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Diverse processes in rotavirus vaccine development
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ABSTRACT
Rotavirus is a major cause of severe diarrhea and mortality in children under five years of age, leading to 
approximately 128,500 deaths annually.1–3 Vaccination is the most effective strategy for preventing 
rotavirus infection. While two widely used vaccines, Rotarix and RotaTeq, have shown good efficacy in 
high-income countries, their effectiveness is lower in low- and middle-income countries due to factors 
such as malnutrition and poor sanitation.4–6 These challenges include complex vaccination schedules and 
high production costs. Researchers are working on novel vaccines, including inactivated virus and viral 
protein-based options, as well as virus-like particles and recombinant proteins.7–9 Improving vaccine 
stability and applicability is crucial for resource-limited settings, and global vaccination strategies are 
expected to significantly reduce infection burdens, improve child health, and contribute to the achieve
ment of global health goals.10–14
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Introduction

Rotavirus is one of the leading causes of diarrhea in children 
under five years of age worldwide, resulting in high hospita
lization and mortality rates. According to estimates from the 
World Health Organization (WHO), approximately 128,500 
children die each year from rotavirus infection, with the vast 
majority of these fatalities occurring in developing 
countries.1–3 Rotaviruses are transmitted via the fecal-oral 
route, and infected individuals secrete large quantities of 
the virus that can survive for extended periods in contami
nated water, food, and surfaces. Owing to its strong resistance 
to environmental conditions, the risk of rotavirus infection is 
particularly high in areas with poor sanitation and unsafe 
drinking water. Consequently, vaccination is considered the 
most effective preventive measure, significantly reducing the 
incidence of severe diarrhea and related deaths caused by 
rotavirus infection in children.2,6,14

Since the approval of the first rotavirus vaccine in 2006, 
numerous countries have gradually incorporated it into their 
routine immunization programs, especially in high-income 
countries, where vaccination coverage has significantly 
increased.15 Vaccines primarily fall into two categories: mono
valent (Rotarix, GSK) and pentavalent (RotaTeq, Merck) vac
cines (Table 1), both of which have demonstrated good 
protective efficacy in multiple clinical trials and have signifi
cantly reduced the incidence of severe diarrhea.10,16,17 

Research indicates that in high-income countries, the effec
tiveness of the rotavirus vaccine can exceed 85%, leading to 
a substantial decrease in hospitalizations and deaths related to 
rotavirus.17 For example, the introduction of the rotavirus 
vaccine in the United States has resulted in more than a 90% 
reduction in hospitalization rates for children under five years 

of age, greatly alleviating the healthcare burden and saving 
considerable resources for the healthcare system.18 The success 
stories from these high-income countries illustrate that strong 
public health infrastructure, robust health policies, and high 
public trust in vaccines are critical for the success of vaccina
tion campaigns.19

Traditional rotavirus vaccine: currently in use

Although, Rotarix and RotaTeq these two vaccines are widely 
used, there are significant differences in vaccination rates 
between countries and regions, especially in low- and middle- 
income countries, where more challenges have limited the 
extensive use of these two vaccines. One primary obstacle is 
economic constraints.20–23 Although international organiza
tions such as The Global Alliance for Vaccines and 
Immunization (GAVI） and the Vaccine Alliance provide 
funding and technical support to these countries, the high 
costs of vaccine procurement, transportation, and storage 
remain significant barriers. The cold chain requirements for 
vaccine transport are stringent, and many low-income coun
tries have a weak infrastructure and lack a stable electricity 
supply and sufficient refrigeration equipment, making vac
cines susceptible to failure during transportation and 
storage.24–26

In addition to economic challenges and inadequate health 
infrastructure, the protective effectiveness of rotavirus vac
cines varies significantly across regions. Numerous studies 
have shown that in high-income countries, the effectiveness 
of the vaccine can reach over 85%, substantially reducing 
severe diarrhea and hospitalization caused by rotavirus.17 

