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INTRODUCTION

Cytomegalovirus (CMV) causes significant morbidity and
mortality in severely immunosuppressed individuals. Although
antiviral prophylaxis has led to a reduction of both morbidity
and mortality of CMV disease in recent years, the toxicity
associated with currently available antiviral agents (i.e., ganci-
clovir, foscarnet, and cidofovir) remains a significant problem.
Thus, efforts have been aimed at developing highly sensitive
and quantitative detection methods to identify patients at risk
for disease prior to the onset of disease, thereby focusing
antiviral treatment to patients at risk for disease only. This
strategy has been termed “preemptive” or “early” therapy (76,
141, 150). Several aspects of the biology of CMV support such
an approach. CMV dissemination in the blood occurs during
active infection (143), and viremia has been recognized as the
major virologic risk factor for the progression to clinical dis-
ease (117). Thus, quantitation of the systemic CMV load may
provide a highly sensitive and specific method to predict the
development of CMV disease.

Efforts to quantify CMV date back several decades. Early
assays for CMV quantitation included the traditional plaque
assay (182) and the determination of the 50% tissue culture
infective dose (TCID50) (151). These assays and modified tis-
sue culture-based methods are hampered by time-consuming
procedures, poor reproducibility, and/or a relatively low sensi-
tivity. DNA hybridization techniques provided the first major
advance in quantifying CMV with a high degree of reproduc-
ibility but were also relatively time-consuming and insensitive
(37, 38, 144). There are several requirements for an optimal
assay for CMV monitoring. The most important characteristics
are (i) a high sensitivity that allows early detection in individ-
uals at high risk for disease, (ii) the potential to quantify the
results to increase the positive predictive value and to measure
viral load during antiviral treatment, (iii) rapidity to allow early
initiation or change of treatment, and (iv) a high degree of
reproducibility. Until recently, rapid and reproducible quanti-
tative results have been difficult to obtain. However, quantita-
tive antigen detection methods and molecular amplification
methods which fulfill these requirements to some extent are
now available. In particular, PCR has revolutionized diagnostic
virology by providing a powerful tool to detect and quantify
viral DNA and RNA in various clinical specimens.

This review will discuss methodological aspects of quantita-
tive CMV assays with an emphasis on recently developed an-
tigen detection assays and molecular methods. In addition, the
role of the CMV load in the pathogenesis of CMV disease in
different patient settings, the influence of antiviral treatment
on viral load, and the significance of viral load measurement at
specific anatomic sites are reviewed.

PATHOPHYSIOLOGY OF CMV DISSEMINATION

Dissemination of CMV in the blood is an important factor in
the pathogenesis of disease in both primary infection and re-
activation. During active infection, CMV dissemination in the
blood occurs in most immunocompromised patients. Evidence
that CMV dissemination in blood is a significant risk factor for
the progression from infection to disease comes from studies
with allogeneic marrow transplant recipients which showed
that viremia was highly predictive for the development of
CMV disease (50, 117, 150). In solid-organ transplant recipi-
ents and human immunodeficiency virus (HIV)-infected pa-
tients, this association also exists but viremia is somewhat less
predictive of disease (53, 61, 133, 188). Studies involving more
sensitive techniques for the detection of CMV in blood such as
the antigenemia assay or PCR for CMV DNA show that CMV
can be detected in almost all patients with CMV disease. Due
to the high sensitivity of these assays, CMV is also detectable
in a substantial number of patients with asymptomatic infec-
tion who never progress to disease (16, 179). However, patients
with disease often have a higher viral load than those who
remain asymptomatic (31, 64, 169). CMV DNA can be de-
tected in different fractions of leukocytes during active infec-
tion, including mononuclear leukocytes (MN) and polymor-
phonuclear leukocytes (PMN) (27, 70, 144). While the major
amount of DNA in PMN seems to originate from phagocytosis,
there is also evidence of active replication (70, 78, 138). Al-
though CMV is a cell-associated virus, CMV DNA can also be
detected in plasma or serum (2, 33, 123, 161). Longitudinal
studies indicate that DNA is detected in plasma coincident
with or after being detected in PMN (16). It has been hypoth-
esized that cell-free viral DNA in plasma could be derived
from lysis of CMV-infected cells such as PMN and endothelial
cells (16, 64). The correspondence of the glycoprotein B (gB)
and glycoprotein H (gH) variants in cells and extracellular fluid
further indicates that extracellular DNA is derived from the
cells supporting viral replication (186). Additional support for
endothelial cells as an important source of cell-free CMV
DNA comes from the observation that CMV DNA can be
detected in plasma from patients with absolute neutropenia
early after marrow transplantation (16). CMV-infected endo-
thelial cells have also been detected in the peripheral blood
during active infection in both transplant recipients and HIV-
infected patients (79, 128, 147).

METHODS FOR CMV QUANTIFICATION
CMV quantitation can be performed in different fractions of

the blood (i.e., cellular fractions and plasma) and organ fluids
(e.g., cerobrospinal fluid [CSF], urine, throat wash, and se-
men). The optimal specimen depends on the test method and
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patient setting. Although CMV is recovered more frequently
by culture of samples enriched for PMN than by culture of
samples enriched for MN (22, 142), the amount of CMV DNA
recovered is virtually identical in PMN and MN from subjects
with CMV disease (27, 144). More recently, CMV DNA has
been found in cell-free plasma or serum by PCR (2, 16, 33,
60, 64, 86, 123, 126, 161). In contrast, isolation of CMV from
plasma in cell culture is extremely infrequent. Although plas-
ma has been used more extensively, serum was found to be an
equivalent substrate for the detection of CMV DNA by PCR in
liver transplant recipients (126). Most studies show that the
quantity of viral DNA in leukocytes is generally greater than in
plasma for both transplant recipients (64) and subjects with
AIDS (24, 64, 133, 186). The positive predictive value of PCR
of plasma for the development of CMV disease has been
evaluated in different settings with somewhat contradictory re-
sults. Although CMV infection has been shown to precede the
development of clinical disease (86, 161), PCR of plasma re-
flected the kinetics of CMV infection poorly, especially during
therapy (compared to PCR of leukocytes) in subjects with
AIDS (64). In liver transplant recipients, PCR of serum was
the best method of predicting the development of symptomatic
CMV infection (125). PCR of plasma appeared to be an earlier
and more sensitive marker of serious CMV infection in mar-
row transplant recipients than did PCR of leukocytes in one
study (123), while others found either similar (87) or lower (16)
sensitivity than PCR of leukocytes.

Thus, the use of leukocytes may be more appropriate in
situations where the viral DNA load is low (i.e., during antivi-
ral therapy) (64) or when preemptive therapy is envisaged in a
setting where there is rapid progression from first detection to
CMV disease, such as after allogeneic marrow transplantation
(14, 16). In contrast, quantitation of CMV in plasma seems to
be useful in HIV-infected individuals, in whom the progression
from first detection of CMV DNA to disease often is several
weeks or months (31, 156, 162). The detection of CMV DNA
in plasma may also be useful when leukocytes counts are low,
especially in marrow transplant recipients (16).

Quantitative Viral Cultures

Principle and assay characteristics. There are three major
methods of quantitating CMV in cultures: the plaque assay,
determination of TCID50, and shell vial centrifugation cul-
tures. The traditional method of CMV quantitation in culture
is the plaque assay (182). In a plaque assay, serial dilutions of
the specimen are inoculated onto fibroblast monolayers and
after infection the cells are overlaid with a semisolid medium.
The virus spreads from cell to cell, resulting in a localized
plaque. After an incubation period, the infectious plaques are
enumerated under microscopic examination. The plaque assay
and modifications of it have been used frequently for CMV
quantitation in a wide variety of clinical specimens and in
animal models (37, 38, 103, 152, 182) (Table 1). Results are
obtained by calculating a logarithmic viral titer from the
plaque counts in the dilution giving about 200 plaques. Ab-
sorption can be enhanced by centrifugation during the inocu-
lation period (37).

A somewhat less precise method of quantifying CMV in
tissue culture is determination of the TCID50. With this meth-
od, the virus titer can be determined by determining the high-
est dilution of the specimen which produces a cytopathic effect
in 50% of the cell cultures or wells inoculated (151). The
TCID50 has been used to quantify CMV in lung tissue and
urine (134, 153, 181). Serial log or half-log dilutions of the

specimen are inoculated onto human foreskin fibroblasts and
observed for 6 weeks.

Recently, traditional tissue culture methods have been re-
placed by the more rapid shell vial centrifugation culture assay
system. CMV is quantified in shell vial-based assays either by
keeping the viral inoculum constant and counting the number
of infectious foci per shell vial (67) or by inoculating serial
dilutions of the sample and determining the titer, which is
defined as the reciprocal of the final dilution in which CMV
can be detected (158). Shell vial centrifugation culture-based
assays have been used for the quantitation of viremia and of
CMV in bronchoalveolar lavage (BAL) fluid (6, 37, 49, 67, 158,
164).

Overall, all culture-based assays do not require a highly
specialized laboratory. Problems that may occur include the
poor ability of some CMV strains to form plaques, rapid loss of
viability, lack of staining by monoclonal antibodies (MAbs),
and nonspecific monolayer toxicity (Table 1). The principal
advantage of the shell centrifugation culture system is the early
availability of the results.

Assay performance. The plaque assay has been compared
with DNA hybridization, shell vial-based methods, and the
branched-DNA (bDNA) assay. The virus titers determined by
plaque assay showed a moderate correlation with the quantity
of CMV DNA measured by DNA hybridization (correlation
coefficient, r 5 0.588) (38). A high degree of correlation be-
tween the plaque assay and a shell vial-based rapid assay was
reported when a MAb against the immediate-early antigen was
used (37). The results of DNA hybridization experiments cor-
related reasonably well with the results of TCID50 experiments
(correlation coefficient, r 5 0.77) on urine specimens having a
viral titer of 2.5 TCID50/0.2 ml or higher (38).

The shell vial-based quantitative viremia assay has been cor-
related with quantitative pp65 antigenemia, quantitation of
CMV-DNA in plasma and PMN, and the development of
CMV disease in both transplant recipients and AIDS patients.
Although the results of the quantitative viremia assay correlate
well with those of quantitative assays of pp65 antigenemia and
CMV DNA in peripheral blood leukocytes (PBL) and plasma,
the sensitivity of the assay is significantly lower than that of the
antigenemia assay and PCR-based assays (63, 64, 67). To op-
timize sensitivity, at least 4 3 106 leukocytes should be used
(34). Due to this lower sensitivity, CMV is generally detected
in blood cultures later during the course of infection than by
the antigenemia assay or by PCR-based methods (17, 169).
Similarly, blood cultures are of limited value for monitoring
the response to antiviral therapy, because they often become
negative regardless of the outcome (12). Also, a low systemic
viral load cannot be quantified by this method.

