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Background: Rotaviruses remain the major cause of 
childhood diarrheal disease worldwide and of diarrheal 
deaths of infants and children in developing countries. 
The huge burden of childhood rotavirus-related diarrhea 
in the world continues to drive the remarkable pace of 
vaccine development.

Data sources: Research articles were searched using 
terms "rotavirus" and "rotavirus vaccine" in MEDLINE 
and PubMed. Articles not published in the English 
language, articles without abstracts, and opinion articles 
were excluded from the review. After preliminary 
screening, all articles were reviewed and synthesized to 
provide an overview of current vaccines and vaccination 
programs.

Results: In this review of the global rotavirus vaccines 
and vaccination programs, the principles of rotavirus 
vaccine development and the efficacy of the currently 
licensed vaccines from both developed and developing 
countries were summarized.

Conclusions: Rotavirus is a common cause of diarrhea 
in children in both developed and developing countries. 
Rotavirus vaccination is a cost-effective measure to prevent   
rotavirus diarrhea.
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Introduction

Rotavirus is the major cause of severe diarrhea 
in infants and young children worldwide. Since 
2008, the World Health Organization (WHO) 

has initiated the programs of the Global Rotavirus 
Surveillance Network.[1,2] During the period of 2011 and 
2012, these programs have collected and analyzed data 
from 79 sites in 37 countries and areas (Fig.).[3] It was 
reported that approximately 453 000 younger children 
[95% confidence interval (CI): 420 000-494 000] die 
from severe dehydration and electrolyte and acid-base 
disturbances each year throughout the world.[4,5] The 
majority of rotavirus-related deaths (>80%) occur in 
resource-limited countries, for instance, in South Asia 
and sub-Saharan Africa.[6] Most children are infected 
with rotavirus before 5 years old.[7] However, the overall 
incidence of rotavirus infections would not change 
even if improvements have been made in housing, 
water supply, sanitation, personal hygiene, food quality, 
nutrition, and public education, suggesting that non-fecal 
routes may play a role in transmission.[8] Vaccines are an 
effective and available measure for combating rotavirus 
infection and for prevention of rotavirus diarrhea.[9]

Currently, the second-generation rotavirus vaccines, 
RotaTeq® (Merck and Co, Inc, Pennsylvania, USA) 
and RotarixTM (GSK Biologicals, Rixensart, Belgium), 
have been licensed in over 100 countries. Both of them 
had high efficacy against severe rotavirus diarrhea in 
industrialized countries as well as in middle-income 
countries in Latin America.[10,11] After the introduction of 
the vaccines, hospitalizations of children with rotavirus 
infection and all-cause diarrhea were decreased in many 
regions.[12] Such decrease (35% in Mexico and 22% 
in Brazil) in diarrhea-related mortality was also seen 
in younger children after the introduction of rotavirus 
vaccine.[13,14] During the first few years of life, the 
ef� cacy of both vaccines was maintained.[15-17] Despite 
the high efficacy demonstrated by the vaccines in 
studies in developed countries and in Latin America, the 
WHO's Strategic Advisory Group of Experts (SAGE) 
on immunization, deferred making a recommendation 
for global use in 2006, pending the availability of 
efficacy data from developing countries, such as 
countries in Africa and Asia. This was based on the fact 
that the efficacy of other live oral vaccines has varied 
between different population groups, with ef� cacy being 
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lower in developing country populations with the highest 
burden of disease.[18] The ef� cacy of rotavirus vaccines in 
developing countries was initially published in 2010.[19-21] 
While the SAGE noted the inverse relationship between 
child mortality rates and rotavirus vaccine efficacy, and 
the recommendation for the use of the vaccines was 
extended to include all countries, especially those where 
diarrhea disease accounts for �10% of child deaths.[22] 
The aim of this review is to assess the development of 
the rotavirus vaccine and to summarize the current status 
and effectiveness of licensed rotavirus vaccines around 
the world.

Data collection
A literature review was undertaken to identify studies 
concerning childhood rotavirus. These studies 
were searched from MEDLINE (National Library 
of Medicine, Bethesda, Maryland, USA) using the 
key words "rotavirus" and "rotavirus vaccine". The 
search was limited to the English language literature 
published during the period from January 2002 
through August 2014. Articles without an abstract and 
opinion articles were excluded from the review. From 
the enrolled articles, the relevant information was 
extracted and classified according to rotavirus vaccine, 
the effectiveness of rotavirus vaccine, the efficacy of 
rotavirus vaccine, the country of the study, the year of 
publication, and the study design.

The search was done in the period of May-June 
2014. Using the search terms, we retrieved 523 articles 
from MEDLINE. Finally, 121 articles were verified to 
be relevant.

Rotavirus vaccines 
Bishop et al[23] found that infants infected with rotavirus 
would have immunity to rotavirus infection. Oral delivery 
of live attenuated rotavirus strains has been a predominant 
idea on the development of rotavirus vaccine. With the 
"Jennerian" concept, researchers have considered that 
immunization with an animal rotavirus may result in 
naturally attenuated rotavirus in humans.[24] Attenuated 
human rotaviruses that have been produced by passage 
in cell culture have also been used in experimental 
studies.[25] Furthermore, rotaviruses isolated from 
asymptomatic infants might be naturally less virulent 
and can be a good candidate for the development of an 
oral vaccine.[26]

Vaccines based on animal rotaviruses
Both vaccine strain RIT4237 (P6[1]G6) and Wistar 
Calf 3 (WC3, serotype P7[5]G6) are bovine origin 
of rotavirus strains. The RIT4237 bovine strain was 
recovered from a calf and attenuated rotavirus by 
passage in cell culture. Vaccine strain MMU18006 
(P5B[3]G3) is a simian (rhesus) rotavirus reassortant 
vaccine (RRV) strain.[27-31] The efficacy of the vaccines 
derived from these strains has been studied extensively. 
Initially, the efficacy trials in Finland showed 
satisfactory results; however, the follow-up studies were 
disappointing because there was little or no protection 
against rotavirus diarrhea.[29-31]

The WC3 bovine strain WC3 was obtained in 1981 
when it was discovered from a calf. Field trials showed that 
vaccines generated from this strain had variable efficacy, 
even giving particularly disappointing results for protection 
against rotavirus infection in developing countries.[27,28]

Fig. Global rotavirus surveillance network in the period of 2011-2012.[3]

