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Abstract

Rencently, nanotechnol ogy draws
scientists eye. The great progresses are in
both knowledge and technology. In aerosol
studies, particle size distribution always plays
a very important role in particle’s behavior,
related to both particle transmission and
health issues. As a consequence, it is
essential to find out the whole story of
smaller particles- nanoparticles. In order to
understand health risk from virus exposure, it
is important to characterize virus aerosols.
In this study, bacteriophages were surrogates
for mammalian viruses in assessing sampling
efficiency of Andersen impactor, impingers,
gelatin filter and Nuclepore filter, as well as
storage effects of virus aerosols in AGI-30
impinger. Our results demonstrated virus
particle morphology and with/without
envelope could significantly affect virus
sampling performance. For hydrophilic
virus, Andersen impactor, impinger, and
gelatin filter are likely to perform better than
Nuclepore filter. The recovery of
lipid-envelope virus sensitive to sampling
stress was indicated to be very low.
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Most viruses are obligate parasites and
considered to be pathogenic to humans or
animals by air, food, water and vectors. By
ar pathway, arborne and droplet
transmission are the maor spreading
methods for viral diseases, such as smallpox,
influenza, measles and mumps virus.
Recently, Severe Acute Respiratory
Syndrome (SARS) and influenza virus
attracted public attention and both were
transmitted by virus aerosol. From the
aerosol point of view, the droplet diameters
in the range of 1~100 um will completely
evaporate in few seconds even at high
relative humidity environment. Therefore,
the generated droplet will immediately
decrease the diameter size and remain virus
itself.  Although virus particles can remain
airborne for long periods of time and have
the potential for retention in the respiratory
track (ljaz, et al., 1987), virus concentrations
will be diluted by the arflow, and
environmental stress would make virus lose
itsinfectivity.

A number of studies indicated that virus
aerosol below 2 pum are found to be
especialy prominent and important (Couch
et a., 1965). It was indicated the mean size
of airborne virus aerosol was 1.3~2.3 pm
(Edward et al., 1943). The overal sampling
efficiency of bioaerosol samplers with
different designs may differ significantly
from one another because of the different
physical collection efficiency and the stress
imparted to the microorganisms. The
selection of sampler, microorganism
hardiness, sampling time, and sampling flow
rate are considered to be the most important
factors to affect microbial collection and
survival in bioaerosol samplers (Macher &
Willeke 1992; Nevalainen et a. 1993).
Among these factors, the selection of sampler,

sampling procedure, and sampling flow rate
are considered to be the most important
factors to affect bioaerosol collection and
survival in bioaerosol samplers (Lin & Li,
1998; Li & Lin, 1999a).

For sampling evaluations of virus aerosol,
the commonly assessed virus targets were
human/animal  virus harmful for human
health, such as poliovirus, human
coronavirus, rotavirus and adenovirus (P 2
virus or P 3 virus). Some of the studies
used bacteriophage to substitute for
human/animal virus (Harstad, 1965; Hatch &
Warren, 1969; Trouwborst & de Jong, 1972),
however, the evaluated target virus did not
consist of al kinds of structure and nucleic
acid types of virus. Using Andersen 6- STG
sampler, more than 87 % of infectious virus
were found to be smaller than 2.1 um (ljaz et
a., 1987). In addition, impinger
demonstrated much higher virus viable
recovery those of filter (Hatch & Warren,
1969; Dubovi & Akers, 1970; Trouwborst, et
a., 1972). Moreover, virus sampling
efficiency was observed to highly depend on
RH and stress during sampling and extraction
process (Harstad, 1965; ljaz et al., 1987).
However, there are considerable variations,
which may be influenced by virus target,
aerosol generation, virus assay, the definition
of sampling efficiency (Harper, 1963).

In this current study, the virus sampling
performance of most commonly used
bioaerosol sampler, Andersen one-stage
impactor, AGI-30 impingers, Gelatin filter
and polycarbonate  filtration, were
investigated. For safety  concern,
bacteriophage was a suitable surrogate for
mammalian viruses. For understanding all
kinds of viruses, single strand DNA (phi
x174), single strain RNA (MS2), double
strand DNA (T7) and double stain RNA (phi
6) bacteriophges were investigated.