Reproducibility and test accuracy. The reproducibility of the
plaque assay was compared with that of DNA hybridization
(Table 1). The coefficient of variation of the plaque assay was
significantly greater than that of the DNA hybridization
method (15.05 and 5.27, respectively) (38). This result suggests
that quantitation of CMV by culture may be less accurate than
quantitation of CMV DNA. Confidence limits for CMV quan-
titation by the shell vial method have been reported (34).

Summary. Available data suggest that culture-based assays
can provide an estimate of CMV quantity. The practical sig-
nificance of these assays has been limited by the relatively low
sensitivity, the time-consuming nature of the methods, and the
rapid loss of viability in stored specimens. Therefore, these
methods have been largely replaced by direct antigen or DNA
detection methods. While these assays may be useful for spe-
cific research questions, their relatively low sensitivity limits
their value in early treatment strategies and in monitoring
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antiviral treatment. The characteristics of these quantitative
culture methods are summarized in Table 1.

Quantitative pp65 Antigenemia Assay
Principle. The CMV antigenemia assay consists of direct

staining of PMN with monoclonal antibodies directed against
the lower matrix protein pp65 (UL83) (70, 81, 138). The results
are expressed as the number of antigen-positive cells relative to
the number of cells used to prepare the slide (Table 1).

Assay characteristics. The antigenemia assay consists of
four steps: (i) isolation of the PMN by dextran separation and
preparation of slides, (ii) fixation, (iii) immunostaining, and
(iv) reading and quantification. Modifications concerning all
four procedural steps have been proposed to optimize and
simplify the original procedure. The technical aspects of the
CMV antigenemia assay are summarized in Table 2.

(i) Isolation and preparation of slides. Heparin, EDTA, and
citrate appear to be equivalent as anticoagulants in blood sam-
ples submitted to the laboratory for antigenemia testing; how-
ever, most data were obtained in experiments with heparin or
EDTA. During the various steps of the procedure, a substan-
tial loss of cells may occur (as high as 50 to 60% of the original
concentration) (10, 171). Although a decrease in quantitative
antigenemia after storage of blood specimens has been re-
ported, overnight storage only rarely results in the designation
of a truly positive specimen as false-negative (20, 149). Never-
theless, for optimal results, slides should be prepared on the
same day, preferably within 6 h of blood collection (149). The
slides can be stained the following day without resulting in a
decline of quantitative antigenemia (10). Dextran is most com-
monly used to separate the leukocytes in the antigenemia as-
say. Two recent comparative studies suggest that direct leuko-
cyte lysis may be equivalent to dextran separation and also
reduces the specimen-processing time to less than 3 h (52, 91).
Because pp65 antigenemia is found mainly in granulocytes,
methods that select for the MN fraction such as Ficoll gradient
separation should not be used. Since there is high variability
between slides in samples with low viral load (177) and since
the use of only one slide is likely to compromise the sensitivity
of the assay, most investigators use two or three slides per
sample. The optimal number of cells per slide has not been
established, but most investigators use either 150,000 or
200,000 cells (14, 64, 168). The point at which alteration in the
number of cells per slide results in a clinically significant dif-
ference in virus quantification is unknown.

(ii) Fixation. Although acetone fixation gives a strong stain-
ing signal, stained cells have poor morphology and artifacts
occur with immunoperoxidase staining due to endogenous per-
oxidase. Endogenous peroxidase can be blocked (96, 169), but
this adds an additional step to the procedure. A number of
alternative fixation methods have been proposed. There is
good evidence that formaldehyde–Nonidet P-40 (NP-40) fixa-
tion provides a clearer signal, fewer artifacts, and a higher
sensitivity with immunofluorescence staining (Table 2). One
study reported that the permeabilization step with NP-40 may
not be required when formaldehyde is used (129).

(iii) Immunostaining. MAbs directed against the lower ma-
trix protein pp65 are used in the assay (80). Most studies have
been performed with the C10-C11 mixture but newly devel-
oped MAbs show promising results (Table 2). The original
protocol used acetone fixation in conjunction with immuno-
peroxidase staining for visualization (177), but the relatively
high rate of artifacts led to the evaluation of alternative stain-
ing methods such as immunofluorescence and alkaline phos-
phatase anti-alkaline phosphate (APAAP). A lower rate of
artifacts, a shorter processing time, and a higher sensitivity with
immunofluorescence staining than with immunoperoxidase stain-
ing has been reported (Table 2). Although the APAAP method
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TABLE 2. Technical aspects of the CMV antigenemia assay

Aspect of the assay Original method (177) Published modifications Modification evaluated in
comparative trial (reference) Comments on modifications

Preparation of slides
Type of blood

sample
EDTA Heparin Equivalent to EDTA (166)

Citrate Equivalent to EDTA (104) Small sample size, but a trend to a
smaller number of positive cells
with citrate

Isolation method Dextran sedimentation Whole blood Inferior (106), equivalent (91) Time-saving
Ficoll sedimentation Inferior (177) pp65 found predominantly in

granulocytes

Slide preparation Centrifugation Methanol spreading NDa

Adherence ND
Flow cytometry ND No comparison with cytospin method

(93)

No. of cells used
per slide

150,000 50,000 ND
100,000 ND
200,000 ND
250,000 ND
300,000 ND
1,000,000 ND

No. of slides stained
per sample

Three Two ND Two slides most commonly used
One ND

Fixation Acetone Methanol-acetone Inferior to formaldehyde–NP-40
with immunofluorescence
(66)

Formaldehyde–NP-40 Superior to acetone with
immunofluorescence (20, 51,
66, 105, 129)

Formaldehyde Equivalent to formaldehyde–
NP-40 (129)

Methanol-acetic acid ND
Formol acetone ND

Immunostaining C10-C11-C12 C10-C11 Equivalent to C10-C11-C12
(177)

Monoclonal
antibodies

C12 Superior to C10-C11 (28)
2A6, 1C3, 4C1

Individually Equivalent to C10-C11 (66);
1C3 superior to C10-C11 by
flow cytometry (93)

More positive foci

Pooled Superior to C10-C11 (66) More positive foci
AAC10 ND
HRP-C7 ND
Monofluo kit CMV Superior to C10-C11 and 1C3

(163)

Detection system Indirect immuno-
peroxidase

Indirect immuno-
fluorescence

Superior to immunoperoxidase
(20, 66, 105)

More positive foci

APAAP Inferior to immunofluorescence
(66)

Fewer positive foci

Immunogold-silver ND
ABCb Inferior to immunofluorescence

(66)
Fewer positive foci per slide

Quantification Per 50,000 PBL
(counted on each
slide)

Per slide, with
reporting of the
number of cells
used to prepare the
slides

ND Most commonly used

a ND, not determined.
b ABC, avidin-biotin peroxidase complex.
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requires a somewhat longer processing time, interpretation of
slides may be easier and less time-consuming because the high
signal-to-noise ratio of this technique allows reading of the slides
at a low magnification (8). There has been no systematic compar-
ative study evaluating the APAAP technique for the detection of
quantitative antigenemia.

(iv) Quantification. Two methods are currently used to
quantify antigenemia results. The more commonly used meth-
od is to report the number of positive cells per slide or per
number of cells used to prepare the slide. The other method is
to quantify the result per 50,000 cells by estimating the number
of cells on each slide with a grid (173, 177). An advantage of
the latter method is that more accurate results are obtained
because potential cell loss during the procedure (e.g., due to
inadequate adherence to the slide) is taken into account; a
disadvantage is that it is very time-consuming. Whether count-
ing the actual number of cells on the slide is relevant for
reporting quantitative antigenemia under clinical laboratory
conditions is unknown.

In an effort to automate the procedure, recent modifications
of the antigenemia assay have included the use of flow cytom-
etry (93) and image cytometry (28, 95). With flow cytometry,
the 1C3 MAb was superior to the C10-C11 pool; however, the
overall sensitivity appeared to be somewhat lower than that of
the cytospin method (93). While these initial results are prom-
ising, systematic comparative evaluations of quantitative as-
pects of antigenemia testing with these techniques are needed.

Assay performance. Unfortunately, the impact of assay mod-
ifications on the detection of quantitative antigenemia have
not always been studied systematically. Some modifications
(e.g., formaldehyde fixation, immunofluorescence staining,
new MAbs) were reported to increase the sensitivity of the
assay (Table 2), thereby possibly altering the predictive values
for disease. Studies show consistently that the antigenemia
assay is more sensitive than culture methods (64, 105, 176).
The assay is either as sensitive as (87) or less sensitive than (14,
64, 169) PCR, depending on the method used for the antigen-
emia or PCR assay. The quantitative aspect of antigenemia
testing has been compared with quantitative PCR, the DNA
hybrid capture assay, and the bDNA assay. Quantitative anti-
genemia correlates well with DNA content in both plasma and
leukocytes (23, 63, 64). Only a few studies have compared the
antigenemia assay with the bDNA and hybrid capture assays
(see below). Longitudinal studies of transplant recipients indi-
cate that CMV infection is detected earlier by the antigenemia
assay than by the shell vial centrifugation culture technique,
i.e., an average 7 to 14 days before the onset of disease (12,
169). There are currently no longitudinal studies of HIV-in-
fected individuals evaluating the time pattern of quantitative
antigenemia.

Quantitation of antigenemia can be used to predict CMV
disease: a higher level of antigenemia has a higher positive
predictive value for disease. However, the significant threshold
for predicting disease seems to differ among patient settings
(Tables 4 and 5). Since the level of antigenemia decreases
when antiviral treatment is initiated, although an intermittent
rise may occur (14, 82), the measurement of antigenemia may
be useful to monitor antiviral treatment.

Because the antigenemia assay is cell based and antigenemia
is a low-frequency event, a sufficient number of granulocytes is
required. Therefore, the test may be difficult to perform early
after marrow or stem cell transplantation or during a period of
severe neutropenia (12, 109). In a study of allogeneic marrow
transplant recipients, 2.8% of 570 samples were deemed non-
interpretable due to low granulocyte counts (12). Absolute
neutrophil counts (ANC) correlated with the ability to perform

the assay: 96, 70, and 11% of samples yielded interpretable
results when the ANC was between 1.0 3 109 and 0.5 3
109/liter, between 0.5 3 109 and 0.2 3 109/liter, and less than
0.2 3 109/liter, respectively. Thus, an ANC of at least 0.2 3
109/liter is required to obtain reliable results (10). Strategies to
increase the PMN yield in patients with a low ANC include
increasing the blood volume and reducing the number of slides
to get at least one good slide. Alternatively, PCR for CMV
DNA in plasma could be performed in this situation (discussed
below).