Areas reported data
Areas reported data and site(s) met inclusion criteria
Not applicable
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Between 2000 and 2001, the Lanzhou lamb rotavirus  
(LLR) vaccine was approved in China as a childhood 
vaccine for protection against childhood rotavirus 
diarrhea.[32] This vaccine is a monovalent (P[12]G10) live 
attenuated oral rotavirus vaccine. The LLR vaccine strain 
was derived from a lamb rotavirus and was developed 
and produced by the Lanzhou Institute of Biological 
Products. The LLR vaccine ef� cacy trial was performed 
in Guangzhou province. A total of 838 children with 
rotavirus infections, aged 2 months to 5 years, were 
enrolled as study patients and 838 as controls.[32] 
The efficacy of LLR vaccine on hospitalized patients 
with rotavirus diarrhea was 73% (95% CI: 61%-
82%). Another study consisting of 3130 children aged 
2 to 35 months with laboratory-confirmed rotavirus 
gastroenteritis and 3607 controls was conducted from 
2009 to 2011. The effective rate of one dose LLR 
vaccine for combating rotavirus infection was 44.3% 
(95% CI: 28.4%-56.7%) in children aged 9-11 months, 
52.8% (95% CI: 40.8%-62.3%) in children aged 12-17 
months, and 51.8% (95% CI: 11.6%-73.8%) in children 
aged 18-35 months.[33] Immunologic studies showed 
that the neutralizing antibody titer specific for all G 
serotypes of rotavirus among children aged 6-24 months 
was 40% and 70% respectively before and after use of 
LLR vaccine.[34] However, the actual efficacy of LLR 
vaccine remains undetermined because of the absence of 
randomized, placebo-controlled phase III clinical trials 
on the vaccine.[19] According to the reported trials, the 
majority of children vaccinated at older age would be 
typical for initial infection and acute rotavirus diarrhea. 
It was not determined whether the children who had 
been previously vaccinated were exposed to rotavirus, 
during which LLR could improve the status of the pre-
existing antibody reaction.[34] In China, children aged 
2 to 36 months are vaccinated with this vaccine.[34] 
Approximately 30 000 000 doses of LLR vaccine were 
administered in China during 2000 and 2012;[34] however 
this vaccine has not been recommended for use in national 
immunization programs in China or elsewhere at present.

Human-animal reassortant vaccines
Because the efficacy of monovalent animal rotavirus-
based vaccines is inconsistent,[35] effort was made 
in the development of rotavirus vaccine focusing on 
either naturally attenuated human rotavirus strains or 
reassortant rotavirus strains. The second generation 
of vaccines included more than one rotavirus G 
serotype. These vaccines provided both heterotypic and 
homotypic immunity. With the concept of "modified 
Jennerian", the ability of rotaviruses to reassort during 
mixed infections in vitro allowed the production of 
reassortant vaccines.[24] To evoke an immune response 

to a G-type antigen from a human virus was the goal 
of this production. At the beginning, reassortants were 
studied by co-infecting a monkey with bovine and 
human rotavirus and allowing the reasssortment to occur 
by chance. In a study, reassortants were conducted in 
laboratories and propagated in Vero cells.[36]

Human-animal rotavirus reassortants include several 
genes. One gene encoding viral structural protein (VP) 7 , 
with or without VP4 was derived from the human rotavirus 
parent and the remaining genes were derived from the 
animal rotavirus parent. These reassortants were created 
as vaccine candidates; while maintaining the attenuated 
properties of the parent strain, they could induce immune 
responses to the human capsid proteins.[35] Based on either 
simian or bovine strains, several reassortant vaccines 
have been developed.

Quadrivalent human-rhesus reassortant vaccine
RotaShield was the first multivalent live oral reassortant 
vaccine. It belongs to a group that includes the rhesus 
rotavirus tetravalent vaccine, which is a combination of 
G1 to G4 virus strains. It includes three rhesus-human 
reassortant strains (G1, G2, and G4) including human 
serotype strain and rhesus RRV serotype (G3).[35] The 
trials of primary efficacy demonstrated that the vaccine-
conferred protection against all cases of rotavirus-
related diarrhea was 57%-76%, and protection against 
severe rotavirus gastroenteritis was 82%-96%.[36] An 
adverse reaction of fever was observed after the first 
vaccination of RotaShield; however, no other important 
complications have been found as a result of RotaShield 
vaccination at the time of licensing.[37]

This vaccine was approved by the Food and Drug 
Administration (FDA) of USA in 198l and was then 
proposed for routine use in younger children. However, it 
was suspended from use and withdrawn from market in 
1999 because of the risk of intussusception.[38] Investigators 
indicated that this vaccine was signi� cantly associated with 
higher risk of intussusception, with an estimated incidence 
of 1 in 10 000 individuals vaccinated.[39] Within 3-14 
days after the first dose of vaccination, the children who 
received the vaccination after 3 months had the highest risk 
of intussusception.[40] The cause of this association remains 
unclear; however, the side-effects indicate that large field 
trials should be conducted for candidates of rotavirus 
vaccines. The criteria of safety for rotavirus vaccines are 
required to be less than a 1/10 000 risk of intussusception 
in large field trials.[41,42] As a further precaution, strict 
vaccination schedules have been established, in which 
the first dose of vaccination is given to infants at age of 
6-14 weeks and no "catch-up" programs are allowed. 
Post-marketing surveillance for intussusception has been 
established in several countries.[43]
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Human-bovine rotavirus reassortant vaccine
A series of human-bovine reassortant vaccine strains, 
which were combined into a polyvalent vaccine, 
were developed from the WC3 vaccine strain.[44] In 
maintaining immunogenicity, fever was rarely found in 
children who had been vaccinated with bovine-human 
reassortants compared with rhesus reassortants.[45]

RotaTeq vaccine contains 4 human and 1 bovine 
live reassortant rotaviruses, including the G1-G4 
common VP7 types from human rotavirus parent strain 
and the attachment protein (P7[5]) from WC3 bovine 
rotavirus parent strain.[44,45] The fifth reassortant virus 
expresses the attachment protein (P1A[8]) from the 
human rotavirus parent strain and the G6 outer capsid 
protein from the bovine rotavirus parent strain.[46,47] 
RotaTeq is an oral vaccine that is administered at 1- to 
2-month intervals starting at 6 to 12 weeks of age and 
given in three doses.[47]

