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Epidemiology of astrovirus infection in children
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Human astrovirus (HAstV) is a major cause of acute diarrhea among
children, resulting in outbreaks of diarrhea and occasionally hospitaliza-
tion. Improved surveillance and application of sensitive molecular
diagnostics have further defined the impact of HAstV infections in
children. These studies have shown that HAstV infections are clinically
milder (diarrhea, vomiting, fever) than infections with other enteric
agents. Among the 8 serotypes of HAstV identified, serotype 1 is
the predominant strain worldwide. In addition to serotype 1, the
detection rate of HAstV types 2 to 8 has increased by using newly
developed assays. HAstV is less common compared with other major
gastroenteritis viruses, including norovirus and rotavirus; however, it is
a potentially important viral etiological agent with a significant role in
acute gastroenteritis. A better understanding of the molecular epidemiology
and characteristics of HAstV strains may be valuable to develop specific
prevention strategies.
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Introduction

HAstV-induced diarrhea is generally not severe enough to require hos-

. . . 2 . .
pitalization and resolves spontaneously ) HAstV infections have been

Human astrovirus (HAstV), along with rotavirus and calicivirus,
is recognized as a common cause of infantile acute gastroenteritis'.
HAstV-related diseases in humans have been determined through a
combination of epidemiological surveys and clinical observations. Eight
serotypes of HAstV have been identified to date, with HAstV-1 being
most commonly detected””. HAstV infects a variety of demographics,
including elderly”, immunocompromised*”, healthy; and immunocom-
petent adults*™. However, the most commonly affected group is children
under the age of 2 years. Transmission in children occurs usually from
person to person. Symptoms manifest within 2 to 3 days postinfection
and last for approximately the same amount of time. HAstV infection is
associated primarily with diarrhea, although vomiting, abdominal pain,

headache, and mild dehydration are occasionally observed as well”.
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reported in 2 to 16% of children hospitalized with diarrheaand in 5 to
17% of children with diarrhea in community studies>'”. Although
HASstV was detected less frequently than rotavirus or norovirus in surveil-
lance studies, HAstV still requires close attention from a public health
viewpoint because of large outbreaks in adults™” and frequent outbreaks
in schools, pediatric hospitals, and child-care and aged-care centers™”"”.
This review focuses on recent papers on the epidemiology and clinical
characteristics of HAstV serotypes as infectious agents in diarthea among
hospitalized children, in children from the community, and in outbreaks.
Control measures are discussed and future immunization strategies are

considered.
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Virus description

AstVs are single-stranded, positive-sense RNA viruses that are closely
related to other small round-structured viruses, such as calicivirus and
picornavirus. The Astroviridae family was divided into 2 genera by the
International Committee on Taxonomy of Viruses, i.e., Mamastrovirus
and Avastrovirus (Fig. 1). Mamastrovirus includes HAstVs that are
named according to the order of discovery, types 1 to 8, and animal AstVs
infecting kittens, piglets, puppies, cattle (types 1 and 2), sheep, deer, and
mink kittens. Avastrovirus includes duck AstV; turkey AstVs (types 1 and
2), and avian nephritis virus of chickens (types 1 and 2). Members of this
genus infect avian species causing a variety of manifestations, including
enteritis, hepatitis, nephritis, and fatal immunosuppression.

The genome of AstVs is 6844-7355 base pairs in length and includes
3 open reading frames (ORFs), ORF1la, ORF1b, and ORF2. AstV
non-structural polyproteins are encoded in the first 2 ORFs linked by a
ribosomal frame-shifting event. ORFla encodes a nonstructural poly-

protein, nsPla, which displays a 3C-like serine protease motif*”. NsPla
is post-translationally cleaved into functional small peptides. Cleavage
sites were identified by mapping of these small peptides. Mutations in the
3C-like serine protease active site resulted in undetectable levels of some,
but not all, proteolytic cleavage products, supporting the partial involve-
ment of the AstV 3C-like serine protease in the autocatalytic processing
of nsP1a™. ORF1b encodes the viral RNA-dependent RNA polymerase
and ORF2 encodes the precursor capsid (outer coat) of the virus. In
the maturation process, the full-length precursor capsid protein is post-
translationally modified and can assemble into viral particles. However,

