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PURPOSE: The purpose of this study was to test the hypothesis that exposure to a directly transmitted
human pathogendflu virusdincreases human social behavior presymptomatically. This hypothesis is
grounded in empirical evidence that animals infected with pathogens rarely behave like uninfected
animals, and in evolutionary theory as applied to infectious disease. Such behavioral changes have the
potential to increase parasite transmission and/or host solicitation of care.
METHODS: We carried out a prospective, longitudinal study that followed participants across a known
point-source exposure to a form of influenza virus (immunizations), and compared social behavior before
and after exposure using each participant as his/her own control.
RESULTS: Human social behavior does, indeed, change with exposure. Compared to the 48 hours pre-
exposure, participants interacted with significantly more people, and in significantly larger groups, during
the 48 hours immediately post-exposure.
CONCLUSIONS: These results show that there is an immediate active behavioral response to infection
before the expected onset of symptoms or sickness behavior. Although the adaptive significance of this
finding awaits further investigation, we anticipate it will advance ecological and evolutionary under-
standing of human-pathogen interactions, and will have implications for infectious disease epidemiology
and prevention.
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INTRODUCTION

Animals infected with pathogens rarely behave like unin-
fected animals. In some cases, the behavior of infected indi-
viduals is self-protective (e.g., behavioral fever, sickness
behavior), and in other cases, it benefits the parasite (e.g.,
increases transmission or parasite survival). Klein (1)
reviews the extensive evidence for parasitic influence on
proximate mechanisms that mediate host social behavior.

From an evolutionary point of view, infection can be seen
as a dynamic battle between a parasite/pathogen and host.
Features characteristic of infection are similar to the tools
of war; they are the products of evolved strategies that
benefitted one side or the other. Whereas behavioral
changes in response to infection are almost ubiquitous
among vertebrates, the adaptive significance of such behav-
ioral change is often difficult to ascertaindthat is, it remains

unclear whether the effect benefits the parasite or the host,
and if there is a benefit, how it is achieved. What is clear is
that the behavior of infected animals does not resemble that
of uninfected conspecifics, and the difference has implica-
tions for both the individual host and the movement of
the pathogen through the host population (2).

The gold standard for demonstrating parasite-induced
behavioral change is experimental infection, and reason-
ably, such studies are not often carried out on humans.
Thus, despite abundant examples of behavioral change in
nonhuman animals infected with parasites, evidence for
parasite-induced behavioral change in humans is virtually
nonexistent, except for diseases that directly involve the
nervous system or musculature (e.g., rabies; see also Moore
(2)). Of course, Toxoplasma gondii is well known for its asso-
ciation with certain personality traits (3), but again, infec-
tion was neither experimental nor randomly distributed
over the study population; we cannot rule out the possibility
that certain personality types are more prone to be exposed
or susceptible toToxoplasma. Despite these difficulties in the
study of human disease and behavior, we nonetheless expect
to see behavioral changes in infected humans, given the
ubiquity of such changes in other taxa.

With that expectation, we asked if exposure to a directly
transmitted pathogendflu virusdwould affect the behavior
of humans. We focused on social behavior because
enhanced social behavior could potentially benefit either
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(or both) the parasite or the host. Parasites that manipulate
hosts to increase social behavior may benefit through
increased transmission; hosts that increase their social
contacts might benefit through increased care from conspe-
cifics. Thus, we hypothesized that on encountering flu virus,
humans would increase their social behavior.

Seasonal influenza is a representative, common, directly-
transmitted human infection. According to the United
States Center for Disease Control (4), the average time
between exposure to seasonal influenza and symptom onset
is 2 days (range: 1–4 days), and infected individuals are
contagious a day before symptom onset and for several
days thereafter (Fig. 1). Shedding of the virus peaks 2 days
after exposure, and symptom scores peak on Day 3 (5).
Once symptoms appear, transmission via social interactions
may be reduced by the onset of sickness behavior. However,
no sickness behavior is evident presymptomatically, making
the social behavior of infected individuals at this time
particularly important.

