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ARTICLE INFO ABSTRACT

Keywords: Despite its old evolutionary history and emotional relevance, the behavioral immune system is one of the less
COVID-19 studied individual predictors of vaccine uptake. To fill the gap, we conducted a large online study (2072 par-
Vaccine

ticipants) during the spring 2022 when the great majority of the Italian population had already received at least
one dose of the COVID-19 vaccine. Hierarchical binary logistic regression showed that, after controlling for the
confounding effects of demographic and personality factors, there was a significant and positive association
between pathogen disgust sensitivity and COVID-19 vaccine uptake (OR, 1.68; 95% CI, 1.42-1.99). The likeli-
hood of being vaccinated for a participant with the highest possible score on the PVD Germ Aversion scale was
approximately 12 times higher than the likelihood for a participant with the lowest possible score. Public health
messaging could leverage the activation of the behavioral immune system as an emotional driver of vaccine
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uptake.

1. Introduction

The COVID-19 pandemic prompted a rapid international search for
safe and effective vaccines against the SARS-CoV-2 virus. As of January
24, 2022, 33 approved vaccines were in use in 197 countries, with 10
vaccines approved for emergency use by World Health Organization
(Young et al., 2022). To optimize the operational implementation of
mass vaccination policies, it is critical to consider not only the supply of
vaccines but also the individual factors that facilitate or, on the contrary,
hinder vaccine uptake.

Despite previous successful vaccines, the COVID-19 pandemic has
been associated with a greater shift of attention to “vaccine hesitancy”.
Vaccine hesitancy, defined as a “delay in acceptance or refusal of vac-
cines despite availability of vaccination services” (World Health Orga-
nization, 2014) represents a significant barrier to the success of any
vaccination program. Several factors contributing to vaccine hesitancy
have been identified, with most concerns relating to fear of side effects,
distrust in the vaccine, vaccine related risks and the perceived effec-
tiveness of the vaccine (Burke et al., 2021). These findings are valuable
in identifying populations to be targeted and psychological barriers that
may need to be overcome in appeals to reduce vaccine hesitancy.
However, it is also important to identify psychological factors that

encourage vaccine uptake, which can be utilized to shape possible
messaging campaigns and interventions to lower vaccine hesitancy and
increase vaccination uptake (Wang et al., 2021; Shook et al., 2022).

In line with the ongoing research task of identifying individual pre-
dictors associated with vaccine acceptance, the aim of the present study
was to ascertain which is the relationship between the activation of the
behavioral immune system and COVID-19 vaccine uptake. The question
is biologically relevant because it relates to the more general topic of
how evolutionary old mechanisms interact with evolutionary novelties
in impacting human health (Gluckman et al., 2019; Basile et al., 2021).

Schaller (2011) has convincingly demonstrated that selection pres-
sures have reinforced our defenses against infections by causing the
evolution of a behavioral immune system that is separate from, and
complementary to, the physiological immune system. The behavioral
immune system includes a set of proactive mechanisms that inhibit
contact with pathogens in the first place. These mechanisms offer a sort
of psychological and behavioral prophylaxis against infection (Schaller
et al., 2015; Iwasa et al., 2021). The two emotional and interrelated
reactions associated with the activation of the behavioral immune sys-
tem are fear of infection and pathogen disgust sensitivity (Troisi, 2020;
Troisi et al., 2022). The activation of the behavioral immune system is
expected to depend on environmental conditions that reflect higher risk
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of contracting infectious disease. According to the calibration hypoth-
esis (Schaller, 2011), ecologies associated with increased infection
threat should cause a heightened sense of pathogen disgust sensitivity.
Leveraging the COVID-19 pandemic, Boggs et al. (2022) have provided
empirical support for the calibration hypothesis. They found that disgust
sensitivity increased following the COVID-19 outbreak and that the
degree of this increase was moderated by an individual's subjective
concern about contracting the disease.

Despite its old evolutionary history and emotional relevance, the
behavioral immune system is one of the less studied individual pre-
dictors of vaccine acceptance. To date, no study has explored the
possible link between pathogen disgust sensitivity and the actual
behavior (i.e., COVID-19 vaccine uptake) though three studies have
assessed its association with a person’s beliefs and attitudes towards
vaccination (Kempthorne and Terrizzi, 2021; Karlsson et al., 2022; Solak
et al., 2022). To fill the gap, we conducted a large online study (N =
2072) during the spring 2022 when the great majority of the Italian
population had already received at least one dose of the COVID-19
vaccine.

