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ABSTRACT

Current situation: The global influenza surveillance and response system (GISRS), coordinated by the
World Health Organization (WHO), is a global framework for surveillance of influenza and other respi-
ratory viruses, data collection, laboratory capacity building, genomic data submission and archival, stan-
dardization, and calibration of reagents and vaccine strains, production of seasonal influenza vaccines and
creating a facilitatory regulatory environment for the same.

Gaps: WHO-designated national influenza centers (NICs) are entrusted with establishing surveillance in
their respective countries. National and subnational surveillance remains weak in most parts of the world
because of varying capacities of the NICs, lack of funds, poor human and veterinary surveillance mecha-
nisms, lack of intersectoral coordination, and varying commitments of the local government.

Way forward: As influenza viruses have a wide variety of nonhuman hosts, it is critical to strengthen
surveillance at local levels for timely detection of untypable or novel strains with potential to cause epi-
demics or pandemics. In this article, we have proposed possible strategies to strengthen and expand local

capacities for respiratory virus surveillance through the designated NICs of the WHO.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of International Society for Infectious

Diseases.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

Recurrent outbreaks of respiratory virus disease, primarily
caused by influenza and coronaviruses (CoVs), have been wit-
nessed across the world (Baber, 2020). The global history of pan-
demics over the past century indicates the maximum potential
of influenza viruses to mutate, reassort, and evolve to cause out-
breaks. This is exemplified by repeated influenza A virus (IAV) out-
breaks starting from H1N1 Spanish Flu in 1918, H2N2 Asian Flu in
1957, H3N2 Hong Kong Flu in 1968, and HIN1 swine flu in 2009
(Peteranderl et al., 2016). Intermittent focal outbreaks of avian in-
fluenza virus (AIV) in Asian countries have affected poultry, mi-
gratory, and wild birds (Shao et al.,, 2017), with reported human
infections in poultry handlers or their close contacts. CoVs are
also known to evolve gradually and cause zoonotic outbreaks of
respiratory infections. So far, three CoV outbreaks have been re-
ported, of which the 2019 SARS-CoV-2 outbreak in China rapidly
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spread across the world and was declared a pandemic within a few
months (Louca, 2021).

Overall, repeated outbreaks of respiratory viral infections have
adversely impacted the health of people all across the world,
health care systems, frontline workers, the global community,
the economy, and development. In view of the prolonged dev-
astating impact of the COVID-19 pandemic, it is now critical
to strengthen public health surveillance for early detection and
control of emerging outbreaks of influenza and other respira-
tory viruses. As per global recommendations, COVID-19 and in-
fluenza surveillance should be integrated through influenza-like
illness/severe acute respiratory illness (ILI/SARI) surveillance plat-
forms (Global influenza strategy 2019-2030, n.d.). In this arti-
cle, we have described the existing global and regional networks
for surveillance of circulating and emerging strains of respiratory
viruses, highlighted gaps, and proposed strategies to strengthen
and expand respiratory virus surveillance through the designated
national influenza centers (NICs) of the World Health Organization
(WHO).
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FRAMEWORK OF WHO-GLOBAL INFLUENZA SURVEILLANCE AND RESPONSE SYSTEM (GISRS)

ESSENTIAL REGULATORY LABORATORIES (ERLs) (4) I l

COLLABORATING CENTERS (CCs) (7)

H5 REFERENCE LABORATORIES (13)

+ To select strains for seasonal influenza vaccine « To conduct antigenic and genetic characterization of the * To collect samples/virus isolates of avian influenza

development and production. untypable or novel influenza viruses. A(H5N1), and other influenza subtypes with potential of

+ To perform serological studies with WHO CCs and share + To maintain national and international virologic and human infections

results to identify suitable influenza virus strains to include disease surveillance for influenza, contribute data to + To isolate viruses and provide to WHO laboratories for
in seasonal influenza vaccines. WHO/GISRS for vaccine virus selection and provide selection and development of candidate vaccine viruses;

