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15.1   Definition

Acute gastroenteritis (AGE) is an illness caused by viral, bac-
terial, or parasitic infection of the intestinal tract. The World 
Health Organization defines AGE as a clinical syndrome 
characterized by increased stool frequency (e.g., 3 or more 
loose or watery stools in 24 h or a number of loose/watery 
bowel movements that exceeds the usual number of daily 
bowel movements by two or more), with or without vomiting 
or fever [1]. A change in stool consistency versus previous 
stool consistency is more indicative of diarrhea than stool 
frequency. Symptoms of AGE usually last less than 7 days and 
not longer than 2 weeks.

15.2   Pathogenesis

Diarrhea can be classified as noninflammatory, inflamma-
tory, or invasive based on the effect of the enteric pathogen 
on the intestinal mucosa (. Table 15.1).

The noninflammatory or secretory diarrheas are charac-
terized by low-grade or no fever and diffuse watery non- 
bloody stools. Secretory diarrhea is caused by 
enterotoxin-producing organisms such as Vibrio cholerae 
and enterotoxigenic E. coli, viruses, and parasites such as 
Giardia lamblia. Cholera is characterized by severe watery 
diarrhea due to changes in ion secretion and absorption 
resulting from the action of cholera toxin on electrolyte 
transport in the gut. Viruses infect enterocytes causing villus 
blunting or shortening of the villi. There is a decrease in the 
number of cells making up the villi, reducing the overall 
absorptive surface for nutrient uptake and damaging intesti-
nal enzymes on the villus tips which lead to increased carbo-
hydrate in the intestinal lumen with resultant increased 
osmolarity of the intestinal contents with malabsorption. 
Infection with Giardia lamblia causes the loss of brush bor-
der absorptive surfaces and diffuses shortening of villi, lead-
ing to secretory diarrhea.

Inflammatory diarrhea is often characterized by high 
fevers (greater than 40 °C), bloody stools, severe abdominal 

pain, and smaller volume stools. This type of diarrhea is 
caused by two groups of organisms—cytotoxin-producing, 
noninvasive bacteria (e.g., enteroaggregative E.coli, entero-
hemorrhagic E. coli, and Clostridium difficile) or invasive 
organisms (e.g. Salmonella spp., Shigella spp., Campylobacter 
jejuni, Entamoeba histolytica). Infection with both types of 
organisms causes damage to the intestinal mucosa. The 
cytotoxin- producing organisms adhere to the mucosa, acti-
vate cytokines, and stimulate the intestinal mucosa to 
release inflammatory mediators. Invasive organisms, which 
can also produce cytotoxins, invade the intestinal mucosa to 
induce an acute inflammatory reaction, involving the acti-
vation of cytokines and inflammatory mediators. Invasive 
organisms, such as Salmonella spp., may cause enteric fever 
by penetrating the intestinal epithelium, where the organ-
isms gain access to the lymphoid tissue and disseminate via 
the lymphatic or hematogenous route. Enteric fever is char-
acterized by severe systemic illness with fever and abdomi-
nal pain.

15.3   Epidemiology

Acute infectious gastroenteritis is a major cause of morbid-
ity and mortality worldwide. In the United States, prior to 
the introduction of rotavirus vaccine in 2006, AGE was 
responsible for more than 1.5 million outpatient visits, 
200,000 hospitalizations, and 300 deaths per year [2]. 
Despite significant reductions in AGE after the introduction 
of rotavirus vaccine, there are still more than 105,000 hospi-
talizations annually among children <5 years of age in the 
United States alone [3, 4].

Viral gastroenteritis is the most common cause of diar-
rheal illness seen both in the emergency department and in 
general practice. Viral pathogens are more common among 
children <5 years old than among older children or adults. 
Acute viral gastroenteritis can be transmitted by asymptom-
atic carriers as well as by symptomatic patients before the 
onset of symptoms. Viral AGE is generally transmitted by 
the fecal-oral route. Illness usually begins 12 h to 5 days after 

       . Table 15.1 Gastrointestinal syndromes

Characteristics of 
the stool

Mechanism of diarrhea Site of infection Examples

Secretory or watery 
diarrhea

Copious
Watery
No blood
No pus

Noninflammatory (enterotoxin) Proximal small bowel Vibrio cholerae
Enterotoxigenic E.coli
Rotavirus
Giardia lamblia

Dysentery or colitis Scant
Pus
Blood

Inflammatory (invasion or cytotoxin 
production)

Colon Shigella species
Campylobacter species
Entamoeba histolytica

Enteric fever Often no diarrhea Penetrating into the bloodstream Distal small bowel Salmonella typhi
Yersinia enterocolitica
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exposure and generally lasts for 3–7 days. Viral pathogens are 
detected more commonly during the winter months.

Bacterial enteritis typically affects adults and children 
older than 2 years of age and occurs through oral-fecal con-
tamination and after exposure to poultry, other farm animals, 
or contaminated meat. Bacterial pathogens are detected 
more commonly during the summer months.

