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Abstract

Due to the grave public health implications and economic impact possible with the emergence of
the highly pathogenic avian influenza A isolate, HSN1, currently circulating in Asia we have evaluated
the efficacy of various disinfectant chemistries against surrogate influenza A strains. Chemistries
included in the tests were household bleach, ethanol, Virkon S®, and a modified version of the Sandia
National Laboratories developed DF-200 (DF-200d, a diluted version of the standard DF-200
formulation). Validation efforts followed EPA guidelines for evaluating chemical disinfectants against
viruses. The efficacy of the various chemistries was determined by infectivity, quantitative RNA, and
qualitative protein assays. Additionally, organic challenges using combined poultry feces and litter
material were included in the experiments to simulate environments in which decontamination and
remediation will likely occur. In all assays, 10% bleach and Sandia DF-200d were the most efficacious
treatments against two influenza A isolates (mammalian and avian) as they provided the most rapid and
complete inactivation of influenza A viruses.
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Inactivation of Various Influenza Strains to Model Avian Influenza
(Bird Flu) With Various Disinfectant Chemistries

Introduction

Currently, there is a high risk that an avian influenza pandemic outbreak could occur throughout
the world. Increased globalization and the avian influenza virus’ natural reservoir among
migratory waterfowl (7) translate into elevated risk of this disease emergence in our nation.
High pathogenic avian influenza, H5N1, initially emerged in 1996, with 18 total human cases.
Six of these cases caused fatalities in Hong Kong in 1997 (9). Since that time, the virus has
moved into avian and human populations in Viet Nam, Thailand, Cambodia, Indonesia, and
again in China. HS5NI1 virus has also recently (2005) been detected in birds in Russia,
Kazakhstan, and Mongolia (9).

Human treatment will likely rely on vaccine development and production as well as the use of
available antiviral drugs. Many experts are not certain if enough vaccine protecting against
H5N1 will be approved or available for use. Neuraminidase inhibitors, including oseltamivir
(Tamiflu) and zanamir (Relenza) are recommended for use but are only effective if administered
early. M2 inhibitors, including amantadine and rimantadine, are also recommended but are more
susceptible to resistance mechanism of the virus (8). In an effort to aid in halting or minimizing
disease spread, stringent sanitation and decontamination have been recommended for affected
premises, including transport vehicles, clothing, cages, housing, and other potential contaminated
areas (7). Due to the zoonotic nature of avian influenza, affected premises could range from
poultry production housing and growing facilities to human hospital emergency rooms.
Therefore, decontamination operations may occur under a variety of conditions such as on
relatively clean surfaces or surfaces that contain a very high organic matter. A disinfectant able
to withstand the challenge of organic load while still maintaining user and environmental
friendliness would be most ideal for inactivating highly pathogenic influenza.

Documentation of the effectiveness of viral disinfectants against viruses is minimal, and even
less information is available on mechanism of action and efficacy in the presence of organic
challenge. In addition to the lack of efficacy data, the data that are available in the literature are
difficult to interpret and compare against other data due to lack of standardized testing protocols
for the inactivation of viruses. To date, there are no standards for evaluating disinfectants
against viruses in the U.S., however the EPA does provide guidelines for efficacy testing (1).
The EPA guidelines require that a disinfectant must be validated for each individual organism for
which it claims effective disinfection. Under these guidelines, the disinfection evaluation can be
conducted as suspension or surface carrier tests, and must result in a 4 log;o reduction in titer (1).
Because viruses require a viable host to determine viability, the cytotoxicity (toxicity affecting
the host cells) from the disinfectants must be completely removed prior to infecting the cells with
disinfectant-treated virus.

The objective of this research was to evaluate various test disinfectants for efficacy against
various isolates of influenza A including a mammalian strain (HIN1, A/WSN/33) and a low
pathogenic avian influenza strain (HSNS, isolated from turkey) to be used as surrogates for the



high pathogenic avian influenza strain, HSN1. Physiochemical groups of viruses are believed to
react similarly to disinfectants, due to the presence of similar structural targets such as structural
surface proteins, capsid proteins, or the presence of a lipid envelope (3). On this basis, the
surrogate strains (HIN1 and H5NS) of influenza A were deemed appropriate for evaluating the
efficacy of disinfectants that could potentially be used against the HSN1 high pathogenic avian
influenza A. Preliminary studies were conducted to determine infectious titer following various
treatments with the test disinfectants after both 1 and 10 minute contact times and with various
levels of organic challenge following existing EPA guidelines (1).

