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Background: This study investigates the volatility in the outcomes of Essential 
Public Health Functions (EPHFs) and elaborates on its potential impacts on the 
operation of Brazil’s Unified Health System (SUS). The research addresses the 
need to understand how performance variability in EPHFs affects health system 
stability, particularly during external shocks such as the COVID-19 pandemic, 
and its potential effects on the system’s resilience.

Methods: Using cross-sectional data (2000–2023) from the Department of 
Informatics of the SUS (DATASUS), the study analyzes key indicators linked to 
two EPHFs: (1) Surveillance, control, and risk management (infant mortality) and 
(2) Equitable access to comprehensive and quality services (cytopathological 
tests and mammography screenings). Volatility was defined as deviations from 
central trends exceeding one standard deviation relative to prior years. These 
metrics were assessed to evaluate health system performance and resilience.

Results: Significant volatility was observed across indicators, particularly during 
the COVID-19 pandemic, which disrupted service levels and exposed systemic 
vulnerabilities. Infant mortality declined by 60% since 2000 but exhibited 
persistent fluctuations. Cytopathological tests and mammography screenings 
saw sharp declines during the pandemic, reflecting systemic challenges in 
sustaining equitable access to care.

Conclusion: The study proposes a conceptual framework to analyze EPHF 
performance through a resilience lens, emphasizing the need to manage 
variability for stable, high-quality service delivery in the SUS. Recommendations 
include strengthening health data systems, integrating contextual factors into 
resilience planning, and enhancing institutional capacity. This work advances 
efforts to operationalize resilience assessments in universal health systems, 
offering actionable insights for policymakers and practitioners.
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1 Introduction

This article explores the performance of the outcomes of essential 
public health functions (EPHF) of the Brazil’s Universal Health System 
(SUS), one of the largest health systems centered on universal access 
(1), with the objective of describing the EPHF’s outcomes’ volatility 
trough time.

Charles Winslow proposed an inventory of EPHFs at the 
beginning of the 20th century (2). Although there was some consensus 
on Winslow’s proposals, the practical limitations in government, the 
private sector, and society have evolved greatly over time. For example, 
until the middle of the last century, the functions of public health were 
limited to sanitation, basic hygiene, and the management of 
communicable diseases. Over time, the field has gradually broadened 
its scope to include health promotion, the control of 
non-communicable diseases, access to primary care, and technology 
applied to the various areas of health.

The World Health Organization (WHO) published its first 
inventory of EPHFs in 1997 and updated it after 15 years (3). Since the 
late 1990s, four WHO regions  – Europe, the Western Pacific, the 
Americas and the Eastern Mediterranean – have developed their own 
lists of EPHFs. However, recent events, such as the H1N1 flu in 2009, 
the Ebola outbreak in West Africa in 2014, and the Zika virus in the 
Americas in 2016, in addition to the Covid-19 pandemic, have once 
again brought the need to review inventories of EPHFs, in particular 
to make health systems more resilient, toward achieving universal 
coverage aligned with the Sustainable Development Goals (SDGs) 
listed in the 2030 Agenda (4).

To support the Member States in developing comprehensive plans 
and policies for the health sector, the Pan American Health 
Organization (PAHO) published in 2020 a new inventory of EPHFs 
in the Americas, focused on resilience and more aligned with the 
SDGs and the principles of Universal Access to Health and Universal 
Health Coverage promoted by the WHO (5).

The document published by the PAHO is quite detailed regarding 
the recommended operation of the functions, which are supported by 
three pillars: introducing ethical values in public health action to 
address health inequalities and their root causes; ensuring universal 
access to comprehensive public health services, both individual and 
population-based; expanding the administrative role of health 
authorities through a collaborative implementation of public 
health functions.

Although the EPHFs aim to sustain the quality of life of 
populations, their practical use depends on how a given health system 
configures its institutional capacity dimensions within reasonable and 
possible limits. Health systems are constantly affected by external 
factors such as epidemics, climate change, or internal factors as 
changes in governance arrangements or are unable to mobilize 
funding, human resources or technology at acceptable levels (6). 
Operating in such context, health systems struggle to sustain adequate 
functioning, readjusting constantly. Regardless of the level at which 
variability occurs – from governance down to service delivery – it 
leads to volatility in known performance indicators over time, 
affecting the precision and/or timing of systems’ capacities, service 
levels, availability, and quality of care.

The functioning of public and universal health systems depends 
on structural dimensions that guide EPHFs in various directions. 
Disturbances in these dimensions inevitably alter the outcomes of 

these functions. Such maneuvers, referred to as performance 
variability in the field of Resilience Engineering (7) may resonate 
throughout the system’s functioning and lead to uncontrolled or 
chaotic system behavior, eventually leading to critical failure, 
according to Dekker (8). Therefore, by enhancing our understanding 
of EPHF dynamics, it is possible to deliver new insights to public 
health officials, helping them to better manage system capacities for 
resilience. Ultimately, this will save lives and build a more resilient SUS.

