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Accurate and rapid diagnosis of CMV
disease in immunocompromised individuals
remains a challenge. Quantitative poly-
merase chain reaction (QPCR) methods
for detection of CMV in peripheral blood
mononuclear cells (PBMC) have improved
the positive and negative predictive value
of PCR for diagnosis of CMV disease.
However, detection of CMV in plasma has
demonstrated a lower negative predictive
value for plasma as compared with PBMC.
To enhance the sensitivity of the QPCR
assay for plasma specimens, plasma
samples were centrifuged before nucleic-
acid extraction and the extracted DNA
resolubilized in reduced volume. Optimi-
zation of the nucleic-acid extraction fo-
cused on decreasing or eliminating the
presence of inhibitors in the pelleted
plasma. Quantitation was achieved by co-
amplifying an internal quantitative standard

CMV. PCR products were detected by hy-
bridization in a 96-well microtiter plate
coated with a CMV or IS specific probe. The
precision of the QPCR assay for samples
prepared from untreated and from pelleted
plasma was then assessed. The coefficient
of variation for both types of samples was
almost identical and the magnitude of the
coefficient of variations was reduced by a
factor of ten if the data were log trans-
formed. Linearity of the QPCR assay ex-
tended over a 3.3-log range for both types
of samples but the range of linearity for
pelleted plasma was 20 to 40,000 viral cop-
ies/ml (vc/ml) in contrast to 300 to 400,000
vc/ml for plasma. Thus, centrifugation of
plasma before nucleic-acid extraction and
resuspension of extracted CMV DNA in re-
duced volume enhanced the analytical sen-
sitivity approximately tenfold over the
dynamic range of the assay. J. Clin. Lab.

(IS) with the same primer sequences as  Anal. 14:32-37, 2000.  ©2000 Wiley-Liss, Inc.
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INTRODUCTION 24-72 hr, although specimens with a low viral load can be a
, i _ problem (1,,12).The CMV antigenimia assay provides a more
CMV infection as reflected by the presence of CMV V'rerhpid result by directly detecting CMV antigens in white blood

mia occurs in 20 to 60% of immunocompromised patients) s (13). Even though this assay is more sensitive than CC

butonly a fraction of those will ultimately develop CMV disy, gy yia) (11,14), the antigenimia assay is labor intensive

ease (1,2). Though progress in t_he prophylaxis of CMV d: nd its sensitivity varies greatly among different laboratories
ease has been made, CMV remains a major cause of morb@ym)_

and mortality inimmunocompromised patients (1,2). Distin- o h;mper of nucleic-acid amplification methods have been

guishing between CMV infection and CMV disease is Sti"@eveloped for detection of CMV for diagnosis of CMV dis-

challenge. After primary infection, the virus may remain Iae'ase (17-21), and these methods have been applied to a wide
tent and become an opportunistic pathogen in hosts with im-

paired cellular immunity (3-8).
Viremia as detected by conventional culture (CC) is stilf
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variety of specimens with varying results (17-21). Most aficrocentrifuge (Eppendorf, Westbury, NY) at room tempera-
these methods show greater analytical sensitivity than Qe for 15 min. The supernatant was discarded and the pellet
shell-vial culture, and the antigenemia assay. Perhaps becaseresuspended in 200of sterile Phosphate Buffered Sa-
of the higher analytical sensitivity, PCR shows a lower podine (PBS, 0.138 M NaCl, 0.0027 M KCI, 0.01 M jRO,,
tive predictive value in seropositive patients (17,19). To ovexrd 0.01 M KHPQ,, pH:7.4; SIGMA, St. Louis, MO). DNA
come this problem, a number of studies have evaluateds extracted from the pellet using a modification of the
changes in the viral load as measured by QPCR to diagn@s&mp Tissue DNA Extraction kit. The steps were taken as
CMV disease (22-27). All of these reports demonstratedl@scribed by the manufacturer except that after the sample
high positive predictive value for diagnosis of CMV diseaseas applied to the column and washed twice with 40§
for PBMC and plasma. However, when PBMC were coml buffer (provided by manufacturer, Qiagen, Boston, MA),
pared to plasma as the source of specimen, plasma santplesadditional washes with AW buffer (provided by manu-
were negative for CMV in patients with disease more oftéacturer) occurred. In addition, DNA was eluted from the
than for PBMC samples, resulting in a lower negative preslumns using 50l of Dnase- and RNAse-free,@ (Gibco-
dictive value of the assay with plasma specimens. HoweM8RL, Gaithersburg, MD) pre-warmed to 75°C.
PBMC are more difficult and laborious to work with than
plasma. We undertook to overcome this problem by improyx- o
ing the analytical sensitivity of QPCR using plasma as t eMV Quantitative PCR (QPCR)
specimen source. Quantification of CMV was performed using a modifica-
In this report we describe a modification of a commercialtion of the CMV Viral Quant test (Biosource International,
available DNA-extraction procedure and QPCR assay tl@amarillo, CA) as previously described (28). Denatured
enhances the analytical sensitivity of the assay using plasmnaplicon and fivefold serial dilutions were detected by hy-
as the specimen source. Enhancement of sensitivity vibaislization with either CMV or IS probes followed by the
achieved by introducing a simple and rapid centrifugation steg@dition of horseradish peroxidase and substrate. The colori-
before nucleic-acid extraction from plasma specimens ametric reaction was read at 450 nm. An optical density read-
concentration of the nucleic acid at the resolubilization stepg of = 0.300 was considered positive. Calculation of the
In addition, we compared the analytical performance of t@V titer was performed by multiplying the OD value of the
enhanced QPCR method to that of the method recommen@&dV by the respective highest dilution that gave an OD be-

