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A B S T R A C T   

Identifying the susceptibility factors of the emotional response to COVID-19 is highly significant for the psy-
chological epidemic-crisis intervention, and autistic-related traits (ATs) is likely to be one of the candidate 
factors. The current study explored the relationships between ATs, emotional response to COVID-19, and the 
behavioural immune system (BIS) measured by trait pathogen avoidance and COVID-19 risk perception in the 
general population. The results showed that ATs predicted increased negative emotions directly and indirectly by 
enhancing the activation tendency of BIS and COVID-19 risk perception. The findings provide a candidate hy-
pothesis for the reaction characteristics to pathogen threats in individuals with ASD and expand the under-
standing of individual differences in response to COVID-19.   

1. Introduction 

The novel coronavirus disease (COVID-19) has caused a global 
pandemic. Due to its highly contagious nature as well as the uncertainty 
and low predictability of the pandemic, the public has been shrouded in 
epidemic stress (Zhao et al., 2020). A series of negative consequences of 
anti-epidemic measures (e.g. increased social isolation and routines 
change) are likely to further intensify this situation (Brooks et al., 2020). 
Enhanced negative emotions, such as fear, anxiety and anger, are one of 
the main manifestations of epidemic stress (Li et al., 2020). 

Some idiosyncratic or cognitive psychological factors may be 
particularly relevant for understanding the emotional responses to 
COVID-19. Humans beings are evolutionarily equipped with a set of 
adaptive psychological mechanisms, namely the behavioural immune 
system (BIS), to promote disease avoidance (Ackerman et al., 2018; 
Murray and Schaller, 2016). The BIS does not exist as a binary but rather 
as a spectrum with significant variability in sensitivity or reactivity 
across individuals; therefore, it can be assessed using a chronic per-
sonality trait (Terrizzi et al., 2013), such as trait pathogen avoidance or 
the activation tendency of BIS, as measured by the Perceived Vulnera-
bility to Disease (PVD) questionnaire (Duncan et al., 2009). When faced 
with potential pathogen threats (e.g. the COVID-19 pandemic), the BIS 

initiates negative emotions and enhances risk perception to promote the 
discovery of potential infection sources in time and avoid infection (Li 
et al., 2020; Makhanova and Shepherd, 2020). On the other hand, an 
individual’s cognitive assessment of threats (e.g. risk perception) in the 
environment might also result in negative emotions (Zheng et al., 2019). 

Indeed, recent studies have shown that the levels of trait pathogen 
avoidance and COVID-19 risk perception are associated with increased 
emotional response to COVID-19 (Li et al., 2020; Makhanova and 
Shepherd, 2020; Shook et al., 2020; Yildirim and Guler, 2021). Ac-
cording to the hypothesis that the dispositional psychological structure 
often influences an individual’s response to stressors (Haruvi-Lamdan 
et al., 2019), we infer that in addition to the direct path mentioned 
above, the activation tendency of BIS may further indirectly increase the 
emotional response to COVID-19 by enhancing its risk perception. 

Identifying the susceptibility factors for experiencing negative 
emotions during the COVID-19 pandemic is highly significant for the 
psychological epidemic-crisis intervention. Recent studies have shown 
that some dimensions in personality traits (e.g. neuroticism), pre- 
existing medical conditions and mental disorders are the susceptibility 
factors of increased COVID-19-related stress (Aschwanden et al., 2020; 
Asmundson et al., 2020; Nikcevic et al., 2021). Autism spectrum disor-
der (ASD) is a heterogeneous neurodevelopmental condition, showing 
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features of difficulties in social functions, unusually stereotypic behav-
iours and restricted interests (Baron-Cohen et al., 2001). Theoretically, 
some co-occurring and endogenous characteristics associated with ASD, 
such as lower tolerance of uncertainty and unexpected change as well as 
poor emotional regulation, are likely to make individuals with ASD more 
susceptible to the emotional impacts of the COVID-19 pandemic (Cas-
sidy et al., 2020; Oakley et al., 2020). However, such argument lacks 
empirical evidence. 

It has been long recognised that the severity of ASD symptoms fall 
along a spectrum, and these non-clinical, significant manifestations of 
autistic phenotypes in the general population are known as subclinical 
autistic traits (ATs) (Baron-Cohen et al., 2001; Zhao et al., 2019). ATs 
are also considered to be the sixth independent personality trait, and 
individuals with high ATs in the general population can be regarded as 
the analogue model of ASD (Wakabayashi et al., 2006). Identifying and 
quantifying the cognitive-emotional differences associated with ATs not 
only provide an opportunity to evaluate ASD models in samples with 
more variability and effective control of comorbidities (Amos et al., 
2019) but also provide advanced evidence for the ASD-related feature 
profiles that have not yet been mined (Zhao et al., 2020) as well as an 
understanding of the psychological structure of the typical developing 
individuals (TD) (Landry and Chouinard, 2016). Therefore, exploring 
the relationship between ATs and epidemic-related outcomes is a po-
tential window to understand the characteristics of emotional response 
to COVID-19 among individuals with ASD. The purpose of our present 
study was to explore the relationship between ATs and negative emo-
tions during COVID-19 in the general population and further understand 
this association through BIS and COVID-19 risk perception. 

