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We evaluated a rapid and sensitive method
to determine human cytomegalovirus (CMV)
DNA levels in blood cells using a quantita-
tive polymerase chain reaction (PCR) tech-
nique. This method is based on real-time
detection of PCR using a dual fluorescence-
labeled probe and a sequence detector. Ten
copies of CMV DNA were detected, when 1
pg of DNA from blood samples was used with
this method, and a good correlation was

of copy numbers calculated and measured
copy numbers of CMV DNA (r = 0.999). Forty
normal subjects exhibited no copies of CMV
DNA. On the other hand, a 6-month-old girl
tested positive for increased levels 4 weeks
after liver transplant. This method is simple,
accurate, and sensitive for the quantitative
detection of CMV DNA in vivo, indicating pos-
sible applications for the diagnosis and moni-
toring of CMV infection. J. Clin. Lab. Anal.
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INTRODUCTION (TagMan). We have developed a quantitative PCR assay use-

Polymerase chain reaction (PCR) techniques are Widgllyllfor the clinical evaluation of CMV infection.

applied f(_)r detectlng viral DNA in §amples from patlents.WItK}\ATERlALS AND METHODS
pathological conditions. Conventional PCR, however, is no

quantitative, and PCR detection of some kinds of viral DNASamples

such as cytomegalovirus (CMV)(1,2) and Epstein—Barr vi-

rus (EBV) does not always reflect the infection in vivo b%'nd a patient having undergone transplantation of the liver.

cause these viruses are persistently present even in norm'& was extracted from blood samples by phenol-chloro-

subjects who may lack clinical manifestations. In spite of these L .
limitations, the detection of CMV DNA in blood, or in aﬁfsorm and ethanol precipitation. Human DNA from the Raj

affected organ, is important in order to understand the clicle-II line of Birkitt lymphoma (American Type Culture Col-
gan, Is impori . . : Pection,ATCC), DNA from MRC-5 cells infected with CMV
cal states associated with CMV infection, which may cause. . ;
: : rain owne (ATCC), and genomic DNA from the human
severe pneumonia or erythrophagocytic syndrome. In trﬁls : .
: ukemic cell line K562 (ATCC) were also prepared and used
regard, the development of new ways to quantify PCR prod- . .
. o " : as positive or negative controls.
ucts is quite important. Competitive PCR is one such repre-
sentatlv_e method for this purpose (3_,4), but it is tmECR Amplification
consuming and too cumbersome for clinical use.
Recently, a new method called real-time quantitative PCRNested PCR was performed to amplify CMV DNA. The
has been developed (B)s based on the use of tHadclease primers used for CMV PCR corresponded to the nucleotide
activity of Taq DNA polymerase to cleave a nonextensible
hybridization probe during the extension phase of PCR am-
plification (5,6) _and measures PCR products with a dual'l‘%—orrespondence to: Tadao Funato, M.D., Ph.D., Division of Molecular
beled fluorogenic probe (7). The sequence detector allowsf@fynostics, Department of Clinical Medicine, Tohoku University School
the continuous measurement of fluorescent spectra of the weligedicine, 1-1 Seiryo-Machi, Aoba-ku, Sendai, 980-8574, Japan.
of thermal cycler during PCR amplification with the PE ApE-mail: tfunato@mail.cc.tohoku.ac.jp

plied Biosystems model 7700 Sequence Detector Systreaeived 22 September 2000; Accepted 5 December 2000

Blood samples were obtained from 40 healthy individuals

© 2001 Wiley-Liss, Inc.
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sequence of a major immediated early region (HCMV-IBlamely, the reference value for the copy numbers of CMV
accession no. M21295) of the CMV strain Towne genomizNA was established ax10’ molecule/3.7ngil.
DNA (8).The sequences of the primers in the first PCR were
5-TTGCTCACATCATGCAGCTCCT-3 as a forward and Quantitative PCR
5-ACGACGTTCCTGCAGACTAT-3 as a reverse. The se-
quences of the primers in the second PCR weea&EGCAT-
TCTGCAAACATCCT-3 as a forward and'5AAGAGA- .
) ), 5 pl of reaction buffer, 4ul of ANTP (200uMdATP,

