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Abstract
Background—We examined the potential clinical utility of using a cytomegalovirus (CMV)–
specific T cell immunoassay to determine the risk of developing new-onset CMV retinitis (CMVR)
in patients with acquired immunodeficiency syndrome (AIDS).

Methods—CMV-specific T cell assays were performed by multiparameter flow cytometry using
stored peripheral blood mononuclear cells that had been obtained in an observational study 2–6
months before new-onset CMVR was diagnosed in case patients (at a study visit during which a
dilated ophthalmologic examination revealed no evidence of CMVR) and at the same study visit in
control subjects (matched by absolute CD4+ T cell count at entry) who did not subsequently develop
retinitis during 1–6 years of study follow-up.

Results—There were no significant differences in CMV-specific CD4+ or CD8+ T cell interferon-
γ or interleukin-2 expression in peripheral blood mononuclear cells from case patients and control
subjects. Although there were trends toward lower percentages and absolute numbers of CMV-
specific, cytokine-expressing CD8+ T cells with a “late memory” phenotype (CD27−CD28−) as well
as with an “early memory” phenotype (CD27+CD28+CD45RA+) in case patients than in control
subjects, these differences were not statistically significant.

Conclusions—Many studies have reported that CMV-specific CD4+ and CD8+ T cell responses
distinguish patients with active CMVR (i.e., who lack CMV-protective immunity) from those with
inactive CMVR after immune restoration by antiretroviral treatment (i.e., who have CMV-protective
immunity). However, the multiple CMV-specific immune responses we measured do not appear to
have clinical utility for predicting the risk for patients with AIDS of developing new-onset CMVR
with sufficient accuracy to be used in guiding therapeutic management.
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Before the availability of HAART regimens, cytomegalovirus (CMV) end-organ disease,
primarily retinitis (CMVR), was a common complication of AIDS, occurring in 40% of patients
with absolute CD4+ T cell counts <50 cells/μL [1-3]. Before HAART, retinitis progressed
despite systemic anti-CMV drug therapy [4]. The incidence of CMVR has decreased
substantially in Western countries, where HAART became widely available [5,6], although it
subsequently has stabilized at ∼25% of its pre-HAART incidence [5-7]. Nevertheless, CMVR
remains an important complication of AIDS internationally, reported in up to 8.5% of patients
with AIDS in parts of Africa [8], 15% of patients with AIDS in Thailand [9], and 17% of
patients with AIDS in India [10]. Thus, interventions that could prevent or more cost-
effectively treat CMVR could have worldwide impact. In particular, the ability to identify
patients at very high risk of developing CMVR in the near future could allow either anti-CMV
or more intensive antiretroviral therapeutic interventions to be made before irreversible retinal
necrosis occurs.

Because CMV-specific T cells may be important in controlling replication of CMV, numerous
studies have investigated their role in controlling disease, both in patients with AIDS and in
those undergoing transplantation [11-20]. We recently reported results of measuring both
CMV-specific CD4+ and CD8+ T cell IFN-γ and IL-2 responses and the maturational status of
CMV-specific IFN-γ–expressing CD8+ T cells in 2 groups of patients with CMVR—one with
clear evidence of absent CMV-protective immunity (i.e., patients with active CMVR) and one
with clear evidence of restored CMV-protective immunity (i.e., patients with CMVR clinically
immunorestored after receipt of antiretroviral therapy who were able to discontinue anti-CMV
therapy without further reactivation or progression of retinitis) [21]. In comparison with those
with active retinitis, immunorestored patients had higher levels of circulating CD4+ and
CD8+ T cells expressing IL-2 and IFN-γ in response to combined CMV pp65 and immediate-
early-1 (IE-1) peptide pool stimulation. Immunorestored patients, compared with those with
active retinitis, had increased numbers of circulating CMV-specific CD8+ T cells with
“early” (CD27+CD28+CD45RA+, CD27+CD28+CD45RA−) and
“intermediate” (CD27−CD28+CD45RA−) phenotypes. In particular, 3 CMV-specific T cell
subsets—CD8+IFN-γ+CD27+CD28+, CD4+IFN-γ+IL-2+, and CD4+IFN-γ+IL-2− T cells—
were very depleted or absent in 100% of patients with active CMVR, whereas 85% of patients
with immunorestored CMVR had a positive value for at least one of these subsets. We now
report the results of testing the potential clinical utility of these CMV-specific T cell subsets
in identifying patients with advanced AIDS who would develop new-onset CMVR within the
subsequent 6 months.

