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Inflammation increases with age and is associated with many chronic diseases that are prevalent among
older adults. Persistent pathogens such as latent herpesviruses and chronic bacterial infections can act as
a source of inflammation. Herpesviruses, including Epstein-Barr virus (EBV) and cytomegalovirus (CMV),
establish latent infections following primary infection and reactivate when the cellular immune system is
compromised. EBV and CMV replication can induce proinflammatory cytokine production and thus could
influence systemic inflammation. The present study addressed relationships among EBV and CMV anti-
body titers, and levels of C-reactive protein (CRP) and interleukin-6 (IL-6) in a sample of 222 community
dwelling older adults (mean,g. = 64.1 + 14.1 years). Participants were divided into two groups based on
whether they were EBV seropositive and CMV seronegative (EBV+CMV-), or EBV and CMV seropositive
(EBV+CMV+). Among individuals who were EBV+CMV—, EBV antibody titers were not associated with
either CRP or IL-6 levels. However, among those who were EBV+CMV+, higher EBV antibody titers were
related to elevated levels of CRP and IL-6 in those individuals with higher CMV antibody titers; there was
no relationship between EBV antibody titers and CRP or IL-6 levels in those participants with lower CMV
antibody titers. These data suggest that the combination of latent EBV and CMV reactivation (indexed by
antibody titers) may boost CRP and IL-6 production. Thus, reactivation of multiple herpesviruses may
drive inflammation and could contribute to poorer health among older adults.

© 2011 Elsevier Inc. All rights reserved.

1. Introduction

positive (previously infected) with multiple persistent pathogens
(i.e., pathogen burden) does not always lead to symptomatic ill-

Inflammation predicts morbidity and all-cause mortality in old-
er adults (Bruunsgaard and Pedersen, 2003; De Martinis et al.,
2006). Elevated proinflammatory cytokines are associated with
many age-related diseases including Type 2 diabetes, cancer, Alz-
heimer’s disease, and cardiovascular disease (Ershler and Keller,
2000). Although levels of C-reactive protein (CRP) and interleu-
kin-6 (IL-6) increase with age (Ferrucci et al., 2005; Shurin et al.,
2007), factors other than aging contribute to inflammation.

Persistent pathogens that are acquired across the lifespan in-
clude herpesviruses and chronic bacterial infections. Being sero-
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ness; however, individuals with a greater pathogen burden can
have higher CRP and IL-6 levels (Nazmi et al., 2010; Zhu et al,,
2000). Greater pathogen burden with higher inflammation has
been linked to an increased risk for cardiovascular disease and car-
diovascular-related mortality, especially in those seropositive for
CMV or EBV (Waldman et al., 2008; Zhu et al., 2000; Zhu et al.,
1999).

Herpesviruses are commonplace among adults. Approximately
60% of US adults have antibody to CMV by their forties (Staras
et al., 2006), and about 95% of adults worldwide are EBV seropos-
itive (WHO, 2008). Following primary infection, herpesviruses
establish latent infections in various cells (Glaser and Jones,
1994). Reactivation of latent herpesviruses, as indexed by higher
antibody titers, occurs when the cellular immune system is com-
promised (Glaser and Kiecolt-Glaser, 1994).
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Diminished cellular immunity may paradoxically lead to ele-
vated inflammation. For example, depression can weaken cellu-
lar immune function and provoke herpesvirus reactivation
(Kiecolt-Glaser et al., 1991). Major depression and depressive
symptoms have also been associated with higher levels of IL-1,
IL-6, and CRP (Bremmer et al., 2008; Maes et al., 1995). More-
over, in coronary artery disease patients, the combination of
higher CRP and the presence of three latent herpesviruses infec-
tions (i.e., CMV, EBV, and herpes simplex virus) was associated
with higher depressive symptoms (Miller et al., 2005). Herpesvi-
rus reactivation may provide one mechanism leading to higher
levels of inflammation; EBV and CMV replication can induce
IL-6, tumor necrosis factor-alpha (TNF-a), IL-8, and IL-1B produc-
tion in cultured cells (Almeida et al., 1994; Burns et al., 1999;
Glaser et al., 2006). Thus, herpesvirus reactivation and the num-
ber of latent herpesvirus infections could contribute to
inflammation.

