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Burkholderia thailandensis is used in the laboratory as a surrogate of the more virulent
B. pseudomallei. Since inhalation is believed to be a natural route of infection for
B. pseudomallei, many animal studies with B. pseudomallei and B. thailandensis utilize the
inhalation route of exposure. The aim of the present study was to quantify the recovery
efficiency of culturable B. thailandensis from several common aerosol sampling devices
to ensure that collected microorganisms could be reliably recovered post-collection. The
sampling devices tested included 25 mm gelatin filters, 22 mm stainless steel disks used
in Mercer cascade impactors, and two types of glass impingers. The results demonstrate
that while several processing methods tested resulted in significantly lower physical
recovery efficiencies than other methods, it was possible to obtain culturable recovery
efficiencies for B. thailandensis and physical recovery efficiencies for 1 µm fluorescent
spheres of at least 0.95 from all of the sampling media tested given an appropriate
sample processing procedure. The results of the present study also demonstrated that
the bubbling action of liquid media in all-glass impingers (AGIs) can result in physical loss
of material from the collection medium, although additional studies are needed to verify
the exact mechanisms involved. Overall, the results of this study demonstrate that the
collection mechanism as well as the post-collection processing method can significantly
affect the recovery from and retention of culturable microorganisms in sampling media,
potentially affecting the calculated airborne concentration and any subsequent estimations
of risk or dose derived from such data.
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INTRODUCTION
Many different sampling devices are available for the collection
of airborne microorganisms. The sampling process involves entry
of airborne microorganisms into the sampler inlet, transport to a
sampling medium, collection by the sampling medium, retention
in the sampling medium in a culturable state for the duration of
sampling, recovery from the sampling medium following termi-
nation of the sampling, and determination of the concentration of
microorganisms present. The total efficiency of the sampling pro-
cess can be expressed as the product of the individual efficiencies
associated with each of the various components of the sampling
process (Brockman, 2011; Reponen et al., 2011). Knowledge of
the total efficiency of the sampling process, as well as the effi-
ciencies of the various components, is important in studies where
the absolute concentration of airborne material is needed, such
as inhalation dosing studies. Inaccurate assumptions regarding
of these efficiency values, or errors in their estimation, have
the potential to affect the calculated airborne concentration of
microorganisms and any subsequent estimations of risk or dose
derived from such data.

The recovery efficiency quantifies the recovery of collected
material from a given sampling medium after it has been col-
lected. As noted previously, the recovery efficiency of collected

material from a sampling medium contributes to the total effi-
ciency of the sampling process. Two separate terms, the physical
recovery efficiency and the culturable recovery efficiency are often
used to describe losses due to physical processes and decreases
in culturability, respectively. Decreases in the physical recovery
efficiency are often estimated with the aid of fluorescent trac-
ers, and can be attributed to the physical loss of material during
post-collection processing. Decreases in the culturable recov-
ery efficiency are often associated with a loss of culturability of
the collected microorganisms due to stresses associated with the
post-collection processing (Zhao et al., 2011).

B. pseudomallei, the causative agent of melioidosis, is a gram
negative rod shaped bacterium that is found in soil and water
in areas where it is endemic, including many of the countries of
Southeast Asia, and recently Europe and South America (Inglis
and Sagriapanti, 2006). Melioidosis in humans occurs in individ-
uals who have been in contact with contaminated surface water
and soil (Cheng and Currie, 2005). Inhalation of airborne bacteria
is also believed to be a route of exposure in areas where mon-
soonal flooding and high winds occur (Currie, 2008). Therefore,
several studies with aerosolized B. pseudomallei have been con-
ducted to develop animal models of inhalational melioidosis
for use in therapeutic efficacy testing (Sivalingam et al., 2008;
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Tan et al., 2008; Rozak et al., 2010). However, since B. pseudo-
mallei is a CDC Category B biological threat agent, work with this
organism is highly regulated and requires special laboratory facil-
ities. Given these restrictions, Burkholderia thailandensis, which is
genetically similar to B. pseudomallei, is commonly used in the
laboratory as a surrogate of the more virulent B. pseudomallei
(Haraga et al., 2008; West et al., 2008).

