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Background. The Depression Substudy of the Shingles Prevention Study (SPS) was designed to evaluate the
association between major depression and immune responses to a high-titer live attenuated varicella zoster virus
(VZV) vaccine (zoster vaccine), which boosts cell-mediated immunity (CMI) to VZV and decreases the incidence
and severity of herpes zoster (HZ). The Depression Substudy was a 2-year longitudinal cohort study in 92 com-
munity-dwelling adults ≥60 years of age who were enrolled in the SPS, a large, double-blind, placebo-controlled
Veterans Affairs Cooperative zoster vaccine efficacy study.

Methods. Forty subjects with major depressive disorder, stratified by use of antidepressant medications, and
52 age- and sex-matched controls with no history of depression or other mental illness had their VZV-CMI
measured prior to vaccination with zoster vaccine or placebo and at 6 weeks, 1 year, and 2 years postvaccination.

Results. Depressed subjects who were not treated with antidepressant medications had lower levels of VZV-
CMI following administration of zoster vaccine than nondepressed controls or depressed subjects receiving anti-
depressants even when antidepressant medications failed to alter depressive symptom severity (P < .005). Similar
results were obtained taking into account the time-varying status of depression and use of antidepressant medica-
tions, as well as changes in depressive symptoms, during the postvaccination period.

Conclusions. Depressed patients have diminished VZV-CMI responses to zoster vaccine, and treatment with
antidepressant medication is associated with normalization of these responses. Because higher levels of VZV-CMI
correlate with lower risk and severity of HZ, untreated depression may increase the risk and severity of HZ and
reduce the efficacy of zoster vaccine.
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Herpes zoster (HZ), commonly known as shingles is a
painful neurocutaneous syndrome caused by reactivation
and replication of varicella zoster virus (VZV) that has
remained latent in sensory neurons following varicella
infection [1–3]. VZV-specific T-cell–mediated immu-
nity (VZV-CMI) is thought to play a critical role in
protecting against HZ [4, 5]. The incidence and se-
verity of HZ increase in association with a progressive
age-related decline in VZV-CMI [6–8]. In the United
States, the incidence of HZ exceeds 1% per year in
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persons ≥60 years of age; more than a million new cases occur
each year; and one-third of the population is expected to suffer
HZ during their lifetime—numbers destined to increase with
the increasing age of the population [4, 8, 9]. The magnitude of
the boost in VZV-CMI induced by zoster vaccine is correlated
with vaccine efficacy observed during the Department of Vet-
erans Affairs (VA) Cooperative Study 403: the Shingles Preven-
tion Study (SPS) [5, 10–12].

Risk factors for HZ other than increasing age and low levels
of VZV-CMI have not been clearly identified [8]. In a cross-
sectional study, lower baseline levels of VZV-CMI were
observed in older adults with major depression than in non-
depressed controls, as evidenced by reduced numbers of
VZV-specific memory T cells measured with a VZV-specific
responder cell frequency (VZV-RCF) assay [13]. Furthermore,
baseline VZV-CMI was higher in depressed subjects receiving
antidepressants than in untreated depressed subjects, despite
the failure of those medications to reduce depressive symptom
severity [13]. Other studies have implicated psychological stress
as a risk factor for HZ, although VZV-CMI was not evaluated
[14, 15]. Because depression is common in older adults, carries
significant risk for all-cause morbidity and mortality, and is
often refractory to treatment [16], we investigated the associa-
tion between major depression, VZV-CMI at baseline, and
VZV-CMI responses to zoster vaccine. We also evaluated the
effect of antidepressant medications on VZV-CMI responses.

METHODS

Subject Population and Study Design
The SPS, which provided data presented here, was a 22-site,
randomized, double-blind, placebo-controlled efficacy trial of
an investigational live attenuated Oka/Merck zoster vaccine in
38 546 subjects ≥60 years of age [11].