The efficacy of major human rotavirus vaccines 
in different settings is shown in the Table.[36,47-59] 
Trials[47,60,61] showed that the efficacy of RotaTeq on 
diarrheal diseases and severe gastroenteritis was 74% 
and 98%, respectively. RotaTeq was also effective in 
combating each of the common circulating serotypes. In 
addition, there was a large safety trial in 70 000 infants 
with various subgroup analyses of a large European 
cohort.[47,61] RotaTeq is highly effective to prevent 
rotavirus gastroenteritis-associated hospitalization and 
emergency department visits. Compared with risk of 
intussusceptions after treatment with placebo, there 
was no evidence of increased risk of intussusception 
after vaccination. Additionally, efficacy and safety 
trials conducted in developing countries showed that 
the vaccine reduced the use of healthcare resource 
in infants with rotavirus gastroenteritis, but no 
intussusception or other serious side-effects were 
observed.[62] However, post-licensure analyses in 
the USA showed that  approximately 1.5 cases of 
intussusceptions per 100 000 recipients received the � rst 
dose of RotaTeq.[63] The effectiveness of RotaTeq vaccine 
against rotavirus-related hospitalizations and deaths was 
determined in Asian countries,[64] showing that the overall 
effectiveness against rotavirus-related hospitalizations 
and the substantial reduction in rotavirus-related deaths 
was 82% to 89%.

RotaTeq vaccine was approved by the FDA of the 
USA, and in 2006 it was recommended by the Advisory 
Committee on Immunization Practices (ACIP) for 
routine use in infants.[65] Moreover, no association was 
found between intussusceptions or Kawasaki disease 
and the safety of RotaTeq.[66]

UK-based bovine-human reassortant vaccine
The National Institute of Allergy and Infectious 

Diseases has developed another multivalent bovine-
human reassortant vaccine. This bovine rotavirus 
tetravalent vaccine contains G1, G2, G3, and G4 human 
serotypes which incorporate 4 reassortant viruses 
with a single gene for VP7 and VP10 genes from the 
UK bovine rotavirus strain (P[7]G6). A study from 
the USA showed that the vaccine showed satisfactory 
attenuation, safety, infectivity and immunogenicity 
in infants.[67] In Brazil, the UK-derived reassortant 
tetravalent vaccine, added of fifth (G9) serotype, just 
completed a phase I clinical trial.[68] No difference 
was found in mild side-effects between experimental 
and control groups. The seroconversion rate was 
consistently higher in the vaccinated group than in the 
control group after the administration of vaccine of any 
doses.

Human rotavirus strain vaccines
Either human common attenuated rotavirus strains or 
uncommon strains isolated from asymptomatic neonates 
were developed as vaccines or vaccine candidates.

Monovalent human G1 rotavirus vaccine
Another live-attenuated human rotavirus vaccine (strain 
89-12) was developed by tissue culture passage of a 
wild-type human rotavirus isolate.[48] This vaccine used 
the P1A[8]G1 strain as a parent strain which contains 
the most common human rotavirus VP7 and VP4 
antigens. Originally, this vaccine was modified using 
avant immunotherapeutics. Then, it was further modified 
by using cloning and tissue culture passaging of the parent 
89-12 vaccine strain by GlaxoSmithKline Biologicals 
(GlaxoSmithKline BiologicalsRixensart, Belgium). 
Finally, this vaccine was licensed by GlaxoSmithKline 
Biologicals. The vaccine is known as RIX4414 vaccine 
(Rotarix) (Table). The efficacy trials conducted in the 
United States and Finland showed that Rotarix had a 
high efficacy.[69,70] In addition, this vaccine was tested 
in Latin American countries. Overall, the efficacy rate 
of Rotarix against severe rotavirus disease was 85%.[50] 
Other clinical trials involving 63 000 children have been 
conducted. These studies showed that the efficacy rate of 
Rotarix against hospitalization was 85%, and that against 
non-G1 serotypes was 75%.[50] Another study involving 
15 000 healthy infants, aged 6-13 weeks and living in 
Latin American countries, was conducted to determine 
the efficacy and safety of Rotarix. This study showed 
that the efficacy rate of vaccine against the G1 wild-type 
was 81%-82%, against the pooled non-G1 strain was 
78%, against the non-G1P[8] strain was 81%, against 
hospitalization with severe diarrhea was 83%, and against 
hospitalization with any cause was 39%.[71] The vaccine 
has also been tested in China and Hong Kong,[54,55] with 
an efficacy rate of 87%-96% against hospitalization 
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with rotavirus gastroenteritis. There was no evidence of 
increasing adverse events or risk of intussusception in 
individuals after vaccinnation.[71] This vaccine was first 
licensed in Mexico and the Dominican Republic in 2004 
and then in the USA in 2008. The ACIP immediately 
recommended it for inclusion in the routine immunization 
schedule for infants.[65] To date, Rotarix has been approved 
for use in more than 100 countries.

Serotype G3 (RV3) neonatal strain vaccines
RV3, a P2A[6]G3 strain, was isolated from newborns 
hospitalized at the Children's Hospital in Melbourne, 
Australia.[72] Since neonates infected with RV3 rotavirus 
strain in hospitals were usually asymptomatic and were 
later protected against severe rotavirus diarrhea in their 
childhood, RV3 vaccine was developed. Safety trials 
using a single dose of vaccine showed that no important 
side-effects were observed initially; however, the 
activities of immune response were low.[34] A clinical 
trial using three doses of vaccine was conducted, 
showing an immune response rate of of 54% in infants. 
Because of the promising results, BioPharma (Bandung, 
Indonesia) modified this vaccine by increasing its titer. 
Then the vaccine was again subjected to clinical trials. 
Followed by a double-blind, randomized placebo-
controlled study, a phase I study was conducted to 
evaluate the safety and tolerability of a single oral 
dose of the second generation RV3-BB rotavirus 
vaccine. It was demonstrated that the RV3-BB 
rotavirus vaccine was well tolerated in adults, children 
and infants.[68]

Indian neonatal strain vaccines
In India, candidate rotavirus vaccines are being 
developed using two strains (116E strain and I321 
strain) isolated from newborns. The 116E strain is a 
P8[121]G9 natural reassortant between a human parent 
strain and a VP4 gene of bovine origin.[73,74] This strain 
was isolated in 1985 from an outbreak of asymptomatic 
rotavirus gastroenteritis in New Delhi.[73] The sequence 
of the VP4 gene is homologous to that of P[11], a 
genotype commonly found in cattle. Additionally, the 
I321 strain was isolated from an outbreak of nosocomial 
infection at a maternity center in Bangalore and was 
identified to be a bovine-human reassortant strain.[75] 
The genome of the I321 strain is different from the 
genome of the 116E strain. The I321 strain includes 
nine bovine gene segments. Among them, only gene 
segments five and seven, which encoded nonstructural 
proteins 1 and 3, are of human origin. A new strain with 
the same G and P segments as I321 strain has emerged 
in Vellore, India as a cause of diarrhea in children.[76]