Reproducibility and test accuracy. Because of the relatively
low frequency of pp65 antigen-positive cells in most patients, a
substantial degree of intra-assay variability is to be expected.
When acetone fixation and immunoperoxidase staining were
used, the coefficient of variation between duplicate slides with
more than 50, 5 to 50, and less than 5 antigen-positive cells per
50,000 PMN was 9, 22, and 101%, respectively (177). No data
exist on interassay variability and variability with respect to
other antigenemia protocols. The interobserver variability was
6% in one study (177) and 1.8% in another (9). A comparison
of results from several different laboratories, including some
with no or limited experience with the antigenemia assay,
showed a concordance rate for qualitative results of 97.5%
(51).

Summary. The pp65 antigenemia assay is a sensitive method
of estimating the systemic CMV load. Advantages include a
short processing time (less than 6 h) and the lack of require-
ment of a highly specialized laboratory, although some expe-
rience in slide preparation and reading is required. The assay
is a good choice for laboratories with low- to medium-volume
testing. Disadvantages include the need for immediate pro-
cessing, the relatively time-consuming nature of the different
assay steps with large specimen numbers, and the subjective
component of slide interpretation. Nevertheless, numerous
studies indicate that the antigenemia assay provides a good
estimate of the systemic CMV burden, which correlates well
with results obtained by quantitative PCR of leukocytes and
plasma. Because there are various modifications of the assay,
some of which influence sensitivity, standardization of the as-
say would greatly improve the comparability of study results
(168). Available data suggest that a method with 150,000 to
200,000 PMN per slide on two slides combined with immuno-
fluorescence staining and formaldehyde fixation provides op-
timal results.

Quantitative PCR Assays

General principles. In the last 10 years, PCR technology has
become an invaluable diagnostic tool in virology because of its
ability to detect minute amounts of viral nucleic acids in clin-
ical specimens. A more recent application of this technique,
called quantitative PCR, has been used to determine relative
or absolute amounts of target DNA or cDNA subjected to the
amplification reaction. The following relationship is used to
relate the initial concentration of target DNA to the concen-
tration of the amplified target DNA:

Y 5 X ~1 1 E!n

where Y is the amount of PCR-amplified DNA, X is the
amount of target DNA prior to PCR, E is the average effi-
ciency for each PCR cycle, and n is the number of amplification
cycles.

The concentration of the unknown quantity of target DNA
in a clinical sample can be estimated from a standard curve,
generated by plotting the (logarithmic) values of the PCR
products (expressed in any units of measurement) against the
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TABLE 3. Summary of molecular quantitative CMV assays

Assay Turnaround
time (h)

Sample
processing

(blood)
Reporting of results Batch testing Lower limit of

detection
Dynamic range for

quantitation

Reproducibility
(coefficient of

variation)

Equipment and
facilities needed Advantages Disadvantages

bDNA assay 24 Recovery of $2
3 106 PMN

No. of CMV
copies per ml

#41 specimens
(13 controls)
(plate format)

4 3 103 copies/106

leukocytes
(version 1); 9 3
102 copies/106

leukocytes
(version 2)

3 log10 (36) Intra- and
interassay
variabilities of
5.9 and 9.7%
(high copy
number) and
24.9 and 26.2%
(low copy
number) (121)

Quantiplex bDNA
System

High
reproducibility

Requires large
number of
PMNs; long
initial
incubation
period (16–18
h)

Hybrid capture
DNA assay

6 Whole blood
(3.5 ml);
delayed
processing
possible

pg of CMV DNA
or no. of CMV
copies per ml

#48 specimens
(112 controls)
per quantitative
run (tube
format)

5 3 103 copies/ml
of whole blood
(version 1); 7 3
102 copies/ml of
whole blood
(version 2)

2 log10 (16.6–1,660
pg of DNA
[version 1]; 2.1–
830 pg of DNA
[version 2])

Intra- and
interassay
variabilities of
17.8 and 16.3%,
respectively
(115)

Luminometer Rapidity of
procedure (6 h);
simple sample
processing

Many controls
required for
quantitative
testing

PCR assays 24–48a Variable (PMN
or plasma);
delayed
processing
possible

No. of CMV
copies per ml of
plasma, per 105

PMN, or per mg
of DNA

Variable (e.g., #21
samples and 3
controls per run
in plate format
for AMPLICOR
MONITOR
CMV test)

Variable (e.g., 5 3
102 [qualitative],
2.5 3 103

[quantitative]
per ml of
plasma [162]; 1
3 103

[qualitative], 4
3 102

[quantitative]
per ml of
plasma
[AMPLICOR
CMV test]
[167])

2–3 log10 (23) No data; higher if
competitive
assay used

Thermal cycler;
detection
devices (spectro-
photometer,
phosphorimager,
etc.)

High sensitivity Amplicon
contamination;
not well
standardized;
time-consuming

a Amplification and detection.
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(logarithmic) values of known quantities of target DNA (stan-
dards). The original number of viral copies present in clinical
samples can then be determined by interpolating the (logarith-
mic) values of amplified products into the standard curve. This
strategy is valid if PCR is performed in the exponential phase
of the reaction, i.e., for a given number of cycles, E is close to
unity and the slope of the curve is also close to unity. However,
in most PCR procedures, the overall efficiency is less than
100% and the increase in the amount of amplicons stays ex-
ponential for a limited number of cycles, after which the am-
plification rate reaches a plateau (39, 54). Many factors can
affect the efficiency of amplification and hence the yield of
PCR products, including primer-annealing kinetics; concentra-
tions of DNA, deoxynucleoside triphosphates, MgCl2, and
primers; number of cycles, incomplete DNA strand separation;
and PCR product strand reannealing.

Semiquantitative PCR protocols have been designed by per-
forming titer determinations of the target template or of an
external control before amplification (113) or by coamplifica-
tion of an endogenous sequence to control for tube-to-tube
variability (119, 124). For these methods to be quantitatively
reliable, many conditions must be fulfilled, including minimal
variation in the efficiency of amplification, analysis of the data
before the plateau phase of the reaction, and a good knowl-
edge of the expression of the reference standard gene in the
case of an endogenous control (39, 54, 73).

The competitive PCR method is based on coamplification of
an exogenous template as an internal standard that competes
with the target sequence for the same primers so that any
variable affecting amplification has the same effect on both. In
competitive PCR, the equation of PCR amplification is as
follows:

C/T 5 C9 ~1 1 E!n/T9 ~1 1 E!n 5 C9/T9

where C and T are the product yields of the competitor and the
target templates, respectively, and C9 and T9 are the initial
amounts of both templates. Since E and n are theoretically
identical for both templates in competitive PCR, the relative
product ratio (C/T) depends directly on the ratio of the initial
amount of the two templates (C9/T9) (39, 40).

Two basic types of competitors can be used in the quantita-
tive-competitive PCR (QC-PCR) approach. Homologous com-
petitors are identical to the target sequence except for a small
difference in sequence length (internal deletions or insertions)
or for the presence of small introns (26, 56, 73). Differences
between the two templates are resolved by gel electrophoresis
or after restriction enzyme digestion of the PCR products (a
mismatch is created in the competitor for generating or oblit-
erating a restriction site). While homologous competitors the-
oretically have the same amplification efficiency as their cor-
responding target, the formation of heteroduplexes between
the target and the competitor when the reaction has reached its
plateau is a possible pitfall. Generally, enzyme digestion of
amplified sequences should be avoided because an additional
step, whose efficiency may vary, is introduced into the assay
(39). In contrast, heterologous internal standards have the
same primer target sequences but contain a different interven-
ing sequence (62, 132, 185). This type of competitor cannot
form heteroduplexes, but its amplification efficiency must be
shown to be equivalent to that of the target so that reliable
quantitative results are obtained. In particular, the size and the
G1C content of the competitor must be as similar to those of
the target template as possible. Different capture probes are
then used to discriminate between the two PCR products.

In general, amplified products are detected and quantified

by densitometric evaluation of ethidium bromide-stained gels
or after isotopic or nonisotopic hybridization procedures. The
amount of PCR products expressed as optical density values,
counts per minute, or densitometric values are used for the
construction of the standard curve for the assay.

A relatively new concept in quantitation of DNA or RNA,
which has not been evaluated for CMV quantitation, is the
detection of PCR products as they accumulate, thereby avoid-
ing disadvantages of traditional quantitative PCR methods in-
cluding post-PCR processing and a limited linear dynamic
range. This technique is based on a fluorogenic 59 nuclease
assay (88, 89) (Perkin-Elmer, Applied Biosystems Division,
Foster City, Calif.). A fluorogenic probe (TaqMan; Roche
Molecular Systems) that is complementary to the target se-
quence is added to the PCR mixture. This probe consists of an
oligonucleotide with a reporter and quencher dye attached
which anneals specifically between the upstream and down-
stream primer sites. The oligomer is blocked at the 39 end and
therefore cannot be extended. When the probe is cleaved by
the 59 nuclease activity of the Taq DNA polymerase, the re-
porter is physically separated from the quencher dye and a
sequence-specific signal is generated. With each cycle, addi-
tional reporter dye molecules are cleaved from their respective
probes, and the fluorescence intensity is continuously moni-
tored during the PCR cycling. The light output is directly
proportional to the amount of DNA in the sample.

Protocols and assay performance. Many in-house quantita-
tive CMV PCR assays have been described in the last 5 years.
Protocols differ in many aspects including the specimen types
and preparation, primers and targets, quantitation standards
and controls, reaction and amplification protocols, prevention
of contamination, signal generation systems, and methods for
calculating copy numbers. For example, Fox et al. developed a
QC-PCR assay based on a homologous gB competitor with the
exception of a unique restriction site (56, 57, 59). Zipeto et al.
have designed a PCR protocol in which a heterologous internal
competitor, containing at its ends a sequence identical to the
primer-binding regions of exon 4 of the CMV IE-1 gene, was
used (185). More recently, Boivin et al. have developed a
QC-PCR assay with a gH homologous competitor (containing
a small deletion) and a rapid fluorescence-based detection
system involving an automated DNA sequencer coupled to a
software program (26). Additional protocols have been re-
ported (131, 132, 148, 149, 156, 180). Although only a few
comparative studies exist, there is evidence that differences in
the assay protocol may affect assay performance. For example,
the primer choice has been reported to influence sensitivity
(116). However, delayed specimen processing has no major
effect on CMV quantitation by PCR (149).

