lnactivation of influenza viruses

Table 1. Results of AHlpdm influenza virus detection
and isolation in case I
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MDCK, Madin-Darby canine kidney.

symptom onset. Howevei, ,.irul shedding was still present
I days after s)..rnptom onset. Positive stranded RNA was
detected 6 days after symptom onset from the stool specimen (Figure 1). Above two AHlpdm strains (isolated from
nasal swab and stool specimen) bound exclusively to
human t)¡pe receptor, Neu5Acø2-6Gal. Sequence analysis
demonstrated that isolated virus from stool samples was
identical with that from nasal swabs in comparison of HA
gene (990 bp).
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Persistent viral shedding ofAHlpdm in stool specimens and
results of strand-specific RT-nested PCR.

Figure

has important implications in understanding the context of
AHlpdm influenza virus.
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We have developed a proprietary acid-polymer formulation
to coat a standard FFP2 respirator with an antiviral layer.
We aimed to test this coated respirator for antiviral efficacy
against a range of influenza viruses. A series of tests compared the antiviral effr.cacy of coated and uncoated respirators in conditions designed to simulate real-life exposure to
influenza by varying the route of inoculation, contact time,
temperature, humidþ, moisture, and contaminating substances. We also investigated whether infectious viruses
could be transferred from contaminated respirator surfaces

to

gloves.

supernatants were vortexed, extracted, and used to prepare
serial lO-fold dilutions in MEM. Each dilution was used to

inoculate four wells of RMK cells in a multi-well plate,
and these cultures were incubated and scored over 7 days
for c¡opathic effects, cytotoxicity, and viability. (Some

tests substituted MDCK cells; others used inoculated
embryonated chick eggs.) .All tests included negative cell
controls, cytotoxicity controls, and neutralisation controls.
The Spearman-Karber formula was used to calculate viral
loads as TCID56 or EID5e.a Antiviral efñcacy was calculated
from the difference between the geometric mean loads of

influenza virus on the coated and uncoated respirators
after I minute of exposure.

Materials and methods
We tested human, swine, and avian influenza viruses,
including influenza A and B viruses. Influenza A subtypes
were the A,/HlNl 2009 pandemic strain, seasonal H1Nl,
H5Nl, H3N2, H5N9, and H2N2. In each test, suspensions
of influenza viruses were prepared to 4-8 log¡s TCID5e,/ml

in MEM. In some tests, organic contaminants (yeast, BSA,
and mucin) were added. One set of respirators was maintained at 40oC and 75o/o relative humidity for 24 hours
before the viral challenge, and repeatedly sprayed with HEbuffer to simulate respiratory secretions.
For each test, three coated (GlaxoSmithKline Actþrotect)
and three uncoated (Sperian Willson Easy Fit) FFP2 respirator samples were inoculated with 0'2 ml of a viral suspension, which was applied with a pipette, sprayed, or
aerosolised to create airborne droplets. After 1 minute at
room temperature (on a shaker), the respirator samples
were assayed for the presence of infectious viruses using
standard methods.a In one test, after a 1 minute contact
time of the respirator with the virus, nitrile gloves were
applied with light pressure to the outer surface of inoculated respirator samples and then assayed after I minute.
PES

Samples were put into test medium (MEM, supplemented with antibiotics [penicillin, gentamycin, or strepto-

mycin] and amphotericin B or l-glutamine). The

Results
The viral loads applied to respirators in these experiments
ranged from 5.5 to 8.1 logls TCIDso, and were therefore
high in comparison with respiratory secretions from
infected patients at the peak of influenza symptoms (range
3-7 logls TCIDso).l Tables 1-2 show that the average viral

loads detected on uncoated FFP2 respirator samples
remained high in all conditions tested, ranging from 3.2 to
6'9 logle TCID59 (or 4.5-5.0 logls EID56). In contrast, the
average viral load on coated respirators after I minute of
exposure ranged from below the limits of detection to
<1'5 logr6 TCIDso (1.0 lo916 EID56). Therefore, the relative
antiviral efiûcacy of the coating ranged from >2.7 to
6'4 logl¡. Table 1 shows that the relative antiviral effi.cacy
of the coated mask remained high in simulated-use conditions such as organic contaminants and repeated saturation
at high temperature and humidity.
In the experiment to test transfer of viruses from respirators, the gloves applied to regular uncoated inoculated respirators had a viral load of 3.5 log1s EID5¡ (Table l). By
contrast, no viruses were detected on either the coated respirators or the gloves applied to them. The relative reduction in contamination was therefore >2.5 logl¡.

Table 1. Viral loads on respirator surfaces

Viral
Viral
Viral
Viral

load*
load wilh organic contam¡nants*
load after heat, mo¡sture, and simulated secretions**
lòad transferred to glove**

Uncoated
respirators

Coated
respirators

5'5

<0'7

6.1

0.7

5.1

0.8
<1.0

3.5

Mean relative
reductiòn
in viral load
>4.8 logls
5'3 logle

4'3 log16

)2'5 log¡e

ElD5e

"lnfluenza subtype was A,/H5N1, and strain was VNH5N1-PR8/CDC-RG.
**lnfluenza subtype was A/H3N2, and the strain was Hong Ko¡9,/8/68. Results are mean logle
TCID5¡, unless specified otherwise
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Filtration of aerosolised influenza viruses

Table

2. Antiviral activiw

I

asainst different types and subwpes of influenz¿
Mean relative
Uncoated
respirators

Coated
respirators

reduct¡on
in viral load

NYMC.X-179A"

5.2

Mexico/41O8/2009*
Swine/lowa/15/30

6.7

<1.5
<0.9

5.6

<0.5

>3'7 lo916
à5'8 logl¡
25'1 logl¡

6.5

s1'4

A,/H1N1

JPN/35/2007
JPN/36/2007

6.7

<0.5

A/H2N2

A2/JP/305/57

5.0**

<1.0**

A/H3N2

JPN/12/2007
JPN/31/2007
Hong Kong 8/68

6.9

<0.5

lnfluenza
subtype

lnfluenza strain

A/H1 N1
A,/H1N1
A,/H1N1
A,/H1N1

A,/H3N2
A,/H3N2

5.1

<0.5

<1.0*"

>5.1 log16
>6.2 logle

24.0 lo916
26'4 logr6
>4.6 logle
24'0 loglq

A,/H5N1

VNH5N 1.PR8,/CDC-RG

5.0**
4'8

A,/H5N9
A,/H5N9

TurkeyA¡¡ry¡5ç769

5.0**

<1.0"*

)4'3
)4'0

MytnaMMass/71

5.0**

<1.0**

24.0 logls

B

)PN/128/2007

5.2

B

JPN/143/2007
)PN/85/2OO7
JPN/115/2007

5.7

<0.8
<0.8

5.2

<0.9

3.2

<0.5

>4-4 loglo
>4.9 lo916
>4.3 logls
>2.7 logp

B
B

<0.5

log16
lo916

Results are mean logro TCID5¡, unless specified otherwise, based on an infectivity assay in triplicate. Limits of detection varied.
*2009 pandemic stra¡ns.

"*Results are mean lo916 ElD56, based on a haemagglutinin assay in duplicate.

Discussion

Disclosure

The coated respirators inactivated a broad range of influenza strains within I minute, including the 2009 pandemic
strain and human, swine, and avian influenza viruses. Antiviral effectiveness was not reduced by hot, humid conditions or repeated saturation, which might occur during
prolonged use of respirators. In contrast, infectious virions
were detected on the surfaces of all uncoated FFP2 respirators, and could be transferred to glove surfaces during handling of contaminated masks.
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