-associated diarrhea to severe, possibly fatal, 

 antibiotic-associated colitis.27 In the last 5–7 years, a change 

in the epidemiologic pattern of C. difficile infection charac-

terized by an increasing incidence and severity of infection 

has been observed. A few epidemiological studies recently 

conducted in the pediatric population demonstrated a twofold 

increase in the incidence of C. difficile infection in the last 

5 years, but with no increase in the incidence of severe com-

plications, such as the need for colectomy or mortality.28,29 

The clinical presentation of C. difficile-associated disease 

can range from asymptomatic carriage in the gastrointestinal 

tract and mild diarrhea to potentially fatal pseudomembra-

nous colitis.30 Diarrhea is watery and usually nonbloody, but 

approximately 5%–10% of patients have bloody diarrhea. 

Fecal material typically contains excess mucus, and pus or 

blood may also be noted.31 The disease may progress to a 

pseudomembranous colitis, possibly including intestinal 

perforation and toxic megacolon. Neonatal infections by 

C. difficile can be asymptomatic, but usually display fever, 

diarrhea, and irritability within 48 hours after production of 

the toxins.32

Escherichia coli are the predominant nonpathogenic 

facultative anaerobe of human colonic flora and usually 

remain harmlessly confined to the intestinal lumen. Some 

E. coli have evolved the ability to cause a broad spectrum of 

human diseases, and different types associated with enteric 

infections are classified into five groups according to their 

virulence properties and are briefly described here.

Enteroaggregative E. coli (EAEC) serotypes exhibit a 

characteristic aggregative pattern of adherence and produce 

persistent gastroenteritis and diarrhea in infants and children 

in resource-constrained nations.22 Enteroinvasive E. coli 

serotypes have properties similar to invasive Salmonella, 

but the presence of blood in the stool is less frequent. These 

can also produce an enterotoxin that cause watery diarrhea, 

resembling the effects of Shigella in children and adults. 

Enteropathogenic E. coli (EPEC) serotypes in the past were 
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associated with serious outbreaks of diarrhea in newborn 

nurseries in the US. They remain an important cause of acute 

infantile diarrhea in resource-constrained nations. Disease is 

rare in adults. Enterotoxigenic E. coli (ETEC) serotypes are 

a major cause of traveler’s diarrhea and diarrhea in children 

in resource-constrained nations. The main hallmarks of this 

type of bacteria are expression of one or more enterotoxins, 

heat-labile enterotoxin, and heat-stable enterotoxin, and 

presence of fimbriae used for attachment to host intestinal 

cells. Enterohemorrhagic E. coli (EHEC) serotypes are one of 

the main causes of food-borne diseases.33 Serotypes number 

about 50, and in rich countries are primarily responsible for 

gastroenteritis with bloody diarrhea, severe abdominal pain, 

and cramps that resolve in a few days with an adequate oral 

rehydration.

Since 1982, gastroenteritis from Shiga toxin-producing 

E. coli (STEC), an E. coli strain with the capacity to produce 

a cytotoxin similar to that produced by Shigella spp, has been 

identified as a significant health problem in the developed 

world.34,35 Infections with STEC, of which EHEC O157 is 

the most well-known serotype, have been recorded in many 

regions, including North America, Western Europe, Central 

and South America, the Middle and Far East, Africa and 

Australia; also, EAEC serotype O104:H4 can produce Shiga 

toxins (STEC).36–38 Infections by STEC are characterized by 

abdominal cramps and acute bloody diarrhea;39 however, 

more serious sequelae may also result, including hemolytic 

uremic syndrome (HUS), thrombocytopenia, and associated 

complications, which can lead to kidney failure and death in 

some individuals.36,40

Most outbreaks and sporadic cases of bloody diarrhea 

and HUS have been attributed to strains of STEC  serotype 

O157:H7. However, in Europe and recently in the US, 

the role of non-O157 STEC strains (eg, O26:H11/H–, 

O91:H21/H–, O103:H2, O104:H4, O111:H–, O111:NM, 

O113:H21, O121:H19, O128:H2/H–, and O145:H28/H–) as 

causes of HUS, bloody diarrhea, and other gastrointestinal 

illnesses is being increasingly recognized.33,41

In many studies, a significant association between illness 

and the consumption of pink or undercooked hamburgers, 

pinkish ground beef, undercooked meat, or barbecued food 

has been demonstrated.38,41,42 The natural reservoirs of STEC 

are ruminant animals, especially cattle, and transmission to 

humans usually occurs via contaminated food or water.

Helicobacter pylori (previously named Campylobacter 

pyloridis)-infected children may have no symptoms or a wide 

variety of symptoms, and rarely potentially life-threatening 

complications, such as gastroduodenal ulcers and bleeding. 

Symptoms of ulcers may include pain or discomfort (usually 

in the upper abdomen), bloating, an early sense of fullness 

with eating, lack of appetite, nausea, vomiting, blood in the 

stools, and diarrhea. In the last 10 years, various studies 

have been performed investigating its role to modify the 

susceptibility to gastroenteritis in children.43

A study reported an increased risk of chronic diarrhea, 

compared with healthy control subjects, among infected 

age-matched Gambian children with malnutrition.44 In a 

nested case-control design, the authors found an increased 

risk of severe cholera among H. pylori-infected subjects 

without vibriocidal antibodies.45 Similarly, in an urban slum, 

H. pylori infection was twice as common among subjects 

with typhoid fever (Salmonella typhi)46 than in neighbor-

hood control subjects. Another study reported increased 

diarrhea episodes among Peruvian infants with recent 

H. pylori  seroconversion.47 Conversely, in a Thai orphan-

age, no association was found between seroconversion and 

diarrheal disease.48 Some investigators have even speculated 

that local inflammatory factors induced by infection may 

be protective.49 In a cross-sectional study of elementary 

school-age children in Germany, the infection seemed 

associated with a reduced frequency of diarrheal illnesses.50 

These epidemiological discrepancies could be explained, 

because H. pylori could be argued to increase or decrease 

susceptibility to enteric  pathogens. Depending on the age 

at acquisition and the anatomical site of colonization, for 

example, H. pylori decreases gastric acid secretion in some 

people, thereby potentially reducing the effectiveness of the 

gastric acid barrier to intestinal pathogens, but increases 

gastric acid secretion in others.51 In this prospective study, 

H. pylori did not seem to increase the risk of gastroenteritis 

in people more than 2 years old.43 These data have recently 

been confirmed.52

Klebsiella, Enterobacter, Citrobacter, and  Streptococcus 

group D have been isolated from feces of sick newborns and 

associated with intestinal disease, but there is insufficient 

evidence to define the pathogenic role of these agents.

Proteus and Providencia, although rarely, may be respon-

sible for intestinal infections in newborns.  Providencia species 

occur in normal feces and have been isolated from epidemic 

and sporadic causes of diarrhea, though their importance in 

the causation of diarrheal disease is not easy to assess.53

Pseudomonas aeruginosa can colonize (0%–10%) 

the intestine of the newborn during the first days of life.54 

Clinically, the infection may be asymptomatic at first, later 

developing into grayish-blue stool color or watery diarrhea, 

profuse vomiting, and systemic symptoms.22
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Salmonella pass through the intestinal mucosa and multi-

ply within the lamina propria, may invade mesenteric lympho-

nodes, and systemic spread of the organisms can occur, giving 

rise to enteric fever.55 In fact, 3%–5% of infants may have 

extraintestinal symptoms. The colonization and initial inva-

sion probably occur at the distal ileum, while the mucosal 

edema and cryptic abscesses are frequently in the colon. The 

diarrhea is due to secretion of fluid and electrolytes by the 

small and large intestines. The incubation period is usually 

12–48 hours, rarely for a few days.22 neonatal infection by 

Salmonella spp is normally acquired through the birth canal, 

and the mother can be an asymptomatic carrier.55

Shigella spp are the leading bacterial causes of diarrhea 

worldwide and are relatively common in children. They 

cause invasive gastroenteritis, and symptoms can take as long 

as a week to show up, but most often begin 2–4 days after 

 ingestion. Mild symptoms are self-limiting, but S. dysenteriae 

serotype 1 resistance to multiple antibiotics has the ability to 

elaborate the potent Shiga toxin, which may lead to extraint-

estinal complications, including HUS and death.56

Cases of neonatal infections from Staphylococcus aureus  

are reported in the literature. The pathogen produces two 

enterotoxins, G and I, that cause atrophy of intestinal villi, 

diarrhea, and poor growth during the first weeks of life.

Vibrio cholerae causes watery diarrhea through the 

production of cholera toxin without invading the intestinal 

mucosa.

Yersinia enterocolitica is a common enteropathogen usu-

ally causing relatively mild disease. Y. enterocolitica crosses 

the intestinal mucosa, replicates in Peyer’s patches, and 

children infected present acute diarrhea associated with fever 

and pharyngitis, chronic or recurrent diarrhea, or abdominal 

pain associated with mesenteric adenitis. This infection looks 

like Salmonella infections, with feces containing mucus 

with or without blood. The pathogen, within phagocytes, 

can reach other sites through the bloodstream. Some of the 

Y. enterocolitica pathogenic biotypes express the yst gene 

encoding for an heat-stable enterotoxin that may contribute 

to the pathogenesis of diarrhea.57,58

viral enteritis (Table 1B)
Viruses are responsible for approximately 70% of the epi-

sodes of acute gastroenteritis in children. Viral gastroenteritis 

is of shorter duration than bacterial gastroenteritis and asso-

ciated with an increased risk of vomiting and dehydration 

compared with those without viral infection. The severity 

of dehydration is significantly higher in children infected 

with either astrovirus or rotavirus group A. Prolonged 

hospitalization is also more likely to occur with rotavirus 

infection.4,22,55,59,60

Enteric adenoviruses are a common cause of viral gas-

troenteritis in infants and young children. Although there 

are many serotypes of adenovirus that can be found in the 

stool especially during and after typical infections of the 

upper respiratory tract, only serotypes 40 and 41 cause gas-

troenteritis and are very difficult to grow in tissue culture.61  

Adenovirus directly infects intestinal enterocytes, causing 

villous hypoplasia and crypt  hypertrophy. The virus causes 

a massive infiltration of the lamina propria of the villi by 

mononuclear cells. Enteric adenovirus is associated with 

longer lasting diarrhoea, compared to other viral gents.4,22,55 

Maternal antibodies are certainly protective; however, among 

premature and/or low-birth-weight infants the infection 

spreads rapidly and can be associated with a poor prognosis 

and high morbidity.5

Cytomegalovirus and herpes virus (CMV or HH5 

and HHV6-7; family Herpesviridae, subfamily Betaher-

pesviridae) can cause gastrointestinal symptoms such as 

diarrhea or colitis with profuse hematochezia and bowel 

perforation.62

Most people who are infected with a non-polio entero-

virus (EV; family Picornaviridae, genus Enterovirus) have 

no disease, but all EV may cause diarrhea.63 Human EV 

68 (EV-D68) is a historically rarely reported virus linked 

with respiratory disease. In the last 3 years, a large increase 

in respiratory disease associated with EV-D68 has been 

reported, with documented outbreaks in North America, 

Europe, and Asia.64 EV71 infections can be asymptomatic or 

can cause diarrhea, rashes, and hand, foot, and mouth disease. 