All subjects were latently infected with VZV as verified by
detection of antibodies to VZV [11, 12]. SPS inclusion and ex-
clusion criteria have been described previously [11, 13]. Sub-
jects were randomized to receive zoster vaccine or placebo on
SPS enrollment. A total of 2850 subjects, who volunteered to
participate in the SPS at the Denver, Colorado, and San Diego,
California, study sites between February 2000 and September
2001 also volunteered to undergo depression screening by
completing an abbreviated version of the Center for Epidemi-
ologic Studies Depression Scale (CES-D) [17] and answering 2
questions about prior episodes of depression and/or treatment
for depression (Figure 1). A subset of 1395 of these screened
subjects also volunteered to participate in the SPS Immunolo-
gy Substudy, involving measurement of VZV-CMI and VZV
antibody before vaccine or placebo administration, and 6
weeks, 1 year, and 2 years thereafter. Once enrolled in the
Immunology Substudy, subjects who had screened positive
for depression and/or history of depression were enrolled in
the Depression Substudy. In addition, for each depressed

Figure 1. Consolidated Standards of Reporting Trials flow diagram of subject entry and evaluation.
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subject, another sex- and age (± 3 years)–matched subject
free of depression and history of depression was enrolled as a
nondepressed control [13]. Clinical and psychiatric assessments
were then completed on all Depression Substudy subjects.

Of the 212 persons fulfilling screening criteria for depres-
sion or history of depression, Structured Clinical Interview for
DSM-IV (Diagnostic and Statistical Manual of Mental Disor-
ders, Fourth Edition; SCID-DSM-IV) interview data resulted
in the exclusion of 160 participants: 2 for current alcohol de-
pendence, 15 for current depression not otherwise specified
(ie, minor depressive disorder), and 143 for a history of de-
pression who were not currently depressed. Thus, 52 subjects
who had current major depression were included in the base-
line assessment of immunity [13]. Forty of these 52 depressed
subjects, all randomly assigned to receive zoster vaccine or
placebo when they enrolled in the SPS, entered the Depression
Substudy longitudinal follow-up.

Of the 219 nondepressed controls, the SCID-DSM-IV inter-
view excluded 13 with a past history of an axis I disorder (eg,
alcohol dependence) and 6 with depression not otherwise
specified. Fifty-two of these 200 older adults who had never
been mentally ill were selected as controls in the Depression
Substudy, with age (±3 years), sex, and Chronic Disease Score
(CDS) [18] chosen as matching criteria because of their
known effects on cellular immune responses. These and all
other Depression Substudy procedures and evaluations were

carried out without knowledge of whether the subjects had re-
ceived zoster vaccine or placebo, because blinded randomiza-
tion occurred on SPS enrollment.

All subjects provided signed informed consent before they
enrolled in the SPS, the SPS Immunology Substudy, and the
Depression Substudy. These studies were approved by the Col-
orado Multiple Institutional Review Board (IRB) and the IRBs
of the University of California, San Diego and the University
of California, Los Angeles.

Clinical and Psychiatric Assessment
Procedures for evaluating eligibility and for administering the
SCID-DSM-IV [19], CDS [18], Beck Depression Inventory
(BDI) [20], and Pittsburgh Sleep Quality Index (PSQI) [21]
have been previously described [13].

Intervention
SPS screening, randomization, and vaccination procedures
were previously described [11]. On enrollment, each SPS
subject received 1 subcutaneous injection of zoster vaccine or
placebo in a randomized double-blind design [11].

Follow-up
Depression Substudy subjects were actively followed monthly
as SPS participants, and also completed clinical and psychiat-
ric evaluations at 6, 52, and 104 weeks postenrollment [13].
These procedures yielded a follow-up rate of 95% of the

Table 1. Demographic Characteristics, Chronic Disease Score, and Severity of Depressive Symptoms in Depressed Patients and
Controls

Depressed
Patients

Nondepressed
Controls

No Antidepressant
Medication

Antidepressant
Medication

No Antidepressant
Medication

n = 18 n = 22 n = 52 Significance

Mean SD Mean SD Mean SD F(2, 89) P Value

Age 68.1 5.9 67.9 5.4 68.4 6.1 0.1 .94
Chronic Disease Score 1.5 1.6 2.7 2.9 2.0 2.2 1.4 .26

Beck Depression Inventory 15.9 6.6 16.5 8.7 2.7 2.5 69.1a .001

Pittsburgh Sleep Quality Index 8.9 3.2 9.7 4.1 3.6 2.9 72.3a .001

% % % χ2 P Value

Sex (female) 66.7 45.5 59.6 2.02 .37
Ethnicity (Euro-American) 94.4 95.5 92.3 0.29 .87

Education (college degree) 44.4 31.8 50.0 2.07 .36

Marital status (married) 50.0 45.5 61.5 1.89 .39
Employment (employed) 38.9 36.4 42.3 0.24 .89

Abbreviation: SD, standard deviation.
a Depressed groups different from controls; depressed groups not different (P = .73)
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depressed patients and 100% of the controls over the 2-year
study period.

