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Introduction

Group A rotavirus (RV-A) is the leading cause of severe diarrheal 
disease in infants and young children worldwide.1,2 Two large 
clinical trials on two RV-A vaccines, assessed the efficacy and 
safety of two RV-A vaccines in infants.3,4 Both vaccines have been 
found to be highly efficacious in the prevention of severe RV-A 
gastroenteritis (RVGE) caused by common RV-A genotypes. 
The pentavalent human-bovine reassortant vaccine (Rotateq®, 
Merck Co.; RV5) has been effective against genotypes G1, G2, 
G3, G4 and G9 genotypes,3 while the monovalent human atten-
uated RV-A vaccine (Rotarix®, GlaxoSmithKline Biologicals, 
Rixensart; RV1) was effective against G1P[8], G2[4], G3P[8], 
G4P[8] and G9P[8].4,5

Globally, five G types (G1, G2, G3, G4 and G9) together with 
P[8] or P[4] represented over 95% of the strains analyzed world-
wide.6,7 However, there is considerably geographical variability, 
with seasonal and year-to-year fluctuations.7-9

In Malaysia, RV-A is the leading cause of childhood acute 
diarrhea requiring hospitalization.10-19 It is associated with sig-
nificant morbidity and financial cost to both government and 
care-provider.13,14 Since 2006, two RV-A vaccines have been 
introduced in Malaysia. It is not included in the national immu-
nization program, but available in the private market. The 
take up rate was approximately 5% of the total birth cohort in 
Malaysia.20

No formal clinical trial has been conducted to determine the 
efficacy of RV-A vaccines in Malaysia. The purpose of the present 
study is to estimate the potential effectiveness of universal RV-A 
vaccination in Malaysia in reducing hospital admission due to 
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RVGE and RV-A-associated mortality, based on currently avail-
able efficacy data.

Results

Part 1 prospective study. During the study period, a total 822 
children younger than five years of age were admitted to one of 
the two participating centers for acute diarrhea. Of these, 279 
(34%) were positive for RV-A (Table 1). Twenty-eight samples 
were insufficient for genotype analysis. Of the remaining 251 
samples, the commonest RV-A genotype isolated was G1P[8] 
(82%; Table 2). Other genotypes isolated were G2P[4] (7.6%), 
and G9P[8] (6.3%). A total of 4% of the samples were either 
mixed or untypeable.

Hospitalizations of childhood acute GE due to RV-A infec-
tions. A total of nine studies on hospitalizations due to RV-A 
infections in Malaysia were identified from the literature.10-12,14-19 
Of the total 8,902 cases of childhood acute GE (including the 
present study) where stool samples were analyzed for RV-A, the 
aggregated positive rate for RV-A was 30.3% (Table 1).

Common RV-A genotypes in Malaysia. A total of four stud-
ies where information on RV-A genotypes determination in 
Malaysia, in addition to the present study, were identified from 
the literature (Table 2).11,21-23 The commonest genotypes were 
G1P[8] 34.7%. A total of 14.4% of the RV-A were either mixed 
or untypeable.

Mortality of RV-A infection in Malaysia. Of the 8,902 cases 
of childhood acute GE studied, no mortality was reported. A fur-
ther search yielded two studies on childhood GE mortality from 
Malaysia.24,25 Lee WS et al. described ten cases of death due to 
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in Malaysia (Table 1). Two nationwide surveys estimated that the 
annual deaths occurred as a result of acute diarrhea and RVGE 
were 89 and 34 deaths, respectively.25,26 The estimated deaths due 
to RVGE were 2.5 deaths/100,000 children.25 In contrast, in the 
United States with a population which is 11 times bigger than in 
Malaysia, the estimated deaths attributable to RVGE were less 
than 40 deaths each year.27 In Taiwan with a population slightly 
less than of Malaysia, the estimated deaths attributable to RV 
were seven deaths per year.28

Thus improvement can be achieved to reduce RVGE-related 
deaths in Malaysia further. One of the reasons for the apparently 
higher RVGE-related deaths in Malaysia as compared with other 
developed countries is the higher risk of death caused by acute 
diarrhea in the indigenous population, who are eight times more 
likely to die of acute diarrhea than other population groups in 
Malaysia.26

