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We report data regarding the molecular epidemiology 
of human astrovirus (HAstV) infections among children in 
Madagascar. In a 13-month study, 5 HAstV isolates were 
detected in fecal samples from 237 children (2.1%) by re-
verse transcription–PCR. Phylogenetic analysis showed the 
cocirculation of usual and unusual HAstVs.

Human astroviruses (HAstVs) belong to the Astroviridae 
family, which is divided into 2 genera: Mamastrovirus 

(mammalian viruses) and Avastrovirus (avian viruses) (1). 
They are single-stranded positive-sense RNA viruses with 
a characteristic 5- or 6-pointed star, which has an electron-
dense center when viewed by negative-stain electron mi-
croscopy. Their genome is 6.8–7.3 kb in length and includes 
3 overlapping open reading frames (ORFs) (2). ORF1a and 
ORF1b encode nonstructural proteins (serine protease and 
RNA polymerase, respectively). ORF2 encodes the capsid 
precursor. There are 8 serotypes of HAstVs; type 1 is the 
most prevalent worldwide (3).

Molecular assays such as reverse transcription–PCR 
(RT-PCR) and molecular typing methods have advanced 
our understanding of HAstV epidemiology. Today, astrovi-
ruses, along with rotaviruses and caliciviruses, are consid-
ered important viral agents of acute pediatric gastroenteritis 
(2). These viruses have been associated with endemic diar-
rheal episodes and outbreaks of gastroenteritis in industri-
alized (4,5) and nonindustrialized countries (6,7). Although 
Madagascar is a society of considerable diversity, no stud-
ies have yet been reported on the prevalence and molecular 
epidemiology of HAstV among children with acute gastro-
enteritis in the country. 

The Study
From May 2004 through May 2005, a study of acute 

gastroenteritis in children (newborn to 16 years) was un-
dertaken by Institut Pasteur, Antananarivo, Madagascar. 

This study was approved by the Ethical Review Board of 
Institute Pasteur, Madagascar, and the National Ethical 
Committee of Madagascar. It was funded internally by the 
University of Liverpool. Antananarivo is the capital city of 
Madagascar with a population of ≈4 million persons. Fecal 
samples were collected from children with acute dehydrat-
ing gastroenteritis who had been brought to the rehydra-
tion clinics and hospitals of Antananarivo for treatment; 
samples were stored at –80°C until they were analyzed at 
the University of Liverpool, United Kingdom.

All samples were screened by RT-PCR for astrovirus 
and norovirus and by ELISA with subsequent genotyping 
for rotavirus, as described (8–11). In brief, viral RNA was 
extracted from 150 μL of 10%–20% fecal suspensions in 
phosphate-buffered saline by using a guanidine and silica 
method (12) and reverse transcribed by using random hex-
amers (Sigma-Genosys, Dorset, UK). Primers Mon244/245 
and Mon269/270 were then used to amplify a 413-bp and a 
449-bp fragment of ORF2, respectively (8). If no amplicon 
was obtained, primers Mon 340/348 were used to amplify 
a 289-bp fragment of ORF1a. Amplifi cation products were 
purifi ed by using Minispin columns (Amersham, Bucking-
hamshire, UK) and sequenced by Cogenics Lark Technolo-
gies (Hope End, Essex, UK).

Phylogenetic relationships were examined by using 
the ClustalW multiple alignment program (EMBL, Heidel-
berg, Germany). Phylogenetic trees were constructed ac-
cording to the neighbor-joining method with ClustalX 
(version 1.83); the alignment fi le obtained by analysis with 
ClustalW bootstrap values on a scale from 1 to 1,000 was 
also calculated. Unrooted phylograms of HAstV isolates 
from the present report and reference strains were plot-
ted in the PHYLIP format output by using the TreeView 
software version 3.0 (http://taxonomy.zoology.gla.ac.uk/
rod/treeview.html). Assignment of HAstV to genotype was 
done according to the scheme proposed by Belliot et al. 
(9). The nucleotide sequences of the Malagasy strains have 
been deposited at the GenBank database under accession 
nos. EF490425–EF490429 and EF519312.

During this 13-month study, 237 children (142 boys 
and 95 girls) were screened for HAstV infection. Overall, 
85% of the children were <3 years, 77% were <2 years, 
43% were <1 year, and 3% were newborns. The median 
age of the study population was 20 months (range 1 day–16 
years); for children with astrovirus infection, the median 
age was 10 months (5–21 months). No infections were re-
corded among newborns.

No RT-PCR–confi rmed isolate was detected by elec-
tron microscopy. No HAstVs were detected by using 
primers Mon269/270. One positive sample was found 
with primers Mon244/245. This sample and an additional 
4 strains produced amplicons with primers Mon340/348. 
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Each isolate was typed successfully by nucleotide sequenc-
ing of either partial ORF1a or ORF2 products obtained by 
using primers Mon340/348 (n = 5) and Mon244/245 (n = 
1), respectively (Table).

