
The main source of nosocomial or health-
care associated infections are the individual patient,
medical equipment or devices, the hospital
environment, the healthcare personnel,
contaminated drugs, contaminated food, and
contaminated patient care equipment (Collins, 2008;

Gastmeier et al., 2005). Although the person-to-
person transmission route is the most likely, the
role of the environment should not be ignored and
may also contribute to the spread of nosocomial
infections (Bureau-Chalot et al., 2004; Dancer,
2004). Therefore preventing diseases transmitted
from inanimate surfaces common in hospital areas,
such as: metal, glass, plastic, ceramics, and textiles
etc., is also important. It has been proven that
microorganisms are able to survive on
environmental surfaces for periods up to several
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weeks (Wilks, 2006; Friedman et al, 2012), providing
a significant biotransfer / cross contamination /
cross-infection potential (Verran, 2002) that should
not be overlooked (Sexton et al., 2011).

Survival on glass and steel surfaces has
been investigated for several types of
microorganisms. In the research by Oomaki and
co-workers on the contamination of surfaces of
working tables with Staphylococcus aureus in
ward staff centers (2006) it was found that S. aureus
was detected on 51.8 % of the working tables that
were not regularly disinfected or washed. They
also found that regular disinfection by wiping the
surfaces with 80 % ethyl alcohol is necessary to
reduce microbial counts. Robine and co-workers
(2000) found that Pseudomonas fluorescens and
Enterococcus faecalis aerosols survived on glass,
polyvinyl chloride and stainless steel surfaces at
various humidity levels and are linked to the
colonization ability of the microorganisms onto the
chosen surfaces as well as environmental
conditions such as temperature and humidity.
Kusumaningrum and co-workers (2003) also found
that Salmonella enteridis, Staphylococcus aureus
and Campylobacter jejuni survived on stainless
steel surfaces at various concentrations for several
days and can lead to transfer of these pathogens
from kitchen sponges to stainless steel surfaces
and from these surfaces to foods, thus highlighting
the fact that pathogens remain viable on dry
stainless steel surfaces and present a
contamination hazard dependant on the
contamination level and type of pathogen. In the
study by Young-Min and co-workers (2012) it was
found that various food-borne pathogens form
biofilms on stainless steel surfaces at certain
environmental conditions (temperature, humidity,
availability of nutrient components etc.) thus
enabling the transmission of pathogens to foods
in the food-processing industry. Fuster-Valls and
co-workers (2008) also found that the survival of
Enterobacter cloacae, Pseudomonas aeruginosa
and Staphylococcus aureus on stainless steel
surfaces was influenced by different environmental
conditions and that microorganisms on wet
surfaces produced biofilms within 24 hours, whilst
adverse conditions such as slow air-drying caused
a significant number of injured cells that did not
grow under conditions provided in plate counting
methods. In the study by Shiomori and co-workers

(2001) of the existence of airborne methicillin-
resistant Staphylococcus aureus (MRSA) in a
hospital environment it was found that MRSA
particles were isolated within respirable range and
were also found on inanimate environments, such
as sinks, floors, and bedsheets, in the rooms of the
patients with MRSA infections as well as from the
patients’ hands. The epidemiological study in this
research demonstrated that clinical isolates of
MRSA in the investigated ward were of one origin
and that the isolates from the air and from inanimate
environments were identical to the MRSA strains
that caused infection or colonization in the
inpatients. The authors concluded that measures
should be taken to prevent the spread of airborne
MRSA to control nosocomial MRSA infection in
hospitals. A similar conclusion was noted in a
review of intensive care unit admissions (Dress et
al, 2008), where it was shown that previous room
occupation by a patient carrying vancomycin-
resistant enterococci (VRE) increased the odds that
the next room occupant will contact a VRE infection.
The authors concluded that increased attention to
environmental disinfection is warranted. Important
measures in preventing infections from inanimate
surfaces besides hand hygiene of healthcare
workers is regular cleaning and disinfection of
surfaces as this reduces the risk of transmitting
pathogens between patients and thus reduces the
risk of exogenously acquired infections (Beggs et
al. 2004).

