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ABSTRACT

INTRODUCTION The COVID-19 pandemic exposed the weaknesses of epidemiological surveillance systems and highlighted the need

to integrate new respiratory viruses into sentinel surveillance systems. However, current evidence on their effectiveness remains

limited.

AIM This project conducts a scoping review to describe the available evidence on the integration of COVID-19 into sentinel

surveillance systems.

METHODS The included studies addressed sentinel surveillance in the context of the pandemic following the World Health
Organization declaration. A systematic search was performed in databases including MEDLINE, LILACS, EPISTEMONIKOS, and
DIMENSIONS, selecting observational studies and systematic reviews. Data collection and analysis were organized into categories

such as clinical characteristics, timely detection, geographic representativeness, co-infection, and adaptability with genomic

surveillance. Seventeen studies reporting on COVID-19 integration impact and one preliminary WHO report were identified.

RESULTS Results identified the most prevalent symptoms in the general population: fever (73%), cough (51.8%), loss of taste or smell

(45.1%), hypoxemia (33%), and sputum production (23.9%). A high correlation was obtained between SARI cases or hospitalizations

due to respiratory infection and the incidence of COVID-19 (p = 0.78 and p = 0.82 respectively).

CONCLUSIONS Integrating COVID-19 into the sentinel surveillance system could improve detection, response, and follow-up

capacity. Additionally, implementing standardized case definitions promotes more efficient use of laboratory resources, thereby

enhancing the sustainability of the surveillance system.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), first reported in Wuhan, China, in late 2019,
triggered the COVID-19 pandemic, which impacted respiratory
infection surveillance activities. Currently, many countries are
transitioning out of a state of emergency, following the
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recommendations of agencies such as the World Health
Organization (WHO) and the European Centre for Disease
Prevention and Control (ECDC) [1]. Sentinel surveillance is
based on information from "sentinel units', which report on
a predetermined sample of individuals in whom the event
of interest occurs [2]. The WHO recommends specific case
definitions, including Acute Respiratory Infection (ARI), Severe
Acute Respiratory Infection (SARI), and Influenza-like lliness (ILI)
[3]. Additionally, the information is crucial in public health.
The data obtained can guide strategies to limit the spread of
SARS-CoV-2, as well as to reduce morbidity and mortality. WHO
suggests maintaining and strengthening sentinel surveillance
[4]. Finally, efforts have been initiated to assess priorities
from a country perspective, identifying challenges and gaps in
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Available evidence on integrating COVID-19 into sentinel surveillance systems

MAIN MESSAGES

« The scoping review focused on examining the available evidence for sentinel surveillance systems, including clinical
characteristics, timely detection and response, geographic representativeness, efficient resource utilization, and adapta-

bility in the context of genomic surveillance.

« Theintegration of COVID-19 into sentinel surveillance systems for severe acute respiratory infections has shown that it

could have a favorable impact.

« Despite the observed benefits, the available evidence is limited and heterogeneous due to differences in sentinel

surveillance systems in different countries.

integrating COVID-19 into surveillance systems for influenza and
other respiratory viruses [5].

In this context, the integration of COVID-19 into sentinel
surveillance systems for severe acute respiratory infection
represents a key tool for more efficient monitoring against
future pandemic threats. This project aims to describe the
available evidence on the impact of integration, analyze
the responsiveness of epidemiological surveillance systems,
monitor virus variants, and evaluate health interventions.

METHODS
This review followed the five stages described in the Arksey
and O'Malley framework [6].

Stage 1: identification of the research question

The following question directed this structured review:

What is the available evidence of the impact of COVID-19
integration into sentinel surveillance systems on COVID-19
management?

Phase 2: identification of relevant studies

A systematic search was conducted in the following
databases: MEDLINE/PubMed, LILACS, Epistemonikos and
Dimensions. The latter incorporates artificial intelligence, which
optimizes information retrieval by applying machine learn-
ing algorithms and natural language processing. The search
strategy used in Dimensions was: ("COVID-19" OR "coronavirus"
OR "SARS-CoV-2") AND ("sentinel surveillance" OR "surveil-
lance system" OR "sentinel networks" OR "sentinel surveil-
lance system" OR "sentinel surveillance system" OR "sentinel
surveillance system" OR "sentinel surveillance system") AND
("Universal Surveillance" OR "Mass Surveillance").