Since their first introduction in 2006, many trials have dem-
onstrated the efficacy of RV-A vaccines in reducing severe RVGE 
and RVGE-related hospitalizations. A trial of RV5 in Vietnam 
and Bangladesh, two countries with limited health care resources 
and significant diarrheal mortality rate, the efficacy against 
severe RVGE was 48%.29 In developed countries like the United 
States where RV-A related mortality is low but health care cost 
associated with physician and emergency room visits and hos-
pitalization was significant, an effectiveness study showed that 
RV5 prevented 100% of RVGE-related hospitalizations and 
emergency room visits.30

In middle-income countries like Brazil and Mexico, the efficacy 
of a full RV-A vaccination schedule was projected to be resulting 
in 76 to 94% reduction in RVGE-related hospitalizations; respec-
tively.30-33 A time-series analysis in Brazil put the efficacy data on 
the reduction of hospitalization of acute diarrhea of all causes at 
17%, while that of diarrhea-related mortality at 22%.34

At present, there is no similar clinical trial or vaccine effec-
tiveness study on RV-A vaccines in Malaysia. The present study 

acute diarrhea among 4,689 cases of childhood GE admitted to 
an urban hospital in Kuala Lumpur over a period of 15 years.24 
None was attributable to RV-A infection.24 The mortality cases 
included mostly children residing in the urban area. Hsu VP et al.  
estimated the disease burden of RV-A in Malaysia, based on 
nationwide disease admission figures from all government hospi-
tals in 2000–2001.25 Based on an estimated 2.5 deaths/100,000 
children, the authors estimated that each year, there would be 
34 children died of RV-A infection.25 Another nationwide study 
in Malaysia on the under-five mortality in 2006, involving all 
government hospitals and rural health centers, showed that a 
total of 320 deaths were classified under certain infectious and 
parasitic diseases.26 Of these, 89 deaths were attributable to acute 
diarrheal disease.26 However, no underlying etiological agent 
was reported.26 Thus for the purpose of this study, each year, 
RV-A is estimated to cause approximately 34 childhood deaths 
in Malaysia.

Projected effectiveness of RV-A vaccines against RVGE-
related hospitalizations in Malaysia. The modeled projected 
effectiveness of both RV5 and RV1 against RVGE-related hos-
pitalizations in Malaysia is shown in Table 3. The estimated 
sensitivity analysis and base case scenario for RV5 are 79.7 and 
92.7% respectively,3 while those for RV1 are 82.8 and 95.4%, 
respectively.5

Projected reduction in RVGE-related deaths in Malaysia. 
The projected annual reduction in RVGE-related deaths attrib-
utable to introduction of both RV5 and RV1, assuming 95% vac-
cine coverage, was 27 to 32 deaths (from 34 deaths) annually for 
RV5, and 28 to 32 deaths annually for RV1.

Discussion

Diarrheal diseases remain an important cause of childhood mor-
bidity and mortality in Malaysia. On average, RV-A infections 
accounted for three of every ten hospitalizations for children GE 

Table 1. Hospitalizations due to rotavirus gastroenteritis among children in Malaysia

Year of 
study

Authors Refs. Site(s)
Location of study 

center
N % +ve for RV

Mortality due 
to RV (n)

1981/82 Yap KL, et al. 15 Kuala Lumpur Urban 587 46% 0

1996 Lee Ws, et al. 16 Kuala Lumpur Urban 297 29% 0

1996–99 Lee Ws, et al. 10 Kuala Lumpur Urban 1724 24% 0

2002 Lee Ws, et al. 12 Kuala Lumpur Both urban 475 23% 0

Johor Bharu 1367 18% 0

2002–03 Hung Lc et al. 11
Kuala Lumpur and 

Kuching
Urban

1756 
912

35% 
46%

0

0

2004 poo MI and Lee Ws 17 Kuala Lumpur Urban 393 22% 0

2005–06 Tan aDK 19 penang Urban 142 54% 0

2005–06 Goh cT et al. 18 Kota Kinabalu Urban 167 16% 0

2006–07 chai pF and Lee Ws 14 Kuala Lumpur Urban 260 26% 0

2008–10 present study
Kuala Lumpur and 
Kuala Trengganu

Urban and rural 822 34% 0

Overall 8902 30.3% 0
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RVGE based on a score of 11 using the 20-point Vesikari scale.5 
For the purpose of comparison in the present study, both end-
point of trial are treated as equal.

