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Abstract
Rotavirus is a significant global health concern, causing severe diarrhea in young children and imposing 
a substantial economic burden on healthcare systems. To tackle this and improve public health, the 
development of effective rotavirus vaccines as well as quality control testing of vaccines are crucial. This 
comprehensive review explores the historical context of rotavirus vaccine development, the various 
vaccine types and approaches in use today, and the critical selection of vaccine strains. It also delves into 
the formulation of rotavirus vaccines, the role of epidemiological studies in tracking disease prevalence 
and transmission patterns, and the essential quality control measures for vaccine production. Analytical 
methods for quality control, such as antigen characterization, potency assays, identity testing, sterility 
and safety testing, and stability studies, are discussed. Before being released onto the market, a quality 
control evaluation should be completed at national control laboratories, as this ensures the vaccine’s 
safety and quality. The review highlights the challenges associated with rotavirus detection, including 
sample handling, cross-reactivity, and specificity issues. Additionally, it addresses the impact of rotavirus 
vaccines on public health and emphasizes the importance of continued surveillance and monitoring as 
according to the latest WHO and national regulatory guidelines, these vaccines are closely monitored 
for their safety and effectiveness. The review concludes by outlining current challenges, innovations, 
and future perspectives in the field of rotavirus vaccination, underscoring the ongoing commitment 
to combat this pervasive and dangerous pathogen.
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INTRODUCTION 
 
	 Rotavirus, a member of the Reoviridae 
family,1 causes a tough challenge  on the world 
healthcare stage.2 This Double-stranded RNA 
virus, recognized by its wheel-like structure under 
the electron microscope, is a prominent cause 
of severe  diarrhea, affecting people of all ages 
worldwide,3-5 as shown in Figure 1. However, it 

is among the youngest, the infants and young 
children, who suffer most of its impact, with severe 
bouts of diarrhea and vomiting that can lead to 
dehydration and, in some cases, life-threatening 
complications.6,7 It is a globally encountered 
virus, with almost every child receiving at least 
one infection before age.8 This rotavirus leads to 
nearly about ~125,000-200,000 fatalities each 
year, and around 50% of all associated fatalities 

Figure 1. Rotavirus safety information with structure and general components of rotavirus vaccine
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come up in only four countries (India, Nigeria, 
Pakistan, and the Democratic Republic of the 
Congo).8-10 Rotavirus has several species, with 
different strains and subtypes identified such as 
Group A rotaviruses (RVA) is the most common and 
life-threatening.11,12 RVA infections show seasonal 
patterns in multiple regions, mainly increasing 
during the winter season in temperate climes 
and maintaining a continuous presence in tropical 
areas.3

	 While rotavirus infections  have similar 
clinical symptoms like severe diarrhea, vomiting, 
fever, and cramps, their effect varies greatly 
depending on geographic location, healthcare 
availability, and vaccination status.13,14 The 
introduction of rotavirus vaccinations in various 
countries has proven beneficial in lowering the risk 
of associated disorders.8 Due to its serious clinical 
effects, particularly on newborns and young 
children, it is an major concern. Its worldwide 
prevalence and propensity for severe disease make 
rotavirus a major target of public health initiatives, 
including vaccination and diagnostic techniques, 
to decrease its effect and ensure the health of 
vulnerable populations8,13,15 Rotavirus detection is 
challenged by viral diversity, cross-reactivity, low 
viral load, sample degradation, limited diagnostic 
capacity in LMICs, and difficulties in distinguishing 
symptomatic infections from asymptomatic.16,17

	 To minimize this burden, comprehensive 
preventative strategies, including vaccination, 
should be focused on health policy. In India National 
Immunization Schedule (NIS) for Infants, Children, 
and Pregnant Women rotavirus vaccination is given 
at 6 weeks, 10 weeks and 14 weeks with a dose 
of 5 drops for Infants and children.18,19 Quality 
control of the rotavirus vaccine critical step  for 
patient safety and the vaccine effectiveness.20 It 
signifies that each batch of that vaccine  follows 
high regulatory criteria according to Government 
regulations.21,22 This strict surveillance assures that 
rotavirus vaccines remain efficacious in preventing 
severe infections, especially in susceptible 
groups like newborns and young children.23,24 In 
this thorough review, our purpose is to give  in-
depth data  on rotavirus, including its structure 
and categorization to its clinical importance, 
formulation of rotavirus vaccines, quality control 
procedures, and QC analytical techniques in brief. 

