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uman rotavirus (HRV) is a member of the Reoviridae fam-
Hily and is recognised as the most important causative agent
of severe gastroenteritis in infants and young children world-
wide.' It has also been implicated as an actiological agent of diarrhoea
in older children and adults.** Rotavirus infects every child by the age
of 5 years, resulting annually in an estimated 138 million episodes of
diarrhoea leading to 2 million hospitalisations.® Furthermore, between
418 000 and 870 000 deaths each year are attributed to rotavirus diar-
rhoea,”® accounting for 20% to 26% of all deaths due to diarrhoea and
6% of all deaths in children under 5 years of age. Most of these occur
in developing countries.”!’ The disease burden is the same in both de-
veloping and developed countries and rotavirus infection is responsible
for one-third to one-half of hospital admissions for paediatric gastro-
enteritis."' Moreover, approximately 1 in 295 children die of the disease
before the age of 5 years.®
Although rotavirus leads to high morbidity in both developing and
developed countries, it is accompanied by particularly high mortality in
developing countries. It has been estimated that more than 85% of ro-
tavirus deaths occur in Asia, Latin America and Africa. In Africa, Asia
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and Latin America, 744 million to 1 billion cases
of diarrhoeal disease and 2.4 to 3.3 million deaths
occur annually among children less than 5 years of
age, corresponding to 6600 to 9000 deaths daily."
In contrast, the mortality rates caused by diar-
rhoea in developed countries are significantly lower.
However, developed countries experience a substan-
tial economic burden from diarrhoeal diseases as a
consequence of the direct and indirect costs to each
community. The costs of treating rotavirus infection
have been estimated to be in excess of £6.3 million
annually in the United Kingdom® and $352 mil-
lion in the United States.’* These figures may in-
crease significantly if societal effects are added. In
the United States, for instance, rotavirus infection
costs the economy a total of $1 billion annually.”
Therefore, control of rotavirus infection would po-
tentially not only lead to a significant reduction in
fatalities in developing countries but also consider-
able healthcare cost savings in developed countries.
It has been shown that in the United States alone,
a national rotavirus vaccination programme would
result in 227 000 fewer physician visits, 95 000 fewer
emergency department visits, 34 000 fewer hospi-
talisations and 13 fewer deaths each year.”

Rotaviruses are triple-layered icosahedral par-
ticles, and their genomes consist of 11 segments of
double-stranded RNA. Rotaviruses are classified
according to the genetic and antigenic diversity of
the two outer capsid proteins, VP4 and VP7. These
proteins independently induce type-specific neutral-
izing antibodies and form the basis of the present
dual classification of group A rotaviruses into P
(protease sensitive) and G (glycoprotein) serotypes,
respectively.'®

Rotaviruses express an extensive antigenic and
genomic diversity. To date, 14 G serotypes and 20 P
types have been defined,'®'” but a 15th G serotype
and a 21st P genotype based on nucleotide sequence
characterizations of a bovine rotavirus strain have
been proposed.’® Reassortment of genes can occur
upon dual infection of a single cell with two different
strains in vivo as well as in vitro. As the segregations
of VP4 genes and VP7 genes occur independently,
various G and P combinations have been observed
in natural infections.” Effective control of rotaviral
disease in any community depends upon an accu-
rate understanding of disease burden and knowledge
of the relative importance of circulating serotypes.
Based on such data a variety of candidate rotavirus
vaccines have been developed.

Rotavirus infection is a major cause of child-
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hood morbidity in Saudi Arabia.?*-3"#4-1 Although
many studies have documented the high prevalence
of rotavirus among Saudi children, these have never
been analysed together to provide a comprehensive
picture of the significance of the effect of this vi-
rus in the country. In anticipation of introduction of
rotavirus vaccine in Saudi Arabia, the aims of this
review were:

*To estimate the disease burden and assess the
prevalence of rotavirus infection to inform the
need for a rotavirus immunisation programme;

* To examine the age distribution of severe cases in
order to help determine an optimal schedule for
immunisation;

* To evaluate the rotavirus strains in circulation and
identify unusual types that might be incorporated
into a vaccine; and

*To determine the seasonal pattern of rotavirus
infections and their links with possible routes of
transmission or regional trends relevant to im-
munisation strategies.