proteolytic cleavage of the precursor capsid protein is required for an AstV

particle to be infectious. Trypsin treatment of these particles results in
the generation of 2 to 3 small proteins, which correlate with the greatest
infectivity™*”. The genetic sequence of the capsid region (ORF2) is used
to construct the evolutionary relatedness of animal AstVs and HAstVs
using phylogenetic tools. Phylogenetic analysis demonstrated that human
viruses clustered together and were distinct from non-human viruses,
which argues for a common evolutionary origin and against ongoing
animal-to-human transmissions™”. HAstVs appear to have crossed
species (possibly from felines) a long time ago and continued to diverge
and evolve since that time. In contrast, other studies suggest interspecies
transmissions, involving humans, cats, and pigs, relatively recently in the
evolutionary history of AstVs. There is also evidence of infection of both
turkeys and chickens by avian nephritis virus, which questions the theory

of “species-specific” infections”.
Clinical features of AstV infections in humans

The dlinical features of HAstV infections may also depend on several
factors. Several studies highlighted frequent co-infections of HAstV
with rotavirus and calicivirus (13 to 65%)"?. HAstV-associated diarrhea
has been characterized by a median duration of 3 days (range, 1 to
21 days), median of 4 stools (range, 1 to 10 stools) during the first 24
hours, vomiting (20 to 62%), and fever (7 to 25%). HAstV-associated
diarrhea was less severe than rotavirus-induced diarrhea, as measured
by the number of stools and duration of diarthea. Fever and duration of
vomiting and diarthea were significantly more frequent during isolated
rotavirus infections than in isolated AstV infections'®***”. Only 0 to 3%

of cases of HAstV gastroenteritis resulted in dehydration, and no repeat
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Fig. 1. Phylogram including human astrovirus (HAstV) serotypes 1 to 8, feline AstV,
porcine AstV, ovine AstV, turkey AstV, and avian nephritis virus. Neighbor-joining phylo-
genetic tree was constructed on the basis of nucleotide sequences of the capsid
region of the HAstV genome. The numbers in the branches indicate the bootstrap values.
Reference strains of HAstV selected from GenBank are indicated by accession numbers.
The scale indicates nucleotide substitutions per position.
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symptomatic infections were observed. Very few AstV-infected children
(3%) were hospitalized™*””. Tn addition, bloody diarthea and vomiting
are statistically less common in viral than in bacterial gastroenteritis (Table
1)'. The overall severity of HAstV infections was the lowest among
the enteric agents examined”**”. The severity of HAstV infection by

genotypes is not fully elucidated.

Diagnostic methods for AstV

The results of surveillance studies for HAstVs depend upon the
method utilized. In early surveys using electron microscopy, HAstV
appeared to be a rare cause of gastroenteritis, being found in less than
1% of children with diarrhea, usually in small outbreaks of the disease,
and primarily during the winter season. The development and use of
monodonal antdbodies and enzyme immunoassays to detect HAstV led
to reports of a higher prevalence (2.5 t0 9%) of HAstV infection among
patients hospitalized with diarrhea. The cloning and sequencing of AstVs
have led to the development of more sensitive assays to detect the viruses
by using reverse transcription-polymerase chain reaction (RT-PCR).
Application of RT-PCR for the detection of HAstVs in children in day
care centers showed a marked increase in the detected prevalence of
HAstV-associated diarrhea, the rate of asymptomatic infections, and the
duration of shedding of the virus among those infected, when compared
with studies that used other methods'**®. Both immunoassays and
molecular-based assays to detect HAstV serotypes indicate that serotype
1 is most common worldwide, although the predominant serotypes may
vary by region and season.