PATIENTS, MATERIALS, AND METHODS
Study participants

Frozen PBMC specimens, cryopreserved from acid citrate dextrose–treated whole blood as
described elsewhere [12], were obtained from the Longitudinal Studies of the Ocular
Complications of AIDS (LSOCA), a prospective, multicenter, observational study of patients
with AIDS [22]. Case patients had no evidence of CMVR at the entry ophthalmologic
examination, developed incident CMVR during follow-up, and had a PBMC specimen
obtained at a visit within 6 months before CMVR diagnosis that was available in the LSOCA
repository. During the visit at which the PBMC specimen was obtained from case patients, a
dilated ophthalmologic examination was done and revealed no evidence of CMVR. Two
control subjects were selected to match each case patient for absolute CD4+ T cell count at the
baseline visit and for the time interval between first AIDS diagnosis and baseline visit. Matched
control subjects had no evidence of CMVR at the entry ophthalmologic examination and did
not develop incident CMVR during follow-up (which included dilated ophthalmoscopic
examinations every 6 months) and were required to have a duration of follow-up longer than
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the matching case patient's, as well as a stored PBMC specimen available in the LSOCA
repository from the same study visit as the case patient's PBMC specimen. No control subjects
or case patients were receiving anti-CMV therapy at the visit when the PBMC specimen was
obtained. Informed consent was obtained from all patients participating in the study. The
human experimentation guidelines of the US Department of Health and Human Services and
of participating institutions were followed in conducting this research.

CMV-specific multiparameter cytokine flow cytometry assay
For each subject, one aliquot (10×106 cryopreserved PBMCs) was processed and
immunoassayed as described elsewhere [21], except that pp65 and IE-1 peptide pools were
mixed together for PBMC stimulation at final concentrations of 1.7 and 2.5 μg/mL per peptide,
respectively. Samples with <50% viability or <10% recovery by Viacount assay (Guava PCA)
before peptide stimulation were discarded. After peptide stimulation and antibody staining,
ethidium monoazide bromide (Molecular Probes)–positive events were gated out to remove
dead cells from the analysis. Samples with >50% dead cells were not analyzed.

Positive cutoff values for the percentage of CD4+ and CD8+ T cells expressing IFN-γ or both
IFN-γ and IL-2 after CMV pp65/IE-1 stimulation were determined by assaying cryopreserved
PBMCs from 10 healthy CMV-seronegative volunteers. The background-corrected
percentages of CMV-specific T cells in all 10 samples were as follows: CD4+ IFN-γ+, <0.03%;
CD4+IFN-γ+IL-2+, <0.03%; CD8+IFN-γ+, <0.02%; and CD8+IFN-γ+IL-2+, <0.01%.

Data analysis
Statistical significance of between-group comparisons was determined by Fisher's exact test
for categorical results and by the t test for quantitative results. The risks of CMVR occurrence
associated with key baseline characteristics and measurements made at the visit before CMVR
diagnosis were analyzed by conditional logistic regression, using the ranks for continuous
variables.

RESULTS
Viability and recovery of cells from archived PBMC samples

Of 13 PBMC specimens from case patients, 11 had adequate viability and recovery after
thawing when assessed by the Guava PCA Viacount assay, as well as (after resting and
stimulation) by ethidium monoazide bromide staining, and were considered to be evaluable.
For each case patient, 2 matched control samples were thawed. Overall, 11 of 13 PBMC
specimens from case patients versus 17 of 26 control samples were evaluable (P=.16, by 2-
tailed Fisher's exact test). For 1 evaluable case patient, both control specimens were evaluable.
For the other 10 evaluable case patients, only 1 of the 2 control PBMC specimens were
evaluable.

