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Background/Aims: The microbiological surveillance of endoscopes and automated flexible endoscope reprocessing have been proven 
to be two of the most difficult and controversial areas of infection control in endoscopy. The purpose of this study was to standardize 
a sampling method for assessing the effectiveness of standard reprocessing operating procedures for flexible fiberoptic laryngoscopes 
(FFLs).
Methods: First, the sampling devices were directly inoculated with Bacillus atrophaeus spores; second, tissue non tissue (TNT) wipes 
were tested on artificially contaminated surfaces and on FFLs.
Results: Comparison of the sponges, cellulose, and TNT wipes indicated that the TNT wipes were more effective in releasing spores (93%) 
than the sponges (49%) and cellulose wipes (52%). The developed protocol provides a high efficiency for both collection and extraction 
from the stainless steel surface (87% of the spores were removed and released) and from the FFL (85% of the spores were removed and 
released), with relatively low standard deviations for recovery efficiency, particularly for the analysis of the FFL.
Conclusions: TNT wipes are more efficient for sampling surface areas, thereby aiding in the accuracy and reproducibility of 
environmental surveillance. Clin Endosc  2018;51:463-469
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IntRoDuCtIon

Hospital-acquired infections are frequently a result of inva-
sive procedures or are caused by bacteria present in patients’ 
surroundings. The control of disinfection and/or sterilization 
systems is a guarantee of quality and must be performed 
using standardized methods. Surface sampling is performed 
on a frequent basis in all situations where clean environment 
monitoring is required, e.g., in healthcare facilities, veterinary 
fields, and pharmaceutical and food industries.

In the most frequently employed methods, moistened 
swabs, sponges, or sterile gauzes are wiped over the surfaces 
being studied and are then inoculated in different culture me-
dia, with or without prior enrichment. Another method uses a 
polystyrene contact plate, which is similar to a small Petri dish 
with a convex surface that is pressed onto any flat surface to 
obtain a sample.1

Traditional surface sampling methods utilizing swabs and 
wipes have been plagued by poor recovery and highly variable 
results,2 with reported recovery efficiencies ranging from less 
than 1%3 to greater than 90%,4 depending on the experimental 
conditions.

An ideal sampling method should satisfy three important 
criteria: first, the sampler must effectively remove bacteria 
from the surface being sampled; second, removal should 
maximize bacterial collection and minimize bacterial damage; 
and finally, the sampler must release as much of the captured 
bacteria as possible for analysis.2 The sampling method should 
also be selected to complement the analytical technique (e.g., 
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culture-based vs polymerase chain reaction-based). 
Our knowledge of the most effective sampling methods 

and our level of confidence in the results obtained by wiping, 
swabbing, and other sample collection strategies are still lim-
ited. Several studies5-9 have reported the efficiency of different 
types of sampling devices (e.g., electrostatic wipes, one-ply 
composite tissue, sponges, cotton-tipped swabs, and calcium 
alginate swabs) used for the quantitative recovery of different 
infectious agents from environmental surfaces. These studies 
have highlighted that different devices exhibit varying levels 
of performance and indicated that the wipe-rinse technique 
has a significantly higher recovery efficiency than other meth-
ods.10 

Indeed, even if conventional hygiene swabbing is widely 
used, this method has been reported to recover only a small 
proportion of the total bacterial population present on a 
surface. The surface area that can be sampled by a swab is 
relatively small; the method is designed for high levels of mi-
crobial contamination; and there is a poor correlation among 
investigators as to the amount of microbial contamination 
removed and recovered from swabs.11

Flexible endoscopes cannot withstand the high tempera-
tures and pressure changes in autoclave cycles and hence are 
usually decontaminated by cleaning followed by high-level 
disinfection (HLD) with a sterilant. Sampling is a critical 
component of the investigation after reprocessing of flexible 
endoscopes. 