In total, 5 HAstVs were detected in 237 children 
(2.1%). HAstVs were detected throughout the year. Two 
co-infections with G2P[4] rotavirus were confi rmed by 
RT-PCR. No co-infection with norovirus was found 

(Table). Sequence analysis of the ORF1a region showed 
that isolates from Madagascar clustered within the geno-
group A strains as described by Belliot et al. (9). In par-
ticular, 1 strain (DT1004_Madagascar2004_EF490429) 
grouped with genotype 1, a total of 2 strains (DG6013_
Madagascar2004_EF490425 and DR0075_Madagas-
car2005_EF490426) grouped with genotype 3, and nota-
bly, 2 strains (DR0034_Madagascar2004_EF490427 and 
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Table. Detection of human astrovirus in fecal specimens from children of Antananarivo, Madagascar, 2004–2005* 
Astrovirus

Sequence typingSample
no.

ID no. 
(GenBank 

accession no.)
Sample

date

Patient
age,

mo/sex
Norovirus 

PCR
Rotavirus 

PCR
PCR

340/348
PCR

244/245
PCR

269/270 ORF1a ORF2
1 DT1004

(EF490429) 
2004 Jun 12/M Neg G2P[4] Pos Neg Neg Type 1 –

2 DG6013 
(EF490425) 

2004 Jun 10/F Neg Neg Pos Neg Neg Type 3 –

3 DR0034
(EF490427) 

2004 Nov 10/M Neg Neg Pos Neg Neg Type 8 –

4 DR0038
(EF490428, 
EF519312) 

2004 Nov 5/M Neg G2P[4] Pos Pos Neg Type 8 Type 2

5 DR0075
(EF490426) 

2005 Feb 21/M Neg Neg Pos Neg Neg Type 3 –

*ID, identification; ORF, open reading frame; Neg, negative; Pos, positive; –, not amplified. 

Figure. Phylogenetic tree of human astrovirus (HAstV) based on the 289-base region of the open reading frame (ORF) 1a gene (A) and 
the 413-base region of the ORF2 gene (B). We included 6 novel sequences designated according to isolate code_place/year_GenBank 
accession no. A) DG6013_Madagascar2004_EF490425, DR0075_Madagascar2005_EF490426, DR0034_Madagascar2004_EF490427, 
DR0038_Madagascar2004_EF490428, DT1004_Madagascar2004_EF490429; B) DR0038_Madagascar2004_EF519312. We also included 
16 sequences of reference astrovirus strains obtained from GenBank, designated according to HAstV genotype_place/year_GenBank 
accession no.: A) HAstV-1_Oxford1994_ L23513, HAstV-2_Atlanta1993_L13745, HAstV-3_Oxford_AF290504, HAstV-4_Oxford2000_
AF290505, HAstV-5_Norfolk2000_AF290506, HAstV-6_Oxford2000_AF290507, HAstV-7_Oxford2000_AF290508, HAstV-8_Oxford2000_
AF290509; B) HAstV-1_Oxford1994_L23513, HAstV-2_USA1993_ L13745, HAstV-3_Oxford1994_L38505, HAstV-4_Oxford1994_L38506, 
HAstV-5_USA1994_U15136, HAstV-6_Oxford1994_L38507, HAstV-7_Oxford1994_L38508, HAstV-8_Mexico2000_AF260508. Bootstrap 
values based on 1,000 generated trees are displayed at the nodes. 



DR0038_Madagascar2004_EF490428) grouped with the 
emerging genotype 8. Phylogenetic analysis of the ORF2 
region showed that the 1 amplifi able isolate  from Mada-
gascar (DR0038_Madagascar2004_EF519312), which was 
clustered as genotype 8 at the ORF1a region, could now be 
classifi ed as genotype 2 (Figure). 

Conclusions
This study systematically examined the role of HAstV 

in acute gastroenteritis in Madagascar. In a 13-month study, 
we detected HAstV by RT-PCR in 2.1% of children with 
gastroenteritis in Antananarivo. This fi nding establishes 
HAstV as the third most commonly detected enteric virus 
in this population, after rotavirus (38%) and norovirus (6%) 
(11). These fi ndings agree with those of previous studies 
that reported astrovirus infection rates of 1.5% to as high 
as 26% (13,14).

The median age of children with HAstV infection was 
10 months (range 5–21 months), equivalent to that of the 
rotavirus-infected group (median age 10 months; range 1 
day to 48 months) but lower than that of the norovirus-in-
fected group (median age 18 months, range 3 to 51 months) 
(11). HAstVs were detected in June and November 2004 
and February 2005 (2 isolates during each of June and No-
vember 2004 and 1 isolate in February 2005). However, 
because of the small number of isolates detected, we could 
not determine whether the pattern of HAstV infections in 
Madagascar was seasonal. 