However, in low- and middle-income countries, vaccine 
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efficacy typically ranges from 50 to 70%, demonstrating 
a marked decrease in protective effects. Several factors have 
contributed to this disparity. Malnutrition is a major health 
issue for children in developing countries.24,25 Malnourished 
children exhibit weaker immune responses to vaccines because 
of their underdeveloped immune system, thereby reducing 
their efficacy. Intestinal coinfections play a crucial role in 
many developing countries. Children often face infections 
from multiple intestinal pathogens, which can interfere with 
the immune response to vaccines and diminish their protective 
effects.27–29 Poor sanitation is also a significant reason for the 
reduced effectiveness of the vaccines. In environments lacking 
clean drinking water and basic sanitation facilities, the lack of 
hygiene accelerates the transmission of rotavirus, leaving vac
cinated children at higher risk of infection.30,31 In response to 
these challenges, enhancing the coverage and effectiveness of 
vaccines in low-income and middle-income countries has 
become a global public health priority. As traditional rotavirus 
vaccines have been widely implemented and promoted, their 
limitations have become more evident.32,33 In recent years, the 
predominant circulating genotypes of rotavirus in low- and 
middle-income countries have been G3P8 (45.3%) and G1P8 

(32.1%), which partially match the strains targeted by existing 
vaccines such as Rotarix and RotaTeq. However, the transient 
surge of non-vaccine-targeted strains like G2P4 (6.1%) may 
reduce vaccine effectiveness. Although no significant antigenic 
drift (dN/dS < 1) has been detected, genetic recombination 
events and high genetic diversity could still impact the long- 
term efficacy of vaccines. Research conducted in Bangladesh 
revealed that during the pandemic, the rotavirus positivity rate 
increased from 23% to 34%, potentially linked to the strained 
healthcare resources at the time. The study recommends con
tinuous monitoring of genotype dynamics and the promotion 
of vaccination to address genetic diversity challenges and 
reduce severe cases and deaths.34

First, vaccination schedules are complex. Existing rotavirus 
vaccines require multiple doses (RotaTeq requires three doses, 
while Rotarix only requires two doses) (Table 1). This poses 
difficulties in economically disadvantaged and healthcare 

resources limited regions, where some families may struggle 
to make regular visits to healthcare facilities or lack a clear 
understanding of the vaccination timetable/schedules, leading 
to incomplete vaccination.10,16 In addition, the production 
costs of traditional vaccines are relatively high. Organizations 
such as GAVI provide financial support to low-income coun
tries, and ensuring a long-term and reliable vaccine supply 
remains a significant challenge because the high costs and 
complex management requirements associated with cold 
chain transportation hinder the promotion of vaccines.2,18 To 
address these issues, the development and promotion of novel 
rotavirus vaccines are becoming important in the field of 
vaccination. Researchers are working on creating more adap
table rotavirus vaccines that can remain stable under various 
conditions, thereby reducing reliance on stringent cold chain 
transportation, such as improving access to vaccination and 
ultimately enhancing the effectiveness of rotavirus prevention 
efforts in resource-limited settings.14,15

Other approved and used rotavirus vaccines

RotavacTM vaccine

Currently, in addition to the two widely used rotavirus vac
cines worldwide (Rotarix and RotaTeq), three other oral rota
virus vaccines are available in specific countries and regions of 
India.32,35,36 This vaccine is based on the 116E strain, isolated 
from a mother-and-child hospital at the All India Institute of 
Medical Sciences (AIIMS) in Delhi, and belongs to the G9P 
[11] serotype. Rotavac™ has been shown to effectively protects 
newborns from subsequent rotavirus infections (Table 2).37–39 

The development of this vaccine has benefited from strong 
support from the Indian government and aims to address the 
public health issue of the high rates of infant diarrhea in the 
region. It has been successfully incorporated into India’s 
national immunization program. The launch of this vaccine 
not only fills a gap in the Indian rotavirus vaccine market but 
also signifies an enhancement in vaccine development capabil
ities in developing countries.40 The ROTAVAC® rotavirus 

Table 1. Description of currently in use traditional rotavirus vaccines.

Currently in Use

Vaccine Name Type
Developers/ 
Researchers Key Information

Rotarix Monovalent (Oral) GSK Widely used globally; effective against rotavirus infections.
RotaTeq Pentavalent (Oral) Merck Covers multiple rotavirus strains; demonstrated high efficacy in clinical trials; widely adopted in 

high-income countries.

Table 2. Additional approved and used rotavirus vaccines.

Other approved and used rotavirus vaccines

Vaccine Name Type Developers/Researchers Key Information

ROTAVAC™ Monovalent (Oral) AIIMS, India Based on the 116E strain; developed for India; widely used in India and neighboring 
countries due to low cost and ease of production and storage.

LLR-85 Monovalent (Oral, 
Attenuated Lamb 
Strain)

Lanzhou Institute of 
Biological Products, China

Developed using lamb rotavirus strain; approved for use in China; cost-effective and used 
in rural areas.

