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Introduction to Gastroenteritis

Diarrheal disease is responsible for significant
morbidity and mortality worldwide, with nearly
1.7 billion cases [1] and at least two million
deaths per year, many resulting from consump-
tion of contaminated food [2]. Acute infectious
gastroenteritis is defined as disorder of the physi-
ological functions of stomach, small, and large
intestine (see chapter “Overview” under part
“Gastrointestinal tract”) due to inflammation of
the digestive tract, resulting from bacterial, viral,
or parasitic infections (Fig. 1). Noninfectious
gastroenteritis may also occur after ingestion of
certain types of food and medicines but is less
common. Common symptoms include diarrhea,
vomiting, abdominal pain, headache, nausea,
fatigue, and occasionally fever and chills [3].
Infectious gastroenteritis can occur year-round,
but bacterial cases are seen more commonly in
warm or summer months because bacterial patho-
gens can replicate in vitro after contamination of
food or water. These diseases are more common
in developing nations where sanitation conditions
are poor and visitors to these nations commonly
develop traveler’s diarrhea. Viral pathogens are
not able to replicate in vitro, but tend to survive
longer in cold conditions, which facilitates their
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spread via person-to-person contact. Therefore,
viral diseases are more common in the fall/winter
seasons when people are indoors more often [4].

Pathophysiology of Gastroenteritis
Bacteria

Normal bacterial flora populates the gut, increas-
ing in numbers from the stomach to the dis-
tal colon (see chapter “Overview” under part
“Gastrointestinal tract”) [5]. These bacteria are
helpful to the human host by fermenting unused
energy substrates; training the immune system;
preventing growth of harmful, pathogenic bac-
teria; regulating the development of the gut;
producing vitamins, like vitamin K,; and metabo-
lizing estrogen and androgen hormones [6].
Bacterial gastroenteritis can result from inva-
sion of the gut mucosal surface, attachment to
mucosal surfaces and release of toxins, or by
toxin production in food prior to ingestion.
Invasive bacterial strains, such as Shigella
and Campylobacter sp., usually lead to mucosal
ulceration (see chapter “Peptic ulcer disease™),
abscess formation, and inflammation, which can
occur due to invasion of the gut alone, but are
exacerbated by toxin production [7]. This pro-
cess results in severe diarrhea due to secretion
of water and electrolytes, sometimes contain-
ing mucus and/or blood in the feces with fever,
abdominal pain, and rectal tenesmus (a feeling of
incomplete defecation), known as dysentery [4].
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I. Infectious
gastroenteritis
Bacterial

Viral
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1. Pathogenesis

Invasive or non-invasive
Enterotoxic / cytotoxic
Intestinal mucosal damage
Increased permeability
and fluid secretion

Liver

Duodenum

1Il. Symptoms
Diarrhea
Vomiting
Stomachache
Malaise
Nausea

Fever

Fig. 1 Overview of acute infectious gastroenteritis.
Acute gastroenteritis is a disease affecting the stomach
and small and large intestine (central panel). Causes
of infectious gastroenteritis include bacterial, viral,
and/or parasitic pathogens (I). These pathogens can
be invasive and cause cell damage and produce toxins.
Alternatively, the pathogens are noninvasive and dam-
age mainly occurs through enterotoxin production (II).
The resulting mucosal damage increases permeability
and peristaltic movement and impairs intestinal absorp-
tion, resulting in diarrhea and other symptoms (III). The

Noninvasive bacteria cause similar symptoms
by adhering to the gut wall followed by produc-
tion of enterotoxins, such as Vibrio cholerae and
enterotoxigenic strains of Escherichia coli. Toxin
production results in secretory diarrhea with a
large volume of watery diarrhea characterized
by excessive mucosal secretion due to adenylate
cyclase induction resulting in impaired intestinal
absorption [7]. In addition, cholera toxins bind
to channel proteins, opening chloride channels,
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IV. Metabolic disorder
Maldigestion
Malabsorption
Hypotonic dehydration
Metabolic acidosis