Characteristics of evaluable subjects
Characteristics of evaluable case patients and control subjects are summarized in table 1. The
case patients developed new-onset CMVR a median of 448 days (range, 55–1526 days) after
enrollment in LSOCA; the median duration of follow-up on study for the control subjects who
never developed CMVR was 1163 days (range, 348–2401 days) after enrollment in LSOCA.
The visit from which the PBMC specimens were obtained for immunoassay occurred 2–6
months before CMVR was diagnosed in the case patients; a PBMC specimen from the same
LSOCA visit was used for the matched control subjects. All PBMC specimens were obtained
during LSOCA visits that occurred between 1999 and 2003 for case patients and between 1999
and 2004 for control subjects. All subjects had a dilated ophthalmologic examination at this
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visit, which showed no evidence of CMVR. Ten of 11 case patients and 9 of 12 control subjects
were receiving HAART at this visit.

CD4+ and CD8+ T cell IFN-γ and IL-2 expression in response to stimulation by pp65 and IE-1
In our previous study, we constructed receiver operator curves to determine optimal cutoff
values for discriminating patients with active CMVR from patients with CMVR clinically
immunorestored by antiretroviral therapy [21]. These values for combined CMV pp65- and
IE-1–specific, cytokine-expressing T cells were >50 CD4+IFN-γ+IL-2+ T cells/mL, >70
CD4+IFN-γ+IL-2− T cells/mL, >100 CD8+IFN-γ+IL-2+ T cells/mL, and >4000 CD8+IFN-
γ+IL-2− T cells/mL [21]. Among patients with active CMVR, 0%–33% had a result above the
cutoff value, compared with 76%–85% of patients with clinically immunorestored CMVR.
However, in the current study, when these same values were used to define a protective CMV-
specific cytokine response, there were no differences between case patients and control subjects
for any of these 4 CMV-specific T cell responses (table 2, comparison A). CD4+ T cell
responses were low or undetectable in PBMCs obtained from case patients and control subjects.
CD8+ T cell responses were maintained in the majority of PBMCs obtained from both case
patients and control subjects. We also compared the percentage of pp65/IE-1–specific CD4+

and CD8+ T cells using the cutoff value that defined a negative result in healthy CMV-
seronegative volunteers. This analysis also showed no differences between results for PBMCs
obtained from case patients and control subjects (table 2, comparison B). Because CMV-
specific CD4+ and CD8+ T cell IFN-γ−IL-2+ responses were extremely low in all subjects,
these data were not included in any analysis.

Maturational status of IFN-γ+IL-2+ and IFN-γ+IL-2− CMV-specific CD8+ T cells.
In our previous study, we analyzed CMV-specific CD8+IFN-γ+ T cell maturational subsets and
found that the subset expressing CD28 and CD27 (independent of CD45RA and IL-2
expression) had a maturational profile that discriminated patients with active CMVR from
patients with CMVR after antiretroviral immunorestoration. The optimal cutoff value for a
protective value for CMV-specific CD8+IFN-γ+CD27+CD28+ T cells was >1100 cells/mL.
However, in the current study, 2 of 11 case patients versus 0 of 8 control subjects had this
positive result in PBMCs obtained 2–6 months before the diagnosis of CMVR.

We also explored whether other CMV-specific CD8+ T cell maturational subsets might better
predict subsequent incident CMVR. By inspection, it appeared that there were trends toward
lower percentages and absolute numbers of CMV-specific, cytokine-expressing CD8+ T cells
with a “late memory” phenotype (CD27−CD28−) as well as with an “early memory” phenotype
(CD27+CD28+CD45RA+) in case patients than in control subjects. Thus, we constructed
receiver operator curves to determine optimal cutoff values for discriminating case patients
from control subjects, which confirmed these trends (table 2, comparisons C and D). However,
the differences in proportions of case patients and control subjects with responses above cutoff
values were not statistically significant after adjustments were made for the multiple
comparisons. In addition, these analyses were potentially biased by the lack of control data for
4 of the 11 case patients.