Recently published results from a phase III clinical 
trial of an oral, attenuated rotavirus vaccine (Bharat 
Biotech International Limited of India), manufactured 
in India and based on the natural human-bovine 
reassortant strain G10P, which causes asymptomatic 
infection in infants, showed that the effective rate of the 
vaccine for protection from severe rotavirus diarrhea 
was 56%.[77,78]

Other considerations to rotavirus vaccination
Rotavirus infection or rotavirus vaccination induces 

Vaccine Years reported Countries and areas Ef� cacy on conditions Ef� cacy, % (95% CI)
RotaShield[48] 1996 USA Rotavirus episodes   49

Very severe episodes   80
Dehydrating illness 100

RotaShield[49] 1997 Finland RVGE of any severity   68 (57-76)
Severe RVGE   91 (82-96)

Rotarix[50] 2006 Argentina, Brazil, Chile, Colombia, the Dominican 
Republic, Honduras, Mexico, Nicaragua, Panama, 
Peru, Venezuela, Finland

Severe RVGE and rotavirus associated 
hospitalizations

  85 (71-93)

Rotarix[51] 2009 Singapore Severe RVGE   96 (85-100)
Rotarix[52] 2010 Malawi, South Africa Severe RVGE   61 (44-73)
Rotarix[53] 2013 USA RVGE of any severity   91 (80-95)
Rotarix[54] 2013 China Seroconversion rate   87 (60-98)
Rotarix[55] 2013 Hong Kong, China RVGE of any severity   96 (73-100)
RotaTeq[56] 2009 Europe Severe RVGE   68 (60-74)
RotaTeq[57] 2010 Ghana, Kenya, Mali RVGE of any severity   31 (17-42)

Severe RVGE   39 (19-55)
RotaTeq[58] 2010 Bangladesh, Vietnam RVGE of any severity   43 (21-58)

Severe RVGE   48 (22-66)
RotaTeq[59] 2013 Japan Severe RVGE 100 (55-100)
RotaTeq[53] 2013 USA RVGE of any severity   92 (75-97)

Table. Ef� cacy of live-attenuated oral rotavirus in different settings worldwide

RVGE: rotavirus gastroenteritis; CI: con� dence interval.
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innate and acquired virus-specific humoral and cellular 
immune antibody.[79,80] The mechanism of immune 
responses, by which protection from rotavirus infection 
occurs after natural infection or after immunization, is 
unknown.[81] Serum and intestinal antibodies produced 
after rotavirus infection protect from severe rotavirus 
gastroenteritis caused by subsequent infection.[81,82] The 
mechanism of protection is difficult to understand and 
has complicated the interpretation of various clinical 
trials. Taken together, most immunological studies have 
indicated that the presence of fecal immunoglobulin A 
or serum antibodies is served as an efficient surrogate 
marker for protection from re-infection[83] although 
other markers of the immune response are believed 
to be important. These markers such as cluster of 
determinant (CD) 4 and CD8 T cells are undefined 
in humans at present, although animal studies have 
indicated their importance for the mechanisms of 
protection from infection.[84]

Although orally administered live virus vaccines 
represent the primary approach to rotavirus vaccine 
development ,  other  approaches and routes  of 
administration are being evaluated and tested in animal 
models. Various studies, such as virus-like particles, 
cold-adapted strains, inactivated strains, and DNA 
vaccines have been undertaken.[85-87] These studies could 
improve the variable immune responses to oral vaccines 
in the future. They also could be combined with other 
parenterally administered vaccines or could avoid the 
risk of intussusception.

Vaccination program
RotaTeq and Rotarix have been involved in a national 
immunization program in over 50 countries since 2013.[88] 
The age restriction was given up in 2009 when the rotavirus 
vaccine was recommended for use in all countries; the 
administration of the first dose of vaccine was extended 
up to 15 weeks of age, and the administration of the last 
dose of vaccine was at age of 32 weeks.[3,22,89,90] In 2013, 
WHO recommended the wide use of vaccine to reduce the 
rotavirus mortality of children in high mortality settings.[91] 
In these settings, rotavirus vaccine is now given whenever 
children are present for their routine vaccinations. Although 
countries introducing the rotavirus vaccine as a national 
immunization program have their own age restrictions 
for administration, the cost-effectiveness of rotavirus 
vaccination still outweighs the risk of intussusception. 
The elimination of the age restrictions in universal use of 
rotavirus vaccine could prevent anually 47 000 additional 
deaths while potentially causing an additional 300 
deaths due to intussusception in younger children.[92] 
In some countries, age restrictions appeared to prevent 

rotavirus vaccine from achieving the same coverage 
rates of other routine infant immunizations but in other 
countries this policy appeared to increase the timeliness 
of other routine immunizations.[93-95] Some clinical 
trials for identifying other administration schedules 
are still going on. A recent randomized clinical trial 
was conducted to evaluate the immunogenicity of two 
different 2-dose monovalent rotavirus vaccine programs 
(dose given at age of 6 and 10 weeks and at age of 10 
and 14 weeks) as well as that of a 3-dose monovalent 
rotavirus vaccine program administrated at age of 6, 10, 
and 14 weeks.[53] There was no significant difference in 
immunogenicity of the different programs in this trial, 
however, additional trials are needed to further address 
this issue. Because most rotavirus disease occurs in 
younger children, particularly in developing countries, 
successful administration of rotavirus vaccine in 
infants would potentially offer a substantial benefit 
to the public health. However, if the greater levels of 
passively transferred maternal antibodies are seen in 
younger infants, the performance of rotavirus vaccine 
may be pending.

Conclusions
The burden of rotavirus gastroenteritis is a substantial, 
and it is an economic burden from infection in infants 
and children worldwide. Since rotavirus was discovered 
as an important enteric pathogen in children more 
than 40 years ago, researchers have made efforts in 
developing a rotavirus vaccine. The present studies 
on animal and human models revealed that rotavirus 
disease can be controlled by passive transfer of 
rotavirus-specific immune response antibodies or by 
vaccination. Rotavirus vaccination is a cost-effective 
strategy for controlling rotavirus infection. Significant 
effect on all-cause diarrhea and hospitalization 
with rotavirus infection has been noted in countries 
where rotavirus vaccine is included in the national 
immunization program.