However, EV71 may be responsible for severe complications, 

including meningitis, encephalitis, cardiovascular and respi-

ratory problems as pulmonary edema, or heart failure. Cases 

of fatal EV71 encephalitis have occurred during outbreaks. 

Most EV71 infections occur under 3 years of age.

Coxsackie (family Picornaviridae, genus Enterovirus)-

A16 and EV71 are two of the major pathogens responsible 

for hand, foot, and mouth disease, but the most severe cases 

are associated with EV71.65,66

Pleconaril, a viral agent active against enteroviruses, has 

demonstrated efficacy against neonatal infection with sys-

temic symptoms. However, further confirmatory studies are 

needed.67 Results of Phase I clinical trials suggest an EV71 

vaccine has a clinically acceptable safety profile and immu-

nogenicity. Outbreaks of EV71 are a serious socioeconomic 

burden not only in the Western Pacific region. For this 

reason, an EV71 vaccine is now being tested and seems to 
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have an acceptable safety profile and clinically acceptable 

immunogenicity.68

Human astrovirus (family Astroviridae, genus Mamas-

trovirus) may also be responsible for sporadic infections or 

epidemics, occasionally in newborns and children.61,63

Human bocavirus (family Parvoviridae, genus  Bocavirus), 

recently discovered, has been suggested to be involved 

in a large spectrum of clinical manifestations, including 

gastroenteritis.63,69

Human coronaviruses (HCoVs; family Coronaviridae, 

genus Coronavirus) are common causes of upper respiratory 

tract infections. A new coronavirus was found to be a causative 

agent of severe acute respiratory syndrome (SARS). SARS-

HCoV caused a serious lower respiratory tract infection with 

high mortality. Diarrhea is common in this condition, and in 

one study was registered in 38.4% of patients. In the same 

study, SARS-HCoV was also isolated from intestinal tissue, 

and viral RNA was detected in stool samples. Moreover, non-

SARS HCoVs can be found in stool samples of children with 

AGE. However, most of the HCoV findings were coinfections 

with well-known enteric pathogens –  norovirus and rotavirus. 

It is also difficult to determine whether HCoVs in the respira-

tory tract in cases of AGE were primarily causing the respira-

tory or gastrointestinal symptoms. HCoVs may also be found 

in occasional stool samples of children without gastroenteritis. 

These findings suggest that known HCoVs may at most have 

a minor etiologic role in AGE of children.70

Human rotavirus (family Reoviridae, genus Rotavirus) in 

the past was considered to be responsible for the most severe 

episodes of diarrhea in children.71,72 There have been reports 

of epidemics in neonatal intensive care units caused by rota-

virus or enterovirus that can determine cases of necrotizing 

enterocolitis or necrotizing enterocolitis-like symptoms: 

abdominal distention, bloody diarrhea, and septicemia sec-

ondary to enteric bacteria.

Improved diagnostic tools for norovirus (family Calici-

viridae, genus Norovirus): have shown that it has a major role 

in both epidemic and sporadic cases of gastroenteritis.59,73

Sapoviruses (family Caliciviridae, genus Sapovirus): 

mainly infect children younger than 5 years of age.59 The 

illness is milder than that caused by noroviruses.73 Antibody 

prevalence studies show that virtually all children are infected 

with sapoviruses by the time they are 5 years of age, indicat-

ing that sapovirus infection is widespread, although the illness 

most likely is sporadic with a high rate of asymptomatic 

infection.59,74,75

Torque teno midi virus/small anellovirus (TTMDV/SAV) 

is a member of the family Anelloviridae. Although human 

TTV infection is ubiquitous and several infecting genogroups 

of the virus have been identified, to date there is no consistent 

evidence of a link between TTV infection of humans and spe-

cific disease.76–79 In a recent Hungarian study, viral shedding, 

molecular epidemiology, and genetic diversity of TTMDV/

SAV were studied in human body fluids (nasopharyngeal 

aspirates of children with acute respiratory diseases and 

serum, stool and urine samples collected from eight healthy 

children with previous TTMDV/SAV infection). In this study, 

shedding of TTMDV/SAV and related viruses was detected 

in two other human body fluids, feces and urine, suggest-

ing the existence of fecal–oral/urinary–oral  transmission 

routes beyond the originally presumed blood-borne and 

 later-suggested respiratory route. This finding extends the 

number of possible successful transmission routes.

Fungal enteritis (Table 1C)
The pathogenic role of Candida in neonatal diarrhea is still 

difficult to prove. Symptoms ascribed to Candida-associated 

diarrhea in the literature include prolonged secretory diarrhea 

with abdominal pain and cramping but without blood, mucus, 

fever, nausea, or vomiting.80 Disseminated Candida infection 

can cause intestinal symptoms similar to necrotizing entero-

colitis, especially in premature infants and in infants treated 

with antibiotics (especially third-generation cephalosporins) 

and with central venous catheters or in surgical patients.81,82 

Candida infections frequently develop into systemic forms, 

and are a major cause of morbidity and mortality in neonatal 

intensive care units.83 The incidence of candidemia in the 

neonatal intensive care unit is steadily increasing, with an 

estimated incidence of 1%–2% in very low-birth-weight 

infants and of 2%–23% in extremely low-birth-weight 

infants.84 Infection-associated mortality following Candida 

bloodstream infections is as high as 40% (very low birth 

weight 2%–30%, extremely low birth weight 12%–50%), 

and neurodevelopmental impairment is common among 

survivors (extremely low birth weight 57%).84–88 Because 

invasive fungal infections are common and extremely dif-

ficult to diagnose, prevention (decrease of risk factors that 

contribute to increased colonization and concentration of 

fungal organisms like maternal vertical transmission or 

nosocomial acquisition) and antifungal prophylaxis should 

be considered.89

Parasitic enteritis – protozoan (Table 1C)
Some waterborne protozoan parasites induce enteritis 

through their membrane-associated functional structures 

and virulence factors that alter host cellular molecules and 
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signaling pathways, leading to structural and functional 

lesions in the intestinal barrier.90

Cryptosporidium parvum has a high infectivity with sig-

nificant enteric disease: rarely is asymptomatic. There have 

been reported cases of infection in the first month of life; the 

passage of the maternal antibodies and breastfeeding are a 

protective factor against infection.91

Giardiasis is one of the intestinal protozoa that cause 

public health problems in most resource-constrained nations, 

as well as some resource-rich countries. Many infected 

persons can be asymptomatic, leading to difficulties in the 

eradication and control of this parasite due to the number of 

potential carriers, such as school children. Giardia lamblia is 

observed almost three times more in asymptomatic children 

than in symptomatic children. The first signs of acute giardiasis 

include nausea, loss of appetite and an upper gastro-intestinal 

uneasiness, followed or accompanied by a sudden onset of 

explosive, watery, foul-smelling diarrhea. Stools associated 

with Giardia infection are generally described as loose, bulky, 

frothy and/or greasy with the absence of blood or mucus, which 

may help distinguish giardiasis from other acute diarrheas. 

Other gastro-intestinal disturbances may include: flatulence, 

bloating, anorexia, cramps. The acute stage usually resolves 

spontaneously in a few days. Occasionally an acute infection 

will persist and lead to malabsorption, steatorrhea, loss of 

strength and weight loss. It has been estimated that about 

200 million people are infected each year in Africa, Asia and 

Latin America. In the resource-rich countries the prevalence 

rate of giardiasis is 2-5%. However, in resorce-constrained 

countries, Giardia lamblia infects children early in life thus 

a prevalence rate of 15-20% in children younger than 10 

years is common. Children who are malnourished are more 

frequently infected.92

Cryptosporidium and Giardia most often cause  diarrhea 

in immunocompromised children or in children from 

resource-constrained nations, and diarrhea tends to be chronic 

in both settings.60,92,93

Although E histolytica generally causes bloody diarrhea, 

some studies have demonstrated that E histolytica could also 

be responsible for watery diarrhea, particularly in infants. 

That nondysenteric diarrhea is a common presentation of 

amebiasis in children less than 2 years of age but it was also 

reported among children aged 2-12 years of age.94,95

Isospora belli is an opportunistic protozoan more frequent 

in developing countries of tropical and subtropical regions 

and should be monitored in both immunocompromised and 

immunocompetent patients with gastrointestinal complaints 

such as abdominal pain, nausea, and diarrhea.

Parasitic enteritis – helminths
Several helminths can also cause diarrhea, and their impor-

tance depends on geographic location, climatic conditions, 

poor sanitation, unsafe drinking water, and the immune status 

of the child.6,60

Strongyloidiasis is an infection caused by the intestinal 

nematode Strongyloides stercoralis. Infected healthy individ-

uals are usually asymptomatic; however, it can cause watery or 

chronic diarrhea, abdominal cramping, failure to thrive, and 

cachexia. It is potentially fatal in immunocompromised hosts, 

due to its capacity to cause an overwhelming hyperinfection. 

