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ABSTRACT

with NK cell activity among caregivers. Relatedly, caregivers' NK
ceils showed a poorer response to the stimulatory effects of
recombinant interferon-gamma and recombinant interleukin-2
(IL-2) than NK cells from controls (I,6). Consistent with these
immunological differences, caregivers reported significantly more
days ill than controls (primarily upper respiratory tract infections)
in accord with data collected independently from their physicians
(2). Other research has highlighted differences in cardiovascular
functioning as well (7-10).
In earlier work, we found that academic examinations, a much
milder and more transient stressor than caregiving, were associated
with modulation of the expression of the latent herpesviruses,
EBV, and Herpes Simplex Virus Type 1 (HSV-1). During examinations, students had higher antibody titers to these latent herpesviruses than during lower-stress periods, as weII as a poorer
virus-specific memory T-cell response to EBV (11-14). An increase in antibody titers to a latent herpesvirus reflects the memory
immune response to an increase in the production of viral antigens
after reactivation of the virus; thus, higher titers to a latent
herpesvirus suggest that the cellular immune response is less
competent in controlling herpesvirus latency. No significant changes
in antibody titers to poliovirus type-2 (a non-latent virus) and no
evidence for a primary infection with EBV were observed (I 1).
Consistent with these data from medical students, we found higher
antibody titers to latent EBV in AD family caregivers than
well-matched controls (2,15).
In the present study, we focused on the memory T-cell and
humoral immune response (memory) to latent HSV-1 to determine
if the virus-specific immune response to HSV-I was influenced by
caregiving. HSV-I has been associated with primary and recurrent
infections of mucous membranes such as herpes labialis, genital
infections, stomatitis, keratoconjunctivitis, and herpes simplex
encephalitis (reviewed in I6). As in the case of other human
herpesviruses, virus latency is established after primary infection.
The virus is ubiquitous among the North American population, and
more than 90% of individuals have antibody to HSV-1 by the
fourth decade of life (I7). Individuals who are HSV-I IgG
antibody positive are Iatently infected with the virus. Under certain
conditions, particularly immune suppression, latent HSV-I is
reactivated. Friedman et al. (18) and Goldmeier and Johnson (19)
have shown that psychological stress can reactivate oral and
genital HSV-1. In this study, we sought to determine if caregiving
stress altered immune responses to latent HSV-1 infection.

We compared 71 family caregivers of dementia sufferers and
58 control subjects on three different immune measures relevant to
latent herpes simplex virus Type 1 (HSV-1) infection: neutralizing
antibody titers, antibody titers to a total viral antigen, and a
proliferative memory T-cell response. Caregivers had significantly
higher antibody titers to the total viral antigen and a poorer HSV-1
specific T-cell response than controls, but no significant difference
in neutralizing antibody titers between groups was observed.
These data provide additional evidence that psychological stress
can modulate a virus-specific immune response associated with
caregiving.

(AnnBehavMed

1997, 19(2):78-82)

INTRODUCTION
A number of studies have shown significant differences
between family caregivers of Alzheimer's disease (AD) patients
and non-caregivers on different components of the cellular immune response. These convergent data suggest that caregivers have
poorer immune function than their well-matched community
counterparts (1-3). For example, caregivers' peripheral blood
leukocytes (PBLs) showed reduced proliferative responses to two
T-cell mitogens compared to controls (2); in addition, caregivers'
higher antibody titers to latent Epstein-Barr Virus (EBV), a human
herpesvirus, suggested some loss of control over replication of
latent EBV, probably mediated by a down-regulation of the cellular
immune response (4). McCann (3) showed that delayed hypersensitivity skin testing was markedly poorer in 34 spousal caregivers
than 33 comparable non-caregivers. In fact, compared to normal
age and gender standards, 50% of the caregivers were totally or
relatively anergic, compared to only 12% of non-caregiver controls.
Irwin et al. (5) investigated the effects ofAD caregiving stress
on sympathetic nervous system activity, natural killer (NK) cell
cytotoxicity, and plasma levels of neuropeptide Y (NPY). NPY
levels were significantly elevated in older spousal caregivers
compared to older controls, and NPY was negatively correlated
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METHOD
Caregivers were recruited from three local dementia evaluation centers in area hospitals, neurologists' referrals, the city's
Alzheimer's Disease Association support groups and monthly
newsletter, and respite care programs. While the majority of the
caregivers' impaired spouses or parents had a diagnosis of
Alzheimer's disease (N = 45), 3 were diagnosed as multi-infarct
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dementia, 18 as Parkinson's disease with progressive dementia,
and 5 with Huntington's disease; comparisons of Alzheimer's
disease caregivers with caregivers for other progressive dementias
suggest that dementia caregiving produces similar adverse effects
in family members (20).
About half of the caregivers were providing care for a spouse
(N = 34), while the remainder were providing care for a parent.
The average caregiver had been providing care for 7.66 years
(SEM = 4.56) and provided 4.86 hours of care per day (5.04).
Control subjects in our longitudinal study were recruited
through newspaper advertisements, church groups, notices posted
in senior citizen centers, and referrals from other participants;
potential control subjects who reported any caregiving activities
were excluded. Caregivers or controls with immunologicallyrelated health problems such as cancer or recent surgeries were
excluded. The Ohio State University Biomedical Research Review
Committee approved the project; all subjects gave written informed consent prior to participation.