Previous studies utilizing inhalational murine models of either
B. pseudomallei or B. thailandensis infection have calculated
inhaled doses calculated either by assaying lung tissue post expo-
sure (West et al., 2008) or based on the measured airborne
bacterial concentration determined using impingers (Sivalingam
et al., 2008; Tan et al., 2008; Morici et al., 2010; Rozak et al., 2010).
However, none of the studies that utilized impingers discuss the
efficiency of the sampling devices with aerosolized Burkholderia
species. A recent study compared the total sampling efficiency
and the retention efficiency of several aerosol sampling devices
with B. pseudomallei (Dabisch et al., 2012), demonstrating the
equivalence of the total sampling efficiencies for the Mercer cas-
cade impactor, gelatin filters, and an all glass impinger across a
range of concentrations for aerosolized B. pseudomallei. However,
the retention efficiency was shown to differ between gelatin fil-
ters and an all glass impinger, demonstrating that while the total
sampling efficiencies were similar between the devices, the effi-
ciencies of the various components of the sampling process were
not. Given this previous data, the aim of the present study was
to estimate the efficiency for another component of the sampling
process, namely the physical and culturable recovery efficiencies
of B. thailandensis, from several commonly used sampling media,
specifically 25 mm gelatin filters, greased 25 mm stainless steel
disks from a Mercer impactor, and jars from both an all-glass
impinger (AGI) and an SKC Biosampler, using a variety of differ-
ent recovery processes. These data will useful to inform sampling
paradigms in future inhalation studies, as well as for correction
of concentration, and subsequent dose calculations in inhalation
studies.

MATERIALS AND METHODS
PREPARATION OF Burkholderia thailandensis
Tryptic soy broth (TSB; PN 290613, BD Biosciences, Franklin
Lakes, NJ, USA) was inoculated with frozen B. thailandensis stock
culture (ATCC 700388) in a baffled flask, and incubated for
approximately 18 h at 35◦ ± 2◦C with shaking. Dilutions were
prepared in fresh TSB.

OVERVIEW OF RECOVERY STUDIES
Both the physical recovery efficiency and the culturable recov-
ery efficiency were estimated for several different sampling media
using a variety of different recovery processes, details of which
are provided in the following sections. The collection media
tested included 25 mm gelatin filters (PN#225-9551, SKC, Inc.,
Eighty-Four, PA, USA), greased 22 mm stainless steel disks from
a Mercer impactor (Intox Products, Moriarty, NM, USA), and
jars from both a Model 7541 AGI (Ace Glass Inc., Vineland, NJ,
USA), and an SKC Biosampler (PN#225-9596, SKC, Inc., Eighty-
Four, PA, USA). The physical recovery efficiency was estimated
by comparing the recovery of 1 µm fluorescent melamine beads

(Thermo Scientific, Fremont, CA, USA) from processed samples
to recovery from control samples. Unlike a biological organism,
a non-biological tracer, such as fluorescent beads, is not subject
to losses in viability associated with aerosolization and sampling.
One µm fluorescent melamine beads were chosen since they are
approximately the same size and shape of the bacterium used
for estimating culturable recovery efficiency, B. thailandensis. The
culturable recovery efficiency was estimated by comparing the
recovery of B. thailandensis from processed samples to the recov-
ery from control samples. Estimation of the culturable recovery
efficiency was not performed using processing methods that had
physical recovery efficiencies that were significantly less than the
other processes.