Following the basic logic of the ATs research field (Amos et al., 2019; 
Baron-Cohen et al., 2001; Zhao et al., 2020), namely that the research 
hypothesis about the cognitive and behavioural characteristics related 
to ATs usually mirrors clinical ASD characteristics, the present study 
takes the evidence from the clinical ASD population, which may be 
related to the response to pathogen threat, as an argument for the as-
sociation between ATs and BIS and COVID-19 risk perception. 

Accumulating evidence implicates immunological disturbances in 
ASD at both systemic and cellular levels. For example, an unbalanced 
cytokine profile (e.g. enhanced pro-inflammatory and reduced anti- 
inflammatory cytokine concentration) (Goines and Ashwood, 2013; 
Masi et al., 2015) and decreased numbers of CD4+ T-cells (Bjørklund 
et al., 2016) have been identified in individuals with ASD. Furthermore, 
ATs in the general population were also associated with the abnormal 
biological immune system profiles similar to those among individuals 
diagnosed with ASD (Saresella et al., 2009). In sum, these findings 
suggest that the biological immune system dysfunction may be related to 
ASD onset or regulate ATs level (Bjørklund et al., 2016). A compensatory 
relationship between the BIS and biological immune system may exist: 
when the biological immune system is limited, the behavioural man-
agement of pathogens or the enhancement of trait pathogen avoidance 
may be the preferred (Ackerman et al., 2018). It is suggested that the 
vulnerability of the biological immune system in ASD may prompt the 
mobilisation of BIS to protect the host from pathogens or that ATs may 
be associated with enhanced BIS tendencies. 

The prevalence of medical illnesses, such as autoimmune disease, 
allergy, infections and cardiovascular diseases, is substantially higher in 
individuals with ASD than that in the general population (Bjørklund 
et al., 2016; Croen et al., 2015; Oakley et al., 2020). A recent study 
showed that past and recent disease experiences are associated with 
increased BIS activation tendency (Makhanova et al., 2020). Therefore, 
the increased disease experience associated with ASD may contribute to 
the link between ATs and BIS. Furthermore, as indicated by life history 
theory (Mittal et al., 2015), the self-protection model and the 
risk-as-feelings model (Loewenstein et al., 2001), suggesting past disease 
experience, shape an individual’s perception of disease susceptibility 
(Makhanova et al., 2020), and increased severe disease experiences may 
increase the perceived risk of COVID-19 among individuals with ASD or 

high ATs. 
To sum up, although individuals with ASD are theoretically consid-

ered more susceptible to the negative emotions caused by the COVID-19 
pandemic due to some co-occurrence or endogenous characteristics 
(Cassidy et al., 2020; Oakley et al., 2020), this inference needs empirical 
support. Based on the hypothesis of continuous distribution of autism 
symptoms (Baron-Cohen et al., 2001), the present study aims to explore 
the relationship between ATs and the emotional response to COVID-19 
pandemic as well as the role of idiosyncratic (e.g. trait pathogen 
avoidance) and cognitive (e.g. COVID-19 risk perception) factors in this 
association; its aim is to provide candidate evidence for the profile of the 
characteristics and mechanisms of autistic individuals’ response to 
pathogen threat and to promote the understanding of susceptibility 
factors for COVID-19-related stress. Based on the existing literature, we 
hypothesise the following: (1) ATs are associated with enhanced nega-
tive emotions, COVID-19 risk perception and high trait levels of path-
ogen avoidance; (2) trait pathogen avoidance is associated with 
increased negative emotions and COVID-19 risk perception; (3) finally, 
COVID-19 risk perception is associated with increased negative emo-
tions. Based on the mutual predictive relationship among these vari-
ables, we further assume that BIS and COVID-19 risk perception mediate 
the relationship between ATs and negative emotions during COVID-19 – 
namely the independent mediating mechanisms of BIS and COVID-19 
risk perception and a chain-mediating mechanism from BIS to 
COVID-19 risk perception. 

2. Methods 

2.1. Participants 

The Ethics Committee of the Department of Psychology at Shanghai 
Normal University approved this study. A total of 723 university stu-
dents were recruited online (see detailed recruitment procedure below). 
After eliminating questionnaires that consistently selected the highest or 
lowest score or gave a wrong response to a question used to detect 
whether the participants answered the questionnaire carefully, 684 (381 
females, mean age = 22.43 years, SD = 2.45, range = 18–31 years old) 
questionnaires were analysed. As only 34 participants were in Wuhan, 
China (the city with the most serious epidemic in China) at the time of 
the questionnaire survey, no separate analysis was conducted. The 
sample characteristics are shown in Table 1. 

