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Abstract

 

In this study, baseline plasma from 619 persons with ac-
quired immunodeficiency syndrome (AIDS) (median CD4

 

1

 

lymphocyte count 

 

2

 

21/

 

m

 

l) who participated in a trial to de-
termine the efficacy of oral ganciclovir for cytomegalovirus
(CMV) disease prevention were evaluated for CMV DNA
load by qualitative and quantitative polymerase chain reac-
tion (PCR), and correlated with the development of CMV
disease and survival. For participants without detectable
plasma CMV DNA, the 12-mo Kaplan-Meier CMV disease
event rate was 14% and 1% for the placebo and ganciclovir
groups, respectively (

 

P

 

 

 

, 

 

0.001). For PCR positive partici-
pants, CMV disease developed in 43% of placebo and 26%
ganciclovir recipients (

 

P

 

 

 

, 

 

0.017). Among placebo recipi-
ents, CMV PCR positivity was associated with a 3.4-fold in-
creased risk of developing CMV disease (

 

P

 

 

 

, 

 

0.001)
whereas CD4

 

1

 

 lymphocyte count was not a useful predictor
(

 

P

 

 

 

5 

 

0.47). A positive plasma CMV DNA PCR was also as-
sociated with a 2.5-fold increased risk of death. Each log

 

10

 

increase in baseline CMV DNA load was associated with a
3.1-fold increase in CMV disease (

 

P

 

 

 

, 

 

0.001) and a 2.2-fold
increase in mortality (

 

P

 

 

 

, 

 

0.001). These data indicate that
the risk of developing CMV disease and death in persons
with advanced AIDS is directly related to the quantity of
CMV DNA in plasma, and is a better predictor than CD4

 

1

 

lymphocyte count in this population. (

 

J. Clin. Invest.

 

 1998.
101:497–502.) Key words: CMV in AIDS 

 

•

 

 markers for pre-
vention of CMV disease in AIDS 

 

•

 

 quantitative CMV PCR 

 

•

 

CMV load and survival in AIDS 

 

•

 

 CMV retinitis 

 

Introduction

 

Human cytomegalovirus (CMV)

 

1

 

 diseases, including retinitis,
colitis, and encephalitis, occur in 25–40% of persons with
AIDS (1, 2) and have been associated with decreased survival
after diagnosis (3–5). Considerable advances have been made
in the treatment of AIDS patients with CMV disease and cur-
rently three drugs, ganciclovir, foscarnet, and cidofovir, have

demonstrated efficacy for the treatment of CMV retinitis (6–8).
Despite progress in the treatment of CMV retinitis and other
CMV syndromes, disease recurrences with progression are
common (9). Thus, considerable efforts have focused on devel-
oping approaches to prevent CMV disease in persons with
AIDS (10, 11).

A number of clinical and laboratory markers have been
used to identify HIV-1–infected persons at risk for develop-
ment of CMV disease. The CD4

 

1

 

 lymphocyte count, and as-
says that detect acute CMV infection and quantitate virus
load, have helped to identify persons at highest risk for CMV
disease (12–16). However, little information exists on the abil-
ity of virologic markers to distinguish AIDS patients that are
most likely to benefit from intervention strategies designed to
prevent CMV disease. Additionally, no data are available on
the association of CMV DNA load and survival in a large co-
hort of persons with AIDS. 

A recent study evaluating the efficacy of oral ganciclovir in
the prevention of CMV disease in persons with advanced
HIV-1 infection demonstrated that study participants receiv-
ing ganciclovir had a risk reduction of 49% for development of
CMV disease compared with those randomized to placebo
(Kaplan-Meier estimates at 12 mo: 26% incidence of CMV dis-
ease for placebo group versus 14% CMV disease for ganciclo-
vir group; 95% confidence interval, 0.36–0.73;

 

 P 

 

, 

 

0.001) (10).
At 12 mo, the Kaplan-Meier estimate of the rate of death was
26% in the placebo group and 21% in the ganciclovir group
(relative risk, 0.81; 95% confidence interval, 0.61–1.07;

 

 P 

 

5

 

0.14). During the conduct of this CMV prevention study, par-
ticipants had plasma specimens obtained at baseline before in-
stituting study medication. We have now investigated the
value of plasma CMV DNA PCR in predicting the develop-
ment of disease during the succeeding 12 mo and overall sur-
vival for the study cohort.

 

Methods

 

Study design.