V. Treatment

Rehydration / electrolytes
Antidiarrheals, antiemetics,
or antibiotics, if necessary
Probiotics

Human milk for
breastfeeding infants

Esophagus

Stomach

Pancreas

Large intestine

Small intestine

VI. Outcomes

Usually self-limiting in
3-4 days, unless parasitic
Severe cases may be
life-threating without
intervention

Rectum

Anus

major metabolic disorders include maldigestion and mal-
absorption due to impaired intestinal mucosal surfaces
with consequences of hypotonic dehydration and meta-
bolic acidosis, which can have severe complications (IV).
Rehydration with proper electrolytes is critical for treat-
ment. Antidiarrheals and antiemetics may provide relief
from symptoms. Antibiotics are only used for bacterial
and parasitic pathogens (V). Gastroenteritis is usually
self-limiting in 3—4 days. Parasitic gastroenteritis may
last longer. Life-threatening cases occur mostly in young
children and the elderly (VI)

which results in more chloride ions in the lumen
of the small intestine and causes water to move
into lumen, known as osmotic diarrhea [8].
Finally, some bacterial toxins, such as entero-
toxins A to E from S. aureus, present in con-
taminated food [9] may cause symptoms similar
to those of noninvasive bacteria, as enterotox-
ins are heat resistant and thus not destroyed by
cooking. Nausea and vomiting may occur more
frequently with this form of gastroenteritis
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due to excessive gas formation and the body’s
response to purge the toxins.

In all forms of bacterial gastroenteritis, inflam-
mation as the host’s immune response to toxins
or pathogens combined with variable entero- and
cytotoxic effects can lead to mucosal cell damage
and result in overall dysfunction of the gut with
maldigestion of food and malabsorption of nutri-
ents. In addition, overgrowth of some pathogenic
bacterial strains may further exacerbate these
effects on metabolism [10].

On average, the symptoms of bacterial gastro-
enteritis infections last between 2 and 10 days.
Since patients are unable to reabsorb lost fluid,
dehydration is the most common severe compli-
cation of acute gastroenteritis [11]. Thus, hospi-
talization is sometimes required in the pediatric
and geriatric populations, although generally
infections are self-limiting.

Viruses

Acute viral gastroenteritis is one of the top 5
causes of death worldwide. The major viral gas-
troenteritis pathogens include rotavirus (RV),
norovirus (NoV), astrovirus, and enteric adeno-
virus [12]. RV is the leading cause of severe
diarrhea in children under 5 years with signifi-
cant mortality in developing nations, although
NoV also contributes [13]. In developed nations,
NoV infections commonly occur in adults and
are responsible for major outbreaks of acute
gastroenteritis. These viral pathogens are typi-
cally invasive, infecting enterocytes, and cause
cell death or toxic effects disturbing the normal
function of the gut. Unfortunately, the precise
pathogenic mechanisms of most of these viruses
remain unknown [12]. RV uses sialic acid, several
integrins, and heat shock cognate protein 70 as
cell surface receptors, which facilitate virus pen-
etration through the mucosal surface and infec-
tion [14]. This may cause structural changes,
including villus shortening, which decreases the
function of the small bowel mucosa, along with
inflammation and mononuclear cell infiltration in
the lamina propria (inner layer of the gut mucosa).
These changes combined with cell damage lead
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to maldigestion and malabsorption, similar to
bacterial gastroenteritis. In addition, infected
epithelial cells induce villus ischemia and acti-
vation of the enteric nervous system that further
exaggerate the disease [15]. Recent studies of
RV showed that the viral nonstructural protein 4
(NSP4) could act as an enterotoxin, the first iden-
tified in viral infections. NSP4 binds integrins
alpl and a2f1 [14] and appears to trigger epi-
thelial cell chloride secretion by increasing intra-
cellular Ca?* through phospholipase C activation
[16]. NSP4 also disrupts tight junctions, which is
believed to be a new mechanism of pathogenesis
leading to malabsorption and dehydration via
increased permeability [17]. Symptoms related to
viral gastroenteritis usually last 1-3 days and are
most often self-limiting. However, severe cases
can be life-threatening due to severe dehydration
[12].

