Astrovirus Infection in Young Kenyan Children with Diarrhoea
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Abstract

Human astroviruses (HAstV) have been commonly identified worldwide as important aetiological
agents of acute gastroenteritis in all age groups including the young, elderly and
immunocompromised. However, limited data exist on the prevalence of this important pathogen in
Kenya. The aim of this study was therefore to determine the prevalence of astrovirus (AstV)
infection in Kenyan children younger than 10 years of age with diarrhoea. During the period
February 1999 to September 2005, stool samples were collected from 476 children attending
clinics in Nairobi (and its environs) and the Maua Methodist Hospital, Meru North, Kenya. The
faecal specimens were tested by a commercial enzyme immunoassay kit for HAstV. AstV
prevalence rates were found to be 6.3%. There was significantly high prevalence of AstV infection
in children 5 years [5.3% (25/476)] than those >5 years [0.2% (1/476)] ( p < 0.01). Also, we showed
a significantly high prevalence of AstV infection in children of 5 years [5.8% (20/341)] in Nairobi
(urban setting) as compared with those of similar age in Maua (a rural setting) [3.7% (5/135)] (p <
0.01). This study indicates that HAstV is an important pathogen associated with diarrhoea in young
Kenyan children.

Introduction

Astroviruses (AstV), which are members of the family Astroviridae [1], are small, round, non-
enveloped viruses, with characteristic five or six-pointed star-like surface structure, typically 28-30
nm in diameter [2]. The AstV viral genome is a single-stranded positive-sense polyadenylated RNA
(6.8—7.6 kb in length) and contains three open reading frames (ORFs): ORFla and ORF1b, which
encode the viral protease and polymerase; and ORF2, which encodes the capsid precursor [2].
According to the reactivities of capsid proteins with polyclonal sera and monoclonal antibodies [3],
human astroviruses (HAstVs) are classified currently into eight serotypes (HAstV type 1 to HAstV
type 8) [4]. HAstVs were first detected in faecal samples from children with diarrhoea by electron
microscopy in 1975 [5, 6]. HastV cause diarrhoea in infants in community setting as well as
outbreaks in child care centres, hospitals and other institutions [7-10]. They have also been
reported to be clinically important pathogens in the elderly [8] and immunocompromised patients
[11, 12]. Since their detection, HAstVs have been implicated as one of the leading causes of
infantile viral gastroenteritis worldwide [13], and in some selected geographical areas, HAstVs are
second only to rotavirus as a common cause of viral gastroenteritis in infant and children [7, 14, 15].



The occurrence of AstVs in water sources and sewage samples has also been reported [16, 17].
The common symptom of AstV infection is watery stool, which is often associated with vomiting,
fever and abdominal pain [10]. Studies in rural Mexico, western Africa and southern Africa showed
that AstV was a common cause of infantile gastroenteritis, suggesting that the burden of AstV
disease in developing countries may be relatively high [18-21]. However, no studies documenting
the prevalence of this pathogen exist in East Africa and the Horn of Africa. We, therefore, initiated a
study to determine the prevalence of AstV infection in young Kenyan children. In this study, faecal
specimens were collected from children 10 years of age with diarrhoea who presented at various
clinics around Nairobi (urban area) and Maua Methodist Hospital (rural area) and the specimens
were analysed for the presence of HAstV.

Materials and Methods

Sample collection

From February 1999 to September 2005 a total of 476 children with diarrhoea 10 years of age
attending clinics around Nairobi and its suburbs, and Maua Methodist Hospital were enroled in this
study as part of a public health programme. All specimens were stored at 4°C until analysis, with an
aliguot of each specimen stored at —20°C for further reference.

Astrovirus detection

A 10% suspension of fresh stool in sample diluent [phosphate buffered saline (PBS), pH 7.4 was
made and tested for the presence of AstV antigen using a commercial AstV antigen detection
enzyme immunoassay (Dako IDEIA™ astrovirus kit, DakoCytomation, UK). The procedures for
detection were performed according to the manufacturer's instructions. All the specimens whose
optical density reading (OD) was above the cut-off value (calculated as follows: 0.100 + negative
control OD unit) were considered as positive as defined by manufacturer. A positive control (a
suspension of AstV positive stool in PBS) and negative control (PBS alone) were provided with the
kit and were used as quality controls to assess assay performance.

