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Adenylate cyclase activity is not altered. No histopathologic changes 
are seen in the stomach or colon, but gastric motor function is delayed, 
and this alteration is believed to contribute to the nausea and vomiting 
that are typical of this illness.

Clinical Manifestations  Gastroenteritis caused by Norwalk and related 
human caliciviruses has a sudden onset following an average incubation 
period of 24 h (range, 12–72 h). The illness generally lasts 12–60 h and 
is characterized by one or more of the following symptoms: nausea, 
vomiting, abdominal cramps, and diarrhea. Vomiting is more preva-
lent among children, whereas a greater proportion of adults develop 
diarrhea. Constitutional symptoms are common, including headache, 
fever, chills, and myalgias. The stools are characteristically loose and 
watery, without blood, mucus, or leukocytes. White cell counts are 
generally normal; rarely, leukocytosis with relative lymphopenia may 
be observed. Death is a rare outcome and usually results from severe 
dehydration in vulnerable persons (e.g., elderly patients with debilitat-
ing health conditions).

Immunity  Approximately 50% of persons challenged with Norwalk 
virus become ill and acquire short-term immunity against the infect-
ing strain. Immunity to Norwalk virus appears to correlate inversely 
with level of antibody; i.e., persons with higher levels of preexisting 
antibody to Norwalk virus are more susceptible to illness. This obser-
vation suggests that some individuals have a genetic predisposition to 
illness. Specific ABO, Lewis, and secretor blood group phenotypes may 
influence susceptibility to norovirus infection.

Diagnosis  Cloning and sequencing of the genomes of Norwalk and 
several other human caliciviruses have allowed the development of 
assays based on polymerase chain reaction (PCR) for detection of 
virus in stool and vomitus. Virus-like particles produced by expres-
sion of capsid proteins in a recombinant baculovirus vector have been 

used to develop enzyme immunoassays 
(EIAs) for detection of virus in stool 
or a serologic response to a specific 
viral antigen. These newer diagnostic 
techniques are considerably more sensi-
tive than previous detection methods, 
such as electron microscopy, immune 
electron microscopy, and EIAs based 
on reagents derived from humans. 
However, no currently available single 
assay can detect all human caliciviruses 
because of their great genetic and anti-
genic diversity. In addition, the assays 
are still cumbersome and are avail-
able primarily in research laboratories, 
although they are increasingly being 
adopted by public health laboratories 
for routine screening of fecal specimens 
from patients affected by outbreaks of 
gastroenteritis. Commercial EIA kits 
have limited sensitivity and usefulness 
in clinical practice and are of greatest 

children and the most common agent among older children and 
adults. In the United States, with the decline in severe rotavirus disease 
following implementation of rotavirus vaccines, norovirus has become 
the leading cause of medically attended gastroenteritis in young chil-
dren. Noroviruses are also recognized as the major cause of epidemics 
of gastroenteritis worldwide. In the United States, >90% of outbreaks 
of nonbacterial gastroenteritis are caused by noroviruses.

Virus is transmitted predominantly by the fecal-oral route but is 
also present in vomitus. Because an inoculum with very few viruses 
can be infectious, transmission can occur by aerosolization, by contact 
with contaminated fomites, and by person-to-person contact. Viral 
shedding and infectivity are greatest during the acute illness, but 
challenge studies with Norwalk virus in volunteers indicate that viral 
antigen may be shed by asymptomatically infected persons and also 
by symptomatic persons before the onset of symptoms and for several 
weeks after the resolution of illness. Viral shedding can be prolonged 
in immunocompromised individuals.

Pathogenesis  The exact sites and cellular receptors for attachment of 
viral particles have not been determined. Data suggest that carbohy-
drates that are similar to human histo-blood group antigens and are 
present on the gastroduodenal epithelium of individuals with the secre-
tor phenotype may serve as ligands for the attachment of Norwalk virus. 
Additional studies must more fully elucidate norovirus-carbohydrate 
interactions, including potential strain-specific variations. After the 
infection of volunteers, reversible lesions are noted in the upper 
jejunum, with broadening and blunting of the villi, shortening of the 
microvilli, vacuolization of the lining epithelium, crypt hyperplasia, 
and infiltration of the lamina propria by polymorphonuclear neu-
trophils and lymphocytes. The lesions persist for at least 4 days after 
the resolution of symptoms and are associated with malabsorption of 
carbohydrates and fats and a decreased level of brush-border enzymes. 

  Table 227-1    Viral Causes of Gastroenteritis among Humans

Virus Family Genome Primary Age Group at Risk Clinical Severity Detection Assays
Group A rotavirus Reoviridae Double-strand  

segmented RNA
Children <5 years + + + EM, EIA (commercial), PAGE, 

RT-PCR

Norovirus Caliciviridae Positive-sense  
single-strand RNA

All ages + + EM, RT-PCR

Sapovirus Caliciviridae Positive-sense  
single-strand RNA

Children <5 years + EM, RT-PCR

Astrovirus Astroviridae Positive-sense  
single-strand RNA

Children <5 years + EM, EIA, RT-PCR

Adenovirus (mainly types  
40 and 41)

Adenoviridae Double-strand DNA Children <5 years +/+ + EM, EIA (commercial), PCR

Abbreviations: EIA, enzyme immunoassay; EM, electron microscopy; PAGE, polyacrylamide gel electrophoresis; PCR, polymerase chain reaction; RT-PCR, reverse-transcription PCR.

Figure 227-1  Viral agents of gastroenteritis. NV, norovirus; SV, sapovirus.
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