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Fecal rotavirus strains collected between 1973 and 1989 from 943 children admitted with acute diarrhea to
one hospital in Melbourne, Australia, were serotyped by using an enzyme-linked immunosorbent assay. The
assay incorporated neutralizing monoclonal antibodies specific for VP7 of the four major human serotypes (1
through 4). A serotype could be assigned to 690 of 943 specimens (73.2%). Typeable strains comprised serotype
1 (72.5%), serotype 2 (6.8%), serotype 3 (2.9%), or serotype 4 (15.4%). Monotypes la and lc comprised 52
and 44%, respectively, of serotype 1 strains. All serotypes and monotypes exhibited polymorphic genomic
RNAs. Specimens reacting as mixed serotypes were rare (3.2%) and included intertypic strains (0.7%) and
mixed infections (1.0%). Nontypeable strains for which an electropherotype could be determined appeared to
be identical with typeable strains present concurrently in the community. Serotypes exhibited various
epidemiological patterns. Serotype 1 strains were dominant except during three successive winters when 60 to
90% of the disease was caused by serotype 2. Serotype 4 strains showed an episodic pattern of appearance,

recurring at peak incidence approximately every 3 years. Fecal rotavirus strains collected from 145 newborn
babies housed in Melbourne obstetric hospitals between 1974 and 1986 were also serotyped. All 135 typeable
strains (93.1%) belonged to serotype 3. It is hypothesized that endemic infection with serotype 3 rotaviruses in
nurseries for the newborn influenced the epidemiology of rotavirus serotypes responsible for severe clinical
disease in young children in the same community.

Throughout the world, rotavirus infection is the single
most common cause of severe watery diarrhea during the
first 2 years of life (5). Hospital-based studies have shown
that rotavirus disease is endemic in tropical countries and
that annual epidemics of rotavirus infection occur during the
colder months in temperate climates. Analysis of genomic
RNA electropherotypes of rotaviruses has shown great
genetic diversity in strains, even in those simultaneously
present in the same geographical location (15, 29). In most
localities, there is a sequential pattern of appearance of
electropherotypes, with predominant strains being replaced
annually. The extent of serotype changes associated with
these electropherotype changes is not known.

Neutralization tests with hyperimmune sera have identi-
fied at least six human rotavirus serotypes, and four of these
have been shown to have worldwide distribution (3, 35). This
classification has since been shown to have been based on
simultaneous neutralization by antibodies to the two outer
capsid viral proteins, VP4 (formerly VP3) and VP7 (22). This
initial classification of serotype has been shown to correlate
well with serological identification of VP7 (21).
The development of validated neutralizing monoclonal

antibodies (MAbs) reacting specifically with the VP7 pro-
teins of each of the four major human serotypes (1 to 4) has
now permitted rapid direct typing of rotaviruses excreted in
stools (13, 19, 30, 33). An assay developed in our laboratory
further distinguishes antigenic differences (monotypes or
subtypes) within VP7 of serotype 1 (10).
The importance of each human serotype in causation of

disease from year to year in the same or different geograph-
ical areas has yet to be established. Surveys published to
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date from Europe (2, 18), North and South America (16, 23,
26), Africa (17), and Australia and Asia (1, 4, 7, 8, 25, 27, 31,
34) show fluctuations in the occurrence of serotypes 1, 2, 3,
and 4 from country to country and temporally within each
country. No consistent epidemiological patterns have been
identified, possibly because most studies have been of lim-
ited duration (1 to 4 years). Temporal changes in predomi-
nant serotypes may explain the inconsistent results obtained
in some of the recent trials of candidate rotavirus vaccines
(14).
We present here the results from serotyping fecal rotavi-

rus strains collected from children admitted to the gastroen-
teritis ward of the Royal Children's Hospital (RCH), Mel-
bourne, Australia, from 1973 to 1989, and from newborn
babies born and housed in Melboumne's obstetric hospital
nurseries from 1974 to 1984. The results allow preliminary
conclusions about periodicity of occurrence of some strains
and assess the possible influence of neonatal strains on the
epidemiology of strains causing severe disease in the same
community. Information from other similar long-term sur-
veys throughout the world is critically important for the
development of an effective vaccine strategy.