The aim of this study is to connect the variability in the EPHFs’ 
performance to an objective assessment of SUS capacity to sustain 
responsive EPHF. The rationale is that a resilient health system should 
be able to adjust its functions to generate stable functions’ outcomes 
within acceptable health services levels. This means that, even if 
necessary adaptations involve performance variability, resilient systems 
adjust their functions internally to provide stable and adequate outcomes, 
sustaining responsive service delivery and acceptable quality of care.

2 Methods

2.1 Research design

This cross-sectional study was based on public data from the 
Department of Informatics of the Brazilian Unified Health System 
(DATASUS). The study was conducted in accordance with the 
recommendations of the Strengthening the Reporting of Observational 
Studies in Epidemiology (STROBE) checklist.

To illustrate the framework’s idea, we selected two key EPHFS, 
guided by convenience: “Surveillance, control, and risk management”; 
and “Equitable access to complete and quality services.” These 
functions were chosen because they are crucial performance indicators 
and susceptible to disruption based on their connections with other 
functions. Brazil was selected as our study site because it’s where our 
research group operates and its health system data is easily accessible. 
Additionally, Brazil’s health system aligns with principles of universal 
and equitable access.

2.2 Research settings

Since 1988, with the publication of Brazil’s current Constitution, 
the Unified Health System (SUS) has become one of the largest and 
most complex public health systems in the world. Among countries 
with more than 200 million inhabitants, Brazil is the only publicly 
funded universal health system. The DATASUS (Department of 
Informatics of the Unified Health System  - SUS) is a unit of the 
Brazilian Ministry of Health that has been developing and managing 
Brazil’s health information systems since 1991.

Epidemiological indicators in Brazil have improved over time, 
especially those related to quality of life. However, due to an 
incomplete demographic-epidemiological transition and the 
prevalence of the triple burden of disease, many challenges toward 
comprehensive, equal, and universal access remain (9, 10). Such a 
complex scenario necessitates robust public health strategies to 
address both emerging and persistent health issues.

The analysis of the EPHFs “Surveillance, control, and risk 
management” and “Equitable access to complete and quality services” 
is particularly justified in this context. Effective surveillance and risk 
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management are critical for monitoring disease patterns, identifying 
health threats, and implementing timely interventions, especially in a 
country grappling with diverse health challenges. Simultaneously, 
ensuring equitable access to comprehensive and high-quality health 
services is essential to address disparities and improve health 
outcomes, particularly for vulnerable populations disproportionately 
affected by the triple burden.

2.3 Data collection procedure

The dataset was built with indicators for all Brazilian states from 
2000 to 2023. The indicator “infant deaths from preventable causes in 
children under 5 years of age” was defined as the outcome variable of 
the model, as well as “Cytopathological tests” and “Mammography 
exams.” Such outcomes do not encompass the entire set of outcomes 
related to the chosen EPHFs, but they serve to exemplify the proposed 
framework as such numbers indicate the level at which people from 
vulnerable territories are accessing public health services.

The data were collected from the following information databases 
of the Department of Informatics of the SUS (DATASUS): the 
Mortality Information System (SIM); the Epidemiological and 
Morbidity – Cancer Information System (SISCAN); and the Breast 
Cancer Information System (SISMAMA).

2.4 Data analysis procedure

The numbers of cytopathological tests and mammograms are 
outcomes of the “Equitable access to complete and quality services 

“EPHF, according to the PAHO (5). The number of infant deaths is 
one of the outcomes of the “Surveillance, control, and risk 
management” function. Measurements that diverge from the central 
trends based on the values of previous years in dimensions greater 
than the standard deviation were considered volatile. This observation 
is also used to estimate the magnitude of the trend change, which is 
important for epidemiological and economic analyses. In the temporal 
trends analysis, a significant level of 5% was established.

All analyses were performed with the support of a routine in the 
statistical software R Studio version 2023.06.0.

3 Results

Figure 1 represents the evolution of the number of infant deaths 
from 2001 to 2023.

It is worth noting that although infant mortality has decreased by 
60% since 2000, there is great volatility in the still high levels of 
mortality, which reflects the lack of continuity in public social and 
health policies related to the quality of services to improve the quality 
of life of the population, such as primary health care workforce, 
vaccination coverage, health unit infrastructure, prenatal, childbirth 
and newborn monitoring and care (nutrition, breastfeeding, proper 
growth and development), surveillance and control of communicable 
diseases (such as Zika and cholera), basic sanitation, etc.

The “Equitable access to comprehensive, quality health services” 
function includes actions to ensure access to comprehensive and 
quality services, progressively expanded, through the organization 
and management of patient-centered health services, focused on 
family and community risk, life course, and social determinants of 

FIGURE 1

Historical series of volatility (percentage change) of the number of infant deaths in Brazil - national average (2001 to 2022). Source: Department of 
Informatics of the Unified Health System (DATASUS), Ministry of Health, Brazil.
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health. Health system utilization indicators result from this 
function, such as the number of cytopathological tests, as shown in 
Figure 2.