+ To prepare virus stocks of candidate strains for influenza support for outbreak investigations. * To conduct surveillance, serological studies, antigenic and
axi vaccine production. + To evaluate the impact of influenza epidemics and genetic analysis of avian influenza A(HS5N1) and other
< * To produce and calibrate reagents for influenza vaccine undertake collaborative research on epidemiology and influenza subtypes.
=) potency assays. disease burden of influenza and other respiratory * To assist WHO in evaluating its strategy for global
9 + To provide vaccine strains and reagents to vaccine diseases. surveillance and detection, development and revision of
(U] manufacturers and other relevant stakeholders. + To evaluate the antiviral susceptibility and protective recommendations, guidelines of avian influenza A(HSN1)

effectiveness of circulating influenza viruses and develop and other relevant influenza subtypes.
new vaccines. * To develop and distribute laboratory reagents to

+ To provide technical assistance, training and capacity designated WHO laboratories, for circulating avian
building. influenza A(H5N1) and other subtypes.

* To produce and supply epidemic and pandemic vaccine + To monitor antiviral susceptibility of emerging avian
reference strains and diagnostic reagents for members of influenza A(HSN1) and other animal influenza subtypes.
the WHO/GISRS and other institutions. * To provide technical and laboratory support, including

+ To develop, evaluate and standardize laboratory training, to countries prone to avian influenza outbreaks.

E— diagnostics, virologic and immunologic tests to establish * To provide all relevant data to WHO from local and
new approaches for vaccine virus selection. neighbouring regions.

* To regularly submit data to GISAID. * To regularly submit data to GISAID.

NATIONAL INFLUENZA CENTERS (NICs) (148) I

< * To collect in-country virus specimens and perform preliminary analysis by using molecular and immunological methods, virus isolation and sequencing.
2 + To conduct in-country surveillance of influenza and other respiratory viruses.
9 * To regularly upload virological and epidemiological data into WHO's FluNet and FlulD database respectively.
E + To adhere to and implement WHO prescribed standards for biosafety and quality.
=2 * To provide in-country technical and laboratory support for surveillance and outbreak investigations.

+ To provide required technical and laboratory support to neighboring countries, not having a NIC.

« To ship representative clinical specimens and isolated viruses to WHO CCs for advanced antigenic and genetic analysis.

* To regularly submit data to GISAID.

Figure 1. Detailed overview of designated roles and responsibilities of various laboratories at global and national levels in the World Health Organization (WHO) global

influenza surveillance and response system (GISRS).

Existing global surveillance mechanisms for influenza and
other respiratory viruses

The global influenza program (GIP) was established in 1947, ex-
panded with the establishment of WHO, and renamed as global
influenza surveillance and response system (GISRS) (Ziegler et al.,
2018). The WHO-GISRS framework includes four WHO essential
regulatory laboratories (WHO ERLs), seven WHO coordinating cen-
ters (WHO CCs) and 13 WHO H5 reference laboratories (WHO H5
RLs) at the global level, and 148 NICs in 124 WHO member states
at the national level (World Health Organization, 2022a). All WHO
network laboratories are mandated to regularly submit sequencing
data to the global initiative on sharing avian influenza data (GI-
SAID) (Hay and McCauley, 2018). Figure 1 describes the roles and
responsibilities of the WHO-GISRS laboratory network.

NICs are the national reference laboratories and serve as a
backbone for influenza testing, provision of vaccine strains/clinical
samples, surveillance, and outbreak response in accordance with
WHO protocols. They undertake ILI, acute respiratory illness (ARI),
and SARI surveillance for detecting circulating strains of in-
fluenza and other respiratory viruses. Training for real-time reverse
transcription-polymerase chain reaction (rRT-PCR), cell culture-
based virus isolation, and genome sequencing is also provided to
NICs by WHO. The laboratory and epidemiological data are re-
quired to be submitted to WHO FluNet and WHO FlulD databases,
respectively. Untypable influenza strains are to be referred to WHO
CCs for characterization.