MATERIALS AND METHODS

All fecal specimens used in this survey had been initially
collected from children within 48 h of admission to the
hospital with acute diarrhea or from newborn babies aged 2
to 10 days. Rotavirus infection had been diagnosed by
electron microscopy of negatively stained, concentrated
stool homogenates or by enzyme immunoassay (25). Rota-
virus-positive specimens had been stored at -70°C as unex-
tracted feces, as 10% stool homogenates in phosphate-
buffered saline, or as ultracentrifuge pellets resuspended in
Tris buffer (32).
The first group of rotavirus-positive fecal specimens was
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TABLE 1. Occurrence of human rotavirus serotypes 1 to 4 in
feces from children with acute diarrhea admitted

to the hospital in Melbourne, Australia

No. of specimens % Serotypea:

Yr Rotavirus Tested Non-
positive for sero- la lc 2 3 4 type-poiie type able

1973 26b 13 0 7.7 38.5 7.7 0 46.2
1974 181 72 1.4 43.1 0 11.1 16.7 26.4
1977-1979 NKC 32 0 6.3 62.5 6.3 3.1 15.6
1980 99 85 1.2 62.4 1.2 0 0 34.1
1981 82 51 7.8 31.4 2.0 0 13.7 45.1
1982 87 63 6.3 46.0 0 0 6.3 34.9
1983 60 54 16.7 44.4 3.7 3.7 0 18.5
1984 169 146 9.6 39.7 0 1.4 23.3 21.2
1985 130 102 66.7 2.9 1.0 1.0 5.9 22.5
1986 142 119 78.2 0 0 0.8 0 21.0
1987 98 36 86.1 0 0 0 0 11.1

1988 82 61 29.5 0 1.6 0 36.1 31.1
1989 133 109 16.5 0.9 14.7 2.8 18.3 33.9

a Serotypes lb and ld have been omitted.
b Specimens were collected from June to December.
c NK, Not known.

obtained from 943 children aged 9 days to 10 years admitted
to the infectious disease ward of the RCH for treatment of
severe acute diarrhea from June 1973 to December 1989. The
RCH provides annual inpatient care for approximately
25,000 children residing in the Melbourne urban area. Al-
though treatment of acute diarrhea has altered during that
period to include the use of oral rehydration after admission
to the hospital, there have been no major changes in the
community-based treatment regimens or in criteria for ad-
mission to the hospital. The number of live births in urban
Melbourne has remained stable at approximately 40,000
annually since 1976. The total numbers of children admitted
annually to RCH with acute diarrhea in consecutive years
from 1973 to 1989 included 540, 738, 606, 393, 424, 481, 468,
547, 573, 402, 326, 460, 356, 377, 345, 382, and 358, respec-
tively. Annual numbers of rotavirus-positive specimens
identified together with the number tested for serotype are

shown in Table 1. The age ranges of patients included <6
months (77 children), 6 to 11 months (204 children), 12 to 17
months (233 children), 18 to 23 months (174 children), 24 to
35 months (156 children), 36 to 59 months (75 children), and
>5 years (24 children). There was incomplete collection of
specimens during 1973 and from 1977 to 1979. No specimens
were available for serotyping from children admitted to the
hospital in 1975 and 1976.

Rotavirus-positive fecal specimens were also obtained
from 145 newborn babies (both symptomatic and asympto-
matic) aged 2 to 10 days, housed in 2 nurseries providing
special care and 13 nurseries providing routine antenatal
care in 10 obstetric hospitals in Melbourne between 1974 and
1986. With the exception of one special care nursery, all
babies examined had been delivered in the labor ward of the
hospital in which they were housed. The majority of speci-
mens (111 of 145) were obtained from babies born at the
Royal Women's Hospital, Melbourne (RWH), during 1974 (n
= 1), 1975 (n = 43), 1976 (n = 5), 1977 (n = 12), 1978 (n =

7), 1979 (n = 4), 1980 (n = 18), 1981 (n = 4), 1982 (n = 7),
1983 (n = 6), and 1984 (n = 4). Sixty-eight of the 111 babies
had been housed in the Special Care nursery of the RWH.

The remaining 43 babies were housed in five nurseries for
healthy full-term infants.

Serotyping assay. Stored specimens were thawed and used
in a double-sandwich serotyping enzyme immunoassay by
using hyperimmune rabbit antisera to human rotavirus as
capture antisera and neutralizing MAbs specific for VP7 of
the four major human rotavirus serotypes (1 to 4) as detector
antibodies (13). The assay matches hyperimmune capture
antisera raised to standard strains of serotypes 1 to 4 (RV4,
RV5, RV3, and ST3) with detector antibodies reacting with
VP7 of the same serotype. The assay has been validated by
other techniques (19). Specimens that were initially nontype-
able were concentrated approximately 2.5-fold with poly-
acrylamide gel (Lyphogel; Gelman Sciences, Inc.) and reas-
sayed, at which point an additional 6% of specimens proved
to be typeable (32).

