CONTROLLING OUTBREAKS OF AVIAN
INFLUENZA WITH ULTRAVIOLET
DISINFECTION
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Executive Summary
Recent outbreaks of avian influenza virus in the poultry industries of Alberta, Canada, and
other territories and countries around the world have devastated hatcheries and caused
extensive culling of poultry. The H5N1 strain of influenza responsible for these outbreaks
is highly pathogenic and transmissible to humans. No cases of bird-to-human transmission
have been reported in Canada, but one case of human infection has occurred in the USA,
where some 24 million chickens, turkeys and other birds have been killed since February.
Precautions should be taken by workers in the hatcheries and anyone tending private
flocks. Previous avian influenza outbreaks have resulted in about one hundred persons
contracting the virus each year (Canada 2008). With a high mortality rate in poultry and
no treatment available, entire flocks must be culled. The potential of zoonotic diseases to
jump species and become highly transmissible in human hosts to has been demonstrated
most recently by the SARS coronavirus and serious efforts should be made to control such
zoonoses to pre-empt adaptation and spread in humans. This technical report is aimed at
informing poultry workers of the occupational risks and potential methods of remediating
the problem of air and surface contamination.
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Avian Influenza Epidemiology
Avian influenza A viruses occur naturally among wild aquatic birds and have been isolated
from more than one hundred different species of wild birds around the world. Avian
influenza can arrive in poultry facilities via wild birds and can spread indirectly to poultry
through contaminated feed, materials and equipment. It will then transmit between
chickens and hens through close contact, by ingestion and by aerosol transmission and
inhalation. Avian influenza can spread from birds to humans via feces of infected birds
and bird secretions. Human-to-human transmission is possible and infection can result
from people in close contact with infected persons and/or with secretions from the nose,
mouth or eyes of infected persons. In rare cases, the infection can spread from one
infected person to another via the airborne route through sneezing and coughing. Avian
influenza has been known to transmit from chickens and ducks to humans and migration
birds and wild ducks are considered the main reservoir (del Rey Calero 2004). In 1997
one species of avian influenza jumped the species barrier and infected 18 humans of
whom 6 died. Genetic evaluation indicated that it had taken an evolutionary path from a
new genotype of avian flu that was present during the 2003-2004 Asian bird flu outbreaks
(Wan 2005).
There are at least 15 types of avian of avian flu (Canada 2008). All are variants of
Influenza A. There are four strains of avian influenza that are zoonotic and can spread to
humans, and these are listed in Table 1 with their characteristics.
Table 1: Avian Influenza Strains That Infect humans
Avian Flu Strain
Most Recent Outbreak
2022 Alberta, Canada
Influenza A(H5N1)
2004 British Columbia
Influenza A(H7N3)
2013 China
Influenza A(H7N9)
2017 Ghana
Influenza A(H9N2)

Highly Pathogenic Avian Influenza A(HPAI) virus occurs mainly in birds and is
highly contagious among them (CDC 2018). HPAI Asian H5N1 is especially deadly for
poultry.Low-pathogenicity avian influenza (LPAI) viruses of subtypes H5 and H7 have the
ability to spontaneously mutate to highly pathogenic (HPAI) virus variants, causing high
mortality in poultry (Beerens 2020). The avian influenza subtype H9N2 is considered a
LPAI virus which is endemic in domestic poultry of a majority of Asian countries. A number
of confirmed human infections with an H9N2 subtype of avian influenza have been
documented up to now.
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Avian influenza A(H7N9) is a subtype of influenza viruses that has been detected
in birds in the past. This particular strain had not previously been seen in either animals
or people until it was found in March 2013 in China. Since then, infections in both humans
and birds have been documented. The disease is of particular concern because most
patients become severely ill. In most of the cases of human infection with H7N9 virus
patients reported recent exposure to live poultry or potentially contaminated environments,
especially in markets where live birds have been sold. The H7N9 strain of the virus does
not appear to transmit easily from person to person, and sustained human-to-human
transmission has not been reported.
Hatchery workers and others in related industries should take precautions such as
avoiding contact with poultry or poultry feces as illustrated in Figure 1 from the CDC.
Touching the eyes, nose or mouth after contacting poultry or contaminated surfaces could
cause an infection. Inhalation of dust and air in contaminated poultry facilities could result
in respiratory infection. It is advisable to wear a face mask around hatcheries and to
disinfect the hands often. In humans avian influenza causes flu-like symptoms and fever,
and can last for two weeks.

Figure 1: Illustration of transmission pathways for avian influenza to humans.
Image provided courtesy of the Centers for Disease Control (CDC).
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The Canadian Food Inspection Agency (CFIA) monitors avian flu outbreaks in
poultry and in wild birds, and they are responsible for quarantining the affected farms and
restricting access. They also direct the euthanizing of the flocks and disposal of the
carcasses. Although producers are compensated for the loss of the birds, they are
responsible for the clean up costs associated with washing out barns and disinfecting
them, along with tools and equipment that may have been in contact with infected birds.
Additional information and resources for flock owners can be found at Avian influenza (AI)
- Province of British Columbia (gov.bc.ca).