Subject Characteristics
The 71 caregivers (58 women and 13 men) and 58 controls (45
women and 13 men) did not differ on age or family income, Fs < 1.
Caregivers' mean age was 60.55 (SEM = 1.52) compared to 62.41
(SEM = 1.98) for controls, with a range from 35 to 84. The modal
subject reported an annual family income between $20,000 and
$30,000 and had completed several years of college. The majority
(92%) were White. Among caregivers, 57 (80.3%) were married, 8
(11.3%) were separated or divorced, 2 (2.8%) were widowed, and
4 (5.6%) had never married; although most non-caregivers were
married (74%), 8 (13.8%) were separated or divorced and 7
(12.1%) were widowed. While the groups were not matched on
marital status, the inclusion of more unmarried control subjects
worked against confirmation of the experimental hypotheses,
because intact marriages are associated with lower rates of
morbidity and mortality as well as better immune function (21,22).
The ten-item Perceived Stress Scale (PSS) (23) measures the
degree to which individuals assess perceptions of daily life in the
prior week as unpredictable, uncontrollable, and overloading,
dimensions of particular interest in caregivers. Subjects rate each
item from 0 (never) to 4 (very often). For our sample, coefficient
alpha was .77.

Status of the Dementia Patient
The Blessed Dementia Scale (BDS) (24) was developed to
measure negative changes in a demented person's abilities across
daily living, self-care, and personality domains. Higher scores on
this 22-item scale denote greater decrements in ability, with a
potential range of 0 to 28. BDS scores correlate with senile plaque
count during postmortem histological examination (24). In addition, the BDS correlates with neuropsychological testing and can
be used to differentiate degree of dementia (25).
The Memory and Behavior Problem Checklist (MBPC) (26)
measures behavioral excesses and deficits in dementia patients and
the caregiver's reaction to those problems. The 29 items include
some of the problems most distressing to caregivers (e.g. the
patient's inability to dress and feed himself/herself, incontinence,
inability to communicate, hiding things, and inability to recognize
familiar people). The scale provides three scores: a measure of the
frequency of problem behaviors, a measure of associated caregiver
distress, and a third score that combines frequency and reaction to
produce a summary measure. The MBPC measures current symptoms and associated subjective caregiver distress, not impairment
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of the patient per se, as many behavior problems are most prevalent
in the middle stages of dementia.
We collected health-related data to assess the possibility that
caregiving-immunological relationships might simply reflect the
contribution of other variables. Plasma albumin levels, recent
weight loss, and body mass data provided information on the
nutritional status of subjects. We asked subjects about recent sleep
compared to their normal requirements, weight change in the last
two weeks, medication use, alcohol use, smoking, exercise, and
caffeine intake.
We used a modified version (27) of the Health Review (28) to
collect data on cold sores. Subjects were given the interview in
person during the annual interview, then called every three months.
During Health Review interviews, we used a number of methods to
ensure the most accurate and complete recall as described elsewhere (27).