Evaluating the disinfection efficiency of
various surfaces by surface hygiene sampling as
an indicator of health hazards in premises such as
health-care establishments, kitchens, food-
processing industry etc. is the next step. Although
routine sampling of environmental sites is not likely
a cost-effective intervention (Harris, 2008), it
should be conducted when the cause of outbreaks
are not at hand. Until now the most commons
methods used for surface sampling include:
RODAC surface sampling and swabbing followed
by classical incubation methods based on
phenotypic detection of microorganisms which can
take between 2 to 4 days to be completed. Another
possibility is the use of Petrifilms (Fijan et al., 2008)
and other similar commercial contact methods,
however they do not report actual bacterial counts
but measure some characteristics related to
bacterial mass etc. Much of the increase in surface
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sapling has been brought by the introduction of
hazard analysis and critical control points
(HACCP) (Fijan et al, 2006). High-through put
sequencing is of course very reliable method of
the future, however at present multiple bacterial
sequencing is usually optimized to bacterial phyla,
families, or to a limited very amount of species
(Flores et al, 2011). A fast and reliable possibility
compared to incubation methods and commercial
methods is to use PCR detection of microorganisms
from swabs, shortening the detection process to a
few hours. PCR methods detect the DNA of present
microorganisms and multiplex PCR are assays
where two or more targets are simultaneously
amplified in one reaction thus giving potential for
greater reliability, flexibility and cost reduction (Xu
et al, 2012). This cost-saving technique is
applicable for large-scale scientific, clinical and
commercial applications such as infectious
microorganism detection (Pinar et al., 2004),
diagnosis of infectious disease (Elnifro et al.,
2000), gene expression (Hess et al., 2004) etc.
However, there are several disadvantages of using
one reaction tube multiplex PCR, such as complex
manipulation, lower sensitivity, self-inhibition,
amplification disparity resulting from different
primers etc. (Xu et al, 2012). One possibility is to
use PCR strip tubes and search for eight or twelve
most common pathogens in one simultaneous
parallel PCR run by using eight or twelve separate
reaction tubes for each oligonucleotide primer pair,
thus conducting a parallel PCR assay. Such an assay
could be done routinely by various laboratories to
quickly ascertain the disinfection efficiency of
cleaning at a reasonable price.

In the first part of this paper PCR methods
are compared to the classical incubation methods.
The challenge microorganisms chosen in this
research are representatives of Gram positive
bacteria: Enterococcus faecium, Staphylococcus
aureus, and Bacillus subtilis; Gram negative bacilli:
Escherichia coli, Klebsiella pneumoniae and
Pseudomonas aeruginosa and yeast
representative: Candida albicans. In the second
part of the research a parallel PCR protocol is
developed enabling the possibility of simultaneous
detection of all challenge DNA in one PCR run,
thus providing an example of a parallel PCR assay
that could be used for regular detection of surface
disinfection.

MATERIALS   AND  METHODS

Challenge microorganisms
48 hour cultures of Enterococcus faecium

(ATCC 6057), Staphylococcus aureus (ATCC 25923),
Bacillus subtilis (DSM 618), Escherichia coli (DSM
1562), K. pneumoniae (ATCC 13883), Pseudomonas
aeruginosa (ATCC 27853) and Candida albicans
(ATCC 2091) grown in tryptic soy nutrient broth (Fluka)
were used. Different concentrations of microorganisms
were prepared in descending order (noted as 1 to 6) by
diluting with saline solution. Before each experiment
viable counts of all concentrations of microorganisms
were made, to enable the calculation of the number of
cells inoculated onto the surfaces by the method noted
below.
Application of microorganisms on chosen
surfaces

Two surfaces were investigated in this
research: stainless steel and glass. Glass Petri
dishes with a diameter 15 cm (area 176 cm2) were
used and stainless steel dishes (13.3 x 13.3 cm)
with the same area as the glass Petri dishes and a 1
cm edge were custom-made. All surfaces were
sterilized before use. For each experiment 1 mL of
the prepared suspension of microorganisms was
applied onto the surface and evenly distributed
by carefully manually rotating the glass and steel
containers. All work was repeated for each
concentration and each microorganism in duplicate.
The experiments were conducted in a laminar flow
cabinet and samples were left in the laminar flow
cabinet without air at 22°C for 24 hours to allow
the cell suspensions to dry on the surfaces under
environment conditions (slow air-drying surfaces).
Swabbing