Ultraviolet Susceptibility of Influenza A Viruses
Avian influenza is a single-stranded RNA virus of about 0.098 microns in diameter and it
is highly susceptible to Ultraviolet (UV) disinfection (Kowalski 2009), meaning that a
relatively small germicidal UV dose is necessary to sterilize it. This was first demonstrated
by Dr. Jonas Salk and associates in 1938 when they showed that the infectivity of
Influenza virus was destroyed by exposure to ultraviolet light (Salk et al. 1940).
Avian influenza has a D90 dose, or a UV dose capable of reducing populations by
90%, of about 22-30 J/m2 (Deshmukh et al. 1968, Lucio-Forster et al. 2006, Kowalski
2009). The doses for higher removal rates are given in Table 2.
Table 2: Ultraviolet Susceptibility of Influenza Viruses
Name
Avian Influenza H5N1
Avian Influenza
Influenza A
Influenza A
Influenza A
Influenza A
AVERAGE Avian Flu
AVERAGE All Flu

2

UV k, m /J
0.106
0.0768
0.119
0.117
0.048
0.1381
0.0914
0.1008

D90, J/m
22
30
19
20
48
17
26
26

2

D99, J/m
43
60
39
39
96
33
52
52

2

D99.9, J/m
65
90
58
59
144
50
78
78

2

Reference
Lucio-Forster 2006
Deshmukh 1968
Jensen 1964
Ross 1971
Hollaender 1944
Abraham 1979

Based on the UV doses stated in Table 2, the UV susceptibility of avian influenza
is comparable to that of the bacteria Staphylococcus aureus (UV k = 0.0567 m2/J). Figure
2 illustrates the comparative reduction of both microbes under the same UV exposure.
These results are based on data from water-based studies, and it could be expected that
reduction rates in air will be much higher. A typical UV system, such as the Sanuvox
ASEPT.2X or the ASEPT.1X would reduce surface concentrations of avian influenza to
nondetectable levels within seconds. Air stream disinfection using the Sanuvox Biowall
system would also quickly disinfect the ventilation air and recirculation of indoor air through
the Biowall would maintain air cleanliness in the building indefinitely.
Hatcheries and facilities can clean and disinfect their air using ultraviolet germicidal
irradiation (UVGI) technology and air filtration, and UVGI can be applied as an adjunct to
chemical disinfectants to provide high levels of disinfection for interior surfaces.
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Figure 2: Survival of Avian Influenza and Staphylococcus aureus under UV exposure.

Applications of UV Technology in Poultry Facilities
The aerobiology in poultry facilities exhibits some of the highest concentrations of dust
airborne microbes of almost any indoor facilities (Kowalski 2006). Airborne concentrations
of bacteria in poultry houses have been measured at 7 million cfu/m3 by Clark (1983) and
79 million cfu/m3 by Radon (2002). Airborne fungi in poultry houses have been measured
as high as 440,000 cfu/m3 (Radon 2002). There is no data on airborne virus concentrations
in poultry or any other type of animal facility likely due to difficulties in sampling viruses.
Both airborne and surface-borne viruses like avian influenza may exist as
individual virions, or in clusters, in dust particles, and as droplet nuclei when expelled
aerosols evaporate in air (Patterson 1973, Whyte 2001). Levels of airborne dust in
hatcheries can be very high and various methods used to control or reduce dust can be
effective in reducing virus transmission. Dust concentrations in poultry houses have been
measured to be in the range of 0.01 to 81 mg/m3 (Ellen 2000). Poultry houses with caged
laying hens showed the lowest dust concentrations at 2 mg/m3 while other types of housing
systems had dust levels 4-5 times higher. Multiple tier systems for hens produce
significantly higher levels of dust than battery type systems (Martensson 1997).
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The most important sources of dust are typically the birds and the waste products.
Filtration can be used to reduce dust levels but the cost of filtering out viruses (using HEPA
filters) can be prohibitive. The most economic alternative is to combine moderate levels of
filtration with UVGI, which can achieve the same removal rates as HEPA filters (Kowalski
2009). A MERV 12 or MERV 13 filter can be combined with moderate levels of UV to
remove a wide variety of airborne pathogens including avian influenza virus (Kowalski
2009). UV lamps can be installed in ductwork to treat recirculated air and stand-alone UV
systems can be placed around poultry houses to provided local air disinfection.
Aerosols containing viruses that are expelled by infected poultry will tend to settle
and contaminate surfaces, thereby creating fomites that may produce additional
infections. Influenza virus may persist on surfaces for up to 2 weeks (Thompson 2017).
Poultry houses that have experienced outbreaks may have heavily contaminated
facilities that need to be disinfected. Traditional cleaning methods using detergents or
disinfectants can be enhanced by the use of UV surface disinfection technology and this
process is common in the healthcare industry (Armellino 2020).

Conclusion
Avian influenza exists in the natural reservoir of wild bird species and it may be
difficult to completely protect poultry houses against periodic intrusions of the virus.
However, any efforts made to isolate facilities and maintain clean supply air and
clean surfaces will go a long way towards protecting hatcheries from costly
outbreaks. UV disinfection technologies are available that can be applied in
hatcheries and poultry houses for both disinfecting the air and for disinfecting
contaminated surfaces. The cost of implementation of UV technology is relatively
modest in comparison with the actual cost of an outbreak which may require
extensive culling of flocks. In addition to protecting poultry, consideration must also
be given to the protection of workers and preventing new variants of avian flu from
jumping species and taking hold in human populations where the costs can be
incalculable.

Dr. Wladyslaw Kowalski
Chief Scientist, Sanuvox, Inc.
wkowalski@sanuvox.com
May 3rd, 2022
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