Immunological Studies
Blood for all subjects was drawn between 8:00 a.m. and 10:00
a.m. to control for diumal variation; this was important for the
T-cell response study. Interviews followed blood draws. Caregivers and controls were evaluated in mixed groups across the year, so
that we were always simultaneously collecting blood from both
groups. For this series of experiments, we simply used sequential
caregivers and controls from the annual data collection who were
part of our longitudinal study.

The Determination of Antibody Titers to HSV-I by ELISA
In order to determine antibody titers to HSV-1, an ELISA was
performed using a total virus antigen preparation obtained from
virus-infected Vero cells. The protein concentration of the virus
stock was determined by a Bio-Rad Protein assay using routine
procedures. We defined endpoint antibody titers as the optical
density (OD) value of the highest dilution of a plasma sample
which was greater than two standard deviations above the negative
serum control value.

HSV-1 Virus Neutralizing Antibody Titers
In order to determine neutralizing antibody titers to HSV-I,
monolayers of Vero cells were grown in 24-well plates. Two-fold
dilutions of plasma prepared in phosphate buffered saline (PBS),
starting at 1:2, were incubated with 100 tissue culture infectious
doses (TCIDs)/ml HSV-1 for one hour at 37 ~ HSV-1 positive and
negative plasma controls along with a media + virus control (100
TCIDs) were included.
Diluted plasma/virus preparations and control preparations
were added to the wells. The plates were incubated at 37~ in an
atmosphere of 5% CO2 for 48 hours. Virus neutralization titers
were determined by the highest dilution of plasma able to
completely block the development of virus-specific cytopathologic
effect (CPE).

Measurement of the HSV-1 Specific T-Cell Response by Cell
Proliferation
Peripheral blood leukocytes were obtained from each subject
and prepared at a concentration of 1 X 106 cells/ml in RPMI 1640
medium supplemented with 5% Fetal Bovine Serum (FBS). One
hundred pl of the suspension was added to each of three wells in a
96-well plate. The HSV-1 antigen was prepared as described
above. The initial protein concentration of the stock used for these
experiments was 2.52 mg/ml. The viral antigen was U.V. inactivated, diluted 1:3 and 1:27 in PBS, and used to measure HSV-1

80

ANNALS OF BEHAVIORAL MEDICINE

Glaser a n d Kiecolt-Glaser
9.00

8.00

6.70

tu

7 25
A

5 40

5 50

IOm

Ct.
O

4.10

t-

375
2,80

2 O0

1 50
NEUTRALIZATION

CAREGIVERS

ELISA

~

CONTROLS

A N T I B O D Y T I T E R S T O HSV-1

F I G U R E 1:
Means (SEM) for caregivers and controls for
antibody titers to HSV-1 as measured by two methods, virus
neutralization and ELISA. The data for virus neutralization
only includes those subjects with measurable antibody.

specific memory T-cell proliferation. Wells containing PBLs in
media alone were the controls. The cultures were incubated for 160
hours at 37~ then pulsed for 8 hours with tritiated thymidine
(specific activity 0.1 mCi/ml); radioactivity (cpm) as a measure of
cell proliferation was determined using a Beckman LS7000
scintillation counter.
Data Analyses
We used univariate and multivariate analyses of variance
(ANOVAs and MANOVAs) to assess differences between caregivers and controls and the interaction of these variables. Antibody
and T-cell proliferation data were subjected to natural log transformations to normalize the distributions prior to analyses. Chi-square
tests were used to analyze dichotomous data. All correlations
reported are Pearson correlations.
Throughout our data, we found no significant gender differences. Thus, while gender was included as a variable in earlier
analyses, sex differences will not be reported.
RESULTS
All subjects had measurable antibody (IgG) to the HSV-1 total
virus antigen by ELISA. As expected, caregivers had significantly
higher antibody titers than controls, F(1,127) = 5.47, p < .03
(Figure 1).
In contrast to the ELISA data, 34 subjects had no measurable
neutralizing antibody to HSV-1 (26.4%). Of these, 22 were
caregivers (31% of all caregivers) and 12 were controls (20.7%),
•
N = 129) = 1.74. Comparisons of neutralizing antibody
titers between those caregivers and controls who had measurable
neutralizing antibody showed no significant difference, F < 1.
We also examined subjects' recent cold sore history: 21
subjects (16.3%) reported that they had experienced at least one
cold sore during the previous twelve months. Fourteen of the 21
subjects were caregivers [i.e. 20% of caregivers had a cold sore
compared to 12% of controls, X2(1, N = 129)= 1.49]. These
differences, however, were not significant.
Examining these data in the context of the immunological
data, only 2 of the 21 subjects who reported a cold sore within the
last year had no detectable neutralizing antibody, •
N = 129) =
3.66, p = .05. Importantly, among those subjects who had not
experienced a cold sore within the last twelve months, 37% of the
caregivers (21 out of 57) had no neutralizing antibody compared to
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F I G U R E 2:
Means (SEM) proliferative memory T-cell
responses to HSV-1 for caregivers and controls.

