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ABSTRACT

Respiratory viruses represent a significant public health threat. There is the need for robust and coordinated surveillance to
guide global health responses. Established in 2012, the Global Influenza Hospital Surveillance Network (GIHSN) addresses this
need by collecting clinical and virological data on persons with acute respiratory illnesses across a network of hospitals world-
wide. GIHSN utilizes a standardized patient enrolment and data collection protocol across its study sites. It leverages pre-existing
national infrastructures and expert collaborations to facilitate comprehensive data collection. This includes demographic, clini-
cal, epidemiological, and virologic data, and whole genome sequencing (WGS) for a subset of viruses. Sequencing data are shared
in the Global Initiative on Sharing All Influenza Data (GISAID). GIHSN uses financing and governance approaches centered
around public-private partnerships. Over time, GIHSN has included more than 100 hospitals across 27 countries and enrolled
more than 168,000 hospitalized patients, identifying 27,562 cases of influenza and 44,629 of other respiratory viruses. GIHSN
has expanded beyond influenza to include other respiratory viruses, particularly since the COVID-19 pandemic. In November
2023, GIHSN strengthened its global impact through a memorandum of understanding with the World Health Organization,
aimed at enhancing collaborative efforts and data sharing for improved health responses. GIHSN exemplifies the value of inte-
grating scientific research with public health initiatives through global collaboration and public-private partnerships govern-
ance. Future efforts should enhance the scalability of such models and ensure their sustainability through continued public and
private support.

1 | Introduction collaboration of sentinel hospitals monitoring acute respiratory

infections in hospitalized patients. The network has actively
Surveillance platforms to monitor respiratory viral illness are collected year-round data from thousands of respiratory hospi-
crucial to public health. Established in 2012, the Global Influenza talizations, integrating clinical and virologic information, in-
Hospital Surveillance Network (GIHSN) is a multicountry  cluding virus genome sequencing [1].
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A pivotal aspect of this network is its reliance on pre-existing
national infrastructures and expertise. All GIHSN coordinating
sites have extensive experience in hospital-based surveillance.
Some of these institutions are actively engaged in their coun-
try's national surveillance efforts, including the World Health
Organization (WHO) National Influenza Centres (NICs), public
health institutes, and academic centers. GIHSN collaborators
recruit local hospitals that adopt standardized patient enrolment
approaches, collecting uniform data on respiratory hospitaliza-
tions and linking specimens tested for respiratory viruses with
epidemiological and clinical data, including clinical outcomes
during hospital stays. A subset of viruses undergo whole ge-
nome sequencing (WGS), and the information is uploaded into
the Global Initiative on Sharing All Influenza Data (GISAID)
platform [2]. The GIHSN mission and procedures align with dis-
cussions of the pandemic accord, emphasizing the necessity for
robust international cooperation and data-sharing mechanisms
in pandemic preparedness and response [3].

From its inception, the GIHSN has employed innovative financ-
ing and governance approaches centered around public-private
partnerships (PPP) to effectively coordinate a sustainable sur-
veillance initiative with global reach.

2 | The GIHSN Over the Years

For more than a decade, the GIHSN has contributed to the moni-
toring of influenza and other respiratory viruses. It has included
more than 100 hospitals across 27 countries and five continents.
Figure 1A illustrates the geographical distribution of the sites
collaborating within the GIHSN, from the 2012-2013 season to
2022-2023.

Initsinaugural season in 2012-2013, the network was composed
of four coordinating sites [4, 5]. During the first three seasons,
network sites were predominantly in the Northern Hemisphere
and concentrated within upper-middle or high-income coun-
tries [4, 6, 7]. However, since 2015, there has been a notable and
intentional increase in geographical representation, with sites
spread across diverse geographical locations and an increase in
the number from lower and middle-income settings (Figure 1B)
[8, 9], in an attempt to ensure the collection of data that are more
representative of the populations at risk and the varying season-
ality of respiratory viruses globally.

