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Abstract
In immunocompetent persons, cytomegalovirus (CMV) is thought to persist primarily in
monocytes and myeloid progenitor cells, establishing a chronic infection. In older adults, chronic
CMV infection is typically diagnosed by a positive IgG serology. While many studies have shown
CMV-specific T-cell expansion in CMV seropositive older individuals, significant heterogeneity
has also been observed in this elderly population. In a study of 71 community-dwelling older
adults, we assessed CMV viral DNA in peripheral monocytes by nested PCR and compared the
relationships of detectable CMV DNA and IgG serology with serum levels of neopterin, a marker
for monocyte/macrophage-mediated immune activation. The results showed that 52 (73.2%)
participants were CMV seropositive, of whom 30 (57.5%) had detectable CMV DNA. CMV
seropositive and seronegative participants did not differ in their neopterin levels, but individuals
with detectable CMV DNA had higher neopterin than those without (10.6±4.4 vs 8.0±1.9nM,
respectively, p<.0001) adjusting for demographic and clinical covariates and interferon (IFN)-γ
levels. In addition, there was no association between IgG titers and neopterin. These findings
suggest that detection of CMV viral DNA in monocytes may be an informative tool to evaluate
chronic CMV infection and its potential role in monocyte/macrophage-mediated immune
activation in the elderly.
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1. INTRODUCTION
Human cytomegalovirus (CMV) is a ubiquitous β herpesvirus that causes significant
morbidity and mortality in immunocompromized patients and neonates (1). In
immunocompetent individuals, primary CMV infection is typically subclinical and
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asymptomatic (1;2). The virus is thought to persist in a latent state with its DNA genome
harbored primarily in monocytes and myeloid progenitor cells, establishing a chronic
infection with intermittent reactivations (3;4). Positive CMV IgG titer is conventionally
recognized as the diagnostic marker for chronic CMV infection in older adults. Based on
this diagnostic criterion, chronic CMV infection is extremely common with estimated
seroprevalence of 70–99% in this population (5;6). A large number of studies have shown
CMV-specific T-cell clonal expansion and shrinking T-cell repertoire in CMV seropositive
older individuals, suggesting a role of chronic CMV infection in age-related T-cell
immunosenescence (7–10). However, significant heterogeneity has been observed in the
CMV seropositive elderly population. For example, in the Swedish NONA immune
longitudinal study, Wikby and colleagues observed that some elderly individuals with”
immune risk profile (IRP)” for which CMV seropositivity is a major criterion had less
expansion of late-stage differentiated CD8+ T cells at 2-year follow-up from baseline (11).
In the same study, Strindhall, et al reported no such T-cell expansion in participants 90 years
and older, likely due to survivor selection (12). Because a positive CMV IgG titer merely
indicates prior exposure to the virus, it is not known if seropositive older adults continue to
harbor CMV, and, if so, whether the presence of CMV is associated with immunological
consequences.

Neopterin, a guanosine triphosphate (GTP) metabolite, is exclusively produced by
monocytes and macrophages in humans and primates. Interferon (IFN)-γ is known to induce
neopterin production (13). Elevated serum neopterin levels have been demonstrated in
conditions with significant immune activation, such as acute infections, autoimmune
diseases, and transplant rejection (14–18). Hence, neopterin is recognized as a marker of
immune activation and monocyte/macrophage activity (13;19;20). We have recently
observed that community-dwelling older adults have elevated serum neopterin levels (21),
and those who are frail manifest upregulated expression of specific immune activating/
modulating genes by purified monocytes (22;23). While CMV is known to modulate the
function and differentiation of monocytes and macrophages, much remains to be learned
about a potential role of chronic CMV infection in immune activation in the elderly.

The objective of this study was to investigate CMV DNA detection in peripheral monocytes,
CMV IgG serology, and their relationship with serum neopterin levels in older adults. We
hypothesized that detectable CMV DNA rather than positive IgG serology is associated with
elevated neopterin levels. Testing this hypothesis will assess the utility of CMV DNA
detection as an important additional tool for better evaluation of chronic CMV infection in
the elderly. It will also provide initial insight into the role of chronic CMV infection in
monocyte/macrophage-mediated immune activation in this population. To achieve this, we
evaluated CMV viral DNA in peripheral monocytes by nested PCR and compared the
relationships of detectable CMV DNA and positive IgG serology with serum levels of
neopterin in community-dwelling older adults over 70 years of age. We also evaluated if
IFN-γ would have a mediating role in the relationships between CMV measurements and
neopterin levels.

