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By using the polymerase chain reaction (PCR) amplification procedure, 19 (83%) of 23 plasma specimens
obtained from individuals with AIDS and human cytomegalovirus (HCMV) visceral disease were found to be
positive for plasma viremia as detected by PCR (PV-PCR), whereas 78% of cultures of peripheral blood leuko-
cytes from the same samples were found to be positive. All 11 specimens prospectively obtained from individuals
with acute HCMV disease were positive by PV-PCR. Plasma specimens from patients who received ganciclovir
therapy rapidly became both culture and PV-PCR negative, and there was an excellent correlation between the
two procedures. DNA detected by PV-PCR was unaffected by filtering plasma through a 0.2-Lm-pore-size filter,
although a conserved cellular gene, HLA-DQa, was undetectable by PCR following filtration. HCMV DNA in
plasma could be quantitated by PV-PCR by using endpoint serial dilutions, with detectable virus being present
in 101 to 10-2 pul of plasma. A low titer of infectious virus could be detected in 2 of 11 plasma samples. The
detection of HCMV DNA in plasma by PV-PCR promises to be a useful procedure for monitoring patients with
AID)S suspected of having impending, acute, or recurrent HCMV visceral disease and suggests an additional
route by which virus may disseminate in the immunocompromised host.

Human cytomegalovirus (HCMV) is a common pathogen
of humans and frequently causes severe and life-threatening
disease in newborn infants and immunocompromised indi-
viduals (1, 2, 15, 21, 25, 35). Virus may be transmitted
through oropharyngeal secretions, urine, cervical and vagi-
nal excretions, sperm, human milk, and blood (1, 19, 26, 36).
During primary infection, the virus likely enters the body
through infection of epithelial or stromal cells, with subse-
quent infection of peripheral blood mononuclear cells. Fol-
lowing a period of persistent viral shedding, the virus enters
a latent stage, from which it may reactivate at any time, most
commonly during immunosuppression (1, 40). In vitro,
HCMV can establish a permissive infection in human fibro-
blast cell lines. When clinical isolates infect fibroblast cul-
tures, virus remains highly cell associated and infection
occurs predominantly via cell-to-cell spread (37). Although
several cell types are infected in vivo, the same cell-to-cell
spread of virus has been thought to occur during the acute
phase of infection in humans, even during disseminated
disease.
With the availability of drugs for the treatment of HCMV

disease (8, 9, 14, 16, 31), a rapid and specific diagnosis is
essential for institution of appropriate therapy and for mon-
itoring patients at risk for developing disease. However,
despite the availability of numerous methods for virus de-
tection, the diagnosis of HCMV disease is often difficult in
patients with AIDS and individuals who have undergone
organ transplantation (1, 30, 37). The most useful marker of
disseminated infection and active visceral disease is the
detection of HCMV in peripheral blood leukocytes (PBLs),
or viremia, which is usually detected by direct culture of
plasma specimens or, for more rapid detection, by immu-
nostaining for immediate-early proteins (the shell vial pro-
cedure) (10, 30, 39). Other methods for detection of HCMV
viremia include direct detection of the lower matrix protein
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antigen pp65 in peripheral blood polymorphonuclear leuko-
cytes (10, 38) and detection of viral nucleic acid in PBLs by
dot slot hybridization (3, 4, 27, 33), in situ hybridization (5,
22, 23, 32), or polymerase chain reaction (PCR) (6, 12, 17,
24, 29). Each of these detection methods has its limitations.
Direct culture and the shell vial procedure require mainte-
nance of tissue culture cell lines and the immediate process-
ing of specimens for virus isolation. Similarly, detection of
the pp65 protein in polymorphonuclear leukocytes requires
that blood be processed within hours of being drawn and
does not lend itself to examination of multiple specimens.
Nucleic acid hybridization procedures are highly sensitive,
but they have the added complexities of requiring sample
preparation and interpretation of results once a positive
specimen is identified, because a positive hybridization is
frequently identified without the presence of HCMV visceral
disease.
The widespread dissemination of HCMV to multiple or-