Test Microorganisms

In our current study, single strand DNA
(phi x174, ATCC 13706-B1), single strain
RNA (MS2, ATCC 15597-B1), double strand
DNA (T7, ATCC 11303-B1) and double
stain RNA (phi 6 with envelope lipid, ATCC
21781-B1) bacteriophges were investigated.
The host bacteria are Escherichia coli for
coliphages phi x174, MS2, and T7 (ATCC
13706, 15597 and 11303, respectively) and
Pseudomonas syringae (ATCC 21781) for
phi 6. A high titer stock of bacteriophages
was made by plate lysis and elution. For
allowing the phage attached to the host, the
bacteriophages were mixed with its own host.
After cultivation, 5 ml top agar was added to
the sterile tube of the infected cells. The
contents of the tube were mixed by gentle
tapping for 5 sec and poured onto the center
of a labeled agar plate. Findly, the plate
was incubated for 24 h a 37 °C for
coliphages and 26 °C for phi 6, respectively.
After cultivation, 5 ml SM buffer was

pipetted on to a plate showing confluent lysis.

Then, the plate was slowly rocked for 40 min
and the buffer was transferred to a tube for
centrifuge at 4,000 x g for 10 min. After
removing the supernatant, the resulting phage
stock was stored at 4 °C. To quantify the
bacteriophages, plague assay were performed
as described by Adams (Adams, 1959).

Aerosol Generation and Test system

The virus sampling test chamber is 29
cm in diameter with a height of 32 cm. A
Collison thee-jet nebulizer (BGI
Inc.,Waltham, MA) was wused for
nebulization of the microbial phages
suspension at 3 L/min of dry, filtered, and
compressed laboratory air, then passed
though a Kr-85 particle charge neutralizer
(model 3077, TS). The aerosolized

suspension was then diluted with filtered and
compressed air at 57 L/min. The stock
solution of bacteriophage MS2, Phi x174 and
T7 were diluted in sterile deionized water for
nebulization. In addition, phi 6 phage was
diluted in the sterile deionized water with
0.03 % tween 80.

An aerodynamic particle sizer (APS,
Model 8000, API Inc., Hadley, MA) were
used to determine red-time number
concentration and size distribution of viral
bioaerosols in the range of 0.5 pum to 30 pm.
In addition, an Andersen six-stage viable
impactor (Andersen Samplers, Inc., Atlanta,
GA) was used to measure size distributions
of the evaluated viable virus.

Test Samplers

Andersen 1-STG sampler is the sixth stage
of the Andersen six-stage sampler with 400
0.25-mm holes, drawing air at a flow rate of
28.3 L/min (the corresponding velocity is 24
m/s) by using 20 ml LB Broth with 3 %
gelatin plates. The calculated and reported
cut-point diameters of this sampler are 0.57
pm and 0.65 pum, respectively.

The AGI-30 (Ace Glass Inc.) of an
all-glass impinger with a 30-mm jet-to-plate
distance was operated at sampling flow rate
at 12,5 L/min for 5 min. Moreover, sterile
deionized water was chosen for different
relative humidity of AGI-30 sampling.

A Nuclepore filter consists of a
polycarbonate membrane with a 0.4-um pore
size and a 37-mm diameter supported by
cellulose pads loaded into open-face and
thee-piece plastic cassettes.  Filters and
support pads were autoclaved, and plastic
cassettes were sterilized with ethylene oxide
before sampling. The Nuclepore filter was
operated at 2 L/min for sampling time 20
min.

The geatin filter (3.0-um pore size,



80-mm diameter) (Sartorius, Gottingen,
Germany) was placed in a sterile filter holder
by carefully letting the filter slide out of the
pocket onto the filter support of the
aluminum filter holder. The gelatin filter
was operated at 30 L/min for 5 min. After
sampling, the filter could dissolve on the agar
surface at the temperature of 35t0 40 °C.

For comparison of samplers, the
parameter, Ctest /Csusp (colony survival, CS;
Csusp: PFU/m® by the evaluated sampler,
Csusp: PFU/ml in the suspension), was used
as areference.

Results and Discussion
Characteristics of aerosolized virus

Our results demonstrated that virus
infectivity of our evaluated strains in spray
suspension and aerosol phase (at RH 20 %,
55 % and 85 %) could be maintained up to
90 min with coefficient of concentration
variation below 25 %. By using APS,
geometric mean aerodynamic diameters of
MS2 (as shown in Fig 1), phix174, phi6, and
T7 were observed to be 1.23 ym, 1.25 pym,
125 pum, and 1.24 pm with geometric
standard deviation of 1.5, respectively. By
Andersen 6-STG sampler, more than 95 % of
recovered PFU plagues were found to be less
than 2.1 um.

