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Abstract

The COVID-19 pandemic has triggered unprecedented governmental responses
worldwide, revealing weaknesses in health systems and public health policies
due to lack of “complex thought” required to manage complex adaptive sys-
tems. Understanding COVID-19 response strategies' multiple effects is par-
ticularly important now that pandemic preparedness and response (PPR) is on
top of the global health political agenda. Here, we adopt a complex adaptive
systems approach to critically analyze the literature and draw lessons from the
COVID-19 response to inform future PPR strategies. We observe that in many
contexts, strategies implemented in response to COVID-19 were poorly effec-
tive, inefficient, and inequitable. We explain the limitations of these prevailing
measures and propose approaches and strategies to manage pandemics arising
from a “systems thinking” perspective. PPR demands the adoption of an evolv-
ing, evidenced-informed, and context-specific strategy based on comprehen-
sive approaches reflecting the complexities of health crises. This means moving
away from single-focused health security paradigms to consider the full range
of health problems facing populations and adopting a package of interventions
chosen via participatory and deliberative processes that are context-specific and
sensitive, as well as evidence-driven, to ensure a fair balance between various
pillars of pandemic responses: health promotion, non-pharmaceutical interven-
tions, prophylaxis, vaccines, and treatments.

It is no longer a matter of obeying a prin- 1 | LEARNING FROM COVID-19
ciple of order (excluding disorder), of clar- ERRORS
ity (excluding obscurity), of distinction
(excluding adherences, participations and
communications), of disjunction (excluding
subject, antinomy, complexity), that is to
say a principle which ties science to logi-
cal simplification. On the contrary, starting
from a principle of complexity, it is a matter
of linking what was disjointed.
Edgar Morin—The Challenge of
Complexity (Morin, 2022)

The COVID-19 pandemic has triggered unprece-
dented governmental responses worldwide, reveal-
ing weaknesses in health systems (Paul et al., 2020,
2022) and policies not previously used at scale or
recommended for epidemic response (World Health
Organization, 2019). Understanding their impact is par-
ticularly important now as the pandemic preparedness
and response (PPR) agenda is enshrining such re-
sponses through the World Health Organization (WHO)
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pandemic treaty currently negotiated, including meas-
ures like the amendments to the International Health
Regulations, the 100-Day to Vaccine Program, WHO
Medical Countermeasures Platform, WHO emerging
threat initiative and financial instruments such as the
World Bank Pandemic Fund (The Pandemic Fund, 2024;
World Health Organization, 2023). Even if not neces-
sarily proportionate to needs (Bell et al., 2024), the PPR
agenda seeks to mobilize an estimated US$31.1 billion
a year globally, including US$10.5 billion in additional
international finance and US$26.4 billion of investment
at country level (World Health Organization and World
Bank, 2022). Further PPR financing and new response
priorities have been outlined at the United Nations in
September 2023 (United Nations, 2023). Yet, much
of the discourse remains wedded to “biomedical and
technocratic reductionism” paradigms (Holst & van
de Pas, 2023) which sideline more holistic “complex
thought” approaches to promoting health, system
strengthening, multisectoral preparedness, and health
security.

Like other pandemics, COVID-19 is a complex zoo-
notic disease whose outcome depends not only on
the characteristics and dynamics of the virus but also
on a number of environmental factors (e.g., climate,
seasonality), population density and age structure,
social determinants (e.g., socioeconomic depriva-
tion, racial inequalities), individual comorbidities (Paul
et al., 2022; Paul, Brown, Dechamps, et al., 2021), and
underlying health system capacities (Kapitsinis, 2021).
However, despite theoretical knowledge on taking
account of context, decision-makers still struggle to
do so (Craig et al., 2018). Issues with interdependent
characteristics like the COVID-19 pandemic are best
understood as complex adaptive systems: their be-
haviors and outcomes arise from the interactions of
many different factors. The real impact of any one fac-
tor—as Alexander von Humboldt pointed out in the late
1790s—can only be fully understood in the context of
the system-as-a-whole. Indeed, the characteristics
and properties of a system are not presentin any one of
its parts. Notably, focusing on improving system parts
in isolation will likely fail to improve the function of the
whole (Sturmberg, 2020). Examples of broader—and
negative—health impacts from COVID-19 response
measures abound in the literature. They affect all re-
gions of the world depending on their epidemiological
profile and health system resilience—from a reduction
in cancer diagnosis and treatment in the US (Negoita
et al., 2024; Nogueira et al., 2024) to important de-
clines in outpatient consultations in low- and middle-
income countries which are expected to cause high
excess mortality (Ahmed et al., 2022). Hence, public
health principles must adopt context-sensitive ap-
proaches to managing pandemics like COVID-19, in-
cluding communication strategies, since trust in public
authorities and acceptance of public health responses