METHODS

Because of the inherent complications of experimental
infection studies with humans, we sought an alternative
method of identifying exposure to influenza. Many humans
are exposed to a modified form of influenza virus every
autumn in the form of flu vaccines. Although the immuni-
zation rarely produces full-fledged sickness behavior or
illness, its very success depends on the recipient’s body
recognizing the antigenic threat and mounting an appro-
priate immune response.We therefore used influenza immu-
nization as a proxy for natural infection because it provides
a known point-source exposure to a familiar directly-
transmitted pathogen, and it elicits an immediate immune
response similar to that induced by wild-type infection.

With the approval of our university’s fully accredited
Human Subjects Research Review Committee (IRB) and
under conditions of informed consent, we prospectively fol-
lowed a cohort of adults across a period of time that included
a knownpoint-source exposure toviral antigens, and recorded
the number and nature of social interactions. Participants
were recruited at a campus flu-shot clinic and received a 0.5
mL injection of the Fluarix 2008–2009 vaccine (Glaxo
SmithKline, Philadelphia, PA) containing 15 mg hemagglu-
tinin of each of 3 strains: A/Brisbane/59/2007 (H1N1)-like
virus (A/Brisbane/2007 IVR-148), A/Brisbane/10/2007
(H3N2)-like virus (A/Uruguay/716/2007 NYMC X-175C),
and B/Florida/4/2006-like virus (B/Brisbane/3/2007). After
receiving the immunization, individuals were invited to
participate in a study about illness and social behavior; no
explicit connection was made, at any time during the study,
between the immunization and the objectives of the study.

Data were collected 3 times: at baseline (at time of immu-
nization), 48 hours later, and at follow-up 4 weeks later
(Fig. 1). At each data collection point we used timeline
follow-back methods (6) to reconstruct detailed information
about participants’ activities during the past 48 hours. To
eliminate confounds from other infectious illnesses, we re-
corded symptoms of illness and medication use suggestive of
underlying symptoms. We recorded every social interaction,
its duration, and the number of participants in the interaction
(after the Rochester Interaction Record) (7). To assess self-
awareness of shifts in sociability, we recorded self-perceived
sociability via Likert-type ratings for five items (8, 9). The
items were: (1) I like to be with people; (2) I welcome the
opportunity to mix socially with people; (3) I prefer working
with others rather than working alone; (4) I find people more
stimulating than anything else; and (5) I’d be unhappy if I
were prevented from making many social contacts.

We then compared social behavior in the 48 hours imme-
diately before the immunization (the pre-immunization
phase) to the 48 hours immediately after (the post-
immunization phase), using each participant as his/her
own control. Because the post-immunization phase included
a Friday and/or Saturday for some participants, and social
behavior patterns may vary by day of the week (e.g., week-
ends vs. work days), ‘‘day-of-week’’ might confound results.
We therefore also followed participants 4 weeks later, on
the days of the week that corresponded to the post-
immunization phase for each participant, to eliminate day-
of-week confounds. We refer to this as the follow-up phase
(Fig. 1). Finally, whenwe chose the time periods in the study,
we made sure that they were routine work weeks and week-
ends, free of any unusual events, holidays, or other factors
that would systematically alter the normal time expenditure,
behavior, and socialization patterns of participants.

For each 48-hour time period, we scored each participant
based on the following criteria: (1) total number of social

FIGURE 1. Timeline showing the course of wild-type influenza
infection (top) and corresponding study phases (bottom). Infor-
mation on the time course of wild-type influenza infection drawn
from Coordinating Center for Infectious Diseases (4) and Carrat
et al. (5).
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events; (2) the total number of individuals with whom each
participant interacted; (3) the mean number of individuals
involved per social event; and (4) the mean duration of
social encounters. Because the data fail to meet the assump-
tions of parametric tests, statistical parameters shown here
represent the median (range) unless otherwise noted, and
statistical tests are nonparametric Wilcoxon signed rank
tests. Given few tests and a small sample size, no correction
has been made for multiple statistical tests (aZ 0.05 for all
tests).

