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Facoltà di Medicina Veterinaria, Università degli Studi di Perugia, 06126 Perugia, Italy

MS 04-136: Received 30 March 2004/Accepted 30 August 2004

ABSTRACT

The likelihood that milk and milk products may act as a vehicle for antibiotic-resistant bacterial genes has become a
concern to the food industry and a public health issue, and the demand for rapid tests has increased. The purity of DNA
extracted from food samples is a key issue in the sensitivity and usefulness of biological analyses, such as PCR for pathogens
and nonpathogens. A rapid, phenol-chloroform free method based on a modification of a sodium iodide DNA extraction,
followed by a two-step PCR was developed for direct detection of the tet(M) gene in milk samples within a single working
day. This study compares the proposed method with a traditional phenol solvent extraction method and with a commercial kit
(QIAamp DNA blood mini kit, Qiagen). The three DNA extraction methods were used to ensure access to the tet(M) gene
from 1 ml of raw milk, inoculated with a strain of Enterococcus faecalis, which carries the tet(M) gene. The proposed method,
followed by a two-step PCR with nested primers specific for the tet(M) gene, was able to reach a detection limit below 10
CFU/ml in less than 4 h, including the two amplification cycles, thus outperforming in sensitivity and rapidity both the
traditional and the commercial method.

Commensal bacteria that are present in the intestine of
farmed animals exposed to antibiotics act as reservoirs of
antibiotic resistance, thereby spreading antibiotic-resistant
bacteria along the food chain. For several decades, the de-
tection of antibiotic resistance in bacteria has been confined
to cultivable clinical isolates and has been investigated by
phenotypic-based methods mostly by evaluating the sus-
ceptibilities of bacteria to antibiotics using disc diffusion
and dilution methods. For these reasons, information con-
cerning antibiotic resistance in commensal microflora is
scarce (2, 3, 4, 12). To increase our understanding of an-
timicrobial resistance mechanisms, new methods have been
developed, including those designed to detect resistance
genes by molecular techniques. An interesting model that
is used to understand the mechanisms underlying antibiotic
resistance along the food chain and in the environment de-
tects genes that encode resistance to tetracyclines in com-
mensal indicator organisms in foods and the environment
(2, 3, 14, 20). Because of their broad spectrum, relative
safety, and low cost, tetracyclines have been widely used
in human and veterinary therapy, as growth promoters, and
for prophylaxis in aquaculture (3, 19, 22). Presently, resis-
tance to tetracyclines has spread to almost every bacterial
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genera, most probably as a consequence of previous over-
use (20, 25). Resistance to tetracycline is often a result of
the acquisition of new genes, which are carried on conju-
gative plasmids or transposons. Tetracycline resistance in
bacteria is commonly mediated by two mechanisms: mainly
by ribosomal protection by large cytoplasmic proteins and
energy dependent efflux pumps, and enzymatic inactivation
of tetracycline, which is relatively uncommon (22). Ribo-
somal protection proteins are encoded by eight genes:
tet(M), tet(O), tetB(P), tet(Q), tet(S), tet(W), tet(T), and
oxtr(A) (22). The tetracycline genes associated with efflux
pumps are tet(A), tet(B), tet(C), tet(D), tet(E), tet(G), tet(I),
tet(M), and tet(K) (14, 24). An example of a tetracycline
resistance gene causing the enzymatic alteration of tetra-
cycline is tet(X) (22). Tetracycline resistance genes have
spread to different microbial species and over long distanc-
es. The best example of this spread is the tet(M) gene that
was originally described in streptococci and subsequently
found in various gram-positive and gram-negative bacteria
including staphylococci, enterococci, clostridia, Listeria,
and various enteric bacteria (22, 26). Among the above-
mentioned bacteria species, which have been shown to har-
bor genes encoding resistance to tetracycline, enterococci
have recently captured the research community’s attention
because they are virtually resistant to all available antibi-
otics except vancomycin (11, 16). In the last decade, en-
terococci have emerged as important nosocomial pathogens
in surgical wounds, bacteremia, and urinary tract infections
(19). Antibiotic-resistant enterococci have been found in
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meat products, dairy products, ready-to-eat foods, and even
within enterococcal strains proposed as probiotics (6, 10,
11, 14, 23). In light of the above-mentioned considerations,
rapid detection of resistance genes in bacterial strains of
food origin is becoming an important diagnostic and epi-
demiological tool, followed, if needed, by detection of ge-
nus- or species-specific genes. This has prompted the de-
velopment of more sensitive molecular methods that make
it possible to detect resistance genes in foods of animal
origin. The most common approach has been to amplify
specific DNA sequences by PCR, which allows direct de-
tection of a target gene or target gene sequences in bacteria.
In this study, a modification of the NaI-based method de-
veloped by Ishizawa (15) for DNA extraction, followed by
a two-step PCR, is proposed as a safer alternative to a tra-
ditional phenol solvent extraction method and to a com-
mercial kit, for a faster and more sensitive detection of the
tet(M) gene from raw milk.