However, although there are shared protocols for sam-
pling12-14 for channeled instruments, such as flexible gastro-
intestinal endoscopes, there are no precise indications for 
instruments without channels. Moreover, there are several 
disparities among published studies regarding sampling meth-
ods for microbiological monitoring: in some studies, samples 
were obtained using swab cultures,15-17 whereas in others, flex-
ible endoscopes subjected to surveillance were dipped into a 
sterile culture medium which was then submitted for micro-
biological analysis.18,19 However, these studies did not provide 
guidance regarding the specific sampling method used as a 
reference.

Therefore, the purpose of this study is (1) to assess the abil-
ity of sampling devices to collect and detect low levels of bac-
teria from surfaces and (2) to validate a sampling method for 
assessing the effectiveness of standard reprocessing operating 
procedures for flexible fiberoptic laryngoscopes (FFLs).

MAtERIALS AnD MEthoDS

test run stages
A series of experiments were conducted to develop a final 

sampling method protocol. In the first stage of the study, we 
compared the recovery of Bacillus atrophaeus spores that were 
inoculated directly on three devices to evaluate the extraction 
efficiency of each sampling device. In the second stage of the 
study, the efficacy of the selected sampling material was tested 
on artificially contaminated surfaces and on FFLs. 

test organism
As suggested by the ISO 11737,20 the microorganisms select-

ed as the test agent were the spores of an aerobic bacteria that 
can persist during the drying stage; the inoculum was a 40% 
ethanol suspension of B. atrophaeus (ATCC 9372) at a con-
centration of 2.9×107/0.1 mL (Mesa labs, Bozeman, MT, USA). 

First stage: extraction efficiency 
We determined the extraction efficiency of the bacterial 

transfer to the extraction solution from three collection mate-
rials, e.g., cellulose wipes (Napkin, Ravenna, Italy), tissue non 
tissue (TNT) wipes (a blend of cellulose and synthetic fibers), 
and 3MTM hydrated sponge with 10-mL neutralizing buffer 
(3M, Milano, Italy) (Fig. 1).

We selected these sampling devices because they can be 
rubbed over surfaces and are highly absorptive in contrast 
with stick swabs that can be used to sample hard-to-reach 
small areas (e.g., inside instrument channel).

A vortexing method for extracting spores from the wipes 
and from the sponges was evaluated using the following 
method. Ten cellulose wipes and 10 TNT wipes were cut to 
measure 8.0×6.0 cm, sterilized by autoclaving, and placed into 
50-mL tubes; 20 wipes (10+10) and 10 hydrated sponges (10 
mL of buffered peptone water broth in a sample bag) were 
directly inoculated with 103 colony-forming units (CFU) of 
the spore suspension. Following inoculation, we added 30 mL 
of Page’s buffer into 50-mL tubes and 20 mL of Page’s buffer 
into the sponge sample bag. Ten additional tubes with 30 mL 
of Page’s buffer were added with 103 CFU of the spore suspen-

Fig. 1. Photograph of the three sampling devices. TNT, tissue non tissue.

Cellulose wipe TNT wipe Sponge
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sion as references. 
Spores were extracted from the wipes by vortexing for 30 

s and from the sponges using a Stomacher® 400 Circulator 
(VWR International, Radnor, PA, USA) and massaging for 1 
min at 200 rpm. A 1-mL aliquot of the extraction suspension 
and reference suspension were spread onto a Petrifilm nu-
trient agar medium (Oxoid S.p.A., Milano, Italy) in triplicate 
and then incubated at 30°C for 24–48 h. Only the plates with 
counts between 30 and 300 CFU were included. 

Second stage: recovery efficiency 
The recovery efficiency was calculated; two surfaces were 

seeded with the B. atrophaeus spore suspension: a stainless 
steel reference disc and an FFL (ENF Type GP; Olympus, 
Tokyo, Japan). This assessment was based on the methods 
described in the European standard for chemical disinfectants 
and antiseptics (EN 14347, EN 13704)21,22 and the ISO 11737-
1 standard20 that specifies the requirements to be met in the 
determination of bioburden. This standard suggests using low 
levels of microorganisms for the validation of the method. 
According to this norm, it is not possible to enumerate the 
bioburden exactly nor define a single technique to be used in 
all situations for the removal of microorganisms in prepara-
tion for enumeration. The guidance given in the informative 
annexes provides explanations and methods that are regarded 
as suitable means for complying with the requirements. Meth-
ods other than those given in the guidance may be used if 
they are effective in complying with the requirements of this 
part of the ISO 11737.