Six serotype-specific MAbs that recognize VP7 of group A
rotaviruses were used in the assay. MAbs RV4:1, RV4:2,
and RV4:3 recognize different epitopes on VP7 of serotype 1
and permit intratypic classification into monotypes la, lb,
lc, and ld (10). MAbs RV5:3, RV3:1, and ST3:1 are specific
for VP7 of serotypes 2, 3, and 4, respectively. MAb RV-A
recognizes an inner capsid epitope on VP6 that is common to
all group A rotaviruses and was incorporated as a control to
estimate the amount of rotavirus antigen in each sample.

Electrophoresis of rotavirus dsRNA. Extracts of genomic
double-stranded RNAs (dsRNAs) were prepared from 823
rotavirus-positive fecal specimens obtained from children
admitted to the hospital between 1973 and 1988 and from 131
rotavirus-positive fecal specimens from newborn babies.
dsRNAs from specimens obtained between 1973 and 1979
were prepared by the technique of Rodger et al. (29).
Between 1980 and 1989, viral dsRNAs were prepared by
phenol-chloroform-cresol extraction and stained with silver
(10).

Statistical analysis. Results were analyzed by using the
chi-square test, incorporating Yates' correction when appro-
priate.

RESULTS

Rotavirus serotypes identified in children admitted to the
hospital with acute diarrhea. It was possible to assign a
serotype to 690 of 943 specimens tested (73.2%). The per-
centages of specimens assigned annually to serotype 1
(monotype la and lc), 2, 3, or 4, and the percentages that
were nontypeable are shown in Table 1. During the 15 years
when specimens were available, serotype 1 strains were
identified in 500 of 690 serotypeable strains (72.5%), com-
prising monotype la in 261 specimens (37.8%), monotype lb
in 18 (2.6%), monotype lc in 218 (31.6%), and monotype ld
in 3 (0.4%). In the remaining specimens, serotype 2 was
identified in 47 (6.8%), serotype 3 was identified in 20 (2.9%),
and serotype 4 was identified in 106 (15.4%).

Rotavirus strains reacting with more than one serotype-
specific MAb were identified in 22 of 690 specimens (3.2%).
Five of these were serotype 3 strains that shared an epitope
with VP7 of serotype 1 (12) and have been designated
serotype 3 x 1 (see below). Eight specimens reacted as
serotypes lc and 4, two specimens reacted as serotypes lb
and 4, one specimen reacted as serotypes lb and 2, two
specimens reacted as serotypes 3 and 4, two specimens
reacted as serotypes lc and 2, one specimen reacted as
serotypes 2 and 4, and one specimen reacted with all the
MAbs used.

Epidemiology of serotypes. The monthly occurrence of
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FIG. 1. Monthly occurrence of rotavirus serotypes and nontypeable strains excreted by Australian children with acute diarrhea admitted

to one hospital from 1973 to 1981. Unshaded areas in serotype 2 represent strains with short-pattern electropherotypes (3).

each serotype during the winter epidemic seasons from 1973
to 1989 is shown in Fig. 1 and 2. No specimens from 1976
were available for study. Results for 1973 and for 1977 to
1979 are supplemented by serotype results predicted from
electropherotype results available from an earlier survey
that used some of the same specimens (29). Strains from this
earlier survey had been extensively coelectrophoresed. Rep-
resentative specimens of short-pattern strains were identi-

fied as serotype 2 by our serotyping system. We recorded
serotype results deduced from electropherotypes (Fig. 1).
Studies have shown that such extrapolation can be accurate
with identical electropherotypes obtained within a particular
geographical area (10, 25).
Of the 16 winter epidemics, 10 were associated with a

clearly predominant serotype or monotype including sero-

type 2 (1973, 1977, 1978, and 1979), monotype la (1985,
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TABLE 2. Age range of children admitted to the hospital with
diarrhea due to differing rotavirus serotypes

% Infected in the following age
Serotype No. of group (mo):children

<6 6-23 >24

la 261 7.2 63.8 29.9
lc 218 9.7 66.8 23.5
2 47 4.3 63.1 32.6
3 20 36.8 36.8 26.4
4 106 11.3 62.3 26.4

