
Materials and MethodsMaterials and Methods
•• A mixed enterovirus sample was prepared using equal volumes of 1A mixed enterovirus sample was prepared using equal volumes of 10066 TCIDTCID5050/ml coxsackievirus /ml coxsackievirus 

B6, echovirus 10, and poliovirus type 1.  Dilutions ranging fromB6, echovirus 10, and poliovirus type 1.  Dilutions ranging from 101066 through 10through 1011 TCIDTCID5050/ml were /ml were 
prepared.prepared.

•• The dilutions were applied to BGM cells in 24The dilutions were applied to BGM cells in 24--well trays and allowed to incubate for 1 hr.  The well trays and allowed to incubate for 1 hr.  The 
supernatant was then removed using three washes with TRIS buffersupernatant was then removed using three washes with TRIS buffer.  An overlay of 1 ml 2% FBS .  An overlay of 1 ml 2% FBS 
MEM was applied.MEM was applied.

•• The trays were incubated at 37The trays were incubated at 37ooC for different time points: 0, 4, 6, 8, and 24 hours post C for different time points: 0, 4, 6, 8, and 24 hours post 
inoculation.  Following incubation, the wells (including supernainoculation.  Following incubation, the wells (including supernatant, cells, trypsin, and wash tant, cells, trypsin, and wash 
buffer) were harvested.buffer) were harvested.

•• The cell harvests were subjected to one freeze/thaw The cell harvests were subjected to one freeze/thaw cyclecycle ((--8080ooC/20C/20ooC) to facilitate the release of C) to facilitate the release of 
viruses from the cells.viruses from the cells.

•• A QIAamp Viral RNA Mini Kit was used to purify the samples and eA QIAamp Viral RNA Mini Kit was used to purify the samples and extract the viral RNA.xtract the viral RNA.
•• RealReal--time quantitative RTPCR was used to quantify the number of each time quantitative RTPCR was used to quantify the number of each of the viruses using of the viruses using 

specificallyspecifically--designed probes.designed probes.

BackgroundBackground
Contaminant Candidate List (CCL)Contaminant Candidate List (CCL): : 
•• List of unregulated contaminants warranting priority research reList of unregulated contaminants warranting priority research regarding their occurrence, garding their occurrence, 

health effects, and treatment/disinfection such that informed dehealth effects, and treatment/disinfection such that informed decisions regarding their future cisions regarding their future 
regulatory status can be made. regulatory status can be made. 

•• The CCL is revised every five years. The second CCL, published iThe CCL is revised every five years. The second CCL, published in 2005, identified 9 microbial n 2005, identified 9 microbial 
contaminants, including two enteroviruses: coxsackieviruses and contaminants, including two enteroviruses: coxsackieviruses and echoviruses.echoviruses.

EnterovirusesEnteroviruses: : 
•• The The enterovirusenterovirus genus consists of more than 70 serotypes of small, nongenus consists of more than 70 serotypes of small, non--enveloped, positive enveloped, positive 

strand RNA viruses, including coxsackieviruses, echoviruses, polstrand RNA viruses, including coxsackieviruses, echoviruses, polioviruses, and numericallyioviruses, and numerically--
identified enteroviruses.identified enteroviruses.

•• Human enteroviruses are the second most common cause of viral inHuman enteroviruses are the second most common cause of viral infections and are annually fections and are annually 
responsible for 30 responsible for 30 –– 50 million infections in the United States. 50 million infections in the United States. 

•• Enterovirus infections are often manifested subclinically, but mEnterovirus infections are often manifested subclinically, but may also be associated with a ay also be associated with a 
wide range of clinical outcomes, including the common cold, handwide range of clinical outcomes, including the common cold, hand--footfoot--andand--mouth disease, mouth disease, 
conjunctivitis, meningitis, and poliomyelitis.conjunctivitis, meningitis, and poliomyelitis.

