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Summary objectives To describe the epidemiology of rotavirus and norovirus infection among children with

acute gastroenteritis in Sana’a, Yemen.

methods A cross-sectional study from November 2007 to March 2009 of children aged 1 month to

5 years attending the emergency and outpatient departments of two hospitals in Sana’a with acute

gastroenteritis. Rotavirus was detected by ELISA and genotyped by RT-PCR. Norovirus was detected by

End Point RT-PCR and nucleotide sequencing.

results A total of 290 children (48% in the emergency department and 52% in the outpatient

department of the children respectively) were enrolled. Rotavirus infections were detected in 78

(27%) and norovirus infections in 30 (10%). Rotavirus genotypes included G1P[8] (55%), G9P[8]

(21%) and G2P[4] (12%) with G12 comprising 3% of strain types. The main norovirus genotype was

GII.4 (27%) with >10 other genotypes detected.

conclusions Rotavirus and norovirus infections are common causes of gastroenteritis in Yemen.

Rotavirus vaccines could play a significant role in the control of acute childhood diarrhoea in this setting.
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Introduction

Diarrhoeal disease is estimated to cause 15% of childhood

mortality globally, with most deaths occurring in low and

middle income countries (Black et al. 2010). Viruses

account for the majority of these episodes, and rotavirus

and norovirus are the most frequent viral agents identified

(Ramani & Kang 2009) with associated global mortality

estimates of 520 000 and up to 200 000, respectively (Patel

et al. 2008; Parashar et al. 2009).

Rotavirus is a double-stranded RNA virus whose

genome is separated into 11 segments and enclosed within

a triple-layered capsid. Each segment encodes a viral

protein (VP). The middle capsid protein VP6 allows

classification of rotavirus into groups A–G, with group A

the most common cause of human infections. Group A

rotavirus is further classified using the outer capsid

proteins VP7 and VP4, which code for the neutralising G

and P antigens, respectively. Currently, at least 42 G ⁄ P
genotype combinations are recognised. The most common

types are G1P[8], G2P[4], G3P[8] and G4P[8]. More

recently, G9 and G12 serotypes have emerged globally

(O’Ryan 2009).

Norovirus, a single-stranded RNA virus, is separated

into five genogroups, with GI and GII the main causes of

human infection. These two genogroups are divided into

>30 genotypes (Zheng et al. 2006). Despite this heteroge-

neity, one genotype, GII.4, currently causes the majority of

infections worldwide (Glass et al. 2009).

Yemen has a high under-5 mortality rate estimated at 66

per 1000 live births (United Nations 2010), and there are

no studies reporting the role of rotavirus and norovirus.

This study describes the characteristics of children under

5 years with norovirus and rotavirus infections in Sana’a,

the capital of Yemen.

Methods

Study site, subject enrolment and data collection

Sana’a has a population of 1.4 million. It is situated at an

altitude of 2300 metres and has a dry, mild climate with

Tropical Medicine and International Health doi:10.1111/j.1365-3156.2011.02756.x

volume 16 no 6 pp 680–684 june 2011

680 ª 2011 Blackwell Publishing Ltd



200 mm of rainfall annually and minimum–maximum

average monthly temperatures of 6–30 �C.

This was a cross-sectional study of children attending Al-

Sabeen and Al-Thawra Hospitals in Sana’a from Novem-

ber 2007 to March 2009. Both are reference government

hospitals and attend the population of Sana’a city and self-

referred patients from Sana’a Governorate. Children

1 month to 5 years old who attended the outpatient and

emergency clinics of the hospitals with acute diarrhoea and

who provided a faecal sample were included in the study.

Diarrhoea was defined as having three or more episodes of

loose stools within 24 h or one watery stool per day for

£7 days of duration. Clinical data were collected prospec-

tively by a paediatrician who assessed for the presence and

severity of dehydration following WHO guidelines (WHO,

2005). One faecal sample was obtained from each patient

and stored at )70 �C except when transported on ice to the

University of Liverpool. Informed parental consent was

obtained prior to the enrolment, and the study was

approved by the Research Ethics Committee of Al-Thawra

and Al-Sabeen Hospitals, Yemen.

Laboratory methods

Faecal samples were tested for rotavirus by ELISA (Rota-

clone; Meridian Bioscience, Cincinnati, OH, USA). Rota-

virus ELISA-positive samples underwent RNA extraction

prior to G and P genotyping by multiplex, hemi-nested

reverse transcriptase PCR (RT-PCR) using consensus and

type-specific primers (Gentsch et al. 1992; Das et al.

1994). In addition, all faecal samples were tested for

norovirus by End Point RT-PCR (Al-Mashhadani et al.