We used a sensitivity analysis to account for variations in 
efficacy against mixed and untypeable RV-A genotypes, with an 
assumed efficacy of 90%.36 This does not have major impact on 
the projected effectiveness of both RV-A vaccines as the propor-
tion of mixed and untypeable genotypes in the Malaysia was a 
relative high of 14.4%.

The present study showed that the proportion of acute GE 
requiring hospital care in Malaysia due to RV-A infection was 
30.3%. In addition, mortality related to RVGE was very low. 
The estimated annual mortality due to RV-A infection in 
Malaysia was 34 deaths.25 Thus any universal RV-A vaccina-
tion in Malaysia will likely result in significant reduction of 
hospitalization due to acute GE but not in mortality related to 
RVGE.

The present study does not address the potential cost-saving of 
a reduction in direct medical as well as out-of-pocket costs result-
ing from RV-A vaccination on a national scale. Thus we were 
unable to estimate the cost-effectiveness of childhood RV-A vac-
cination in Malaysia. Our previous estimates showed the median 
cost of providing inpatient care for an episode of RVGE was $212 
in 2002,13 while the out-of-pocket cost incurred by care-provider 
for an episode of hospitalization for RVGE was $194 in 2006.14

In conclusion, the present study showed that both RV-A vac-
cines are expected to be effective against RVGE-related hospi-
talizations in Malaysia There will also be a further reduction of 
RVGE-related mortality. There is a strong case for introducing 
universal RV-A vaccination in Malaysia. The present study will 
help policy maker in Malaysia in allocating their health resources 
in reducing the burden of RV-A disease in Malaysia.

Material and Methods

The present study consists of two parts. Part 1: This is a two-year, 
two-center, prospective study, conducted on an urban and a rural 
center to determine the proportion of children hospitalized for 

showed that the introduction of either of the two RV-A vaccines 
is expected to have an effectiveness of between 75.7 to 88.1% 
for RV5, and 78.7 to 90.6% for RV1, in reducing RVGE-related 
hospitalizations in Malaysian children. Since the aggregated 
proportion of all hospitalizations for childhood GE due to RV-A 
infection was 30.3%, an introduction of a universal RV-A vac-
cination in Malaysia is expected to result in an approximately 
24 to 27% reduction in the overall hospital admission for child-
hood GE, assuming a 95% vaccine coverage. However, the 
actual reduction of GE-related hospital admissions would be 
higher as many studies have shown that introduction of RV-A 
vaccine also resulted in a significant reduction of non-RVGE-
related hospital admission due to acute diarrhea in young chil-
dren.3 There would also be a further reduction of RVGE-related 
deaths in Malaysia.

Thus the projected effectiveness of a universal RV-A vacci-
nation in Malaysia is similar to other middle-income countries 
where a RV-A vaccination has been implemented, such as that 
of Brazil and Mexico.31-35 However, it should be noted that the 
current projected efficacy is only applicable to the first post RV-A 
vaccine year and a reduced efficacy is to be expected the follow-
ing year.3

In arriving at the projected model of effectiveness, we used the 
efficacy data of RV5 vaccine, conducted in the United States,3 
rather than that of Vietnam and Bangladesh.29 The efficacy data 
for RV1 was based on trials conducted in Singapore, Taiwan 
and Hong Kong.5 It should be noted that projected effective-
ness model for RV-A vaccine is different in high, middle and 
low-income settings.31 The main reason of using the efficacy 
data from developed countries is both epidemiological and geo-
graphical. Geographically, Malaysia was closer to countries like 
Singapore, Taiwan and Hong Kong.3,5 In addition, the mortality 
rate for RVGE in Malaysia was also similar to that of Taiwan.27

However, it should be noted that there are differences between 
the study endpoints of the trials of each RV-A vaccine.3,5 For the 
RV5 trial, the efficacy data was expressed in terms of reduction of 
hospitalization due to RVGE,3 while for the Asian RV1 trial, the 
efficacy data was expressed in terms of the prevention of severe 

Table 2. common stereotypes of rotavirus isolated in various sites in Malaysia, 1977 to 2010

Year of 
study

Authors Reference Site(s)
No. 