Rotavin-M1 Monovalent (Oral, Live 
Attenuated)

POLYVAC, Vietnam Developed in Vietnam; part of the country’s self-sufficient vaccine policy; affordable and 
suitable for low-income regions.
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vaccine has demonstrated good efficacy and safety in clinical 
trials. Phase II clinical trial results showed that the vaccine 
achieved a protective efficacy of 53.6% against severe rotavirus 
gastroenteritis, laying the foundation for its subsequent 
development.41 Phase III trials further confirmed that its liquid 
formulations (ROTAVAC 5C and 5D) were non-inferior to 
the lyophilized formulation in terms of immunogenicity, and 
its protective efficacy against severe rotavirus gastroenteritis 
was comparable to that of mainstream vaccines, particularly 
showing significant effectiveness in resource-limited regions 
such as India. Additionally, the liquid formulation of 
ROTAVAC® can be stored at 2–8°C, addressing the reliance 
on cold chain logistics and improving accessibility in low- 
income countries. Although its efficacy may be influenced by 
environmental factors (e.g., sanitation conditions) and genetic 
diversity, studies support its role as a critical tool for rotavirus 
prevention, especially as no interference was observed when 
co-administered with other vaccines.42 Future efforts should 
focus on expanding vaccination coverage and continuous 
genetic surveillance to further optimize its long-term protec
tive efficacy.43 Due to its low cost, ease of production, and 
storage characteristics, this vaccine is widely used in India and 
some neighboring countries, particularly playing a significant 
role among low-income populations.44

Lanzhou lamb rotavirus (LLR-85) vaccine

Second, the Lanzhou Institute of Biological Products in China 
developed a new rotavirus vaccine called the Lanzhou Lamb 
Rotavirus (LLR-85) vaccine, based on a live attenuated lamb 
rotavirus strain (Table 2).45 This vaccine uses the G10P[12] 
monovalent lamb rotavirus strain, which was first isolated 
from primary calf kidney cells in 1984. After decades of research 
and optimization, the LLR-85 vaccine has been approved in 
China and has successfully entered the private market.46 In the 
third phase of the clinical trials, 9,998 participants were included 
and divided into two groups: the LLR3 group and the placebo 
group, each with 4,999 participants. Under optimal conditions, 
9,985 participants completed the first dose, including 4,992 from 
the LLR3 group and 4,993 from the placebo group; 9,755 parti
cipants received the second dose, followed by 9,580 who 
received the third dose.47 At the end of the epidemic season, 
4,582/4,359 participants from the LLR3 group and 4,611/4,422 
from the placebo group entered the Per Protocol Set (PPS) 
dataset. In the immunogenicity evaluation subgroup, 630 parti
cipants were recruited, but only 543 completed serum collection, 
including 265 from the LLR3 group and 278 from the placebo 
group. Efficacy analysis of the vaccine showed 278 cases of 
severe rotavirus gastroenteritis (sRVGE), including 63 in the 
LLR3 group and 215 in the placebo group. The vaccine efficacy 
against sRVGE was 70.3%, whereas that against RVGE of any 
severity was 56.6%.47 Vaccine efficacy during the first 
and second epidemic seasons also showed good results, with 
efficacies of 75.2% and 68.8% against sRVGE, and 59.3% and 
55.1% against RVGE of any severity, respectively. Additionally, 
there were 98 cases of severe hospitalization, including 20 in the 
LLR3 group and 78 in the placebo group, indicating a protective 
efficacy against severe symptoms of 74.0%.The efficacy of the 
vaccine against G2, G3, and G4 rotaviruses was also evaluated, 

with an efficacy of 68.5% against RVGE of any severity caused by 
these types at the end of the second epidemic season, 75.2% in 
the first season, and 58.8% in the second season.47 The efficacy 
against non-G2/G3/G4 RVGE types remained relatively stable 
in the second epidemic season, showing a slight decrease but 
above 54.0%, indicating an overall sustained vaccine efficacy. In 
particular, for G9-induced RVGE, the LLR3 vaccine demon
strated effective cross-protection, with an efficacy of 70.3% dur
ing the second epidemic season. Furthermore, owing to its 
relatively low price and good safety and efficacy, the vaccine 
has significantly contributed to reducing cases of infant diarrhea 
caused by rotavirus, especially after its launch in remote areas 
and rural communities. This not only showcases China’s 
advancements in biotechnology but also reflects its potential 
for vaccine self-sufficiency. The unique antigenicity of the 
LLR-85 vaccine allows for higher protective efficacy against 
specific strains in certain regions, further invigorating China’s 
child immunization efforts.47