MATERIALS AND METHODS

Bacterial strain and artificial specimen preparation. The
E. faecalis tet(M) isolate used in this study is a laboratory strain
provided by the Department of Pathology and Microbiology,
School of Medical Science, University of Bristol. The nucleotide
sequence of E. faecalis tet(M) gene has been previously reported
(GenBank accession number 1065723) (21). E. faecalis tet(M)-
adulterated milk specimens were prepared as follows. An E. fae-
calis tet(M) culture was grown aerobically in nutrient broth (Ox-
oid CM0001, Basingstoke, UK) at 378C for 16 h. Total viable
cells count (on nutrient agar, Oxoid CM0003, incubated at 378C
on air for 24 h) at 16 h was 1 3 108 CFU/ml. A 10-ml aliquot
of the culture was then added to 90 ml of raw milk to obtain a
final concentration of 107 CFU/ml. Decimal dilutions were per-
formed to obtain the following concentration in milk: 106, 105,
104, 103, 102, and 10 CFU/ml. Moreover, serial dilutions (1:1)
were performed with the 10 CFU/ml concentration to obtain the
following concentration in milk: 5, 2.5, and 1.25 CFU/ml. Total
viable cells counts from all samples were recorded, as a control,
on nutrient agar. Raw milk used in this experiment had been pre-
viously tested for the absence of contaminating bacteria resistant
to tetracycline.

DNA extraction. Three methods were compared, (i) a NaI
extraction, (ii) a traditional solvent extraction, and (iii) a com-
mercial kit (QIAamp DNA blood mini kit, Qiagen, 52306, Milan,
Italy). Milk samples (1 ml) containing E. faecalis tet(M) (0 to 106

CFU/ml) were each mixed with 1 ml of phosphate-buffered saline
(80 g NaCl, 11.6 g Na2HPO4, 2 g KH2PO4, 2 g KCl, and distilled
water to 10 liters, pH 7.2 to 7.4)–Tween-20 (0.05%, vol/vol), vor-
texed, and centrifuged at 10,000 3 g for 5 min. This procedure
was performed to pellet the bacterial cells and to remove proteins
and lipids in milk samples, which may interfere with PCR am-
plification. After the removal of the supernatant fluid, DNA was
extracted using the following procedures.

(i) Sodium iodide (NaI) method. The NaI extraction proce-
dure was a modification of the method proposed by Ishizawa et
al. (15). The pellet was resuspended in 1 ml of Tris-EDTA (TE)
buffer (10 mM Tris HCl pH 8.0, 1 mM EDTA pH 8.0), transferred
to a 2-ml microcentrifuge tube, and added with 200 ml of am-
monium hydroxide, 200 ml of ethanol absolute, 400 ml of petro-
leum ether, and 20 ml of sodium dodecyl sulfate (SDS) 10%. The

mixture was vortexed and then centrifuged at 15,000 3 g for 10
min. After supernatant removal, 1 ml of phosphate-buffered sa-
line–Tween-20 was added and 100 ml was transferred to a 2-ml
microcentrifuge tube. A 300-ml solution containing 6 M NaI, 13
mM EDTA, 0.5% sodium N-lauroylsarcosine, 10 mg of glycogen,
and 26 mM Tris-HCl, pH 8.0 was added to the tube, mixed, and
incubated at 608C for 15 min in a heating block. After addition
of an equal volume of isopropanol, the mixture was vigorously
agitated and left to stand for 15 min. The sample was then cen-
trifuged at 10,000 3 g for 5 min to precipitate DNA, and the
supernatant was discarded. One ml of isopropanol 40% was add-
ed, and the mixture was vortexed. After centrifugation at 10,000
3 g for 5 min to recover DNA, the pellet was vacuum dried. All
operations were conducted at room temperature. Extract DNA was
stored at 2208C prior to PCR.