Figure 3 describes the volatility of exams performed in Brazil 
between 2013 and 2023. It should be  noted that the curve of the 
number of tests performed in the period had been on an upward trend 
until 2019, when it fluctuated, but has not yet returned to 
pre-COVID-19 levels. This volatility demonstrates the effects of the 
lack of continuity of health services, delaying the diagnosis of 
breast cancer.

Still on the provision of services and performance of the public 
health system, it is noted in Figure  2 that the high volatility of 
mammograms impairs the correct and continuous provision of health 
services, which has a decisive impact on access, affecting the resilience 
of health systems. It is noteworthy that the obstacles to the diagnosis 
of breast cancer (cancer with the highest lethality rates among women 
in the world, except for non-melanoma skin cancer), may mean the 
reduction of opportunities for clinical and surgical feasibility, 
expanding the implementation of the more mutilating and aggressive 
procedures or palliative care.

4 Discussion

Traditional epidemiological frameworks, like multifactorial 
disease models, have long emphasized the inherent complexity of 
public health challenges (11–13). These approaches aggregate data 
across risk factors to inform intervention strategies. However, causal 
inferences derived from such frameworks often lack robustness, or 
generalizability to meet the inherent variability of such complexity 
(11, 13). Their retrospective focus on historical associations may limit 
assessments of resilience against novel threats, as they prioritize past 
events to generate recommendations that, while evidence-based, risk 
inadequacy in emerging or evolving contexts (14).

Resilient performance in Essential Public Health Functions 
(EPHFs) hinges on linking policy measures to measurable outcomes. 
Castro et  al. (15) operationalized this by developing indicators to 
correlate COVID-19 transmission trajectories (e.g., speed, intensity) 
with policy interventions in Brazil. Their analysis revealed that the 
rapid spread stemmed not from a single cause but from fragmented 
implementation of timely, equitable, and coordinated responses. 
Building on this, Rocha et  al. (16) demonstrated that systemic 
resilience extended beyond the capacity of Brazil’s SUS, as preexisting 
socioeconomic inequities—not healthcare infrastructure alone—
drove disparities in COVID-19 morbidity and mortality, 
disproportionately burdening vulnerable states and municipalities. 
While these studies clarify how variability in policies and social 
conditions produces unstable EPHF outcomes, their focus remains on 
acute, episodic crises. However, systems like the SUS operate under 
chronic instability shaped by persistent regional disparities, political 
volatility, and resource constraints. True resilience requires sustaining 
stable EPHF outcomes amid shocks of varying intensity, frequency, 
and origin, as prolonged instability itself can amplify systemic 
collapse (17).

Figure 1 illustrates the trend of infant deaths from 2000 to 2022, 
showing both the number of deaths and the percentage change 
compared to the previous year. Initially, there is notable volatility in 
the percentage changes, particularly between 2000 and 2006, with 
significant fluctuations such as increases of 5.10% in 2001 and 6.69% 
in 2005. This period of instability could indicate underlying systemic 
issues or varying external factors affecting infant mortality. 
Connecting these results with Dekker’s concept of complex systems, 
constant volatility can cause systems to “drift into failure,” suggesting 
that the early years’ instability might have posed risks to the overall 
effectiveness of healthcare systems aimed at reducing infant mortality. 
However, from 2007 onwards, the trend stabilizes, with more 
consistent negative percentage changes indicating a steady decline in 
infant deaths. This stabilization aligns with improvements in 

FIGURE 2

Historical series of volatility (percentage change) of the number of mammograms performed in Brazil - absolute numbers (2015 to 2023). Source: 
Department of Informatics of the Unified Health System (DATASUS), Ministry of Health, Brazil.
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healthcare practices, better prenatal care (18, 19), and enhanced public 
health interventions, reducing the risk of systemic failure and 
contributing to a more reliable and effective reduction in infant 
mortality over time.

Rocha et  al.’s finding that socioeconomic inequities drove 
COVID-19 outcomes in Brazil mirrors the Castro et al.’s (1) argument 
that systemic brittleness in Latin America stems from entrenched 
inequalities. Our data on infant mortality trends (Figure 1) and SUS’s 
chronic instability further validate this: regions with preexisting 
vulnerabilities (e.g., low socioeconomic status) exhibited amplified 
volatility during crises. This aligns with their call for resilience 
frameworks to address structural determinants—not just proximate 
risk factors—to mitigate inequitable strain on EPHFs.

Resilience in public health is the result of the design, 
implementation, and maintenance of national systems capable of 
ensuring the uninterrupted, timely, problem-solving, and quality 
functioning of EPHFs during sudden fluctuations in demand (17, 
20–22). This involves adjusting to the variability inherent in the 
implementation of public policies compatible with the social 
determinants of health, as well as providing universal, comprehensive, 
and equitable programs and services. Therefore, if health systems 
resilience is not only to cope with health disasters, but and also an 
issue to be considered daily, high volatility along time in EPHFs must 
be monitored and managed (20).

