
Portuguese Journal
of Public Health

Research Article

Port J Public Health 2024;42:121–132
DOI: 10.1159/000539616

Received: October 23, 2023
Accepted: May 30, 2024
Published online: July 11, 2024

Epidemic Intelligence Threat Reporting Profile in
Portugal during the COVID-19: 2 Years of
Decrease in Reporting on Non-COVID-19 Threats

Vasco Ricoca Peixotoa, b Berta Grau-Pujola, c, d Matilde Ouriquee

Renato Lourenço da Silvaa Mariana Ferreiraa Ana Firmea Alexis Sentísf

Paula Vasconcelosa

aPublic Health Emergencies Centre, Directorate-General of Health, Lisbon, Portugal; bNOVA National School of
Public Health, Public Health Research Centre, Comprehensive Health Research Center, CHRC, NOVA University
Lisbon, Lisbon, Portugal; cECDC Fellowship Programme, Field Epidemiology path (EPIET), European Centre for
Disease Prevention and Control (ECDC), Stockholm, Sweden; dDirectorate of Information and Analysis,
Directorate-General of Health, Lisbon, Portugal; eWest-South Public Health Unit, Mafra, Portugal; fEpidemiology
Department, Epiconcept, Paris, France

Keywords
COVID-19 · Epidemic intelligence · Threat reports ·
Event-based surveillance · Communicable disease threat
reports · Public health surveillance · Emergency Operational
Center · Preparedness and response

Abstract
Background: Epidemic intelligence (EI) ensures early de-
tection, assessment, and communication of public health
threats. Threat reporting defines priorities and mobilize
resources for surveillance, prevention, and control. In Por-
tugal, the Directorate-General of Health (DGS) is responsible
for EI and publishes a weekly public health threat report
(RONDA). Changes in threats in regular threat reports since
COVID-19 have not been previously described. We analysed
changes in non-COVID threat reporting in the weekly threat
report. Methods: Using the DGS Emergency Operations
Centre’s threat reporting database, we compared threats
reported in RONDAs from 2016 to 2022 in three sequential
periods: P1 before COVID-19 (January 2016–March 2020), P2
during acute COVID-19 restrictions (April 2020–February

2022), and P3 in post-acute COVID-19 phase (February
2022–September 2022). We described the monthly average
frequency of reports on non-COVID-19 threats in those
periods considering different disease groups, geographical
focus, and information sources. We estimated expected non-
COVID-19 reports on threats using a forecast model fitted to
the time series until March 2020 and compared observed
and expected values. Results: Non-COVID-19 threats had a
decrease in the monthly average frequency of reporting in
period 2 (x1: 4.7 vs. x: 2.3, p < 0.001) compared to period 1.
Using the forecast methods, there were 114 fewer non-
COVID threats than the 162 expected (−70%) in period 2. In
period 3, there were 105 more threats than expected
(+256%). The ECDC and the WHO were the most frequent
sources of information followed by national Public Health
sources. Conclusions: During COVID-19, there was a de-
crease in reports on non-COVID threats in Portugal. COVID-
19 possibly affected global EI, by shifting attention and
resources from other threats to the pandemic. However, the
number of threats that warrant follow-up and communi-
cation is increasing. Further research is necessary to inform
the EI research and development agenda, to ensure that all
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relevant threats are detected, accessed, and communicated
according to evolving EI objectives and priorities while re-
sources and preparedness are guaranteed.

© 2024 The Author(s). Published by S. Karger AG, Basel

on behalf of NOVA National School of Public Health

Perfil de Relatórios de Alertas de Epidemic
Intelligence durante a pandemia por COVID-19 em
Portugal: dois anos de redução nos alertas não-
COVID-19

Palavras Chave
COVID-19 · Informação sobre epidemias · Relatórios de
ameaças · Vigilância baseada em eventos · Relatórios de
ameaças de doenças transmissíveis · Vigilância da saúde
pública · centro operacional de emergência · Preparação e
resposta