The nature of the study was explained to all participants, and each 
gave informed consent. All participants were self-reportedly free from 
any psychiatric, neurological or other serious medical illness, and no 
direct relatives had an ASD diagnosis. 

Table 1 
Sample background characteristics.   

% (n)  % (n) 

Gender  Nationality  
Male 44.30 (303) Minority nationality 5.70 (39) 
Female 55.70 (381) Han nationality 94.30 (645) 
Major  RL during outbreak  
Medical Science 17.84 (122) Central China 21.35 (146) 
Pedagogy 23.39 (160) North China 13.30 (91) 
Psychology 25.15 (172) East China 32.02 (219) 
Business Administration 10.09 (69) South China 19.88 (136) 
Biology 14.18 (97) Northwest China 13.45 (92) 
Law 9.36 (64)   
RA during outbreak  Only child or not  
Rural areas 33.63 (230) Yes 41.20 (282) 
Urban areas 66.37 (454) Not 58.80 (402) 

Note: RL = Region of location; RA= Residential area. 
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2.2. Materials and measures 

2.2.1. Autism Spectrum Quotient (AQ) 
The Chinese version of AQ is a reliable instrument for quantifying 

ATs in both clinical and non-clinical samples in mainland China (Zhang 
et al., 2016). Following the original scale (Baron-Cohen et al., 2001), the 
Chinese version of AQ includes 50 items covering five areas: imagina-
tion, attention switching, attention to detail, social skills and commu-
nication. Considering that the continuous scale is more reliable than the 
0/1 scoring scale and increases the likelihood of obtaining a better 
approximation of continuous distribution (Zhang et al., 2016; Zhao 
et al., 2020), we used the continuous (4-point Likert) scale. A high AQ 
score indicates a high autistic load. In this study, the alpha internal 
reliability (henceforth ‘α’) of the overall AQ was 0.71. 

2.2.2. The PVD scale 
The PVD questionnaire (Duncan et al., 2009) is a 15-item scale 

(originally in English) that assesses the activation tendency of BIS 
(Ackerman et al., 2018) and includes two subscales: germ aversion (GA) 
and perceived infectability (PI). GA is composed of eight items and re-
flects an individual’s emotional and behavioural responses to situations 
where disease-causing microorganisms might be transmitted (e.g. ‘It 
really bothers me when people sneeze without covering their mouths’), 
while PI has seven items and reflects an individual’s general perception 
of their susceptibility to disease (e.g. ‘I am more likely than the people 
around me to catch an infectious disease’). The scale ranged from 1 
(Strongly disagree) to 5 (Strongly agree). The PVD questionnaire has 
been widely applied to different countries and cultural contexts, such as 
the United States (Makhanova and Shepherd, 2020), China (Wu and 
Chang, 2012) and Spain (Díaz et al., 2016). Considering that the internal 
consistency of the GA subscale in some studies was relatively poor, α <
0.6 (Díaz et al., 2016; Wu and Chang, 2012), and that GA and PI sub-
scales theoretically reflect different aspects of trait pathogen avoidance 
(Duncan et al., 2009) and predict different behaviours in empirical 
research (Makhanova and Shepherd, 2020), the present study used the 
two subscales separately. The reliability of the GA and PI in this study 
were α = 0.64 and α = 0.74, respectively. 

2.2.3. COVID-19 risk perception 
According to the protection motivation theory and the health belief 

model (Bults et al., 2011; De Zwart et al., 2007), the COVID-19 risk 
perception can be evaluated by two sub-dimensions: perceived severity 
(a person’s perception of the severity of COVID-19 transmission and the 
disease threatening their health) and perceived vulnerability (a person’s 
perception of their probability of being infected with COVID-19). This 
construct and the corresponding measurement items have been widely 
used to assess the risk perception of severe acute respiratory syndrome, 
avian influenza and COVID-19 (Bults et al., 2011; De Zwart et al., 2007; 
Walrave et al., 2020; Yildirim and Guler, 2020). In the original scale 
(Bults et al., 2011), three items each were used to measure perceived 
severity and perceived vulnerability respectively. The scale ranged from 
1 (Not severe at all) to 5 (Very severe). A high score indicates a high 
perceived risk load. The Chinese version was translated from the original 
English version (Bults et al., 2011) through strict back-translation; thus, 
it can be considered linguistically equivalent to the original version. 

In order to further validate the applicability of the risk perception 
model to the COVID-19 context and our sample, half of our data were 
used for exploratory factor analysis (EFA), and the other half were used 
for confirmatory factor analysis (CFA). Principal component analysis 
extracted two factors and explained 59.86% of the total variation. 

