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INFLUENZA VIRUS GENETIC DIVERSITY
AND EPIDEMIOLOGICAL PROFILE
IN HUMAN POPULATION

Examining the evolutionary mechanisms driving genetic variation, alongside the global epide-
miological landscape, provides insights into transmission patterns, seasonal outbreaks, and pandemic
potential. This review explores the complex interplay between influenza virus genetic diversity and
epidemiological dynamics within human populations. Insights gained from this synthesis inform public
health strategies, emphasizing the importance of surveillance, vaccination, and pandemic preparedness
to mitigate the impact of influenza. Influenza viruses exhibit significant genetic variation due to mecha-
nisms such as antigenic drift and shift, as well as their segmented genome. New strains evolve through
genetic alterations, enabling them to overcome existing immunity and spread both seasonally and glob-
ally. Understanding genetic diversity is essential for predicting strain evolution and developing effec-
tive vaccines. Influenza, a highly contagious respiratory virus, spreads via respiratory droplets. It affects
individuals of all ages, but those at increased risk for severe disease include the elderly, young children,
pregnant women, and individuals with underlying medical conditions. Influenza follows seasonal trends,
with higher transmission rates in colder months in temperate regions, while tropical regions may experi-
ence year-round circulation. Epidemiological factors influencing influenza transmission and outcomes
include population density, travel behavior, and healthcare infrastructure. Monitoring influenza’s epide-
miological dynamics and examining genetic variants are critical tasks for surveillance systems. Effective
control of influenza requires integrated strategies that address both genetic and epidemiological aspects.
Controlling influenza epidemics, especially during a pandemic, involves using antiviral medications,
early detection, and containment measures.

Key words: Influenza viruses, Genetic diversity, Epidemiology, Human population, Public health,
Surveillance.
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Tymay BMPYCbIHbIH, FTeHEeTMKAAbIK, 9PTYPAIAIri xkoHe
aAam NonyAsiLUSICbIHbIH, SMUAEMUOAOTUSIABIK, PO UAI