Cotton swabs were pre-treated by dipping
them into a prepared 0.9 % NaCl and 0.2 % Tween
80 solution. The tested surfaces were swabbed
firmly and evenly with one side of the swab in a
horizontal direction, and with the other side in a
vertical direction back and forth to cover the entire
area. The swab was transferred into 5 mL NaCl and
Tween 80 solution, vortexed for 30s, and then left
for 10 minutes and revortexed for 30s.
Incubation and colony counting

Viable cell counting was determined by
making 10-fold serial dilutions (in duplicate) in 0.85
% NaCl of all original samples and samples retrieved
from swabs followed by spreading 100 µL onto
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selected media for each microorganism. At low
concentrations 1000 µL was spread onto
appropriate media. The following selective agars
were used as a medium for incubating (at 37 °C)
the microorganisms:
- E. faecium: kanamycin esculinazide agar

base (incubation 48 hours).
- S. aureus: Baird-Parker agar base with added

egg-yolk tellurite emulsion (incubation 48
hours).

- B. subtilis: MYP agar base with added egg
yolk emulsion supplement and polymyxin
supplement (incubation 48 hours).

- E. coli: violet red bile dextrose Agar base
(incubation 48 hours).

- K. pneumoniae: Hi Crome Klebsiella
selective agar base with Klebsiella selective
agar base (incubation 24 hours).

- P. aeruginosa: cetrimide agar base with
added glycerol (incubation 48 hours).

- C. albicans: HiCrome Ogye agar base with
oxytetra selective supplement (incubation
72 hours).

After incubation, colonies were counted and
the cfu was calculated. All tests were done in duplicate,
the counts were converted into decimal logarithmic
values and the mean log cfu/mL as well as the standard
deviation was calculated. Counts obtained from glass
and steel surfaces were compared using the paired T-
test with IBM SPSS 20.0 software.
DNA detection
Isolation of DNA

Bacterial and fungal genomic DNA was
extracted from the suspension of microorganisms
retrieved from swabs. PrepMan Ultra Sample
Preparation Reagent (Applied Biosystems) was
used in accordance with manufacturer’s
instructions. Bacterial and fungal genomic DNA
extracted from an overnight culture in liquid broth
was used as a positive control. Extracted DNA was
stored at -20° C until use.
Oligonucleotide primer selection

The target genes for the seven challenge
microorganisms are shown in Table 1. The following
oligonucleotide primer pairs were used: EM1 for E.
faecium (Cheng et al, 1997); spa for S. aureus
(Matussek et al. 2007); Bsub for B. subtilis (Wattiau
et al., 2001), GADA for E. coli (McDaniels et al.,
1996), ITS for K. pneumoniae (Liu et al., 2008),
gyrB for P. aeruginosa (Motoshima et al., 2007)

and ALB for C. albicans (Jordan and Durso, 1996).
Individual DNA amplification

PCR was performed using HotStarTaq
DNA polymerase from Qiagen following the
manufacturers’ instructions where. The reaction mix
with a final volume of 50 µL was separately prepared
for each challenge microorganism and consisted of
1.5 mM10x PCR buffer with 15 mM MgCl

2
, 0.2 mM of

each dNTP, 0.5 µM of each oligonucleotide primer
and 2.5 units of HotStarTaq polymerase per reaction
(Rabuza et al., 2012). 5 µL of DNA template was added
for all challenge bacteria and 1 µL of DNA template
was added for the fungi C. albicans. Sensoquest S
lab cycler was used for amplification under conditions
noted in table II. MgCl

2
 was also added to the PCR

reactions in different concentrations as follows: 1
mM for E. faecium, E. coli, P. aeruginosa and C.
albicans; 3.5 mM MgCl

2
 for B. subtilis and 0.5 mM S.