Immunologic Assessments
At each visit, samples of venous blood were obtained between
8:00 AM and 10:00 AM on the day when the clinical and psychi-
atric evaluations were performed. VZV-CMI was measured by
VZV-RCF and interferon-γ enzyme-linked immunospot assay
(ELISPOT) [22, 23]. VZV-RCF assays were performed within
2 hours after sample collection, and aliquots of the same pe-
ripheral blood mononuclear cells (PBMCs) were cryopre-
served, shipped on dry ice, and assayed by interferon-γ
ELISPOT as previously described [5, 13]. VZV antibodies were
measured with an enzyme-linked immunosorbent assay using
affinity-purified VZV glycoproteins (gpELISA) [24].

Statistical Analyses
Analyses were performed with IBM SPSS software for
Windows, version 19. Distribution of VZV-RCF, ELISPOT,
and gpELISA data was skewed; thus, these analyses employed
natural log transformations. Differences between depressed
and nondepressed subjects in background variables were
evaluated using t tests or χ2 tests. Mixed-models analysis of
covariance (ANCOVA) was used to test the independent asso-
ciation between depression diagnosis stratified by use of
antidepressant medications and VZV-specific immunity, con-
trolling for significant covariates: age, sex, and CDS (P < .10).
Among vaccine recipients, mixed-models ANCOVA tested
changes in VZV immunity between groups over time.

RESULTS

Subject Characteristics
Figure 1 shows the flow of subject in the Depression Sub-
study. Controls and depressed subjects were similar in demo-
graphic and background characteristics (Table 1). Common
medications included diuretics, beta-blockers, statins, and oral
hypoglycemic medications. Severity of depressive symptoms
and sleep disturbance was significantly higher in depressed
subjects than in controls, but were comparable in depressed
subjects who were or were not receiving antidepressant medi-
cations. As compared to the entire Immunology Substudy
sample (N = 1395), the nondepressed controls (n = 52) were
similar in age (68.4 ± 6.1 years vs 68.5 ± 6.1 years; P = .91), but
were more likely to be female (59.6% vs 43.9% male; P < .05)
and nonwhite (92.3% vs 97.3% white; P < .05), owing to
higher prevalence of depression in females and the demo-
graphic characteristics of the matched depressed subjects.

Depression and Response to Zoster Vaccine
To evaluate the effects of depression on VZV-specific immune
responses in zoster vaccine recipients, we compared responses
of subjects with depression with those of nondepressed con-
trols, and stratified the depressed subjects by their use of anti-
depressant medications. Depressed subjects were stratified at
baseline and retained group assignments during the 2 years of
follow-up. Accounting for the effects of age, sex, and medical
comorbidity (ie, CDS), ANCOVA showed that depressed sub-
jects who were not using antidepressants had substantially
lower levels of VZV-RCF than nondepressed controls at base-
line and at all 3 time points postvaccination (P < .005; Figure 2
and Table 2). In contrast, depressed subjects receiving antide-
pressants had substantially higher levels of VZV-RCF follow-
ing zoster vaccine than those of unmedicated depressed
subjects (P < .01), and showed increases from baseline to 6
weeks postvaccination (P < .07), reaching levels at 6 weeks
postvaccination similar to those of nondepressed controls
(P > .1; Figure 2 and Table 2). In depressed subjects not rec-
eiving antidepressants, VZV-RCF did not change from base-
line to 6 weeks postvaccination (P = .86), even though they
had the lowest levels of VZV-RCF at baseline. Although their
absolute level of VZV-RCF at 6 weeks postvaccination was