gans in severely immunocompromised patients, and partic-
ularly in patients with AIDS, suggested to us that viral
dissemination may occur through mechanisms other than
cell-to-cell transmission (cell-free virus). The detection of
pp65 in PBLs during active HCMV infection supported the
possibility that HCMV might be present in plasma prior to
being phagocytized by circulating leukocytes. In this regard,
we and others have observed that virus can be identified in
urine and brochoalveolar lavage fluid clarified of cells (12,
20, 33). Therefore, we hypothesized that HCMV might
similarly be found in the plasma of patients with acute
HCMV infection and that disseminated visceral disease may
result from cell-free virus spread as well as direct cell-to-cell
transmission. We were further interested to determine
whether viral nucleic acid could be detected in plasma
because of the limitations of currently used diagnostic meth-
ods. The use of plasma for HCMV diagnosis has the imme-
diate advantages of easy specimen availability and rapid
processing without the requirement of extensive sample
preparation. In the study reported here, we demonstrated
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that HCMV DNA can be detected and quantitated by PCR in
frozen or fresh plasma from patients with AIDS and HCMV
visceral disease, the HCMV DNA present in plasma is not
cell associated, and low titers of infectious virus are occa-
sionally detected in plasma. The potential implications of
these findings for the pathogenesis of HCMV infection are
discussed.

MATERLILS AND METHODS

Patient population and clinical specimens. Heparinized
peripheral blood specimens were obtained from 23 different
HCMV-infected patients with AIDS; 18 patients had HCMV
retinitis, and 5 patients had a febrile illness with no other
demonstrable etiology. Patients with HCMV retinitis re-
ceived an initial course of 14 days of ganciclovir (5 mg/kg of
body weight twice daily) followed by maintenance ganciclo-
vir (5 mg/kg daily). Plasma specimens from HCMV-seroneg-
ative and -seropositive individuals infected and uninfected
with human immunodeficiency virus were used as controls.

Virus isolation. Isolation of HCMV from clinical speci-
mens and the shell vial technique were performed by the
Viral Diagnostic Laboratory at the University of California,
San Diego, Medical Center by using previously described
procedures (30, 34). Plasma cultures and immunostaining for
HCMV were performed in our laboratory by using six-well
plates (Costar, Cambridge, Mass.) seeded with human fibro-
blasts.
PCR. Plasma was obtained by first centrifuging heparin-

ized whole blood at 800 x g for 20 min to remove most of the
cells. This was followed by a second centrifugation at 800 x
g for 20 min to remove additional platelets and cellular
debris. When plasma was not immediately processed, it was
stored at -70°C. PCR for HCMV was performed by using
oligonucleotide primers from the EcoRI fragment D region of
HCMV strain AD169. This region is transcribed early and in
abundance late in HCMV infection. The primers and probes
used for the studies described here do not amplify other
herpesvirus or cellular DNA and have been described pre-
viously (12, 32). Primer pair 1 was made up of primers 627
(-5'-GATCC GACCC ATTGT CTAAG-3') and 459 (-5'-
GGCAG CTATC GTGAC TGGGA-3') with probe 628 (-5'-
ATTCG TGGTC GTGGC CAACT GGTGC TGCCG
GTCGC GCTTA-3'); primer pair 2 was made up of primers
625 (-5'-GCCGG ATTGT GGATT TCGTT-3') and 461 (-5'-
ACGCA AATCA GCATC CTCGG-3') with probe 626 (-5'-
TCGGT GTCCT CTLCG GGCGC GACGG TGGAC
TCGGC CTTAA-3'). To determine whether cellular DNA
was present in plasma specimens, samples were amplified
with primers flanking the HLA-DQat locus GH26-GH27 as
described by Scharf et al. (28).
PCR was performed in a total volume of 100 ,ul by using a

