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Summary: Bacteria of the genus Salmonella cause a global health problem related to contaminated foodstuffs and faecally-
polluted water supplies. The aim of our work was to determine the efficiency and rapidness of Salmonella detection in
spiked tap water samples by comparison of different methods for DNA extraction. Water samples were spiked with different
Salmonella loads. Four DNA extraction methods were employed: foodproof™ Sample Preparation Kit | (Biotecon Diag-
nostics) and QIAamp® DNA Stool Mini Kit (Qiagen) for DNA extraction after an overnight enrichment step, and Adiapure®
Water DNA Extraction and Purification Kit (Adiagene) and SmartHelix® Complex Samples DNA Extraction Kit (developed
recently in our laboratory) for direct DNA extraction. The extracted DNA was subjected to PCR amplification using Salmo-
nella genus-specific primer pair. The SmartHelix extraction kit proved to be more efficient than the Adiapure Water kit for
direct detection of Salmonella DNA in water. The overnight enrichment step improved the detection of Salmonella spp. in
samples spiked with low bacterial load, however it extended the analysis time. Results suggest that the newly developed
SmartHelix extraction kit should be regarded as a considerable choice when rapid detection of pathogens in water samples

is aimed for to prevent disease outbreaks and support safe food assurance.
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Introduction

Salmonelloses are one of the most frequent food-
borne zoonoses in industrialized countries caused
by consumption of contaminated foodstuffs of ani-
mal origin (1). They are associated with abdominal
cramps, diarrhea, nausea, vomiting and fever, but
can occasionally evolve into severe localized infec-
tions or potentially fatal systemic sepsis (2). Since
bacteria of the genus Salmonella are found in the
digestive tract of humans and a variety of animals,
faecal transmission to water supplies in regions
with poor sanitary measures occurs continually.
Contaminated drinking and food-processing water
represents a significant source of infection for hu-
mans in the third world countries, mostly by the
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human-adapted Salmonella enterica subsp. enterica
serovar Typhi and Salmonella serovar Paratyphi
causing severe systemic disease (3). On account of
easy dissemination by contamination of food and
water supplies, bacteria of the genus Salmonella
are also considered a potential bioterroristic agent
belonging to the category B according to the estab-
lished classification. There have been cases of inten-
tional contamination reported in the past aiming
for economical or political destabilization to create
panic among civilian population and intimidate the
authorities (4-6).

The main requirement for rapid detection of de-
liberate or non-deliberate contamination is a sensi-
tive surveillance system that links local laboratories
and clinicians with public health professionals to en-
able the recognition of unusual pattern of reported
disease cases (5,7). Traditional cultivation-depend-
ent methods based on ISO 6579:2002 (8), which is
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set as the golden standard for detection of Salmo-
nella spp. in food and feedstuffs (9,10), require five
working days to confirm positive results. Therefore,
standardized procedures are not compatible with
the demand for rapid assessment of Salmonella spp.
contamination in water systems. In order to prevent
the dissemination of bacteria, more rapid and sensi-
tive molecular techniques, which are based on the
detection of microbial nucleic acids, are needed.

The objective of our study was to investigate the
efficiency and rapidness of direct DNA extraction
method applying a commercially available kit that
was recently developed in our laboratory (Institute
of Physical Biology, Slovenia). This new method
is especially adapted for DNA isolation from cells
concentrated on filters. It was compared to other
commercial extraction kits with or without the pre-
enrichment of bacterial cells. Four methods for DNA
extraction were selected according to their appli-
cability for the type of samples and their ability to
remove the inhibitors of the subsequent molecular
detection that can be found in the field, clinical or
alimentary samples. Detection of Salmonella spp. in
tap water samples was based on microbial DNA ex-
traction followed by the polymerase chain reaction
(PCR).

Materials and methods
Bacterial strain for sample preparation

Reference strain of Salmonella enterica subsp.
enterica serovar Enteritidis (CAPM 5439) was used
in the present study. The overnight bacterial culture
was grown at 37°C in buffered peptone water (BPW)
prepared according to Anex B of ISO 6579:2002 (8),
diluted in 2-fold series and used as an inoculum for
the tap water samples.

Inoculation of water samples

Thirty liters of tap water were collected and fur-
ther subdivided into 500-mL samples. Four different
bacterial dilutions were spiked in five parallels into
water samples to obtain 20 samples with Salmonella
loads of 18, 36, 72 and 144 colony forming units
(CFU) per liter, respectively. The same spiking pro-
cedure was repeated three times to obtain sample
parallels for different DNA extraction procedures,
namely two series of 20 samples for direct extrac-
tion and one series of 20 samples for the overnight
enrichment prior to extraction. CFU load of the bac-

terial culture was determined using the standard
plate count technique (11) on Rambach agar plates
(12).

