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step (placement of the filter onto a pad saturated with 600 l
of 6% formaldehyde for 15 min) to kill the bacteria for safe
transport and handling. Preliminary studies verified that the
additional step did not adversely affect the assay results (data
not shown).
The colony and cell count data were adjusted for dilution
and volume. To account for some zeros, the data were modified and then transformed [log10(x ⫹ 1)]. At each sampling
point, means and standard deviations were calculated. The
normality of the data was tested using the Shapiro-Wilk statistic, and the mean values were compared to see if significant
differences occurred over time and if there were significant
differences between isolates, suspensions, and material types (a
significant P value was a P value of ⱕ0.05) (25). The Student t
test or the Wilcoxon rank sum test was used when appropriate
to compare the means (SAS, version 9.1; SAS Institute, Cary,
NC).
The lengths of survival for each isolate on each material and
in the different suspensions are shown in Tables 1 to 4. The
esterase activity analysis indicated longer survival times than
the culture analysis for both isolates regardless of the suspension medium or surface material (Tables 1 to 4). With two
exceptions (PE inoculated with ATCC 23343 in BB and SS
inoculated with ATCC 11668 in BB), cells on all materials were
still alive at 21 days as determined by esterase activity, whereas
cells did not survive for more than 7 days as determined by
culture analysis (Tables 1 and 3). At 24 h, there was a significant difference between the esterase and culture results for
both isolates on all materials. An example of this is that the
survival times for B. pseudomallei ATCC 23343 on paper determined by the esterase activity and culture analyses were not
significantly different up to 2 h; however, there was a significant
difference at ⱖ4 h (for BB, P ⬍ 0.001; for BHI, P ⫽ 0.03). The
differences continued to be significant at 28 days, when they
were ⬎2 log10 cells/coupon in BB and ⬎5 log10 cells/coupon in
BHI. In all instances, esterase activity was detected for much
longer periods of time than culture activity. Since culture analysis is the “gold standard” for determining the viability of
bacteria, the results described below focus on the differences in
culture data.
There was no significant difference in the number of culturable cells between the isolates suspended in BB on any material (P ⱖ 0.05) (Table 1). When cells were suspended in BHI

Burkholderia pseudomallei is a gram-negative bacillus that is
the causative agent of melioidosis, a disease whose severity
varies and which is often difficult to treat and has a mortality
rate that can be as high as 60 to 70% (4, 7, 10, 12, 14, 17). B.
pseudomallei is endemic in Northern Australia and Southeast
Asia but can survive in areas outside its natural habitat (12).
Documented cases have occurred in France, the United States,
and elsewhere (8, 12, 15, 16, 27). B. pseudomallei is currently
considered a biothreat agent; thus, knowledge about its persistence on specific surfaces is important in order to help with
risk assessment, sampling, and decontamination strategies.
Previous studies have focused on the survival of B. pseudomallei in its natural environment (wet areas with high temperatures [37 to 42°C]) and on the effect of different environmental
factors, such as pH, water content, and temperature, in a laboratory setting (3, 4, 7, 8, 10, 12, 14, 17, 19, 20, 26, 27). To date,
there have been no data related to the survival of this organism
in or on man-made environments.
The length of survival of two isolates of B. pseudomallei
suspended in either Butterfield buffer (BB) or brain heart
infusion broth (BHI) on glass, stainless steel (SS), paper, and
polyethylene (PE) coupons was investigated. Since culture results have been shown to underestimate the number of viable
organisms after exposure to stressful conditions, the viability of
bacterial cells was also assayed by detecting esterase activity
using ChemChrome V6 and a solid-phase cytometer (SPC)
(ScanRDI; Chemunex, Ivy-Sur-Seine, France) (1, 5).
B. pseudomallei strains ATCC 23343 and ATCC 11668 were
grown on Trypticase soy agar containing 5% sheep blood (TSA
II; Becton, Dickinson and Company, Sparks, MD) at 35°C for
24 h. The test surfaces and the methods used for suspension
preparation, coupon inoculation, humidity control, and cell
recovery have been described elsewhere (18). Coupons were
sampled periodically for at least 7 days, while some coupons
were sampled for up to 56 days. Survival, as measured by the
presence of esterase activity, was determined by using the
ScanRDI sample preparation protocol (6) with an additional
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The survival of the biothreat agent Burkholderia pseudomallei on the surfaces of four materials was measured
by culture and esterase activity analyses. The culture results demonstrated that this organism persisted for
<24 h to <7 days depending on the material, bacterial isolate, and suspension medium. The persistence
determined by analysis of esterase activity, as measured with a ScanRDI solid-phase cytometer, was always
longer than the persistence determined by culture analysis.
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TABLE 1. Recovery of B. pseudomallei isolates suspended in BB and placed on four materials as determined by culture analysis
Mean log10 CFU/coupon (SD) on indicated surface (n ⫽ 6)
Time after
inoculation (h)