Table 1. Clinical Symptoms of Human Astrovirus Infection in Childhood
Diarrhea

Clinical finding Reference
Diarrhea 72-100 16,26,27
Duration of diarrhea (day) 2-3(0-21) 16,27
Maximum no. of stools/24 hr 4(0-10) 16,27
Bloody diarrhea 0 26
Abdominal pain 50 26
Vomiting 20-62 16,26,27
Duration of vomiting 1(0-4) 16
Maximum no. of vomiting episodes/24 hr 1(0-10) 16
Fever 25 26
Maximum fever (C) 37.8(37.5-41.3) 16
Severe dehydration 5 16,27
Hospitalization 6 16,27
Duration of hospitalization (day, average) 6 16,27
Severity score (1-20) (average)* 5(2-12) 16,27

Values are presented as percentage or mean (range).
“Ruuska and Vesikari 20-point scoring system used 28); P<0.01.

Epidemiologic characteristics of HAstV infection

1. Epidemiology

Several recent studies investigated viral etiologies for infectious diarthea
among children who were hospitalized or in the communities in different
parts of world (China, Korea, Japan, and France®**?".

The study in China®™ was conducted between 1998 and 2005
among children 5 years of age hospitalized for acute gastroenteritis in
7 provinces of China. Stool samples from patients with diarrhea were
tested for HAstV by enzyme immunoassay (EIA) or RT-PCR. The
detection rate of HAstV infection was 5.5% (91/1,668) and diarrhea
cases caused by HAstV infection could be found in any season of the
year but mainly occurred during the cold season from October to
January.

In the study conducted in Korea recently”, the frequency of HAstV
infection was determined by EIA in 160,027 patients with diarrhea
between 2002 and 2007. A total of 2,057 samples (1.3%) (detection rate
per year, 0.6 to 2.4%) were identified as positive for HAstV. One study
showed that HAstV appears to cause diarrhea with similar frequencies
in children and adults™. Nosocomial HAstV infection also is a concern.
A study in Stanford, California, demonstrated that 10% of inpatient
children with diarrhea had HAstV infection and half of these infections
were nosocomial™.

The age distribution of HAstV infections may vary depending on
the clinical settings, geographic location, and the age distribution of
the population analyzed. In a hospital-based study in China, the age
distribution of HAstV infection was 74% among infants aged 9 to 11
months, followed by 6.1% in 12 to 17-month-old children, 5.6% among
children aged 6 to 8 months, and 5.6% in 0 to 2-month-old infants. Over
95% of HAstV infections occurred in children of less than 2 years of

2)

In contrast, HAstVs infections were more common in children older
than 3 years of age in a community-based study in France™. A Spanish
hospital study reported that 80% of HAstV infections occurred in
children of less than 3 years of age, with a peak fiom 2 to 4 years of age™.

2. Seasonality

The seasonality of HAstV infections is controversial and seems to vary
by geographic region. Studies demonstrated that 34 to 60% of cases of
diarrhea among children in the United States, France, and Finland have
aviral causative agent appearing in late winter and spring””. In Korea,
the majority of HAstV infections among hospitalized children occurred
in winter, simultaneously with the highest number of infections with
rotavirus™”. In Vietnam, which has a tropical climate, HAstVs infections
were found during 2 distinct periods, i.e., from March to May, which is
the end of the dry season and beginning of the rainy season, and during
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the rainy season, which lasts from August to November. The detected
HAstVs were identified in the rainy season””.

Serotype distribution of HAstVs

Early studies reported that HAstV-1 is also the predominant strain
in Egypt, Traly, France, China, and Spain'**”. The detection rate of
HASstV types 2 to 8 has increased by using newly developed assays.
'This phenomenon either may be due to the increased sensitivity of the
assays utilized or indicates that HAstV-8 may be a newly emerging
type.

In Korea, China, and Japan, HAstV-1 accounted for over 70% of all
HAstV infections analyzed, whereas in Thailand, the relative frequency
of HAstV-1 was 28% (Fig. 2). In Korea, the overall distribution of the
genotypes of the 187 HAstV strains detected in clinical specimens and
characterized was as follows: HAstV-1, 72.19%; HAstV-8, 9.63%;
HASstV-6, 6.95%; HAstV-4, 6.42%; HAstV-2, 3.21%; and HAstV-3,
1.60%. In China, the prevalence of the HAstV serotypes HAstV-1,
HAstV-5, HAstV-3, and HastV-8 strains was 94%, 3%, 2%, and 1%
of the HAstVs recovered (n=101), respectively. In Japan, the serotype
distribution for HAstV-1, HAstV-4, HAstV-8, HastV-3, and HastV-5
strains was 84%, 8%, 4%, 3%, and 1% of the HAstVs recovered (n=141),

HAstV-8

South Korea (n=187)

HAstV-8
4%

HAstV-5

1%

HAstV-4
8%

HAstV-3
3%

Japan (n=141)

HastV-1
84%

respectively. In Thailand, 3 serotypes, i.c., HAstV-1, 2, and 5, were most
prevalent and detected at similar frequencies (Fig. 2).

