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Background
Reactive Oxygen Species (ROS), including H2O2, are complex signalling chemicals that are
essential to all human cellular functions1. H2O2 is an oxidizing agent that is well established as
a potent antimicrobial agent and antiseptic. Inactivation of microbes with H2O2 (as well as other
oxidizing agents such as superoxide and nitric oxide) represents a key element of the innate
mammalian immune system and functions in endosomal compartments to inactivate
intracellular pathogens2.
Literature Review
A literature review was undertaken to review the antiviral activity of ROS. Search terms:
hydrogen peroxide OR reactive oxygen AND viruses OR coronaviruses.
Databases - PubMed® comprises more than 30 million citations for biomedical literature from
MEDLINE, life science journals, and online books.
•
•
•

PubMed – humans only, 2,423
Published in the last 5 years 1,510
Review 588

Evidence
Many lines of evidence suggest that marked signs of increased production of ROS accompany
all respiratory viral infections3 4. An excess of ROS production can be hazardous for normal
cell functioning, whereas at normal levels, ROS act as vital regulators of many signal
transduction pathways and transcription factors5.
However, the precise role of ROS in viral infections remains uncertain. ROS production might
be a response to the invading viral infection or part of the process that causes apoptosis6. In
a study using human differentiated lung epithelial cells and an animal model the effect of
epithelial ROS on Influenza A virus (IAV) propagation found that Duox-derived ROS are hostprotective and essential for counteracting IAV replication7. ROS can rapidly inhibit HCV RNA
replication in human hepatoma cells and ROS levels in hepatitis C patients and may play an
important role in the suppression of Hepatitis C virus (HCV) replication with the demonstration
that viral RNA fell to an almost undetectable level after 100 and 200 μM H2O2 treatments over
24 hours8.
Using blood from infected HIV patients it was shown that increased basal ROS production by
phagocytes could participate in the oxidative injury which has been implicated in the
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pathophysiology of HIV infection. In addition, the decreased priming of H2O2 production by
neutrophils could contribute to the increased susceptibility of HIV-infected patients to bacterial
infections9.
Excessive ROS, together with its superoxide and derivatives, are thought to be the main
causes of lung injury caused by influenza virus infection10.
Nasal epithelial cells by themselves respond to viral infection by generating H2O2, and that the
in vivo cumulative H2O2 level in the nasal mucosa peaks at day 3 post-infection 11.
Mechanism of Action
ROS specifically attack areas of unsaturation occurring in the polyunsaturated fatty acids of
cell membranes and viral envelopes 12. One of the putative mechanisms for virus inactivation
is through thought to be genomic damage caused by hydroxyl radicals that attack carbon
double bonds in the nucleosides or abstract hydrogen atoms, both of which are processes
that lead to carbon radicals with the potential for further downstream oxidation, and this
ultimately results in single- or double-strand breaks that destroy viability13.
Biocides
Hospital rooms and equipment can effectively be cleaned of influenza by hydrogen peroxide
vapor machines14.
The nebulization of hydrogen peroxide showed a clear virucidal effect on both human
noroviruses (HuNoV) surrogates, murine norovirus (MNV) and feline calicivirus (FCV)15.
Vapor concentrations of 10 ppm H2O2 or 2 ppm triethylene glycol (TEG) can provide effective
surface disinfection. At these low concentrations, the potential for damage to even the avionics
of an airplane would be expected to be minimal. At a TEG vapor concentration of 2 ppm, there
are essentially no health risks to people 16.
The successful inactivation of both surrogate viruses indicates that HPV could be a useful tool
for surface decontamination of a patient room contaminated by norovirus17.
An alternative procedure for disinfecting endocavitary and surface probes uses a proprietary
hydrogen peroxide mist system, which utilizes 35% hydrogen peroxide at 56°C with the probe
reaching no more than 40°C18. The effect of varying H2O2 concentrations and times of
exposure on adenovirus types 3 and 6, adeno-associated virus type 4, rhinoviruses 1A, 1B,
and type 7, myxoviruses, influenza A and B, respiratory syncytial virus, strain Long, and
coronavirus strain 229E showed H2O2 in a 3 percent concentration inactivated all the viruses
under study within 1-30 min. Coronavirus and influenza viruses were found to be most
sensitive19.
Hydrogen Peroxide Vapour (127ppm for 1 hours at room temp) could be an effective virucidal
against enteric and respiratory viruses contaminating in-house environments20.
In an analysis of 22 studies, it was observed that human coronaviruses such as Severe Acute
Respiratory Syndrome (SARS) coronavirus, Middle East Respiratory Syndrome (MERS)
coronavirus or endemic human coronaviruses (HCoV) can persist on inanimate surfaces like
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metal, glass or plastic for up to 9 days, but can be efficiently inactivated by surface disinfection
procedures with 62-71% ethanol, 0.5% hydrogen peroxide or 0.1% sodium hypochlorite within
1 minute21.
Antiviral activity
Antimicrobial photodynamic inactivation (aPDI) involves the use of non-toxic dyes excited with
visible light to produce reactive oxygen species (ROS) that can destroy all classes of
microorganisms
including
bacteria,
fungi,
parasites,
and
viruses22.
In the preparation of vaccines, H2O2 (0.1% but not 0.01%), was shown in mice immunised with
lymphocytic choriomeningitis virus (LCMV), vaccinia virus or West Nile virus to rapidly
inactivate both RNA and DNA viruses with minimal damage to antigenic structure or
immunogenicity23.
Using HeLa cell lines infected with HIV-1, overnight dose-response viral inactivation was
demonstrated using H2O2 concentrations between 0.05 and 5mM, with complete inactivation
occurring with concentrations of 5mM (170ppm, 0.017%)24. See Fig 1.