15.4   Etiologies of Infectious Gastroenteritis

There have been few comprehensive studies of the etiology 
of AGE in the United States [5–8]. Diagnostic testing avail-
able in clinical laboratories in the past was limited and the 
tests available had limited sensitivities for many of the 
enteric pathogens, especially those that more commonly 
infect children. With the recent development of molecular 
diagnostic tests that detect multiple enteric pathogens, it is 
now possible to characterize the etiology of AGE among 
hospitalized children and other cohorts of interest more 
completely [9].

A large study using a molecular panel that detects 23 
enteric pathogens conducted at a regional children’s hospital 
provides insights into the current etiology of AGE among 
children in in the United States [10]. In this study a pathogen 
was detected in 52% of AGE episodes. The most commonly 
detected pathogens included diarrheagenic E. coli, Norovirus, 
and enteric Adenovirus. Multiple pathogens were identified 
from 15% of submitted specimens.

Before universal rotavirus immunization was adopted in 
the United States, approximately one half of all hospitaliza-
tions for acute nonbacterial gastroenteritis in children were 
caused by Rotaviruses [11]. Despite the marked reduction in 
Rotavirus, other viral pathogens are detected frequently and 
account for more than half of all pathogens identified in chil-
dren <5 years old. Currently Noroviruses are the most impor-
tant cause of nonbacterial acute gastroenteritis in all ages 
[12]. Other viral pathogens that have been proven to cause 
acute gastroenteritis are shown in . Table 15.2.

In developed countries, bacterial pathogens account for 
2–10% of cases of gastroenteritis [13, 14]. Campylobacter sp., 
Salmonella sp., Shigella sp., and enterohemorrhagic E. coli 
(EHEC) account for the majority of cases in the United States 
(. Table  15.2). Cases of salmonellosis have been linked to 
exposure to farm animals, poultry, eggs, and household pets 
such as healthy-appearing turtles, snakes and lizards, and 
puppies or kittens with diarrhea. Campylobacteriosis cases 
can often be linked to exposure to farm animals, poultry, 
eggs, or consumption of raw milk. Yersinia enterocolitica, 
Vibrio sp. bacteria including Vibrio cholerae and non-01 
cholera, Aeromonas sp., and Plesiomonas sp. are unusual eti-
ologies of gastroenteritis in developed countries. Yersinia 
enterocolitica infections are often linked to the consumption 
of certain ethnic foods prepared using the intestines of pigs, 
especially during holiday times. Yersiniosis can cause mesen-
teric adenitis, mimicking the presentation of acute appendi-
citis, with or without symptoms of diarrhea. The 

diarrhea-causing E. coli, EIEC (enteroinvasive), and EPEC 
(enteropathogenic) are seen most often in developing coun-
tries (. Table 15.3).

Up to 35% of individuals who travel to developing coun-
tries may experience bouts of diarrhea during or immedi-
ately following the trip. Most cases occur within the first 
2 weeks of travel and last about 4 days. Regions of travel asso-
ciated with the highest risk are Africa, South Asia, Latin 
America, and the Middle East. Bacteria are the most frequent 
cause of traveler’s diarrhea, and enterotoxigenic E. coli is the 
most commonly identified pathogen.

Parasitic causes of gastroenteritis are uncommon in 
healthy children in the United States accounting for 1–8% of 
cases of gastroenteritis. Parasitic infections occur more 

       . Table 15.2 Infectious causes of acute gastroenteritis in the 
United States

Viral Bacterial Parasitic

Rotavirus Campylobacter spp. Giardia 
intestinalis

Norovirus Salmonella strains Cryptospo-
ridium parvum

Astrovirus E. coli

Enteric Adenoviruses 
(Adenovirus 40/41)

Shigella spp.

Sapovirus Clostridium difficile

Yersinia enterocolitica

       . Table 15.3 Classification of Escherichia coli that is associ-
ated with gastroenteritis

E. coli type Epidemiology Stool 
characteristics

Enterohemorrhagic 
or Shiga-like 
toxin-producing 
(EHEC or STEC)

Hemorrhagic colitis 
associated with the 
development of 
hemolytic uremic 
syndrome

Bloody or 
non-bloody

Enteropathogenic 
(EPEC)

Acute and chronic 
endemic and epidemic 
diarrhea in infants

Watery

Enterotoxigenic 
(ETEC)

Infantile gastroenteri-
tis in developing 
countries and traveler’s 
diarrhea in all ages

Watery

Enteroinvasive 
(EIEC)

Diarrhea with fever in 
all ages

Bloody or 
non-bloody; 
dysentery

Enteroaggregative 
(EAEC)

Acute and chronic 
diarrhea in infants

Watery, 
occasionally 
bloody

Infectious Gastroenteritis
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 frequently in recent immigrants, travelers, and backcountry 
campers, those with exposure to farm animals, and immuno-
compromised patients. Giardia lamblia and Cryptosporidium 
parvum infections are the most common causes of parasitic 
disease in the United States (. Table 15.2).