CMV seropositivity may contribute to negative health outcomes
in older adults. For example, CMV seropositive older women were
more likely to be frail than their CMV seronegative counterparts
(Schmaltz et al., 2005; Wang et al., 2010). CMV seropositive indi-
viduals have also presented with increased CRP levels compared
to CMV seronegative individuals (Simanek et al., 2011; Zhu et al.,
1999). Together, these studies suggest that CMV seropositivity
may increase health risks because of elevated inflammation. In-
deed, among women with higher serum levels of IL-6, being CMV
seropositive was associated with a 20-fold increased risk for frailty
compared to those who were CMV seronegative; among women
with lower levels of IL-6, CMV seropositive status was not related
to frailty (Schmaltz et al., 2005).

Furthermore, CMV seropositive individuals with higher levels
of IL-6 and CRP were also at greater risk for cardiovascular-
related and all-cause mortality compared to those individuals
with lower IL-6 and CRP levels, and this association was related
to higher CMV antibody titers (Blankenberg et al., 2001; Nazmi
et al, 2010; Simanek et al.,, 2011). Another study investigated
the connection between CMV antibody titers and mortality. Com-
pared to individuals in the lower three quartiles, those with the
highest CMV antibody titers were more likely to die from cardio-
vascular-related disease as well as all-cause events; this relation-
ship was partially explained by IL-6 and TNF-ao levels (Roberts
et al., 2010). During EBV reactivation, early viral proteins induced
macrophages in contact with endothelial cells to produce proin-
flammatory cytokines, which upregulated expression of endothe-
lial adhesion molecules (Waldman et al., 2008). Thus, EBV
reactivation may play a role in cardiovascular disease pathogene-
sis. Taken together, the relationship among herpesvirus seroposi-
tivity, inflammation, and poorer health appears to exist in older
populations.

The combination of CMV seropositivity and higher inflamma-
tion may result in poorer health. Although CMV seropositivity is
not always associated with higher levels of inflammation, her-
pesvirus reactivation induces proinflammatory cytokine produc-
tion in vitro. Therefore, this study assessed relationships among
herpesviruses reactivation (CMV and EBV) and inflammation
(CRP and IL-6) in a sample of community-dwelling older adults.
Regardless of whether the participant was seropositive for only
EBV or for both EBV and CMV, we expected that higher levels
of latent viral reactivation would be associated with higher lev-
els of inflammation. In participants who were both EBV and CMV
seropositive, we hypothesized that concurrent reactivation (in-
dexed by antibody titers) of both viruses would be related to in-
creased levels of CRP and IL-6. We also expected that higher EBV
antibody titers would be correlated with more depressive
symptoms.

2. Methods
2.1. Participants

Participants were part of a larger project on stress and health in
older adults. Study recruitment occurred via community and uni-
versity newspapers, Craigslist.org, senior citizen centers, a collabo-
rating neurologist, and the Alzheimer’s Disease Association.
Individuals with immunologically related health problems such
as cancer or recent surgeries were excluded during recruitment.
After obtaining informed consent, participants completed ques-
tionnaires about mood, health behaviors, and sociodemographic
characteristics, and provided a blood sample.

We used all participants from the parent trial who had com-
plete serological data (i.e., CRP and IL-6 values and CMV and EBV
seropositivity and antibody titers for those who were seropositive)
and were not Type 2 diabetic (N =226). Because acute infections
boost inflammation, participants who were visibly ill upon arrival,
running a fever at the beginning of the session, or canceled due to
illness were rescheduled for an appointment at least 2 weeks later.
In addition, during acute viral infections CRP values can range from
20 to 40 mg/L (Jaye and Waites, 1997). To be conservative, we ex-
cluded four participants, whose CRP values were greater than
20 mg/mL. Thus, our final sample contained 222 participants
including 88 caregivers who were currently providing care at least
5 h per week for a spouse or parent with Alzheimer’s disease or an-
other progressive dementia, and 134 noncaregivers who were
demographically indistinguishable from caregivers but had no sim-
ilar responsibilities.

2.2. Measures

Participants answered questions about their age, sex, race, high-
est level of education, and smoking status. Educational level was
used to assess socioeconomic status because our sample included
a number of older women who had not worked outside the home,
as well as many retired people. Body mass index (BMI; kg/m?) was
calculated from height and weight data collected during the
session.

The Pittsburgh Sleep Quality Index (PSQI) assessed sleep quality
and sleep disturbances (Buysse et al., 1989). The scale has good
internal consistency (Cronbach o of 0.85) and high test-retest reli-
ability (r =.86) over a 45 day period (Backhaus et al., 2002).

