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1. Introduction 

Nonbacterial gastroenteritis is a syndrome that af
fects a broad segment of the population throughout 
the world. In the developed countries, it is a major 
cause of morbidity in infants and young children, 
whereas in the developing countries, it is a major 
cause of both morbidity and mortality in this same 
age group. In the Cleveland Family Study, which 
included some 25,000 illnesses over an approximate 
lO-year period, infectious gastroenteritis was the 
second most common disease experience and ac
counted for 16% of all illnesses. (58) In addition, a 
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winter survey of a sample of United States physi
cians engaged in pediatric practice revealed that 
"GI disturbance" was the second most common 
disease for which children were brought to the phy
sicians' offices, accounting for 9.5% of all visits. (3) 

On the global scale, the impact of diarrheal diseases 
is staggering; World Health Organization (WHO) 
statistics have revealed that diarrheal diseases ac
count for a large proportion of the total reported 
deaths in many countries. (280) An estimate of the 
total number of diarrheal episodes in 1975 in chil
dren less than 5 years of age in Asia, Africa, and 
Latin America revealed that over 450 million epi
sodes of diarrhea would occur, and of these 1-4% 
would be fatal, resulting in the deaths of 5-18 mil
lion infants and young children in this I-year pe
riod. (217) In a recent report on a strategy for disease 
control in developing countries, it was estimated 
that in Africa, Asia, and Latin America in a I-year 
period (1977-1978), there would be 3-5 billion cases 
of diarrhea and 5-10 million deaths; diarrheas were 
ranked number one in frequency in the categories 
of disease and mortality. (271) 

Despite the great importance of this problem, 
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studies failed to reveal an etiological agent for the 
majority of diarrheal illnesses. (51) However, discov
eries made since 1972 of two new groups of vi
ruses-the "parvoviruslike" group, of which the 27-
nm Norwalk particle is the prototype, and the 70-
nm rotavirus group-have brought forth an abun
dance of new information about viral gastroenteri
tis. (21,135,136) The Norwalk group has been associated 
with gastroenteritis outbreaks occurring in school, 
community, and family settings affecting school
aged children, adults, family contacts, and some 
young children as well. (102, 136) The 70-nm rota vi
ruses have been associated with 39-63% of the acute 
diarrheal diseases of infants and young children re
quiring hospitalization in several developed coun
tries in different parts of the world and appear to 
be important ethiological agents of severe acute in
fantile gastroenteritis in developing countries also. 
This chapter will deal primarily with these two new 
groups of viruses; in addition, other viral agents 
that do play a role or may also play a role in this 
syndrome will be discussed at the end of the chap
ter. 

2. Historical Background 

Diarrhea in humans has been documented since 
pre-Hippocratic times. Discoveries made in the past 
century in the fields of bacteriology and parasitology 
resulted in the elucidation of the etiology of a por
tion of the diarrheal syndromes. However, it soon 
became apparent that despite the bacteriological and 
parasitic discoveries, a significant proportion of ep
idemic and infantile gastroenteritis could not be as
cribed to any etiological agent. By exclusion, it was 
assumed that many of these infectious gastroenter
itides were due to viruses. In 1945, Reimann, Price 
and Hodges(206) described the transmission of gas
troenteric illness to volunteers following adminis
tration by the respiratory route of nebulized bacte
ria-free filtrates of throat washings or fecal 
suspensions from gastroenteritis patients. Gordon 
et al.,<96) in 1947, induced an afebrile diarrheal illness 
in volunteers by the oral administration of bacteria
free fecal filtrates and throat washings from gas
troenteritis patients; this infectious inoculum was 
designated the Marcy strain, since it was derived 
from pooled diarrheal stools obtained from two pa-

tients in a gastroenteritis outbreak at Marcy State 
Hospital near Utica, New York. 

In 1948, Kojima et al. (140) induced gastroenteric 
illness in volunteers following oral administration 
of bacteria-free fecal filtrates derived from diarrhea 
cases in the Niigata Prefecture and other districts; 
serial passage was achieved, and short-term im
munity was demonstrated on challenge with a sin
gle strain. Yamamoto et al.,<Z92) in 1948, also induced 
diarrheal illness in volunteers (and cats as well) with 
bacteria-free fecal filtrates derived from an epidemic 
of gastroenteritis in the Gumma Prefecture. Later, 
in 1957, Fukumi et al. (92) reported on the relationship 
between the Niigata Prefecture strain (derived from 
a pool of stools of several patients with diarrhea as 
described above and shown to have been infectious 
in volunteers) and the Marcy strain. In cross-chal
lenge studies Niigata and Marcy strains were found 
to be related. 

In 1953, Jordan, Gordon, and Dorrance reported 
the induction of a febrile gastroenteric illness in vol
unteers following the oral administration of a bac
teria-free fecal filtrate derived from a patient with 
gastroenteritis who was enrolled in the Cleveland 
Family Study (FS) cited in Section 1; the agent, 
which was designated the FS strain, was serially 
passaged in volunteers. (117) Cross-challenge studies 
in volunteers revealed that the Marcy and FS strains 
were not antigenically related; in addition, the in
cubation period of and clinical illness induced by 
the two strains were somewhat different. (117) 

Studies on the etiology of severe infantile gas
troenteritis also failed to reveal an etiological agent 
in the majority of instances. However, in 1943, Light 
and Hodes(151) were able to induce diarrhea in calves 
with a filterable agent derived from diarrheal stools 
obtained from infants who developed diarrheal ill
ness during outbreaks of such illness in premature 
or full-term nurseries. A calf stool that had been 
lyophilized and stored for over 30 years was recently 
examined by electron microscopy (EM) and found 
to contain rotavirus, (112) Whether this represented 
a true calf rotavirus or the human strain passaged 
in calves could not be determined conclusively; in 
recent studies, the agent was not infectious when 
administered to a gnotobiotic calf. (112,281) 

In 1972, application of the technique of immune 
electron microscopy (IEM) led to the discovery of 
27-nm particles in stool material derived from a gas
troenteritis outbreak in Norwalk, Ohio(135) (Fig. 1A). 
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Fig. 1. (A) A group of Norwalk virus particles observed after incubation of 0.8 ml of Norwalk stool filtrate (prepared 
from a stool of a volunteer administered the Norwalk agent) with 0.2 ml of a 1: 5 dilution of a volunteer's prechallenge 
serum and further preparation for EM. The quantity of antibody on these particles was rated as 1 +. Scale bar: 100 nm. 
From Kapikian et al.(135) (bar added) . (B) Human rotavirus particles observed in a stool filtrate (prepared from a stool 
of an infant with gastroenteritis) after incubation with phosphate-buffered saline and further preparation for EM. The 
particles appear to have a double-shelled capsid. Occasional "empty" particles are seen. Scale bar: 100 nm. From 
Kapikian el al. (134) 

This technique, which had actually been described 
in 1939 but not used to its fullest potential until 
recently, might be considered as the direct obser
vation of antigen-antibody interaction by 
EM.(7,8,12,129) The 27-nm particles were visualized in 
a known infectious stool filtrate derived from a vol
unteer who had developed illness following admin
istration of the Norwalk agent<135); the particle-pos
itive specimen had also induced illness in other 
volunteers on serial passage. (60) The particles were 
recognized following reaction of the known infec
tious stool filtrate with a volunteer's convalescent 

serum prior to preparation for examination by 
IEM, (135) Serological evidence of infection with this 
particle was also demonstrated by IEM in certain 
experimentally and naturally infected individuals 
and from these and other data it was concluded that 
the 27-nm particle was the etiological agent of the 
Norwalk outbreak, (135) Particles morphologically 
similar to Norwalk virus-such as the Hawaii, 
Montgomery County, Ditchling, "W," cockle, Par
ramatta, and Marin County agents~were later de
tected from patients in outbreaks of gastroenteritis 
by IEM or conventional EM, (9,11,48,193,256) 
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It soon became apparent from other studies that 
a 70-nm particle-formerly known by various names 
such as orbivirus, orbiviruslike, reoviruslike agent, 
duovirus, and infantile gastroenteritis virus but now 
officially designated rotavirus-was indeed the 
major etiological agent of infantile diarrhea. (21.54,66. 
86,104,107.,133,165,201) The human rotavirus was discov-
ered in 1973 by Bishop et al. (20,21) by examination by 
thin-section EM of duodenal biopsies obtained from 
infants and young children hospitalized with acute 
gastroenteritis in Australia. Subsequently, it was 
found to be readily detectable in stool preparations 
by EM.(19,83) In a relatively short time, laboratories 
from all over the world reported in rapid succession 
the presence of rotavirus in stool specimens from 
infants and young children with diarrheal illness, 
and it thus became apparent that this virus was 
indeed the long-sought major viral etiological agent 
of diarrhea of infants and young children (Fig. 1B). 

Two final notes of historical interest: In 1963, 
Adams and Kraft, (1) using thin-section EM to study 
intestinal tissue from mice infected with epizootic 
diarrhea of infant mice virus, described particles 
very similar to those first observed in 1973 in infants 
and young children in Australia. In 1969, Mebus et 
al. (174) described the presence of reoviruslike parti
cles in stools obtained from calves with a diarrheal 
illness. Later, both the mouse and calf viruses were 
found to be antigenically related to human rotavi
ruS.(86,126,127.134) It is of interest that both the Nor-
walk and rotavirus groups could have been discov
ered much sooner than they were if the concept of 
"direct virology" using EM had been applied to ap
propriate specimens. (136) 

3. Methodology Involved in 
Epidemiological Analysis 

3.1. Sources of Mortality Data 

Age-specific mortality data are available in the 
United States in the Vital Statistics Report prepared 
by the National Center for Health Statistics of the 
Office of Health Research Statistics and Technology, 
Public Health Service, Hyattsville, Maryland. One 
of the causes of death enumerated in this report is 
"enteritis and other diarrheal diseases." Another is 
"bacillary dysentery and amebiasis." Since theclin-

ical manifestations of viral diarrheas are not dis
tinctive enough to permit differentiation from many 
other causes of diarrhea, and since the laboratory di
agnosis of infection with viral gastroenteritis agents 
remains essentially a research tool, it is not yet pos
sible to estimate the role of specific viruses in overall 
mortality from diarrhea. On a worldwide scale, 
mortality data for diarrheal diseases are available in 
WHO and Pan American Health Organization pub
lications. Vital statistics from around the world give 
the overall importance of diarrhea as a cause of 
death, but, for the same reasons noted above, do 
not specify the role of the newly discovered viruses. 
However, with the emergence of rotaviruses as a 
major cause of infantile diarrhea, it is generally as
sumed that this group of agents is of importance as 
a cause of mortality from diarrheal diseases in the 
developing countries. However, its relative impor
tance in this regard in comparison to bacterial agents 
has not yet been ascertained. 

3.2. Sources of Morbidity Data 

Since the clinical manifestations of viral gastroen
teritis are indistinguishable in individual cases from 
many other forms of gastroenteritis, it is not possible 
to obtain specific morbidity data without the aid of 
laboratory diagnosis, and as yet such diagnosis re
mains essentially a research tool. Recently, the Na
tional Institute of Allergy and Infectious Diseases 
initiated an enteric-diseases program that has as one 
of its aims the collection of gastroenteritis morbidity 
data from an epidemiological as well as an etio
logical view point. This program now includes stud
ies in families, day-care centers, health-plan mem
bers, and other groups, and already some information 
has emerged on gastroenteritis morbidity associated 
with the new agents. With rare exceptions, such as 
the longitudinal study of infection with gastroen
teric viruses in a Guatemalan village, (291) most of the 
data on morbidity associated with gastroenteritis 
viruses comes from cross-sectional hospital-based 
studies of infants and young children admitted for 
diarrheal illness and from studies of outbreaks of 
gastroenteritis. Such studies undoubtedly provide 
only a limited view of the total morbidity associated 
with these viruses, since they include only patients 
sick enough to come to the hospital or ill persons 
in selected outbreaks. 



3.3. Serological Surveys 

Serological surveys have been carried out with the 
rotaviruses and the Norwalk agent to elucidate the 
prevalence of infection, the pattern of antibody ac
quisition by age, and the geographic distribution of 
these agents. (100,127,131,286,302) Rotavirus serology has 
relied heavily on the complement-fixation (CF) and 
enzyme-linked immunosorbent assay (ELISA) tech
niques. (126, 127,302) Until very recently, large-scale sero
logical surveys could not be carried out with Nor
walk virus, since the only assay available was 
immune electron microscopy (IEM); this technique 
was not practical for such studies, since it not only 
was very time-consuming but also required rela
tively large amounts of antigen, which was in short 
supply. However, the development of an immune 
adherence hemagglutination assay (IAHA) and a 
radioimmunoassay (RIA) has now made it possible 
to perform serological surveys with Norwalk 
virus. (104, 131) Such surveys have not been carried out 
with other members of the Norwalk group, since 
the only available serological assay for them is still 
IEM. 

3.4. Laboratory Methods 

3.4.1. Norwalk Group of Viruses 
a. Antigen Detection. Since this group of viruses 

has not yet been cultivated in any in vitro system, 
EM remains a mainstay for their recognition from 
stool specimens. IEM entails the reaction of anti
body (such as that present in the patient's conva
lescent serum or in pooled immune serum globulin) 
with virus in the patient's stool preparation. (128,136) 
Following centrifugation, the pellet (which contains 
the antigen-antibody complex) is prepared for exam
ination by negative-stain EM. Antibodies directed 
against the particle are seen on the surface of the 
particle, and under appropriate conditions, anti
bodies induce aggregation of the particles. How
ever, aggregation per se is not indicative of the pres
ence of antibody, since nonspecific aggregating may 
occur. The presence of antibodies on the particle 
with or without aggregation enables its differentia
tion from nonspecific matter. The specificity of the 
reaction must be determined in additional IEM ex
periments, since stools contain a large amount of 
particulate matter that may cause considerable con
fusion. Thus, a serological test as outlined in Section 
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3.4.1b below must be carried out with the putative 
particle as antigen and paired acute (or pre-) and 
postinfection sera as the source of antibody to de
termine whether an increase in antibody to the par
ticle occurred. Such paired sera may be from the 
patient, another subject in the outbreak, or a subject 
with a response to a known agent. Such a study 
should routinely be done under code. The direct 
examination of stool material without addition of 
serum may also be carried out if sufficient antigen 
is present; however, identification or determination 
of the significance of such a particle should be car
ried out by IEM as outlined above. (128,136) 

An RIA for detection of the prototype strain of 
the Norwalk group of agents has recently been de
veloped(99,I04) that is even more efficient than IEM. 
The test is essentially a research tool, since suitable 
reagents are not generally available. An IAHA has 
also been developed for the Nowalk agent, (131) but 
is not efficient for its detection in clinical specimens. 
RIA and IAHA techniques are not available for the 
other members of the Norwalk group; thus, EM and 
IEM remain the only methods for their detection 
and IEM the only method for their identification. 