A screening assay for Strongyloides infection in suspected 

patients is needed for early detection and successful cure.96

Trichuris trichiura infections are widespread globally, with 

prevalence and intensity-of-infection peaks in school age. 

Nevertheless, as soon as infants start to explore their environ-

ment, thus coming into contact with contaminated soil, they 

are at risk of infection according to the levels of transmission 

in the area. The pathogen can cause inflammatory damage to 

mucosa, bloody diarrhea, iron deficiency, and anemia.

Diagnostic aspects
Most children with gastroenteritis do not require any labora-

tory investigations. Many infants and children experience brief 

episodes of diarrhea, and are managed by their parents without 

seeking professional advice. Even if advice is sought, health care 

professionals often consider that a clinical assessment is all that 

is required, and laboratory investigations are not undertaken.4 

However, there may be particular circumstances when investi-

gations may be helpful in diagnosis. Frequently the signs and 

symptoms are not sufficient to make an etiological diagnosis as 

they often are nonspecific. The localization of the pathogen in 

the small intestine or in the colon, the characteristics of the feces 

(Table 2), the clinical history of the disease, and environmental 

risk factors can support the diagnostic evaluation. It would be 

also important to be aware of any history of  recent contact with 

someone with acute diarrhoea and/or vomiting and  exposure 

to a known source of enteric infection (possibly contaminated 

water or food) or a recent travel abroad.4

Severe watery diarrhea in the absence of mucus, pus, or 

blood suggests secretory diarrhea or malabsorption (such as 

by noninvasive Vibrio cholera, ETEC, or by rotavirus, adeno-

virus, or astrovirus), while the presence of blood and mucus 

are more indicative of an invasive germ, such as Salmonella, 

Shigella, Campylobacter jejuni, or Yersinia enterocolitica.60 

The presence of vomiting and fever with diarrhea is non-

specific and cannot help in the diagnosis.4 It would be also 

important to be aware of any history of  recent contact with 
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Table 2 Characteristics of stool, intestinal segment-damaged, 
microorganisms involved

Feature of feces Small intestine Colon

Appearance Liquid Mucus and/or  
with blood

volume Abundant Poor
Frequency Increase Large increase
Blood +/– +++
pH ,5.5 .5.5
Reducing substances Positive Negative
Fecal leukocytes ,5 per field .10 per field
Blood leukocytes Normal Possible leukocytosis
Microorganism virus 

 Adenovirus 
 Astrovirus 
 Calicivirus 
 Rotavirus 
 
 
 
Enterotoxigenic  
bacteria 
 Clostridium perfringens 
 Cholera spp 
 ETEC 
 Vibrio spp 
Parasites 
 Cryptosporidium spp 
 Giardia spp

Invasive bacteria 
 Aeromonas spp 
 Campylobacter spp 
 EIEC – EHEC 
 Salmonella spp 
 Shigella spp 
 Plesiomonas spp 
 Yersinia spp 
Bacterial toxins 
 Clostridium difficile 
 
 
 
 
Parasites 
  Entamoeba  

organism

Note: © 2009 Biomedia. Reproduced with permission from Caramia G, Ruffini E, 
Salvatori P. Infectious gastroenteritis. Neonatal Infectious Diseases Study Group of 
the Italian Society of Neonatology. Manual of Neonatal Infectious Diseases. Milan: 
Biomedia; 2009.55

Table 3 Differential diagnosis

Enzymatic and metabolic  
disorders 
Congenital glucose-galactose 
malabsorption 
Congenital disaccharidase defect  
(lactase, isomaltase-saccaridasi) 
Secondary malabsorption  
of monosaccharides and  
disaccharidases (gastrointestinal  
surgery, infections, intolerance  
to soy protein) 
Congenital chloridorrea 
Congenital defect of the Na+/H+ 
exchanger 
Congenital bile acid  
malabsorption 
Congenital defect  
of enterochinasi 
Cystic fibrosis 
Shwachman syndrome 
Physiological pancreatic  
amylase deficiency 
Enteropathic acrodermatitis 
wolman’s disease 
Abetalipoproteinemia 
Adrenal insufficiency 
Intestinal hormone hypersecretion 
Transcobalamin II deficiency 
Hereditary tyrosinemia 
Methionine malabsorption 
Congenital microvillous atrophy

Anatomical defects 
Hirschsprung’s disease 
Intestinal lymphangiectasia 
Short bowel 
 
Primary immune disorders 
wiskott–Aldrich syndrome 
Thymic dysplasia 
Enteropathy associated with 
HIv-1 
 
Inflammatory disorders 
Intolerance to cow’s milk protein
Intolerance to soy protein 
Regional enteritis 
Ulcerative colitis 
Hypoparathyroidism 
Hyperparathyroidism 
 
Various 
Phototherapy for 
hyperbilirubinemia 
Familial dysautonomia 
Familial enteropathy 
Diarrhea from medications 
(antibiotics, etc) 
Necrotizing enterocolitis

Note: © 2009 Biomedia. Reproduced with permission from Caramia G, Ruffini E, 
Salvatori P. Infectious gastroenteritis. Neonatal Infectious Diseases Study Group of 
the Italian Society of Neonatology. Manual of Neonatal Infectious Diseases. Milan: 
Biomedia; 2009.55

someone with acute diarrhea and/or vomiting and  exposure 

to a known source of enteric infection (possibly contaminated 

water or food), or recent foreign travel.4 Systemic symptoms 

(bacteremia, sepsis, spreading to other organs such as lungs, 

bones, and meninges) may variously complicate gastro-

intestinal infection by Salmonella, Shigella, Yersinia, and 

Campylobacter. C. difficile can be detected in stool specimens 

of many healthy children under the age of 1 year and a few 

percent of adults. Although these data support the potential 

for endogenous sources of human infection, there was early 

cir cumstantial evidence to suggest that this pathogen could 

be transmissible and acquired from external sources.97 There-

fore the possibility of other disorders would require careful 

consideration in such cases of diarrhea and/or vomiting  as 

shown in Table 3.

Laboratory diagnosis
Regarding collection and transport of stool specimens, for 

stool culture for bacterial pathogens: one stool specimen is 

sufficient in most cases:

•	 C. difficile toxin testing: one stool specimen is sufficient 

in most cases.

•	 ova and parasite testing: specimen must be submitted in 

an appropriate preservative (sodium acetate–acetic acid–

formalin fixative).

•	 viral pathogens: stool for viral pathogens are not routinely 

tested; for a suspected outbreak of viral gastroenteritis, 

one stool specimen submitted in a sterile container is 

sufficient in most cases.

For the investigation of bacterial pathogens, stool speci-

mens should be delivered to the laboratory as soon as pos-

sible, as a delay may compromise bacterial pathogen recovery. 

A single stool specimen, properly collected and promptly 

submitted, will identify most patients with a bacterial patho-

gen. Additional stool specimens need to be submitted if the 

culture results are negative, symptoms persist, and other 

causes cannot be found. If there are concerns regarding timing 

or transport of the specimen, consult the laboratory.
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For physical and chemical study of feces, fecal pH less 

than or equal to 5.5 or the presence of reducing substances 

is a sign of intolerance to carbohydrates, mostly secondary 

to viral infection.

For microscopic examination of stool, the presence 

of  leukocytes is suggestive of an enteroinvasive infec-

tion, although the absence of leukocytes cannot exclude 

it.  However,  infections mediated by enterotoxins (ETEC, 

Vibrio cholerae, and viruses) have no white blood cells in 

stool.

For fecal culture, various culture media are used to 

isolate the bacteria. The clinical history, physicochemical 

characteristics of the stool, and laboratory tests thus allow 

the choice of an appropriate culture medium. In the pres-

ence of clinical signs and leukocytes in the stool, it is always 

necessary to perform culture for Salmonella, Shigella, and 

Campylobacter. If stool cultures are not performed within 

2 hours of sample collection, it is necessary to keep the 

stool at 4°C.

Blood cultures are examined for evidence of bacteremia.

Research of bacterial toxins is conducted through 

enzyme-linked immunosorbent assay (ELISA).42 The fecal 

rotavirus antigen is examined through ELISA and latex 

agglutination test; search of adenovirus fecal antigen is per-

formed using ELISA.98

Polymerase chain reaction (PCR) or other molecular 

investigations are performed for viral research, especially 

on stools for norovirus, adenovirus, sapovirus, and human 

bocavirus, and PCR of stool and blood is used for the detec-

tion of enteroviruses.63 A Providencia genus-specific PCR 

method has been developed, and its specificity and sensitiv-

ity was evaluated to be 100% with various bacterial strains.99 

Recently, PCR methods have been applied to investigate the 

prevalence of the virulence genes specific for five major patho-

groups of diarrheagenic Escherichia coli in primary cultures 

from feces of animals slaughtered for human consumption 

in Burkina Faso that revealed the common occurrence of the 

diarrheal virulence genes in feces of food animals.100 Another 

study investigated using PCR for the incidence, antimicrobial 

resistance, and genetic relationships of EPEC in children with 

diarrhea.101

Regarding parasitic infection and study of trophozoites 

or oocysts, antigen detection of stool through ELISA is 

used; the serological study can be helpful in rare systemic 

infections.60,82,91

For intestinal infection by enteroinvasive agents, it 

is possible to find low blood levels of albumin and high 

levels of alpha-l-antitrypsin in the stool, and an index 

of extended intestinal inflammation with dispersion of 

proteins.22

Preventive aspects
Parents, caregivers, and children should be informed that 

it is possible to prevent the spread of gastroenteritis using 

some simple rules:

•	 wash hands with soap and water, especially after using 

toilet or changing diapers and before preparing, serving, 

or eating food

•	 do not share towels used by infected children

•	 children should not attend any school or other child-care 

facility while they have gastroenteritis; they can go back 

to school from at least 48 hours after the last episode of 

diarrhea or vomiting

•	 children should not use swimming pools for 2 weeks after 

the last episode of diarrhea102,103

•	 implementing rotavirus vaccination: the new rotavirus 

vaccines are safe and reduce the severity of infection 

and prevent deaths, but they do not prevent all cases of 

rotavirus diarrhea.104

Two live, oral, attenuated rotavirus vaccines were 

licensed in 2006: a pentavalent bovine–human recombinant 

vaccine and a monovalent human rotavirus vaccine. Both 

vaccines have demonstrated good safety and efficacy profiles 

in large clinical trials in resource-rich countries and in Latin 

America.105,106 Immunization against rotavirus is recom-

mended in Europe and the US.107,108

The protective effects of breastfeeding against gastroenteri-

tis infections have been demonstrated in several studies.109,110 

Antibacterial substances, such as lactoferrin, lysozyme, 

phagocytes, and specific secretory immunoglobulins plays 

a protective role.111 The ligand-specific action of κ-casein 

inhibits Helicobacter pylori adherence to the gastric 

mucosa. Human milk also has antiviral action through the 

lactoferrin and products of digestion of lactoferrin and milk 

fatty acids.112 All of these elements suggest that exclusive 

breastfeeding contributes to protection against common 

infections during infancy and lessens the frequency and 

severity of infectious episodes.113 Breastfeeding promotes 

the colonization of the intestinal ecosystem with a pre-

dominance of bifidobacteria and lactobacilli (probiotics) 

rather than coliforms, enterococci, and bacteroides that 

characterize the intestinal microflora of infants fed with 

formula.114 Some authors have demonstrated that the use of 

formulas supplemented with probiotics (Bifidobacterium 

lactis and Lactobacillus GG) have decreased the incidence 

(up to 57%) and severity of diarrhea. The probiotics, also 
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defined as food supplements, improve intestinal balance, 

have beneficial effects on health, and are able to balance the 

intestinal ecosystem and reduce the duration and severity 

of diarrheal infections, especially in the course of rotavirus 

infections. The probiotics in the intestine determine resistance 

to colonization by other potentially pathogenic microbes 

through mechanisms of competition or inhibition, and the 

effects are expressed both on nonspecific innate and acquired 

 immunity.115  Lactobacillus rhamnosus GG (LGG) is consid-

ered particularly effective in the management of AGE; this 

is confirmed by a recent Cochrane review documenting that 

LGG reduced the duration of diarrhea, mean stool frequency 

on day 2, and the risk of diarrhea lasting $4 days.1,116

According to a recent Cochrane review, Saccharomyces 

boulardii reduces the risk of diarrhea lasting $4 days, and 

a more recent review confirmed that S. boulardii signifi-

cantly reduced the duration of diarrhea and hospitalization. 

A recent randomized controlled trial evaluated the efficacy 

of treatment with Lactobacillus reuteri DSM 17938 com-

pared with placebo: the administration of L. reuteri reduced 

the duration of watery diarrhea, the risk of diarrhea on days 

2 and 3, and the relapse rate of diarrhea.1 It has been sug-

gested that probiotics may decrease infant mortality and 

nosocomial infections because of their ability to suppress 

colonization and translocation of bacterial pathogens in 

the gastrointestinal tract. Several meta-analyses evaluating 

probiotics in preterm infants suggest a beneficial effect for 

the prevention of necrotizing enterocolitis and death, but 

less for nosocomial infection. L. reuteri may reduce these 

outcomes because of its immunomodulation and bactericidal 

properties. A large, double-blinded, randomized controlled 

trial (RCT) using L. reuteri was performed to test this 

hypothesis in preterm infants. This study suggested that 

although L. reuteri did not appear to decrease the rate of 

death or nosocomial infection, the trends suggest a protec-

tive role consistent with what has been observed in the 

literature: a protective role for mortality, nosocomial infec-

tion, and necrotizing  enterocolitis. Feeding intolerance and 

duration of hospitalization were significantly decreased in 

premature infants less than 1500 g.117 The use of formulas 

supplemented with probiotics (particularly Bifidobacterium 

lactis and Lactobacillus GG) seems to decrease the inci-

dence (up to 57%) and severity of infectious acute diarrhea. 

Symbiotics, a combination of prebiotics and probiotics 

that beneficially affect the host by improving survival and 

implantation of live microbial dietary supplements in the 

gastrointestinal tract, has recently been evaluated by two 

European RCTs for the management of AGE. These studies 

are promising, but presently it would not be appropriate to 

recommend the use of symbiotics until confirmatory data 

are available.1

Treatment
Rehydration therapy
Dehydration is probably the main complication of gastroen-

teritis in childhood. WHO classification of patients’ hydration 

status is based on the presence of symptoms and signs. The 

presence of one of these signs or symptoms immediately clas-

sifies the patient as a more severe case. Table 4 summarizes 

the WHO management of rehydration.118,119

All moderate and severe patients require close 

monitoring, but patients at the extreme ages of life, 

especially children under 18 months, require meticulous 

observation and immediate measures if their condition 

worsens. According to current WHO recommendations, 

oral rehydration therapy (ORT) is considered the treatment 

of choice to replace fluid and electrolyte losses caused by 

diarrhea in children with mild to moderate  dehydration. 

Intravenous rehydration is the treatment of choice in cases 

of failure of ORT, and it has to be reserved for patients with 

severe dehydration or who eliminate more than 10–20 mL/

kg/hour. In the 1960s, efforts by young scientists and 

researchers led to the development of ORT for the treat-

ment of dehydration that often accompanies acute attacks 

of diarrhea. Many members of the research team respon-

sible for this discovery were associated with noteworthy 

universities and medical research centers in the US. The 

goal of their research was to devise effective therapies for 

cholera-induced diarrhea; as a result of their hard work, 

they developed a new framework for treatment that would 

soon be adopted throughout the developing world as a key 

element in the overall strategy to combat acute diarrhea 

and the potentially fatal dehydration that accompanies the 

disease. In an article published in 1968 in the Lancet, it 

was confirmed that cholera patients could be rehydrated 

orally with a simple solution of water, salt, and sugar, and 

equally importantly that field staff could easily be trained 

to administer the therapy. As stated in the article, ORT also 

offers a practical treatment for large numbers of patients in 

the developing world who do not have access to traditional 

intravenous drip therapy. At first, studies on the efficacy of 

ORT, when compared with intravenous therapy (IVT), were 

conducted only in patients with cholera.120–122 Following 

that, other studies established the effectiveness of ORT in 

children with acute diarrhea from other causes.123 Some 

trials also compared the effectiveness of oral rehydration 
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with IVT in children with different degrees and types of 

dehydration (mild, moderate, severe, and hypernatremic 

dehydration), and they concluded that the use of ORS to 

rehydrate children is safe and that there are no significant 

differences in incidences of hyponatremia, hypernatremia, 

mean duration of diarrhea, weight gain, or total fluid intake 

if compared with IVT. In terms of outcomes, ORT was asso-

ciated with a higher risk of rehydration failure, while babies 

treated with IVT had a significantly longer stay in hospital 

and a higher risk of phlebitis, but no statistically significant 

differences were seen.124 The main reason for this failure 

is that ORS neither reduces the frequency of bowel move-

ments and fluid loss nor shortens the duration of illness; 

moreover, the unpalatability of regular ORS (strong salty 

taste) also decreases this acceptance. However, the most 

important aspect of treatment of gastroenteritis is the water 

and electrolyte balance. It must be adjusted according to 

serum electrolytes, body water content (greater the younger 

the child), and the water demand must be calculated on the 

weight of the newborn infant (Table 5A and B). Different 

ORS are now commercially available (Table 6).125 Recently, 

some companies have added probiotics to the saline solution 

to obtain a quick balance of intestinal bacterial flora. The 

infant should be monitored closely to check the status of 

nutrition and hydration. Infants with moderate dehydration, 

suspected infected by EHEC, with bloody diarrhea, or 

systemic symptoms should be hospitalized. These new-

borns are at high risk of secondary complications. During 

ORT, milk-feeding is often temporarily suspended. Among 

all the oral solutions, the ideal one has a low osmolarity 

(210–250 mOsm/L) and a sodium content of 50–60 mmol/L 

to avoid high levels of serum sodium. The solution should 

be administered frequently and in small amounts to prevent 

vomiting. Initial oral rehydration is 50–100 mL/kg in the 

first 4 hours.126 Also consider giving the ORS via a naso-

gastric tube if patients are unable to drink it or if they vomit 

persistently and to monitor them by regular clinical assess-

ment. In cases of failure of oral rehydration, it is necessary 

to establish an appropriate parenteral rehydration fluid and 

electrolyte solutions (Table 7).127

Antisecretory drugs
Pediatric presentations of racecadotril were first authorized 

in France in 1999, and today it is approved and widely used 

in seven European countries (France, Spain, Italy, Portugal, 

Greece, Bulgaria, and Romania) and outside Europe.128 This 

antisecretory drug is a peripherally acting enkephalinase 

inhibitor that reduces intestinal water and electrolyte hyper-

secretion acting on the enkephalins (neurotransmitters of the 

gastrointestinal tract) through the selective stimulation of 

delta receptors inhibit adenylate cyclase activity by reducing 

the intracellular concentration of cAMP, thus reducing the 

secretion of water and electrolyte in the intestinal lumen. 

The result is a reduction of water and electrolyte secretion 

without changes in intestinal motility. Moreover, the action 

of racecadotril takes place only when there is a hypersecre-

tion and has no effect on the activity secretory baseline. 