JKahaHAbIK, 3MMAEMUOAOTUSIABIK, AQHALIA(TIEH KATap, FEHETMKAAbIK, BapuauMsHbl TYAbIPATbiH
3BOAIOLIMAABIK, MEXAaHU3MAEPAI 3EPTTEY XKYFY YAFiAEpiHE, MayCbIMABIK, IHAETTEpre >KeaHe NaHAEMUSIABIK,
aAeyeTKe >apblk Tycipeai. ByA WOAy Tymay BMPYCbIHbIH TEHETMKAAbIK, SPTYPAIAIN MeH apam
MONYASIUMSCBIHAQFBI  SMUAEMMOAOTUSIAbIK, AMHAMMKa apacbiHAAFbl KYPAEAI e3apa apeKkeTTecyAi
3eptrenai. OCbl CUHTE3AEH aAblHFaH TYCIHIKTEP TyMay BMPYCTApbIHbIH, aAAM AEHCayAblfblHa ©CepiH
a3anTy YWWIiH KaAaFaAayAblH, BaKLMHALMSAQYAbIH XXOHe MaHAEeMMsFa AAMbIHABIKTbIH MaHbI3AbIAbIFbIHA
6aca Haszap ayAapa OTbIPbIM, KOFaMAbIK, AEHCAYAbIK, CaKTay CTpaTerMsiAapbiH xabapAaiAbl. AHTUrEHAIK
Apericha MeH bIFbICY MEXaHU3MAEPIHIH, COHAAM-aK, OAapAbIH CEerMeHTTEAreH reHOMbIHbIH apKacbiHAQ
TyMay BMPYCTapbl YAKEH TeHETMKaAblK, BapuaLMsiHbl KepceTeAi. >KaHa wWTaMAap TreHeTMKAABIK,
e3repictep HOTMXECIHAE AaMMABI XeHe OYA wwTamaap OypbiHHaH 6ap >keHe MayCbIMAbIK, Hemece
faAaMAbIK, TapaAaTblH MMMYHMTET >KeHy KabireTiHe wue. [eHeTMKaAblK, SPTYPAIAIKTI  TyCiHy
LITaMMAAPAbIH SBOAIOLMSICbIHA BOAXKaY XKOHEe TMIMAI BakLMHaAapAbl XKacay YLliH 6Te MaHbI3Abl. TbIHbIC
aAy TaMLUbIAQPbl TYMayAblH, ©6Te >KYKMaAbl PECMIMPATOPAbIK, BUPYCTbIH TapaAyblH MyMKIHAIK 6epAi. bya
GapAbIK, XacTafbl apamMAaapFa acep eteai, Gipak keibipeyAepiHAE, MbiCaAbl, KapTTapAd, KillKeHTan
6ananapAQ, XYKTi EAAEPAE XKHe Heri3ri MeAnLMHaAbIK 6y3blAyAapbl 6ap aaaMAApPAA ayblp aypyAap MeH
3apAanTapAblH Kaymi KOoFapblAaiAbl. TyMay MayCbIMABIK, TEHAEHLUMSIAAPFa COMKEC KeAeAl, KOHbIp>Kar
eAAEPAE CYbIK aAapAd >KYKTbIPY >KbIAAAMABIFbI XKOFApbIAAMAbL. AereHMeH, TPOMMKAABIK, XXepAepAe
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6oAaabl. Tymay iHAETIHIH OepiAy MEH CaAAapbiHa ©CepiH eTeTiH 3MMAEMMUMOAOTMSIABIK, SAEMEHTTepre
XAABIKTbIH, ThIFbI3BAbIFbI, CasgXaTTaFbl MiHE3-KYAbIK, >KHEe AEHCAyAbIK, CaKTay MH(PaKYPbIAbIMbI aAaAbI.
TyMayAbIH, 3MMAEMUOAOTMSIABIK, AMHAMMKAChl KaAaFaAay »KOHEe FeHeTMKAAbIK, HYCKaAapAbl Kasarasay
JKYMEAepiHiH MaHbI3Abl MiHAETTEpPi 6oMbl TabbiAaAbl. TymMayAblH TMIMAI GakbiAdy FE€HETMKAAbIK, XKOHE
3MUAEMMOAOTUSIABIK, aCTIEKTIAEPAI eCKepeTiH BipiKTipiAreH CcTpaTermsiAapbiH KaXkeT eteai. Tymay anm-
AEMUSICbIH BakblAdy, acipece NaHAEMUS >KaFAarbIHAQ, BUPYCa KApCbl MpernapaTrapAbl, epTe aHblKTay
BAICTEPIH XX8He OKllayAay LApaAapblH KOAAAHYAbI TaAar eTeA|.

TyiiH ce3aep: Tymay BupycTapbl, [eHeTUKaAbIK, BPTYPAIAIK, DNTMAEMUOAOTMN, AAaM MOMYASUMS-
cbl, KoFamABIK, AEHCayAbIK, CakTay, KaAaraAay.
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leHeTMuyeckoe pa3HOOOpa3ue BUpYyca rpunna u
3MUAEMMUOAOTMYECKUI NMPOCOUAb B YEAOBEYECKOI MOMYASILLUM