AAGATGGACCCTGA -3 as a reverse, respectively. “go ul\ljl 4CTP, 200uM dGTP4;n . 40q.1Md(UTP|V)l 8l of

First and second PCR primers were mixed in a final v E mM MgCLj 0.5l of AmpErase uracil N-gly'/cosylase
ume of 50ul, which included 5ul of DNA (0.2 pg/ml), 0.25 (1u/ml Perkirll Iélmer Applied, Norwalk, CA), 0.28 of
“Lﬂ‘; Tlacl‘ ('?f'\'egfho'yg‘nf;";‘s(g g’#} m/';mT)OIgBBSf’ d?\IST""F'faé Jla' Ampli Taq Gold (5ufil, Perkin Elmer Applied), 1l of
pan), P - mgimy, = M each primer, and 28.718 of distilled water. The base se-
of reaction buffer and 324l of distilled water. Each of the uences of the primers used were as follows: upstream
mixtures was subjected to 30 cycles of amplification und r—TCCAGAGTT%GCCGAAGAAT—S' downstreémp 5 ’
94°C for 2 minutes, 58 for 30 sec, and 7€ for 90 sec ' '

using a DNA thermal cycler. The amplified PCR produc'EI'-sACAGGACCGTCTTGAGCCA-& Although these

. .;%riH1ers were not the same primers based on HCMV-IE
were electrophoresed on 1.6% agarose gels and visualize . . o
sing a conventional method, these were established within

\é\{{l[t_lfi]d%\r/nhgrh(;[riijz single band of 462 bps after staining Wlﬁlle region amplified with a nested PCR.

' An oligonucleotide probe with & Buorescent FAM (blue)
label and a'JFluorescent TAMRA (green) label was employed.
The reactions also contained 100 nM of one among the fol-

In order to calculate the amount of genomic DNA equivéewing detection probes: CMV probe'-AM)- TGACC-
lent to that from PCR amplifications, PCR products of 462AGGATTGCAACGAGAACC -(TAMRA)- p-3, wherep
bps amplified from the Towne strain were inserted into muliirdicates phosphorylation. The thermal cycling conditions
cloning sites of 3,003 bps pGEM-T (Promega, W1) plasmigere 2 minutes at 3¢ and 10 minutes at 95. Thermal
DNA, and used as a cloning vector. Plasmid DNA from cutycling was performed with 40 cycles at@5or 15 sec and
tured bacteria was extracted and purified as describeday6CC for 1 minute. All reactions were performed using a
Maniatis et al (9)The original number of CMV copies was7700 Sequence Detector (Perkin Elmer Applied), with a
determined by the optical density (OD) values against tB&neAmp PCR System 9600. A calibration curve was run in
molecular weights of different dilutions of this plasmid DNAparallel and in duplicate with each analysis.

The amplification reaction was performed with a total
volume of 50ul, containing 1l of DNA sample (1ug/

Plasmid Construction of CMV DNA
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Fig. 1. Standard curve log of starting copy numbers versus threshold cyetdues of duplicate PCR amplifications: @lues are defined as an amplifi-
(Cy). The relationship between DNA concentrations apgh@ws linearity cation plot, which € crosses the threshold, plotted values versus copy num-
(r = 0.999). In this curve, data for each copy number are plotted as mbars (the sample dilution).
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Fig. 2. Relationship between calculated copy numbers and measured copy numbers. Numbers indicate amplifica-
tion plots of target DNA ( r =0.999).

Serology RESULTS

CMV serology was performed by an enzyme-immunoadmplification Plots for Sensitivity
say (EIA) for IgG and IgM (EnzygnostAnti-CMV/IgM and  In preliminary studies we examined and established appro-
IgG, Dade Behring Inc., Deerfield, IL). Quantification ofriate conditions for the quantitative PCR assay ofthetin
anti-IgG or -lgM was determined using a limiting dilutiongene. Sensitivities of the qualitative and quantitative PCR as-
The cut-off value in serum samples was defined with titesays were determined by using a template from plasmid DNA

of < 41. inserted into the CMV strain Towne fragment. Under the above
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Fig. 3. Quantitation study with diluted CMV DNA and genomic DNA.Towne virus, which were amplified as described in Materials and Methods
Each point represents the numbers of CMV DNA copies from CMV strafn= 0.999).
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conditions, as little as 1 fg of plasmid DNA was amplified anbRBLE 2. Day-to-day reproducibility (CV%)
visualized in gels. In Figure 1 the standard curve, where a known CMV DNA
amount of DNA was analyzed by PCR, shows a good correla-