Extraction of microbial DNA from spiked
water samples

Bacteria in spiked water samples were concen-
trated by filtration through 0.45 ym membrane
filters (Sartorius, Germany). After filtration, one
series of 20 samples was used for the overnight pre-
enrichment in 10 mL of BPW at 37°C. One mL of the
obtained enrichment culture was used for DNA ex-
traction using foodproof™ Sample Preparation kit
I (Biotecon Diagnostics, Germany; abbreviated as
FP-e) and one mL for the extraction using QIAamp®
DNA Stool Mini kit (Qiagen, Germany; abbreviated
as S-e) according to the manufacturers’ instructions.
Two other series of 20 samples were used for direct
extraction from the filter-concentrated bacteria us-
ing Adiapure® Water DNA extraction and purifica-
tion kit (Adiagene, France; abbreviated as AW-d) and
by the method developed in our laboratory, namely
SmartHelix® Complex Samples DNA extraction kit
(Institute of Physical Biology, Slovenia; abbreviated
as SH-d), according to the manufacturers’ instruc-
tions. Direct extraction was performed immediately
after sample filtration. The extraction methodology
is summarized in Table 1. More information on the
SmartHelix technology is available at http://smart-
helix.com/.

Molecular detection of Salmonella spp. in
water samples

The isolated microbial DNA was subjected to PCR
amplification using Salmonella-specific primers
ST11 and ST15 (13,14). PCR was performed accord-
ing to the modified protocol as described before (15).
Each individual sample in five parallels was PCR
amplified in four replicates to obtain 20 results of
detection per each of the four extraction methods.
Amplified PCR products were separated on agarose
gels by electrophoresis, stained with ethidium bro-
mide (10 pg/mL; Invitrogen, USA) and documented
using the GeneGenius bio-imaging system (Syn-
gene, UK).

Data analysis

To statistically evaluate the obtained data, the
most probable number (MPN) method was coupled
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Table 1: Commercially available kits for DNA extraction from water samples employed in the present study

DNA - Type of Type of extraction Hands-on
extraction kit Manufacturer | Abbreviations analysis method time (h)
Foodproof™ Cherr'ucal/ t}'1ermal
Sample Biotecon cell disruption and
g . P S
Preparation Diagnostics Fp-e Overnight Dl\t]ﬁ plurlflgabtlon . 212+05
Kit I pre- w1 glass Iiber spin
enrichment | columns
in BPW Thermal/proteinase
prior to K cell disruption and
QlAamp® DNA i extraction ificati
- >
Stool Mini kit Qiagen S-e DNA p'u'rlflca‘Flon >12 +1
with silica spin
columns
Adiapure® Chem.lcal/ thermal
Water DNA cell disruption and
. Adiagene AW-d DNA purification 1.5
extraction and . . .
urification kit Direct with ultrafiltration
p rec columns
extraction
SmartHelix® . Mechanical cell
Institute . :
Complex . disruption and DNA
of Physical SH-d e . 3
Samples DNA Biolo purification with
extraction kit &y detergent/phenol

Note: At hands-on time, the overnight pre-enrichment in BPW prior to extraction is depicted as >12h.
Legend: e, pre-enrichment; d, direct extraction; BPW, buffered peptone water

with PCR and calculated using the Most Probable
Number Calculator program version 4.04 (http://
www.epa.gov/microbes/mpn.exe) with four dilution
and 20 tubes per dilution parameter settings.

Results

Differences in Salmonella detection limit could
be observed between the two groups of DNA extrac-

tion kits based on the employment of sample pre-
enrichment step. The overnight pre-enrichment pri-
or to DNA extraction markedly improved the detec-
tion, since bacteria of the genus Salmonella were de-
tected in all spiked water samples with some trivial
discrepancies observed for higher bacterial loads
with the method S-e (Table 2). Detection limit was
at least 18 CFU/L, which was the lowest contamina-
tion level tested.