 

The original study consisted of 725 participants ran-
domized in a 2:1 ratio to receive ganciclovir or placebo, respectively.
The 619 (85%) patients evaluated in this viral load study comprised
all persons for whom baseline plasma samples were available (201
placebo recipients and 418 ganciclovir recipients). The median CD4

 

1

 

lymphocyte count for the cohort was 21 cells per microliter, 99%
were males and the median age was 38 yr. No study participants had a
history of CMV disease and none had received CMV antiviral ther-
apy. Participants had no evidence of CMV retinitis on dilated eye ex-
amination by an experienced ophthalmologist before entry into the
study. Participants were evaluated every 2 mo for signs consistent
with clinical CMV disease and were examined by an experienced
ophthalmologist for the presence of CMV retinitis. Full criteria for
study entry and establishing the presence of CMV disease have been
described in detail previously (10). The study was conducted before
the availability of antiretrovirals with activity against the HIV pro-
tease.

 

Quantitation of CMV DNA in plasma.

 

Plasma samples for CMV
DNA quantitation were collected at each of 19 participating study
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sites and frozen at 

 

2

 

20

 

8

 

C to 

 

2

 

80

 

8

 

C until shipped on dry ice to the
central repository. Specimens were then stored at 

 

2

 

80

 

8

 

C until pro-
cessed. CMV DNA was measured from 10 

 

m

 

l of plasma using a CMV
DNA PCR procedure (14, 15). Specimens were first evaluated by
qualitative assay as to the presence of CMV DNA in plasma using
methods previously described except CMV DNA was extracted using
a silica extraction method (17). Briefly, 100 

 

m

 

l of each plasma was
treated with 900 

 

m

 

l lysis buffer and 40 

 

m

 

l silica suspension for 10 min
at room temperature in a 2 ml microtube. The lysis buffer contained
4.23M guanidinium thiocyanate, 20 mM disodium-EDTA, and 1.0%
Triton X-100 in 0.1M Tris-HCl (pH 6.4). The nucleic acid-silica com-
plex was spun down for 15 s at 12,000

 

 

 

g

 

 in a microcentrifuge. The pel-
let was washed twice with wash buffer containing 4.23 M guanidinium
thiocyanate in 0.1M Tris-HCl (pH 6.4), followed by two washes with
70% ethanol and a wash with acetone. The pellet was dried at 56

 

8

 

C
for 10 min in a heat block, resuspended with 200 

 

m

 

l sterile Millipore
water, and incubated for 10 min at 56

 

8

 

C. The nucleic acid supernatant
was recovered after centrifugation for 2 min at 12,000

 

 

 

g

 

 in a microcen-
trifuge. This supernatant was then clarified by one or more centrifu-
gations to be completely void of silica particles and stored at 

 

2

 

20

 

8

 

C
until used in PCR (14, 15). The sensitivity of the qualitative PCR as-
say was 500 copies per ml. Those identified as DNA positive were
quantitated for CMV DNA using a competitive plasma DNA PCR
(QC-PCR) technique (15, 18). The assay could quantitate the pres-
ence of 

 

$ 

 

25 copies per 10 

 

m

 

l (

 

$

 

 2,500 copies per milliliter) CMV
DNA in plasma. Plasma specimens positive for CMV DNA were cat-
egorized as either positive but below 2,500 copies per milliliter or
quantitated when above 2,500 copies per milliliter. 

The QC-PCR assay used for these studies in preliminary compar-
isons has been found to correlate well with other qualitative CMV as-
says. In a study presented by Erice et al., our QC-PCR assay had a
correlation of 0.997 with a PCR assay under development by Roche
Molecular Systems (Alameda, CA), 0.75 with a branch chain DNA
assay being developed by Chiron Corporation (Emeryville, CA) and
0.75 with a CMV antigenemia assay (INCSTAR Corporation, Still-
water, MN) (19).

 

Statistical analysis.

 

Kaplan-Meier estimates for event rates at 12
mo were computed (20). The relative risk of CMV disease (or death)
and 95% confidence intervals for relative risk were computed from a
Cox model with treatment (placebo or ganciclovir) as the single cova-
riate (21). Spearman correlation coefficients were used to measure
the association between CMV load and CD4

 

1

 

 counts among all pa-
tients with both measurements at baseline. The comparison of base-
line CD4

 

1

 

 count and PCR for predicting CMV disease (or death)
used relative risks from a Cox model with a quantitative covariate for
baseline CD4

 

1

 

 count and a binary covariate for baseline PCR (nega-
tive, positive) among placebo patients. The increased relative risk of
CMV disease (or death) from increasing quantitative PCR at baseline
used a Cox model with log

 

10

 

 (quantitative baseline PCR) as the cova-
riate among placebo patients with a positive baseline PCR.