M3yyeHre 3BOAIOLIMOHHBIX MEXaHM3MOB, BAMSIOLLMX HA FrEHEeTUYECKYIO BapraLmio BUPYyCa, Ha (hoHe
rAOGAABHON 3MUAEMUOAOTMYECKON CUTYALMK MO3BOASET MOHSTb 3aKOHOMEPHOCTU MepeAayn, Ce30H-
Hble BCTbILIKW U NMOTEHLMAA AAS MAHAEMUI. ITOT 0630p UCCAEAYET CAOXKHOE B3aMMOAENCTBUE MEXKAY
reHeTMYeCcKMM pasHoobpasmemM BMpyca rpumna v 3MMAEMUOAOTMUYECKON AMHAMUKOM B YEAOBEYECKOW
nonyAsumn. MoAyyeHHble AaHHble CMOCOOCTBYIOT pa3paboTke CTpaTernii 3APAaBOOXPaHEHUs, MoAYep-
KMBasi BAXXHOCTb MOHUTOPUWHIa, BaKLIMHALMW 1 NOAFOTOBKM K MAHAEMUSIM AAS CMSITUEHMSI BO3AECTBUS
rpunmna Ha 3A0pOBbe YeAoBeKa. Bupychl rpynna AEMOHCTPUPYIOT 3HAUMTEAbHOE FreHeTUUYeCckoe pa3Ho-
obpasue 6Aaropaps TakMmM MexaHM3Mam, Kak aHTUIEHHbIN APerd 1 CABUT, @ TaKXKe 13-3a CErMeHTUPO-
BaHHOro reHoma. HoBble LTamMMbl 3BOAIOLIMOHMPYIOT Yepe3 reHeTuYeckmne M3MeHeH s, UTo Mo3BOAseT
MM 06XOAMTH CYLLECTBYIOLLMI MMMYHUTET M PACMpPOCTPaAHSITLCS Kak CE30HHO, Tak M rAobaAbHoO. [Mo-
HVMMaHWe reHeTUYeCcKoro pa3HoobpPasms UMeeT KAIOUEBOE 3HAUEHME AAS MPOTrHO3MPOBAHMS 3BOAIOLIMM
LUITaMMOB M pa3paboTku 3peKTUBHBIX BaKUMH. [PUMN — BbICOKOKOHTArMO3HbI PECNMPATOPHbIA BU-
pYyC, pacnpoCTPaHSIOLMIACS Yepes KarnAn, 06pasyioLLmecs npu Kawae 1 ymxaHum. OH NMopakaeT AloAew
BCEX BO3PACTHbIX IPYMM, OAHAKO HaMBOAbLUMI PUCK TIXKEAbIX 3a00AEBAHMI CYLLECTBYET Y MOXUAbIX
AIOAEM, MAaAEHBbKMX AeTel, 6EPEMEHHbIX SKEHLLUMH U AIOAEI C COMYTCTBYIOLLMMM 3ab60AeBaHMaMmu. [pun
NMOABEP>KEH CE30HHbIM KOAEBAHMSIM: B YMEPEHHbIX CTpaHax HabAIOAQETCS MOBbilLeHKe 3ab60AeBaeMo-
CTU B XOAOAHOE BPEMS FTOAQ, B TO BPEMS KaK B TPOMMYECKMX PErMoHax BUPYC MOXKET LIMPKYAUPOBaTh B
TeyeHue Bcero roaa. K anvaemmonornueckmm aktopam, BAMSIOLLMM Ha nepeAavy BUMpyca 1 TSXKeCTb
3a60A€EBaHMs, OTHOCATCSI MAOTHOCTb HACEAEHUS, MYTELLECTBUSI M COCTOsSIHWE MHGPACTPYKTYPbl 3APABO-
oXpaHeHWsl. MOHUTOPWHT 3MUAEMMOAOTMUYECKON AMHAMUKM IpuUMmna U MICCAEAOBAHWE ero reHeTUYecKmx
BApMAHTOB SIBASIIOTCS Ba>KHbIMM 3aAa4amm AASl CUCTEM HabAoAeHMS. PGEKTUBHOE YNPaBAEHME rpuI-
NMom TpebyeT KOMMAEKCHbIX CTPATerui, yUMThiBAIOLMX KaK FreHEeTUUYECKME, TaK 1 SMMAEMUOAOTMYECKME
acnekTbl. IpexTrBHag 6opbba C aNMAeMUIMU rpunna TpebyeT MHTErPUPOBAHHOIO NMOAXOAQ, BKAIO-
Yarollero Kak MCroAb30BaHWe MPOTMBOBMPYCHBIX MpenapaToB, Tak M OpraHM3aumio CBOEBPeMeHHOM
AMArHOCTMKM M U30AILUMU BOAbHbIX.

KaroueBble cAoBa: Bupycol rpunna, [eHeTnueckoe pasHoobpasme, dnvaemmonorus, INonyasums,
O6L1ecTBeHHOE 3APABOOXPAHEHNE, DIUAHAA3O0P.