Stainless steel surface
Ten stainless steel discs (2.0 cm) were directly inoculated 

with 0.1 mL of the decimal dilution (containing approximately 
103 viable spores) of the stock suspension and placed to dry for 
10 min in a microbiological safety cabinet. Spores were col-
lected using aseptic procedures (wearing sterile gloves) from 
the sample discs by moistening a sterile TNT wipe with 0.5 
mL of sterile water, wiping the surface with single horizontal 
strokes to the left and right, folding the exposed side to the in-
terior, and wiping with single upward and downward strokes. 
Spores were collected by the same individual to exclude the 
impact of possible man-made interference. Thereafter, the 
wipe was placed in a prelabelled tube containing 20 mL of 
sterile Page’s buffer and extracted by vortexing for 30 s. One 
milliliter of the extraction suspension was spread onto a Pet-
rifilm nutrient agar medium in triplicate and then incubated 
at 30°C for 24–48 h. Ten additional discs were inoculated with 
103 viable spores as references. The spore was removed from 
the reference discs’ surfaces by vortexing with glass beads and 
cultured for the enumeration of the CFU as described above.

FFL surface
After disinfection of the FFL, the area 24 cm from the distal 

end of the endoscope insertion tube was inoculated with 0.2 
mL (1.5×103 CFU) of the diluted spore suspension and placed 
to dry for 10 min in a microbiological safety cabinet. Spores 
were collected using aseptic procedures from the FFL with a 
sterile TNT wipe pre-moistened with 0.5 mL of sterile water 
by wiping the surface with single vertical strokes from top to 
bottom of the exterior of the insertion tube, folding the ex-
posed side of the wipe to the interior, and wiping once again 
(Fig. 2). 

The procedure was conducted 10 times, in which the in-
strument was disinfected each time. The wipe was placed in 
a prelabelled tube containing 20 mL of sterile Page’s solution, 
and spores were extracted by vortexing for 30 s for enumer-
ation by culture. A 1-mL aliquot of the extraction suspension 
was spread onto a Petrifilm nutrient agar medium in triplicate 
and then incubated at 30°C for 24–48 h.

Calculations
The extraction efficiency was calculated as the mean CFU 

obtained from the extraction suspension from the sponges, 
cellulose wipes, and TNT wipes relative to the mean CFU ob-
tained from the reference suspensions. 

The recovery efficiency was calculated as the mean CFU 
obtained from the TNT wipe samples relative to the mean 
CFU obtained from the reference culture suspensions.

Standard deviations (SDs) and 95% confidence intervals 
(CIs) were calculated. One-way layout analysis of variance 
(ANOVA) was conducted to compare the means of the three 
sampling devices (extraction performance).

Repeatability was calculated in accordance with the ISO 
13843;23 the formula was as follows: r=2.8×sr, where sr is the 
repeatability SD. 

Fig. 2. Spore collection from the flexible fiberoptic laryngoscope surface using 
a sterile tissue non tissue wipe.
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RESuLtS

Extraction efficiency
Extraction performance varied significantly across the 

sampling devices, indicating that the material has an impact 
on the release of spores from the devices into the extraction 
solution. The TNT wipes yielded the best recovery rates (93%), 
while the cellulose wipes and sponges yielded lower recovery 
rates of 49% and 52%, respectively (Fig. 3). 

The difference in the recovery efficiency between the TNT 
wipes and the other devices suggests that the TNT wipes 
are significantly more efficient than the other two sampling 
devices in terms of recovery (ANOVA: f-ratio, 28.07341; 
p<0.00001). Consequently, we selected these devices to pro-
ceed with the next phase of the study.