Rotavin-M1

In Vietnam, the government has been promoting a self- 
sufficient vaccination policy that encourages the production 
and use of domestic vaccines (Table 2).48 The Vietnam 
Vaccine and Biological Products Research Center 
(POLYVAC) developed an oral live attenuated human rota
virus vaccine called Rotavin-M1[36]. This vaccine is based on 
three candidate strains (G1P[8], G1P[4], and G4P[6]) isolated 
from hospitalized infants with diarrhea in Vietnam. After cell 
culture and subculturing, the KH0118–2003 strain (G1P[8]) 
was selected as the best vaccine candidate. The development of 
this vaccine adhered to vaccine production guidelines estab
lished by the World Health Organization (WHO). After years 
of clinical trials, it received production licensing and was 
launched in the market.49 The introduction of the Rotavin- 
M1 vaccine is not only an important breakthrough in 
Vietnam’s vaccine development field but also a part of its 
efforts to promote local vaccine self-sufficiency policies. This 
vaccine is inexpensive, making it particularly suitable for use in 
the impoverished areas of Vietnam and neighboring countries. 
Furthermore, the Vietnamese government actively promotes 
vaccination through various channels, striving to increase the 
coverage of rotavirus vaccines and reduce the hospitalization 
rates of children due to rotavirus diarrhea. The successful 
development of this vaccine demonstrates significant progress 
under Vietnam’s self-sufficiency policy, and provides valuable 
experience and insights for other developing countries.36,49

Non-replicating, extravascular delivery of potential 
rotavirus vaccine candidates research

A team led by Li Hongjun at the Institute of Medical Biological 
Research of the Chinese Academy of Medical Sciences 
(IMBCAMS) is developing a non-replicating rotavirus vaccine 
aimed at delivery via the parenteral route (such as injection), 
and safely and effectively stimulating the immune response 
using inactivated viruses or viral proteins as antigens 
(Table 3).8,50 This vaccine uses a human wild-type rotavirus 
strain, ZTR-68-A (G1P[8]), isolated from the feces of a child 
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with diarrhea in Zhaotong City, Yunnan Province, China. The 
genotype was G1-P[8]-I1-R1-C1-M1-A1-N1-T1-E1-H1.After 
multiple processing steps at IMBCAMS, the virus was cultured 
at a multiplicity of infection (MOI) of 0.1 in Vero cells in 
serum-free MEM medium, followed by centrifugation clarifi
cation, ultrafiltration concentration, and purification via ion 
exchange chromatography and molecular sieve 
chromatography.51 The final vaccine formulation was 
obtained by formalin inactivation and adjuvanted with alumi
num hydroxide to enhance the immune response.52

Initial preclinical studies indicated that this inactivated rota
virus vaccine effectively induced neutralizing antibodies in the 
serum and provided protection for animal models, demonstrat
ing good immunogenicity, particularly in children from middle- 
and low-income countries, where traditional oral vaccines are 
less effective. This vaccine, presented as a milky white suspen
sion, was designed to prevent gastrointestinal diseases caused by 
rotavirus in infants and children under five years of age.52 

Human rotavirus strain ZTR-68 undergoes strict culture, pur
ification, and inactivation. The vaccine is available in three 
dosage forms: 80 EU, 160 EU, and 320 EU, each containing 
0.5 milliliters, with a recommended dose of 0.5 milliliters. To 
determine the appropriate vaccination dosage, the research team 
conducted a randomized, double-blind, Phase I clinical trial 
focusing on the safety and immunogenicity in adult 
participants.52 A total of 96 adults aged 18–49 years were 
enrolled in the safety analysis, and 84 adverse events were 
recorded, of which 42 were deemed to be related to vaccination. 
Compared with the placebo group, the incidence of adverse 
events among the different dosage groups did not show signifi
cant differences, with the main adverse events being elevated 
alanine aminotransferase levels, headaches, and fever, most of 
which were mild (grade 1).Although the incidence of adverse 
events was slightly higher in the high-dose group, no statistically 
significant differences were found compared with the placebo 
group, indicating good safety of the vaccine. All reported 
adverse events were grade 1 with no severe adverse reactions 
(grade ≥3).52