Resumo
Introdução: A epidemic intelligence (EI) assegura a deteção
precoce, a avaliação e a comunicação das ameaças para a
saúde pública para definir prioridades e mobilizar recursos
para a investigação, vigilância, prevenção e controlo. Em
Portugal, a Direção-Geral da Saúde (DGS) é responsável pela
EI e publica semanalmente um relatório de ameaças para a
saúde pública (RONDA) que é partilhado com a rede de
autoridades de saúde, instituições e profissionais de saúde
pública. As alterações nas ameaças comunicadas em rela-
tórios periódicos de ameaças desde a COVID-19 não foram
descritas anteriormente. Métodos: Comparámos as amea-
ças reportadas na RONDA entre 2016 a 2022 em três pe-
ríodos sequenciais: antes da COVID-19 (janeiro de 2016 -
março de 2020), P2 durante as restrições (abril de 2020 -
fevereiro de 2022) e P3 na fase pós-aguda da COVID-19
(fevereiro de 2022 - setembro de 2022). Comparamos a
frequência média mensal de ameaças não COVID-19 rela-
tadas entre todas as ameaças relatadas nesses períodos,
considerando diferentes categorias dentro do grupo de
doenças, foco geográfico e fontes de informação.
Resultados: As ameaças não-COVID-19 tiveram uma di-
minuição na frequência média mensal de reporte no Pe-
ríodo2 (14,7 vs. 2,3 p < 0.001) em comparação com o Pe-
ríodo1, antes da COVID-19. Houve um retorno ao padrão
pré-pandêmico de notificação no Período 3 (14,67 vs.
17,63 p < 0.208) para ameaças não COVID-19 com um
aumento nas doenças virais emergentes (2,20 vs. 7,62 p <
0.001). O ECDC e a OMS são as fontes de informação mais
frequentes, seguidas das fontes nacionais de saúde pública.

Conclusões: Durante a COVID-19, houve alterações no re-
porte de ameaças em Portugal. A COVID-19 possivelmente
afetou a EI e os relatórios de ameaças epidémicas globais,
possivelmente desviando a atenção e os recursos de outras
ameaças para a pandemia. No entanto, a quantidade de
ameaças que justificam o acompanhamento e a comuni-
cação pode estar a aumentar. É necessária investigação em
comunicação de ameaças detetadas no âmbito da EI a fim
de assegurar que todas as ameaças relevantes são avaliadas
e comunicadas de acordo com os objetivos da EI, ga-
rantindo simultaneamente o investimento em recursos e a
preparação para a prevenção e resposta.

© 2024 The Author(s). Published by S. Karger AG, Basel

on behalf of NOVA National School of Public Health

Introduction

Epidemic intelligence (EI) has been described as a web of
human and non-human relations producing priorities
about health threats to Europe and how they are handled
[1]. In the EU, this includes the member states (MS) Public
Health Emergency Operation Centres (PHEOC), the Eu-
ropean Centre for Disease Prevention and Control (ECDC),
and the World Health Organization (WHO), the European
Early Warning and Response System (EWRS), the com-
municable disease threats report (CDTR), disease networks
EPIS (epidemic intelligence information systems), the
EPIET/EUPHEM network, and various Web Scanning
tools and aggregators managed by different professionals.

Various tools, systems, training programs, the Inter-
national Health Regulations, and the EU legal framework
define the EU EI network within and outside Europe.
Technology and data collected online are central for
producing this new kind of knowledge which now shapes
how health security problems are understood and acted
upon in the “hunt for external and internal, cross-border
threats to health to be detected and contained ‘ahead of
the curve’” [1].

Periodic threat reports are relevant outputs of EI activities,
they allow for early awareness by a range of public health
professionals, surveillance officers, researchers, practitioners,
clinicians, and often the public. They also allow the mobi-
lization of resources for surveillance, outbreak investigation,
research, prevention, and control efforts.

The ECDC has the mandate to identify, assess, and
communicate current and emerging threats to human
health from communicable diseases in the EU [2, 3] and
produces a weekly report on active public health threats,
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the CDTR. At the MSs level, national communicable
disease threats reports have been using similar
methods [2, 4].

