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Real-Time ldentification of Pseudomonas aeruginosa Direct
From Clinical Samples Using a Rapid Extraction Method and
Polymerase Chain Reaction (PCR)

Richard I. Jaffe,* Janae D. Lane, and Christopher W. Bates
Clinical Investigation Facility, David Grant Medical Center, Travis AFB, California

Pseudomonas aeruginosa has emerged as
one of the most problematic Gram-negative
nosocomial pathogens. Bacteremia caused
by P. aeruginosais clinically indistinguishable
from other Gram-negative infections although
the mortality rate is higher. This microorgan-
ism is also inherently resistant to common
antibiotics. Standard bacterial identification
and susceptibility testing is normally a 48-
hour process and difficulty sometimes exists
in rapidly and accurately identifying antimi-
crobial resistance. The Polymerase Chain
Reaction (PCR) is a rapid and simple pro-
cess for the amplification of target DNA se-
guences. However, many sample preparation
methods are unsuitable for the clinical labo-
ratory because they are not cost effective,
take too long to perform, or do not provide a
good template for PCR. Our goal was to pro-
vide same-day results to facilitate rapid di-
agnosis. In this report, we have utilized our
rapid DNA extraction method to generate
bacterial DNA direct from clinical samples for
PCR. The lower detection level for P. aerugi-

Key words:

nosa was estimated to be 10 CFU/ml. In
addition, we wanted to compare the results
of a new rapid-cycle DNA thermocycler that
uses continuous fluorescence monitoring
with the results of standard thermocycling.
We tested 40 clinical isolates of P. aeruginosa
and 18 non-P. aeruginosa isolates received
in a blinded fashion. Coded data revealed that
there was 100% correlation in both the rapid-
cycle DNA thermocycling and standard
thermocycling when compared to standard
clinical laboratory results. In addition, total
results turn-around time was less than 1 hour.
Specific identification of P. aeruginosa was
determined using intragenic primer sets for
bacterial 16S rRNA and Pseudomonas outer-
membrane lipoprotein gene sequences. The
total cost of our extraction method and PCR
was $2.22 per sample. The accuracy and
rapidness of this DNA-extraction method,
with its PCR-based identification system,
make it an ideal candidate for use in the clini-
cal laboratory. J. Clin. Lab.Anal. 15:131-137,
2001. ©2001 Wiley-Liss, Inc.
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INTRODUCTION fore, it is crucial for clinical laboratories to have accurate and

- - §imple methods for the identification and confirmatiof®of
Pseudomonas aeruginosean opportunistic pathogen tha ; ) )
aeruginosawhich are more rapid than standard culture

in recent years has emerged as one of the most important NOSAEY | ise of PCR for the detectiorPofieruginosdas been

co_rmal pathogens and a Ieadlr_lg cause of_morb|d|ty and mF(]))rre'zviously described (6—12) utilizing many different tech-
tality among patients compromised by surgical wounds, burhs

. A . idues to generate template DNA from various sources for
trauma or cancer (1). This organism is inherently resistan : . o
o L . . R. These techniques may require additional steps for cell
common antibiotics and even survives in antiseptics (2). B

teremia due teP. aeruginosas particularly life threatening ?y5|s or removal of potential inhibitors from some clinical

. . . . . .specimens. In the clinical laboratory, these steps can add to
and is associated with a high crude mortality rate rangl[}%9 Y, P

from 25-50% (3,4). Studies have shown that when adminis- cost per tes_t, increase sample processing time, and elimi-
) o . . . zge the formation of a general extraction procedure that can

tered early, appropriate antimicrobial therapy is associa €d asilv and rapidlv apolied to identify a variety of microor-