The Center for Epidemiological Studies-Depression Scale
(CES-D) is a widely used 20-item scale assessing depressive symp-
tomatology (Radloff, 1977). Population norms provide cutoffs for
varying levels of depression, with higher scores signifying more
depressive symptoms (Basco et al., 1997; Roberts and Vernon,
1983).

Physical health questions from the Older Adult Resources Sur-
vey (OARS) assessed underlying chronic medical conditions and
medication use (Fillenbaum and Smyer, 1981). Several studies
found excellent agreement between self-reports and hospital or
physician records for the specific conditions of interest, including
myocardial infarction, stroke, and diabetes (Bush et al., 1989;
Kehoe et al., 1994). A dichotomous variable aggregated the use of
inflammation-related medications including statins, nonsteroidal
anti-inflammatory drugs, corticosteroids, estrogen medications,
and antidepressants (Danese et al., 2008).

2.3. Immunological assays
Blood samples were drawn between 8 AM and 10 AM. Serum

and plasma samples were frozen and remained at —80 °C until
assayed.
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Plasma was assayed using Euroimmun EBV ELISA plates that
measure EBV virus capsid antigen (VCA) antibody titers (Morris
Plains, NJ). CMV IgG antibody titers were also determined using
Euroimmun CMV ELISA plates (Morris Plains, NJ). CMV and EBV
VCA IgG antibody titers were assessed following company instruc-
tions with some modifications. Specifically, for each ELISA plate
three controls that were included in each kit (one positive sample,
one negative sample, and three calibrators) were run in duplicate.
Plasma samples were initially diluted 1:101 with a dilution buffer
according to the recommended protocol provided by the company.
Six serial twofold dilutions of each sample were assayed. The last
dilution factor with a positive IgG value determined the IgG anti-
body titer. Calculated viral titers for each sample were plotted
and samples were rerun if the end point did not fall within the lin-
ear range (+15%). Samples were initially screened for CMV seropos-
itive status and only CMV seropositive samples were serially
diluted to assess the CMV antibody titer. If EBV and/or CMV anti-
bodies were present following the initial 1:101 dilution, then the
sample was considered seropositive for EBV and/or CMV. If the
plasma sample had no EBV and/or no CMV antibody present, then
it was considered seronegative for the respective herpesvirus(es).
Antibody titers were treated as continuous variables in all of our
analyses based on the extant literature showing that latent virus
reactivation occurs to varying degrees, and therefore should be
represented as continuous (Glaser and Jones, 1994).

IL-6 levels were determined using Quantikine High Sensitivity
Immunoassay kits (R&D Systems, Minneapolis, MN) according to
the kit instructions. Samples were run undiluted in duplicate.
The sensitivity of the kit to detect IL-6 is 0.039 pg/mL. Intra-assay
coefficient of variation ranges from 6.9% to 7.8% and interassay
coefficient variation ranges from 6.5% to 9.6%.

High-sensitivity C-reactive protein (hsCRP) assays were per-
formed, using chemiluminescence methodology with Immulite
1000 (Siemens Medical Solutions, Los Angeles, CA). The lowest le-
vel of detection is 0.3 mg/L. Intra-assay coefficient of variation is
5.1% and interassay coefficient variation is 7.3%.

2.4. Statistical analyses

Subjects were categorized by their EBV and CMV seropositive
status into two groups: EBV seropositive and CMV seronegative
(EBV+CMV—; N =90) or EBV and CMV seropositive (EBV+CMV+;
N =124). Five subjects were seronegative for EBV and CMV and
three subjects were CMV seropositive, but EBV seronegative. Thus,
these 8 individuals were removed from the analyses.

Due to skewed data, a log;o transformation was conducted on
EBV and CMV antibody titers, as well as CRP and IL-6 levels.
Zero-order correlations assessed relationships between all contin-
uous variables. We also conducted zero-order correlations be-
tween all continuous variables within each herpesvirus
seropositive group (i.e.,, EBV+CMV— vs. EBV+CMV+). Chi-square
tests were conducted to assess EBV and CMV seropositive status
differences among dichotomous variables. Unadjusted analyses of
variance (ANOVAs) tested for herpesvirus seropositive group (i.e.,
EBV+CMV - vs. EBV+CMV+) differences on all continuous variables.

Using ordinary least squares multiple regression models, we ad-
dressed the question of whether EBV antibody titers in the
EBV+CMV - group were associated with CRP and IL-6 in two sepa-
rate analyses. In EBV+CMV+ participants, we investigated whether
CMV antibody titers moderated the association between EBV anti-
body titers and CRP and IL-6 in two separate multiple regression
analyses. Using similar linear regression models within each her-
pesvirus seropositive group, we examined whether herpesvirus
antibody titers were related to depressive symptoms. All indepen-
dent variables were grand mean centered. We examined residuals
to confirm that they distributed normally.