WHO CCs are global reference laboratories assigned with the
task of maintaining national and international virologic and dis-
ease surveillance data, advanced viral antigenic and genetic char-
acterization, vaccine strain selection, maintaining a repository of
virus isolates, providing resources to WHO partner laboratories,
conducting required epidemiological and laboratory studies, train-
ing, and capacity building. One WHO CC is also involved in animal
influenza ecological studies (World Health Organization Collaborat-
ing Centers, n.d. [a]). CCs undertake specialized laboratory and field
research studies as per global requirements of the GISRS (World
Health Organization Collaborating Centers, n.d. [b]).
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WHO ERLs undertake influenza vaccine strain selection, calibra-
tion of reagents, and provide strains and reagents to vaccine man-
ufacturers and relevant stakeholders.

WHO H5 reference laboratories work on influenza A (H5N1)
and other avian/animal influenza viruses, which may cause poul-
try outbreaks and human infections. They are involved in surveil-
lance, virus isolation, antigenic and genetic characterization, antivi-
ral susceptibility testing, conducting laboratory studies, providing
technical and laboratory support to partner institutions, and offer
required support to WHO for formulating and revising guidelines
periodically.

Gaps in surveillance of influenza and other respiratory viruses

NICs are entrusted with the task of conducting national surveil-
lance. However, the national and subnational framework for
surveillance of influenza and other respiratory viruses remains
weak in most parts of the world because of varying capacities
of NICs (EI Guerche-Séblain et al.,, 2021), workforce constraints
(Abubakar et al., 2020), inadequate human and veterinary surveil-
lance (Bailey et al., 2018; Rabinowitz et al, 2012), poor inter-
sectoral coordination (Buse et al., 2022; Perez Arredondo et al.,
2021), funding constraints, and low commitments of the local gov-
ernments (World Health Organization, 2014). Because influenza
viruses have the capacity to mutate and evolve rapidly, it is crit-
ical to strengthen surveillance at local levels for improving vaccine
strain selection and timely detection of untypable or novel human
or AlVs, which may lead to outbreaks.

Proposed mechanisms for strengthening local or subnational
surveillance and response

The WHO NICs are positioned well to establish and run the sub-
national respiratory virus surveillance programs in the field. The
NICs should be strengthened and leveraged fully to establish a ro-
bust subnational respiratory virus surveillance network for quick
detection of novel influenza virus strains and signals of impending
outbreaks. The following steps are recommended for strengthening
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the existing influenza surveillance networks at the national level
through the NICs.

At national level

1 Augment capacity of the NICs: Malik et al. reviewed the evo-
lution of influenza surveillance programs in 22 countries of the
WHO East Mediterranean Region from 2011 to 2018. The ca-
pacity of NICs regarding their functionality, facilities, and ex-
pertise for rRT-PCR, virus isolation, antiviral susceptibility, and
sequencing was evaluated along with other parameters. Re-
sults revealed significant differences within the baseline ca-
pacities of the NICs (Malik et al., 2020). Other studies have
also highlighted the need to work on continuous strengthen-
ing of the NICs. In addition to rRT-PCR-based detection capac-
ity, the maximum number of NICs should be equipped with
expertise and facilities for antigenic and genetic characteriza-
tion of virus strains, cell culture, virus isolation, and next-
generation sequencing (Polansky et al., 2016; World Health Or-
ganization, 2014). Strengthening the infrastructure and exper-
tise of NICs will help in their efficient functioning and enable
expedited availability of local data to guide policy decisions.
During the COVID-19 pandemic, many countries have signifi-
cantly ramped up their capacity for molecular testing and next-
generation sequencing, which must be repurposed and used to
fulfill the larger surveillance gaps.

2 Ensure availability of human resources: Abubakar et al. eval-
uated the progress and challenges of influenza surveillance net-
works in 22 countries of the East Mediterranean region be-
tween 2014 and 2017 (Abubakar et al., 2020). Staff attrition and
redeployment to other programs were identified as key chal-
lenges. A similar problem exists across many countries of the
world. NICs suffer from staff attrition and the availability of a
trained workforce. The presence of a trained workforce is piv-
otal to maintaining the quality and timeliness of various lab-
oratory assays and surveillance data. Local governments must
realize the paramount importance of encouraging and retaining
trained staff and formulate employee-friendly policies to reduce
attrition for maintaining high-quality surveillance.