After selecting the studies, a literature review of the
references from the selected articles was conducted. The
systematic search was limited to publications in English and
Spanish, and focused on studies published since 2019. In
addition, a search of gray literature was included in technical
and operational reports issued by public health agencies, such
as the WHO, and by governmental entities. Incomplete studies,
opinion articles, narrative reviews, articles that did not include
the impact of COVID-19 integration into sentinel surveillance
systems, and studies conducted outside the temporal context of
the SARS-CoV-2 pandemic were excluded.

Phase 3: study selection

Two authors (JGS and JAI) independently reviewed titles and
abstracts. They then reviewed relevant articles in their entirety.
Articles describing the integration of COVID-19 into sentinel
surveillance systems and case definition criteria confirmed by
reverse transcriptase polymerase chain reaction (RT-PCR) were
included. If the two reviewers could not agree on the inclusion
of the abstract or the full article, the opinion of a third reviewer
(DPM) was sought.

Phase 4: data charting process

Two reviewers (JGS and DPM) developed the standardized
matrix in Microsoft Excel ® (Annex 1). Two authors (JGS and
JAI) independently performed the data extraction. Information
related to general data (title, year of publication, country) and
methodological data (research design, objective and clinical
outcomes) was collected. The critical appraisal tools of the
Joanna Briggs Institute (JBI) [7] were applied to analyze the
reliability, relevance, and results of the included articles.

Phase 5: summary of results

The results were organized into the following catego-
ries: clinical characteristics, timely detection and response,
geographic representativeness, efficient use of resources,
coinfection, and adaptability with genomic surveillance. The
review was conducted according to the Preferred Reporting
Items for a Systematic Review and Meta-Analysis guidelines
extension for scoping reviews (PRISMA-SCR) [8].

RESULTS

We identified 44 studies exploring the integration of
COVID-19 into sentinel surveillance systems (Figure 1).

The included studies were: 1 systematic review and 16
cross-sectional studies from: United Kingdom [9], Spain [10-
12], Belgium [13], Kenya [14], China [15], United States [16-18],
Portugal [19], Egypt [20], Israel [21,22], Uganda [23], Niger [24],
Bangladesh [25] and a WHO report [26]. The studies reported
data between January 30, 2020, and December 15, 2023 (Table
1).

Epidemiological surveillance of COVID-19 has represented a
global challenge for health systems, requiring adaptive and
efficient approaches to its monitoring. Among the systems
implemented, sentinel surveillance and universal surveillance
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Figure 1. Flow diagram according to the PRISMA-ScR statement for integrating COVID-19 into sentinel surveillance systems.
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PRISMA-ScR: Preferred Reporting Items for Systematic Reviews and Meta-Analyses for Scoping Reviews.

Source: Prepared by the authors based on the results of the study.

Table 1. Characterization of the results.

Attribute 44 papers, 12 countries (100%)

Origin of the article by region of Latin America and the Caribbean: 0
the world countries

Europe and North America: 8
countries

Asia and the Pacific: 3 countries
Africa: 3 countries

Arab States: 1 country

2021: 1 article

2022: 6 articles

2023: 10 articles
Systematic review: 1 article

Year of publication

Type of reference

Cross-sectional studies: 16 articles
Reports: 1 article

Source: Prepared by the authors of this study.

have been widely discussed in terms of their performance,
sustainability and capacity to generate relevant information
in diverse contexts. Based on the evidence available between
2020 and 2023, eight key characteristics have been eval-
uated: sustainability, geographic representativeness, coinfec-
tion monitoring, resource efficiency, early detection, variant
detection, cost-effectiveness and sequencing capacity. The
results are classified as positive, potentially positive, and
inconclusive, with the amount of evidence supporting each
finding also indicated (Figure 2).

Clinical features

The frequency of signs and symptoms constitutes a crucial
element in developing a case definition within the frame-
work of sentinel surveillance. In this context, the results of
three studies analyzed the clinical characteristics of COVID-19
in different geographical settings. These findings highlight
fever and cough as the most prevalent symptoms, although
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Figure 2. Comparison of COVID-19 surveillance systems. Sentinel versus universal evidence-based surveillance 2020 to 2023.
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significant differences are observed according to the character-
istics of the population and the setting evaluated (Table 2).