Models predicting CRP and IL-6 were adjusted for age, BMI,
chronic conditions, education, sleep, sex (1=male, 2 = female),
smoking status (1 =smoker, 0 = nonsmoker), race (1 = Caucasian,
0 = non-Caucasian), caregiver status (1 = caregiver, 0 = noncaregiv-
er) and inflammation-related medications (1 = user, 0 = nonuser).
In the models predicting depression, all covariates in the inflam-
mation models were used with exception of sleep. Sleep was
highly associated with depression (r (214) =.59, p <.05); therefore,
it was not included in the models.

3. Results
3.1. Demographic, clinical, and health behaviors

As shown in Table 1, herpesvirus seropositive groups did not
differ on EBV antibody titers, IL-6 levels, age, education, BMI,
chronic conditions, sleep, or depressive symptoms. EBV+CMV+
individuals had higher CRP levels compared to those who were
EBV+CMV-. Non-Caucasians and nonsmokers were more likely
to be EBV and CMV seropositive (s > 4.48, ps <.05). Sex, inflam-
mation-related medication use, and caregiver status were not re-
lated to EBV and CMV seropositive status (x2s < .64, ps >.05).

Table 2 provides correlations for all continuous variables. High-
er EBV antibody titers were associated with higher CMV antibody
titers. Individuals with higher CRP levels also had elevated IL-6 lev-
els, greater BMI, and poorer sleep. Higher CRP levels were also
associated with less education. Higher IL-6 levels were related to
aging, higher BMI, and more chronic conditions.

3.2. Associations among herpesvirus antibody titers and inflammation

Table 3 summarizes the analyses that assessed the relationship
between EBV and CMV antibody titers and CRP and IL-6 levels by
herpesvirus seropositivity. Although EBV antibody titers were not
related to CRP or IL-6 levels in the EBV+CMV— group, the interac-
tion between EBV and CMV antibody titers significantly predicted
CRP and IL-6 levels among those EBV+CMV+. Specifically, CRP and
IL-6 levels were significantly associated with EBV antibody titers
when CMV antibody titers were higher (p <.05); however, this
was not the case when CMV antibody titers were lower. Greater
BMI was strongly associated with higher CRP and IL-6 levels; con-
sistent with previous reports (Aronson et al., 2008; Mohamed-Ali
et al., 1997; Visser et al., 1999). In the regression predicting IL-6
levels among EBV+CMV+ participants, caregiver status was a sig-
nificant covariate. Higher order interactions between caregiver sta-
tus and the reported associations were not significant; therefore,
higher order interactions were not included in the models.

Figs. 1 and 2 graphically illustrate the significant EBV antibody
titer by CMV antibody titer interaction predicting CRP and IL-6 lev-
els, respectively. As recommended by Aiken and West (1991), we
provided lines for +1 standard deviation from the mean to repre-
sent CMV antibody titer. We also analyzed the region of signifi-
cance for the interaction. Using all possible log;o transformed
CMV antibody titers (range=2.01-3.91), we determined when
the relationships between EBV antibody titers and CRP or IL-6 lev-
els were statistically different from zero. The region of significance
includes CMV antibody titers that correspond to statistically signif-
icant relationships between EBV antibody titers and CRP or IL-6
levels.

Elevated EBV antibody titers remained significantly associated
with greater CRP levels when CMV antibody titers were greater
than or equal to 3.51 (ps <.05). For the lowest CMV antibody titer,
EBV antibody titers were negatively associated with CRP levels
(p=.05). However, we were cautious to interpret the clinical
significance of this negative association because only 3 of 124