15.5   Clinical Presentation

Non-bloody diarrhea, vomiting, and fever are the most com-
mon findings in patients with viral gastroenteritis. However 
the clinical presentation of bacterial gastroenteritis may 
overlap with viral disease and the two are often clinically 
indistinguishable. Clinical features that suggest bacterial gas-
troenteritis include age greater than 2 years, gross blood or 
mucus in the stool, high fever (greater than 40 °C), tenesmus, 
associated seizures, severe abdominal pain, and smaller vol-
ume stools. Patients with bacterial AGE are more likely to 
have identified risks such as international travel, exposure to 
poultry or other farm animals, and consumption of pro-
cessed meat. Parasitic infections typically cause watery diar-
rhea, abdominal cramping, vomiting, and low-grade fever.  
Parasitic infections frequently cause more prolonged diar-
rhea often lasting well beyond 14 days.

15.6   Complications

As a direct consequence of diarrhea and vomiting:
 5 Hypovolemia/dehydration: Severe dehydration may lead 

to shock, multi-organ dysfunction, and death. 
Dehydration occurs predominantly among very young 
children and the extreme elderly. Young children are 
more susceptible to dehydration than older children 
because they have a higher body surface-to-volume 
ratio, a higher metabolic rate, and lower fluid reserves. 
Extreme elderly patients may be unable to maintain 
adequate oral hydration independently.

 5 Electrolyte abnormalities and acid-base disturbance 
including hypernatremia, hyponatremia, hypokalemia, 
and metabolic acidosis.

 5 Lactose intolerance due to damage to mature entero-
cytes on small intestinal villi containing lactase is 
uncommon.

 5 Irritant diaper dermatitis.

Other complications are shown in . Table 15.4.

15.7   Clinical Evaluation

The evaluation of children with acute gastroenteritis fre-
quently begins with a telephone call from the caregiver. The 
focus of the conversation should be to assess the child’s 
fluid status and the possibility of severe illness or a condi-
tion other than acute gastroenteritis that requires specific 
therapy.

Indications for a medical visit include the following 
[15, 16]:

 5 Age under 6 months or weight < 8 kg (17 lbs. 10 oz)
 5 Temperature ≥ 38 °C for infants <3 months or ≥ 39 °C 

for children 3–36 months
 5 Visible blood in stool
 5 Frequent and large amounts of diarrhea
 5 Diarrhea for more than 7 days or persistent vomiting
 5 Caregiver’s report of symptoms of moderate to severe 

dehydration
 5 Multisystem compromise, cardiovascular instability 

(refer directly to the emergency department)
 5 Inability of the caregiver to administer or failure of the 

child to tolerate or respond to oral rehydration therapy 
at home

 5 Underlying immunodeficiency or condition complicat-
ing the treatment or course of illness, such as malnutri-
tion, diabetes mellitus, or other metabolic diseases

 5 Social circumstances that make telephone assessment 
unreliable

The history and examination of children with symptoms and 
signs of gastroenteritis should focus on the following:

 5 Dehydration Assessment

The goal is to provide a starting point and determine the neces-
sary intensity of intervention. Acute changes in body weight 
are the best measure. Decreased blood pressure is a late finding 

       . Table 15.4 Complications of infectious gastroenteritis

Complication Associated etiologic agent(s)

Bacteremia Salmonella spp., Yersinia enteroco-
litica

Seizures and fever Shigella spp. (more common), 
Campylobacter and Salmonella spp. 
less likely

Encephalopathy Shigella spp. (more common), with 
Salmonella sp. less likely

Extraintestinal infections Salmonella sp. (more common), 
other bacteria less likely

Guillain-Barre syndrome Campylobacter jejuni

Hemolytic-uremic 
syndrome

E. coli O157:H7 and other Shiga 
toxin-producing strains (STEC)

Meningitis Salmonella spp. in neonates and 
extreme elderly

Reactive arthritis Salmonella spp., Shigella spp., 
Campylobacter spp., and Yersinia 
spp.

Bowel perforation, toxic 
megacolon, secondary 
bacteremia

Any of the bacterial agents 
associated with invasive diarrhea; 
C. difficile

Pseudoappendicitis Yersinia enterocolitica
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of hypovolemia in children that corresponds to greater than 
10% of fluids losses and heralds cardiovascular collapse. Prior 
guidelines from the Centers for Disease Control and Prevention 
(1992) [16] and the American Academy of Pediatrics (1996) 
[17] grouped patients in three subgroups:

 5 Mild dehydration (3–5% fluid deficit)
 5 Moderate dehydration (6–9% fluid deficit)
 5 Severe dehydration (>10% fluid deficit)

New studies indicate that the first signs of dehydration in 
young children might not be evident until a 3–4% fluid loss 
has occurred. Severe dehydration signs are usually not 
seen until the patient has experienced 9–10% losses. 
Updated recommendations group patients with mild and 
moderate dehydration together (. Table  15.5) [18]. The 
World Health Organization (WHO) recommends a sim-
pler system for use by both physicians and lay health work-
ers, which classifies dehydration as none, some, or severe 
(. Table 15.6).

A meta-analysis of 13 separate studies looking at indi-
vidual signs and symptoms of dehydration found that only 
capillary refill times of more than 2 s, decreased skin turgor, 
and abnormal respiratory pattern (hyperpnea) had statisti-
cally and clinically significant positive and negative likeli-
hood ratios for detecting dehydration in children [19].