with a lower attributable mortality rate, suggesting that this y pidly app y

is one of the most important factors contributing to a favor-

able outcome (5). In the clinical laboratory, standard bacte-

rial identification and susceptibility testing frequently require€orrespondence to: Richard 1. Jaffe, Commonwealth Biotechnologies, Inc.,
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ganisms in a variety of clinical samples (blood, sputum, (@Berkeley, CA). Additionally, five clinical isolates that tested
urine). Also, some PCR methods require a pure sample frpasitive for P. aeruginosawere obtained from the clinical
a subculture, thus delaying turn-around time (TAT) for réaboratory at David Grant USAF Medical Center. A total of
sults and necessitating the use of special media. eight nonP. aeruginosgpseudomonads) clinical isolates and
We have previously described a simple and rapid extraao ATCC Gram-negative isolates were obtained from Armed
tion method of bacteria DNA direct from clinical samples dsorce Institute of Pathology (Washington, DC). Additionally,
well as a simple PCR procedure for the direct identificati@total of eight clinical and ATCC isolates were obtained from
of Methicillin-Resistant Staphylococci (13). The entire prahe clinical laboratory at David Grant USAF Medical Center.
cedure can be performed with a results TAT within 4 houEsch clinical isolate was from a positive blood-culture bottle
following the detection of positive blood-culture bottles caindPseudomonaspecies were identified by Gram stain, and
urine samples. The purpose of this study was to determiasted by MicroScan (Dade Behring, Deerfield, IL). Upon
whether direct identification & aeruginosautilizing a new receipt of the blood-culture bottle by our institution, a sub-
rapid-cycle DNA thermocycler (14), which uses continuowsilture of each sample was performed on sheep blood agar
fluorescence monitoring utilizing a double-stranded-DN/Aplates and incubated at & overnight. A 1x 10" colony-
specific dye for real-time results, would agree with standafi@ming unit/milliliter (CFU/ml) inoculum of each sample
thermocycling results. We were able to detect 10 CFU/mlwas mixed with 5 ml of anticoagulated blood and then inocu-
P. aeruginosand, using the rapid-cycle continuous fluoredated into a new blood-culture bottle that was incubated in a
cent monitoring, we were able to decrease the TAT fromBACTEC 9240 (Becton-Dickenson, Sparks, MD) 14-18
hours to less than 1. The total direct-supply cost (includihgurs. Blood samples that did not contain bacteria and/or con-
PCR amplification of the target) was as little as $2.22 piiined alternative Gram-negative bacterial strains were also
sample and a cost-per-sample analysis was done to showitiatulated into blood-culture bottles and incubated as well
PCR detection optimized for use in the clinical laboratofgr negative controls. All samples inoculated with bacteria
could be cost effective when compared to standard methaoasre positive after 14-18 hours in the BACTEC 9240. The
next day, a 0.2-ml aliquot of the positive and negative blood-
MATERIALS AND METHODS culture bottles were used for DNA extraction and further

. . amplification using thermocycling conditions.
Bacterial Strains

To develop the rapid DNA-extraction method and test thgPid Extraction Method

limiting dilution, two Pseudomonagsolates P. aeruginosa  The rapid extraction method, Bead Beating Plus CHELEX
31B-6843 clinical isolate arfél stutzeri ATCC 17588) were (BB+C), has been previously described (13). To test the
used. In order to assess the specificity of the PCRPfor method withPseudomonasach bacterial isolate was taken
aeruginosawe used a representative list of pseudomonaff®m an overnight subculture and resuspended into 1 ml of
Gram-negative and Gram-positive bacteria (Table 1). A totaX phosphate buffered saline (PBS). One ml containirg 1
of 40 clinical isolates d®. aeruginosawere studied; 35 were 10° CFU/ml bacterial cells was centrifuged at 7§06r 3
obtained from Kaiser Permanente Reference Laboratonmiutes. This was the starting point for the extraction proce-

TABLE 1. Rapid cycle DNA thermocycler results of bacterial species tested based on melting curve analysig)(T