by the manufacturer. tween 0.3 and 1.5, and then dividing by the product of the
OD value of the IS and respective highest dilution that gave
MATERIALS AND METHODS an OD between 0.3 and 1.5. This value was multiplied by
100 for the number of IS molecules and by the sample dilu-

Sample Preparation tion factor.

Peripheral blood from healthy volunteers was drawn using
standard venipuncture technlqu_e Wlth EDTA antlc_oagulat%%lv DNA and Purified CMV
tubes. Plasma was separated within 2 hr of collection by cen-
trifuging at 2,00Q for 10 min at room temperature. After pro- Purified CMV DNA and CMV were obtained from a com-
cessing, plasma was pipetted into 20@+ 5004l aliquots mercial source (ABI Columbia, MD). The number of viral

and stored at —8C until tested. particles present in the purified CMV had been counted by
electron microscopy by the commercial source. The purified

DNA Extraction From Plasma (Standard Extraction CMV preparation had a nominal titer of 9.0 X TMV viral

Procedure) particles per ml. In order to confirm the amount of CMV vi-

. . ral particles present in the reference material, we split the
DNA was extracted from 248 of plasma using the QiAmp sample in half and extracted the DNA using a standard Phe-

Tissue Extraction kit (Qiagen, Boston, MA) according to the . . .
: . . nol/Chloroform method including glycogen as a carrier dur-
manufacturer’s recommendations. The extracted material was

eluted from the columns using 2@of Dnase- and RNAse- ng the preC|p|tat|on step (29). After DNA e>_<t_ract|on we
. . calculated a titer of 4.5 x i@er ml for the purified CMV
free HO (Gibco-BRL, Gaithersburg, MD) pre-warmed ta . ' . .
mple, which confirmed the amount of virus present in the

75°C. Extracted material was immediately used for PCR
analysis. reference sample.

DNA Extraction From Pelleted Plasma (Modified Statistical Evaluation

Extraction Procedure) Calculations were performed using the Stata v 5.0 statisti-

Five hundred microliters of plasma were aliquoted intocal software package (Stata, Computing Resources Center,
microcentrifuge tube and centrifuged at 15,606 a Santa Monica, CA).



34 Ferreira-Gonzalez et al.

RESULTS without nucleic-acid extraction. Both samples were tested in
duplicate and in three different experiments. As shown in Table
2, recovery was nearly 100%. There was almost no differ-
ence for the calculated amount of virus for the samples that
The analytical sensitivity of an assay is measured by tlnedergo nucleic-acid extraction compared to the samples that
lowest concentration (the highest dilution) of a particular tatid not. Under the conditions tested, the extraction procedure
get analyte that can be accurately and reproducible detectedwed a high recovery of nucleic acid.
by the test. In order to determine the analytical sensitivity ofNext, we examined both the effect of plasma and the effect
the QPCR, we prepared a single dilution where we alternafepelleted plasma combine with a tenfold concentration of
a two- with a fivefold dilution of the purified CMV DNA. plasma on the performance of the PCR. Plasma samples were
The concentration of CMV DNA was confirmed by UV spealiquoted into 200- and 5Q@-aliquots and frozen until tested.
trophotometry and fluorometry as already described (29). Thiee 500pl aliquots were thawed and centrifuged as already
dilutions that contained purified DNA comparable to a rangkescribed and resuspended in 20@f PBS. Interestingly,
of 0.1 to 1,000 viral copies (vc) of CMV in 1@ of PBS the approximate volume of the pelleted material from the cen-
buffer were tested in triplicate over three different expetrifuged plasma was less thanlOPrior to the extraction of
ments. Using the PCR conditions described we were ablditese samples, CMV DNA comparable to either 500 vc or
detect DNA comparable to 1-5 vc of CMV in the PCR reab;000 vc was added to each 200 The 200l aliquots of
tion (Table 1). plasma and resuspended pelleted material were extracted ac-
Analytical specificity of the QPCR was assessed by testrding to manufacturer’s recommendations but the sample
ing cross-reactivity with a panel of closely related viral DNABom the pelleted material was eluted from the column in 50-
obtained from the same commercial source. Serial dilutignisvolume. As shown in Table 2, the spiked plasma samples
of purified DNA from HSV typel and type 2, and Epsteinshowed very similar results to the control samples that did
Barr virus were prepared and tested in triplicate over thneet undergo nucleic-acid extraction. In contrast, the samples
different experiments. Up to a concentration of 1,000 copiestracted in the presence of pelleted plasma showed a tenfold
of viral DNA into the PCR reaction, no cross-reactivity witldecrease in titer compared to the control samples that did not