RECOVERY FROM 25 mm GELATIN FILTERS
To estimate recovery of 1 µm fluorescent melamine beads from
25 mm gelatin filters, 10 µl of water containing 1 µm fluorescent
melamine beads was spotted onto the surface of a 25 mm gelatin
filter located in the bottom of a 50 ml conical tube. The filter was
allowed to sit for 10 min and was then processed. Four differ-
ent processing methodologies (10 replicates each) were evaluated:
(1) the addition of 10 ml of water at room temperature, and vor-
texing for 3 min to dissolve the filter; (2) the addition of 10 ml
of water at 35◦C, and vortexing for 3 min to dissolve the filter;
(3) the addition of 10 ml of water at 35◦C, and vortexing for
30 s to dissolve the filter; and (4) the addition of 10 ml of water
at 35◦C, and vortexing for 10 s to dissolve the filter. Sample flu-
orescence was quantified using a SpectraMax M5 Fluorescence
Reader (Molecular Devices, Sunnyvale, CA, USA) with an exci-
tation wavelength of 460 nm and an emission wavelength of
520 nm.

The methodology to estimate the recovery of B. thailandensis
from 25 mm gelatin filters was identical to that used for the recov-
ery of 1 µm fluorescent melamine beads, except that TSB was
used in place of water, and the bacterial content of samples was
determined by triplicate plating samples on tryptic soy agar (TSA;
PN 221283, BD Biosciences, Franklin Lakes, NJ, USA) plates with
enumeration following a 48 h incubation period. Recovery pro-
cesses that resulted in a physical recovery efficiency that was
significantly less than that of the others were not tested with
B. thailandensis.

Control tubes contained a clean gelatin filter to which either
10 ml of either TSB (for bacterial samples) or water (for bead
samples) at the appropriate temperature was added. Each tube
was processed by one of the methodologies described above to
dissolve the filter. Following dissolution of the filter, 10 µl con-
taining either bacteria or beads was added to the liquid in the
tube, the tube was vortexed for 3 s to mix the contents, and the
contents were assayed as described previously. For 1 µm fluores-
cent melamine beads, the physical recovery efficiency from the
spiked filters was expressed as the ratio of the amount of fluo-
rescence recovered from the spiked filters to the average amount
of fluorescence recovered from the triplicate control tubes. For
B. thailandensis, the culturable recovery efficiency from the spiked
filters was expressed as the ratio of the number of colonies recov-
ered from the spiked filters to the average number of colonies
recovered from the triplicate control tubes.
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RECOVERY FROM 22 mm STAINLESS STEEL DISKS
Prior to recovery testing, the stainless steel disks were greased
by working a small amount of silicone grease (Intox Products,
Moriarty, NM, USA) between the fingers of a gloved hand and
then rolling a finger over the center if a disk, leaving a thin fin-
gerprint of silicone grease, as is commonly done with cascade
impactors to prevent bounce of particles following impaction
on the disk. To estimate recovery of 1 µm fluorescent melamine
beads from greased 22 mm stainless steel disks, 10 µl of water con-
taining 1 µm fluorescent melamine beads was placed on the cen-
ter of a greased 22 mm stainless steel disk. The disk was allowed
to sit for 10 min, and was then placed into a 50 ml conical tube
containing 4 mL of water at room temperature. Three different
recovery processes (10 replicates each) were evaluated: (1) vor-
texing for 3 min to re-suspend the beads; (2) vortexing for 30 s
to re-suspend the beads; and (3) vortexing for 10 s to re-suspend
the beads. Sample fluorescence was quantified using a SpectraMax
M5 Fluorescence Reader with an excitation wavelength of 460 nm
and an emission wavelength of 520 nm.

The methodology to estimate the recovery of B. thailandensis
from 22 mm stainless steel disks was identical to that used for the
recovery of 1 µm fluorescent melamine beads, except that TSB
was used in place of water, and the bacterial content of samples
was determined by triplicate plating onto TSA plates with enu-
meration following a 48 h incubation period. Recovery processes
that resulted in a physical recovery efficiency that was significantly
less than the others were not tested with B. thailandensis.