Standard PCR results Rapid cycle PCR results
Bacterial species 16S rRNA oprL 16S rRNA oprL
(no. of isolates testet) 233bp band 504bp band mlavg) Tm (avg)
Pseudomonas aerugino$40) + + 87.13 92.58
Pseudomonas putida + - 87.77 87.38
Pseudomonas stutzeri + - 87.35 89.02
Burkholderia cepacig3) + - 87.18 89.19
Burkholderia cocovenenan + - 87.61 no peak
Xanthomonasp. + - 87.29 no peak
Ochrobactrum anthropi + - 88.23 88.94
Ralstonia picketti + - 86.75 no peak
Salmonella enteritidig3) + - 86.64 87.79
Klebsiella pneumoniae + - 85.77 no peak
Proteus vulgaris + — 85.62 no peak
Escherichia coli + - 88.51 87.23
Neisserria gonorrhea + - 86.82 87.77
Staphylococcus aureyg) + - 84.49 no peak

o number indicates that only one isolate was tested.
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dure. The bacterial cells were mixed with 0.5 ml EDTA-antiwas removed and subjected to agarose gel electrophoresis to

coagulated blood, then centrifuged for 3 minutes at 10,08@termine quantity, quality, purity, and appropriate size of

rpm, washed with 1 ml 4% glacial acetic acid, then with 1 mptoducts. The resultant amplicons were resolved by agarose

1X PBS, then 5001 10mM Tris-EDTA(TE) buffer (pH 8.4). gel electrophoresis (1.5% agarose) at 120 volts for 30 min-

After the addition of the TE buffer, 1 g of 0.1-mm glass beadges along with molecular weight size markers (Life Tech-

(Biospec Products, Inc., Bartlesville, OK) an#.25gm nologies-Gibco BRL). The gel was stained with ethidium

CHELEX-100 (BioRad, Hercules, CA) were added to theromide and the amplicons were visualized using UV light.

sample mixture. The samples were mixed and processed\linPCR testing was performed by dedicated personnel in a

the bead beater (Biospec Products, Inc.) at three-quarters spégdical location distinct from the rest of the laboratory. Con-

for 5 minutes, then boiled for 5 minutes. The samples weagninant primer controls were included with the substitutions

then centrifuged for 5 minutes at 10,@08nd the superna- of deionized water for template DNA. Positive and negative

tant was then moved to a clean 1.7-ml Eppendorf tube. Adntrols were included with each run.

DNA samples were measured for concentration using DNA/

RNA calculator_ (_Pha_rmama Biotech, P|s_cataway, NJ). Direct Amplification of Pseudomonas From

To test the clinical isolates, a 0.2-ml aliquot was taken fr Ytracted DNA With PCR (Rapid-Cycle
the positive blood-culture bottle and washed with 1 ml j%wermocycling)
acetic acid and continued as described above.
To develop the rapid-cycle thermocycling condition, two

Lower Limiting Dilution Experiment Pseudomonaisolates P. aeruginos@1B-6843 clinical iso-

: - . late andP. stutzeriATCC 17588) were used. All 58 clinical

To determine the lower limits of detection of the target se- . S
ISolates were coded and submitted to the technician in a

quences, extracted DNA was diluted to 1 ng by serial diIB'l"nded fashion. The extracted DNA samples were used to
tions and PCR was performed. To determine the lower limi X