 

Results

 

Qualitative PCR.

 

At baseline, 90 (45%) of 201 placebo recipi-
ents were positive by qualitative CMV PCR and 191 (46%) of
418 ganciclovir recipients were positive. For the 338 (111 pla-
cebo; 227 ganciclovir) participants who were PCR negative at
baseline, the 12-mo Kaplan-Meier CMV disease event rate
was 14% in the placebo group compared with 1% in the ganci-
clovir-treated group (relative risk, 0.16; 95% confidence inter-
val, 0.06–0.40) (Fig. 1 

 

A

 

). The benefit of ganciclovir was ob-
served both for study participants with above or below 50
CD4

 

1

 

 lymphocytes per microliter at baseline (Table I).
Although a benefit of ganciclovir was also observed for pa-

tients PCR positive at baseline, there was an increase in the
number of persons developing CMV endpoints in both treated
and placebo groups. The 12-mo CMV event rate for partici-
pants receiving placebo was 43% compared with 26% for the
ganciclovir group (relative risk, 0.58, 95% confidence interval,
0.37–0.91;

 

 P 

 

5 

 

0.017) (Fig. 1 

 

B

 

). Benefit was observed for par-
ticipants with above or below 50 CD4

 

1

 

 lymphocytes per micro-
liter at baseline (Table II).

CMV PCR positivity was a better predictor of the risk of

Figure 1. Kaplan-Meier event rates from baseline to development of CMV disease for study participants (A) PCR negative and (B) PCR 
positive. 

 

Table I. 12-mo Kaplan-Meier Event Rates of CMV Disease
for Study Participants Plasma CMV DNA PCR Negative
at Baseline

 

Ganciclovir Placebo

 

P

 

 value
Relative risk 

95% CI

 

No. of subjects 227 111 0.16
CMV event rate 1% 14%

 

,

 

 0.0001 (0.06, 0.40)

 

#

 

 50 CD4 cells per 

 

m

 

l
No. of subjects 193 95 0.21
CMV event rate 2% 13%

 

,

 

 0.001 (0.08, 0.56)

 

.

 

 50 CD4 cells per 

 

m

 

l
No. of subjects 34 16
CMV event rate 0% 23% 0.002 0
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developing CMV disease than was CD4

 

1

 

 

 

lymphocyte count in
this group of patients with advanced AIDS. As assessed using
a Cox regression model including both variables applied to pa-
tients who received placebo, baseline CMV PCR positivity was
associated with a 3.4-fold increase in the risk of developing
CMV disease (

 

P

 

 

 

, 

 

0.0001). CD4

 

1

 

 lymphocyte count did not
have a statistically significant association with CMV disease
risk (

 

P

 

 

 

5 

 

0.47).

 

Quantification of CMV plasma load.

 

The 281 plasma spec-
imens positive for CMV DNA at baseline were quantitated us-
ing a competitive PCR assay. For the 90 PCR positive placebo
recipients, the median copies per milliliter was 3,600 (range:

 

, 

 

2,500–150,000 copies per milliliter). For the 191 ganciclovir
recipients, the median copies per milliliter was 3,900 (range:

 

, 

 

2,500–2,300,000 copies per milliliter) (Fig. 2). The develop-
ment of CMV disease significantly correlated with the quantity

of CMV DNA present in plasma at baseline. Among patients
who were CMV PCR positive at baseline and received pla-
cebo, each log

 

10

 

 increase in baseline viral load was associated
with a 3.1-fold increase in the risk of developing CMV disease
(

 

P

 

 , 

 

0.0001) (Fig. 3).
The relationship of baseline CMV load and baseline CD4

 

1

 

lymphocyte count was also examined. CMV loads of 10

 

5

 

 copies
per milliliter or higher occurred almost entirely among pa-
tients with CD4

 

1

 

 lymphocyte counts of 

 

, 

 

50 cells per microli-
ter (Fig. 4). CMV load showed a statistically significant but
weak rank correlation with CD4

 

1

 

 count (Spearman 

 

r

 

 

 

5 2

 

0.2,

 

P 

 

, 

 

0.0001).

 

Plasma CMV DNA and survival.