New data have reconfirmed that racecadotril is an effective 

adjunctive therapy to oral rehydration in watery diarrhea.1 

A recent individual patient data meta-analysis129 assessed 

the efficacy of the use of racecadotril as an adjunct to ORS 

compared with ORS alone or with placebo. Raw data from 

nine RCTs involving 1348 children aged 1 month to 15 years 

with AGE were available for the analysis. Two trials compared 

the effect of racecadotril with placebo130,131 with no treatment 

(two RCTs), or with kaolin-pectin (two RCTs). Compared 

with placebo, racecadotril significantly reduced the duration 

of diarrhea after inclusion. Almost two times more patients 

recovered at any time in the racecadotril group vs the  placebo 

group (P , 0.001). There were no interactions between 

treatment and dehydration, rotavirus infection, type of study 

(outpatient/inpatient), or country. In the studies evaluating 

inpatients, the ratio of mean stool output  racecadotril/placebo 

was reduced (P , 0.001). In outpatient studies, the  number 

of diarrheal stools was lower in the racecadotril group 

(P , 0.001). In the responder analysis (defined as a duration 

Table 5A Content and distribution of body fluids according to age

Premature Infant 1 year old 3 years old 9 years old Adult

weight (kg) 1.5 3 10 15 30 70
Body surface area (m2) 0.15 0.2 0.5 0.6 1 1.7
Liquid body weight (%) 80 78 65 60 60 60
Extracellular fluid (%) 50 45 25 20 20 20
Intracellular fluid (%) 30 33 40 40 40 40

Note: © 2009 Biomedia. Reproduced with permission from Caramia G, Ruffini E, Salvatori P. Infectious gastroenteritis. Neonatal Infectious Diseases Study Group of the 
Italian Society of Neonatology. Manual of Neonatal Infectious Diseases. Milan: Biomedia; 2009.55
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Table 5B Daily water demand in relation to age

 Body weight Fluid volume/24 hours Flow rate 
administration/hour

Children , 10 kg 100 mL/kg 4 mL/kg
Children 11–20 kg 1000 mL + 50 mL/kg 

for each kg above 10 kg
40 mL/kg/h + 2 mL/kg/h 
× (body weight - 10 kg)

Children . 20 kg 1500 mL + 20 mL/kg  
for each kg above 20 kg

60 mL/kg/h + 1 mL/kg/h 
× (body weight - 20 kg)

Note: © 2009 Biomedia. Reproduced with permission from Caramia G, Ruffini E, 
Salvatori P. Infectious gastroenteritis. Neonatal Infectious Diseases Study Group 
of the Italian Society of Neonatology. Manual of Neonatal Infectious Diseases. 
Milan: Biomedia; 2009.55

Table 6 Composition of the main oral rehydration solutions on the market in Europe

Glucose  
mmol/L

Na 
mEq/L

K 
mEq/L

Cl  
mEq/L

HCO3/ 
citrate mEq/L

mOsm/L Kcal/L Aroma Probiotics

wHO (1984/2002) 110/75 90/75 20 80 30/8–12 311/245 80 No No
ESPGHAN (1989/1997) 74–111 60 20 .25 20 200–250 52–80 No No
Dicodral forte 111 90 20 80 30 331 80 No No
Dicodral 60 90 60 20 37 14 citrate 211 80 Banana No
Dicodral 111 30 20 40 10 211 80 No No
Floridral 83 60 20 37 14 citrate 214 80 Banana LGG CFU = 5 × 109

GES 60 108 60 20 50 14 citrate 270 80 No No
Idraton 245 75 75 20 65 10 citrate 245 79.1 Orange No
Idravita 120 60 20 50 10 citrate 230 80 Banana No
Prereid 77 50 20 40 10 200 79.35 Citrus No
Prereid, liquid 1.91 50 20 57 66 230 80 Citrus No
Reidrax 75 60 20 60 10 citrate 225 60.8 No No
Reuterin idro 83 61 20 46 11 220 60 No L. reuteri DSM  

17938 CFU = 108

Reuterin brick 61 58.5 19.2 44.3 – 230 45 Apricot L. reuteri DSM  
17938 CFU = 108

Home solution water I liter, sugar 1 spoon (19 g), salt 1 teaspoon (3 g), a pinch of bicarbonate (0.5 g)
Abbreviations: Na, sodium; K, potassium; Cl, chloride; HCO3, bicarbonate; L, liter; LGG, Lactobacillus rhamnosus GG; L. reuteri, Lactobacillus reuteri; CFU, colony 
forming units; wHO, world Health Organization; ESPGHAN, European Society of Paediatric Gastroenterology, Hepatology and Nutrition.
Note: © 2009 Biomedia. Reproduced with permission from Caramia G, Ruffini E, Salvatori P. Infectious gastroenteritis. Neonatal Infectious Diseases Study Group of the 
Italian Society of Neonatology. Manual of Neonatal Infectious Diseases. Milan: Biomedia; 2009.55

of diarrhea of less than 2 days), the proportion of responders 

was significantly higher in the racecadotril group compared 

with the placebo group. By adjusting for dehydration and 

rotavirus, the absolute risk difference was 24.7% (95% confi-

dence interval 19.8–29.7), and the associated number needed 

to treat was four. The secondary need for care in outpatients 

was significantly in favor of racecadotril in two studies. Also, 

the need for IVT was lower in the racecadotril group com-

pared with the placebo group. There was no difference in the 

incidence of adverse events between the groups. The results 

of this recent meta-analysis support the use of racecadotril as 

an adjunct to ORS for the management of AGE in children. 

In addition, the safety of racecadotril in children has been 

demonstrated in clinical studies, including a large pre- and 

postaccess study showing that racecadotril has a favorable 

adverse-event profile in children.128–130 Despite racecadotril’s 

proven safety and efficacy in treating acute watery diarrhea, 

its cost-effectiveness for infants and children has not yet 

been determined in Europe.128 The UK model highlights the 

potential savings arising from reduction in diarrhea duration 

and avoidance of reconsultation and referral rates in children 

with diarrhea.128

Antiemetics
Children presenting with AGE often have high levels of vomit-

ing that can interfere with the oral rehydration process, which 

could limit the success of the oral therapy.  Ondansetron is 

widely used in the pediatric emergency department for vomit-

ing and AGE; it can help with the successful delivery of ORT, 

thereby reducing the need to treat with IVT. A recent study 

evaluated the spectrum of diagnoses for which ondansetron 

is used in the pediatric emergency room. Medical records 

of patients 3 months to 18 years of age given ondansetron 

for 2 years were retrospectively reviewed. Patients without 

a primary discharge diagnosis of vomiting or gastroenteritis 

were defined as non-gastroenteritis, and they were compared 

to the gastroenteritis group. The non-gastroenteritis group 

includes 38% of the subjects, and they were older (8.3 vs 4.3 

years) than the gastroenteritis patients. The most common 

primary diagnoses for non-gastroenteritis discharged patients 

were fever (15%), abdominal pain/ tenderness (13%), head 

injury/concussion (7%), pharyngitis (6%), viral infection 

(6%), migraine variants (5%), and otitis media (5%). Although 

ondansetron is a widely accepted treatment for gastroenteritis 
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in children – 62% of total use – this study identifies a broader 

spectrum of primary diagnoses for which ondansetron is being 

used.132 Another study used RCTs comparing antiemetics with 

placebo or no treatment in children and adolescents under the 

age of 18 years, for vomiting due to gastroenteritis. The pro-

portion of patients with cessation of vomiting in 24 hours was 

58% with intravenous ondansetron, 17% placebo, and 33% 

in the metoclopramide group (P = 0.039). In this case, the 

authors’ conclusions were that oral ondansetron increased the 

proportion of patients who had ceased vomiting and reduced 

the number needing intravenous rehydration and so immediate 

hospital admissions.1,133 Today, it is still unclear if in spite of 

an improvement in the vomiting, ondansetron worsens diar-

rhea. Some trials report a statistically significant increase in its 

Hospitalized if

No                                                      Yes 

Anamnesis and clinical investigation –  Suspected infection by
    EHEC

–  Bloody diarrhea 

–  Systemic symptoms 
Evaluation of the percentage of dehydration

Mild dehydration
< 5% (3%)*

Moderate dehydration
10% (6%)*

Severe dehydration
10%–15% (9%)* 

–  Continue normal diet 

–  Increase intake of liquids
    orally

–  Assessing risk of dehydration:
    high risk (age < 6 months,
    vomiting > 4 episodes/day,
    liquid evacuations > 8/day)
    low risk (age > 6 months,
    vomiting < 4 episodes/day,
    liquid evacuations < 8/day)

GSS 50/100 mL/kg in
first 4 hours +
replacement
subsequent to loss

–  Hospitalization for
    observation 

–  Intravenous
    rehydration: bolus
    SS 20–40 mL/kg, for
   1 hour

–  Reevaluation and
    repeat if necessary 

–  Start GSS 
   100 L/kg in the first 4 h +
    loss replacement
    subsequent, when the
    patient is stabilized 

Patient tolerates the therapy with GSS?

Start intravenous hydration

Antibiotic therapy if:

Continue GSS  for 4–6 h
or until rehydration occurred 

–  Resume intake of milk
    (breast, formula)

–  Replacement subsequent
    to loss with GSS

Discharge

Targeted T Empirical T
–  Moderate/severe
    form by EPEC 

–  Complicated forms 
–  Patient with risk
    factors

–  Bloody diarrhea,
    temperature,
    instability, lethargy/
    irritability, vomiting

–  Positivity of
    cultures

Note: *Weight loss in children after the first year of age.
Abbreviations: GSS, glucose-saline solution; SS, saline solution; T, therapy; ETEC, Enterotoxigenic Escherichia coli; EPEC, Enteropathogenic E. coli; EIEC, Enteroinvasive E. 
coli; EAEC, Enteroaggregative E. coli; EHEC, Enterohemorrhagic E. coli; EPEC, Enteropathogenic E. coli.  

