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ABSTRACT

Introduction: Influenza is a severe health problem with a massive burden of disease mainly affecting older adults, young children, and
people with multimorbidity. Global Influenza Hospital Surveillance Network (GIHSN) is an active hospital surveillance network that generates
solid epidemiological and medical evidence to understand influenza severity and related risk factors and support vaccine strain selection.
We aimed to analyze the data from the GIHSN Project 2019-20 - Tiirkiye to link clinical and viral data to infer potential viral genomic risk
factors in hospitalized influenza patients and to get an overview of the genetic characterization of circulating influenza viruses in this cohort.

Materials and Methods: This epidemiological active surveillance study followed the GIHSN core protocol and was conducted between
the 515t week of 2019 and the 18t week of 2020.
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Results: Two hundred seventy-three patients were enrolled in the study, and influenza positivity was detected in 84 patients (30.8%).
The duration of hospitalization for patients aged five and above was 10.5 + 1.9 days, whereas it was 7.2 + 0.6 for patients under five
(p= 0.047). There was a significant difference in the duration of hospitalization between patients with at least one comorbidity (12.2
+ 2.4) and those without any comorbidity (5.4 + 0.6) (p= 0.013). Genetic characterization could be performed in 25 isolated strains,
and 23 of them belonged to the 6B.1A.5A and 6B.1A.5a.1 subclades. The HA1 V537A mutation was associated with older age and
longer hospital stays, while the H155L and N16S viral mutations were linked to severe disease.

Conclusion: Combining viral genomic data with hospital surveillance is essential for determining the risk factors for severe disease,
developing vaccination strategies, understanding viral evolution, and establishing an early warning system to improve pandemic
preparedness plans.
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COVID-19 Pandemisinin Golgesinde influenza Siirveyansi: Tiirkiye’de 2019-20 Sezonunda
Influenza A (HIN1)pdmO09 Virislerinin Filogenetik Analizi
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Giris: Influenza, 6zellikle yash yetiskinleri, kiiciik cocuklari ve multimorbiditesi olan kisileri etkileyen biiyiik bir hastalik yiikiine sahip
ciddi bir saghk sorunudur. Kiiresel influenza Hastane Siirveyans Agi (GIHSN), influenza siddetini ve ilgili risk faktorlerini anlamak ve asi
susu secimini desteklemek icin epidemiyolojik ve klinik kanitlar tireten aktif bir hastane stirveyans agidir. Bu ¢alismada hastanede yatan
influenza hastalarinda viral genetik risk faktérlerinin ortaya koyulmasi icin klinik ve viral verinin iliskilendirilmesi ve dolasan influenza
virtislerinin genetik yapilari hakkinda bilgi edinilmesi amagland.

Materyal ve Metod: Bu epidemiyolojik aktif stirveyans ¢alismasi, GIHSN ana protokoliinti takip ederek 2019’un 51. haftasi ile 2020’nin
18. haftasi arasinda yiiriitilmdistdir.

Bulgular: iki yiiz yetmis iic hasta calismaya dahil edilmis ve 84 hastada (%30.8) influenza pozitiflii tespit edilmistir. Bes yas ve iizeri
hastalarin hastanede yatis siiresi 10.5 £ 1.9 giin, bes yas alti hastalarin 7.2 + 0.6 giin olarak bulunmustur (p= 0.047). En az bir
komorbiditesi olan hastalar (12.2 + 2.4) ile herhangi bir komorbiditesi olmayan hastalar (5.4 £ 0.6) arasinda hastanede yatis siiresi
agisindan anlamli farkhilik saptanmistir (p= 0.013). izole edilen 25 susun genetik karakterizasyonu yapilabilmis ve bunlarin 23‘iniin
6B.1A.5A ve 6B.1A.5a.1 alt kiimelerine ait oldugu tespit edilmistir. HAT V537A mutasyonu ileri yas ve yatis stiresi ile iliskili bulunurken,
H155L ve N16S viral mutasyonlari adir hastalikla iliskili bulunmustur.