aureus. Each PCR reaction included positive controls
directly from nutrient broths and negative controls
containing sterile water. DNA amplification
procedures noted in the selected literature (Cheng et
al, 1997; Matussek et al. 2007; Wattiau et al., 2001;
McDaniels et al., 1996; Liu et al., 2008; Motoshima et
al., 2007; Jordan and Durso, 1996) were slightly
modified and are noted in table II.
Simultaneous parallel DNA amplification

In the final set of experiments a
simultaneous parallel DNA amplification was
conducted with initial denaturation at 94°C for 15 min
followed by 38 cycles (denaturation at 94°C for 1
min; annealing at 53°C for 1 min and extension at
72°C for 1 min) and final extension for 10 min at 72°C.
Detection of PCR amplicons

Agarose gel electrophoresis was
performed to visualize amplified products with 1.2
% agarose gel (Sigma) in 0,5 TBE buffer (89 mMTris
base, 89 mM Boric acid, 2 mM EDTA) stained with
SYBR Green I nucleic acid gel stain (Sigma Aldrich)
with a 100 bp ladder (Promega). Gels were visualized
under UV illuminator Transilluminator Super-Bright
(VilberLourmat) at 312 nm using a gel images system
Doc Print VX2 (VilberLourmat) to confirm the
presence of the amplified DNA. Images were
processed by the Photo-Capt software.

RESULTS

The results of swabbing metal and glass
surfaces inoculated with different concentrations
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Table 1. Oligonucleotides used for PCR amplification

Target Primer Primer 5’———3’ Product size (bp)

Enterococcus faecium EM11 f (5'-TTG AGG CAG ACC AGA TTG ACG-3') 658
r (5'-TAT GAC AGC GAC TCC GAT TCC-3')

Staphylococcus aureus Spa2 f (5'-TAA AGA CGA TCC TTC GGT GAC C-3') 380
r (5'- CAG CAG TAG TGC CGT TTG CTT-3')

Bacillus subtilis Bsub3 f (5'-AAG TCG AGC GGA CAG ATG G-3') 595
r (5'-CCA GTT TCC AAT GAC CCT CCC C-3')

Escherichia coli gadB4 f (5'-ACC TGC GTT GCG TAA ATA-3') 670
r (5'-GGG CGG GAG AAG TTG ATG-3')

Klebsiella pneumoniae ITS5 f (5'-ATT TGA AGA GGT TGC AAA CGA T-3') 130
r (5'-TTC ACT CTG AAG TTT TCT TGT GTT C-3')

Pseudomonas aeruginosa gyrB6 f (5'-CCT GAC CAT CCG TCG CCA CAA C-3') 222
r (5'-CGC AGC AGG ATG CCG ACG CC-3')

Candida albicans ALB7 f (5'-CGC CTC TTG ATG GTG ATG AT-3') 122
r (5'-TCC GGT ATC ACC TGG CTC-3')

Notes: Cheng et al, 19971; Matussek et al. 20072;Wattiau et al., 20013;McDaniels et al., 19964;
Liu et al., 20085; Motoshima et al., 20076; Jordan and Durso, 19967

Table 2. Conditions for individual PCR amplification for each microorganism
and unified parallel PCR amplification for all challenge microorganisms

Microorganism Initial PCR amplification: Number Final
denaturation - Denaturation of cycles extension

- Annealing
- extension

Enterococcus faecium 94°C/15 min 94°C / 1 min 40 72°C/7 min
54°C / 1 min
72°C / 1 min

Staphylococcus aureus 94°C/15 min 94°C / 1 min 40 72°C/7 min
58°C / 1 min
72°C / 1 min

Bacillus subtilis 94°C/15 min 94°C / 30 s 30 72°C/7 min
65°C / 2 min
72°C / 2 min

Escherichia coli 94°C/15 min 94°C / 30 s 35 72°C/7 min
52°C / 30 s
72°C / 1 min

Klebsiella pneumoniae 94°C/15 min 94°C / 1 min 42 72°C/7 min
56°C / 1 min
72°C / 1 min