Despite the limited duration of the flu clinics and the
time-intensive nature of the interview techniques, we
successfully enrolled 36 adults from the campus community
as participants in the study. Mean age was 51.9 years (SDZ

8.3). There was an overall male/female ratio of 13:23.
Thirty-one percent (n Z 11) were faculty; 69% (n Z 25)
were staff. One individual failed to complete the initial
week of data collection. As a result, comparisons between
pre-immunization and post-immunization comprise 35 cases
(34 degrees of freedom). Nine additional individuals did not
participate in the follow-up data collection 1 month later.
Thus, all comparisons between pre-immunization and 1
month follow-up comprise 26 individuals (25 degrees of
freedom).

RESULTS

Compared to the 2 days pre-immunization, the 2 days post-
immunization were characterized by increased social
behavior. Whereas the total number of social events per
participant did not change significantly from pre- to
post-immunization (19.5 vs. 22.0 events; ranges 218 and
79, respectively; z Z 1.02, n Z 35, p Z 0.31), the total
number of individuals with whom each participant inter-
acted increased dramatically from 54 to 101 people (ranges
235 and 2078, respectively; z Z 3.08, n Z 35, p Z 0.002;
see Fig. 2). The score for number of individuals per social
event also showed a significant increase from 2.4 to 5.5
people per event (ranges 17.3 and 22.6 respectively; z Z

2.15, n Z 35, p Z 0.032). The score for duration of partic-
ipants’ social encounters decreased significantly from pre-
to post-immunization, from 33.2 to 2.5 minutes (ranges
205 and 26.8, respectively; z Z !5.16, n Z 35, p Z

0.000).
This is not a spurious result. When the single outlierd

who became an outlier by inexplicably volunteering to
help with a huge (O750 people) social gathering after
immunizationdis removed from the analysis, the total
number of individuals with whom each participant inter-
acted still showed a remarkably significant increase (from
54 to 99 people; ranges 235 and 990, respectively; z Z

2.92, n Z 34, p Z 0.004). The score for contacts per event
still increased from 2.5 to 5.1 (range 17.3 and 13.9,

respectively), and flirted with statistical significance (z Z
1.94, n Z 34, p Z 0.053).

Moreover, there were no day-of-week confounds. If the
increases in social behavior during the post-immunization
phase were merely a result of the inclusion of weekend
days for some participants, we would expect a similar
increase in social behavior on the same days of the week
during the follow-up phase. However, the increases in social
behavior found during the post-immunization phase were
not found on the same days of the week during the 4-week
follow-up phase. In fact, during follow-up, social contacts
were reduced from baseline (from 54 to 44.5 people; ranges
235 and 91, respectively; zZ!1.90, nZ 26, pZ 0.058; see
Fig. 2), even though the follow-up phase included the same
weekend days.

Participants were unaware of any concurrent shifts in
their sociability. None of the self-perceived sociability
measures changed significantly during the course of the
study. Apparently, self-perceived sociability is not medi-
ating the behavioral change.

DISCUSSION

In the 2 days immediately after influenza immunization, study
participants socially encountered almost twice as many other

FIGURE 2. Number of people encountered is greater after
immunization than before immunization or during follow-up.
For each box plot, the lower and upper dots represent the 5th
and 95th percentiles of the distribution, respectively; the whiskers
represent the 10th and 90th percentiles, respectively; the lower
and upper edges of the box represent the 25th and 75th percen-
tiles, respectively; and the line through the center portion of
the box is the median. Wilcoxon signed rank test comparing
pre-immunization to post-immunization: z Z 3.08, n Z 35,
p Z 0.002. Follow-up captures data on the same days of the
week as post-immunization to rule out potential day-of-week
confounds to social behavior. Wilcoxon signed rank test comparing
pre-immunization to follow-up: z Z !1.90, n Z 26, p Z 0.058.
The increase in social behavior seen post-immunization is therefore
not confounded by day-of-week.
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humans as they did in the 2 days before immunization. Partic-
ipants were not consciously aware of any changes in their
levels of sociability, nor could the changes in their social
behavior be accounted for by differences in social patterns
associated with particular days of the week. Human social
behavior changed on the introduction of viral antigens.