Sonug: Viral genomik verilerinin hastane stirveyansi ile birlestirilmesi, siddetli hastalik icin risk faktérlerinin belirlenmesi, asilama strate-
jilerinin gelistirilmesi, viral evrimin anlasiimasi ve pandemiye hazirlik planlarinin iyilestirilmesi agisindan ¢cok énemlidir.

Anahtar Kelimeler: influenza; Stirveyans; Viral evrim; Hastalik siddeti; Tiim genom sekansi
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INTRODUCTION

Influenza, a viral illness, can impact individuals
with specific risk factors, chronic conditions, and
even those in good health. Its significance as a
public health concern lies in its association with
hospital admissions, workforce depletion, and
increased morbidity and mortality[l‘sl. Age over 65
years and under two years, immunosuppression,
pregnancy and the early postpartum period,
morbid obesity, chronic diseases, and being a
nursing home resident are risk factors for severe
diseasel?.

Influenza may present with seasonal epidemics
or pandemics, which result in considerable
healthcare outcomes and financial burden at
micro- and macro-economic levels. Surveillance
systems offer valuable insights into the scope
and impact of infectious diseases in real-world
setting, establishing a foundation for pandemic

preparedness and assessing healthcare service
demands. Additionally, surveillance can help
identify an impending pandemic at an early

stage[S].

In the case of influenza, a vaccine-preventable
communicable disease, the selection process for
seasonal influenza vaccine strains is complex
and relies on data from multiple countries and
networks that are heavily involved in surveillance
efforts. The World Health Organization (WHO)
recommends vaccine strains for both hemispheres
each influenza season, based on extensive
viral genomic information, to make accurate
projections of the impact of circulating clades
and strains. During the 2019-2020 season,
updates were made to the influenza A vaccine
components compared to the 2018/19 season.
These updates involved shifting from the clade
6B.1 strain to a clade 6B.1A1 strain with
AHIN1)pdm09 (A/Brisbane/02/2018-like), and
from the clade 3C.2al strain to a clade 3C.3a
strain with AMH3N2) (A/Kansas/14/2017-like).
There were no changes to the influenza B
vaccine components[6].

The COVID-19 pandemic has demonstrated
how crucial it is to monitor the genetic
epidemiology of a virus in real time, enabling
the implementation of public health precautions

and the development of effective therapeutics
and vaccines. Indeed, before the emergence of
severe acute respiratory syndrome coronavirus-2

(SARS-CoV-2), scientists acknowledged the
implementation and importance of easily
accessible  bioinformatic  tools processing raw

data from databases that gather sequences from
public repositories such as the Global Initiative
on Sharing All Influenza Data (GISAID)[7’9].
The initial efforts for viruses were based mainly
on influenza viruses to wvisualize outbreaks in
as close to realtime as possible, and these
foundations formed the basis of the SARS-CoV-2
surveillance!19. Gathering the genomic data
from active surveillance networks facilitates the
interpretation of the viral evolution spatially and
temporally while combining the genomic data
with clinical data permits the interpretation of
severity markers and vaccine failures.

Global Influenza Hospital Surveillance Network
(GIHSN) is a unique active hospital surveillance
network that generates robust epidemiological and
medical evidence to understand influenza severity
and related risk factors, as well as to support
the wvaccine strain selection process[n]. Since
the 2012-13 season, Tiirkiye has participated in
the network as a member of GIHSN, offering
scientific insights into disease burden, vaccine
effectiveness, and factors contributing to severe
illness!12-13], Recently, besides defining basic
seasonal influenza epidemiology, the GIHSN
shifted its focus to linking genetic, clinical, and
epidemiological data in influenza-positive patients
using a standard protocol complementary to
the WHO Global Influenza Surveillance and
Response System (GISRS) with the objectives of
defining markers of severity and vaccine failure
and supporting international capacities developed
through the GISRS of laboratories to increase
the availability of clinical information linked
with genetic sequencing of influenza strains to
expand the support of the biannual vaccine
strain selection process of the WHO’s formal
recommendation for the composition of human
influenza vaccines.

In this study, we aimed to analyze the
surveillance data from the GIHSN Project 2019-
20 - Turkiye to link clinical and viral genomic
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data to infer potential viral genomic risk factors
in hospitalized influenza patients and to get
an overview of the genetic characterization of
circulating influenza viruses in this cohort.