. _ Low Intermediate High
tion (_r = 0.999) between the copy numb_ers of target CMV DNA number number number
amplified and the threshold cycleCFigure 2 illustrates a of copies of copies of copies
linear correlation between calculated copy numbers and mgg-of copies DNA (10) (100) (1,000)
sured copy numbers of CMV DNA (r = 0.999). Ten copies ®b. of tested samples 20 20 20
CMV_I_DNA were the minimum numberfor detection und_er th'g‘:rst day 135 121 6.3
conditions used, and detection with fewer than 10 copies Wagond day 29.5 96 6.7
not reproducible. In order to determine whether the amplificenird day 27.0 13.5 7.9
tion may be affected by the presence of chromosomal DNA, B actin DNA
CMV DNA was mixed with or without genomic DNA from a _ )
CMV-negative donor at an equal concentration. The results Low Intermediate High
showed no differences between the mixture and CMV DNA number number number
. of copies of copies of copies
alone (Fig. 3). _ No. of copies DNA (10) (100) (1,000)
Next, the specificity of the assay was examined by amplifyo. of tested samples 20 20 20
ing DNA from other t)_/pes of herpes viruses, as well aS_MRCﬁ?st day 45 921 17
cellular DNA. The primers for CMV PCR, however, failed t@econg day 16.0 11.0 0.8
amplify the DNA from herpes simplex virus type 1 or 2, varihird day 4.6 18.0 15.4

cella-zoster virus, Epstein—Barr virus, or uninfected MRC cel-

lular DNA (data not shown).
be 22.2 to 29.5% of SD with 10 copies, and 9.6 to 13.5% with

Between-Run Precision 10° copies (Table 2). The precision of amplification for three
days off3 actin DNA ranged from 4.5 to 16.0% for a low num-

When serial dilutions of target CMV DNA with 1 to 210 pay copies, 11.0 to 22.1% for an intermediate number of copies,
copies were tested 20 times, the coefficients of variation (CYdq 0.8 to 15.4% in a high number of copies.

were 17.2 to 20.9%, except for the CV of 162% with one

copy as shown in Table The CV for copy numbers @ pcR Detection of CMV in Healthy Donors
actin DNA were 7.8 and 13.5% for 4,000 and 1,000 copies,

respectively. Blood specimens from 40 healthy dpnqrs were testeq fo_r the

To determine the precision of the assay, 20 replicates of tHPggSence of CMV DNA by both qualitative and quantitative
different copies in plasmid DNA including PCR products wdsCR @ssays. Genomic DNAs in blood samples of all donors
amplified on three separate days. The mean values, stantif negative by the qualitative PCR assay, while plasmid DNA
deviation (SD), and the CV for CMV DNA arifactin DNA Was positive. In addition, the copy numbers o_f CMV DNA in
were calculated for each day to define the intra-assay precisfia0d cells from all donors were zero as determined by the quan-
CV values for each concentration of CMV DNA were found ffative assay (data not shown).

Time-Course Study With a Liver Transplant

TABLE 1. Within-run reproducibility of quantitative PCR Recipient
CMV DNA A six-month-old girl who received a liver transplant was
No. of copies DNA 1 10 1,000 100,000 monltored_for CMV infection during the transplantation. She
No. of tested samples 20 20 20 >o Was negative for CMV DNA on the date of her surgery, but was
M 10 8.0 1003 84.738.0 CMV-positive 2 weeks after the transplantation, when she de-
ean . . ,738. . . -
sD 162 167 200.7 14.570.5 veloped fever and pneumonitis. At that time, quantitative PCR

CV (%) 162.0 20.9 20.0 172 Showed increased numbers of copies of CMV DNA in the blood
(Fig. 4). She was administered high doses of gammaglobulin