Figure 2. Bar graph of Depression Substudy varicella zoster virus–spe-
cific responder cell frequency (VZV-RCF) results at baseline and 6, 52,
and 104 weeks in the 3 groups of vaccine recipients: nondepressed con-
trols (Non-depressed No Rx; n = 30); depressed patients who are not
treated with antidepressant medications (Depressed No Rx; n = 12); and
depressed patients who are being treated with antidepressant medica-
tion (Depressed with Rx; n = 12). Results of the baseline VZV-RCF have
been previously published [13] and are shown here for comparison with
levels of VZV-RCF at 6, 52, and 104 weeks. There were significant differ-
ences at all time points between the “Depressed No Rx” and “Depressed
with Rx” participants, but not between the “Depressed with Rx” and the
“Non-depressed No Rx” participants (F = 6.2; P < .005; analysis of covari-
ance). Abbreviations: PBMC, peripheral blood mononuclear cell; Tx, treat-
ment; VZV-RCF, varicella zoster virus–specific responder cell frequency.
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marginally higher than that of the depressed subjects receiving
antidepressants, the nondepressed controls developed a very
small increase in their level of VZV-RCF following adminis-
tration of zoster vaccine. This unexpected observation is ex-
plained by the fact that the nondepressed controls had high
levels of VZV-RCF at baseline, comparable to those of subjects
in the upper quartile of the entire Depression Substudy popu-
lation of nondepressed controls (see below and Figure 3). Nev-
ertheless, when the percentage of increase in VZV-RCF was
calculated [12], significant increases were found in nonde-
pressed controls (95% confidence interval [CI], 69.7%, 31.4%–

119.2%) and in depressed subjects receiving antidepressants
(95% CI, 288.1%, 90.9%–689.0%), but not in depressed sub-
jects not receiving antidepressants (95% CI, −32.9%, −65.5%
to 29.7%). No statistically significant group differences in in-
terferon-γ ELISPOT and gpELISA responses were observed
(Table 2). Among placebo recipients, baseline levels of VZV-
CMI were marginally lower in depressed subjects not taking
antidepressant medications compared to the other groups
(P < .07), and there was no change in VZV-CMI over time
(data not shown).

Figure 3. Varicella zoster virus–specific responder cell frequency (VZV-
RCF) results stratified by quartiles at baseline and 6 weeks after zoster
vaccination in the 101 vaccine recipients of the control population. 1st
quartile = those with the lowest baseline levels of VZV-RCF; 4th
quartile = those with the highest baseline levels of VZV-RCF. Abbrevia-
tions: PBMC, peripheral blood mononuclear cell; VZV-RCF, varicella
zoster virus–specific responder cell frequency.

Table 2. Varicella Zoster Virus–Specific Immunity Pre– and Post–Zoster Vaccine in Vaccine Recipients Categorized at Baseline Into
Groups of Depressed Subjects and Nondepressed Controls

Depressed
Patients

Nondepressed
Controls

No Antidepressant
Medication

Antidepressant
Medication

No Antidepressant
Medication

n = 12 n = 12 n = 30 Significancea

Mean SD Mean SD Mean SD F P Value

VZV-RCF (log) (2, 110.7) = 6.2 .005

Baseline 0.62 0.40 0.78 0.54 1.01 0.28

6-wk 0.65 0.51 1.02 0.50 1.03 0.31
1 y 0.60 0.46 0.86 0.37 0.76 0.34

2 y 0.52 0.39 0.67 0.44 0.84 0.41

ELISPOT (log) (2, 81.7) = 2.3 .10
Baseline 1.32 0.85 1.66 0.53 1.58 0.80

6-wk 1.72 0.74 1.90 0.54 1.82 0.91

1 y 1.76 0.70 2.19 0.36 1.98 0.65
2 y 1.74 0.62 1.99 0.34 1.98 0.48

gpELISA (log) (2, 82.4) = 0.1 .85

Baseline 2.49 0.43 2.48 0.51 2.32 0.40
6-wk 2.63 0.47 2.73 0.45 2.68 0.43

1 y 2.57 0.45 2.53 0.37 2.56 0.40

2 y 2.51 0.54 2.46 0.48 2.46 0.38

Abbreviations: ELISPOT, enzyme-linked immunosorbent spot assay; gpELISA, enzyme-linked immunosorbent assay using affinity-purified varicella zoster virus
glycoproteins; SD, standard deviation; VZV-RCF, varicella zoster virus–specific responder cell frequency.
a Overall group × time effect.
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In the SPS Immunology Substudy, subjects with a high level
of VZV-RCF at baseline (ie, those in the upper quartile, with
>12 responder cells/105 PBMCs) showed only a very small in-
crease in their absolute response to zoster vaccine (approxi-
mately 0.1 responder cell/105 PBMCs) measured 6 weeks after
vaccination, whereas the 663 zoster vaccine recipients in the
lower 3 quartiles (with baseline VZV-RCF from ≥3.5 to <12 re-
sponder cells/105 PBMCs) showed an average absolute response
to zoster vaccine at 6 weeks postvaccination of 3.7–3.8 respond-
er cells/105 PBMCs (unpublished data; J.H.Z., G.J., M.J.L., M.N.
O.). We therefore evaluated the response among zoster vaccine
recipients in the entire control sample of the Depression Sub-
study (N = 101 vaccine recipients) stratified in quartiles on the
basis of their baseline levels of VZV-RCF. We observed that
persons in the upper quartile showed a minimal increase in
VZV-RCF in responses to zoster vaccine, whereas those in the
lower 3 quartiles showed substantial increases in VZV-RCF
from baseline to 6 weeks postvaccination (Figure 3).