Introduction

Influenza viruses are members of the family Or-
thomyxoviridae and include influenza virus types A,
B, and C. Influenza has had a significant historical
impact and continues to pose a considerable threat to
public health. Since the transmission of HSN1 avian
influenza from birds to humans in 1997, virologists
and public health officials anticipated the global hu-
man spread of this virus. The pandemic spread of
anovel HINT influenza virus arose from an unpre-
dicted source; precursors of the pandemic influenza
A (HIN1) 2009 virus have been circulating among

pigs for over a decade [1]. The influenza virus is
one of the most effective, enduring, and unpredict-
able human diseases. Worldwide, influenza is still
the cause of frequent and fatal zoonotic breakouts,
erratic pandemics, and regular seasonal epidemics.
The influenza virus spreads by aerosols and causes
“flu,” an acute fever respiratory illness especially
severe in young children, the elderly, and people
with weakened immune systems. The influenza
virus substantially negatively impacts the world’s
population and economy [2].

Antigenic shift, which exposes the human popu-
lation to a novel strain of influenza and might result
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in increased or decreased morbidity or mortality,
causes flu epidemics every six to ten years. Influ-
enza A (HINI) pdm09 subtype virus, which origi-
nated from the reassortment of Eurasian Avian (EA)
related viruses of swine and North American Triple
reassortment (TRIG), caused the first human influ-
enza outbreak of the twenty-first century. Due to
a unique strain of Influenza A (HIN1) pdm09, the
world experienced a pandemic in 2009 [3].

This review addresses several key research is-
sues related to the epidemiological composition and
genetic diversity of influenza viruses in humans.
The review aims to analyze the genetic elements as-
sociated with influenza virus pathogenicity, assess
the impact of antigenic drift on vaccine efficacy,
and explore ways to improve vaccine formulation. It
also examines the kinetics of influenza virus propa-
gation, the impact of climate and environmental
factors, the dynamics of host immune responses,
and the effectiveness of current influenza surveil-
lance systems. Additionally, it considers the effects
of behavioral and societal factors, such as vaccina-
tion uptake, travel habits, and public health initia-
tives. The review highlights the importance of a One
Health approach to understanding the interactions
between human, animal, and environmental factors
in the spread of influenza.

Main body

Large population sizes and densities at mass
gatherings such as the Hajj (Makah, Saudi Arabia)
can contribute to outbreaks of respiratory virus in-
fection by providing local hot spots for transmis-
sion followed by spread to other localities [4]. It has
previously demonstrated that antigenic variations
of H3N2 co-circulated with clades of HIN1/2009
and that seasonal H3N2 and pandemic HIN1 vi-
ruses, both of which were present during the initial
wave of the HINI pandemic in Hong Kong, have
similar transmission potential in home settings.
Together with the pandemic HINT1 virus, sporadic
H3N2 transmission was also noted at the same pe-
riod in other areas of the world. Nasopharyngeal
swabs from index cases with confirmed influenza
and their household contacts were used for whole
genome deep sequencing to characterize patterns of
viral evolution at a finer scale, precisely, the amount
of genetic diversity transmitted among hosts. Cru-
cially, spatiotemporal transmission chains were
constructed, and donor/recipient pairs in suspected
transmission events were identified with relatively
high confidence using household epidemiological
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data. These pairs have also been compared with un-
related pairs [5].

Influenza seasonally, despite extensive preex-
posure and vaccination, influenza A viruses (IAVs)
are predicted to cause tens of billions of dollars in
economic expenditures and thousands of deaths an-
nually in the United States alone. IAV continues to
spread across the human population because it con-
stantly develops resistance to herd immunity. This is
not a universal characteristic of all viruses, though;
certain viruses (such as measles) have mutation
rates comparable to that of [AVs yet do not success-
fully develop immunological resistance in humans
and are effectively suppressed by vaccination. Iden-
tifying the specific factors that influence influenza
virus development is a critical unresolved issue in
virology that must be addressed to create future vac-
cines and therapies that are resistant to escape. [AV
populations show remarkable levels of genomic and
genetic diversity. Genetic diversity, which IAV and
the majority of other RNA viruses have in com-
mon, is the number of nucleotide sequence poly-
morphisms resulting from the relatively high rate of
mutation of the viral polymerase. Genomic diversity
is the difference in each virus particle’s ability to
code for different genes or which viruses are suc-
cessfully expressed during infection. The extent to
which AV populations exist as extremely diverse
swarms of genetically and phenotypically hetero-
geneous particles is becoming more visible because
of new technologies and methods. IAV populations
comprise large groups of genetically diverse minor
sequence variants that are closely connected, some-
times (though not always correctly) referred to as
“quasispecies.” In other RNA virus systems, the
impact of this variety on viral pathogenicity and fit-
ness has been thoroughly studied. When new selec-
tion pressures arise, preexisting genetic variety is
fuel for adaptation, leading to mutations that may
enhance fitness. Because both processes depend on
the accumulation of advantageous substitutions, this
process of evolutionary innovation promotes the
persistence of seasonal influenza virus strains in the
human population and the emergence of zoonotic
strains with pandemic potential into human circu-
lation. The vast majority of random mutations are
harmful. Thus, there are costs associated with this
diversity and the tremendous potential advantages.
A virus’s ability to evolve probably rests partly on
its ability to weigh the advantages and disadvan-
tages of preserving a high-standing diversity. The
mutation-prone replication mechanism produces
the mutational landscape found in IAV populations,
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which is influenced by selection and other evolu-
tionary processes like genetic drift. In this section,
I will summarize our current understanding of the
virologic characteristics and evolutionary processes
that control the genetic composition of AV popula-
tions [6].

