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There is an urgent need to disentan-
gle interactions between infectious 
disease dynamics, immunity, and 
individual decision-making for 
adherence to nonpharmaceutical 
interventions (e.g., mask wearing 
or social distancing). Here, we out-
line the significant advancements 
that this will require, which include 
theoretical mod eling, longitudinal
data collection, and iteratively
interfacing models with data.
Emergent need to integrate 
immunology, epidemiol ogy, and
human behavior
The coronavirus disease 2019 (COVID-19) 
pandemic has starkly underlined the 
importance of understanding individual 
decision-making for intervention adher-
ence. Such an understanding is key to 
disentangling how decision-making is 
intertwined with population-level infectious 
disease dynamics and individual-level 
characteristics of immunity (i.e., immuno-
epidemiology). This also involves exploring 
how these cross-scale interactions are 
shaped by perceived or actual host immu-
nity. While there is a growing body of
theoretical socio-epidemiological models
(e.g., with cultural evolution [1], vaccina tion
[2], social distancing [3], collective behav -
ior [4], adherence to a nonphar maceutical
intervention (NPI) [5], and choice between 
two NPIs [6];  s  ee [7] for a review), we still 
lack a broad synthesis that combines 
immuno-epidemiology with behavioral 
decision theory. The catalysis of such a 
blend between these fields could follow 
how new interdisciplinary frontiers in related 
areas were conceived. For instance, over
the last few decades, a revolution that
melds network science and epidemiology
has led to ‘network epidemiology’ [8,9]. 
We argue here that an analogous undertak-
ing is urgently needed to understand 
individual decision-making  during  infectious  
disease outbreaks, with the socio-immuno-
epidemiology of adherence to NPIs 
particularly important for emerging patho-
gens. This major gap emerges because 
we do not yet have a sufficient understand-
ing of the key drivers of individual decision-
making for NPI adherence and how they
relate to immunological and epidemiological
characteristics of individuals. To resolve
this, we outline theoretical developments
and behavioral-immuno-epidemiological
data that will be required.

Cross-scale feedbacks between 
immuno-epidemiology and human
behavior
There are many complexities that make 
the intersection of immuno-epidemiology 
and human behavior an exciting and 
important area for future research. First,
individual decision-making and epidemic
dynamics have many cross-scale feed-
backs (Figure 1, panel A). At a local scale, 
local information, such as peer behavior 
or infection levels, can shape decision-
making. However, as highlighted during 
the COVID-19 pandemic, behavioral 
decisions can also be affected by external 
information about infection levels or adher-
ence to NPIs (e.g., social media may be an 
important source of external information). 
In parallel, externa l infection levels can
also drive local peer behavior. Therefore, a
key question in behavioral-epidemiology is
whether local or external information do mi-
nates (Figure 1, panel B). If the information 
that individuals use for decision-making is 
purely local, NPI adherence will likely reflect 
(perceived) local infection levels. However, 
if external information dominates, NPI 
adherence and local levels of infection 
may be decoupled (especially if local and 
global transmissions are not synchronized). 
The decision to either adhere to an NPI or 
become vaccinated can then directly affect 
(local) epidemiological dynamics. For 
example, vaccination or NPI adherence 
can reduce transmission, which can then 
affect infection levels and peer behavior 
(via lower risk perception). Vaccination
can also directly change individual
immunity and/or decrease the severity of
infections, and both could influence local
peer behavior.

While vaccination and recovery from infec-
tion can impart immunity and prevent 
infection (or decrease susceptibility to 
reinfection), individual immune waning 
and pathogen evolution lead to dynamic 
changes in immunity. Additionally, uncer-
tainties in the strength and du ration of
host immune responses following
recovery can complicate epidemiological
projections, from local to global scales
[10]. Empirical studies on the strength 
and duration of immune responses 
(which likely guide behavioral perception) 
generally focus on neutralizing antibodies, 
but other host responses could also 
decrease transmission or severity. Individ-
uals may, therefore, not accurately perceive 
their immunity, and this mismatch could 
have important behavioral-epidemiological 
consequences. For example, an individual 
that erroneously believes they are immune 
may forgo NPI adherence and subsequently 
becomes infected (and transmits the patho-
gen forward). On the other hand, an individ-
ual that underestimates their immunity may
adhere (due to higher risk perception) and
therefore further decrease their risk of infec-
tion. Such misalignments can also manifest
themselves at population levels, for example,
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Figure 1. Cross-scale interactions between individual decision-making, epidemiological dynamics, and immunity. (A) Illustrative schematic of how local and 
external information can affect individual decision-making, and how, in turn, such decision-making can affect immuno-epidemiological dynamics (and therefore 
perception). Individual decision-making depends on many factors, including peer behavior (local and external), infection levels (local and external), policy, robustness of 
immunity, and risk of severe disease from infection. In turn, choosing to adhere to an NPI can reduce transmission, which can change the immunity of an individual. 
Obtaining a vaccination can change immunity directly, can also reduce transmission, and can reduce disease severity. Then, these effects can influence drivers of
decision-making, resulting in important feedbacks. (B) Illustrative schematic for the role of locality in individual decision-making. (C) Key data that should be collected in
future cohort studies, including both perceived/actual immunity and the effects of local infection levels or peer behavior on perceived risk. In particular, longitudinal data
are crucial. NPI: nonpharmaceutical intervention.
when individuals estimate the degree to 
which a community is immune (e.g., via 
prior case counts or vaccination data) to
evaluate their personal risk, especially in the
2 Trends in Microbiology, Month 2026, Vol. xx, No. xx
context of seasonal diseases. A recent 
national study across Canada on trust in 
institutions by the Coronavirus Variants 
Rapid Response Network (CoVaRR-Net)
revealed that trust in government and scien-
tists rested on several factors: consistency of 
information, willingness to communicate 
uncertainty, and perceptions of conflict of
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interest in the motivation of scientists in v ac-
cine development [11]. Thus, the interactions 
between socio-epidemiology and key char-
acteristics of immunity can complicate 
cross-scale epidemiological dynamics. To 
untangle these interactions, it will be crucial 
to understand the relationship between per-
ceived and actual individual immunity, and
how perceived immunity affects individual
decision-making.