The Norwalk group of agents has not been shown 
to produce illness in any experimental animal. (25,60, 
61,136,284,287) However, the Norwalk virus has been 
found to infect chimpanzees by the alimentary route 
as indicated by shedding of antigen and a serological 
response. (104,284) 

b. Serological Studies. As noted above, IEM re
mains a mainstay for studying this group of agents. 
In this technique, the stool material that contains 
the particle is incubated with a standard dilution of 
an acute, or pre-, and postillness serum specimen, 
and the amount of antibody coating the particle is 
scored on a 0-4 + scale. (128,129,135,136) An example of 
a seroresponse to the Norwalk virus by a volunteer 
who developed illness following oral administration 
of Norwalk virus is shown in Fig. 2. The difference 
in the amount of antibody coating the Norwalk virus 
following its incubation with the volunteer's pre
challenge serum and his postchallenge serum is 
clearly evident. Since numerous spherical particles 
are detected in stool by EM, it is essential to establish 
the significance of these objects by IEM employing 
appropriate paired sera. After a viruslike particle 
has been detected, a seroresponse should be dem
onstrated as an initial step in associating this particle 
with infection. 
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The development of an RIA-blocking test for mea
surementofNorwalk virus antibody has greatly facili
tated epidemiological study of this agent. (100, 101, 102) 

This assay is as efficient as IEM for detecting a 
seroresponse but is much more practical, since it is 
much less time-consuming and also requires much 
less antigen and antibody. In addition, an IAHA for 
detection of Norwalk virus antibody has been de
veloped. (131) It is not quite as efficient as either IEM 
or RIA, but is, of course, more practical than IEM. 
Both the RIA-blocking and IAHA techniques remain 

essentially research tools because of the paucity of 
appropriate Norwalk antigen. Neither an RIA
blocking nor an IAHA technique is available for 
other members of the Norwalk group of agents. 

3.4.2. Rotavirus 
a. Antigen Detection. Since the human rotavirus 

in clinical specimens does not grow readily in tissue 
culture or in small laboratory animals, it cannot be 
detected by conventional cultivation techniques. 
(286.288) Thus, in the early studies, EM was the 

Fig. 2. (A) An aggregate observed after incubation of O.S ml of Norwalk (SFIIa) stool filtrate with 0.2 ml of 
a 1:5 dilution of a volunteer's prechallenge serum and further preparation for electron microscopy. This 
volunteer developed gastroenteritis following challenge with a second passage Norwalk filtrate which had 
been heated for 30 minutes at 60°C. (60) The quantity of antibody on the particles in this aggregate was rated 
1-2 - 2 + and this prechallenge serum was given an overall rating of 1- 2 +. (B) A single particle and (C) 
three single particles observed after incubating O.S ml of the Norwalk (SFIIa) stool filtrate with 0.2 ml of a 
dilution of the volunteer's postchallenge convalescent serum and further preparation for EM. These particles 
are very heavily coated with antibody. The quantity of antibody on these particles was rated 4+ and the 
serum was given an overall rating of 4 + also. The difference in the quantity of antibody coating the particles 
in the prechallenge and post challenge sera of this volunteer is clearly evident. The bar = 100 nm and applies 
to A, B, and C. From: Kapikian et al. (129) 
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Table 1. Efficiency and Practicality of Methods Available for Detection of Human Rotaviruses from 
Stool Specimens4 

Method 

Electron microscopy (EM)(19,83,I34,182,202) 
Immune electron microscopy (IEM)(133,134) 
Complement-fixation (CF) (conventionalj<95,141,182,228,240,265) 

Efficiencyb 

4+ 
4+ 
1+ 

Practicality for large-scale 
epidemiological studies 

(assuming 4 + efficiency) 

1+ 
1+ 
4+ 

Human fetal intestinal organ culture [with immunofluorescence (IF)](288) 
Counterimmunoelectroosmophoresis(10,97,180,240,241,264) 

1+ 
3-4+ 

0 
4+ 

Fluorescent virus precipitin test(91,199,299) 
Cell culture (cytopathic effect)(186,283) 
Cell culture (with IF)(6,186,204,283) 
Cell culture (with EM)(6,2Q4,283) 
Centrifugation onto cell culture (with IF)(15,38,259,263) 
Gel diffusion(278) 
Smears (with IF)(274) 
Radioimmunoassay (RIA)(24,53,1l9,179) 
Enzyme-linked immunosorbent assay (ELISA)(294,296,3Q0) 
Immune adherence hemagglutination assay (IAHA)(164) 
RNA electrophoresis patterns in gels(78) 
Modified CF(304) 
Enzyme-linked fluorescence assay (ELFA)(297) 
Ultrasensitive enzymatic radioimmunoassay (USERIA)(IIO) 
Solid-phase aggregation of coupled erythrocytes (SPACE)(31) 

4+ 
1+ 
1+ 
1+ 

3-4+ 
1+ 
1+ 
4+ 
4+ 
3+ 
3+ 

3-4+ 
4+ 
4+ 

3-4+ 

1+ 
2-3+ 
1+ 
1+ 
1+ 
4+ 
4+ 

3-4+ 
4+ 

2-3+ 
1+ 

2-3+ 
3+ 
3+ 

3-4+ 

• From Kapikian et at. (136) with additions. 
b On a scale of 1-4 +, where 1 + indicates a low degree of efficiency or practicality and 4 + indicates a high degree of efficiency or 

practicality . 

mainstay for detection of rota virus in stool speci
mens, Although IEM was also employed, the addi
tion of antibody was not essential, sinj:e in contrast 
to the Norwalk group, rotaviruses have a quite dis
tinct morphological appearance as shown in Fig. 
1B.(I34) However, various simpler and more readily 
available methods for rotavirus detection have been 
developed as practical alternatives to EM for diag
nosis and for research epidemiological studies. 
Table 1 shows numerous methods that have been 
described for rotavirus detection and presents a rat
ing for each on a 1-4 + scale, with 1 + indicating 
a low degree of efficiency or practicality and 4 + a 
high degree. Though EM and !EM are very efficent, 
they are not practical, but nevertheless remain the 
"supreme court" of rotavirus detection, since ques
tionable results by any of the assays can usually be 
resolved by examination of the specimen by EM. In 
our laboratory, the method of choice at present is 
the ELISA, since it is practical and efficient and does 
not require sophisticated equipment. However, 

with this assay, all "positive" specimens detected 
by the conventional ELISA must be confirmed by 
an appropriate blocking test, or alternatively and 
more practically appropriate positive and nega
tive sera should be employed in the initial detection 
system so that a confirmatory test is done at the 
time of virus detection. (136,296) Recently, a modifi
cation of this test called the enzyme-linked fluores
cence assay (ELFA) was described as being even 
more sensitive than the conventional ELISA: a spe
cial substrate is employed that is examined for the 
degree of fluorescence (rather than for the degree 
of color change as in the conventional ELISA). (297) 
An even more sensitive assay designated as ultra
sensitive enzymatic radioimmunoassay (USERIA) 
has also been described recently. (110) Another assay 
that has been described as being efficient for rota
virus detection-solid-phase aggregation of cou
pled erythrocytes (SP ACE)-has recently been in
troduced. (31) The selection of technique will depend 
on the investigator's capabilities and experience and 
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Table 2. Efficiency and Practicality of Methods Available for Detecting Serological Evidence of 
Human Rotavirus Infectiona 

Method 

Immune electron microscopy (IEM)(30,84,133,134,141) 
Complement-fixation (CF)(30,66,74,106,I07,126,127,133,134) 
Immunofluorescence (IF)(56,74,86, 127, 139, 186, 194,285,288) 
Gel diffusion (278) 
Counterimmunoelectroosmophoresis(52,180) 

Efficiencyb 

4+ 
3-4+ 
4+ 

Not known 
Variable 

Practicality for large-scale 
epidemiological studies 

(assuming 4 + efficiency) 

<1+ 
4+ 
1+ 
2+ 
2+ 

Neutralization of calf rotavirus in cell culture(86,108,124,127,262,278) 
Radioimmunoassay (RIA)(24) 

2+ 
Not known 

1+ 
3+ 

Enzyme-linked immunosorbent assay (ELISA)(234,295,298,301,302) 
Inhibition (neutralization) of fluorescent fod38,74,257,259,285) 
Immune adherence hemagglutination assay (IAHA)(131,162,164) 
Hemagglutination-inhibition (HI)(80,233,242) 

4+ 
Not known 

3-4+ 
2-3+ 

3-4+ 
1+ 
4+ 
4+ 

, After Kapikian et al. (136) with certain reference changes. 
b On a scale of 1-4 +, where 1 + indicates a low degree of efficiency or practicality and 4 + indicates a high degree of efficiency or 

practicality. 

the availability of appropriate reagents, Regardless 
of the methods employed, it is striking that almost 
all the rotavirus-detection methods do not require 
in vitro cultivation, but rather employ "direct virol
ogy" -a simple concept that, as so often occurs in 
medical research, could have been employed years 
ago but has been applied only recently, (136) 

b, Serological Studies, Numerous assays have been 
described for detection of rotavirus antibody, Since 
the agent could not be grown in cell cultures, initial 
studies of serological responses relied on IEM, uti
lizing human rotavirus-positive stools as antigen, (134) 
However, this time-consuming method was soon 
superseded by the development of a CF test in 
which particle-rich human stools were used as an
tigen, (126,127,134) This method was limited by the 
paucity of human stools containing sufficient par
ticles for the CF assay, It was soon discovered, how
ever, that animal and human rotaviruses shared a 
common CF antigen and thus that animal strains 
could be used as substitute CF antigens for detection 
of infection with human rotavirus.(126,127) This an

tigenic relationship was of special importance, since 
certain animal rotaviruses such as a few calf strains, 
simian strain SA-l1, and the "0" agent (from in
testinal washings of sheep and cattle) had been 
propagated efficiently in cell cultures(158,169); thus 
the quantity of CF antigen was virtually unlimited, 
Moreover, the recent efficient propagation of human 
rotavirus strain Wa (see Section 4.2) should make 

sufficient human rotavirus antigen available for this 
and other assays, (285) A variety of other serological 
assays have been developed to detect serological 
evidence of rotavirus infection, such as immunoflu
orescence (IF), IAHA, hemagglutination-inhibition 
(HI), and ELISA A summary of the relative effi
ciency and practicality of serological methods for 
rotavirus is presented in Table 2. The ELISA block
ing and binding assays are more efficient than CF 
for detecting rotavirus infection in infants less than 
6 months of age and also in adults. (298,301) The CF 
and ELISA methods are comparable in efficiency for 
infants and young children 6-24 months of age. IF 
is almost as efficient as ELISA for rota virus antibody 
detection. (298) Thus, ELISA appears to be the most 
efficient of the available methods; however, it is not 
quite as practical as CF in laboratories where the 
latter is used routinely for other agents. CF may be 
employed with confidence if its limits of efficiency 
are recognized and alternate tests are employed 
when needed. The ELISA has an additional advan
tage over CF in that the former permits the meas
urement of immunoglobulin classes. (295,301) It is no
teworthy that in most of the serological assays 
shown in Table 2 in which human rotavirus was 
used as antigen, the approach of "direct virology," 
which obviates in vitro cultivation of an agent, was 
quite successful. (136) Of course, a source of antigen 
such as particle-rich stools was essential for these 
serological assays. 



4. Biological Characteristics 

4.1. Norwalk Group of Viruses 

This group of agents is comprised of several vi
ruses that (1) were detected in the stool of patients 
with gastroenteritis, (2) have not been propagated 
in vitro, (3) share a morphological appearance similar 
to that of picorna- or parvoviruses and in certain 
preparations to the caliciviruses also, and (4) have 
a buoyant density in CsCIz of 1.37-1.41 gl 
cm3. (9,11,130,135,136,256,287) The Norwalk virus repre-
sents the prototype strain of this group of agents. (135) 

There are several other members of the group the 
origins and epidemic features of which are shown 
in Table 3 and described later in this section. The 
Norwalk and Hawaii viruses were shown to be dis
tinct by cross-challenge and immune-electron-mi
croscopic (IEM) studies, the Norwalk and Mont
gomery County to be related, and the relationship 
of Hawaii and Montgomery County to be inconclu
sive. (135,282) The Ditchling and W agents appear to 
be related but distinct from Norwalk and Hawaii by 
IEM. (9,129) The cockle agent is distinct from Norwalk 
virus, but its relationship to other agents is incon
clusive. (11) 

Some of the biochemical or biophysical charac
teristics of two of these viruses have been elucidated 
in volunteer studies in which the ability of a treated 
stool filtrate to induce illness was determined. The 
Norwalk virus was found to be acid-stable (pH 2.7 
for 3 hr at room temperature) and relatively heat
stable, and both the Norwalk and "W" viruses were 
ether-stable (20% ether at 4°C for 24 hr). (50,60) 

This group has not yet been classified into any 
family of viruses. However, it has been suggested 
that the Norwalk virus was "parvoviruslike" since 
it shared certain characteristics with this group such 
as morphology by negative-stain EM, density in 
CsCi, and ether, acid, and relative heat stability.(6O,135) 
This suggestion was quite tentative, since the nu
cleic acid content of the Norwalk virus as well as of 
the other agents in this group was not known. Re
cent studies of the polypeptides of Norwalk virus 
suggest that it may be caliciviruslike because a single 
primary virion-associated protein with molecular 
weight of 59,000 was detected; in addition, a single 
soluble protein with a molecular weight of 30,000 
was also found. (102) Caliciviruses also have a single 
structural protein with a molecular weight of about 
65,000(35,223b,224); in addition, a small virion-associ-
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ated protein with a molecular weight of about 
15,000, as well as a nonstructural virus-associated 
protein with a molecular weight of 29,000 have been 
described. (35,223b) 

As shown in Table 3, other potential members of 
this group include the Parramatta, (48) the Colorado 
(Snow Mountain)(185,193) and Marin County 
agents. (98,193) The Parramatta and Marin County 
agents were readily visualized by EM and IEM, re
spectively; only a few 27-nm particles were visual
ized in a filtrate of the Colorado agent. The density 
of each of these particles has not been described. 