Pseudomonas aeruginosa 94°C/15 min 94°C / 1 min 40 72°C/7 min
55°C / 1 min
72°C / 1 min

Candida albicans 94°C/15 min 94°C / 1 min 30 72°C/7 min
54°C / 2 min
72°C / 1 min

Unified parallel PCR 94°C/15 min 94°C / 1 min 38 72°C/10 min
53°C / 1 min
72°C / 1 min
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Table 3. Results of swabbing metal and glass surfaces after 24 hour drying

Challenge Mean numbers (log cfu/mL) ± SD

microorganism 1 2 3 4 5 6

E. faecium I 6.11 ± 0.33 5.67 ± 0.30 4.82 ± 0.24 4.08 ± 0.16 3.20 ± 0.21 2.54 ± 0.22
K 4.95 ± 0.57 2.65 ± 0.48 2.33 ± 0.47 1.83 ± 0.24 0.30 ± 0.14 0.00*
S 5.18 ± 0.84 2.93 ± 0.57 2.10 ± 0.28 1.61 ± 0.41 0.48 ± 0.24 0.00
P +/+ +/+ +/+ +/+ +/+ –/–

S. aureus I 7.99 ± 0.33 7.08 ± 0.21 6.20 ± 0.21 5.48 ± 0.24 4.96 ± 0.20 3.31 ± 0.28
K 4.59 ± 0.55 3.45 ± 0.57 2.82 ± 0.34 2.15 ± 0.35 1.04 ± 0.23 0.00
S 4.62 ± 0.52 3.11 ± 0.78 2.86 ± 0.47 2.18 ± 0.31 1.18 ± 0.16 0.00
P +/+ +/+ +/+ +/+ +/+ –/–

B. subtilis I 7.54 ± 0.23 6.63 ± 0.24 5.94 ± 0.23 5.54 ± 0.23 4.64 ± 0.20 3.39 ± 0.21
K 3.95 ± 0.68 2.54 ± 0.33 2.42 ± 0.54 2.14 ± 0.51 1.52 ± 0.18 1.11 ±0.32
S 3.28 ± 0.85 2.64 ± 0.49 2.18 ± 0,45 1.99 ± 0.30 1.81 ± 0.25 1.04 ±0.37
P +/+ +/+ +/+ +/+ +/+ +/+

E. coli I 8.78 ± 0.23 7.64 ± 0.23 6.92 ±0.11 5.11 ± 0.27 4.28 ± 0.16 3.52 ± 0.32
K 4.38 ± 0.69 3.36 ± 0.42 1.18 ± 0.45 0.30 ± 0.23 0.00 0.00
S 4.23 ± 0.62 2.89 ± 0.86 1.34 ± 0.51 0.70 ± 0.41 0.00 0.00
P +/+ +/+ +/+ +/+ –/– –/–

K. pneumoniae I 8.18 ± 0.37 7.69 ± 0.16 6.59 ±0.23 5.32 ± 0.25 4.70 ± 0.21 2.85 ± 0.24
K 3.95 ± 0.74 2.88 ± 0.44 2.73 ± 0.37 1.53 ± 0.20 0.69 ± 0.23 0.00
S 4.30 ± 0.42 3.13 ± 0.81 2.89 ± 0.30 1.68 ± 0.27 0.95 ± 0.25 0.00
P +/+ +/+ +/+ +/+ +/+ +/+

P. aeruginosa I 8.11 ± 0.27 7.10 ± 0.28 6.77 ± 0.18 5.46 ± 0.28 4.54 ± 0.25 3.63 ± 0.31
K 3.99 ± 0.44 3.18 ± 0.59 2.42 ± 0.34 1.87 ± 0.17 1.11 ± 0.24 0.00
S 3.92 ± 0.54 3.04 ± 0.44 2.38 ± 0.31 1.80 ± 0.42 1.15 ± 0.40 0.00
P +/+ +/+ +/+ +/+ +/+ +/+

