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Analytical sensitivity of air samplers based on uniform point-source
exposure to airborne Porcine reproductive and respiratory syndrome virus
and swine influenza virus

Joseph R. Hermann, Jeffrey J. Zimmerman

Abstract

Research and surveillance activities involving airborne pathogens rely on the capture and enumeration of pathogens suspended
in aerosols. The objective of this study was to estimate the analytical sensitivity (detection threshold) of each of 4 air samplers
for Porcine reproductive and respiratory syndrome virus (PRRSV) and swine influenza virus (SIV). In a 5-min sampling period
under controlled conditions, the analytical sensitivity of the AGI-30 (Ace Glass, Vineland, New Jersey, USA), AGI-4 (Ace Glass),
SKC BioSampler (SKC, Eighty Four, Pennsylvania, USA), and Midwest Micro-Tek sampler (Midwest Micro-Tek, Brookings,
South Dakota, USA) was calculated at 1 X 10"!,1 X 10'3, 1 X 10!, and 1 X 10'2 median tissue culture infectious dose (TCID,)
equivalents for PRRSV and 1 X 10", 1 x 10", 1 X 10'¢, and 1 X 10'2 TCID,, equivalents for SIV [per 60 L (5-min sampling
period)]. Despite marked differences in sampler design, no statistically significant difference in analytical sensitivity was detected
between the samplers for collection of artificially produced aerosols containing cell-culture-propagated PRRSV or SIV.

Résumeé

Les activités de recherche et de surveillance impliquant les agents pathogenes transmis par voie aérienne se fient sur la capture et I'énumération
de ces agents en suspension dans les aérosols. L'objectif de la présente étude était d’estimer la sensibilité analytique (seuil de détection) de
chacun de 4 échantillonneurs d’air pour le virus du syndrome reproducteur et respiratoire porcin (PRRSV) et le virus de 'influenza
porcin (SIV). Durant une période d’échantillonnage de 5 minutes en conditions contrélées, la sensibilité analytique des échantillonneurs
AGI-30 (Ace Glass, Vineland, New Jersey, USA), AGI-4 (Ace Glass), SKC BioSampler (SKC, Eighty Four, Pennsylvania, USA) et
Midwest Micro-Tek (Midwest Micro-Tek, Brookings, South Dakota, USA), exprimée en équivalent de dose infectante médiane de culture
de tissu (TCID,,), a été calculée comme étant 1 X 10™1,1 X 1013, 1 X 1011, et T X 1012 pour le PRRSV et 1 X 10'#,1 X 10", 1 X 10%,
et 1 X 1012 pour le SIV [par volume de 60 L (période d’échantillonnage de 5 minutes)]. Malgré des différences majeures dans le design des
échantillonneurs, aucune différence statistiquement significative dans la sensibilité analytique n’a été détectée entre les échantillonneurs
pour la collecte d’aérosols artificiellement produits contenant du PRRSV ou du SIV propagés en culture cellulaire.

(Traduit par Docteur Serge Messier)

Airborne transmission of viral pathogens is a significant risk to
human and animal health and a challenge to disease control pro-
grams. Viruses of concern include high-risk agents such as Severe
acute respiratory syndrome coronavirus (1), influenza viruses (2), and
foot-and-mouth disease virus (3). Airborne transmission of viruses
requires release of infectious virus from a host or reservoir, transport
in air, deposition in a susceptible host, entry into permissive cells,
and productive infection.

Conceptually simple, airborne transmission is actually complex
and dynamic. The quantity of infectious virus released from a host
is affected by stage of infection, virulence of pathogen, and various
host factors (4). Retention of infectivity during transport is highly
variable among viruses and reflects virus-specific resistance to inac-
tivation by environmental factors (temperature, relative humidity,
solar ultraviolet radiation, etc.) (5). Dispersion of airborne particles is
affected by particle shape, particle size, and atmospheric conditions
(wind speed and direction, topography, etc.) (6). If infectious virus

reaches a susceptible host, infection is not a certainty; its probability
depends on dose, virus strain, and host-associated factors, such as
gender and age (7).

