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Abstract 

Rotavirus continues to be a leading cause of severe, dehydrating 

gastroenteritis in young children worldwide, even with the availability of vaccines. 

This review consolidates current understanding of the virus's biology, how it 

causes disease, and the body's immune defenses against it. We critically assess the 

development, real-world impact, and persistent obstacles of global immunization 

efforts. The review also explores future priorities, such as next-generation vaccines 

and antiviral treatments, which are crucial for moving from control toward 

eventual eradication of the disease. 
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Introduction. For over four decades, rotavirus has been the predominant 

cause of severe, dehydrating acute diarrhea in young children worldwide. While 

the World Health Organization's prequalification of oral rotavirus vaccines (ORVs) 

a decade ago has significantly reduced the global disease burden, achieving 

universal effectiveness remains challenging. Motivated by the persistent toll of 

rotavirus, particularly in developing nations, this article provides a detailed 

examination of the virus's biology, transmission, pathogenesis, host immunity, 

epidemiology, and vaccination. It also reviews and assesses recent findings on the 

host, viral, and environmental factors that reduce ORV efficacy in low- and middle-

income countries (LMICs) and explores advances in non-vaccine prevention and 

management strategies. 

Rotavirus is a major global pathogen, causing an estimated 258 million cases of 

diarrhea and between 122,000 and 215,000 deaths annually in children under five, 

ranking as the third-leading cause of childhood mortality. This burden is starkly 

inequitable, with the highest mortality rates—approximately 100 deaths per 100,000 

children under five—concentrated in ten LMICs. 

Despite four WHO-prequalified oral vaccines being used in over 106 countries, 

rotavirus persists as the leading cause of diarrheal death in children. A critical issue 
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is the vaccines' lower effectiveness in LMICs compared to high-income countries. 

This disparity stems from a complex interplay of factors, including host 

characteristics (e.g., malnutrition, blood group, co-administration with other 

vaccines), viral factors (e.g., genetic diversity), and environmental influences (e.g., 

gut microbiome dysbiosis). 

Etymology, Discovery, and Basic Virology 

First observed in animals in the mid-20th century, rotavirus was identified in 

children with gastroenteritis by Ruth Bishop in 1973. Thomas Henry Flewett 

proposed the name "rotavirus" in 1974 due to its wheel-like appearance under an 

electron microscope, a name officially adopted in 1978. The virus was quickly 

recognized as a major cause of severe childhood diarrhea, a status it maintains 

today. 

Rotavirus is a member of the Reoviridae family. Its infectious form is a triple-

layered particle (TLP) that protects its genome of 11 segments of double-stranded 

RNA. These segments encode six structural proteins (VP1-VP4, VP6, VP7) and six 

non-structural proteins (NSP1-NSP6). The structural proteins VP4, VP6, and VP7 

are key to classifying the virus into groups, subgroups, and serotypes. 

Transmission and Environmental Stability 

Rotavirus is primarily transmitted via the fecal-oral route through multiple 

pathways: 

 Direct and Indirect Contact: The virus spreads easily among children and to 

close contacts via contaminated hands, surfaces (toys, diaper areas), and objects 

placed in the mouth. It is highly stable, persisting for weeks on porous and 

nonporous surfaces. 

 Food and Water: Contamination can occur through polluted irrigation water, 

poor hygiene by food handlers, or contaminated storage containers. Outbreaks 

have been linked to various foods, including vegetables, seafood, and prepared 

meals. 

 Vectors: Flies attracted to feces can mechanically transfer the virus to food 

and surfaces. 

 Zoonotic Potential: Animal rotaviruses can infect humans directly or 

through genetic reassortment, with animal reservoirs posing a risk for emerging 

strains. 

 Waterborne: The virus is frequently detected in sewage and can contaminate 

drinking water, leading to outbreaks. 

 Airborne Hypothesis: Its rapid spread and detection in air samples suggest 

possible aerosol transmission, though confirmatory evidence on viable virus is still 

needed. 
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 Transmission is potentiated by a low infectious dose, extremely high viral 

shedding in stool, and prolonged shedding from both symptomatic and 

asymptomatic individuals. 

Pathogenesis and Mechanisms of Disease 

Infection begins when the virus, protected by its stable capsid, reaches the 

small intestine. The outer protein VP4 binds to host cell receptors, including histo-

blood group antigens (HBGAs), whose expression influences individual and 

population susceptibility to different rotavirus strains. Proteolytic cleavage of VP4 

enhances infectivity. 

Rotavirus targets and destroys mature enterocytes in the small intestinal villi, 

leading to diarrhea through three main mechanisms: 

1. Malabsorption: Villous damage and loss of digestive enzymes impair 

nutrient and fluid absorption, causing osmotic diarrhea. 

2. Secretory Diarrhea: The viral enterotoxin NSP4 triggers calcium-

dependent chloride secretion and inhibits sodium-glucose transporters, leading to 

watery, secretory diarrhea. It can also cause secondary lactose intolerance. 

3. Enteric Nervous System Activation: NSP4 stimulates serotonin release 

from enteroendocrine cells, activating intestinal nerves to increase motility and 

potentially trigger vomiting. 

4. Although infection is typically localized to the gut, 

antigenemia/viremia can occur and is associated with more severe symptoms like 

fever and seizures. Extraintestinal spread and systemic disease are more common 

in immunocompromised individuals. 

Clinical Course and Determinants of Severity 

Clinical outcomes range from asymptomatic infection to severe, dehydrating 

gastroenteritis with vomiting and fever. The incubation period is short (1-3 days), 

and illness typically lasts 5-7 days. Key determinants of severity include: 

 Host Factors: Age is critical; severe disease is most common in infants after 

maternal antibody wanes and before full immunity develops. Malnutrition 

exacerbates severity and prolongs recovery. 

 Viral Factors: Virulence is multigenic, involving genes that regulate 

replication (e.g., NSP1, which inhibits interferon responses), entry (VP4, VP7), and 

toxin production (NSP4). 

Host Immune Response 

Innate Immunity: The host detects viral RNA via receptors (RIG-I, MDA-5, 

TLR3), triggering interferon (IFN) and inflammatory cytokine production to 

establish an antiviral state. Rotavirus counteracts this via proteins like NSP1, which 

degrades host interferon regulators. Additional innate defenses involve the 
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OAS/RNase L pathway and the Nlrp9b inflammasome, which recognizes viral 

RNA to limit infection. 

Adaptive Immunity: 

 Humoral: Infection elicits neutralizing antibodies (IgA and IgG) against 

surface proteins VP7 and VP4, which correlate with protection. Local intestinal IgA 

is a key mediator of immunity. Antibodies against the inner capsid protein VP6 can 

also provide intracellular neutralization. Repeated exposures broaden the immune 

response. 

 Cell-Mediated: CD4+ and CD8+ T-cells are crucial for viral clearance during 

primary infection. CD4+ T-cells help B-cell differentiation, while CD8+ T-cells 

directly eliminate infected cells. Pro-inflammatory (Th1/Th17) and regulatory T-

cell responses work in balance to clear the virus while maintaining mucosal 

homeostasis. 
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