Neutralizing antibody titer tests showed that, in the low- 
dose group, the geometric mean titer (GMT) of neutralizing 

antibodies was 583.01, and the geometric mean increase 
(GMI) relative to the placebo group was 1.106 after full 
immunization at 28 days.52 The GMT for the medium-dose 
group was 899.34, with a GMI of 1.543, compared to the 
low-dose group, whereas the high-dose group reached 
a GMT of 1055.24, with a GMI of 1.173, indicating that 
neutralizing antibody levels were dose-dependent.52 The ser
oconversion rate of neutralizing antibodies in the placebo 
group was only 4.17%, while for the low-dose group it was 
0.00%, the medium-dose group was 4.17%, and the high- 
dose group significantly increased to 20.83%. In terms of 
specific IgG testing, the IgG GMT for the low-dose group 
was 3444.26 with a GMI of 2.245; for the medium-dose 
group, it reached 6888.55, with a GMI of 2.000; and in the 
high-dose group, the IgG GMT was 7511.99 with a GMI of 
1.091, showing that IgG levels significantly increased with 
dose. The seroconversion rates for IgG were 16.67% and 
33.33%, and significantly increased to 79.17% in the placebo, 
low-, and high-dose groups, respectively.52

For specific IgA measurements, the low-dose group had an 
IgA GMT of 2332.14, with a GMI of 2.709; the medium-dose 
group had an IgA GMT of 4800.98, with a GMI of 2.059; and 
the high-dose group had an IgA GMT of 3204.30. Compared 
to pre-immunization, IgA antibodies showed significant 
increases across all dosage groups, with the high-dose group 
achieving an IgA seroconversion rate of 45.83%.Overall, the 
results indicated that, as the vaccination dose increased, all 
measured antibody levels exhibited a dose-dependent 
response, particularly in the high-dose group, which achieved 
significant increases in neutralizing antibodies and specific 
IgG and IgA levels, demonstrating that the vaccine is effective 
in enhancing the immune response.52

Therefore, this inactivated rotavirus vaccine shows excel
lent safety and tolerability and is expected to provide 
a scientific basis and effective immunization solutions for 
preventing rotavirus-associated gastrointestinal diseases, not 
only laying the foundation for further vaccine development 
but also offering strong support for future immunization plan
ning and implementation in public health, ultimately contri
buting to the protection of children’s health.52

Table 3. Description of candidate rota virus vaccines (under development).

Candidate (Under Development)

Vaccine Name Type Developers/Researchers Key Information

ZTR-68(Vero) Inactivated  
(Extravascular)

Li Hongjun, IMBCAMS, 
China

Uses inactivated viruses or viral proteins; provides higher safety; suitable for low- 
and middle-income countries.

Inactivated rotavirus 
vaccine (IRV)

Inactivated 
(Extravascular)

Glass RI team, CDC, USA Heat-inactivated rotavirus particles; induces high levels of antibodies; potential 
complement to live oral vaccines.

RV-VP6 Recombinant VP6 Protein Blazevic V., Cincinnati 
Children’s Hospital

VP6 protein enhances immunogenicity; used as an adjuvant for norovirus and 
rotavirus VLP vaccine candidates.

Rotavirus VLPs Virus-like Particles (VLPs) Estes MK., Baylor College of 
Medicine

Produced using insect cells; high levels of serum antibodies; potential as a subunit 
vaccine.

P2-VP8-P[4/6/8] Trivalent Non-replicating 
(Subunit)

Cryz S., National Institutes 
of Health (NIH), USA

Composed of three VP8 subunit proteins; potential trivalent vaccine with enhanced 
stability and immunogenicity.

S60-VP8 PVNPs Trivalent VLP 
(Pseudovirion 
Nanoparticles)

Tan M., USA Trivalent nanoparticle vaccine; broad neutralizing activity and strong immune 
responses.

VP8-rotavirus  
+ hAV-VP1*

Dual Vaccine (Rotavirus 
and Hepatitis A)

Bahramali G., USA Fusion of VP8 protein of rotavirus and VP1 protein of hepatitis A virus; developed to 
address vaccination challenges in low-income countries.

mRNA Vaccine (VP7 
Protein)

mRNA Vaccine (Lipid 
Nanoparticles)

