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The incidence of astrovirus infection in children less than 5 years of age hospitalized with acute gastroen-
teritis in Melbourne, Australia, from 1995 to 1998 was determined. Astrovirus was detected in 40 of 449
specimens tested by Northern hybridization, and astrovirus infection was confirmed by reverse transcription-
PCR with or without culture in CaCO-2 cells. This represented 3.0% (40 of 1,327) of all children tested for
enteric pathogens, including viral, bacterial, and parasitic pathogens, over the survey period. The incidences
of astrovirus infection in each year were 4.4% (1995), 2.2% (1996), 3.9% (1997), and 1.4% (1998). In 1995 and
1997, the incidences of astrovirus infection were greater than the incidence of infection with all individual
bacterial pathogens and were either greater than or equal to the incidence of adenovirus infection. Astrovirus
exhibited an unusual biennial winter peak of incidence that correlated with a greater incidence of serotype 1
virus and an increased rate of hospitalization of children aged 6 to 12 months. Uncommon (serotype 2 and 4)
and rare (serotype 8) serotypes were detected during the survey period. Genetic analysis of ORF2 (which
encodes the astrovirus capsid precursor) of Melbourne isolates showed nucleotide sequence variation from
year to year. This was not accompanied by significant amino acid substitutions. However, geographical
variation was apparent by comparison of Melbourne astrovirus isolates with prototype strains identified in the
United Kingdom.

Human astroviruses are members of the family Astroviridae
which are recognized as a common cause of infantile gastro-
enteritis worldwide (13). Initially associated with an outbreak
of diarrhea in infants in a maternity unit, these viruses were
given the name astrovirus because of the characteristic five- or
six-point star shape they display when viewed by electron mi-
croscopy after negative staining of fecal extracts (1, 11). The
medical importance of human astrovirus infection has been
established by reports which have shown that in some settings
astrovirus is the second most common cause of diarrhea in
children (5). A recent report from Mexico found astrovirus in
the stools of 61% of all children and 26% of children with
diarrhea (12).

The astrovirus virion is composed of a single nonenveloped
capsid layer of between 27 and 34 nm in diameter (7). The
genome consists of a single-stranded, positive-sense, polyade-
nylated RNA of 6.8 to 7.2 kb in length. Three open reading
frames (ORFs) designated ORF1a, ORF1b, and ORF2 have
been identified (8). The first two ORFs contain amino acid
motifs homologous to protease and polymerase proteins, re-
spectively (10). ORF2 (;2.4 kb in length) is found at the 39 end
of the genome and encodes the capsid protein precursor.

Astrovirus infections have been associated with sporadic di-
arrhea in children in the community as well as focal outbreaks.
The main symptom of infection is watery diarrhea, which is
often associated with vomiting, fever, and abdominal pain (13).
Settings in which outbreaks among children have occurred

include children’s wards, day-care centers, kindergartens, and
schools (5). Diarrheal outbreaks have been described in nurs-
ing homes for the elderly and among military recruits (2, 5).

Astroviruses can be classified into serotypes according to the
reactivities of the capsid proteins with polyclonal sera and
monoclonal antibodies (13). Astroviruses are also classified
into genotypes on the basis of the nucleotide sequence of a
348-bp region of ORF2 (16). There is a good correlation be-
tween genotype and serotype (16). There are currently seven
established serotypes of human astrovirus that correlate with
seven genotypes. The existence of an eighth genotype is sug-
gested by the sequence of a putative serotype 8 astrovirus
deposited in GenBank. Previous studies have shown that se-
rotype 1 is the predominant disease-causing type, followed by
serotypes 2, 3, 4, and 5, which are less common (9). Serotypes
6, 7, and 8 have rarely been detected.

We report here on a 4-year study (1995 to 1998) of astrovirus
infection in children admitted to the Royal Children’s Hospi-
tal, Melbourne, Australia, with acute gastroenteritis. The
monthly distribution, serotype distribution, and extent of ge-
netic variation of clinical isolates were investigated.