MATERIALS and METHODS

Study Design and Setting of the
GIHSN Project

This multicentre, prospective, active
surveillance, hospital-based epidemiological study
adhered to the core protocol established by
GIHSNUU.  The project was conducted in

Ankara, the capital city of Tiirkiye, which had
a population of 5.5 million people as of 2019,
representing approximately 7% of the country’s
population between the 515 week of 2019 and
the 18M week of 2020. Six hospitals in Ankara
participated in the surveillance, collectively offering
a total bed capacity of 3746 beds, equivalent to
20.4% of all inpatient bed capacity in the city, as
per statistics from the Turkish Statistical Institution
for 2017. Ethical approval was obtained from the
Ethics Committee of Hacettepe University Faculty
of Medicine (GO 19/1180). The study consistently
followed proper clinical and laboratory protocols
throughout its duration.

The study used the standardized GIHSN
protocol to recruit participants. Enrolment was
based on the following criteria:

° Patients with an acute illness admitted
through selected wards (the emergency room,
intensive care unit, infectious diseases ward, etc.)
within each study hospital were screened.

° Patients who met the criteria for
admission based on a predefined set of
conditions potentially linked to a recent influenza
infection were considered eligible for inclusion
in the study.

e The investigator or designated medical
staff, such as a resident or attending physician,
reviewed hospital admission records, conducted
chart reviews, or accessed available medical
documentation to identify all eligible patients
who had been hospitalized within the past 72
hours and had stayed for at least one night.
Subsequently, the patient or their guardian was
approached for further consent.

e  Patients aged five years and above were
enrolled in the study if they had been referred
within seven days or less of experiencing
influenza-like symptoms, such as fever, cough,
headache, muyalgia, and sore throat.

e  Patients under five years of age were
included if their symptoms had begun within
seven days or less prior to hospital admission.

Patients meeting the eligibility criteria and
providing consent were enlisted for additional
assessment. Relevant clinical details were obtained
via in-person interviews, as well as through the
examination of accessible clinical records.

Following the core protocol, two swabs were
collected from each patient. This included a
nasopharyngeal swab for all patients and either
a pharyngeal swab (for adults aged 14 years
and above) or a nasal sample/nasal aspirate
(for children under 14 years old), provided they
met the inclusion criteria and consented to
participation.

Laboratory Procedures of the GIHSN
Project

EZ1 virus mini kit v2.0 (Catalog number:
955134, Qiagen, Germany) was utilized for total
nucleic acid extraction. Real-time polymerase
chain reaction (PCR)-based, multiplex FTD FLU/
HRSV (Fast track diagnostics/catalog no. FTD-
48-64) was used to detect influenza on Qiagen
Rotor gene-Q (Qiagen). Influenza-positive samples
were genotyped using the GISAID Protocol
outlined below.

The  concentration and  quality-control
of the RNA samples were determined
spectrophotometrically (Nanodrop 2000, Thermo
Scientific, USA) and fluorometrically (Qubit v3.0,
Thermo Fisher, USA). The RNA samples were
reverse transcribed with the primers specific to
influenza A and B strains determined by Zhou
et all The primers are indicated in Table
1. For RT-PCR, 4 pl of primermix, 4 ul 5X
PrimeScript Buffer, 1 ul Takara PrimeScript™
High Fidelity RTase, 0.5 pl RNase Inhibitor (40
U/ul), and 5 pl RNase Free dH,O were used.
PCR was performed on the Bio-Rad Thermal
Cycler T100 (USA).

FLORA 2024;29(4):488-501
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Table 1. The primers used for targeted reverse transcription

MBTuni-12
MBTuni-13
B-PBs-UniF
B-PBs-UniR
B-PA-UniF
B-PA-UniR
B-HANA-UniF
B-HANA-UniR
B-NP-UniF
B-NP-UniR
B-M-Uni3F
B-Mg-Uni3F
B-M-Uni3R
B-NS-Uni3F
B-NS-Uni3R