Li H., China Encodes VP7 protein of G1 rotavirus; encapsulated in lipid nanoparticles; strong 
immune response; developed as a novel mRNA-based vaccine.
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The Baoming Jiang team at the Centers for Disease Control 
and Prevention (CDC) is actively developing a safe and effec
tive inactivated rotavirus vaccine (IRV), owing to the chal
lenges associated with the application of chemical 
inactivation techniques for rotavirus (Table 3).7 This study 
explored a range of heat-treatment conditions, and the results 
showed that purified YK-1(G3P[3]) rotavirus in dilute buffer 
was completely inactivated after heat treatment, with no evi
dence of viral growth observed after two consecutive 
passages.53 These findings indicate that heat-inactivated rota
virus particles maintain their structural and biochemical char
acteristics and immunogenicity, resembling the morphology of 
live natural virus particles, and almost all structural viral pro
teins, including VP1, VP2, VP4, VP6, and VP7, are retained. 
Western blot analysis revealed not only the detection of major 
proteins in heat-treated samples but also the presence of some 
high molecular weight bands, which may be heat-induced 
protein aggregates.54,55 Despite retention of the dsRNA gen
ome in inactivated particles, no viral growth was observed in 
Vero cells. Without the addition of an adjuvant, two doses (2 
and 20 μg) of muscle-injected heat-inactivated YK-1 rotavirus 
effectively induced high titers of total and neutralizing anti
bodies in the mouse serum. Notably, significantly higher anti
body titers were detected after using 20 μg of antigen for the 
two immunizations. The results from the micro-neutralization 
assays showed a dramatic increase in neutralizing antibody 
titers following booster immunization. Furthermore, the 
study found that the addition of an aluminum hydroxide 
adjuvant (Al(OH)3) significantly enhanced the total antibody 
titers and further improved the immune response, although its 
impact on neutralizing antibodies was relatively limited, which 
may be related to the design of a single immunization scheme. 
Therefore, research suggests that at least two doses of parent
eral rotavirus vaccination should be administered to effectively 
activate both the innate and adaptive immune responses in the 
body, thereby enhancing antibody production.7,53–55 Although 
a variety of inactivated viral vaccines have been approved and 
widely used, selecting safe and effective inactivation methods 
remains a challenge in the development of new vaccines. Many 
vaccines are inactivated using formaldehyde, but studies have 
shown that this may result in weaker neutralizing antibody 
responses and enhanced disease. In contrast, heat treatment 
has demonstrated advantages in the development of vaccines 
for multiple pathogens, effectively inducing neutralizing anti
body responses. Compared to formaldehyde-inactivated vac
cines, those treated with heat show weaker immune responses. 
Therefore, heat treatment holds promise as a new direction for 
developing safer and more effective vaccines.7,53

These findings indicate that heat inactivation technology 
could become a new method for producing a safe and effective 
rotavirus parenteral vaccine and may serve as an important 
complement to oral live vaccines for rotavirus. This study 
provides new insights and direction for the development of 
rotavirus vaccines. In summary, this study offers preliminary 
experimental evidence for the safety and efficacy of the vac
cine, with the hope of providing better preventive measures for 
children’s health in the future.53

Non-replicating vaccines include not only inactivated vac
cines but also virus-like particles (VLPs) as an effective option. 

A team led by Blazevic V. at Cincinnati Children’s Hospital 
investigated the effect of a tubular form of recombinant VP6 
protein from rotavirus (RV) to enhance the immunogenicity of 
a norovirus (NoV) VLP vaccine candidate and found that it 
has an adjuvant effect in vivo (Table 3).56 This study focused 
on analyzing the effect of VP6 on the activation and matura
tion of antigen-presenting cells (APCs) and its role in promot
ing the uptake of NoV VLPs by APCs. Experiments using the 
mouse macrophage cell line RAW 264.7 and dendritic cell line 
JAWSII showed that VP6 nanotubes could be effectively inter
nalized by APCs and significantly upregulated the expression 
of co-stimulatory molecules such as CD40, CD80, and CD86, 
suggesting that VP6 may enhance immune responses by pro
moting the activation state of APCs.56 VP6 treatment induced 
the production of pro-inflammatory cytokines, including 
tumor necrosis factor (TNF-α), interleukin (IL-6), and inter
feron (IFN), further confirming its important role in APC 
immune activation. The mechanism of action of VP6 is par
tially dependent on lipid raft-mediated endocytosis.56 

Moreover, the combination of VP6 and GII.4 VLP from nor
ovirus significantly enhanced the specific immune response, 
including increased antibody production and cellular immune 
responses, particularly cross-reactivity against various noro
virus strains, thereby demonstrating the potential of this com
bination for addressing norovirus variants. Notably, VP6 
internalization efficiency was higher in RAW macrophages 
than in immature dendritic cells, whereas no significant uptake 
was detected in Caco-2 cells.56,57