1986, and 1987), and monotype lc (1980, 1982, and 1983)
(Fig. 1 and 2; Table 1). Two serotypes coexisted during the
winter epidemics of 1981 (lc and 4), 1984 (lc and 4), and 1988
(la and 4). In 1974, three serotypes (1c, 3, and 4) were
common in the community, and all four serotypes (la, lb, 2,
3, and 4) were identified during 1989. Serotypes lc, 2, 3, and
4 probably coexisted during 1975, since serotyped strains
with identical electropherotypes were found in 1974.
The monthly occurrence of nontypeable strains (Fig. 1 and

2) reflected the monthly patterns of admissions for acute
diarrhea.
The mean and median numbers of children admitted to the

hospital with rotavirus diarrhea during 1981, 1984, 1988, and
1989, when more than one serotype was common (119 and
108, respectively), were similar to the mean and median
numbers admitted during 1980, 1982, 1983, 1985, 1986, and
1987, when one clearly predominant serotype was identified
(103 [mean] and 99 [median] children). The mean and median
numbers of children admitted with rotavirus diarrhea during
1981, 1982, 1984, 1985, 1988, and 1989, when serotypes 1 and
4 coexisted (105 [mean] and 104 [median]), did not differ
from mean and median numbers admitted during 1980, 1983,
1986, and 1987 (100 [mean] and 99 [median]), when serotype
4 strains were absent.

Serotype 1 strains were dominant during at least 11 of the
16 winter periods for which data were available. Monotype
lc strains were common during 1974 and 1975, were occa-
sionally identified during 1977 to 1979, and replaced serotype
2 strains in 1980. Monotype lc strains present in the com-
munity from 1980 to 1984 were replaced by monotype la
strains after 1984.

Serotype 2 strains were common during the winter of
1973, were overwhelmingly predominant during the three
successive winters of 1977 to 1979, and were then rarely
identified until the winter of 1989. With the exceptions of the
winters of 1974 and 1989, serotype 3 strains have been rarely
identified as a cause of severe diarrhea in children in
Melbourne.

Serotype 4 strains appeared intermittently throughout the
16 years studied including 1974, 1981, 1982, 1984, 1985, 1988,
and 1989. Since 1980, serotype 4 strains have recurred as a
cause of severe diarrhea every 2 to 3 years. The initial
appearance has been followed by a decrease in occurrence
during the following year.
Age distribution in relation to rotavirus serotype. The age

ranges of children admitted to the hospital with diarrhea due
to each serotype are shown in Table 2. Within each serotype,
the majority of children infected were aged 6 to 23 months
with the exception of serotype 3, which was found as
frequently in infants less than 6 months old as in children
aged 6 to 23 months.
There was no evidence that the appearance of a new

serotype during a winter epidemic was associated with an
increase in the numbers of children of older age groups
admitted to the hospital. From 1980 to 1989, 1,082 children
were admitted to the hospital with rotavirus diarrhea, of
which 284 were more than 2 years old. The proportion (181
of 735) of children aged more than 2 years admitted during
winter epidemics when a new serotype appeared in the
community (1980, 1981, 1984, 1985, 1988, and 1989) did not
differ significantly from the proportion (103 of 347) admitted
during the years 1982, 1983, 1986, and 1987, when no change
in serotype was observed (X2 = 3.25, P > 0.05).

Rotavirus electropherotypes. An electropherotype was
identified in 416 of 735 specimens available for study. All
serotypes exhibited genomic RNA polymorphism, including
serotype 2 (11 electropherotypes), serotype la (20 electro-
pherotypes), serotype lc (13 electropherotypes), serotype lb
(2 electropherotypes), serotype 3 (8 electropherotypes), and
serotype 4 (8 electropherotypes). The predominant electro-
pherotype patterns of serotypes la and lc changed annually,
although some electropherotypes persisted for more than 1
year. The strain of serotype la that replaced serotype lc as
the dominant strain in 1985 was first detected in 1984.
Coelectrophoresis of these two strains indicated differences
in mobilities in 10 of the 11 gene segments (10). The
electropherotypes of serotype 4 strains found during each
outbreak differed from each other and comprised more than
one electropherotype in at least two of the five outbreaks.
An electropherotype was determined for five serotype 3
strains (including two from children aged 9 and 12 days) and
two serotype 3 x 1 strains. All showed RNA patterns that
differed from each other and from the serotype 3 or 3 x 1
strains endemic in obstetric hospital nurseries (see below).
Gel electrophoresis of genomic RNAs of 88 of 253 non-

