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The impact of cytomegalovirus (CMV) on human immunodeficiency virus type 1 (HIV-1) disease progression
has been controversial. In this study, we sought to determine if CMV viral load is independent of HIV-1 viral
load in predicting CMV disease and survival. Our findings indicate that in patients with advanced AIDS, CMV
DNA load is an independent marker of CMV disease and survival and is more predictive than HIV-1 RNA load.
Moreover, patients who respond to preemptive therapy with oral ganciclovir, with resulting undetectable levels
of CMV DNA, in their plasma, have a significantly lower risk of developing CMV disease and higher rates of
survival, despite stable or increasing HIV-1 RNA loads. These data provide support for CMV as an indepen-
dent risk factor for mortality in persons with advanced AIDS and further suggest that effective preemptive
therapy for CMV can improve patient survival rates.

Human immunodeficiency virus type 1 (HIV-1) RNA load
within plasma has been identified as an important determinant
of disease progression and survival in infected persons and is
used to monitor the efficacy of antiretroviral therapy (4, 15, 22,
23). The impact of opportunistic pathogens, particularly cyto-
megalovirus (CMV), on the progression of HIV-1-related dis-
ease has been controversial. Although retinitis is the most
common clinical disease associated with CMV in persons with
advanced AIDS, CMV may cause a broad range of clinical
diseases, including colitis, esophagitis, encephalitis, polyradic-
ulitis, pneumonia, adrenalitis, and generalized wasting (7, 10,
13, 16–18, 24, 28, 31). Considerable research has examined the
interaction between HIV-1 and CMV in vitro, identifying both
positive and negative effects on HIV-1 replication (6, 12, 14,
20, 21, 30) and coinfection of the same cells (26). In almost all
studies, the development of CMV disease has been correlated
with shortened survival times (8, 11, 14, 20, 21, 34). However,
the independent role of CMV in HIV-1-related disease pro-
gression has remained under dispute, because CMV disease
occurs in persons with low CD41-lymphocyte counts and high
plasma HIV-1 RNA loads. Thus, it has been difficult to estab-
lish CMV infection as an independent risk factor for mortality.

Recently, we demonstrated that the presence and quantity of
CMV DNA within the plasma of patients with advanced AIDS
are predictive of CMV disease and survival (33). In the present
study, we hypothesized that if CMV DNA load within plasma
was, in fact, an independent predictor of CMV disease and
survival, then (i) CMV DNA load would exhibit variations that
were independent of HIV-1 RNA load and (ii) patients re-
sponding to oral ganciclovir preemptive therapy against CMV
would be at reduced risk of developing CMV disease and
would have improved rates of survival, even with stable HIV-1
RNA levels.

Plasma samples for viral quantification were collected at 19
participating sites, frozen, and shipped on dry ice to the central
repository. CMV DNA was quantified by procedures previ-

ously described (1, 29, 33). Briefly, 100 ml of each plasma
sample was treated with 900 ml of lysis buffer (4.23 M guani-
dinium thiocyanate, 20 mM disodium EDTA, and 1.0% Triton
X-100 in 0.1 M Tris-HCl [pH 6.4]) together with 40 ml of silica
suspension for 10 min at room temperature in a 2-ml micro-
tube. The nucleic acid-silica complex was spun down for 15 s at
12,000 3 g in a microcentrifuge. the pellet was washed twice
with 70% ethanol and once with acetone. The pellet was dried
at 56°C for 10 min in a heat block, resuspended with 200 ml of
sterile water (Millipore), and incubated for 10 min at 56°C.
The nucleic acid supernatant was recovered after centrifuga-
tion for 2 min at 12,000 3 g in a microcentrifuge. The super-
natant was then clarified and stored at 220°C until used in
PCR. The assay could quantitate the presence of $25 copies of
CMV DNA per 10 ml of plasma ($2,500 copies/ml). Plasma
specimens positive for CMV DNA were divided into two cat-
egories, those with values below 2,500 copies/ml and those with
values above 2,500 copies/ml; the latter were quantified further.

HIV-1 RNA was quantified with the standard Roche Am-
plicor assay (25). Values below 400 copies/ml were considered
undetectable.

Event rates were estimated by the Kaplan-Meier product
limit method (19). The relative risk of CMV disease (or death)
and 95% confidence intervals for relative risk were computed
from a Cox model, with conversion from a PCR-positive to
PCR-negative status at baseline as the single covariate (5). The
Pearson correlation coefficient was used to measure the asso-
ciation between log-transformed plasma CMV DNA and
HIV-1 RNA loads. Multivariate logistic regression was used to
model the rates of CMV disease and survival as functions of
both baseline log-transformed plasma CMV DNA and HIV-1
RNA loads. All analyses were two tailed.

The plasma specimens used in this study were obtained from
participants in a trial that evaluated the efficacy of oral ganci-
clovir in preventing CMV disease (32). The original study
included 725 participants who were randomized in a 2:1 ratio
to receive either oral ganciclovir (1,000 mg) three times daily
or a placebo. For this study, baseline plasma specimens were
available from 619 study participants whose demographic data
did not differ significantly from those for the original cohort of
725 participants (demographic data for both cohorts have been
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described previously [32, 33]). Of note, the median baseline
CD41-lymphocyte counts for the ganciclovir and placebo
groups were 21 and 23 cells/ml, respectively. The median age of
the participants was 38 years, and 99% of the participants were
male. This study was conducted prior to the availability of
antiretrovirals with activity against the HIV-1 protease.