In Figure 3, the significant drop in breast cytology tests during 
the COVID-19 pandemic can indeed be related to the preceding 
volatility observed in the data. Prior to the pandemic, the graph 
shows fluctuating percentage changes in the number of tests 
conducted, with notable variations such as a 39.89% increase 
followed by a − 10.29% decrease. This volatility indicates an 
underlying instability in the system responsible for conducting these 
tests, and aligns with the dynamic, non-linear interactions described 
by Castro et al. (15), to whom systemic resilience arises from adaptive 
behaviors rather than static infrastructure. Like their analysis of 

pandemic responses, our findings suggest that pre-existing 
instabilities (e.g., fluctuating screening rates) reflect a system’s latent 
capacity to adapt—or fail—when confronted with shocks. This 
underscores the need to model resilience as an emergent property, as 
static metrics of institutional capacity alone cannot predict how 
systems will perform under stress. The pre-pandemic fluctuations 
suggest that the system was already under stress or lacked the 
robustness needed to handle sudden, large-scale disruptions (23, 24). 
When the pandemic hit, the existing instability likely exacerbated the 
system’s inability to maintain normal operations, leading to the sharp 
decline in test numbers.

In essence, the preceding volatility weakened the system’s 
resilience, making it less capable of sustaining critical functions like 
breast cytology tests during the unprecedented challenges posed by 
the pandemic. This highlights the importance of continually 
addressing underlying instabilities in health systems to enhance their 
ability to withstand future crises. The topic of resilience - or resilient 
performance - stresses the management models traditionally used to 
measure and evaluate the performance of health systems, since these 
models are usually based on the analysis of institutional capacity 
and infrastructure.

The mammography screenings from 2015 to 2021 analyzed in the 
Figure 2 reveals significant volatility and a notable decline during the 
COVID-19 pandemic. Initially, there is a sharp increase in 2015 with 
a 43.49% change, followed by fluctuating rates in subsequent years, 
indicating underlying instability in the system. This volatility suggests 
challenges in maintaining consistent screening rates, possibly due to 
varying public health initiatives or policy changes (6, 25). The 
pandemic in 2020 exacerbated these issues, causing a sharp drop to a 
6.49% change, reflecting disrupted healthcare services and reduced 
patient access. Although there was a slight recovery in 2021 with a 
9.13% change, the numbers remained below pre-pandemic levels. This 
pattern underscores the vulnerability of healthcare systems to crises 
when pre-existing instabilities are present, highlighting the need for 

FIGURE 3

Historical series of volatility (percentage change) of the number of breast cytopathology tests performed in Brazil - absolute numbers (2013 to 2023). 
Source: Department of Informatics of the Unified Health System (DATASUS), Ministry of Health, Brazil.
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more resilient and stable healthcare infrastructures to ensure 
continuous delivery of essential services like mammography screenings.

4.1 Institutional capacity and performance 
variability

Recent research indicates that while institutional capacity is 
necessary, it is not sufficient for the proper functioning of EPHFs in 
scenarios of abrupt change (17, 26, 27). Therefore, it is not a good 
predictor of how services adapt to unexpected events, maintain their 
essential functions during a crisis, nor how they learn from the 
experience and positively transform as they recover from shocks (26, 
28–31). To address this, novel metrics and methods capable of 
describing the preventive, adaptive, and absorptive capacities of health 
systems are needed (27).

In 2022, the WHO took significant steps toward operationalizing 
the resilience of health systems by providing high-level definitions and 
offering a toolkit for implementing actions to strengthen health 
system resilience (32). A major advancement in the WHO’s 
conceptualization of resilience in this publication is the recognition of 
the need for multidisciplinary approaches and combined 
methodologies to develop resilience as an attribute of health systems. 
Additionally, there is an indication to consider health systems beyond 
their institutional capacity, focusing on how this capacity is 
operationalized through a set of skills, including perception, 
transformation, mobilization, self-regulation, integration, and 
diversity. Therefore, this attempt to link EPHFs’ outcome’ volatility to 
resilience enables a screening of institutional capacities ‘based on 
available data that guides further investigations on systems 
functioning, aimed at damping eventual volatility, especially if service 
levels are low.

It is also important to highlight that, at this moment, the WHO 
reinforces an aspect usually forgotten in the conceptualization of 
resilience used by health authorities recently: that some functions 
considered essential for the health and well-being of populations must 
be  preserved from crises that directly or indirectly affect people’s 
health. This definitively connects the building blocks of resilient 
systems (33, 34) to the EPHFs (5, 35) and the SDGs (4). The WHO’s 

recent emphasis on multidisciplinary resilience toolkits resonates with 
Bigoni et al. (36), which advocates for metrics that capture adaptive 
capacity in dynamic systems. Our proposed model (Figure 4), which 
correlates service levels (S) and outcome volatility (Δv), operationalizes 
this by quantifying how systems dampen variability while maintaining 
quality. This complements their framework, as both approaches 
prioritize real-time monitoring of instability (e.g., fluctuating 
mammography rates) to preemptively identify brittleness.