2. MATERIALS AND METHODS
2.1. Human subjects

Community-dwelling older adults over 70 years were recruited in two settings. About two-
thirds of the study participants (n=49) were recruited via collaborating physicians and
community newspaper advertisement and flyers at outpatient clinics, senior centers,
residential retirement communities, and residential areas in Baltimore, Maryland. Potential
candidates who consented to participate were screened by experienced clinical research
coordinators. The remaining one-third (n=22) were recruited from the Women’s Health and
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Aging Study (WHAS) II, an established observational cohort study of community-dwelling
older women in the same area (24) with demographic and clinical data available to
determine consented individuals’ eligibility for enrollment to the present study. Exclusion
criteria for this study include chronic inflammatory conditions (e.g. rheumatoid arthritis and
inflammatory bowel disease), active malignancy, acute illness such as bacterial or viral
infections or acute exacerbation of chronic conditions, or use of immune modulating agents
(oral steroids, methotrexate, etc) or chemotherapy. These exclusion criteria were intended to
minimize the impact of potential immune activation or suppression from the listed acute or
chronic systemic conditions or immune modulating agents. A detailed medical history and
brief physical examination were performed by a physician investigator to ensure enrollees’
eligibility and ascertain clinical diagnoses and medication use. Seventy-eight volunteers who
met the entry criteria (age and community-dwelling status) were initially screened with 7
individuals excluded based on the exclusion criteria described above, yielding the final
sample size of 71 for this study. The Johns Hopkins Institutional Review Board approved
the study protocol, and written informed consent was obtained from all participants.

2.2. CMV viral DNA detection in peripheral monocytes by nested polymerase chain
reaction (PCR)

Peripheral blood mononuclear cells (PBMCs) were isolated from peripheral blood samples
by centrifugation over Ficoll–Hypaque density gradient (specific density, 1.077 g/ml) for 10
min at 600 × g at room temperature, washed three times with phosphate buffered saline
(PBS) containing 2 mM EDTA and 0.5% bovine albumin (pH 7.4), and stored in liquid
nitrogen. Monocytes were enriched from freshly thawed PBMC samples via 2 h-incubation
in RPMI 1640 medium containing 10% heat-inactivated fetal bovine serum (FBS) (Gibco,
Gaithersberg, MD) at 37°C in a humidified 5% CO2 incubator, after which non-adherent
cells were removed by repeated rinsing with serum-free RPMI 1640. The number of CD14+

monocytes were assessed by flow cytometry and standardized as previously described
(22;23). DNA was extracted from isolated peripheral monocytes using a Qiagen kit (Qiagen,
Valencia, CA) and quantified using standard laboratory protocol. Nested PCR with primers
targeted to the CMV UL123 gene was performed using Tapbead hot start polymerase
(Promega, Madison, WI) with 1.5 mM MgCl2. The primers included a first set: forward 5′-
CAATACACTTCATCTCCTCGAAAGG-3′ and reverse 5′-
ATGGAGTCCTCTGCCAAGAGAAAGATGGAC-3′ and second set: forward 5′-
TCTGCCAGGACATCTTTCTC-3′ and reverse 5′-GTGACCAAGGCCACGACGTT-3′) as
previously reported (25;26). Sample DNA (50 ng) was added to the first round PCR from
which 2 μl of the product mix was added to the second round PCR with a thermal cycling
program of enzyme activation for 5 min at 95°C and 40 cycles of 1 min denaturation at
94°C, 1 min annealing at 45°C, and 2 min extension at 72°C for both PCR reactions. A 167-
bp CMV viral DNA fragment was visualized by gel electrophoresis and confirmed by DNA
sequencing. The quality of input sample DNA was confirmed by amplification of a cellular
house-keeping gene glyceraldehydes 3 phosphate dehydrogenase (GAPDH). Purified human
CMV laboratory strain AD169 (CMVAD169, Advanced Biotech Inc, Paterson, NJ) was
employed as a positive control. In the pilot experiments, CMV DNA was detected in all
experiments when 2 or more copies of CMVAD169 were in the sample DNA after series of
dilutions and at about half of the times when 1 copy of CMVAD169 was calculated to be
present. Negative results for CMV DNA detection were confirmed by increasing the amount
of input sample DNA to 500 ng.