In Mexico, the prevalence of HAstV-1 was low (10%) compared to
that of HAstV-2 (42%), HAstV-4 (23%), HAstV-3 (13%), HAstV-5
(6%), and HAstV-=7 (6%)”, and a recent study in Madagascar reported a
high prevalence of the unusual HAstV-8 strains™.

HASstV-1 strains could be classified into 4 lineages (1a to 1d), with
the majority of Korean HAstV strains being clustered into lineage 1a
(65.78%). In 2002, 91.67% of HAstV-1 strains were type la, but this
prevalence significantly decreased during the following years, reaching
33% in 2007 (P<0.01) (Table 2). Studies conducted in Spain, Germany,
Brazil, Vietmam, Japan, and China have indicated that HAstV-1d is the

predominant type in these countries””.

Prevention and treatment

HAstV is frequently associated with hospital-acquired gastroenteritis,
including cases in immunocompromised patients who are known to
excrete HAstVs for prolonged periods of time. Therefore, appropriate
and effective isolation is essential in hospitals™. Control measures for
outbreaks of viral gastroenteritis should focus on the removal of an

ongoing common source of infection (e.g., an ill food handler or conta-
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Fig. 2. Regional variation in the distribution of human astrovirus (HAstV) serotypes (n= 436)

ascertained by analysis of strains in Asia.
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Table 2. Yearly Distribution of Human Astrovirus (HAstV) Genotypes Detected in Cases of Acute Gastroenteritis in Korea from 2002 to 2007

HAstV strains of each genotype according to year™

Genoype 2002(=12)  2003(1=67)  2004(n=56)  2005(1=20) 2006 (=15 2007 (=18 Total (n=187)
HAStV-1 11(91.67) 51(76.12) 38 (69.09) 12 (60.00) 13 (86.67) 106555  135(72.19)
HAstV-1a 1 (91.67) 87164 386009  12(60.00)" 8(53.39 " 6(3339"  123(65.79
HAStV-1b 00) 22,99 00) 0 1(6.67) 2 (11.41) 5 (2.67)
HAstV-1d 00) 1(1.49 00) 0 426.67) 2(11.11) 76.74)
HASV 2 (2a) 168.39 3(4.48) 0(0) 0 00) 2 (11.41) 6 (3.21)
HAstV 3 0(0) 0(0) 0(0) 0 1(6.67) 2(11.11) 3(1.60)
HAStV 4 (4a) 00) 3(4.48) 8 (14.55) 5.00) 00) 00) 126.42)
HASV 6 00) 22,99 4(7.27) 125.00) 00) 2 (11.41) 13 (6.95)
HAStV 8 0(0) 8(11.94) 5(9.09) (10.00) 1(6.67) 2(1.41) 18(9.69)

Values are presented as number (%).

*Statistically significant (P<0.01) changes in the genotype distribution from year to year are shown.

mination of a water supply) and on the interruption of person-to-person
transmission. HAstV infections usually resolve without specific treatmeng
some younger children or elderly patients, however, may require fluid
replacement. In the future, immunization may play an important role for
preventing HAstV infections.

Conclusions

HAstV is one of the most common causes of mild diarrhea, is very
important as a nosocomial agent, and can cause outbreaks and hos-
pitalizations. For adequate prevention strategies, including vaccine
development, an improved understanding of the fundamentals of
immunity to AstV such as the protective role of antibodies should be
established. Other important areas for future research should focus on
improving diagnostic assays for the detection of AstVs from human
and environmental samples. In addition, detailed descriptions of
clinical outcomes are required to assess the economic burden of AstV-

related diseases in children.
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