2. Material and methods
2.1. Participants

The sample included 2072 participants (mean age + SD: 38.00 +
13.62 years; mean education + SD: 15.33 + 3.26 years) who completed
the survey between March 1 and April 10, 2022. Table 1 provides a
detailed overview of the demographics of our sample.

Data collection was made by implementing an anonymous online
survey based on a customized Jotform questionnaire (https://www.jotfo
rm.com). The survey could be completed using a personal computer/
laptop, tablets, or smartphone, in approximately 30 min. Participants
identified themselves by providing an alphanumeric code or a nick-
name. The unique ID widget was used to prevent multiple compilation of
the online questionnaire. Participants were recruited trough virtual
snowball sampling. A small pool of initial informants nominated,
through their real or virtual social networks, other participants who
expressed their interest to contribute to the study. Eligibility criteria was
minimum age of 18 years and residence in Italy.

To access the online questionnaire, participants were requested to
sign an informed consent that explained the procedure of data collection
and the aims of the study. No payment was given for participation. The
study was approved by the Ethical Committee of the Department of
Dynamic and Clinical Psychology, Sapienza, University of Rome (Prot.
n. 0000453 and Prot. n. 0000112).

After electronically agreeing to be part of the study, participants

Table 1
Descriptive data for the 2072 participants.

Gender Frequency Percentage
Men 399 19.26%
Women 1673 80.74%

Age
18-29 780 37.64%
30-39 413 19.93%
40-59 720 34.74%
60 and over 159 7.67%

Education
Primary school 87 4.20%
High school 928 44.79%
Graduate 919 44.35%
Post-graduate 138 6.66%

Covid infection
Yes 822 39.68%
No 1250 60.32%

Covid vaccination
Yes 1941 93.68%
No 131 6.32%
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completed the primary study measures and other questionnaires in a
random order, except for demographics, COVID-19 infection status
(Have you ever gotten a confirmed diagnosis of COVID-19?) and COVID-
19 vaccination (Did you get the COVID-19 vaccine?) which appeared
last (response options were Yes coded as 1 or No coded as 0).

2.2. Measures

2.2.1. The ten item personality inventory (TIPI) scale

The TIPI is a short scale developed to measure personality traits
according to the Big Five model (also known as the OCEAN model:
Openness to experience, Conscientiousness, Extraversion, Agreeable-
ness, Neuroticism) in working or clinical settings in which assessment
time is limited (Gosling et al., 2003). The TIPI was developed using
descriptors from other well-established Big Five instruments. Each of the
ten items is rated on a 7-point scale ranging from 1 (strongly disagree) to
7 (strongly agree). The version used in this study was the revised Italian
version (I-TIPI-R) (Chiorri et al., 2015) which showed adequate factor
structure, test-retest reliability, self-observer agreement and convergent
and discriminative validity with the Big Five Inventory (BFI).

2.2.2. Disgust propensity and sensitivity scale-revised (DPSS-R)

Pathogen disgust sensitivity is elicited by specific stimuli and should
be distinguished by general disgust propensity and sensitivity. For this
reason, we included among the psychometric measures the Italian
version of the DPSS-R (Martoni et al., 2017). The revised version of the
DPSS (van Overveld et al., 2006) consists of 16 items aiming at assessing
disgust propensity (e.g., “I find something disgusting”; “I worry that I
might swallow a disgusting thing™) and disgust sensitivity (e.g., “When I
feel disgusted, I worry that I might pass out”; “I think feeling disgust is
bad for me”) irrespective of disgust elicitors. Each statement is rated on a
5-point Likert scale (from 1 “never” to 5 “always™). In our study, the
DPSS-R total score showed good internal consistency (Cronbach’s o
0.81).

2.2.3. The perceived vulnerability to disease (PVD) scale

To measure the activation of the behavioral immune system, we used
the PVD scale. The PVD scale is a measure assessing participants
perceived susceptibility to catching infectious disease and their aversion
to pathogens (Duncan et al., 2009). The PVD consists of 15-items divided
into two subscales. The Germ Aversion subscale (GA; 8 items) measures
aversive response in relation to potential pathogen transmission (e.g., “I
prefer to wash my hands pretty soon after shaking someone’s hand”).
The Perceived Infectability subscale (PI; 7 items) measures perceived
susceptibility to infectious diseases in general (e.g., “I am more likely
than the people around me to catch an infectious disease”). Germ
Aversion predicts responses rooted in intuitive emotional appraisals of
risk, whereas Perceived Infectability predicts responses informed by
more rational cognitive appraisals. All ratings of items were made on a
scale ranging from 1 (“strongly disagree”) to 7 (“strongly agree”). A total
score for each subscale was created by adding up each item score. Higher
scores reflect greater germ aversion or perceived infectability. The
version used in this study was the Italian version (Troisi et al., 2022).
The internal consistency of the two subscales was adequate and
acceptable in the present sample: Cronbach’s a 0.82 for Perceived Sus-
ceptibility and 0.78 for Germ Aversion.