In Portugal, the PHEOC at the Directorate-General of
Health (DGS) has a legal mandate [5] to timely detect,
verify, and rapidly assess and communicate relevant
international and national health threats. The weekly
Report of Observations, News, Data and Alerts (RON-
DA) is a regular product of the EI activities in Portugal to
inform health authorities and health professionals on
current international and national health threads, to
promote early detection and reporting, and to improve
infectious disease prevention and control.

In terms of event-based surveillance, routine information
sources that are regularly reviewed and updated include
international and national official sources (e.g., ECDC, the
World Health Organization, and ministries of health, re-
gional, and local public health departments), specialist ag-
gregate websites (open-source websites that collate infor-
mation on infectious disease events, such as ProMED,
HealthMap, FluTrackers, and ReliefWeb), national and local
media sources, and social media. Official sources of infor-
mation are sought to confirmmedia reports. Official sources
from Portugal include the Portuguese Public Health Au-
thorities, the National Reference Laboratory, the Veterinary
Authority, and other public health institutes and partners as
necessary. Indicator-based surveillance can generate alerts
that may or may not be reported and adds information to
threats detected through event-based surveillance promoting
an integrated surveillance approach that is reflected in the
content of the reports of selected threats.

Threats are reported in a structured format with a
headline with event, place of occurrence, date of begin-
ning, sources of information, number of cases, and
summary. For each threat, the EI team includes an
overview/background of the situation, descriptive/
analytical epidemiology including epicurves and maps
when relevant, identification of actions taken and on-
going and recommendations for public health or health
professionals or risk assessments.

Recently, interest in analysing EI threat reporting
outputs has increased due to its potential for early
containment, prevention, and control of all hazard health
threats with large social and economic gains [6, 7]. A
recent study has analysed threats reported in WHO
Disease Outbreak News [8] until 2019 and provided
recommendations on how to ensure transparency and
standardization during the reporting process, which may
improve the confidence and usefulness of the reports.

In general, COVID-19 impacted every aspect of public
health practice. Resources and attention were allocated to

the COVID-19 pandemic [9]. This altered health services
including public health surveillance and EI reporting of
threats. To our knowledge, no analysis has been published
within emergencies operational centres or EI unit contexts
describing changes in reported threats during the COVID-
19 pandemic. We quantified changes in reported threat
trends for COVID-19 and non-COVID-19 threats to de-
scribe the possible impact of COVID-19 pandemic on EI
practice to generate hypothesis for further research re-
garding EI threat reporting and its relevance in shaping
health security, early alert and response and health pre-
vention priorities, and to inform EI research agenda and
reporting strategies in the post-acute COVID-19 period.

Methods

Data
In this descriptive study, we used the database of threats re-

ported in RONDA, the weekly threat report of the DGS PHEOC.
This consisted of a line list of all threats reported each week
(including updates on previous threats in subsequent weeks),
systematically registered in a structured format by a dedicated EI
Officer who participated in the EI procedures. We included all
threats to human health, which include threats related to disease in
humans, in animals, threats related to vector spread or seasonal
surveillance, mass events, and other non-infectious threats such as
extreme weather events and air quality phenomena. Data included
type of event, disease group, geographic focus of the communi-
cation, humans and animals affected, cross-border dimension, and
relevant sources of information for each reported threat.

Statistical Analysis
Wedescribed all reported threats (both new threats and updates on

previously reported threats) from January 1, 2016, to September 30,
2022, by disease groups, geographical focus, and main information
sources used for the event communication. Disease groups were
categorized as vaccine-preventable diseases, vector-borne diseases,
emerging viral diseases (not primarily transmitted by vectors), food
and water borne diseases, and influenza and other respiratory virus
(IRV), tuberculosis, legionnaires disease (LD), antimicrobial resistance
(AMR), and “Others,” including non-infectious threats to health and
mass gatherings. The geographical focus of the reports on threats was
categorized as Portugal, EURO (EEA countries and Switzerland), and
the world (other locations). Threats happening in different regions of
the world simultaneouslymay include separate reports on the threat in
Portugal and others on the disease in Europe or theworld. Information
source was categorized as WHO, ECDC, Portuguese Public Health
(including DGS [Directorate-General of Health]; INSA [National
Reference Laboratory]; Local and Regional Health Authorities/Public
Health Units and Departments; Directorate-General of Food and
Veterinary), and others.We defined 3 periods for analysis based on the
pandemic situation: period 1 – before COVID-19 (January 1,
2016–March 31, 2020); period 2 – during COVID-19 restrictions
(April 1, 2020–February 28, 2022); and period 3 – post-acute COVID-
19 period (March 1, 2022–September 30, 2022). In Portugal, the initial
state of emergency for COVID-19 was declared on March 23. Later it
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was de-escalated to a state of calamity, and, on February 17, 2022, the
state of calamity was deescalated to a state of alert (the minimum
severity legal framework state level) and almost all restrictions and
recommendations were lifted. We described the monthly average
number of reported threats by period for different categories of disease
groups, sources, and geographical focuses.