Analytical Sensitivity and Specificity of the QPCR
Method for Purified CMV

any of the DNA tested was observed (Table 2). undergo nucleic-acid extraction. This result showed that the
centrifugation step and/or the concentration of original plasma

Nucleic-Acid Extraction From Plasma and sample to one-tenth of the original volume introduced inhibi-

Pelleted Plasma tors into the sample that were not removed by the extraction

‘Qrocedure. In order to remove the inhibitors present in the

We evaluated the yield of nucleic-acid extraction for CM . .
. ; _pelleted plasma material, we added two extra washes with
from plasma and pelleted plasma using the Qiagen TIS% e

DNA extraction kit. Two reference samples were prepar buffer after the samples were applied to the columns. Again

that contained purified CMV DNA equivalent to 500 vc/m oth gamples were te;ted in duplicgte and ir.1 three different
and 5,000 ve/ml in PBS in sufficient quantity to perform thexperiments. As seen in Table 2, the mtroductl(_)n of two extra
entire experiment. Recovery of purified CMV DNA after th&/@shes to the extraction procedure substantially decreased
standard DNA extraction procedure was measured by QP@€ amount of inhibitors that were introduced during the cen-
Two hundred microliter samples containing DNA equivaleffifugation step and/or the concentration of the original plasma
to either 500 or 5,000 vc/ml were extracted according Y8lume.

manufacturer’s recommendation. The nucleic acid was elutedn order to determine if the centrifugation step indeed aids
from the column in the same volume as the original samplepelleting intact virus, we prepared 2 samples that contained
QPCR was performed using lilDof extracted material and 500 and 5,000 viral particles vc/ml plasma. These samples
compared to the results obtained usinglXfbm each sample were prepared by spiking fresh plasma, previously tested for

TABLE 1. Analytical sensitivity and specificity of QPCR using purified viral DNA

Purified Equivalents of viral copies into the QPCR

viral DNA 1,000" 500 100 50 10 5 1 0.5 0.1
CMV 1237+ 377 476+ 127 113+ 36 48+ 19 15+ 5 6+3 2+2 ND ND
HSV-1 ND ND ND ND ND ND ND ND ND
HSV-2 ND ND ND ND ND ND ND ND ND
EBS ND ND ND ND ND ND ND ND ND

#The values represent the calculated equivalent viral copies into the QPCR.
®The values represent the mean value of equivalent viral copies into the£XR€Btandard deviation of samples tested in triplicate and in three different
experiments.



Enhanced QPCR for CMV Using Pelleted Plasma 35

TABLE 2. Validation of DNA extraction procedure for QPCR  TABLE 3. Precision studies for QPCR for CMV
for CMV

Coefficient of

Sample 500 CMV 5,000 CMV Controls Mean valie Standard de¥. variation (%)
CMV sample preparation copiesfinl  copies/mt High control
DNA None 550+ 106 5560+ 1406 Plasma 19,433 6227 32
DNA Extraction 489+ 108 4796+ 900 Pelleted plasma 20,494 6502 31.7
DNA — pelleted plasma Extraction 3818 538+ 145 Log plasma 4.288 0.154 3.6
DNA + pelleted plasma Extraction + 497165 4780+ 1160 Log pelleted plasma 4.311 0.151 3.5

2 washes Low control
Virus Extraction 515.4 95.5 5158+ 1584 Plasma 1,867 709 38
Virus/pelleted plasma Extraction + 416:88.4 4864+ 1560 Pelleted plasma 2,100 743 35

2 washes Log plasma 3.271 0.179 5.5

L Log pelleted plasma 3.322 0.160 4.8

#The values represent the mean valstandard deviation of samples tested
in duplicate and in three different experiments. dvc/ml plasma.