In general, most QC-PCR protocols described so far have
not been of immediate use in diagnostic virology laboratories
because of their expensive and cumbersome detection proce-
dures and because of the limited potential for batch testing. At
present, two detection kits are commercially available (al-
though not Food and Drug Administration approved) for the
qualitative detection of CMV DNA in clinical samples. The
Sharp Signal System (Digene Corp., Silver Spring, Md.) uses
PMN or plasma as source of viral DNA, whereas the AMPLI-
COR CMV test (Roche Diagnostic Systems, Branchburg, N.J.)
uses plasma (90, 100). Both systems use nonisotopic hybridiza-
tion for viral target detection in a convenient microplate assay.
The AMPLICOR CMV test also includes an internal control
that is coamplified with each specimen to check for the pres-
ence of PCR inhibitors (90). A quantitative PCR assay, the
AMPLICOR MONITOR CMV test, is currently under evalu-
ation for use with both plasma and PMN (167). The Sharp
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Signal System can also be adapted for reliable quantitative
results (23).

Reproducibility and test accuracy. Boivin et al. reported
reliable results over a large dynamic range (25 to 25,000 copies
of CMV DNA in a background of 105 leukocyte extracts) with
intra- and interassay variabilities of 15 and 24%, respectively,
by using a noncompetitive quantitative assay (23) (Table 3).
Similarly, Rasmussen et al. found good reproducibility (r 5
0.996) when using noncompetitive and colorimetric detection
in a microplate assay (132).

Comparison of quantitative PCR assay results has been elu-
sive due to marked differences in PCR methods and reporting
of results. Standardization of various parts of the assay and the
development of a universal standard of CMV DNA that is
amplifiable by any CMV primer set have been proposed (84,
133). Recommendations for standardizing the PCR detection
of CMV in leukocytes include the processing of 2 3 106 leu-
kocytes for the assay and the addition of DNA equivalent of
2 3 105 leukocytes per reaction (47). A method described by
Schäfer et al. that measures the amount of cellular DNA might
be useful in standardizing the assay results (149).

Summary. Major progress has been made in developing
quantitative assays for CMV DNA. Quantitative PCR can ac-
curately and reproducibly determine the systemic and site-
specific CMV load. Most methods are still time-consuming and
require a fair amount of expertise, but newer, faster methods
which allow batch testing of large numbers of specimens are
being developed. Efforts should be made to standardize key
elements of the assay as well as reporting of the results.

Branched-DNA Signal Amplification Assay

Principle. The bDNA signal amplification assay (Chiron
Corp., Emeryville, Calif.) quantifies CMV directly from clinical
specimens. The assay relies on signal amplification with bDNA
multimers. The bDNA molecule provides multiple binding
sites for an enzyme-labeled probe. The complex is detected
with a chemiluminescent substrate in which the light output is
directly proportional to the sample input and the amount of
DNA in the original sample.

Assay characteristics. The bDNA signal amplification assay
has been used with blood, CSF, and semen samples (51, 55, 98)
but is not commercially available to date. At least 2 3 106 PBL
or 1 to 1.5 ml of ultracentrifuged CSF are used. PMN should
be separated within 8 h of collection, at which time they can be
frozen for subsequent testing. The PMN pellet or CSF sample
is incubated with proteinase K in a lysis buffer, and the target
probes are added. After incubation for 16 to 18 h in a micro-
titer plate, the bDNA is added; then the enzyme-labeled probe
and the chemiluminescent substrate are added. Finally, the
light emission is measured (Table 3). The amount of DNA per
sample is quantified with a standard curve containing known
quantities of CMV DNA. Recently, an improved version of the
assay with a higher sensitivity was developed (121). This was
accomplished by incorporating nonnatural nucleotides into the
generic sequences of the assay components, which results in a
lower background signal, and by the addition of preamplifiers,
which increases the amount of alkaline phosphatase-labeled
probes bound to the target. No cross-reactivity was reported
with herpes simplex virus type 1 (HSV-1), HSV-2, human her-
pesvirus 6 (HHV-6), Epstein-Barr virus, HHV-8, and adeno-
virus or with a variety of commonly used drugs (36). Samples
from CMV-seropositive and -seronegative normal donors did
not give positive results.

Assay performance. To date, there is only limited published
information on the bDNA assay. Results of the original version

of the assay indicate that the assay is more sensitive than viral
cultures but less sensitive than the antigenemia assay. A second
generation of the assay seems to be more sensitive than viral
cultures and as sensitive as the antigenemia assay (121). With
this improved assay, the lower limit of detection has been
increased by almost 1 log10 (Table 3) (97). The original version
of the bDNA assay proved to equivalent to the antigenemia
assay in detecting CMV in CSF from patients with polyneu-
ropathy (55). In a small number of patients with polyneurop-
athy, the DNA content declined with antiviral treatment. The
assay was also used in parallel with a traditional plaque assay
in semen specimens and showed a parallel reduction of viral
load in five of six patients (103). Comparative longitudinal
studies with quantitative antigenemia or PCR assays have not
been reported.

Reproducibility and test accuracy. The coefficients of vari-
ation of the second-generation assay measured by three differ-
ent operators over a 4-day period with two different lots was
5.9% for a high viral load and 24.9% for a viral load close to
the detection limit of the assay (Table 3) (121). The bDNA
assay is sufficient to discern 1.1- to 1.5-fold changes of CMV
DNA levels (36).

Summary. The bDNA signal amplification assay is a new
standardized method for CMV quantification that is in an early
stage of evaluation. It can be used in PMN, CSF, and semen.
The lack of amplification makes the assay less susceptible to
contamination. As with PCR assays and the hybrid capture
assay, quantitation can be performed with stored or frozen
specimens. Disadvantages of the present version of the assay
are the requirement for large numbers of PMN, a possible
limitation in patients with low leukocyte counts, and the rela-
tively long processing time (Table 3). Initial data suggest that
the assay may be a reliable tool for monitoring antiviral treat-
ment, but more comparative data with antigenemia testing and
quantitative PCR are required, especially with the improved
version of the assay.

Hybrid Capture CMV DNA Assay

Principle. The hybrid capture system (Digene Corp.) is a
solution hybridization assay that involves amplified chemilumi-
nescent detection. Specimens containing the target DNA hy-
bridize with a specific CMV RNA probe complementary to
approximately 40,000 bp or 17% of the CMV genome. The
resultant RNA-DNA hybrids are captured onto the surface of
a tube coated with antibodies specific for RNA-DNA hybrids.
The immobilized hybrids are then reacted with alkaline phos-
phatase-conjugated antibodies specific for the hybrids and de-
tected with a chemiluminescent substrate. Because each 38-kb
RNA-DNA hybrid binds approximately 1,000 antibody conju-
gate molecules, each of which is bound to about 3 alkaline
phosphatase molecules, the resulting signal is amplified at least
3,000-fold. The amount of light emitted, which is measured as
relative light units on a luminometer, is proportional to the
amount of target DNA in the specimen.

Assay characteristics. A 1- to 3.5-ml volume of whole blood
may be processed and tested by the hybrid capture CMV DNA
assay, although the sensitivity may be reduced with smaller
sample sizes as specified by the manufacturer. Collected blood
can be held at 4°C for 6 days from the time of collection. Cell
pellets may be tested immediately or stored at 220°C for
future testing. For qualitative detection, samples are tested in
separate tubes and up to 54 specimens (plus the controls) per
batch can be processed within 6 h. With the calibration curve
based on the three external standards of the kit, up to 48
specimens per run (plus controls) can be quantified over a
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magnitude of 2 log10 (i.e., from 16.6 to 1,660 pg of DNA per
ml).

Assay performance. The lower detection limit of the assay is
approximately 5,000 copies per ml of whole blood, according to
the manufacturer. A second-generation assay is now available
with a claimed lower detection limit of approximately 700
copies per ml of whole blood. No cross-reactivity of the CMV
probe to related viruses (HSV-1, HSV-2, Epstein-Barr virus,
varicella-zoster virus, and HHV-6) has been observed. Six re-
cent studies compared the hybrid capture DNA assay to con-
ventional culture, the shell vial assay, and the antigenemia
assay (30, 92, 106, 114, 115, 178). Veal et al. (178) found
concordant results in 78.3 and 82.7% of the samples in com-
parisons of the hybrid capture assay to culture methods and
antigenemia, respectively. Overall, there was a very good cor-
relation between pp65 antigenemia levels and the amounts of
CMV DNA as measured by the hybrid capture CMV DNA
assay. In contrast, Mazulli et al. found the antigenemia assay to
be more sensitive than the original hybrid capture system,
especially with samples having small numbers of pp65-positive
cells, i.e., less than 20 per slide (115). Lazzarotto et al. com-
pared the hybrid capture assay with the quantitative antigen-
emia assay and qualitative PCR of CMV DNA in PMN (106);
the hybrid capture assay was less sensitive than both the anti-
genemia and PCR assays. A positive though moderate corre-
lation was found between the hybrid capture and antigenemia
assays (r 5 0.734) when the number of CMV DNA copies
detected per milliliter in PBL was compared with the number
of antigen-positive PMN per ml of blood in 32 samples (106).
A decline in the number of DNA copies after start of antiviral
treatment was reported in several studies (92, 106, 114, 127,
178).

Reproducibility and assay accuracy. The intra- and interas-
say coefficients of variation of the hybrid capture CMV DNA
system were estimated to be 17.8 and 16.3%, respectively (115)
(Table 3).

Summary. Overall, the hybrid capture technique is simple,
rapid (less than 6 h), and not prone to contamination risks
associated with target amplification methods such as PCR.
Specimens can be held for 6 days before testing. The hybrid
capture CMV DNA assay is well suited for large-volume test-
ing. Available data indicate that the assay is specific for CMV
disease and may be useful for monitoring solid-organ trans-
plant recipients. More comparative data with antigenemia and
PCR assays are needed for the second-generation hybrid cap-
ture CMV DNA system, especially for HIV-infected patients
and hematopoietic stem cell recipients, who often have low
systemic viral loads.

CORRELATION OF SYSTEMIC VIRAL LOAD
AND CMV DISEASE

Numerous studies have investigated the correlation of CMV
load and symptomatic CMV disease in immunocompromised
patients by using the antigenemia and quantitative PCR assays.
The question whether systemic viral load can be used to predict
the subsequent development of CMV disease or relapse of
CMV disease before the onset of clinical symptoms is best
addressed in longitudinal studies that evaluate the time pattern
of occurrence of systemic viral load relative to the onset of
symptoms. Well-defined disease criteria are a critical compo-
nent of these studies (110).