We compared threats’ characteristics proportions in different
periods to identify possible changes in patterns of reported threats.
We used a Poisson regression with link function and robust es-
timation to calculate a p value for the comparison of the monthly
average reported threats in different periods for disease groups,
geographical focus, and sources. The p value was considered
significant when p value <0.05.

Finally, to capture previous trends and seasonality in com-
paring the periods, we used an SPSS expert modeller to find the
best fitting models for the time series of non-COVID-19 threats
and non-COVID-non-IRV threats until March 31, 2020. Holt-
Winter’s additive models, considering seasonality, were applied to
the time series, with good adjustment to the model parameters
shown in the results, given by the SPSS expert modeller tool. Both
models had a good fit to the time series until March 31, as
demonstrated by the results. The analysis was performed using the
approach described by B Tabachnich for traditional model fore-
casts [10]. We used STATA 14 (StataCorp., TX, USA), SPSS 26 and
R Statistical Software for data analyses and visualization.

Results

Of 1,202 reports on threats, we observed a decrease in
reports on threats per month in period 2 compared to
period 1, and there has been an increase in period 3

compared to period 1 (Fig. 1; Table 1). Non-COVID-19
threats had a large decrease in the monthly average
frequency of reporting in period 2 (x: 4.7 vs. x: 2.3, p <
0.001) compared to period 1, before COVID-19. There
was a return to the pre-pandemic pattern of reporting in
period 3 (x: 14.67 vs. x: 17.63, p < 0.208) for non-COVID-
19 threats with an additional increase in emerging viral
diseases (x: 2.20 vs. x: 7.62, p < 0.001).

There was also a significant reduction In IRV (x: 2.24
vs. x: 0.25, p < 0.001). For AMRHA, STI, LD, tuberculosis,
extreme weather, mass gatherings, and other threats
counts were very low in all analysed periods.

When analysing all reports on threats, there was a
significant increase from period 1 to period 3 average
monthly reports (14.98 vs. 26.13, p < 0.001). All non-
COVID disease groups had a large significant reduction
in period 2 in comparison to period 1.

The average number of reported threats from Portugal
did not change significantly from period 1 to 2 but in-
creased from period 1 to 3. The average number of re-
ported threats from the EURO region reduced from
period 1 to 2 but was not significantly different between
period 1 and 3. Reported threats with a geographical focus
on the world situation reduced in period 2 and increased
in period 3 compared to period 1 (Fig. 2).

The ECDC and the WHO were overall the most
frequent sources of information on threats. Compared to
period 1, ECDCwas a less frequent source in period 2 and
more frequent in period 3. The WHO source was similar

Fig. 1. Frequency of non-COVID-19 and
COVID-19 threat reports in the Portuguese
weekly threat report by month (n = 1,202),
Portugal, January 2016–September 2022.
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between periods 1 and 2 but increased in period 3. The
Portuguese public health institutions’ sources of infor-
mation had similar frequencies in periods 1 and 2 and
increased in period 3 (Fig. 3).

There were changes in threat characteristics between
period 1 and period 3 in the disease group, geographic
focus of the report, and sources. Although the ECDC was
a very frequent source of information for threat reports
(68.1% of all threats), there was a reduction in the
proportion of threats with ECDC as a source from period
1 to period 3. Portuguese public health and other sources
remained similar in terms of the proportion of threats
when comparing these periods. There was a reduction in
EWRS and IHR sources and an increase in WHO sources
when comparing period 1 to period 3 (Table 2; Fig. 4).