Statistical analysis
Analysis of the HAstV infection rates in children according to age and setting (rural and urban) was

done using Fisher's exact test using StatView software (SAS Institute). Differences with p-values
>0.05 were considered not significant at 95% confidence interval (ClI).



Results

The overall prevalence of AstV infection was found to be 6.3% (30/476) of the samples analysed
(Table 1). The infection rates according to age and the setting (rural and/or urban) in which the
samples were collected are presented in Tables 1 and 2. In our study the majority of children
infected with AstV were 5 years of age (Table 1). Most (50.0%) of the infected children were <3
years of age, while 26.8% (128/476) of the patients were of unknown age and accounted for 3.12%
of the positive cases of AstV infection (Table 1). There was significantly higher prevalence of AstV
infection in children of 5 years [5.3% (25/475)] than those of >5 years [0.2% (1/476)] ( p < 0.01)
(Table 2). Nine children were >5 years of age of which only one (11.1%) was positive for AstV
(Table 1). A comparison of the two settings, i.e. Maua (rural setting) and Nairobi (urban setting),
showed a significantly higher AstV infection rate in Nairobi [7.3% (25/341)] than in Maua [3.7%
(5/135)] (p < 0.01) (Table 2). There was significantly higher prevalence of AstV infection in children
5 years [5.8% (20/341)] in Nairobi (urban setting) as compared to those of similar age in Maua (a
rural setting) [3.7% (5/135)] (p < 0.01) (Table 2).

TABLE 1 Age distribution and prevalence of HAstV infection in children with acute diarrhoea in Nairobi (urban setting)
and Maua (rural setting); Kenya (n=number)

Age group samples (months) Number of samples tested Astrovirus positive
n (%)

0-2 2 1 (50.00)
3-5 29 5 (17.20)
6-8 32 2 (6.25)
9-11 22 1 (4.54)
12-17 64 5 (7.81)
18-23 30 5 (16.66)
24-35 63 3 (16.66)
36—47 38 0 (0.00)
48-60 59 3 (5.10)
Above 60 9 1 (11.12)
Age unknown 128 4 (3.12)
Total 476 30 (6.30)



TABLE 2 Prevalence of HAstV in Maua (rural setting) and Nairobi (urban setting); Kenya

Age/setting Positive HastV (%)

Maua (rural) (n = 135)  Nairobi (urban) (n = 341)  Total (Nairobi + Maua) (n = 476)

5 years (3.7) 5/135° (5.8) 20/341° 5.3% (25/476)"
>5 years - (0.3) 1/341 0.2% (1/476)"
Age unknown  (0.0) 0/135 (1.17) 4/341 0.8% (4/476)
Total positive ~ (3.7) 5/135° (7.3) 25/341° 6.3% (30/476)

Similar superscript alphabets show statistical significant difference (Fishers’ exact test p < 0.05).

Discussion

Improvement of diagnostic methods has lead to detailed studies on the epidemiological and clinical
aspects of AstV infection [22]. HAstV infection occurs throughout the world both in temperate
climates [23], and in tropical climates [2]. AstV infection both in developed and developing countries
have been associated with 4-10% of endemic diarrhoeal episodes in children [24—-30]. However, in
few cases a high prevalence of up to 26% of all diarrhoea episodes have been reported [18, 27].
Epidemiological studies carried out in different locations in the world have reported HAstV
prevalence rates of 2—-16% among hospitalized children with diarrhoea and 5-17% among children
with diarrhoea in community based studies [31].