Influenza viruses cause severe global econom-
ic and public health burdens. From 1990 to 1999,
annual influenza epidemics in the US caused over
30,000 fatalities annually. Frequent pandemics
cause noticeably larger mortality tolls [7]. Over 20
million religious visitors visit Saudi Arabia, and it
receives 3 million pilgrims annually. Every year,
tourists from more than 180 countries congregate
in a small space, increasing the danger of respira-
tory illnesses, such as influenza viruses, spreading
among pilgrims. Influenza infection is among the
most significant contributors to public and interna-
tional health issues. During their time in Makah and
the sacred sites, pilgrims endure harsh climatic con-
ditions, with temperatures sometimes rising beyond
45 °C. [8].

Using phylogenetic analysis, whole genome
consensus sequences were grouped by house-
hold for every patient group with either H3N2 or
HIN1/2009. Comparisons of phylogenetic trees
from each gene revealed no proof that this popula-
tion underwent reassortment during the time frame
of the research (no data displayed). This group was
exposed to three antigenic sublineages of H3N2
(A/Brisbane/10/2007-like, A/Victoria/208/2009-
like, and A/Perth/16/2009-like) and three clades
of HIN1/2009. Despite the population’s tiny size,
one instance of mixed subtype infection was found.
(Patient 781 V1 (0), suggesting that co-infection
of seasonal and pandemic strains could not be un-
common. [5]. This review article has used a series
of scientific and reliable articles to find the reasons
for the diversity and epidemiological profile of in-
fluenza viruses in the human population. This ar-
ticle’s goals include a thorough analysis of genetic
diversity, a detailed investigation of epidemiologi-
cal profiles, a synthesis of genetic and epidemio-
logical viewpoints, implications for public health,
and future directions. Epidemiological studies aim
to identify factors that place some populations at
greater risk of contracting an infectious disease
than others. Such factors can be associated with the
three legs of the “epidemiologic triad” for infec-
tious diseases: the combination of an external caus-
ative agent, a susceptible host, and an environment
that links these two together. Genetic differences
contribute to variations in the immune response of
different individuals to a pathogen [9].

Between the two sites, it was observed substan-
tial diversity in A (H3N2) and A (HINI1) pdm09
viruses, with A (HIN1) pdm09 viruses having
substantially less nucleotide variation at antigenic
places than A (H3N2) viruses. Antigenic sites for
A (HIN1) pdm09 varied from the vaccine strain
by three to four amino acids, with two differences
shared by all studied isolates. Antigenic sites for A
(H3N2) viruses varied from the vaccination strain
by six to nine amino acids, with four differences
shared by all studied isolates [10]. Among the vari-
ous seasonal influenza viruses, influenza A/H3N2,
which has been affecting people since the 1968
“Hong Kong” pandemic, has survived even after
the 2009 A/HINI1pdm virus appeared and effec-
tively supplanted the seasonal influenza A/HIN1
that was previously circulation. Ongoing antigenic
alterations in circulating seasonal A/H3N2 viruses
constantly prompt new guidelines for developing
seasonal influenza vaccines. The aim is to maximise
vaccine-induced protection in the general public and
among healthcare workers [11]. In human hosts, in-
fluenza virus populations expand exponentially at
the beginning of an acute infection. Viral titers peak
two to four days after the infection’s start, and after-
wards, titers decline for three or four days until the
virus reaches undetectable levels [12].