Considering observed and expected non-COVID
threats, from April 2020 to January 2022, there were

114 fewer threat reports than the 162 forecasted
(−70%). In period 3, from February 2022 to October
2022, there were 105 more threat reports than expected
(+256%). The forecast used Winter’s Additive model
(alpha-0.001; gamma-1; delta 8.947) adjusted until
March 31 for the number of threats reported, R2 = 0.82,
test parameters of the model p < 0.05, adjustment
quality Ljung Box p = 0.66, ACF and PACF not
significant.

Considering observed and expected non-COVID and
non-IRV threats, from April 2020 to January 2022, there
were 118 fewer threats than the 159 forecasted (−74%) in
period 2. In period 3 from February 2022 to October
2022, there were 83 more threat reports than expected
(+162%). The forecast used a Winter’s Additive model
(alpha-0.056; gamma-5.6E−6; delta 0.001) adjusted until
March 31 for the number of threats reported, stationary

Table 1. Comparison of the average number of threats reported by month in different periods for a disease category, source, and
geographical focus (n = 1,202), Portugal, January 2016–September 2022

Period 1 mean Period 2 mean Period 3 mean P1–P2 p value P1–P3 p value

Disease group/threat category
All 14.98 10.83 26.13 <0.001 <0.001
Non-COVID-19 14.67 2.30 17.63 <0.001 0.208
COVID-19 0.31 8.52 8.50 <0.001 <0.001
FWD 2.23 0.04 1.63 <0.001 0.274
VPD 1.53 0.09 1.13 <0.001 0.350
VBD 4.10 0.61 2.88 <0.001 0.134
IRV 2.24 0.26 0.25 <0.001 <0.001
Emerging viral diseases 2.20 0.96 7.62 <0.001 0.003
AMRHAI 0.20 0.04 0
STI 0.078 0 0
LD 0.45 0.26 0 0.606
TB 0.16 0 0
Extreme weather 0.10 0 0
Mass gatherings 0.33 0 1.25
Other threats 0.63 0 1.63 0.007

Region
EURO 3.68 2.34 3.75 0.007 0.921
Portugal 4.84 3.70 10.50 0.059 <0.001
World 6.47 4.78 11.88 0.002 0.001

Source
EWRS 1.86 0.04 0.38 <0.001 <0.001
ECDC 11.08 5.91 16.25 <0.001 <0.001
IHR 2.64 4.57 6.50 <0.001 <0.001
WHO 5.65 5.17 12.63 0.42 <0.001
Portuguese Public Health and Veterinary 5.45 4.70 8.75 0.202 0.004
Other sources 5.69 1.48 10.88 <0.001 0.001

FWD, food and water borne diseases; VPD, vaccine preventable diseases; VBD, vector-borne diseases; IRV, influenza and other
respiratory virus (including seasonal influenza); AMRHAI, antimicrobial resistance and healthcare associated infections; STI, sexually
transmitted infections; LD, Legionnaires disease; TB, tuberculosis.
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R2 = 0.82, test parameters of the model p < 0.05, ad-
justment quality Ljung Box p = 0.44, ACF and PACF not
significant (Table 3).

Discussion

This is to our knowledge one of the first studies to
analyse EI-reported threats in periodic threat reports
during and after the acute phase of the COVID-19 pan-
demic. We found a large decrease (during approximately
2 years) in reported non-COVID-19 threats in the Por-
tuguese EI weekly threat report, during the acute COVID-
19 pandemic phase, and a recent return to the pre-
pandemic pattern of reporting with an additional in-
crease in emerging viral diseases reported threats. This
insight can contribute to ongoing research and develop-
ment efforts on EI threat detection, assessment and re-
porting in Europe, including on registries and databases of
EI threat detection, assessment, and reporting, generating

useful information on threats for analysis of trends,
characteristics, communication objectives, recommenda-
tions, sources for initial signals, and other information.
Ultimately, thismay contribute to a better understanding of
EI procedures and outputs allowing sharing of experiences
and improvement of policy and practice in this area.