Funding: None.
Ethical approval: Not needed.
Competing interest: None.
Contributors: Wang CM and Chen SC contributed equally to 
this study. Chen KT was the leading writer of the manuscript. 
All authors contributed to conception, study design, drafting and 
revision.

References
1 Widdowson MA, Steele D, Vojdani J, Wecker J, Parashar 

U. Global rotavirus surveillance: determining the need and 



306

World Journal of Pediatrics

R
eview

 article

World J Pediatr, Vol 11 No 4 . November 15, 2015 . www.wjpch.com

measuring the impact of rotavirusvaccines. J Infect Dis 2009;200 
Suppl 1:S1-S8.

2 Bresee J, Fang ZY, Wang B, Nelson EA, Tam J, Soenarto Y, et al. 
First report from the Asian Rotavirus Surveillance Network. Emerg 
Infect Dis 2004;10:988-995.

3 Agócs MM, Serhan F, Yen C, Mwenda JM, de Oliveira LH, 
Teleb N, et al. WHO global rotavirus surveillance network: a 
strategic review of the first 5 years, 2008-2012. MMWR Morb 
Mortal Wkly Rep 2014;25:634-637.

4 Tate JE, Burton AH, Boschi-Pinto C, Steele AD, Duque J, 
Parashar UD, et al. 2008 estimate of worldwide rotavirus-
associated mortality in children younger than 5 years before the 
introduction of universal rotavirus vaccination programmes: 
a systematic review and meta-analysis. Lancet Infect Dis 
2012;12:136-141.

5 Chen KT, Chen PY, Tang RB, Huang YF, Lee PI, Yang JY, et al. 
Sentinel hospital surveillance for rotavirus diarrhea in Taiwan, 
2001-2003. J Infect Dis 2005;192 Suppl 1:S44-S48.

6 Parashar UD, Burton A, Lanata C, Boschi-Pinto C, Shibuya K, 
Steele D, et al. Global mortality associated with rotavirus disease 
among children in 2004. J Infect Dis 2009;200 Suppl 1:S9-S15.

7 Bilcke J, Van Damme P, Van Ranst M, Hens N, Aerts M, Beutels 
P. Estimating the incidence of symptomatic rotavirus infections: 
a systematic review and meta-analysis. PLoS One 2009;4:e6060.

8 Chandran A, Fitzwater S, Zhen A, Santosham M. Prevention of 
rotavirus gastroenteritis in infants and children: rotavirus vaccine 
safety, efficacy, and potential impact of vaccines. Biologics 
2010;4:213-229.

9 Patel MM, Steele D, Gentsch JR, Wecker J, Glass RI, Parashar 
UD. Real-world impact of rotavirus vaccination. Pediatr Infect 
Dis J 2011;30 Suppl 1:S1-S5.

10 Rha B, Tate JE, Payne DC, Cortese MM, Lopman BA, Curns 
AT, et al. Effectiveness and impact of rotavirus vaccines in the 
United States-2006-2012. Expert Rev Vaccines 2014;13:365-
376.

11 Cortes JE, Curns AT, Tate JE, Cortese MM, Patel MM, Zhou F, 
et al. Rotavirus vaccine and health care utilization for diarrhea in 
U.S. children. N Engl J Med 2011;365:1108-1117.

12 Patel MM, Steele D, Gentsch JR, Wecker J, Glass RI, Parashar 
UD. Real-world impact of rotavirus vaccination. Pediatr Infect Dis 
J 2011;30 Suppl 1:S1-S5.

13 Richardson V, Hernandez-Pichardo J, Quintanar-Solares M, 
Esparza-Aguilar M, Johnson B, Gomez-Altamirano CM, et al. 
Effect of rotavirus vaccination on death from childhood diarrhea 
in Mexico. N Engl J Med 2010;362:299-305.

14 do Carmo GM, Yen C, Cortes J, Siqueira AA, de Oliveira WK, 
Cortez-Escalante JJ, et al. Decline in diarrhea mortality and 
admissions after routine childhood rotavirus immunization in 
Brazil: a time-series analysis. PLoS Med 2011;8:e1001024.

15 Vesikari T, Karvonen A, Prymula R, Schuster V, Tejedor JC, 
Cohen R, et al. Efficacy of human rotavirus vaccine against 
rotavirus gastroenteritis during the first 2 years of life in 
European infants: randomised, double-blind controlled study. 
Lancet 2007;370:1757-1763. 

16 Vesikari T, Karvonen A, Ferrante SA, Ciarlet M. Efficacy of 
the pentavalent rotavirus vaccine, RotaTeq®, in Finnish infants 
up to 3 years of age: the Finnish Extension Study. Eur J Pediatr 
2010;169:1379-1386.

17 Linhares AC, Velázquez FR, Pérez-Schael I, Sáez-Llorens 
X, Abate H, Espinoza F, et al. Efficacy and safety of an oral 
live attenuated human rotavirus vaccine against rotavirus 
gastroenteritis during the � rst 2 years of life in Latin American 

infants: a randomised, double-blind, placebo-controlled phase III 
study. Lancet 2008;371:1181-1189.

18 World Health Organization. Rotavirus vaccines. Wkly Epidemiol 
Rec 2007;82:285-295. [In English, French] 

19 Madhi SA, Cunliffe NA, Steele D, Witte D, Kirsten M, Louw 
C, et al. Effect of human rotavirus vaccine on severe diarrhea in 
African infants. N Engl J Med 2010;362:289-298.

20 Armah GE, Sow SO, Breiman RF, Dallas MJ, Tapia MD, Feikin 
DR, et al. Efficacy of pentavalent rotavirus vaccine against 
severe rotavirus gastroenteritis in infants in developing countries 
in sub-Saharan Africa: a randomised, double-blind, placebo-
controlled trial. Lancet 2010;376:606-614.

21 Zaman K, Dang DA, Victor JC, Shin S, Yunus M, Dallas MJ, et al. 
Ef� cacy of pentavalent rotavirus vaccine against severe rotavirus 
gastroenteritis in infants in developing countries in Asia: a 
randomised, double-blind, placebo-controlled trial. Lancet 
2010;376:615-623.