We also discussed its epidemiology, vaccine, and 
control measures as well.

MATERIALS AND METHODS 

	 Using PICO (Population/Interventions/
Comparisons/Outcomes) search methodology, 
present study focuses on rotavirus-infection, 
particularly of population in India and across 
the world. Rotavirus - vaccine research and 
implementation, as well  as monitoring, 
preventative, and control measures, were all 
included in the scope of intervention. The 
study aimed on reviewing rotavirus incidence, 
morbidity, and death through comparing different 
types of vaccines and management strategies. 
As a narrative review, no formal protocol was 
registered, transparency was maintained through 
defined criteria and structured search methods. 
Multiple electronic databases, including PubMed, 
Scopus, Web of Science, Google Scholar, MDPI, 
Medline (OVID), Embase (OVID), and CINAHL 
(EBSCO Host), were used, with the language 
limitation set to English. Data search was included 
with variable time ranging from January 1990 to 
May 2023. The EndNote-20 reference manager 
was used to manage references and manage 
duplication. 
	 We excluded studies that were not peer-
reviewed, did not focus on rotavirus, or were 
published in languages other than English without 
available translations. This ensured that the review 
included only reliable, relevant, and accessible 
sources. The inclusion criteria comprised of 
research done in India and worldwide that 
reported on the incidence or fatality rates of 
rotavirus in all age categories and involved 
control, preventive, and monitoring measures. 
Key study characteristics, including author, area, 
year, study design, degree of evidence, sample 
size, interventions, outcomes, and major findings, 
were recorded on a comprehensive data collecting 
form that was created. A structured table of 
clinical trials containing NCT is also incorporated 
(Table 1). No., study title, study status, brief 
summary, conditions interventions, sponsors 
and collaborators, sex, age, phases study, and 
type study design was created by extracting data 
from ICTRP (International Clinical Trials Registry 
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Platform) and NIH Clinical Trials official database. 
Levels of the research were assessed separately 
by coauthors, who resolved any conflicts in review 
or contact with the corresponding author. To 
enhance knowledge about vaccination coverage, 
recommendations on the quality of rotavirus 
vaccine from different manufacturers were taken 
including different sources like official papers, 
publications and from agencies like UNICEF, the 
World Health Organization (WHO), Indian Ministry 
of Health and Family Welfare and pharmacopeia’s 
of different nations taken into consideration.

Epidemiological studies
	 The monitoring for finding the prevalence 
and rotavirus infection transmission trends is 
epidemiological research. These studies provide 
crucial information about the prevalence of 
related disorders in different age groups and 
geographical areas.25,26 Researchers can study 
the effects of vaccination campaigns, identify 
seasonal variations, and evaluate the efficacy of 
public health programs by closely monitoring the 
frequency of rotavirus infections.27 Epidemiological 
investigations require a fast and exact diagnosis. 
The use of molecular techniques has completely 
changed how rotavirus is researched. The 
classification and identification of rotavirus strains 
have undergone advancement using RT-PCR 
and enzyme immunoassays (EIAs). These novel 
diagnostic techniques enable the identification 
of specific genotypes, supplying information 
on the variety of rotaviruses in circulation and 
their potential impact on vaccine effectiveness. 
Serological tests have also developed into 
essential tools for estimating population immunity 
levels, providing essential data for assessing the 
effectiveness of vaccination campaigns.28 These 
advanced diagnostic methods have significantly 
improved our ability to watch rotavirus outbreaks 
and trends. Researchers can now quickly respond 
to new strains or shifts in genotype dominance 
by quickly detecting the genotypic profile of 
rotavirus. This improved method of diagnosis 
provides healthcare administrators with the real-
time information they need to make accurate 
choices about immunization schedules, epidemic 
control, and budget allocation. Obtained data aids 
in mapping the transmission patterns of specific 

genotypes, allowing for the early diagnosis of 
outbreaks and the evaluation of strain alterations 
brought on by vaccination. In order to guarantee 
that vaccine formulations remain effective over 
time, the ability to recognize new strains early is 
important.25,28