Table 7 Treatment algorithm for acute gastroenteritis
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frequency as an adverse event. In Cochrane reviews, diarrhea 

was reported as a side effect in four of the five ondansetron 

studies.133–135 According to WHO, of the antiemetics available, 

those with the greatest evidence of efficacy in the preven-

tion of nausea and vomiting (particularly in the treatment 

of postsurgery nausea and vomiting) were ondansetron and 

dexamethasone, ondansetron as first-line treatment with the 

addition of dexamethasone as required.136

Zinc supplements
Zinc is an important trace element, as over 300 enzymes 

require zinc for their activation and nearly 2000 transcription 

factors require zinc for gene expression. Zinc is essential for 

epithelial barrier integrity, tissue repair, cell-mediated immu-

nity, and immune function. Zinc as an antioxidant and anti-

inflammatory agent is effective in gastrointestinal structure and 

function.137 Diarrhea is associated with significant zinc loss, 

and the use of zinc supplements can reduce the duration and 

severity of diarrhea in children. In areas where the prevalence 

of zinc deficiency or the prevalence of moderate malnutrition 

is high, zinc may be of benefit in children aged 6 months or 

more. The current evidence does not support the use of zinc 

supplementation in children below 6 months of age.138

The WHO has recommended zinc supplementation in 

children with gastroenteritis. Supplements should be started 

at the beginning of the symptoms. Recommended doses and 

duration:

•	 for children less than 6 months of age, 10 mg daily for 

10 days

•	 for children from 6 months to 5 years of age, 20 mg daily 

for 10 days.

This therapy decreases the severity and reduces the 

number of episodes of diarrhea occurring within 2–3 months 

following the intake of zinc.139

Probiotics
The physiological composition of intestinal microflora is 

essential to maintain an appropriate balance of microbiota 

and the intestinal barrier. Probiotics, also defined as food 

supplements, improve the intestinal microbial balance of the 

host, have beneficial effects on health, prevent outbreaks of 

community-acquired diarrhea, reduce colonization of infants 

with pathogenic microorganisms, and reduce the duration 

and severity of diarrheal infections, balancing the intestinal 

ecosystem. In large clinical trials, Lactobacillus reuteri, 

LGG, and Saccharomyces boulardii have shown the best 

therapeutic effects (reducing mean duration and frequency 

of watery diarrhea and number of watery stools per day, and 

improving stool’s consistency).140–142 Particularly, a recent 

randomized double blind study carried out in three Italian 

pediatric centers showed that L. reuteri DSM 17938, taken 

together with a standard ORS, significantly reduced the 

duration of watery diarrhea compared with placebo (2.1 ± 

1.7 days vs 3.3 ± 2.1 days, P , 0.03). On days two and three 

of treatment, watery diarrhea persisted in 82% and 74% of 

the placebo and 55% and 45% of the L. reuteri recipients, 

respectively (P , 0.01, P , 0.03). Moreover, children receiv-

ing L. reuteri DSM 17938 had a significantly lower relapse 

rate of diarrhea (15% vs 42%, P , 0.03).143 The European 

Society of Gastroenterology, Hepatology, and Nutrition and 

the National Institute for Health and Clinical Excellence have 

suggested the use of probiotic strains with proven efficacy 

and in appropriate doses for the management of children with 

acute gastroenteritis as an adjunct to rehydration therapy.144,145 

Probiotics and symbiotics are of interest as they elicit health-

promoting properties to the host, release various soluble 

low-molecular-weight molecules of different nature (surface 

and exogenous proteins, peptides, amines, lectins, sirtuines, 

nucleases, other enzymes, bacteriocines, fatty and amino 

acids, lactones, nitric oxide, etc), are able to interact with 

corresponding cell receptors, to reply quickly by induction 

of special sets of genes, to support stability of host genome 

and microbiome, to modulate epigenomic regulation of gene 

phenotypic expression, and to ensure information exchange 

in numerous bacterial and bacteria–host systems. All this 

plays an important role in the control for many physiologi-

cal, biochemical, and genetic functions in supporting host 

health. Recently, probiotic L. reuteri strain ATCC PTA 6475 

demonstrated the ability to potently suppress human tumor 

necrosis-factor production by lipopolysaccharide-activated 

monocytes and primary monocyte-derived macrophages 

from children with Crohn’s disease: the primary mechanism 

of probiotic-mediated immunomodulation is transcriptional 

regulation.146 Other researchers have confirmed these results, 

and it has been shown that L. reuteri produce biologically 

active small compounds, previously unknown, that can modu-

late host mucosal immunity. The identification of bacterial 

bioactive metabolites and their corresponding mechanisms 

of action with respect to immunomodulation may lead to 

improved anti-inflammatory strategies for chronic immu-

nomediated diseases.147

Antibiotic therapy
Bacteria
Most cases of AGE in children are viral, self-limited, and need 

only supportive treatment. Antibacterial therapy serves as an 

adjunct, to shorten the clinical course, eradicate causative 

organisms, reduce transmission, and prevent invasive com-
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plications. 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 anti-

bacterials, while antibacterials are only used in severe unre-

sponsive infections with Salmonella, Yersinia, Aeromonas, 

Campylobacter, Plesiomonas spp, and Clostridium  difficile. 

Antibacterials should be avoided in EHEC infection.148 There 

is no evidence of benefit for antibiotics in nontyphoidal 

 Salmonella diarrhea in otherwise healthy people. The effects 

in very young people, very old people, and in people with 

severe and extraintestinal disease are not always so clear, and 

a slightly higher number of adverse events are noted in people 

who receive antibiotic treatment for nontyphoidal Salmonella 

diarrhea.149  However, empiric therapy may be appropriate in 

the presence of a severe illness with bloody diarrhea and stool 

leucocytes, and particularly in patients with risk factors  (ill-fed 

or debilitated patients), the use of systemic antibiotics has 

been recommended (Table 8).148,150 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.

Aeromonas spp produce a β-lactamase that induces 

resistance to penicillin and first-generation cephalosporins. 

In fact, several studies have demonstrated a relatively high 

Table 8 Bacterial gastroenteritis and antimicrobial active on germs responsible

Pathogen Sensitive antimicrobial Indications for therapy

Aeromonas spp – Ciprofloxacin (250–350 mg, 2 every 12 hours) 
– Cephalosporins III (cefotaxime 25–80 mg/kg Iv every 12 hours) 
– Meropenem (20 mg/kg Iv every 8 hours) 
– Aminoglycosides (gentamicin 4 mg/kg Iv every 24 hours)

In invasive forms

Campylobacter spp – Azithromycin (5 mg/kg every 12 hours or10 mg/kg every 24 hours) 
– Erythromycin (10–15 mg/kg Iv every 8 hours)

In invasive forms

Clostridium difficile – Metronidazole (7.5–10 mg/kg OS/Iv every 8 hours) 
– vancomycin (10 mg/kg OS every 6 hours)

Therapy should be initiated only if diarrhea 
persists after a suspension of antibiotic therapy

Escherichia coli – Cephalosporins III (ceftriaxone 50 mg/kg Iv every 24 hours) 
– Aminoglycosides (amikacyn 7.5 mg/kg every 8–12 hours) (EPEC) 
– Meropenem (20 mg/kg Iv every 8 hours) (EPEC) 
– Azithromycin (5 mg/kg every 12 hours or or10 mg/kg every 24 hours) (EHEC) 
– Ciprofloxacin (250–350 mg every 12 hours) (ETEC; EAEC) 
– Rifaximin (.12 years: 200 mg every 8–12 hours) (EAEC)

If systemic complications. The use of antibiotics 
increases the risk of hemolytic uremic syndrome

Helicobacter pylori – Amoxicillin (70 mg/kg every 8–12 hours) +
– Clarithromycin (7.7 mg/kg every 12 hours)

Add one of the related drugs: omeprazole 20 
mg, lansoprazole 30 mg, pantoprazole 40 mg, 
rabeprazole 20 mg, esomeprazole 20 mg)  
every 12 hours

Pleiomonas spp – Ciprofloxacin (250–350 mg every 12 hours) 
– Azithromycin (5 mg/kg or10 mg/kg every 12 hours or10 mg/kg every 24 hours) 
– Trimethoprim-sulfamethoxazole (4–20 mg/kg orally every 12 hours)

In invasive forms

Salmonella spp –  Ampicillin or amoxicillin (100 mg/kg Iv every 6 hours) 
or cephalosporins III (ceftriaxone 50 mg/kg Iv every 24 hours)

In invasive forms. Therapy prolongs the carrier 
state; however, recommended under 3 months 
of age for the high incidence of bacteremia.  
3–5 days if there is bacteremia, or 1–4 weeks  
if there is involvement of the meninges

Shigella spp – Ciprofloxacin (250–350 mg every 12 hours) 
– Cephalosporins III (ceftriaxone 50 mg/kg Iv every 24 hours) 
– Azithromycin (5 mg/kg every 12 hours)

In invasive forms. The treatment reduces 
duration of illness, but does not prevent 
complications

Vibrio cholerae – Cephalosporins III (ceftriaxone 50 mg/kg Iv every 24 hours) 
– Ciprofloxacin (250–350 mg every 12 hours)

The treatment reduces duration of illness 
and prevents dehydration. The antimicrobial 
susceptibility patterns are constantly changing

Yersinia spp – Cephalosporins III (ceftriaxone 50 mg/kg Iv every 24 hours) 
– Aminoglycosides (gentamicin 4 mg/kg Iv every 24 hours) 
– Meropenem (20 mg/kg Iv every 8 hours) 
– Ciprofloxacin (250–350 mg every 12 hours)