Control tubes contained a clean greased stainless steel disk to
which 4 ml of either TSB (for bacterial samples) or water (for
bead samples) at room temperature was added. Each tube was
vortexed for one of the durations described above, after which
10 µl containing either bacteria or beads was added to the liq-
uid in the tube. The tube was then vortexed for 3 s to mix the
contents, and the contents were assayed as described previously.
For 1 µm fluorescent melamine beads, the physical recovery effi-
ciency from the spiked stainless steel disks was expressed as the
ratio of the amount of fluorescence recovered from the spiked
disks to the average amount of fluorescence recovered from the
triplicate control tubes. For B. thailandensis, the culturable recov-
ery efficiency from the spiked disks was expressed as the ratio of
the number of colonies recovered from the spiked disks to the
average number of colonies recovered from the triplicate control
tubes.

RECOVERY FROM IMPINGER JARS
To estimate recovery of 1 µm fluorescent melamine beads from
impinger jars, a stock suspension of 1 µm fluorescent melamine
beads in water was prepared. The baseline fluorescence was deter-
mined using a SpectraMax M5 Fluorescence Reader. Ten mL of
the stock suspension was pipetted into the jar of either an AGI
or Biosampler. The jar was allowed to sit for 10 min after which
the suspension was decanted into a clean 15 ml conical tube, and
the fluorescence of the sample was measured using a SpectraMax
M5 Fluorescence Reader. Ten replicates were performed with each
type of jar. The physical recovery efficiency of each jar type was
calculated as the ratio of the amount of material recovered from
the jar (product of concentration of material in jar and volume

recovered from jar) to the amount of material initially pipetted
into each jar (product of the volume initially pipetted into the jar
and the stock concentration).

The methodology to estimate the recovery of B. thailandensis
from impinger jars was identical to that used for the recovery of
1 µm fluorescent melamine beads, except that TSB was used in
place of water, and the bacterial content of samples was deter-
mined by triplicate plating onto TSA plates with enumeration
following a 48 h incubation period. The culturable recovery effi-
ciency from a jar was expressed as the ratio of the number of
colonies recovered from the jar (product of bacterial concentra-
tion in jar and volume recovered from jar) to the number of
colonies initially pipetted into the jar (product of the volume
initially pipetted into the jar and the stock bacterial concentra-
tion).

Since both the AGI and the Biosampler swirl/bubble the liq-
uid media during the collection process, the ability of the sampler
to retain material already present in the liquid media during
the collection process was also estimated. A stock suspension of
1 µm fluorescent melamine beads in water was prepared, and
the baseline fluorescence was determined using a SpectraMax
M5 Fluorescence Reader. For AGI jars, either 10 or 20 ml of
the stock suspension was pipetted into the jar. For SKC jars,
either 15 or 20 ml of the stock suspension was pipetted into the
jar. Each jar was then attached to the other components of the
sampler, and the sampler was connected to a vacuum source
to initiate air flow through the sampler. The duration of air
flow through the sampler was 10 min. The inlet of the sampler
remained open to room air. Following termination of air flow
through the sampler, the remaining suspension was decanted into
a clean conical tube, and the fluorescence of the sample was mea-
sured using a SpectraMax M5 Fluorescence Reader. The physical
retention efficiency for each jar was calculated as the ratio of
the amount of material recovered from the jar (product of con-
centration of material in jar and volume recovered from jar) to
the amount of material initially pipetted into each jar (prod-
uct of the volume initially pipetted into the jar and the stock
concentration).

The retention of B. thailandensis was only estimated in AGI
jars. The methodology was identical to that used for estimating
the retention of 1 µm fluorescent melamine beads, except that
only 10 ml of TSB containing bacteria was used, and the bacte-
rial content of samples was determined by triplicate plating onto
TSA plates with enumeration following a 48 h incubation period.
The duration of air flow through the sampler was 10 min. The
culturable retention efficiency for the AGI jar containing 10 ml of
media was calculated as the ratio of the number of colonies recov-
ered from the jar (product of bacterial concentration in jar and
volume recovered from jar) to the number of colonies initially
pipetted into each jar (product of the volume initially pipetted
into the jar and the stock bacterial concentration).

