The Curious Case of Norovirus

The leading cause of vomiting, diarrhea, and foodborne iliness in the United States.
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The Royal Caribbean Cruises liner Serenade of the Seas in 2019.  Jean-Francois Monier / AFP via Getty Images file

First discovered in 1972, Norovirus is a highly contagious positive-stranded RNA
virus that causes acute gastroenteritis (often called the “stomach flu”), which leads |

significant global mortality, primarily through dehydration and complications in



vulnerable populations such as young children and older adults. According to the n
recent (modeling-based) estimates from the World Health Organization (WHO) and
Centers for Disease Control and Prevention (CDC), the annual global mortality
attributable to norovirus infection is approximately 200,000 deaths. This figure
includes about 50,000 deaths among children under 5 years old, with the majority

occurring in low- and middle-income countries where access to healthcare and

sanitation is limited.

Norovirus causes around 685 million illnesses worldwide each year, but only a smal
fraction result in death due to its generally self-limiting nature. However, in high-ri
groups, severe dehydration can be fatal without prompt intervention. Over 99% of
deaths occur in developing regions, particularly Southeast Asia and Africa, which
account for about 85% of norovirus-related fatalities. About 50,000 deaths occur
annually in children under 5 years of age, often linked to malnutrition and poor
hygiene. In those over 65 years of age, there is a higher risk of death in both develoj

and developing countries, estimated at about 800 deaths per year in the USA.

By comparison, as of March 7, 2023, the CDC reports 38 deaths classified as mpox-
associated among persons with probable or confirmed monkeypox (DNA virus) in t/
United States during the period from May 10, 2022, to March 7, 2023. The recent

monkeypox outbreak was treated as a major national and international health crisis
and a vaccine designed for preventing smallpox was deployed to provide immunity
against the related monkeypox virus. This was done on an emergency use basis, wit
little or no clinical data to support that decision. For purposes additional comparist
adults aged 65 and older, an estimated 6,000 to 10,000 deaths occur each year due to

RSV (respiratory RNA virus) in the USA.

Like Polio, morbidity and mortality (sickness and death) is largely preventable thro
hand hygiene, safe food handling, and clean water. In developed countries, norovirt
has become the leading cause of foodborne illness outbreaks, while in developing

regions, it exacerbates broader diarrheal disease burdens.



Shellfish and salad ingredients are the foods most often implicated in norovirus

outbreaks. Ingestion of shellfish that have not been sufficiently heated - under 75 °
(167 °F) - poses a high risk for norovirus infection. Foods other than shellfish may 1
contaminated by infected food handlers. Many norovirus outbreaks have been trace

to food that only one infected person handled.

The Norwalk agent and norovirus are the same virus. The Norwalk agent refers to
original strain of the virus identified in 1968 during an outbreak of acute
gastroenteritis at a school in Norwalk, Ohio, United States. This virus was later nar

the “Norwalk virus” after the location of the outbreak.

When a person becomes infected with norovirus, the virus replicates within the sm
intestine. The principal symptom is acute gastroenteritis, characterized by nausea,
forceful vomiting, watery diarrhea, and abdominal pain, that develops 12 to 48 hour
after exposure and lasts for 24-72 hours. Sometimes there is loss of taste, general

lethargy, weakness, muscle aches, headache, cough, and/or low-grade fever. The

disease is usually self-limiting.

Severe illness is rare; although people are frequently treated at the emergency ward
they are rarely admitted to the hospital. The number of deaths from norovirus in th
United States is estimated to be around 570-800'°'! each year, with most of these
occurring in the very young, the elderly, and persons with weakened immune syster
Symptoms may become life-threatening in these groups if dehydration or electrolyt
imbalance is ignored or left untreated. Specific diagnosis of norovirus is routinely
made by polymerase chain reaction (PCR) assays or quantitative PCR assays, which
give results within a few hours. These assays are very sensitive and can detect as fev
10 virus particles. Tests such as ELISA that use antibodies against a mixture of

norovirus strains are available commercially, but lack specificity and sensitivity.

Norovirus infection has no specific antiviral treatment, as it is typically self-limitin

resolving within 1-3 days in healthy individuals. Management focuses on supportiv



care to prevent complications like dehydration, especially in vulnerable groups sucl

children, the elderly, or immunocompromised individuals.