This result is consistent with the original structural hypothesis, 
except for the item ‘Do you think that, in general, you are susceptible to 
getting the COVID-19 if you take no preventive measures?’, which 
originally belonged to perceived vulnerability and was assigned to 
perceived severity. It seems reasonable that, when the spread of the 
epidemic is perceived to be more serious, it is easier to be infected 

without taking preventive measures. The result of CFA supported the 
two-factor model of the COVID-19 risk perception: χ2 = 13.06; df = 6; 
χ2/df = 2.18; RMSEA = 0.059; GFI = 0.99; CFI = 0.97; TLI = 0.93. The 
reliability of perceived severity and perceived vulnerability obtained in 
this sample were α =0.70 and α = 0.65, respectively. 

2.2.4. Negative emotions 
Three kinds of negative emotions, namely fear, anger and anxiety, 

were included to explore the emotional response to COVID-19. The 
emotion types and measurement forms are consistent with the existing 
COVID-19 studies (Huang et al., 2020; Li et al., 2020; Makhanova and 
Shepherd, 2020). Three emotional words (‘scared’ or ‘恐惧的’ in Chi-
nese, ‘afraid’ or ‘害怕的’ and ‘worried’ or ‘担心的’) were used to assess 
fear-related emotions. Two emotional words each were used to assess 
emotions related to anger (‘irritable’ or ‘易怒的’ in Chinese and ‘angry’ 
or ‘生气的’) and anxiety (‘upset’ or ‘心神不宁的’ in Chinese and 
‘dysphoria’ or ‘烦躁不安的’). The participants were asked to rate the 
extent to which they experienced the above emotions in response to the 
outbreak of COVID-19 in China on a 5-point scale, ranging from 1 (Not at 
all) to 5 (Very much). 

In order to further explore the structure of individuals’ emotional 
response to COVID-19, half of our data were used for EFA, and the other 
half were used for CFA. Principal component analysis extracted single 
factor and explained 65.67% of the total variation. The result of CFA 
supported the single-factor model: χ2 = 18.40; df = 12; χ2/df = 1.53; 
RMSEA = 0.040; GFI = 0.99; CFI = 0.99; TLI = 0.99. The reliability of 
this sample was α = 0.92. 

Additionally, this study employed a demographic survey that 
included questions, as shown in Table 1. Participants’ health was 
examined by asking the following questions:  

1) Have you been diagnosed with any mental health condition (e.g. 
schizophrenia, depression or anxiety)? 

2) Have you been diagnosed with any neurological disease (e.g. epi-
lepsy or meningitis)?  

3) Have you been diagnosed with any serious medical illness (e.g. head 
injury or heart disease)?  

4) Have you or your relatives been diagnosed with ASD?  
5) Have you or your relatives been diagnosed with COVID-19? 

2.3. Procedure 

On 20 January 2020, the National Health Commission in China 
officially listed COVID-19 as a type B infectious disease, marking the 
beginning of the comprehensive upgrade of epidemic prevention and 
increased general public concern. The data collection period was from 
17 to 27 February 2020. Participants completed an online questionnaire 
hosted by Wenjuanxing (https://www.wjx.cn/). We contacted those in 
charge of student online contact groups (WeChat or QQ), such as student 
monitors, and asked for their consent to share the questionnaire link to 
their online class group. On the front page of the online questionnaire, 
we explained the purpose of this study in detail and clarified the number 
of items in the questionnaire as well as the approximate time taken to 
complete the questionnaire. Participants were also informed about the 
voluntary nature of the study, and their data were guaranteed ano-
nymity and confidentiality. Once participants agreed to participate in 
the survey, they could click on the start button to automatically jump to 
the formal survey questions. After the participants completed and sub-
mitted the survey, the data were automatically uploaded to the system. 
The participants were given RMB 2 for their participation. 

2.4. Statistical analysis 

Data analysis was conducted using SPSS Statistics 19.0, Mplus7.0, 
and Amos 20.0. Gender differences were consistently found in ATs 
(Baron-Cohen et al., 2001), trait pathogen avoidance (Díaz et al., 2016; 
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Duncan et al., 2009) and COVID-19 risk perception (Huang et al., 2020); 
thus, an independent samples t-test was used to analyse the possible 
gender differences in the current sample. Based on our hypothesis, 
Pearson correlations were used to analyses the bivariate correlations 
between variables of interest. In the test of the mediating effect, the 
bootstrap method (based on 5000 bootstrapped resamples) was used to 
test the statistical significance of the indirect effects (Zhao et al., 2020). 
If the 95% bootstrap confidence interval (CI) for the indirect effect was 
entirely above or below zero, then the indirect effect was considered 
significant; otherwise, the opposite was true. 