2.3. Measurements of serum anti-CMV IgG antibody titers, neopterin and IFN-γ levels
Serum samples were obtained from each participant according to the standard protocol, and
stored in aliquots at −80°C until analysis. Anti-CMV IgG titers were determined by
commercially available enzyme-linked immunosorbent assay (ELISA, United Biotech Inc.,
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Mountain View, CA) with an interassay coefficient of variance (CV) of 5.2%; a titer of 15
ELISA Units (EU)/ml or greater was pre-determined by the manufacturer as CMV-
seropositive. Neopterin was measured using a competitive ELISA (ALPCO Diagnostics;
Salem, NH) with a sensitivity of 0.8nM and an interassay CV of 5.29%. IFN-γ was
measured using ultra sensitive ELISA human cytokine kit (Meso Scale Discovery,
Gaithersburg, MD) with a sensitivity of 0.39pg/ml and an interassay CV of 6.4%.

2.4. Statistical analysis
Summary statistics of demographic characteristics, CMV serology status and absolute titers,
and serum neopterin and IFN-γ levels were constructed for all 71 study participants and
distributions of these characteristics were compared by the CMV viral DNA detection. Data
on serum neopterin levels, the outcome measure of the present study, were determined as
normally distributed. CMV DNA detection (detectable vs undetectable) and serology status
(seropositive vs seronegative) were modeled as binary predictors. Absolute CMV antibody
titers and serum IFN-γ concentrations were log transformed to approximate normality.
Linear regression analyses were performed to determine 1) statistical significance of
differences in neopterin levels between participants with detectable CMV DNA and those
without, adjusting for IFN-γ and 2) relationship between log-transformed CMV IgG titers
and neopterin levels. All analyses except for the above regression analysis of the
relationship between log-transformed CMV IgG titers and neopterin levels were adjusted for
age, race, sex, body mass index (BMI), education, major disease categories including
hypertension, other cardiovascular diseases (coronary artery disease, congestive heart
failure, and stroke), diabetes mellitus, and anemia, as well as medication use such as lipid-
lowering drugs. Intercooled Stata software, version 9 was used for model estimation and
diagnostics (Stata Corporation, College Station, TX).

3. RESULTS
3.1. Demographic and clinical characteristics of the study participants

Seventy-one community-dwelling older adults with complete data on CMV DNA detection,
CMV IgG antibody titers, and serum neopterin and IFN-γ levels were included in the study.
Table 1 summarizes major demographic and clinical characteristics of the participants. The
mean age of the participants was 84.5 (range of 72–95 years). The majority of them were
female and Caucasians with education level of high school and above. Participants had an
average of 3 medical diagnoses including the following common chronic conditions:
hypertension, other cardiovascular diseases (coronary artery disease, congestive heart
failure, and stroke), diabetes mellitus, and anemia. On average, participants took 2–3
medications such as lipid-lowering drugs including HMG-CoA reductase inhibitors. No
significant difference was observed between participants with detectable CMV DNA and
those without in age, race, sex, education, BMI, total of medical diagnoses and total number
of medications, prevalence of hypertension, other cardiovascular diseases, diabetes mellitus,
and anemia. Participants with detectable CMV DNA had a higher usage of lipid-lowering
drugs than those with no detectable CMV DNA (60% vs 31.7%, respectively, p= .02). In our
exploratory analyses, we observed no significant difference in demographic and clinical
characteristics by gender (data not shown).

3.2. CMV DNA detection in peripheral monocytes and CMV IgG serology
Fig. 1 shows results from a typical nested PCR experiment in which a 167-bp CMV viral
DNA fragment was detected in two out of three participants tested (panel A). The quality of
sample DNA from three participants was confirmed by amplification of a cellular house-
keeping gene GAPDH (panel B). Pilot experiments with purified genomic DNAof human
CMVAD169 strain showed specific viral DNA detection as low as 5 copies of CMVAD169
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added to the sample DNA (data not shown), indicating the sensitivity of the nested PCR
assay under our experimental conditions. Out of 71 participants tested, CMV DNA was
detected in the peripheral monocytes of 30 (42.3%) participants.