As seen in Fig. 1, there was only a weak correlation between
levels of CMV DNA and HIV-1 RNA in plasma (r 5 0.12, P 5
0.0037). By using a multivariate logistic regression model, the
rate of CMV disease was examined as a function of both
baseline CMV and HIV-1 plasma loads (Fig. 2A and B). Pre-
dicted CMV disease rates were highest among patients with
high circulating levels of both CMV and HIV-1 and lowest
among patients with low levels of both viruses in plasma. Al-
though both viruses influenced CMV disease rates CMV viral
load was a better predictor, as indicated by the relative steep-
ness of the logistic regression curves in the direction of the
CMV axis. The impact of the CMV DNA load was observed
for both ganciclovir- and placebo-treated patients.

Figures 2C and D show the results of examining, by the same
multivariate logistic regression model, survival for the patient
cohort. Predicted death rates were highest among patients with
high circulating levels of both viruses in plasma. Again, the
steepness of the curves indicates that CMV DNA levels in
plasma are much stronger predictors of survival than HIV-1
RNA levels for both placebo- and ganciclovir-treated patients.

Figure 3A shows the Kaplan-Meier estimates for the CMV
disease rates in patients receiving ganciclovir who had detect-
able levels of CMV DNA in their plasma at baseline. This
group was further stratified according to CMV DNA PCR
status at 2 months. Patients who went from CMV DNA-posi-
tive- to -negative status were considered responders, while
those who continued to have detectable levels of CMV DNA in
their plasma at 2 months were considered nonresponders. The
median follow-up times were 13 and 14 months, respectively,
for nonresponders and responders. Responders had a signifi-
cantly lower rate of CMV disease than nonresponders. By
Kaplan-Meier estimates, 20% of responders had developed
CMV disease at 12 months, compared to 48% of nonre-
sponders. The relative risk of CMV disease was 0.326 (95%

confidence interval, 0.178 to 0.598; P , 0.001) among respond-
ers relative to nonresponders.

Responders and nonresponders were monitored for rates of
survival during the course of the study. As shown in Fig. 3B,
responders had a significantly lower mortality rate than non-
responders (P , 0.001; relative risk, 0.363; 95% confidence
interval, 0.222 to 0.596). At 12 months, the Kaplan-Meier es-
timate of mortality in responders was 24%, compared to 47%
in the nonresponder group. Thus, a decrease in CMV DNA
load to undetectable levels in plasma at 2 months resulted in
improved rates of survival as well as decreased rates of CMV
disease.

Although ganciclovir has no known activity against HIV-1,
we investigated whether the decline of CMV DNA to unde-
tectable levels was associated with a decline in plasma HIV-1
RNA levels. For this analysis, baseline and 2-month-study
plasma samples were available from 92 patients who had de-
tectable levels of plasma CMV DNA at baseline that, during
ganciclovir treatment, had declined to undetectable levels at 2
months. There was a poor correlation between a decline in
plasma CMV DNA and a change in plasma HIV-1 RNA (r 5
0.117, P 5 0.27). Of the 92 study participants, only 28 (30%)
experienced any decline in plasma HIV-1 RNA levels, while
the remainder had increased HIV-1 RNA loads at 2 months.
Because a log10 change (10-fold) is often considered biologi-
cally significant, we examined those patients who experienced
a $10-fold decline in detectable levels of CMV DNA in
plasma. Of the 20 patients with a $10-fold decline in CMV
DNA, only 5 (25%) had a $10-fold decline in HIV-1 RNA.
The mean plasma HIV-1 RNA change 6 standard deviation
from baseline to 2 months increased by 1.46 3 105 6 4.84 3
105 copies/ml. Thus, we could identify no correlation between
a decrease in CMV DNA load, associated with preemptive
ganciclovir treatment, and a decline in HIV-1 RNA load in
plasma.

Our data indicate that the presence and quantity of CMV
DNA in plasma are independent predictors of CMV disease
and survival in persons with advanced AIDS. In these patients,
CMV load is a better predictor of survival than circulating
HIV-1 RNA load. It is possible that other opportunistic patho-
gens may also influence the mortality of AIDS patients. These
could include other herpesviruses, including human herpesvi-
rus 8 (Kaposi’s sarcoma-associated herpesvirus), Epstein-Barr
virus, and herpes simplex virus, all of which can reactivate
during immunosuppression and are sensitive to ganciclovir.
However, these data combined with previously published re-
ports (2, 29, 33) support a strong and independent role for
CMV in disease progression in patients with AIDS. These
findings include the following. (i) The mortality of patients
with advanced AIDS is 2.5-fold greater if CMV DNA is de-
tected in plasma. (ii) For each log10 increase in CMV DNA,
there is a 2.2-fold increase in risk of death. (iii) Treatment with
ganciclovir, resulting in a decline of plasma CMV DNA to
undetectable levels, is associated with improved survival. (iv)
In advanced AIDS, CMV DNA load is a stronger predictor of
survival than CD41-lymphocyte counts. (v) CMV DNA load is
independent of plasma HIV-1 RNA levels before and after
ganciclovir treatment. The finding that persons who respond to
preemptive treatment (defined as those having undetectable
levels of plasma CMV DNA after 2 months of receiving gan-
ciclovir) have higher survival rates further supports an impor-
tant and independent role for CMV in patient outcome.