3. Results 

3.1. Test of validity and common method bias 

To assess the discriminant validity of variables, we performed 
confirmatory factor analysis using the maximum likelihood estimation 
method, with Mplus version 7.0. Table 2 shows that the six-factor model 
fit the data best, which suggested that the questionnaires had good 
construct validity. Considering the subjective data collected in the pre-
sent study, the results may have been influenced by common method-
ological biases (CMB). We controlled for CMB through procedural 
remedies and statistical remedy analysis. First, the principles of ‘no right 
or wrong’ and anonymity were emphasised; the question order was 
counterbalanced across the questionnaire survey. Second, the unmea-
sured latent method construct was further used to test the CMB 
(Richardson et al., 2009). The results showed that the fitting indices of 
the model were acceptable after adding a method factor (χ2 = 1011.22; 
df = 448; χ2/df = 2.26; SRMR = 0.056; CFI = 0.90; TLI = 0.88; RMSEA 
= 0.0431; 90% CI [0.039 0.046]). However, the corrected chi-square 
difference was less than the critical value (0.05), possibly indicating 
statistical non-significance. 

3.2. Gender differences among variables 

Table 3 describes the gender differences among variables. The level 
of ATs in males was marginally significantly higher than in females. 
Fear, anxiety, anger, total negative emotions, perceived severity, 
perceived vulnerability and total COVID-19 perceived risk in females 
were significantly higher than in males (Table 3). 

3.3. Correlations 

Table 4 summarises the correlations between the measures. ATs were 
positively correlated with fear, anxiety, anger, total negative emotions, 
perceived vulnerability, total COVID-19 perceived risk and BIS-PI. 
Different types of negative emotions were positively correlated with 

the sub-dimensions and total scores of perceived risk and trait pathogen 
avoidance. Finally, perceived severity was positively correlated with 
BIS-germ aversion, and perceived vulnerability was positively corre-
lated with BIS-PI. 

3.4. Relations between ATs and negative emotions: the mediating effects 
of BIS and perceived risk 

Based on the results of the correlation analysis and our hypothesis 
that BIS and perceived risk of COVID-19 mediate the relationship be-
tween ATs and negative emotions, we used Amos 20.0 to test the 
mediating model. The scores on all variables in the path analysis were 
converted to z-scores. After controlling for the effect of the control 
variable (see Fig. 1), the regression coefficients of each path were found 
to be significant. All the standardised loadings and their significance in 
the model are shown in Fig. 1. ATs positively predicted PV, PI and 
negative emotions. PV positively predicted PI and negative emotions, 
and PI positively predicted negative emotions. Furthermore, the indirect 
effects of ATs on negative emotions through PV and PI were significant. 
Table 6 shows the point estimate of each indirect effect, the 95% CI of 
each point estimation and the proportions of the indirect effect to the 
total effect for each mediation model. 

Our model showed gender differences in some variables, which in-
dicates that gender may regulate the mediating model. Therefore, the 
invariance of multi-group structural equational model in Amos 20.0 was 
conducted to evaluate whether the mediation model was cross-gender 
equivalent. The test results are shown in Table 5. The fitting indices of 
the unconstrained model (Model A) were good and met the pre-
conditions for the subsequent equivalence test (Table 5). The results of 
model comparison suggested no significant difference between the 
fitting indices of model A and the model with defining path loading 
equal (Model A vs. Model B) as well as between the fitting indices of 
model B and the model with setting covariance and path loading equal 
(Model B vs. Model C). This indicated that the null hypothesis of 
invariance should not be rejected under moderate loose criterion (Wasti 
et al., 2007). The models of males and females were not equal in re-
sidual; however, the residual equivalence is excessively strict (Schmitt 
and Kuljanin, 2008), and the present study focused more on path 

Table 2 
Confirmatory factor analysis and model comparison.  

Model χ2 df SRMR CFI TLI RMSEA 90% CI 

Six-factor 
modela 

949.74 472 0.053 0.92 0.91 0.038 [0.035 
0.042] 

Five-factor 
modelb 

1271.23 479 0.064 0.86 0.85 0.049 [0.046, 
0.052] 

Four-factor 
modelc 

1582.51 486 0.071 0.80 0.78 0.057 [0.054 
0.061] 

Three-factor 
modeld 

2810.01 492 0.092 0.58 0.56 0.083 [0.080 
0.086] 

Single-factor 
modele 

3035.64 528 0.095 0.55 0.52 0.087 [0.084, 
0.090] 

Note: a = Each variable is independent;b= Combining AQ and negative emotions 
as one factor 

c =Combining AQ, negative emotions and perceived infectability as one factor 
d = Combining AQ, negative emotions, perceived vulnerability and germ 

aversion as one factor 
e = Combining all items into one factor. 