0
2
4
6
24
72

Paper

SS

Glass

PE

ATCC 23343

ATCC 11668

ATCC 23343

ATCC 11668

ATCC 23343

ATCC 11668

ATCC 23343

ATCC 11668

4.82 (0.07)
5.27 (0.33)
4.76 (0.11)
2.77 (0.47)
0.00 (0.00)
0.00 (0.00)

4.96 (0.19)
4.65 (0.03)
4.45 (0.11)
3.78 (0.46)
0.05 (0.12)
0.00 (0.00)

3.40 (0.23)
2.44 (1.41)
2.97 (0.33)
0.17 (0.50)
0.00 (0.00)
0.00 (0.00)

3.24 (0.35)
3.34 (0.44)
3.36 (0.12)
2.36 (1.40)
0.00 (0.00)
0.00 (0.00)

3.65 (0.31)
2.54 (1.41)
2.49 (1.32)
1.02 (1.58)
0.00 (0.00)
0.00 (0.00)

4.04 (0.47)
3.31 (0.22)
1.88 (1.48)
0.75 (0.68)
0.00 (0.00)
0.00 (0.00)

3.13 (0.08)
2.52 (0.16)
2.54 (0.23)
0.79 (1.23)
0.00 (0.00)
0.00 (0.00)

4.53 (0.19)
4.42 (0.07)
4.38 (0.09)
3.43 (1.60)
0.00 (0.00)
0.00 (0.00)

jured is not known, but B. pseudomallei is thought to enter
a VBNC state in its natural environment in order to survive
through the dry season (2, 11–13). The pathogenicity of
these stressed B. pseudomallei cells is not yet known. Some
B. pseudomallei isolates differ in virulence depending on the
strain, iron availability, inoculum size, and host factors;
thus, the pathogenicity of stressed B. pseudomallei strains
may also differ (21).
When the two isolates were compared, the suspension medium influenced the survival of the isolates differently. The
survival times of the two isolates suspended in BB were not
significantly different, but the survival times were different
when the isolates were suspended in BHI. This may indicate
that when cells are suspended in a more complex medium
(BHI), the specific properties of the surface materials affect
the isolates differently with regard to resistance to desiccation.
Suspension in a buffer solution like BB may not provide any
protection from desiccation, and the surface properties of the
materials could have a stronger influence, negating isolate differences. However, it has been noted that many bacteria are
better able to resist disinfection with chemical agents when
they are maintained in a low-nutrient medium, such as certain
types of water (11). Culture analyses did not show this trend
with drying, but the esterase assay results did indicate that BB
and BHI allowed nonculturable cells to persist for similar
amounts of time.
When both isolates were suspended in BHI, they dried more
slowly, and the additional components of the BHI may have
prevented the cell membrane from distorting while the cells
were drying (18, 23, 24). For the SPC results, the presence of
these additional components could also explain the slight increase in the number of cells with active esterase suspended in

TABLE 2. Recovery of B. pseudomallei isolates suspended in BHI and placed on four materials as determined by culture analysis
Mean log10 CFU/coupon (SD) on indicated surface (n ⫽ 6)
Time after
inoculation (h)

0
2
4
6
24
72
168
a

n ⫽ 3.

Paper

SS

Glass

PE

ATCC 23343

ATCC 11668

ATCC 23343

ATCC 11668

ATCC 23343

ATCC 11668

ATCC 23343

ATCC 11668

6.29 (0.05)
6.11 (0.13)
6.02 (0.14)
5.32 (0.26)
3.29 (0.15)
0.10 (0.25)
0.00 (0.00)

6.17 (0.05)
6.12 (0.13)
6.07 (0.17)
5.77 (0.02)
1.99 (0.38)
0.10 (0.25)
0.00 (0.00)

5.43 (0.11)
4.91 (0.46)
5.37 (0.16)
4.39 (0.08)
0.00 (0.00)
0.00 (0.00)
0.00 (0.00)

5.74 (0.06)
5.69 (0.04)
5.43 (0.22)
4.80 (0.07)
3.41 (0.14)
1.25 (0.21)
0.00 (0.00)

4.73 (0.10)
4.42 (0.38)
3.59 (0.73)
3.19 (0.57)
0.10 (0.25)
0.00 (0.00)
0.00 (0.00)

5.81 (0.08)
5.61 (0.31)
4.68 (0.85)
3.75 (2.32)
0.22 (0.35)
0.00 (0.00)
0.00 (0.00)

5.77 (0.06)
5.81 (0.03)
5.37 (0.55)
4.79 (0.21)
2.78 (0.19)
0.20 (0.35)a
0.00 (0.00)a