The median absolute serum anti-CMV IgG antibody titer of all study participants was 40.6
EU/ml (range of 0.9–71.4). Based on the cut-off of 15 EU/ml pre-determined by the assay,
52 (73.2%) were CMV seropositive. All participants with detectable CMV DNA were CMV
seropositive. However, only 30 out of 52 (57.7%) CMV seropositive individuals had
detectable CMV DNA and 22 out of 41 (53.7%) participants who had no detectable CMV
viral DNA were CMV seropositive. Absolute CMV IgG antibody titers did not differ
significantly between CMV DNA-positive and –negative participants (medians=42.5 vs 39.1
EU/ml, respectively, p=.23, Table 2).

3.3. Serum neopterin levels and their relationships with detectable CMV DNA and CMV IgG
serology

Serum neopterin data in the study participants had nearly normal distribution with a mean of
9.1nM after exclusion of one outlier measurement (data not shown). As shown in Table 2,
participants with detectable CMV DNA had significantly higher neopterin levels than those
without (10.6±4.4 vs 8.0±1.9 nM, respectively, p< .0001). Fig. 2 shows this data and the
difference between the two groups remained statistically significant after adjusting for age,
race, sex, education, BMI, hypertension, other cardiovascular diseases, diabetes mellitus,
anemia, frailty, and use of lipid-lowering medications (p< .0001, panel A). There was no
significant difference in neopterin levels between CMV seropositive and seronegative
groups (9.3±2.0 vs 8.9±4.4, respectively, p= .46, panel B).

Next, we evaluated whether neopterin levels were associated with absolute CMV IgG titers.
We first modeled log(CMV titers) as a continuous variable, linear regression analysis
showed no significant association between neopterin levels and log(CMV titers) (p= .46).
Since our exploratory analysis showed possible non-linear relationship between neopterin
levels and log(CMV titers) (data not shown), we then tested the quadratic term of log(CMV
titers), which again showed no significant association (p= .13). In addition, we modeled
CMV titers in tertiles (bottom tertile <30.9 EU/ml, mid tertile ≥30.9 EU/ml and <26.4 EU/
ml, and top tertile ≥26.4 EU/ml), and there was no significant difference in neopterin levels
between the tertiles (p= .72, ANOVA). These results indicate no statistically significant
association between neopterin levels and absolute CMV IgG titers in the study participants.
Taken together, these results demonstrate a significant association of detectable CMV DNA
rather than CMV seropositivity nor absolute IgG titers with neopterin levels in community-
dwelling older adults.

3.4. The association of detectable CMV DNA with neopterin: Independent of serum IFN-γ
levels

Since IFN-γ is known to induce neopterin production by monocytes/macrophages, we
measured serum IFN-γ levels and evaluated if the observed neopterin difference between the
CMV DNA detection study groups was due to the difference in IFN-γ levels. All study
participants had detectable IFN-γ in their sera with a median level of 1.09pg/ml (range: 0.40
– 10.37pg/ml). There was no significant difference in IFN-γ levels between participants with
detectable CMV DNA and those without (median = 1.09, range = 0.43 – 5.20pg/ml vs
median = 1.09, range = 0.40 – 10.37pg/ml, respectively, p=.77) (Table 2). Moreover, the
difference in neopterin levels between the two study groups remained significant after
adjusting for levels of IFN-γ in the regression model (p< .0001).
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4. DISCUSSION
To the best of our knowledge, this study is the first to evaluate the presence of CMV DNA
in peripheral monocytes and its relationship with CMV IgG serology and serum neopterin
levels in community-dwelling older adults. The results demonstrate that while the majority
of participants (73.2%) had positive CMV IgG serology, 42.3% of all participants and
57.7% of seropositive participants had detectable CMV DNA. In addition, detectable CMV
DNA rather than positive IgG titers had significant association with elevated neopterin
levels. This association was independent of serum IFN-γ levels.