Finally, recent work has revealed that 
contrary to assumptions about immune
privilege [12], the brain has regions that 
exhibit immune responsivity through cyto-
kines [13]. Prefrontal cortex neurons 
require interferon-γ and its receptor to 
induce social behavior in mice, with a 
gene expression signature conserved in 
fish and flies. Deficiencies result in social 
withdrawal, while ov eractivation of the
interferon-induced transcription factor,
Signal transducer and activator of tran-
scription 1 (STAT1), is associated with
hyperactivity [14]. These findings allude to 
a complex evolutionary link between 
sociability and immune prot ection at both
the individual and community level.

Resolving these multiple feedbacks within 
individuals and populations will require 
complex models that bridge scales from 
individuals to populations and combine 
immune dynamics, epidemiology, and 
behavior. These should be built sequen-
tially: starting from existing conceptual 
models to ones that progressively include 
more detail. Key building blocks for these 
novel models will be initial conceptual 
models designed to capture specific feed-
backs between behavior and immuno-
epidemiology. In tandem, these advance-
ments in conceptual modeling could 
reveal any surprising effec ts that emerge
from interactions between immunity, epi-
demiology, and decision-making (such as
the independence of transmission on
infection levels at partial adherence [5]). 
Crucially, these developments should be 
achieved in conjunction with the
collection of key behavioral-immuno-
epidemiological data. Initial models can 
inform data needs, and (subsequently) 
collected data can be used to parameter-
ize  more  complex  models  that  consider
the confluence of individual behavior, 
immunity, and epidemiology. In an iterative 
process, these more complex models 
would then suggest additional data collec-
tion and subsequently enable greater 
model refinement. Ou r suggested coevo-
lution between models and data therefore
mirrors that which has occurred in many
other fields, including network epidemiol-
ogy (see [9] for an overview of this field).

In Figure 1 (panel C), we outline existing 
gaps in our understanding of factors that 
shape NPI decision-making response, 
and we highlight how they could be 
addressed through survey designs and 
data collection. Here, the unifying theme 
is the urgent need for longitudinal data on 
behavioral perception at multiple scales, 
in concert with the collection of immuno-
logical and epidemiological data. At an 
individual level, serology, in combination 
with surveys of perceived immunity, 
could determine the relationship between 
actual and perceived immunity and could 
inform how this relationship changes with 
time (especially during a seasonal or pan-
demic outbreak). At a community (local) 
level, longitudinal surveys could quantify 
how risk perception changes with the 
level of circulating infections. Furthermore, 
these surveys could be broa dened to also
address the impact of local peer adher-
ence on decision-making and the influ-
ence of external (global) information,
including policies, public health messag-
ing, media, social media, misinformation,
and disinformation. The inclusion of social
components is, therefore, integral in future
large-scale epidemiological and immuno-
logical monitoring, for example, in a Global
Immunological Observatory [15]. 

A myriad of heterogeneities likely compli-
cates individual decision-ma king for NPI
adherence, and these may also interact 
with immuno-epidemiology. For example, 
younger adults may be less susceptible 
to infection following vaccination or recov-
ery but may also overestimate the robust-
ness of their immune responses and 
underestimate the severity of an infection. 
On the other hand, the perception of
elderly individuals may be skewed
differently. Furthermore, differences in
transmission dynamics between and
among age groupsmay also be important.