Whole Genome Sequencing and Data
Processing

The libraries were prepared from pooled
amplicons using the Nextera DNA Flex Library
Prep Kit (lllumina, San Diego, CA) and
sequenced on the Illumina Nextseq 500 (Illumina,
USA) platform using a 2 x 150-base-pair (BP)
paired-end configuration. After sequencing, the
analysis’s first step was removing host-derived
reads. In this critical step, we used BMTagger
(v3.101.5) with the human reference genome
(RefSeq assembly accession: GCF_000001405.13)
to remove human genomic reads from shotgun
viral genome sequencing datall®). Next, the reads
were subjected to quality control. The raw data
was evaluated using FastQC (v0.11.5)[16]. Low-
quality bases (Phred> 30), adapter sequences,
and short reads (sequence length< 30 bp) were
trimmed using Trim Galore ©0.6.5)171 The
remaining reads were first aligned to hemagglutinin
(HA) sequences of the following reference strains:
A/California/7/2009 (H1N1), A/Perth/16/2009
(H3N2), B/Malaysia/2506/2004 (influenza B),
and B/Florida/4/2006 (influenza B) using the
Burrows-Wheeler Alignment Tool (v0.7.1) with
mem algorithm (bwa mem)[18]. Then, each
sample was associated with the strain with the
highest read counts on the HA gene. For this
study, only HIN1 strains were retained for the

ACG CGT GAT CAG CAA AAG CAG

ACG CGT GAT CAG TAG AAA CAA G

GGG GGG AGC AGA AGC GGAG

CCG GGT TAT TAG TAG AAA CAC GAG
GGG GGG AGC ACGAAGC GGT G

CCG GGT TAT TAG TAG AAA CAC GTG
GGG GGG AGC AGAAGCAGAG

CCG GGT TAT TAG TAG TAA CAA GAG
GGG GGG AGC ACGAAGCACAG

CCG GGT TAT TAG TAG AAA CAA CAG
GGG GGG AGC ACGAAGCACG CACT
GGG GGG AGC AGAAGCAGG CACT
CCG GGT TAT TAG TAG AAA CAA CGC ACT
GGG GGG AGC ACAAGC AGAGGAT
CCG GGT TAT TAG TAG TAA CAA GAG GAT

subsequent steps. Once HIN1 samples were
chosen, their sequences were aligned to the
previously assembled sequence of the influenza A
genome using the bwa mem tool. Subsequently,
the Naive Variant Caller tool (v0.0.4) was
employed to identify variants!!?l.  Variants with
low quality and a low variant fraction were
excluded. The remaining variants, along with
the reference influenza genome, were utilized
to produce consensus sequences using BCFtools
(v1.9). Then, they were submitted to the GISAID
databasel2?.

Construction of Phylogenetic Tree

The 12 global reference strains, including five
vaccine viruses recommended by WHO for the
northern hemisphere 2019-2020 and 2020-2021
influenza seasons and for the southern hemisphere
2020-2021 season, were used in our study. To
provide global and local evolutionary background
in the phylogenetic tree, 40 samples from 19
different locations outside Tiirkiye and 17 strains
from seven different locations in Tiirkive were
also incorporated into the analysis. All these
background samples had collection dates between
January 2019 and March 2020 and had similar
lengths of HA segments. Protein sequences of
the hemagglutinin segments for all the samples
mentioned above were retrieved from the GISAID
database (gisaid.org). Supplementary Table 1

a92|
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shows the details of the 94 samples analyzed in
this study. Multiple sequence alignment was guided
by MAFFT software (v7.48), and the alignment
output was used in the phylogenetic tree
construction step[zl]. The construction of the tree
involved utilizing an optimized substitution model
(FLU+G4), selected based on the lowest Bayesian
Information Criterion (BIC) score determined by
the ModelFinder approach. Subsequently, an
ultrafast bootstrap analysis (1000 replicates) was
conducted using the UFBoot2 algorithm within the
IQ-TREE software (v2.2.2.6)2224 The consensus
tree was annotated and visualized using the R
packages ape (v5.5) and ggplot2 (v3.4.0)[25’26].