However, the WHO approaches are still tied to the notion that 
resilience should be an attribute activated only when a disaster strikes. 
Although it focuses radically on the behavior of complex systems, leaving 
aside the importance of the structure provided by institutional capacity, 
Resilience Engineering was already a counterpoint to this notion, 
highlighting resilience as an attribute to be developed, improved, and 
activated before, during, and after an unexpected event (7). This idea is 
especially useful to public and universal health systems, given their well-
known complexity and susceptibility to variability, which materializes 
not only when major health disasters occur, but also routinely.

4.2 A theory for studying EPHFs’ 
performance variability, volatile outcomes, 
and resilience

Service levels result from the combination of different capacities 
and skills, employed in different components of a health system, and 
naturally vary over time, depending on resources, preconditions, 
capacity x demand proportion, etc. Thus, resilience in public health 
must also ensure adequate service levels, i.e., public health macro-
functions must function stably with low levels of outcome volatility, 
but with high quality. There is no point in sustaining low volatility in 
the outcomes of EPHFs if the service levels do not guarantee 
responsive and comprehensive services.

Based on this, the potential for resilience in public health can 
be represented by the curve α arranged in a two-dimensional space 
that correlates service level (S) and time (t), whose concavity varies as 
a function of the volatility of the outcomes of the functions (Dv). 
Figure 4 illustrates these scenarios of both increase and decrease in the 
service levels over time.

FIGURE 4

Graphical representation of resilience in public health. Potential resilient performance represented by curve α.
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The curvature of α is accentuated proportionally to the variability 
Dv, therefore, at low service levels, positive variabilities should 
be reinforced, which increase the convexity of α. Similarly, at high 
service levels, one should try to keep variability in stable proportions 
over time. In public health, the expectation of eliminating variability 
is not reasonable, given the influence of several dimensions on the 
functioning of the system. It is important, however, to manage 
variability at appropriate levels of services by operationalizing a 
resilient system as defined in this section – capable of sustaining the 
routine of EPHFs at appropriate levels of services and of adapting to 
fluctuations in demand, whether routine or those resulting from 
major public health events.

If a health system adapts to minimize the volatility of its outcomes, 
ensuring reasonable levels of quality and responsiveness, the 
assessment of its maturity for resilience is proportional to the volatility 
in the determinants of its behavior. This is a function of its institutional 
capacity (and/or their aggregation) and varies over time as well.

Rocha et  al.’s critique of ‘resilience as disaster response’ (16) 
parallels our argument that SUS’s chronic instability demands daily 
resilience practices. For instance, the pre-pandemic volatility in breast 
cytology tests (Figure  3) reflects a system already operating at its 
adaptive limits—a finding consistent with their observation that 
underfunded systems ‘drift into failure’ during routine operations. 
This reinforces the need to integrate resilience metrics (e.g., variability 
in EPHF outcomes) into universal health coverage benchmarks to 
ensure stability amid both routine and crisis demands.

Evaluating the evolution of structural indicators and their volatility 
over time reveals the inherent variability, which can indicate potential 
resilience or brittleness, since variability does not necessarily imply 
negative results (37, 38). However, volatility in essential functions often 
leads to a mismatch between a system’s capabilities and its demands, 
creating bottlenecks for interventions in dynamic contexts such as 
public health. The connection between resilience and performance 
variability, driven by instability in the foundational elements of health 
systems, aligns with the margins for resilient performance proposed in 
Rasmussen’s framework (39). In general terms, this implies that 
resilience and functional outcomes are not synonymous; maintaining 
acceptable service levels is also paramount for resilience.

4.3 Limitations and further work

While the discussed framework offers a robust conceptual 
approach to understanding resilience in public health systems through 
the analysis of service levels and outcome variability, it is not without 
limitations. One key limitation is its reliance on the availability and 
quality of known performance indicators over time. In many settings, 
particularly in low-resource contexts, data on key performance 
indicators may be  incomplete, inconsistent, or unavailable, which 
could hinder the framework’s practical application. Additionally, the 
framework assumes that variability (Δv) can be effectively measured 
and managed, but it may not fully account for the complexity of 
interactions between multiple determinants of health system 
performance, such as socio-economic factors, political instability, or 
cultural influences, which are harder to quantify. Furthermore, while 
the framework implicitly addresses external shocks through its 
continuous view of resilience, it does not provide specific guidance on 
how to prepare for or respond to sudden, large-scale disruptions, such 
as pandemics or natural disasters. Lastly, the framework’s abstract 

nature may pose challenges for policymakers and practitioners 
seeking concrete, actionable steps to operationalize resilience, as it 
requires a high level of analytical capacity and contextual adaptation.