vary greatly between contexts (Ba et al., 2022; Bollyky
et al., 2022). Moreover, successful management must
be adaptive. Namely, it must shift depending on the
evolution of the epidemic locally as well as globally,
be reflective of local health system capacities and ca-
pabilities, population characteristics, and the degree
of acquired immunity. Vaccine acceptance is partic-
ularly context-sensitive (Steinert et al., 2022; Unfried
& Priebe, 2024; Vermeulen, 2024) and also evolves
with time (Schmelz & Bowles, 2022), hence the need
to regularly update vaccine policies and related com-
munication. Overall, responses must have an appro-
priate mix of strategies balancing effectiveness and
cost and respect the principles of proportionality, effi-
ciency, and equity (Paul et al., 2022; Paul, Brown, Bell,
et al., 2024; Schmets et al., 2016). However, in many
countries, contextualized adaptive response policies
have been lacking, resulting in top-level prescribed
“one-size-fits-all” approaches divorced from the evo-
lution of the pandemic in particular local contexts.
Worryingly, a recent global review of COVID-19 na-
tional preparedness and response plans in 86 coun-
tries showed that most plans lacked transparency
about whether, which, and how additional stakehold-
ers were involved, denoting lack of public participation
in PPR (Aguilera et al., 2024).

2 | MATERIALS AND METHODS

In this article, we adopt a complex system lens to draw
several strategic lessons based on the COVID-19
response experiences to inform governments' plan-
ning for future health crises. This analysis is based
on a combination of our professional experience and
of a targeted (unsystematic) review of the extensive
literature published on COVID-19, but also on public
health, primary healthcare, policymaking, and com-
plexity sciences. We conclude that “systems think-
ing” approaches will naturally lead to more effective,
efficient, and equitable strategies to manage future
pandemics.

3 | RESULTS

3.1 | Non-pharmaceutic interventions
have indirect effects—they are negative

At the beginning of the COVID-19 pandemic, most coun-
tries imposed non-pharmaceutical interventions (NPIs)
while awaiting COVID-19 vaccines (see below). NPIs
cover a vast array of often juxtaposed individual meas-
ures like mask mandates, limits to mass gatherings,
and workplace and travel restrictions. These imposed
huge socio-economic costs and often lacked appropri-
ate evidence regarding their effectiveness and adverse
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consequences (Bain et al., 2022; Enria et al., 2021; Hirt
et al., 2022; Schippers et al., 2022).

While “circuit breaker” lockdowns are understand-
able at the very beginning of the COVID-19 outbreak,
lasting indiscriminate blanket lockdowns must be seen
as questionable considering their expected collateral
damage (World Health Organization, 2019). Indeed,
lockdowns had variable impacts, with no demonstrated
effect on excess mortality (Agrawal et al., 2021; Gupta
et al., 2021; Karlinsky & Kobak, 2021). However, they
had major impacts on physical and mental health, and
the disruptions of health services have caused nega-
tive long-term health impacts, especially on children
(Green et al., 2022). Furthermore, they disproportion-
ately harmed the most vulnerable, for example, pro-
moting child marriage and child labor (Cousins, 2020;
International Labour Organization et al., 2020) and ex-
acerbating inequities (Chakrabarti et al., 2021; Engzell
etal., 2021; Racine et al., 2021; Woolford et al., 2021). In
particular, in most contexts, school closures have had
minimal impact on spreading SARS-CoV-2 in society,
but already show lasting harm to children's mental and
social well-being, education and future health prospects
(Christakis et al., 2020; Munro et al., 2023; Zimmerman
& Anderson, 2021), and economic disruptions impacted
especially low- and middle-income countries with un-
derdeveloped social safety nets (Egger et al., 2021), an
outcome “very predictable” using “complex thought.”
Likewise, emergency measures have at times violated
citizen's fundamental human rights (European Union
Agency for Fundamental Rights, 2021; Loewenson
et al, 2020). With 3years' hindsight, a Scottish
COVID-19 response evaluation shows that they were
disproportionate, insufficiently evidence-based, and in-
efficient (Croft, 2023).