MATERIALS AND METHODS

Sample selection. Stool specimens were collected from children under the age
of 5 years who were admitted to the Royal Children’s Hospital, Melbourne, with
acute gastroenteritis between January 1995 and December 1998. Routine diag-
nostic tests for rotavirus, adenovirus, and common bacterial pathogens were
carried out with all specimens. Specimens negative for rotavirus were tested for
the presence of astrovirus. In addition, samples were collected from children
under 2 years of age involved in an outbreak of gastroenteritis at the Royal
Children’s Hospital staff creche.

Astrovirus detection. Astroviruses were detected by a Northern hybridization
method as described previously (18). Briefly, RNA was isolated from 10% (wt/
vol) fecal homogenates by phenol-chloroform extraction, purified by adsorption
to hydroxyapatite, and eluted in potassium phosphate buffer (6). The RNA was
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blotted onto a nylon membrane and fixed by UV cross-linking. Hybridization was
carried out under stringent conditions (53 SSC [13 SSC is 0.15 M NaCl plus
0.015 M sodium citrate], 50% formamide, 50°C) with a digoxigenin (DIG)-
labeled cDNA probe specific for astrovirus. After posthybridization washes,
bound probe was detected with anti-DIG antibody conjugated to alkaline phos-
phatase (Roche Biochemicals, Mannheim, Germany) and the chemiluminescent
substrate CDP-Star (Roche Biochemicals).

RT-PCR and tissue culture adaptation of astrovirus-containing clinical sam-
ples. All specimens that tested positive for astrovirus by Northern hybridization
were also tested in an astrovirus-specific reverse transcription-PCR (RT-PCR)
assay with the primer pair Mon269 and Mon270 (16). This primer pair amplifies
a 449-bp region of ORF2. Specimens that failed to generate an RT-PCR product
were cultured in CaCO-2 cells (15) and were retested as described above.

Astrovirus genotyping and sequence analysis. RT-PCR cDNA products were
purified from agarose gels prepared in 13 TAE (Tris-acetate-EDTA) buffer by
using the Bresaclean DNA purification kit (Geneworks, Adelaide, Australia). The
nucleotide sequence of a 348-bp region of the cDNA was determined by direct
cycle sequencing with the fmol DNA Cycle Sequencing System (Promega, Mad-
ison, Wis.) and primers Mon269 and Mon270. The nucleotide sequence of each
individual isolate was compared to those of reference strains in order to assign
a genotype and, hence, a serotype by proxy. Sequence analysis was carried out
with the extended GCG package available through the Australian National
Genomic Information Service (University of Sydney). Sequence alignments were
carried out by using the E-CLUSTALW program. Replicate data sets (n 5
1,000) were generated by bootstrap resampling with the E-SEQBOOT program
and were analyzed by the neighbor-joining method with E-NEIGHBOR soft-
ware. The phylogenetic tree was drawn by using TreeView software (17). All
major branches satisfied the 100% confidence level.

Nucleotide sequence accession numbers. The nucleotide sequences deter-
mined in this study have been deposited in the GenBank database and assigned
the accession nos. AF175253 to AF175261.

RESULTS

Epidemiology of astrovirus infection in hospitalized chil-
dren. Over a 4-year period spanning January 1995 to Decem-
ber 1998, a total of 1,327 stool specimens collected from chil-
dren admitted to the Royal Children’s Hospital in Melbourne
with acute gastroenteritis were tested for enteric pathogens
(Table 1). As expected, rotavirus was the most common patho-
gen during these 4 years and was detected overall in 65.2% of
specimens. Bacterial pathogens were detected overall in 6.3%
of specimens, and enteric adenoviruses were detected overall
in 4.1% of specimens. Of the 462 specimens negative for ro-
tavirus, 449 (97.2%) were tested for astrovirus. The remaining
13 samples were not tested due to the lack of availability of
sufficient fecal material.