DNA thermal cycler (Perkin-Elmer Cetus, Emeryville, Cal-
if.). A total of 10 pul of plasma was freeze-thawed three times
in 70 pl of H20. Proteinase K digestion was carried out in 1x
PCR buffer (50 mM KCI, 10 mM Tris-Cl [pH 8.3], 5 mM
MgCl2) with a concentration of 120 p,g of proteinase K
(Sigma Chemical Co., St. Louis, Mo.) per ml. The samples
were incubated at 60°C for 1 h, heated at 95°C for 10 min, and
immediately cooled on ice. DNA polymerase (2.5 U; Ampli-
taq recombinant Taq DNA polymerase; Perkin-Elmer Ce-
tus), 50 pmol of each primer, and deoxynucleoside triphos-
phates (dATP, dCTP, dGTP, and dTTP; Pharmacia Inc.,
Piscataway, N.J.) to final concentrations of 1 mM each were
added to each tube. Samples were overlaid with 50 pl of
mineral oil; and the reactions were run for 35 cycles of DNA
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FIG. 1. PCR amplification of plasma samples obtained from
patients with AIDS and HCMV retinitis prior to or during ganciclo-
vir therapy. For each sample, 10 WLl of plasma was subjected to 35
cycles of PCR, hybridized in solution to an oligonucleotide probe
end-labeled with [-y-32P]ATP, electrophoresed through a 6% poly-
acrylamide gel, and autoradiographed. (A) Autoradiograph of eight
plasma samples obtained from different patients whose PBL (buffy
coat) culture obtained from the same heparinized blood sample was
positive (lanes 3 to 10) and two patients whose plasma samples were
negative (lanes 1 and 2). (B) AutoTadiograph of eight plasma samples
obtained from different patients whose PBL culture obtained from
the same heparinized blood sample was negative. NC, negative
controls; AD, HCMV strain AD169 (positive control). (C) Autora-
diograph of plasma samples from sequential specimens which were
PBL culture negative. The two specimens positive by PV-PCR were
obtained from patients with HCMV retinitis prior to ganciclovir
therapy. The numbers above each group of specimens are patient
identification numbers (005, 007, 010, 012, and 013), while those
below are the dates (from 1989 to 1990) on which specimens were
obtained. Negative controls consisting of HCMV-seronegative
plasma and reagent controls were amplified with each PCR run (see
text).

denaturation at 94°C for 1 min, primer annealing at 55°C for
2 min, and DNA extension at 72°C for 3 min. Following
PCR, the reaction mixture was separated from the oil layer
and was stored at -20°C until further processing.

Oligonucleotide probes were end-labeled with [z-_32PIATP
as described previously (11). Our procedures for liquid
hybridization and gel electrophoresis have been described
elsewhere (11). Unless otherwise specified, 10% of the
amplified product was analyzed following hybridization of
the labeled probe. The samples were electrophoresed
through a 6% polyacrylamide gel. Dried gels were exposed
to XAR film (Eastman Kodak Co., Rochester, N.Y.) at room
temperature.
To avoid possible contamination of PCR mixtures, all

reactions were performed under stringent conditions follow-
ing the recommendations of Kwok and Higuchi (18). These
precautions included the use of fitted latex gloves, sterile
pipette tips and tubes, aerosol barrier pipette tips, sterile
reagents divided into aliquots, and a separate set of pipettes
in a separate room for the pre-PCR handling of specimens.
To prevent PCR product contamination, each microtube was
subjected to an -5-s centrifugation in a microcentrifuge
before tubes were carefully opened. In addition, multiple
(three or more) negative controls, including reagent controls
and HCMV-seronegative plasma, were run along with the
test samples for all reactions.
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TABLE 1. Virologic and clinical summary of patients with
HCMV disease whose sera were evaluated sequentially

by culture and PV-PCRa

Patient Wk of Clinical statusRx

001 0 AIDS, retinitis
2
6

10

AIDS, retinitis

AIDS, retinitis

AIDS, retinitis

AIDS, inactive retinitis
Inactive retinitis
Reactivated retinitis
Reactivated retinitis