Given the complexity of the process, it is understandable that aero-
biology research historically has been qualitative and descriptive.
However, the complex analyses needed to develop accurate models
of airborne transmission for pathogens of concern require quantita-
tive data. By definition, such an approach is based on enumeration
of airborne virus (infectious and noninfectious) at various stages in
the transmission process. The first step in this process is collection
and enumeration of virus in air samples.

Air samplers take in environmental air and collect airborne
pathogens by filtration, bubbling, or impaction. Impingement —
impaction into a liquid medium — is considered the most effective
approach for the recovery of viruses (8). All impingers function by
directing a jet of air into a liquid collection medium and trapping
viral particles therein. Aside from this common feature, impingers
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Figure 1. Experimental apparatus for estimating the analytical sensitivity of
air samplers. A — collison nebulizer (BGI, Waltham, Massachusetts, USA);
B — canine surgical mask; C — impinger (AGI-30; Ace Glass, Vineland,
New Jersey, USA).

vary in design parameters, including the number, angle, and distance
of the nozzle(s) relative to the liquid collection medium, flow rate,
and quantity of medium in the collection reservoir. Given the variety
of sampler designs, differences in sampler performance are to be
expected. Therefore, the objective of this research was to compare the
performance of several impingers on the basis of their analytical sen-
sitivity; that is, the lowest detectable quantity of airborne virus.

Four impingers were tested: AGI-30 (model 7540-10, Ace Glass,
Vineland, New Jersey, USA); AGI-4, 6 L (model 7541-10, Ace Glass);
SKC BioSampler (model 225-9595; SKC, Eighty Four, Pennsylvania,
USA); and Midwest Micro-Tek sampler (Midwest Micro-Tek,
Brookings, South Dakota, USA). The impingers were compared
on the basis of the quantity of virus captured from aerosol par-
ticles generated by a 6-jet Collison nebulizer (model CN60; BGI,
Waltham, Massachsetts, USA) in 60 L of air in a 5-min sampling
period. Factors that potentially affected impinger performance,
such as collection medium, sampling time, target pathogen, and
the diagnostic assays used for quantification of the target viruses,
were held constant (9).

The impingers differed in design characteristics. The AGI-30
samples 12.3 to 12.6 L of air per minute with a single nozzle placed
at 90° and 30 mm from the bottom of the flask. The AGI-4 samples
6 L/min with a single nozzle placed at 90° and 4 mm from the flask
bottom. The SKC BioSampler operates at 12.5 L/min with 3 nozzles,
each moving air at approximately 4.2 L/min. The nozzles are placed
at an angle to the sides and bottom of the flask, thereby causing the
collection liquid to swirl on the sides and bottom during opera-
tion. The Midwest Micro-Tek sampler has a self-contained internal
pump operating at a sampling rate of 400 L/min and a fan (rotating
vanes) that swirls the collection fluid in the reservoir bowl during
operation.

Two viruses were used in the study: a North American isolate of
Porcine reproductive and respiratory syndrome virus (PRRSV) desig-
nated ATCC VR-2332 (American Type Culture Collection, Manassas,
Virginia, USA) and an isolate of swine influenza virus (SIV) des-
ignated A/Swine/Iowa/73 (HIN1) (National Veterinary Service

Table I. Analytical sensitivity of air samplers for the detection
of airborne Porcine reproductive and respiratory syndrome virus
(PRRSV) and swine influenza virus (SIV)?