 5 Evaluation of the child for other causes of diarrhea and/
or vomiting that requires specific therapy and can be 
confused with AGE in the first day or two of symptoms 
(e.g., meningitis, acute abdominal processes, diabetic 
ketoacidosis, toxic ingestions).

Hospitalization should be considered for all children with 
acute gastroenteritis in the following situations [15, 20]:

 5 Signs of severe dehydration are present.

 5 Caregivers are unable to manage oral rehydration or 
provide adequate care at home.

 5 Factors present necessitating closer observation, such as 
young age, decreased mental status, or uncertainty of 
diagnosis.

15.8   Diagnostic Testing

The diagnosis of acute gastroenteritis is made clinically. 
Laboratory studies such as serum electrolytes, blood urea 
nitrogen, creatinine, or urinalysis are not routinely necessary. 
Microbiologic testing is likewise unnecessary in immuno-
competent hosts with uncomplicated gastroenteritis; how-
ever, microbiologic testing should be considered for [15, 21]:

 5 Outbreaks of gastroenteritis, particularly in an institu-
tion with a closed population such as a hospital, child-
care center, or school

 5 Cohorting and isolation of hospitalized patients
 5 Patients with underlying conditions such as immune 

compromise, malignancy, or inflammatory bowel 
disease

 5 Patients with diarrhea of 7 days’ duration or longer
 5 Uncertain diagnoses

Blood cultures should be obtained from infants less than 
3 months of age and from any patient with a toxic appearance 
or other clinical signs of sepsis, patients in whom enteric 
fever is suspected, those who are immunocompromised, and 
those who traveled to or have had contact with travelers from 
enteric fever-endemic areas [22].

Stool testing should be performed for Salmonella sp., 
Shigella sp., Campylobacter sp., Yersinia sp., and STEC in 
patients with diarrhea accompanied by fever, bloody or 
mucoid stools, severe abdominal cramping or tenderness, or 
signs of sepsis [22] since they may require antimicrobial 
therapy tailored to the infecting organism.

       . Table 15.5 Clinical dehydration scale (CDS) for the 
assessment of children

Points toward total assessment score

0 1 2

General 
appearance

Normal Thirsty, restless, or 
lethargic but irritable 
when touched

Drowsy, limp, 
cold, sweaty, 
or coma

Eyes 
(periorbital 
skin turgor)

Normal Slightly sunken Extremely 
sunken

Mucous 
membranes 
(tongue)

Moist Sticky Dry

Tears Tears Decreased tears Absent tears

Source [18]
A score of 0 represents no dehydration, a score of 1–4 repre-
sents some dehydration, and a score of 5–8 represents 
moderate/severe dehydration

       . Table 15.6 World Health Organization assessment for 
dehydration

No  
dehydration
(<5%)

Some 
dehydration
(5–10%)

Severe 
dehydration
(>10%)

Condition Well, alert Restless, 
irritable

Lethargic, 
unconscious

Eyes Normal Sunken Sunken

Thirst Drinks 
normally, not 
thirsty

Thirsty, drinks 
eagerly

Drinks 
poorly, not 
able to drink

Skin turgor/
capillary 
refill

Instant recoil Delayed 
<2 seconds

Delayed 
>2 seconds

Source [41]

Infectious Gastroenteritis
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Historically, the microbiologic diagnoses of acute gastro-
enteritis have been made using microscopy, rapid antigen 
tests, stool culture, and, occasionally, real-time polymerase 
chain reaction (PCR) assays. A combination of these tests 
was often required because each type of test evaluates for dif-
ferent subsets of etiologies, and it’s often impossible to distin-
guish between possible groups of infectious etiologies based 
on the clinical presentation alone. Recently, multiplex molec-
ular assays have been developed for the detection of gastroin-
testinal pathogens directly from stool samples. These panels 
allow for the detection and identification of up to 23 patho-
gens with a laboratory turnaround time as short as 1  h 
(. Table 15.7). Three multiplex real-time PCR assays are now 
licensed in the United States and are rapidly replacing tradi-
tional tests for the detection of enteric pathogens.

The major advantages of multiplex molecular assays are 
lower detection limits, higher sensitivity for common patho-
gens such as Rotavirus and Shigella spp., and the ability to 
detect uncultivatable pathogens such as Noroviruses [23]. 
Studies have demonstrated that the use of these multiplex 
panels will increase the positivity rates of enteric pathogens 
by two- to fourfold compared to conventional methods.

As use of these multiplex molecular assays becomes more 
commonplace, several new challenges will likely emerge for 
the clinician [23, 24]. First, these assays do not provide anti-

microbial sensitivity data for bacterial organisms detected, so 
empiric antibiotic selection will need to be based upon prior 
known sensitivity patterns from the community or from the 
general literature. In addition these assays detect microbial 
DNA or RNA, not viable organisms, and therefore do not dis-
tinguish an active symptomatic infection from asymptomatic 
infection, colonization, or previous infection with continued 
shedding of the pathogen alive or dead. Pathogens such as 
Norovirus, Rotavirus, and Salmonella spp. have been shown to 
be present in the stool of asymptomatic individuals or shed 
for long periods following the resolution of disease and may 
be detected in those settings as well as in symptomatic dis-
ease. Organisms such as EAEC, EPEC, and Sapovirus that 
have not been routinely tested for in the past may be detected. 
This may present a challenge for the clinician to interpret the 
clinical significance of test results showing the detection of 
these pathogens. The rate of reported coinfections is likely to 
increase with the use of these panels as well [25]. Insufficient 
data are available to guide clinicians on how to interpret such 
findings. Further research on use and interpretation of results 
from these highly sensitive assays is  necessary [26–28].