Effect of other covariables on risk of developing CMVR
We used conditional logistic regression analysis to examine the risk of CMVR incidence
associated with key baseline characteristics (demographics, baseline absolute CD4+ cell count,
and time since AIDS diagnosis) as well as CMV-specific CD4+ and CD8+ T cell cytokine
responses and other potential covariables (absolute CD4+ and CD8+ T cell count, the presence
of CMV DNA, plasma HIV RNA load, hemoglobin level, and use of antiretroviral therapy)
determined at the visit before CMVR diagnosis in case patients and the same study visit in
control subjects. There were insufficient data about the maturational status of IFN-γ+IL-2+ and
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IFN-γ+IL-2− CMV-specific CD8+ T cells to include these parameters in this analysis. Although
no predictive parameters were statistically significant, the 3 variables most strongly associated
with subsequent CMVR incidence were the absolute CD4+ T cell count (P = .16), plasma HIV
RNA load (P p .17), and percentage of CMV-specific CD8+ T cells that expressed IFN-γ but
not IL-2 (P = .22) at the visit before CMVR diagnosis.

Changes in CMV-specific T cell responses at the time of CMVR diagnosis.
Because CMV-specific T cell responses in PBMCs obtained 2–6 months before CMVR
diagnosis were not predictive of CMVR, we wished to examine whether there was a change
in responses obtained at this visit versus the subsequent visit when CMVR was diagnosed.
There were 2 case patients who, as part of our previous study, did have CMV-specific T cell
responses measured in PBMCs obtained at the time of CMVR diagnosis [21]. Therefore, we
compared the complete panel of CMV-specific T cell responses and the maturational status of
CMV-specific CD8+ T cells at the visit before CMVR diagnosis and at the subsequent visit
when CMVR was diagnosed in these 2 case patients (figure 1). Both subjects lacked CMV-
specific CD4+ T cell IFN-γ and IL-2 responses at both visits. However, both case patients had
detectable CMV-specific CD8+ T cell IFN-γ and IL-2 responses and quantifiable CD8+

maturational subsets that decreased, with the same pattern for both subjects, between the 2
visits. This decline was particularly large for IFN-γ–expressing CMV-specific CD8+ T cells
that had a late differentiation phenotype (CD27−CD28−).

DISCUSSION
We previously observed that patients with AIDS who had CMVR and clinical evidence of
restored CMV-protective immunity had higher levels of circulating CMV-specific CD4+ and
CD8+ T cells expressing IL-2 and IFN-γ and higher levels of circulating CMV-specific
CD8+ T cells with “early” or “inter-mediate” phenotypes than did patients with active CMVR
[21]. These results, as well as those of other studies reporting that CMV-specific CD4+ and
CD8+ T cell responses distinguish patients with active CMVR from those who have been
immunorestored by antiretroviral therapy and have no retinitis activity when not taking anti-
CMV therapy, suggest that monitoring such CMV-specific immune responses might be useful
in predicting risk of developing CMVR in patients with AIDS [12-17]. However, when we
measured CMV-specific CD4+ and CD8+ T cell IFN-γ and IL-2 expression, and the
maturational status of C MV-specific cytokine-expressing CD8+ T cells, in PBMCs obtained
from 11 patients with AIDS 2–6 months before CMVR was diagnosed and compared these
responses to those of well-matched control subjects, we did not observe differences that would
likely lead to clinical utility.

Although the sample size in this study was small, the power to distinguish significantly (2-
sided type I error = 0.05) between 2 independent groups in which 80% of case patients did not
have a particular CMV-specific T cell subset versus 10% of control subjects was 88%. As
clinicians, we consider that candidate CMV-specific immune markers would require this
degree of accurate discrimination between at-risk patients who would versus would not develop
CMVR within the next 6 months to have clinical utility in determining whether new treatment
interventions (e.g., valganciclovir) should be initiated.