742 J.M. Bennett et al./Brain, Behavior, and Immunity 26 (2012) 739-746

Table 1
Summary of sample characteristics.
Variable Total sample (N =214) EBV seropositive (N = 90) EBV and CMV seropositive (N = 124) F
% M SD % M SD % M SD
CRP (mg/L) * 3.34 3.73 2.99 3.71 3.60 3.74 4.02"
IL-6 (pg/mL) * 1.93 1.50 2.00 1.72 1.87 1.32 .018
EBV (logo) 3.14 0.43 3.17 0.37 3.11 0.47 1.03
CMV (logio) - - - - 2.96 0.41 -
Age (yrs) 64.14 14.06 62.18 14.17 65.56 13.86 3.06
BMI (kg/m?) 27.86 5.68 27.45 4.38 28.15 6.47 519
Sleep 5.55 3.06 5.19 2.76 5.82 3.25 1.99
Chronic conditions 0.98 1.04 1.00 0.96 0.97 1.10 .050
Depression 8.69 8.65 7.79 7.93 9.35 9.11 1.71
Sex (female) 74 77 72
Race (Caucasian) 87 94 82
Caregiver (yes) 40 43 38
Smoker 5 9 2
Inflammation-related medications 59 57 61
Education .892
High school or less 13 12 14
Some college 22 22 22
College graduate 38 35 40
Graduate/professional 27 31 24
2 Raw values displayed for clarity; analyses conducted on log;o transformed data.
" p<.05.
Table 2
Correlations among continuous study variables.
Variable 1 20 3 4 5 6 7 8 9
1. EBV (logio)
2. CMV (logo)* 25"
3. CRP (logqo) .02 -.01
4. 1L-6 (logio) 13 .06 43
5. Age .04 -.01 -.01 217
6. BMI -.06 -.07 417 327 -.25""
7. Chronic conditions —-.01 .04 .09 24" 377 —.06
8. Education -.09 .04 -.15" -.13 -.14" -.07 —.04
9. Sleep .06 -.07 15 12 -.08 217 22" -.11
10. Depression 16" -.05 11 .04 -19™ a7 .07 -.11 59"
2 CMV correlations’ sample size is 124; all other correlations’ sample sizes are 214.
" p<.05.
" p<.01.
" p<.001.

participants had the lowest CMV antibody titer. The significant po-
sitive relationship between EBV antibody titers and IL-6 levels was
present when CMV antibody titers were greater than or equal to
2.91 (ps <.05). For CMV antibody titers below 2.91, the relation-
ship between EBV antibody titers and IL-6 levels were not different
from zero.

3.3. Associations among herpesvirus antibody titers and depression

Caregivers were more depressed on average than controls (F(1,
210)=18.66, p <.05); however, caregivers did not have signifi-
cantly higher herpesvirus antibody titers compared to controls.
Using zero-order correlations, more depressive symptoms were
associated with higher EBV antibody titers across the whole sam-
ple (see Table 2). CMV antibody titers were not related to CES-D
scores. When stratifying the sample by herpesvirus seropositive
status, the relationship between EBV antibody titers and depres-
sion differed across subgroups. For the EBV+CMV+ group, higher
EBV antibody titers were related to higher CES-D scores
(r(124) = .19, p <.05), while for the EBV+CMV— group, EBV anti-
body titers and CES-D scores were not related (r(90)=.12,
p>.05). In the EBV+CMV+ group, the interaction between EBV
and CMV antibody titers was not associated with depressive
symptoms.

In the fully adjusted model, the relationship between higher
EBV antibody titers and higher depressive symptoms among all
participants trended toward significance (b =2.24, {(204)=1.69,
p =.09). In addition, within the EBV+CMV+ group, EBV antibody ti-
ters were no longer related to CES-D scores and the relationship
between CMV antibody titers and CES-D scores remained nonsig-
nificant in adjusted regression models. When caregiver status
and higher order interactions were included in the regression mod-
els, the results were unchanged.

4. Discussion

Chronic inflammation can lead to poorer health, especially in
older adults. Among our EBV+CMV+ participants, higher EBV anti-
body titers were associated with higher CRP and IL-6 levels, but
only in those who had higher CMV antibody titers. EBV antibody
titers were not related to CRP or IL-6 levels in the EBV+CMV-—
group. Consistent with previous findings (Kiecolt-Glaser et al.,
1991), higher EBV antibody titers were associated with more
depressive symptoms.

