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ABSTRACT

Two rotavirus vaccines, RotaTeq (Merck) and Rotarix (GlaxoSmithKline) have been developed 
to neutralize the most common rotavirus serotypes, and are now available in the global market. 
These vaccines are primarily aimed at reducing rotavirus gastroenteritis in children in the least 
developed countries, where rotavirus mortality rate is believed to be greatest. Thus, the World 
Health Organization (WHO) has recommended rotavirus vaccination be included in all national 
immunization programs, while the least developed countries have so far not come up with clear 
vision and long term strategy on vaccine implementation, and several questions, in addition to this, 
remain unanswered.

_______________________________________________________________________________________

Keywords:  least developed country; rotavirus; vaccines.
_______________________________________________________________________________________ 

INTRODUCTION

Rotavirus infection is considered as a leading cause 
of acute gastroenteritis in infants and young children 
worldwide.1 Vaccines against rotavirus gastroenteritis 
have been developed and are being introduced into 
childhood immunization programs worldwide. Most 
clinical trials of Rotavirus vaccines have shown to 
be highly efficacious, particularly in middle and high 
income countries. So far, very few clinical trials have 
been conducted in the least developed countries, but 
with unsatisfactory results. Researchers and donors, 
however, have suggested include rotavirus vaccines 
in their national immunization programs. There still 
remain other differences in views between developed 
and poor developing countries about rotavirus infection, 
and have rarely been debated among researchers in 
the past, which are negligible but highly questionable 
in the least developed countries. The present article, 
therefore, attempts to raise these issues from the view 
point of least developed countries.       

ROTAVIRUS VACCINE AND UNDERESTIMATED 
CHALLENGES

Currently, G1-4, G9 and G12 are known to be the most 
common and clinically important serotypes in humans 
worldwide, while detection of unusual strains, unusual 
combinations of G and P types and mixed infections 
(more than one serotypes) have been increasingly 
reported in humans in recent years. The relatively 
high frequency of unusual rotavirus strains have been 
reported from poor developing countries and have the 
potential to become common serotypes in coming 
years. Researchers have therefore long been raising 
grave concern about unusual rotavirus strains and their 
impact on the currently available vaccines in the long 
run, while enough attention have not been paid to 
untypeable strains, and their potential role on vaccine 
efficacy. These unexpected but increasing trends of 
untypeable strains are being the leading cause of severe 
gastroenteritis in children in poor developing countries. 
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Despite this growing concern, there have not been 
enough studies available showing significant protective 
efficacy against unusual and untypeable strains. Recent 
studies of rotavirus vaccine efficacy rates in countries in 
sub-Saharan Africa have shown to be unsatisfactory.2 A 
significantly higher proportion of unusual and untypeable 
(probably new strains) rotavirus strains circulating 
during clinical trials in this region might have resulted 
in lower efficacy of the vaccine.3 It is believed that 
malnutrition, multiple infections, immune compromised 
diseases and high titers antibody of breast milk are 
other possible explanations for poor immunogenicity of 
rotavirus vaccine, and these phenomena are common in 
poor developing countries. Several studies have shown 
that there are variations in vaccine efficacy even within 
developing countries. For example, efficacy of rotavirus 
vaccine against severe gastroenteritis in Bangladesh 
and Vietnam were found to be 42.7% and 63.9%,4 
while Kenya, Ghana and Mali showed 63.9%, 55.5% 
and 17.6%,2 indicating that besides the point mentioned 
above, cultural backgrounds could be another major 
factor that may influence the efficacy of the vaccine, 
though it has not yet been widely discussed. Vaccine 
effectiveness rate thus cannot be predicted based on 
developed and developing countries (resource-based) or 
by region. Moreover, within the same country different 
results from individual studies have created confusion 
over whether rotavirus should be given higher priority 
than any other vaccine-preventable disease in their 
immunization programs. Almost all studies conclude 
rotavirus vaccine be included in immunization programs 
in poor developing countries regardless of large variation 
in efficacy rate and its unknown specific causes. It may, 
therefore, be early to recommend rotavirus vaccine for 
use in the least developed countries, unless it ensures 
that it can provide an adequate level of protection 
against severe rotavirus gastroenteritis in children.	

ARE WE ESTIMATING ROTAVIRUS DISEASE 
MORBIDITY/MORTALITY ACCURATELY?

An accurate estimate of the disease burden is crucial to 
assess need and evaluate the impact of a new vaccine. 
It is estimated that more than 80% diarrhea-related 
childhood deaths attributable to rotavirus infection 
occur in resource poor countries.5 Due to poor hygiene 
practices and inadequate sanitation infrastructure, 
patients with diarrhea are infected with more than one 
infectious agent; have been increasingly documented 
in recent years.6,7 However, researchers have been 
estimating disease burden based on detection rate 
for a single pathogen according to their field of 
interest.  Rotavirus researchers, for example, detect 
only rotavirus pathogen in hospitalized patients, and 
estimate morbidity accordingly. It is, however, not 
clear whether rotavirus infection is solely responsible 

for hospitalization, because researchers rarely look 
for other enteric pathogens simultaneously owing to 
resource limitations. For instance, our unpublished data 
(study from Bangladesh) shows that approximately 
27% of rotavirus infection in children under age 5 years 
were co-infected with other viral, bacterial or protozoan 
pathogens. In another words, rotavirus researchers may 
estimate 27% of hospitalization children as a result of 
rotavirus infection, though this does not necessarily 
mean that rotaviruses are solely responsible for 
hospitalization in these children (Figure1). 