Methods

Published articles were identified from a multilin-
gual MEDLINE search for publications from 1975
to 2005 using the keywords ‘rotavirus’, ‘viral gastro-
enteritis’ and ‘Saudi Arabia’. In addition, the Annals
of Saudi Medicine and Saudi Medical Journal were
handsearched for articles on rotavirus.

For each study, the prevalence of rotavirus infec-
tion was examined initially. Seasonality, age profile,
and gender were also examined where data were
available. Climate information was provided by ei-
ther the article when provided or by reviewing the
information available for each city from meteoro-
logical records. The seasonality of rotavirus for each
study was determined by plotting the monthly de-
tection rates and comparing them with the median
monthly value for rotavirus detection for that period
of study. Finally, we reviewed studies in which mo-
lecular characterisation, serotype, sub-grouping and
electropherotyping were available to examine the
distribution of rotavirus strains in circulation.

Results

Description of Studies

Using the above keywords and handsearching re-
vealed a total of 17 articles published between 1985
and 2005. Another 5 articles were found in reviewing
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the references in these publications. The prevalence of
rotavirus infection was addressed by 19 articles.?2*
26-36,42,49-50 Ty addition, 5 articles studied the molecular
characterisation of the virus.??%3%375! Furthermore,
one study compared viral gastroenteritis at large
medical centres in Saudi Arabia and the United
Kingdom.* Finally, another article studied the viral
contamination of environmental surfaces on general
paediatric wards and playrooms in major referral
centres in Riyadh.” In all, these studies were from
six different cities in the Kingdom of Saudi Arabia,
namely Jeddah’20,22,28,30,37,51 Taif’zl,ZS Rjyadh’23,31*35,42
Jizan,?* Dammam,*273¢ and Makkah.?’ These stud-
ies were conducted in hospitals (Table 1) in the four
major regions of Saudi Arabia (Table 2, Figure 1).
Diarrhoeal cases were targeted in 17 studies. Eleven
studies were designed to select inpatient cases only
whereas inpatient and outpatients were included in
another seven studies and one study targeted out-
patients only.? In addition, only one study was pro-
spective.” Infants in the nursery were included” in
one study and hospitalised infants and their mothers
(with or without diarrhoeal symptoms) in another.?

In most studies faecal specimens were screened by
an enzyme-linked immunosorbent assay (ELISA).
Other techniques, such as latex agglutination (LAT),
electron microscopy (EM), were also used in some
studies.

As shown in Table 1, study duration was highly
variable, ranging from a few weeks?**? to several
years.” Two studies lasted less than a month, and
eight others lasted a year or longer. The median
study duration was 12.0 months.

Of the 21 studies, 17 surveyed infants and chil-
dren. Of these, infants and children under 5 years
old were targeted in nine studies; those less than 3
years old in one;** less than 14 days in one;*” and
adults and adolescents were included in three stud-
ies.?»?%% For the remaining studies, the age group
was not reported although the stated target popula-
tions were infants and young children.

Prevalence

The prevalence of rotavirus infection ranged from
10%* to 46%* with a median of 30%. There was
no apparent relationship or trend between the geo-
graphiclocation within Saudi Arabiaand prevalence.
The prevalence of rotavirus differed depending on
the targeted population. Inpatient studies showed
significantly higher prevalences than those where
outpatients were included. The range, median and
standard deviation of inpatient prevalence studies
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Figure 1. Map of Saudi Arabia and neighbouring countries
showing major cities

were 10% to 46.0%, 41.5% and 12.2%, respectively,
whereas the range, median and standard devia-
tion of combined inpatient and outpatient studies
were 10.6% to 37.5%, 16% and 10.5%, respectively.
For example, in Jeddah City, rotavirus prevalence
was investigated in four studies.?*?*?%3 Three of
them targeted inpatients only and showed higher
prevalences, ranging between 42% and 46%.2%%3
However, when outpatient cases were included in
the fourth study,? the overall prevalence decreased
to 16.6% (inpatients 45.6%, outpatients 5.9%). The
only prospective study carried out in Saudi Arabia
reported an overall rotavirus prevalence of 11.5%.%
However, this study included all age groups pre-
senting at any one of the participating hospitals
with a history of acute diarrhoea, acute cases of
diarrhoea detected by purpose-trained staff during
home visits in a designated community, and con-
trols matched for age and sex, who were patients
that presented at King Fahd Hospital University
(KFHU) with conditions other than diarrhoea or
abdominal disease.