STATISTICS
All statistical analyses were done using GraphPad Prism (Version
5.04, 2010). Comparisons of different sampling devices and
recovery processes were done using One-Way analysis of vari-
ance with a Bonferonni post-test. All values are presented as
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mean ± standard deviation. An alpha value of 0.05 was used as
the criterion for statistical significance.

RESULTS
PHYSICAL RECOVERY OF 1 µm FLUORESCENT MELAMINE BEADS
The physical recovery efficiency of 1 µm fluorescent melamine
beads from 25 mm gelatin filters was assessed using four differ-
ent processing methods, and the results are shown in Figure 1.
The physical recovery efficiency of fluorescent beads from
gelatin filters following 3 min of vortexing in room temperature
water (0.52 ± 0.14, n = 10) was significantly less (P < 0.0001)
than the other three processing methods evaluated (10 s, 35◦C:
0.97 ± 0.03, n = 10; 30 s, 35◦C: 0.95 ± 0.04, n = 10; 3 min, 35◦C:
0.96 ± 0.02, n = 10).

The physical recovery efficiency of 1 µm fluorescent melamine
beads from 22 mm stainless steel disks was assessed using three
different processing methods, and the results are shown in
Figure 2. The physical recovery efficiency of fluorescent beads
from stainless steel disks was inversely proportional to the dura-
tion of vortexing: 10 s = 1.05 ± 0.06 (n = 10); 30 s = 0.85 ± 0.11
(n = 10); 3 min = 0.23 ± 0.08 (n = 10). The physical recovery
efficiencies for all three recovery methods were significantly dif-
ferent from each other (P < 0.0001). Additionally, it was also
noted that the walls of the conical tube became more opaque as
the duration of vortexing increased.

The physical recovery efficiencies of 1 µm fluorescent
melamine beads from impinger jars were assessed and the
results are shown in the top of Figure 3. The physical recov-
ery efficiency of fluorescent beads from both jars types were

FIGURE 1 | Physical recovery efficiency of 1 µm fluorescent melamine

beads from 25 mm gelatin filters. The physical recovery efficiency of
fluorescent beads from gelatin filters following 3 min of vortexing in room
temperature water was significantly less than the other three processing
methods (P < 0.0001); lines represent the mean, and ± one standard
deviation; n = 10 for each processing method.

similar, with a physical recovery efficiency from the AGI jars of
1.03 ± 0.03 (n = 10), and a physical recovery efficiency from the
SKC Biosampler jars of 1.03 ± 0.01 (n = 10).

The physical retention efficiencies of impinger jars with 1 µm
fluorescent melamine beads were assessed and the results are
shown in the bottom of Figure 3. The physical retention effi-
ciencies of the SKC jars filled with 15 (n = 9) and 20 ml (n = 8)
of media containing 1 µm fluorescent beads were 0.97 ± 0.07
and 1.07 ± 0.09, respectively. The physical retention efficiencies
of the AGI jars filled with 10 (n = 8) and 20 ml (n = 3) of
media containing 1 µm fluorescent beads were 0.16 ± 0.06 and
0.57 ± 0.19, respectively. Additionally, following decanting of the
liquid media, a residue was visible on the inside of the AGI jar
above where the air-liquid interface had been.

CULTURABLE RECOVERY OF B. thailandensis
The culturable recovery efficiency of B. thailandensis from gelatin
filters using three different processing methods, stainless steel
disks, and two types of impinger jars was assessed, and the results
are shown in Figure 4. Culturable recovery efficiency from filters
processed with room temperature TSB, and stainless steel disks
vortexed for either 30 s or 3 min, were not assessed since the phys-
ical recovery of 1 µm fluorescent melamine beads using these
recovery processes was significantly less than the other methods
tested. The culturable recovery efficiency of B. thailandensis from
any of the sampling media and recovery processes tested were not
significantly different from one another (P = 0.1569; n = 10 for
each type of media): AGI Jar = 0.95 ± 0.07; SKC Biosampler
Jar = 0.95 ± 0.12; Stainless Steel Disk (10 s vortex) = 0.97 ± 0.14;
Gelatin filter with 10 s vortex @ 35◦C = 0.98 ± 0.15; Gelatin filter
with 30 s vortex @ 35◦C = 1.06 ± 0.08; Gelatin filter with 3 min
vortex @ 35◦C = 1.04 ± 0.10.