tested
Common Rotavirus strains isolated (%)

1977–99 Rasool et al. 20 Kuala Lumpur 360 G4p[8] (71%), G1p[8] (14%), GUTp[8] (11%), G3p[8] (3%)

2000–01 Zuraidah et al. 21
peninsular Malaysia and 

sarawak
157 G4p[8] (65%), GUTp[8] (19%), G1p[8] (6.5%), others (6.5%)

1996, 2007 Zuraidah et al. 22
Kuala Lumpur and Batu 

pahat
108 G1p[8] (81%), GUTp[8] (9%), G1pUT (7%), others (3%)

2001–03 Hung Lc et al. 11
Kuala Lumpur and 

Kuching
157

G9p[8] (73.3%), GUTp[8] (10%), G2p[4] (4.5%), G1p[8] (3.8%), 
Other (p4, p8, G1, G2, G9) (7%)

2008–10 present study
Kuala Lumpur and Kuala 

Trengganu
251

G1p[8] (82%), G2p[4] (7.6%), G9p[8] (6.3%), Others (G12p[8], 
G3p9, G9p9, G3p8) (4%)

1977–2010 Overall 1033
G1P[8] (34.7%), G4P[8] (34.6%), G9P[8] (12.7%), G2P[4] 

(2.5%), G3P[8] (1.1%), others and untypeable 14.4%
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and the genes encoding the VP4 and VP7 proteins were amplified 
by reverse transcription-PCR (RT-PCR). The VP7 gene segment 
was amplified by primers VP7-F and VP7-R, and the VP8 sub-
unit of the VP4 gene was amplified by using the primers VP7-F 
and VP7-R.37,38 The sequencing was performed by the ABI Prism 
BigDye Terminator cycle sequencing kit version 3.1 (Applied 
Biosystems). Sequences were analyzed by the Sequencher pro-
gram version 4.1 (Gene Codes Corp., Inc.).

Part 2. Review of rotavirus disease burden in Malaysia. A lit-
erature search on publications on RV-A hospital admissions and 
serotype determination from Malaysia was conducted. For this, 
a systematic search on PubMed/Medline, EmBase, Academic 
Search Premier and ISI Web of Science was conducted for articles 
published from January 1990 to November 2011. The follow-
ing keywords were used: rotavirus, Malaysia, Southeast Asia and 
Asia. The list of publications obtained was narrowed to studies 
relevant to hospitalizations and serotype circulation.

Rotavirus disease mortality in Malaysia. The list of publications 
on RV-A hospitalizations in Malaysia obtained in was screened 
for RV-A-related mortality. A separate literature search on diar-
rheal mortality in Malaysia was conducted to give a more accu-
rate picture on RV-A-related mortality in Malaysia.

Projecting the effectiveness of RV-A vaccines against RVGE-
related hospitalizations in Malaysia. This analysis used a math-
ematical efficacy projection model which has been previously 
validated.36,39 Briefly, to project the impact of RV-A vaccines on 
the reduction of RVGE-related hospitalizations in Malaysia, we 
reviewed and summed up the proportion of locally prevalent 

RVGE. Part 2: A systematic search on the RV-A hospitalizations, 
genotypes and mortality in Malaysia published in the literature.

Part 1. Prospective study. The prospective component of the 
study was conducted at the University of Malaya Medical Centre, 
(UMMC), Kuala Lumpur and at the Sultanah Nur Zahirah 
Hospital (SNZH), Kuala Trengganu. UMMC is a large, multi-
disciplinary, teaching hospital situated at Kuala Lumpur, the 
capital of Malaysia. It caters mainly urban population of Kuala 
Lumpur. SNZH is located at Kuala Trengganu, the state of 
Trengganu in the east coast of Peninsular Malaysia. It is a large, 
multi-disciplinary general hospital, catering mainly semi-urban 
and rural population. The present study was approved by insti-
tutional ethic committees of both centers (Approval number: 
55-20-23-1025 and HSNZ.KT.100-23/9).

The prospective study was conducted from 1 April 2008 to 
31 March 2010. All children younger than five years of age, 
admitted to either center with acute diarrhea were enrolled. 
Acute diarrhea was defined as having loose stools of three or 
more in a 24-h period, lasting shorter than 10 d. Stool sam-
ples were collected and the presence of RV-A antigen was ana-
lyzed by enzyme immunoassay (Premier Rotaclone®, Meridian 
Diagnostics, Inc.).