Parasites

The most common parasites responsible for gas-
troenteritis are Giardia and Cryptosporidium.
Like bacteria, they can invade the intestinal
mucosa or adhere to the gut wall. Subsequent
inflammation and disruption of the gut mucosa
lead to watery diarrhea, inadequate digestion of
food, and malabsorption of nutrients [18]. The
course of parasitic gastroenteritis is longer than
both bacterial and viral gastroenteritis with symp-
toms lasting up to 4 weeks, even if the infection is
cleared. It usually resolves without intervention.
Due to the longer duration of symptoms, weight
loss due to malabsorption, fatigue, and dehydra-
tion are commonly observed [11].

Treatment of Gastroenteritis

In most cases of acute gastroenteritis, the infec-
tions resolve on their own. However, severe cases
with serious dehydration such as those caused by
RV infection can be life-threatening. Thus, the
most important aspects of symptom management
are rehydration and prevention of electrolyte
loss. In developing countries where intravenous
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Table 1 Antibiotic treatment guidelines for bacterial and
parasitic gastrointestinal infections

Pathogen Treatment

Bacterial

Campylobacter sp. Erythromycin, if administered
<4 day after symptom onset

Clostridium difficile Avoid antibiotic (may prolong

infection)

Oral Metronidazole may be

administered
Escherichia coli Avoid antibiotic (may prolong
infection or cause hemolytic-
uremic syndrome)
Antibiotic treatment not
recommended for non-typhoid
strains, except for
immunocompromised patients

Salmonella sp.

Ampicillin may be used, but
for resistant strains, third-
generation Cephalosporins,
Fluoroquinolones (not in
children), or Trimethoprim-
Sulfamethoxazole may be
effective

Antibiotics not recommended
for mild cases

Shigella sp.

Ampicillin may be used for
moderate to severe cases
Trimethoprim-
Sulfamethoxazole for resistant
strains

Fluoroquinolones for highly
resistant strains

Antibiotics ineffective (toxin
present in contaminated food)
Antibiotic selection is based
on resistance

Staphylococcus aureus

Vibrio cholera

Parasitic
Cryptosporidium Antibiotic dependent on age
parvum and general immune status

Giardia intestinalis Commonly: Metronidazole,

Paromomycin

rehydration is difficult to access, oral rehydration
is strongly recommended [19]. The World Health
Organization (WHO) recommendations include
glucose electrolyte solutions or rice-based solu-
tions, since they are easily accessible [20]. Other
treatments to prevent dehydration include antidi-
arrheal over-the-counter medications or pre-
scription antiemetics if vomiting is severe [3].
Antidiarrheal medications, such as loperamide
(Imodium), bind opiate receptors in the gut, inhib-
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iting release of acetylcholine and prostaglandins,
thereby reducing peristalsis and increasing intes-
tinal transit time [21]. Although this may allow
increased water and electrolyte absorption, dehy-
dration is still a risk and fluids should continue
to be administered. The antiemetic ondansetron
(Zofran) appears to decrease vomiting during
acute gastroenteritis by inhibiting serotonin bind-
ing to 5-hydroxytryptamine (5-HT) receptors in
the small intestine [22]. Probiotics, which consist
of nonpathogenic strains of bacteria, are consid-
ered during acute gastroenteritis to help rebuild
normal bacterial flora in the gut [23].

To combat the infection, feeding of human
milk is recommended for breastfeeding infants
[24], as it may contain antibodies against many
bacterial and viral pathogens, which may reduce
the infection [25]. In addition, human milk con-
tains many carbohydrate glycans that may serve
as decoy receptors for bacterial and viral patho-
gens that require a carbohydrate receptor to initi-
ate infection [26].