Flow rate Analytical

Sampler and virus (L/min) sensitivity (Log,,)°
AGI-30¢ — PRRSV 12.5 1 X 1011
— SIV 12.5 1 X 1014
AGl-4 (6-L)° — PRRSV 6.0 1 X 1013
— SIvV 6.0 1 X 1011
SKC BioSamplerd — PRRSV 12.5 1 X 101
— SIvV 12.5 1 X 10%6
Midwest MicroTek® — PRRSV 400 1 X 10%2
— SIvV 400 1 X 1012

@ The PRRSV was a North American isolate designated ATCC VR-2332
(American Type Culture Collection, Manassas, Virginia, USA); The
SIV was A/Swine/lowa/73 (H1N1) (National Veterinary Service
Laboratories, Ames, lowa, USA).

b Values are mean estimates per 60 L of air in a 5-min sampling
period from quantitative reverse transcriptase polymerase chain
reaction assays based on median tissue culture infectious dose
standards.

¢ Ace Glass, Vineland, New Jersey, USA.

4 SCK, Eighty Four, Pennsylvania, USA.

¢ Midwest Micro-Tek, Brookings, South Dakota, USA.

Laboratories, Ames, Iowa, USA). The viruses were propagated and
harvested as previously described (9).

Virus concentration in the impinged samples was determined by
means of quantitative real-time reverse transcriptase polymerase
chain reaction (qQRT-PCR) assays; the protocols are described else-
where (10). For each assay, a standard curve was generated with the
use of a series of virus standards containing PRRSV or SIV at a con-
centration of 10! to 10° median tissue culture infectious dose (TCID,)
per milliliter. Sample results were reported as TCID,, equivalents.

Six virus suspensions representing 6 concentrations of PRRSV and
SIV were prepared. The initial suspension was prepared by add-
ing 10 mL of PRRSV (1 X 10%* TCID,) and 10 mL of SIV (1 X 10%¢
TCID,,) to 80 mL of sterile phosphate-buffered saline (PBS), pH 7.4
(Invitrogen, Carlsbad, California, USA), and 0.01% (v/v) Antifoam
A Emulsion (Sigma Chemical Company, St. Louis, Missouri, USA).
Five serial 10-fold dilutions (107! to 1075) were made by adding
10 mL of each subsequent dilution to 90 mL of PBS plus antifoam.

For the experiment, 1 of the 6 virus dilutions was aerosolized
into a canine anesthesia mask (model 32393B1; SurgiVet, Waukesha,
Wisconsin, USA) connected to an impinger by tubing (internal diam-
eter 0.952 cm, wall thickness 0.317 cm) (Fisher Scientific, Hampton,
New Hampshire, USA) (Figure 1). The aerosol was generated with
a 6-jet Collison nebulizer operated at 20 1b/in? of compressed air
(model 00916734000; Sears Roebuck, Hoffman Estates, Illinois, USA).
According to data generated by May (11), these conditions will
produce 12 L/min of free air and aerosolize 9 mL of liquid per hour
with a particle size of 2.0 wm. Four replicates were performed for
each of the 4 impingers at each of the 6 virus dilutions. The air sam-
plers were loaded with the manufacturers’ recommended quantity
of collection fluid (PBS) and were operated for 5 min. Suspension
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Estimate of aerosolized virus (Log, ) by RT-PCR

Estimate of captured virus (Log,,) by RT-PCR

Figure 2. Determination of analytical sensitivity across viruses for AGI-30
(- - -), AGI-4 (—), SKC BioSampler (---), and Midwest Micro-Tek (- - -) using
linear regression analysis. RT-PCR — reverse transcriptase polymerase
chain reaction.

fluid from the nebulizer and collection fluid from the impinger
were collected immediately afterwards and stored at —80°C until
tested. All procedures were carried out within a class II, type A2
biologic safety cabinet (Labgard 440; NuAire, Plymouth, Minnesota,
USA). Upon completion of all replicates, samples were randomized
and submitted to the Iowa State University Veterinary Diagnostic
Laboratory for gqRT-PCR assays.