Only in complicated cases

Abbreviations: OS, orally; Iv, intravenous; ETEC, Enterotoxigenic E. coli; EPEC, Enteropathogenic E. coli; EAEC, Enteroaggregative E. coli; EHEC, Enterohemorrhagic E. coli. 
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resistance rates for cephalothin and for trimethoprim-

sulfamethoxazole; low rates of resistance has been found to 

third generation cephalosporin (cefotaxime), to ciprofloxacin 

and to chloramphenicol. With high levels of resistance to 

many antibiotics, resistance of A. hydrophila to ciprofloxacin 

is still very low, which may suggest that ciprofloxacin and 

other quinolone class antimicrobials may be considered as 

potential drugs for the treatment of bacterial diarrhea caused 

by A. hydrophila.21,151,152

For Campylobacter jejuni, antibiotics are initiated in 

cases of febrile diarrheas, especially those believed to have 

moderate to severe disease. Considering the increased inci-

dence of C. jejuni and the resistance of the great majority of 

isolated strains to quinolones, the administration of azithro-

mycin empirically for acute diarrhea, when indicated, could 

be appropriate.153,154 Moreover, erythromycin treatment of 

acute C. jejuni diarrhea demonstrated antibacterial efficacy 

by reducing the mean number of days until first negative 

stool culture.4

According to recent studies, the management of 

 Clostridium difficile infections involves three basic 

 principles: supportive care, discontinuing the precipitating 

antibiotic(s), and the initiation of effective anti-C. difficile 

therapy.  Discontinuation of the offending antibiotic may 

be sufficient for the resolution of mild symptoms and 

facilitates the reconstitution of the normal enteric flora.154 

For mild–moderate C. difficile infection in children, met-

ronidazole is the drug of choice, with efficacy similar to 

vancomycin. For severe infection, oral vancomycin with 

intravenous metronidazole is recommended. Linezolid 

also has a potential impact, and in adults, recurrence is less 

frequent with fidaxomicin than with vancomycin.155–158 A 

vaccine against C. difficile is desirable and being developed 

for prevention.159

Regarding Enterobacteriaceae, an antibiotic-susceptibility 

profile indicated that enteropathogens are generally suscep-

tible to meropenem and ceftriaxone, followed by amikacin 

and ciprofloxacin. Almost all enteropathogens were resistant 

to ampicillin and amoxicillin.160

EPEC infection is primarily a disease of infants younger 

than 2 years of age, often contracted during travel in hot 

 countries. In moderate–severe forms of gastroenteritis 

caused by EPEC in nurseries, the use of antibiotics such as 

imipenem, amikacin, gentamicin, and fluoroquinolone seem 

to be useful in reducing morbidity, mortality, and time of 

excretion, but few studies have evaluated in a systematic 

manner the value of antimicrobials for the management of 

EPEC infection in children.161,162

ETEC has been reported to be the most important patho-

gen responsible in traveler’s diarrhea.

EAEC also plays an important role in traveler’s diarrhea. 

Pathogen- and geographic-based approaches to traveler’s 

diarrhea treatment should be encouraged. Fluoroquinolo-

nes and nonabsorbable rifaximin are the drugs of choice 

for travelers to high-risk areas in which E. coli is the pre-

dominant etiologic agent (Latin America, the Caribbean 

[Haiti and the Dominican Republic], and Africa), leaving 

azithromycin for travelers to South and Southeast Asia as 

well as patients with febrile dysenteric illnesses acquired 

in any region.163

Antibiotic therapy for STEC is complicated. The growth 

of O157:H7 in the intestinal tract leads to diarrhea, and 

patients would presumably benefit if antibiotic treatment 

eliminated the bacteria. However, systemic dissemination of 

Shiga toxin type 2 produced by the bacteria in the intestinal 

tract can lead to life-threatening complications, including 

neurological damage and HUS. Antibiotic treatments that 

induce the phage lytic cycle, resulting in increased Shiga 

toxin production, could lead to more serious  disease. Recent 

studies suggest that normal flora can have a profound 

impact on Shiga toxin production. Subinhibitory levels of 

antibiotics that target DNA synthesis, including ciprofloxa-

cin and sulfamethoxazole-trimethoprim, increased Shiga 

toxin production, while antibiotics that target the cell wall, 

transcription, or translation did not. So ciprofloxacin and 

sulfamethoxazole-trimethoprim are not appropriate for treat-

ment of O157:H7. In contrast, azithromycin significantly 

reduced Shiga toxin levels, even when relatively high levels 

of O157:H7 were recovered.164 Moreover, the eradication rate 

reported in STEC O104:H4 infections is 86%.  Azithromycin 

might be considered a potentially effective and safe antibi-

otic, and may be used safely for decolonization of STEC 

O104:H4 long-term carriage.165 Numerous outbreaks, as 

well as sporadic cases of STEC infections and HUS, have 

been documented worldwide. There are numerous reports 

on STEC O157:H7 as the most common serotype associ-

ated with HUS, especially in children. Several reports on 

non-O157 STEC underline their potential to cause sporadic 

disease as well as epidemics. During 2011, there was a large 

outbreak in Northern Germany, with a satellite outbreak in 

Western France caused by an EAEC of serotype O104:H4 

expressing a phage-encoded Shiga toxin 2: clinicians were 

confronted with a large number of mainly adult patients with 

HUS associated with severe hemolysis and neurological 

complications.166 Medical centers used varying therapeutic 

regimens, including plasmapheresis, glucocorticoids, and the 
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anti-C5 monoclonal antibody eculizumab, but currently there 

is no effective prophylaxis or treatment available for STEC 

infections and HUS.166 The probiotic Escherichia coli strain 

Nissle 1917 (EcN) seemed to have very efficient antagonis-

tic activity on the EHEC strains of serotype O104:H4 and 

O157:H7, with reduced growth of pathogens.167

The 2011 outbreak strains perfectly showed the genome 

plasticity and evolution of E. coli as a result of horizon-

tal gene transfer. These strains combine the virulence 

 mechanisms of two pathotypes (EAEC and EHEC), leading 

to an improved ability to adhere to and infect host cells. 

Furthermore, the acquisition of mechanisms mediating 

increased antibiotic resistance hampered patient treatment 

and recovery. These strains have conserved most of the 

virulence factors of an EAEC strain, but several mobile 

genetic elements were responsible for the acquisition of 

new functions involved in high-frequency recombination, 

mobilization, and transfer of genes. Despite the alternative 

mechanisms that have evolved to colonize and adapt to 

new niches, E. coli strains have maintained a core genome 

sequence, and therefore share several components that 

could be useful targets for a universal vaccine against 

E. coli.  Considering the increasing antibiotic resistance 

present among E. coli strains, which is derived from an 

uncontrolled use of antibiotics, vaccination is the most 

promising approach to control disease.168

Helicobacter pylori is a leading cause of chronic gas-

tritis, peptic ulcers, nonulcer dyspepsia, gastric adenocarci-

noma, and mucosa-associated lymphoid tissue lymphoma. 

 Eradication of the pathogen has a failure rate of more than 

30% in pediatric patients, particularly because of poor com-

pliance, antibiotic resistance, and occurrence of side effects.169 

Treatment regimens generally include a proton-pump inhibi-

tor (lansoprazole, omeprazole, pantoprazole, rabeprazole, 

dexlansoprazole, or esomeprazole), which allows the tissues 

damaged by the infection to heal, and two antibiotics to 

reduce the risk of treatment failure and antibiotic resistance. 

Treatment requires several medications for 7–14 days. In 

pediatric patients, gastric mucosal lesion-caused H. pylori 

infection is a reversible process, and the eradication of this 

infection not only stops the activity of the inflammatory 

process but also restores the mucous membranes, reduces the 

incidence of recurrence of gastritis and peptic ulcer disease, 

and can lead to prevention of malignant disease in 70%–80% 

of cases.170 Adjuvant therapy with probiotics has been studied 

in recent years.169 In a recent randomized, placebo-controlled, 

double-blind study, children on H. pylori eradication therapy 

receiving seven strains of probiotic in addition to the standard 

triple regimen (omeprazole + amoxicillin + claritromicin or 

omeprazole + amoxycillin + furazolidon) were compared 

with patients on the same triple regimen receiving placebo. 

The findings reported a significant reduction in treatment 

complications and an improved therapeutic outcome: the 

rate of eradication was significantly higher, and children 

had a lower rate of nausea/vomiting and diarrhea during 

treatment.168 The long-term success of H. pylori eradication 

interventions for preventing gastric cancer, depends on the 

recurrence determinants (nonadherence and demographics) 

that are as important as a specific antibiotic regimen.171

Despite Plesiomonas shigelloides seeming to be a minor 

cause of bacterial enteritis, the pathogen has been implicated 

in gastroenteritis outbreaks in tropical regions and in cases 

of traveler’s diarrhea. Antibacterials are used only in cases 

of severe and unresponsive infections: the most effective are 

ciprofloxacin and azythromycin, and partially trimethoprim-

sulfamethoxazole.

With Salmonella spp, antibiotics are initiated in cases 

of febrile diarrhea, especially in case of moderate to severe 

disease. The administration of azithromycin empirically for 

acute diarrhea, when indicated, could be appropriate.4,153 

Consistent evidence from several clinical trials suggests 

that antibiotic treatment (ampicillin, amoxicillin, cefixime, 

azithromycin, cotrimoxazole) did not shorten the duration of 

diarrhea or lead to an earlier resolution of clinical symptoms. 

Intramuscular ampicillin protects children against relapse and 

reduces the carriage of Salmonella infection significantly 

better than placebo, oral ampicillin, or amoxicillin.4

Antibiotics are usually avoided in mild Shigella illness, 

because mild forms of Shigella dysentery are said to be 

self limiting, some Shigella strains are resistant to anti-

biotics, and their use may lead to increased resistance. If 

necessary, in severe cases, the choice of antibiotic to use as 

first line against Shigella dysentery should be governed by 

periodically updated local antibiotic sensitivity patterns of 

Shigella isolates. Other supportive and preventive measures 

recommended by the WHO should also be instituted along 

with antibiotics (eg, health education and hand-washing). 