The coordinating sites operate following a standardized core
protocol and use a common questionnaire to capture patient
data uniformly. Individual patient-level demographic, clinical,
epidemiological, and virologic information are systematically
recorded from patients admitted with respiratory illnesses who
meet predetermined eligibility criteria (Figure 2). Importantly,
information is collected on the continuum of illness, from pre-
hospitalization signs, symptoms, and management to hospital
documented disease severity, as well as treatment and clinical
outcomes and characterization of the patients' comorbidity pro-
file. Data management systems were implemented to ensure
data quality and comparability, enabling efficient data pooling
among sites. Whereas hospitalization patterns vary by age and
setting, the overall global surveillance platform includes pe-
diatric and adult hospitals, as well as specialized and general

hospitals, allowing a wide representation of patients of all ages
to be captured (Figure 3).

Virus testing is conducted using polymerase chain reaction
(PCR); for several sites, the GIHSN was catalytic to improving
their surveillance and diagnosis standards over the years. The
GIHSN has further expanded the scope of surveillance to en-
compass genomic sequencing. As such, sites submit sequenc-
ing data from a subset of their positive specimens, preferably
WGS, or alternatively the influenza hemagglutinin (HA) and
neuraminidase (NA) next-generation consensus sequences to
the EpiFlu database of GISAID [2]. To facilitate the introduc-
tion of sequencing into local influenza surveillance, the GIHSN
has developed and provided a sequencing protocol that helped
set-up the process in several sites. For sites lacking independent
sequencing capabilities, there is a provision to send samples to
the NIC's sequencing platform in Lyon, France, or to the WHO
Collaborating Centres to ensure that all sites can contribute viral
genome data without limitations imposed by limited resources.

The GIHSN has evolved into an integrated surveillance and sci-
entific collaboration, adapting to meet changing public health
needs and objectives. While its overarching goal to delineate
the epidemiology of viral-associated hospitalizations and gain
insights into viral strain circulation, severity, and risk factors
remains constant, other objectives have evolved in response to
public health needs. For example, during the coronavirus disease
2019 (COVID-19) pandemic, when disruptions in virus circula-
tion were documented globally [10], it became clear that moni-
toring virus circulation year-round was needed. Consequently,
GIHSN expanded its focus from primarily tracking influenza
and other respiratory viruses during the respiratory seasons to
encompassing continuous data collection on a broader range of
respiratory viruses (Table 1). This shift was facilitated by the
widespread adoption of multiplex PCR techniques, enabling the
identification of multiple viruses. Notably, since 2019, enhance-
ments also included integrating epidemiological and clinical
information with viral WGS data. This integration aims to in-
vestigate the relationship between viral genomic changes and
disease severity, including vaccine breakthrough cases, thereby
aiding in vaccine strain selection [11]. Whole genome sequencing
and severity data are promptly shared with the WHO to inform
vaccine composition decisions in their twice-yearly meetings.

3 | The GIHSN Resilience

As of October 2023, GIHSN enrolled 168,639 hospitalized pa-
tients, identifying 27,562 cases of influenza and 44,629 of other
respiratory viral illnesses.

The GIHSN has proved to be a collective effort that has with-
stood social, environmental, political, and health challenges;
relying on an empowered community of researchers from civil
society makes it less sensitive to political agendas. Over time,
some of the challenges encountered, like the COVID-19 pan-
demic, affected all sites. Other natural and human-made disas-
ters have affected specific sites or regions in unique ways—such
as sites that have been affected by earthquakes, flooding, and
rolling power outages affecting the stability of internet connec-
tions. Some contributing countries have experienced conflict
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in the Global Influenza Hospital Surveillance Network per season.

and war, but their participation has been continuous despite
enormous upheaval and challenges. The COVID-19 pandemic
presented immense challenges, but also a unique opportunity
for GIHSN, to step up and contribute to the pandemic response
[12]. This readiness to adapt and act highlights the importance
of continuously supporting surveillance and research infra-
structures so that they are in place and ready to be adapted
to address novel and emerging threats. From the onset of the
COVID-19 pandemic, the coordinating sites employed the net-
work's capabilities for collecting data on SARS-CoV-2. Many

sites monitored SARS-CoV-2 activity by integrating it into their
existing influenza surveillance systems while continuing their
influenza surveillance efforts.