Time-Varying Status of Depression and Antidepressant Use:
Effect on Responses to Zoster Vaccine
Over the postvaccination follow-up period, status of depres-
sion and use of antidepressant medications varied. Hence,

additional analyses were conducted to evaluate the time-
varying effects of current depression and/or antidepressant
use on VZV-CMI responses to zoster vaccine. For example, if
a depressed subject was depressed at 6 weeks but clinically re-
mitted at 52 weeks, that person would be classified in the anal-
yses as depressed at 6 weeks and nondepressed at 52 weeks.
Because all subjects who were using antidepressants also ful-
filled criteria for major depressive disorder at time of assess-
ment and none of the nondepressed subjects used
antidepressants at any time point, only 3 groups were defined:
nondepressed, currently depressed not taking antidepressant
medications, and currently depressed taking antidepressant
medications. This analysis reinforced the findings in Table 2;
the depressed group not taking antidepressants had lower
levels of VZV-RCF than the other 2 comparator groups
(P = .02; Table 3), which was also true for their ELISPOT
values (P < .03; Table 3). Again, no group differences were
found for gpELISA responses.

To evaluate whether change in depressive symptoms se-
verity or sleep disturbance might account for differences in
VZV-RCF, severity of depressive symptoms and sleep disturb-
ance were compared in the nondepressed and the 2 depressed
groups across the pre- and postvaccination period. Whereas

Table 3. Varicella Zoster Virus–Specific Immunity Pre– and Post–Zoster Vaccine in Vaccine Recipients Categorized Into Time-Varying
Groups of Currently Depressed Subjects and Currently Nondepressed Comparison Group

Currently
Depressed

Currently
Nondepressed

No Antidepressant
Medication

Antidepressant
Medication

No Antidepressant
Medication Significancea

Mean SD Mean SD Mean SD F P Value

VZV-RCF (log)

Baseline 0.62 0.40 0.78 0.54 1.01 0.28 (3, 226.5) = 4.4 .02
6 wk 0.60 0.54 0.98 0.48 1.03 0.31

52 wk 0.28 0.83 0.89 0.27 0.74 0.35

104 wk 0.40 0.51 0.70 0.42 0.79 0.41
ELISPOT (log) (3, 282.0) = 3.9 .03

Baseline 1.32 0.85 1.66 0.53 1.58 0.80

6-wk 1.59 0.83 1.94 0.49 1.82 0.91
52 wk 1.33 0.49 2.06 0.65 1.95 0.68

104 wk 1.42 0.80 2.07 0.25 1.97 0.47

gpELISA (log) (3, 262.2) = 0.9 .91
Baseline 2.49 0.43 2.48 0.51 2.32 0.40

6 wk 2.58 0.54 2.73 0.42 2.68 0.43

52 wk 2.61 0.63 2.49 0.35 2.50 0.58
104 wk 2.65 0.74 2.33 0.37 2.47 0.41

Abbreviations: ELISPOT, enzyme-linked immunosorbent spot assay; gpELISA, enzyme-linked immunosorbent assay using affinity-purified varicella zoster virus
glycoproteins; SD, standard deviation; VZV-RCF, varicella zoster virus–specific responder cell frequency.
a Overall group × time effect.
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nondepressed subjects had significantly lower severity of de-
pressive symptoms and sleep disturbance compared to the 2
depressed groups (mean BDI scores over all time points: 3.4 vs
14.5 and 15.4, P < .001; mean PSQI scores over all time points:
3.8 vs 8.8 and 8.5, P < .001), the depressed group taking anti-
depressants and the depressed group not taking antidepres-
sants did not differ in severity of depressive symptoms by time
(P = .27) or severity of sleep disturbance by time (P = .89). In
addition, the 2 depressed groups (irrespective of antidepressant
use) showed similar severity of depressive symptoms and sleep
disturbance (BDI overall time effect P = .57, for any time
point, all P > 0.40; PSQI overall time effect P = .15, for any
time point all P > 0.45). Severity of depressive symptoms or
sleep disturbance was not associated with differences in VZV-
RCF or ELISPOT titers at any time point (all P > 0.4).

