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ABSTRACT

The study aims to evaluate influenza seasonality pattern and identify influenza viral types/subtype as well as their
antiviral susceptibility pattern in South-East (SE) and East Asia (E-Asia) with the view of providing useful
information for public health action. The study is a systematic review of existing literature involving the use of search
engines such as Google Scholar, PubMed and EBSCOHOST. The search was conducted using a multi-stage approach
which yielded 66 articles after screening for relevance to the subject using specific inclusion and exclusion criteria. A
total of 60 articles were eventually analyzed and the findings were presented in tables and bar charts. The study
showed that the influenza virus was more prevalent in the 6-20 years age group (SE: 53.3% and E-Asia: 44.8%) and
also occurred commonly in the age of 61-90 years age group (SE: 15.6% and E-Asia: 24.1%). Seasonal peaks were
reported more in the winter period with influenza A (H1IN1) pdmQ9 (22.37%; 24.14%), seasonal influenza A (H1N1)
(6.58%; 17.24%), A (H3N2) (11.84%; 17.24%), and influenza B Victoria/Yamagata (5.26%; 20.69%) being the
predominant viral type/subtypes. The pathogenic avian influenza strains; AH5N1 (7.89%) and A (H7N9) (6.90%) was
also reported in SE and E-Asia respectively. Oseltamivir (37.5%) and peramivir (37.04%) were the most frequently
used anti-influenza agents in SE and E-Asia respectively. However, an H55Y+1436N combined mutation 4 (12.5%)
and an H274Y amino acid substitution 5 (18.5%) in the neuraminidase gene of influenza A (HIN1) pdm09 was
associated with decreased sensitivity to neuraminidase inhibitors. The study has shown that influenza A (H1N1)
pandemic and seasonal strain, A (H3NZ2), and B Victoria/Yamagata remains the predominant circulating virus in SE
and E-Asia. However, the dynamic antigenic and genetic evolution of the virus calls for more frequent surveillance in
the region.
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INTRODUCTION shown that nineteen of the genetically distinct types have

shown reassortment since the 1918 Spanish flu which
Influenza viruses are respiratory viruses that belong to a ravaged the world and claimed over 20-50 million lives
family of viruses known as orthomyxoviridae.>? They globally.** Additionally, six strains of the genetically
have been implicated in seasonal outbreaks, epidemics, distinct subtypes are known to have human-to-human
and pandemics in the past two decades.-? Research has transmission, ten are zoonotic avian influenza viruses
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while three are zoonotic swine influenza viruses.t®*
However, in the past five years, four novel influenza
subtypes and three novel strains of the virus have
emerged in humans.* Although fourteen different HA-
NA combinations are known to cause human infections,
studies have shown that Influenza H1N1, H1IN2, and
H3N2 HA-NA combinations have emerged multiple
times since the Spanish flu pandemic that ravaged the
world in 1918.%3

Influenza has continued to be a major cause of morbidity
and mortality that is difficult to ignore despite the current
global COVID-19 pandemic. The World Health
Organization estimates that it is responsible for over
500,000 deaths annually and over 1 billion people are
infected with the virus.**% Influenza viruses that are
commonly implicated in humans include; influenza A
(HIN1) pdm 09, influenza A (H3N2), and influenza B
which has two strains Victoria and Yamagata.'>6% The
virus causes an acute respiratory tract infection (flu) and
has an incubation period that ranges from 1-4 days.>* The
duration is quite short compared to the incubation period
of the novel coronavirus COVID-19 which spans from 2-
14 days.® The infection rate of influenza is usually
higher in children (20-30%) than adults (5-10%) and
contributes between 250-500,000 mortality annually from
3-5 million cases that are reported every year.'#

Additionally, the virus traditionally affects the upper
respiratory tracts and rarely involves the lower
respiratory tract.61%11 This is another clear difference
between it and COVID-19.° Susceptible individuals
include the very young, the elderly, immunocompromised

PubMed, Google, EBSCOHOST
search wsing key words such as; Asla

and Influenes virus, East and SH Asla
and Influenza virus

1800 sbstracts were screened for
relevance

67 of tha artides were determined
to be relevant

\ 126 articles were screened using the

Inclusion and exclusion criterls

individuals, pregnant women, and individuals with
predisposing medical conditions such as renal and cardiac
impairment.>#12

Additionally, the virus has a diameter of approximately
120 nanometers and has an enveloped segmented RNA
genome with antigenic molecules in their nucleocapsid.*?
Antigenic variations usually occur in both the A and B
virus with the C virus being more antigenically stable.**6
Moreover, the clinical presentation is usually sudden in
onset with symptoms ranging from fever, chills,
headache, coryza, and dry cough. The duration of fever is
usually between 3-5 days with respiratory symptoms
lasting for an additional 3-4 days. Symptoms such as
cough and weakness persist for up to 2-4 weeks after
other symptoms have abated.**3 In light of this, the
review aims to elucidate the seasonal patterns, the viral
serotypes, and the antiviral susceptibility pattern of the
virus in South-East and East Asia in the past two decades
and to identify the public health importance of the
seasonal variations in the Asian region.