There are some limitations to consider. For instance, the
sample size was necessarily small due to the time-intensive
timeline follow-back procedures. These procedures, although
time-consuming, use memory aids to produce highly reliable
data compared to other, faster recall methods (10). In
addition, the impact of a small sample size is mitigated by
the prospective, longitudinal design, paired with our ability
to use each participant as his/her own control. Instead of
comparing behavior across groups that might have unknown
and potentially confounding differences, we were able to
compare the behaviors of the same individuals at different
times, making this a particularly powerful design. Finally,
our ability to detect a significant behavioral change despite
this small sample size and the use of stringent nonpara-
metric statistical methods suggests that the result is indeed
robust.

It is theoretically possible that humans might generally
respond to preventive healthmeasures such as immunizations
with a feeling of invincibility that could lead to enhanced
social behavior, at least in the short term. If a response such
as this exists, it could be mediated either consciously or
unconsciously. In the event of consciousmediation, wewould
expect some level of conscious awareness of shifts in socia-
bility.We looked for this, and found no such effects. If uncon-
scious mediation of this effect exists, it presumably would
occur through upregulation of the immune system in response
to the immunization.However, it is reasonable to assume that
most instances of acute upregulation of the immune system
indicate actual infection rather than immunization; this was
certainly the case throughout evolutionary history, before
the very recent advent of vaccination. Thus, although there
is room for exception, it seems unlikely that immune upregu-
lation would signal invincibility. Nonetheless, a definitive
dismissal of this possibility will require placebo-controlled
trials in the future.

The increase in social behavior after the immunization
might be interpreted alternatively as a behavioral response
resulting from participants’ knowledge that their social
behavior would be recorded. Such an effect would not
impact pre-immunization social behavior because the
participants were not aware of the study until the point of
immunization; but it would alter post-immunization
behavior. Were this the case, we would expect the effect
to also impact social behavior at the 4-week follow-up
because participants were aware of the follow-up data collec-
tion appointments. However, social behavior at the 4-week
follow-up was lower than pre-immunization rather than

higher. We conclude that this potential ‘‘knowledge effect’’
is not responsible for the changes we observe in social
behavior on immunization.

Of course, immunization is not identical to infection.
The vaccine was not live, and influenza symptoms did not
appear. However, the goal of immunization is to generate
an immediate agent-specific immune response that protects
the host against the wild-type pathogen. It is during this
early response, common to both immunization and wild-
type infection, and presymptomatic in the latter, that we
predicted and found change in social behavior.

This study does not identify the beneficiarydparasite or
hostdof enhanced sociability. Answering this question will
require placebo-controlled studies. The physiological and
epidemiological ramifications of this altered behavior also
remain to be investigated, as do its evolutionary roots. But
if, for example, the body’s immediate response to the
vaccine produces proinflammatory cytokines and chemo-
kines, then altered communication in the central nervous
system could lead to behavioral change in the host (1).
This could happen with a live virus, but might also occur
with killed vaccine. Thus, immunization in this case is
indeed a reasonable proxy for natural infection.

Regardless of the beneficiary of this behavioral effect, or
when in our evolutionary history the effect might have
evolved, the increase in human social behavior immediately
on introduction of viral antigens has important implications
for infectious disease epidemiology. It suggests that contact
rates between hosts and susceptibles are neither linearly
related to host density, nor independent of host density (2,
11). Instead, contact rates are changing within the course
of infections as host behaviordhost social behavior in
particulardchanges; our participants shifted to larger-
group interactions, presumably with higher density, after
exposure. These findings also highlight the importance of
inapparent (asymptomatic) infections (12); in such infec-
tions, individuals can transmit pathogens over long periods
of time because there is no sickness behavior to reduce soci-
ality. This effect could be compounded if social behavior is
also enhanced.

CONCLUSIONS

To our knowledge, this is the strongest indicator yet discov-
ered of pathogen-mediated behavioral change in otherwise
asymptomatic humans. Our results unambiguously point to
increased social interaction after exposure. Much remains
to be investigated regarding this interaction, and future
directions include planned placebo-controlled trials, inves-
tigations of the effect of unattenuated virus on human
social behavior, and investigations of other directly trans-
mitted human pathogens. If this behavioral shift occurs
on exposure to live, unattenuated virus, understanding
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the epidemiological role of the presymptomatic host takes
on added urgency.
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