(ii) Phenol method. The preliminary steps were the same as
described above. Briefly, the pellet was resuspended in 1 ml of
TE buffer, transferred to a 2-ml microcentrifuge tube, and added
with 200 ml of ammonium hydroxide, 200 ml of ethanol absolute,
400 ml of petroleum ether, and 20 ml of SDS 10%. The mixture
was vortexed and then centrifuged at 15,000 3 g for 10 min. Two
hundred microliters of 6 M urea, 200 ml of ethanol absolute, 400
ml of petroleum ether, 80 ml of SDS 10%, and 13 ml of 3 M
sodium acetate were added to the pellet. The mixture was vortexed
and centrifuged at 15,000 3 g for 10 min. The pellet was resus-
pended in 0.6 ml of TE buffer pH 8.0 and 100 ml of lysozyme
(50 mg/ml) and incubated at 378C for 1 h in a heating block. After
the addition of 35 ml of SDS 10% and 10 ml of RNase DNase
free (10 mg/ml) the sample was incubated at 378C for 30 min.
Ten microliters of proteinase K (20 mg/ml) was added and the
mixture incubated at 378C for 30 min. Then 130 ml of 6 M sodium
perchlorate and 0.9 ml of phenol-chloroform-isoamyl alcohol (25:
24:1) were added and the mixture centrifuged at 15,000 3 g for
5 min. The upper phase was transferred to a 2-ml microcentrifuge
tube, and the phenol-chloroform-isoamyl alcohol step was repeat-
ed. Next 0.6 volumes of isopropanol were added, mixed gently,
and centrifuged at 15,000 3 g for 15 min. The pellet was washed
with 700 ml of ethanol 70%, centrifuged at 15,000 3 g for 5 min,
and then dried. The pellet was resuspended in 100 ml of TE pH
8.0. All operations were conducted at room temperature. Extract
DNA was stored at 2208C prior to PCR.

(iii) QIAamp DNA blood mini kit (Qiagen). Extraction was
performed according to the manufacturer’s instructions.

Design of oligonucleotide primers and DNA amplification.
All samples were tested to detect the presence of the tet(M) gene
by means of PCR. To obtain very sensitive detection, a two-step
PCR amplification procedure was developed with two nested sets
of primers. In the first PCR, the primers tetM-f (59 ACC CGT
ATA CTA TTT CAT GCA CT 39) and tetM-r (59 CCT TCC ATA
ACC GCA TTT TG 39), derived from tet(M) sequence (GenBank
accession number 1065723) (21), were used (MWG Biotech,
Ebersberg, Germany). The primers tetM-f and tetM-r are located
at positions 538 to 560 and 1633 to 1652, respectively, of the
coding sequence. By means of these primers, a fragment of 1115
bp was amplified. As nested primers, tetMi2-f (59 CTT AGG AAA
ATG GGG ATT CC 39) and tetMi2-r (59 GCG GTG ATA CAG
ATA AAC C 39) were applied (MWG Biotech). They are located
at positions 559 to 578 and 1549 to 1567, respectively, of the
above-mentioned tet(M) sequence. The nested PCR amplified a
DNA fragment of 1009 bp. Five microliters of each extracted
sample were used for PCR, which also contained 1.5 mM MgCl2,
0.2 mM of each deoxynucleoside triphosphate, 2.5 U of Taq
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TABLE 1. PCR amplification of E. faecalis tet(M) following extraction by sodium iodide, phenol, and QIAmp DNA blood mini kit
methods from raw milk

E. faecalis tetM
(CFU/ml)

Extraction methods:

Sodium iodide
(1 h extraction 1 1 h PCR

1 1 h nested 5 3)

First PCR Nested

Phenol
(8 h extraction 1 1 h PCR

1 1 h nested 5 10 h)

First PCR Nested

QIAamp DNA
(2 h extraction 1 1 h PCR

1 1 h nested 5 4 h)

First PCR Nested

0
1.25
2.5
5

10

2
2
2
2
2

2
1
1
1
1

2
2
2
2
2

2
1
1
1
1

2
2
2
2
2

2
1
1
1
1

102

103

104

105

106

2
2
2
2
1

1
1
1
1
1

2
1
1
1
1

1
1
1
1
1

2
2
2
2
2

1
1
1
1
1

DNA polymerase (Taq DNA polymerase in storage buffer A,
M1865, Promega Corporation, Madison, Wis.), 0.1 mM of each
appropriate primer, in a total volume of 25 ml. For the first PCR,
5 ml of sample DNA was added; for the second PCR, 5 ml of the
first PCR product was used as template. DNA amplification re-
actions were carried out using a PCR Mastercycler (Eppendorf
AG, Hamburg, Germany) with the following program: denatur-
ation at 958C for 3 min, 30 cycles each consisting of 1 min de-
naturation at 958C, 1 min annealing at 488C, 1 min extension at
728C, and a final extension for 10 min at 728C. In each PCR assay,
a positive control with 100 ng of E. faecalis tet(M) DNA and a
negative control without any bacterial DNA were included. A 10-
ml aliquot of each PCR product was subjected to 1% (wt/vol)
agarose gel electrophoresis containing 0.5 mg/ml ethidium bro-
mide (Promega Corporation, M5041) for 30 min at 100 V. PCR
products (1115 bp and 1009 bp, respectively, for the first PCR
and for the nested PCR) were visualized under UV illumination.
Their size was estimated using a standard DNA molecular weight
marker (Novagen 69278-3, Madison, Wis.).

RESULTS

E. faecalis tet(M) was cultured in nutrient broth and
added to raw milk. Following plating of each dilution on
nutrient agar, the numbers of CFU/ml were in accordance
with expected values based on the decimal dilution factor.
No E. faecalis tet(M) DNA was detectable in unadulterated
milk. Bacterial DNA was successfully extracted from adul-
terated raw milk by NaI and phenol methods. Results are
summarized in Table 1. After the first PCR, the NaI method
provided a detection limit of 106 CFU/ml, the phenol meth-
od provided a detection limit of 103, while the QIAamp
DNA blood mini kit did not show any visible amplicon
(Fig. 1). The second PCR with nested primers allowed a
105-fold improvement in the detection limit, when applied
to milk extracted with NaI method, with visible amplicons
obtained at concentration levels of 10 CFU/ml. Nested PCR
applied to samples extracted with the phenol method al-
lowed a 102-fold improvement in detection limit, with vis-
ible amplicons, again, obtained at concentration levels of
10 CFU/ml. Nested PCR applied to samples extracted with
the QIAamp allowed a 106-fold improvement, with visible

amplicons, again, obtained at concentration levels of 10
CFU/ml (Fig. 2). Nested PCR applied to serial dilutions of
10 CFU/ml, namely 5, 2.5, and 1.25 CFU/ml, were always
positive for all extraction methods (Fig. 3 shows results for
NaI and phenol method extractions). No visible amplicons
were obtained from control samples where no E. faecalis
tet(M) had been added.