C. albicans I 7.88 ± 0.17 6.57 ± 0.28 5.77 ± 0.16 4.92 ± 0.25 3.11 ± 0.27 2.99 ± 0.22
K 4.76 ± 0.66 3.23 ± 0.45 2.71 ± 0.27 1.52 ± 0.34 0.30 ± 0.32 0.00
S 4.51 ± 0.41 3.83 ± 0.38 2.88 ± 0.17 1.68 ± 0.30 0.78 ± 0.45 0.00
P +/+ +/+ +/+ +/+ +/+ –/–

Notes: counts below the detection limit were given a log value of 0.00*; Where: log cfu: calculated average number
of colony forming units per mL and standard deviance from twofold experiments converted into decimal logarithmic
values; I: initial log cfu of challenge microorganism in nutrient broth; numbers 1 to 6: different dilutions in
descending order; K: log cfu of challenge microorganism on metal surface after 24 hour drying; S: log cfu of challenge
microorganism on glass surface after 24 hour drying; P: detection of DNA using PCR for K and S samples
respectively

of challenge microorganisms (Enterococcus
faecium, Staphylococcus aureus, Bacillus subtilis,
Escherichia coli , Klebsiella pneumoniae,
Pseudomonas aeruginosa and Candida albicans)
after 24 hour drying at room temperature are noted
in table III for all concentrations and in figure 1 for
three initial inoculation concentrations (A = 106

cfu/mL, B = 105 cfu/mL and C = 104 cfu/mL). It was
found that Escherichia coli proved to be the least

tolerant challenge microorganism as a positive
result for both PCR and incubation on selective
agar was found at the original concentration of
inoculation at 5.11 log cfu/mL. All microorganisms
exhibited very similar results after 24 hour drying
on glass and steel surfaces, with survival on glass
surfaces being only slightly higher (based on
slightly higher mean for glass), and insignificantly
different according to the paired T-test (p>0,5).
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where M: molecular weight marker; NC: negative control, PC: positive control; K1-6: samples from metal surfaces;
S1-6: samples from glass surfaces

Fig. 2.Gel electrophoresis of PCR products for challenge Gram positive bacteria of swabbing
metal and glass surfaces after 24 hour drying  Upper part: Enterococcus faecium (658 bp);

middle part: Staphylococcus aureus (380 bp); lower part: Bacillus subtilis (595 bp)

Where I: initial concentration of microorganisms on surfaces, K: concentration of microorganisms on metal
surfaces; S: concentration of microorganisms on glass surfaces

Fig. 1. Comparison of cfu of challenge microorganisms after 24 hour drying on metal
and glass surface at analogue initial concentrations (A=106, B=105 and C=104 cfu/mL)

Perhaps greater differences occur after 24 hour
initial drying. This finding corresponds to the
finding of Robine et al (2000) where the highest
mortality was measured on PVC surfaces and then
decreasingly on glass and steel. Enterococcus
faecium and Candida albicans showed on Fig. 1
the lowest log reduction at all initial concentration

of inoculations thus proving to be the most tolerant
challenge microorganisms.

Figures 2, 3 and 4 show results of gel
electrophoresis of PCR products of swabbing metal
and glass surfaces after 24 hour drying for
challenge Gram positive bacteria (Enterococcus
faecium ,  Staphylococcus aureus,  Bacillus
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where M: molecular weight marker; NC: negative control, PC: positive control; K1-6: samples from metal surfaces;
S1-6: samples from glass surfaces

Fig. 3. Gel electrophoresis of PCR products for challenge Gram negative bacilli of swabbing metal
and glass surfaces after 24 hour drying Upper part: Escherichia coli (670 bp); middle part:

Klebsiella pneumoniae (130 bp); lower part: Pseudomonas aeruginosa (222 bp);