The emergence of SARS-CoV-2 had a profound impact on the
circulation of influenza and other respiratory viruses. Although
the total number of patients enrolled by GIHSN sites during the
2019-2020 and 2020-2021 seasons (>14,300 in each season)
remained similar to previous years and increased for the 2021-
2022 season (> 25,500), there was a substantial decrease in the

30f 11



Case ascertainment

(identify possible eligible
cases)

no

No need to collect data
(not part of GIHSN

database)

(Meet case definition +

Hospitalized cases with respiratory illnesses
are assessed systematically (e.g., everyday
of the week, pre-defined days of the week)

Assess if meet case definition

Enroliment All data from enrolled patients is

recorded in the GIHSN database

consent given) regardless of viral test results

Questionnaires at enrollment and at
discharge (based on chart abstraction)
to capture clinical outcomes

Questionnaire
completed

Respiratory specimen
collected

Tested for influenza, RSV, SARS-CoV-2 and oth

WGS uploaded to GISAID

FIGURE 2 | Patients' enrolment and data collection flow in the Global Influenza Hospital Surveillance Network. GIHSN: Global Influenza

Hospital Surveillance Network; RSV: respiratory syncytial virus; SARS

-CoV-2: severe acute respiratory syndrome coronavirus 2; WGS: whole ge-

nome sequencing; GISAID: Global Initiative on Sharing All Influenza Data.

Total

” Lower middle income || Upper middle income ”

High income

1

=}

0

~
(4]

()
o

N

Percentage of enrolled patients
[¢,]

0

OFTOOMNODNO—ANM
S e ) B A A
ANNITOOMNONO N

ANANN

R e e e e

OIFTDONONO

N e e e

ANOTDONOD
=

-
e S o g

N e s e e N

Season

FIGURE 3 | Distribution of enrolled patients in the Global Influenz
country income level.

frequency of influenza detections (Figure 4). In most temperate
Northern Hemisphere countries, the 2019-2020 influenza epi-
demic was concluding as cases of SARS-CoV-2 began to surge
in March 2020. Consequently, in these regions, few to no new
influenza cases were reported during the typical influenza sea-
son (between December and February) during 2020-2021. In
accordance with many reports, the GIHSN findings underscore
how the timing and intensity of influenza activity deviated from
the usual and were often limited between 2020 and 2022 [10].
During these two seasons, SARS-CoV-2 was detected in more
than 70% of the patients with a positive viral result. Notably, the
GISHN sites were also among the sources reporting no circula-
tion of influenza B-Yamagata lineage from 2021 [13].

a Hospital Surveillance Network from 2012 to 2023 according to age and

4 | The GIHSN Governance

Since its establishment, the GIHSN has leveraged innova-
tive financing through a PPP governance model. With the
COVID-19 pandemic demonstrating that partnerships could
lead to more agile networks, co-construction by both the pub-
lic and private sectors holds great relevance for the success of
infectious disease surveillance systems given the importance
of the effort, the multisectoral relevance, and the scarce re-
sources available. PPP offers structural flexibility, free from
the constraints that independent public-sector, private-sector
philanthropic, and civil society entities often face when pur-
suing new initiatives [14, 15].
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TABLE1 | Viruses tested by the different collaborating sites during the 2022-2023 season.