Greater pathogen burden is associated with elevated inflamma-
tion (Nazmi et al., 2010; Zhu et al., 2000). In our sample, those who
were EBV+CMV+ had higher CRP levels than those who were
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Table 3
Summary of multiple linear regressions predicting CRP and IL-6 using separate analyses by herpesvirus seropositive group.
Model Variable CRP IL-6
B SE 95% CI B SE 95% CI
EBV seropositive Age (yrs) .001 .004 [-.008, .010] .005™" .002 [.002, .009]
BMI (kg/m?) 051" .012 [.027,.074] 015" .005 [.006, .024]
Chronic conditions 160" .059 [.043, .276] .043 023 [—.003, .089]
Sex .184 113 [-.040, .408] .012 .044 [-.076, .100]
Race .036 .205 [-372, .444] —.099 .080 [-.259, .060]
Smoking status —.259 172 [-602, .083] 110 .067 [-.024, .244]
Education -.027 .050 [-125,.072] —.004 .019 [-.043, .034]
Inflammation-related medications .053 .098 [-.143, .248] —.056 .038 [-.132,.021]
Sleep —-.010 .019 [-.049, .028] .008 .008 [-.007, .023]
Caregiver status .016 .099 [-182, .214] —-.018 .039 [-.095, .060]
EBV (logio) —.088 130 [-346, .170] —.008 .051 [-.109, .093]
R? 341 321
F(11,78) 3.672"" 3.355"
EBV and CMV seropositive Age (yrs) .003 .003 [-.003, .009] .003"" .001 [.001, .006]
BMI (kg/m?) 028" .006 [.015, .040] 012" .002 [.008, .016]
Chronic conditions —-.005 .040 [-.083, .074] .022 .013 [-.003, .047]
Sex 244" .087 [.072, .416] .052 .028 [-.003, .107]
Race —-.073 114 [-300, .154] -.070 .036 [-.142,.002]
Smoking status 333 .259 [-181, .847] 175" .083 [.012, .339]
Education —.046 .039 [-.123,.031] .005 .012 [-.020, .029]
Inflammation-related medications —.003 .085 [-172, .166] .011 .027 [-.043, .065]
Sleep —.001 .013 [-026, .024] —-.004 .004 [-.012,.004]
Caregiver status .000 .086 [-170, .170] —.062" .027 [-.116,.007]
EBV (logio) .063 .087 [-110, .235] .070° .028 [.015, .125]
CMV (log1o) —.031 .098 [-.225, .164] —.004 .031 [-.066, .058]
EBV (logio) x CMV (log;o) 513" 218 [.082, .945] 144" .069 [.007, .282]
R? 295 397
F(13,110) 3.549"" 5.568""
The table presents the unstandardized beta coefficient (B) and the standard error and 95% confidence interval for B.
" p<.05.
" p<.01.
" p<.001.
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Fig. 1. The moderating role of CMV antibody titers in the relationship between EBV antibody titers and CRP. *simple slope, b=.27, t(110)=2.02, p <.05 The regression
analyses used the full range of EBV and CMV antibody titers as continuous variables. CMV antibody titers were stratified for graphical purposes using +1 standard deviation
from the mean. The line representing those with lower CMV antibody titers does not significantly differ from zero (simple slope, b = —.15, t(110) = —1.29, p =.20).

EBV+CMV-. This finding supports previous data linking pathogen
burden and inflammation. However, IL-6 levels did not differ be-
tween the EBV+CMV- and EBV+CMV+ groups. Several labs have
shown that CMV seropositive individuals have higher CRP levels
compared to those who are seronegative (Simanek et al., 2011;
Zhu et al., 1999). However, the relationship between CMV seropos-
itivity and higher IL-6 levels has not been as consistent
(Blankenberg et al., 2001; Schmaltz et al., 2005).

Biological differences between IL-6 and CRP may explain the
discordant results of CMV seropositivity on IL-6 and CRP levels.
For example, IL-6 follows a diurnal rhythm and has a relatively
short half-life (Bauer et al., 1994; Moldofsky et al., 1986; Waage

et al.,, 1989), while CRP does not vary across the day and has a
half-life 4-5 times longer than IL-6 (Meier-Ewert et al., 2001;
Ridker, 2003). In addition, many cells throughout the body can pro-
duce IL-6 including immune cells, adipocytes, and muscle cells
(Mohamed-Ali et al., 1997; Pedersen and Febbraio, 2008). How-
ever, only the liver produces CRP (Pepys and Hirschfield, 2003).
In our older adult sample, concurrent reactivation of EBV and
CMV (as indexed by antibody titers) was related to higher CRP
and IL-6; these data suggest that enhanced viral reactivation of
both EBV and CMV, not simply herpesvirus seropositive status or
reactivation of either EBV or CMV alone, may be linked to elevated
inflammation and possibly other health consequences such as Type
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Fig. 2. The moderating role of CMV antibody titers in the relationship between EBV antibody titers and IL-6. *simple slope, b=.13, t(110) = 3.13, p <.05. The regression
analyses used the full range of EBV and CMV antibody titers as continuous variables. CMV antibody titers were stratified for graphical purposes using +1 standard deviation
from the mean. The line representing those with lower CMV antibody titers does not significantly differ from zero (simple slope, b =.01, {(110) = .28, p =.78).