Rotavirus vaccine development
	 Rotavirus vaccine development brings 
huge benefits to community health. For centuries, 
rotavirus infections led to severe morbidity 
and death, especially in infants globally.29 The 
launch of the first vaccine against rotavirus is 
RotaShield, in the late 1990s, signified a crucial 
advance, but due to concerns about safety, it 
was ultimately withdrawn from the market. This 
historical backdrop highlights the continuous 
significance of developing and refining rotavirus 
vaccine development.24,30 Today, multiple rotavirus 
vaccines are in use internationally, each using 
various vaccine types and techniques. These 
include live attenuated vaccines, such as Rotarix31 
and RotaTeq,32 which imitate natural illness and 
give substantial immunity.33 Additionally, subunit 
vaccines like RotaVac31 and ROTASIIL34 include 
recombinant proteins to provide an immune 
responses.
	 There were various vaccines are in 
developing stage as mentioned in Figure 2, several 
oral as well as parenteral vaccines are in different 
phases of clinical trials. The variety in vaccination 
types reflects persistent efforts for enhancing 
safety, effectiveness, and accessibility, particularly 
in locations with varied healthcare infrastructures. 
Selection of rotavirus strain is a critical part of 
vaccine development.35 The selection process of 
rotavirus strain includes checking the prevalence, 
pathogenicity, and antigenic characteristics of that 
specific strain. Multivalent vaccinations typically 
combine many strains to provide wide protection.34 
This selection method is crucial because it affects 
the vaccine’s efficacy in preventing severe diarrhea 
due to rotavirus, which is one of the main cause 
of pediatric death and morbidity globally.30 Over 
the years, research and development (R&D) 
efforts resulted to the development of various 
rotavirus vaccines, each implementing unique 
ways to provide protection. The most renowned 
among these are the live-attenuated vaccines, 
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which involve the monovalent Rotarix and the 
pentavalent RotaTeq vaccine.36 These vaccines 
are developed to replicate natural rotavirus 
infections without causing disease, also they 
trigger immune responses. Another new technique 
is the formulation of virus-like particle (VLP) 
vaccines, such as the Rotavac vaccine,37 which 
includes the structural components of rotavirus 
as well as API to induce immunity. 

Formulation of rotavirus vaccines
	 The formulation of rotavirus vaccines aims 
to assure safety, stability, and effectiveness. For the 
formulation of  vaccines, there are some  crucial 
variables such as the selection of  antigens, 
adjuvants, stabilizers, and preservatives as 
mentioned in Figure 1, the different components of 
rotavirus vaccine. Selecting the correct antigen is an 
essential stage in rotavirus vaccine development. 
There are several known viral proteins and non-
structural proteins of rotavirus like VP1, VP2, VP3, 
VP4, NSP1, VP6, NSP3, NSP2, VP7, NSP4, NSP5, 
NSP645 and every protein has its function. Any host 
proteins that form viral particles as well as the by-
products of a virus’s DNA are collectively referred 
to as viral proteins which is also known as VP. The 
roles of viruses are used to organize their proteins 
into groups, which consist of regulatory, accessory, 
nonstructural, and structural proteins. VP1 is the 
protein that acts through ssRNA binding, the RNA-
dependent RNA polymerase, situated at the inner 
capsid’s five-fold axis, joins forces with VP3 to 
form a transcription complex. VP2 is the structural 
protein of the inner capsid, which is necessary for 
the replicase activity of VP1, and demonstrates 
non-sequence-specific RNA-binding activity.46 
Likewise, protein VP3 has a Guanylyl transferase 
and methyltransferase are essential component 
of the virion transcription complex with VP1. 
Protein VP4 is an outer capsid spike protein, a 
cell-attachment protein, virulence determinant, 
haemagglutinin, and neutralization antigen specific 
to P-type, formed by VP4 trimers. VP4 is modified 
to form VP5 and VP8. Trypsin cleavage increases 
the infectiousness of the protein VP4.47 VP6 is 
a major virion protein which is a middle capsid 
structural protein that has a homotrimer shape. It 
is a subgroup antigen necessary for transcription. 
The last known viral protein in rotavirus is VP7 is 
the G-type neutralization antigen protein which 	
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is RER transmembrane calcium-binding protein, 
and outer capsid structural glycoprotein affects 
the immune system,47 as referred in Figure 1.
	 A protein that a virus generates but that is 
not an integral part of the viral particle is referred 
to as a nonstructural protein (NSP) in virology. In 
rotavirus 6 non-structural proteins were found 
till date, NSP1 functions with major sequence 
variation amongst strains, which is also connects 
the cytoskeleton with the other cytoskeleton. 
Although it reduces the host’s IFN-a response. The 
second NSP is NSP2 which binds to NSP5 and VP1, 
It is necessary for non-specific ssRNA binding, and 
contains NTPase and helicase, which are involved 
in viroplasm production and dsRNA synthesis.48 
NSP3 is a translational regulator elongation factor 
elF4G1. It makes virus-like mRNA translation 
efficient, NSP3 functions as a counterpart of 
cellular poly(A)-binding protein by acting as a 
bridge between viral messenger RNA and the 
cellular translation mechanism. NSP4 glycoprotein 
also labelled as viral enterotoxin. It acts as receptor 
for double-layered particles budding across the ER 
membrane and keeps intracellular calcium levels 
and RNA replication.47 NSP5 protein binds ssRNA, 