As expected, rotavirus infection was more com-
mon in children younger than 2 years of age. Data
from 13 studies showed the age group distribution
of rotavirus in patients less than 2 years of age, the
age group with the highest morbidity. Moreover, in
4 other studies, data indicated that children in the
first year of life were at highest risk of infection.
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Table 1. Rotavirus detection rates of paediatric gastroenteritis in Saudi Arabia

Detection

Dates Duration assay Number Age Setting Prevalence Seasonality Age Ref
Jeddah 12/05 - 10/96 11 mo ELISA 576 <5yr H(I&0) 16.6% Winter 83% <2 yr (22)
Taif 04/92 - 02/93 11 mo ELISA 349 kil H(1) 43.0% Warmer 87% <2 yr (21)
Jeddah 03/88 - 12/92 4yr ELISA 1367 Syr H{) 42.6% Winter Mgg%‘;ge (28)
Taif 04/92 - 06/93 14 mo ELISA 359 Syr H() 42.1% Warmer M;g':n‘:)ge (28)
Jeddah 03/88 - 12/92 dyr ELISA 1242 <5yr H(I) 42.2% Winter NR (30)

................................................................ PR
Riyadh 01/85 - 12/86 2yr ELISA 688 <5yr H(1) 44.3% Mar Dry NR (33)
July-Sep
Dammam 04/87 2 wk ELISA 150 <byr (0) 30.0% NR 7-12 mo (26)
Riyadh 90-93 3yr ELISA 7439 ** H(I&0) 14.1% NV 70% <5 yr (31)
Jeddah 03/88 - 03/89 13 mo ELISA 363 <5yr H(l) 46.0% Winter 3-15mo (20)
Gizan 10/83 - 02/84 5mo ELISA 203 <3yr H(I&0) 16% NR <12mo (24)
...... e L i 0 :
Riyadh 01/85 - 08/89 45yr ELISA 1729 H(1&0) 31.6% NV 50% <2 yr (23)
LAT& 0
Makkah 01-12/03 12 mo ELISA 479 <5yr H(l) 10.0% NR <2yr (29)
Riyadh 05/83 - 10/83 6 mo EIA 52 * H(l) 27% NR NR (42)
Eastern EM & 0
Region 12/87 - 07/89 19 mo ELISA 83 <2yr H(I&0) 11.5% NR <2yr (49)
Riyadh 06/90 - 06/93 3yr EIA 2227 <16 yr H(I&0) 10.6% NV <lyr (32)
Dammam 87-88 12mo ELISA 240 <2yr H(I&0) 37.5% NR <2yr (36)
Dammam 04/84 3wk EIA 75 <14d H(1) 12.0% NR (27)
<10d 35% :
Riyadh 1985 12 mo ELIES'@ & 135 h— Hi) — TESehirr E&?rly S|prfm||g (34)
mothers 15% earlyta
Riyadh 03 - 07/82 5mo ELISA 184 H(l) 19.0% July & April <2yr (35)
Dammam 09/86 - 05/87 6 mo ELISA 76 <2yr H(l) 41.0% (50)
Median 12 mo 359 30.0%
3wk -45 52-

(range) 1982- 2003 yr 2997 10.0% - 46.0%

NR: not reported. NV: no variation. NA: not available. H: Hospital based *Infant **Infant & young children ***Children & adult I: Inpatient. O: Outpatient
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Table 2. Prevalence of rotavirus infection in Saudi Arabia by region.