2008). PCR products were excised using QIAquick Gel

Extraction Kit (Qiagen, West Sussex, UK) and sequenced

by Cogenics (Essex, UK). Samples were considered positive

if a norovirus sequence was obtained. Phylogenetic analysis

was carried out using the neighbour-joining method

(CLUSTALW).

Statistical analysis

The characteristics of children with rotavirus and norovi-

rus were compared. Proportions were compared using the

chi-squared test or Fisher’s exact test, as appropriate, and

means were compared with Student’s t-tests. P values

<0.05 were considered statistically significant.

Results

A total of 290 children with a mean age of 10.7 months

were recruited (Table 1). We enrolled 139 (48%) in the

emergency departments and 151 (52%) in the outpatient

clinics. The mean (SD) duration of diarrhoea at enrolment

was 3.7 (1.8) days with vomiting present in 244 (84%) and

fever present in 220 (76%) children. A total of 46 (16%)

children had severe and 139 (48%) had moderate dehy-

dration and 87 (30%) received intravenous fluids. Nine

(3%) children had bloody diarrhoea, and 165 (57%) had

received antibiotics before consultation.

Seventy-eight (27%) children had rotavirus infection. Of

these, 42 (30%) were identified among the 139 children

admitted to the emergency department and 36 (24%) from

the 151 attending the outpatient department. Thirty (10%)

had norovirus infection that was detected equally in

children from the emergency (11%) and outpatient

departments (10%); five children were co-infected with

both rotavirus and norovirus. There were no statistical

differences between the demographic or diarrhoeal episode

characteristics of children with norovirus infection re-

cruited in the emergency or outpatient clinics and between

norovirus- and rotavirus-infected children from the same

site of recruitment. Rotavirus-infected children from the

emergency department, compared to the outpatient clinic,

had a significantly longer diarrhoea (P = 0.02) and vom-

iting duration (P = 0.03); a higher proportion of children

classified as having severe dehydration (P = 0.002) were

admitted to hospital (P = 0.04) and received IV fluid

therapy (P = 0.01) more frequently. Two children died,

neither of whom had norovirus or rotavirus infection.

Of the 78 rotaviruses detected, the most common

genotype was G1P[8] (55%), followed by G9P[8] (21%),

G2P[4] (12%) and G2P[6] (5%). Also detected were

G9[P4] (1%), G9P[8] (1%), G9P[NT] (1%), G12P[6]

(1%), G12P[8] (1%) and one non-typeable strain.

Norovirus genogroup II infections (18 ⁄ 30) were more

common than genogroup I (10 ⁄ 30), and two children had

mixed GI ⁄ II infections. GII.4 was the most common

norovirus genotype, being identified in eight patients

(27%) with more than 10 other genotypes detected

(Figure 1).

Discussion

This is the first report of rotavirus and norovirus infections

in Yemen. A total of 27% of children attending hospital

with acute gastroenteritis had rotavirus infections and 10%

had norovirus infections. The detection rate of rotavirus

infection is consistent with global surveillance, which

reports rotavirus in a median of 34–45% of children with

acute gastroenteritis (WHO, 2008). The molecular epide-

miology of rotavirus infection was also consistent with

global trends (O’Ryan 2009) identifying both established

rotavirus genotypes G1P[8] and G2P[4] and the emerging

genotypes G9 and G12. Both rotavirus vaccines currently
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entering childhood immunisation programmes (Rotarix

[GlaxoSmithKline Biologicals, Belgium] consisting of an

attenuated G1P[8] rotavirus strain, and RotaTeq [Merck

& co, USA], a human–bovine reassortant vaccine com-

prising of G1, G2, G3 and G4 types and P[8]) have

demonstrated efficacy against rotavirus serotypes G1, G2

and G9, which were detected in this study (Tate et al.

2010). Given that 27% of cases had rotavirus infection,

rotavirus vaccination has the potential to prevent a

significant burden of rotavirus-associated gastroenteritis.

Globally, norovirus infection rates in diarrhoeal children

vary between 4% and 48% (median 14%) (Koopmans

2008). Only one study of norovirus gastroenteritis has been

reported from the Arabian Peninsula. This study of

paediatric gastroenteritis in Saudi Arabia documented

norovirus infection in 3.5% of children (Tayeb et al.

2008), which is below the 10% rate identified in this study.

The Saudi Arabian study used an ELISA method, which is

less sensitive than the RT-PCR used in this study. Our

finding that genotype II.4 was the main genotype detected

is in accordance with the global spread of this strain

(Siebenga et al. 2009). Multiple norovirus genotypes were

identified, suggesting their origin was from multiple

sources, which would render containment through source

control difficult and suggests that an effective vaccine may

be required to control norovirus disease.