In our study, AstV antigen was detected in 6.3% specimens collected from children with diarrhoea
10 years of age. This prevalence is similar to other studies in both developed and developing
countries [32]. A study conducted in the USA, targeting the same age group (<10 years) reported a
prevalence of 6.8% of community-acquired AstV infection and 16.2% of cases occurring as a result
of nosocomial infection [32]. Whereas in developing countries HAstV infection have been shown to
vary in different region: 6.3% in Mexico [33] and in Africa; 7% in South Africa [20], 7% in Tunisia
[34]. These results suggest that AstV infection is common in both developed and developing
countries. The prevalence of AstV infection in this study was strikingly age related with the majority
of children infected being 5 years (60 months old). Most (50.0%) of them were <36 months old.This
finding is similar to the previously reported prevalence in 6—12 months old infants [3, 24, 35]. A
comparison of HAstV infection according to setting indicates that HAstV was detected more
frequently among children in urban setting than in rural setting [7.3% (25/341)] vs. [3.7% (5/135)] (
p < 0.01). The reasons for this difference are unknown, but could be due to person-to-person
exposure to HAstVs rather than the differences in hygienic conditions, since the latter has been
reported not to have an influence infection rates as shown by the similarity in AstV prevalence both
in developed (more hygienic environment) and in developing (less hygienic condition) [19, 30].
Further studies are needed to determine the genotype diversity and the seasonal distribution of
HAstV infection in Kenya. To further understand the epidemiology of AstV infection and the
serotypes circulating in Kenya, additional studies are needed. In conclusion, AstV appears to be an
important cause of viral diarrhoea in young children in Kenya and this study has demonstrated AstV
infection is of major public healthimportance in Kenya.



Acknowledgements

This study was funded in part by grants from the Poliomyelitis Research Foundation and
NEPAD/National Research Foundation (NRF), South Africa (Prof MB Taylor). We thank Prof.
Maureen Taylor for providing the Dako EIA kits used in this study. We acknowledge the technical
assistance provided by Erick Omolo and Mary Galo. Thanks also to Medical Officer in Charge
Maua Methodist Hospital (MMH), and Provincial Medical Officer, Nairobi for providing permission to
collect faecal samples. The parents and children for their contributions to the success of this study.

References

1.

Monroe SS, Jiang B, Stine SE, et al. Subgenomic RNA sequence of human astrovirus
supports classification of Astroviridae as a new family of RNA viruses. J Virol (1993)
67:3611-14.

Matsui SM, Greenberg HB. Astroviruses. In: Fields Virology.—Fields BN, Knipe DM, Howley
PM, Chanock RM, Melnick JL, Monath TP, Roizman B, Strauss SE, eds. (2001)
Philadelphia: Lippincott-Raven Publishers. 875-94.

Mustafa H, Palombo EA, Bishop RF. Epidemiology of astrovirus infection in young children
hospitalized with acute gastroenteritis in Melbourne, Australia, over a period of four
consecutive years, 1995 to 1998. J Clin Microbiol (2000) 38:1058-62.

Taylor MB, Walter JE, Berke T, et al. Characterisation of a South African human astrovirus
as type 8 by antigenic and genetic analyses. J Med Virol (2001) 64:256-61.

Appleton H, Higgins PG. Viruses and gastroenteritis in infants. Lancet (1975) i:1297.

Madeley CR, Cosgrove BP. Letter: 28 nm particles in faeces in infantile gastroenteritis.
Lancet (1975) ii:451-52.

Glass RI, Noel JS, Mitchell DK, et al. The changing epidemiology of astrovirus-associated
gastroenteritis: a review. Arch Virol (1996) 12(Suppl):287-300.

Gray JJ, Wreghitt TG, Cubitt WD, et al. An outbreak of gastroenteritis in a home for the
elderly associated with astrovirus type 1 and human calicivirus. J Med Virol (1987) 23:377—-
381.

Mitchell DK, Matson DO, Jiang T, et al. Molecular epidemiology of childhood astrovirus
infection in child care centers. J Infect Dis (1999) 180:514-17.

10.Guix S, Bosch A, Pinto RM. Human astrovirus diagnosis and typing: current and future

prospects. Lett Appl Microbiol (2005) 41:103-05.



11.Grohmann GS, Glass RI, Pereira HG, et al. Enteric viruses and diarrhoea in HIV infected
patients. Enteric opportunistic infections working group. N Engl J Med (1993) 329:14-20.

12.Liste MB, Natera |, Suarez JA, et al. Enteric virus infections and diarrhoea in healthy and
human immunodeficiency virus-infected children. J Clin Microbiol (2000) 38:2873-77.

13.Goodgame RW. Viral infections of the gastrointestinal tract. Curr Gastroenterol Rep (1999)
1:292-300.

14.Herrmann JE, Taylor DN, Echeverria P, et al. Astroviruses as a cause of gastroenteritis in
children. N Engl J Med (1991) 324:1757-60.