2.3. Statistical analysis

One-way Analysis of Variance (ANOVA) was used to compare
vaccinated and unvaccinated participants on dimensional variables.
Gender distribution across the two groups was calculated by using the
chi-square statistic. Hierarchical binary logistic regression was used to
identify the significant predictors of vaccination. Effects are reported as
odds ratios (exp(p)) with 95% confidence intervals (C.L.) and p-values
against the hypothesis of no association. Analysis was performed on a


https://www.jotform.com
https://www.jotform.com

A. Troisi et al.

personal computer using SPSS for Windows, version 25.0 (SPSS, Chi-
cago, IL).

3. Results

Out of 2072 participants, 1941 (93.72%) had received at least one
dose of a COVID-19 vaccine. Such a percentage is higher than that
(84.06%) reported for the Italian population at the time when we closed
enrollment (April 10, 2022) (https://ourworldindata.org/covid-vacc
inations). Among the vaccinated participants, 79.1% had received
three doses, 19.2% two doses and 1.6% one dose.

The first step of statistical analysis was exploratory and based on
univariate comparisons between vaccinated and unvaccinated partici-
pants. The two groups were compared on demographic variables (i.e.,
age, gender, and education), scores on the five personality dimensions of
the TIPL, the DPSS-R scale and the two scales of the PVD. Compared to
unvaccinated participants, those who got the vaccine had higher edu-
cation (p < 0.05), higher scores on TIPI Consciousness (p < 0.05), DPSS-
R Disgust Sensitivity (p < 0.05), PVD Perceived Infectability (p < 0.05)
and PVD Germ Aversion (p < 0.001) and lower scores on TIPI Extra-
version (p < 0.05) and TIPI Openness to experience (p < 0.01). Male
gender was associated with a higher percentage of vaccinated partici-
pants (96.2% vs. 93.1%, p < 0.05).

Univariate comparisons were followed by multivariate analysis to
control confounding factors (i.e., variables that correlate with both the
dependent variable and independent variables). Hierarchical binary
logistic regression was carried out to assess the effect of individual
variables on the likelihood to get the COVID-19 vaccination. We built a
3-block model including an increasing number of individual variables as
predictors of vaccination. As expected, multivariate analysis confirmed
only some of the significant differences found by univariate analysis.
The first block included demographic variables (i.e., age, gender, and
education) as predictors. The overall model was statistically significant
when compared to the null model (3% = 13.29, df = 3, p < 0.01). Higher
education (p < 0.05) and male gender (p < 0.05) were significant and
positive predictors of vaccination, but age (p = 0.13) was not. The
second block included the five personality dimensions measured by the
TIPI as predictors. The overall model was statistically significant when
compared to the null model (X2 = 31.96, df = 8, p < 0.001). Higher
education (p < 0.05), male gender (p < 0.05), greater TIPI Conscious-
ness (p < 0.05) and lower TIPI Openness to experience (p < 0.01) were
significant and positive predictors of vaccination. The third and final
block included the DPSS-R scale and the two PVD scales as predictors.
The overall model was statistically significant when compared to the
null model (x2 = 79.00, df = 11, p < 0.001) and correctly predicted
93.7% of cases. Higher education (p < 0.05), male gender (p < 0.01),
lower TIPI Openness to experience (p = 0.05) and greater PVD Germ
Aversion (p < 0.001) were significant and positive predictors of vacci-
nation (Table 2).

4. Discussion

The COVID-19 pandemic has renewed research interest for the
functional utility of the behavioral immune system in modern environ-
ments. Through our evolutionary history, the behavioral immune sys-
tem was a major defensive adaptation against infections because it
complemented the reactive function of the physiological immune system
with preventive avoidance of pathogens. Yet, there are substantial ways
in which our modern environments differ from the ancestral conditions
that surrounded human evolution. It is possible that the mismatch be-
tween ancestral and modern environments makes the behavioral im-
mune system no longer useful for fighting infections. This is the opinion
of Ackerman et al. (2021) who argued that the psychological reactions
elicited by the behavioral immune system may have limited utility for
combating pandemic diseases like COVID-19: “the behavioral immune
system is obsolete for the current pandemic battle, as effective as a
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Table 2
Hierarchical binary logistic regression (block 3).