of detection of CFU/mI, dilutions & aeruginos@1B-6843 2MPlfy targetsites in the genome to includeRaeruginosa
L 0 gene and bacterial 16S rRNA gene using the rapid-cycle
clinical isolate from % 10'°to 1x 10° CFU/ml was extracted : . .
by BB+C method and PCR performed. thermocycler ('!'able 2). Life Technologies-GibcoBRL syn-
thesized the primers for PCR. Opleof the extracted DNA
(50-ng minimum) was added to rapid cycler reaction cuvettes
(Idaho Technology Inc., Salt Lake City, UT). When brought
to a final volume of 1, the rapid thermocycling mix con-
tains 4ul deionized water, fil ANTP, 1ul 30 mM Mg, 1pl
The extracted DNA samples were used to PCR amplifaq polymerase (0.5ul), 1ul SYBR green double-stranded-
different target sites in the genome to includétfaeruginosa DNA-specific dye (Molecular Probes, Eugene, ORI, tar-
oprL gene and bacterial 16S rRNA gene (Table 2). Life Techeted primerand 1 pl template. PCR and fluorescent
nologies-GibcoBRL (Gaithersburg, MD) synthesized thmelting-curve analysis were performed on a LC32-
primers for PCR. Ongl of the extracted DNA (50-ng mini- Lightcycler (Idaho Technology Inc.). The samples were ther-
mum) was added to the Ready-To-Go PCR Beads (Pharmac#dly cycled 25 times with temperature segments. The first
Biotech). When brought to final volume of 2fl, the segment was 9€ for less than a second at°@0sec for
thermocycling mix contains 10 mM Tris-HCL (pH 9.0), 5@enaturation. A second segment of&dor less than a sec-
mM KCL, 1.5 mM MgC}, 200puM of each dNTP andil.5 ond at 20C/sec allowed for primer annealing and a third
units Taq DNA polymerase along with QuS! of each primer temperature segment of R for 5 sec at 2IC/sec allowed
set. The thermocycling conditions were as followsQOfbr for extension. After amplification, the temperature was raised
5 minutes for 1 cycle, then 9@ for 30 seconds, 8€ for 30 to 94°C for 5 sec, lowered to 86 for 20 sec at ZC/sec,
seconds, and 7€ for 1 minute for 35 cycles on Progenand held for 20 sec. Melting-curve profiles were obtained by
Thermocycler (Princeton, NJ). The reaction was then inaaising the temperature to @ at 0.2C/sec while collect-
bated for an additional 10 minutes af@2and was main- ing fluorescent data constantly. Genotyping the samples by
tained at 4C for up to 48 hours. After thermocycling,b melting-curve temperature (Y was accomplished by con-
verting the SYBR melting curves to —dF/dT derivative peaks
and fitting the peak to Gaussian curves (Lightcycler soft-

Direct Amplification of Pseudomonas From
Extracted DNA With PCR (Standard
Thermocycling)

TABLE 2. Primer sets ware, Roche Molecular Biochemicals). All PCR testing was

DNA target Primer set size Ref. performed by dedicated personnel in a physical location dis-

opril gene (+)5ATG GAAATG CTG AAATTC GGC-3 504bp (6) tinct from the rest of the_ laboratory. _Contamlnant_pn_mer
(H)5-CTT CTT CAG CTC GAC GCG ACG!3 controls were included with the substitutions of deionized

16S rRNA  (+)5-GAG GAA GGT GGG GAT GAC GT-3 233 bp (19) water for template DNA. Positive and negative controls were
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Result Turn-Around Time Measurement and Cost 1 2 3 4 5 6 7 8
per Test Determination

Result TAT was measured from the time the positive bloc
culture bottle was removed from the BACTEC 9240 for €
traction of the DNA to the resolution of the PCR amplicol
by agarose gel electrophoresis and the final observanc
results for regular thermocycling or thg fbr rapid thermo-
cycling. Cost per test was calculated by determining the o
time use of each individual item required to perform the te
including the supplies and media.

RESULTS
Rapid Extraction Method

P. aeruginosa31B-6843 clinical isolate an@. stutzeri
ATCC 17588 were used to test the BB+C DNA extractic
method to generate sufficient and quality DNA for PCI
Median concentration of isolated DNA ranged from 24.(
1259.0 ngdl. A consistent result with PCR was obtained fro
all 58 isolates extracted for standard thermocycling and
rapid cycle thermocycling (data not shown).