Standard Assay for Enteroviruses : InStandard Assay for Enteroviruses : In--Vitro Cell Culture:Vitro Cell Culture:
•• Infectivity assay which depends on visual differentiation betweeInfectivity assay which depends on visual differentiation between infected host cells n infected host cells 

demonstrating cytopathic (CPE) effects and healthy, uninfected cdemonstrating cytopathic (CPE) effects and healthy, uninfected cells.ells.
•• One sample may require 24 wells.One sample may require 24 wells.
•• Cells are observed for up to 14 days and statistical methods areCells are observed for up to 14 days and statistical methods are used to estimate the viral used to estimate the viral 

concentration of the original sample based on the number of posiconcentration of the original sample based on the number of positive and negative wells.tive and negative wells.
•• Method is timeMethod is time-- and costand cost--intensive, and somewhat subjective.intensive, and somewhat subjective.

Quantitative RealQuantitative Real--Time Time qPCRqPCR using Taqman Probes:using Taqman Probes:

AbstractAbstract
The Contaminant Candidate List (CCL) includes microbes warrantinThe Contaminant Candidate List (CCL) includes microbes warranting priority research due to g priority research due to 
limited data availability.  One reason for this limitation is thlimited data availability.  One reason for this limitation is that standard at standard inin--vitrovitro cell culture cell culture 
methods, which are used for the detection and quantification of methods, which are used for the detection and quantification of viruses (including two CCL viruses (including two CCL 
enteroviruses: coxsackieviruses and echoviruses), are expensive enteroviruses: coxsackieviruses and echoviruses), are expensive and time consuming.  We and time consuming.  We 
have developed an alternative strategy for the simultaneous quanhave developed an alternative strategy for the simultaneous quantification of enteroviruses in tification of enteroviruses in 
disinfection studies using integrated cell culturedisinfection studies using integrated cell culture––quantitative RTPCR (ICCquantitative RTPCR (ICC--qPCRqPCR).  Traditional ).  Traditional 
cell culture assays require separate experiments for each enterocell culture assays require separate experiments for each enterovirus since they infect the virus since they infect the 
same cells.  ICCsame cells.  ICC--qPCRqPCR enables simultaneous quantification of different enteroviruses,enables simultaneous quantification of different enteroviruses, thereby thereby 
yielding a substantial cost and time savings.  The applicabilityyielding a substantial cost and time savings.  The applicability of ICCof ICC--qPCRqPCR for the for the 
simultaneous quantification of coxsackievirus B6, echovirus 10, simultaneous quantification of coxsackievirus B6, echovirus 10, and poliovirus type 1 was and poliovirus type 1 was 
demonstrated in this study.  To determine whether 24demonstrated in this study.  To determine whether 24--well trays can accommodate high virus well trays can accommodate high virus 
levels using ICClevels using ICC--qPCRqPCR, BGM cells were inoculated with a series of 10, BGM cells were inoculated with a series of 10--fold dilutions (10fold dilutions (1011 to 10to 1066