AIDS, retinitis

AIDS, retinitis

Reactivated retinitis

AIDS, retinitis

AIDS, retinitis

AIDS, retinitis

Rx Culture of
PBVurine

0 -I-
GCV -I-
GCV -I-
GCV -I-

0 +/+
GCV -/+
GCV -I-
GCV -I-
GCV -I-
GCV -I-
GCV -I-

0 +/+

0 -I-
GCV -I-
GCV ND/ND
GCV ND/ND
GCV ND/ND

PV-PCR

+

+

+

GCV -I-

GCV -I-

GCV +/ND
GCV +/-

0

GCV
GCV
GCV

0

GCV
GCV
GCV
GCV
GCV
GCV

0

GCV

0

GCV
GCV
GCV
GCV

0

GCV
GCV
GCV
GCV

-I+

_I_

_I_

_I_

+I+
_I-_

_I_

_I_

_I_

-I-

+l-

+/ND

-/ND

-I+

-I+

-I+

RESULTS

HCMV plasma viremia detected by PCR. In the initial
experiments, we examined frozen plasma from heparinized
blood samples of patients with AIDS who had HCMV
disease and whose PBLs (buffy coat) were known to be
either positive or negative by cultures (Fig. 1A and B). We
found an excellent correlation between samples which
yielded infectious virus from PBLs by culture in human

TABLE 1-Continued

Patient Rx Clinical status Rx Culture of PV-PCRRx ~~~~~~~~PBLfurine
013 0 AIDS, retinitis 0 -/- +

5 GCV -I- +
10 GCV -I- -
19 GCV -I- -
23 GCV -I- -

016 0 AIDS, retinitis 0 +/+ +

018 0 AIDS, retinitis 0 +/ND ND
2 GCV -/+ -
7 GCV -I- -
10 GCV -I- -
16 GCV -I- -

022 0 AIDS, retinitis 0 +/-
1 GCV -I- +
2 GCV -I- -
6 GCV -I- -

a All samples were frozen prior to PCR analysis. Abbreviations: Rx,
treatment; 0 (Rx), no treatment; GCV, ganciclovir; ND, not done.

fibroblast cells and the presence of viral DNA in plasma as
detected by PCR. Similarly, for most patients whose PBLs
yielded no infectious virus, their plasma had no detectable
viral DNA.
We further extended these observations to include 59

frozen plasma specimens previously obtained from 14 pa-
tients with AIDS and HCMV retinitis who participated in
AIDS Clinical Trials Group (ACTG) Protocol 073, "Com-
bined ganciclovir and granulocyte-macrophage colony stim-
ulating factor in the treatment of cytomegalovirus retinitis in
AIDS patients." Of these 59 plasma specimens, 58 were
available for determination of plasma viremia by PCR (PV-
PCR) and 56 had corresponding PBL cultures; in addition, 52
urine specimens obtained from study participants at the
same time that plasma specimens were obtained were cul-
tured. Table 1 summarizes the results of these cultures and
PV-PCR. When 10 ,ul of plasma was used in the PCR, seven
of nine specimens obtained from whole blood identified as
PBL culture positive had detectable HCMV DNA. Viral
DNA was detected by PV-PCR in 8 (17%) of 46 specimens
that were PBL culture negative, all of which were obtained
prior to or early in the course of ganciclovir therapy.
Thirty-eight samples obtained from patients receiving ganci-
clovir therapy were PBL culture and PV-PCR negative.
Results of a representative PV-PCR experiment are shown in
Fig. 1C.
An additional group of 12 whole-blood specimens was

obtained prospectively from 10 patients with clinically doc-
umented or suspected HCMV disease (Table 2). Of the 11
specimens obtained from patients who did not receive anti-
viral treatment, all were PV-PCR positive and PBL culture
positive. For plasma from one patient whose HCMV retinitis
reactivated while he was receiving ganciclovir, the PV-PCR
and PBL cultures were positive and remained positive after
2 weeks of foscarnet therapy.