3 Establish subnational respiratory virus surveillance by the
NICs: Through a structured questionnaire, Polansky et al. eval-
uated 35 countries that had partnered with the Centers for
Disease Control and Prevention (CDC) from 2004 to 2009 to
strengthen their influenza surveillance capacities. Data analy-
sis demonstrated a gradual increase in the number of coun-
tries undertaking routine influenza surveillance and reporting
results. In addition, the time, length, and breadth of the surveil-
lance programs also expanded within countries. Increased use
of surveillance data for vaccine strain selection and guiding
public health policies were also reported (Polansky et al., 2016).
However, WHO member states still have a limited number of
NICs with varying surveillance protocols. El Guerche-Séblain
et al. evaluated three different national influenza surveillance
networks in Australia, China, and Malaysia. Using the WHO-
recommended surveillance parameters, a uniform evaluation
format was developed, and the three programs were compared.
Analysis revealed that the surveillance program of Australia had
the broadest scope, followed by China and Malaysia. The type of
data captured by the three programs also differed among coun-
tries (El Guerche-Séblain et al., 2021). In most places, ILI/SARI
surveillance is restricted to only a few hospitals with very lim-
ited or no community representation. In large countries such
as India, with a single operational NIC, such surveillance may
be suboptimal. For timely detection of untypable or novel in-
fluenza virus strains, it is essential to conduct ILI and SARI
surveillance at the hospital and community level while en-
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suring geographically representative sampling. Besides selected
hospitals, it is desirable to collect samples from defined com-
munity catchment areas over a long period of time to depict
evolving trends of the virus within the same catchment area.
The designated hospital and community surveillance sites must
be maintained and optimally funded by the local governments.
Samples collected from these sites should be fully character-
ized, stored, and analyzed systematically. All untypable iso-
lates/samples must be referred for characterization to the des-
ignated WHO CCs by the NIC as per the recommended WHO
protocol (World Health Organization, 2022b).

Establish a subnational laboratory network under the NICs:
While strengthening hospital and community-based ILI/SARI
surveillance, it is important to establish a geographically rep-
resentative network of laboratories under the NICs. The CDC
CC has an influenza surveillance network that spans 100 public
health and 300 clinical laboratories (Centers for Disease Con-
trol and Prevention, n.d.). Such subnational networks are crit-
ical for drawing representation from all parts of the country.
However, such systems are required not only under the CCs
but also under the NICs, where they are practically nonexistent
in many parts of the world. The subnational network of labo-
ratories should be geographically representative and have ad-
equately trained and equipped staff for sample collection and
testing using a standard algorithm, data capture, and transport
samples to NICs for further characterization and quality control
purposes. In Figure 2, we have suggested a broad framework for
subnational surveillance, which can be established under the
NICs.

Intersectoral coordination: Because influenza has a wide ar-
ray of hosts, including avian, human, and other animal reser-
voirs, influenza surveillance programs should operate on the
policy of “One Health,” wherein linkages with poultry, avian,
and animal surveillance are absolutely critical. Though chal-
lenging (Buse et al., 2022), it is imperative to inculcate prac-
tices of data sharing and promote joint surveillance & research
to detect new influenza subtypes with pandemic potential. NICs
should be encouraged to collaborate with other sectors, includ-
ing veterinary laboratories. In a recent comparative analysis of
intersectoral collaboration to achieve the One Health goal in In-
dia and Ghana, it was documented that both countries have laid
down frameworks and taken initial implementation steps. How-
ever, scaling up the effort and engagement with key stakehold-
ers needs to be undertaken (Perez Arredondo et al., 2021).
Implement pan-respiratory virus surveillance at subnational
levels: The onslaught of the COVID-19 pandemic has compro-
mised influenza surveillance globally, mainly because of the di-
version of the public health resources toward SARS-CoV-2 de-
tection and containment. This has increased the possibility of
unchecked transmission of new influenza strains giving rise to
future epidemics/pandemics. Therefore, in line with the recent
WHO recommendations (World Health Organization, 2022c), it
is critical to integrate influenza and SARS-CoV-2 surveillance
and laboratory detection capacities. It is important to realize
the need for establishing and maintaining local surveillance
networks for respiratory viruses, particularly influenza, SARS-
CoV-2, and also respiratory syncytial virus (RSV). The network
laboratories should conduct year-round surveillance for these
infections pathogens and depict local trends to trigger policy
decisions/interventions. The laboratories must be maintained
under the continuous supervision of the NICs.