Evidence for the etiological role of the Norwalk 
group of agents in gastroenteritis differs for each 
member. In one study, the Norwalk agent was 
shown to induce illness in 30 (58%) of 52 volun
teers(282); serological evidence of infection has been 
demonstrated in most of a sample of volunteers who 
developed illness as well as in certain subjects in 
the original outbreak. (104,131,135) Further evidence of 
an etiological association was the demonstration 
that volunteers who developed illness after Norwalk 
challenge had a close temporal relationship between 
virus shedding and illness, with maximal shedding 
occurring at the onset of experimental illness. (255) 
Only short-term immunity characteristically occurs 
in volunteers who develop illness after initial chal
lenge(6O,197,282); pre challenge serum antibody titers 
could not be correlated with susceptibility to ill
ness. (197) Volunteers have also developed illness fol
lowing administration of stool filtrates containing 
the Hawaii, Montgomery County, "W," and Colo
rado agents. (50,185,282) IEM seroresponses were ob
served in volunteers challenged with the Hawaii 
and Montgomery County agents.(135,256) Homolo
gous seroresponses also occur in most individuals 
who develop illness associated with the Parramatta 
or Marin County agents. (48,193) 

4.2. Rotaviruses 

Human rotavirus has been detected in stools of 
about 30-60% of infants and young children hos
pitalized with acute gastroenteritis and much less 
often in older children and adults with this dis
ease, (33,54,102,133,136,141) as well as in stools of numer-
ous animals. Rotaviruses have been identified with a 
diarrheal illness in the calf, (169,174,276) infant mouse, (187) 
piglet, (148,168,210,254,277) foal, (85) lamb, (238) young rab
bit, (39,203) monkey, (247) newborn deer, (268) new
born antelope, (205) young chimpanzee, (13) young go-
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rilla, (13) young turkey, (16, 167) chicken, (116) young 
goat, (231) and young kitten(235); pneumoenteric ill
ness has been found in the newborn impala, (79) new
born addax,t74) and newborn gazelle.(79) The offal 
("0") agent was derived from mixed intestinal wash
ings from abattoir waste, (158) and a rotavirus has 
been derived from dogs with no known illness. (218) 
Of all these rotaviruses, human rotavirus Wa (dis
cussed later in this Section), the calf, piglet, and 
monkey isolates, and the "0" agent from sheep and 
calf intestines have been successfully carried through 
two or more passages in cell cultures. Further de
scriptions of these animal rotaviruses have been re
cently reviewed.(286) With the exception of the SA-
11 strain of simian rota virus, canine rotavirus, and 
the "0" agent that was derived from mixed intes
tinal washings from an abattoir waste, each of the 
others has been associated with naturally occurring 
diarrheal (or pneumoenteric, as already noted) ill
ness in newborns of each respective group. 

As shown in Fig. 18, rotaviruses have a distinctive 
morphological appearance. Complete particles pos
sess a double-shelled capsid and measure about 70 
nm in diameter; single-shelled particles measure 
about 55 nm in diameter, whereas the core has a 
diameter of about 37 nm. (75,88.114,159,196,200,231) The 

term rotavirus comes from the Latin word rota, 
meaning wheel, and was suggested because the 
sharply defined circular outline of the outer capsid 
gives the appearance of the rim of a wheel placed 
on short spokes radiating from a wide hub. (82.86) 
Rotaviruses resemble orbiviruses and reoviruses 
morphologically, but differ characteristically in their 
fine structure. (192,286) 

The rotavirus genome is comprised of 11 seg
ments of double-stranded RNA, (118,120,121,192,211.225, 
260) which distinguishes them from reoviruses and 
orbiviruses, both of which possess only 10 RNA 
segments. (89.286) The migration patterns of the RNA 
segments of rotaviruses as determined by polyac
rylamide-gel electrophoresis are of importance not 
only in the biophysical characterization of these 
agents but also as epidemiological probes; they have 
served as one of the methods of differentiating 
human and animal rotaviruses as well as various 
human rotavirus strains. (118,120) The distinctive RNA 
migration pattern of rotaviruses has also been used 
for detection and identification of rota virus strains 
from clinical specimens. (78) Rotaviruses contain eight 
to ten polypeptides, with five or six associated with 
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the inner shell and three or possibly four with the 
outer shell of the double-shelled capsid. (191,192,211,212, 

260) Complete particles have a density of 1.36 glcm3 

in CsClz and a sedimentation coefficient of 520-530 
S. (127,132,200,201,211,212,253) Particles that lack the double 

capsid (core particles) have a density of approxi
mately 1.38 g/cm3, whereas "empty" particles that 
have been penetrated by negative stain have a den
sity of approximately 1.29-1.30 g/cm3,<?5,211,253) 

Since rotaviruses share certain properties with the 
reoviruses and orbiviruses and yet are distinct se
rologically and in certain biophysical aspects, they 
have been officially classified as a new genus in the 
family Reoviridae. (165) This family now contains six 
genera: reovirus, orbivirus, rotavirus, phytoreovi
rus, Fijivirus, and an as yet unnamed group com
prising the cytoplasmic polyhedrosis viruses. (165) 
Certain members of the first three infect humans, 
whereas the phytoreoviruses and Fijiviruses infect 
plants and the cytoplasmic polyhedrosis viruses in
fect insects. (165) 

Antigenically, rotaviruses are distinct from reo
viruses by complement-fixation (CF) and IEM and 
from those orbiviruses tested by CF. (56,88,119,126,127, 
134) By neutralization assay, there are at least 3 
human rotavirus serotypes. (15a,88a,98,98a,281,285) Rota-

viruses can also be separated into at least 2 distinct 
subgroups by IEM, specific CF, ELISA, and 
IAHA.(33,70a,90,1l8a,125a,215,302,303) It has recently been 

shown that the neutralization and the subgroup spe
cifities are coded for by different genes. (U8a) As 
noted earlier, the various animal and human rota
viruses are morphologically similar and possess 
common CF and fluorescent-antibody antigens(5, 
86,126,127,278); however, by enzyme-linked immu-
nosorbent assay (ELISA) blocking and by neutral
ization of immunofluorescent (IF) focus formation 
in cell culture, human rotavirus may be differen
tiated from various animal rotaviruses, and various 
animal rotaviruses may be distinguished from one 
another. (259,278,293) 

The human rotaviruses are rather fastidious agents, 
and until very recently, not a single strain had been 
propagated efficiently in any cell- or organ-culture 
system. However, a few strains had been cultivated 
to a limited extent with only a small percentage of 
cells exhibiting evidence of infection.(6,79,283,288) Re
cently, human rotavirus Wa, a subgroup 2 virus was 
adapted to grow efficiently in primary African green 
monkey kidney (AGMK) cells following 11 serial 
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passages of a strain in gnotobiotic piglets. (285) Pre
treatment of porcine-grown virus with trypsin was 
required for optimal growth of this strain in AGMK 
cells; low-speed centrifugation of the virus inoculum 
onto cell cultures was also employed. The availa
bility of this cell-culture-adapted strain has impli
cations for vaccine development, for the production 
of specific antigens for use in various immunological 
assays and for assessment of the relationships 
among rotaviruses by neutralization in tissue cul
ture. In addition, recently noncultivatable human 
rotaviruses were successfully rescued following 
mixed infection of cell cultures with noncultivatable 
human rotavirus and cultivatable bovine rota virus, 
and application of various selective pressures.(98a) 
The cultivatable reassortants had mixed genotypes, 
but also had the neutralization specificity of human 
rotavirus. Also, efficient propagation of human ro
taviruses in cell cultures has recentlv been re
ported. (65,223a) 

Experimentally, human rotavirus induces a diar
rheal illness in various newborn animals including 
gnotobiotic calves, gnotobiotic and conventional 
piglets, rhesus monkeys, and gnotobiotic 
lambs. (118, 147,148, 173, 181,184,237,261,262,290); subclinical in-
fections also occur in newborn puppy dogs. (267) Par
ticle-positive stools from calves have been an im
portant source of human rotavirus for biophYSical 
and serological studies. 

Firm evidence exists for the association of rota
virus with gastrointestinal illness, The virus has 
been detected significantly more often in stools from 
patients 6-24 months old with gastroenteritis than 
in those without gastroenteritis(33,54) in both hos
pitalized patients and outpatients. Serological evi
dence of rota virus infection has also been observed 
significantly more often in hospitalized gastroen
teritis patients than in hospitalized "controls."(133) 
The virus is detectable predominantly during the 
acute phase of illness. (54) In addition, illness has 
been induced in volunteers with a stool filtrate con
taining human rotavirus D strain. (124) Serum anti
body appeared to be associated with resistance, 

5. Descriptive Epidemiology 

5.1. Norwalk Group of Viruses 

5.1.1. Incidence and Prevalence Data. Specific 
incidence data for the Norwalk group in the general 

population are not available. Estimates of the im
portance of this group of agents are suggested from 
various sources. Infectious gastroenteritis was the 
second most common disease experience in the 
Cleveland Family Study over an approximate 10-
year period. (58) and the Norwalk group was prob
ably associated with at least some of these illnesses, 
especially in the adults. About one third of all out
breaks of nonbacterial gastroenteritis studied are 
associated with Norwalk virus infection.(101,102) It is 
probable that other members of the group are also 
responsible for a portion of epidemic gastroenteritis, 
but appropriate tests are not available to confirm 
this. In children in developed countries, the Nor
walk group is probably not an important cause of 
severe gastroenteritis. Thus, 27-nm virus particles 
were present in less than 2% of infants and children 
hospitalized with diarrhea at the Children's Hos
pital, Washington, D.C., a value not significantly 
different from that observed in controls, (33) nor was 
serological evidence of Norwalk virus infection de
tected in selected diarrhea patients from this study. (131) 

Prevalence data are available for the Norwalk 
virus, since the development of both an immune 
adherence hemagglutination assay (IAHA) and a 
radioimmunoassay (RIA) has permitted the study 
of serum specimens from different age groups and 
from different locations. By IAHA, the acquisition 
of antibody to Norwalk virus and rotavirus was 
compared in infants and young children in the met
ropolitan Washington, D.C., area, young adults at 
the University of Maryland, and adults in the met
ropolitan Washington, D.C., area.(131) As shown in 
Fig. 3, the pattern of antibody acquisition differed 
markedly for these two viruses, There was a gradual 
acquisition of Norwalk antibody beginning slowly 
in childhood and accelerating in the adult period, 
so that by the 5th decade of life, 50% of the subjects 
possessed Norwalk antibody. In contrast, rotavirus 
antibody was acquired early in life so that by the 
36th month of age over 90% had such antibody. The 
gradual acquisition of Norwalk antibody is similar 
to that observed with hepatitis A virus and certain 
rhinovirus serotypes in comparable populations. (107, 
250,251) This pattern of antibody acquisition in 
a major metropolitan area of a developed coun
try suggests that Norwalk virus is not an important 
cause of gastroenteritis in infants and young 
children, but rather is associated most often with 
such illness in older persons. A comparison of the 
prevalence of IAHA Norwalk and rotavirus an-
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CHILDREN'S HOSPITAL PATIENTS 1961 ·1977 
MONTGOMERY COUNTY 

ANO ARLINGTON 

RESIDENTS 1953-54 

61 ·84 85·108109· 132133·180 181 ·248 
MONTHS 

NO_ STUDIED 19 21 22 18 16 13 18 17 10 7 30 30 30 15 

Fig. 3. Prevalence of antibody to Norwalk agent and rotavirus by IAHA in three groups. From Kapikian et al. (131) 

tibody in a welfare institution for homeless but oth
erwise normal children yielded a pattern similar to 
that just described.(l3l) In a very limited study, 
IAHA antibody to Norwalk agent was also detected 
in infants, children, and adults in Bangladesh, but 
the Norwalk antibody prevalence was markedly less 
than that of rotavirus. (131) 

The prevalence of Norwalk antibody was studied 
in subjects from various parts of the world with the 
RIA-blocking assay.(l00) As shown in Fig. 4, the pre
valence rates in adults in the United States and in 
certain European and less developed countries were 
similar, with at least a majority of subjects from each 
country possessing such antibody. An exception 
was a highly isolated Ecuadorian Indian tribe in 
Gabaro in which none of the adults studied had 
evidence of prior Norwalk infection. This was in 
marked contrast to three other less isolated Ecu
adorian villages, where approximately 90% had 
Norwalk antibody. The prevalence of Norwalk an
tibody in adult male and female homosexuals in the 
United States was approximately equal (57 and 65%, 
respectively) and not appreciably different from 
adult blood donors in the United States studied by 

RIA or from adults studied by IAHA as described 
above. (100) 

Children from the United States and to a lesser 
extent Yugoslavia acquired antibody more slowly 
than did children from less well developed countries 
such as Ecuador and Bangladesh (Fig. 5).(H)() The 
high antibody prevalence in the pediatric age group 
in Bangladesh and Ecuador was unexpected and in
dicates that the Norwalk or an antigenically related 
virus infects early in life in at least these parts of 
these less developed countries; its importance as an 
etiological agent of clinical gastroenteritis in this age 
group remains to be determined. Prevalence data 
are not available for the other members of the Nor
walk group, since suitable serological assays have 
yet to be developed. 