Table 3 
Gender differences among variables.  

Variables Gender M SD t d 

1. Autistic traits Male 118.87 9.72 1.87#1 0.14 
Female 117.53 9.08 

2. Fear Male 7.79 2.91 -4.37*** 0.39 
Female 8.75 2.82 

3. Anxiety Male 4.67 2.07 -3.06** 0.24 
Female 5.14 1.92 

4. Anger Male 4.31 2.05 -2.82** 0.21 
Female 4.74 1.95 

5. Total negative emotions Male 16.77 6.26 -3.94*** 0.30 
Female 18.64 6.05 

6. Perceived severity Male 14.77 3.39 -4.04** 0.31 
Female 15.73 2.75 

7. Perceived vulnerability Male 4.69 1.64 -1.73#2 0.13 
Female 4.90 1.46 

8. Total perceived risk Male 19.70 4.00 -3.05** 0.23 
Female 20.56 3.42 

9. Germ aversion Male 19.51 4.31 -1.21 0.10 
Female 19.92 4.50 

10. Perceived infectability Male 25.92 4.02 -0.60 0.05 
Female 26.11 4.11 

11.Total BIS Male 45.43 6.30 -1.20 0.10 
Female 46.03 6.66 

Note: * p <0.05 
#1 p = 0.06 
#2 p = 0.08 
** p < 0.01 
*** p < 0.001. These symbols also apply to the tables below. 
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loading. Thus, the mediation model can be considered to have 
cross-gender equivalence. 

4. Discussion 

To our knowledge, this is the first study that explored the association 
between ATs and the negative emotional response to the COVID-19 
pandemic and the mediating mechanism between them from the 
perspective of the activation tendency of BIS and COVID-19 risk 
perception. Our path analysis revealed that ATs were directly associated 
with increased negative emotional response to COVID-19 and indirectly 
through complex mediation by trait pathogen avoidance and COVID-19 
risk perception. 

Gender differences were found in several variables of interest; in line 
with previous studies (Baron-Cohen et al., 2001; Zhao et al., 2019), 
males were found to display more ATs than females. Early studies pro-
pose that some endogenous epigenetic or neuroendocrine factors ‘pro-
tect’ females from developing ASD or high ATs (Werling and 
Geschwind, 2013; Zhao et al., 2020). However, recent researchers 
believe that current gender inequality measurements have difficulty 
detecting the female autistic phenotype (Lai et al., 2015), thus 

exaggerating the gender differences of ATs to a certain extent. Consis-
tent with recent findings on the emotional impact of COVID-19 (Huang 
et al., 2020), our results also suggested that females felt more negative 
emotions than males during COVID-19. This gender difference in 
emotional response might be partly explained by the greater perceived 
risk among females as revealed in the findings of the present and recent 
studies (Galasso et al., 2020). For instance, the increased perceived risk 
of COVID-19 leads them to experience more fear of infection. 

ASD spectrum is likely to be endogenously associated with an 
impaired stress mechanism, especially in the social stressful situation 
(Bishop-Fitzpatrick et al., 2017; Hirvikoski and Blomqvist, 2015). 
Although the atypical stress mechanism in individuals with ASD is likely 
to be regulated by the context category (Taylor and Corbett, 2014), there 
is a lack of description of whether these individuals exhibit distinct 
emotional responses to pathogen threat related stressors (e.g. the cur-
rent COVID-19 pandemic). Through an analogue ASD approach, our 
findings suggest that ATs predicted increased anger, fear and anxiety 
response to COVID-19, which is in line with individuals with ASD 
reporting greater fear of infection than TD controls (Reinvall et al., 
2016). Our results are further supported by a recent findings showing 
that, compared with the low ATs group, the negative emotions among 
the high ATs group during the COVID-19 outbreak are significantly 
higher than those before (Zhao et al., 2020). Our results provide a 
candidate hypothesis for the characteristics of the emotional response to 
COVID-19 among the clinical ASD population and expand the under-
standing of personality susceptibility factors of epidemic stress in the 
general population. 

It is well-documented that autism spectrum, including clinical ASD 
and ATs in the general population, is associated with a dysfunction of 
the biological immune system (Goines and Ashwood, 2013; Masi et al., 

Table 4 
Bivariate correlations between variables of interest.  

Variables 1 2 3 4 5 6 7 8 9 10 

1. ATs 1.00          
2. Fear .16** 1.00         
3. Anxiety .24** .82** 1.00        
4. Anger .21** .62** .68** 1.00       
5. Total NEs .22** .93** .92** .83** 1.00      
6. COVID-19 PR_PS -.04 .35** .22** .10* .27** 1.00     
7. COVID-19 PR_PV .23** .33** .37** .24** .35** .21** 1.00    
8. Total COVID-19 PR .08* .44** .36** .20** .39** .90** .58** 1.00   
9. BIS_GA .05 .18** .11** .12** .16** .13** .01 .09* 1.00  
10. BIS_PI .16** .20** .22** .14** .21** .01 .22** .12** .17** 1.00 
11.Total BIS .14** .25** .22** .17** .24** .09* .16** .14** .74** .79** 

Note: ATs = Autistic traits, NEs = Negative emotions, PS = Perceived severity, PV = Perceived vulnerability, COVID-19 PR = COVID-19 perceived risk, GA = Germ 
aversion, PI = Perceived infectability. 