Bioefficiency of tested samplers
Andersen 1-STG sampler:

The CS vaues of MS2 and phi x174
were observed to be 0.01 at three RHs (as
shown in Fig. 2, 3). The CS vaues of T7
(asshown in Fig. 4).at RH 85 % were similar
to those of MS2 and phi x174 , but found to
be much lower (1 log decrease) at RH 55 %
and 20 % (as shown in Fig 4). In regard to
phi 6, the CS value was observed to be much
lower (10 than the other three virus at all
RHs(as shown in Fig 5). These differences
might be explained by that MS2 and phi

x174 phage are icosahedral viruses without
lipids and result in more resistant to sampling
stress than those of T7 (tail fiber) and phi 6
(with lipid envelope). Regarding tailed
phage T7, the observed higher recoveries at
high RH could be explained by the moisture
film formation to protect the delicate fibers
(tail fiber) of tailed phage from breakage
from sampling stress (Hatch & Warren,
1969). Inaddition, the lipid content of phi 6
was indicated to be essential for infection and
extremely sensitive to environmental stress
(Woolwine & Gerberding, 1995). The low
recoveries of phi 6 might be related to the
lipid content affected by the sampling stress
like impaction and dehydration.
AGI-30 impinger

For AGI-30, the CS vaues of MS2, phi
x174 at three RHs, and T7 at 85 % RH were
observed to be 102 The virus recoveries
were found to be similar to those for
Andersen sampler. For T7, thereisa 2 log
crease in recovery at RH 55 % and 20 %.
Our finding agreed well with those found for
tailed phage T1 and T3 by impinger (Harstad,
1965; Hatch & Warren, 1969). This
significant lower recovery of T7 might be
associated to the nature of protein or nucleic
acid submitted to an instant reconstitution in
impinger fluids and causes a molecular
configuration not compatible with adsorption,
penetration, or multiplication (Haich &
Warren, 1969). In regard to phi 6, the CS
values were 10 at al RHs which is higher
than those in Andersen sampler.
Gelatin filter

For gelatin filter, average CS vaues for
MS2 and phi x174 were 10 at different RHSs.
For hydrophilic virus (MS2 and phi x174),
the recoveries among Andersen 1-STG
sampler, AGI-30, and gelatin filter were
similar. In addition, their performance is
similar to those of hardy endospore B.



subtilis and yeast cells (Li et al., 1999; Lin &
Li, 1999b). For phi 6 and T7, ther
recoveries were found to be still low which
was similar to fragile bacteria. From the
previous studies (Crook 1995, Li et a., 1999),
gelatin filter is not satisfactory for collecting
airborne fragile bacteria because the gelatin
dried out during extended sampling and
placing additional dehydration stresses in the
collected microorganisms. This reason
might apply for sensitive virus like phi 6 and
T7, because of higher biological stress by
filtration with related dehydration stress.
Nucleporefilter

Regarding the Nuclepore filter, average CS
values for MS2 and phi x174 were 103, that
was lower than the other three evauated
samplers. In addition, there is no virus
recovery (close to zero) for phi 6 and T7 by
Nuclepore filter. For the Nuclepore filter,
the evaluated virus aerosols in this study
were larger than 0.4 um pore size and the
virus aerosol penetration through filter
should be negligible. Therefore, the
observed virus infectivity loss from
Nuclepore filter should be primarily related
to the biological stress during filtration,
dehydration during sampling, and extraction
process (Li, et a., 1999).

In  summary, our results strongly
demonstrated that virus particle morphology
and with/without envelope  would
significantly  affect  virus  sampling
performance. For hydrophilic virus,
Andersen impactor, impinger, and gelatin
filter are likely to perform better than
Nuclepore filter. In regard to lipophilic
virus (with a lipid envelope), the virus
recoveries were found to be lower than those
of the hydrophilic virus, because lipid is
extremely sensitive to sampling stress.
Additionally, recoveries of MS2, phi x174,
and phi 6 did not depend on RH, but T7 with

tail fiber has high sensitivity to RH. These
findings demonstrated that RH plays different
role in recovery of different microorganism
(ljaz et al., 1987; Cox, 1995).
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Fig. 1. The particle size distributions of MS2 virus
in the test chamber measured by APS and an

Andersen six-stage impactor.
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The effects of relative humidity on colony

survival of Andersen impactor, AGI-30 impinger,
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Fig. 3. The effects of relative humidity on colony
survival of Andersen impactor, AGI-30 impinger,
Nuclepore and gelatin filter for phi x174 virus.
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Fig. 4. The effects of relative humidity on colony
survival of Andersen impactor, AGI-30 impinger,
Nuclepore and gelatin filter for T7 virus.
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Fig. 5. The effects of relative humidity on colony
survival of Andersen impactor, AGI-30 impinger,
Nuclepore and gelatin filter for phi 6 virus.