The overall incidence of astrovirus infection was found to be
3.0% (40 of 1,327 total samples). The incidences for each year
were 4.4% (1995), 2.2% (1996), 3.9% (1997), and 1.4% (1998).
The results for 1995 have been corrected and extended from
those described previously (18). In general, the incidence of
astroviruses either equaled or was slightly less than the inci-

dence of enteric adenoviruses and exceeded those of Salmo-
nella and/or Campylobacter in most years. Astroviruses ap-
peared to show biennial peaks of incidence, being most
common in 1995 and 1997.

In 1998, the first isolate detected was collected from a child
cared for by the hospital creche. This child was involved in an
outbreak of astrovirus infection that occurred in the creche
between 7 March and 19 March and was subsequently admit-
ted for treatment of severe gastroenteritis. The outbreak was
characterized by symptoms of diarrhea and vomiting that af-
fected at least nine children and four staff members. Samples
were collected from six children, and serotype 1 astrovirus was
detected in four of these. Sequence analysis indicated that all
children were infected with the same virus, but the virus dif-
fered from the serotype 1 strains isolated from other patients
in the same year (see below).

The monthly distribution of astrovirus detection is shown in
Fig. 1. Astrovirus was not detected in February or September
in any of the years studied. In 1995 and 1997, the majority of
astrovirus infections occurred between May and August, which
correspond to late autumn and winter, respectively, in the
Southern Hemisphere. This seasonal peak was not evident in
1996 and 1998. Although differences in the seasonal patterns
between the years were evident, these differences were not
significant when analyzed by a t test.

The age distribution of astrovirus infection is shown in Fig.
2. The mean age of infected children was 14.7 months, and the
median age was 14 months. The majority of infected children
were less than 2 years of age. In 1995 and 1997, children in the
6- to 12-month age group were the most susceptible popula-
tion, making up 44 and 50% of infected children, respectively.
The mean number of children in the 6- to 12-month age group
in 1995 and 1997 was 6.5 6 0.71, while the mean number of
children in this age group in 1996 and 1998 was 1.5 6 0.71.
When analyzed by a t test, the difference between the means
was statistically significant (P , 0.02). In 1996 and 1998, the
numbers of children in each age group were roughly equiva-
lent.

Astrovirus serotypes (genotypes). The serotype (deduced
from the genotype) of each astrovirus isolate was determined.
The incidence of each serotype is shown in Fig. 3. Isolates of
serotype 1 were found in every year, and this serotype was the
predominant type both overall and in each individual year.
However, a difference in the pattern of serotype 1 astrovirus
occurrence was observed. The mean number of serotype 1
isolates in 1995 and 1997 was 11.5 6 0.71, whereas in 1996 and
1998 the mean number was 3.5 6 0.71. This difference was

TABLE 1. Incidence of pathogens detected in stool specimens from children hospitalized with acute gastroenteritis in Melbourne, 1995
to 1998

Pathogen
No. (%) of specimensa

1995 (n 5 360) 1996 (n 5 368) 1997 (n 5 309) 1998 (n 5 290)

Rotavirus 243 (67.5) 247 (67.1) 203 (65.7) 172 (59.3)
Astrovirus 16 (4.4) 8 (2.2) 12 (3.9) 4 (1.4)
Adenovirus 14 (3.9) 18 (4.9) 12 (3.9) 10 (3.4)
Salmonella 5 (1.4) 8 (2.2) 8 (2.6) 9 (3.1)
Campylobacter 5 (1.4) 4 (1.1) 5 (1.6) 8 (2.7)
Clostridium 4 (1.1) 0 (0) 2 (0.6) 5 (1.7)
Escherichia coli 0 (0) 1 (0.3) 0 (0) 0 (0)
Yersinia 0 (0) 0 (0) 0 (0) 1 (0.3)
Shigella 0 (0) 0 (0) 1 (0.3) 0 (0)

total 287 (79.7) 286 (77.7) 243 (78.6) 209 (72.1)

a The data for astrovirus are in boldface. n is the number of specimens tested.