To overcome the limitations of the framework, efforts should 
be  made to strengthen data collection and management systems, 
particularly in low-resource settings, to ensure the availability of 
reliable and consistent performance indicators. This could involve 
investing in health information systems, training personnel, and 
leveraging technology for real-time data tracking. Second, the 
framework could be expanded to incorporate qualitative assessments 
and contextual factors, such as socio-economic and cultural influences, 
to provide a more holistic understanding of health system performance 
and resilience. To address the challenge of external shocks, the 
framework could be integrated with disaster preparedness and response 
plans, ensuring that health systems are equipped to handle sudden 
disruptions. Additionally, translating the framework into practical, 
actionable guidelines with clear steps and metrics would enhance its 
usability for policymakers and practitioners. Finally, fostering 
collaboration between researchers, policymakers, and public health 
professionals can facilitate the adaptation of the framework to local 
contexts, ensuring its relevance and effectiveness in diverse settings.

In the same way that different methods can be used to obtain the 
level of services, the calculation of Dv and its influence on the curvature 
of α can also be performed by different mathematical models. For 
example, statistical regression models can be used to demonstrate and 
predict the correlation between variables, while variance measures and 
standard deviation can indicate the volatility of these variables over 
time, as proposed in this study. With this idea, it is possible to define 
metrics to measure the resilience of the system’s functions based on the 
variability (volatility) of these indicators over time and prospect their 
operation using known predictive models, such as applications of 
Machine Learning, Artificial Intelligence, Fuzzy Logic, etc.

5 Conclusion

Resilience in public health is akin to a living theory, constantly 
evolving and adapting. It thrives on the emergence of new evidence or 
the challenging of existing beliefs. In the quest to fortify our public 
health systems, this paper sets the stage for vibrant discussions to 
come. An opportunity for future investigation lies in longitudinal 
analyses of EPHFs performance, juxtaposed with recent crises such as 
the proliferation of arboviruses like Dengue throughout the Americas, 
as well as outbreaks of diseases like Monkeypox and COVID-19, 
particularly in Brazil, as outlined in this study, and in other 
global contexts.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

Ethical approval was not required for the study involving humans 
in accordance with the local legislation and institutional 

https://doi.org/10.3389/fpubh.2025.1613822
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org


Jatobá et al. 10.3389/fpubh.2025.1613822

Frontiers in Public Health 08 frontiersin.org

requirements. Written informed consent to participate in this study 
was not required from the participants or the participants’ legal 
guardians/next of kin in accordance with the national legislation and 
the institutional requirements.

Author contributions

AJ: Conceptualization, Formal analysis, Funding acquisition, 
Investigation, Methodology, Project administration, Supervision, 
Writing  – original draft, Writing  – review & editing. PC-N: Data 
curation, Formal analysis, Writing – original draft, Writing – review 
& editing. PC: Conceptualization, Validation, Writing – original draft, 
Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. AJ is partially funded by the 
National Council for Scientific and Technological Development - 
CNPq (grants #307029/2021-2 and #402670/2021-3) and the Carlos 
Chagas Filho Foundation for Supporting Research in the State of Rio 
de Janeiro - FAPERJ (grant #E-26/201.252/2022). PC is partially 
funded by the National Council for Scientific and Technological 

Development - CNPq (grant #304770/2020) and the Carlos Chagas 
Filho Foundation for Supporting Research in the State of Rio de 
Janeiro - FAPERJ (grant #260003/001186/2020).

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
 1. Castro MC, Massuda A, Almeida G, Menezes-Filho NA, Andrade MV, de Souza 

Noronha KVM, et al. Brazil’s unified health system: the first 30 years and prospects for 
the future. Lancet. (2019) 394:345–56. doi: 10.1016/S0140-6736(19)31243-7

 2. Winslow CEA. The untilled fields of public health. Science. (1920) 51:23–33. doi: 
10.1126/science.51.1306.23

 3. Bustos BCV. (2003). La salud pública en las Américas: nuevos conceptos, análisis 
del desempeño y bases para la acción. Available online at: https://iris.paho.org/
handle/10665.2/42858 (Accessed October 19, 2024).

 4. Rosa W. Transforming our world: the 2030 agenda for sustainable development In: 
W Rosa, editor. A new era in global health. New  York, NY: Springer Publishing 
Company (2017)

 5. Pan American Health Organization. The essential public health functions in the 
Americas: a renewal for the 21st century. Conceptual framework and description. 
Washington, DC: Pan American Health Organization (2020).

 6. De Carvalho PVR, Bellas H, Viana J, De Castro Nunes P, Arcuri R, Da Silva Fonseca 
V, et al. Transformative dimensions of resilience and brittleness during health systems’ 
collapse: a case study in Brazil using the functional resonance analysis method. BMC 
Health Serv Res. (2023) 23:349. doi: 10.1186/s12913-023-09301-1

 7. Hollnagel E. The four cornerstones of resilience engineering In: E Hollnagel and 
CP Nemeth, editors. Resilience engineering perspectives. London: CRC Press (2016)

 8. Dekker S. Drift into failure: from hunting broken components to understanding 
complex systems. Farnham; Burlington, VT: Ashgate (2011).