15.9   Differential Diagnosis

Extraintestinal infections which may present with diarrhea 
and/or vomiting include staphylococcal and streptococcal 
toxic shock syndrome, meningitis, bacterial sepsis, bacterial 
pneumonia including legionellosis, urinary tract infection, 
and otitis media. These infections can usually be differenti-
ated from acute gastroenteritis by their extraintestinal man-
ifestations and/or early results of laboratory testing.

A number of noninfectious conditions can also present 
with symptoms that mimic those of infectious gastroenteri-
tis. These include inflammatory bowel diseases, intussuscep-
tion, appendicitis, food allergies, and lactase deficiency.

15.10   Clinical Management

The current mainstay of the clinical management and treat-
ment for acute infectious gastroenteritis consists of oral rehy-
dration and early reintroduction of food [15, 16, 20, 22, 29, 30]. 
Intravenous rehydration should be reserved for cases where 
oral fluid correction is not tolerated or when the severity of 
fluid losses has already led to impending hypovolemic shock.

The objectives of treatment include the following:
 5 Prevention of dehydration, if there are no signs of 

dehydration.
 5 Treatment of dehydration, when present.
 5 Prevention of nutritional sequelae, by continued feeding 

during and after diarrhea.
 5 Reduction of the duration and severity of diarrhea.

No specific antiviral therapy is available for viral gastroen-
teritis. Anti-infective options are available for the treatment 

       . Table 15.7 Pathogens detected by commercially available 
gastroenteritis multiplex polymerase chain reaction diagnostic 
panels

Bacteria and 
bacterial toxins

Viruses Protozoa

Aeromonas spp. Astroviruses Cryptosporidium 
spp.

Campylobacter spp. Enteric adenovi-
ruses 40/41

Cyclospora spp.

C. difficile toxins A/B Noroviruses Entamoeba 
histolytica

E.coli O157 Rotaviruses Giardia lamblia

EAEC Sapoviruses

EPEC

ETEC toxins

Plesiomonas 
shigelloides

Salmonella spp.

STEC toxins

Shigella sp./EIEC

Vibrio spp.

Vibrio cholera toxin

Yersinia enterocolitica
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of bacterial and parasitic causes of gastroenteritis, but their 
use is not always indicated, frequently unnecessary, and, in 
some instances, should be specifically avoided. Symptomatic 
therapy for AGE with watery diarrhea and/or vomiting con-
sists of replacing fluid losses and correcting electrolyte dis-
turbances through oral and/or intravenous fluid 
administration.

15.10.1   Oral Rehydration Therapy

The American Academy of Pediatrics (AAP), the European 
Society for Pediatric Gastroenterology Hepatology and 
Nutrition (ESPGHAN), and the World Health Organization 
(WHO) all recommend oral rehydration solution (ORS) as 
the treatment of choice for children with mild-to-moderate 
gastroenteritis in both developed and developing countries, 
based on the results of many randomized, controlled trials 
and several large meta-analyses [16, 17, 19, 31].

Oral rehydration takes advantage of a specific sodium- 
glucose transporter (SGLT-1) in the intestinal brush border 
of the intestine to increase the reabsorption of sodium, which 
leads to the passive reabsorption of water. This transport 
remains intact even during severe gastroenteritis.

Rehydration solutions with low osmolarity and 1:1 ratio 
of glucose to sodium perform optimally. Solutions with high 
concentrations of glucose, such as juice, soft drinks, and 
sports drinks, have higher osmolarity thereby impairing 
optimal water/sodium transport from the gut into the blood-
stream. Their use is discouraged during oral rehydration 
therapy, a point that should be used when discussing home 
strategies with parents who may assume otherwise.

WHO programs focusing on the treatment of dehydra-
tion with ORS have substantially decreased deaths from 
cholera and other gastroenteritis in developing countries. In 
the United States, the absence of cholera and the generally 
high level of nutrition and generous total body sodium levels 
in children have led to the development of a consensus for 
use of ORS containing less sodium than is currently included 
in the WHO-recommended ORS recipe. ORS available in the 
United States include Pedialyte, Infalyte, and Naturalyte. 
Both the WHO ORS and solutions containing less sodium 
have been shown to be safe and effective in treating dehydra-
tion associated with acute gastroenteritis.

The full benefits of oral rehydration therapy (ORT) 
have not been realized in the United States. One of the rea-
sons for the low use of ORT is the ingrained, habitual use 
of intravenous therapy for most children who are hospital-
ized and many who are brought to the emergency depart-
ment. Up to 49% of pediatricians report that they always 
use intravenous fluids to treat moderate dehydration and 
33% use intravenous fluids to treat mild dehydration 
despite recommendations for the use of ORS in these clini-
cal situations [24].