Table 2: Efficiencies of DNA extraction kits used in the present study for water samples inoculated with Salmonella

Enteritidis (CFU/L)

Number (%) of Salmonella-positive PCR reactions
pre-enrichment direct extraction
CFU/L Numbig:(fttizsr’fsd PCR FP-e S-e AW-d SH-d
18 20 20 (100) 20 (100) 0 (0) 0 (0)
36 20 20 (100) 20 (100) 2 (10) 4 (20)
72 20 20 (100) 19 (95) 4 (20) 11 (55)
144 20 20 (100) 19 (95) 12 (60) 20 (100)

Note: Samples were prepared in five parallels and for each parallel four PCR replicates were performed (i.e. 20 tested PCR
reactions). See Table 1 for details on DNA extraction kit abbreviations
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When comparing methods for DNA extraction
not preceded with the additional manipulation after
sample collection, differences in Salmonella detec-
tion limit were observed as well. Both methods for
direct DNA extraction from water samples gener-
ated positive results at 36 CFU/L and/or at higher
bacterial loads. However, all parallels and replicates
tested positive only with SH-d for water samples
spiked with 144 CFU/L (Table 2). In comparison to
AW-d, SH-d supported a markedly higher number
of positive results in all spiked samples. Likewise,
when PCR results were quantified using the MPN
method (Figure 1), the estimated level was signifi-
cantly higher for the method SH-d in comparison to
AW-d for the highest tested contamination level (144
CFU/L). Other contamination levels with the excep-
tion of the lowest one (18 CFU/L), where detection
failed for both methods, showed no statistical differ-
ence (P<0.05). For the method SH-d, the estimated
levels of contamination (MPN/L) were similar to the
inoculated Salmonella loads (CFU/L).
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Figure 1: The inoculated Salmonella load (CFU/L) plot-
ted against the estimated load (MPN/L) for water samples
processed by the two direct DNA extraction methods:
SmartHelix® Complex Samples DNA extraction kit (gray
bars) and Adiapure® Water DNA extraction and purifica-
tion kit (white bars); error bars represent 95% confidence
levels

Discussion

Detection limit for Salmonella spp. in tap water
samples employing the PCR amplification depended
on the method for microbial DNA extraction. Bacte-
rial enrichment in a selective or non-selective growth
medium prior to molecular detection enables multi-
plication of targets to the detectable concentration,

and it also dilutes the PCR inhibitory substances
that can be present in the investigated samples. As
expected, the overnight pre-enrichment step em-
ployed with the methods FP-e and S-e prior to molec-
ular detection proved to be significant for lowering
the detection limit of Salmonella spp. in comparison
to direct methods. Increasing the number of sam-
ples in the future research will enable determina-
tion of the exact detection limit of direct extraction
methods like SH-d, and the detection probability as
reported before (16) will enable more objective cal-
culation stating the expected relative frequency of
positive PCR results at various contamination levels
over a certain period of time.

Many PCR assays employed for spiked water,
food, soil, and faecal samples included the pre-
enrichment step that enabled detection of only few
Salmonella cells per sample (17-19). However, when
an instant response of the public health-assuring
authorities is needed for the prevention of Salmonel-
la-associated epidemic outbreaks, a protocol requir-
ing the pre-enrichment step represents a major dis-
advantage. The methods for direct DNA extraction
from environmental samples enable at least four to
five time faster response, obtaining DNA within three
hours after sampling, although not distinguishing
between viable and dead bacterial cells. Samples
can be processed immediately after collection and
results obtained at the same day, rendering possi-
ble the prevention of dissemination of pathogens in
water supplies.

The selected direct extraction methods differed
to some extent in the required hands-on time, but
more importantly in their efficiency. Results in-
dicated that the method SH-d was more suitable
than the other selected method for rapid detection
of Salmonella spp. in tap water samples. It is suit-
able for DNA extraction from water samples for
pathogen detection in the case of both high and low
contamination levels. To optimize DNA extraction
after sample filtration to concentrate microbial
cells, the method SH-d was adapted to completely
disrupt the filters and bacterial cell membranes us-
ing the mechanical force (i.e. beads were added to
filtered samples prior to bead-beating disruption)
in combination with detergent/phenol treatment to
obtain high DNA extraction yields. As used in the
method AW-d, chemical/thermal cell disruption
without filter disintegration in combination with
DNA purification columns proved to be less effi-
cient for obtaining high DNA extraction yields pos-
sibly due to insufficient detachment of cells from



Comparison of DNA extraction methods to detect Salmonella spp. in tap water 97

filters, therefore excluding a certain proportion of
microbial cells from DNA extraction procedure. Our
preliminary studies indicated that the mechanical
disintegration increased the extraction yields from
bacterial cells for at least five times, which was
based on the measurement of DNA concentration
(unpublished data). As strong mechanical forces
can cause DNA fragmentation, subsequent PCR
amplification can be less efficient. However, the du-
ration of mechanical disruption was optimized to
achieve complete disintegration of filters and cells
but to obtain microbial DNA of satisfactory quality
for PCR amplification.