For future pandemics, it is essential to use health im-
pact assessment methodologies to weigh, in advance,
the expected benefits, harms and costs of response
measures over the medium term (Green et al., 2022).
This could have been done taking note of the early
emerging evidence that SARS-CoV-2 was spread-
ing asymptomatically (Bendavid et al., 2021) and that
many uninfected people had strong pre-existing cross-
coronavirus immune responses (Grifoni et al., 2020).

3.2 | One-size does not fit all

Most countries adopted the false premise that 100%
of their population was highly vulnerable to SARS-
CoV-2. The subsequent use and reuse of population-
wide NPIs indicates a failure to recognize COVID-19 as
a complex heterogeneous disease. In fact, COVID-19
is a syndemic—that is, a synergy of epidemics that
“co-occur in time and place, interact with each other
to produce complex sequelae, and share common un-
derlying societal drivers” (Swinburn et al., 2019). The

COVID-19 syndemic is global and exposed the con-
sequences of interacting factors including malnutri-
tion, socioeconomic deprivation, racial discrimination,
and environmental/climate drivers. Thus, COVID-19
has had very different characterizations and out-
comes depending on the context in which it occurred
(Ngepah, 2021; Van Damme et al., 2020). People likely
to develop a severe form of COVID-19 are well known:
the elderly, the overweight, people with comorbidities,
and the economically deprived (Bennett et al., 2021;
Karmakar et al, 2021; Kompaniyets et al., 2021
O'Hearn et al., 2021; Williamson et al., 2020). Each co-
hort has specific risks and needs that cannot be ad-
dressed through universal measures.

Heterogeneity in disease impact based on socio-
economic, behavioral factors, and comorbidities is not
specific to COVID-19 but characterizes most communi-
cable (Fallah et al., 2016; Worrall et al., 2005) and non-
communicable diseases (Fioranelli et al., 2018; Hamad
et al., 2020; He et al., 2023; Mendenhall et al., 2017;
Rosengren et al.,, 2019; Vaccarella et al., 2023), as
well as health outcomes (Dwyer-Lindgren et al., 2023).
This calls for health systems redesigns—and PPR pol-
icies—that move away from disease-specific to more
holistic approaches to health and health care (Barnett
et al., 2012; Sturmberg et al., 2020).

3.3 | Complex problems have no simple
solutions

The “one-size-fits-all” approach to COVID-19 focused
on finding a single, universal cure. Although antiviral
(Wan et al., 2023) and antibody treatments (Misset
et al., 2023) have eventually been developed, the initial
focus on repurposed drugs for COVID-19 was unable to
quickly identify an effective drug against COVID-19, ex-
cept for dexamethasone in the severely respiratory com-
promised (The Recovery Collaborative Group, 2020).
Importantly, all clinical trials occurred in hospital set-
tings; they were unable to differentiate between the
various stages of disease evolution and severity, and
potential benefits in the early stages of the disease.
While the early efforts to repurpose known medica-
tions are understandable, a more important focus
must be on improving general immune competency,
supplemented by the emergence of disease-specific
antivirals. Disease complications are immunologically
mediated and potentially preventable with a focus on
each patient's disease severity and comorbidities, es-
pecially those affected by diabetes and malnutrition
(Du Laing et al., 2021; Gibbons et al., 2022; Logette
et al., 2021; Matin et al., 2021; Rawson et al., 2020).
The “vaccine-only” exit strategy adopted by many
governments was always jeopardized by many un-
knowns (Paul, Brown, Kalk, & Ridde, 2021). In partic-
ular, the authoritarian way in which mass vaccination
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has been imposed in many settings has been criti-
cized as possibly causing more harm than good
(Bardosh et al., 2022) and can no longer be justified
(Vogel, 2023). It is now unquestioned that COVID-19
vaccine effectiveness wanes over time, especially
with the development of new variants (Chemaitelly
et al., 2021; Goldberg et al., 2021; Harvey et al., 2021;
Jang et al, 2023; Kim et al., 2022; Menegale
et al.,, 2023; Nordstrom et al., 2022), and that they
offer little protection against virus transmission
(Madewell et al., 2022; Riemersma et al., 2022; Sinha
& Konetzka, 2022). Therefore, relying on vaccination
alone to reach a hypothetical “herd immunity” thresh-
old is untenable (Aschwanden, 2021), all the more
since it remains unclear whether the risk—benefit bal-
ance is in favor of vaccinating children and young-
sters (Bardosh et al., 2024; Krug et al., 2022; Munro
et al., 2024) and whether they provide significant all-
cause mortality benefit (Adhikari et al., 2024; Agrawal
et al.,, 2021; Benn et al., 2023; Furst et al., 2024).
Furthermore, COVID-19 response measures should
take account of innate and acquired immunity (Kalk
et al., 2022). Vaccine-induced and natural immu-
nity can be complementary in reaching some level
of community immunity (Altarawneh et al.,, 2023),
though vaccinating people once they have acquired
natural immunity adds very little additional benefit
(Ledn et al., 2022). Given emerging evidence of the
advantage of naturally acquired vs. vaccine-induced
immunity (Dietler et al., 2023), the application of prin-
ciples of efficiency, equity, and sustainability call for
vaccinating only those who need it most, especially in
resource-constrained contexts (Bell et al., 2023; Bell
& Paul, 2022). For instance, as early as October 2022,
the COVID-19 Platform Operational Research Group
for West and Central Africa called for reconsidering
“the application of so-called universal vaccination” in
that region for being “currently inappropriate ... in the
present context, given the demographic and epide-
miological specificities of the population (...), the cost
of vaccination for health systems (...), the low level of
risk compared with other disease burdens, and the
poor effectiveness of vaccines to contribute to herd
immunity” (Msellati et al., 2022).