typeable specimens obtained in 1973 (n = 3), 1974 (n = 8),
1980 (n = 4), 1981 (n = 4), 1982 (n = 3), 1983 (n = 10), 1984
(n = 26), 1985 (n = 4), 1986 (n = 10), 1987 (n = 10), and 1988
(n = 6) revealed either no RNA (50) or patterns identical
with typeable strains present concurrently in the community
(38).
There were sufficient amounts of specimens remaining to

perform gel electrophoresis on 7 of the 17 strains reacting
with more than one MAb (excluding serotype 3 x 1 strains).
The electropherotype pattern revealed more than 11 bands in
all seven specimens, indicating mixed infections.

Rotavirus serotypes in newborn babies. Serotypes could be
assigned to 135 of 145 specimens from newborn babies
(93%). All belonged to serotype 3. Some strains that reacted
positively with the serotype 3-specific antibody (MAb
RV3:1) were further classified as also reacting positively (as
judged by optical density readings) with a serotype 1 MAb
(RV-4:3), but at 10- to 100-fold-lower optical density read-
ings than those obtained with RV4:3 by homotypic serotype
1 viruses (12). These serotype 3 neonatal strains possess an
epitope shared with VP7 of serotype 1 and are designated
serotype 3 x 1. Overall, 44 of 103 rotaviruses identified from
babies at RWH (42.7%) and 17 of 32 strains from the other
hospitals (53.1%) were serotype 3 x 1.
From 1974 to 1977, serotype 3 x 1 comprised 52 of 82

strains (63.4%) but comprised only 9 of the 53 strains
identified from 1978 to 1984 (17.0%) (X2 = 30.1, P < 0.001).

DISCUSSION

The results of this survey document the epidemiology of
rotavirus serotypes in causation of severe disease in one
large urban area since the original detection of this virus in
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1973. Serotype 1 strains are confirmed as the single most
important cause of rotavirus disease throughout the world.
The epidemiological importance of subdivision of serotype 1
strains into monotypes la and lc is emphasized by the
results of this study. Monotype la strains replaced lc strains
after 1984 and persisted for the duration of the survey.
Monotype la strains possess a neutralization epitope not
present in lc strains (10). That may have favored their
emergence in the community after the dominance of mono-
type lc strains from 1980 to 1984. These monotypes may not
only be of local importance, since strains isolated in the
United States (Wa) and in Japan (KU and K8), have been
identified as monotype la and monotype lc, respectively
(10).
During the last 10 years of the survey, serotype 4 strains

showed an episodic pattern of appearance, characteristically
peaking in children admitted to the hospital during one
winter, persisting the following winter in reduced numbers,
and then disappearing from the community for one to two
winters, when they reemerged with changed electrophero-
types. Epidemic occurrences of serotype 4 have been noted
in the United Kingdom (2), Thailand (27), Mexico (26), and
Japan (34), but no periodicity has been reported to date.
No predictable patterns of occurrence were seen with

serotypes 2 or 3. The period studied was marked by the
emergence of a serotype 2 strain in 1977 as the dominant
serotype and its persistence with a constant electrophero-
type for 3 years. The dominance of this strain is apparent
from serotyping results, reinforced by extrapolation of sero-
type from electropherotype results. The latter imposes some
limitations on interpretation of the data. Nevertheless, such
extrapolation has been shown to be accurate with identical
electropherotypes obtained in a limited geographical area
(10, 25). Serotype 2 strains with changed electropherotypes
reemerged as a cause of severe diarrhea in children 10 years
later. Intermittent epidemics of strains with short-pattern
electropherotypes (presumably serotype 2) have been noted
previously in many communities in developed and develop-
ing countries (15). Serotype 3 strains were rarely identified in
children admitted to the hospital in Melbourne after 1974 and
have been uncommon in many other surveys.
Throughout the years of this survey, the percentages of

nontypeable strains varied annually from 11 to 46%. Their
monthly occurrence reflected the monthly patterns of sero-
types concurrently identified among hospital admissions.
Overall, the assay failed to identify the VP7 type of 27% of
rotaviruses. It is likely that these specimens contained
insufficient viral antigen (VP7) available for recognition by
the MAbs. The ability to determine serotype with this assay
has been shown to be influenced by the number and condi-
tion of viruses in the specimen (32). When it was possible to
determine the electropherotype of a nontypeable specimen,
the pattern was always identical with that of typeable strains
present concurrently in the community. It is also possible
that untyped specimens represented new, as yet unidenti-
fied, rotavirus serotypes. Incorporation of mixtures of MAbs
to extend the range of VP7 epitopes identified may improve
the sensitivity of the assay. In addition, highly sensitive
techniques involving amplification of genetic material by the
polymerase chain reaction method may be required for full
identification of rotaviruses present in feces.
There was little evidence that changes in serotype ap-