TCIDTCID5050/ml of each virus) of mixed enteroviruses and were incubated for/ml of each virus) of mixed enteroviruses and were incubated for 0, 4, 6, 8, and 24 0, 4, 6, 8, and 24 
hours post inoculation (h.p.i.).  At 24 h.p.i., there was suffichours post inoculation (h.p.i.).  At 24 h.p.i., there was sufficient virus replication to ient virus replication to 
differentiate between initial virus concentrations as low as 10differentiate between initial virus concentrations as low as 1011 TCIDTCID5050/ml for echovirus and /ml for echovirus and 
poliovirus and 10poliovirus and 1022 TCIDTCID5050/ml for coxsackievirus.  An approximate 10/ml for coxsackievirus.  An approximate 10--fold increase was fold increase was 
observed for dilutions from 10observed for dilutions from 1011 through 10through 1044 TCIDTCID5050/ml.  As a result of well capacity limitations, /ml.  As a result of well capacity limitations, 
the ICCthe ICC--QPCR quantities for the 10QPCR quantities for the 1055 and 10and 1066 TCIDTCID5050/ml samples leveled off in comparison to /ml samples leveled off in comparison to 
those with lower initial concentrations.  To avoid this effect, those with lower initial concentrations.  To avoid this effect, samples that are expected to samples that are expected to 
have high viral concentrations (low inactivation in disinfectionhave high viral concentrations (low inactivation in disinfection samples) should be diluted samples) should be diluted 
when applied to cells.  Most ICCwhen applied to cells.  Most ICC--qPCRqPCR results were greater than the inactivated virus (false results were greater than the inactivated virus (false 
positive) control. QA/QC controls demonstrated that the Taqman ppositive) control. QA/QC controls demonstrated that the Taqman probes prevented crossrobes prevented cross--
reactivity by amplifying only the target virus. The results indireactivity by amplifying only the target virus. The results indicate that ICCcate that ICC--qPCRqPCR can be used can be used 
to simultaneously quantify enteroviruses in disinfection studiesto simultaneously quantify enteroviruses in disinfection studies..

SummarySummary
•• The integrated cell cultureThe integrated cell culture--quantitative real time RTPCR (ICCquantitative real time RTPCR (ICC--qPCRqPCR) assay was successfully ) assay was successfully 

applied for the simultaneous quantification of the CCL viruses capplied for the simultaneous quantification of the CCL viruses coxsackievirus and echovirus as oxsackievirus and echovirus as 
well as poliovirus.well as poliovirus.

•• The assay represents a significant time savings compared to convThe assay represents a significant time savings compared to conventional entional inin--vitrovitro cell culture cell culture 
techniques (24 hrs of incubation vs. 2 weeks).  It also introductechniques (24 hrs of incubation vs. 2 weeks).  It also introduces less subjectivity into the es less subjectivity into the 
quantification of infectious viruses vs. conventional cell cultuquantification of infectious viruses vs. conventional cell culture.re.

•• Well washing experiments demonstrated that 3 postWell washing experiments demonstrated that 3 post--infection washes removes a significant infection washes removes a significant 
number of nonnumber of non--infectious virus particles.infectious virus particles.

•• Incubation time optimization experiments indicated that 24 Incubation time optimization experiments indicated that 24 h.p.ih.p.i. was optimal for the . was optimal for the 
simultaneous quantification of coxsackievirus, echovirus, and posimultaneous quantification of coxsackievirus, echovirus, and poliovirus.liovirus.

Results (Cont.)Results (Cont.)
Time OptimizationTime Optimization experiments were performedexperiments were performed to determine the optimal incubation time for to determine the optimal incubation time for 
the mixed the mixed enterovirusesenteroviruses. Serial dilutions (10. Serial dilutions (1066 through 10through 1011 TCIDTCID5050/ml) were applied to cells and /ml) were applied to cells and 
harvested after different incubation times (0, 4, 6, 8, and 24 hharvested after different incubation times (0, 4, 6, 8, and 24 hours post inoculation).ours post inoculation).

Simultaneous Quantification of Coxsackieviruses and Echoviruses Simultaneous Quantification of Coxsackieviruses and Echoviruses in in 
Disinfection Studies Using an Integrated Cell CultureDisinfection Studies Using an Integrated Cell Culture--qPCRqPCR AssayAssay

Brooke MayerBrooke Mayer, Hodon Ryu, Hodon Ryu, , Dan GerrityDan Gerrity, and Morteza Abbaszadegan, and Morteza Abbaszadegan

Department of Civil and Environmental Engineering, National ScieDepartment of Civil and Environmental Engineering, National Science Foundation Water Quality Center, Arizona State University, Tnce Foundation Water Quality Center, Arizona State University, Tempe, AZempe, AZ