5.1.2. Epidemic Behavior. The Norwalk group 
of agents is associated with epidemic viral gastroen
teritis that occurs in family, school, group, institu
tional, or community-wide outbreaks affecting adults, 
school-aged children, family contacts, and some 
young children as well. Although the term "winter 
vomiting disease" has been applied to certain out
breaks of epidemic viral gastroenteritis, a clear-cut 
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Fig. 4. Prevalence by age of serum antibody to Norwalk virus in healthy adults from various 
parts of the world .. Note that no specimens were tested in the 18- to 19-year age group from 
Belgium. From Greenberg et al. (H)() 
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0-5 6-10 

AGE IN YEARS 

( ) No. Tested 
o Ecuador 

Indians 
• Bangladesh 
.it. Yugoslavia 
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Fig. 5. Age-related prevalence of serum antibody to Nor
walk virus in children from various countries. From Green
berg et al (100) 



seasonality does not appear to occur, at least for 
Norwalk virus-associated outbreaks. (2,101,102,302a) 

A summary of several outbreaks of gastroenteritis 
associated with the Norwalk group of viruses (Table 
4) indicates primary attack rates of 24-55% and sec
ondary household attack rates of 11-32%. Some 
outbreaks have been brief, others extended over 
several months. The incubation period, where 
measured, was short, with an average of 48 hr in 
secondary cases in the Norwalk, Ohio, outbreak. 
The Hawaii and Montgomery County agents were 
obtained in family outbreaks. (256,282) A "cockle" 
agent derives its name from two outbreaks of gas
troenteritis in England that occurred 24-30 hr after 
the ingestion of cocklesY1) In Australia, a large out
break, in which a portion of the cases was associ
ated with Norwalk agent, occurred in the winter 
months of June-July 1978 in over 2000 persons after 
ingestion of oystersY02,105.189) 

In a systematic study of selected paired sera from 
23 outbreaks of nonbacterial gastroenteritis over a 
12-year period employing the RIA-blocking assay, 6 
outbreaks appeared related to Norwalk virus. (102) The 
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outbreaks involved two cruise ships, two groups of 
college students (one affecting over 1000 students), 
a family, and a primary school in Japan in which 
over 100 students were ill with an attack rate of 40%. 
If the Norwalk, Hawaii, and Montgomery County 
family outbreaks studied by immune electron mi
croscopy(135,256) are added to the 23 studied by RIA, 
then 8 of 26, or 31 %, were Norwalk-virus-associ
ated. Recent serological studies by RIA, including 
the 23 cited above, incriminated Norwalk agent in 
24 of 70 outbreaks (34%).(102) Of the 24 outbreaks, 
4 occurred in each of four settings: recreational 
camps, cruise ships, contaminated drinking or 
swimming water, and a community or family; 3 in
volved elementary or college students; 2, nursing 
homes; I, shellfish; and 2 others, adults in other 
settings. The Norwalk-related outbreaks occurred 
in both the cooler and the warmer months. The 
association of such a high percentage of nonbacterial 
gastroenteritis outbreaks with a single member of 
this group of viruses was unexpected; however, it 
is thus possible that a majority might have a rec
ognizable etiology when satisfactory serological as-

Table 4. Summary of Outbreaks of Norwalk Group Gastroenteritis 

Number at Attack rate 
Agent Group involved risk (%) Dates of outbreak Other information 

Norwalk(2) Students and teachers in 232 50 Oct. 30-3L 1968 Incubation period 12-24 
elementary school, hr 
Norwalk, Ohio Secondary attack rate in 

families 32%; with an 
average incubation 
period 48 hr 

"W"(50) Students in boys' 830 24 Mar. 14-22, 1963 Only 1 teacher and 
boarding school, kitchen staff ill. Attack 
England rate: higher in younger 

Ditchling(9) Students in primary 138 24 
boys than in older boys 

Oct. 3-7, 1975 Related to "W" agent 
school, Ditthling, 
England 

Parramatta(48) Students and teachers in 3S1 54 July IS-Aug. 18, 9 of 18 teachers ill 
primary school in 1977 
Sydney, Australia 

Marin County(193) Elderly residents and 187 51 Mar.-May, 1978 7% of employees also ill 
employees of 
convalescent home in 
Marin, California 

Colorado (Snow Persons at a resort camp 760 55 Dec. 1976 Contaminated water 
Mountain)(lBS) in Colorado supply suspected; 

secondary attack rate in 
households 11 % 



298 Chapter 11 • Viral Gastroenteritis 

says are available for the other members or possible 
members of the Norwalk group of agents. 

5.1.3. Geographic Distribution. Norwalk virus 
appears to have a worldwide distribution because 
antibody has been detected in populations in the 
United States, Belgium, Switzerland, Yugoslavia, 
Bangladesh, Nepal, Japan, Ecuador, Indonesia, and 
Australia. (100-102, 104,105,131) The only population 
studied that lacked detectable antibody was the very 
isolated Gabaro Ecuadorian Indians, who also lacked 
antibody to hepatis B virus (anti-HBc negative). (100) 
In contrast, they were found to have serum antibody 
to rota virus, respiratory syncytial virus, and hepa
titis A virus. (100) 

5.1.4. Temporal Distribution. In developed 
countries, illness with the Norwalk group of agents 
was believed to occur predominantly in outbreaks 
during the cooler months of the year, from the fall 
through the spring seasons; however, recent studies 
have revealed that 9 of 24 Norwalk outbreaks oc
curred during the warmer months of the year.(102) 
The temporal distribution in tropical countries is not 
known. 

5.1.5. Age. In developed countries, the Norwalk 
agents appear to induce illness in all age groups. 
During outbreaks, the peak incidence is observed 
in school-aged children and adults who are in close 
contact in various group settings. (102) However, 
close contact is not always essential, since outbreaks 
have occurred after ingestion of contaminated water 
or seafood.(1l,102,105,185,189) In the United States, an-
tibody-prevalence data indicate that the Norwalk 
virus is not an important cause of gastroenteritis in 
infants and young children,<l3l) nor has it played an 
important role in diarrheal illness of early life serious 
enough to require hospitalization. (33,131,133) Its over
all importance in the developing countries is not 
known, but in parts of Bangladesh and Ecuador, 
Norwalk virus infection is common in infants and 
young children, suggesting that it may cause gas
troenteritis in this age group. (100) Further studies are 
needed to answer this question. 

5.1.6. Sex, Race, and Occupation. There is no 
evidence of differential susceptibility to this group 
of agents on the basis of sex, race, or occupation. 

5.1.7. Occurrence in Different Settings. lllnesses 
associated with the Norwalk group of agents tend 
to occur in sharp outbreaks in families, schools, in
stitutions, or communities and to affect adults, 
school-aged children, and family contacts, as well 

as some young children. Overall, this epidemic 
characteristic is one of the main epidemiological fea
tures that differentiates the Norwalk group from the 
rotaviruses, since the latter are characteristically as
sociated with sporadic gastroenteritis of infants and 
young children and only infrequently affect older 
age groups. 

5.1.S. Socioeconomic Status. In developed 
countries, there is no evidence of differential sus
ceptibility to the Norwalk group on the basis of so
cioeconomic standing. However, the greater pre
valence of Norwalk antibody in the pediatric age 
group in Bangladesh and in certain groups in Ec
uador in comparison to that in developed countries 
may reflect a role of crowding or other socioeco
nomic factors in facilitating the spread of this 
agent. (100) 

5.1.9. Other Factors. The influence of factors 
such as malnutrition on susceptibility to infection 
with the Norwalk group is not known. It has been 
suggested that genetic factors may play a role in 
determining susceptibility or resistance to infection 
with Norwalk virus. (197) These are discussed in 
greater detail in Section 7.1.3. 

5.2. Rotaviruses 

5.2.1. Incidence and Prevalence Data. Rotaviruses 
have emerged as the major etiological agents of se
rious diarrheal disease in infants and children under 
2 years of age in practically all areas of the world 
where this disease has been studied etiologically. 
(68-70,73) The illness rate among family contacts 
of patients with rotavirus gastroenteritis is low, al
though subclinical infections in contacts occur 
frequently. (133,139,252,266) In the metropolitan Wash-
ington, D.C. area, the pattern of acquisition of rota
virus antibody contrasted sharply to that of the 
Norwalk agent. (131) By the end of the 3rd year oflife, 
over 90% of infants and young children had acquired 
rotavirus antibody, a pattern similar to that ob
served for respiratory syncytial and parainfluenza 
3 viruses. (131,138a,198) A high prevalence of antibody 
was maintained into adulthood, probably as a result 
of frequent reinfection with these agents. In other 
studies, the acquisition of rota virus antibody has 
followed a similar pattern. (74,106,115,127,302) In the met-
ropolitan Washington, D.C., area study, acquisition 
of antibody to both rotavirus serotypes followed a 



similar pattern, sq that by the 3rd year of life, over 
90% of infants and young children tested had an
tibody to type 1 and type 2 rotaviruses.(302) 

In a cross-sectional study of patients admitted 
with a diarrheal illness to Children's Hospital Na
tional Medical Center in Washington, D.C., from 
January 1974 to June 1978, 39% of 604 patients shed 
rota virus in a stool or rectal swab specimen (Fig. 
7). (33) The major role of rotaviruses in diarrheal ill
nesses requiring hospitalization has also been ob
served in many other countries of the world, in
cluding Australia, Canada, England, and Japan. (37, 

54,142,182,183) For example, in an Australian study 
that embraced a period of 1 year, 52% of 378 pa
tients admitted with gastroenteritis shed rotavi
rus. (54) In a Japanese study that covered three peaks 
of rotavirus prevalance, December 1974 through 
March 1977, rotavirus was detected in stools of 320 
(63%) of 506 infants and young children. (142) A char
acteristic temporal pattern of rotavirus infections 
has been observed in temperate climates and is dis
cussed in Sections 5.2.2 and 5.2.4. In the Children's 
Hospital, Washington, D.C., study, each of the 313 
rotavirus strains was subgrouped by ELISA: 238 
(76%) were subgroup 2, and 75 (24%) were subgroup 

40 
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1. (33,302) The greater frequency of subgroup 2 infec
tions in hospitalized patients may indicate that sero
types in this subgroup have a greater pathogenic 
potential than those of subgroup 1. Further evidence 
to support this view was observed in a longitudinal 
study of Guatemalan infants and young children 
studied during the first 3 years of life . Each of 16 
infections with a subgroup 2 virus was associated 
with diarrheal illness, whereas only 6 of 11 subgroup 
1 infections were associated with such disease .(2YI) 
Sequential infections with human rotavirus have 
been documented in 9 infants and young children: 
8 of the 9 shed a different subgroup virus during 
each of the sequential infections, and all but 1 of the 
8 developed a diarrheal illness during the second 
infection, suggesting that infection with one subgroup 
does not protect against illness associated with the 
other subgroupy(2) Neutralization assays with spe
cific serotypes within each subgroup are needed to 
clarify the implications of such sequential infections. 

The relative role of rotaviruses and bacterial 
agents in the etiology of gastroenteritis was recently 
summarized for 6352 patients for a I-year period, 
February 1978-January 1979, at the Matlab Treat
ment Center in Bangladesh, (22,102) This study showed 

o Rotavlrus Negallve n olal 366) 

tl2J ROl3vltUS Tvpe 1 nOla1 611 

• Rotavlrus Type 2 lTotal 177) 

Fig. 6. Temporal distribution of 
rotavirus subgroup 1 and 
subgroup 2 infections in 604 in
fants and young children hospi
talized with gastroenteritis at 
Children's Hospital National 
Medical Center, Washington, 
D.C., Jan. 1974(partial)-June 1978. 
From Brandt et al.(33) 
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that 46% of the patients under 2 years of age shed 
rotavirus and that 28% shed toxigenic Escherichia coli. 
In the 2-year-and-over age group, bacterial agents 
were detected more frequently than rota viruses. 

Although rotaviruses have been implicated dur
ing cross-sectional studies as a major cause of gas
troenteritis necessitating hospitalization of infants 
and young children, rates of hospitalization were 
not available, since it was not possible to define 
accurately the population base from which the hos
pitalized patients had come. Recently, however, the 
incidence of hospitalization was estimated in the 
Washington, D.C., area. (214) Medical care for the 
population under study was provided by Group 
Health Association, Inc., and almost all pediatric 
hospitalizations of the group occurred at the Chil
dren's Hospital National Medical Center, which had 
an ongoing study of the etiology of gastroenteritis. 
Between January 1977 and March 1979, which in
cluded three periods of rotavirus prevalence, about 
29,000 patients less than 15 years of age were under 
surveillance each year or part of a year. Of the 38 
children hospitalized, 31 were under 2 years old. Of 
30 studied microbiologically, 19 (63%) shed rotavi
rus, and 1 who did not, developed serological evi
dence of infection. From this analysis, it was cal
culated that 1 in 272 (3.711000) subjects less than 1 
year of age and 1 in 451 (2.211000) 12-24 months of 

• age were hospitalized for rotavirus gastroenteritis; 
this rate dropped precipitously in the 25- to 60-
month age group (1 in 5519), and such illness was 
not observed after 5 years of age. In total, rotavirus 
infection was associated with 62% of the pediatric 
hospitalizations for gastroenteritis in this population 
over a 2!-year period. Other agents played a minor 
role in comparison to the rotaviruses. In the 12- to 
24-month age group, 1 of every 3.4 children on the 
average made an outpatient visit to the clinic for 
gastroenteritis during each year of the study, and 
in the less than 12-month age group, 1 of every 7.8 
infants. The incidence declined sharply in the 25-
month-to-15-year age group. (214) Longitudinal stud
ies that are in progress should provide additional 
data, including the incidence of subclinical rotavirus 
infections that do not require a visit to a clinic. 

An incidence of about 1.1 rotavirus diarrheal ep
isodes per child during the first 3 years of life was 
estimated in a group of 24 infants and young chil
dren residing in the Guatemalan highland village 
of Santa Maria Cauque(291) on the basis of selected 

dated with bacterial and parasitic pathogens (about 
42%) and those from whom stools were not available 
for study (about 5%). The true incidence may thus 
actually be greater than this estimate. It should be 
noted that specimens were not examined for entero
toxigenic E. coli. 