In summary, VP6 shows potential as an adjuvant to 
enhance immune responses to norovirus vaccines by promot
ing maturation and activation of APCs and enhancing their 
capacity to take up VLPs, thereby laying a theoretical founda
tion for the design and optimization of future novel combina
tion vaccines.57 Additionally, a team led by Estes MK at Baylor 
College of Medicine conducted preliminary research on rota
virus vaccines using VLPs as vaccine candidates.58,59 These 
VLPs were produced through the co-infection of insect cells 
with recombinant baculoviruses, demonstrating their potential 
for the development of rotavirus vaccines, which not only 
improves the production efficiency of the vaccine but may 
also enhance its immunogenicity, as it expresses VP2 from 
bovine rotavirus RIF and VP4, VP6, or VP7 from simian 
rotavirus SA11. Following non-oral administration of these 
VLPs, rabbits produced high levels of rotavirus-specific 
serum antibodies and fecal IgG but not fecal IgA, and the 
production of fecal IgG provided partial protection against 
oral challenges with ALA rotavirus. Additionally, mice vacci
nated with G1 VP2/6/7 or VP2/4/6n VLPs also had neutraliz
ing antibodies, and the immunogenicity of VLPs was 
significantly enhanced when QS21 adjuvant was used, indicat
ing that VLPs are promising subunit vaccines.58

A team led by Cryz at the National Institutes of Health 
(NIH) developed a trivalent, non-replicating candidate vaccine 
against rotavirus (RV) consisting of three truncated VP8 sub
units linked to the P2 CD4+ epitope of tetanus toxin (P2-VP8 
-P[4/6/8]) (Table 3). This study compared the physicochemical 
properties of these three engineered protein fusions using 
various analytical techniques, and evaluated the stability and 
degradation pathways of the antigens under different 
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environmental stresses.60 P2-VP8-P[4] and P2-VP8-P[6] 
exhibited comparable physical stability when subjected to var
iations in pH and temperature, whereas P2-VP8-P[8] showed 
a higher level of stability. Forced degradation studies have 
indicated similar chemical stability profiles across variations, 
with methionine 1 being particularly vulnerable to oxidation. 
Additionally, a single cysteine residue located at position 173/ 
172 is prone to form intermolecular disulfide bonds. Among 
these variants, P2-VP8-P[6] is the most affected, exhibiting the 
highest degree of deamidation at asparagine 7.These results 
provide a structural model for nonreplicating RV antigens and 
lay the groundwork for the development of novel vaccines.60

Tan M and his team developed a candidate for a trivalent 
vaccine against rotaviruses based on pseudoviruses, using 
pseudovirus-like nanoparticles S60-VP8 (PVNP), which dis
play the structural VP8 domain that binds to glycans in the 
rotavirus spike protein (Table 3). This study developed 
a scalable approach for the mass production of non-labeled 
S60-VP8* PVNP as a candidate parenteral vaccine, targeting 
four rotavirus P-types: P[8], P[4], P[6], and P[11]. The process 
consisted of two main steps: first, selective precipitation of the 
S-VP8 protein using ammonium sulfate, followed by further 
purification through anion-exchange chromatography. The 
resulting purified soluble protein self-assembles into PVNP. 
After intramuscular injection, the vaccine induced a strong 
immune response in mice, with sera from mice vaccinated 
with the trivalent vaccine displaying high levels of IgG and 
IgA antibodies, strong blocking abilities, and broad neutraliz
ing activity. Trivalent S60-VP8* PVNP is a promising non- 
replicating parenteral vaccine against globally relevant 
rotaviruses.61

Jiang X and his team will focus their research on the 
P particles of the norovirus, which serve as a quasi-viral nano
particle platform for developing vaccines against norovirus, 
rotavirus, and influenza virus (Table 3). Norovirus (NoV) 
causes acute gastroenteritis in millions of people worldwide. 
The P region of the norovirus capsid protein forms a quasi- 
viral structure composed of 24 subunits, known as P particles, 
which are characterized by excellent vaccine properties. 
P particles can be easily produced in Escherichia coli, are 
highly stable, and have strong immunogenicity. Each 
P region consists of three surface loops that effectively display 
foreign antigens, rendering P particles as a valuable platform 
for developing vaccines against other infectious diseases. This 
article summarizes the discovery, structure, development, and 
application of P particles, highlighting their potential as vac
cines against norovirus and other pathogenic agents such as 
rotavirus and influenza virus.62