In total, 19 (83%) of 23 plasma specimens obtained from
patients with AIDS and HCMV disease were PV-PCR pos-
itive. In the same group of patients for whom PBL cultures
were performed, 18 (78%) of 23 specimens were positive.
Urine cultures were no more positive for HCMV (8 [67%] of
12) than PV-PCR or PBL culture when specimens were

003 0
2
5
9

15
23
31

004 0

005 0
6

25
28
33

006 8
12
18
22

007 0
2
6

12

008 0
5
9
14
18
23
32

009 0
2

010 0
2
6
10
16

012 0
2
5
10
16
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TABLE 2. Virologic and clinical summary of patients with
HCMV disease evaluated prospectively by

PBL culture and PV-PCRa

Patient Wkxof Clinical Status Rx PBL PV-PCR

NP001 0 AIDS, febrile illness, 0 + +
pneumonia

8 0 + +

NP002 0 AIDS, febrile illness 0 + +

NP003 0 AIDS, retinitis 0 + +

NP004 0 AIDS, febrile illness 0 + +

NP005 0 AIDS, retinitis 0 + +

NP006 0 AIDS, retinitis 0 + +

NP007 0 AIDS, retinitis 0 + +

NP008 0 AIDS, retinitis, GCV 0 + +
failure

2 Fosc + +

NP009 0 Ped AIDS, febrile illness 0 + +

NP010 0 Ped AIDS, febrile illness 0 + +

a Abbreviations: Wk of Dx, week of clinical disease diagnosis; Rx, treat-
ment; 0 (Rx), no treatment; Fosc, foscarnet therapy; GCV, ganciclovir; Ped,
pediatric.

obtained from patients with active disease. Figure 2 summa-
rizes the association of PV-PCR with PBL cultures for all
specimens evaluated. There was an excellent correlation
between results for PV-PCR and PBL culture (Pearson's
correlation coefficient, 0.691; P < 10-6). Importantly, a
specimen positive by PV-PCR was always associated with a
patient who had active, impending, or recurrent HCMV
disease, even when no infectious virus was detected by
culture of PBLs. However, reactivation of HCMV retinitis
could occur in patients who received ganciclovir without a
specimen from any site being culture positive or without a
positive PV-PCR result. Control plasma specimens obtained
from over 20 human immunodeficiency virus-infected pa-
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FIG. 2. Comparison of PV-PCR and PBL culture by detection of
HCMV DNA in plasma by PCR (PV-PCR) compared with that by
isolation of HCMV from PBLs obtained from the same whole blood
sample in fibroblast cultures and/or shell vial culture. The four bars
represent the following results, from left to right, respectively:
PV-PCR and culture positive, PV-PCR positive and culture nega-
tive, PV-PCR negative and culture positive, and PV-PCR and
culture negative.
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FIG. 3. PCR amplification of HCMV DNA in plasma prior to

filtering (Pre) and following filtering through a 0.2-,um-pore-size filter
(Post). (A) Autoradiograph of HCMV PV-PCR from fresh plasma
pre- and postfiltering, 105 polymorphonuclear leukocytes (PMN),
and negative controls (NC). (B) Autoradiograph of the PCR prod-
ucts for HLA-DQa in the same plasma sample as that used for panel
A prefiltering (plasma); following direct filtering; and following
freezing of plasma at -70°C, thawing, and then filtering.

tients who were HCMV seropositive without HCMV disease
and from over 20 HCMV-seronegative healthy controls were
all PV-PCR negative.
HCMV DNA is cell free in plasma. Because our finding that