Recovery efficiency from the stainless steel surfaces
Fig. 4 shows the recovery efficiency of the TNT wipe 

method for each of the 10 replicates. The percentage of the 
recovered spores was calculated on the basis of the mean CFU 
of the inoculated reference discs. These data showed that the 
spore material removed from the carriers and cultured for 
the enumeration of the CFU was satisfactory (mean recovery, 
87%; SD, 10.3; 95% CI, 81% to 93%; repeatability, 0.15) and 
confirmed the results obtained in the first stage of the study: 
once captured by wipes, microorganisms are readily released 
into the extraction solution.

Recovery efficiency from the FFL surfaces
The numbers of spores recovered from the FFLs using the 

TNT wipes are shown in Fig. 5; when B. atrophaeus spores 
were spotted on the instrument surfaces, the mean extraction 
efficiency was 85% (SD, 8.7; 95% CI, 80% to 90%), and the re-
peatability was 0.13.

DISCuSSIon

Environmental microbiological surveillance is only one 
approach to reducing the risk of healthcare-acquired infec-
tions. Another key issue is the microbiological monitoring 
of invasive instruments, such as endoscopes, which are sub-
ject to disinfection and can be the source of infection and 
patient-to-patient transmission. Standardized methods for 
conducting environmental investigations or microbiological 
surveillance of medical devices (such as endoscopes) have not 
been published; therefore, endoscopic societies have estab-
lished guidelines for proper reprocessing of endoscopes. Most 
guidelines recommend multiple steps consisting of pre-clean-
ing, cleaning, disinfecting, rinsing, drying, and storing.24,25 

As a part of the quality control of endoscope reprocessing, 
microbiological monitoring of endoscopes and their related 
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facilities after HLD is recommended by many organizations, 
such as the American Society for Gastrointestinal Endosco-
py,24,26 European Society of Gastrointestinal Endoscopy, Euro-
pean Society of Gastroenterology and Endoscopy Nurses and 
Associates committee,26 and Gastroenterological Society of 
Australia.12,27

Recent reports have identified carbapenem-resistant En-
terobacteriaceae transmissions associated with persistently 
contaminated duodenoscopes for which no breaches in repro-
cessing were identified.28 Therefore, the Centers for Disease 
Control and Prevention (CDC) drafted a protocol for facilities 
that are considering regular monitoring to assess the adequacy 
of duodenoscope reprocessing.13

According to this document, the optimal frequency of 
surveillance cultures has not been established. International 
guidelines have recommended intervals ranging from every 
4 weeks to annually.12,26 A facility deciding to perform sur-
veillance cultures can consider conducting post-reprocessing 
cultures periodically, e.g., monthly or after every 60 proce-
dures for each duodenoscope. Some facilities could decide to 
perform duodenoscope cultures weekly (e.g., after procedures 
on Friday to allow cultures to incubate over the weekend). Al-
ternatively, facilities can also decide to perform cultures after 
reprocessing following each use. Cultures should be obtained 
after the duodenoscope has been reprocessed (after drying) 
and should include at least the instrument channel and the 
distal end of the duodenoscope.

However, the microbiological surveillance of endoscopes 
and automated flexible endoscope reprocessing have been 
proven to be two of the most difficult and controversial areas 
of infection control in endoscopy.

An interim sampling protocol developed by the CDC rep-
resents one approach to culturing of duodenoscopes.13 Facili-
ties may use other sampling methods (e.g., flush-brush-flush 
method) or sample additional channels beyond those speci-
fied in this approach. The sensitivity of the interim protocol 
has not been determined.