CMV, with purified virus and frozen at —80°C until tested.

Samples were analyzed in duplicate and in three diﬁer@ﬁ?cequres' Both'e>.<traction procedures showed very similar
experiments. Extraction and analysis of 2000f spiked coeﬁ|C|ent§ ofvarlatlo'n.'Use of Iog-'transformed data reducgd
plasma produced signals equivalent to the theoretical nutrtrlle- coefficient of variation approximately tenfold as previ-
ber of added viral particles (see Virus and Extraction, Tak%SIy observed with QPCR for HCV (30).
2). Similarly, extraction of the pellet resulting from centri- . . .
fuging the 50Qul of the spiked plasma resulted in signals thagensitivity and Linear Dynamic Range for Plasma
did not differ significantly from the analysis of the entire SO@nd Pelleted Plasma for CMV QPCR
ul sample (see Virus/ pelleted plasma, Table 2). The pelletedn order to determine the sensitivity and linear dynamic
plasma samples did include the two additional washes siminge of both extraction procedures we prepared a dilution of
lar to the studies with purified DNA. Thus, using the cempurified CMV spiked into plasma. Alternate twofold and five-
trifugation step and a tenfold concentration of the originfdld dilution was prepared using previously tested CMV nega-
plasma sample in combination with the two extra washes, & plasma. Each dilution was aliquoted into 200 and.600
were able to pellet down the virus and at the same time #&d the samples were frozen at —80°C until tested. Each dilu-
move the inhibitors present in the final extracted materialtion was analyzed in duplicate for each extraction procedure
and the experiment was repeated three times. Figure 1 shows
Comparison of Performance Characteristics for the plot of the measured log-transformed concentrations
QPCR Using Plasma and Pelleted Plasma for CMV against the log-transformed input value. As clearly seen in
The precision of the QPCR method was therefore detef?Y"® 1, the QPCR was linear over a 500-fold range regard-
mined in similar fashion to that described for a quantitativ%SS of the extraction procedure performed. Moreover, there
HCV test (30). First, high and low control samples were p was complete overlap for both extraction procedure curves

r
pared by spiking fresh plasma with two different amounts B‘?tw.ee” SOO.V(.:/mI plasma and 10,000vc/mi plasma. The cor-
lation coefficients for both plasma and pelleted plasma were

purified CMV. The samples were aliquoted into single-u§
5004l or 2004l aliquots and stored at —80°C until testeoc%ose to 1 for both transformed and untransformed data. Even

All samples were continuously mixed and maintained on i ough both extraction prpcedures showgd linearity over a
during mixing and aliquoting. Again, nucleic acid from th 0-fold range, the extraction procedure using pelleted plasma

200+ul aliguots were extracted according to manufactureMS linear betw_een 20 and 4Q’OOO. ve/ml plas_ma while the
recommendation and the 5Q0 aliquots were centrifuged standard extraction-procedure linearity was achieved between

before nucleic-acid extraction and processed as descrifb3 8 and 4%0’000 ve/ ml'plasr:na. As antglgijs/dbﬁﬂemng thde
above. Samples from each control were analyzed in triplic gsmaan con(_:entratlng the extracte_ aflowe
and the experiments were repeated five times for pelleted %ldetecthn of virus at lower concentratlp ns and down-shifted
uncentrifuged aliquots. The titers and log titers for both tlt1 ¢ dynamic range of the assay approximately tenfold.

high and low controls of both plasma and pelleted plas

showed normal distributions (data not shown). Having detﬁ?SCUSSION

mined that the error of the mean for both linear and log-transDiagnosis of CMV disease in immunocompromised indi-
formed CMV concentrations as determined by the QPGRIuals remains a challenge due to the difficulty in differenti-
method were normally distributed, the precision of the assayng CMV viremia from CMV disease (1-4). A number of
was evaluated using parametric calculations. Table 3 showslecular quantitative methods have been described (17—
the results from the precision studies for the two extracti@h,31-34). It has been suggested that CMV viral load corre-
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Fig. 1. Linearity of the QPCR method for plasma and pelleted plasnaad repeated three times. The log-transformed values for the measured con-
was assessed by testing a serial dilution of purified HCMV spiked into plasmentrations were plotted against the log-transformed values of the input val-
Alternate twofold and fivefold serial dilutions were analyzed in duplicatges for CMV.