22% of controls (11 out of 51), a difference that approached
significance, •
N = 129) = 3.01, p < .08.
The HSV-1 specific memory T-cell response, measured by
incorporation of tritiated thymidine (cpm) to determine cell
proliferation, was analyzed using a MANOVA with one withinsubjects variable (change across the two concentrations of antigen), as well as one between-subjects variable, group membership.
The proliferative response to HSV-1 was significantly poorer
among caregivers than controls, F(1,127) = 5.69, p < .02 (Figure
2). The higher concentration of antigen produced a greater
proliferative response, as expected, F(1,127) = 19.59, p < .001,
with a non-significant interaction between group and concentration
of antigen, F(1,127) = 1.00.
When data for the HSV-1 T-cell response were analyzed using
a MANOVA with the same within-subjects variable (change across
the two concentrations), as well as two between-subjects variables,
group membership and presence/absence of neutralizing antibody
to HSV-1, the T-cell response to HSV-1 was again significantly
poorer among caregivers than controls, F(1,125) = 6.83, p < .01.
In addition, subjects who had no neutralizing antibody also showed
a poorer proliferative response to HSV-1, F(1,125) = 34.93, p <
.001, without a significant interaction between the two grouping
variables, F(1,125) = 3.14. Thus, both caregiving and the absence
of neutralizing antibody were associated with a poorer virusspecific proliferative response.

Demographic and Health-Related Behaviors
Subjects' age was not related to either the presence of
neutralizing antibody, F(1,127) = 2.09, or to the development of a
cold sore in the prior year, F(1,127) = 1.96, Caregivers did not
show reliable differences from the controls on alcohol intake,
recent weight change, frequency of vigorous physical exercise, or
caffeine intake, Fs < 1. The two groups did not differ in body mass
or weight change within the last week, Fs < 1. All subjects were
within normal ranges on plasma albumin values.
As would be expected from our own and other studies,
caregivers and controls did show reliable differences in sleep.
Caregivers reported an average of 22.44 hours of sleep in the three
days preceding the blood draw (SEM = 0.37), compared to
controls' 23.69 hours (SEM = 0.23), F(1,123) = 7.22, p < .01.
Nevertheless, correlations between sleep and immunological data
were small ( - . 0 1 to .13), and none was significant. Thus,
differences in health behaviors would not appear to be driving the
immunological differences.

Chronic Stress and HSV-1
Psychological Stress and Caregiving
Consistent with numerous studies on stress and depression
associated with caregiving, caregivers reported significantly higher
levels of stress on the ten-item PSS than non-caregivers, F(1,121) =
18.28,p < .001. Caregivers' mean score was 18.00 (SEM = 0.83),
compared to non-caregivers' mean of 12.97 (SEM = 0.79).
Caregiver variables including years of caregiving, hours per
day of care, or scores on the Blessed Dementia Scale and the
Memory and Behavior Problem Checklist did not show significant
relationships to the absence of neutralizing antibody or the
development of cold sores. Correlations between these caregiver
variables and immunological data were not significant. There were
no significant differences in perceived stress or on any of the
immunological measures when we compared spouse and adult
child caregivers.