The present study enabled the first insight into
the applicability of the newly developed DNA extrac-
tion kit (SH-d). In addition to the present study, a
preliminary research was conducted on spiked wa-
ter samples collected from a pond, representing the
naturally contaminated water source. For pond wa-
ter, it could be observed that the sensitivity of detec-
tion was at least six times lower than for tap water
when applying direct extraction methods but simi-
lar when including the pre-enrichment step (unpub-
lished data). More research will be performed on raw
water samples to study the effect of the background
microbiota and the inhibitory chemical compounds.
The collected data from our and other laboratories
will enable us to introduce the potential method im-
provements. The practical operating range of PCR
detection (16) preceded by the SH-d extraction will
be determined and an internal amplification control
(20) will be included if needed to give the newly de-
veloped kit a promising entry into the routine diag-
nostics. The analysis could be performed even faster
without the DNA extraction step (21). However, the
low contamination levels require a detection proce-
dure of greater sensitivity and reproducibility. The
extraction step employing a method not preceded
with the pre-enrichment meets the demand for fast
response.

We can conclude that direct methods for DNA ex-
traction from bacterial cells concentrated on filters
can be successfully used in place of procedures em-
ploying cultivation for the detection of Salmonella
spp. in tap water samples. The new direct method
SH-d, namely SmartHelix® Complex Samples DNA
extraction kit developed in our laboratory, showed
an efficient performance, therefore represents a
good choice when rapid pathogen detection is need-
ed for safe food and water assurance.

Acknowledgements

The work was supported by the Public Agency
for Technology of the Republic of Slovenia and by
the Slovenian Ministry of Defense (Project Biocrypt
- grant No. 450/07/V TPMIR07-33). Evelina Mehle-
Ponikvar is acknowledged for technical assistance.

References

1. EFSA. The community summary report on
trends and sources of zoonoses and zoonotic agents
in the European Union in 2007. Parma: European
Food Safety Authority. EFSA J 2009; 223: 1-313.

2. Hohmann EL. Nontyphoidal salmonellosis.
Clin Infect Dis 2001; 32: 263-9.

3. Selander RK, Beltran P, Smith NH, et al. Evo-
lutionary genetic-relationships of clones of Salmo-
nella serovars that cause human typhoid and other
enteric fevers. Infect Immun 1990; 58: 2262-75.

4. Khan AS, Swerdlow DL, Juranek DD. Precau-
tions against biological and chemical terrorism di-
rected at food and water supplies. Public Health Rep
2001; 116: 3-14.

5. Torok TJ, Tauxe RV, Wise RP, et al. A large com-
munity outbreak of salmonellosis caused by in-
tentional contamination of restaurant salad bars.
JAMA 1997; 278: 389-95.

6. Tucker JB. Historical trends related to biot-
errorism: an empirical analysis. Emerg Infect Dis
1999; 5: 498-504.

7. WHO. Terrorist threats to food: guidance for
establishing and strengthening prevention and re-
sponse systems. Geneva: World Health Organiza-
tion, 2008: 1-62. (Food Safety Issues)

8. ISO 6579:2002. Microbiology of food and ani-
mal feeding stuffs - Horizontal method for the detec-
tion of Salmonella spp. Geneva: International Orga-
nization for Standardization, 2002.

9. Piknova L, Stefanovicova A, Drahovska H,
Sasik M, Kuchta T. Detection of Salmonella in food,
equivalent to ISO 6579, by a three-days polymerase
chain reaction-based method. Food Control 2002;
13: 191-4.

10. Tomas D, Rodrigo A, Hernandez M, Ferrus
MA. Validation of real-time PCR and enzyme-linked
fluorescent assay-based methods for detection of
Salmonella spp. in chicken feces samples. Food Anal
Methods 2009; 2: 180-9.

11. Madigan MT, Martinko JM, Parker J. Direct
measurements of microbial growth: total and viable
counts. In: Carlson G, eds. Brock biology of micro-



98 M. Ocepek, M. Pate, D. Kusar, B. Hubad, J. Avbersek, K. Logar, A. Lapanje, A. Zrimec

organisms. Upper Saddle River: Pearson Education,
2003: 145-8.

12. Rambach A. New plate medium for facilitated
differentiation of Salmonella spp. from Proteus spp.
and other enteric bacteria. Appl Environ Microbiol
1990; 56: 301-3.