Table 1 Characteristics of children with acute diarrhoea attending Al-Sabeen Hospital and Al-Thawra Hospitals in Sana’a, Yemen

Emergency department Outpatient department

Norovirus +ve
(n = 15)

Rotavirus +ve
(n = 42)

Norovirus +ve
(n = 15)

Rotavirus +ve
(n = 36)

Mean age in months (SD) 7.9 (3.9) 10 (9.9) 9.7 (6.8) 10.2 (10.2)
Sex: female 2 (13) 15 (36) 7 (47) 18 (50)

Diarrhoea

Mean frequency (SD) 7.5 (2.7) 7.7 (2.8) 7.2 (2.9) 8 (2.5)
Mean (SD) duration in days 4.3 (1.7) 4.3 (2)* 3.3 (1.7) 3.4 (1.5)*

Vomiting 12 (80) 39 (93) 13 (87) 28 (78)

Mean frequency (SD) 4.7 (3.7) 5.9 (3.7) 4.7 (2.6) 5.2 (4.4)

Mean (SD) duration in days 2.6 (2) 3 (1.8)* 2.1 (1.7) 2.2 (1.7)*
Dehydration 14 (93) 42 (100) 15 (100) 42 (100)

Mild 6 (43) 10 (24) 8 (53) 14 (39)

Moderate 3 (21) 19 (45) 6 (40) 19 (53)

Severe 5 (36) 13 (31)* 1 (7) 3 (8)*
Fever 13 (87) 33 (79) 10 (67) 27 (75)

Rehydration therapy

None 6 (40) 6 (14) 5 (33) 9 (25)

Oral rehydration salts 4 (27) 18 (43) 8 (53) 21 (58)
Intravenous fluids 5 (33) 18 (43)* 2 (13) 6 (17)*

Outcome

No. admitted 3 (20) 12 (29)* 1 (7) 3 (8)*
Of those admitted Improved 3 10 1 3

Died 0 0 0 0

Other 0 2 0 0

Stool type
Watery 13 (87) 31 (74) 10 (67) 27 (75)

Mucus 2 (13) 3 (7) 3 (20) 4 (11)

Mucus with blood ⁄ Bloody 0 (0) 0 (0) 0 (0) 3 (8.3)

Watery with mucus 0 (0) 8 (19) 2 (13) 2 (5.6)
Antibiotics given 8 (47) 26 (62) 3 (20) 20 (56)

Mean No. of household members 8 (3.7) 8.9 (5.9) 5.8 (3) 8 (3.8)

Type of drinking water
Bottled 0 (0) 2 (5) 0 (0) 3 (8)

Locally purified 8 (53) 13 (31) 7 (47) 13 (36)

Tap 7 (47) 27 (64) 8 (53) 20 (56)

Figures are numbers (%) unless specified. Frequency = maximum number in a 24-h period. Duration = duration at the time of enrolment.

Outcome: Other = includes self-discharges and hospital transfers. *P < 0.05 when emergency and outpatient children compared.
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This study was limited by its geographical restriction to

only one city, its short duration, comprising only

18 months and non-consecutive enrolment of children.

Because PCR is a sensitive detection method for norovirus

infection, association with disease may have been incor-

rectly assigned in some cases. A more accurate estimation

of norovirus disease could have been obtained by including

a control group within the study with the difference in

infection rate between cases and controls providing an

improved estimate of norovirus infection associated with

disease. Alternatively, a PCR cut-off to differentiate

symptomatic from asymptomatic infection could have been

derived by comparing cut-off values in control cases to

those of cases with gastroenteritis (Barreira et al. 2010;

Phillips et al. 2009).

Yemen does not have a national rotavirus vaccination

programme, but given the recent WHO recommendation

to introduce paediatric rotavirus vaccination globally, the

introduction of the vaccine is being considered (WHO,

2009). This study, the first to investigate rotavirus and

norovirus infection in Yemen, confirms that the clinical

and molecular epidemiology of both rotavirus and noro-

virus is consistent with their global patterns. These findings

allow Yemen to infer from global experiences of rotavirus

vaccine programmes the potential benefits to be derived

from introducing rotavirus vaccination and provide a

baseline from which to initiate more extensive surveillance

to monitor changes in the epidemiology of these infections

post-vaccine introduction.
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Sana’a, Yemen (2008 ⁄ 2009). Analysis based on approximately 277-bp region of the 5 prime end of norovirus open reading frame 2. Tree

constructed with 31 study sequences (including two mixed infections) in boldface and reference genotypes. Study sequences labelled: YEM
study number-month ⁄ year of collection.
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