
Brain, Behavior, and Immunity 20 (2006) 261–269

www.elsevier.com/locate/ybrbi

0889-1591/$ - see front matter © 2005 Elsevier Inc. All rights reserved.
doi:10.1016/j.bbi.2005.08.009

Trait positive aVect and antibody response to hepatitis B vaccination

Anna L. Marsland a,¤, Sheldon Cohen b, Bruce S. Rabin c, Stephen B. Manuck d

a Behavioral Immunology Laboratory, Department of Psychology, University of Pittsburgh, USA
b Department of Psychology, Carnegie Mellon University, USA

c Department of Pathology, University of Pittsburgh School of Medicine, USA
d Behavioral Physiology Laboratory, Department of Psychology, University of Pittsburgh, USA

Received 12 April 2005; received in revised form 3 August 2005; accepted 3 August 2005
Available online 15 November 2005

Abstract

Recent evidence suggests that dispositional positive aVect may be associated with decreased vulnerability to upper respiratory infec-
tions. To explore a potential pathway of this relationship, we examined whether trait positive aVect is related to an in vivo immune
response relevant for host resistance to infection. Eighty-four healthy, graduate students who tested negative for prior expose to the hep-
atitis B virus were administered the standard hepatitis B vaccination series. Five months after the Wrst dose, a blood sample was collected
for the measurement of speciWc antibody response to the vaccine and subjects completed a battery of psychosocial questionnaires. Higher
scores on a measure of dispositional positive aVect were associated with a greater antibody response to hepatitis B vaccination. This rela-
tionship occurred after controlling for demographics and body mass and was largely independent of concomitant levels of dispositional
negative aVect, optimism, and extraversion. In the presence of dispositional positive aVect, there was no independent eVect of trait nega-
tive aVect on antibody response. Physical activity played a protective role for individuals low in positive aVect, being related to higher
antibody responses. These data provide initial evidence that individual diVerences in dispositional positive aVect may be of health signiW-
cance, being related to an in vivo immune response relevant for protection against infection.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction

In support of popular belief, recent Wndings suggest that
individuals who characterize themselves by moods such as
happy, pleased, relaxed, and lively are less vulnerable to
upper respiratory infections (Cohen et al., 2003). These
Wndings add to a developing literature suggesting that dis-
positional positive aVect may play a role in health improve-
ment (Pressman and Cohen, in press). In their study, Cohen
and colleagues experimentally inoculated 334 healthy, adult
volunteers with common cold viruses and then quarantined
and monitored them for the development of biologically
veriWed upper respiratory infections. Findings demon-
strated a dose–response relationship between higher posi-

tive emotional styles measured before the inoculation and
lower risk of developing a cold. In contrast, there was no
relationship between negative emotional styles and colds. A
large number of control factors (including age, sex, educa-
tion, negative aVect, and virus-speciWc antibody status
before challenge) were not able to explain decreased risk for
colds among persons reporting higher dispositional PA.

A number of potential pathways exist through which an
association between PA and infectious disease susceptibil-
ity might occur, including behavioral and immune mecha-
nisms. A positive emotional style could promote health
through health-enhancing behaviors (Myers and Diener,
1995). For example, better sleep quality and more exercise
have been associated with high PA (Bardwell et al., 1999;
Cohen et al., 2003), better immune function (Kiecolt-Glaser
and Glaser, 1988) and decreased susceptibility to the com-
mon cold (Cohen et al., 1997). Another pathway through
which emotions could inXuence infectious pathology is via
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modulation of immune function, inXuencing host suscepti-
bility to infectious pathogens. Here, there is extensive evi-
dence for direct anatomical and functional links between
the central nervous and immune systems, providing a bio-
logical pathway for the inXuences of emotions on response
to viral pathogens (Rabin, 1999). However, in contrast to a
large literature examining the relationship between negative
emotions and compromised immune function (Kiecolt-
Glaser et al., 1992; Sergerstrom and Miller, 2004), only a
few studies have examined immune function that accompa-
nies PA. Initial Wndings suggest immune beneWts of daily
Xuctuation in positive mood, including increased antigen-
speciWc secretory immunoglobulin A response to an
ingested innocuous protein (Stone et al., 1987) and
increased natural killer cell cytotoxicity (Valdimarsdottir
and Bovberg, 1997). To date, immune changes that accom-
pany more enduring PA remain unknown. It is likely that
dispositional (trait) PA would be associated with larger and
more stable immune diVerences that would alter the ability
of the body to resist viral infections.