Additionally, the WHO, in its latest publication on the strategy
for integrating COVID-19, reported sensitivity and specificity
based on the case definitions used for influenza surveillance,
yielding similar values for comparison (Table 3).

Timely detection and response

Studies conducted between 2022 and 2023 have demonstra-
ted that sentinel surveillance enables the early identification of
epidemic peaks, concurrent circulation of respiratory patho-
gens, and SARS-CoV-2 positivity rates. In addition, these have
provided essential information for public health decision-mak-
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Table 2. Comparison of clinical findings of COVID-19.

Location and year Study design Key features

Median prevalence of symptoms

United Kingdom, 2022 Systematic review (14
studies)

States (9.0%).

Addresses definitions ILI, ARI, SARI. China
(69.7%), Europe (23.9%), and the United

General symptoms: fever (73%, IQR = 58.3 to 78.7),
cough (51.8%, IQR =45 to 59.7), loss of taste or
smell (45.1%, IQR = 28.9 to 54.0), hypoxemia (33%),
expectoration (23.9%, IQR = 23.3 to 25.5).

Adults: loss of taste/olfactory (30.5%, IQR = 15.7 to
45.2), hypoxemia (33%).

Children: fever (58.3%, IQR = 56.6-59.9), cough (43%,
IQR = 42 to 44), headache (34.3%, IQR = 18 to 50.7),
nasal congestion (20%), muscle ache (19.6%, IQR =
11.8to 27.3).

California, USA, 2022 Cross-sectional study

1696)

Community transmission monitoring (n =

Cough (55.6%), headache (48.6%), muscle pain
(44.5%), sore throat (37.4%), and fever (35.3%).

Kenya, 2022 Cross-sectional study

pathogens (n = 177)

Surveillance of SARS-CoV-2 and other

Rhinorrhea (68.4%), fatigue (54.1%), myalgia (53.7%),
fever (52%), anosmia (24.9%), diarrhea (3.9%).

ILI: influenza-like illness. SARI: Severe Acute Respiratory Infection. ARI: acute respiratory infection. IQR: interquartile range.
Critical appraisal data from the included evidence sources are available at: https://doi.org/10.6084/m9.figshare.27273600.v.

Source: Prepared by the authors of this study.

Table 3. Summary of the performance characteristics of the case definitions.

Influenza COVID-19 (2021 evaluation)

Sensitivity Specificity Sensitivity Specificity
ILI 45 to 55% 85 t0 95% 20 to 55% 38 to 90%
ARI 94% 27% 60 to 96% 10 to 45%
SARI 45 to 70% 45 to 70% 3310 62% 31to 77%

ILI: influenza-like illness. SARI: severe acute respiratory infection. ARI: acute respiratory infection.
Source: End-to-end integration of SARS-CoV-2 and influenza sentinel surveillance: revised interim guidance.

ing and the design of epidemiological control strategies (Table
4).

Geographical representativeness

Surveillance systems require samples to be representative of
the general population, as demonstrated by a study conducted
in Washington, USA, which analyzed the geographic extent of
available sequencing data for COVID-19 cases using a hotspot
map. Prior to the implementation of sentinel surveillance, only
3.3% of confirmed cases (10 653 of 323 121 total cases) had
sequencing information available, which limited the representa-
tiveness of the geographic data. However, during the period
when sentinel surveillance was implemented, this percentage
increased to 12.1% (56 106 cases sampled). This allowed for
greater coverage and uniformity across counties. These results
highlight the significant contribution of sentinel surveillance
to improving the representativeness and utility of infectious
disease monitoring systems.