22 World Health Organization. Rotavirus vaccines: an update. Wkly 
Epidemiol Rec 2009;84:533-540. [In English, French]

23 Bishop RF, Barnes GL, Cipriani E, Lund JS. Clinical immunity 
after neonatal rotavirus infection. A prospective longitudinal 
study in young children. N Engl J Med 1983;309:72-76.

24 Kapikian AZ, Hoshino Y, Chanock RM, Perez-Schael I. 
Jennerian and modified Jennerian approach to vaccination 
against rotavirus diarrhea using a quadrivalent rhesus rotavirus 
(RRV) and human-RRV reassortant vaccine. Arch Virol Suppl 
1996;12:163-175.

25 Bernstein DI, Ward RL. Rotaviruses. In: Feigin RD, Cherry 
JD, eds. Textbook of Pediatric Infectious Diseases, 5th ed. 
Philadelphia, PA: Saunders, 2004: 2110-2133.

26 Glass RI, Parashar UD, Bresee JS, Turcios R, Fischer TK, 
Widdowson MA, et al. Rotavirus vaccines: current prospects and 
future challenges. Lancet 2006;368:323-332.

27 Bresee JS, Parashar UD, Widdowson MA, Gentsch JR, Steele 
AD, Glass RI. Update on rotavirus vaccines. Pediatr Infect Dis J 
2005;24:947-952.

28 Perez-Schael I, Garcia D, Gonzalez M, Gonzalez R, Daoud 
N, Perez M, et al. Prospective study of diarrheal diseases in 
Venezuelan children to evaluate the ef� cacy of rhesus rotavirus 
vaccine. J Med Virol 1990;30:219-229.

29 De Mol P, Zissis G, Butzler JP, Mutwewingabo A, André 
FE. Failure of live, attenuated oral rotavirus vaccine. Lancet 
1986;2:108.

30 Santosham M, Letson GW, Wolff M, Reid R, Gahagan S, Adams 
R, et al. A � eld study of the safety and ef� cacy of two candidate 
rotavirus vaccines in a Native American population. J Infect Dis 
1991;163:483-487.

31 Lanata CF, Black RE, del Aguila R, Gil A, Verastegui H, Gerna 
G, et al. Protection of Peruvian children against rotavirus 
diarrhea of specific serotypes by one, two, or three doses of 
the RIT 4237 attenuated bovine rotavirus vaccine. J Infect Dis 
1989;159:452-459.

32 Fu C, Wang M, Liang J, He T, Wang D, Xu J. Effectiveness of 
Lanzhou lamb rotavirus vaccine against rotavirus gastroenteritis 
requiring hospitalization: a matched case-control study. Vaccine 
2007;25:8756-8761.

33 Fu C, Tate JE, Jiang B. Effectiveness of Lanzhou lamb rotavirus 
vaccine against hospitalized gastroenteritis: further analysis and 
update. Hum Vaccin 2010;6:953.

34 Fu C, He Q, Xu J, Xie H, Ding P, Hu W, et al. Effectiveness 
of the Lanzhou lamb rotavirus vaccine against gastroenteritis 
among children. Vaccine 2012;31:154-158.



307

Rotavirus vaccines

R
eview

 article

World J Pediatr, Vol 11 No 4 . November 15, 2015 . www.wjpch.com

35 Midthun K, Kapikian AZ. Rotavirus vaccines: an overview. Clin 
Microbiol Rev 1996;9:423-434.

36 Joensuu J, Koskenniemi E, Pang XL, Vesikari T. Randomised 
placebo-controlled trial of rhesus-human reassortant rotavirus 
vaccine for prevention of severe rotavirus gastroenteritis. Lancet 
1997;350:1205-1209.

37 Centers for Disease Control and Prevention. Rotavirus vaccine 
for the prevention of rotavirus gastroenteritis among children 
recommendations of the Advisory Committee on Immunization 
Practices (ACIP). MMWR Recomm Rep 1999;48:1-23.

38 Centers for  Disease Control  and Prevention (CDC). 
Intussusception among recipients of rotavirus vaccine-
United States, 1998-1999. MMWR Morb Mortal Wkly Rep 
1999;48:577-581.

39 Peter G, Myers MG, National Vaccine Advisory Committee, 
National Vaccine Program Of� ce. Intussusception, rotavirus, and 
oral vaccines: summary of a workshop. Pediatrics 2002;110:e67.

40 Simonsen L, Viboud C, Elixhauser A, Taylor RJ, Kapikian AZ. 
More on RotaShield and intussusception: the role of age at the 
time of vaccination. J Infect Dis 2005;192 Suppl 1:S36-S43.

41 Grimwood K, Lambert SB, Milne RJ. Rotavirus infections and 
vaccines: burden of illness and potential impact of vaccination. 
Paediatr Drugs 2010;12:235-256.

42 Murphy TV, Gargiullo PM, Massoudi MS, Nelson DB, Jumaan 
AO, Okoro CA, et al. Intussusception among infants given an 
oral rotavirus vaccine. N Engl J Med 2001;344:564-572.

43 Patel MM, López-Collada VR, Bulhões MM, De Oliveira LH, 
Bautista Márquez A, Flannery B, et al. Intussusception risk and 
health bene� ts of rotavirus vaccination in Mexico and Brazil. N 
Engl J Med 2011;364:2283-2292.

44 Clark HF, Of� t PA, Ellis RW, Eiden JJ, Krah D, Shaw AR, et al. 
The development of multivalent bovine rotavirus (strain WC3) 
reassortant vaccine for infants. J Infect Dis 1996;174 Suppl 
1:S73-S80.

45 Clark HF, Bernstein DI, Dennehy PH, Offit P, Pichichero M, 
Treanor J, et al. Safety, ef� cacy, and immunogenicity of a live, 
quadrivalent human-bovine reassortant rotavirus vaccine in 
healthy infants. J Pediatr 2004;144:184-190.

46 Lin YP, Kao CL, Chang SY, Taniguchi K, Hung PY, Lin HC, 
et al. Determination of human rotavirus VP6 genogroups 
I and II by reverse transcription-PCR. J Clin Microbiol 
2008;46:3330-3337.

47 Vesikari T, Matson DO, Dennehy P, Van Damme P, Santosham 
M, Rodriguez Z, et al. Safety and efficacy of a pentavalent 
human-bovine (WC3) reassortant rotavirus vaccine. N Engl J 
Med 2006:354:23-33.