15.Marx FE, Taylor MB, Grabow WOK. The prevalence of Human astrovirus and enteric
adenovirus infection in South African patients with gastroenteritis. South Afr J Epidemiol
Infect (1998) 13:5-9.

16.Taylor MB, Cox N, Vrey MA, et al. The occurrence of hepatitis A and astroviruses in
selected river and dam waters in South Africa. Water Res (2001) 35:2653-60.

17.Meleg E, Jakab F, Kocsis B, et al. Human astroviruses in raw sewage samples in Hungary.
J Appl Microbiol (2006) 101:1123-29.

18.Maldonado Y, Cantwell M, Old M, et al. Population-based prevalence of symptomatic and
asymptomatic astrovirus infection in rural Mayan infants. J Infect Dis (1998) 178:334-309.

19.Pennap G, Pager CT, Peenze I, et al. Epidemiology of astrovirus infection in Zaria, Nigeria.
J Trop Pediatr (2002) 48:98-101.

20. Steele AD, Basetse HR, Blacklow NR, et al. Astrovirus infection in South Africa: a pilot
study. Ann Trop Paediatr (1998) 18:315-19.

21.Basu G, Rossouw J, Sebunya TK, et al. Prevalence of rotavirus, adenovirus and astrovirus
infection in young children with gastroenteritis in Gaborone, Botswana. East Afr Med J
(2003) 80:652-55.

22.Walter JE, Mitchell DK. Astrovirus infection in children. Curr Opin Infect Dis (2003) 16:247—
53.

23.Lee TW, Kurz JB. Prevalence of human astrovirus serotypes in Oxford region 1976-92, with
evidence for two new serotypes. Epidemiol Infect (1994) 114:187-93.

24.Palombo EA, Bishop RF. Annual incidence, serotype distribution, and genetic diversity of
human astrovirus isolates from hospitalized children in Melbourne, Australia. J Clin Microbiol
(1996) 34:1750-53.

25. Shastri SA, Doane AM, Gonzalez J, et al. Prevalence of astroviruses in a children's hospital.
J Clin Microbiol (1998) 36:2571-74.



26.Bon F, Fascia P, Dauvergne M, et al. Prevalence of group A rotavirus, human calicivirus,
astrovirus, and adenovirus type 40 and 41 infections among children with acute
gastroenteritis in Dijon, France. J Clin Microbiol (1999) 37:3055-58.

27.Gaggero A, O'Ryan M, Noel JS, et al. Prevalence of astrovirus infection among Chilean
children with acute gastroenteritis. J Clin Microbiol (1998) 36:3691-93.

28.Guerrero ML, Noel JS, Mitchell DK, et al. A prospective study of astrovirus diarrhoea of
infancy in Mexico City. Pediatr Infect Dis J (1998) 17:723-27.

29.Unicomb LE, Banu NN, Azim T, et al. Astrovirus infection in association with acute,
persistent and nosocomial diarrhoea in Bangladesh. Pediatr Infect Dis J (1998) 7:611-14.

30.Qiao HP, Nilsson M, Abreu ER, et al. Viral diarrhoea in children in Beijing, China. J Med
Virol (1999) 57:390-96.

31.Walter JE, Mitchell DK. Role of astrovirus in childhood diarrhoea. Curr Opin Infect Dis (2000)
12:275-79.

32.Dennehy PH, Nelson SM, Spangenberger S, et al. A prospective case control study of the
role of astrovirus in acute diarrhoea among hospitalized young children. J Infect Dis (2001)
184:10-5.

33.Walter JE, Mitchell DK, Guerrero ML, et al. Molecular epidemiology of human astrovirus
diarrhoea among children from a periurban community of Mexico City. J Infect Dis (2001)
183:681-86.

34.Fodha I, Chouikha A, Peenze I, et al. Identification of viral agent causing diarrhoea among
children in the Eastern center of Tunisia. J Med Virol (2006) 78:1198-203.

35.Medina SM, Gutierrez MF, Liprandi F, et al. Identification and type distribution of
astroviruses among children with gastroenteritis in Colombia and Venezuela. J Clin
Microbiol (2000) 38:3481-83.



	Astrovirus Infection in Young Kenyan Children with Diarrhoea