To successfully scale up pan-respiratory virus surveillance,

WHO has recommended the adoption of multiplex PCR assays for
detection of at least SARS-CoV-2 and influenza (World Health Or-
ganization, 2020). It may be desirable to expand the scope of mul-
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Figure 2. Suggested framework of the subnational respiratory virus surveillance under the WHO national influenza centers (NIC) and its linkages with the WHO collaborative
centers (CCs) and global influenza surveillance and response system (GISRS).
#Number of NICs may be one or more depending on the country’s population density.
*Several RRLs to be operational under the NIC. Number will depend on the country’s population density.

**Number of community and hospital centers operational under RRLs for ILI/SARI surveillance will vary depending upon the size of the province and population density in

the particular area.

tiplex assays to include RSV, as vaccines are on the horizon for 8
RSV, and surveillance data would be critical to prioritize vaccine
introduction. However, cost-effectiveness, reliability in terms of
sensitivity & specificity, and upscaling such assays for widespread
availability within countries are practical challenges.

7 Implement quality control practices: All NICs undergo an an-

nual External Quality Assurance Program (EQAP) implemented
by WHO under GISRS (World Health Organization, n.d.). Hand-
holding and mentoring by WHO are essential to upgrade
the quality standards of NICs. The NICs should be further
trained to plan and implement quality control programs for
the subnational laboratory network operational under them.
The in-country quality initiatives may be started through Inter-
Laboratory-Quality Control (ILQC) programs and can be ex-
panded gradually to EQAP, depending on the capacity of NICs
to prepare proficiency testing panels.
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Establish new NICs: With concerted efforts of WHO-GISRS and
global stakeholders, the number of WHO-designated NICs has
steadily increased from 62 in 1972 to 143 in 2016 (Ziegler et al.,
2018). In 2022, WHO reported the presence of 148 NICs in 124
countries (World Health Organization, 2022a). However, more
than 70 countries still do not have designated NICs. Each coun-
try should attempt to establish at least one NIC for institut-
ing systematic mechanisms of collaboration and support from
WHO. In large and densely populated countries, one NIC may
not be able to effectively coordinate and manage surveillance
for the whole country. In such circumstances, it may be ap-
propriate to establish more than one NIC, depending upon the
population of the country, its size, availability of resources, and
equipped laboratories.

Ensure adequate and sustained funding: Funding is a key fac-
tor for establishing and sustaining surveillance, laboratory test-
ing, maintaining desired data quality, and retaining a trained
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workforce. Self-assessment of the GISRS was undertaken as per
recommendations of the WHO Advisory Group. Findings re-
vealed that many NICs suffer because of poor fund allocation
and low commitment of the local governments (World Health
Organization, 2014). Polansky et al., in their survey of 35 coun-
tries supported by the CDC for developing influenza surveil-
lance, found that 29 (81%) countries identified funding as the
most critical requirement to sustain surveillance, followed by
staff training and technical advice (Polansky et al., 2016). Of-
ten developing countries face challenges in funding and main-
taining public health surveillance, thus making them vulnera-
ble to large outbreaks and economic losses. It is pivotal for the
local governments to establish mechanisms for funding surveil-
lance by collaborating with relevant international stakeholders
and partners. CDC continues to undertake such capacity build-
ing in under-represented areas (Polansky et al., 2016). However,
more international support and collaborations must be fostered
to keep the world safe by early detection and effective con-
tainment of pathogens of pandemic potential and appropriate
selection of influenza vaccine strains. The local policymakers
should also be proactive in seeking international financial and
technical support for strengthening public health surveillance
in their countries.