Efficient use of resources

In three studies from Spain, it was observed that in the
autonomous community of La Rioja, a comparison between
sentinel and universal surveillance systems for monitoring acute
respiratory infections (ARI) reveals that, although general trends
show consistency, the sentinel surveillance system presents
variations. For example, in children under four years of age,

sentinel surveillance reached higher incidence peaks (4958
cases per 100 000 population compared to 3691 in univer-
sal surveillance), while in week 2 of 2022, it reported 31534
cases per 100 000 population compared to 1773 in universal
surveillance. These differences in incidence reflect the ability of
sentinel surveillance to capture epidemiological patterns. This
enables the optimization of resources by reducing the need to
monitor the entire population. In Castilla y Ledn, 62 000 people
(2.6% of the total population) were monitored by 68 strategi-
cally distributed basic surveillance units. This approach enabled
the efficient capture of epidemiological trends and reduced
operating costs, ensuring the sustainability of the surveillance
system.

Coinfection

Coinfection with SARS-CoV-2 and other respiratory patho-
gens, such as influenza A, influenza B, and respiratory syncy-
tial virus, is a clinical/epidemiological problem in East Africa,
as evidenced by studies in Uganda and Kenya. During the
study period, a total of 22 cases of coinfections were detected
by surveillance centers for influenza/severe acute respiratory
infection type diseases: 2 cases with SARS-CoV-2/AH3, 9 cases
with SARS-CoV-2/B.1.1.7 (also known as B. 1.1.7 or B. 1.1.7), and
11 cases with SARS-CoV-2/AH1pdm09. On the other hand, in
Kenya, out of a total of 1271 individuals, the most common
co-infectious pathogens were Streptococcus pneumoniae (n =
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Table 4. Main findings from COVID-19 monitoring.

Location and year

Intervention or study population

Main findings

Chicago, USA, 2022

Patients who received SARS-CoV-2 testing in
community settings.

Sentinel surveillance showed increases in R(t) weeks before
hospital data recorded the same increase.

Portugal, 2021 to 2022

Of these (n =324 872), 13 952 met criteria for
sentinel specimen with positive diagnosis in
3607 specimens.

Through Nowcasting with an assessment date of February 27,
2021, sentinel case counts, now predicted, suggested that R(t)
had increased beyond 1.0.

Castillay Ledn, Espaiia, 2021 to

SARI sentinel surveillance system based on

A high correlation was obtained between SARI cases

2022 electronic health records

or hospitalizations for respiratory infection and COVID-19
incidence (p = 0.78 and p = 0.82, respectively). SARI cases
detected the epidemic peak of COVID-19 one week earlier. A
weak correlation was observed between SARI and influenza
cases (p =-0.20).

Cataluia, Espafia, 2019 to 2020

ARI symptoms.

PIDARIC primary care network n = 878
respiratory samples from patients with ILI and

Weekly estimates of COVID-19 incidence are consistent with
the universal surveillance conducted in Castilla y Ledn until
the change in national strategy (week 12 of 2022). The pooled
Pearson correlation coefficient before that week was 0.997 (p
< 0.001) and 0.996 (p < 0.001) and 0.921 (p < 0.001) for the
epidemic and non-epidemic periods, respectively.

Egipto, 2022 Integrated surveillance of acute respiratory A higher positivity rate was observed among SARI patients
infections compared to ILI patients (45.7% versus 22.4%, p < 0.01). The
majority of SARI cases (95.3%) were caused by SARS-CoV-2,
compared with 65.4% of ILI cases.
China, 2022 to 2023 (n=18160) Analyzing data from different regions of China (southwest,

central, north, and northeast) the rate of SARS-CoV-2
positives peaked in week 51 (72.5%, 72.3%, 41.2%, and
37.5%, respectively). Using sentinel surveillance with ILI case
definitions is capable of detecting peaks in the positive rate.

Bangladesh, 2022 to 2023
waves of COVID-19

Patients monitored during the fifth and sixth

The majority of patients meeting the COVID-19 suspect
case definition (2141, 91%) were identified in the outpatient
departments of all surveillance hospitals, and of these, 865
(40%) were confirmed to have COVID-19. In contrast, among
all patients enrolled in the inpatient department, 57 (28%)
were found to be positive for COVID-19.

California, USA, 2022 (n=115 844)

Among those positive for SARS-CoV-2, 29% met the ILI clinical
case definition and 25.4% met the case definition. A smaller
proportion of non-COVID-19 coronavirus-positive persons
met ILI (21.1%) or CLI (17.4%) criteria, and even fewer of
those positive for rhinovirus/enterovirus met either definition
(17.2% for ILI and 13.6% for CLI). However, specificity
exceeded 80% for the ILI and CLI definitions for SARS-CoV-2,
rhinovirus/enterovirus, or a non-COVID-19 coronavirus.