DISCUSSION

The detection limits of PCR-based bacterial screening
methods for foods are directly dependent on the efficiency
of the nucleic acid extraction method employed. Direct
DNA extraction from a variety of foods has been applied,
with varying degrees of detection sensitivity (1, 8, 9). One
of the main problems encountered using PCR in food anal-
ysis is the presence of inhibitors, proteases, and nucleases
that interfere with amplification. In this study, a modifica-
tion of the NaI-based DNA method developed by Ishizawa
(15) was compared with a traditional solvent extraction
method, using raw milk. The present findings indicate that
the NaI method coupled with nested PCR outperformed the
phenol method at a fraction of the time. The extraction time
for NaI method was less than 1 h, while the phenol method
required 8 h (Table 1), and most of the times the operator
had to split the procedure into 2 days. Both methods pro-
vided better results than the commercial kit, which can be
performed in approximately 2 h. The proposed method is,
therefore, able to give results within a single working day
(including the nested PCR), does not requires phenol-chlo-
roform steps, and is cheaper than the commercial kit. The
advantages and disadvantages of these methods vary de-
pending on time constraints, PCR detection limits desired,
level of contamination, specific project objectives, and de-
cision to use or to avoid the carcinogen mixture phenol-
chloroform-isoamyl alcohol. The NaI method, in fact, in-
volves fewer steps than the phenol method and does not
require the extensive use of organic solvents. Since the phe-
nol method, although more sensitive than the NaI one after
the first PCR, was not able to go beyond the 1,000 CFU/

Jo
ur

na
l o

f 
Fo

od
 P

ro
te

ct
io

n 
20

04
.6

7:
28

33
-2

83
8.

D
ow

nl
oa

de
d 

fr
om

 jf
oo

dp
ro

te
ct

io
n.

or
g 

by
 5

.1
01

.2
22

.2
01

 o
n 

01
/1

9/
19

. F
or

 p
er

so
na

l u
se

 o
nl

y.



J. Food Prot., Vol. 67, No. 122836 CENCI-GOGA ET AL.

FIGURE 1. PCR amplification of E. faecalis tet(M) DNA isolated
from raw milk using the NaI method (a), the phenol method (b),
or the QIAamp DNA blood mini kit (c). M, molecular weight
marker (2,000, 1,500, 1,000, 750, 500, 300, 150, 50 bps); n.c.,
negative (no template) control; p.c., positive control (100 ng of
E. faecalis tet(M) DNA); 0 to 6 raw milk inoculated with 0 to 106

CFU/ml of E. faecalis tet(M).

FIGURE 2. Nested-PCR amplification of amplicons obtained from
the first PCRs: NaI method (a), the phenol method (b), or the
QIAamp DNA blood mini kit (c). M, molecular weight marker
(2,000, 1,500, 1,000, 750, 500, 300, 150, 50 bps); n.c., negative
(no template) control; p.c., positive control of the nested PCR; 0
to 6 raw milk inoculated with 0 to 106 CFU/ml of E. faecalis
tet(M).

ml limit, which is common in food samples, a two-step
PCR should as well be coupled with it in order to increase
its sensitivity. These results show that for all extraction
methods the nested PCR allows the detection at less than

10 CFU/ml. For this reason we propose to streamline the
whole procedure using a modification of the NaI method
described by Ishizawa (15) followed by a two-step PCR.
Nested PCR is also recommended to overcome the presence
of PCR inhibitors in milk (7, 13, 17, 23). It should be noted
here that any phenol extraction, followed by ethanol pre-
cipitation, is able to remove ionic detergents, such as SDS,
which inhibit PCR even at very low concentrations
(,0.01%) (18). Differences observed after the first PCR
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FIGURE 3. Nested-PCR amplification of amplicons obtained from
the first PCRs for serial dilutions of 10 CFU/ml. M, molecular
weight marker (2,000, 1,500, 1,000, 750, 500, 300, 150, 50 bps);
1 to 4, raw milk inoculated with 10, 5, 2.5, 1.25 CFU/ml of E.
faecalis tet(M), NaI method; 5 to 8, raw milk inoculated with 10,
5, 2.5, 1.25 CFU/ml of E. faecalis tet(M), phenol method; 9, 0
CFU/ml; 10, positive control of the nested PCR; 11, negative (no
template) control.