Hydration status in children can be assessed on the basis 
of easily observed signs and symptoms (. Tables 15.5 and 

15.6). Children with AGE who are not thirsty have moist 
mucous membranes, and wet diapers and tears are not dehy-
drated and do not require ORS. If the child is breastfed, the 
mother should be encouraged to breastfeed more frequently 
than usual and for longer at each feed. If the child is not 
exclusively breastfed, then oral maintenance fluids should be 
given at a rate of approximately 500  mL/day for children 
younger than 2  years, 1000  mL/day for children aged 
2–10 years, and 2000 mL/day for children older than 10 years. 
In addition, ongoing fluid losses should be replaced with 
10 mL/kg body weight of additional ORS for each loose stool 
and 2 mL/kg body weight of additional ORS for each episode 
of emesis (both for breastfed and non-breastfed children). A 
study by Freedman et al. found that patients with mild gas-
troenteritis and minimal dehydration experienced fewer 
treatment failures when offered half-strength apple juice fol-
lowed by their preferred drinks compared with children 
given ORS [32].

Children who are mildly or moderately dehydrated 
should receive 50 to 100 ml/kg of ORS over 4 h and should be 
reevaluated often for changes in hydration. Additional ORS 
is given to replace ongoing losses (10 mL/kg body weight for 
each stool and 2  mL/kg body weight for each episode of 
emesis). After the initial rehydration phase, patients may be 
transitioned to maintenance fluids.

Children who are severely dehydrated with changes in 
vital signs or mental status require emergency intravenous 
fluid resuscitation. Hypotension is a late manifestation of 
shock in children. Mental status, heart rate, and perfusion, 
as assessed by capillary refill time, are better indicators of 
severe dehydration and incipient shock. After initial treat-
ment with IV fluids, these children can be given oral rehy-
dration.

Children who are vomiting generally tolerate ORS. ORS 
is contraindicated in the child who is obtunded or at risk for 
aspiration. When oral hydration therapy is complete, regular 
feeding should be resumed.

15.10.2   Early Refeeding

Early refeeding is recommended in managing acute gastro-
enteritis because luminal contents are a known growth factor 
for enterocytes and help facilitate mucosal repair following 
injury [33]. Introducing a regular diet within a few hours of 
rehydration or continuing the diet during gastroenteritis 
without dehydration has been shown to shorten the duration 
of the disease. Early refeeding has not been associated with 
increased morbidity such as electrolyte disturbance or a need 
for intravenous therapy.

Almost all infants with acute gastroenteritis can tolerate 
breastfeeding. For formula-fed infants, diluted formula does 
not provide any benefit over full-strength formula. Infants 
with the most severe gastroenteritis may require lactose-free 
formula until mucosal recovery, a healing process that is usu-
ally complete after 2 weeks.

Infectious Gastroenteritis
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Older children can consume a regular age-appropriate 
diet. Foods that contain complex carbohydrates (e.g., rice, 
wheat, potatoes, bread, and cereals), lean meats, fruits, and 
vegetables are encouraged. Fatty foods and simple carbohy-
drates should be avoided. No data suggests that a diet consist-
ing of only bananas, rice, applesauce, and toast (the BRAT 
diet) speeds recovery from gastroenteritis, although those 
foods are appropriate to be included in a more varied diet. 
Exclusive use of the BRAT diet may lead to suboptimum 
nutrition. Lactose restriction is not usually necessary but 
may help to reduce diarrheal frequency in some children as 
an optional, short-term, and temporary dietary change dur-
ing their convalescence.

15.10.3   The Use of Antimicrobials

Patients with uncomplicated gastroenteritis should not rou-
tinely be given antibiotics, including otherwise healthy indi-
viduals with salmonellosis who are older than 6 months of 
age. Antimicrobial treatment for gastroenteritis proven to 
be caused by bacteria other than Salmonella spp. or a para-
site can be considered for patients who continue to have 
symptoms at the time the laboratory results become avail-
able, but is not always necessary [15, 20, 22]. Available data 
suggest that patients with hemorrhagic colitis secondary to 
EHEC, including E. coli O157:H7, who are treated with 
antibiotics are more likely to develop the complication of 
hemolytic uremic syndrome. As such, antibiotic use should 
generally be avoided in these patients unless they appear 
toxic or develop a secondary bacteremia while their colon is 
inflamed.

Certain patients do require antimicrobial therapy for 
infectious gastroenteritis because treatment reduces their 
risk for developing complications and accelerates their 
recovery. Individuals with suspected or confirmed sepsis, 
with extraintestinal spread of bacterial disease, who are 
younger than 6 months and found to have salmonella gastro-
enteritis, who are malnourished or immunocompromised 
with salmonella gastroenteritis, and those with Clostridium 
difficile- associated pseudomembranous enterocolitis, giardi-
asis, dysenteric shigellosis, dysenteric amebiasis, or cholera 
should receive antimicrobials [21]. . Table 15.8 details anti-
microbial treatment for specific pathogens causing infec-
tious diarrhea.

15.10.4   Adjunctive Management

Antidiarrheal (i.e., kaolin-pectin) and antimotility agents 
(i.e., loperamide) are contraindicated in the treatment of 
acute gastroenteritis in children because of their lack of 
 benefit and increased risk of adverse effects, including ileus, 
drowsiness, and nausea. Antimotility agents can, however, be 
particularly helpful as adjunctive therapy in adolescents and 
adults with traveler’s diarrhea secondary to ETEC.