The BB+C method was tested for lower limits of detecti
of the target sequences. As little as 5 ng of DNA were re-
quired to amplify the target sequences using DNA generatégl 1. Agarose gel electrophoresis of bacterial genomic DNA extracted
from the BB+C method. The lower limits of CFU/mI werdrom clinical isolates by BB+C method and amplified withaeruginosa

; I ; o rimer in ndard therm ling. Lane 1, 100-bp DNA r (100-
also. determined. Dlluugns 6 aeruginos®1B-6843 clini- Es,ogosbe[t)? ;zd gg;z-gg g’:;g?neri():{iifegTeShr?ol(;gi(()e(s);,bgaithersa;jucig, E\/IOD())
cal isolate from 1x 10°CFU/ml to 1 x 10° CFU/ml were lane 2, DNA PCR control from Ready-To-Go PCR Beads (Pharmacia Biotech,
extracted, the DNA was measured, and standard thermgcataway, NJ) (500 bp); lanes 3 and 4, frol aeruginosa31B-6843
cycling was performedThe P. aeruginosa opr gene and clinical isolate; lanes 5 and 6, frofa stutzeriATCC 17588; lanes 7 and 8,
bacterial 16S rRNA genes were easily amplified from DNpP DNA template (negative control) with each primer set; lanes 3 and 5,

with the BB+C extraction method by standard PCR at the CR-generated amplicons with bacterial 16S rRNA gene primer set (233
i p); lane 4, PCR amplicon generated vafhiL gene primer set (504 bp).
10" CFU/m dilution.

cal samples for identification of the bacterial target sites by
the rapid-cycle DNA thermcycler with melting-curve analy-
The extraction method was then tested to see if it coslid. DNA fromP. aeruginos&1B-6843 clinical isolate arfel
generate DNA direct from the clinical samples for use in stastutzerj ATCC 17588 was extracted and the melting curves
dard and rapid thermocycling.aeruginos&1B-6843 clini- generated are shown in Figure 2. Usingojie. primer set, a
cal isolate andP. stutzeri ATCC 17588 are shown in Figuremelting-curve temperature (Ywas obtained at 92 for only
1. P. aeruginosa ogr gene (lane 4) and bacterial 16S rRNA. aeruginos81B-6843 clinical isolate (grey line) and noth-
genes (lanes 3 and 5) were easily amplified from DNA withg for P. stutzeri ATCC 17588.The T, for the 16S rRNA
the BB+C extraction method. Both primer sets were testedmer set was observed to be’@7or both isolates (black
for contamination and no amplicons were detected after eland dotted line). Rapid-cycle thermocycling was then tested
trophoresis (lanes 7 and 8). As a negative corRrsltutzeri to see if we were able identiff. aeruginosafrom non#f.
ATCC 17588 was also tested. Only the bacterial 16S rRNs&ruginosaisolates (Table 1). Forty clinical isolates Bf
gene target sequence (lane 5) could be amplified by PCRaeruginosaand 18 other isolates were received in a blinded
Next we tested for the presence ofapel and 16SrRNA fashion. Coded data revealed that there was 100% correlation
genes in each of the 58 isolates. Only the expected amplifiedthe rapid-cycle DNA thermocycling when comparing T
DNA products were produced from tReaeruginosa ofir results to standard clinical identification (Table 1). Multiple
(504 bp) and bacterial 16S rRNA (233 bp) primer sets in eaxperiments allowed the compilation of a range for a signifi-
ery P. aeruginosaample (n = 40). An amplified DNA prod- cant T, for each primer set used. The range foPtlaeruginosa
uct (233 bp) was seen only with 16S rRNA primer sets aprL gene primer set was 90.00-93.50 (n = 66, mean =91.82,
every nonP. aeruginosasolate (n = 18) (Table 1). SD = 1.79) while the 16S rRNA gene primer set was 85.60—
The BB+C extraction method was tested direct from clir38.00 (n = 72, mean = 87.14, SD = 0.98).