Region Cities No. of Studies Prevalence median Prevalence range
Central Riyadh 6 23% 10.6% - 44.3%
CBastern Dammam . 245% 120%-414%
Western Al-Taif, Jeddah H 6 42.4% i6.6% —"46.0%
Southern Gizan o 16% %
Seasonality ported such as long electropherotypes with G2 sero-

The seasonality of rotavirus was determined by ex-
amining the seasonality patterns provided in each of
the 11 studies, which demonstrated significant dif-
ferences in seasonality. In Jeddah city, which has high
temperatures and high humidity, rotavirus infection
was present throughout the year with a maximum
level during the cooler months of the year, November
to January.?**»% This is significantly different from
the results from Al-Taif city, where the prevalence
of rotavirus infection increased during the warmer
months, July to September.!?8 Al-Taif is located in a
valley where the climate is moderate to relatively cool
throughout the year. In Riyadh, a hot and dry desert
city where most data came from, the seasonality was
not clearly defined. In the six studies that assess the
seasonality in this city, three of these showed no sea-
sonal variation”3%2 and the rest showed two peaks
at different times of the year.*>** No seasonality data
were reported from Makkah,” Dammam,02627:3
and Gizan.?* The latter two are coastal areas of the
Kingdom with high temperatures and humidity.

Rotavirus strain characterisation
The rotavirus serotypes identified in Saudi Arabia
are shown in Table 3. Serotyping was performed in
4 studies by enzyme-linked immunosorbent assay
(ELISA) by using monoclonal antibodies specific
for serotypes G1, G2, G3 and G4. Serotype G1 was
the most common type identified. It was the domi-
nant strain in all studies. Serotype G4 was the second
most common nationally. In addition, a high propor-
tion of samples were nontypeable. The prevalence of
nontypeable strains ranged from 11.0% to 31.3%. To
our knowledge, no data are available on P types.
Rotaviruses were characterised by electrophero-
typing in 4 studies. Data obtained from these stud-
ies revealed that the long electropherotype was the
predominant type. In addition, variability in migra-
tion patterns showed 5 to 6 long electropherotypes
and 4 to 6 patterns among short electropherotypes.
Interestingly, some unusual patterns were also re-

types suggestive of rotavirus reassortment.?

Discussion

Significant differences were observed in the preva-
lence of rotavirus infection, which ranged between
10%* and 46%% in the 22 studies covered in this
review. Inpatient studies showed significantly higher
prevalences than those where outpatients were in-
cluded. The only prospective study carried out in
Saudi Arabia showed a significant low prevalence
with 11.5%. Interestingly, the prevalence differed
even in one city. In Riyadh for instance, the preva-
lence varied from 10.6%* to 44.3%.% This is con-
trary to what might have been anticipated if the
variation were due only to methodological differ-
ences as electron microscopy was only used in the
studies with a low rotavirus infection rate; however,
this was combined with enzyme immunoassay in all
studies. These data might suggest that non-viral or
other viral causes are more common in those cit-
ies, which showed low prevalences. The finding that
most rotaviral infection occurs among children aged
less than 2 years is consistent in most studies and is
comparable with most reports from other parts of
the world.

In temperate countries, rotavirus exhibits marked
seasonal variation with peaks of infections in cooler
months.** This pattern does not coincide with data
gathered from countries with tropical and subtropi-
cal climates, where the virus is present throughout the
year with winter and summer peaks.>*! Seasonality
in Saudi Arabia, however, shows both patterns in
some cities and no seasonal variation in others. For
example there is no defined seasonality in the hot dry
city of Riyadh. Some studies show seasonality dur-
ing some times of the year,*** other studies reported
no seasonal variation.”32 In contrast, there appears
to be a peak of infection in the warmer seasons in the
cooler areas,?*® and a peak of infection in the cooler
season in the warmer areas.?*?%28:30

For the most part, the serotypes of rotavirus in
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NV: No seasonal Variation

NR: Not reported.

circulation in Saudi Arabia appear to be similar to
those common in the rest of the world. Data col-
lected from Saudi Arabia revealed G1 to be the
dominant serotype followed by G4, G3 and G2, re-
spectively. It is important to note that some recently
emerged serotypes such as G9 have not been inves-
tigated in Saudi Arabia. This may explain the high
number of nontypeable strains. To our knowledge,
P typing was not investigated in any study carried
out in the country. The shortage of information on P
types and high portion of nontypeable strains have
widened the gap in knowledge of rotavirus serotypes
in Saudi Arabia.