Statistical Analysis

Descriptive  statistics were used to calculate
the frequency and percentage distributions.
Continuous variables with a normal distribution
were defined using the mean and standard error.
When necessary, differences between groups were
assessed for statistical significance using a t-test
for normally distributed continuous variables, a
Mann-Whitney U-Wilcoxon test for non-normally
distributed variables, and a Chi-square test for
categorical variables. A Type 1 error rate of
a= 0.05 was defined. Statistical analyses were
conducted using the IBM SPSS Statistics v22.0.

RESULTS

Characteristics and the Outcomes of
the Patients in the GIHSN
2019-20- Tiirkive Cohort

The project was run between the 51 week
of 2019 and the 18" week of 2020. Two
hundred seventy-three patients were enrolled
and swabbed in the 2019-2020 season GIHSN
project - Tiirkiye. Patients aged five years and
above comprised 71.1% of the study population.
The patient cohort exhibited a significant
prevalence of chronic diseases; 147 (75.8%)
patients greater than five had at least one
chronic condition, with cardiovascular disease
being the most prevalent, followed by chronic
obstructive lung disease (Table 2). There were
two pregnant patients in the study. Overall,
the vaccination coverage rate for the 2019-20
season among patients was 9.5%.

The average duration of hospitalization for
patients aged five years and above was 10.5
+ 1.9 days, while it was 7.2 + 0.6 days for
patients under five years old (p= 0.047). A notable
contrast emerged in the mean hospitalization stay
between patients with at least one comorbidity
(12.2 + 2.4 days) compared to those without
any comorbidity (5.4 + 0.6 days) (p= 0.013).
No patients under five had been admitted to
the ICU, required mechanical ventilation, or died
during hospitalization. On the other hand, among
the patients five years and older, 36 (18.6%)
required mechanical ventilation, 37 (19.1%) were
admitted to the ICU, and 18 (9.3%) died during
that hospitalization episode.

Influenza Epidemiology Among the
Patients in the GIHSN 2019-20-
Tiirkive Cohort

Influenza positivity was detected in 84 patients
(30.8%), and 61 (72.6%) of these were five
years and older. Influenza A was the dominant
strain (n= 75, 89.3%). The weekly epidemiology
of the influenza viruses among the GIHSN
cohort is demonstrated in Figure 1. There was
no sample between March 16 and April 13,
2020, due to the COVID-19 pandemic. After
April 13, 2020, no positive cases were detected.

Genetic Characterization

Genetic characterization could be performed in
25 isolated strains. Analysis of the phylogenetic
tree revealed that the viruses circulating during
the 2019-2020 influenza season in Tiirkiye
belonged to clade 6B.1A, characterized by the
amino acid substitution S200P in HA1l. Among
these strains, 23 (92%) of the HIN1 wvariants
fell into subclades 6B.1A.5a and 6B.1A.5a.1,
which exhibit HA gene mutations resulting in
amino acid substitutions HA1 T202I, N146D,
and N277D. Within subclade 6B.1A.5a, there
are two distinct groups distinguished by an
additional HA1 amino acid substitution, V537A.
Subclade 6B.1A.5a.1 viruses possess HA gene
mutations encoding HA1 D204A and Q206E
amino acid substitutions. Furthermore, specific
HA1 amino acid substitutions, HI155L and
N16S, define distinct clusters of viruses within
subclade 6B.1A.5a.1. Consensus tree annotation
and visualization are demonstrated in Figure 2.

FLORA 2024;29(4):488-501
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Table 2. Patient characteristics and comorbidities in the GIHSN 2019-20- Tiirkiye cohort

Number of Patients (%)

