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M. Varma, S. Siefring, E. Atikovic, L. Wymer and R. A. Haugland

- U.S.Environmental Protection Agency, National Exposure Research Laboratory, Cincinnati, OH.
Introduction

Real Time PCR vs. Culture Based Fecal

THE NEED FOR SPEED.' Currently accepted culture-based monitoring methods for fecal indicator bacteria in

Indicator Bacteria Measurements

to Determine + Pathogen (virus, water such as EPA method 1600 (shown at bottom left in adjacent panel) take at least 24 hr to determine if unacceptable levels
Beach Water Qualit parasite, or bacteria) of fecal pollution have reached our beaches.Thus we can only tell what the water quality was yesterday. New molecular based
Sas ater Luality Indicator

technologies such as the real time PCR method (shown at bottom right in panel) have the ability to provide the same water

(fecal bacteria) . .
quality measurements in ~2 hr.
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Figure 2. Swimming-Associated Gastrointestinal lliness and
Enterococcus exposure (All participants)
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REAL TIME PCR GETS THE JOB DONE:

The National Epidemiological and Environmental Assessment of
Recreational (NEEAR) Waters Study, performed by NERL, NHEERL and
CDCin 2003-2004 demonstrated a strong correlation between real
time PCR measurements of the fecal indicator bacterial group,
Enterococci and swimming-related iliness rates at 4 Great Lakes
beaches. Results of this method can therefore provide a meaningful
determination of the water quality at beaches in a timely manner.
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SO MANY CHOICES OF PCR INSTRUMENTS AND REAGENTS: there are now a number of com-

panies that manufacture real time PCR instruments and reagents. These systems have different features that may be desirable to different
end users in terms of sample throughput, analysis speed, portability and cost. Studies are now in progress at NERL-Cincinnati to deter-
mine the comparability of results from several different instrument and reagent systems. Systems compared to date include the Applied
Biosystems Model 7700 or 7900 with Universal TagMan MasterMix reagent (96 samples per run, ~2 hr run time), Cepheid Smart Cycler
with OmniMix reagent (16-96 samples per run, ~30 min run time) and Applied Biosystems Model 7900 with fast block and Fast Mix re-
agent (96 samples per run, ~30 min run time)
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Alignment of Enterococcus related species sequences showing primer and probe target sites

=
-
=

—

El
i
BHOREARAEE AAA A AdH o e o e

prppppe oonoonalnd oo 0 on aln

: 4l REAL TIME PCR WORKS:

Enterococcos primere & probes
Enterococcus majority

OPTIMIZING THE

NORRORN P00 AR
HHdaEaH oolon am

MAAAAaA A0 a6n
MAAAAAR AAAAaR
MRaAnAAn oofdono
T e e pd (e i pd i pd o
ppppppn ononfon
MAAANAAN OO0OO0O0
HAaAAfAER AadaaAaAaa
HHAFAAHER AdaaAaAaA
Do p o op (e A A A
DO0N6N0R|H =D
MAAANAAN OOOO0O0

ﬂmmmmmméhhhhhhh M1 aaan
G161 GIGY GICGI G v v v i i v d (I F1 M1 101 11
MO A o oo G361 61666
HHHHHEHYE HHaHdaHEAEH P e
PR HHAAAHAAH PR R
mnnonoaa2aaaaaakRl oo o on aln
HuHUdaaMEIaonnaann G4 A
Do e oo | 6361 G 561 63|63
noooomnEREaoaoannln Bb o b bl
naonnoann anaonnan AHdEd4d 44
PN OODEOR0R G060 600 06
NANMAAnn e N 9499494944
HHHHHAHAHE srpRriFr OO0 GO0 QG
G161 GIGY GIGI|G]  p i e e e G361 61 63 63 GI|GY

A G
A G
AG
A G
AG
tero E
A G AR A £} TG T C
o . . CGEGGEAG ARAA G GAGATAGCTG T C
Srand die, Reverse PCRis a technique that makes copies of Y L I 8 e ity
tran is acement L M : 51 CGGAG AR A G GAGATAGCTG T C L::i:;?zaun]: E.:jl:lrit}'
P ® . specific DNA sequences using short flanking PCR PRIMERS AND ncsais s iiinisciiciicriic s
, { 99 DTN (it e el oy & Wiermiel sElle n TTERCREOIA |\ yiprr. ron o AiUiTUCARETAELO0RCTE  Semmerns primns o
g == R Bl DNA polymerase.This process is repeated in a PROBES FOR i Triac Fibn: U HE pe Rt e
. o 101 TTTAG G C TCQG A T T A G TEWYT G & A G TTTOG Lactococsos majorlt
5 3 number of thermal cycles that exponentially 101 TTTAG sciTe GhT “EXY= ¢ AR5 v oo A g TTTG Liccesic majority |
e =S 101 TTTAGE cc@ElT o T - TEYA G TEEEY T G & A G TTTGE Streptococcus majority

DIFFERENT REAL
TIME INSTRUMENTS:

Care must be taken in the selection of primer and probe sequences for real time PCR analyses to ensure optimal sensitivity and
specificity in the detection of the desired target sequence.The primers and probes used in the NEEAR studies (EnteroF1,R1 and P1

g
amplifies the target DNA. Real time or quanti-
@ tative PCR detects each target sequence copy
e 9 it is made with a f be.O
- - as it is made with a fluorescent probe.One
specific process for detection shown here uses
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— — the nucleolytic property of the Tag polymerase
o hycl:IJronzZ ; sfmor?oligonucleoticliz p?lobe shown above) were designed for optimal performance with Universal TagMan MasterMix reagent. Our preliminary studies indicated
Polymerization completed _@P molecule that hybridizes to the target se- that these primer and probe sequences either showed lower sensitivity or specificity with the other reagent systems.This lead us to
Q vy s p3 : : redesign the assay with a modified forward primer and probe (Entero F2 & P2) shown above. Computer analyses suggested that this
-, quence before each new copy is made. This : : : L PO =
5’ sm— - e : redesigned assay would perform better at the higher temperatures required to maintain specificity with the OmniMix reagent system.
3 5 hydrolysis relieves a quenching effect be- We al<o found that inal Sal DNA control et red under these higher th  cvel ditions. We therefore al
5 . . =3l tcen two dyes on the probe. The resulting e also found that our original Salmon control assay suffered under these higher thermal cycling conditions. We therefore also

designed a new control assay for a species related to Enterococcus named Lactococcus lactis. The primers and probe in this assay
recognize the same ribosomal DNA region as those in the redesigned Enterococcus assay and thus were expected to perform similarly
as a control in real time PCR analyses.

fluorescence is detected in real time by the
instrument.

I a e S u I tS Enterococcus QPCR analysis results using different target and reference

assays with Fast Mix, Omni Mix and Tagman Mix reagent systems

RESULTS FROM THE DIFFERENT INSTRUMENT AND REAGENT SYSTEMS ARE INDISTINGUISHABLE USING Log-ansormed ean (51 Dviaion

Enterococci QPCR CE in samples spiked with 10e4 cells

THE NEW P CR ASSAYS.' The samples analyzed in this study were from three diverse types of surface waters including Lake Michigan freshwater samples, brackish Lake ey (calculation) Jrast Mix omniMix ragMan Mix

: : : : : » : ) : ) . Enterol (dCT) 3.28 (0.55) 3.75(0.40)  [3.88(0.35)
Ponchartrain samples and Gulf of Mexico marine samples. Each of these samples was spiked with known quantities of 10" Enterococci cells prior to extraction which were then quantified
using both the original primer and probe assay (Entero1) and the redesigned assay (Entero2) -- both with and without either the salmon DNA or Lactococcus DNA control analyses.The EQ};@# gjlﬂng 3.70(0.35) 430(0.36)  [413(0.24)
results shown here are the log-transformed average measurements of these spiked Enterococcus cells in all of the samples (51 in total) which should ideally correspond to the log of Enterol (ddCT) ' 333 (052) 377(040) 1406 (0.07)
the spiked number of cells or 4. The measured numbers are generally lower than expected for all three of these systems when not using the controls (delta CT calculations). This indicates Lactococeus ref.
varying degrees of interference by the samples which are most pronounced for the Entero1 assay with the Fast Mix and OmniMix systems. Measurements incorporating the Salmon DNA Entero2 (dCT) 3.67 (0.63) 3.80(048)  |3.88 (0.22)
controls (delta delta CT calculations) tend to give higher than expected results -- probably because this assay is more sensitive to inhibition than the corresponding Enterococcus assays Enteroz (@dCT) WA41 (0.48) 204D 002D
and thus overcorrects. Measurements using the Lactococcus controls (delta delta CT calculations) provide the right degree of correction in conjunction with the Entero2 assay for each of  [saimonDNATef. | S o
the systems.The average results for all three systems were statistically indistinguishable using this target and control assay combination and the precision of the measurements was Entero2 (ddCT)  [B.99 (0.25)  |4.05 (0.19) _ |4.02 (0.18)*
generally better. Lactococcus ref.

*No significant difference between systems (P>0.05)

SUMMARY and FUTURE WORK:

Real time PCR is a promising new method for determining the water quality of recre-
ational beaches in a timely manner. Acceptance of this technology will be aided by the
availability of choices in instruments and newer PCR reagents that offer even shorter
analysis times or higher sample analysis throughput. By slightly modifying the primers
and probe used in the original NEEAR study analyses for Enterococci,and by employing a
new control assay for Lactococcus with similar primers and probe, we have shown that =

the analysis results are comparable from three different instrument and reagent systems. m
We have also shown that similar analyses for another promising group of fecal indicator e p a s c I e n c e O r u
organisms in the class Bacteroidetes are comparable on at least two of the different

systems (TagMan and OmniMix, data not shown).These new real time PCR assays and
instrument/reagent systems will be used in future analyses of archived NEEAR study

water sample filtrates to confirm that their results show the same correlation with
swimming related illness rates that has thus far been demonstrated.
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