Chronic CMV infection is conventionally diagnosed by positive IgG serology in older
adults. In the present study, we sought physical evidence of CMV infection beyond positive
IgG serology through detection of CMV DNA by nested PCR in peripheral monocytes, one
of the known primary host cell types for CMV infection. Nested PCR is a highly sensitive
and specific technique that has been applied to test blood donors for CMV infection (25;26).
As expected, all participants with detectable CMV DNA were CMV seropositive. To our
surprise, however, nearly half of seropositive older individuals did not have detectable CMV
DNA in peripheral monocytes. This is unlikely due to lack of sensitivity of the nested PCR
assay because CMV DNA was detected as low as 1–2 copies of CMVAD169 in the sample
DNA and negative results were confirmed by increasing the amount of input sample DNA to
500 ng. As positive IgG serology does not distinguish between past and persistent infections,
these results suggest that CMV seropositive older adult population is heterogeneous in
regard to the status of chronic CMV infection. Whether detectable CMV DNA in monocytes
indicates CMV reactivation or persistent CMV infection in this otherwise immunocompetent
elderly population requires further investigation.

CMV is known to modulate the function and differentiation of monocytes and macrophages
in vitro. However, the relationship between chronic CMV infection and monocyte/
macrophage-mediated immune activation in older adults has not been adequately evaluated.
Neopterin, whose production is primarily induced by IFN-γ stimulation, is a well established
immune activation marker produced by monocytes and macrophages. Serum neopterin
levels increase with age (13;21;27–29). Our results are consistent with previously reported
neopterin levels of 9 nM or higher in persons over 75 years of age (13;21). Elevated
neopterin levels have been reported in the setting of acute CMV infection with IgM
seroconversion in blood donors (30). Novel findings in this study include that elevated
neopterin levels are associated with detectable monocytic CMV DNA rather than CMV IgG
titers in older adults after adjusting for major demographic and clinical covariates. To
address the possibility that the difference in IFN-γ could account for the observed difference
in neopterin levels, we measured serum IFN-γ levels and demonstrated no significant
difference between participants with detectable monocytic CMV DNA and those without. In
addition, the association between elevated neopterin levels and detectable CMV DNA in
monocytes remained significant after adjusted for IFN-γ levels. While IFN-γ is known to
induce neopterin production, IFN-γ is produced by a number of different cell types – T cells,
NK cells, dendric cells, etc. Thus, its levels reflect the balance of production at many
different sites and cells, not necessarily linked to direct stimulation of neopterin production
at specific tissue sites (macrophages) or niches (monocytes). Alternatively, CMV infection
may induce neopterin production by monocytes and macrophages independent of IFN-γ,
which is under active investigation in our laboratory. Of note, participants with detectable
CMV DNA had more frequent use of HMG-CoA reductase inhibitors (statins) than those
without. These drugs have been shown to suppress neopterin production and to be associated
with decreased neopterin levels in stable coronary artery disease (31;32). Whether chronic
CMV infection can overcome the suppressive effect of statins in its contribution to elevated
neopterin levels in older adults deserves further investigation.
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A number of studies have shown CMV-specific CD4+ and CD8+ T-cell clonal expansion in
CMV seropositive older adults, suggesting a role of chronic CMV infection in age-related T-
cell immunosenescence (10;33;34). CMV seropositivity has been associated with increased
risk for frailty and mortality in older adults (7;35;36). In addition, absolute CMV IgG titer
appears to be superior than seropositivity in detecting its association with frailty and
mortality in the elderly (37). Our results showed significant association of elevated neopterin
levels only with detectable CMV DNA and no such association with either CMV
seropositivity or absolute IgG titers, suggesting that CMV DNA detection in monocytes may
provide additional information about the status of chronic CMV infection in the elderly.
Contrary to CMV DNA detection in peripheral monocytes, which requires isolation of
PBMCs and advanced nested PCR technique, CMV IgG serology is usually measured by
standard ELISA assays in small amount of serum sample with established sensitivity and
specificity and thus, appears to be a useful marker that is easy to obtain in large cohort
studies. However, recent studies have shown detection of CMV DNA by PCR in dried blood
spot (DBS) as a useful tool in screening congenital CMV infection in the pediatric
population (38;39). Whether the PCR methodology employed in this study can be optimized
and applied for CMV DNA detection via DBS in large-scale aging research deserves further
evaluation.