5.2.2. Epidemic Behavior. Unlike the situation 
with the Norwalk group, true outbreaks of rotavirus 
gastroenteritis are rare. In the temperate climates, 
rota virus infections have characteristically demon
strated a consistent temporal pattern similar to that 
observed in studies at Children's Hospital, Wash
ington, D.C., during 1974-1978 (Fig. 6),(33,37,54,133, 
142,182) which was characterized by a large number 
of hospitalizations in infants and young children for 
gastroenteritis during the cooler months of each 
year. (33) Rotaviruses were also associated with milder 
bouts of gastroenteritis not requiring hospitaliza
tion. For example, in the Children's Hospital study 
22% of 200 outpatients with gastroenteritis studied 
from November 1975 through June 1978 shed ro
tavirus. Community outbreaks of rotavirus illness 
occur rarely if at all, since most adults appear to be 
immune, most likely by virtue of previous rotavirus 
infection(s). However, subclinical rotavirus infec
tions occur quite commonly in adults. (133,139,252,266) 
In one study, 22 (55%) of 40 adult contacts of pa
tients hospitalized with gastroenteritis which was 
associated with rotavirus infection had serological 
evidence of rotavirus infection at or about the time 
of their child's admission, whereas only 4 (17%) of 
24 control adults whose children also had gastroen
teritis, but were not infected with rotavirus were 
found to be infected with this agent. (139) Only 3 of 
the 26 adult contacts with rotavirus infection gave 
a history of an associated gastrointestinal illness. It 
appears that older siblings or parents might be a 
source of rotavirus infection for young persons. The 
frequency of rotavirus infection in contacts also 
demonstrates the highly contagious nature of ro
tavirus infection. (71,139,252,266) 

Although community outbreaks of rotavirus gas
troenteritis are rare, one unusual outbreak involving 
not only children and mothers in a playgroup but 
also fathers and grandparents was recently de
scribed(216): all 9 children 15 months through 5 years 
of age, 3 of 5 mothers who shared playgroup activ
ities, 4 of 5 fathers, and each of 2 grandparents de
veloped gastroenteritis. The incubation period was 



24-48 hr. The index cases were most likely non
playgroup siblings who had been cared for (about 
48 hr prior to the playgroup meeting) by the mother 
at whose home the playgroup met. The suspected 
index cases had gastroenteritis, the mother who 
took care of the index cases developed diarrhea 24 
hr before the playgroup met, and her daughter had 
onset of diarrhea just before the playgroup met, and 
vomited during the playgroup meeting. In all, 18 of 
21 persons developed gastroenteritis. and evidence 
of rotavirus infection was demonstrated in 10 of 11 
persons tested for virus in stools or for a serological 
response, or for both. This unusual outbreak further 
attests to the contagiousness of rotavirus infection. 

5.2.3. Geographic Distribution. Rotavirus infec
tion has been detected in virtually all parts of the 
world. In developed countries where the etiology 
of gastroenteritis of infants and young children has 
been studied, rotaviruses have emerged as the 
major etiological agents of diarrheal illnesses severe 
enough to warrant hospitalization. In each locality, 
the pattern was similar to that described for Wash
ington, D.C.(68-70.73) In less developed countries, 
such as Bangladesh and Guatemala, rotaviruses 
have been shown to be important etiological agents 
of severe diarrheal illness in infants and young chil
dren(11l,157,220,291); however, it appears that tOxigenic 
E. coli also play an important role in underdeveloped 
countries such as Bangladesh where intensive etio 
logical studies have been pursued. (22,67,102,149) Fur
ther studies must be carried out in the developing 
countries to determine the relative importance of 
the rotavirus and toxigenic E. coli. In practically 
every area of the world studied, rotaviruses have 
exhibited an important role in acute gastrointestinal 
disease of the youn~. 

5.2.4. Temporal Distribution. In developed 
countries in the temperate climates, rota virus infec
tions display a characteristic temporal pattern that 
peaks in the cooler months of the year. The pattern 
for Washington, D.C., is shown in Fig. 6(5.33,37,5U33, 
141,182): during five Januarys, from 1974 (partial) 
through 1978, 87 (71 %) of 123 patients admitted for 
diarrheal illness were found to be shedding rota
viruS;(33) similarly, during three Januarys, from 1976 
to 1978, 21 (62%) of 34 gastroenteritis outpatients 
were rotavirus-positive.(33) In Japanese studies, ro
tavirus was detected in stools of 288 (79%) of 365 
hospitalized gastroenteritis patients during the cooler 
months (December to March) in a 28-month study. (142) 
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The reason for this striking seasonal pattern of in
fection is not known. 

The pattern of infection with rota virus strains be
longing to subgroups 1 or 2 from 1974 to 1978 in the 
Children's Hospital, Washington, D.C., study is 
also shown in Fig. 6.(33) Viruses in subgroup 2 were 
first observed in January 1974 and during each suc
ceeding yearly winter peak; 75% of the rotavirus 
strains detected over the 4i-year period belonged to 
subgroup 2. Strains belonging to subgroup 1 rota
virus were first observed in January 1975 and then 
detected yearly thereafter in December or January. 
Although this subgroup represented only about 
25% of the 238 strains detected over the 4i-year pe
riod, a marked fluctuation in the temporal distri
bution of rotavirus subgroups was observed. For ex
ample, whereas subgroup 1 strains accounted for 
14% of the total from October 1974 to September 
1976, in the last epidemic year reported, subgroup 
1 strains were identified in 31 (46%) of th~ 68 ro
tavirus-positive patients studied. Also, clustering of 
subgroups was observed in shorter periods within 
some of the seasons. The distribution of subgroups 
in gastroenteritis outpatients was similar to that ob
served for inpatients. The overall distribution of 
subgroups in populations in Guatemala, Costa Rica, 
Belgium, England, Australia, Asia, and Africa was 
also similar to that in the Washington, D.C., study 
in that rotavirus subgroup 2 strains predominated 
over subgroup 1 strains, ranging from a low of 62% 
(16 of 26) of the strains in Guatemala to a high of 
100% in Costa Rica (10 of 10) and England (25 of 
25). (302) It will be important to ascertain the pattern 
of infection of specific serotypes (as determined by 
neutralization) within each subgroup. Such studies 
have not been feasible until very recently because 
of the fastidious nature of rotaviruses. 

The striking seasonal pattern of rotavirus infec
tions described above is not observed in all situa
tions, since a significant number of rotavirus infec
tions has been observed throughout the year in 
South Africa, during the summer in Taiwan, during 
the "small rains" in Ethiopia, during most months 
in the tropical climates but with peak periods during 
the slightly cooler months, during the summer in 
a newborn nursery in England, and in all seasons 
in a newborn nursery in Australia.(14,66,111,157,160,1S8, 
227,228,246,263,270) In both the nursery studies, most 
rotavirus-positive infants were symptom-free, a 
finding that has yet to be explained satisfactorily. 
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Studies of the frequency of rotavirus infections in 
relation to the amount of rainfall have led to variable 
results. (111,160,270) 

5.2.5. Age. In studies from various parts of the 
world, infants and young children, characteristically 
from about 6 months to 2 years of age, experience 
the highest frequency of rotavirus gastroenteritis 
that requires hospitalization(33,37,S4,142); infants under 
6 months of age have the next highest frequency. 
An unexplained paradox in the epidemiology of ro
tavirus infection is the low rate of clinical illness in 
neonates who shed rotavirus. (14,188,263) In one study, 
breast-fed infants shed rotavirus significantly less 
often than those who were not breast fed; however, 
the effect of breast feeding on illness could not be 
determined, since most of the rotavirus infections 
in both the breast-fed and bottle-fed neonates were 
subclinical. (263) 

Rotavirus strains in subgroups 1 and 2 were found 
in the Children's Hospital (D.C.) study to have quite 
different patterns of infection in relation to age: the 
number of subgroup 1 infections declined with in
creasing age during the first year of life and was 
quite low thereafter, whereas the number of subgroup 
2 infections peaked at 10-12 months and gradually 
declined thereafter.(33) The percentage of gastroen
teritis patients who had infections with subgroup 
1 viruses showed relatively little variation with in
creasing age, whereas the percentage with infec
tions with subgroup 2 viruses increased steadily, 
with a peak at 13-15 months of age. The largest 
number of rota virus infections with either subgroup 
1 or subgroup 2 viruses was observed in the 10- to 
12-month age group, and the group with the great
est percentage of rotavirus infections was 13-15 
months of age. Rotavirus gastroenteritis has been 
reported in older children and adults, who, as noted 
earlier, may be important in the transmission of in
fection to infants and young children. (28-30,108,109,133, 
139,176,195,266,305) 

5.2.6. Sex. A somewhat larger number of males 
(335) than females (269) (M/F = 1.2) was hospital
ized for gastroenteritis, irrespective of age, in the 
Children's Hospital of Washington, D.C., study. (33) 
This was also reflected in the number of males or 
females positive for each of the rotavirus serotypes, 
but this difference was not striking. (33) A higher fre
quency of hospitalization of males for acute gas
troenteritis was also observed in a Canadian study. (183) 

5.2.7. Race and Socioeconomic Status. In the 
Children's Hospital study, 1974-1978, the age dis
tribution of patients admitted to the hospital for 
gastroenteritis of any etiology was quite different 
among black and nonblack patients: 59% of all black 
patients admitted for gastroenteritis were less than 
6 months of age. (33) This difference was reflected in 
hospitalizations for gastroenteritis associated with 
either subgroup 1 or subgroup 2 rotavirus, since 
black patients were about 6 months younger than 
nonblacks with respect to each subgroup. The me
dian age of black vs. nonblack patients for rotavirus 
subgroup 1 was 5 months vs. 11.5 months; for 
subgroup 2 rotavirus, it was 8 months vs. 14 
months. Also, D.C. residents and Medicaid recipi
ents who were hospitalized with rota virus infection 
tended to be younger than non-D.C. residents and 
non-Medicaid recipients. In addition, there was a 
tendency for rotavirus illness to occur earlier in the 
course of the outbreak in blacks and in D.C. resi
dents. Transmission of rotavirus might be facilitated 
by crowding and poor sanitation, and this may ex
plain the earlier appearance of rotavirus infection 
in D.C. when compared to the suburbs, in blacks 
as compared to nonblacks, and in Medicaid recipi
ents as compared to non-Medicaid recipients, (33) 

Malnutrition is probably an important factor in 
increasing the susceptibility of an infant or young 
child to develop severe clinical manifestations fol
lowing rota virus infection. In addition, it has been 
suggested that repeated diarrheal infections may be 
a prelude to the development of malnutrition by 
various mechanisms including damage to the intes
tinal mucosa so that absorptive cells are compro
mised over an extended period. (161) 

5.2.8. Occurrence in Different Settings. Rotavirus 
gastroenteritis occurs predominantly in infants and 
young children; rotavirus infection has been 
observed by the 36th month of age in almost all 
children studied who were residing in a family 
setting.(26,74,106,131) Family contacts are also fre-
quently infected with rotavirus, but usually sub
clinically. (133, 139,252,266) Rotavirus infections have also 
been observed for extended periods in newborn 
nurseries as described above. (5,14,263) In addi
tion, nosocomial rota virus infections occur com
monly. (183,219) In one study, 10 (17%) of the 60 
children admitted to the hospital without diarrhea 
(but during a period of rotavirus prevalence) de-



veloped diarrheal illness associated with rotavirus 
infection while hospitalized.(219) In another hospital 
study, over a I-year period, about 1 of every 5 ro
tavirus infections appeared to be hospital-ac
quired. (183) Outbreaks of rota virus gastroenteritis 
have been observed in school-aged children, in a 
home playgroup setting, and in a military group, 
but characteristically, rotavirus illness occurs spo
radically and not in widespread community out
breaks as does the Norwalk group of 
agents. (29,30,108,109,176,216) Thus, rotavirus illness is 
not common beyond the first few years of life. 

6. Mechanisms and Route of Transmission 

6.1. Norwalk Group of Viruses 

Infection with the Norwalk group of agents is 
most likely spread from person to person by the 
fecal-oral route. Volunteer studies have established 
that the Norwalk, Hawaii, "W," and Colorado 
agents can be transmitted via the oral route, i.e., 
following the ingestion of stool material containing 
the infectious agent. (60,61,150,185,282) It is unlikely that 
this group of agents is transmitted by the respiratory 
route. In one study, nasopharyngeal washings from 
a volunteer acutely ill with experimentally induced 
Norwalk illness failed to induce illness in three vol
unteers.(6O) Recently, Norwalk virus has been 
detected in vomitus from certain infected 
volunteers. (103) 

The explosive nature of some of these outbreaks 
in which large numbers of people develop illness 
in a cluster within 24-48 hr has suggested that a 
common-source exposure should also be consid
ered in certain outbreaks. Indeed, in the Colorado 
outbreak, 61 % of the 418 cases had onset of illness 
on a single day.(185) Epidemiological analysis re
vealed that the attack rate increased with consump
tion of water or ice-containing beverages and that 
the water supply of the camp was not only inade
quately chlorinated but also contaminated by a leak
ing septic tank; it was thus suggested that a water
borne agent was responsible for the outbreak. In the 
Norwalk, Ohio, outbreak, 50% of the students and 
teachers of an elementary school developed gas
troenteritis; it was striking that such illnesses oc
curred during a 2-day period.(2) Although a com-
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mon-source exposure was sought, none could be 
established. However, secondary cases among fam
ily contacts were observed, and the Norwalk particle 
was derived from a rectal swab of one such second
ary case. Ingestion of contaminated seafood such as 
cockles (cockle agent) and oysters (Norwalk agent) 
has also been described as a mode of transmission 
of this group of agents.(ll,72,105,189) In addition, out
breaks of Norwalk gastroenteritis have now been 
associated with ingestion of contaminated drinking 
water and with swimming in a contaminated 
lake. (43,44,102) 

6.2. Rotaviruses 

Rotaviruses are also transmitted by the fecal-oral 
route. Volunteer studies have clearly demonstrated 
that oral administration of rotavirus-positive stool 
material can induce a diarrheal illness. (124) The rapid 
acquisition of rotavirus antibody in the first few 
years of life in all populations studied has led to the 
suggestion that rotaviruses might also be transmit
ted by the respiratory route. (26,74,106,115,127,131) No 
experimental evidence for this exists. Throat gargles 
obtained from volunteers with an experimentally 
induced rotavirus diarrheal illness failed to yield 
rotavirus. (124) Although the possibility of common
source exposure to rotavirus, such as a contami
nated water supply, has been suggested, it is un
likely that such exposure plays an important role in 
its transmission. 