Rotavirus genotypes identification. Stool samples positive for 
RV-A were deep frozen at -80°C, and were sent in batches to 
Murdoch Childrens’ Research Institute, for serotype determi-
nation. The method for determining RV-A genotypes has been 
described previously.9 Briefly, RV-A double-stranded RNA was 
extracted by using the QIAamp Viral RNA Mini Kit (QIAGEN), 

Table 3. Modeled projected effectiveness of two RV vaccines against RVGe-related hospitalizations in Malaysia

Serotypes

Proportion 
of total 

serotypes in 
Malaysia (%)

Serotype-
specific of 

pentavalent RV 
vaccine (RV5)A

Attributable 
effectiveness: 
Base case sce-

nario for RV5 (%)B

Attributable 
effectiveness: 

sensitivity 
analysis for RV5 

(%)C

Serotype-
specific of 

monovalent RV 
vaccine (RV1)D

Attributable 
effectiveness: 
Base case sce-
nario for RV1 

(%)B

Attributable 
effectiveness: 

sensitivity 
analysis for 

RV1 (%)C

G1 34.7 0.95 33.0 33.0 1.0 34.7 34.7

G2 2.5 0.88 2.2 2.2 1.0 2.5 2.5

G3 1.1 0.93 1.0 1.0 0.95 1.0 1.0

G4 34.6 0.89 30.8 30.8 0.94e 32.5 32.5

G9 12.7 1.0 12.7 12.7 0.92 11.7 11.7

Mixed/
untypeable

14.4 - 13.0 0 - 13.0 0

Overall 
weighted 
effective-

ness

92.7 79.7 95.4 82.8

Overall vac-
cine effec-

tiveness 
based on 

95% cover-
age

88.1 75.7 90.6 78.7

Note: RV, rotavirus. (a) pentavalent human-bovine reassortant RV vaccine (Rotateq®, Merck co.; ref. 3) (B) Base case scenario assumes 90% efficacy 
against mixed and untypeable serotypes. (c) sensitivity analysis assumes 0% efficacy against mixed and untypeable serotypes. (D) Monovalent attenu-
ated human RV vaccine (Rotarix®, GlaxosmithKline Biologicals; ref. 5). The efficacy data for RV1 are for prevention of severe RV gastroenteritis based on 
a score of 11 using the 20-point Vesikari scale. (e) No efficacy figure for G4 was available, so efficacy for non-G1 was taken



©
20

12
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te

www.landesbioscience.com Human Vaccines & Immunotherapeutics 1405

at 2, 3 and 5 mo of age in Malaysia. DPT vaccine is part of 
the national immunization program in Malaysia, and is avail-
able freely to all eligible population in Malaysia. In 2010, 95% 
of Malaysian children received 3 doses of DPT.40 In the base 
case scenario, it was assumed that 95% of children would be 
fully immunized and that 5% of children would receive no 
vaccination.
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genotypes based published surveillance data from 1990 to 2011, 
supplemented with data derived from the present prospective. 
Published results on serotype-specific vaccine efficacy from large 
phase III clinical trials provided the baseline efficacy data for 
each of the RV-A vaccines marketed in Malaysia.3,5 To account 
for unknown efficacy against mixed and non-typeable genotypes, 
we conducted sensitivity analyses of modeled effectiveness, with 
a base case scenario of an assumed 90% efficacy against mixed 
and non-typeable genotypes.36 This figure was chosen based on 
the efficacy rate of both RV-A vaccines against the commonly 
circulated RV-A strains in the literature.3-5

Projecting the effectiveness of RV-A vaccines against RV-A-related 
deaths in Malaysia. The projected reduction in RVGE-related 
deaths was estimated by applying the projected effectiveness 
against RVGE hospitalizations to the number of RVGE-related 
deaths in Malaysia, assuming the vaccine coverage of 95%. The 
95% vaccine coverage was used as we anticipated that RV-A vac-
cine coverage to be the same as the coverage of diphtheria, per-
tussis and tetanus (DPT), since the RV-A vaccines would likely 
to be recommended to be administered concurrently with DPT 
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