 9. Peixoto SV. The triple burden of health problems and the challenges for the unified 
health system. Cien Saude Colet. (2020) 25:2912–2. doi: 
10.1590/1413-81232020258.14672020

 10. Marinho FM, Soliz P, Gawryszewski V, Gerger A. Epidemiological transition in 
the Americas: changes and inequalities. Lancet. (2013) 381:S89. doi: 
10.1016/S0140-6736(13)61343-4

 11. de Almeida Filho N. The concept of health: blind-spot for epidemiology? Rev Bras 
Epidemiol. (2000) 3:4–20. doi: 10.1590/S1415-790X2000000100002

 12. Almeida Filho N. Modelagem da pandemia Covid-19 como objeto complexo 
(notas samajianas). Estud av. (2020) 34:97–118. doi: 10.1590/s0103-4014.2020.3499.007

 13. Rod NH, Broadbent A, Rod MH, Russo F, Arah OA, Stronks K. Complexity in 
epidemiology and public health. Addressing complex health problems through a mix of 
epidemiologic methods and data. Epidemiology. (2023) 34:505–14. doi: 
10.1097/EDE.0000000000001612

 14. De Castro-Nunes P, Palmieri P, Simões PP, Rodrigues De Carvalho PV, Jatobá A. 
Leveraging machine learning on the role of hospitalizations in the dynamics of dengue 
spread in Brazil: an ecological study of health systems resilience. Lancet Reg Health Am. 
(2025) 44:101042. doi: 10.1016/j.lana.2025.101042

 15. Castro MC, Kim S, Barberia L, Ribeiro AF, Gurzenda S, Ribeiro KB, et al. 
Spatiotemporal pattern of COVID-19 spread in Brazil. Science. (2021) 372:821–6. doi: 
10.1126/science.abh1558

 16. Rocha R, Atun R, Massuda A, Rache B, Spinola P, Nunes L, et al. Effect of 
socioeconomic inequalities and vulnerabilities on health-system preparedness and 
response to COVID-19 in Brazil: a comprehensive analysis. Lancet Glob Health. (2021) 
9:e782–92. doi: 10.1016/S2214-109X(21)00081-4

 17. Jatobá A. Resilience in public health: what is and what should never be. Health 
Policy Technol. (2025) 14:100974. doi: 10.1016/j.hlpt.2025.100974

 18. Soranz D, Pinto LF, Penna GO. Themes and reform of primary health care (rcaPS) 
in the city of Rio de Janeiro, Brazil. Ciênc Saúde Coletiva. (2016) 21:1327–38. doi: 
10.1590/1413-81232015215.01022016

 19. Gomes CB, Gutiérrez AC, Soranz D, Gomes CBES. National primary care policy 
2017: analysis of teams composition and national coverage of family health. Ciênc Saúde 
Coletiva. (2020) 25:1327–38. doi: 10.1590/1413-81232020254.31512019

 20. Jatobá A, de Carvalho PVR. The resilience of the Brazilian unified health system 
is not (only) in responding to disasters. Rev Saude Publica. (2024) 58:22. doi: 
10.11606/s1518-8787.2024058005731

 21. Jatobá A, Castro-Nunes P, Rodrigues de Carvalho PV. On the epistemology of 
resilience in public health: a novel perspective in a changing world. Front Health Serv. 
(2025) 4:4. doi: 10.3389/frhs.2024.1453006

 22. Kruk ME, Ling EJ, Bitton A, Cammett M, Cavanaugh K, Chopra M, et al. Building 
resilient health systems: a proposal for a resilience index. BMJ. (2017) 357:j2323. doi: 
10.1136/bmj.j2323

 23. Costa AM, Rizzotto MLF, Lobato L d VC. In the Covid-19 pandemic, Brazil sees 
the SUS. Saude Debate. (2020) 44:289–96. doi: 10.1590/0103-1104202012500i

https://doi.org/10.3389/fpubh.2025.1613822
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1016/S0140-6736(19)31243-7
https://doi.org/10.1126/science.51.1306.23
https://iris.paho.org/handle/10665.2/42858
https://iris.paho.org/handle/10665.2/42858
https://doi.org/10.1186/s12913-023-09301-1
https://doi.org/10.1590/1413-81232020258.14672020
https://doi.org/10.1016/S0140-6736(13)61343-4
https://doi.org/10.1590/S1415-790X2000000100002
https://doi.org/10.1590/s0103-4014.2020.3499.007
https://doi.org/10.1097/EDE.0000000000001612
https://doi.org/10.1016/j.lana.2025.101042
https://doi.org/10.1126/science.abh1558
https://doi.org/10.1016/S2214-109X(21)00081-4
https://doi.org/10.1016/j.hlpt.2025.100974
https://doi.org/10.1590/1413-81232015215.01022016
https://doi.org/10.1590/1413-81232020254.31512019
https://doi.org/10.11606/s1518-8787.2024058005731
https://doi.org/10.3389/frhs.2024.1453006
https://doi.org/10.1136/bmj.j2323
https://doi.org/10.1590/0103-1104202012500i


