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Abstract

Standardizing healthcare surface sampling requires the evaluation of sampling tools for organism adherence. Here, 7 sampling tools were
evaluated to assess their elution efficiencies in the presence of 5 pathogens. Foam sponges (80.6%), microfiber wipes (80.5%), foam swabs
(77.9%), and cellulose sponges (66.5%) yielded the highest median elution efficiencies.

(Received 22 February 2019; accepted 15 July 2019; electronically published 9 December 2019)

Transmission of healthcare-associated pathogens from contami-
nated surfaces can lead to patient infection and mortality.1–3

Currently sampling methods are not standardized, causing concern
about their efficiency. Standardized surface sampling methods
would enhance confidence in determination of environmental res-
ervoirs thus identifying appropriate infection control interventions.4

One part of achieving this goal is selecting the best surface-sampling
tool to enable detection of organisms by downstream laboratory
applications. In this study, we evaluated the ability of 7 environ-
mental sampling tools to release organisms into an elution buffer
with andwithout an artificial soil (simulated organic contamination)
present and overnight storage at 4°C to assess the effects of cold-
chain shipping.

Methods

In total, 7 surface-sampling tools were evaluated: foam swab
(EnviroMax Puritan Healthcare, Guilford, ME), cotton gauze
(Fisherbrand, Pittsburgh, PA), rayon wipe (Clorox Handi-wipe,
Oakland, CA), microfiber wipe (Rubbermaid HYGEN, Huntersville,
NC), foam sponge (prototype Aquazone product, not yet commer-
cially available, Puritan Healthcare, Guilford, ME), polyester wipe
(Vectra QuanTex, Kernersville, NC), and cellulose sponge (Sponge
Stick, 3M, Maplewood, MN) (see supplementary materials).
Organisms tested includedAcinetobacter baumannii (AB)multilocus
strain type 12, carbapenemase-producing KPCþ Klebsiella pneumo-
niae (KP) ATCC BAA-1705, methicillin-resistant Staphylococcus
aureus (MRSA)ATCC43300, vancomycin-resistantEnterococcus fae-
calis (VRE) Van Aþ256, and Clostridioides difficile spores ATCC
43598 (CD). The vegetative bacteriawere grownon trypticase soy agar
with 5% sheep blood (TSAII, BectonDickson, Franklin Lakes,NJ) 18–
24 hours at 35°C, and a suspension was then prepared for inoculation
onto the materials. The CD spores were prepared as described by

Hasan et al5 andwas stored at 4°C in sterilewater. In phase 1 of testing,
allmaterials (replicatesofn≥ 6)werepremoistenedandwere thenino-
culatedwith104CFUof eachorganismsuspended inButterfieldbuffer
(BB) only, which simulated a “clean” environment. Eachmaterial was
held for 1 hour at ambient room temperature, then processed to elute
the organisms. Foam swabs were vortexed and sonicated in 10mL
phosphate buffered saline with 0.02% Tween 80 (PBST). The other
materials were processed in a stomacher bag with 90mL PBST by
agitation in a paddle blender (Stomacher 400 Circulator, Seward,
Bohemia, NY) at 200 rpm (AB, KP, VRE) or 260 rpm (CD, MRSA).
The eluate was centrifuged for 20 minutes at 2,700×g and 85–88mL
was decanted. The remaining volume of 2–5mL of eluate was mea-
sured, pulse-vortexed, diluted in series, and cultured on appropriate
agar for each organism: TSAII forMRSA,AB, VRE, andKP and brain
heart infusion agar with horse blood and taurocholate (BHIY-HT,
Anaerobe Systems,MorganHill, CA) for CD at 36°C under anaerobic
conditions. Colony-forming units (CFU) were counted after incuba-
tion. In phase 2 of testing, the 4 tools with the highest median elution
efficiency (%E; foam sponge, microfiber wipe, cellulose sponge, foam
swab) were chosen to investigate the influence of a simulated “dirty”
environment with organic contaminants, artificial test soil (ATS),
Healthmark Industries, Fraser, MI) on organism release. Organisms
weresuspendedin20%ATS(104CFU),and the toolswere inoculated
and processed. The eluate was cultured in the sameway as in phase
1. In phase 3 of testing, 3 of the 4materials with the highestmedian
%E (foam swab, microfiber wipe, and cellulose sponge), were
spiked with 104 CFU in the presence of ATS. Material hold times
(HT) were 1 hour at room temperature and 24 hours at 4°C to
simulate cold-chain shipping. The %E was determined relative to
the inoculum. Statistical significance between2 independent groups
(1 hour vs 24 hours HT and BB vs BBþATS) was determined using
the Mann-Whitney U test in SPSS version 21 statistical software
(IBM, Armonk, NY).