Bahramali G. and his team developed a new dual vaccine 
candidate by combining the VP8 protein from rotavirus with 
the VP1 protein from hepatitis A virus to address current 
issues faced by vaccines in low-income countries.63 The 
recombinant protein VP8*-Rota + AAY + hAV-VP1, pro
duced using an Escherichia coli-based expression system, had 
a molecular weight of approximately 45.5 kDa and was pur
ified using size exclusion chromatography. Combined VP1 
and VP8 proteins along with vaccines against both rotavirus 
and hepatitis A virus (with or without adjuvants ALUM and 
M720) were subcutaneously administered to BALB/c mice.63 

The results showed that the combined protein, when mixed 
with adjuvants, led to significantly higher IgG, IgG1, and IgG2 
levels along with strong short-term IL-5 and IFN-γ responses, 
surpassing the long-term IL-5 response of single-component 
vaccines. Therefore, the combined VP8*-Rota + AAY + hAV- 
VP1 protein is considered a promising dual vaccine candidate 
for effective prevention of hepatitis A and rotavirus 
infections.63

mRNA vaccines represent a new type of vaccine technology 
that introduces messenger RNA (mRNA), which encodes the 
antigen protein, into human cells, allowing them to synthesize 
antigens and trigger an immune response (Table 3).64 This 
technology has advantages such as rapid development and 
good safety profiles, playing an important role in the preven
tion and control of the COVID-19 pandemic and opening new 
pathways for future vaccine research and development.64 Li 
H and his team developed a nucleotide-modified mRNA vac
cine encapsulated in lipid nanoparticles (LNPs), encoding the 
VP7 protein of G1 rotavirus, and utilized the 5’ untranslated 
region obtained from human rotavirus. After quality testing, 
the vaccine was administered to mice via subcutaneous or 
intramuscular injection, followed by three doses. In this 
study, The levels of IgG antibodies, neutralizing antibodies, 
and cellular immunity were assessed. The results indicated that 
IgG antibody levels in the non-adjuvant group were signifi
cantly elevated, with the highest antibody titers observed after 
intramuscular injection. The vaccine elicited a potent antiviral 
immune response and activated chemokine signaling path
ways, demonstrating its potential for preventing rotavirus 
infections.64

Summary

New-generation non-replicating vaccines such as mRNA and 
viral vector vaccines demonstrate significant advantages over 
traditional vaccines, particularly in terms of design and appli
cation. Traditional vaccines primarily induce immune 
responses through attenuated or inactivated pathogens, bac
teria, or portions of their proteins. While these methods are 
validated and effective, they present several drawbacks, includ
ing the potential for mild side effects such as fever and pain at 
the injection site. More critically, the immune protection pro
vided by traditional vaccines can sometimes be short-lived, 
and the research and development timeline is protracted, typi
cally spanning several years to a decade, to navigate complex 
clinical trials before they become widely available. In addition, 
traditional vaccines require strict production and storage con
ditions, particularly cold chain management, which compli
cates their distribution in resource-limited settings. 
Consequently, when faced with sudden public health crises, 
traditional vaccines often fail to provide rapid responses.

In contrast, new-generation non-replicating vaccines utilize 
genetic information to instruct host cells to synthesize anti
gens, effectively reducing reliance on live viruses and signifi
cantly enhancing safety. For example, mRNA vaccines do not 
contain live virus. Instead, they carry genetic instructions that 
encode specific antigens from pathogens, thereby enabling 
cells to autonomously produce these antigens and elicit 
a strong immune response. The successful application of this 
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technology has been particularly evident during the COVID- 
19 pandemic, demonstrating its ability to rapidly address 
emerging pathogens. More importantly, new-generation vac
cines not only effectively stimulate humoral immunity, but 
also promote cellular immunity, achieving dual immune pro
tection that bolsters defense against viral variants, an invalu
able characteristic in an era of frequent viral mutations.

The flexibility and adaptability of these novel vaccines 
empower researchers to swiftly respond to emerging diseases 
and promptly address public health crises. Hence, they are 
playing an increasingly important role in the global public 
health response. As technology continues to advance, non- 
replicating vaccines offer new possibilities for safeguarding 
human health, and are poised to play an even more critical 
role in vaccine development and disease prevention in the 
future, protecting humanity against a wide array of infectious 
diseases. Therefore, strengthening research and promotion 
efforts for rotavirus vaccines is not only key to improving 
child health but also an essential component of global public 
health.
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