VOL. 38, 2000 ASTROVIRUS INFECTION IN YOUNG CHILDREN 1059



significant (t test; P , 0.01). Serotype 4 was isolated in 3 of the
4 years with a diminishing frequency. In 1996, two isolates of
the same serotype 2 strain were identified. An isolate which did
not resemble serotypes 1 to 7 was detected in 1997. This isolate
was found to have 95% nucleotide identity to the sequence of
a putative serotype 8 astrovirus deposited in GenBank (acces-
sion no. Z66541).

Genetic variation of astrovirus isolates. Variation in nucle-
otide sequence was observed between isolates of serotypes 1
and 4. However, phylogenetic analysis showed that all serotype
1 isolates clustered into one major lineage containing a num-
ber of minor branches (Fig. 4). One branch was represented by
strains isolated in 1998, including the outbreak strain (Melb1I)
described above, which differed from other strains from the
same and different years. Overall, limited variation was ob-
served in Melbourne serotype 1 and 4 isolates, which displayed
a maximum of 2.0% nucleotide sequence divergence and 0.9%
amino acid sequence divergence. All but one of the nucleotide
sequence changes within the Melbourne isolates were silent
with respect to amino acid coding. Only one serotype 1 isolate
(Melb1G) contained a Gly3Cys change at amino acid 98 of
the capsid protein. This suggested that, with the exception of

isolate Melb1G, the different Melbourne isolates may repre-
sent variants of the same strain within each serotype.

The degree of variation was more evident between Mel-
bourne isolates and prototype strains from the United King-
dom used to derive Fig. 4. Melbourne serotype 1 and 4 isolates
displayed up to 8.9% nucleotide sequence variation and 4.3%
amino acid sequence variation with respect to the nucleotide
and amino acid sequences of the prototype United Kingdom
strains. Similarly, the Melbourne serotype 2 isolates displayed
14.0% nucleotide sequence variation and 2.6% amino acid
sequence variation from the prototype serotype 2 astrovirus,
while the Melbourne serotype 8 and prototype serotype 8
strain displayed 4.9% nucleotide sequence variation and 7.8%
amino acid sequence variation.

DISCUSSION

This is the first study to use molecular techniques (Northern
hybridization and RT-PCR) in a long-term prospective study
of astrovirus infection in children hospitalized with acute gas-
troenteritis. Previous epidemiological studies of astrovirus in-
fection in children have been carried out in a variety of set-

FIG. 1. Monthly distribution of astrovirus identified in the stools of children admitted to the Royal Children’s Hospital, Melbourne, from 1995 to 1998 with acute
gastroenteritis.

FIG. 2. Age distribution of children admitted to the Royal Children’s Hos-
pital, Melbourne, from 1995 to 1998 with astrovirus gastroenteritis.

FIG. 3. Genotype (serotype) distribution of astroviruses identified in this
study for the years 1995 to 1998.
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tings, including hospitals and outpatient clinics, and through
community-based studies by using electron microscopy and
enzyme immunoassay. Surveys of the incidence of hospitaliza-
tion due to astrovirus-induced severe gastroenteritis in devel-
oped countries have reported rates of 2 to 3% (3). The inci-
dence of astrovirus infection reported in this study is consistent
with those findings. In contrast, a recent study from Chile
found that astroviruses were responsible for up to 20% of
hospital admissions (4). This suggests that the burden of as-
trovirus disease may be greater in developing countries.