Results

Figure 1A shows the %E for the 7 tools inoculated with cells sus-
pended in BB (phase 1) and 4 tools with cells suspended in ATS
(phase 2). The materials with the highest median %E were foam
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sponge (80.6), microfiber wipe (80.5), foam swab (77.9), and cel-
lulose sponge (66.5). The remaining 3 materials demonstrated
a %E< 50% and were not selected to be evaluated in phase 2: rayon
wipe (43.1), polyester wipe (44.5), and cotton gauze (48.3). When
data for all organisms were pooled for each tool, and the 4materials
that were chosen for phase 2 were compared, the presence of ATS
did not significantly increase the %E for any materials (P > .05),
except the cellulose sponge (P < .05), (Fig 1A).

The addition of ATS resulted in a statistically significant differ-
ence (P< .05) in themedian%E for 3 of the 5 organisms (CD, VRE,
and KP). The %E values for these 3 organisms in the absence and

presence of ATS, respectively, were CD, 37.1 and 90.1; VRE, 61.0
and 87.9; and KP, 85.6 and 75.4 (Fig. 1B).

When comparing hold times of 1 hour at room temperature
and 24 hours at 4°C (phase 3), the median %E differences were
not significant (P > .05) for 3 of the 4 organisms; they exhibited
<7% change between 1 hour and 24 hours, respectively: AB,
89.2 and 83.4; MRSA, 85.2 and 84.6; VRE, 88.1 and 87.9. The
%E for KP (75.6 and 101.6), however, increased by 34% after
24-hours at 4°C. (Fig. 2).

Discussion

Common environmental surfaces are known to serve as reservoirs
for healthcare pathogens due to suboptimal cleaning and disin-
fection practices. The sampling tool and elution methods are
known to influence %E and detection of organisms.6 We showed
that the %E varied with the sampling tool and pathogen in the
absence and presence of ATS as a simulant for organic contami-
nation. The addition of ATS resulted in a significant difference
in the %E for some organisms (CD, VRE, and KP). However,
when all organisms were pooled for each sampling tool, the addi-
tion of ATS only significantly increased the %E for 1 of the 4 top-
performing materials (cellulose sponge). This finding could be
an indication that the differences in %E may be attributed more
to the adherence properties of the organisms than the sampling
materials. Several factors, including the hydrophobicity and charge
of the cells, the presence of extracellular polysaccharide, pili, or
flagella, and the presence of organic material, can influence cellular
adherence to surfaces and sampling tools.7,8

The hold time of 24 hours at 4°C did not significantly impact
the %E for AB, MRSA, and VRE, which supports standard cold-
chain shipping practices. However, an increase in %E was demon-
strated for KP held for 24 hours at 4°C. Whether the hold time

Fig. 1. (A) Median percent elution (%E) for all organisms suspended in Butterfield buffer
(BB) alone (simulated ‘clean’ environment), and BBþ artificial testing soil (ATS) (simu-
lated ‘dirty’ environment). All 7 sampling tools were spiked with an inoculum of 104

CFU. Data for all organisms were pooled for each tool. (B) Median percent elution
(%E) for all pathogens when 4 top-performing sampling tools (foam sponge, microfiber
wipe, foamswab, andcellulose sponge;datawerepooled)were spikedwithorganisms in
Butterfield buffer (BB) alone (simulated ‘clean’ environment), or BBþ artificial testing
soil (ATS) (simulated ‘dirty’ environment) at an inoculum of 104 CFU. Box-and-whisker
plot: box; interquartile (IQ) range, line; median, whiskers; maximum and minimum data
point, plus signs (þ); outliers, likely due toclusters of cellsbeingdispersedduring spread-
plating, Note: AB, Acinetobacter baumannii; CD, Clostridioides difficile; KP, Klebsiella
pneumoniae; MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-
resistant Enterococcus faecalis.

Fig. 2. Median percent elution (%E) of 4 vegetative organisms when 3 top-performing
materials (foam swab, microfiber wipe, and cellulose sponge; data were pooled)
were spiked at an inoculum of 104 CFU in the presence of ATS with a 1 hour at room
temperature and 24 hours at 4°C HT (hold time). Box-and-whisker plot: box; inter-
quartile (IQ) range, line: median, whiskers; maximum and minimum data point, plus
signs (þ): outliers, likely due to clusters of cells being dispersed during spread-plating,
Note: AB, Acinetobacter baumannii; CD, Clostridioides difficile; KP, Klebsiella pneumo-
niae; MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant
Enterococcus faecalis.
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allowed for growth of KP or enhanced the release of the organisms
from the sampling materials is unclear.

Although not presented in this study, sampling efficiency, elu-
tion methods, surface type, assay limit of detection, surface area
and presence of inhibitors are all important factors to consider
in choosing the right sampling tool.9

We previously developed an optimized processing method
for elution of B. anthracis spores from the cellulose sponge,10

and we applied this method for sampling antimicrobial-resistant
healthcare-associated pathogens from environmental surfaces.
The current work confirms that the elution efficiency of the cellu-
lose sponge and the other 3 top-performing tools are acceptable
choices for recovery of healthcare-associated organisms. A limita-
tion of this study was the exclusion of sampling efficiencies;
however, ongoing studies will be published in the future. These
data contribute to the optimization and standardization of
sampling methods for the detection of pathogens on healthcare
surfaces.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/ice.2019.264
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