There are no specific pharmaceutical antiviral agents used to treat norovirus infect:
There are no vaccines available to prevent or reduce norovirus infection, disease, o1
spread. The primary means of spread is fecal/oral transmission, much like the Polio
and Hepatitis B viruses. The principal CDC recommendation for avoiding and

controlling norovirus is handwashing.

Infectious norovirus particles are extremely stable on a wide variety of surfaces, anc
contamination of public spaces including restaurants and ships (notoriously cruise
ships) are both a major public infectious disease hazard and a major economic haza
for those operating restaurants, other food preparation facilities, passenger-carryin
boats, hospitals, and military vessels. The CDC notes that norovirus is highly
contagious and spreads easily in closed environments like cruise ships, with symptc
typically appearing 12 to 48 hours after exposure and lasting one to three days. In
settings like hospitals, nursing homes, or cruise ships, rapid isolation and enhancec
sanitation protocols are critical to limit spread. Current recommendations for surfa
sterilization of an area exposed to norovirus involves the use of and prolonged
exposure to toxic bleach-based disinfectants to clean contaminated surfaces.
Concentrations of aerosolized bleach required to disinfect contaminated surfaces o
rooms are too toxic for this to be a practical decontamination option. Once associal

with an infectious outbreak, it can be weeks to months before a restaurant, boat or

hospital can be free of infectious norovirus.

Recent Case study:

Norovirus outbreak on Royal Caribbean cruise sickens nearly 100 peo
aboard |



Royal Caribbean’s Serenade of the Seas left San Diego on Sept. 19 and is set to dock
Miami on Thursday.

Sept. 30, 2025, By Kate Reilly (NBC News)
For an image of the Serenade of the Seas, see the top of this essay.

A norovirus outbreak on Royal Caribbean’s Serenade of the Seas has sickened nearl
100 people, including 94 passengers and four crew members, during a 13-day voyag:
from San Diego to Miami, with the ship arriving in Miami on October 2, 2025. This
incident marks the 19th gastrointestinal illness outbreak on cruise ships in 2025 un

U.S. jurisdiction, surpassing the total number of such outbreaks recorded in 2024.

o The outbreak was reported to the CDC’s Vessel Sanitation Program on Septem

28, 2025, with symptoms including diarrhea and vomiting.

e The CDC confirmed the cause as norovirus, and Royal Caribbean implemented
increased cleaning and disinfection procedures, isolated ill individuals, and

collected stool samples for testing.

¢ The cruise, which departed' on September 19, 2025, carried 1,874 passengers ai
883 crew members, with approximately 5% of passengers and 0.5% of crew
affected.

o This is the third gastrointestinal illness outbreak on a Royal Caribbean ship i
2025, following similar norovirus incidents on the Navigator of the Seas in July

and the Radiance of the Seas in February.

Norovirus Virology



X-ray crystallographic structure of the Norovirus (Norwalk Agent) capsid, informed in pari

high-resolution electron microscopic imaging of isolated virus

Norovirus is a member of the group of viruses known as Picornaviruses, which is a
fancy way of saying small RNA viruses. Two major subcategories of picornaviruses
include enteroviruses of the picornavirus family that infect the gastrointestinal trac

Rhinoviruses infect primarily the nose and the throat.

Transmission



Noroviruses are transmitted directly from person to person (62-84% of all reported
outbreaks) and indirectly via contaminated water and food. Transmission can be
aerosolized when those stricken with the illness vomit or by a toilet flush when von
or diarrhea is present; infection can follow eating food or breathing air near an
episode of vomiting, even if cleaned up. The viruses continue to be shed after
symptoms have subsided, and shedding can still be detected many weeks after

infection, so asymptomatic transmission is a major factor in sustaining outbreaks.

Classification

Noroviruses (NoV) are a genetically diverse group of single-stranded positive-sense
RNA, non-enveloped viruses belonging to the family Caliciviridae. According to the
International Committee on Taxonomy of Viruses, the genus Norovirus has one spec

Norwalk virus (Norovirus norwalkense).