A possible concern regarding the data presented in this
report is that there may be something unique about the qual-
itative and quantitative PCR assays used to detect CMV DNA

FIG. 1. Scatter plot comparing CMV DNA and HIV-1 RNA in plasma spec-
imens obtained at baseline. CMV DNA was considered undetectable at copy
numbers below 500/ml, while HIV-1 RNA was considered undetectable at copy
numbers below 400/ml. r 5 0.12, P 5 0.0037.
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in plasma. We believe that this is unlikely to be the case. First,
several other studies using different assays have shown that the
presence and quantity of CMV in blood specimens are corre-
lated with the development of CMV disease (2, 8, 13, 26).
Additionally, previous reports suggested a correlation between
the presence of CMV and patient survival. Moreover, we have
performed two evaluations of the assay used for the data pre-

sented in this study on blinded specimens within the AIDS
Clinical Trials Group CMV Quantitation Working Group. In
the first study, our quality control PCR assay had correlations
of 0.997 with the plasma CMV DNA PCR assay developed by
Roche Molecular Systems (Alameda, Calif.), 0.75 with a
branch chain DNA assay being developed by Chiron Corpora-
tion (Emeryville, Calif.), and 0.75 with a CMV antigenemia

FIG. 2. Multivariate logistic regression modeling of the rates of CMV disease and survival as functions of both baseline plasma CMV DNA and HIV-1 RNA loads.
(A) CMV disease in placebo recipients. (B) CMV disease in ganciclovir recipients. Predicted CMV disease rates are highest among patients with high circulating levels
of both CMV and HIV-1 and lowest among patients with low levels of both viruses. Although both viruses influence the CMV disease rate, plasma CMV load is a better
predictor for development of disease, as indicated by the relative steepness of the logistic curve in the direction of the CMV axis. (C) Survival in placebo recipients.
(D) Survival in ganciclovir recipients. Predicted death rates are highest among patients with high levels of CMV DNA and HIV-1 RNA in plasma. However, the
predictive value of HIV load in this population of patients with advanced AIDS is weak compared to that of CMV load, as demonstrated by the relative steepness of
the logistic curve in the direction of the CMV axis.

FIG. 3. Kaplan-Meier survival curves for study participants receiving ganciclovir who were initially plasma CMV DNA PCR positive ($500 copies/ml) at baseline,
stratified by whether they became PCR negative at 2 months. (A) Conversion from PCR-positive to PCR-negative status at 2 months, with time to the development
of CMV disease shown. (B) Conversion from PCR-positive to PCR-negative status at 2 months, with time to death shown.
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assay (INCSTAR Corporation, Stillwater, Minn.). In a second
study comparing our quantitative competitive PCR assay with
the Roche assay, there was again a high correlation between
the two assays; however, the PCR assay used for our studies
gave CMV DNA values a mean of 0.8 log unit above those of
the Roche assay (10a). It is likely that the difference in the
absolute values given by the two assays is related to the stan-
dards used for quantification in the assays. Thus, there is con-
siderable evidence that although absolute values for the CMV
load may vary among different assays, the important concepts
of this research (i.e., that CMV DNA load is independent of
HIV RNA load and is an independent predictor of survival in
patients with advanced AIDS) would be observed with any
sensitive and well-standardized quantitative assay for CMV
DNA in blood specimens.

Although this study was conducted prior to the availability of
drugs that inhibit the HIV-1 protease, the findings are of im-
portance for understanding the pathogenesis of HIV-1-related
disease progression as well as for clinical management. Persons
with AIDS who are at risk for CMV disease generally have
CD41-lymphocyte counts below 50/ml. The risk of reactivation
of CMV with the subsequent development of CMV disease
may exist for patients who fail combination therapies, includ-
ing therapies with antiprotease compounds, once their CD41-
lymphocyte counts fall below 50/ml and they do not continue to
improve with additional antiretroviral therapy. In previous
studies, we and others demonstrated that CMV reactivates
months prior to the development of clinical disease (3, 9, 27,
29, 32). These data provide strong support for preemptive
treatment strategies for AIDS patients who have failed com-
bination antiretroviral therapy, have sustained low CD41-lym-
phocyte counts, and have detectable levels of CMV in their
blood. Specific data on the utility of combination therapy are
needed before specific recommendations can be made. It is
likely, however, that preventing acute CMV infection not only
will decrease the incidence of CMV disease but also will im-
prove survival in patients with advanced AIDS.

This research was supported by grants from Roche Global Devel-
opment and National Institutes of Health grants AI-27670 and AI-
36214 (to the UCSD Center for AIDS Research).
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