We speculate that this phenomenon may have oc-
curred in communicable diseases threat reports from
international institutions which are important sources for
MS EI threat reporting like the ECDC (CDTR) and the
WHO. In this analysis, the ECDC and theWHOwere the
most frequent information sources for specific threats in
all 3 periods. Threat identification and prioritization for
communication may be influenced by changes in public
health practice, resource allocation, indicator and event-
based surveillance quality, disease burden, and social
focus [11]. Different allocations of limited surveillance
and EI human resources, and limited automation tools,
may contribute to changing surveillance, signal detection,
assessment, and reporting practices. Some non-COVID-

Fig. 2. Frequency of reported non-COVID-19 threats by disease group and geographic focus in the Portuguese
weekly threat report by month Portugal January 2016–September 2022. FWD, food and water borne diseases;
VPD, vaccine preventable diseases; VBD, vector borne diseases; IRV, influenza and other respiratory virus
(including seasonal influenza); other threats, all non-COVID-19 threats not represented in the figure’s disease
groups (n = 1,202), Portugal, January 2016–September 2022.
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3
(For legend see next page.)
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19 threats may have not been detected or under-
ascertained during the COVID-19 acute pandemic
phase at different levels. COVID-19 burden of disease
could partly justify this change as resources were directed
at the threat with higher disease burden and higher social
focus [12]. Further analysis and comparison of the in-
tensity of threat reporting and disease burden could also
give useful contributions to EI reporting, even though for
various reasons this analysis should be made with caution
because of different communication, prevention, and
control objectives for different types of diseases and dif-
ferent stages of prevention and control. For example, early
reporting on low-burden diseases may allow early pre-
ventive efforts to make them remain a low-burden disease
and this can be more cost-effective than later control ef-
forts for most infectious diseases, in most contexts.

Although some COVID-19 restrictions could justify a
reduction in reported threats for specific disease groups
(e.g., IRV, vaccine-preventable diseases), we argue that it
is unlikely that the dimension of the observed reduction
in most other threats was entirely due to the absence of
those threats. This is supported by our finding that ob-
served non-COVID threats were still lower than expected
using forecast methods considering trends and season-
ality, even when modelling the forecast exclusively for
non-COVID-non-IRV threats.

We speculate that there may have been changes in
surveillance and outbreak investigation of non-COVID-
19 threats in some contexts, and changes in the threshold
for inclusion in weekly threat reports. Because of limited
public health and surveillance human resources, a con-
centration of attention of public health workers and field

Fig. 3. Boxplots of the frequency of reported threats by month in 3
analysed periods. Themonthly median, percentile 25 and 75, lower
and upper limits, and outliers are represented for each analysed
threat characteristic Portugal, January 2016–September 2022.
FWD, food and water borne diseases. VPD, vaccine preventable

diseases; VBD, vector-borne diseases; IRV, influenza and other
respiratory virus (including seasonal influenza); AMRHAI, anti-
microbial resistance and healthcare-associated infections, sexually
transmitted infections, LD, legionnaires disease; TB, tuberculosis
(n = 1,202), Portugal, January 2016–September 2022.

Table 2. Comparison of the distribution of threat characteristics between period 1 and period 3, among
threats reported in the Portuguese weekly threat report (n = 1,202), Portugal, January 2016–September 2022

Period 1 Period 3 P1 vs. P3 Total

n = 747 n = 200 χ2 p value n = 1,202

frequency % frequency % frequency %

Disease group p < 0.001
Emerging 111 (14.9) 55 (27.5) 188 (15.6)
FWD 114 (15.3) 13 (6.5) 127 (10.6)
IRV 128 (17.1) 10 (5.0) 153 (12.7)
SARS-CoV-2 8 (1.1) 70 (35.0) 276 (23.0)
VBD 209 (28.0) 22 (11.0) 244 (20.3)
VPD 78 (10.4) 8 (4.0) 87 (7.2)
Other threats 99 (13.3) 22 (11.0) 127 (10.6)

Geographic focus p < 0.001
EEA 187 (25.0) 56 (28.0) 265 (22.0)
Portugal 238 (31.9) 24 (12.0%) 277 (23.0)
World except EURO 322 (43.1) 120 (60.0) 660 (54.9)