Solid-Organ Transplantation

Relationship between systemic viral load and CMV disease.
Studies consistently demonstrate that patients with symptom-
atic CMV infection have a higher systemic CMV load than
those without symptoms (Tables 4 to 6). However, the numer-
ical values reported for antigenemia and DNA copy numbers
in different studies sometimes differ substantially, even when
the same patient population is studied (Tables 4 to 6). These
differences in quantitation make the interpretation of results
difficult. Differences may be due to differences in the test
method, the method of quantification (especially for antigen-
emia), definition of CMV disease, and the immunosuppression
method. Nevertheless, antigenemia as well as DNA levels as-
sociated with disease seem to differ among patient populations
(Tables 4 to 6), with heart and liver transplant recipients dem-
onstrating a higher viral load than kidney and especially mar-
row transplant recipients.

A longitudinal study performed with kidney transplant pa-
tients found that high initial levels of antigenemia correlated
with higher positive predictive values for disease (Table 6).
This study suggests that patients with an antigenemia of
greater than 10 positive cells per slide are at high risk for the
development of CMV-related symptoms (174). Therefore,
these patients might benefit from antiviral treatment. Another
pattern seen in many studies is that patients who have rising
levels of antigenemia are likely to progress to disease (69, 83,
172, 173). To date, a trial that uses quantitative antigenemia to
initiate antiviral treatment at a certain level has not been
reported.

Studies that evaluated quantitative PCR of CMV DNA in
solid-organ transplant patients consistently showed that pa-
tients with symptomatic CMV infection have a higher viral
load than do those with asymptomatic infection (42, 43, 57,
102, 120, 170). However, occasionally symptomatic infection
also occurs in patients with a low CMV DNA load (170).
Several longitudinal studies using quantitative PCR indicated
that patients with higher CMV viral load have a higher risk of
CMV disease (Table 6). Two studies used the hybrid capture
assay for CMV quantification; in both, symptomatic CMV in-
fection was associated with higher CMV DNA levels (92, 114).
Levels of more than 50 and 60 pg of CMV DNA per ml of
whole blood, respectively, were predictive of more severe
CMV disease.

Summary. There is substantial evidence that weekly mea-
surement of the systemic CMV load during the first 3 months
after transplant is useful to predict CMV disease in solid-organ
transplant recipients. Although good data have been obtained
for renal, liver, and heart transplant recipients using the CMV
antigenemia assay, more data are needed to define breakpoints
for CMV DNA in different patient populations by using mo-
lecular methods. Randomized trials are also required to eval-
uate whether early treatment strategies based on CMV load
are effective in the prevention of CMV disease. Breakpoints of
10 positive cells per slide in kidney transplant recipients and
100 positive cells per slide in liver and heart transplant recip-
ients in the antigenemia assay may be used to institute early
antiviral treatment. Available data on DNA copy numbers
from different laboratories are difficult to compare due to
differences in PCR methods and in reporting of results.

Marrow and Stem Cell Transplantation
Role of viremia. Without prophylaxis, CMV disease occurs

in up to 35% of allogeneic marrow transplant recipients and
carries a high mortality rate despite treatment. CMV viremia is
highly predictive of CMV disease in marrow transplant recip-
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ients (positive predictive value, 68%), but the predictive value
is hampered by the low sensitivity of the CMV blood culture
methods (117). Up to 30% of CMV-seropositive allogeneic
recipients develop CMV disease without positive blood cul-
tures before the onset of disease (48, 75), thereby limiting the
use of viremia in early treatment strategies. Although highly
effective in preventing CMV disease (14, 75), ganciclovir pro-
phylaxis given at engraftment is associated with severe marrow
toxicity, increased invasive fungal infections (145), and delays
CMV-specific T-cell reconstitution (108), thereby increasing
the risk for late CMV disease (18). Therefore, there has been
considerable interest in evaluating new methods to detect and
quantify CMV in blood for early treatment strategies.

Relationship of systemic viral load and CMV disease. Stud-
ies correlating CMV load with disease have shown conflicting
results. For example, a significant correlation of high levels of
antigenemia and DNA in plasma and PMN with CMV disease
has been found in marrow transplant patients with docu-
mented disease (Tables 4 and 6). Also, a high CMV load in
plasma during the first 3 months after transplant is associated
with a higher risk of late-onset CMV disease (184) (Table 6).
These results are in contrast with results of other studies of
marrow transplant patients, which did not report a quantitative
correlation with visceral disease (27, 143). One study also

found a correlation between transplant-related mortality and
high systemic viral load measured by antigenemia (4). These
results have not been confirmed by other groups to date.

The CMV load may be helpful in predicting CMV disease,
thereby reducing the number of patients who require antiviral
treatment (Table 6). In a recent study by Gor et al., the CMV
load in whole blood was associated with a higher risk of CMV
disease (Table 6), which was independent of acute graft-ver-
sus-host disease (GVHD) (77). The positive and negative pre-
dictive values for CMV disease in a study cohort with a prev-
alence of disease of 31% were 43 and 100%, respectively, for
3.5 log10 genome copies per ml, 46% and 86%, respectively, for
4.0 log10 genome copies per ml, and 86 and 79%, respectively
for 5.0 log10 genome copies per ml (77).

However, even a low CMV load may be associated with
CMV disease (12, 77), since it may be the first indication of
CMV infection in patients with rapidly progressing CMV dis-
ease. In an earlier study, 4 of 10 patients who developed CMV
disease had initial low-grade antigenemia (i.e., fewer than two
positive cells per slide) (12). Subsequently, several studies with
both solid organ and marrow transplant patients reported that
some patients with initial low-grade antigenemia who eventu-
ally developed disease often had rapidly rising antigenemia
level before the onset of disease. Thus, repeated testing shortly

TABLE 4. Results of quantitative antigenemia in different settings

Setting Reference No. of
patients

No. of PMN per
slide/staining

methoda

Level of antigenemia per
slide in patients with
CMV disease or syn-

drome (mean
or median)

Threshold considered high
risk for disease requiring

antiviral treatment
(per slide or per

50,000 PMN)

Heart transplant Koskinen et al. (99) 68 150,000/IP 500 100
Grossi et al. (83) 294 200,000/IF

All patients 385 200
Recipient positive 366
Recipient negative 450

Ghisetti et al. (71) 30 200,000/IF 310 NRc

Liver transplant van den Berg et al. (172) 45 150,000/IP 257b .100

Kidney transplant van den Berg et al. (174) 130 150,000/IP 54b .10
Halwachs et al. (85) 59 300,000/IP .10 .10

Mixed solid-organ transplant Niubo et al. (122) 127 200,000/IP 28–250 .20

Autologous marrow
transplant

Boeckh et al. (19) 67 150,000/IF .50 .5

Allogeneic marrow
transplant

Boeckh et al. (12) 59 150,000/IF NR $2
Locatelli et al. (112) 48 200,000/IF 51 $2
Gondo et al. (74) 15 150,000/IP .10 NR

HIV and AIDS Gerna et al. (64) 52 200,000/IF .100 NR
Francisci et al. (59) 49 200,000/IF 59 NR
Salzberger et al. (146) 144 50,000/APAAP

Retinitis 28 NR
Colitis 44 NR
Esophagitis 171 NR

Bek et al. (9) 144 200,000/IF NR .5
Wetherill et al. (183) 22 100,000/IF 693 .48
Reynes et al. (140) 138 200,000/IF 695 .100
Dodt et al. (45) 200 50,000/APAAP 15d NR
Podzamczer (130) 241 200,000/IF .20d .20d

a IP, immunoperoxidase staining; IF, immunofluorescence staining.
b Numbers are per 50,000 PMN (counted).
c NR, not reported.
d Numbers adjusted to number of cells per slide.
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after the detection of a low viral load might identify patients
who have rising levels of antigenemia.

Early antiviral treatment based on viral load. To date, only
one randomized study has evaluated the initiation of antiviral
therapy based on systemic CMV load (14). In this double-blind
study, 226 marrow transplant recipients were randomized at
engraftment to receive placebo (antigenemia-ganciclovir group)
or ganciclovir (ganciclovir group) until day 100 after trans-
plant. Quantitative antigenemia assay and PCR in PMN, as
well as shell vial blood cultures, were performed weekly; pa-
tients in whom a low-grade antigenemia was detected were
retested within 2 to 4 days. In patients with antigenemia of two
or more positive cells per slide and/or viremia by shell vial
culture from blood, ganciclovir therapy was started and con-
tinued for at least 3 weeks or until 6 days after a negative CMV
antigenemia test (whichever occurred later) and was resumed
only if antigenemia recurred. More patients in the antigen-
emia-ganciclovir group developed CMV disease before day
100 posttransplantation than in the ganciclovir group (14 and
2.7%, respectively; P 5 0.002). An analysis of the effect of
delaying treatment until the antigenemia threshold used in this
study showed a correlation with the degree of immunosuppres-
sion. Untreated low-grade antigenemia (fewer than two posi-
tive cells per slide) progressed to CMV disease in 19% of
patients with grade 3 to 4 acute GVHD compared to 0% of
patients with grade 0 to 2 acute GVHD (P 5 0.04). Overall,
there was no significant difference between the two groups in

CMV disease, CMV-related death, and transplant survival af-
ter day 180 posttransplantation. Although intermittent early
ganciclovir treatment based on systemic viral load as measured
by antigenemia was less effective in preventing CMV disease
during the first 100 days posttransplantation than was ganci-
clovir prophylaxis, important conclusions could be drawn from
this study. Regarding the use of systemic viral load to direct
antiviral treatment, these data suggest that measuring viral
load is of limited value in patients with severe GVHD because
of the rapid progression (i.e., sometimes less than 1 week) to
CMV disease. Thus, using the viral load to limit the amount of
antiviral drug treatment does not appear to be safe in a clinical
setting of rapid progression from first detection of CMV to
disease, and even low levels of antigenemia should be treated.
In contrast, in patients without or with mild GVHD, measure-
ment of viral load appears to be a good strategy to target
antiviral drug treatment.

There are additional uncontrolled studies which have re-
ported using antigenemia-guided early ganciclovir treatment
based on quantitative antigenemia (two positive cells per slide)
(63, 112, 179). These studies were performed in patients with a
relatively low incidence of GVHD and showed antigenemia-
guided therapy to be effective in preventing CMV disease. No
studies have been reported on the amount of DNA or RNA
needed to direct the antiviral treatment in hematopoietic stem
transplant recipients.