COVID-19 Vaccination B S.E. Exp (B) (95% C. Wald p
L) $? value
Age —0.01 0.01 0.99 (0.97-1.00) 2.98 0.08
Gender** -0.89 0.29 0.41(0.23-0.72) 9.3 0.00
Education* 0.07 0.03  1.07 (1.01-1.13)  5.21 0.02
Extraversion -0.04 0.06 0.96 (0.85-1.08) 0.47 0.49
Agreeableness —-0.00 0.08 0.99(0.85-1.17)  0.00 0.98
Consciousness 0.11 0.07  1.12 (0.97-1.30) 2.98 0.12
Emotional Stability 0.03 0.07  1.03(0.90-1.18)  0.15 0.70
Openness to -0.15 0.07 0.86 (0.74-1.00) 3.82 0.05
experience*

Disgust Sensitivity 0.01 0.01  1.01 (0.99-1.02) 0.58 0.44
Perceived Infectability 0.04 0.09 1.04 (0.88-1.24) 0.21 0.64
Germ Aversion** 0.52 0.09 1.68 (1.42-1.99) 36.75 0.00
Constant 0.46 0.97 1.58 0.22 0.64

*p < 0.05; **p < 0.01; Nagelkerke R % = 0.10; Hosmer and Lemeshow test: y 2 =
9.82, df = 8, p = 0.28; Omnibus test of model coefficient: y 2 =79.00, df =11, p
< 0.001.

longbow would be in modern military combat” (p. 183).

The findings of the present study do not support Ackerman et al.’s
argument. After controlling for the confounding effects of demographic
and personality factors, we found a significant and positive correlation
between pathogen disgust sensitivity and COVID-19 vaccine uptake. For
any additional score unit on the PVD Germ Aversion scale, the odds of
being vaccinated were approximately 1.68 times higher. Thus, the
likelihood of being vaccinated for a participant with the highest possible
score on the PVD Germ Aversion scale was approximately 12 times
higher than the likelihood for a participant with the lowest possible
score.

In accord with our findings, a retrospective study utilizing a national
sample of U.S. adults found that those higher in disgust proneness were
more likely to have received an influenza vaccine during the previous
influenza season (Luz et al., 2019). Shook et al. (2022) found that, in two
large national U.S. samples, greater disgust proneness was associated
with greater likelihood of previous influenza vaccine uptake, lower
influenza vaccine hesitancy, and greater likelihood of future influenza
vaccine uptake. Data on COVID-19 vaccine are less consistent. Karlsson
et al. (2022) found that pre-pandemic germ aversion was unrelated to
vaccination intentions during the pandemic, whereas participants with
more mid-pandemic germ aversion had slightly higher intentions to
vaccinate. By contrast, Kempthorne and Terrizzi (2021) reported a
positive correlation between pathogen disgust sensitivity and negative
attitudes toward COVID-19 vaccination.

Two methodological features should be considered when comparing
our findings with those of previous studies. First, we measured vaccine
uptake, not vaccination attitudes or intentions to vaccinate as done by
previous studies. Second, in our study, the possible confounding effect of
general disgust sensitivity was controlled for by including into the
multivariate analysis the DPSS-R scale (which was not correlated with
vaccine uptake) along with the PVD Germ Aversion scale (which is a
specific measure of the activation of the behavioral immune system).

Leaving apart methodological differences, the existence of discor-
dant findings invites reflections on the complexity of the relationship
between pathogen disgust sensitivity and vaccination. Because the
purpose of vaccination is to protect against infectious diseases, in-
dividuals with higher propensity to experience disgust towards potential
sources of pathogens could be expected to have more positive attitudes
towards vaccination (Karlsson et al., 2022). Yet, some studies conducted
before the COVID-19 pandemic have disconfirmed such a prediction
(Clay, 2017; Clifford and Wendell, 2016; Reuben et al., 2020). A possible
explanation for the negative impact of high pathogen disgust sensitivity
and germ aversion on vaccination adherence is that vaccines are
administered in ways that in and by themselves are cues to contami-
nation, such as puncturing the skin, and inhalation or ingestion of a
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foreign substance (Clay, 2017).