The antinausea and antiemetic drug ondansetron may be 
given to facilitate tolerance of oral rehydration in children 
older than 4 years of age and to help control nausea and vom-
iting associated with acute gastroenteritis in adolescents and 
adults. A review of seven randomized, controlled trials found 
that oral ondansetron reduced vomiting and the need for 
intravenous rehydration and hospital admission [34]. Over- 
the- counter antiemetics are not recommended due to associ-
ated drowsiness because that side effect impairs oral 
rehydration efforts.

Probiotics are supplements containing live microbes, usu-
ally bacteria or yeast that are sometimes used to prevent or 
treat symptoms of infectious diarrhea. Possible mechanisms 
of action for probiotics include synthesis of antimicrobial 
substances, competition with pathogens for nutrients, modi-
fication of toxins, and/or stimulation of nonspecific immune 
responses to pathogens that facilitate their clearance. Two 
meta-analyses support the use of probiotics (especially 
Lactobacillus) in the treatment of acute infectious diarrhea 
in children [35, 36]. A recent meta-analysis found probiotics 
may be especially effective for the prevention of C. difficile-
associated diarrhea in patients receiving antibiotics [37]. 
Despite the observation that probiotics help to prevent 
Clostridium difficile-associated diarrhea (CDAD), there is no 
evidence that they can be used effectively to treat CDAD or 
that they provide any added benefit as adjunctive therapy 
when combined with standard antibiotic treatment regimens.

15.11   Prevention of Infectious 
Gastroenteritis

Prevention remains a key strategy for reducing the overall 
burden of infectious gastroenteritis. Effective strategic mea-
sures shown to prevent the spread of enteric pathogens 
include proper sanitation methods for food processing and 
preparation, sanitary water supplies, pasteurization of milk, 
proper hand hygiene, sanitary sewage disposal, exclusion of 
infected people from handling food or providing health care, 
and exclusion of people with gastroenteritis from use of pub-
lic recreational water facilities including swimming pools, 
lakes, and ponds.

Eggs and other foods of animal origin should be cooked 
thoroughly. Raw eggs and food-containing raw eggs should 
not be consumed. Hand hygiene after handling raw poultry, 
washing cutting boards and utensils with soap and water 
after contact with raw poultry, avoiding contact of fruits and 
vegetables with the juices of raw poultry, and thorough cook-
ing of poultry are critical. Thorough hand hygiene after hav-
ing contact with human or animal feces, particularly from 
puppies and kittens with gastroenteritis, is important and 
makes good common sense.

The single most important intervention that can be used 
to minimize fecal-oral transmission in at-risk areas such as 
restaurants, medical office settings, hospitals, schools, child-
care facilities, community gatherings, campgrounds, fund 
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raising events involving the preparation of food and drink, 
and picnic settings is frequent hand hygiene measures com-
bined with staff training and monitoring of staff procedures, 
where appropriate. Hand hygiene using alcohol-based 

 sanitizers can be helpful in many settings but should not be 
used to clean hands that are visibly soiled and do not reduce 
transmission of C. difficile spores or non-enveloped viruses 
such as Norovirus, Rotavirus, or Adenoviruses.

       . Table 15.8 Antimicrobial treatment of bacterial gastroenteritis

Bacterial pathogen Who to treat Recommended therapy Alternative therapy Comments

Aeromonas
hydrophila

Those who remain 
symptomatic

Ciprofloxacin for 5 days or 
azithromycin for 3 days

TMP/SMX for 5 days Not all strains produce 
enterotoxins or diarrhea

Campylobacter 
jejuni (and other 
species)

Children with dysentery Erythromycin for 5 days or 
azithromycin for 3 days

Doxycycline or ciprofloxa-
cin

Early treatment shortens 
the duration of illness 
and prevents relapse

Clostridium difficile 
(antibiotic- 
associated colitis)

Moderate to severe 
cases
All immunocompro-
mised patients

Oral metronidazole or oral 
vancomycin for 7 days

Relapse: several options 
including oral vancomycin 
taper and fecal transplant

Vancomycin more 
effective for severe 
disease

Enterohemorrhagic 
E. coli (EHEC, STEC, 
E. coli O157:H7)

Not recommended
May increase the risk of 
hemolytic uremic 
syndrome (HUS)

Only for patients who 
appear toxic or are 
bacteremic

Antibiotics, if used, should 
be based on susceptibility 
results of the pathogen

Antibiotics have not 
been shown to decrease 
illness severity

Enteropathogenic 
E. coli (EPEC)

Those who remain 
symptomatic

Neomycin for 5 days 
(intraluminal agent, not 
absorbed)

None Most strains are not 
toxogenic or invasive
May cause prolonged 
postinfectious diarrhea

Salmonella spp., 
non-typhoid strains

Patients at risk for 
invasive disease
Enteric fever

Susceptible strains use 
azithromycin for 3 days, 
cefixime for 5–7 days, or 
TMP-SMX for 14 days