Israel, 2022 to 2023

Positive for SARS-CoV-2: 30 381 cases

When the national positivity rate was 2% or lower, sentinel
surveillance was insufficient to detect SARS-CoV-2 activity.

SARI: Severe Acute Respiratory Infection. ILI: Influenza-Like lliness.. PIDARIC: Pla d'informacio de les infeccions respiratories agudes a Catalunya. CLI:

COVID-19-like illness.
Source: Prepared by the authors of this study.

29) and Haemophilus influenzae (n = 19), which accounted for
2.3% and 1.5% of all SARS-CoV-2-positive samples, respectively.

Adaptability with genomic surveillance

The ability to rapidly detect new pathogens is a key indicator
of the effectiveness of a surveillance system. For example, a
study conducted in Belgium with 5695 respiratory samples
found that 1558 samples tested positive for SARS-CoV-2, and
925 of these samples were successfully sequenced.

Initial genomic surveillance enabled the evaluation of the
epidemic growth rate of SARS-CoV-2 variants by examining the
growth slopes during the epidemic phase. In these, BA.1 (23.21)
was the highest, followed by B.1.617.2 (Delta, 13.87), BA.5 (12.10)

and BA.2 (10.91), while P.1 (1.84) and BA.4 (1.92) had much
slower growth. Variants such as B.1.351 and BA.3 showed no
definite epidemic growth (R? indeterminate), and P.1 had a poor
regression fit (R* = 0.90). Although B.1.617.2 achieved 100%
weekly detection, other variants had varied peak detection
levels, such as BA.2 (98.5%), BA.1 (95.3%), and B.1.1.7 (85.1%), in
contrast to BA.3 (0.14%) and B.1.351 (4.6%). The period between
initial detection and epidemic growth varied between 2 and 8
weeks, depending on the variant. This highlights the importance
of early surveillance to identify rapidly spreading variants.

In Israel, genome sequencing, performed on sentinel samples
positive for SARS-CoV-2, provided additional support for this
same sentinel surveillance. In Niger, out of a total of 51
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SARS-CoV-2 positive samples identified through the sentinel
surveillance system, 23 (45.1%) were eligible for sequenc-
ing. This analysis revealed the identification of two Omicron
sublineages, notably BA.5 and BA.3, as well as 14 XBB.1/XBB.1.5
sublineages and one recombinant XBD variant. The XBB.1.5
sublineage is of considerable concern due to its rapid spread
in the United States, underscoring the importance of identifying
and characterizing it through genomic surveillance. The latter
demonstrates the ability to detect specific sublineages and
recombinant variants, allowing monitoring of their spread and
behavior.

DISCUSSION

The review demonstrates that the integration of COVID-19
into sentinel surveillance systems has improved the ability
to monitor respiratory diseases. It has also enabled the early
detection of epidemic thresholds and the identification of
coinfections [27,28]. In this line, it could be an efficient tool to
optimize resources, especially in scenarios where health systems
faced economic constraints during the COVID-19 pandemic.
This was particularly relevant in some countries, where the
redirection of resources allowed for improved surveillance of
high-incidence respiratory diseases [29].

The implementation of multiplex PCR tests has enabled the
more accurate identification of coinfections between SARS-
CoV-2 and other respiratory pathogens. Similarly, they have
been useful for monitoring the simultaneous circulation of
different respiratory viruses [30,31].

One of the primary challenges is integrating genomic
surveillance into sentinel surveillance. More than 50% of
countries already perform genetic sequencing, which offers a
cost-effective and sustainable opportunity to track SARS-CoV-2
variants and strengthen the response to future pandemics [32].