which is important component of viroplasm which 
further responsible for viral replication, through 
hyperphosphorylation, O-linked glycosylation, 
homomultimer formation, and interaction with 
NSP2 and NSP6. NSP6 results as gene segment II 
is the second out-of-frame open-reading frame. 
It localizes to the viroplasm and participates in 
interactions with NSP5.49,50

	 The antigen mostly consists of viral 
proteins that activate an immune response 
without producing illness. Commonly utilized 
antigens include viral proteins like VP651 or the 
outer capsid proteins VP4, VP752 and VP8.52,53 
These antigens are commonly created using 
recombinant DNA technologies or by producing 
weakened virus strains in cell cultures. The 
choice of antigen considerably determines the 
vaccine’s efficacy and the range of protection 
it delivers.54 While adjuvants play  a vital role 
in boosting the immunological response to 
rotavirus vaccinations. By boosting the body’s 
immune system, adjuvants enhance the vaccine’s 
efficiency, particularly in conditions when the 
immunological response may be lower, such as 
in Infants. Antimicrobial agents like thimerosal, 

Figure 2. Rotavirus vaccine products in active development
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2-PE and aluminum adjuvant (AH) are extensively 
used adjuvants in rotavirus vaccinations, however 
continuing research examines other adjuvants to 
better enhance immune responses.55 Rotavirus 
vaccine formulation must take stabilization into 
consideration. These vaccines need to keep their 
effectiveness and safety throughout their shelf 
life, even under different storage conditions. 
Carefully chosen stabilizers, such as sugars like 
sucrose, and trehalose, help to protect the 
vaccine’s integrity and retain its effectiveness. 
Additionally, lyophilization (freeze-drying) is a 
typical process used to increase the stability of 
rotavirus vaccines.56 Formulation of vaccine is a 
most important task that needs a fine balance 
between antigen selection, adjuvant inclusion, 
stability, and preservative concerns. By addressing 
these essential aspects, vaccine manufacturers 
can ensure that these vaccines are not only safe 
and stable but also highly successful in avoiding 
rotavirus-associated diseases, especially in 
susceptible pediatric groups.57

Marketed products
	 WHO-approved rotavirus vaccines 
highlight the need for further research and 
affordable options to ensure broader disease 
coverage. Statistical evaluation by WHO of 

rotavirus vaccination coverage in India as 
mentioned in Figure 3. The official WHO/UNICEF 
data of National immunization coverage was 4% 
in 2016 and in year 2022 it increased around 92%. 
Also, the first and last dose of rotavirus vaccination 
in 2022 was 94% and 92% respectively. Rotavac 
and ROTASIIL are only now routinely used in India 
and some other countries, but they will soon be 
available for use throughout the world (Table 2). As 
a result, the safety and effectiveness information 
from randomised controlled trials will be the 
main emphasis of this section. Rotavac is a live, 
monovalent G9P oral rotavirus vaccination that 
is naturally attenuated. In three sites in India, 
Nearly 6500 infants participated in a randomised, 
double-blind, placebo-controlled experiment 
to evaluate the safety and efficacy of this 
vaccination, with target schedule (6-7), at lowest 
10, and at maximum 14 weeks of age, infants were 
randomised to receive either a placebo or the 
vaccine. They were then monitored for adverse 
events and gastroenteritis for up to two years of 
age. The usual immunisations were administered 
to the infants on the planned day (i.e., Same 
day of research vaccination). In the first year 
after available in market, Rotavac was expected 
to be 56% (95% CI: 37%-70%) effective against 
severe rotavirus gastroenteritis that required 
hospitalization or supervised rehydration. 