10 Timeliness of data analysis and reporting: Malik et al. re-
ported a substantial increase in data reporting to the FluNet
database from the WHO East Mediterranean Region countries
between 2011 to 2018, with 16 of 22 countries reporting data
on a regular basis (Malik et al., 2020). Newman et al. ana-
lyzed influenza surveillance data generated between 2011 and
2016 in six WHO regions. It was seen that only 32%-79% of the
countries in the six WHO regions reported data to WHO FluNet
within the particular duration (Newman et al., 2018). Maximum
reporting was from the European region, and the least reporting
was from the West Pacific region. Timeliness of data collection,
submission, and analysis are pivotal for the GISRS network. The
epidemiological and rRT-PCR testing data should be collected
on a real-time basis from the subnational laboratory network.
The NICs should regularly submit the data to WHO FluNet and
FlulD databases, respectively. This will help in the appropriate
and timely selection of the influenza vaccine strains. Besides,
prompt detection of novel respiratory viruses is key to the pre-
vention and control of impending epidemics or pandemics.

At global level

The world organization for animal health (formerly OIE) works
with various member states for avian influenza data collection
and analysis to inform local and global policymakers (World
Health Organization, 2019). Intersectoral collaboration between
OIE and GISRS network needs to be strengthened at the global
and national levels (World Health Organization, 2013). Formula-
tion and implementation of a One Health action plan along with
the establishment of national and subnational networks of ani-
mal/avian surveillance laboratories is required for timely detection
of novel influenza strains with the potential of human transmis-
sion. (World Organization for Animal Health, 2016).

Way forward

The recent COVID-19 pandemic and past pandemics of influenza
viruses have underscored the critical importance of not only for-
mulating but also implementing appropriate pandemic prepared-
ness activities in the immediate future. Strong field surveillance
systems backed up with commensurate laboratory capacity, reli-
able diagnostics, and required intersectoral coordination are piv-
otal to picking up early warning signals of emerging epidemics. Es-
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tablishing, maintaining, and strengthening the national laboratory
surveillance networks will enable early detection of evolving virus
strains and trigger national and international alerts as per the In-
ternational Health Regulations 2005. These initiatives need to be
simultaneously accompanied by timely collection and reporting of
good quality clinical and epidemiological data to help in under-
standing the infection transmission trends and clinical course of
the disease. Good quality data can be effectively used for gener-
ating reliable future predictions through mathematical modeling.
Data sharing and increased data transparency will facilitate learn-
ings from the experiences of other countries and will benefit the
global community.

In addition, multifaceted pandemic preparedness approaches,
including public health system and health care infrastructure
strengthening, must be continued. Development of effective risk
communication strategies along with social mobilization and
strong community engagement plans need to be developed and
implemented. Community sensitization toward calibrated use of
nonpharmaceutical interventions for disease containment needs to
be undertaken when disease clusters are seen to develop rapidly.
It is also vital to continue research for developing effective plug-
and-play vaccine platforms which can be easily deployed for quick
development of vaccines during the pandemic.

Timely response in any outbreak is of utmost importance, as
early alert will help in quick contact tracing and disease con-
tainment. Besides, successful virus isolation early in the outbreak
will enable the development of diagnostic tests for implement-
ing preventive and therapeutic strategies to contain virus trans-
mission. Commitment and support of the international stakehold-
ers, increased international funding, and handholding of local gov-
ernments by WHO will be instrumental in achieving this goal.
Training and capacity building in various domains related to field
epidemiological surveillance; laboratory testing, biosafety, biosecu-
rity, and quality adherence; data collection, proper archival, anal-
ysis, and timely reporting are of crucial importance. Orientation
of the local government authorities and prioritization of respira-
tory virus surveillance as one of the top public health priorities
need to be undertaken by United Nations agencies to protect the
world against devastating pandemics in the future. Learning from
the experiences of the COVID-19 pandemic and to timely avert
such threats in the future, we must aim at early detection, preven-
tion, and control at local levels to prevent future epidemics and
pandemics.
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