Amplification of Bacterial Target Sites
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Fig. 2. Detection ofP. aeruginosaoprL and bacterial 16S rRNA genes melting curve obtained with the bacterial 16S rRNA gene primer set with
with melting-curve analysi€?. aeruginose81B-6843 clinical isolate v®.  extracted DNAfrom P. aeruginoseé31B-6843 clinical isolate (= 88C)
stutzeriATCC 17588.The grey line represents the melting curve obtaineahd the dotted line corresponds to the melting curve obtained with DNA
with oprL gene primer set with extracted DNtom P. aeruginosa31lB- extracted fronP. stutzeriATCC 17588 (T, = 87°C). The sequences of the
6843 clinical isolate (F = 92°C) while there was noJobserved with ex- primer sets utilized are listed in Table 2.

tracted DNAfrom P. stutzeriATCC 17588. The black line represents the

DISCUSSION ously, we determined that a«1.0' CFU/ml concentration of

We have developed a procedure for rapid extraction ledicteria requires a 10.1 hour incubation to test positive in the
microorganism DNA directly from select clinical samples faBACTEC 9240 (13). In our experience, once the blood-cul-
molecular testing in our laboratory (13). Our mechanical ljure bottle becomes positive (bacterial density 1.25«4®
sis procedure generated DNA from the bacterial agent direc@iifU/ml), we can deteBt aeruginosawith our system. How-
from the clinical sample within 20 minutes of sample sulever, in our clinical microbiology lab, the blood-culture bottles
mission. Significant progress has been made in the develage monitored continuously, but the positives are not worked
ment of commercial extraction kits that can be used for rapid until the next morning. When we tested our positive blood-
nucleic-acid extraction from microbial cultures for PCReulture bottles the next day, all had greater thad @ CFU/
However, they require multiple steps (between 5 and 40) and Therefore, there will be a sufficient concentration of bac-
extended times (15-150 minutes). They may require a ptega to extract and detect by our method.
culture and may be cost prohibitive for large numbers of The cost of the rapid extraction and PCR-based method is
samples (15). The most important component of an extraffordable and set-up is readily applicable to the clinical lab.
tion method is its ability to obtain quality DNA for PCR. Standard identification methods, which include VITEK cards,
aeruginoséDNA was easily amplified by standard PCR anthedia, inoculating loops, and reagents, can cost over $7 per
the target sites selected were readily amplified using specsfsmple for confirmation. If it is determined that a positive
cally designed primer set and the results were availablebiood-culture bottle clinical isolate needs to be confirmed
less than 4 hours (Fig. 1). using thePseudomonagrimer set (bacterial 16S rRNA gene

We envision the use of PCR as a rapid and affordable candoprL gene), the cost could be cheaper than standard iden-
firmatory test that can easily and rapidly be applied to idetification. Cost per test for the Ready-to-Go tubes is $1.50/
tify microorganisms directly from different clinical samplesube plus $0.10 for each set of primers, a total of $1.60/PCR
(blood, sputum, or urine). We used the blood-culture botfler each primer set. If a panel were to be used consisting of
as a screening tool since not every sample sent to the latwis primer sets then the total for two different primer sets for
positive. The minimum bacterial concentration in the blooddentification would come to $3.20. Adding the cost of the
culture bottle, whose DNA could be extracted and detect®dad Beating Plus CHELEX-100 extraction method ($0.42/
by PCR with thé®. aeruginosa oprand bacterial 16S rRNA extraction) brings the total cost per test to $3.62. The cost per
gene primer set, was determined to be 10 CFU/ml. This letest for the new rapid-cycle technology is $0.90/PCR for each
of sensitivity for our BB+C method is lower than with ouprimer set. If ourP. aeruginosgprimer set were to be used
previous work with Methicillin-resistant staphylococci anthen the cost would be double, or $1.80, and with the cost of
in the range of other published extraction methods (6). Pretie extraction, the total cost per test comes to $2.22. Techni-
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cian time can also be calculated to include exact sample-pabthe Air Force and Department of Defense level. Therefore,
cessing time. One sample takes approximately 30 minuties use of real-time PCR promises to provide clinical labora-
for DNA extraction and PCR set-up. Therefore, the reporteaty technicians with a versatile diagnostic tool with which
method was determined to be both time and cost effectteeenhance microbiological capabilities in the deployed envi-
when compared to standard clinical procedures. We fourmthment and will, along with other clinical information, im-
that results were ready in less than 1 hour even when wepseve patient management.
up multiple samples.
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