HCMVDNA is present in plasma is in disagreement with the
widely held belief that HCMV is highly cell associated and
that infection occurs only through cell-to-cell transmission,
we examined whether viral DNA in fresh plasma specimens
which were filtered through a 0.2-,um-pore-size filter could
be detected by PV-PCR (Fig. 3A). Cellular DNA in plasma
samples which were frozen and then thawed was detectable
even following filtration. All 11 samples obtained from nine
patients with AIDS and two human immunodeficiency virus-
seronegative immunocompromised patients (one kidney
transplant recipient and one patient on high-dose immuno-
suppression therapy) remained positive by PV-PCR after
filtration. The freshly filtered specimens were positive for
HCMV DNA, even though an internally conserved cellular
gene, HLA-DQat, could not be amplified (Fig. 4). Thus, it is
likely that HCMV DNA is present free in the plasma of
culture-positive viremic patients, although we cannot ex-
clude the possibility that virus is attached to cellular debris
within the plasma. We found that freshly filtered specimens
generally give amplification signals equivalent to those of
unfiltered specimens.

Infectious HCMV is present at low titer in some plasma
samples. To determine whether infectious virus is present in
plasma samples found to contain HCMV DNA by PCR, 1 ml
of fresh plasma from 11 samples subsequently identified as
PV-PCR and leukocyte culture positive were filtered and
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C 1 1A 2 2A 3 3A 4 4A 5 5A 6 6A
242 bp-
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FIG. 4. PCR amplification of freshly filtered (0.2-,um-pore-size
filter) plasma for HCMV and HLA-DQa. Each plasma sample was
obtained from a different patient with HCMV visceral disease, and
following filtration, HCMV DNA in plasma was amplified with
HCMV primers (152 bp) (lanes 1 to 6) or with primers for HLA-DQa
(242 bp) (lanes 1A to 6A). C, normal human cell control for
HLA-DQa. See text for details.

cultured on foreskin fibroblast cells. Only 2 of the 11 cultures
yielded infectious virus; in both cases a single infectious
plaque confirmed by immunofluorescence with HCMV-spe-
cific monoclonal antibodies was observed. Thus, it appears
likely that many more noninfectious virus particles than
infectious virions are present in plasma or that virus in
plasma is labile and survives for only a short period of time.

Quantitation of HCMV DNA detected by PV-PCR. The
amount of viral DNA present in plasma was semiquantitated
by PV-PCR by performing 10-fold serial dilutions of plasma
prior to performing PCR. In these experiments, HCMV
DNA was detected in as little as 0.01 pu1 of plasma (Fig. 5).
Viral DNA could be detected in 101 to 10-2 pu1 of plasma
from the different samples examined.

DISCUSSION

There is an urgent need for rapid, sensitive, reproducible,
and quantifiable methods for the detection of HCMV which
can be used to identify active, impending, or recurrent
visceral disease. The currently used procedures for HCMV
diagnosis frequently require culture of infectious virus in
tissue culture or the processing of specimens within hours
after they are obtained from patients. The application of
PCR for diagnosis has been hampered by the frequently
positive signals obtained from PBLs or other specimens
without apparent correlation with HCMV disease (10, 30,
39). In the study reported here, we detected HCMV DNA in
the plasma of patients with AIDS and active HCMV disease.
Viral DNA was not detectable in the plasma of individuals
without HCMV disease or those who were successfully
treated with ganciclovir. We also found that there is an
excellent correlation between PV-PCR positivity and the
isolation of infectious HCMV from corresponding PBL
cultures. Thus, for predicting HCMV disease, PV-PCR
appears to have at least the same and potentially greater
sensitivity and specificity than the currently used standard

pt.1 pt.2 pt.3
- CU Co CO

o c o O;Z ? R Z

FIG. 5. End point dilution of plasma from samples known to be
positive for HCMV DNA. Plasma was serially diluted 1:10 and
amplified for HCMV DNA. Plasma from patients 1 and 2 (pt. 1 and
pt. 2) was evaluated during the same experiment, while plasma from
patient 3 (pt. 3) was amplified in a different experiment.