Country Coordinating site

Influenza

SARS-
CoV-2

Other
RSV HCoV HMPV AdV HBoV HPIV RhV viruses

High-income

Canada CIRN Serious
Outcomes
Surveillance
Network, Halifax

Spain FISABIO-Public
Health, Valencia

United Icahn School of
States Medicine at Mount
Sinai, New York

Upper-middle income

Brazil Hospital Pequeno
Principe, Curitiba

Lebanon American
University of
Beirut, Beirut

Peru Instituto de
Medicina
Tropical, Lima

Romania National Institute
for Infectious
Diseases,
Bucharest

Russia Gamaleya National
Research Center
for Epidemiology
and Microbiology

Russia Smorodintsev
Research Institute

of Influenza,

St. Petersburg

South University of the
Africa Witwatersrand
Johannesburg

Tiirkiye Turkish Society
of Internal
Medicine, Ankara

Ukraine  SIKyiv City Center
for Diseases
Control and
Prevention of the
Ministry of Health
of Ukraine, Kyiv

Lower-middle income

India Sher-i-Kashmir
Institute, Srinagar

(Continues)
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TABLE1 | (Continued)
SARS- Other
Country Coordinatingsite Influenza CoV-2 RSV HCoV HMPV AdV HBoV HPIV RhV viruses
Cote Institut National X X X X X
d'Ivoire d'Hygiéne
Publique, Abidjan
Kenya Kenya Medical X X
Research Institute,
Nairobi
Nepal Patan Academy X X
of Health
Sciences, Patan
Pakistan National Institute X X X X X X X X
of Health,
Islamabad
Senegal Institut Pasteur X X X X X X X X X X

of Dakar, Dakar

Abbreviations: AdV: adenovirus; HBoV: human bocavirus; hCoV: human coronaviruses; HMPV: human metapneumovirus; HPIV: human parainfluenza viruses; RhV:

rhinovirus; RSV: respiratory syncytial virus.

The GIHSN is supported by a dedicated fund hosted by the
Fondation de France, a not-for-profit private institution set up
by the French government. This fund, named the Foundation
for Influenza Epidemiology (FIE), was created in September
2015 by Sanofi to formalize several years of commitment to
epidemiological research on influenza [16]. The FIE provides
catalytic funding to the coordinating sites under a yearly grant
to enhance surveillance and research capacity. This funding
represents, on average, about 25% of the actual cost of the sur-
veillance because it relies mainly on existing national capacity
and infrastructure (co-funding from Ministries of Health for
many sites, or other funding agencies such as the Bill & Melinda
Gates Foundation, US-CDC cooperative agreements and WHO
resources), resulting in bidirectional leveraging of research
opportunities and data sharing. To date, the FIE has allocated
over €17 millions to develop and expand the GTHSN platform.
The FIE budget consists of unrestricted grants from the private
sector, with contributions from Sanofi, Seqirus (from 2020),
Abbott Diagnostics (from 2022), the International Federation
of Pharmaceutical Manufacturers and Associations (IFPMA)
(from 2019 to 2020), Illumina (from 2021 to 2022), and Pfizer
since early 2024 (Figure 5). Donors do not have direct access to
the database, and all results are made publicly available through
sharing of data during the annual GIHSN meeting, conferences,
and peer-reviewed publications [1].

The FIE's governance is upheld through an Executive
Committee responsible for charting GIHSN strategic course.
Operating under established criteria, which are detailed in the
GIHSN's public calls and guided by recommendations from
the Independent Scientific Committee (ISC), the Executive
Committee annually selects study sites. The Executive
Committee comprises representatives of the donors and inde-
pendent experts who are part of the ISC. The ISC is composed of
eminent experts in epidemiology, virology, and public health, as
well as investigators from the network sites. The ISC plays a cru-
cial role in ensuring the GIHSN's scientific oversight. The coor-
dination of the network, the oversight of study implementation,

and the management and hosting of the data are supported by
Impact Healthcare, an independent research organization head-
quartered in Paris, France [17].