Fig. 4. Gel electrophoresis of PCR products for challenge fungi C. albicans
(122 bp) of swabbing metal and glass surfaces after 24 hour drying

where M: molecular weight marker; NC: negative control, PC: positive control; K1-6: samples from metal surfaces;
S1-6: samples from glass surfaces

subtilis); Gram negative bacteria (Escherichia coli,
Klebsiella pneumoniae ,  Pseudomonas
aeruginosa) and challenge fungi (Candida
albicans) respectively. We found positive results
for samples with an original concentration of
inoculation of at least 3 log cfu/mL for
Enterococcus faecium , Bacillus subtilis,
Klebsiella pneumoniae, Pseudomonas aeruginosa
and Candida albicans. On the other hand we
found that Staphylococcus aureus and Escherichia
coli were not found on the steel and glass surfaces
at the original concentration of inoculation of 3.31

log cfu/mL and 3.52 log cfu/mL respectively.
Klebsiella pneumoniae proved to be the only
challenge microorganism that, in the same sample,
yielded a positive PCR result and negative result
from incubation on selective agar, however, this
result was at the lowest initial inoculated
concentration of 2.85 log cfu/mL.

Figure 5 upper part corresponds to the
results of the optimized unified parallel PCR program
that yielded a positive band for all challenge
microorganisms at lowest and highest
concentrations except for Enterococcus faecium
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Where Ef: E. faecium (658 bp); Sa: S. aureus (380 bp); Bs: B. subtilis (595 bp); Ec: E. coli (670 bp); Kp: K.
pneumoniae (130 bp); Pa: P. aeruginosa (222 bp); Ca: C. albicans (122 bp); M: molecular weight marker; NC:
negative control, PC: positive control; 1: highest concentration; 2: lowest detected concentration.

Fig. 5. Gel electrophoresis of PCR products after unified parallel PCR amplification of swabbing metal
surfaces after 24 hour drying Upper part: isolated DNA of each challenge microorganism was added

separately; lower part: samples were taken from a mixture of isolated DNA;

at the lowest concentration. In figure 5 lower part
the results of the optimized PCR program run on a
mixture all isolated DNA is noted. It is obvious
that all challenge microorganisms were detected at
both low and high concentrations.

DISCUSSION

The limit of detection for incubation
methods in our study was 1 cfu per mL (1 mLis the
amount that was inoculated onto the selective
media) based on the theory that one colony forming
unit corresponds to one or more initial viable cells
thus the estimation of microbial numbers by cfu
will, in most cases, slightly undercount the number
of living cells present in the original sample. The
initial volume of saline solution with Tween 80 into
which the swabs were dipped was 5 mL; therefore,
if the whole solution contained only 1 viable cell,
this meant that there was only a 20 % probability
of capturing this cell and inoculating it onto the
selective media. In theory; PCR methods also have
a limit of 1 single DNA copy, however if 1 cell is in
a 5 mL volume and 5 µL is used for one PCR reaction,
then the probability of capturing this cell is very
low (1 positive reaction out of 200). Therefore, in
actual experiments, the situation at very low
concentrations is a result of chance. According to

Mata and co-workers (2004) the detection limit per
PCR was between 30 to 60 cells for various
streptococci species and around 100 cells for
Lactococcus species. In our research we found
similar results as samples with an original
concentration of inoculation of at least 3 log cfu/
mL yielded positive results above 1 cfu/mL
(detection limit of experiments) by incubation
methods on selective agars and positive PCR bands
(see figures 2 to 4 and table III) for Enterococcus
faecium, Bacillus subtilis, Klebsiella pneumoniae,
Pseudomonas aeruginosa and Candida albicans.
However, since plate counts below 30 cfu/mL are
not statistically reliable, we can thus conclude that
incubation methods and PCR methods produced
positive results at a concentration of at least 30
cells per mL. On the other hand we found that
Staphylococcus aureus and Escherichia coli were
not found on the steel and glass surfaces at the
original concentration of inoculation of 3 log cfu/
mL. However, this was connected to the fact that
the drying process decreased the number of cells
in a slightly higher concentration that for the other
challenge microorganisms and was not connected
to a different detection limit. Klebsiella pneumoniae
proved to be the only challenge microorganism
that, in the same sample, yielded a positive PCR
result and negative result from incubation on
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selective agar, however, this result was at the
lowest initial inoculated concentration (< 3 log cfu/
mL) thus being below the above mentioned
threshold for detection of inoculated
concentration.