Ceftriaxone or ciprofloxa-
cin for resistant strains; 
5-day course

Not indicated for 
noninvasive AGE with 
nontyphoidal strains
May prolong carriage

Salmonella typhi
Cause of typhoid 
fever

All patients, symptom-
atic or not

Susceptible strains use 
azithromycin or ceftriaxone 
for 5 days, cefixime for 
14 days, or TMP-SMX for 
14 days

Ciprofloxacin for 5 days Increasing cephalospo-
rin resistance being 
described

Shigella spp. Those who remain 
symptomatic

Susceptible strains use 
cefixime for 5 days, 
azithromycin for 3 days, or 
ciprofloxacin for 3–5 days

Alternatives for susceptible 
strains use TMP-SMX for 
5 days or ampicillin (not 
amoxicillin)
Ceftriaxone for 2–5 days 
for resistant strains

Shortens the duration of 
diarrhea
Eradicates the organism 
from the stool
Resistance to antibiotics 
is common

Traveler’s diarrhea 
(ETEC)

Those who remain 
symptomatic

Azithromycin or cefixime or 
ciprofloxacin for 3 days

Rifaximin for those 12 yrs. 
and older, TMP-SMX

Most illnesses brief and 
self-limited
Resistance increasing 
worldwide; check 
country-specific 
susceptibility data

Vibrio cholerae Confirmed or suspected 
case by travel history

Doxycycline or furazolidone 
for 3 days

Ciprofloxacin or TMP-SMX 
(if susceptible)

Close attention to 
replacement of losses

Yersinia enteroco-
litica

Severe disease or 
immunocompromised 
host
Not necessary for mild 
disease in healthy 
patients

TMP-SMX or ciprofloxacin Ceftriaxone or gentamicin High rates of resistance 
to ampicillin

TMP/SMX is trimethoprim plus sulfamethoxazole

Infectious Gastroenteritis
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15.11.1   Vaccines

The prevention of acute gastroenteritis through immunization 
is now available for some enteric pathogens. Two oral rotavirus 
vaccines, a monovalent attenuated human rotavirus vaccine 
and a pentavalent bovine-human reassortant vaccine, are now 
available for use in many parts of the world, including the 
United States [38, 39]. In the years following their introduction 
in the United States, vaccine use reduced the burden of rotavi-
rus-related hospitalizations by 60–93% depending on overall 
vaccine coverage, age group studied, and the specific Rotavirus 
season evaluated. Reductions in all-cause gastroenteritis or 
diarrhea-related hospitalizations, emergency visits, and outpa-
tient/physician office visits have also been observed [40].

Vaccines for cholera and typhoid fever have been devel-
oped for use in countries where these diseases are endemic or 
epidemic. Research is also underway to develop vaccines for 
other pathogens such as Norovirus and C. difficile.

15.12   Exercises

Please refer to the supplementary information section for 
answers to these exercises.

Complications Etiologies

1. Pseudoappendicitis A. Campylobacter 
jejuni

2. Seizures and fever B. E. coli O157:H7

3. Guillain-Barre 
syndrome

C.  Salmonella spp. in 
neonates

4. Hemolytic-uremic 
syndrome

D. Shigella spp.

5. Meningitis E. Yersinia enteroco-
litica

Questions related to case scenarios:

 ? Case 1. A 19-year-old young man presents with a history 
of diarrhea, abdominal cramps, and fever a few days after 
acquiring a pet turtle. What is the likely cause of his 
diarrhea?
A. Campylobacter jejuni
B. E. coli O157:H7
C. Salmonella spp
D. Shigella spp
E. Yersinia enterocolitica

 ? Case 2. A 2-year-old child who attends day care presents 
with abdominal cramps and severe bloody diarrhea 
which has been present for 2 days. He has no fever. What 
is the likely etiology of his illness?

A. E. coli 0157:H7
B. Giardia lamblia
C. Norovirus
D. Rotavirus
E. Salmonella spp

 ? Case 3. A previously healthy 32-year-old woman develops 
bloody diarrhea and fever. She visits the emergency 
department where a stool culture is obtained. Twenty-four 
hours later, the culture is reported as positive for Salmonella 
spp. She is still having diarrhea and low-grade fever. Of the 
following options, which treatment is preferred?
A. Ampicillin
B. Ceftriaxone
C. Ciprofloxacin
D. No antibiotic
E. Trimethoprim-sulfamethoxazole

 ? Case 4a. A 6-month-old boy presents with a 2-day 
history of mild fever and vomiting and watery diarrhea 
with 8–10 stools per day. Vital signs include a 
temperature of 38 °C, pulse of 120 beats per minute, and 
respiratory rate of 40 breaths per minute. He is lethargic 
but arousable and has slightly decreased periorbital skin 
turgor, “sticky” mucous membranes, and decreased tears. 
What is this the child’s clinical dehydration score?
A. 0
B. 3
C. 4
D. 5
E. 8

 ? Case 4b. For the 6-month-old boy described in case 
4a, which is the most appropriate next step in 
management?
A. Administer a bolus of intravenous fluid
B. Administer an oral rehydration solution
C. No therapy needed
D. Give a single dose of loperamide
E. Give a single dose of ondansetron
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