Table 3. Rotavirus test available for final product as per different pharmacopoeia and WHO TRS

No. 	 Test Name	 IP	 BP	 EP	 WHO

1.	 Visual Inspection	 Yes	 N/M*	 N/M*	 Yes
2.	 Sterility	 Yes	 Yes	 Yes	 Yes
3.	 Identification	 Yes	 Yes	 Yes	 Yes
4.	 Appearance	 Yes	 N/M*	 N/M*	 Yes
5.	 pH		  Yes	 N/M*	 N/M*	 Yes
6.	 Water/Residual Moisture	 Yes	 Yes	 Yes	 Yes
7.	 Virus Concentration for assay based on
	 I. Visualization of infected areas of cell monolayer. 	 Yes	 Yes	 Yes	 Yes
	 OR
	 II. Comparison of capacity of vaccine to produce viral RNA.	 Yes	 Yes	 Yes	 Yes
	 OR
	 III. PCR 	 N/M*	 N/M*	 N/M*	 Yes
8.	 Thermal Stability/Accelerated Stability 	 Yes	 Yes	 Yes	 Yes
9.	 Labelling	 Yes	 Yes	 Yes	 Yes

N/M*-Not Mentioned, Yes- Mentioned
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	 ROTASIIL vaccine by Serum Institute of 
India have special qualities that, its a pentavalent 
live attenuated oral vaccine reassorting from 
bovine to humans, which is thermally stable 
during its lyophilized form, remaining stable at 
2-8 °C for up to 18 months. This immunization 
was evaluated in double-blind, two randomised, 
placebo-controlled trials: one in Niger and one in 
India. In each research, infants were randomised 
at 6, 10, and 14 weeks of age to receive either a 
placebo or a vaccine. This was done together with 
any additional immunisations that were advised 
by the Expanded Program on Immunization (EPI) 
schedule. In India, Rotavac & ROTASIIL launch 
was based on phases. Currently, in 20 states, 
the Expanded Program on Immunization (EPI) 
schedule now includes Rotavac as of 2019. The 
government’s Ministry of Health and Family 
Welfare has acquired over 50 million doses already.  
Also, there are ongoing post-marketing studies to 
assess the vaccines’ efficacy and safety in relation 
to intussusception. Another vaccines like RotarixTM 
and RotaTeqTM are also shown effectiveness 
against rotavirus induced gastroenteritis and 
significantly decrease acute hospitalization related 
with RV, according to data from ongoing clinical 
trials and surveillance systems. The approved RV 

vaccines also have several issues also, including 
RotaShieldTM induced intussusception, which 
reduced parents’ acceptance of RV vaccinations 
and delayed RV research advancement.58,59

Quality control for rotavirus vaccines
	 QC involves inspection for quality while 
manufacturing as well as for release of product, 
making sure that vaccines follow strict safety, 
potency, and consistency standards before they 
are available to the general population. Any 
variation in the formulation of vaccines could 
have adverse effects, so vaccines that are given 
to large and vulnerable populations, particularly 
newborns and children have strict regulations as 
per the regulatory authorities of different nations. 
Rotavirus vaccine development uses various 
approaches to quality control. Starting points 
like the vaccination strains and the raw materials 
used in manufacture are selected carefully. To 
make sure they comply with predetermined 
standards, these items go through a detailed 
evaluation. To reduce the risk of contamination 
during production, the manufacturing process 
itself goes through inspection and compliance 
with Good Manufacturing Practices (GMP). It 
includes a complete inspection of the vaccine 

Figure 3. Coverage of Rotavirus Vaccination in India from 2016-2022 as per WHO. 
(Rotavirus vaccination coverage (Source: www.who.int))
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batches and finished product. The potency, purity, 
and consistency of each batch are evaluated. This 
includes both in vitro and in vivo tests to make 
sure it produces a proper immune response while 
maintaining safety criteria. As part of the quality 
control procedure, a number of tests are carried 
out on rotavirus vaccines to ensure their safety 
and effectiveness. These tests cover a range of 
vaccine-related topics, from the earliest phases 
of manufacture to public distribution. Common 
tests include identification checks to guarantee the 
strain of the vaccination is real, sterility checks to 
ensure no contaminants are present, and potency 
tests to determine the immunogenicity of the 
vaccine (Table 3).64