To comply with data access and privacy regulations, the FIE
has established a data warehouse alongside a comprehen-
sive data access framework. This setup guarantees that the
GIHSN database is securely maintained, with data processing
strictly conforming to the European General Data Protection
Regulation and French data protection laws. Before field im-
plementation starts, each GIHSN site signs a data-sharing
agreement stating compliance with both ethical and national
regulations for surveillance activities. Importantly, all data
collected by the sites under the surveillance protocol remains
the site's proprietary. Sites are then invited to participate in
proposed analyses and are free to decline to contribute their
data should they so choose.

Since 2021, FIE has invested part of its budget in supporting re-
search projects and analytical proposals on influenza and other
respiratory viruses that leverage the GIHSN platform and da-
tabase, considering the volume of data collected. The network
sites or other not-for-profit institutions are welcome to submit
proposals that include either novel analyses of existing GIHSN
data, or the use of respiratory specimens for pathogen discov-
ery or other relevant studies. Site-specific investigators can also
be engaged directly, to collect new data to further our under-
standing of influenza and other respiratory viruses and related
vaccines.

5 | Scientific Highlights

Each year, under the supervision of the ISC, at least one scien-
tific manuscript is published combining data from the various
GIHSN sites. These manuscripts describe different aspects of
each season's findings [4-9, 11, 18-21]. Additionally, individual
sites are encouraged to publish their specific data [22-33].
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Any additional analyses aligned with the GTHSN scope are con-
ducted following a thorough review and approval process by
both the ISC and the FIE. Notably, study sites are proactively
informed and associated with these analyses, and they are given
the option to opt-out. As an example, one recent analysis delved
into assessing the risk associated with intensive care unit ad-
missions, mechanical ventilation, and in-hospital death among
hospitalized influenza patients. This analysis explored the in-
fluence of patient-level covariates and country income, shed-
ding light on critical aspects of influenza-related healthcare
outcomes [19].

Governance and operationalization of the Global Influenza Hospital Surveillance Network.

Moreover, the GTHSN platform offers a distinctive opportunity
for the advancement of pathogen discovery initiatives. For in-
stance, the availability of archived respiratory samples proved
useful in ascertaining when SARS-CoV-2 started to circulate in
the Valencia region in Spain [29]. More recently, the US-CDC
has been exploring the possibility of a collaborative effort to es-
tablish surveillance for enterovirus D68 at specific GIHSN sites.

The GIHSN has also contributed to initiatives evaluating the
burden of respiratory diseases, such as the Burden of Influenza
and RSV Disease (BIRD) project [34-36].
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6 | Moving Forward

In an era marked by greater globalization, virus circulation
between countries and regions has increased. This global con-
nectivity also presents a unique opportunity for collaborative
public health research on respiratory infections, necessitating
a shift from solely local to a more comprehensive global anal-
ysis. The GIHSN, with its presence across the globe, offers an
important perspective. Its alignment with current discussions
on enhancing pandemic preparedness makes it an ideal plat-
form for fostering synergistic collaborations and shared ini-
tiatives [15].

The emergence of the COVID-19 pandemic has spurred sig-
nificant investments and attention toward surveillance in-
frastructure, resulting in tangible improvements in national
surveillance capabilities. Integrating SARS-CoV-2 surveil-
lance into existing influenza sentinel surveillance systems has
paved the way for continued global monitoring of respiratory
viruses with pandemic potential. However, despite the uni-
versally acknowledged value of such surveillance networks,
ensuring their long-term financial sustainability remains an
ongoing challenge [37, 38]. For the improvements to be sus-
tainable, further investments and steadfast commitments are
imperative [15, 39]. PPP with robust governance structures,
combined with the integration of data standards such as those
championed by GIHSN, will play a pivotal role in ensuring
this long-term sustainability. The expanding circle of GIHSN
funders, now including more entities from the vaccine and di-
agnostic sectors, underscores a growing industry commitment
to bolster public health surveillance. This collective approach,
incorporating co-financing and blended financing models,
offers a viable pathway to enhance and diversify support for
global health surveillance networks [40].