Figure 1 Number of foci induced in HeLa pBKLTRLac cells by HIV-1MN pre-treated with

various concentrations of H2O2 (mean +/- SE) 24.
The difference in the actions of H2O2 is clearly concentration dependent. See Table 1 which
also includes data from previous publications 25.
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PPM

ROS
% H2O2
conc μM
60,000 1,764,720 6%

Species

Effect

Human

5,000

147,060

0.5%

22 studies

1,000

29,412

0.1%

170
127

5000
3735

0.017%
0.0127%

Mice immunised
with lymphocytic
choriomeningitis
virus (LCMV),
vaccinia virus or
West Nile virus
Human cell lines
Biocide

Max for Tooth whitening (EU)
SCCNFP/0602/0226
Biocide for hard surfaces inactivates
coronaviruses within 1 minute 21.
Inactivation of viruses by H2O2 in the
preparation of vaccines. Virus inactivated
but not antigenic components23

34

1000

0.0034%

17

500

0.0017%

17
1.76.8

500
50 -200

0.0017%
0.00017%0.00068%

5.44

160

0.000544% Guinea pig

3.4

100

0.00034%

0.851.7
0.34

25-50

0.000085E coli
0.00017%
0.000034% Mouse

10

Rat macrophages.
Human U937
macrophages
Human
keratinocytes
E coli
Tadpole

E coli

HIV-1 inactivation 24
Virucidal against enteric and respiratory
viruses contaminating in-house
environments20.
Time and dose-dependent increase in
VEGF mRNA in U937 macrophages27.
Induced keratinocyte migration but no loss
in cell viability 28
Eradication of E coli29
Cell proliferation after appendage
regeneration and tissue formation during
embryogenesis 30.
Signal for the recruitment of neutrophils to
the wound site 31
Stimulates angiogenesis via vascular
endothelial growth factor (VEGF) signaling
- E coli 29.
Bacteriostatic to E coli 29
Induces chemotactic activity of peritoneal
neutrophils 32

Table 1 Cellular and antimicrobial effects for differing concentrations of ROS.
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Conclusions
1. Hydrogen peroxide possesses good in-vitro antiviral activity against a range of
DNA and RNA viruses.
2. There is some evidence that once cells are infected by viruses, they produce
increased amounts of endogenous ROS.
3. This ROS may have activity against the infecting virus.
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