Beyond biological heterogeneities, different 
peer groups—and thus conflicting peer 
forces—could also have important socio-
epidemiological effects. Individuals may 
wish to imitate their peers. However, if a pop-
ulation is stratified into groups (e.g., by polit-
ical affiliation), individuals in one group may 
also avoid behaviors adopted in another 
(i.e., out-group aversion). This can have 
compounding effects: for example, if individ-
uals in one group perceive risk based on cer-
tain characteristics (e.g., perceived immunity 
or circulating infections), they may choose to 
adhere to an NPI. At the same time, due to 
out-group aversion, individuals in another 
group in that same community may choose 
to not adhere. In turn, in the same commu-
nity, the transmission dynamics in both 
groups would be rather different. Therefore, 
understanding how social learning and out-
group aversion shape decision-making— 
and how it hinges on ch aracteristics such
as age, sex, racial identity, and political affilia-
tion—should also be studied further. Rele-
vant survey data to quantify these effects
should be collected, and future cross-scale
modeling endeavors should include these
social phenomena.

Conclusions 
A synthesis of socio-epidemiology, and 
understanding its confluence with immu-
nity, is necessary to resolve key questions 
in infectious disease dynamics. In tandem, 
such advances could shape the rational
deployment of future mitigation strategies,
both for local epidemics and for future
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pandemics, and would greatly improve 
outbreak predictability. As we face recur-
rent outbreaks of many viruses and 
continued threats of pandemics, the 
need to untangle the interactions between 
individua l decision-making responses for
NPI adherence and epidemic dynamics
is clear.

Declaration of inte rests
The authors declare no compet ing interests.
4 Trends in Microbiology, Month 2026, Vol. xx, No. xx
*Correspondence: 
chadi.saadroy@ubc.ca (C.M. Saad-Roy).

https://doi.org/10.1016/j.tim.2026.01.006 

© 2026 Elsevier Ltd. All rights are reserved, including those for 
text and data mining, AI training, and similar technologies.

References 
1. Tanaka, M.M. et al. (2002) Coev olution of pathogens and

cultural practices: a new look at behavior al heterogeneity
in epidemics. Theor. Popul. Biol. 62, 111–119

2. Bauch, C.T. (2005) Imitation dynamics predict vaccinating
behaviour. Proc. Biol. Sci. 272, 1669–1675

3. Reluga, T.C. (2010) Game theory of social d istancing
in response to an epidemic. PLoS Comput. B iol. 6, e1000793

4. Morsky, B. et al. (2023) The impact of threshold decision
mechanisms of collective behavior on d isease spread.
Proc. Natl. Acad. Sci. U. S. A. 120, e2221479120

5. Saad-Roy, C.M. and Traulsen, A. (2023) Dy namics in a
behavioral–epidemiological model for indiv idual adherence
to a nonpharmaceutical intervention. Pro c. Natl. Acad.
Sci. U. S. A. 120, e2311584120

6. Glaubitz, A. and Fu, F. (2024) Soc ial dilemma of
nonpharmaceutical interventions: determinants of dynamic
compliance and behavioral shifts. Proc. Natl. Acad. Sci.
U. S. A. 121, e240 7308121

7. Funk, S. et al. (2010) Modelling the in fluence of human
behaviour on the spread of infectious dis eases: a review.
J. R. Soc. Interface 7, 1247–1256
8. Gross, T. et al. (2006) Epidemic dynamics on an adaptive
network. Phys. Rev. Lett. 96, 208701

9. Danon, L. et al. (2011) Networks and the epidemiology of
infectious disease. Interdiscip. Perspect. Infe ct. Dis. 2011,
284909 

10. Wagner, C.E. et al. (2021) Vaccine nationalism and the
dynamics and control of SARS-CoV-2. Science 373,
eabj7364 

11. Muhajarine, N. et al. (2025) “Just be honest with us”:  a  
qualitative analysis of Canadians’ public trust durin g the
COVID-19 pandemic. Can. J. Public Health https://doi. 
org/10.17269/s41997-025-01121-6 

12. Rustenhoven, J. and Kipnis, J. (2022) Brain borders at the
central stage of neuroimmunology. Nature 612, 417–429

13. Filiano, A.J. et al. (2016) Unexpected role of interferon-γ in
regulating neuronal connectivity and social be haviour.
Nature 535, 425 –429

14. Clark, D.N. et al. (2025) Prolonged STAT 1 signaling in neu-
rons causes hyperactive behavior. Brain Beh av. Immun.
124, 1– 8

15. Mina, M.J. et al. (2020) A globa l immunological observatory
to meet a time of pandemics. ELife 9, e58989

https://doi.org/10.1016/j.tim.2026.01.006
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0005
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0005
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0005
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0010
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0010
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0015
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0015
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0020
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0020
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0020
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0025
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0025
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0025
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0025
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0030
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0030
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0030
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0030
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0035
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0035
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0035
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0040
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0040
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0045
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0045
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0045
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0050
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0050
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0050
https://doi.org/10.17269/s41997-025-01121-6
https://doi.org/10.17269/s41997-025-01121-6
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0060
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0060
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0065
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0065
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0065
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0070
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0070
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0070
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0075
http://refhub.elsevier.com/S0966-842X(26)00006-5/rf0075

	Interactions between immuno-�epidemiology and individual decision-�making for nonpharmaceutical interventions
	Emergent need to integrate immunology, epidemiology, and human behavior
	Cross-scale feedbacks between immuno-epidemiology and human behavior
	Conclusions
	References