A secondary objective of this project was to study possible mechanisms of action of the test
disinfectants by evaluating the effect on viral RNA using real time reverse transcriptase
polymerase chain reaction (RT-PCR) and the effect on viral proteins using sodium dodecyl
(lauryl) sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and western blot analysis.
SDS-PAGE is a method used to separate proteins based on size within a gel. Western blot
analysis is used to detect the protein (based on a colorimetric reaction) using antibodies against
the protein of interest. A minimum of three replications were conducted for all assays used in
this study. Statistical evaluation of the amount of influenza A recovered following the various
assays was determined by comparing 1-way, 2-way, and 3-way interactions between disinfectant
treatment, time (exposure duration), and organic challenge level. The least square of means was
calculated to determine if significant differences were observed in the amount of virus recovered
by TCIDs, or quantitative RT-PCR.

Materials and Methods
Virus and Cells

Influenza A/WSN/33 (HINT1) or low pathogenic avian influenza HSN8 (H5N8) was propagated
in 10 day embryonated hen eggs or Madin-Darby Canine Kidney (MDCK) cells to
approximately 107 log;o TCIDsy. For cell propagation, infectivity media was made with Minimal
Essential Medium (MEM) with Earle’s salts, L-glutamine, and 2.2 g/L. sodium bicarbonate
(Fisher Scientific, Pittsburgh, PA) with the addition of trypsin TPCK treated as previously
described (10). Cells were maintained in Minimal Essential Medium (MEM) with Earle’s salts,
L-glutamine, and 2.2 g/L sodium bicarbonate (Fisher Scientific, Pittsburgh, PA) containing 10%
fetal bovine serum (FBS, Hyclone Laboratories, Logan, UT) supplemented with 2.5 mg/L
amphotericin B, 0.67 g/L streptomycin, and 0.3 g/L penicillin. Inoculum titer was assessed using
endpoint dilution in tissue culture infective dose 50 (TCIDsy) with MDCK cells.

Test Disinfectants

The disinfectants tested include ethanol (EtOH, 70%), bleach (1, 10%), Virkon® S (potassium
peroxymonosulfate, Antec International, Ltd., 1%), and Sandia National Laboratories developed
decontamination formulation, DF-200 (6), diluted by a factor of 2. This formulation was
designated as DF-200d and tested at 25, 50, 100% strength. 70% EtOH was prepared by adding
70 ml 100% EtOH to 30 ml sterile deionized water. 10% bleach was prepared by adding 10 ml
concentrated household bleach (5.25% sodium hypochlorite) to 90 ml sterile deionized water.



DF-200d was prepared by mixing 0.2 ml part 3 (propellant) to 2.5 ml of part 2 (hydrogen
peroxide). This component was then added to 7.3 ml part 1 (surfactant). 1:2 serial dilutions
were prepared in sterile deionized water.

Virus Inactivation

Virus inactivation was conducted with 0%, 10%, and 50% organic challenge (using a 10%
poultry feces/liter liquid solution made by adding 10 g feces/litter to 90 ml sterile water). The
poultry feces/litter material was provided generously by the Poultry Science Unit at Kansas State
University, Manhattan, KS. For 0% organic challenge, 10 ml of test virus (HIN1 or H5NS) at
approximately a 107 logjo TCIDso/ml concentration was added to 10 ml test disinfectant (25-
100% DF200d, 1-10% bleach, 1% Virkon® S, 70% EtOH) and exposed for 1 or 10 minutes. For
10% organic challenge, 10 ml of test virus was added to 9 ml of test disinfectants containing 1
ml of 10% poultry feces/litter and exposed for 1 or 10 minutes. For 50% organic challenge, 10
ml of test virus was added to 5 ml of test disinfectants containing 5 ml of 10% poultry feces/litter
and exposed for 1 or 10 minutes. After exposure, samples were washed via ultracentrifugation at
100xG for 1 hour at 4°C. Pellets were reconstituted with 1 ml of virus infectivity media.