Noroviruses can genetically be classified into at least seven different genogroups (C
GIL, GIII, GIV, GV, GVI, and GVII), which can be further divided into other genetic
clusters or genotypes. Noroviruses commonly isolated in cases of acute gastroenter
belong to two genogroups: genogroup I (GI) includes Norwalk virus, Desert Shield
virus, and Southampton virus; and II (GII), which includes Bristol virus, Lordsdale
virus, Toronto virus, Mexico virus, Hawaii virus and Snow Mountain virus. Most
noroviruses that infect humans belong to genogroups GI and GII. Noroviruses fron
genogroup II, genotype 4 (abbreviated as GII.4), account for the majority of adult

outbreaks of gastroenteritis and often sweep across the globe.

Molecular and Cellular Biology of Replication

Viral replication is cytoplasmic. Entry into the host cell is achieved by attachment t
host receptors, which mediates endocytosis. Positive-stranded RNA virus

transcription is the method of replication. Translation takes place by leaky scannin
and RNA termination-reinitiation. Humans and other mammals serve as the natura

host. Transmission routes are fecal-oral and contamination.
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Why are there no Norovirus Antiviral Drugs or Vaccines?

Various groups have been working on developing norovirus vaccines for many year:
first encountered this field about 20 years ago when I was consulting for an innovat
biologicals manufacturing company that was using whole caterpillers infected with
recombinant baculovirus to produce large amounts of protein at a very low cost. My

diligence included visiting laboratories in both the CDC and Emory University

involved in this research.

Normally, when developing a vaccine for an RNA virus, a purified and characterize«
viral stock is produced by infecting cultured cells (or chicken egg embryos), purifyir
either the resulting virus or viral proteins, and then using this material both to deve
a vaccine and to test it - first in animals and then in humans. Until recently, no-one
had discovered a way to culture (“grow”) noroviruses, and therefore the only reliabl
source of human norovirus was to isolate it from the feces (diarrhea) of infected

individuals. In a practical sense, this lead to the curious situation where in order to



any clinical norovirus challenge trials, FDA required that one had to prepare purifie
norovirus from human poop to standards similar to those required for any biologic:
agent (drug). Recent progress has been made in overcoming this limitation, enablin

the rapid discovery and expansion of candidate antiviral compounds, as reviewed h

Norovirus vaccine development programs confront the same major obstacle to
effective vaccine development seen in virtually all viruses that rely on mRNA for th
genome. Noroviruses evolve very rapidly, and like rhinoviruses (one type of commo:
cold) and influenza, there are many different norovirus variants. Moreover, it is like
that widespread deployment of a “leaky” norovirus vaccine (one that is not very
effective at preventing infection) will result in selection of vaccine-resistant

noroviruses. Much like what has happened with the leaky SARS-CoV-2 vaccines.

Since my time dipping into the science two decades ago, norovirus vaccine
development has progressed through multiple platforms, with significant
advancements in recent years. The most advanced candidate is an intramuscular,
bivalent virus-like particle (VLP) vaccine developed by Takeda Pharmaceutical
Company Limited, now being advanced by Hillevax as HIL-214, which includes
antigens from the GI.1 and GIL.4 genotypes and is currently in phase IIB clinical tri
This vaccine has demonstrated modest short-term protection in adults . Another
candidate, an oral monovalent vaccine by Vaxart, Inc., uses a nonreplicating
adenovirus vector expressing the VP1 gene from the GI.1 strain and has shown rob

IgA responses in a phase 1 trial.

Innovative approaches include a rotavirus-norovirus combination vaccine, which
leverages the existing rotavirus vaccine infrastructure and uses the highly conserve
rotavirus VP6 protein as an adjuvant to enhance the immune response to norovirus
VLPs (virus-like particles). This strategy aims to simultaneously prevent both majoi
causes of acute gastroenteritis (AGE). Additionally, a bivalent VLP-based vaccine

developed in China is in clinical investigation, as is a quadrivalent vaccine containi

GI.1, GIL.3, GI1.4, and GII.17 genotypes.