Rotavirus infection is common in both developed
and developing countries. Overall, it is responsible
for approximately 25% to 50% of all hospitalisations
of children with diarrhoea in both worlds. However,
rotavirus infection produces the highest rates of
morbidity and mortality in the latter, since 5% of all
deaths under 5 years of age in developing countries
are due to rotavirus.*® In comparison to populations
living in developing countries, residents of Saudi
Arabia generally benefit from a higher expendi-
ture per capita on health care. Nevertheless, young
children are at higher risk of diarrhoeal disease be-
cause of impaired host defences and are exposed to
suboptimal hygienic conditions. A national survey
reported a diarrhoeal disease prevalence of 14.5%
in children between 6-18 months.”® Furthermore,
in 2001, diarrhoeal disease caused 267 277 to 439
411 health centre visits resulting in 8185 hospitali-
sations.”* However, to our knowledge, no data were
reported on the disease burden of rotavirus in Saudi
Arabia.

Comprehensive knowledge of rotavirus infection
prevalence in Saudi Arabia is limited by the nature
of the previous studies in this area. Several factors
have contributed to this overall limitation, the most
prominent of which are discussed here. The limited
sample size was a major limiting factor, as these var-
ied between 52+ and 7439%! subjects. The scale of
this range makes it difficult to carry out meaningful
comparisons or draw definitive conclusions at a na-
tional scale from these studies.

Furthermore, the variability in study duration
limited the value of the results. While the majority
of the studies lasted several months, several studies
were of less than a month in duration, whereas some
were several years in duration. As such, meaningful
comparisons and trends cannot easily be determined
from the reported results due to a lack of consis-
tency between their durations. Any study less than
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Table 4. Prevalence of rotavirus in neighbouring countries.

Country Prevalence Period Method Reference

14% 1998-2000 LAT (46)

Bahrain .................................................................................................................................
20.9% 1984-1986 LAT (52)
15.3% 1980 (43)

Kuwait 24.5% 1982 ELISA (44)
40.2% 1984 (45)
11.5% 1996-1999

Oman .................................................................... ELlSA 4444444444444444444444444444444444
31% 1990-1992 (47)

Jordan 40.0% 1999-2001 (48)

12 months in duration is considered inadequate for
investigating seasonal variation, and the prevalence
results may not be entirely representative of even
that season in question. Few of the available studies
are recent enough to have a meaningful bearing on
the current situation in Saudi Arabia, as most stud-
ies cover the 14-year period from 1982 to 1996 and
only one was done in 2001 and one in 2003.

It is notable that the prevalence findings are in-
consistent with the findings from neighbouring
countries such as Kuwait,”* Bahrain,* Oman* and
Jordan* (Table 4) taken from studies during a simi-
lar period. These figures cannot be relied on totally
as there is again no sound and justifiable basis for
comparison. Although seasonal climate variations

are generally similar between countries neighbour-
ing the different regions of Saudi Arabia, and as the
health care standards are generally very similar, the
inconsistency of the figures suggests there is a need
for further investigation.

The studies each recruited different age groups.
Although almost half the studies concentrated on
the under 5-year age group, there were several stud-
ies that concentrated on newborn babies and others
on adolescents. The conclusions drawn from each of
these studies will naturally be inconsistent and dif-
ficult to compare.

'The findings of this review reveal the limitations
of the available data regarding rotavirus infection in
Saudi Arabia. It also emphasises the urgent need for
up-to-date and comprehensive studies. The results
obtained by this review confirm the complexity and
diversity of rotavirus genotypes.

For future studies, we recommend that the period
of study be at least 12 months in order to be able to
detect any seasonal variation. Implementing this rec-
ommendation should also resolve the problem caused
by the large variations in sample sizes. Furthermore,
future studies should focus only on those children in
the age group <5 years, as this is consistent with the
findings of previous studies in the region and else-
where. And wherever possible, molecular techniques
should be used for typing rotavirus in order to pro-
vide valuable information about all circulating G and
P type strains in the region.