Sources
EWRS 95 (12.7) 4 (2.0) p < 0.001 99 (8.2)
ECDC 557 (74.6) 123 (61.5) p < 0.001 818 (68.1)
IHR 131 (17.5) 52 (26.0) p = 0.007 289 (24.0)
WHO 283 (37.9) 97 (48.5) p = 0.007 499 (41.5)
Portuguese Public Health 270 (36.1) 68 (34.0) p = 0.57 450 (37.4)
Other sources 285 (38.2) 85 (42.5) p = 0.26 403 (33.5)

FWD, food and water borne diseases; VPD, vaccine preventable diseases; VBD, vector-borne diseases; IRV,
influenza and other respiratory virus (including seasonal influenza).
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epidemiologists on COVID-19 may have contributed to
the observed phenomenon. Furthermore, editorial factors
can influence threat reporting, depending on internal
discussion and different communication objectives. We

speculate that thresholds for communication of detected
threats under assessment may change in relation to other
ongoing threats in certain periods considering the pre-
sented results. Changes in health-seeking behaviour for

Fig. 4. Reported threats in Portuguese weekly threat report and expected reported threats, January 2016–October
2022. Portugal.
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other diseases, and changes in diagnostic and notification
practices by clinicians may also have changed during this
period. COVID-19 was resource-intensive in terms of
contact tracing (led by public health professionals at
different levels), surveillance, EI and reporting, inter-
vention epidemiology, and operational research efforts.
Furthermore, apart from the reduction in people’s
movement globally, many other activities related to other
disease groups did not suffer such dramatic changes (food
production and distribution regarding food and water
borne diseases, trade routes, and outbreaks in endemic
and non-endemic settings and endemic vector-borne
diseases). Furthermore, after the spring of 2021, there
was a tendency for normalization of people’s movement
and contact within countries and around the world [13],
but we only observed an increase in reporting of other
threats after February 2022 when, in Portugal, the state of
calamity was deescalated to a state of alert (the minimum
severity legally framework state level) and almost all
restrictions and recommendations were lifted.

After 2 years of a decrease in reporting of non-COVID-
19 threats, in the most recent analysed period, there was an
increase in observed reports on threats comparing ex-
pected (forecasted threats) and observed reports on threats
merging viral disease had the largest increase considering
average monthly counts. This change is probably multi-
factorial; human resources allocation, changes in surveil-
lance and reporting threats, and a higher focus on human-
to-human transmission after COVID-19 in surveillance
and EI can be considered. For non-COVID-19 threats, a
normalization of epidemic patterns, surveillance, and EI
reporting practices in specific disease groups may justify
the growth in reporting in period 3.

International sources are relevant for national EI threat
reports [14]. In Portugal, the IHR event information
system, the EWRS, the ECDC CDTR, and WHO DON
are important sources for the selection of international
threats to include in periodic reporting. It is possible that
similar phenomena of reduction in non-COVID threats
may be found in other communicable disease threat

reports, from national and international institutes and
agencies and, should be researched and understood along
with its impact in priority settings, clinical and public
health professionals’ awareness and resource allocation
for other health threats prevention and control.

Overall number of reported threats increased from
period 1 to period 3 which should further raise awareness
towards a need to increase EI resources and improve EI
tools. On one side, it is possible that more threats are
being identified and reported on the other, besides the
previously discussed hypothesis, it is possible that the
threshold for what would be a threat worthy of reporting
may be changing according to communication objectives
and priorities related to preparedness and response.
Communication of threats should ultimately be guided by
usefulness for preparedness and response, practice, and
policy, and to mobilize, activate or guide resources for
surveillance, prevention, and control around a specific
threat. There are many examples in which communi-
cation of threats is important to enhance surveillance,
prevention, and control. This can only be fully achieved
by informing public health professionals, health au-
thorities, clinicians, public health practitioners, policy-
makers and even the public, often through the media. The
global network of EI and threat reporting is fundamental
for these processes.