As to be expected, development of a nucleoside-modified mRNA-LNP vaccine
encoding the major capsid protein VP1 from GI.1 and GII.4 genotypes is in progres
This Moderna product, the first norovirus candidate using mRNA-LNP technology.
generated high levels of neutralizing antibodies, robust cellular responses, and
effectively protected human intestinal enteroids from GII.4 infection in preclinical
models, serving as a proof of concept for the mRNA platform. Moderna is currently
investigating an intramuscular, VLP-based mRNA vaccine in a phase 1/2 study in
adults. As many readers of this substack are aware, the long term safety and
effectiveness of this technology platform for RNA viruses remains highly

controversial.

Despite these advances, challenges remain due to the virus’s genetic diversity,
antigenic variation, and the lack of a robust cell culture system for in vitro assays. 1
emergence of new GII.4 variants through antigenic drift and immune imprinting
complicates strain selection for vaccines. While neutralizing antibodies that block
VLP binding to carbohydrate ligands are considered a correlate of protection, the
durability and breadth of immune responses, especially in young children and the
elderly, are still under investigation. The development of effective norovirus vaccin
is critical given that human noroviruses are the leading cause of acute viral
gastroenteritis globally, causing an estimated 700 million infections and 200,000

deaths annually.

It is reasonable to speculate that, over the next decade, one or more norovirus vacci

will be considered for licensure by the US FDA.

Prevention

After infection, natural immunity to the same strain of the virus - the genotype -

protects against reinfection for six months to two years. This immunity does not fu.
protect against infection with the other diverse genotypes of the virus, so this is mc

definitely not a “one and done” situation.



Hand washing and disinfectants

Hand washing with soap and water is an effective method for vreducing the
transmission of norovirus pathogens. Alcohol rubs (>62% isopropyl alcohol) may be
used as an adjunct, but are less effective than hand-washing, as norovirus lacks a lij
viral envelope. What this means in practical terms is that the use of isopropanol wij
such as those typically dispensed when boarding an airplane are almost completely
ineffective in preventing infection from norovirus contaminated surfaces. Hand
sanitizers based on alcohols tend to be ineffective against noroviruses due to their
being non-enveloped, although some virus genotypes were found in in vitro tests wi
ethanol and isopropyl alcohol to be somewhat more susceptible. Alcohol susceptibi
patterns between different norovirus genotypes were found to vary widely, and

virolysis data for a single strain or genotype was not representative for all norovirus

Surfaces where norovirus particles may be present can be partially sanitised with a
solution of 1.5% to 7.5% of household bleach in water, but the only disinfectant that

highly effective against norovirus is a dilute solution of commercially available

stabilized hypochlorous acid.

The All But Forgotten Wonder Drug

ROBERT W MALONE MD, MS * SEP 20




The Power of Hypochlorous Acid and Its Revolutionary Effect on Healthcare, Skin Care, and

Disinfection.
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Health care facilities

In healthcare environments, the prevention of hospital aquired infections involves

routine and terminal cleaning. Nonflammable alcohol vapor in CO, systems is used
health care environments where medical electronics would be adversely affected by
aerosolized chlorine or other caustic compounds, but as is the case with restaurant:

and cruise ships, decontamination requires a lengthy process of exposure to various



toxic substances such as high concentration bleach requiring biosafety containmen

measures.

In 2011, the CDC published a clinical practice guideline addressing strategies for tl
prevention and control of norovirus gastroenteritis outbreaks in healthcare setting:
Based on a systematic review of published scientific studies, the guideline presents
specific evidence-based recommendations, which were organized into 12 categorie:
patient cohorting and isolation precautions, 2) hand hygiene, 3) patient transfer anc
ward closure, 4) food handlers in healthcare, 5) diagnostics, 6) personal protective
equipment, 7) environmental cleaning, 8) staff leave and policy, 9) visitors, 10)

education, 11) active case-finding, and 12) communication and notification.

Emerging Decontamination Methods for Preventing Norovirus Infecti

Unlike alcohols, bleach, and toxic quaternary ammonium disinfectants, dilute
solutions of hypochlorous acid (HOCI) are emerging as a highly effective method fo

decontaminating norovirus-infected surfaces and rooms.