Considering this, one measure that remains con-
trary to evidence is vaccine passports as imposed
in several high-income countries. Beyond incentiviz-
ing people to get vaccinated (Gbenonsi et al., 2022;
Vermeulen et al., 2023)—yet with little effect on vulner-
able people who are out of the formal health system
(Agarwal et al., 2021; Bhanu et al., 2021; Ridde Valéry
et al., 2023)—they make little sense from a public
health perspective.

More than a century of experience with vaccina-
tion against viral diseases shows that vaccination
as a prevention strategy is generally effective for
stable viruses such as measles, but less so against

frequently mutating ones, such as influenza or SARS-
CoV-2 (Morens et al., 2023). For such viruses, “mass
vaccination can only be expected to delay rather than
prevent new infections, in which case the obligation
to contribute to herd immunity is much weaker, and
coercive policies less justifiable” (Bullen et al., 2023).
The relative failures of the mass COVID-19 vaccina-
tion strategy—and rapid evolution of evidence base
regarding the limitations of vaccines (Paul, Brown,
Ridde, & Sturmberg, 2024)—offer insights for the de-
sign of more targeted and comprehensive PPR poli-
cies, while taking into account the cumulative harms
of non-pharmaceutical interventions.

3.4 | We are human, we don't like
uncertainty, and we tend to latch onto
“simple solutions”

Mencken summarized human fallibilities and its con-
sequences succinctly—“For every complex problem,
there is an answer that is clear, simple and wrong”
(Sturmberg & Topolski, 2014). In response, our
aim here is not to pretend to have all the answers.
Our goal is merely not to be “boxed in by models”
(Pawson, 2021) and to highlight the “known knowns”
and “known unknowns” in the spirit of open discus-
sion, with an eye on equity (Sturmberg et al., 2021).
Unfortunately, this deliberative approach does not
represent much of the COVID-19 and PPR lexicon
and policy practice, which has tended to reflect
Mencken's warning. In addition to being one-size-
fits-all, pandemic countermeasures have also been
implemented in a command-and-control way, relying
on fear and punitive disincentives, often bypassing
local communities at highest risk while increasing
stress disorders that weaken immune responsive-
ness (Loewenson et al., 2020). A fundamental public
policy fault has been a lack of tailored policies to fit
local needs. These must be owned by those affected,
with actionable accountability chains for implemen-
tation (Howlett & Mukherjee, 2018). Moreover, vul-
nerable populations (which will be different in each
context) require humane engagement with greater
interaction with local community leaders, rather than
through government mandates, penalties, and/or pro-
duction line services in stadium-sized centers (Leask
et al., 2021; Marmot, 2017).