The source of infection for the young infant who 
is not normally in contact with other infants and 
young children with gastroenteritis is not known 
with certainty. However, a substantial proportion 
of parents of rotavirus-infected infants and young 
children were infected with rotavirus at or about the 
time of their child's illness; most of these adult in
fections were subclinical. (133,139,252,266) Thus, an older 
sibling or family member who is undergoing sub
clinical rotavirus infection may be the source of in
fection for the infant or young child with whom he 
has contact. The highly contagious nature of rota
virus infection may be due in part to the rota virus' 
high degree of stability, as demonstrated by the re
tention of infectivity of calf rota virus-positive feces 
that had been kept at room temperature for 7 
months. (84) It is likely that human rotavirus is also 
quite stable and may remain viable in the environ-
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ment unless destroyed by careful disinfection. The 
persistence of rotavirus infections in certain new
born nurseries and the high frequency of nosocom
ial rotavirus infection in hospitals provide additional 
evidence for this possibility. Effective disinfection 
of contaminated material and care in hand-washing 
may be important measures in containing rota virus 
infection, especially in a hospital setting. (139,219) 

The role, if any, of animals in transmitting rota
viruses to humans is not known. Although rotavi
ruses are established causes of diarrhea in newborn 
animals of many species, there is no evidence of 
transmission of an animal rota virus to humans. On 
the other hand, human rotavirus has been shown 
to induce a diarrheal illness in various newborn an
imals under experimental conditions. (118,147,148,173, 
181.184,237,261,262,290) It appears unlikely, however, that 
even if animal-to-human transmission of rotavirus 
could be documented, such transmission would ac
count for an appreciable number of infections. 

7. Pathogenesis and Immunity 

7.1. Norwalk Group of Viruses 

7.1.1. Incubation Period. From studies of out
breaks associated with this group of agents, the in
cubation period is estimated to be 24-48 hr. (2,9,11,185) 
The incubation period in volunteer studies with the 
Norwalk agent ranged from 10 to 51 hr, and the 
illness usually lasted less than 48 hr. (25,60,61,282) Nor-
walk virus shedding as determined by immune elec
tron microscopy coincided with the onset of illness 
and usually could not be detected after 72 hr fol
lowing onset. (255) 

7.1.2. Pathogenesis. The pathogenesis of Nor
walk- and Hawaii-induced illness studied in vol
unteers by light microscopy of biopsies of the prox
imal small intestine has characteristically revealed 
broadening and blunting of villi, with mucosa itself 
being intact histologically; mononuclear cell infiltra
tion and cytoplasmic vacuolization were also ob
served. (4.62,229,230) Transmission electron microscopy 
of the proximal small intestine showed intact epi
thelial cells with shortening of microvilli. (4,62,229,230) 
The extent of the small-intestinal involvement is not 
known, since studies have included only the prox
imal small intestine. Histological lesions were not 

observed in the gastric fundus and antrum or the 
colonic mucosa of normal volunteers challenged 
with the Norwalk agent. (273) Brush-border small-in
testinal enzyme levels (including alkaline phospha
tase, sucrase, and trehalase) were decreased during 
illness; adenylate cyclase activity was not ele
vated. (4,81,150,222) Recently, it was found that vol-
unteers with Norwalk-induced gastroenteritis or the 
characteristic small-intestinal pathological changes, 
or both, experienced marked delays in gastric emp
tying. (175) 

7.1.3. Immunity. Volunteer studies with the 
Norwalk agent have raised rather perplexing ques
tions about the mechanism of immunity to the Nor
walk agent. It appears that two forms of clinical 
immunity to Norwalk-virus-induced illness exist
one with a short-term and the other with a long
term immunity. (60,197,282) The former seems to be 
serotype-specific. For example, volunteers who be
come ill following administration of Norwalk virus 
are characteristically resistant to challenge with this 
virus 6-14 weeks later. In contrast, they are not 
resistant to challenge with the Hawaii virus, nor are 
Hawaii-virus-infected volunteers later resistant to 
challenge with Norwalk virus. (60,282) 

The situation with regard to long-term immunity 
is different, as indicated when 12 volunteers were 
challenged with the Norwalk agent on two separate 
occasions 27-42 months apart(197) and 4 were re
challenged again 4-8 weeks after the second chal
lenge. Of these 12 volunteers, 6 developed illness 
following challenge and again after rechallenge 
27-42 months later. In contrast, 6 of the other vol
unteers failed to become ill after initial challenge or 
after rechallenge 31-34 months later. Of the 6 vol
unteers who developed illness after each of the two 
sequential challenges, 4 were inoculated a third time 
with the same inoculum, but only 1 became ill. Sero
logical studies carried out to clarify this unusual 
pattern of susceptibility and resistance to Norwalk 
virus failed to reveal a consistent relationship be
tween the presence or absence of antibody and the 
subsequent occurrence of illness following chal
lenge. Thus, it seems that serum antibody is not a 
critical factor in immunity to Norwalk gastroenter
itis. It is also difficult to explain these findings on 
the grounds that local intestinal IgA antibody is of 
prime importance in long-term resistance, since this 
supposes the existence of two cohorts of subjects, 



one able and the other unable to sustain the pro
duction of local antibody essential for long-term re
sistance. It has been suggested that other factors 
that are genetically determined may influence sus
ceptibility to Norwalk infection. For example, there 
may be a genetically determined specific receptor 
essential for entry of the Norwalk virus into epithe
lial cells of the small intestine. (197) 

Further evidence for the possible role of nonim
munological factors in resistance to Norwalk illness 
was observed when the prechallenge serum and 
local jejunal antibody levels in 23 volunteers were 
studied by the radioimmunoassay (RIA)-blocking 
technique. (102) Neither the geometric mean Norwalk 
antibody titer in serum nor that in jejunal fluid cor
related with resistance to illness after challenge. 
Paradoxically, the prechallenge geometric mean 
Norwalk antibody titer of jejunal fluid was signifi
cantly greater, and such antibody titer of serum 
tended to be greater in volunteers who became ill 
after challenge than in those who did not become 
ill. (102) A similar paradoxical relationship between 
prechallenge serum antibody titer and lack of re
sistance to Norwalk illness in volunteers was re
ported in another study in which antibody was 
measured also by RIA. (23) 

7.2. Rotaviruses 

7.2.1. Incubation Period. From clinical studies, 
rotavirus diarrheal illness has been estimated as 
having an incubation period of less than 48 hr. (54) 

In volunteer studies in which four adults developed 
a diarrheal illness after oral administration of an 
untitered stool filtrate containing rotavirus, the in
cubation period ranged from 2 to 4 days. Virus shed
ding began the 2nd, 3rd, or 4th day after inoculation 
and lasted a total of at least 6 days. (124) 

7.2.2. Pathogenesis. Limited studies of biopsies 
from the proximal small intestine of a few infants 
and children hospitalized with rotavirus infections 
have shown shortening of the villi, mononuclear
cell infiltration in the lamina propria, distended 
cisternae of the endoplasmic reticulum, mitochon
drial swelling, and sparse, irregular microvilli. (114,248) 

Impaired o-xylose absorption was also observed. (166) 

In addition, some patIents had depressed disac
charidase levels (maltase, sucrase, and lactase). (21) 

The pathogenesis of human rota virus D strain, a 
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subgroup 2 virus, infection was studied experimen
tally in newborn gnotobiotic colostrum-deprived 
calves that developed illness following intraduo
denal administration of this virus. (172) Morphologi
cal changes in the small intestine proceeded in a 
cephalocaudad direction: within 1 hr of experimen
tally-induced diarrhea, morphological changes such 
as denuding of villi and flattening of epithelial cells 
were observed in the upper small intestine, but ro
tavirus antigens were not detected by immunofluo
rescence [fluorescent-antibody (FA) test); at this 
time, the lower small intestine was intact, but abun
dant rotaviral antigens were observed by FA test in 
swollen epithelial cells. Moreover, 7 hr after onset 
of diarrhea, the lower small intestine demonstrated 
morphological changes such as denuded villi that 
were similar to those observed in the upper small 
intestine earlier; rotaviral antigens could not be de
tected by FA test. The intestine appeared relatively 
normal 48 hr after onset of diarrhea. When diarrhea 
was induced in piglets by human rotavirus, certain 
functional alterations were observed in the villous 
epithelial cells of the small intestine: glucose-cou
pled Na + transport was impaired, sucrase activity 
diminished, and thymidine kinase activity in
creased. In contrast, adenylate cyclase and cyclic 
AMP were not stimulated. (55, 93) 

7.2.3. Immunity. Epidemiological observations, 
as well as experimental studies in animals and hu
mans, have helped in understanding certain mech
anisms involved in rotavirus immunity. (34,124,148,171, 

237,239,279) The observation was made that newborn 
calves frequently develop rotavirus diarrhea despite 
a high level of circulating rotavirus antibody ac
quired from ingestion of colostrum. (279) This was 
confirmed experimentally in calves challenged with 
calf rota virus, and additionally it was shown that 
antibody in the lumen of the small intestine was of 
prime importance in protectign. (34,279) 

A similar study in gnotobiotic lambs also exam
ined the relative role of local and systemic rota virus 
antibody by evaluating the clinical response of two 
groups of lambs to challenge with lamb rota
virus. (237,238,239) From these and other studies in an
imals, it appears that antibody in the lumen of the 
intestine was of prime importance in resistance to 
rota virus illness in animals. (148, 179) 

The mechanism of immunity was also studied in 
18 volunteers who were administered a human ro-
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tavirus by the oral route. (124) Of these 18, 5 shed 
rotavirus, and 4 of these 5 developed a diarrheal 
illness. Examination of the relationship of prechal
lenge rota virus antibody measured by immunoflu
orescence (IF), neutralization (to bovine rotavirus), 
complement-fixation, and to the development of 
diarrheal illness revealed that the absence of IF an
tibody was significantly associated with the devel
opment of illness, whereas a similar trend was ob
served with antibodies measured by other assays. 
The role of local intestinal rotavirus antibody needs 
further evaluation. Two volunteers who developed 
illness following initial challenge were rechallenged 
with the same inoculum 19 months later; neither 
developed a diarrheal illness, although one had mild 
clinical manifestations. 

Reinfections with rota virus occur commonly in 
adult contacts of patients with rotavirus illness; 
however, most of these reinfections are subclini
cal. (133, 139,252,266) Whether those that are manifested 
clinically are the result of a low level or absence of 
local intestinal rotavirus IgA antibody is not known. 
Sequential rotavirus illnesses have been observed 
in infants and young children. (90,215,291.302) However, 
such sequential illnesses have thus far been asso
ciated with strains belonging to different subgroups, 
suggesting that immunity does develop. The du
ration of such immunity, however, is not known. 
However, neutralization assays with specific sero
types within each subgroup are needed to clarify 
immune mechanisms in rotavirus infections. 

One of the perplexing areas in the study of ro
tavirus epidemiology has been the unexplained rel
ative sparing of neonates from rota virus illness de
spite frequent infection in this age group. (5,14,263) In 
one study of newborn babies, rotavirus infections 
occurred significantly less often in breast-fed infants 
than in bottle-fed infants. The effect of breast feed
ing on illness could not be determined, since most 
of the infections in the breast-fed and bottle-fed in
fants were subclinical. (14,263) Whether high levels of 
Circulating rotavirus antibody acquired transplacen
tally playa role in resistance to disease during early 
life is not known. However, rotavirus illnesses are 
observed with moderate frequency in infants less 
than 6 months of age but beyond the neonatal pe
riod, a time when passively acquired circulating an
tibody is still present but not at as high a level as 
in neonates. (33,133) 

8. Patterns of Host Response 

8.1. Norwalk Group of Viruses 

8.1.1. Clinical Features. Clinical features ob
served in the original Norwalk outbreak from which 
the Norwalk particle was derived are characteristic 
of those observed with this group of agents. Of the 
604 subjects tabulated as primary or secondary 
cases, 85% had nausea, 84% vomiting, 62% abdom
inal cramps, 57% lethargy, 44% diarrhea, 32% fever, 
and 5% chills. (2) The duration of clinical manifes
tations was 12-24 hr; none of the affected subjects 
was hospitalized. These clinical findings are similar 
but not identical to those observed in a report de
scribing 31 of 52 volunteers who developed definite 
or probable illness following administration of the 
Norwalk agent. (282) Of the 31 volunteers, 45% had 
fever (> 99.4°F), 81 % diarrhea, 65% vomiting, 68% 
abdominal discomfort, 90% anorexia, 81 % head
ache, and 58% myalgias; clinical manifestations 
usually lasted 24-48 hr. The diarrheal stools char
acteristically do not contain gross blood, mucus, or 
white blood cells.(59) Of 16 volunteers who became 
ill following Norwalk- or Hawaii-agent challenge, 
14 developed a transient lymphopenia. (63) The illness 
observed in volunteers was generally mild and self
limited, although one volunteer who vomited about 
20 times within a 24-hr period required parenteral 
fluids.(25,60,61,282) A graphic summary of signs and 
symptoms of illness observed in two volunteers who 
developed illness following administration of the 
Norwalk agent is shown in Fig. 7.(61) The difference 
in clinical manifestations in these two volunteers 
who received the same inoculum is striking, since 
one vomited but did not have diarrhea and the other 
developed diarrhea but not vomiting. Shedding of 
Norwalk virus by volunteers as determined by im
mune electron microscopy (!EM) was maximal around 
the onset of illness and was rarely detected after 3 
days following onset. (255) A valid estimate of the 
ratio of subclinical to clinical Norwalk infections has 
not been made. However, serologically proven in
fection without definite gastroenteric illness has 
been observed. (123,245) 