Continuously evolving Influenza viruses accu-
mulate changes in the viral genome, leading to the
diversity of subpopulations and the introduction
of novel strains. Pandemics and yearly epidemics
result from this. Zoonotic vectors, host immunity,
and other ecological and environmental factors can
cause viral genetic variation and antigenic altera-
tion. Point mutations causing antigenic drift, gene
reassortment causing genetic shift, defective-inter-
fering particles, and RNA recombination changing
the Influenza virus genome are some processes that
can cause genetic variation [13]. Influenza A pre-
dominated in all WHO regions between 2011 and
2019, frequently alternating between A (HINI)
pdm09 and A (H3N2). Between 2011 and 2019, the
percentage of B/Yamagata and B/Victoria viruses
stayed low. During the COVID-19 pandemic, influ-
enza A was likewise prevalent in all WHO regions
except for WPR; nonetheless, most samples tested
positive for A (H3N2). About 98% and 90% of the
samples found in AMR in 2021 and 2022 tested
positive for A (H3N2). 90% of all positive samples
in WPR in 2021 were caused by B/Victoria viruses.
Nevertheless, influenza A was once more prevalent
in WPR in 2022 and 2023. Furthermore, throughout
the COVID-19 pandemic, hardly many B/Yamagata
viruses were found [14].
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Figure 1 — Distribution of influenza B lineages and influenza A subtypes
by six WHO regions from 2011 to 2023 [14]

Origins of genetic diversity

Influenza viruses (family Orthomyxoviridae)
possess a negative-strand segmented RNA genome
and enveloped virions. Genetic diversity in the in-
fluenza virus results from a high rate of mutation
associated with replication using low-fidelity RNA
polymerase and the reshuffling (or reassortment) of
segments among confecting strains. The emergence
of viral infections with potentially devastating con-
sequences for human health depends on their under-
lying evolutionary dynamics [15]. The emergence
of new influenza A virus strains can be caused by
“‘antigenic shift,”” resulting from reassortment of
gene segments, including H and N types, ‘‘antigenic
drift”’ resulting from the continuing accumulation
of mutations in the H and N genes or a pathogen-
ic virus jumping species, and acquiring the ability
to infect and be transmitted among humans, as in
the 1918 pandemic [16]. The influenza A virus is
divided into 18 HA and 11 NA subtypes based on
the antigenic differences between HA and NA. All
influenza virus subtypes have been found in wild
birds, the natural influenza virus reservoirs, except
H17N10 and HI8N11, isolated from bats. Avian
influenza viruses multiply effectively in wild birds,
but in other animals, they do not. However, mount-
ing evidence shows that various animals, including
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dogs, cats, rhesus macaques, and even plateau pikas,
can contract avian influenza viruses. Human sporad-
ic H5N1, H7N9, and HIONS infections have been
documented in China, suggesting that other viruses
of bird flu subtypes may be dangerous to people due
to their natural development [7].

Since 1918, three pandemics have been brought
on by influenza A viruses that infect people after
spreading from wild birds. Numerous additional
mammalian hosts, such as pigs, dogs, horses, bats,
seals, and whales, have also contracted influenza A
viruses. Influenza A viruses, like other viruses, must
co-opt host factors to replicate within a host cell suc-
cessfully. Influenza A virus requires host factors at
many stages of its life cycle, from entry, transport of
gene segments to the nucleus, replication, and pack-
aging to exit. As a result, the virus must adapt to
novel host factors to successfully emerge in a new
host species. Pandemic preparedness requires us
to identify mutations that allow or prevent animal
viruses from using human host factors and to un-
derstand the mechanisms that enable host switching
[17]. Influenza in humans is one of the first large-
scale pathogen genome sequencing initiatives fo-
cused on a virus, and influenza virus genomes are
frequently used to test evolutionary analysis tech-
niques. These techniques are increasingly utilised to
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comprehend antigenic drift and select vaccine vari-
ants. The initial proof of influenza’s phylogenetic
diversity is the identification of highly divergent
and diversified viruses in fruit bats (Artibeus spp.)
from Central and South America, which revealed a
virus burden more significant than that of the bird-
mammal 16HA-9NA model [18].