 

Study participants ran-
domized to placebo who were CMV plasma PCR negative at
baseline had an overall mortality at 12 mo of 16.1% compared
with 37.7% for those PCR positive (Fig. 5, 

 

A

 

 and 

 

B

 

). Similarly,
ganciclovir recipients who were CMV plasma PCR negative at
baseline had a 12-mo mortality rate of 11.4% compared with
32.5% for those who were PCR positive (Fig. 5, 

 

A

 

 and 

 

B

 

). Al-
though there was a trend toward improved survival with
ganciclovir whether CMV DNA PCR negative or positive at
baseline, in neither group was overall survival found to be sig-
nificantly improved.

CMV PCR positivity also correlated strongly with survival
in a Cox regression analysis. Among patients receiving pla-
cebo, the relative risk of death associated with a positive PCR
at baseline was 2.5 (

 

P

 

 

 

5 

 

0.0006). CD4

 

1

 

 lymphocyte counts had
no statistically significant association with risk of death within
this population of patients with already low CD4

 

1

 

 lymphocyte
counts (

 

P

 

 

 

5 

 

0.28).
Quantified CMV load also correlated with survival over

and above the correlation noted for CMV positivity. Among
patients who were CMV PCR positive at baseline and received

Figure 2. Frequency of distribution 
of CMV DNA in baseline plasma 
samples for participants randomized 
to receive oral ganciclovir or pla-
cebo.

 

Table II. 12-mo Kaplan-Meier Event Rates of CMV Disease 
for Study Participants Plasma CMV DNA PCR Positive
at Baseline

 

Ganciclovir Placebo

 

P

 

 value
Relative risk

95% CI

 

No. of subjects 191 90 0.58
CMV event rate 26% 43% 0.017 (0.37, 0.91)

 

#

 

 50 CD4 cells per 

 

m

 

l
No. of subjects 176 84 0.60
CMV event rate 28% 43% 0.028 (0.38, 0.95)

 

.

 

 50 CD4 cells per 

 

m

 

l
No. of subjects 15 16 0.34
CMV event rate 7% 33% 0.27 (0.05, 2.5)
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placebo, each log

 

10

 

 increase in baseline viral load was associ-
ated with a 2.2-fold increase in the risk of death (

 

P

 

 , 

 

0.0001)
(Fig. 5 

 

A

 

).

 

Discussion

 

CMV is currently the most common and serious opportunistic
pathogen to which persons with advanced AIDS are suscepti-

ble, and for which, until recently, there was no effective means
of prevention. The recent study of oral ganciclovir has demon-
strated that CMV diseases can be prevented in some persons
with AIDS (10). However, the ability to quantify relative risk
for CMV disease would help target preventive strategies to
those persons most likely to receive benefit. The results of this
study are strikingly similar to recent findings in HIV-1–infected
individuals that single determinations of the quantity of HIV-1

Figure 4. Relation between baseline 
CD4+ lymphocyte counts and 
plasma CMV DNA concentration 
(log10 scale). Spearman r 5 20.2,
P , 0.0001.

Figure 3. Kaplan-Meier curves from baseline to development of CMV disease for study participants based on CMV DNA PCR status and quan-
tity of DNA in plasma for subjects randomized to (A) placebo and (B) ganciclovir. CMV DNA loads presented divide PCR positive group ran-
domized to receive placebo into three approximately equal size groups.
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RNA in plasma are predictive of the rate of disease progres-
sion in subsequent years (22). However, in our study, subjects
had already developed advanced HIV-1 disease and were at
high risk for development of opportunistic infections and
death. 