peared as a "herald wave" during the end of the preceding
winter, as has been described for influenza (20). The num-
bers of patients sampled may have been below the threshold
of detection for this effect. The monotype la serotype that

supplanted monotype lc in 1985 had been present as an
uncommon cause of disease in the community during the 4
years preceding its emergence as a dominant strain. The
appearances of serotype 4 strains in 1981, 1984, and 1988
were not signalled during the preceding winters.
Approximately 60,000 children less than 2 years of age

reside annually in the area served by RCH. Despite this large
population of children and the genetic and serotypic diver-
sity of strains causing severe infections, there was little
evidence of severe sequential rotavirus infections. During
the survey, only one child who required two hospital admis-
sions (in successive winters) was identified. Winter epidem-
ics involving two or more serotypes did not result in in-
creased numbers of children admitted with severe diarrhea
(or in increased numbers of older children admitted) com-
pared with winters when a single serotype was dominant.
These observations imply that some measure of clinical
cross-protection exists between serotypes. Longitudinal sur-
veillance studies of rotavirus diarrhea in children after
primary rotavirus infection (of neonates or older children)
support the possibility of heterologous clinical protection
against severe symptoms on reinfection (6, 28). The in-
creased resistance to disease observed in children may be
due to physiological maturity of the gut, although severe
disease has been recorded in adults (5) and we have ob-
served severe rotavirus infection in 31 of 206 children more
than 5 years of age admitted to the hospital for treatment of
diarrhea (unpublished observation).
By comparison with the diversity observed in strains

excreted by hospitalized children, all rotavirus strains en-
demic in neonatal nurseries of at least one large Melbourne
obstetric hospital between 1974 and 1984 belonged to sero-
type 3. Whether serotype 3 rotaviruses were present in
neonatal nurseries prior to 1974 is not known. It is possible
that the existence of this strain in newborn nurseries influ-
enced the occurrence of serotype 3 strains as a cause of
severe diarrhea in the Melbourne community at large, since
serotype 3 infection rarely occurred in Melbourne after 1975.
Children infected with serotype 3 as newborn babies have
been shown to be clinically immune to severe disease on
reinfection (6). The reemergence of serotype 3 strains in the
community in 1989 may have been epidemiologically asso-
ciated with the observation that no rotavirus strains have
been identified in newborn babies in the RWH nurseries
since 1987 (16a).

It is also possible that the strain endemic in newborn
nurseries had a profound effect on epidemiology of rotavirus
diarrhea of other serotypes in the community at large. From
1974 to 1977, the majority of neonatal strains possessed an
epitope on VP7 that was shared with VP7 of serotype 1.
During these years, serotypes 1 and 4 were rarely encoun-
tered in children admitted to the hospital with rotavirus
diarrhea. Neonatal infection may have conferred clinical
protection against serotype 1 via antibody to the shared
epitope on VP7. Protection against serotype 4 disease may
have been conferred by a further unidentified shared epitope
or epitopes (9, 24). Alteration in VP7 epitopes of the neona-
tal strain dominant after 1977 (11), such that reactivity due to
the shared serotype 1 epitope was lost, was followed 2 years
later by the reappearance of serotype 1 and then serotype 4
as causes of severe diarrhea in children in the community.
The results of this survey provide only circumstantial

evidence for the influence of neonatal infection on epidemi-
ological patterns and for the existence of clinical cross-
protection between rotavirus serotypes. The hypothesis is
also entirely based on observations of change in the VP7
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type. The potential role of VP4 changes in influencing such
longitudinal studies cannot yet be evaluated. The survey
does not permit conclusions about rotavirus serotypes that
may serve to initiate or to boost immunity by causing mild
diarrhea in the same community. Cumulative results of
longitudinal studies (in developed and developing countries)
and of current vaccine field trials with a human rotavirus
strain (24) are required before the evidence for heterotypic
cross-protection in humans can be evaluated. If heterotypic
protection against clinically severe disease is induced after
natural infection (in humans), then it may be possible to
simplify current vaccine strategies.
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