DISCUSSION

Administration of zoster vaccine boosts VZV-CMI and de-
creases the incidence and severity of HZ in older adults [5, 11,
12]. In the Depression Substudy, zoster vaccine failed to boost
VZV-CMI measured by VZV-RCF in elderly subjects with un-
treated major depression, even though this group had the
lowest level of VZV-RCF at baseline. Among depressed sub-
jects who were not receiving antidepressant medications, levels
of VZV-RCF were low at baseline and remained low over 2
years following administration of zoster vaccine. In contrast,
zoster vaccine increased levels of VZV-RCF in elderly de-
pressed subjects treated with antidepressants, yielding levels of
VZV-CMI similar to those observed in nondepressed controls.
Importantly, among depressed subjects receiving antidepres-
sant medications, the time-varying analyses showed that
vaccine boosted both VZV-RCF and VZV-specific ELISPOT
responses as long as treatment continued, despite the fact that
treatment did not decrease depressive symptom severity. Dif-
ferences in depressive symptom severity or sleep disturbance
did not account for the different VZV-CMI response to zoster
vaccine among the depressed subjects who were and were not
receiving antidepressants.

The findings that baseline VZV-CMI and VZV-CMI re-
sponses to zoster vaccine were substantially lower in elderly
individuals with untreated depression compared to age- and
sex-matched nondepressed controls and to depressed subjects
receiving antidepressants have important public health impli-
cations. Because the incidence and severity of HZ and its com-
plications, particularly postherpetic neuralgia, are increased
in persons with depressed VZV-CMI [5, 12], persons with
untreated depression may be at greater risk for HZ and its
complications than either nondepressed adults of similar age,
sex, and medical comorbidity or depressed persons receiving
antidepressants. Moreover, elderly persons with untreated

depression appear to respond poorly to zoster vaccine and
may thus be poorly protected by vaccination, at least when
zoster vaccine is used as currently recommended [4]. Further
research to evaluate the possible relationship between untreat-
ed depression and the risk of HZ will require a large number
of subjects because of the relatively low annual incidence of
HZ (approximately 10–12 cases per 1000 persons per year in
persons ≥60 years of age [11]). It will also be important to
determine the mechanism(s) responsible for the reduction in
VZV-CMI at baseline and in response to zoster vaccine in
older persons with untreated depression, and the basis for the
reversal of that reduction by antidepressants, despite their
failure to significantly reduce depressive symptom severity.

The finding that untreated depression is associated with
reduced baseline levels of VZV-RCF [13], as well as a failure
to respond to zoster vaccine, may have implications for the
risk of other infectious diseases. Because VZV–RCF measures
primarily VZV-specific memory T cells (CD41 CD45RO1 T
cells) [22], the association between depression and lower
numbers of circulating VZV-specific memory T cells may
extend to memory T cells specific for antigens of other patho-
gens that cause disease in older adults, such as influenza
viruses and mycobacteria. If so, these observations suggest
that untreated depression may identify a subgroup of elderly
persons likely to respond poorly to other vaccines (eg, influen-
za vaccines). Whereas psychological stress is associated with
an attenuated immune response to influenza vaccines in older
adults [25], few studies have examined the association between
depression and infectious disease risk and/or disease-relevant
immunologic endpoints, such as vaccine responses.

Depressed subjects who are on selective serotonin reuptake
inhibitor (SSRI) therapy but still symptomatic for depression
may be refractory to treatment, which occurs in up to 60% of
elderly patients [26, 27]. Given that all but 1 of our treated
depressed subjects were using SSRIs, our results suggest that
central serotoninergic pathways may play a role in regulating
CMI responses to VZV, consistent with SSRI enhancement of
natural killer cell activity [28] and normalization of inflamma-
tory cytokine levels [29]. Neurotransmitters such as serotonin
modulate CMI at the immunological synapse and by direct
activity on T cells [30, 31].