2 diabetes, cancer, Alzheimer’s disease, and cardiovascular disease.
Our findings extend a recent report suggesting that higher anti-
body titers to multiple persistent pathogens were better predictors
of elevated CRP than any one single pathogen alone (Nazmi et al.,
2010).

EBV reactivation was associated with higher inflammation val-
ues when CMV reactivation occurred simultaneously. Data from
in vitro studies show that EBV and CMV replication can induce
IL-6, TNF-a, IL-8, and IL-1B production (Almeida et al., 1994; Burns
et al.,, 1999; Glaser et al., 2006). Higher CMV antibody titers have
also been associated with elevated levels of CRP, IL-6, and TNF-o
in both healthy adults and cardiovascular patients (Blankenberg
et al., 2001; Roberts et al., 2010; Simanek et al., 2011); however,
until now no data have suggested that in vivo EBV reactivation
was related to systemic inflammation in a healthy older
population.

CMV seropositivity in the face of elevated inflammation may be
a particularly detrimental combination during old age. For exam-
ple, older women with the highest CMV antibody titers had a
greater incidence of frailty 3 years later and mortality 5 years later
compared to CMV seronegative women (Wang et al., 2010). In an
influenza vaccination study, vaccine nonresponders (those without
a fourfold antibody response) had greater CMV reactivation and
higher levels of TNF-a and IL-6 compared to vaccine responders
(Trzonkowski et al., 2003). In addition, CMV seropositive individu-
als with higher IL-6, TNF-o, or CRP levels were also at greater risk
for cardiovascular-related and all-cause mortality compared to
their counterparts who had lower levels of IL-6, TNF-o, or CRP
(Blankenberg et al., 2001; Roberts et al.,, 2010; Simanek et al.,
2011). In our data, greater CMV reactivation was associated with
higher CRP and IL-6 levels when EBV antibody titers were elevated;
therefore, EBV reactivation might shed insight on when greater
inflammation accompanies CMV seropositivity.

Consistent with previous literature (Nazmi et al., 2010; Roberts
et al., 2010; Zhu et al., 2000), the presence of two herpesviruses
and concurrent reactivation may be associated with a greater
inflammatory effect compared to the effect of only one herpesvirus
and its reactivation. In addition, this concurrent reactivation of
more than one herpesvirus may be tapping into a larger biological
process known as immunosenescence that reactivation of only one
herpesvirus does not provide (Pawelec et al., 2009; Stowe et al.,
2007). Following young adulthood, the function of the immune
system normally declines as one ages. Diminished cellular immu-
nity and increased inflammation characterize immunosenescence
(Franceschi et al., 2000). Thus, our data linking greater herpesvirus
reactivation to higher inflammation aligns with previous data on
the aging immune system.

In vitro studies suggest that EBV and CMV reactivation may lead
to greater CRP and IL-6 production (Almeida et al., 1994; Burns
et al., 1999; Glaser et al., 2006). For example, our laboratory has
previously shown that at least one EBV-encoded early protein,
deoxyuridine triphosphate nucleotidohydrolase (dUTPase), can in-
duce macrophages and dendritic cells to synthesize proinflamma-
tory cytokines, including IL-6, IL-8, and TNF-a (Glaser et al., 2006).
In a follow-up study, we found that EBV-encoded dUTPase acti-
vates nuclear factor-kappa B (NF-xB) through the TLR2 and the
MyD88-dependent signaling pathways, which subsequently in-
duces proinflammatory cytokine production (Ariza et al., 2009).

The study design does not allow us to exclude the possibility
that higher levels of inflammation may be driving EBV and CMV
reactivation. Latent herpesvirus reactivation occurs when cellular
immune function is compromised (Glaser and Kiecolt-Glaser,
1994). Innate immunity can regulate cellular immunity (Iwasaki
and Medzhitov, 2010). Excessive production of proinflammatory
cytokines such as IL-6 may disrupt normal cellular immune func-
tion. Therefore, higher inflammation could increase the likelihood
of latent EBV and CMV reactivation. Future experimental studies
should investigate the direction of this association.

Given the differential prevalence of EBV and CMV in older
adults, we were able to investigate the relationship between EBV
reactivation and inflammation in those EBV+CMV-— participants
and the cumulative effect of concurrent EBV and CMV reactivation
in those who were EBV+CMV+. However, we could not assess the
independent effect of CMV reactivation on inflammation because
EBV seropositivity is highly prevalent (approximately 95%) in older
adults (WHO, 2008). In our sample, only three participants (1%)
were EBV—-CMV+. Thus, the natural prevalence of EBV seropositiv-
ity limited our ability to examine the independent effect of CMV
reactivation on inflammation.