We acknowledge several limitations of the study. First, there is a possibility that CMV could
be harbored in other cells and tissues in seropostiive older individuals. While we cannot rule
out this possibility, peripheral monocytes have been shown to be the principal cell types that
harbor the CMV DNA genome (4;40–42). Secondly, serum neopterin levels are likely
influenced by many factors other than chronic CMV infection. While acute bacterial and
viral infections were excluded from this study and age, BMI, IFN-γ and other potential
demographic and clinical covariates were adjusted in our regression analyses, potential
influence from unrecognized or subclinical infections and other unidentified factors could
not be completely eliminated. Lastly, this is a cross-sectional study with limited sample size.
The biologically plausible causal relationship between chronic CMV infection and elevated
neopterin levels will need to be confirmed in larger older adult cohort studies. Despite these
limitations, results from this study support our original hypothesis and provide initial
evidence suggesting CMV DNA detection in monocytes as an additional informative tool
for better understanding of the status of chronic CMV infection in older adults. These
findings also provide a basis for further investigation into underlying mechanisms through
which chronic CMV infection contributes to elevated neopterin levels and monocyte/
macrophage-mediated immune activation in the elderly.
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Fig. 1.
CMV viral DNA detection in peripheral monocytes by nested PCR targeted to the CMV
UL123 gene. (A) Positive control (lane 6): A 167-bp PCR product from purified genomic
DNA of human CMV strain AD169 (CMV AD169, Advanced Biotech Inc, Paterson, NJ);
Negative controls (lanes 4–5) with no input sample DNA (lane 4 – primers for both rounds
of PCR and lane 5 – primer for first round PCR only); Two participants with detectable 167-
bp CMV DNA (lanes 2–3) and one with none (lane 1). (B) PCR amplification of cellular
gene GAPDH with the same amount of input DNA from three participants shown in lanes 1–
3, respectively. M: DNA marker.

Leng et al. Page 11

Exp Gerontol. Author manuscript; available in PMC 2011 August 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Fig. 2.
Serum neopterin levels between participants with detectable monocytic CMV viral DNA
and those without (A) and between CMV seropositive and seronegative participants (B).
*Adjusted for age, race, sex, education, BMI, hypertension, other cardiovascular diseases,
diabetes, anemia, and use of lipid-lowering medications.
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Table 1

Selected demographic and clinical characteristics of all participants and by CMV DNA detection status

Characteristics All participants (N=71) CMV DNA (+) (N=30) CMV DNA (−) (N=41) P value

Age (yrs): mean±SD 84.5±4.6 84.4±4.3 84.6±4.8 .85

Race (White), % 91.6% 93.3% 90.2% .64

Sex (female), % 77.5% 83.3% 73.2% .31

Education (high school or above), % 94.4% 93.3% 95.1% .23

BMI (kg/m2), % .68

 <21.5 16.4% 17.2% 15.8%

 21.5–24.9 41.8% 37.9% 44.7%

 25–29.9 31.3% 37.9% 26.3%

 ≥30 10.5% 6.9% 13.2%

Total # of diagnoses, mean±SD 3.2±1.6 3.1±1.6 3.2±1.6 .69

Hypertension, % 67.1% 76.7% 60% .14

Other cardiovascular diseases, % 38.0% 36.7% 39.0% .84

Diabetes mellitus, % 11.3% 13.3% 9.8% .64

Anemia, % 11.3% 13.3% 9.8% .64

Total # of medications, mean±SD 2.4±1.5 2.7±1.4 2.2±1.6 .15

Use of lipid lowering drug, % 43.7% 60.0% 31.7% .02
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Table 2

CMV IgG seropositivity, absolute IgG titers, and levels of neopterin and IFN-γ of all subjects and by CMV
DNA detection status

Study variables All participants (N=71) CMV DNA (+)(N=30) CMV DNA (−) (N=41) P Values

CMV seropositivity, % 73.2% 100% 53.7% .01

Absolute CMV IgG titer (EU/ml), median
(range)

40.6 (0.9–71.4) 42.5 (0.9–71.4) 39.1 (0.9–65.9) .23*

Neopterin (nM), mean±SD 9.1±3.4 10.6±4.4 8.0±1.9 < .0001

IFN-γ (pg/ml), median (range) 1.09 (0.40 – 10.37) 1.09 (0.43 – 5.20) 1.09 (0.40 – 10.37) .77*

*
These P values were obtained from Mann-Whitney test.
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