References

1 Flores J, Midthun K, Hoshino Y, Green K, Gorzi-
glia M, Kapikian AZ, Chanock RM. Conservation of
the fourth gene among rotaviruses recovered from
asymptomatic newborn infants and its possible
role in attenuation. J Virol. 1986;60:972-979.

2 \WHO Scientific Working Group. Rotavirus and
other viral diarrhoeas. Bull World Health Organ.
1980; 58:183-98.

3. Snyder JD, Merson MH. The magnitude of the
global problem of acute diarrhoeal disease: a re-
view of active surveillance data. Bull World Health
Organ. 1982;60:605-13.

4 Hung T, Chen GM, Wang CG, Yao HL, Fang ZY,
Chao TX, Chou ZY, et al. Waterborne outbreak of
rotavirus diarrhoea in adults in China caused by a
novel rotavirus. Lancet. 1984;1:1139-1142.

5 Kapikian AZ, Kim HW, Wyatt RG, Cline WL, Arro-
bio JO, Brandt CD, et al. Human reovirus-like agent
as the major pathogen associated with “winter”
gastroenteritis in hospitalized infants and young
children. N Engl J Med. 1976;294:965-72.

6. Parashar UD, Hummelman EG, Bresee JS, Miller
MA, Glass RI. Global illness and deaths caused
by rotavirus disease in children. Emerg Infect Dis.
2003;9:565- 572.

7 Institute of Medicine. New vaccine development
establishing priorities. II. Diseases of importance
in developing countries. Washington DC, National

190

Academy Press, 1986.

8 Miller MA, and McCann L. Policy analysis of the
use of hepatitis B, Haemophilus influenzae type b-,
Streptococcus pneumoniae-conjugate and rotavi-
rus vaccines in national inmunization schedules.
Health Econ. 2000;9:19-35.

o Cilla G, Perez-Trallero E, Lopez-Lopategui MC,
Gilsetas A, Gomariz M.. Incidence, seasonality
and serotypes of rotavirus in Gipuzkoa (Basque
Country), Spain. A 14-year study. Epidemiol Infect.
2000;125:677-83.

10. Kelkar SD, Purohit SG, Simha KV. Prevalence of
rotavirus diarrhoea among hospitalized children in
Pune, India. Indian J Med Res. 1999;109:131-5.

n. Palombo, E. A, and Bishop R. F. Rotaviruses.
Encyclopedia of Life Science. 2001:1-8.

2 Linhares AC, and Bresee JS. Rotavirus vac-
cines and vaccination in Latin America. Rev Pa-
nam Salud Publica. 2000;8: 305-31.

1. Noel JS, Parker SP, Choules K, Phillips AD,
Walker-Smith J and Cubitt WD. Impact of rotavirus
infection on a paediatric hospital in the East End of
London. J Clin Pathol. 1994;47: 67-70.

14 Matson DO, and Estes MK. Impact of rotavirus
infection ata large paediatric hospital. J Infect Dis.
1990;163:598-604.

15 Tucker AW, Haddix AC, Bresee JS, Holman RC,
Parashar UD, Glass Rl. Cost-effectiveness analy-

Ann Saudi Med 26(3)

sis of a rotavirus immunization program for the
United States. JAMA. 1998;279:1371-6.

16. Kapikian AZ Chanock RM. Rotavirus. In: Field
BN, Knip DM, eds. Virology. New York, Raven
Press Ltd. 1990:1353-1404.

7. Hoshino Y, Kapikian AZ. Rotavirus serotypes:
classification and importance in epidemiology, im-
munity, and vaccine development. J Health Popul
Nutr. 2000;18:5-14.

8. Rao CD, Gowda K, Reddy BS. Sequence analy-
sis of VP4 and VP7 genes of nontypeable strains
identifies a new pair of outer capsid proteins rep-
resenting novel P and G genotypes in bovine rota-
viruses. Virology. 2000;276:104-13.

. Palombo EA. Genetic analysis of Group A rota-
viruses: evidence for interspecies transmission of
rotavirus genes. Virus Genes. 2002;24:11-20.