The economic and operational implications vary significantly
between countries, depending on their health systems and level
of development. In countries with advanced health systems,
such as Israel and Portugal, the preexistence of techno-
logical infrastructure, specialized personnel, and integrated
digital health information systems facilitated the simultane-
ous implementation of sentinel and genomic surveillance
for COVID-19. These countries achieved high sensitivity in
detecting variants and epidemiological changes, as evidenced
by the significant correlations reported in Portugal between
cases of severe acute respiratory infection and the incidence
of COVID-19. The capacity for genomic sequencing in these
settings enabled the accurate characterization of circulating
viral diversity and the early detection of emerging variants.
This differs from resource-limited countries such as Niger
and Bangladesh, which face significant challenges, includ-
ing inadequate diagnostic infrastructure, limited information
systems infrastructure, and a shortage of skilled person-
nel. These countries had to adapt their strategies by selec-
tively prioritizing sentinel sites, reducing geographic coverage
but maintaining population representativeness. In Niger, for

example, only 45.1% of SARS-CoV-2-positive samples were
eligible for sequencing, which could result in an incomplete
characterization of circulating viral diversity. Despite these
limitations, they successfully implemented functional systems
that provided valuable epidemiological information for local
decision-making.

Heterogeneity in sentinel surveillance systems across
countries constitutes a significant methodological limitation
for this review. Differences in operational case definitions
(influenza-like illness, acute respiratory infection and severe
acute respiratory infection), sentinel site selection criteria,
sampling protocols and diagnostic algorithms employed make
direct comparability of results difficult. For example, while
some countries, such as Spain, implemented systems with high
geographical representativeness (68 basic surveillance units in
Castilla y Ledn), others had to concentrate resources in specific
areas. Likewise, the variability in genomic sequencing capacity
(from less than 50% in low-resource countries to nearly 80% in
developed countries) generates asymmetries in the detection
and characterization of variants. Future studies should develop
standardized frameworks for evaluating surveillance systems
that explicitly address these contextual differences, allowing
more robust comparisons between diverse settings.

CONCLUSION

Finally, WHO's interim guidance on integrating SARS-CoV-2
and influenza surveillance underscores the need for flexible
surveillance systems, with strong government support and use
of existing health infrastructure. This is to ensure an effective
response to future health threats [26].
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Available evidence on integrating COVID-19 into sentinel surveillance systems

Evidencia disponible de integracién de COVID-19 a sistemas de
vigilancia centinela: revision de alcance

RESUMEN

INTRODUCCION La pandemia de COVID-19 evidencid las debilidades de los sistemas de vigilancia epidemioldgica y resalté la
necesidad de integrar nuevos virus respiratorios en los sistemas de vigilancia centinela. Sin embargo, la evidencia actual sobre su
eficacia sigue siendo limitada.

OBJETIVO Este proyecto lleva a cabo una revision del alcance para describir la evidencia disponible sobre el impacto de la integracién
del COVID-19 a los sistemas de vigilancia centinela.

METODOS Los estudios incluidos abordaron la vigilancia centinela en el contexto de la pandemia tras la declaracién de la
Organizacién Mundial de la Salud (OMS). Se realizé una busqueda sistematica en bases de datos como MEDLINE/PubMed, LILACS,
Epistemponikos y Dimensions. Se utilizaron estudios observacionales y revisiones sistematicas. La recopilacion y el andlisis de

datos se organizaron en categorias como caracteristicas clinicas, deteccién oportuna, representatividad geografica, coinfeccién y
adaptabilidad con la vigilancia genémica. Se identificaron 17 estudios que informaron sobre el impacto de la integracién de COVID-19
y un informe preliminar de la OMS.

RESULTADOS Los resultados mostraron entre los sintomas mas prevalentes en la poblacidn general: fiebre (73%), tos (51,8%), pérdida
de gusto u olfato (45,1%), hipoxemia (33%), expectoracion (23,9%). Se obtuvo una alta correlacion entre los casos de infeccion
respiratoria aguda grave (SARI) u hospitalizaciones por infeccidn respiratoria y la incidencia de COVID-19 (p =0,78y p = 0,82
respectivamente).

CONCLUSIONES La integracion de COVID-19 al sistema de vigilancia centinela podria mejorar la capacidad de deteccion, respuesta y
seguimiento. Asimismo. la utilizacién de definiciones de caso conduce a un uso mas eficiente de pruebas de laboratorio que asegura
la sostenibilidad del sistema de vigilancia
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