Five years and older  Under five years Total

n= 194 n=79 n= 273
Gender (female) 90 (46.4) 37 (46.8) 127 (46.5)
At least one chronic condition 147 (75.8) 26 (32.9) 173 (63.4)
Underlying Diseases
Cardiovascular disease 91 (46.9) 3 (3.8) 94 (25.7)
Chronic obstructive pulmonary disease 45 (23.2) 0 45 (16.5)
Asthma 25(12.9) 2(2.5) 27 (9.9)
Diabetes mellitus 40 (20.6) 0 40 (14.7)
Immunodeficiency/transplant 6 (3.1) 4 (5.1) 10 (3.7)
Renal insufficiency 14 (7.2) 0 14 (5.1)
Rheumatologic/autoimmune disease 4(2.7) 1(1.2) 5(1.8)
Neurological/neuromuscular disease 19 (9.8) 10 (12.6) 29 (10.6)
Cirrhosis/liver disease 4(2.1) 0 4 (1.5)
Malignancy (active) 15(7.7) 1(1.2) 16 (5.9)
Obesity 3 (1.5) 0 3(1.1)
Active tuberculosis 0 0 0
HIV infection 0 0 0
Leukemia 1 (0.5) 0 1(0.1)
Other 15(7.7) 8 (10.1) 23 (8.4)
Influenza Vaccine Status
Flu vaccine 2019-20 23(11.9) * 3(3.8)* 26 (9.5)
Flu vaccine 2019-20, 14 days before the symptoms 17 (8.8) ** 2 (2.5) ** 19 (7.0)

One patient may have more than one chronic condition.
*Six patients in the five years and older group and two patients under the five years group were influenza positive.
** Five patients in the five years and older group and two patients under the five years group were influenza positive.

18

16

14

12

10

0 ‘ ‘ ‘ | I I |
3 4 9 10 11

51 52 53 1 2 5 6 7 8

0o

(o))

IS

N

12 13 14 15 16 17 18

m Influenza A Influenza B
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Figure 2. The left side of the figure shows the phylogenetic comparison of influenza A(H1N1)pdm09 hemagglutinin (HA) genes.
The right side of the figure shows amino acid substitutions in matrix form, in which the presence of substitutions is shown in dark
grey. The upper track of the matrix shows amino acid substitutions in the HA, and the side panel shows the clinical data: death,
mechanical ventilation, vaccination (Vaccination 14 days before influenza-like illness symptoms), chronic condition, confusion,

comorbidity, sex, age and length of

Association of Influenza Subclades

stay.

with Clinical Endpoints

Some of these substitutions were significantly
associated with clinical endpoints.

For

instance,

older patients tended to be infected with
6B.1A.5a, which carries V537A. This variant
was also found to be significantly associated
with a longer hospital stay. However, this was
mainly driven by the age factor (Figure 3A).
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Figure 3. A. compares age and length of hospitalization in the presence of HA V537A amino acid substitution. B. shows the per-
centage of patients with mechanical ventilation and/or confusion in the presence of HA H155L and N16S amino acid substitutions.

Similarly, 6B.1A.5a.1 with H155L (n= 3, 60% in patients who underwent mechanical ventilation
vs. n= 2, 11%) and N16S (n= 3, 75% wvs. in the intensive care unit and/or had confusion

n= 1, 5%) amino acid substitutions were higher (Figure 2, 3B).
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DISCUSSION

The GIHSN study in Tiirkive was conducted
under the effect of the COVID-19 pandemic
during the 2019-20 influenza season. We
enrolled 273 hospitalized patients, among whom
84 (30.8%) demonstrated influenza positivity
with molecular testing. Shortly after the WHO
declared the pandemic, the first COVID-19 case
in Tirkiye was diagnosed on March 11, 2020,
prompting hospitals to activate their pandemic
plans. The organization of the hospitals and
patient flow algorithms have dramatically changed,
precluding the execution of the active surveillance
methodology. Staff who ran the surveillance and
did the swabbing were recruited for COVID-
19 wards and the emergency department. The
screened wards were either closed or converted
to COVID-19 wards in some hospitals; in others,
patients with ILI were hospitalized in the isolation
wards, which were not among the wards to be
screened. There was no samples between March
16" and April 13, 2020, due to the COVID-19
pandemic. As new patients were enrolled after
April 13, there were no new cases of influenza,
likely due to the early end of the influenza season,
attributed to COVID-19 mitigation measures and
lockdowns,  which  reduced healthcare-seeking
behavior among patients with ILI

The 2019-20 season was the first season
when the GIHSN project in Tirkiye included
sequencing influenza-positive samples for genetic
characterization. = We  have commenced a
methodology to establish phylogenetic trees of
the hemagglutinin and neuraminidase genes of
the influenza A viruses in circulation. Since
pathogen genomics is reshaping the public health
perception of infectious diseases, integrating
clinical and genomic viral surveillance data can
provide opportunities for improving the influenza
surveillancel?’-28].  Genomic characterization ~of
pathogens through next-generation sequencing
platform is used mainly in three domains: 1) to
demonstrate pathogen evolution through space
and time; 2) to characterize genetic markers
such as virulence determinants and to monitor
the emergence and spread of gain-of-function
variants; 3) to contribute data to public databases
for realtime surveillance and research?.