Log;, Reduction vs. Time for HOCI Inactivation of Norovirus

Time 20 ppm HOCI (Log,q 200 ppm HOCI (Log,q
{min) Reduction) Reduction)

1 ~1.0-2.0 ~3.0-5.0

5 ~3.0 >5.0 (below detection limit)

10 ~3.0-4.0 >5.0 (below detection limit)

Produced naturally by the human immune system, HOCI is uniquely non-toxic,

environmentally safe, and highly effective against bacteria, viruses, fungi, and even



resistant prions. Unlike bleach, quaternary ammonium compounds (quats), or alcoh
based disinfectants, HOCI requires no PPE, leaves no harmful residues, and
decomposes into water and salt, making it ideal for large-scale use in healthcare,
education, hospitality, food processing, and pandemic readiness and response, and
much more. Additionally, HOCI is significantly more effective at killing
communicable disease than anything on the market today e.g. the EPA states that
5000ppm of bleach is required to kill norovirus (a toxic level). The EPA states that o

200ppm of HOCI is required to kill norovirus (totally non-toxic and requires no PP}

Because culturing human norovirus is difficult, most experimental data assessing
HOCI activity against noroviruses rely on surrogates such as murine norovirus (MN

and feline calicivirus (FCV).

Data demonstrate that hypochlorous acid (HOCI) is highly effective at killing
norovirus. Research demonstrates that HOCI can achieve a 3- to 5-log10 reduction
(99.9% to 99.999% inactivation) of norovirus on surfaces within 1 to 10 minutes of
contact time, depending on concentration and surface type. At a concentration of 2
ppm, HOCI can inactivate norovirus in as little as one minute, with studies showin
5-log10 reduction at this level. Lower concentrations, such as 20 ppm, remain effec

but require a longer contact time of 10 minutes to achieve significant inactivation.

The mechanism of action involves HOCI attacking the viral capsid proteins throug|
oxidative damage, particularly targeting amino acids like cysteine, methionine,
tryptophan, and tyrosine, which disrupts the virus’s structural integrity and preven
from infecting host cells. This oxidative process also damages the viral RNA inside
capsid, ensuring complete inactivation. HOCI is effective against both porous surfa
like ceramic tile and nonporous surfaces like stainless steel, and its efficacy is
maintained even when applied as a fog in confined spaces, reducing infectivity and

RNA titers by at least 99.9% (3-log10 reduction) regardless of carrier location,

HOCI is considered a safer alternative to bleach, with a neutral pH (5-6.5) compare:

bleach’s highly alkaline nature (pH 11-13), resulting in less respiratory irritation,



reduced surface damage, and no harmful chemical residues. It is food-safe and does
not require rinsing after application on food preparation surfaces, making it ideal f
use in kitchens and foodservice environments. Additionally, HOCI is environmenta

friendly, breaking down into harmless salt and water, and is approved for use in wo

care, eyecare, and as a nonrinse sanitizer for produce.

For optimal results, surfaces should be cleaned of organic matter before applying
HOC], as pre-cleaning enhances disinfection efficacy. While HOCI is effective for
surface disinfection, it should not replace thorough handwashing with soap and wa
which remains the primary recommended method for hand hygiene during norovir
outbreaks. HOCl-based hand sanitizers can provide supplementary protection whe:

used as directed.
Across studies:

HOCI solutions between 50-200 ppm at pH 5.5-6.5 achieve >3-log reductions (99.9%

MNYV and FCV within 30-60 seconds on hard, non-porous surfaces under clean

conditions.

¢ Even under organic load (simulating real-world soil), HOCI remains effective,

though longer contact times (up to 5 minutes) are beneficial.

e Aerosolized or fogged HOCI has demonstrated significant airborne viral

reduction, an advantage in enclosed spaces like classrooms and cruise cabins.

* By comparison, sodium hypochlorite (bleach) typically requires 1,000-5,000 ppr
and can cause respiratory irritation, corrosion, and fabric damage. HOCI achie

equivalent results with less than one-twentieth the concentration.

HOCI is backed by strong regulatory endorsements:
EPA: Registered as a high-level disinfectant and approved for emerging pathogens.
FDA: Cleared for wound care, surgical equipment sterilization, and food-contact

applications WHO: Listed as an essential medicine for disinfecting communicable

diseases.
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If you are interested in purchasing hypochlorous acid (HOCI) as a disinfectant or fo
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