Infection Challenge

The titers of infectious virus were determined as TCIDs in cell culture using a 96-well format.
96-well plates containing monolayer MDCK cells were washed once with infectivity media
containing trypsin TPCK (0.2%). The disinfectant samples were serially diluted (1:10) in
infectivity media and then 25 pl of each dilution was added in quadruplicate to the 96 well
microtiter plates containing confluent MDCK cells. Plates were then fed with 75 ul infectivity
media into each well and placed in an incubator for 24-48 hours at 37°C with 5% CO,. TCIDsy
was determined by evaluating cytopathic effect (CPE) visually observed due to damage of the
host cells indicative of viral infection. The Reed-Muench method was calculated in a 96-well
format to determine the dilution of virus resulting in infection of fewer than 50% replicate wells.

Effect on Viral RNA

Real time reverse transcription PCR was used to evaluate the effect of the various test
disinfectants on the influenza viral RNA. RNA was extracted from disinfectant samples using a
Qiagen Mini Viral RNA extraction kit. Following RNA extraction, real time RT-PCR was
performed on the samples using a forward primer (5’- CAT GGA RTG GCT AAA GAC AAG
ACC -3’), reverse primer (5’- AGG GCA TTT TGG ACA AAK CGT CTA -3”) and probe (5’
TGC AGT CCT CGC TCA CTG GGC ACG 3’°). Primer and probe sequences were provided by
Ruben Donis, Chief Molecular Genetics Section Influenza Branch, at the Centers for Disease
Control and Prevention in Atlanta, GA. Analysis of real time RT-PCR product amplification
was determined and quantified by FAM fluorophor fluorescence using Cepheid SmartCycler
system. A standard curve was made using known amounts of viral RNA to determine a
quantitative measure of the amount of RNA in each sample.



Effect on Viral Protein

To determine the effect of the disinfectant against viral proteins, samples were heat denatured by
boiling for 5 minutes and loaded onto a 10% SDS-polyacrylamide gel Express Gel (ISC
BioExpress, Kaysville, UT). Gels were transferred onto a nylon membrane and western blot
analysis was conducted using a monoclonal antibody specific for the nucleoprotein influenza A
isolates (CDC, Atlanta GA).

Results
Infection Challenge

Infectious titer was determined in TCIDsy format following treatment with the various test
disinfectants. The Reed-Muench method (5) was calculated in a 96-well format to determine the
dilution of virus resulting in infection of fewer than 50% replicate wells. There were no
significant differences (p>0.05) between the infectious titers of the HIN1 mammalian isolate
(Figures 1-2) and the H5NS8 low pathogenic avian influenza isolates (Figure 3 and 4) in
comparing the least square of means. Treatment with DF-200d (100%) or bleach (10%) were the
most effective resulting in nearly complete inactivation for all exposure times and organic
challenge levels. With a 50% organic challenge, only 1 log;o and 2 log;o infectious viruses were
recovered following 10 min treatment with DF-200d (100%) or bleach (10%), respectively.
Treatment with DF-200d (25-50%) resulted in nearly complete inactivation, with less than 1
log;o recovered following 1 or 10 min treatment with up to 10% organic challenge. With 50%
organic challenge, infectious titer was reduced to 3 or 2 logjo following 1 or 10 min treatment,
respectively. Treatment with 1% Virkon S or 70% EtOH was most effective following a 10 min
exposure. Infectious titer was reduced to less than 1 log;o with 0% organic challenge, less than 2
logio with 10% organic challenge, and less than 3 log;y with 50% organic challenge (Virkon S
only) following 10 min exposures. Treatment with 70% EtOH resulted in 2 log;o reduction at the
50% organic challenge following 1 or 10 min treatment. In all cases, treatment with 1% bleach
was the least effective disinfectant. With 0% organic challenge, 2.5 log)p virus was still
recovered following 10 min treatment. There was also a decrease in efficacy with 10% and 50%
organic challenges.
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Figure 1: Infectious titer of mammalian test isolate A/WSN/33 HIN1 determined by TCIDs, following 1
minute exposure. CONT, Positive control; DF 100%, DF-200d (100%); DF 50%, DF-200d (50%); DF 25%,
DF-200d (25%); BLCH 10%, bleach (10%); BLCH 1%, bleach (1%); VIRKON 1%, Virkon S (1%); EtOH
70%, ethanol (70%)
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Figure 2: Infectious titer of mammalian test isolate A/WSN/33 HIN1 determined by TCIDs, following 10
minute exposure. CONT, Positive control; DF 100%, DF-200d (100%); DF 50%, DF-200d (50%); DF 25%,
DF-200d (25%); BLCH 10%, bleach (10%); BLCH 1%, bleach (1%); VIRKON 1%, Virkon S (1%); EtOH
70%, ethanol (70%)
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Figure 3: Infectious titer of avian test isolate HSN8 determined by TCIDs, following 1 minute exposure.
CONT, Positive control; DF 100%, DF-200d (100%); DF 50%, DF-200d (50%); DF 25%, DF-200d (25%);
BLCH 10%, bleach (10%); BLCH 1%, bleach (1%); VIRKON 1%, Virkon S (1%); EtOH 70%, ethanol
(70%)
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Figure 4: Infectious titer of avian test isolate HSN8 determined by TCIDs, following 10 minute exposure.
CONT, Positive control; DF 100%, DF-200d (100%); DF 50%, DF-200d (50%); DF 25%, DF-200d (25%);
BLCH 10%, bleach (10%); BLCH 1%, bleach (1%); VIRKON 1%, Virkon S (1%); EtOH 70%, ethanol
(70%)
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Effect on Viral RNA