Moreover, a “sequence-first” approach enables
a faster and more informative sequencing
and vaccine production process for influenza
viruses1¥.  The genomic surveillance data are
reviewed during the biannual influenza vaccine
strain selection consultations held by the WHO
to more accurately select the clades included as
vaccine components[gol.

Here, we report the genomic characterization
of influenza A viruses with regard to their HA
proteins. The current influenza vaccines primarily
provide protection by stimulating the production
of neutralizing antibodies against HABL. Hence,
vaccine efficacy primarily relies on the match of
the antigenic properties of the HA of the vaccine
and the circulating strains in that particular
influenza The genomic surveillance
of influenza viruses focuses on the antigenic
properties of the HA protein to update the
components in the vaccinel®Z. On the other hand,
neuraminidase (NA) has been gaining attention
as a new potential vaccine component to induce
better and crossreacting immunity!®3]. Research
has demonstrated that higher NA inhibition
titers correlate with milder illness and reduced
viral shedding in individuals with influenzal3%.
As a result, NA is considered a candidate for
developing universal influenza wvaccines, which
offer better protection for matching strains and
subtype-specific cross-protection[%].

season.

Phylogenetic analysis revealed that out of 25
isolated strains, 23 belonged to 6B.1A.5A and
6B.1A.5a.1 subclades in the study population.
None of the strains belonged to 6B.1A.1, the
vaccine strain for influenza A (HIN1)pdmO9 in
the Northern Hemisphere during the study period.
This pattern was observed in other locations as
well. According to the European Centre for
Disease Prevention and Control (ECDC) Influenza
Characterization Surveillance Report published
in April 2020, among the influenza A (H1N1)
pdm09 samples collected from week 40/2019,
clade 6B.1A.5A was observed as the dominant
subclade in the WHO European Region[%].
Among specimen collections dated from week
44/2019 to 5/2020 in Canada, 245 out of
287 strains (85%) were subclade 6B.1A.5al37],
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As is known, mutations in the viral genome
can affect virulence, the immune system’s
effectiveness  against the virus, and drug
resistance; therefore, they should be closely
monitored®8!.  For instance, the HA1l D222G
mutation seen in the Norwegian population
during the 2019 - 2020 Season was found to
be highly prevalent in fatal and severe cases!39),
In our study, V537A was related to older age
and length of stay. H155L and N16S were
also found to be related to severe disease.
These differences were statistically significant,
suggesting a possible causal relationship between
these mutations and relevant outcomes. Given
that older age is associated with impaired
immune response, which can lead to higher viral
loads, age has the potential to influence viral
evolution!®?. Conversely, elderly individuals living
collectively in nursing homes may also experience
an outbreak among themselves. Therefore, it is
necessary to design large studies that account
for social factors and further investigate the
associations between age and viral mutations.

There are significant limitations in this study.
First, viral genomic data could be extracted
from relatively few patients. In addition, while
linking viral mutations with clinical outcomes,
more extensive data sets are required for more
generalizable interpretations, and epidemiological
relationships should be considered in detail
Moreover, since patients with mild symptoms
are less likely to be admitted to the hospital,
this may lead to selection bias when comparing
patient groups based on disease severity. The
low vaccination rate of the study cohort also
prevented us from examining survival outcomes
with vaccine strain mismatch. Furthermore, the
emergence of the COVID-19 pandemic has led
to changes in screening procedures in some
healthcare facilities during the study period.

CONCLUSION

In conclusion, influenza is a severe health
problem with a huge burden of disease mainly
affecting older adults, young children, and people
with  multimorbidity. Combining viral genomic
data with hospital surveillance is essential for
determining the risk factors for severe disease,
developing vaccination strategies, understanding the

viral evolution, and establishing an early warning
system to improve pandemic preparedness plans.
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