lates with CMV disease and could be used as a markerv@s centrifuged and the extracted CMV DNA was eluted in
diagnosis, risk assessment, and response to therapy for CBO\il. However, we found that the concentration process in-
disease (17-21,31-34). Anumber of these reports have shtwduced inhibitors of the PCR reaction into the extracted
a high positive predictive value for diagnosis and risk asseBNA. This problem was overcome by simply increasing the
ment of CMV disease when using PBMC and plasma mumber of washes applied to the column used to bind the
immunocompromised individuals. Although plasma spedaieproteinized DNA during the extraction procedure. The in-
mens are easier to manipulate and their integrity is easietramluction of these two wash steps had little impact in the
maintain in the clinical laboratory than are PBMC, the clingverall time spent by the technologist extracting the nucleic-
cal sensitivity of the assays was lower for plasma than PBMAZjd specimens (data not shown).
thus lowering the negative predictive value of the assay. In-The increased sensitivity due to concentration of the virus
terestingly, plasma was found to have a lower negativethe plasma sample was also reflected when we compared
predicitve value regardless of the patient population studigs# sensitivity of our QPCR with others (31-34). A number
(i.e., HIV-infected, bone marrow, and solid organ transplaot QPCR assays that used plasma as the specimen source have
patients) (17-21,31-34). stated sensitivities between 200 to 2,500 vc/ml plasma (31—
In the present study we have described the enhanceme®4)f In contrast, the sensitivity of our QPCR was 20 vc/ml
the analytical sensitivity of a rapid QPCR assay fglasma. Thus, the sensitivity of our QPCR assay was approxi-
guantitation of CMV in plasma. By introducing a simplenately 10-100 times greater than most of other plasma QPCR
centrifugation step before nucleic-acid extraction arabsays. One point of interest is the difference in the amount
resolubilization of extracted CMV DNA into a reduced volef original plasma material tested in other QPCR assays com-
ume, we were able to enhance the analytical sensitivity of {hered to ours. The majority of the extraction procedures in
QPCR on plasma approximately tenfold. This was accotheose assays reconstituted the extracted DNA back to the origi-
plished with no adverse effect on the assay’s precision or tte¢ volume of plasma used for the extraction. Because these
magnitude of the linear dynamic range (Table 3 and Fig. &ssays used 5-10 of extracted sample in their PCR reac-
The QPCR assay displayed a linear dynamic range of 3.3 ltgss, this translated into testing an equivalent of 5 {d ©0
regardless of the extraction procedure. Using a standarijinal plasma for virus. In contrast, we reconstituted the
microcentrifuge we were able to pellet down essentially 1008%tracted DNA in a volume that was one-tenth the volume of
of CMV virions spiked into plasma (see Table 2). The cetie original plasma sample and usegl1df extracted sample
trifugation step allowed us to increase the volume of plasinahe PCR. This translated into testing an equivalent of 100
evaluated from 200l to 500ul. Resuspending the final DNA pl of original plasma sample. Thus, the difference in the
extracted material in a volume that was one-tenth the origimahount of the equivalent original plasma tested presumably
sample also enhanced sensitivity. Initially, 30@f plasma accounts for much of the difference in the enhanced sensitiv-



Enhanced QPCR for CMV Using Pelleted Plasma 37

ity of our QPCR compared to others. It is possible that the merase chain reaction for cytomegalovirus. Transplantation

increased sensitivity of the modified QPCR assay might im- 1993:56:867-871. _ o
17. Brytting M, Jazi M, Bostrom L, et al. Cytomegalovirus DNA in periph-

prove the cllr_ncal sen_S|t|V|ty Of_QPCR erm plasma_samp_les. eral bloods leukocytes and plasma from bone marrow transplant recipi-
In conclusion, the introduction of a simple centrifugation ents. Fansplantation 1995:60:961-965.

step using a conventional microcentrifuge, coupled with cors. Abecassis M, Koffron A, Kaplan B, et al. The role of PCR in the diag-

centration of the extracted CMV DNA at the resolubilization nosis and management of CMV infection in organ recipients. Trans-

step, demonstrated an improvement in the analytical sensi-
tivity of the QPCR using plasma as the specimen source. erl

plantation 1997;63:275-279.
Gozlan J, Salord JM, Choua D, et al. Human cytomegalovirus (HCMV)
ate mRNA detection in peripheral blood of AIDS patients. Diagnostic

increased the analytical sensitivity of the assay approximately yajye for HCMV disease compared with those of viral culture and HCMV
tenfold without affecting the precision and dynamic range of

the overall assay.

20.
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