The correlation between factors such as low absolute CD4+ cell count, high plasma HIV RNA
load, and the presence of CMV DNA in plasma, which have been clearly shown in
observational studies with larger sample sizes to constitute risk factors for CMV disease
[23-25], was not significant in our study because of the small sample size. However, the
strength of the association of these factors with CMV disease has recently been demonstrated,
in a randomized clinical trial [26], to be insufficient for clinical utility in determining whether
valganciclovir treatment should be initiated.
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For 2 case patients, we also had results of CMV-specific T cell responses measured in PBMCs
subsequently obtained at the time of CMVR diagnosis. For these patients, CMV-specific
CD8+ T cell IFN-γ and IL-2 responses—and, in particular, the subset of CD8+ T cells with a
late memory phenotype—decreased between visits. This suggests that the poor predictive value
of these assays may be due to a rapid decrease in CMV-specific CD8+ T cell subsets occurring
in the weeks immediately before the onset of CMVR (perhaps due to exhaustion of CMV-
specific CD8+ T cells, migration of CMV-specific effectors to sites of active CMV replication,
or an immunosuppressive effect of increased CMV replication). If this explanation is true,
immunologic monitoring of these CMV-specific T cell responses would have to be done more
frequently than every 2–3 months to accurately detect the risk of developing CMV disease—
a strategy that would not likely be cost-effective or clinically feasible.

Our findings do raise the possibility that measurement of other antigen-specific CD8+ T cell
functions, such as the ability to proliferate or degranulate, the expression of other cytokines
(e.g., TNF-α) or markers of exhaustion (e.g., PD-1), or the antigenic diversity of the CMV-
specific CD8+ T cell repertoire might reveal deficits that precede the late drop in CMV-specific
CD8+ T cell numbers we observed just before CMVR diagnosis and thus might be more
temporally suitable for monitoring in terms of potential clinical utility [13,27-31]. It is also
possible that a different assay of CMV-specific CD8+ T cell cytokine response, such as the
ELISPOT, might be superior to our cytokine flow cytometry assay for this indication [17]. In
addition, analysis of CD8+ T cell responses to individual antigens may have better clinical
utility for predicting outcome in the 3–6-month window before CMV end-organ disease occurs
in patients with AIDS [32]. In the current study, we combined pp65 and IE-1 stimulation to
maximize the detection of CMV-specific CD8+ T cells; however, in a previous study comparing
patients with AIDS with active CMVR and those with CMVR who had been immunorestored
by antiretroviral therapy, we found that the immunorestored group had higher numbers of
CD8+ T cells in response to IE-1, whereas there was no difference between the 2 groups in
their response to pp65 [21]. Finally, the use of fresh PBMCs, instead of frozen samples, or the
use of a different source of reagents could potentially improve the accuracy of the assay in
identifying patients who would develop CMVR.

The presence of CMV-specific CD4+ T cells is necessary to sustain CMV-specific cytotoxic
CD8+ T cell activity in bone marrow transplant recipients [20]. Bronke et al. [16] reported
disappearance of CMV-specific CD4+ T cells 1 year before the onset of CMV end-organ
disease in patients with AIDS. However, when we tested the potential clinical utility of
longitudinally monitoring CMV-specific CD4+ T cell proliferation and IFN-γ expression in
patients with active and immunorestored CMVR, these assays did not appear to have clinical
utility [11]. In the present study, in which subjects were matched for absolute CD4+ T cell
count, both case patients and control subjects had low CD4+ T cell responses to CMV,
suggesting that lack of these responses may facilitate progression to retinitis but that this change
alone is insufficient to predict short-term likelihood of CMVR occurring.

In conclusion, although we previously identified CMV-specific T cell parameters that
discriminated well between patients with active versus immunorestored CMVR, these
parameters were not predictive of CMVR when measured 2–6 months before disease diagnosis.
CD4+ T cell IFN-γ and IL-2 responses to CMV were often lost before the development of
CMVR; however, loss of these responses in subjects who did not develop CMV disease also
frequently occurred. CMV-specific CD8+ T cell responses, although absent at the time of
CMVR diagnosis, were present in the months preceding incident disease. Although the sample
size in our study had power to detect only large differences in CMV-specific T cell responses,
the multiple CMV-specific immune responses we measured do not appear to have clinical
utility in predicting the risk of developing CMVR in patients with AIDS with the sufficient
discrimination and accuracy requisite for use in guiding therapeutic management.
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Observational studies of other CMV-specific CD8+ T cell responses that may be more
temporally suited for clinical diagnosis (e.g., proliferation, degranulation, and expression of
markers of cellular exhaustion) should be examined for predictive value and potential clinical
utility in defining CMV-protective immunity and guiding clinical management for HIV-
infected patients with a history of CMVR or at risk for developing CMVR.
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Figure 1.
Changes in the absolute number of cytomegalovirus-specific CD8+ T cell subsets from the last
visit before diagnosis of cytomegalovirus retinitis to the time of diagnosis of cytomegalovirus
retinitis in 2 subjects.