TABLE 5. Positive and negative predictive value of pp65 antigenemia for CMV disease in different patient settings

Setting Reference/antigenemia
level

No. of
patients

Prevalence of CMV
disease (%)

Positive predictive
value (%)

Negative predictive
value (%)

HIV-infected patients Bek et al. (9) 144 30
Any positive test 47 95
More than 5 positive cells/slidea 63 84

Reynes et al. (140) 138 27
Any positive test 45 94
More than 10 positive cells/slide 49 86
More than 50 positive cells/slide 78 80
More than 100 positive cells/slide 93 80
More than 500 positive cells/slide 100 77

Francisci et al. (58) 49 27
Any positive test 46 92
More than 20 positive cells/slide 91 92

Podzamczer et al. (130) 241 12
Any positive test 26 97
More than 10 positive cells per

100,000 cells
65 95

Allogeneic marrow
transplant recipients

Boeckh et al. (12, 17) 33 27
Any positive test 53 91
More than 1 positive cell/slide 75 72

Kidney transplant
recipients

van den Berg et al. (174) 130 17
Any positive test 41 100
More than 1 positive cell per

50,000 cells
53 100

More than 10 positive cells per
50,000 cells

69 96

More than 100 positive cells per
50,000 cells

75 88

a Numbers of cells used to prepare slides are listed in Table 4.
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Systemic viral load in autologous transplantation. CMV
disease in seropositive autologous transplant recipients is rare,
but the fatality rate is similar to that in allogeneic marrow
transplant recipients (15, 50). In a study of seropositive marrow
autograft recipients, low-grade antigenemia was common
(39%) and self-limited in most of the cases (19). Two patients
with fatal CMV pneumonia had antigenemia levels of greater
than 50 at the time of diagnosis, which were preceded by rising
levels prior to the onset of disease. A conclusion of this study
was that early antiviral treatment of antigenemia of greater
than five positive cells may prevent CMV disease; there is no
controlled study investigating such an approach. Quantitative
molecular methods have not been evaluated in autograft re-
cipients. Whether it is necessary to monitor seropositive au-
tograft recipients for CMV load is currently controversial due
to the low incidence of disease.

Summary. There is only a moderate association between
high systemic CMV load with CMV disease in allogeneic he-
matopoietic stem cell transplant patients. A significant portion
of patients develop CMV disease with low systemic viral load
or progress rapidly from low levels to overt disease. The latter
occurs in the setting of severe acute GVHD requiring treat-
ment with high-dose steroids. In this situation, delaying early

treatment until a certain viral load threshold is reached may
not be safe. Viral load should be measured at least once a
week; in patients with a low viral load, testing should be re-
peated after 2 days. In patients with no or mild GVHD or in
autograft recipients, early antiviral treatment based on sys-
temic viral load (i.e., at least two positive cells per slide in
allograft recipients and at least five positive cells per slide in
autograft recipients) can prevent disease. More data are re-
quired defining specific breakpoints for quantitative PCR in
this setting.

HIV and AIDS

Relationship of systemic viral load and CMV disease. Gerna
and coworkers first showed that CMV-related symptoms in
AIDS patients were generally found when the number of in-
fected PMN was greater than 50 per 2 3 105 cells as deter-
mined by the shell vial or the antigenemia assay, although such
symptoms occurred sporadically with levels of 10 to 50 per 2 3
105 cells (65, 187). These studies have been subsequently con-
firmed by other groups (Tables 4 and 5).

By using quantitative PCR, two studies showed that the
CMV DNA load in leukocytes of AIDS patients with CMV

TABLE 6. Quantitative PCR: thresholds and outcomes in different patient settings

Setting Reference No. of
patients

Breakpoints or
associationsa Outcome

Renal transplant Fox et al. (57) 103 .106.5 DNA copies per ml of urine Higher association with CMV disease

Kühn et al. (102) 58 .1,000 DNA copies per 106 copies of
cellular DNA

Highly predictive for CMV disease

Cope et al. (43) 196 Each 0.25 log10 increase in baseline CMV
DNA load in urine

2.8-fold increase in CMV disease risk

Toyoda et al. (170) 25 .500 DNA copies per 1 mg of total DNA Increased risk of CMV disease

Liver transplant Cope et al. (42) 162 Each 0.25 log10 increase in baseline CMV
DNA load in whole blood

2.7-fold increase in CMV disease risk

104.75–105.25 DNA copies per ml Increased disease probability

Cardiac transplant Toyoda et al. (170) 95 .500 DNA copies per 1 mg of total DNA Increased risk of CMV disease

Allogeneic marrow
transplant

Zaia et al. (184) 117 .104 DNA copies per ml of plasma Increased risk of CMV disease after day
100 posttransplant

Gor et al. (77) 110 .104 DNA copies per ml of whole blood Odds ratio for disease, 6.46 (95% CIb,
1.5–27.4)

.105 DNA copies per ml of whole blood Odds ratio for disease 10.66 (95% CI,
1.8–60.5)

HIV Shinkai et al. (156) 94 .100 DNA copies per ml of plasma High predictive values for CMV disease

Rasmussen et al. (133) 75 .320 copies per mg of DNA Sustained level associated with CMV
retinitis

.32 copies per 25 ml of plasma

Bowen et al. (31) 97 Each 0.25 log10 increase in baseline CMV
DNA load in whole blood

1.37-fold increase in risk in CMV disease

Spector et al. (162) 201 Each log10 increase in baseline CMV
DNA load in plasma

3.1-fold increase in risk in CMV disease;
2.2-fold increase in mortality

a Shown are specific breakpoints or relative increases in quantitative CMV load that are associated with an increased risk of disease.
b CI, confidence interval.
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retinitis was significantly higher than the viral burden in cells of
subjects with asymptomatic CMV infection and low CD4 cell
counts (less than 100/ml) (23, 132). In these two studies, there
was a 24- to 34-fold difference in the mean number of CMV
copies between the two groups of subjects. Patients with CMV
retinitis had mean DNA copy numbers of 26,433 per mg of
DNA (132) and 20,453 per 105 PMN (23), compared to 1,119
and 603, respectively, in asymptomatic individuals. Boivin et al.
have determined the clinical utility of a PMN PCR for the
diagnosis of CMV disease in that population (23, 24). The
sensitivity, specificity, and positive and negative predictive val-
ues of a qualitative PCR assay with PMN for the detection of
CMV disease were 100, 62.4, 15.1, and 100%, respectively. By
using a cutoff of 1,000 copies per 105 PMN, these values in-
creased to 87.5, 96.2, 60.9, and 99.1%, respectively. In that
context, almost 50% of false-positive results were from asymp-
tomatic subjects who subsequently developed CMV disease
within 1 year of testing.

Shinkai et al. have used a more convenient type of sample
(plasma) as a source of viral DNA in their PCR assay (156). By
comparison with urine and blood cultures, the detection of
CMV DNA in plasma by PCR was associated with a higher
relative risk (i.e., 23) for the development of CMV disease
(versus 2.3 for urine cultures and 9.2 for blood cultures). In
agreement with previous data obtained with PMN, the number
of CMV copies per microliter of plasma from patients who
developed CMV disease was significantly greater than that per
microliter of plasma from those who remained asymptomatic.
The sensitivity, specificity, and positive and negative predictive
values of qualitative and quantitative (greater than 100 copies
per ml) PCR of plasma for development of CMV disease were
89 and 73%, 75 and 90%, 58 and 73%, and 94 and 90%,
respectively. In that study, the median time between the first
positive PCR assay of plasma and CMV disease was 6 months,
versus 5.7 and 5.3 months for urine and blood cultures, respec-
tively (156).

Four additional recent studies evaluated the use of CMV
load for the prediction of CMV disease (Table 6). Bowen et al.
reported a high risk of CMV disease in HIV-infected patients
with CD4 counts of less than 50/ml who had a positive quali-
tative PCR result for the CMV DNA in whole blood (relative
hazard of 20.15) (31). In PCR-positive patients, each 0.25 log10
increase in viral load over time increased the risk of CMV
disease by 37%. Both effects were independent of CD4 count
and age (31). In a longitudinal study of patients with CD4
counts of less than 100/ml by Rasmussen et al. (133), a sus-
tained high viral load in both plasma and leukocytes was asso-
ciated with a higher risk of CMV retinitis. Progression to
retinitis was not consistently accompanied by increases in the
CMV burden, but isolation of CMV from blood was signifi-
cantly associated with the development of retinitis; CMV load
did not predict survival. In a study by Podzamczer et al. (130),
both any level and a high level of pp65 CMV antigenemia were
significant risk factors for CMV disease. Antigenemia positiv-
ity was also an independent risk factor for poor survival (130).
Spector et al. examined the baseline CMV load in plasma in
patients who participated in prospective a randomized trial of
oral ganciclovir versus placebo (160, 162). PCR positivity at
baseline was a strong predictor for CMV disease in both
groups. Among PCR-positive patients, a high CMV load at
baseline was associated with a higher risk of CMV disease, i.e.,
with a 3.1-fold risk for each log10 in baseline viral load. CMV
positivity by plasma PCR was also associated with poor survival
(adjusted relative risk, 2.5). Among patients with detectable
baseline CMV DNA in plasma, each log10 increase in CMV
load was associated with a 2.2-fold increase in the risk of death

(162). Neither study controlled for HIV load, which might
explain the inconsistent association of CMV load with poor
survival. Thus, the use of quantitative PCR assays with PMN,
whole blood, or plasma as well as the antigenemia assay ap-
pears to be helpful in confirming the presence of CMV disease
or in identifying high-risk persons for preemptive therapy. Ad-
ditional studies are needed to define the optimal frequency for
viral load testing.

Lastly, it has been shown that the measure of the systemic
viral DNA load does not correlate perfectly with the presence
of CMV disease; i.e., some AIDS patients develop CMV ret-
initis at a time when the viral load in their blood is low or not
detectable (9, 11, 31, 32, 130, 132, 133, 143, 156, 162). Thus,
other factors may be important for the development of CMV
disease, including viral virulence factors such as the possible
ocular tropism or limited ability of dissemination in blood (13)
of certain gB genotypes (154), as well as currently poorly de-
fined host factors, such as CMV-specific immunity. In addition,
differences in the sensitivity of the test method as well as an
incorrect diagnosis of CMV retinitis may be responsible for
this phenomenon (11, 62).

Summary. There is an association between a high systemic
CMV load and CMV disease in HIV-infected individuals. The
CMV load is also a predictor for the development of CMV
disease and response to treatment, and a high CMV load is an
independent predictor of poor survival in most studies.
Whether these effects of CMV load are independent of HIV
load requires further study. Although this correlation was ob-
served by using different methods of CMV load measurement
(i.e., whole-blood PCR, plasma PCR, and the CMV antigen-
emia assay), it is unknown whether any one of these methods
is superior. Thus, a prospective, longitudinal, comparative
study of different methods of CMV load measurement is
needed. The CMV load in HIV-infected individuals seems to
be generally higher than in transplant recipients. However,
some patients with a low or undetectable systemic viral load
develop CMV retinitis. The optimal monitoring schedule for
the CMV load has not been defined. However, monitoring of
the CMV load every 2 months in patients at high risk for
disease (e.g., those with CD4 counts of less than 50 per ml)
seems reasonable and should identify patients who might ben-
efit from early antiviral treatment or prophylaxis (162). Avail-
able data suggest that patients with CMV DNA at any level in
plasma or whole blood might benefit from antiviral treatment.
For more sensitive PMN-based assays, a higher threshold may
apply (e.g., 10 positive cells per slide for antigenemia). It is also
possible that more aggressive suppression of CMV load to
nondetectable levels (i.e., by combination antiviral therapy)
will improve survival. Randomized trails are needed to test
these hypotheses.