The goal of the following study is to further explore the
relationship between trait levels of PA and infectious disease
susceptibility, by examining whether trait positive emotional
style is associated with antibody response to hepatitis B vac-
cination. We deWne PA as the feelings that reXect a level of
pleasurable engagement with the environment (Clark et al.,
1989). We have previously reported that trait negative aVect
is associated with a reduction in antibody response to this
vaccine (Marsland et al., 2001). Recent interest in the inXu-
ence of PA on health and Wndings suggesting decreased dis-
ease risk among persons with a positive emotional style
(Pressman and Cohen, in press), led us to examine whether
trait PA is associated with antibody response and, if so,
whether this relationship is independent of trait NA.

While there is much current debate regarding the struc-
ture of aVect (e.g., Izard, 1977; Larsen and Diener, 1992;
Watson and Tellegen, 1985), there is a growing consensus
that positive and negative aVect are broad, underlying
dimensions of basic emotions that consistently emerge
across studies (Watson and Tellegen, 1985). However, the
relationship between them remains unclear. Rather than
being opposite extremes of the same underlying construct,
trait measures of emotional style are thought to be mutu-
ally independent, with PA conferring health beneWts inde-
pendently of NA levels (Cohen et al., 2003; Diener and
Emmons, 1985). Recent evidence demonstrates that posi-
tive and negative aVective styles are associated with asym-
metrical activation of regions of the prefrontal cortex in the
brain (Davidson et al., 1999). Individuals who show high
levels of left-sided prefrontal activation endorse higher lev-
els of dispositional positive aVect and also show improved
immune function, as measured by increased natural killer
cell activity, when compared with their right-frontally acti-
vated counterparts who endorse more dispositional nega-
tive aVect (Davidson et al., 1999, 2000). Consequently, we
expected that PA would be associated with better antibody
response, even after controlling for the inXuences of NA.

Another issue that requires clariWcation in the literature
linking PA to health is the role of psychological concepts
that are closely related to PA, such as optimism and extra-
version. These factors have been related to improved objec-
tive health outcomes (e.g., Cohen et al., 1997; Scheier and
Carver, 1987) and to improved immune function (Miller
et al., 1999; Sergerstrom et al., 1998). Furthermore, extra-
version has been associated with decreased susceptibility to
upper respiratory infections (Broadbent et al., 1984; Cohen
et al., 1997; Totman et al., 1980). Thus, it is possible that
these dispositional characteristics account for associations
between PA and infectious disease susceptibility. In this
study, we controlled for these third factors and explored the
independent contributions of optimism, extraversion and
trait PA to antibody response. Finally the possibility that
health practices, including smoking, alcohol use, and physi-
cal activity mediate the relationship between trait PA and
antibody response was explored.

For this study, we chose to examine the inXuence of
aVective style on secondary immune response to a novel
antigen, hepatitis B vaccination. This decision was based on
an existing literature suggesting that trait aVect has its
greatest impact on secondary as opposed to primary
immune response to vaccination (as reviewed by Cohen
et al., 2001). In the case of antibody response to hepatitis B
vaccine series, this phase occurs after the second vaccina-
tion, a period when it has been demonstrated that psycho-
social factors are associated with magnitude of antibody
response (e.g., Jabaai et al., 1993; Marsland et al., 2001). A
second reason to focus on antibody responses to the second
vaccination in this 3 dose sequence is the typical titer
response to each of the vaccinations. There is little variabil-
ity in response across individuals following either the Wrst
vaccination, when only about 25% of individuals have dis-
cernable levels of antibody, or the third vaccination, when
the majority of recipients have mounted maximal antibody
responses. In contrast, there is widespread interindividual
variability in the magnitude of antibody response following
the second vaccination (Szmuness et al., 1980). At this time-
point, the majority of individuals have mounted an anti-
body response; however, the range of antibody responses is
widely dispersed, enabling us to explore emotional factors
associated with individual diVerence in response.

2. Method

2.1. Participants

The participants were 51 male and 33 female graduate
students ages 21–33 years (meanD24) who volunteered to
participate in a study investigating whether psychological
factors inXuence immune response to hepatitis B vaccina-
tion. Three participants were dropped from data analyses
due to problems collecting blood samples, leaving a Wnal
sample of 81. All subjects were of normal weight, healthy,
endorsed no history or symptoms of systemic diseases
known to aVect the immune system and were native English
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