13. Aabo S, Rasmussen OF, Rossen L, Sorensen
PD, Olsen JE. Salmonella identification by poly-
merase chain reaction. Mol Cell Probes 1993; 7:
171-8.

14. Stefanovicova A, Rehakova H, Skarkova A, Ri-
jpens N, Kuchta T. Confirmation of presumptive Sal-
monella colonies by the polymerase chain reaction.
J Food Prot 1998; 61: 1381-3.

15.0cepek M, Pate M, Mi¢unovi¢J, Bole-HribovSek
V. Comparison and optimization of two PCR tests for
identification of Salmonella in poultry feedstuffs,
liver and faeces. Slov Vet Res 2006; 43: 61-6.

16. Knutsson R, Blixt Y, Grage H, Borch E,
Radstrém P. Evaluation of selective enrichment PCR
procedures for Yersinia enterocolitica. Int J Food Mi-
crobiol 2002; 73: 35-46.

17. Freschi CR, de Oliveira e Silva Carvalho LF, de
Oliveira CJB. Comparison of DNA-extraction meth-

ods and selective enrichment broths on the detec-
tion of Salmonella typhimurium in swine feces by
polymerase chain reaction (PCR). Braz J Microbiol
2005; 36: 363-7.

18. Klerks MM, van Bruggen AHC, Zijlstra C,
Donnikov M. Comparison of methods of extracting
Salmonella enterica serovar Enteritidis DNA from
environmental substrates and quantification of or-
ganisms by using a general internal procedural con-
trol. Appl Environ Microbiol 2006; 72: 3879-86.

19. Kumar S, Balakrishna K, Batra HV. Detection
of Salmonella enterica serovar Typhi (S. Thyphi) by
selective amplification of invA, viaB, fliC-d and prt
genes by polymerase chain reaction in multiplex
format. Lett Appl Microbiol 2006; 42: 149-54.

20. Hoorfar J, Cook N, Malorny B, et al. Diagnos-
tic PCR: making internal amplification control man-
datory. J Appl Microbiol 2004; 96: 221-2.

21. Wolffs PFG, Glencross K, Thibaudeau R, Grif-
fiths MW. Direct quantitation and detection of Sal-
monellae in biological samples without enrichment,
using two-step filtration and real-time PCR. Appl En-
viron Microbiol 2006; 72: 3896-900.

PRIMERJAVA METOD OSAMITVE DNK ZA ODKRIVANJE BAKTERIJ 1Z RODU SALMONELLA V

PITNI VODI

M. Ocepek, M. Pate, D. Kusar, B. Hubad, J. Avbersek, K. Logar, A. Lapanje, A. Zrimec

Povzetek: Bakterije iz rodu Salmonella predstavljajo splosen zdravstveni problem, povezan z okuzenimi zivili in fekalno
onesnazeno vodo. Namen nasega dela je bil s primerjavo razlicnih metod osamitve DNK ugotoviti ucinkovitost in hitrost
odkrivanja salmonel v vzorcih pitne vode, ki smo jim poprej dodali omenjene bakterije v razlicnih koncentracijah. Uporabili
smo Stiri razlicne metode osamitve DNK: komercialna kompleta foodproof™ Sample Preparation Kit | (Biotecon Diagnosti-
cs) in QlAamp® DNA Stool Mini Kit (Qiagen) za osamitev DNK po ¢eznocni obogatitvi ter kompleta Adiapure® Water DNA
Extraction and Purification Kit (Adiagene) in SmartHelix® Complex Samples DNA Extraction Kit, ki smo ga nedavno razvili
v nasem laboratoriju, za direktno osamitev DNK. DNK smo uporabili za pomnozevanje v reakciji PCR s parom zacetnih
oligonukleotidov, ki je specificen za rod Salmonella. Komplet SmartHelix se je za direktno odkrivanje DNK salmonel v vodi
izkazal kot bolj ucinkovit v primerjavi s kompletom Adiapure Water. Ceznoéna obogatitev je izbolj$ala odkrivanje salmonel
v vzorcih, ki smo jim dodali majhno koncentracijo bakterij, vendar pa je podaljSala ¢as analize. Rezultati kazejo na to, da
bi morali na novo izdelani komplet SmartHelix upostevati kot eno izmed moznih izbir, ko zZelimo v vzorcih vode patogene
bakterije odkriti hitr,0 z namenom preprecevanja izbruhov bolezni in zagotavljanja varne hrane.

Kljuéne besede: osamitev DNK; varna hrana; odkrivanje patogenov; PCR; Salmonella; voda