Epidemiological profile of influenza viruses in
the human population

Influenza A viruses are microorganisms that
cause respiratory tract infections in humans, birds,
and other mammals such as swine, horses, etc. In
the 20th century, three pandemics resulted in wide-
spread morbidity and mortality. A novel HINI1
(HIN1pdm) virus surfaced in 2009 and sparked a
pandemic that killed 18,449 people, according to
reports, and likely infected millions more globally
[19]. Regular annual epidemics have characterised
seasonal influenza in temperate zones of the world
for most of the last fifty years. The observed skip
dynamics can be explained in relatively simple
terms by basic epidemiological principles. The gen-
eral population had never been exposed to the novel
strain of HIN1pdm until it surfaced in March 2009.
This made it possible for the pandemic to spread
worldwide, even though it was outside many na-
tions’ typical influenza season. Each subsequent
epidemic outbreak increased the general public’s
exposure to the novel HINIpdm strain over time,
strengthening population immunity and lowering
the number of vulnerable people [20]. Seasonal in-
fluenza is responsible for a significant annual bur-
den of lower respiratory tract infections (LRTIs)
and other respiratory conditions (such as chronic ob-
structive pulmonary disease), even though the bur-
den of influenza is frequently discussed concerning
past pandemics and the threat of future pandemics.
A systematic scientific attempt to measure the health
loss linked to a wide range of illnesses and impair-
ments is the Global Burden of Disease Study (GBD)
2017. An influenza pandemic in 1918 is thought to
have claimed between 20 and 50 million lives, sur-
passing the death toll from World War 1. Seasonal
influenza continues to have a significant role in the
rising global incidence of lower respiratory tract in-
fections (LRTIs) today [21]. Influenza virus infec-
tions are common in people of all ages. Epidemics
occur in the winter months in temperate locations
and at varying times of the year in subtropical and
tropical locations. Most influenza virus infections
cause mild and self-limiting disease, and around
one-half of all infections occur with a fever. Only a
tiny minority of infections lead to severe diseases re-
quiring hospitalisation. During epidemics, the rates

of influenza virus infections are typically highest in
school-age children. The clinical severity of infec-
tions tends to increase at the extremes of age and
with the presence of underlying medical conditions,
and the impact of epidemics is most remarkable in
these groups. Every year, Significant morbidity and
mortality are caused by influenza epidemics, and
influenza pandemics could have an even more sig-
nificant effect than the 2019 coronavirus outbreak.
To create more effective control strategies, we must
know how influenza is spread [22].