RESPONSE TO TREATMENT, SURROGATE MARKER
FOR ANTIVIRAL RESISTANCE

Solid-Organ Transplantation

A decline in the systemic viral load occurs after initiation of
antiviral treatment in solid-organ transplant recipients (64, 69).
In heart and heart-lung transplant recipients, a reduction of
the DNA copy number in PMN by more than 2 log10 within 2
weeks was observed in two patients treated with foscarnet and
three patients treated with ganciclovir (64, 69). In the same
study, DNA levels in plasma were generally lower after treat-
ment and the observed reductions were more than 1 log10. A
study of renal transplant recipients by van den Berg et al.
showed a sharp decline of antigenemia during treatment in 10
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of 14 patients while 4 patients showed an intermittent rise of
antigenemia for 1 week which was followed by a decrease
during the second and third weeks of treatment (175). Anti-
genemia became undetectable in 50% of treatment courses
after a median of 12 days (range, 7 to 21 days), while in the
remaining treatment courses antigenemia remained detectable
at low levels. An antigenemia level of more than 10 positive
cells per 50,000 PMN was also highly predictive of a subse-
quent relapse of disease in patients after discontinuation of
ganciclovir treatment (175). An intermittent increase of anti-
genemia was observed in liver transplant recipients who re-
ceived early treatment with antigenemia-guided ganciclovir
(82).

Marrow and Stem Cell Transplantation

Levels of DNA and antigenemia in marrow and stem cell
recipients consistently decline after the start of antiviral treat-
ment; however, there are differences in the time to viral clear-
ance among patients. Gerna reported a permanent clearance
of DNA in 9 of 14 patients treated with ganciclovir or foscarnet
for antigenemia while the other 5 patients had recurrence of
both antigenemia and DNAemia requiring additional treat-
ment courses (63). The effect of foscarnet compared to ganci-
clovir on CMV antigenemia was evaluated in allogeneic mar-
row transplant recipients in a nonrandomized trial (5). This
study suggested that foscarnet was as effective as ganciclovir in
clearing antigenemia. In a study by Boeckh et al., 75% of
patients had a negative antigenemia test result after 4 weeks of
treatment with ganciclovir for asymptomatic antigenemia, and
18, 14, 9, and 5% of patients were still testing positive after 5,
6, 7, and 8 weeks, respectively, of continued ganciclovir treat-
ment (14). As in organ transplant recipients, approximately
30% of marrow transplant recipients may experience an inter-
mittent rise of antigenemia for up to 3 weeks after the start of
ganciclovir therapy (14). This initial rise does not appear to
indicate antiviral resistance in an asymptomatic patient and
does usually not require a change of antiviral treatment. Al-
though the mechanism of this phenomenon has not been eval-
uated, it may be due to ongoing phagocytosis by PMN of
degrading CMV matrix protein pp65 from lysed, infected leu-
kocytes (70) or from circulating CMV-infected endothelial
cells (79, 128, 147). Concurrent studies measuring antigenemia
and CMV DNA by PCR in these patients have not been pub-
lished.

Whether antiviral therapy should be stopped once the viral
load has declined to nondetectable levels is controversial. Ein-
sele et al. reported that a short-term course of PCR-guided
ganciclovir is safe in patients who test negative by PCR by the
end of treatment (48). Similar results were reported by other
investigators (111, 112). In contrast, in a large randomized trial
in which ganciclovir was given for antigenemia at a level of 2
positive cells per slide and discontinued 6 days after a negative
test result was obtained, early relapsing CMV pneumonia oc-
curred in 7% of the patients (14). Importantly, all patients with
a negative antigenemia at the end of treatment were also
negative by PMN PCR in that study and only 25% of those
with early relapsing pneumonia had detectable DNA before
the onset of disease (14); these results are consistent with the
results of an earlier study by Vlieger et al. (179). It is conceiv-
able that in some cases CMV is cleared from the blood faster
than from the lungs, which may lead to overt lung disease in
patients with persistently poor CMV-specific T-cell immunity.

HIV and AIDS

Results in HIV-infected individuals and AIDS patients are
in general agreement with those in the transplant setting. An-
tiviral treatment results in a decline of systemic viral burden
both in CMV disease and in asymptomatic CMV infection (9,
27, 32). The CMV load was also assessed during foscarnet
therapy in AIDS patients with asymptomatic viremia by using
end-point cell dilution microcultures, pp65 antigenemia, and
QC-PCR (7). During 10 days of dosing, the levels of CMV
viremia, antigenemia, and DNAemia decreased from 117.5 to
12.7 TCID50 (P 5 0.001), from 14.9 to 1.6 positive cells per 5 3
104 leukocytes (P 5 0.008), and from 20,328 to 622 copies per
1.5 3 105 leukocytes (P 5 0.02), respectively. Thus, a 10-day
course of foscarnet resulted in an almost 1 log10 reduction in
the CMV load in antigenemia and quantitative viremia and
more than a 1 log10 reduction in CMV DNA. Moreover, a
significant pharmacodynamic relationship was found between
the peak foscarnet concentration and a decrease in the level of
CMV antigenemia. Interestingly, foscarnet was also shown to
reduce the HIV-1 burden of these subjects as determined by
p24 antigen and HIV RNA assays. Bowen et al. studied the
CMV load in blood and urine from 45 patients with CMV
retinitis (32) and found that 85% of the patients with detect-
able DNA at study entry became negative for CMV DNA after
21 days of ganciclovir induction therapy. Patients who failed to
clear CMV DNA by day 21 had a higher viral load at presen-
tation than those who cleared the DNA (6.18 log10 and to 4.79
log10 DNA copies/ml, respectively). There was also a shorter
time to progression of retinitis and death in patients with a
higher DNA level at presentation. Quantitation of CMV DNA
in blood proved superior to quantitation of CMV DNA in
urine (32). The effect of foscarnet on the quantity of CMV
DNA in PMN and aqueous humors of AIDS patients with
CMV retinitis was first described by Gerna et al. (62). After a
3-week course of foscarnet induction therapy, 41 of 56 patients
(73%) whose blood was initially CMV DNA positive became
negative by PCR. Most of the subjects who had persistent
CMV DNA in their blood at the end of induction had high
viral loads (more than 5,000 copies/2 3 105 PMNL) before
therapy. In addition, a marked reduction in viral DNA load or
a negative PCR result was found in most aqueous humor
samples (10 of 12) analyzed after induction therapy. This brief
period of treatment was not associated with emergence of
foscarnet-resistant strains or with clinical progression of reti-
nitis. In patients with CMV gastrointestinal disease, a signifi-
cant reduction of the viral load in the blood as well as in
gastrointestinal biopsy specimens could be documented after
induction treatment with either ganciclovir or foscarnet (44,
68).

Systemic Viral Load and Resistance
Relationship between systemic viral load and resistance.

The relationships between the viral DNA load in the blood, the
emergence of drug-resistant CMV strains, and progression of
CMV disease have been recently studied. The emergence of
drug-resistant CMV isolates is of particular relevance for sub-
jects with AIDS requiring lifelong maintenance antiviral ther-
apy. Indeed, the prevalence of ganciclovir-resistant CMV iso-
lates recovered from the urine of AIDS patients receiving this
drug for more than 3 months was estimated to be about 8%
(46). Mutations in the UL97 gene were detected in 30% of
patients who received ganciclovir for more than 3 months (72).
The systemic CMV load relative to the emergence of specific
CMV UL97 mutations conferring ganciclovir resistance was
evaluated in four subjects who died of progressive CMV dis-
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ease (21). In this study, the viral DNA burden correlated
strongly with drug resistance and disease progression in the
two subjects with AIDS but not in the two persons with chronic
lymphocytic leukemia. In other words, the recovery of ganci-
clovir-resistant CMV isolates from the blood and the detection
of specific resistance-associated UL97 mutations (codons 460,
594, and 595) directly in PMN of AIDS patients was found to
correlate with a high viral DNA load in the same samples.
Thus, the viral DNA load in PMN may be useful to monitor
AIDS patients while on therapy. Whether the use of plasma is
equivalent to PMN as a source of viral DNA in this context has
not been extensively studied. In a single longitudinal molecular
analysis of the CMV load and viral mutations in blood com-
partments of an AIDS patient with progressive CMV disease
(22), PCR of PMN was found to be a better (earlier) predictor
of clinical and virological resistance than was PCR of plasma.
An association of high viral load with both genotypic and
phenotypic resistance to ganciclovir was found in a patients
who was monitored by the bDNA assay (36). An increasing
viral DNA load in plasma was also found in association with
excretion of ganciclovir-resistant isolates from the blood and
CSF before clinical manifestations of CMV polyradiculopathy
(159).

Summary. CMV load measurement appears to be a prom-
ising method for comparing the antiviral effects of different
drugs, determining the length of induction therapy, and possi-
bly assessing the emergence of drug-resistant CMV strains in
subjects with AIDS. To date, only anecdotal reports exist for
the last application. There is an intermittent increase of quan-
titative antigenemia during the first 3 weeks of antiviral treat-
ment in some patients, which does not appear to indicate
treatment failure; whether the DNA load is also intermittently
increased in these patients has not been reported. Neverthe-
less, in antiviral agent-naive patients only increases in CMV
viral load occurring after 3 weeks of treatment may be due to
antiviral resistance. Prospective longitudinal studies are
needed to further determine the utility of the systemic CMV
DNA load for predicting clinical outcome, as well as the fre-
quency of viral load determination and the viral load threshold
associated with clinical progression.

VIRAL LOAD AT SPECIFIC ORGAN SITES

There has been considerable interest in assessing the CMV
load at specific sites. The evaluation of site-specific CMV load
may be particularly helpful in understanding the pathogenesis
of CMV disease manifestation and in diagnosing disease and
monitoring treatment effects in individuals with a low initial
systemic viral load, insufficient penetration of the antiviral drug
to the specific site, or competing causes of organ damage.

Central Nervous System

CMV has been implicated in distinct neurological syn-
dromes in patients with AIDS, i.e., retinitis, myelitis/polyra-
diculopathy, encephalitis with dementia, ventriculoencephali-
tis, and mononeuritis multiplex. Autopsy studies indicate that
CMV encephalitis occurs in as many as 19 to 28% of patients
with AIDS and often remains undiagnosed during the life of
the patient. PCR has greatly improved the diagnosis of CMV
infection of the central nervous system (CNS). However, both
the bDNA assay and the antigenemia assay seem to be useful
as well.