Prior to analyzing any of the viral RNA treated with various test disinfectants, preliminary
experiments were conducted to ensure that inhibition, due to possible chemical carry-over during
extraction, was not resulting in false negatives. None of the test disinfectants used in these
experiments resulted in inhibition, based on positive RT-PCR reactions after spiking the
extractions with influenza RNA. Therefore, the observed degradation is due to disinfectant
degradation of nucleic acid as opposed to chemical inhibition of the assay itself.

Similar to the infectious titer results, there was no significant difference (p>0.05) between the
RT-PCR analysis results for the mammalian HIN1 (Figures 5 and 6) and the avian H5NS
(Figures 7 and 8) isolates.

Treatment with bleach (10%) or DF-200d (100%) with 0% organic challenge resulted in
complete degradation of viral RNA following 10 min exposure. With 10% organic challenge,
bleach (10%) remained highly efficacious resulting in complete degradation, while DF-200d
resulted in 1 log;o recovery of viral RNA following 10 min exposure. For both bleach (10%) and
DF-200d (100%), 50% organic challenge severely reduced disinfectant capability to degrade
viral RNA, resulting in only a 1 logjo reduction from the starting concentration of virus.
Treatment with DF-200d (25, 50%) or 1% Virkon S resulted in 2 to 4 log;o reduction following
10 min treatment with 0% organic challenge. Again, severe loss of mechanism for degrading
viral RNA occurred with both 10% and 50% organic challenges. Treatment with bleach (1%) or
70% EtOH were the least effective at degrading viral RNA and resulted in similar log;, levels as
the untreated positive control sample (figures 5-8)..
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Figure 5: Recovered RNA from mammalian test isolate A/WSN/33 HIN1 determined by quantitative real
time RT-PCR following 1 minute exposure. CONT, Positive control; DF 100%, DF-200d (100%); DF 50%,
DF-200d (50%); DF 25%, DF-200d (25%); BLCH 10%, bleach (10%); BLCH 1%, bleach (1%); VIRKON
1%, Virkon S (1%); ETOH 70%, ethanol (70%)
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Figure 6: Recovered RNA from mammalian test isolate A/WSN/33 HIN1 determined by quantitative real
time RT-PCR following 10 minute exposure. CONT, Positive control; DF 100%, DF-200d (100%); DF 50%,
DF-200d (50%); DF 25%, DF-200d (25%); BLCH 10%, bleach (10%); BLCH 1%, bleach (1%); VIRKON
1%, Virkon S (1%); ETOH 70%, ethanol (70%)
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Figure 7: Recovered RNA from avian test isolate HSN8 determined by quantitative real time RT-PCR
following 1 minute exposure. CONT, Positive control; DF 100%, DF-200d (100%); DF 50%, DF-200d (50%);
DF 25%, DF-200d (25%); BLCH 10%, bleach (10%); BLCH 1%, bleach (1%); VIRKON 1%, Virkon S
(1%); ETOH 70%, ethanol (70%)
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Figure 8: Recovered RNA from avian test isolate HSN8 determined by quantitative real time RT-PCR
following 10 minute exposure. CONT, Positive control; DF 100%, DF-200d (100%); DF 50%, DF-200d
(50%); DF 25%, DF-200d (25%); BLCH 10%, bleach (10%); BLCH 1%, bleach (1%); VIRKON 1%, Virkon
S (1%); ETOH 70%, ethanol (70%)