are, therefore, related to the phenol-chloroform extraction
step, absent in the proposed NaI method. With the method
described in this paper a detection limit of less than 10
bacteria per ml of raw milk was achieved. This detection
limit is at least 100 times lower than that of a single PCR.
In conclusion, the results from this study suggest that a two-
step PCR approach can be used to detect the presence of
tet(M) genes in milk after a rapid, solvent free, DNA ex-
traction. The detection could be performed in a matter of a
few hours. While some minor procedural modifications
may be needed when adapting this method to different
dairy commodities, it is expected that it could readily be
adapted for a variety of food products and other genes en-
coding antibiotic resistance in foodstuffs. Future improve-
ments may result in a further reduction in detection time
and the association with sets of primers for genes specific
for Enterococcus spp. (even at the species level) in a mul-
tiplex PCR (5). Because conventional phenotypic identifi-
cation methods are cumbersome, require up to 72 h for
results, are sometimes inaccurate, and provide only data
related to selected microorganisms, the method described
here has the potential for providing rapid detection of
tet(M) genes in milk. The assay may prove useful for rapid
assessment of the food matrix, increasing our knowledge
regarding the diffusion of genes that encode resistance to
tetracyclines in commensal indicator organisms in foods.
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Università degli Studi di Perugia, Italy and the Faculty of Veterinary Med-
icine, University of Pretoria, South Africa; and from the Fondazione
CaRiVerona (2001) Progetto di ricerca: Ambiente e Sviluppo Sostenibile,
Linea 2, Punto 2.1. The authors express sincere appreciation to Dr. Hannah
S. Birney for a careful reading and comments on the manuscript.

REFERENCES

1. Abolmaaty, A., M. G. El-Shemy, M. F. Khallaf, and R. E. Levin.
1998. Effect of lysing methods and their variables on the yield of
Escherichia coli O157:H7 DNA and its PCR amplification. J. Mi-
crobiol. Methods 34:133–141.

2. Aminov, R. I., J. C. Chee-Sanford, N. Guarrigues, B. Teferedegne,

I. G. Krapac, B. A. White, and R. I. Mackie. 2002. Development,
validation and application of PCR primers for detection of tetracy-
cline efflux genes of gram-negative bacteria. Appl. Environ. Micro-
biol. 68:1768–1793.

3. Aminov, R. I., N. Guarrigues-JeanJean, and R. I. Mackie. 2001. Mo-
lecular ecology of tetracycline resistance: development and valida-
tion of primers for detection of tetracycline resistance genes encod-
ing ribosomal protection proteins. Appl. Environ. Microbiol. 67:22–
32.

4. Bergeron, M. G., and M. Ouelette. 1998. Preventing antibiotic re-
sistance through rapid genotypic identification of bacteria and their
antibiotic resistance genes in clinical microbiology laboratory. J.
Clin. Microbiol. 36:2169–2172.

5. Cenci-Goga, B. T., L. Aquilanti, A. Osimani, D. Miraglia, and F.
Aloisio. 2003. Identification with multiplex PCR assay of Entero-
coccus species isolated from dairy products in Umbria, Italy. Vet.
Res. Commun. 27(Suppl. 1):671–674.

6. Corpet, D. E. 1998. Antibiotic resistant bacteria in human food. Rev.
Med. Vét. 149:819–822.

7. Daly, P., T. Collier, and S. Doyle. 2002. PCR-ELISA detection of
Escherichia coli in milk. Lett. Appl. Microbiol. 34:222–226.

8. Dickinson, J., R. G. Kroll, and K. A. Grant. 1995. The direct appli-
cation of the polymerase chain reaction to DNA extracted from
foods. Lett. Appl. Microbiol. 20:212–216.

9. Drake, M. A., C. L. Small, K. D. Spence, and B. G. Swanson. 1996.
Rapid detection and identification of Lactobacillus spp. in dairy
products by using the polymerase chain reaction. J. Food Prot. 59:
1031–1036.

10. Giraffa, G. 2002. Enterococci from foods. FEMS Microbiol. Rev. 26:
163–171.

11. Giraffa, G., A. M. Olivari, and E. Neviani. 2000. Isolation of van-
comycin-resistant Enterococcus faecium from Italian cheeses. Food
Microbiol. 17:671–677.

12. Greenwood, D. 2000. Detection of antibiotic resistance in vitro. Int.
J. Antimicrob. Agents 14:303–306.

13. Herman, L. M. F., J. H. G. E. De Block, and R. J. B. Moermans.
1995. Direct detection of Listeria monocytogenes in 25 milliliters of
raw milk by a two-step PCR with nested primers. Appl. Environ.
Microbiol. 61:817–819.