The extensive GIHSN database, encompassing data from over
168,639 acute respiratory hospitalized patients worldwide, is
valuable for investigating epidemiological questions that tran-
scend the network's original objectives. The growing availability
of information on influenza virus gene sequences enhances our
understanding of the molecular dynamics and epidemiology of
these viruses. With the scale-up of genome sequencing, the use
of GIHSN data should evolve to not only supplement WHO net-
works with sequence data submissions to the GISAID platform
but also to incorporate detailed reports on disease severity. This
enriched dataset can provide a more nuanced understanding of
influenza breakthrough infections and strengthening of global
pandemic readiness. Global surveillance on other respiratory vi-
ruses such as respiratory syncytial virus, including collection of
clinical data and the impact of immunization strategies will be of
increasing importance in the short term, and the GIHSN is poised
to contribute important data to public health policy decisions.

Recognizing the need for enhanced collaboration in an evolv-
ing public health landscape, GIHSN has sought to strengthen
partnerships and synergies, notably with the Global Influenza
Surveillance & Response System (GISRS), a cornerstone of influ-
enza laboratory testing supported by the WHO for over 70years
[41]. In November 2023, a memorandum of understanding was
signed between the WHO and the Fondation de France, allowing
for more formal collaborations, aiming to complement the GISRS

network and to amplify data communication to both national
and international health organizations. This initiative under-
scores GIHSN's commitment to improving respiratory pathogen
surveillance and informing decision-makers, emphasizing the
critical importance of prompt, high-quality data collection, shar-
ing, and transparency for the benefit of the global community.

Moreover, GIHSN's approach is aligned with the innovative
WHO Mosaic surveillance framework, which proposes a tri-
partite domain structure for surveillance [39]. This frame-
work underscores the necessity for integrated, purpose-built
surveillance systems tailored to meet the specific objectives
of tracking respiratory viruses with the potential to cause epi-
demics and pandemics [39]. Although some surveillance plat-
forms may have robust geographic coverage, they often lack
the granularity to understand disease nuances by risk groups
or severity thoroughly [42-46]. The GIHSN addresses this gap
by employing a standard protocol and collecting detailed clin-
ical outcome information, thereby enriching the overall char-
acterization of diseases. This approach not only meets current
public health needs but is also adaptable to evolving require-
ments, standing as a testament to the power of collaborative,
multifaceted surveillance strategies in addressing pressing
public health challenges and adding critical pieces to the epi-
demiological puzzle.

7 | Conclusion

The GIHSN exemplifies a pivotal model for global surveillance,
demonstrating scalability and flexibility. Through adopting a
common protocol and implementing active, prospective surveil-
lance across numerous countries, the GIHSN harnesses large
sample sizes and provides extensive global virologic and clinical
data related to severe respiratory illnesses throughout the year.
Notably, this initiative has already garnered the involvement of
various private partners. The global landscape of disease sur-
veillance could benefit from approaches like the GTHSN, as mul-
tisector partnerships offer a range of values that extend beyond
what can be achieved through collaboration solely among gov-
ernments or other entities.

Scientific instruments like GIHSN are grounded on pragma-
tism and easily scalable, pending availability of resources.
Importantly, they prioritize empowering the network of par-
ticipating sites, fostering a “glocal” (having properties rel-
evant for both local and global levels) model that represents
a departure from top-down approaches, emphasizing adapt-
ability and local engagement. The network's ability in refining
its objectives based on evolving external circumstances and
emerging needs, such as the expansion of genome sequenc-
ing or broader focus on respiratory pathogens, underscores its
agility.

In summary, the GIHSN stands as a catalyst for uniting diverse
stakeholders around a timely and adaptable platform capable of
addressing critical data requirements in both pandemic and in-
terpandemic times. The importance of sustainable surveillance
networks, underpinned by collaborative efforts, cannot be over-
stated in their role in supporting and complementing existing
public health strategies.
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