Fuster-Valls and co-workers (2008) in the
research on the survival of Enterobacter cloacae,
Pseudomonas aeruginosa and Staphylococcus
aureus on stainless steel surfaces found that
adverse conditions such as slow air-drying caused
a significant number of injured cells that did not
grow under conditions provided in plate counting
methods, but were present in direct epifluorescence
microscopy, thus still presenting a danger.
However, according to the authors, this method
technique has two important limitations: a detection
limit of 2-3 logarithmic reductions (Grand et al.,
2011) and equipment and qualified personnel
requirements. These findings also suggest that
cultivation methods are not always an exact
indicator of the presence of microorganisms on
surfaces. It is for this reason that in our research
PCR was used.

In the second part of the research we
conducted a series of experiments using eight PCR
strip tubes, where we added into seven reaction
tubes (final volume of 50mL) 1.5 mM 10x PCR buffer
with 15 mM MgCl

2
, 0.2 mM of each dNTP, 2.5 units

of HotStarTaq polymerase and nuclease free water.
Then, we added into individual reaction tubes 5
µL of only one type of isolated bacterial DNA and
1 µL of isolated fungal DNA (samples from metal
surfaces) together with the corresponding
oligonucleotide primer pair, thus creating seven
different reaction mixes. We conducted several PCR
amplifications at various conditions and found that
the optimal annealing temperature was at 53°C. The
optimized unified parallelPCR program was as
follows: initial denaturation at 94°C (15 min)
followed by 38 cycles: denaturation at 94°C (1 min);
annealing at 53°C (1 min); extension at 72°C (1 min);
and final extension for 10 min at 72°C. This
simultaneously run program yielded a positive
band for all challenge microorganisms at lowest
and highest concentrations except for
Enterococcus faecium at the lowest concentration.
Thus proving that a unified PCR protocol where
all samples can be processed simultaneously in
one run is possible. Of course, to simulate real
conditions we created a mix of individual DNA

templates of the challenge microorganisms and
repeated the unified PCR program to see if various
DNA templates inhibit each other. We added 10 µL
of each bacterial DNA template and 5 µL of the
challenge fungal DNA template thus creating a
diverse sample with a volume of 65 µL. 5 µL of this
diverse sample was then added to seven different
reaction mixes prepared analog to the above
mentioned protocol. This yielded positive results
for all challenge microorganisms at low and high
concentrations (figure 5, lower part). It is obvious
from this figure that no inhibition occurred due to
the presence of various DNA templates, thus
proving that this method could be applied routinely
for the detection of most common pathogens on
various surfaces. Although this system is based
on the detection DNA and not based on incubation
methods of viable cells, it has been shown in our
research that when we detected DNA, we almost
always detected viable cells through incubation
methods. Although it is not necessary in general
that detection of DNA means the presence of
infectious microorganisms, it is also important to
detect the presence of DNA of pathogenic
microorganisms on inanimate surfaces since
extracellular DNA may also be important for
transferring genetic information between
individuals and species (Nielsen et al., 2007) as
accumulating nucleotide sequence data suggest
that acquisition of foreign DNA by horizontal gene
transfer (HGT) is of considerable importance in
bacterial evolution. The uptake of extracellular DNA
by natural transformation is one of several ways
bacteria can acquire new genetic information given
sufficient size, concentration and integrity of the
DNA.

Future work would include extending list
of chosen microorganisms to twelve by finding
oligonucleotide primer pairs for these pathogens
that work at the conditions of the unified parallel
PCR program and do not interfere with other DNA
templates as well as checking the reliability of the
protocol for different strains of the challenge
species and testing the system on other surfaces
and environments thus becoming a quick, efficient
and cost-effective method for detecting hygiene
of surfaces. Cleaning audits as well as education
and reinforcement of requirements of cleaning and
disinfection mostly take place in institutions
(Friedman et al, 2012) such as health-care
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associated facilities, pharmaceutical industry, food-
processing industry, however more frequent audits
using quick, efficient and cost-effective detection
methods may become the overall approach to
reducing environmental contamination of
frequently touched surfaces in these settings and
thus limit the transfer of environmentally persistent
pathogens that can cause serious illness to
patients, healthcare workers, workers in the food-
processing industry and pharmaceutical industry
etc.
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