Some bacterial and parasitic infections may
require antibiotic intervention by ciprofloxacin
or metronidazole, respectively, for clearance
(Table 1). The WHO also recommends antibiot-
ics for young children with bloody diarrhea and
fever [27]. It is not generally recommended, how-
ever, as viruses remain unaffected.

Bismuth subsalicylate is used to treat diarrhea,
since it may reduce secretions [28], bind free
bacterial toxins [29], and exert topical effects on
gut mucosa [4].

Finally, vaccination is a potential key to pre-
vention. Two vaccines are available to prevent
RV, which are highly recommended for children,
while vaccines for NoV and others are under
development.

Influence of Treatment
on Metabolism

Prompt rehydration is key to stop continued dete-
rioration of the gut and restore normal metabo-
lism. Without proper reabsorption of lost fluid
due to mucosal damage, overall fluid deficit
can rapidly lead to dehydration, which can lead
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to hypovolemic shock, where the heart can-
not efficiently pump blood through the body
due to severe fluid deficits and even death [30].
Because dehydration is accompanied by loss of
electrolytes, rehydration with proper solutions
containing sufficient electrolytes is important.
Insufficient electrolytes can alter neurologic
and myocardial functions, while severe sodium
excess (due to decreased water in dehydration)
can lead to cerebrovascular damage, hemorrhage,
and death [31]. Rehydration plus some antidiar-
rheal treatment will restore the body’s normal
functions allowing it to heal damaged mucosal
surfaces of the gut. Proper digestion of food and
absorption of nutrients also may help to restore
the overall conditions of the gut, including normal
bacterial flora. However, antidiarrheal treatments
are contraindicated if symptoms include fever
and/or bloody stool, as they can prolong or
exacerbate bacterial infections [19]. Since anti-
motility agents increase bowel stasis, bacteria
may proliferate, creating additional toxins and
exacerbating gastroenteritis [32]. Antibiotic
intervention also has limitations; because many
prescribed antibiotics cannot distinguish between
pathogenic bacteria and normal gut flora, treat-
ment may also destroy endogenous bacteria and
prolong maldigestion and malabsorption. Thus,
more specific antibiotics showing a narrow spec-
trum (e.g., erythromycin against Campylobacter
infections) are recommended [33].

Perspectives

Prevention and rehydration are the keys for con-
trol of pathogenic acute gastroenteritis. Oral
rehydration is critical for patients with severe
symptoms and a large volume of body fluid loss.
Washing of hands after toilet use and before
meals is the most important hygiene practice to
prevent spread of these diseases. Most diarrheal
pathogens are resistant to environmental condi-
tions and are carried by food and water.
Research on the mechanisms these pathogens
use to persist in the environment and the pro-
cedures to prevent contamination of food and
water are important areas for disease control
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and prevention. Current research on NoV and
RV recognition of human blood group antigens
may shed new light on mechanisms of virus/host
interactions, particularly for mucosal infection,
potentially revealing new treatment approaches.

Further studies aim to understand the protec-
tion of some pathogens from disinfection proce-
dures, such as UV, y-irradiation, and high pressure.
Although research of viral pathogens causing gas-
troenteritis remains difficult due to the inability to
cultivate them in vitro, virus surrogates (replace-
ments from other species closely related to human
pathogens) provide an important new tool.

Most likely, cases of acute infectious gastro-
enteritis will continue to occur despite our best
efforts to prevent them. Our hope is that increased
availability to clean water sources and improved
sanitary conditions in developing nations will
decrease worldwide infection rates. New and
improved vaccines may also decrease infection
rates and/or hospitalizations, especially for viral
infections. The constantly evolving knowledge
and understanding of ideal treatment procedures
will hopefully decrease mortality rates and fre-
quency of complications due to acute infectious
gastroenteritis.
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