Considerable previous data have indicated that the CD41

lymphocyte count is a strong predictor of risk for CMV disease
in AIDS patients (1, 2). The data from this study demonstrate
that among HIV-infected persons with low CD41 lymphocyte
counts (# 100/ml), the presence of CMV DNA in plasma iden-
tifies those at highest risk for development of CMV disease.
The presence or absence of CMV DNA in plasma clearly dif-
ferentiates persons at risk for CMV disease and defines two
distinct groups for whom CMV disease prevention can be tar-
geted. The first group consists of those AIDS patients who
have not reactivated CMV in their blood as determined by
CMV plasma PCR. For this group, oral ganciclovir is highly ef-
fective in preventing the development of CMV disease. Those
PCR negative patients who received oral ganciclovir at 12 mo
had only a 1% incidence of CMV disease compared with 14%
for the placebo group. Thus for true prophylaxis, oral ganciclo-
vir demonstrated excellent efficacy for prevention of CMV dis-
ease. In contrast, study participants who were CMV plasma
PCR positive at baseline constituted a significantly higher risk
group. Despite ganciclovir’s effectiveness in this population (a
42% reduction in risk of CMV disease), those receiving oral
ganciclovir still had a 26% incidence of CMV disease at 12 mo.
Thus, the efficacy of oral ganciclovir for CMV disease preven-
tion in patients with active CMV infection, or as preemptive
treatment, is considerably less than when used as true prophy-
laxis. However, it should be noted that the duration of time
that participants entering the study had been CMV PCR posi-
tive is unknown, and that oral ganciclovir preemptive treat-
ment initiated after the first indication of PCR positivity might
demonstrate greater efficacy. 

The data from this study further demonstrate that the
quantity of CMV DNA present in plasma provides useful ad-
ditional information. As CMV load increases, there is a con-
comitant increase in the risk of AIDS patients developing
CMV disease. Based on previous studies in persons with AIDS
(13, 15, 23, 24) as well as after organ transplantation (25, 26), it
is possible that subjects with high CMV loads had already

seeded their retinas with CMV before initiating ganciclovir
treatment, and that in this setting oral ganciclovir was ineffec-
tive as preemptive therapy.

The data presented here further demonstrate an increased
risk of death as CMV load increases and provide evidence for
an important role of CMV as a potential cofactor in late-stage
HIV-1 infection. Of interest, the increase in mortality with
high CMV DNA load was independent of CD41 lymphocyte
count, although the median CD41 count was z 20/ml for each
group evaluated. Whether the reactivation of CMV and the
presence of high levels of CMV DNA reflect an inability of the
host to control all viral infections including HIV-1 as well as
CMV is unknown. Studies are in progress to examine if high
levels of CMV DNA in plasma are associated with similarly
high levels of HIV-1 RNA.

In the CMV disease prevention study, a survival trend
was observed (relative risk, 0.81, 95% confidence interval,
0.63–1.07, P 5 0.14) in favor of ganciclovir for the entire co-
hort and for each CMV plasma load. These results suggest that
an antiviral with anti-CMV activity greater than that achieved
with oral ganciclovir might decrease CMV load to a point
where significant improvement in survival as well as CMV dis-
ease could be achieved. In this regard, several drugs with activ-
ity against CMV with good oral bioavailability including an
oral prodrug of ganciclovir are in clinical trials and may also
prove useful for CMV disease prevention and improved sur-
vival (27–29). 

This study also demonstrates an important distinction in
approaches for the prevention of CMV disease. Strategies de-
signed for prophylaxis should be directed at persons without
evidence of active CMV infection defined in this study as
plasma negative for CMV DNA as detected by PCR. This ap-
proach is likely to be highly successful although considerations
of drug toxicities, convenience, and cost will determine the ex-
tent to which treatments for true prophylaxis are used in per-
sons with AIDS. An additional consideration is that the 14%
rate of CMV disease in this population after 12 mo may be
considered too low to recommend universal prophylaxis. A
second approach to the prevention of CMV disease would be
to use ganciclovir for preemptive treatment of persons identi-
fied to have CMV DNA present in their plasma. The 45% rate
of CMV disease at 12 mo in the PCR positive group would

Figure 5. Kaplan-Meier curves from baseline to death for study participants based on CMV DNA PCR status and quantity of DNA in plasma 
for subjects randomized to (A) placebo and (B) ganciclovir.
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seem to warrant this approach. This preventive strategy may
require an initial course of intravenous ganciclovir followed by
oral therapy. Clinical trials will be necessary to confirm the
benefit of this regimen.

In summary, these data indicate that the presence and
quantity of CMV DNA in plasma is an excellent marker for
the risk of development of CMV disease and survival. Impor-
tant criteria for demonstrating the adequacy of a marker for
CMV disease and survival have been met: (a) the presence or
absence of CMV DNA present at baseline is highly predictive
of the subsequent development of CMV disease and mortality;
(b) there is a strong correlation between the quantity of CMV
DNA present in plasma and the development of CMV disease
and survival; and (c) an active anti-CMV agent, ganciclovir,
decreases the incidence of CMV disease in persons positive for
plasma CMV DNA. Use of CMV DNA in plasma should help
guide future studies designed to prevent CMV disease and im-
prove survival in persons with AIDS.
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