The culturable retention efficiency of AGI jars with B. thailan-
densis was also assessed. The culturable retention efficiency of the

FIGURE 2 | Physical recovery efficiency of 1 µm fluorescent melamine

beads from 22 mm stainless steel disks. The physical recovery efficiency
of fluorescent beads from stainless steel disks was significantly different
for all three processing methods tested (P < 0.0001); lines represent the
mean, and ± one standard deviation; n = 10 for each method.
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FIGURE 3 | Physical recovery and retention efficiencies of 1 µm

fluorescent melamine beads from impinger jars. Top: Physical recovery
efficiency; n = 10 for each jar type; Bottom: Physical retention efficiency;
n = 9 for SKC filled with 15 ml; n = 8 for SKC filled with 20 ml; n = 8 for AGI
filled with 20 ml; n = 3 for AGI filled with 10 ml; lines represent the mean
and ± one standard deviation.

AGI jar filled with 10 ml of media containing B. thailandensis was
0.79 ± 0.08 (n = 6).

DISCUSSION
The aim of the present study was to estimate the recovery effi-
ciency of the bacterium B. thailandensis from several common
sampling media, specifically 25 mm gelatin filters, greased 25 mm
stainless steel disks from a Mercer impactor, and jars from both
an AGI and an SKC Biosampler, using a variety of different recov-
ery processes. The results demonstrated average physical recovery
efficiencies of at least 0.97 for all sampling media tested, sug-
gesting that near complete recovery of the spiked material was
possible. Several of the estimated physical retention efficiency val-
ues for the various recovery processes were greater than 1.0, with
the greatest value being 1.07 ± 0.09 for SKC Biosampler jars filled
with 20 ml of media. However, these values are likely a result of
variability associated with the fluorescence measurements, which
was approximately 5% for control samples.

Several of the sampling media tested had physical recov-
ery efficiencies that were dependent upon the recovery process
utilized. For 25 mm gelatin filters, dissolution of the filter in

FIGURE 4 | Culturable recovery efficiency of B. thailandensis. The
culturable recovery efficiency of B. thailandensis from any of the sampling
media and recovery processes tested were not significantly different from
one another (P = 0.1569); lines represent the mean, and ± one standard
deviation; n = 10 for each jar type.

room temperature water resulted in a significantly lower recov-
ery efficiency, and chunks of the filter were still visibly suspended
even after 3 min of vortexing. Thus, the decreased physical recov-
ery efficiency was likely due to incomplete dissolution of the filter
material. For greased 22 mm stainless steel disks, the physical
recovery efficiency decreased significantly as the duration of vor-
texing increased. It was noted that the walls of the conical tube
became more opaque the longer the sample was vortexed, sug-
gesting that the loss was due to binding of the fluorescent beads
to the wall of the conical tube. This change in the opacity of the
walls of the conical tube was unique to the greased 25 mm disks,
and was not observed with the other sampling media tested, sug-
gesting that some unique component of the sampling medium,
potentially the grease from the surface of the disk, was enhancing
the binding of the fluorescent beads to the wall of the conical tube.
However, additional testing is needed to verify this hypothesis.