The experiment was designed to establish the relationship between
the collection efficiency (quantity of virus aerosolized <+ quantity
virus captured) of each sampler across a series of dilutions. From
this relationship, it was possible to estimate the analytical sensitivity
of each sampler for the conditions under which the experiment was
conducted. The total quantity of virus aerosolized was calculated
as the (number of milliliters of suspension fluid aerosolized by
nebulizer) X (the TCID,, equivalents/mL). The total quantity of
virus captured was calculated as the (TCID,, equivalents/mL of
impinger collection fluid) X (the number of milliliters of collection
fluid). The collection efficiency of each sampler for PRRSV or SIV
was analyzed by linear regression. The y-intercept derived from this
analysis was an estimate of the minimum quantity of aerosolized
virus necessary to result in detection by the impingers, that is, the
analytical sensitivity of the impingers. These results were compared
by analysis of variance (JMP; SAS Institute, Cary, North Carolina,
USA) of the y-intercept from each replicate and reported as least
square means. The null hypothesis stated that the means of the
impingers were equal. A significance level of < 0.05 was used as
the minimum acceptable P-value.

The calculated analytical sensitivity of the AGI-30, AGI-4, SKC
BioSampler, and Midwest Micro-Tek samplers for PRRSV and SIV
under the experimental sampling conditions are presented in Table L.
No statistically significant difference in analytical sensitivity was
detected among the impingers for collection of PRRSV (P = 0.88)
or SIV (P = 0.97) or between the viruses for the AGI-30 (P = 0.27),
AGI-4 (P =0.99), SKC BioSampler (P = 0.54), and, Midwest Micro-Tek
(P = 0.83) samplers. No statistically significant difference in analytical

Estimate of aerosolized virus (Log,,) by RT-PCR

0 1 2 3 4 5 6 7
Estimate of captured virus (Log,,) by RT-PCR
Figure 3. Determination of analytical sensitivity across impingers for Porcine

reproductive and respiratory syndrome virus (—) and swine influenza virus
(- =) by linear regression analysis.

sensitivity was detected among the impingers (Figure 2) (P = 0.23) or
between the viruses (Figure 3) (P = 0.97) for the collapsed data.

Impingers can be characterized and compared on the basis of total
collection, collection efficiency, or analytical sensitivity, or a combina-
tion. Comparisons made on the basis of total collection are relatively
simple to perform and analyze. For example, Cage et al (12) reported
that the AGI-30 collected more pollen and an equivalent number
of spores per cubic meter when compared with Spin-Con, a high-
volume cyclonic liquid impinger (Sceptor Industries, Kansas City,
Missouri, USA) when operated on the roof of a hospital building.

Comparisons made on the basis of total collection do not address
important issues in sampler performance, such as efficiency.
Estimates of impinger efficiency provide much more information
than do estimates of total collection but present technical challenges
in the design and execution of the experiment. Sampler efficiency
is based on the number of target particles recovered relative to the
number available per volume of air. In this study, impinger effi-
ciency was estimated for 4 samplers at each of six 10-fold dilutions
of PRRSV and SIV. From these results it was possible to calculate
the concentration below which aerosolized virus was undetectable
for each impinger — that is, the sampler’s analytical sensitivity.
Within the constraints of the experiment, 2 important conclusions
can be made for the samplers and targets tested: marked differ-
ences in sampler design and function did not result in significant
differences in collection efficiency, and airborne virus (infectious
and noninfectious) will not be detected if present at concentrations
below the impinger’s analytical sensitivity. This may provide an
alternative explanation for negative results from air sampling for
pathogens aerosolized in the field and under experimental condi-
tions (13-18). The biological significance of undetectable levels of
airborne virus will depend on whether the virus is infectious and
whether exposure to such a level of virus will result in productive
infection in the host.

Since impinger efficiency is known to vary by the mass and size of
the target, the results of this study cannot be directly extrapolated to
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all airborne microorganisms, but they are relevant to other viruses.
Additionally, the aerosols in this study were artificially produced
and may yield different results than naturally produced aerosols —
those generated or dispersed by animals.
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