20. E| Assouli SM, Banjar ZM, Mohammed KA,
Zamakhchari FT. Rotavirus infection in children in
Saudi Arabia. Am J Trop Med Hyg. 1992;46:272-7.
2. El Assouli SM, Banjar ZM, Mohammed KA,
Milaat WA, el Assouli MZ. Genetic and antigenic
analysis of human rotavirus prevalent in Al-Taif,
Saudi Arabia. J Trop Pediatr. 1996;42:211-9.

2. E|-Sheikh SM, el-Assouli SM. Prevalence of
viral, bacterial and parasitic enteropathogens
among young children with acute diarrhoea
in Jeddah, Saudi Arabia. J Health Popul Nutr.

May-June 2006 www.kfshrc.edu.sa/annals



2001;19:25-30.

2. Al-Ahdal MN, Hussain SM, Al-Dayel F, Burke
A, Cunha, Khan Y. Incidence of Rotaviral Gastro-
enteritis at a Referral Centre in Saudi Arabia. Ann
Saudi Med. 1991;11:19-22.

24. Subhash C Arya, Chandrakant M Parande. Ro-
tavirus Gastroenteritis in the Gizan Area of Saudi
Arabia. Saudi Medical Journal 1985;6:468-72.

2. Akhter J, al-Hajjar S, Myint S, Qadri SM. Vi-
ral contamination of environmental surfaces
on a general paediatric ward and playroom in a
major referral centre in Riyadh. Eur J Epidemiol.
1995;11:587-90.

26. Hug MI, Rahman AS, Al-Sadiq A, Al-Shahri A,
Alim AR. Rotavirus as an important cause of diar-
rhoea in a hospital for children in Dammam, Saudi
Arabia. Ann Trop Paediatr. 1987;7:173-6.

2. Hug MI, Al-Ghamdi MA, Sibaii MS, Al-Harfi
R. Incidence of asymptomatic rotavirus infection
in neonates in the nursery of a children hospi-
tal in Damman, Saudi Arabia. East Afr Med J.
1988;65:478-82.

2. Milaat WA, el Assouli SM. Epidemiology of di-
arrhoea in two major cities in Saudi Arabia. J Com-
municable Dis. 1995;27:84-91.

2. Ghazi HO, Khan MA, Telmesani AM, Idress B,
Mahomed MF. Rotavirus infection in infants and
young children in Makkah, Saudi Arabia. J Pak
Med Assoc. 2005;55:231-4.

30. Mohammed KA, el Assouli SM, Banjar ZM.
Human rotavirus subgroups and serotypes in chil-
dren with acute gastroenteritis in Saudi Arabia
from 1988 to 1992. J Med Virol. 1994;44:237-42.

31 Akhter J, Burdette JM, Qadri SM, Myint SH. Ae-
tiology of gastroenteritis at a major referral centre
in Saudi Arabia. J Int Med Res. 1994,22:47-54.

32 Akhter J, Sikotra S, Qadri SM, Myint SH. Com-
parison of paediatric viral gastroenteritis at large
medical centres in Saudi Arabia and the United
Kingdom. J Diarrhoeal Dis Res. 1994;12:257-60.

33. Al-Bwardy MA, Ramia S, al-Frayh AR, Chagla
AH, al-Omair AA, el-Hazmi MA, et al. Bacterial,

ROTAVIRUS INFECTION IN SAUDI ARABIA

parasitic and viral enteropathogens associated
with diarrhoea in Saudi children. Ann Trop Paedi-
atr. 1988;8:26-30.

34. Al-Frayh AR, Ramia S, Bakir TM, Zaidi MA. Ro-
tavirus shedding by neonates and possible modes
of transmission. J Trop Pediatr. 1987;33:246-8.

35 David K, Waller, M.A. Samad Talukder, An-
thony N. Carvalho , Al Admawy 0. Rotavirus Diar-
rhoea Among Paediatric Inpatients at the Armed
Forces Hospital, Riyadh. Saudi Medical Journal.
1984;5:53-56.

36. Qadri MH, Al-Ghamdi MA, Imadulhag M. Acute
diarrhoea disease in children under five years of
age in the eastern province of Saudi Arabia. Ann
Saudi Med. 1990;10:280-4.