48 Rennels MB, Glass RI, Dennehy PH, Bernstein DI, Pichichero 
ME, Zito ET, et al. Safety and efficacy of high-dose rhesus-
human reassortant rotavirus vaccines-report of the National 
Multicenter Trial. United States Rotavirus Vaccine Efficacy 
Group. Pediatrics 1996;97:7-13.

49 Joensuu J, Koskenniemi E, Pang XL, Vesikari T. Randomised 
placebo-controlled trial of rhesus-human reassortant rotavirus 
vaccine for prevention of severe rotavirus gastroenteritis. Lancet 
1997;350:1205-1209.

50 Ruiz-Palacios GM, Pérez-Schael I, Velázquez FR, Abate H, 
Breuer T, Clemens SC, et al. Safety and ef� cacy of an attenuated 
vaccine against severe rotavirus gastroenteritis. N Engl J Med 
2006;354:11-22.

51 Phua KB, Lim FS, Lau YL, Nelson EA, Huang LM, Quak SH, 
et al. Safety and efficacy of human rotavirus vaccine during the 
first 2 years of life in Asian infants: randomised, double-blind, 

controlled study. Vaccine 2009;27:5936-5941.
52 Madhi SA, Cunliffe NA, Steele D, Witte D, Kirsten M, Louw 

C, et al. Effect of human rotavirus vaccine on severe diarrhea in 
African infants. N Engl J Med 2010;362:289-298.

53 Cortese MM, Immergluck LC, Held M, Jain S, Chan T, Grizas 
AP, et al. Effectiveness of monovalent and pentavalent rotavirus 
vaccine. Pediatrics 2013;132:e25-e33.

54 Li RC, Li YP, Mo ZJ, Luo D, Huang T, Kong JL, et al. 
Reactogenicity and safety of a liquid human rotavirus vaccine 
(RIX4414) in healthy adults, children and infants in China: 
randomized, double-blind, placebo-controlled Phase I studies. 
Hum Vaccin Immunother 2013;9:1638-1642.

55 Lau YL, Nelson EA, Poon KH, Chan PK, Chiu S, Sung R, et al. 
Ef� cacy, safety and immunogenicity of a human rotavirus vaccine 
(RIX4414) in Hong Kong children up to three years of age: a 
randomized, controlled trial. Vaccine 2013;31:2253-2259.

56 Vesikari T, Itzler R, Karvonen A, Korhonen T, Van Damme P, 
Behre U, et al. RotaTeq, a pentavalent rotavirus vaccine: ef� cacy 
and safety among infants in Europe. Vaccine 2009;28:345-351.

57 Armah GE, Sow SO, Breiman RF, Dallas MJ, Tapia MD, Feikin 
DR, et al. Efficacy of pentavalent rotavirus vaccine against 
severe rotavirus gastroenteritis in infants in developing countries 
in sub-Saharan Africa: a randomised, double-blind, placebo-
controlled trial. Lancet 2010;376:606-614.

58 Zaman K, Dang DA, Victor JC, Shin S, Yunus M, Dallas MJ, 
et al. Efficacy of pentavalent rotavirus vaccine against severe 
rotavirus gastroenteritis in infants in developing countries in 
Asia: a randomised, double-blind, placebo-controlled trial. 
Lancet 2010;376:615-623.

59 Iwata S, Nakata S, Ukae S, Koizumi Y, Morita Y, Kuroki H, et al. 
Ef� cacy and safety of pentavalent rotavirus vaccine in Japan: a 
randomized, double-blind, placebo-controlled, multicenter trial. 
Hum Vaccin Immunother 2013;9:1626-1633.

60 Plosker GL. Pentavalent rotavirus vaccine (RotaTeq): a review 
of its use in the prevention of rotavirus gastroenteritis in Europe. 
Drugs 2010;70:1165-1188.

61 Vesikari T, Itzler R, Karvonen A, Korhonen T, Van Damme P, 
Behre U, et al. RotaTeq, a pentavalent rotavirus vaccine: ef� cacy 
and safety among infants in Europe. Vaccine 2009;28:345-351.

62 Christie CD, Duncan ND, Thame KA, Onorato MT, Smith HD, 
Malcolm LG, et al. Pentavalent rotavirus vaccine in developing 
countries: safety and health care resource utilization. Pediatrics 
2010;126:1499-1506.

63 Yih WK, Lieu TA, Kulldorff M, Martin D, McMahill-Walraven 
CN, Platt R, et al. Intussusception risk after rotavirus vaccination 
in U.S. infants. N Engl J Med 2014;370:503-512.

64 El Khoury AC, Mast TC, Ciarlet M, Markson LE, Goveia MG. 
Projecting the effectiveness of RotaTeq® against rotavirus-related 
hospitalizations and deaths in six Asian countries. Hum Vaccin 
2011;7:506-510.

65 Parashar UD, Alexander JP, Glass RI, Advisory Committee on 
Immunization Practices (ACIP), Centers for Disease Control 
and Prevention (CDC). Prevention of rotavirus gastroenteritis 
among infants and children. Recommendations of the Advisory 
Committee on Immunization Practices (ACIP). MMWR 
Recomm Rep 2006;55:1-13.

66 Haber P, Patel M, Izurieta HS, Baggs J, Gargiullo P, Weintraub E, 
et al. Postlicensure monitoring of intussusception after RotaTeq 
vaccination in the United States, February 1, 2006, to September 
25, 2007. Pediatrics 2008;121:1206-1212.

67 Clements-Mann ML, Makhene MK, Mrukowicz J, Wright 
PF, Hoshino Y, Midthun K, et al. Safety and immunogenicity 



308

World Journal of Pediatrics

R
eview

 article

World J Pediatr, Vol 11 No 4 . November 15, 2015 . www.wjpch.com

of live attenuated human-bovine (UK) reassortant rotavirus 
vaccineswith VP7-speci� city for serotypes 1, 2, 3 or 4 in adults, 
children and infants. Vaccine 1999;17:2715-2725.

68 Luna EJ, Frazatti-Gallina NM, Timenetsky MC, Cardoso MR, 
Veras MA, Miraglia JL, et al. A phase I clinical trial of a new 
5-valent rotavirus vaccine. Vaccine 2013;31:1100-1105.

69 Bernstein DI, Sack DA, Rothstein E, Reisinger K, Smith VE, 
O'Sullivan D, et al. Ef� cacy of live, attenuated, human rotavirus 
vaccine 89-12 in infants: a randomised placebo-controlled trial. 
Lancet 1999;354:287-290.