Jatobá et al. 10.3389/fpubh.2025.1613822

Frontiers in Public Health 09 frontiersin.org

 24. Fleury S, Moreira AEMM, Barreto M, Santos JS. The front for life and updating 
the Brazilian health sector reform movement. Saude Debate. (2024) 48:e8973. doi: 
10.1590/2358-289820241418973i

 25. Chioro A, Gomes Temporão J, Massuda A, Costa H, Castro M, Trindade N. 
Scorched earth: the portrait of health in Brazil after the Bolsonaro’s administration and 
the first 100 days of the Lula government in health. Int J Health Plann Manag. (2023) 
38:1105–16. doi: 10.1002/hpm.3676

 26. Bell JA, Nuzzo JB, Bristol N, Essix G, Issac C, Kobokovich A, et al. Global health 
security (GHS) index 2021: advancing collective action and accountability amid global 
crisis. United States: Nuclear Threat Initiative (2021).

 27. Costa NR, Silva PRF, Lago MJ, Jatobá A. The institutional capacity of the health 
sector and the response to COVID-19 in a global perspective. Cien Saude Colet. (2021) 
26:4645–54. doi: 10.1590/1413-812320212610.11852021

 28. Arsenault C, Gage A, Kim MK, Kapoor NR, Akweongo P, Amponsah F, et al. 
COVID-19 and resilience of healthcare systems in ten countries. Nat Med. (2022) 
28:1314–24. doi: 10.1038/s41591-022-01750-1

 29. Abbey EJ, Khalifa BAA, Oduwole MO, Ayeh SK, Nudotor RD, Salia EL, et al. The 
Global Health security index is not predictive of coronavirus pandemic responses 
among Organization for Economic Cooperation and Development countries. PLoS One. 
(2020) 15:e0239398. doi: 10.1371/journal.pone.0239398

 30. Massuda A, Hone T, Leles FAG, Castro MC, Atun R. The Brazilian health system 
at crossroads: progress, crisis and resilience. BMJ Glob Health. (2018) 3:e000829. doi: 
10.1136/bmjgh-2018-000829

 31. Haldane V, Morgan GT. From resilient to transilient health systems: the deep 
transformation of health systems in response to the COVID-19 pandemic. Health Policy 
Plan. (2021) 36:134–5. doi: 10.1093/heapol/czaa169

 32. WHO. Health systems resilience toolkit: a WHO global public health good to 
support building and strengthening of sustainable health systems resilience in countries 
with various contexts. Geneva: World Health Organization (2022).

 33. World Health Organization. Monitoring the building blocks of health systems: a 
handbook of indicators and their measurement strategies. Geneva: World Health 
Organization (2010).

 34. World Health Organization, Regional Office for South-East Asia. Framework for 
action in building health systems resilience to climate change in South-East Asia region, 
2017–2022. New Delhi: World Health Organization, Regional Office for South-East 
Asia (2017).

 35. World Health Organization. Essential public health functions, health systems and 
health security: Developing conceptual clarity and a WHO roadmap for action. Geneva: 
World Health Organization (2018).

 36. Bigoni A, Malik AM, Tasca R, Carrera MBM, Schiesari LMC, Gambardella DD, 
et al. Brazil’s health system functionality amidst of the COVID-19 pandemic: an 
analysis of resilience. Lancet Reg Health Am. (2022) 10:100222. doi: 
10.1016/j.lana.2022.100222

 37. Hollnagel E. Prologue: why do our expectations of how work should be done never 
correspond exactly to how work is done In: J Braithwaite, R Wears and E Hollnagel, 
editors. Resilient health care III: reconciling work-as-imagined and work-as-done. 
Farnham: Ashgate (2016). 7–16.

 38. Hollnagel E. Safety–I and safety–II: the past and future of safety management. 
London: CRC Press (2014).

 39. Rasmussen J, Pejtersen AM, Schmidt K. Taxonomy for cognitive work analysis. 
Roskilde, Denmark: Risø National Laboratory (1990).

https://doi.org/10.3389/fpubh.2025.1613822
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org
https://doi.org/10.1590/2358-289820241418973i
https://doi.org/10.1002/hpm.3676
https://doi.org/10.1590/1413-812320212610.11852021
https://doi.org/10.1038/s41591-022-01750-1
https://doi.org/10.1371/journal.pone.0239398
https://doi.org/10.1136/bmjgh-2018-000829
https://doi.org/10.1093/heapol/czaa169
https://doi.org/10.1016/j.lana.2022.100222

	Volatile outcomes of essential public health functions: a cross-sectional study of surveillance and equitable access on Brazil’s Unified Health System (SUS)
	1 Introduction
	2 Methods
	2.1 Research design
	2.2 Research settings
	2.3 Data collection procedure
	2.4 Data analysis procedure

	3 Results
	4 Discussion
	4.1 Institutional capacity and performance variability
	4.2 A theory for studying EPHFs’ performance variability, volatile outcomes, and resilience
	4.3 Limitations and further work

	5 Conclusion

	References