Fig. 1. The mediating model of PI and PV between ATs and negative emotions 
(NEs). 
Note: CV1 = Gender; CV2 = Nationality; CV3 = Major; CV4 = Region of 
location during outbreak; CV5 = only child or not; CV6 = Residential area 
during outbreak. 

Table 5 
The fitting indices of model equivalence and the results of nested model comparison.  

Model χ2 df CFI TLI RMSEA Model C ∆χ2 ∆df p ∆CFI ∆TLI 

A 68.904 46 .932 .893 .027       
B 82.872 57 .923 .902 .026 (1) 13.969 11 >.05 -0.009 0.009 
C 84.453 58 .921 .902 .026 (2) 1.581 1 >.05 -0.002 0 
D 107.925 66 .875 .863 .031 (3) 23.47 8 <.05 -0.046 -0.039 

Note: A = Unconstrained, B = Structural weights, C = Structural covariances, D = Structural residuals; the grey shaded part showed the comparison results, Model C =
Model comparison, (1) = Model A vs. Model B, (2) = Model B vs. Model C, (3) = Model C vs. Model D. 

Table 6 
Mediating effects of each sub-model.  

Model Effect SE BootLLCI BootULCI Ratio 

Total indirect effect .055 .010 .037 .077 26.83% 
Mod 1. ATs→PI→NEs .012 .006 .004 .028 5.54% 
Mod 2. ATs→PV→NEs .037 .009 .023 .056 18.05% 
Mod 3. ATs→PI→PV→NEs .005 .002 .002 .010 2.44%  
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2015; Saresella et al., 2009). However, the relationship between 
ASD/ATs and BIS has not been identified. Our findings, which show that 
ATs are associated with a greater likelihood of activating the BIS, 
especially with increased PI, fill this gap. This result is consistent with 
the hypothesis of functional compensation of the two immune systems 
(Ackerman et al., 2018), wherein the dysfunction of the biological im-
mune system associated with ATs/ASD leads to an enhanced tendency to 
trigger emotion and cognition to navigate pathogen avoidance and 
prophylactic behaviour against pathogen threats. Furthermore, our re-
sults may also be explained from the perspective of empiricism. Recent 
studies have shown that past disease experience were associated with 
the activation tendency of the BIS and enhanced risk perception and 
emotional response to COVID-19 (Makhanova et al., 2020; Yan et al., 
2020). Individuals with ASD are more vulnerable to medical conditions 
than TD controls (Bjørklund et al., 2016; Li and Zhou, 2016). Therefore, 
we speculated that the increased illness experience associated with 
ASD/ATs would sensitise individuals with ASD or high ATs to the threat 
of pathogens. Studies directly measuring disease experience and BIS 
activation tendency in both the clinical and the general population are 
needed to validate this speculation. 

ASD or ATs seem to be associated with an attenuated threat or risk 
perception, especially in the domain of social threats (Ewing et al., 2015; 
Santos et al., 2012; Sasson et al., 2016). However, in the context of 
pathogenic threats, our findings revealed an opposite picture wherein 
ATs predict increased COVID-19 risk perception, which further suggests 
that the threat perception profiles associated with ASD/ATs are likely to 
be context-dependent. Our results are consistent with a recent study 
revealing that individuals with ASD reported greater perceived risk of 
COVID-19 than the general population (Oakley et al., 2020). They are 
supported by life history theory (Mittal et al., 2015) as well as by the 
self-protection model and the risk-as-feelings model (Makhanova et al., 
2020), wherein past cognitive and emotional experiences in a threat 
situation constitute the navigation factors of risk perception in the 
current similar situation (Loewenstein et al., 2001; Tanu and Kakkar, 
2019). Individuals diagnosed with ASD are frequently affected by 
pathogen-related illnesses (Bjørklund et al., 2016; Sakamoto et al., 
2015); as such, to avoid these unpleasant illness experiences, it may be 
optimal for individuals with ASD or high ATs to improve their risk 
perception of infection by pathogens. More direct measurement is 
needed to validate this speculation. 