We chose to remove participants with CRP values greater than
20 mg/L because CRP values ranging from 20 to 40 mg/L could re-
flect an acute viral infection (Jaye and Waites, 1997). CRP levels
greater than 10 mg/L can also indicate the presence of an acute ill-
ness (Pearson et al., 2003), among a young and healthy population.
However, this cutoff could be less serviceable among older adults.
For example, CRP values greater than 10 mg/L during late-middle
age have been related to a greater risk of cardiovascular events
and all-cause mortality (Cook et al.,, 2006; Hamer and Chida,
2009; Hamer et al., 2010; Ridker and Cook, 2004). Thus, very high
CRP values may not equate solely to an acute infection in older
populations, and could indicate risk for future health events and/
or psychosocial adversity. In addition, our sample’s CRP values fall
within the range reported in older populations (Ballou et al., 1996;
Ferrucci et al., 2005).
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Throughout data collection, we rescheduled visibly ill partici-
pants to eliminate the effect of acute infections on inflammation.
However, there are additional health issues in older adults that
could have influenced CRP and IL-6 levels in our study. For example,
individuals with periodontal disease have greater systemic inflam-
mation than those without dental problems (Amar et al., 2003;
Tonetti et al., 2007). Frail older adults are more likely to fall due
to muscle wasting, have increased disease vulnerability, and pres-
ent with higher inflammation compared to age-matched nonfrail
adults (Cannon, 1995; Ferrucci et al., 2002; Walston et al., 2002).
We did not collect data on oral health or number of illnesses or falls
in the last year, therefore, we cannot rule out the presence of these
health issues that can influence inflammation in our sample.

Previous data suggest that distressed caregivers may have ele-
vated herpesvirus antibody titers compared to age-matched con-
trols (Glaser and KiecoltGlaser, 1997; Kiecolt-Glaser et al., 1991).
Although caregivers (meancgsp=11.54 +8.63) were more de-
pressed on average than noncaregivers (meancgsp = 6.79 + 8.15),
herpesvirus antibody titers were not elevated in caregivers com-
pared to noncaregivers. The fact that we did not find this relation-
ship may be related to characteristics of our control group. For
example, a score of 16 or higher on the CES-D identifies individuals
with mild depression and score of 25 or higher can indicate severe
depression (Haringsma et al., 2004; Radloff, 1977). Comparing the
distribution of CES-D scores between caregivers and controls, there
were 19 caregivers and 13 controls with a score of 16 or higher on
the CES-D, and eight caregivers and six controls with a score of 25
or higher. Thus, our control group included similar extreme CES-D
levels as the caregiver group, and limited our ability to detect care-
giver/noncaregiver differences with regard to herpesvirus reactiva-
tion and inflammation.

Among all participants, EBV reactivation was associated with
depressive symptoms. However, when analyzing this relationship
within each subgroup, it was found only among the EBV+CMV+
individuals. The lack of a relationship between EBV antibody titers
and depressive symptoms in the EBV+CMV— group could result
from a reduction in power due to the smaller sample. When adjust-
ing the regression models for known confounds such as age or
chronic illnesses, the relationship between EBV reactivation and
depression trended towards significance among all participants.
Hence, the inclusion of multiple covariates resulted in reduced
power, limiting our ability to detect the relationships between
EBV antibody titers and depressive symptoms.

Our data suggest that elevated inflammation and reactivation of
multiple herpesviruses are linked in older adults. This association
could contribute to poorer health. For example, inflammation plays
a critical role in important noncommunicable diseases including
diabetes, cancer, chronic respiratory disease, and cardiovascular
disease (Mathur and Pedersen, 2008). In addition, chronic inflam-
mation can lead to accelerated cellular aging, indexed by telomere
length (Aviv, 2004; Kiecolt-Glaser and Glaser, 2010). Telomeres —
aglet-like caps that provide stability for chromosomes - shorten
during replication and once the length drops below a critical
threshold, the cell reaches senescence (Blackburn, 2001). Advanced
cellular aging (telomere shortening) has been linked to many age-
related diseases and mortality (Epel, 2009). Inflammation increases
lymphocyte proliferation; leading to shorter telomeres (Aviv,
2004). Thus, herpesvirus reactivation could possibly fuel cellular
aging and development of age-related diseases through its associ-
ation with increased inflammation.
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