37. El-Assouli SM. Inter-relationships among sub-
groups, serotypes, and electropherotypes of ro-
taviruses isolated from humans. J Diarrhoeal Dis
Res. 1996;14:201-6.

38 Bresee J FZ, Wang B, Nelson EA, Tam J, Soe-
narto Y, Wilopo SA, Glass R, et al. Asian Rotavirus
Surveillance Network. First report from the Asian
Rotavirus Surveillance Network. Emerg Infect Dis.
2004;10: 988-95.

39. Steinhoff MC. Rotavirus: the first five years. J
Pediatr. 1980;96: 611-22.

40. Middleton PJ, Szymanski MT, Petric M. Viruses
associated with acute gastroenteritis in young
children. Am J Dis Child. 1977;131: 733-7.

4. Cunliffe NA, Kilgore PE, Bresee JS, Steele AD,
Luo N, Hart CA, Glass RI. Epidemiology of rotavirus
diarrhoea in Africa: a review to assess the need
for rotavirus immunization. Bull World Health Or-
gan. 1998;76:525-37.

42 Jamjoom G A, Ramia S, Bakir T, Patricia B,
George M, Roshy C, Al-Swailem A. A Two-Year
Survey of Diagnostic Virus Laboratory Services
at King Saud University Hospital, Riyadh. Saudi
Medical Journal. 1986;7:166-75.

4. Al-Nakib W, Chrystie IL, Banatvala JE, Al-
Sayegh F. Rotavirus and non-bacterial infan-
tile gastroenteritis in Kuwait. Int J Epidemiol.

Ann Saudi Med 26(3) May-June 2006 www.saudiannals.net

1980;9:355-9.

44. Khuffash FA, Sethi SK, Al-Nakib W. Gastro-
enteritis in a regional hospital in Kuwait: some
aspects of the disease. Ann Trop Paediatr. 1982;2:
123-8.

4s. Sethi S, Khuffash FA, Al-Nakib W. Microbial eti-
ology of acute gastroenteritis in hospitalized chil-
dren in Kuwait. Pediatr Infect Dis J. 1989;8:593-7.
46. [smaeel AY, Jamsheer AE, Yousif AQ, Al-Otaibi
MA, Botta GA. Causative pathogens of severe di-
arrhea in children. Saudi Med J. 2002;9:1064-9.

47. Aithala G, Al Dhahry SH, Saha A, Elbualy MS.
Epidemiological and clinical features of rotavirus
gastroenteritis in Oman. Trop Pediatr. 1996;42:54-7.
48 Nimri LF, Elnasser Z, Batchoun R Polymicro-
bial infections in children. with diarrhoea in a rural
area of Jordan. FEMS Immunol Med Microbiol.
2004;42:255-9.

49. Al-Freihi H, Twum-Danso K, Sohaibani M, Bella
H, El-Mouzan M, Sama K. The microbiology of
acute diarrhoeal disease in the eastern province
of Saudi Arabia. East Afr Med J. 1993;70:267-9.

0. Khan ZH, Namnyak SS, Al Jama AA, Madan
I. Prevalence of cryptosporidiosis in Dammam
and Alkhobar, Saudi Arabia. Ann Trop Paediatr.
1988;8:170-2.

st El Assouli SM, Mohammed KA, Banjar ZM. Hu-
man rotavirus genomic RNA electropherotypes in
Jeddah, Saudi Arabia from 1988 to 1992. Ann Trop
Paediatr. 1995;15:45-53.

52 Dutta SR, Khalfan SA, Baig BH, Philipose L,
Fulayfil R. Epidemiology of rotavirus diarrhoea in
children under five years in Bahrain. Int J Epide-
miol. 1990;19:722-7.

3. Al-Mazrou Y, Farid S. Diarrhoeal Morbidity in
Saudi Arabia. Child Health Survey. 1991. Ministry
of Health, Kingdom of Saudi Arabia.

4. Ministry of Health in Saudi Arabia/ Statistics
Department. Diarrhoeal Cases by Result of Treat-
ment and Age 1422 H: Health statistic year book
2001. Ministry of Health, Riyadh, Saudi Arabia.
http://www.moh.gov.sa/statistics/index.html.

191