70 Bernstein DI, Sack DA, Reisinger K, Rothstein E, Ward 
RL. Second-year follow-up evaluation of live, attenuated 
human rotavirus vaccine 89-12 in healthy infants. J Infect Dis 
2002;186:1487-1489.

71 Linhares AC, Velázquez FR, Pérez-Schael I, Sáez-Llorens 
X, Abate H, Espinoza F, et al. Efficacy and safety of an oral 
live attenuated human rotavirus vaccine against rotavirus 
gastroenteritis during the � rst 2 years of life in Latin American 
infants: a randomised, double-blind, placebo-controlled phase III 
study. Lancet 2008;371:1181-1189.

72 Barnes GL, Lund JS, Adams L, Mora A, Mitchell SV, Caples A, 
et al. Phase 1 trial of a candidate rotavirus vaccine (RV3) derived 
from a human neonate. J Paediatr Child Health 1997;33:300-
304.

73 Das BK, Gentsch JR, Hoshino Y, Ishida S, Nakagomi O, Bhan 
MK, et al. Characterization of the G serotype and genogroup 
of New Delhi newborn rotavirus strain 116E. Virology 
1993;197:99-107.

74 Bhandari N, Rongsen-Chandola T, Bavdekar A, John J, Antony 
K, Taneja S, et al. Efficacy of a monovalent human-bovine 
(116E) rotavirus vaccine in Indian children in thesecond year of 
life. Vaccine 2014;32 Suppl 1:A110-A116.

75 Das M, Dunn SJ, Woode GN, Greenberg HB, Rao CD. Both 
surface proteins (VP4 and VP7) of an asymptomatic neonatal 
rotavirus strain (I321) have high levels of sequence identity 
with the homologous proteins of a serotype 10 bovine rotavirus. 
Virology 1993;194:374-379.

76 Glass RI, Bhan MK, Ray P, Bahl R, Parashar UD, Greenberg H, 
et al. Development of candidate rotavirus vaccines derived from 
neonatal strains in India. J Infect Dis 2005;192 Suppl 1:S30-S35.

77 Iturriza Gómara M, Kang G, Mammen A, Jana AK, Abraham M, 
Desselberger U, et al. Characterization of G10P[11] rotaviruses 
causing acute gastroenteritis in neonates and infants in Vellore, 
India. J Clin Microbiol 2004;42:2541-2547.

78 Bhandari N, Rongsen-Chandola T, Bavdekar A, John J, Antony 
K, Taneja S, et al. Efficacy of a monovalent human-bovine 
(116E) rotavirus vaccine in Indian infants: a randomised, double-
blind, placebo-controlled trial. Lancet 2014;383:2136-2143.

79 Bhandari N, Rongsen-Chandola T, Bavdekar A, John J, Antony 
K, Taneja S, et al. Efficacy of a monovalent human-bovine 
(116E) rotavirus vaccine in Indian children in thesecond year of 
life. Vaccine 2014;32 Suppl 1:A110-A116. 

80 Offit PA, Hoffenberg EJ, Santos N, Gouvea V. Rotavirus-
specific humoral and cellular immune response after primary, 

symptomatic infection. J Infect Dis 1993;167:1436-1440.
81 Velázquez FR, Matson DO, Calva JJ, Guerrero L, Morrow 

AL, Carter-Campbell S, et al. Rotavirus infections in infants 
as protection against subsequent infections. N Engl J Med 
1996;335:1022-1028.

82 Chiba S, Yokoyama T, Nakata S, Morita Y, Urasawa T, Taniguchi 
K, et al. Protective effect of naturally acquired homotypic and 
heterotypic rotavirus antibodies. Lancet 1986;2:417-421.

83 Jiang B, Gentsch JR, Glass RI. The role of serum antibodies in 
the protection against rotavirus disease: an overview. Clin Infect 
Dis 2002;34:1351-1361.

84 Ward RL. Possible mechanisms of protection elicited by 
candidate rotavirus vaccines as determined with the adult mouse 
model. Viral Immunol 2003;16:17-24.

85 Yang K, Wang S, Chang KO, Lu S, Saif LJ, Greenberg 
HB, et al. Immune responses and protection obtained with 
rotavirus VP6 DNA vaccines given by intramuscular injection. 
Vaccine 2001;19:3285-3291. 

86 Wang Y, Azevedo M, Saif LJ, Gentsch JR, Glass RI, Jiang B. 
Inactivated rotavirus vaccine induces protective immunity in 
gnotobiotic piglets. Vaccine 2010;28:5432-5436.

87 Crawford SE, Estes MK, Ciarlet M, Barone C, O'Neal CM, 
Cohen J, et al. Heterotypic protection and induction of a broad 
heterotypic neutralization response by rotavirus-like particles. J 
Virol 1999;73:4813-4822.

88 Tate JE, Parashar UD. Rotavirus vaccines in routine use. Clin 
Infect Dis 2014;59:1291-1301.

89 Meeting of the Strategic Advisory Group of Experts on 
immunization, October 2009-conclusions and recommendations. 
Wkly Epidemiol Rec 2009;84:517-532. [In English, French]

90 Meeting of the immunization Strategic Advisory Group of 
Experts, April 2009-conclusions and recommendations. Wkly 
Epidemiol Rec 2009;84:220-236. [In English, French]

91 Patel MM, Clark AD, Sanderson CF, Tate J, Parashar UD. 
Removing the age restrictions for rotavirus vaccination: a 
bene� t-risk modeling analysis. PLoS Med 2012;9:e1001330.

92 de Oliveira LH, Danovaro-Holliday MC, Matus CR, Andrus JK. 
Rotavirus vaccine introduction in the Americas: progress and 
lessons learned. Expert Rev Vaccines 2008;7:345-353.

93 Wendy B. Vaccination with 3-dose paediatric rotavirus vaccine 
(RotaTeq®): impact on the timeliness of uptake of the primary 
course of DTPa vaccine. Vaccine 2012;30:5293-5297.

94 Hull BP, Menzies R, Macartney K, McIntyre PB. Impact 
of the introduction of rotavirus vaccine on the timeliness of 
other scheduled vaccines: the Australian experience. Vaccine 
2013;31:1964-1969.

95 Ali SA, Kazi AM, Cortese MM, Fleming JA, Parashar UD, Jiang 
B. Impact of different dosing schedules on the immunogenicity 
of the human rotavirus vaccine ininfants in Pakistan: a 
randomized trial. J Infect Dis 2014;210:1772-1779.

Received September 10, 2014
Accepted after revision November 17, 2014