5.81 (0.05)
5.74 (0.07)
5.83 (0.06)
5.77 (0.06)
2.36 (0.03)
0.00 (0.00)
0.00 (0.00)
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and placed on SS, the ATCC 11668 isolate could be cultured at
72 h, while the ATCC 23343 isolate could not (P ⬍ 0.0001)
(Table 2). The ATCC 23343 isolate in BHI survived on PE
until 72 h, while the ATCC 11668 isolate did not, although
the difference was not significant (P ⫽ 0.14) (Table 2). Both
isolates generally survived longer when cells were suspended
in BHI than when cells were suspended in BB (Tables 1
and 2).
The isolates showed no growth as determined by culture
analysis at 24 h when they were suspended in BB on any of the
materials, with the exception of ATCC 11668 on paper. When
the ATCC 11668 isolate was placed on paper, it survived
longer than the ATCC 23343 isolate, although the difference
was not significant (P ⫽ 0.21) (Table 1). When suspended in
BHI, cells of both isolates were able to survive for 72 h on
paper, and the survival times for ATCC 11668 on SS and
ATCC 23343 on PE were comparable. In BHI, both isolates
survived for at least 24 h on all surfaces, with the exception of
ATCC 23343 on SS (Tables 1 and 2).
While plate counting is the traditional method of determining the presence of bacteria on a surface, the results often
underrepresent the number of viable bacteria present (1, 5,
22). In a previous study looking at the effect of free chlorine on
B. pseudomallei in water, it was noted that culture methods
were unable to detect B. pseudomallei after treatment; however, persistent cells were still detected using flow cytometry
and a membrane integrity assay (11). Our study confirmed that
the SPC and the esterase viability assay could detect extended
persistence of B. pseudomallei compared with traditional
culture media, and this has been demonstrated to be true for
other organisms as well (1, 5). Whether the cells entered a
viable but not culturable (VBNC) state or were simply in-
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TABLE 3. Recovery of B. pseudomallei isolates suspended in BB and placed on four materials as determined by esterase activity analysis
Mean log10 cells/coupon (SD) on indicated surface (n ⫽ 3)
Time after
inoculation (h)

Paper
ATCC 23343

a
b

4.88 (0.08)
5.30 (0.03)
4.31 (0.11)
4.18 (0.32)
4.36 (0.21)
3.94 (0.82)
3.36 (0.37)
3.18 (0.84)
2.88 (0.77)
2.45 (0.52)
ND
ND

6.06 (1.31)
4.38 (0.29)
4.17 (0.13)
3.80 (0.18)
3.76 (0.15)
3.38 (0.02)
3.61 (0.17)
3.67 (0.23)
2.71 (0.68)
2.17 (0.38)
2.72 (0.46)
1.89 (0.22)

ATCC 23343

Glass
ATCC 11668

5.11 (0.35)
2.75 (2.41)
3.58 (0.56)
2.72 (0.75)
1.77 (0.31)
1.35 (0.13)
0.40 (0.70)
0.43 (0.74)
0.33 (0.58)
ND
ND
ND

3.04 (2.71)
3.10 (0.11)
3.57 (0.08)
3.95 (0.14)
1.82 (0.07)
0.33 (0.58)
0.00 (0.00)
0.25 (0.43)
NDb
ND
ND
ND

ATCC 23343

PE
ATCC 11668
a

4.53 (1.34)
3.31 (1.19)
3.67 (0.65)
2.86 (0.83)
1.66 (0.37)
1.41 (0.60)
0.80 (0.70)
0.72 (0.79)
1.43 (0.60)
ND
ND
ND

0.00 (0.00)
3.27 (0.25)
2.60 (0.45)
1.79 (0.21)
1.56 (0.55)
2.24 (0.63)
1.18 (0.56)
0.25 (0.43)
0.73 (0.72)
1.62 (0.65)
ND
ND

ATCC 23343

ATCC 11668

4.77 (0.36)
4.18 (0.18)
3.98 (0.21)
1.81 (1.68)
0.37 (0.64)
1.16 (0.41)
0.20 (0.35)
0.00 (0.00)
ND
ND
ND
ND

4.59 (0.22)
4.54 (0.05)
4.44 (0.09)
3.37 (0.44)
2.31 (0.54)
2.00 (0.46)
2.26 (0.78)
1.70 (0.31)
1.33 (1.16)
ND
ND
ND

Outlier due to sampling error which was not included in the statistical analysis.
ND, not determined.