FFLs are one of the most commonly used instruments in 
the outpatient otolaryngology setting. Unlike their channeled 
gastrointestinal and bronchoscope counterparts, FFLs typi-
cally do not have a working channel for biopsies and other 
interventions. Although it is generally considered that FFLs 
have a lower level of bioburden accumulation during use 
than their channeled counterparts, there have been reports of 
contamination of FFLs with body fluids, blood, and debris, 
such as mucus and even pathogenic organisms during routine 
use.29 Even with a lower level of bioburden, FFLs have a high 
rate of bacterial contamination during routine clinical use. 
According to the Spaulding classification,30 FFLs are consid-
ered semi-critical devices and should undergo at least HLDs 

between uses. HLD refers to the inactivation of pathogenic 
organisms, such as viruses, mycobacteria, fungi, fungal spores, 
and, if possible, bacterial endospores.31,32

The detection of indicator organisms or pathogens on solid 
surfaces provides valuable risk assessment data for modelling 
patients’ exposure to cross-infection. Ideally, the method used 
should permit fully reliable detection even when microor-
ganisms are present in low numbers. Numerous studies have 
shown that the sampling devices (swabs, wipes, etc.) approved 
for environmental sampling are often awkward to use and in-
efficient.6,7

 Recovery efficiency is dependent on the methods used for 
depositing bio-contaminants on surfaces, surface characteris-
tics, wetting agents, extraction solutions, physical dissociation 
methods (e.g., vortex and stomacher), sampling materials, 
variations in sampling techniques, biological agents, and labo-
ratory personnel.33,34

In this study, we developed a surface sampling method to 
detect low levels of bacteria on a nasofibroscope.

In the first stage of the study, we compared the recovery of 
B. atrophaeus spores inoculated directly on the three sampling 
devices to evaluate the efficacy of the sampling materials more 
commonly adapted.5-7,9 

The side-by-side comparison of the sponges, cellulose wipes, 
and TNT wipes indicated that the TNT wipes were more ef-
fective in recovering spores (93%) than the sponges (49%) and 
cellulose wipes (52%). 

This ability to release collected organisms is probably a 
function of the fibrous nature of the cloth and is one of the 
limiting factors of their effectiveness. The tendency to retain 
collected organisms seen when comparing the TNT and 
swab/cellulose wipes indicates that swab and cellulose wipes 
do not release all of the collected organisms after the elution 
step, and this recovery of the low percentage demonstrated 
that the entrapped organisms were not released from the 
cloth. The increased recovery using the TNT wipes may also 
be because of the inherent antistatic coating property, which 
could probably aid in the release of bacteria by reducing the 
electrostatic discharge commonly seen in sampling devices, 
such as sponges and cellulose wipes. 

In the second stage of the study, we tested the TNT wipes 
on artificially contaminated surfaces, and we designed and 
tested a protocol on nasofibroscopes. The applied protocol 
provides a high efficiency for both collection and extraction 
from the stainless steel surface (87% of the spores were re-
moved and released) and from the FFL (85% of the spores 
were removed and released), with relatively low SDs for re-
covery efficiency, particularly for the analysis of the FFL. 

These results met the criteria required by the ISO 11737-1,20 
which specifies requirements and provides guidance for the 
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enumeration and microbial characterization of the population 
of viable microorganisms on a medical device, component, 
raw material, or package. In fact, according to this ISO, a re-
moval technique can be considered accurate if the recovery 
percentage is above 50%. 

The efficiency of the method described in this study pro-
vides information regarding the interpretation of the TNT 
wipe for environmental sample collection; these wipes iden-
tify even samples with low levels of bacterial contamination 
and may help in monitoring endoscopes after reprocessing, 
as recommended by the CDC and majority of organizations. 
Owing to the increasing concerns regarding antimicrobial-re-
sistant bacteria, the CDC focused on a protocol that captures 
and identifies bacteria.13 This protocol has not been validated 
and is one approach to culturing duodenoscopes. The protocol 
is intended to provide facilities that are considering culturing 
with a starting point for a protocol that can be adapted for 
use. The protocol is still being developed and evaluated for the 
major duodenoscope types. This is an interim protocol and 
will be updated accordingly. 

Therefore, our protocol may be used for the routine mon-
itoring/auditing of the effectiveness of disinfection practices 
(hospital surface, medical device, etc.), as TNT wipes are more 
effective in sampling surface areas, thereby aiding in the accu-
racy and reproducibility of environmental surveillance. 

This technique could be used in various areas of environ-
mental microbiology where the ability to measure surface 
contaminations quickly, accurately, and economically is im-
portant.
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