14. Huys, G., K. D’Haene, J.-M. Collard, and J. Swings. 2004. Preva-
lence and molecular characterization of tetracycline resistance in En-
terococcus isolates from food. Appl. Environ. Microbiol. 70:1555–
1562.

15. Ishizawa, M., Y. Kobayashi, T. Miyamura, and S. Matsuura. 1991.
Simple procedure of DNA isolation from human serum. Nucl. Acid
Res. 19:5792.

16. Kuhn, I., A. Iversen, L. Burman, B. Olson-Liljequist, A. Franklin,
M. Finn, F. Aestrup, A.-M. Seyfarth, A. R. Blanch, H. Taylor, J.
Caplin, M. A. Moreno, L. Dominguez, and R. Mollby. 2000. Epi-
demiology and ecology of enterococci with special reference to an-
tibiotic resistant strains in animals, humans and the environment.
Example of ongoing project within the European research pro-
gramme. J. Antimicrob. Agents 14:337–342.

17. McKillip, J. L., L. A. Jaykus, and M. A. Drake. 2000. A comparison
of methods for the detection of Escherichia coli O157:H7 from ar-
tificially-contaminated dairy products using PCR. J. Appl. Microbiol.
89:49–55.

18. McPherson, M. J., and S. G. Møller. 2001. PCR. BIOS Scientific
Publishers Ltd., Oxford, UK.

19. Murray, B. E. 1990. The life and times of Enterococcus. Clin. Mi-
crobiol. Rev. 3:46–65.

20. Ng, L. K., I. Martin, M. Alfa, and M. Mulvey. 2001. Multiplex PCR
for the detection of tetracycline resistant genes. Mol. Cell. Probes
15:209–215.

21. Perreten, V., B. Kolloffel, and M. Teuber. 1997. Conjugal transfer of
the Tn916-like transposon TnFO1 from Enterococcus faecalis iso-
lated from cheese to other gram-positive bacteria. System. Appl. Mi-
crobiol. 20:27–38.

Jo
ur

na
l o

f 
Fo

od
 P

ro
te

ct
io

n 
20

04
.6

7:
28

33
-2

83
8.

D
ow

nl
oa

de
d 

fr
om

 jf
oo

dp
ro

te
ct

io
n.

or
g 

by
 5

.1
01

.2
22

.2
01

 o
n 

01
/1

9/
19

. F
or

 p
er

so
na

l u
se

 o
nl

y.



J. Food Prot., Vol. 67, No. 122838 CENCI-GOGA ET AL.

22. Roberts, M. C. 1996. Tetracycline resistance determinants: mecha-
nisms of action, regulation of expression, genetic mobility, and dis-
tribution. FEMS Microbiol. Rev. 19:1–24.

23. Sørensen, T. L., M. Blom, D. L. Monnet, and N. Frimodt-Møller.
2001. Transient intestinal carriage after ingestion of antibiotic-resis-
tant Enterococcus faecium from chicken and pork. New Engl. J.
Med. 345:1161–1166.

24. Taylor, D., and A. Chau. 1996. Tetracycline resistance mediated by
ribosomal protection. Antimicrob. Agents Chemother. 40:1–5.

25. VilleDieu, A., M. L. Diaz-Torres, N. Hunt, R. McNab, D. A. Spratt,
M. Wilson, and P. Mullany. 2003. Prevalence of tetracycline resistance
genes in oral bacteria. Antimicrob. Agents Chemother. 47:878–882.

26. Witte, W. 2000. Selective pressure by antibiotic use in livestock. Int.
J. Antimicrob. Agents 14(Suppl. 1):S19–12S14.

Jo
ur

na
l o

f 
Fo

od
 P

ro
te

ct
io

n 
20

04
.6

7:
28

33
-2

83
8.

D
ow

nl
oa

de
d 

fr
om

 jf
oo

dp
ro

te
ct

io
n.

or
g 

by
 5

.1
01

.2
22

.2
01

 o
n 

01
/1

9/
19

. F
or

 p
er

so
na

l u
se

 o
nl

y.