For additional information regarding the use of this ICCFor additional information regarding the use of this ICC--qPCRqPCR assay in disinfection studies, assay in disinfection studies, 
please visit Poster Qplease visit Poster Q--440: 440: Photocatalytic Inactivation of Viruses Using LowPhotocatalytic Inactivation of Viruses Using Low--Pressure Ultraviolet Pressure Ultraviolet 

Light in a Titanium Dioxide SuspensionLight in a Titanium Dioxide Suspension

AcknowledgementsAcknowledgements
This research was partially funded by the National Science FoundThis research was partially funded by the National Science Foundation Water Quality ation Water Quality 
Center (NSF WQC) at Arizona State University.  It was performed Center (NSF WQC) at Arizona State University.  It was performed while on while on 
appointment as a U.S. Department of Homeland Security (DHS) Fellappointment as a U.S. Department of Homeland Security (DHS) Fellow ow 
under the DHS Scholarship and Fellowship Program.  All opinions under the DHS Scholarship and Fellowship Program.  All opinions 
expressed in this paper are the authorsexpressed in this paper are the authors’’ and do not and do not 

necessarily reflect the policies and views of necessarily reflect the policies and views of 
ASU, NSF WQC, or DHS.ASU, NSF WQC, or DHS.

Contact InformationContact Information
Morteza Abbaszadegan, Ph.D.Morteza Abbaszadegan, Ph.D.

EE--mail: mail: Morteza.Abbaszadegan@Morteza.Abbaszadegan@asu.eduasu.edu
Phone: (480) 965Phone: (480) 965--38683868

For copies of poster: http://wqc.asu.eduFor copies of poster: http://wqc.asu.edu

CoxsackievirusCoxsackievirus PoliovirusPoliovirusEchovirusEchovirus

Experimental DesignExperimental Design

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

0 4 6 8 24

Post Infection Incubation Time (hr)

IC
C

-Q
P

C
R

 Q
ua

nt
ity

 (T
C

ID
50

/m
l)

Coxsackievirus Echovirus Poliovirus

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

1.E+05

0 1 3 5

Number of Washes

IC
C

-Q
P

C
R

 Q
ua

nt
ity

 (T
C

ID
50

/m
l)

Coxsackievirus Echovirus Poliovirus

Primer and Probe AnnealingPrimer and Probe Annealing Primer ExtensionPrimer Extension Probe Cleavage and FluorescenceProbe Cleavage and Fluorescence

100 10-1 (-)10-2 10-310-4

2424--Well Tray Per SampleWell Tray Per Sample Infected BGM Cells Showing CPEInfected BGM Cells Showing CPENonNon--Infected BGM CellsInfected BGM Cells

•• Reverse transcription at 48Reverse transcription at 48ooC for 30 min; RT inactivation and initial denaturation at 95C for 30 min; RT inactivation and initial denaturation at 95ooC C 
for 10 min; 40 cycles of denaturation at 95for 10 min; 40 cycles of denaturation at 95ooC for 15 sec, annealing and extension at  C for 15 sec, annealing and extension at  

6060ooC for 30 sec.C for 30 sec.

ResultsResults
NonNon--Infectious Virus ICCInfectious Virus ICC--qPCRqPCR ExperimentExperiment

Optimization of Number of Washes for ICCOptimization of Number of Washes for ICC--qPCRqPCR

ICCICC--qPCRqPCR Standard Curves for 24 Standard Curves for 24 h.p.ih.p.i. . 

QQ--330330

•• Some Some enterovirusesenteroviruses may infect may infect 
cells very rapidly, such that not all cells very rapidly, such that not all 
viruses are washed out, as shown viruses are washed out, as shown 
by the 0 by the 0 h.p.ih.p.i. samples.. samples.

•• At 0 and 4 h.p.i., only the highest At 0 and 4 h.p.i., only the highest 
spiking concentrations were spiking concentrations were 
detected for coxsackievirus and detected for coxsackievirus and 
poliovirus.  poliovirus.  