 Ciprofloxacin has been recommended by the WHO as the 

drug of choice for all patients with bloody diarrhea, irrespec-

tive of their ages.172 According to a recent Cochrane review, 

the authors did not find robust evidence to suggest that anti-

biotics of a particular class are better than those belonging to 

a different class. Trials report that at various periods of time, 

different antibiotics have been effective against isolates of 

Shigella dysentery in different parts of the world. These are 

ampicillin, cotrimoxazole, nalidixic acid, fluoroquinolones 
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like ciprofloxacin, pivmecillinam, ceftriaxone, and 

 azithromycin. However, limited data from a subgroup of 

studies suggest that a fluoroquinolone (ciprofloxacin) would 

be more effective than a beta-lactam (ampicillin) in reducing 

diarrhea among adults, and that beta-lactams would be more 

effective than fluoroquinolones in reducing diarrhea among 

children with proven Shigella dysentery. Emerging drug 

resistance to ciprofloxacin and second-line drugs such as 

pivmecillinam, ceftriaxone, and azithromycin is increasingly 

being reported in many parts of the world, as is multiple-drug 

resistance.173,174 In India, for example, several Shigella strains 

(S. flexneri, S. dysenteriae, S. boydii, and S. sonnei) isolated 

from children # 15 years of age are resistant to ampicillin, 

cotrimoxazole, ciprofloxacin, and nalidixic acid. Alternatives 

include ceftriaxone and azithromycin, but ceftriaxone is an 

injectable drug and azithromycin has limited therapeutic 

benefit, as organisms easily develop resistance to it.175 It has 

been noted that all Shigella spp utilize a type III secretion 

system to translocate bacterial proteins – invasins IpaA-D and 

IpgD – into host eukaryotic cells to initiate infection. Because 

they are common to all virulent Shigella spp, they seem to be 

ideal candidate antigens for a subunit-based broad-spectrum 

protective vaccine for prevention of shigellosis.176

Vibrio cholerae strains from endemic outbreaks within 

the last decade revealed patterns of antibiotic resistance to 

ampicillin, tetracycline, and trimethoprim correlated with 

widespread therapeutic and prophylactic administration of 

antibiotics.177 Treating severe cases of cholera with antibiotics 

is important, but the continuing spread of resistance to the 

most important therapeutic agents is a matter of concern, as 

some strains have either intermediate resistance or are resis-

tant to ceftriaxone, ciprofloxacin, and tetracycline.178

The most common clinical manifestation of a  Yersinia 

enterocolitica infection is a self-limited gastroenteritis that 

resolved spontaneously within 2 weeks.179 Y. enterocolitica 

usually shows in vitro susceptibility to aminoglycosides, 

chloramphenicol, doxycycline, cotrimoxazole, third-generation 

cephalosporins, carabapenems, and  fluoroquinolones.180 

Recently, in a case-control study conducted among children 

aged less than 12 years, it was found that Y. enterocolitica 

is generally susceptible to meropenem (100%), ceftriaxone 

(94%), and ciprofloxacin (94%), followed by ceftazidime 

(88%) and amikacin (81%). Almost all Y. enterocolitica was 

resistant to ampicillin.57

Fungal
Fungal infections of the gastrointestinal tract are not common 

in children, especially in immunocompetent ones.

In the neonatal period, Candida infections frequently 

develop into systemic forms.82 Fluconazole prophylaxis in 

infants , 1000 g (3 mg/kg twice a week), while intravenous 

access is required, appears to be safe and effective in prevent-

ing invasive Candida infections with or without diarrhea, 

while attenuating the emergence of fungal resistance.88,181 

New echinocandines – anidulafungin, caspofungin, and mica-

fungin, recently introduced – seem to have some advantages 

over fluconazole and amphotericin B, as they better meet the 

needs of pediatric patients, neonates, and in particular pre-

term infants with invasive candidiasis and/or diarrhea from 

Candida spp infection. Micafungin, a dose-dependent can-

didacidal agent with excellent in vitro efficacy against most 

Candida spp, including species resistant to amphotericin B, is 

approved for the treatment of invasive candidiasis in children, 

including preterm infants aged less than 3 months. Efficacy 

and safety were demonstrated in comparison with liposomal 

amphotericin B and fluconazole. The most appropriate dose 

in children weighing less than 40 kg is 2 mg/kg/day in the 

treatment of invasive candidiasis and or gastroenteritis and 

1 mg/kg/day as prophylaxis. In premature infants, the most 

appropriate doses to achieve appropriate levels in the brain 

parenchyma are 7 mg/kg/day in infants  weighing more than 

1,000 g and 10 mg/kg/day in those weighing less than 1,000 g, 

respectively. Micafungin has  few drug-drug interactions and 

an acceptable safety profile thus providing a promising drug 

in  the prophylactic and therapeutic management of invasive 

candidiasis. Micafungin has few drug–drug interactions, and 

an acceptable safety profile.182–184 Data from randomized trials 

conducted in pediatric and adult patients showed through a 

subgroup analysis that both caspofungin and micafungin are 

effective and well tolerated also in neonates.185,186

Parasitic – protozoan
The major causes of diarrhea worldwide in children are 

Cryptosporidium parvum, Giardia lamblia, and Entamoeba 

histolytica: “the neglected parasitic disease.”

Cryptosporidium is a diarrheagenic protozoan patho-

gen for children, and immunosuppressed individuals are 

disproportionately affected. Until a few years ago, the most 

commonly used treatments, only partially effective, were 

paromomycin and azithromycin. Recent investigations have 

focused on nitazoxanide, as it significantly shortens the 

duration of diarrhea and decreases mortality in malnourished 

children. Nitazoxanide is not effective without an appropriate 

immune response, as in AIDS patients.187,188

Giardia lamblia is a diarrheagenic protozoan pathogen most 

commonly treated with metronidazole (MTZ) or tinidazole 
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but failures occur in 10%–20% of cases. Albendazole may 

be of similar effectiveness to metronidazole, may have fewer 

side effects, and has the advantage of a simplified  regimen. 

Nitazoxanide is a viable therapeutic option as an effective 

alternative to MTZ in reducing the duration of diarrhea.61,188,189 

Auranofin, a gold complex classified by the WHO as an 

antirheumatic agent, has been revealed to be active against 

multiple MTZ-resistant strains blocking a critical enzyme 

involved in maintaining normal protein  function. These 

results indicate that auranofin could be developed as an anti-

giardial drug, particularly against MTZ-resistant strains.190

Entamoeba histolytica amebiasis is the fourth-leading 

cause of death and the third-leading cause of morbidity due to 

protozoan infections worldwide. In children, effective drugs 

for diarrhea are MTZ and other nitroimidazoles. However, 

eradication of E. histolytica infection after completion of 

MTZ requires additional therapy with luminal amebicides, 

such as paramomycin. Nitazoxanide is a recent therapeutic 

advance, due to its action against luminal and invasive para-

site forms.191 Nitazoxanide-treated patients had statistically 

shorter durations of diarrheal illness. Auranofin could rep-

resent a promising therapy for amebiasis.187

Parasitic – helminths nematodes
Strongyloides stercoralis and Trichuris trichiura are causes 

of diarrhea.

Strongyloides stercoralis can penetrate host skin and 

parasitize human intestines, leading to burning pain, 

tissue damage, ulcers, edema and obstruction of the 

intestinal tract, and diarrhea, as well as loss of peristaltic 

 contractions.  Ivermectin is the first-choice therapy because 

of its higher tolerance, and albendazole is the second-choice 

therapy.61,192

Trichuris trichiura is chiefly a tropical infection, and 

 children are especially vulnerable to infection due to their high 

exposure risk. Light infestations (, 100 worms) are frequently 

asymptomatic, but heavy infestations may cause mechanical or 

inflammatory damage to the mucosa,  abdominal pain,  profuse 

or chronic diarrhea, and bloody diarrhea.  Mebendazole 

seems to be the first-choice therapy and albendazole the 

second-choice therapy, while nitazoxanide shows no effect. 

An albendazole and nitazoxanide- albendazole combination 

showed only a minimal effect. There is a need to develop new 

anthelmintics against trichuriasis.193

Conclusion
AGE remains a major problem in children and still represents 

one of the leading causes of illness costs and of deaths, as 

an estimated 2.5 million gastroenteritis deaths occur each 

year in children less than 5 years of age throughout the 

world, especially in resource-constrained countries. In rich 

countries, transmission occurs much more frequently from 

contaminated food compared to direct person-to-person 

contact, except for enteric viruses, which can also be trans-

mitted by aerosol formation after vomiting. Most cases 

of AGE in children are viral, self-limited, and need only 

 supportive  treatment. Rehydration (oral or intravenous) with 

an appropriate fluid-and-electrolyte balance, with close atten-

tion to nutrition, remains central to therapy: this may turn into 

an additional benefit in limiting hospitalizations.

Intestinal infections often require drugs such as  antiemetics, 

antidiarrheal agents, and probiotics that may deeply change 

the impact, severity, and duration of acute diarrhea. In cases 

of severe infectious diarrhea with a prolonged course, signs of 

inflammation, bloody stool, immunosuppression, and comor-

bidity, and in suspected outbreaks, fecal microbial analysis, 

should always be performed, and a specific therapy should be 

considered if indicated to shorten the clinical course, eradicate 

causative organisms, reduce transmission, and prevent inva-

sive complications.  Selection of antibacterials to use in acute 

bacterial gastroenteritis is based on clinical diagnosis of the 

likely pathogen and on definitive laboratory results. Based on 

epidemiological data and after collecting organic materials for 

etiological diagnosis (often a single fecal sample studied for 

etiologic agents is the customary way to make an etiologic 

diagnosis), an initial empiric therapy may be appropriate in 

case of a severe illness, particularly in infancy and the immu-

nocompromised. In case of suspected EHEC serotype O157 

and EAEC serotype O104:H4 (but also of Shigella dysenteriae 

serotype 1), as it is estimated that 5%–8% of infected individu-

als will develop HUS following STEC infection with E. coli 

O157:H7 the most commonly involved serotype, antibiotics 

should be prescribed according to more recent guidelines. 

Moreover, a major concern is the emergence of antibacterial-

resistant strains due to the widespread use of antibacterial 

agents: a continuous monitoring of antibiotic resistance in 

diarrhea-related bacterial pathogens is recommended. The 

benefits and risks of adverse drug reactions should be weighed 

before prescribing any kind of drug.
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