Several limitations require consideration. First, whereas only
VZV-RCF was reduced in association with untreated depres-
sion at baseline, time-varying analyses showed that untreated
depression for the study duration reduced both VZV-RCF and
ELISPOT. This difference may reflect an effect of depression
on a broad spectrum of VZV-specific memory T cells, which
is not detected by the interferon-γ ELISPOT assay (which only
measures the response of a subset of these T cells) until un-
treated depression persists. We and others have shown that
VZV antibody levels are not highly correlated with levels of
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VZV-CMI [12], and there was no correlation between levels of
antibodies to VZV and VZV-CMI at baseline or after immu-
nization in the SPS, possibly due to the fact that B cells and T
cells respond to different VZV epitopes [5]. Nevertheless,
VZV-RCF has emerged as the strongest immunologic predic-
tor of protection against development and severity of HZ [5].
Second, it is possible that alternative VZV-specific immune re-
sponses are better correlates of depression than VZV-RCF.
Third, additional factors coincident with depression might
modulate VZV-CMI and contribute to these findings, includ-
ing psychological stress, intercurrent viral infection, or alcohol
use.

Elderly individuals are already prioritized for zoster vacci-
nation because of their increased risk for HZ and its compli-
cations [4]. In this study, depressed elderly adults who are not
being treated with an antidepressant (ie, SSRI) had a dimin-
ished capacity to develop increased levels of VZV-CMI in re-
sponse to zoster vaccine compared to nondepressed controls
and depressed individuals receiving antidepressants. Thus,
among depressed elderly persons, treatment with SSRI might
increase the efficacy of zoster vaccine and, possibly, vaccines
against other important pathogens, such as influenza viruses.
In addition, diagnosis of depression in the elderly may identify
individuals who might benefit from more potent vaccines or
multidose vaccination schedules.

Notes

Financial support. This work was supported by the National Institute
of Mental Health, National Institutes of Health (R01-MH 55253); the VA
Cooperative Study Program, Office of Research and Development, Depart-
ment of Veterans Affairs; a grant from Merck & Co to the VA Cooperative
Studies Program; National Institutes of Health grants R01-AG034588,
R01-AG026364, R01-CA119159, R01-HL079955, R01 HL095799, and
P30-AG028748 (to M. R. I.); UCLA Clinical and Translational Science In-
stitute (UL1TR000124); the Cousins Center for Psychoneuroimmunology;
and the James R. and Jesse V. Scott Fund for Shingles Research.
Potential conflicts of interest. M. J. L. receives research funds, consul-

tation fees, and royalties from intellectual property from Merck and Co.
All other authors report no potential conflicts.
All authors have submitted the ICMJE Form for Disclosure of Potential

Conflicts of Interest. Conflicts that the editors consider relevant to the
content of the manuscript have been disclosed.

References

1. Gilden DH, Kleinschmidt-DeMasters BK, LaGuardia JJ, Mahalingam
RCohrs RJ. Neurologic complications of the reactivation of varicella-
zoster virus. N Engl J Med 2000; 342:635–45.

2. Gnann JW Jr, Whitley RJ. Clinical practice. Herpes zoster. N Engl J
Med 2002; 347:340–6.

3. Hope-Simpson RE. The nature of herpes zoster: a long-term study
and a new hypothesis. Proc R Soc Med 1965; 58:9.

4. Oxman MN. Zoster vaccine: current status and future prospects. Clin
Infect Dis 2010; 51:197–213.

5. Weinberg A, Zhang JH, Oxman MN, et al. Veterans Affairs Coopera-
tive Studies Program Shingles Prevention Study. Varicella-zoster
virus-specific immune responses to herpes zoster in elderly

participants in a trial of a clinically effective zoster vaccine. J Infect
Dis 2009; 200:1068–77.

6. Arvin A. Aging, immunity, and the varicella-zoster virus. N Engl J
Med 2005; 352:2266–7.

7. Weinberg A, Levin MJ. VZV T cell-mediated immunity. Cur Top Mi-
crobiol Immunol 2010; 342:341–57.

8. Thomas SL, Hall AJ. What does epidemiology tell us about risk
factors for herpes zoster? Lancet Infect Dis 2004; 4:26–33.

9. Insinga RP, Itzler RF, Pellissier JM, Saddier P, Nikas AA. The in-
cidence of herpes zoster in a United States administrative database.
J Gen Intern Med 2005; 20:748–53.

10. Oxman MN. Immunization to reduce the frequency and severity of
herpes zoster and its complications. Neurol 1995; 45:S41–6.

11. Oxman MN, Levin MJ, Johnson GR, et al. A vaccine to prevent herpes
zoster and postherpetic neuralgia in older adults. N Engl J Med 2005;
352:2271–84.