Estimation of the culturable recovery efficiency was not per-
formed using processing methods that had physical recovery
efficiencies that were significantly less than the other processes.
Regardless, it was possible to achieve culturable recovery efficien-
cies near unity for all of the sampling media tested, suggesting that
the recovery processes utilized were not damaging the bacteria.
Some of the estimated culturable retention efficiency values for
gelatin filters were greater than 1.0, with the greatest value being
1.06 ± 0.08 for gelatin filters vortexed for 30 s in 35◦C media.
These values are likely a result of variability associated with the
triplicate plate counts, which was slightly less than 10%. These
results complement the findings of Zhao et al. (2011), in which
four different bacteria spiked onto agar plates of an Andersen
impactor were recovered with recovery efficiencies of 87–124%.
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It should be stressed that these results are only applicable to recov-
ery from sampling media, and that it is possible that physical or
culturable losses of airborne bacteria may still occur during either
transport through the sampler prior to collection or the collec-
tion process into the sampling medium. It should also be noted
that there is a potential for differences in the fitness of bacteria
straight from a liquid culture, like those used in the present study,
and those having undergone aerosolization. Bacteria undergoing
the process of aerosolization may be damaged and, therefore, less
likely to survive the post-collection processing method than bac-
teria taken straight from a liquid culture, resulting in a reduced
culturable recovery efficiency. The effect of the generation process
on bacterial fitness is, therefore, a potentially important consid-
eration in the design of a study. The effect would also likely be
bacterium and generator specific, requiring additional testing for
every combination utilized.

For the jars from the Model 7541 AGI and SKC Biosampler, it
was possible to completely recover both the beads and B. thailan-
densis initially pipetted into each type of jar if they were recovered
without activating the sampler. However, if the Model 7541 AGI
was activated and the liquid in the jar agitated, the initial mate-
rial present in the jar was not completely retained. This was
observed for both 1 µm fluorescent beads and for B. thailanden-
sis. These data are similar to those reported by Kesavan et al.
(2010), in which it was demonstrated that the AGI-30 did not
completely retain 1 µm spheres or the bacteria Bacillus atropheus
and Pantoea agglomerans in the sampling medium, with losses
potentially resulting from both re-aerosolization and decreases
in the culturability of collected bacteria. Similarly, it has been
recently reported that the retention efficiency of B. pseudomallei,
which would be expected to behave similarly to B. thailandensis,
in an Ace Glass Model 7541 All Glass Impinger is significantly
less than unity (Dabisch et al., 2012), with similar mechanisms
responsible for the observed losses. In the present study, it is
again likely that similar mechanisms, including re-aerosolization
of material from the sampling medium; binding of material to
the inner walls of the jar, as is suggested by the presence of a
residue on the jar; or, in the case of B. thailandensis, loss of viabil-
ity due to the stresses associated with the sampler, are responsible
for the decreased retention efficiency. However, additional test-
ing is needed to determine the contribution of each possible
mechanism to the observed loss of material. Regardless of the
mechanism(s) responsible, these data suggest that additional pro-
cessing steps may be necessary to completely recover collected
material from Model 7541 AGIs.

The study by Kesavan et al. (2010) also demonstrated a
decreased retention of both 1 µm spheres and bacteria in the SKC

Biosampler over time. These results are contrary to the results
reported in the present study in which 1 µm spheres were com-
pletely retained in the SKC Biosampler following a 10 min period
of sampler air flow. The difference between the results of these
studies may result from the different durations of sampler air
flow used – the present study utilized a 10 min period of sam-
pler air flow, whereas Kesavan et al. utilized 15, 20, 45, and 60 min
durations of sampler air flow. It is possible that the 10 min period
utilized in the present study was not sufficiently long to produce
a significant loss of beads from the sampling medium.

As noted previously, it is important to have knowledge of
the various efficiencies associated with the sampling process,
especially in studies that require calculation of the absolute con-
centration of airborne material, such as inhalation dosing studies.
Erroneous assumptions regarding sampling efficiency values have
the potential to result in miscalculation of the airborne concentra-
tion of microorganisms, and ultimately affecting any subsequent
estimations of risk or dose derived from such data. The data
from the present study provide novel information on the recov-
ery and retention efficiencies for a bacterium commonly used
in inhalation studies from commonly used sampling devices,
demonstrating that the mechanism of operation of the sam-
pling device as well as the post-collection processing method
can significantly affect the recovery and retention of culturable
microorganisms from sampling media. These data will useful to
inform sampling paradigms in future inhalation studies, and may
also be applicable to other similar bacteria, notably B. pseudoma-
llei, for which inhalation has been suggested as a natural route of
exposure.
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