The finding of biennial peaks of astrovirus infection was
unusual since previous studies conducted in temperate cli-
mates have generally found an annual winter peak of infection
similar to that observed for rotavirus (13). An exception was
the study by Lee and Kurtz (9) in the United Kingdom, which
found a biennial peak of incidence over the period from 1988
to 1992. We found an association of the biennial pattern with
three other observations. First, in the 2 years in which a winter
peak was observed, a large proportion of infected children
were aged 6 to 12 months and, conversely, this age group was
underrepresented in years without a winter peak. Second, the
incidence of serotype 1 isolation was higher in years with a
winter peak. Third, the total incidence of astrovirus infection
was higher in years that contained a winter peak. The associ-
ation between these observations is unclear. One hypothesis is

that the high rates of serotype 1 isolation in certain years
reflect an increased incidence of this serotype across all age
groups in the community. This could result in short-term herd
immunity that protects the subsequent “at-risk” population
from the major circulating serotype during the following 12 to
18 months.

As with previous surveys, serotype 1 was found to be the
most prevalent serotype. However, we also detected samples
with viruses classified into less common (serotypes 2 and 4) and
rare (serotype 8) serotypes. There was minimal genetic varia-
tion in serotype 1 over the 4 years studied and potential anti-
genic variation in only 1 of 10 strains during the same period.
By comparison, the degree of sequence variation between the
Melbourne serotype 2 strain and the prototype serotype 2
strain suggests that this serotype may be composed of distinct
subtypes, even though the degree of amino acid divergence was
minimal. Similarly, the degree of amino acid variation between
the Melbourne serotype 8 isolate and the prototype serotype 8
strain may also indicate the existence of subtypes within this
serotype. The previous survey carried out in the Royal Chil-
dren’s Hospital identified astroviruses belonging to the uncom-
mon serotype 5 in samples collected in the early 1980s (18).
Given that this serotype has not been identified in the current
study and that new types have emerged since then, it is sug-
gested that, with the exception of serotype 1, the serotype
distribution of astrovirus in Melbourne is not static. This has
implications if future development of astrovirus vaccines is
considered important.

Although variation in nucleotide sequence was observed,
this translated to minimal intratypic amino acid variation.
However, the region of the capsid gene analyzed is in a rela-
tively conserved part of this gene so that further analysis of
ORF2, in particular, the more variable 39 end (19), may yield
more information about the extent of genetic diversity. Fur-
thermore, no immunoreactive epitopes have been identified in
the 348-bp region studied here so that no information about
the potential for antigenic diversity is available. Nevertheless,
geographical diversity was evident such that Melbourne iso-
lates and prototype strains from the United Kingdom showed
significant variation. We have also observed geographical vari-
ation within Australia, with isolates from Sydney differing from
those isolated in Melbourne (data not shown).

We highlight the detection of a serotype 8 astrovirus, only
the fourth documented isolation of this rare type and the first
documented isolation from a hospitalized child. Other sero-
type 8 astroviruses have been identified in the United Kingdom
(GenBank accession no. Z66541), Africa, and the Middle East
(14). Why this type should be found in such diverse geograph-
ical locations is unknown. Perhaps this serotype is more com-
mon than surveillance studies indicate but rarely causes severe
disease. Alternatively, this serotype may represent an emerging
astrovirus type worldwide.

We also note that, although this study has established astro-
virus as an important cause of severe gastroenteritis in Mel-
bourne, an etiologic agent remained unidentified in a large
proportion of fecal samples (up to 28%; Table 1). Hence,
further investigation of other recognized agents (e.g., calicivi-
rus) or unrecognized agents is required.

The results of this study provide further epidemiological and
molecular information about astrovirus strains that cause se-
vere disease in children. This information is relevant to the
development of vaccines and other preventative therapies,
should they be considered worthwhile.

FIG. 4. Phylogenetic tree of a 348-bp region of ORF2 of astrovirus isolates
collected in Melbourne from 1995 to 1998 and standard human astrovirus strains
(HAstV-1 to HAstV-8) isolated in the United Kingdom. Melb1A-1D and
Melb4A-4B correspond to previously reported strains RCH1A-1D and RCH4A-
4B, respectively (18). The scale bar is proportional to genetic distance. All major
branches satisfied the 100% bootstrap confidence level. Numbers on the major
branch divisions indicate the genotype (serotype) of the isolates found on that
branch.
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