8.1.2. Diagnosis. A specific diagnosis of infec
tion with the Norwalk group is not possible on the 
basis of a patient's clinical manifestations. Thus, 
since this group of agents does not grow in cell 
culture or produce disease in an experimental ani-
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Fig. 7. Response of two volun
teers to oral administration of 
stool filtrate derived from a vol
unteer who received original 
Norwalk rectal-swab specimen. 
The height of the curve is directly 
proportional to the severity of the 
sign or symptom. Volunteer 1 
had severe vomiting without 
diarrhea, while volunteer 2 had 
diarrhea without vomiting, al
though both received the same 
inoculum. From Dolin et al. (61) 
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Days alter challenge 0 
Diarrhea 0 
Vomiting 0 
Abdominal cramps 0 
Nausea 0 
Malaise 0 
Headache 0 
Myalgio 0 
Anorexio 0 

WBC 8,400 

mal, diagnosis of infection remains essentially a re
search procedure. For virus detection and identifi
cation, IEM remains the mainstay procedure for the 
group as a whole(128,129,135,136); however, for the Nor-
walk virus, a recently developed radioimmunoassay 
(RIA) has been shown to be even more sensitive 
than IEM for detection of Norwalk antigen in clinical 
specimens. (99,104) Direct EM examination of nega
tively stained stool material with or without prior 
concentration may also be attempted. (32) Although 
EM examination of stools is a simple and relatively 
rapid procedure, caution must be used in inter
preting the significance of "particles" visualized, 
since stools contain a myriad of small objects that 
have no relationship to the illness being studied.(128) 
It is for this reason that carefully controlled IEM 
studies with appropriate paired sera should be car
ried out under code to determine the significance 
of the particles observed. Ideally, a patient's paired 
sera should show an IEM antibody increase with 
the particle that has been visualized being used as 
the antigen (see Fig. 2); in addition, if paired sera 
are not available, careful IEM studies with 'V-glob
ulin, paired sera from other subjects in the same 
outbreak or from other outbreaks, or antisera to 
morphologically similar agents should be studied to 
determine the significance of the particle in ques
tion. Simple aggregation of particles by a serum 
should not be taken as evidence of a specific re-
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sponse, since certain particles, such as Norwalk, 
demonstrate aggregation without the addition of 
serum. These nonspecific aggregates may appear to 
be coated with a small or moderate amount of an
tibody. Thus, it is essential to determine the amount 
of antibody coating the particles even if they are 
aggregated. If there is any question about the sig
nificance of aggregation, the concentration of anti
gen or antibody may be varied. Such maneuvers 
should affect both the size of the aggregates and the 
amount of antibody coating the particles as the re
action proceeds from antigen excess to antibody ex
cess. (128,136) Awareness of specificity of aggregation 
is essential, since certain stools contain groups of 
22-nm particles that characteristically appear in "ag
gregate" form with little or no "antibody" on them 
and that have had no known relationship to the 
illness being studied. (128, 136) These aggregates gen
erally appear similar with paired acute or convales
cent sera. IEM remains the only method for detect
ing serological evidence of infection for other 
members of the group not antigenically related to 
the Norwalk virus. Serological diagnosis of Norwalk 
infection can of course be made by IEM, but recently 
a practical RIA-blocking test has been developed for 
this agent. (23, 1(4) The development of an RIA -blocking 
test has permitted the study of a large number of 
serum specimens from outbreaks in different local
ities and thus paved the way to an understanding 
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of the epidemiology of this virus. (102,104) An immune 
adherence hemagglutination assay has also proved 
useful for detecting serological evidence of Norwalk 
infection, but it is not quite as sensitive as RIA and 
also uses larger amounts of antigen. (131) Although 
practical, these assays are limited to use in research 
laboratories, since reagents are not generally avail
able. 

8.2. Rotaviruses 

8.2.1. Clinical Features. Clinical characterization 
of rotavirus illness in infants and young children 
has been heavily weighted toward disease severe 
enough to warrant hospitalization. The three major 
clinical manifestations observed in rotavirus gas
troenteritis in such studies are vomiting, diarrhea, 
and dehydration. A comparison was made of signs 
and symptoms observed in 72 patients hospitalized 
with a diarrheal illness associated with rotavirus and 
78 patients hospitalized with a diarrheal illness that 
could not be associated with rotaviruS(213) (Table 5). 
The rota virus group experienced both vomiting and 

dehydration significantly more often then the non
rotavirus group. The dehydration was isotonic in 
95% of the patients in the rotavirus group and in 
77% of the rotavirus-negative group. As determined 
from history and hospital records, the mean dura
tion of vomiting was also longer in the rotavirus 
than in the nonrotavirus group (2.6 vs. 0.9 days). 
Diarrhea began later but lasted longer than vomiting 
in the rotavirus group (mean duration 5 days vs. 2.6 
days). Once the patient was hospitalized, diarrhea 
continued for an average of 2.6 days (range 1-9 
days) in the rotavirus group and 3.8 days (range 
1-16 days) in the nonrotavirus group. The duration 
of hospitalization ranged from 2 to 14 days (mean 
4 days) for the rotavirus group. The greatest fre
quency of rotavirus diarrhea was in the 6- to 24-
month age group. 

Notable laboratory findings were related to the 
degree of dehydration. (213) Elevated BUN (> 18 mgt 
dl) and urine specific gravity (>1.025) were ob
served in 58 and 71 %, respectively, of the rotavirus 
group, frequencies significantly greater than those 
observed in the nonrotavirus group. 

Table 5. Clinical Characteristics of 150 Children Hospitalized with 
Acute Gastroenteritisa 

Clinical finding 

Vomiting 
Fever eC) 

37.9-39 
>39 
Total 

Dehydration 
Hypertonic 
Isotonic 
Hypotonic 

Irritability 
Lethargy 
Pharyngeal erythema 
Tonsillar exudate 
Rhinitis 
Red tympanic membrane with 

loss of landmarks 
Rhonchi or wheezing 
Palpable cervical lymph nodes 

Percentage having each clinical finding 

Rotavirus infection Rotavirus infection not 
detected detected 

(72 patients) (78 patients) 

46 
31 
77 
83c 

5 
95 
o 

47 
36 
49 
3 

26 
19 

8 
18 

29 
33 
61 
40< 
16 
77 
6 

40 
27 
32 
3 

22 
9 

8 
9 

'From Rodriguez et al. '21" with minor changes. b p < 0.01. c P < 0.01. 



Deaths have been reported in infants and young 
children with rota virus infection. (40,54, 177, 178, 182, 183) In 

a Canadian study, 21 deaths were reported in in
fants and young children with rota virus infection 
from May 1972 to March 1977, Of these 21 children, 
10 were dead on arrival at the hospital, while 10 
were moribund and could not be successfully re
suscitated on arrival. (40) One child was already in 
the hospital when he acquired the disease; this pa
tient had congestive cardiomyopathy that contrib
uted to his death. All except this patient and one 
other had been healthy previously. The patients 
with fatal disease ranged in age from 4 to 30 months, 
with a mean of 11 months. The deaths occured 1-3 
days after onset of symptoms. The major factor 
causing death was believed to be dehydration and 
electrolyte imbalance in 16 cases, aspiration of vom
itus in 3 cases, and in the remaining 2, seizures were 
a contributing factor. It is striking that the parents 
of 16 of the 20 children brought to the hospital mor
ibund or already dead had had some contact with 
a physician during the course of the illness. (40) 

Rotavirus infection has also been observed in pe
diatric patients with intussusception and with self
limited gastrointestinal bleeding. (57,143) One of the 
patients in the latter group had clinical findings 
compatible with Henoch-Schoenlein purpura. One 
patient with rotavirus gastroenteritis was observed 
to develop a fatal Reye's syndrome with severe CNS 
manifestations. (223) Another patient with rotavirus 
gastroenteritis developed encephalitis with severe 
CNS manifestations and was making a slow recov
ery. (223) Hemolytic uremic syndrome or dissemi
nated intravascular coagulation have been reported 
in several children with rotavirus infection:207); one 
child with rotavirus gastroenteritis developed se
vere neurological sequelae after marked dehydration 
and intravascular coagulation. (183) Elevated se
rum transaminases have also been reported in 
patients with rotavirus-associated gastroenteri
tis. (64,252) The relationship or frequency, or both, of 
rota virus infection with these unusual clinical 
manifestations should be clarified in future studies. 
Growth of rotavirus has also been described in 
tissue cultures inoculated with filtrates prepared 
from intestinal tissue of patients with Crohn's dis
ease, but this observation could not be con
firmed. (125,272) 

In the volunteer studies in which the D strain, a 
subgroup 2 human rotavirus was administered or-
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ally to volunteers, four developed a diarrheal illness 
that began 2-4 days after inoculation. (124) Two of 
the four volunteers with diarrhea also vomited, one 
the day after inoculation (2 days before the onset 
of diarrhea) and the other 3 days after inoculation 
(the day of onset of diarrhea). Average duration of 
diarrhea was 2.5 days, with a range of 1-4 days. 
The number of diarrheal stools per illness ranged 
from 1 to 24 stools, with one volunteer having a 
maximum of 11 in one day. Thus, under experi
mental as well as natural conditions, adults can de
velop a rotaviral diarrheal illness. However, sub
clinical rotavirus infection in adults appears to be 
much more common, as demonstrated in one study 
in which 22 of 50 family contacts of pediatric patients 
hospitalized with rota virus gastroenteritis them
selves developed serological evidence of rotavirus 
infection at or about the time of their children's hos
pitalization(139); however, only 3 infected parents 
had a gastroenteric illness at or about the time of 
their children's illnesses. 

8.2.2. Diagnosis. As with the Norwalk group, 
specific diagnosis of infection with human rotavirus 
is not possible on the basis of clinical manifestations. 
Even though rota virus infection follows a predict
able seasonal pattern of recurrent high prevalence 
during the "winter" or cooler months in temperate 
climates, a laboratory diagnosis is essential, since 
other agents may also cause gastroenteritis even 
during peak rotavirus periods. 

The human rotaviruses do not grow readily in 
tissue culture or in conventional laboratory animal 
models. (286) However, numerous assays have been 
developed for the detection of rotaviruses, as out
lined previously in Table 1. The most widely applied 
methods are able to detect rotavirus in stool speci
mens by direct visualization or by immunological 
assay ("direct virology"). (136) EM has the distinct 
advantage of being highly specific, since the rota
virus has such a characteristic morphological ap
pearance; it is limited, however, by the requirement 
for an electron microscope as well as a capable op
erator. EM is the most rapid method of diagnosis 
when dealing with only a few specimens. Other 
efficient but more practical assays for large numbers 
of specimens include counterimmunoelectroosmo
phoresis, RIA, and enzyme-linked immunosorbent 
assay (ELISA). The ELISA is probably the most prac
tical diagnostic method for large-scale studies and 
is limited only by the availability of suitable re-
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agents. False-positive reactions may occur, and the 
laboratory should be able to confirm all positive 
samples by appropriate methods. Thus, there are 
several efficient and practical methods for detecting 
rotaviruses; the method of choice will vary accord
ing to the resources and experience of individual 
laboratories. 

Serological evidence of rota virus infection may be 
detected by a variety of techniques (see Table 2). 
Complement fixation is efficient and practical when 
testing sera from pediatric patients about 6-24 
months of age. (136,298) However, it is not as efficient 
as certain other techniques when testing sera from 
patients less than 6 months of age and from 
adults. (298) Serological evidence of rotavirus infec
tion may be detected in these age groups by ELISA 
or immunofluorescence. ELISA has also been em
ployed to measure specific immunoglobulin re
sponses in rotavirus infection. (301) As long as the 
limitations of the various methods are recognized, 
the method of choice will vary according to the re
sources and experience of individual laboratories. 

9. Control and Prevention 

9.1. Norwalk Group of Viruses 

There are no methods available for the prevention 
or control of infection or illness with the Norwalk 
group of agents. Since this group of agents is highly 
contagious and transmitted by the fecal-oral (or 
vomitus-oral) route, it is possible that in a family 
or group setting where one member is ill with this 
form of gastroenteritis, effective hand-washing and 
disposal or disinfection of contaminated material 
could decrease the likelihood of transmission. In
creased vigilance concerning the purity of drinking 
water or of water in swimming pools might also 
limit the number of outbreaks due to these agents. 

Treatment of gastroenteritis caused by the Nor
walk group characteristically consists of replace
ment of fluid loss by the administration of liquids 
orally. Parenteral intravenous fluid therapy is only 
rarely necessary in this form of generally self-limited 
gastroenteritis. (59-61) The impact of this group of 
agents in debilitated hosts has not been evaluated 
extensively. In addition, it should be noted that re
cent volunteer studies with the Norwalk agent re
vealed that oral administration of bismuth subsali
cylate after onset of symptoms significantly reduced 

the severity and duration of abdominal cramps and 
the median duration of gastrointestinal symptoms. 
This treatment did not significantly affect the num
ber, weight, or water content of stools. (245) 

Neither the need for the development of a vaccine 
for this group nor the techniques required for such 
a vaccine (such as propagation of these agents in 
cell culture) have been established. For example, the 
number of serotypes in this group and their overall 
importance in epidemic gastroenteritis must be 
understood before immunoprophylaxis can be con
sidered. Furthermore, the unusual aspects of Nor
walk virus immunity require more precise defini
tion. This represents a clear priority in view of the 
apparent nonimmunological basis for long-term im
munity. Thus, it is premature to consider immu
noprophylaxis for the Norwalk group of agents. 