12. Levin MJ, Oxman MN, Zhang JH, et al. Veterans Affairs Cooperative
Studies Program Shingles Prevention Study I. Varicella-zoster virus-
specific immune responses in elderly recipients of a herpes zoster
vaccine. J Infect Dis 2008; 197:825–35.

13. Irwin MR, Levin MJ, Carrillo C, et al. Major depressive disorder and
immunity to varicella-zoster virus in the elderly. Brain Behav Immun
2011; 25:759–66.

14. Schmader KE, Studenski S, MacMillan J, Grufferman S, Cohen HJ.
Are stressful life events risk factors for herpes zoster? Am J Geriatr
Soc 1990; 38:1188–95.

15. Schmader K, George LK, Burchett BM, Hamilton JD, Pieper CF. Race
and stress in the incidence of herpes zoster in older adults. J Am
Geriatr Soc 1998; 46:973–7.

16. Alexopoulos GS. Depression in the elderly. Lancet 2005; 365:
1961–70.

17. Irwin M, Artin KH, Oxman MN. Screening for depression in the
older adult: criterion validity of the 10-item Center for Epidemiologi-
cal Studies Depression Scale (CES-D). Arch Intern Med 1999;
159:1701–4.

18. von Korff M, Wagner EH, Saunders K. A chronic disease score from
automated pharmacy data. J Clin Epidem 1992; 45:197–203.

19. First MB, Spitzer RL, Gibbon M, Williams JB. Structured clinical in-
terview for DSM-IV axis I disorders—patient edition, version 2.0.
New York: New York State Psychiatric Institute, 1996.

20. Beck AT, Steer RA, Brown GK. Beck depression inventory manual.
2nd ed. San Antonio, TX: Psychological Corporation, 1996.

21. Buysse DJ, Reynolds CF 3rd, Monk TH, Berman SR, Kupfer DJ. The
Pittsburgh Sleep Quality Index: a new instrument for psychiatric prac-
tice and research. Psychiatry Res 1989; 28:193–213.

22. Hayward AR. In vitro measurement of human T cell responses to var-
icella zoster virus antigen. Arch Virol Suppl 2001; (suppl):143–9.

23. Smith JG, Liu X, Kaufhold RM, Clair J, Caulfield MJ. Development
and validation of a gamma interferon ELISPOT assay for quantitation
of cellular immune responses to varicella-zoster virus. Clin Diagn Lab
Immunol 2001; 8:871–9.

24. Hammond O, Wang Y, Green T, et al. The optimization and
validation of the glycoprotein ELISA assay for quantitative varicel-
la-zoster virus (VZV) antibody detection. J Med Virol 2006; 78:
1679–87.

25. Cohen S, Miller GE, Rabin BS. Psychological stress and antibody re-
sponse to immunization: a critical review of the human literature. Psy-
chosom Med 2001; 63:7–18.

26. Charney DS, Nemeroff CB, Lewis L, et al. National Depressive and
Manic-Depressive Association consensus statement on the use of
placebo in clinical trials of mood disorders. Arch Gen Psychiatry
2002; 59:262–70.

27. Thase ME. Effectiveness of antidepressants: comparative remission
rates. J Clin Psychiatry 2003; 64(suppl 2):3–7.

28. Evans DL, Lynch KG, Benton T, et al. Selective serotonin reuptake
inhibitor and substance P antagonist enhancement of natural killer

1092 • CID 2013:56 (15 April) • Irwin et al



cell innate immunity in human immunodeficiency virus/acquired im-
munodeficiency syndrome. Biol Psychiatry 2008; 63:899–905.

29. Tucker P, Ruwe WD, Masters B, et al. Neuroimmune and cortisol
changes in selective serotonin reuptake inhibitor and placebo treat-
ment of chronic posttraumatic stress disorder. Biol Psychiatry 2004;
56:121–8.

30. Pacheco R, Riquelme E, Kalergis AM. Emerging evidence for the role
of neurotransmitters in the modulation of T cell responses to cognate
ligands. CNS Agents Medicin Chem 2010; 10:65–83.

31. Basu B, Sarkar C, Chakroborty D, et al. D1 and D2 dopamine
receptor-mediated inhibition of activated normal T cell proliferation is
lost in Jurkat T leukemic cells. J Biol Chem 2010; 285:27026–32.

Depression and Zoster Vaccine Response • CID 2013:56 (15 April) • 1093



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Symbol
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /Times-Roman
    /ZapfDingbats
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG2000
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG2000
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 20
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages true
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth 4
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