Compared with electron microscopy, new molecular 
detection and typing methods have greatly enhanced our 
ability to study the endemic circulation of enteric viruses. 
Our data indicate that HAstVs are important agents of acute 
gastroenteritis among children <24 months in Madagascar 
and that simultaneous circulation of multiple astrovirus 
genotypes is not rare. Although HAstV-1 has been reported 
to be the most prevalent type detected worldwide, the pres-
ence of HAstV-8 among our isolates indicates the contin-
ued worldwide emergence of this unusual astrovirus strain. 
In addition, phylogenetic analysis of the serine protease 
and capsid regions of our HAstV strains provided contra-
dictory genotyping results; RNA recombinations may have 
contributed to signifi cant genomic rearrangements (15). 
Further analysis is needed to confi rm our preliminary fi nd-
ings and to investigate the importance of HAstV infections 
among children in Madagascar.

Acknowledgments
We thank Philippe Mauclère, previous director of the Institut 

Pasteur, Antananarivo, Madagascar, for providing the opportunity 
to work with the samples.

Dr Papaventsis is an honorary clinical lecturer in medical mi-
crobiology and genitourinary medicine, School of Host Defence 

and Infection, Faculty of Medicine, University of Liverpool. His 
main research interests include the molecular epidemiology of 
enteric viruses.

References

  1.  Matsui SM, Greenberg HB. Astroviruses. In: Fields BN, Knipe DM, 
Howley PM, editors. Virology. 4th ed. Philadelphia: Lippincott-Ra-
ven Press; 2001. p. 875–93.

  2.  Walter JE, Mitchell DK. Astrovirus infection in children. Curr Opin 
Infect Dis. 2003;16:247–53.

  3.  Guix S, Bosch A, Pinto RM. Human astrovirus diagnosis and typing: 
current and future prospects. Lett Appl Microbiol. 2005;41:103–5.

  4.  Schnagl RD, Belfrage K, Farrington R, Hutchinson K, Lewis V, Er-
lich J, et al. Incidence of human astrovirus in central Australia (1995 
to 1998) and comparison of deduced serotypes detected from 1981 
to 1998. J Clin Microbiol. 2002;40:4114–20.

  5.  Sakamoto T, Negishi H, Wang QH, Akihara S, Kim B, Nishimura 
S, et al. Molecular epidemiology of astroviruses in Japan from 1995 
to 1998 by reverse transcription-polymerase chain reaction with 
serotype-specifi c primers (1 to 8). J Med Virol. 2000;61:326–31.

  6.  Bhattacharya R, Sahoo GC, Nayak MK, Ghosh S, Dutta P, Bhat-
tacharya MK, et al. Molecular epidemiology of human astrovirus 
infections in Kolkata, India. Infect Genet Evol. 2006;6:425–35.

  7.  Cunliffe NA, Dove W, Gondwe JS, Thindwa BD, Greensill J, Hol-
mes JL, et al. Detection and characterization of human astrovi-
ruses in children with acute gastroenteritis in Malawi. J Med Virol. 
2002;67:563–6.

  8.  Noel JS, Lee TW, Kurtz JB, Glass RI, Monroe SS. Typing of hu-
man astroviruses from clinical isolates by enzyme immunoassay and 
nucleotide sequencing. J Clin Microbiol. 1995;33:797–801.

  9.  Belliot G, Laveran H, Monroe SS. Detection and genetic differentia-
tion of human astroviruses: phylogenetic grouping varies by coding 
region. Arch Virol. 1997;142:1323–34.

10.  Cunliffe NA, Dove W, Bunn JE, Ben Ramadan M, Nyangao JW, 
Riveron RL, et al. Expanding global distribution of rotavirus sero-
type G9: detection in Libya, Kenya, and Cuba. Emerg Infect Dis. 
2001;7:890–2.

11.  Papaventsis DC, Dove W, Cunliffe NA, Nakagomi O, Combe P, 
Grosjean P, et al. Human norovirus infection among children with 
acute gastroenteritis in Antananarivo, Madagascar, 2004–2005. 
Emerg Infect Dis. 2007;13:908–11.

12.  Boom R, Sol CJ, Salimans MM, Jansen CL, Wertheim-Van Dillen 
PM, Van Der Noordaa J. Rapid and simple method for purifi cation 
of nucleic acids. J Clin Microbiol. 1990;28:495–503.

13.  Kang YH, Park YK, Ahn JB, Yeun JD, Jee YM. Identifi cation of hu-
man astrovirus infections from stool samples with diarrhea in Korea. 
Arch Virol. 2002;147:1821–7.

14.  Maldonado Y, Cantwell M, Old M, Hill D, Sanchez ML, Logan 
L, et al. Population-based prevalence of symptomatic and asymp-
tomatic astrovirus infection in rural Mayan infants. J Infect Dis. 
1998;178:334–9.

15.  Walter JE, Briggs J, Guerrero ML, Matson DO, Pickering LK, Ruiz-
Palacios G, et al. Molecular characterization of a novel recombinant 
strain of human astrovirus associated with gastroenteritis in children. 
Arch Virol. 2001;146:2357–67.

Address for correspondence: Nigel A. Cunliffe, Department of Medical 
Microbiology and Genito-Urinary Medicine, University of Liverpool, 
Duncan Building, Daulby St, Liverpool L69 3GA, UK; email: 
n.a.cunliffe@liv.ac.uk

DISPATCHES

846 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 14, No. 5, May 2008