DISCUSSION
In previous studies involving caregivers of dementia patients,
we found evidence of the modulation of latent EBV (2,15). These
studies were extended to determine if the virus-specific immune
response to latent HSV-1 infection was influenced by the stresses
of caregiving with respect to three different markers related to the
HSV-1 specific immune response: levels of neutralizing antibody,
antibody titers to a total viral antigen preparation, and a memory
proliferative T-cell response.
When a person is infected with HSV-1, antibodies are
synthesized to virtually all viral proteins, resulting in a "pool" of
antibodies to viral antigens. However, there are generally one or
more viral glycoproteins which are important for producing an
antibody that will neutralize virus infectivity (i.e., neutralizing
antibody). To determine if the neutralizing antibody is present,
cells are infected in vitro with HSV-1 treated with the serum or
plasma; the presence of the neutralizing antibody is determined by
the ability to block infection of the cells (reviewed in 16,29,30). It
is the neutralizing antibody that is thought to be clinically relevant
in protecting against reinfection.
Since most individuals are latently infected with HSV-1 by the
time they reach their forties (17), we anticipated that virtually
100% of our subjects would have measurable IgG antibody to
HSV-1, as determined by ELISA, which was the case. In addition,
caregivers had significantly higher antibody titers to the total viral
antigen by ELISA than controls. In contrast, 26.4% of subjects had
no measurable neutralizing antibody to HSV-1, and neutralizing
antibody titers did not differ between caregivers and controls.
These data suggest that, as previously observed in similar subjects
latently infected with EBV, caregiving stress has influenced the
control over the steady state expression of the latent HSV-1
genome resulting in an increase in the expression of at least some
viral proteins which over time has resulted in increases in IgG
antibody titers; neutralizing antibody levels were not affected.
Data from a previous study with EBV may be pertinent for
interpreting these results. Reactivation of latent EBV in medical
students experiencing academic stress may be incomplete, and
some viral proteins may not be expressed under certain circumstances, resulting in the production (or lack) of certain viral
specific antibodies (13). It is possible that insufficient amounts of
the major HSV-1 glycoprotein, gD (and other glycoproteins that
induce neutralizing antibody) were not synthesized in the neutralizing antibody-negative subjects (31).
Stress is clearly associated with the modulation of herpesvirus
infection, and some studies have demonstrated clinical consequences. For example, psychological stress has been linked to the
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development and severity of EBV-associated infectious mononucleosis (32). Animal studies have also demonstrated the impact
of stress on the virus-specific primary and memory immune
responses to HSV-1 in mice (33). Various stressors appear to affect
the appearance, duration, and intensity of herpesvirus infections,
presumably as a result of increased levels of "stress hormones"
associated with the hypothalamic pituitary axis and the modulation
of the virus-specific cellular immune response (34).
The reactivation of latent HSV-1 is generally not associated
with significant clinical symptoms and occasionally associated
with the common cold sore (35,36). The differences in antibody
patterns observed in the caregivers as compared to the control
subjects were not associated with an increase in cold sores in this
study; perhaps a study involving a larger group of subjects would
show this relationship. However, the data continue to show that
alterations in a virus-specific immune response are associated with
caregiving and provide additional evidence that psychological
stress is associated with poorer control of a latent herpesvirus.
As already discussed, we previously found that caregivers
reported significantly more days ill than controls (2). We now
provide additional evidence that caregiving stress has other
important health implications. In a recent study, we found that
healing of a 3.5 millimeter punch biopsy wound took 24% longer
in caregivers than in controls, and PBLs from caregivers produced
significantly less interleukin-1 beta (IL-113) mRNA in response to
lipopolysaccharide stimulation than did cells from non-caregivers.
Stress-related defects in wound repair could have important
clinical implications for both minor and major surgeries (37).
We also found that both the humoral and virus-specific
cellular immune response to inoculation of an influenza virus
vaccine was significantly down-regulated in caregivers as compared to control subjects (38). Caregivers were less likely to show
a four-fold increase in antibody titers four weeks after vaccination;
they had lower levels of in vitro stimulated IL-113; and their PBLs
produced lower levels of interleukin-2 (IL-2) in response to
vaccine (antigen) stimulation. Adults who show poorer responses
to vaccines and other antigenic challenges also experience higher
rates of clinical illness, including influenza virus infections (39,40).
Thus, these vaccine data suggest that caregivers are more vulnerable than their age-peers to influenza and, potentially, to other
infectious agents (38-41).
Dementia caregiving is clearly associated with adverse mental
health consequences (42). Data from studies showing such important health consequences as wound healing (37) and poor influenza
vaccine responses (38) add weight to the contention that the
chronic stress of caregiving can have adverse consequences for
older adults' physical health as well.
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