•• At 6 and 8 h.p.i., less concentrated At 6 and 8 h.p.i., less concentrated 
virus samples were detected.  For virus samples were detected.  For 
echovirus, there was approximately echovirus, there was approximately 
1 log difference between each 1 log difference between each 
dilution from 10dilution from 1033 -- 101066 TCIDTCID5050/ml.  /ml.  
This trend was not consistent for This trend was not consistent for 
coxsackievirus and poliovirus.coxsackievirus and poliovirus.

•• At 24 h.p.i., there was sufficient At 24 h.p.i., there was sufficient 
replication to differentiate between replication to differentiate between 
initial concentrations as low as 10initial concentrations as low as 1011

TCIDTCID5050/ml for echovirus and /ml for echovirus and 
poliovirus and 10poliovirus and 1022 TCIDTCID5050/ml for /ml for 
coxsackievirus.  coxsackievirus.  

•• At 24 At 24 h.p.ih.p.i., the ICC., the ICC--qPCRqPCR
quantities leveled off as an effect quantities leveled off as an effect 
of well capacity, but about 1 log of well capacity, but about 1 log 
difference is seen for each dilution difference is seen for each dilution 
from 10from 1011 -- 101044 TCIDTCID5050/ml. /ml. 

•• At 24 h.p.i., most ICCAt 24 h.p.i., most ICC--qPCRqPCR
quantities were greater than the quantities were greater than the 
inactivation control.  This control inactivation control.  This control 
represents the false positive represents the false positive 
detection limit and is specific to detection limit and is specific to 
each experiment.each experiment.

•• 24 h.p.i. is optimal for the 24 h.p.i. is optimal for the 
detection of enteroviruses at detection of enteroviruses at 
concentrations from 10concentrations from 1011 to 10to 1044

TCIDTCID5050/ml.  For samples in which a /ml.  For samples in which a 
high concentration of viruses is high concentration of viruses is 
expected, dilutions are expected, dilutions are 
recommended in order to avoid recommended in order to avoid 
well capacity limitations.well capacity limitations.

No significant replication No significant replication 
was observed for an was observed for an 
inactivated inactivated enterovirusenterovirus
sample.  The results sample.  The results 
illustrated the need to illustrated the need to 
remove nonremove non--infectious infectious 
viruses in order to prevent viruses in order to prevent 
false positives.  This was false positives.  This was 
accomplished by washing accomplished by washing 
the wells after the 1 hr the wells after the 1 hr 
virus incubation period.virus incubation period.

An inactivated An inactivated enterovirusenterovirus
sample was washed 0, 1, sample was washed 0, 1, 
3, or 5 times using Tris 3, or 5 times using Tris 
buffer to facilitate removal buffer to facilitate removal 
of nonof non--infectious viruses.  infectious viruses.  
The results indicated that The results indicated that 
3 washes removed a 3 washes removed a 
significant number of significant number of 
viruses. viruses. 

A standard curve is used to A standard curve is used to 
quantify the initial virus quantify the initial virus 
concentration for unknown concentration for unknown 
samples (such as those samples (such as those 
from disinfection studies) from disinfection studies) 
using the ICCusing the ICC--qPCRqPCR
quantities.  quantities.  

Mixed Virus SampleMixed Virus Sample

InIn--vitrovitro Cell CultureCell Culture Well HarvestWell Harvest PurificationPurification RealReal--time Quantitative PCR (time Quantitative PCR (qPCRqPCR))
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Coxsackievirus: Log(Virus Concentration) =
 0.968 * Log(ICC-QPCR) - 1.70;  R2 = 0.7057

Poliovirus: Log(Virus Concentration) = 
1.2675 * Log(ICC-QPCR) - 5.15;  R2 = 0.8742

Echovirus: Log(Virus Concentration) =
 0.7224 * Log(ICC-QPCR) - 0.50;  R2 = 0.8326
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