More generally, people need policy coherence and
they need to understand policy goals, particularly if
we want them to own a policy (Paul et al., 2022). At the
beginning of the COVID-19 pandemic in March 2020,
the alleged aim of many governments was to “flatten
the curve” (or “save the NHS” in the UK). However,
beyond March 2020, the public health objective(s)
pursued through COVID-19 response measures
were not clear, with NPIs continuing to be imposed
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and re-imposed—sometimes even widened. Unlike
in March 2020, these policies were pursued despite
evidence suggesting that reaching hospital capac-
ity within many countries was unlikely. The opacity
of COVID-19 response goals was particularly diffi-
cult to grasp within implicit (in some European coun-
tries) and explicit (in some Australian states and in
New Zealand) zero-COVID-19 strategies, given that
SARS-CoV-2 is an ubiquitous zoonosis and highly
genetically unstable (He et al., 2021).

Lastly, policy decisions need to be examined for
their wider impact (Sturmberg et al., 2021). The mental
health effects of the constant apocalyptic portrayal of
COVID-19 in the media, especially on the young, are
going to have lasting effects.

4 | DISCUSSION

We also may err; however, we dare to call for a critical
shiftinthe way we consider pandemic preparedness—
we need to apply “complex thought” that allows us to
“‘connect” the emerging “knowns and unknowns” in
pandemic response approaches. In other words, we
make a plea for inserting public health into pandemic
preparedness and response, which requires taking
context into account and balancing cost and benefit,
principles of public health that have seemingly waned
post-COVID-19. Given the current momentum around
the pandemic preparedness and response initia-
tives, we plead for a major evolution—and in many
ways a return to public health—in the way PPR strat-
egies are conceived and implemented at the global
level. Our knowledge and experience with COVID-19,
and the effects of our interventions, demand the
adoption of an evolving, evidenced-informed and
context-specific strategy based on more comprehen-
sive approaches which reflect the complexities of a
health crisis (Paul et al., 2022). This means moving
away from single-focused health security paradigms
to consider the full range of health problems facing
populations (Galea, 2021). This also means adopt-
ing more than the single blueprint approach, favoring
a package of interventions chosen via participatory
and deliberative processes that are context-specific
and sensitive, as well as evidence-driven, to ensure
a fair balance between various pillars of pandemic
responses: health promotion, NPIs, prophylaxis,
vaccines, and treatments (Paul, Brown, Dechamps,
et al., 2021). Policies must be associated with a clear
set of attainable population health objectives, not
merely those that are politically expedient. They must
be communicated in a culturally and linguistically ap-
propriate way to the public, preferably through local
community leaders. For these objectives to take hold
long-term, they must respect the principles of equity,
proportionality, trust between all stakeholders in the

health system, communication, policy dialog, and de-
mocracy (Paul et al., 2022). Transversally, this also
requires sufficiently funded healthcare systems with
universal access to well-resourced primary health-
care (Kapitsinis, 2021). How can these lofty princi-
ples be operationalized? We plead for adoption of a
community-based pandemic approach (Loewenson
et al., 2021), relying on primary healthcare providers
and community stakeholders to increase health lit-
eracy among the at-risk populations, to monitor their
health status and to treat patients early according to
their clinical diagnosis, and their values and prefer-
ences (Sackett et al., 1996).

Vaccination should be targeted to those who have a
clear positive benefit—risk balance (particularly the el-
derly, since four-fifths of COVID-19 deaths occurred in
people above 60 (Wong et al., 2023), predominantly in
those with comorbidities who have not been previously
infected (Paul, Brown, Ridde, & Sturmberg, 2024)).
As a complementary strategy, health promotion cam-
paigns must aim to reduce the burden of comorbidi-
ties and malnutrition. Primary healthcare provision
should be strengthened to augment patient-centered
early treatments. More generally, following years of
under-investment in public health services, we call for
an ambitious reinvestment and redesign of health sys-
tems for the better (Sturmberg et al., 2020; Sturmberg
& Martin, 2020) (Sturmberg, 2018), and a reorienta-
tion of these systems to strengthen underlying health
and prevention in line with the Ottawa Charter (World
Health Organization, 1986) and principles of health
promotion effectiveness (McQueen & Jones, 2007).
This should increase their effectiveness, efficiency, eq-
uity, resilience (“Rebuilding resilient health systems for
Europe: The Lancet Regional Health — Europe,” 2021)
and preparedness to future threats (World Health
Organization, 2021). These are, in a word, “non-
erroneous” approaches of crises intervention respect-
ing the long-proven principles of patient-centeredness
and the centrality of primary health care (Starfield
et al., 2005; World Health Organization and United
Nations Children's Fund [UNICEF], 2018).
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