for HCMV diagnosis. However, PV-PCR is likely not to be
a valuable procedure in situations in which PBL cultures
have not been found to be useful. An example of such a
situation is in patients with AIDS whose HCMV retinitis is
reactivated while they are receiving ganciclovir therapy.
PBL cultures are rarely positive for such patients, and no
DNA is usually detected by PV-PCR. Reactivation of retini-
tis in patients within 6 months of beginning ganciclovir
therapy usually reflects a local viral reactivation and not a
recurrent systemic infection (7, 29a). PBLs from patients
whose HCMV retinitis is reactivated because of the devel-
opment of viral resistance become culture positive and, in
the patients studied here, PV-PCR positive as well. Thus,
the detection of a positive PV-PCR in a patient receiving
ganciclovir therapy for more than 6 months may reflect the
development of antiviral resistance.
The use of PV-PCR for the diagnosis of HCMV disease

has several potential advantages over current diagnostic
methods. Plasma is easily available from patients and can be
processed routinely by laboratories without requiring spe-
cially trained personnel. Specimens can be frozen and do not
require processing within a few hours of being obtained.
Plasma samples can be tested in batches either from multiple
individuals or, in clinical studies, from the same patient over
time. Additionally, because only 10 ,ul of plasma is required,
adequate specimens can be obtained from infants and chil-
dren without difficulty. We have also shown that the titer of
DNA present in plasma can be quantitated by limiting
dilution PCR. We are examining improved methods for the
quantitation of HCMV DNA in plasma specimens.
The data generated in the studies described here were

obtained from patients with AIDS. However, while the
manuscript was in preparation, HCMV was reported to be
detectable in the sera of 4 of 10 patients with leukemia
following bone marrow transplantation (13). From our expe-
rience with other methods for the detection of HCMV
nucleic acid in clinical specimens, it is likely that HCMV
DNA will be detectable in plasma from diverse groups of
immunocompromised patients with visceral HCMV disease,
including those receiving bone marrow and solid organ
transplants, when infectious virus is present in their PBLs.
Recent studies in our laboratory have confirmed this suppo-
sition (unpublished data).
The high titer of HCMV DNA present in the plasma of

patients with AIDS and acute HCMV disease was surprising
and suggests that during disseminated infection large num-
bers of virus particles are released from the cells into the
plasma. The HCMV DNA present in plasma was from virus
that was not cell associated. This is strongly supported by
our finding that filtering of plasma through a 0.2-p,m-pore-
size filter had no effect on the amount of DNA detected by
PCR. Although we cannot totally exclude the possibility that
HCMV DNA is attached to cell fragments, our failure to
detect a highly conserved human gene in filtered plasma
specimens which gave strong signals for viral DNA argues
against the possibility that virus particles are cell associated.
The presence of cell-free virus in plasma is further supported
by the findings of several groups that HCMV can be identi-
fied in cell-free components of urine and brochoalveolar
lavage specimens (12, 20, 32).
Even though viral DNA was easily detectable in plasma by

PCR, infectious virus was difficult to identify. Only 2 of the
11 samples which were PV-PCR positive yielded any infec-
tious virus, even though they were placed in tissue culture
within 2 to 4 h after they were obtained. These findings
indicate that cell-free virus remains infectious within plasma

VOL. 30, 1992

1. A



2364 SPECTOR ET AL.

for a short time period or that many more noninfectious virus
particles than infectious virions are released from cells; this
situation is analogous to what is observed in infected fibro-
blast cultures. Despite the difficulty in identifying infectious
virus in plasma, our findings suggest that during active
infection, HCMV may be spread throughout the host as a
cell-free virus as well as through cell-to-cell transmission.

In summary, the findings presented here indicate that
HCMV DNA can consistently be detected in the plasma of
patients with AIDS and visceral HCMV disease and that
there is an excellent correlation among PBL culture positiv-
ity, PV-PCR, and systemic disease. HCMV DNA is present
free in plasma and can be quantitated by end point serial
dilution. The detection of HCMV DNA in plasma by PV-
PCR promises to be a useful procedure for monitoring
patients suspected of having impending, acute, or recurrent
HCMV visceral disease and suggests that virus dissemina-
tion may occur not only by cell-to-cell transmission but also
via cell-free virus.
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