	 These standard procedures provide 
specific attention to viral protein quantitation 
and genetic stability. Molecular methods like 
PCR are used to confirm the genetic stability 
of the vaccination strains, while enzyme-linked 
immunosorbent assays (ELISAs)65 are used to 
quantify important rotavirus antigens. Additionally, 
experiments on animals are carried out to assess 
the vaccine’s immunogenicity and safety in a 
living system. The granting of a Certificate of 
Analysis (CoA) for each vaccination batch is the 
most significant of these tests and evaluations. 
The CoA offers a thorough description of the 
quality control data, attesting to the fact that the 
vaccination satisfies all established standards for 
safety, potency, purity, and others. An entire set of 
quality control tests must be passed before a batch 
of vaccines is accepted for distribution and use.66 
As per the requirements of Indian, European, and 
British pharmacopeias as well as WHO Technical 
Report Series (WHO TRS). Testing the vaccine’s 
potency, determining its composition, and making 
sure contaminants are absent are examples of 
quality control procedures. In the absence of strict 
quality control, vaccinations could be produced 
that are either unsafe or may not offer enough 
protection. 

Antigen identification and quantification
	 In rotavirus vaccines, PCR-based methods 
are essential for antigen characterization and 
quantification. Comprehending the genetic 
composition of the virus is essential for the creation 
of a vaccine. The vaccine’s viral components may 

be precisely identified and quantified using PCR-
based techniques, guaranteeing uniformity from 
batch to batch.16,67,68 In general, PCR (polymerase 
chain reaction) and ICT (immunochromatographic 
test) are both used to detect rotavirus. The 
rotavirus specificity and sensitivity values for the 
ICT were 100% and 74.5%, respectively.69 So overall 
compared to molecular techniques, ICT is less 
sensitive. Specifically, lower viral concentrations 
are unable to detect so it might be the cause of 
negative ICT findings.

Potency assays
	 Potency assays are essential for assessing 
the rotavirus vaccine’s ability to boost recipients’ 
immune systems. In these assays, the vaccine’s 
capacity to provide protection against an infection 
by rotavirus is frequently evaluated. Accurate 
efficiency tests guarantee that the vaccination 
will offer the anticipated level of immunity in 
real-life situations.70,71 As of right now, not well 
recognised in vitro or in vivo models available 
that permit to correlate of field efficacy with an 
immune response against severe gastroenteritis 
caused by rotavirus. The lack of a well-established 
model to evaluate vaccination efficacy becomes an 
important issue for determining vaccine potency 
and long-term stability as an entirely novel class 
of non-replicating rotavirus vaccines is developed. 
Due to the drawbacks of conventional techniques 
in detecting the potency of the multivalent 
rotavirus vaccine, a cell-based quantification 
RT-qPCR test (C-QPA) was developed, and its 
specificity, accuracy, and precision were verified.17 
Using standards and samples of monovalent and 
trivalent rotavirus, the range of linear values and 
use in practice under various situations were 
studied to confirm the method’s adaptability in 
actual titer detection.17,70

Sterility and safety testing
	 To avoid contamination and guarantee 
the safety of vaccines, sterility and safety testing 
are essential. In these tests, harmful microbes 
are examined for, and it is verified that the 
vaccine has no trace of impurities that may harm 
patients.72 A satisfactory result indicates that 
no contaminating viable microorganisms have 
been found in the sample examined under the 
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test conditions. Compliance with the sterility 
test alone cannot provide absolute assurance of 
freedom from microbial contamination. Greater 
assurance of sterility must come from reliable 
manufacturing procedures and compliance with 
good manufacturing practices. The test must be 
carried out under aseptic conditions designed to 
avoid accidental contamination of the product 
during testing. A grade laminar air-flow cabinet 
or an isolator is recommended for achieving these 
conditions. The test environment must be adapted 
to the way the tests are performed, and the 
working conditions should be monitored regularly. 
The test is designed to reveal the presence of 
microorganisms in the samples used in the test, 
and interpretation of the results assumes that all 
units of an article, the entire bulk product, or the 
contents of every container of the filled product in 
a lot or batch would have given the same results. 
Therefore, enough samples of units or containers 
should be examined to give a suitable result of the 
tests.73,74