Figure 1. Cause of Hospitalisation 

What is the real cause of hospitalization ?                            
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The most recently published data from Bangladesh 
showed that 76.4% of children with acute diarrhea 
presented to hospitals were infected with multiple 
viruses.8 Rotavirus, probably, is one of the most 
common infectious agents found and stable at high or 
low relative humidities in the environmental surfaces9 
and is easily transmissible between species compared 
to other organisms, and thus making children more 
susceptible to rotavirus infection because they are 
more physically active; and spend more time outdoors 
such as kindergartens, schools, nurseries or community 
playgrounds.  This may explain why rotavirus detection 
rate in young children is comparatively more common 
than in adults. A recent study has shown that although 
detection rate of rotavirus was high in children < 5 
years old hospitalized with diarrhea, higher mortality rate 
was associated with bacterial infections.10 Rotavirus 
infection may cause mild to moderate diarrhea, whilst 
non-viral enteric infections are equally known to 
cause severe diarrhea in young children in developing 
countries.11 High incidence of co-infection of enteric 
agents in children with rotavirus gastroenteritis may 
be more common than previously known, particularly 
in poor developing countries. Obtaining such 
comprehensive data perhaps may give new insights into 
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the role of other associate enteric pathogens, and their 
clinical importance. Current method to estimate disease 
burden, therefore need to bring into a logical debate to 
get more accurate data on mortality of gastroenteritis 
attributable to rotavirus infection globally.

DOES NEONATAL ROTAVIRUS INFECTION DECREASE 
THE SEVERITY OF SUBSEQUENT INFECTION? 

Substantial progress has been made in understanding 
rotavirus infection, since bishop and colleagues first 
described rotavirus as a cause of severe diarrhea in 
infants and young children,12 and two licensed rotavirus 
vaccines are currently available in the global market. 
The first dose of either vaccine is recommended to be 
administered no earlier than age six weeks.  Primary 
rotavirus infection in the neonatal period has long 
been broadly recognized, particularly in resource poor 
settings. In India, for example, rotavirus infection was 
detected up to 78% among hospitalized neonates.13 It 
can be, thus, postulated that majority of infants might 
have been infected with multiple rotavirus strains 
before they get their first vaccination. Until recently, 
the overwhelming majority of studies have suggested 
that asymptomatic neonatal rotavirus infection confers 
protection against severe gastroenteritis during re-
infection. Based on these outcomes, several neonatal 
based rotavirus vaccines are under development 
and evaluation in preclinical studies. On the other 
hand, this conclusion appears to be contrary to other 
studies, which is rarely debated among researchers. For 
example, neonatal rotavirus infection has been more 
commonly reported in developing countries compared 
to developed countries, meaning that rotavirus disease 
burden in poor developing countries must have been 
lower than developed countries, if neonatal rotaviruses 
confer protection against severe rotavirus gastroenteritis 
in later life (Conceptual Figure 2). 

Figure 2. Neonatal Infection and morbidity and mor-
tality

 

------------- Developing Countries
  Developed Countries

In addition to this, breastfeeding provides protection 
against rotavirus gastroenteritis in infants has been 

documented previously, 14 and south Asia has the 
highest rates of breastfeeding among infants in the 
world.15  In contrast to this presumption, disease burden 
attributable to rotavirus infection have been shown to 
be comparatively higher in poor developing countries 
than developed countries. Thus, the role of neonatal 
rotavirus infection in humans remains controversial 
and inconclusive, and no unanimous consensus has 
been reached among researchers so far. Although 
most epidemiological studies have shown to have 
higher rotavirus infection in patients aged between 
12 and 23 months,16,17 a 2-month age interval study 
showed equally high rates of rotavirus infection in 
the first 2 months of life.18 One possible explanation 
for the limited efficacy of the currently available 
vaccines in poor developing countries may be due to 
high prevalence of rotavirus infection during neonatal 
period. Detection of symptomatic and asymptomatic 
rotavirus infection has been shown an almost equal- 
ratio in infants.19 Asymptomatic neonatal infection may 
have an equivalent role to attenuated vaccine, though 
comparable studies of asymptomatic and symptomatic 
neonatal infection and their impact during re-infection in 
later life have not been well studied. Further studies are 
required to better describe the role of neonatal infection 
in humans which may have implications for the design 
of more effective rotavirus vaccine.  

CONCLUSIONS

Many least developed countries are eligible to 
receive financial assistance from the global alliance 
for vaccines and immunization (GAVI alliance), and 
hence are encouraged to include rotavirus vaccine in 
their routine immunization programs, while long term 
financial sustainability remains uncertain. Although 
rotavirus vaccine is being introduced into childhood 
immunization programs worldwide, no least developed 
country has so far come up with specific plan to give 
continuity to rotavirus vaccination program after the 
withdrawal of financial support from the alliance. 
There are several examples in the least developed 
countries that established budget line items do not 
fund them and most of the countries with financial 
plans do not use them to the degree expected.20 A 
lack of political commitment and will to implement, 
public awareness and poor knowledge about rotavirus 
gastroenteritis in policy makers are major obstacles to 
implement long term rotavirus vaccination program in 
the least developed countries. The reasons for lower 
immunogenicity in the least developed countries, 
differences in vaccine efficacy within resource poor 
settings, obscure methods to estimate disease burden, 
and the role of neonatal rotavirus infections are still 
unanswered questions but critically important from the 
view point of least developed countries.
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