9.2. Rotaviruses 

In both the developed and developing countries, 
rotaviruses represent a major cause of severe diar
rhea of infants and young children. Thus, it is clear 
that a rota virus vaccine is needed. Although diar
rheal illnesses are not a major cause of mortality in 
the developed countries, such illnesses are the lead
ing cause of death in infants and young children in 
many developing countries. The role of rotaviruses 
in the estimated 5-10 million fatal diarrheal illnesses 
that occur in developing countries each year(271) has 
not been established, although their major impor
tance in the etiology of severe gastroenteritis in 
these popUlations is now well documented. More
over, rotaviruses are known to cause a severe de
hydrating diarrheal illness, and such illness if un
treated can be fatal. Indeed, in a Canadian study, 
21 deaths associated with rota virus gastroenteritis 
were observed. (40) All but one of the fatalities oc
curred in infants and young children who died on 
the way to the hospital or in the emergency clinic 
at the time of hospitalization. Although rota virus 
infections can be fatal, it is not known what the 
impact of an effective rota virus vaccine would be on 
the staggering death toll from diarrheal disease in 
the developing countries. Recently, it has been sug
gested that enterotoxigenic E. coli may be a more 
important cause of death from diarrhea in devel
oping countries than rotavirus. (67,149) For example, 
in the United States in New York City in the early 
1900s, these authors note that there was a staggering 



infant mortality rate with a large proportion of 
deaths attributable to outbreaks of summer diarrhea 
in slum tenements. (149) The infant death rate de
clined markedly in the next decades, and it has been 
suggested that this decline was not because of better 
medical management of summer diarrhea, but rather 
was the result of development of improved sanitary 
conditions such as iceboxes, flush toilets, and water 
supply, which limited bacterial contamination. (149) 

Indeed, despite the advanced sanitary conditions 
and high standards of living in the United States 
today, almost all persons still undergo rotavirus in
fection by the end of the 3rd year of life, though 
mortality from diarrheal illnesses is infrequent in 
the United States. Decline in mortality from diar
rheal diseases in developed countries is due in part 
to the availability of fluid replacement therapy and 
possibly better nutrition, but undoubtedly other fac
tors have played a major role, such as the decline 
of incidence of bacterial diarrheas as sanitation im
proved. (149) The relative role of bacteria, the rota
viruses, and other agents in infant mortality from 
diarrheal illness in developing countries needs in
tensive investigation. 

Animal studies cited earlier clearly indicate that 
antibody in the intestinal lumen plays a major role 
in resistance to rotavirus disease. In experimentally 
infected animals, serum rotavirus antibody in the 
absence of intestinal antibody was not effective in 
preventing rotavirus illness. Thus, one approach in 
the control of rotavirus illness may be the encour
agement of breast feeding as a means of providing 
local antibody to the young infant. Colostrum and 
milk contain IgA rotavirus antibody, and it may be 
that such antibody would exert some protective role 
against rota virus illness in the infant and young 
child. (295) If a successful rotavirus vaccine were de
veloped, it might be beneficial to immunize the 
mother to raise the level of antibodies in her breast 
milk for transfer to the intestine of the infant. One 
discouraging aspect of this approach is the fre
quency of diarrheal diseases, including those as
sociated with rotavirus, in countries where infants 
and young children are breast fed almost exclusively 
for extended periods. However, the nutritional sta
tus of the nursing mother may be a critical factor. 

It is likely that a rotavirus vaccine would be most 
effective if administered orally to stimulate local IgA 
antibody, since this antibody may be a major de
terminant of resistance to rotavirus illness. 
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The aim of a successful vaccine would be to pre
vent serious illness during the first 2 years of life, 
when the outcome of such infection may be espe
cially serious or fatal. Thus, the vaccine would be 
3.dministered within the first 6 months of life with 
a possible need for boosters at appropriate inter
vals. (45) With the recent successful cultivation of 
the Wa strain rotavirus, the development of a vac
cine against at least one serotype appears possi
ble. (285) It will be essential to propagate other rota
virus serotypes, since a vaccine should probably 
contain prevalent serotypes. Approaches to the de
velopment of a vaccine center about the develop
ment of mutants that have lost their ability to induce 
illness but are capable of inducing immunity. Such 
a vaccine would be tested initially in experimental 
animals for safety, antigenicity, and protective ef
fect. If the vaccine were shown to be safe, immu
nogenic, and protective, studies would be carried 
out in adult volunteers initially. If safe, immuno
genic, and protectiv~ in adult volunteers, the vac
cine would be tested for safety and immunogenicity 
in a stepwise progression in younger age groups 
with the ultimate aim of a small field trial for effi
cacy. 

Another approach to vaccine development takes 
advantage of the antigenic relatedness of human 
and animal rotavirus strains. (126,127,163,278) Thus, if an 
animal rotavirus, such as a bovine rotavirus, can be 
shown capable of infecting humans and inducing 
immunity without causing illness, such a strain 
might be an ideal vaccine candidate, especially if it 
protected against prevalent serotypes. The feasibil
ity of this approach has been tested in calves. Calves 
were inoculated in utero with calf rotavirus or with 
placebo (or nothing). (289) Shortly after birth, the 
calves were challenged with the strain D of human 
rotavirus and it was found that in utero infection 
with calf rotavirus induced resistance to disease 
caused by challenge with this human rotavirus 
strain; in contrast, animals that had received placebo 
(or nothing) developed illness on challenge with 
human rotavirus D strain soon after birth. Thus, 
cross-protection between the calf and human rota
virus was demonstrated, indicating that the bovine 
virus was sufficiently related antigenically to human 
rotavirus D strain, a subgroup 2 virus, to induce 
protection, a finding that warrants further evalua
tion. Of course, prior to human studies, extensive 
safety tests would have to be performed. 
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Thus, it is hoped that an effective immunogen 
will be developed for rotavirus. However, it should 
be stressed that since a human rotavirus vaccine has 
not yet been developed, effective treatment for ro
tavirus diarrhea is available in the form of fluid and 
electrolyte replacement therapy by the oral or par
enteral route of administration. (190,221) Thus, one 
means of controlling the severe morbidity and mor
tality from rota virus diarrhea would be to make 
available fluids and electrolytes necessary for re
hydration. In addition, since this agent is transmit
ted by the fecal-oral route, careful attention to 
hand-washing, disinfection, and disposal of con
taminated material would appear to be one way of 
limiting the spread of this highly contagious agent, 
especially in nurseries and hospitals, where noso
comial infections are common. 

10. Unresolved Problems 

10.1. Norwalk Group and Miscellaneous Enteric 
Agents 

Numerous unresolved problems remain for the 
Norwalk group. Intensive efforts are needed to de
termine the number of serotypes of agents respon
sible for epidemic viral gastroenteritis. Such studies 
entail careful electron-microscopic (EM) 0:' immune
EM (IEM) studies for detection of viral particles. !EM 
must then be used to determine the significance of 
any particles observed and their antigenic related
ness to previously recognized viruses of the group. 
The development of a radioimmunoassay for Nor
walk virus has permitted the study of the epide
miological importance of this agent. Such a practical 
assay is needed for the other known agents of this 
syndrome, such as the Hawaii, Ditchling, cockle, 
Parramatta, Marin County, and Colorado agents. It 
is conceivable that the etiology of most of epidemic 
viral gastroenteritis could be accounted for by the 
known members of the Norwalk group. 

Efforts are also needed to find a suitable cell-cul
ture system to propagate these agents. Such a sys
tem would facilitate epidemiological studies and 
assist in further characterization of these agents. For 
example, it is not yet known whether the Norwalk 
agent is an RNA or a DNA virus. 

Studies of immunity to Norwalk agent have raised 
rather perplexing questions, since there appears to 

be one cohort of individuals who demonstrates im
munity to Norwalk infection and illness, whereas 
there is another who characteristically demonstrates 
short-term but not long-term immunity. One expla
nation for this phenomenon postulates a genetic fac
tor, such as a receptor for Norwalk virus, that is 
lacking in one cohort and present in the other. (197) 
The role of local IgA antibody should also be ex
plored further. 

Finally, a major unresolved area in the etiology 
of epidemic viral gastroenteritis is the role of other 
agents such as astroviruses, caliciviruses, minireo
viruses, and other small, round viruses.oo,36,37,54,66, 
77,83,87,144-146,152-156,166,177,184,226,236) Some of these 

agents, such as the astroviruses, have been studied 
rather intensively: for example, astroviruses, which 
are 28 nm in diameter and derive their name from 
the five- or six-pointed star-shaped configuration 
observed by negative staining in certain particles, (152) 
have been administered to volunteers and found to 
induce a diarrheal illness in 1 of 17 volunteers but 
to infect a substantial number(145); studies of the 
prevalence of astrovirus antibody have demon
strated a rather rapid acquisition of antibody, so that 
by the 10th year, 75% of persons have antibody. (144) 
Astroviruses have also been detected in stools of 
lambs with diarrhea and in calves without diar
rhea.(236,275) The lamb astrovirus has been shown to 
induce illness in lambs under experimental condi
tions, whereas the calf astrovirus did not induce 
illness under such conditions. Caliciviruslike parti
cles, which are about 32-40 nm in diameter and 
have characteristic cuplike configurations on their 
surface,P52) have also been studied rather inten
sively. For example, gastroenteritis in infants and 
young children in Japan, England, and Canada has 
been associated with such particles. (47,52,,243,,249) As 
noted earlier, recent evidence suggests that the Nor
walk agent may be a calicivirus. (102) Another particle 
34-38 nm in diameter with a density of 1.35-1.37 
g/cm3 has been associated with an outbreak of gas
troenteritis in a work-training facility for mentally 
deficient persons 15 years of age or older. These 
particles were believed to be different from calici
viruses and astroviruses morphologically. (269) The 
classification of all these particles needs further 
study. 

Two other groups that have no morphological 
similarity to Norwalk agent are the adenoviruses 
and the coronaviruses. Fastidious adenoviruses that 



do not grow readily in cell culture have been 
observed in stools of infants and young children 
hospitalized with diarrheaY8,37,54,66,133,265) In the 
Washington, D.C., Children's Hospital study, 
adenoviruses were detected by EM significantly 
more often in stools or rectal-swab specimens of 
patients hospitalized with gastroenteritis than in 
those hospitalized for other than diarrheal illness 
(5.1 vs. 1.9%).(33) A large proportion of these ade
noviruses could not be cultivated in cell culture. In 
addition, gastroenteritis outpatients were also found 
to shed adenoviruses significantly more often than 
nongastroenteritis outpatients (2.5 vs. 0.3%).(33) 
Adenoviruses have also been detected in stools of 
15% of patients hospitalized with gastroenteritis in 
a Canadian study. (208) In addition, adenoviruses were 
associated with the deaths of two infants who had 
dehydration from severe gastroenteritis; adenovirus 
antigen was detected in their jejunal cells by im
munofluorescence. (208) Adenoviruses have also been 
associated with a gastroenteritis outbreak in a long
stay children's ward. (84) Adenoviruses have also 
been found in small-intestinal fluid of pediatric pa
tients with gastroenteritis(166); in such patients, D

xylose absorption appears to have been impaired. 
Overall, the contribution of adenoviruses to etiology 
of pediatric gastroenteritis appears to be small. Ad
enovirus infection has also been associated with in
tussusception. (49,94) 

Coronaviruses are established as etiological agents 
of diarrheal disease in many animals, but they have 
not yet been implicated conclusively in published 
reports as etiological agents of infantile gastroen
teritis. (17,27,76,122,138,170,209,244) Coronaviruses have been 
reported to have been detected by EM in stools ob
tained from three outbreaks of gastroenteritis in 
adults, and the particles in a stool from one of the 
outbreaks were propagated in organ and cell cul
tures. (41,42) In February, 1980, enteric coronaviruses 
were described as associated with an outbreak of 
severe hemorrhagic enterocolitis in newborn infants 
in France, with two deaths. (46) In addition, the oc
currence of enteric coronavirus in epidemics of diar
rhea in 4- to 30-month-old patients was described. (46) 
Human serum has been shown to contain neutral
izing antibody to calf coronavirus; however, since 
the human respiratory coronavirus organ culture 
(OC)43 and the calf coronavirus share some anti
genic relationship, it is not certain whether this an
tibody is related to OC43 or to another human co-
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ronavirus. (137,232) Thus, a major area of future research 
involves delineation of the role of these miscella
neous enteric agents in viral gastroenteritis. 

10.2. Rotaviruses 

There are numerous unresolved problems relating 
to the epidemiology of rotaviruses. The impact of 
rotavirus diarrhea on the staggering mortality rate 
from diarrheal diseases in the developing countries 
must be elucidated. Although rotaviruses are an im
portant cause of severe diarrheal illness, the role of 
rotaviruses in infant mortality needs to be elucidated. 

The incidence of rotavirus diarrhea in the general 
population in the United States and worldwide is 
not yet known. It is anticipated that in the United 
States, this information will be gathered from on
going longitudinal studies, whereas worldwide in
formation will be obtained from a recently launched 
WHO diarrheal diseases control program. 

The paradox of rota virus infections that are pre
dominantly subclinical in neonates in certain nur
series has not been explained. The mechanism of 
this overall decreased susceptibility should be elu
cidated. In addition, the effect of such neonatal in
fection on future response to rota virus should be 
determined. 

Another area of interest is an understanding of 
the possible reservoirs of rotaviruses. Practically 
every animal studied has been found to have an 
indigenous rotavirus capable of causing diarrhea. 
However, there is no documented evidence of nat
ural spread of an animal rota virus to humans or vice 
versa. It is known, however, that the human rota
virus can induce diarrhea in piglets, calves, and 
monkeys under experimental conditions. 

The inability to propagate rotavirus efficiently 
from clinical material remains a hindrance to the 
study of this agent. However, as described in Sec
tion 4.2, recently important advances have been 
made in this regard. Efficient cultivation of all prev
alent serotypes in cell cultures is a major research 
goal. 

The question of the number of rotavirus serotypes 
must also be resolved. There is agreement on at least 
two serotypes; however, the existence of up to five 
serotypes has been reported. The number of sero
types and their importance epidemiologically should 
be elucidated. 
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Another area to be resolved concerns the role of 
rota virus infection in malnutrition and the effect of 
malnutrition on rotavirus infection. The possible 
role of breast milk in prevention of rotavirus diar
rhea must also be evaluated. Although there is ev
idence that breast milk can exert an effect on rota
virus shedding, its role in the prevention of rotavirus 
diarrhea remains to be established. 

The synergism, if any, between rotaviruses and 
bacteria should be studied. In animals, it is de
scribed that the presence of certain bacteria acts sy
nergistically with rota virus to cause more severe ill
ness than if either were present alone. 

Finally, with the worldwide importance of rota
viruses as a cause of diarrhea established, there is 
an ever-increasing demand for reagents for study 
of these agents. Suitable reagents for ELISA for de
tecting human rotavirus are available from various 
sources. The availability of such reagents should 
facilitate worldwide study of rotavirus. 
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