Stability studies
	 Determining the shelf life and long-
term efficacy of rotavirus vaccinations requires 
stability studies. Because vaccines might lose 
their effectiveness over time, stability tests are 
carried out to ascertain the product’s shelf life 
and ideal storage timings. For testing as per IP, as 
per requirements have to put three or more of 
the final lot’s containers at a higher temperature 
for a specified amount of time, according to the 
local national regulatory authority’s allowed 
parameters for that specific product. Then the 
determination of the viral concentration for 
both heated vaccine with the vaccine kept at the 
storage temperature suggested by the assay must 
done parallelly. During the exposure period, if 
the virus concentration in the heated containers 
does not drop below a predetermined threshold, 
then the stability condition passes. In the case of 
a multivalent vaccine, the loss of the virus can be 
determined from the overall virus concentration 
if there is no noticeable difference in the loss 
between serotypes.34,55,75

Vaccination and management techniques
	 Vaccinations have significantly improved 
public health by reducing the prevalence of 

rotavirus-related illnesses.76 Hospitalizations due 
to rotavirus-related diarrhea have significantly 
decreased after vaccines were introduced, 
according to multiple studies. Results shows that 
how successful these vaccinations are in the real 
world. Regional variations effects of vaccinations 
can differ from place to place and can be impacted 
by things like vaccination rates and the frequency 
of rotavirus strains in circulation. These results 
highlight how crucial rotavirus immunization is 
for both lowering healthcare expenses and saving 
lives.76,77 Ongoing Monitoring and Surveillance 
of rotavirus vaccines have shown great efficacy, 
ongoing monitoring and surveillance are necessary 
to track prevalence and vaccine effectiveness. The 
most significant issues to consider are adaptation 
and improvement and vaccine coverage. Constant 
surveillance aids in the detection of new rotavirus 
strains, which may require vaccine formulation 
modifications to preserve efficacy.

Difficulties, breakthroughs, and opportunities 
for the future 
	 As rotaviruses continue to change, new 
strains start to appear. It is a continuous challenge 
to monitor and modify vaccinations to cover 
these new strains. To counter these new strains 
continuous research is being done to create 
vaccines that are more economical and effective, 
to enhance vaccine delivery strategies, and to 
expand vaccination coverage to underprivileged 
populations. The research and development of 
vaccines has grown significantly over the past 30 
years. While numerous RV vaccine candidates are 
being developed, there are currently a few licensed 
RV vaccines are available in market. This is a safety 
concern as it can lead to the reassorting of novel 
or rare RV strains, potentially causing passive 
transmission in healthy children. Research on the 
time required for virus shedding and its impact on 
unvaccinated newborns’ risk of infection is needed. 
The effectiveness of RV vaccinations is generally 
good everywhere, but their efficacy is less in 
environments with limited resources, possibly due 
to increased rates of illness and fatality. Available 
RV vaccines have no significant impact on the 
safety profiles or protective immune responses of 
other vaccinations when administered together, 
highlighting the importance of keeping OPV and 
RV vaccinations separate in EPI schedules.25 Next-
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generation vaccines are being developed, such as 
a trivalent P24-VP8* nanoparticle vaccine, a novel 
nonreplicating RVV (NRRV), and a fully inactive 
RVV (IRV) strain (CDC-9) in the gnotobiotic piglet 
model. These vaccines aim to address the safety 
concerns and potential risks associated with RV 
vaccinations, particularly in underdeveloped areas 
with limited resources and financial problems.78 
Besides immunization, encouraging cleanliness 
and hygiene behaviors might also help lower 
the rotavirus load. Future rotavirus control will 
depend on addressing these issues and embracing 
advancements in vaccination science, surveillance, 
and public health strategies.76,79

CONCLUSION

	 Overall, the review shows that the 
prevalence of rotavirus related diarrhea is 
worldwide. Recent studies suggest that the 
public, healthcare professionals, and policymakers 
are not yet fully aware about rotavirus disease. 
Additional efforts are required from the respective 
governments of the nation’s especially the 
developing and underdeveloped ones, to spread 
the information about the vaccinations against 
rotavirus leading to enhanced protection against 
the disease. Considering the remarkable outcomes 
of introducing rotavirus vaccines in developed 
regions, major investments in materials and 
human resources is still needed for future 
research and distribution of rotavirus vaccines 
and it should be stable and reasonably priced. In 
the coming years, the research and development 
of a globally effective rotavirus vaccines will be 
promising for lowering the morbidity and mortality 
of rotavirus associated gastroenteritis, the impact 
of the disease, and serious illnesses in children 
under the age of five. Enhancement of public 
knowledge of the infection due to rotavirus and 
promoting vaccination are essential components 
of preventive measures that focus on lowering the 
incidence rate.
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