B actin DNA and ganciclovir. The copy numbers of CMV DNA then decreased
Low Intermediate High  ultimately to zero.
number number number
of copies of copies of copies
No. of copies DNA (280) (1,0%0) (4,020) DISCUSSION
No. of tested samples 20 20 20 We examined a quantitative method to determine the copy
Mean 183.0 946.0 3,862.0 numbers of CMV DNA using fluorescent hybridization probes
SD 18.73 127.7 302.63 and a sequence detector. This method made it possible to quan-

CV (%) 10.2 13.5 7.8 titate absolute numbers of CMV DNA in samples, in contrast to
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Dates Of Follow Up  1gg7
Evalvation 2/18 2/19 3/3 3/11 4/14 5/29 6/2 6/5 6/9 6/19 6/30 11/25

T

Liver Transplantation

blood — + + + + + + + + + -

Conventional PCR
plasma — —_ —_— -

Quantitative PCR

(copies/1ug DNA) blood 230 69 16 18 7 7 3

Anti-CMV Ab
1gG IgM
(1:928)26~ (1o IgG anti-CMV Ab

®

1:704 1:41 |
IgM anti-CMV Ab
<1:44 <141 L -

Fig. 4. Follow-up study of 6-month-old girl with a liver transplant. Anti-CMV antibodies in serum were determined
by EIA and indicated in titers.

previously reported competitive PCR or semiquantitative meth- cation of cytomegalovirus (CMV) DNA. Application of the early diag-
ods (10_12) This method is based on determining comparative”OSiS of CMV infection in marrow transplant recipients. J Clin Invest

. . L . .. 1989;83:1109-1115.
Cr values by foIIowmg real-time PCR kinetics, which eIIm|'3. Diviacco S, Norio P, Zentilin L, et al. A novel procedure for quantitative

nates the_ necessity.of a competitor to_ be co-amplified with the polymerase chain reaction by coamplication of competitive templates.
targetThis was confirmed by preparation of the standard curve Gene 1992;122:313-320.

and determination of the known copy numbers by comparisdn Zipeto D, Baldanti F, Zella D, et al. Quantification of human cytomega-
with the standard curve lovirus DNA in peripheral blood polymorphonuclear leukocytes of

. . . immunocompromised patients by the polymerase chain reaction. J Virol
Our data also show that this method is reproducible for de- ..+ < 1993:44:45_56.

tecting quantities greater than ten copies of CMV DNA, indis, Holland P, Abramson RD, Watson R, Gelfand DH. Detection specific
cating that the sensitivity may be adequate for clinical use. We exonuclease activity of Thermus aquatisus DNA polymerase. Proc Natl
did not detect significant numbers of copies of CMV DNA in Acad Sci U S A 1991;88:7276-7280.

blood samples from the 40 normal subjects, but CMV DNA- Lyamichev V, Brow MAD, Dahlverg JE. Structure-specific endonucle-
itive f tient i . ’ . tate af olytic cleavage of nucleic acids by eubacterial DNA polymerase. Sci-
was paositve 1or one patent in an iImmunosuppressive state a “ence 1993:260:778-783.

ter transplantation of the liver. In particular, the copy nUmMbers | jvak kJ, Flood SJA, Marmoro J, Giusti W, Deetz K. Oligonucleotides
of CMV DNA in this case were increased as detected by in- with fluorescent dyes at opposite ends provide a quenched probe sys-
creased titers of antibodies. Thus this method may be useful fortem useful for detecting PCR product and nucleic acid hybridization.

the early detection of CMV infection. PCR Methods Appl 1995,4:357-362. ,
8. Pritchett RF. DNA nucleotide sequence heterogeneity between the Towne
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of PCR is accurate, reproducible, and sensitive. This methgd vaniatis T, Fritsch EF, Sambrook J. Molecular cloning: a laboratory manual.
will be valuable for monitoring not only CMV infection, but  Cold Spring Harbor, NY: Cold Spring Harbor Laboratory; 1982. p 85-93.
also a variety of clinical conditions such as minimum residudl- Gillland G, Perrin S, Blanchard K, Bunn, HF. Analysis of cytokine
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