Consistent with assumptions suggesting that the BIS triggers adap-
tive negative emotions and cognition to promote pathogen avoidance 
(Ackerman et al., 2018; Murray and Schaller, 2016) and the empirical 
findings in the context of the COVID-19 pandemic (Makhanova and 
Shepherd, 2020; Shook et al., 2020), our results showed that the trait of 
BIS activation tendency predicted increased perceived risk and negative 
emotions (e.g. fear, anxiety and anger). As studies have revealed (Zheng 
et al., 2019), our results also suggested that perceived risk was associ-
ated with increased negative emotions. Given that the relationship be-
tween anger and BIS and risk perception is not fully understood, the 
following discussion focuses on this topic. Activating the BIS requires 
individuals to weigh its advantages and disadvantages because the 
activation of BIS can avoid infection; however, one must also bear the 
cost of reducing social interaction and changing daily living habits. The 
BIS is sensitive to this cost-effectiveness (Mark et al., 2011); thus, the 
positive relationship between anger and BIS activation tendency may 
reflect the incidental emotional response to the cost of activating the 
BIS. Anger is intrinsically related to the perceived controllability of risk 
(Bernardo et al., 2019). The relevant responsible units in Hubei Province 
officially confirmed on 20 January that COVID-19 could be transmitted 
from person to person, which was not consistent with previous reports 
(Li et al., 2020). This may have made the public feel that the current 
epidemic risk was controllable if the information released at that time 
were more accurate. Therefore, this risk perception of negative events 
that were supposed to be controllable led to increased anger. 

As per the findings mentioned above, the activation tendency of BIS 

and risk perception are not only the distal and proximal precursors of 
negative emotions experienced during COVID-19 but also the enhanced 
aspects associated with ATs. Therefore, trait pathogen avoidance and 
perceived risk are assumed to be mediators between ATs and enhanced 
negative emotions. Through a path modelling approach, the results of 
the present study revealed three mediation mechanisms. More 
concretely, ATs predict increased negative emotions by independently 
increasing the activation tendency of BIS and risk perception and 
through their complex chain mediation. It should be noted that the total 
mediating effect explained 26.83% of the total variance, which implies 
that negative emotions are enhanced mainly by the direct influence of 
ATs or that other mediators between ATs and negative emotions exist. 
For instance, studies have shown how the non-adaptive use of emotion 
regulation strategies mediates the relationship between ATs and nega-
tive emotions (Zhao et al., 2020). Therefore, the exploration of the 
enhancement of the association between ATs and negative emotions by 
atypical emotion regulation during COVID-19 may be of interest. 
Additionally, anti-epidemic measures (e.g. self-isolation and social 
distancing) force the public to make rapid changes in daily living habits. 
ASD or ATs are associated with lower tolerance of uncertainty and un-
expected change (Cassidy et al., 2020; Wigham et al.,2015), making it 
difficult for individuals with high ATs to effectively manage change, 
thus experiencing more negative emotions. 

The present study has limitations. First, although our results were 
either directly or indirectly supported by previous studies, the reliability 
of the perceived vulnerability subscale in our model was not ideal, 
which may have affected the reliability of our findings. Second, the 
current study was cross-sectional; thus, causal conclusions cannot be 
drawn. Experimental designs, which may explore the cognitive and 
emotional differences between high and low AT groups in specific tasks 
under pathogen threat priming situations, may be of immense help to 
consolidate our findings. Third, although our findings may provide a 
candidate hypothesis for the response characteristics and mechanisms 
related to pathogenic threats in ASD, the model revealed in the present 
study could differ in ASD populations. For instance, the disease experi-
ence in the clinical ASD population may be more frequent than that in 
the general population. Based on the existing research findings 
(Makhanova et al., 2020), we infer that the association between clinical 
ASD and BIS and COVID-19 risk perception may be stronger than that 
between ATs and these variables in the general population. Fourth, 
although the correlation strength between the core variables in our 
study is very similar to those from similar research topic (Abdelrahman, 
2020; Makhanova and Shepherd, 2020), these correlations are relatively 
weak. Future research might aim to better explain these relationship. 
Furthermore, when our results are applied to clinical practice, they must 
be explained cautiously. Lastly, negative emotions and risk perception 
during the epidemic are likely to change dynamically with its develop-
ment. Therefore, our model may only reflect phenomena during the 
acute outbreak of COVID-19. Longitudinal designs may provide a dy-
namic description of the mediation model. 

In conclusion, theoretical deduction and previous findings suggested 
that ASD is likely to be associated with an increased emotional response 
to pathogen threats. Through an ‘analogy-ASD’ approach in the general 
population, the present study revealed a positive association between 
ATs and negative emotional response to the COVID-19 pandemic and its 
mediating mechanism from the perspective of the BIS and risk percep-
tion. The present findings extend our understanding of the BIS profile 
and threat perception characteristics associated with autism spectrum, 
and the individual differences in response to COVID-19. Moreover, as we 
mentioned in the limitations, some important topics must be further 
explored. 
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