The proportion of threats in different disease groups, and
geographical focus changed from period 1 to period 3 with
an increase in the proportion of emerging viral diseases and
a reduction in other categories. This may be related to
continuing COVID-19 reporting, the Monkeypox re-
emergence, and other potential emerging viral diseases of
interest. There were changes in the proportion of sources
used for threats between period 1 that can be further re-
searched to understand its causes and understand EI
practices in different moments and contexts, including the
importance of the ECDC and WHO reporting on national
EI activities and the importance of national official sources
and public health network and its usefulness. Threat re-
porting is not representative of all threats, but of surveillance

Table 3. Comparison of estimated and observed absolute number of threats during period 2 and period 3
and percentual change for non-COVID, and non-COVID-non-IRV threats (n = 1,202), Portugal, January
2016–September 2022

Non-COVID Non-COVID and non-IRV

expected observed % Δ expected observed % Δ

P2 (Apr 2020–Feb 2022) 162 48 −70.36 159 41 −74.21
P3 (Mar 2022–Oct 2022) 41 146 +256.10 51 134 +162.75
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functioning, outbreak detection and investigation, risk as-
sessments, international reporting and national reporting
practices, communication priorities and objectives and
perceived usefulness as information for action.

The discussion around EI resources and tools can no
longer be separated from artificial intelligence (AI) [15].
EI development agenda must consider and guide the
introduction and growth of AI and open AI in the
generation of potentially more alert signals and in the
learning to filter threats, to adequately assess and select
those that are of higher risk for public health for early
warning and response. This may allow for earlier de-
tection and decision-making that can prevent the re-
emergence of known diseases and, potentially, the next
pandemic, or buy us time for targeted preparedness and
response activities. However, selection for reporting and
communication of threats will continue to need human
assessment and decision, even if supported by emerging
technology.

We found an increase in threats reported with a
geographical focus on Portugal and the rest of the
World, compared to threats in Europe, outside Por-
tugal. This generates a hypothesis that more attention is
being paid to potential global threats. Threats in
Portugal are getting more attention or are more often
being detected. Portuguese public health as a source of
information for specific threats has also increased in
period 3 compared to period 1. This may be partly
justified by frequent updates on COVID-19, mon-
keypox and more frequent local and regional threats
and communications using information from local,
regional, and national level surveillance, public health
services, and health authorities.

The EI network should continue to clarify EI’s dy-
namic objectives and standardize methods across
countries to increase usefulness and comparability. EI
functioning is inseparable from strong and timely event-
based and indicator-based surveillance and preparedness
activities. Guidelines for EI threat reporting can be fur-
ther developed. However, risk assessment and EI re-
porting processes will continue to demand flexibility as
different types of threats, contexts and geographical
perspectives require different types of expertise and as-
sessment methods, partners and may have different
communication objectives and target audiences consid-
ering the magnitude, social transcendence, capacity to
respond, uncertainty and the threat communication
potential to improve preparedness and response. Eval-
uations of usefulness for different recipients and readers
of reports may help by documenting reach and guiding
improvements. EI reporting in different MSs, the ECDC

and theWHO could be further compared, to strengthen a
common vision of the role and procedures of EI threat
reporting in global public health [8].

EI practices and tools used vary among countries [16,
17]. The development of EI should include a research
agenda on EI outputs such as threat reporting as this is a
powerful tool to define priorities that can mobilize re-
sources for early prevention and control while contrib-
uting to cascading knowledge and good practices.

EI threat reporting in MS is a relatively recent
endeavour and there are different focuses and prac-
tices [18]. There are published studies related to EI
activities [19] but only a few focused on reported
threats [20, 21].

Conclusion

There was a lower reporting of public health threats
during the COVID-19 acute period in the Portuguese
weekly EI threat report. Changes in threat reporting
priorities and their causes can help inform European and
global EI strategic planning [8] while reassessing objec-
tives, usefulness, training, tools, and human resource
needs in a post-pandemic world. Further efforts should be
made to understand what factors influence threat re-
porting priorities and, at a later stage, its impact on
preparedness and response to future threats of different
diseases. We recommend strengthening and standard-
izing of monitoring and evaluation of threat reporting
procedures. The later increase in reported threats raises
awareness of the importance of strengthening surveil-
lance and EI activities and guaranteeing workforce, and
effective tools beyond the COVID-19 pandemic to early
detect, report, and respond to global and regional health
security threats.
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