One should consider that vaccination is an evolutionary novelty not
directly linked with the cues that activate the behavioral immune sys-
tem. Accordingly, the intention to vaccinate is a deliberate, conscious
choice which might be only partially related to individual differences in
germ aversion. In effect, when studies have focused on preventive
measures other than vaccination, the functional utility of the behavioral
immune system for combating the COVID-19 pandemic has emerged
clearly. Shook et al. (2020) found that germ aversion correlated with the
frequency of preventive health behaviors such as social distancing,
avoid touching face, wearing facemask, hand washing and disinfecting
objects. Cox et al. (2020) reported that heightened disgust proneness
before the pandemic resulted in an increased use of protective behaviors
amid the pandemic. Makhanova and Shepherd (2020) found that germ
aversion was negatively associated with the number of face-to-face in-
teractions and positively associated with anxiety about social proximity.

The focus of the present study was on pathogen disgust sensitivity.
However, other positive predictors of COVID-19 vaccine uptake
emerged from multivariate logistic regression, all of which have been
already identified by previous studies (i.e., male gender, higher educa-
tion, and lower Openness to experiences). Gender and educational level
were the most consistent socio-demographic predictors reported in
systematic reviews. Compared to women, men are more likely to accept
the vaccine. This effect was evident in several countries, and the dif-
ference was bigger in samples of health care workers than in unspecified
general population samples (Zintel et al., 2022). Compared to people
with high school education or below, people with a college degree or
higher education were more likely to accept COVID-19 vaccination
(Wang et al., 2021).

Finally, in line with the findings of two previous studies (Browne
et al., 2015; Bruno et al., 2022), we found that the personality trait
“Openness to experience” was negatively related to vaccine uptake. This
means that participants who were more open to unusual ideas, adven-
turous, and non-conforming were less likely to take the vaccine than
those with lower levels of Openness to experience. One possible expla-
nation is that higher levels of Openness to experience are associated with
a tendency to underestimate risks and dismiss preventive measures to
avoid potentially dangerous situations.

5. Limitations

The online data collection method limits the generalizability of the
findings as the recruited participants may not represent the population
well and the data are susceptible to skewed demographics. In fact,
women, and participants with high levels of education were over-
represented in our convenience sample. Moreover, as with any survey,
the data were self-reported and not verified. Because of the sensitive
nature of the question of one’s vaccination, it is possible that individuals
with antivax beliefs declined participation or misreported their vacci-
nation status. However, there is evidence that providing participants
with an anonymous way to report their vaccination status (as we did in
the present study) minimizes misreporting of COVID-19 vaccination
(Wolter et al., 2022).

6. Implications and future directions

If pathogen disgust sensitivity is an emotional driver of vaccine up-
take, could public health messaging use disgusting images related to the
COVID-19 pandemic to reduce vaccine hesitancy? Images of individuals
who are ill and display signs of sickness or images that show sources of
contamination might activate the disgust system and further motivate
adherence to prevention guidelines. To our knowledge, the only study
that tested such a hypothesis has been conducted by Mermin-Bunnell
and Ahn (2022) in a large U.S. convenience sample. They found that,
among unvaccinated participants, disgusting images significantly
increased willingness to be vaccinated compared to less disgusting
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images of COVID-19 or perks offered for COVID-19 vaccines. Despite
these promising findings, there are potential drawbacks to this
approach, as outlined by Seitz et al. (2020). Crude disease images could
be potentially traumatic and the acceptability of using disgust eliciting
messaging directed at children or phobic patients is questionable.
Clearly, we need more research on the impact of disgust-eliciting
messaging on public health behaviors before leveraging pathogen
disgust sensitivity as an emotional driver of vaccine uptake.

An important practical implication of the results of the present study
is that vaccination promotion efforts may benefit from targeting indi-
vidual differences in the reactivity of the behavioral immune system,
rather than exclusively targeting specific misunderstandings regarding
vaccination. Efforts to counter vaccination concerns should be mindful
that psychological and behavioral defenses against infection have a long
evolutionary history and that such defenses continue to function in
modern environments.

Informed consent: The study was carried out according to the
Declaration of Helsinki. The study protocol was approved by the Ethical
Committee of the Department of Dynamic and Clinical Psychology,
Sapienza, University of Rome (Prot. n. 0000453 and Prot. n. 0000112).
All participants provided written informed consent before participating
in study-related activities.
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