BHI starting around day 14 (Table 4). A similar increase was
seen by Wuthiekanun et al. and was attributed to the dying
cells providing enough nutrients for replication to occur in the
surviving cells (26). Dimick observed something similar with
Serratia marcescens and described it as a rhythmic response to
cell age and environmental shifts that cause stress to the cells
(9). The cells that survived may have been able to use the BHI
nutrients and the dying cells to revive and reproduce before
they started to decline again. In a previous study of the survival
of Yersinia pestis on the same materials, it was noted that
surface characteristics, such as free energy, electrostatic
charge, roughness, and contact angle, may have influenced the
length of survival (18). B. pseudomallei, like Y. pestis, generally
survived for longer periods of time on paper, especially if it was
suspended in BHI. It was noted by Rose et al. that paper was
the roughest and most hydrophobic of the materials used, and
this may have contributed to the longer survival of B.
pseudomallei on paper in BHI (18). Components in the paper
sizing may also have provided the bacteria with an additional
source of nutrients.

In general, it appears that the specific properties of each
material (roughness and hydrophobicity) affect the length of
survival in a manner similar to that described for Y. pestis by
Rose et al. (18), with glass being the least hospitable and
paper, SS, and PE being similarly hospitable for B. pseudomallei survival. Survival on PE and SS was variable due to the
isolate and the suspension medium. Suspension in BHI extended survival, possibly due to the addition of nutrients and
protection from drying. Determination of viability by analysis
of esterase activity demonstrated that the survival time of cells
was extended compared to the results of culture analysis, raising the possibility that B. pseudomallei enters a VBNC state
when it is stressed. Culture analysis may not be the most
sensitive method for assessing the extent of a public health
threat, and alternative methods to determine viability should
also be used to assess the viability of organisms in environmental samples (1). The pathogenicity of B. pseudomallei in a
possible VBNC state after desiccation stress is unknown and
needs to be investigated to better determine the threat of this
organism to public health.

TABLE 4. Recovery of B. pseudomallei isolates suspended in BHI and placed on four materials as determined by esterase activity analysis
Mean log10 cells/coupon (SD) on indicated surface (n ⫽ 3)
Time after
inoculation (h)

0
2
4
6
24
72
168
336
504
672
840
1,008
1,176
1,344
a

Paper

SS

Glass

PE

ATCC 23343

ATCC 11668

ATCC 23343

ATCC 11668

ATCC 23343

ATCC 11668

ATCC 23343

ATCC 11668

6.30 (0.04)
6.21 (0.02)
6.21 (0.06)
5.85 (0.07)
5.85 (0.08)
5.65 (0.04)
5.56 (0.20)
5.01 (0.07)
5.36 (0.03)
4.97 (0.64)
4.58 (0.33)
4.44 (0.38)
4.96 (0.15)
4.87 (0.52)

6.18 (0.04)
6.15 (0.08)
6.06 (0.17)
5.85 (0.04)
5.04 (0.58)
4.50 (0.39)
3.96 (0.37)
3.74 (0.16)
3.75 (0.16)
3.70 (0.06)
3.68 (0.09)
2.88 (0.17)
3.36 (0.08)
3.24 (0.08)

4.92 (0.20)
5.43 (0.15)
5.43 (0.15)
3.28 (0.49)
3.90 (0.05)
3.04 (0.39)
3.10 (0.41)
3.54 (0.22)
2.47 (0.17)
2.29 (0.55)
3.88 (0.48)
NDa
ND
ND

5.81 (0.03)
5.61 (0.07)
5.56 (0.07)
4.90 (0.07)
4.42 (0.21)
4.39 (0.16)
2.24 (0.29)
1.69 (0.27)
2.71 (0.27)
2.87 (0.24)
2.67 (0.08)
2.86 (0.26)
2.15 (0.11)
ND

5.80 (0.05)
4.95 (0.54)
4.20 (0.96)
4.03 (0.39)
1.60 (0.42)
2.98 (0.21)
1.95 (0.25)
2.05 (0.49)
1.22 (0.10)
1.70 (0.28)
2.04 (0.39)
ND
ND
ND

5.88 (0.09)
5.81 (0.28)
4.94 (0.79)
3.69 (0.94)
2.16 (0.51)
2.50 (0.42)
2.09 (0.42)
2.93 (0.75)
2.21 (0.68)
2.05 (0.14)
2.01 (0.32)
ND
ND
ND

5.85 (0.15)
5.90 (0.05)
5.61 (0.07)
5.82 (0.08)
4.24 (0.06)
3.67 (0.33)
3.52 (0.07)
2.11 (0.60)
3.74 (0.19)
3.64 (0.16)
3.78 (0.16)
3.85 (0.10)
ND
ND

5.92 (0.12)
5.86 (0.03)
5.88 (0.06)
6.01 (0.16)
4.20 (0.22)
4.10 (0.14)
3.67 (0.31)
2.13 (0.11)
4.42 (0.14)
4.40 (0.14)
4.32 (0.02)
4.21 (0.20)
4.48 (0.12)
ND

ND, not determined.
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0
2
4
6
24
72
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504
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1,008
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