A novel strain of influenza virus A HIN1, also
known as “swine flu,” started to spread in several
nations worldwide in April 2009. Although the ge-
nomic makeup of the most recent HIN1 virus strain
differs significantly from that of the previously iden-
tified isolates, it has been discovered to share close
ties with the swine flu virus. The genetic features
of this new virus were not previously found in In-
fluenza A in humans, pigs, or poultry [23]. Accord-
ing to phylogenetic analysis of recently made public
whole genome sequences of the human influenza A
virus, several viral lineages commonly co-circulate
within a single geographic location. This contrasts
with earlier research that showed a single dominant
and selectively preferred lineage in the HA1 (hem-
agglutinin) domain alone [24]. While influenza epi-
demiology varies considerably throughout the year
in equatorial locations, the influenza seasons typi-
cally occur between November and April in temper-
ate regions of the Northern Hemisphere (NH) and
between May and October in the Southern Hemi-
sphere (SH). GISN tracks the epidemiology and
characteristics of influenza viruses all year round to
identify the emergence and dissemination of novel
antigenic variations. Based on data from GISN and
assessed by a group of officials from the CC, ERL,
NIC, and others, the WHO has issued official an-
nual recommendations for the formulation of sea-
sonal influenza vaccinations every February since
1971 [25]. On June 11, 2009, the World Health Or-
ganization (WHO) declared a pandemic alert level
6. This warning level was increased from 5 to 6 in
less than 20 days, and as of right now, the infec-
tion has spread to 208 countries worldwide with
2,46,571 confirmed cases and 9596 deaths [26].
The year 2009 marked the beginning of a pandemic
brought on by a fresh strain of the HIN1 influenza
virus. The outbreak started in March when officials
in Mexico noticed a greater-than-anticipated rise in
flu-like episodes and the simultaneous development
of unusual instances of pneumonial. The pandemic
influenza virus (HINI) 2009 is the current name
for the etiological agent that was identified in early
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April 2009 by the Centers for Disease Control and
Prevention (CDC/Atlanta, USA) and reported to the
World Health Organization (WHO) in compliance
with the 2005 International Health Regulations [27].
Following the 1968 H3N2 virus pandemic, influ-
enza A(H3N2) viruses became common in humans
and have been a primary contributor to influenza
outbreaks. These viruses evolve continuously by re-
assortment and genomic evolution. Antigenic drift
is the cause for the need to update influenza vaccines
frequently. Using two data sets that span the entire
period of circulation of A (H3N2) influenza viruses
in humans, it was shown that H3N2 influenza vi-
rus evolution can be mapped to 13 antigenic clus-
ters [28]. The linkage between the virologic profile
and clinical characteristics of individuals affected
by the influenza virus offers crucial data for clini-
cal care and epidemiological control of upcoming
illness epidemics. Control of the forthcoming epi-
demics is based primarily on the analysis of patients
and comparison of viral load in conjunction with
epidemiological information. The median viral load
was more significant during the pandemic than sea-
sonal influenza. In pHIN1 (2009)-infected patients,
the viral load was positively correlated with chills,
myalgia, and rhinorrhea and negatively correlated
with dyspnea; no correlation was seen with other
symptoms or with clinical circumstances, includ-
ing immunodepression, pregnancy, smoking, or co-
morbidities [29].

Conclusion

The comprehension and control of seasonal in-
fluenza outbreaks and pandemics heavily rely on the
genetic variety and epidemiological makeup of in-
fluenza viruses within the human population. Some
essential features of influenza viruses’ epidemio-
logical profile and genetic diversity in the human
population followed: In the first, point mutations in
the genes that encode the surface proteins hemag-
glutinin (HA) and neuraminidase (NA) accumulate
through a process called “antigenic drift.” These
mutations result in minor changes to the viral sur-
face proteins and generate seasonal flu outbreaks.
This enables the virus to evade any immunity that

might have previously formed. When two different
influenza viruses infect the same host cell and share
genetic material, a more severe genetic alteration
known as an “antigenic shift” occurs. As demon-
strated by the HIN1 virus that caused the 2009 flu
pandemic, this mechanism may lead to novel influ-
enza strains that can potentially produce pandemics.

The second one is the epidemiological profile,
in which researching the incidence, influence on hu-
man health, and transmission patterns are all part
of the epidemiological profile of influenza viruses.
Essential elements consist of seasonal variation in
which influenza follows seasonal trends, peaking
in temperate locations in the colder months of the
year. A few examples of the variables that affect
this seasonality are humidity, temperature, and hu-
man behavior. The transmission dynamics, in which
respiratory droplets and close contact with infected
persons are the main ways influenza spreads. Com-
prehending transmission dynamics, encompassing
variables like vaccination coverage, travel patterns,
and population density, is imperative to execute ef-
ficacious control strategies. Also, influenza’s effects
on health can range from moderate to severe respi-
ratory illnesses, and it can result in complications
like pneumonia, particularly in susceptible groups,
including the elderly, small children, and people
with underlying medical disorders. The virulence
and transmissibility of circulating strains of influ-
enza can cause variations in the annual burden of
the disease on public health systems.

The third one is surveillance and monitoring
systems, which are respiratory droplets and close
contact with infected persons, the main ways in-
fluenza spreads. Comprehending transmission dy-
namics, encompassing variables like vaccination
coverage, travel patterns, and population density, is
imperative to execute efficacious control strategies.
As we know, researchers and public health officials
can gain a better understanding of the behavior of
influenza viruses and develop measures to prevent
and control flu outbreaks and pandemics by combin-
ing data from genetic studies, epidemiological sur-
veillance, and clinical observations so it would be
better to cooperate with them from time to time and
get accurate and precise information.
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