Jacobson et al. Page 12

Clin Infect Dis. Author manuscript; available in PMC 2009 April 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Jacobson et al. Page 13

Table 1
Characteristics of evaluable case patients with cytomegalovirus (CMV) retinitis (CMVR) diagnosed during follow-up
and control subjects who did not develop CMVR during follow-up.

Factor
Case patients
(n = 11)

Control subjects
(n = 12)

Age, median years (range) 42 (35–52) 42 (33–59)

Percentage of men 91 67

Race, percentage of subjects

White 73 67

Black 27 8

Hispanic 0 25

Time from AIDS diagnosis to LSOCA entry, median years (range) 5.6 (1.6–12) 4.9 (0.2–11.7)

Plasma HIV RNA, median log copies/mL (range)a 5.534 (1.699–6.000) 4.891 (1.491–5.875)

No. of subjects with detectable plasma CMV DNA level/total no. of
subjectsa 3/11 1/8

Hemoglobin level, median g/dLa 12.4 12.9

Absolute T cell count, median cells/mL (range)

CD4+ T cell count at entry 13 (0–351) 12 (2–349)

CD4+ T cell count on date that the PBMC
specimen was obtained 16 (2–336) 44 (2–830)

CD8+ T cell count on date that the PBMC
specimen was obtained 366 (62–890) 491 (163–1584)

NOTE. LSOCA, Longitudinal Studies of the Ocular Complications of AIDS.

a
On date that the PBMC specimen was obtained (2–6 months before CMVR diagnosis in case patients).
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Table 2
Proportions of case patients and control subjects with positive cytomegalovirus (CMV) pp65 and immediate-early–1
(IE-1)–specific T cell cytokine responses in PBMCs obtained 2–6 months before diagnosis of CMV retinitis (CMVR)
in case patients and at the same visit in control subjects who did not subsequently develop CMVR.

Proportion of
subjects

Comparison, T cell response
Case

patients
Control
subjects

A

CD4+IFN-γ+IL-2+ >50 cells/mL 3/11 2/12

CD4+IFN-γ+IL-2− >70 cells/mL 3/11 4/12

CD8+IFN-γ+IL-2+ >100 cells/mL 8/11 8/12

CD8+IFN-γ+IL-2− >4000 cells/mL 8/11 7/12

B

CD4+IFN-γ+IL-2+ >0.03% 4/11 4/12

CD4+IFN-γ+ >0.03% 6/11 5/12

CD8+IFN-γ+IL-2+ >0.01% 11/11 8/12

CD8+IFN-γ+ >0.02% 11/11 8/12

C

CD8+IFN-γ+CD27+CD28+CD45RA+ >12 cells/mL 3/11 6/8

CD8+IFN-γ+CD27+CD28+CD45RA+ >0.002% 5/11 7/8

CD8+IFN-γ+IL-2+CD27+CD28+CD45RA+ >0 cells/mL 3/11 6/8

CD8+IFN-γ+IL-2+CD27+CD28+CD45RA+ >0% 3/11 6/8

D

CD8+IFN-γ+CD27−CD28− >15,300 cells/mL 3/11 5/8

CD8+IFN-γ+CD27−CD28− >3% 4/11 6/8

CD8+IFN-γ+IL-2+CD27−CD28− >2000 cells/mL 1/11 5/8

CD8+IFN-γ+IL-2+CD27−CD28− >0.44% 2/11 5/8

NOTE. Percentage results refer to the percentage of all CD4+ or CD8+ T cells that expressed the specific cytokines and maturational markers after pp65/
IE-1 stimulation. All results were corrected by subtracting background results in a simultaneous, nonstimulated, control well. Comparisons A and B,

optimal cutoff values from previous study [21]; comparisons C and D, optimal cutoff values of other CMV-specific CD8+ T cell maturational subsets.
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