CMV quantitation has been used to study the viral load in
CSF in different CNS manifestations of CMV infection and to
monitor treatment. Revello et al. examined the CSF of AIDS

patients with neurologic symptoms by the antigenemia assay
and PCR (139). Three patients with polyradiculopathy had
pp65 antigen-positive PMN in the CSF at a frequency of 1.2 to
20.8%. All patients had more than 50,000 DNA copies per 5 ml
of CSF. After the start of antiviral treatment, the viral load in
the CSF remained elevated longer than that in blood PMN.
Quantitation of CMV by the antigenemia assay and PCR
showed a high degree of concordance (94%) (139). Shinkai
and Spector examined 12 AIDS patients with CMV polyneu-
ropathy and 9 patients with CMV encephalitis and found
higher viral load in the patients with polyradiculopathy than in
those with encephalitis (median 4,632 [range, 1 to 48,240]
versus 612 [range, 1 to 8,048] DNA copies/ml of CSF) (157). In
the same study, three patients showed a decline in the amount
of CMV DNA in the CSF after 1 to 3 weeks of treatment with
ganciclovir, ranging from 4-fold after 7 days to 70-fold after 3
weeks. Cinque et al. studied CSF from 7 AIDS patients with
CMV-related CNS disease before and after 3 weeks of ganci-
clovir treatment. After therapy, PCR was negative in three
patients who had low baseline CMV DNA levels, while four
patients with higher baseline levels remained positive but with
decreased levels of DNA (3.3- to 47-fold) (157). Kühn et al.
evaluated the CMV load in brain autopsy specimens from
patients with AIDS (101). Patients with CMV encephalitis had
a 10- to 1,000-fold-higher CMV load than did patients without
histologic evidence of encephalitis. CMV DNA copy numbers
of greater than 6,000 per 106 copies of cellular DNA were
associated with CMV encephalitis. The bDNA assay was com-
pared with the pp65 antigen assay in the detection of CMV
DNA in AIDS patients with CMV polyradiculopathy (55).
Both assays detected CMV in 15 of 16 patients. Of 10 patients
with follow-up specimens, 9 showed a decline in CMV DNA
levels after treatment but only 2 improved clinically. Using a
semiquantitative assay, Arribas et al. found CMV DNA in 12
of 13 patients with autopsy-proven CMV CNS disease (1).
Patients with more than 103 DNA copies per 8 ml of CSF had
severe CNS disease.

Thus, quantitation of CMV DNA in CSF by PCR and the
bDNA assay in both CSF and brain tissue are sensitive tools to
diagnose and monitor antiviral treatment, and they may pro-
vide more relevant results than measurement of the systemic
viral load. The pp65 antigenemia assay appears to be useful as
well, especially for patients with polyradiculopathy. More data
are required on the correlation between changes in viral load,
development of resistance, and clinical outcome.

Lungs

Because CMV can be detected in the lungs of immunocom-
promised patients without clinical symptoms, several studies
have attempted to quantify CMV in the lung tissue or in BAL
fluid to determine whether viral load is a determining factor
for viral pathogenicity. Earlier studies involving quantitative
culture methods or direct fluorescent-antibody assays found
inconsistent results regarding the correlation between the
CMV load in lung tissue or BAL fluid and symptomatic dis-
ease. Some studies showed a correlation between viral load
and disease severity or outcome (38, 49, 165), and others found
no such correlation (152, 158). These differences may be due in
part to method used and the patient setting. Recent studies by
quantitative PCR strongly support the hypothesis that the
CMV load in the lungs is an important factor in the pathogen-
esis of CMV pneumonia (25, 35, 155). Boivin et al. measured
the CMV load by quantitative PCR and CMV gene expression
in 18 patients with asymptomatic pulmonary shedding and 19
patients with definite or probable CMV pneumonitis (25).
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There was greater than a 2 log10 unit difference in the amount
of DNA between patients with asymptomatic shedding and
those with definite or probable CMV pneumonia (Table 7). In
addition, all patients with definite or probable CMV pneumo-
nitis had detectable glycoprotein H mRNA compared to none
of the asymptomatic shedders. These data suggest that CMV
load in the lungs plays an important role in the pathogenesis of
CMV pneumonia.

Eyes

Testing for CMV DNA in the eyes may provide an objective
virologic measurement of the response to treatment, especially
in patients with a low or undetectable systemic viral load, and
may provide a way to study the pathogenesis of disease (29,
118). In addition, because other viral causes of retinitis have
been reported, it is useful to confirm CMV as the cause of the
pathologic findings in the eyes, especially when the retinal
lesions are atypical. The aqueous humor provides an accessible
sample for DNA quantitation and may reflect the viral load in
the eyes. The CMV load in the aqueous humor was measured
in 15 AIDS patients with retinitis at the time of diagnosis;
follow-up samples were obtained from 12 patients after 3
weeks of foscarnet induction therapy (62). All the patients had
detectable DNA at diagnosis in both the aqueous humor and
the blood, including four patients who had significantly higher
levels in the aqueous humor than in the peripheral blood. A
decline in the viral load both in the blood and aqueous humor
was observed in four patients, while the viral load in four
patients remained positive at both sites and that in four pa-
tients remained positive in the eyes but became negative in the
blood. Quantitative comparison between the viral load in
aqueous humor and PMN at the time of diagnosis and after
induction therapy indicated a correlation between local and
systemic viral load in some but not all patients. A comparison
of viral load and clinical response has not been reported.

Thus, measuring the CMV load is feasible and may be useful
for monitoring the efficacy of antiviral treatment in selected
clinical situations. More data are required with regard to the
correlation of local viral load in different compartments of the
eye with progression of retinitis and development of drug re-
sistance.

CONCLUDING REMARKS

We have reviewed the currently available methods for CMV
quantitation (Tables 1 and 3). Quantification of CMV will
undoubtedly play an important role in the future not only in
identifying patients at high risk for disease but also in assessing
the response to antiviral treatment. Transplant recipients are

now monitored routinely for the CMV viral load at many
centers, and HIV-infected individuals are likely to benefit from
such an approach as well. Because increasing levels of systemic
CMV load precede overt CMV disease in the majority of
patients, preventive strategies increasingly use the CMV load
as a surrogate marker for disease and initiate antiviral treat-
ment based on systemic viral load. Indeed, ongoing prophylaxis
studies in allogeneic blood and marrow transplant recipients
use the CMV load rather than disease as the primary end point
because CMV disease is associated with significant morbidity
and a high fatality rate. It can be expected that this trend will
be extended to other patient populations. HIV-infected indi-
viduals who are treated with highly effective antiretroviral ther-
apy consisting of protease inhibitors may experience an in-
crease in the CD4 counts (3). Although the effect of such
treatment on the risk of CMV disease is currently unknown,
recent data suggest that the T-cell repertoire is not immedi-
ately restored after effective therapy (41), which may lead to
continued susceptibility to CMV in some patients, even those
with relatively high CD4 counts (94). In this situation, where
patients live longer and the traditional CD4 count may be a
poor guide for risk stratification, measurement of the CMV
load could provide a predictive means of identifying patients at
high risk for CMV disease.

Several longitudinal natural history studies have already es-
tablished breakpoints for a high risk of CMV disease in differ-
ent settings. However, there is currently an almost complete
lack of randomized, controlled studies validating the concept
of using the CMV load in early-treatment strategies (14). Such
studies are needed in different patient settings to assess the
cost-effectiveness and toxicity of such an approach. Also, be-
cause a high CMV load in HIV patients is a predictor of poor
survival, suppression of the systemic CMV load may have a
positive effect on survival. Finally, measurement of reduction
in the systemic viral load will probably be used increasingly to
assess antiviral treatment strategies or to determine treatment
failures. However, more data are needed for the different
methods of CMV quantitation to define quantitatively the as-
sociation of decline in viral load and outcome.

There is good evidence that a high CMV load is associated
with a higher risk of progression to CMV disease, especially in
HIV-infected hosts and in solid-organ transplant recipients.
The association is less clear for allogeneic marrow transplant
recipients because a substantial proportion of patients develop
CMV disease with a low or undetectable CMV load. Although
less common, this phenomenon has also been observed in
HIV-infected patients with CMV retinitis (9, 31, 32, 132, 156).
The pathogenic mechanism for these differences between set-
tings is currently unknown, but studies performed with marrow

TABLE 7. Quantitation of CMV glycoprotein H gene and detection of CMV transcripts in cells from BAL from
immunocompromised patientsa

Category No. of BAL
samples

Presence of IE-I
mRNAb

Presence of gH
mRNAb

gH copy no./mg of cell DNA

Mean Median Range

CMV seronegativeb 8 0/8 0/8 0 0
CMV seropositive onlyc 6 0/6 0/6 0 0
Asymptomatic CMV shedders 18 7/18 0/18 72 20 0–352d

Definite CMV pneumonitis 15 7/7 7/7 267,580 57,000 1,332–1,596,208
Probable CMV pneumonitis 4 4/4 4/4 16,128 11,992 1,002–40,095

a Reprinted from reference 25 with permission of the publisher.
b IE-I, immediate-early gene 1. Results are number of positive samples/total number.
c BAL culture negative for CMV.
d No viral DNA was detected in 6 of 18 samples.
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transplant recipients suggest that it is probably due to the
degree of the underlying T-cell immunodeficiency (18, 108,
136, 137) and possibly viral factors such as strain differences
(13). These studies indicate that there is an inverse correlation
between functional CMV-specific T-cell immunity and the
CMV load (18, 136). More research is needed to confirm these
data in HIV-infected individuals.

Methodologically, major improvements in the technology
have occurred and simplified, faster, and optimized techniques
of DNA quantitation will become available in the near future.
Therefore, more data are needed on reproducibility, test ac-
curacy, and comparability of newly developed or modified test
protocols, and multi-institutional quality control programs are
necessary, similar to those for HIV load testing. Also, evalua-
tion of test modifications that alter the sensitivity or perfor-
mance of tests must be evaluated comparatively with a well-
characterized method involving well-defined end points (110)
and appropriate sample sizes (135).

The studies summarized in this review indicate that there
has been major progress over the last decade in developing and
evaluating assays for CMV quantitation. What is needed now
is the systematic comparative evaluation of treatment strate-
gies involving these methods in different patient settings.
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and J. E. Kühn. 1993. Quantitative determination of human cytomegalo-
virus target sequences in peripheral blood leukocytes by nested polymerase
chain reaction and temperature gradient gel electrophoresis. J. Gen. Virol.
74:2699–2707.
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