Effect on Viral Protein

Analysis by western blot assay using the monoclonal antibody is not very sensitive for detecting
viral proteins (requiring 5 to 7 log;o virus) and is not a quantitative assay. There are quantitative
enzyme linked immunosorbant assays (ELISA) available, but many of the disinfectant
chemistries interfered with the overall assay limiting its usefulness in this study. Due to the
limited test sensitivity, western blot analysis was conducted for the test disinfectants with only
the 0% organic challenge for 1 or 10 min treatment. Following a 1 min treatment, viral protein
was visualized with the following treatments: DF-200d (25%), bleach (1%), 1% Virkon S, and
70% EtOH. Following 10 min exposure, viral protein was recovered from DF-200d (25%),
bleach (1%), and 70% EtOH.

123 456789
A B L i
B o -

Figure 9: Western blot analysis of mammalian test isolate A/WSN/33 following various treatments with test
disinfectants. Samples were treated for 1 min (A) or 10 min (B). Sample order is as follows: 1.) 50 kDa
protein marker, 2.) positive control (HIN1); 3.) 100% DF-200d; 4.) 50% DF-200d; 5.) 25% DF-200d; 6.) 10%
bleach; 7.) 1% bleach; 8.) 1% Virkon® S; 9.) 70% EtOH.
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Discussion

Viruses are divided into several subgroups with regard to their resistance to disinfectants, as
shown in Table 1, based largely on the presence or absence of an envelope and the size of the
virus particle. According to the Klein and Deforest schematic for dividing viral groups, the least
resistant to disinfectants are the enveloped viruses (ie. influenza, coronavirus); those with
moderate resistance are the large non-enveloped viruses (ie. adenovirus); and those with the most
resistance are the small non-enveloped viruses (ie. picornavirus, parvovirus) (2).

Virus Type Category Distinguishing Features Examples
Enveloped A Nucleic acid, capsid protein, Influenza, SARS, Vaccinia
lipid envelope virus, HIV
Small Non-enveloped B Nucleic acid, capsid protein Polio, FMDYV, Rhino,
Coxsackie
Large Non-enveloped C Nucleic acid, capsid Adenovirus, Rotavirus

Table 1: Virus Classifications According to Klein and DeForest Disinfection Resistance (2, 4)

Test results indicate, as expected, that enveloped influenza A isolates are relatively easy to
inactivate. Overall, these results indicate either DF-200d (100%) or household bleach (10%) are
the most effective disinfectants for inactivation of influenza viruses based on TCIDsq results and
degradation of viral RNA. The use of bleach would likely be less expensive, but has toxicity and
corrosivity issues. However, if toxicity and corrosvity are issues are paramount, DF-200d would
be more suitable for sensitive environments and materials based on manufacturers claims (6).
Testing of disinfectant effectiveness towards the highly pathogenic avian influenza strain, H5SN1,
is required before inactivation and disinfection claims towards that specific strain can be
asserted, and to obtain appropriate EPA registration or waiver for disinfectant use during an
outbreak (1).

Finally, the use of a real time quantitative RT-PCR could have very useful field application for
determining decontamination effectiveness. Current standards rely on environmental sampling
with subsequent virus isolation in appropriate cell culture, which can take 24 to 72 hours.
Nucleic acid degradation and subsequent viral inactivation can be confirmed by real time RT-
PCR assay and requires only a few hours for complete analysis. Such a field application would
be appropriate for a presumptive analysis of the effectiveness of the decontamination effort, but
full virus isolation would still be required for decontamination verification and site clearance.

16
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