METHODS

The study was conducted using search engines such as
Google Scholar, PubMed, and EBSCOHOST. In the first
stage of the search, keywords such as Asia and Influenza
virus, Far East Asia, and influenza virus were used to
generate 1,800 abstracts that were screened to identify
articles that focused on influenza virus outbreaks and
seasonal patterns in both temperate and subtropical areas
of Asia.

PubMeod search using MoSH terms
wuch us: Human infuenzs and
epidemiology und seasonality nnd

viral types and antiviral
suscoptibility

875 articles were assessed for
relevance to the subject
59 articles were determined1obe ||
relevant

€6 articles were selected and reviewed

60 articles were analyzed

Figure 1: The screening and selection of reviewed articles.
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In this first stage, 67 articles with a relevant focus on the
subject were selected. The second stage of the search
involved the generation of abstracts on the subject matter
from 16 Asian countries which were grouped into East
and South-East Asia respectively. The Asian countries
evaluated include Brunei, Cambodia, Indonesia, Laos
PDR, Malaysia, Myanmar, Philippines, Singapore,
Thailand, Timor Leste, Vietnam, China, Japan, Taiwan,
Mongolia, and the Republic of Korea. In the search,
keywords such as human influenza and epidemiology and
seasonality and country; human influenza type/subtypes
and antiviral susceptibility and country (for each specific
Asian country) were used in line with standard medical
headings (MeSH). These yielded 875 articles that were
screened for relevance and later pruned to 66 articles
using inclusion and exclusion criteria.

The inclusion criteria include articles that contain
information on human influenza virus epidemiology in
each of the 16 Asian countries; articles that contain
information on human influenza virus seasonality in each
of the 16 Asian countries; articles that contain
information on human influenza virus subtypes and
strains in each of the 16 Asian countries; articles on
influenza antiviral susceptibility pattern in each of the 16
Asian countries; articles on human influenza virus that
covers the last two decades (1999-2019) in each of the 16
Asian countries.

Exclusion criteria include articles on influenza virus
outside the scope of the study; articles that fall short of
the inclusion criteria; articles that are not written in the
English language.

After reviewing the 66 articles, 60 articles were selected
for analysis, and a flow chart showing the schematic
analysis was developed based on the PRISMA statement
for conducting systematic reviews and meta-analysis as
indicated in the website http://prisma-statement.org/
prism statement/checklist.aspx. The analysis was done
using IBM-SPSS version 25 and data was presented using
tables, proportions, and bar charts.

RESULTS

Epidemiology, seasonal pattern and influenza viral
types/subtypes in past two decades

Of the 60 articles analyzed 30/60 (50%) contained
information about influenza A virus infection, 20/60
(33.3%) contained information about influenza B virus,
9/60 (15%) of the reviewed study had information about
influenza A and B virus co-transmission while 1/60
(1.67%) of the article contained information on influenza
C virus infection which was most prevalent in children.

The mean number of reverse transcriptase PCR (RT-PCR)
confirmed cases of Influenza (Table 1) over the past two
decades for South-East and East Asia is 94.22+99.50 and

1339.83+3657.63 respectively. Moreover, the mean
influenza virus-related mortality in hospitalized patients
in both regions is 10.33%6.43 and 303+362.034
respectively.

Table 1: Reverse transcriptase-PCR confirmed cases
and influenza virus-related mortality in South-East
and East Asia.

Region Mean+SD

RT-PCR confirmed cases

South-East Asia (n=46) 94.22+99.50

East Asia (n=18) 1339.83+3657.63
Influenza virus-related mortality

South-East Asia (n=3) 10.33+6.43

East Asia (n=2) 303+362.04

Table 2: Age groups commonly predisposed to
influenza virus in South-East and East Asia.

Age group

predisposed to  Frequency Percentage

influenza virus

1-5 10 22.2
South-  6-20 24 53.3
East 40-60 4 8.9
Asia 61-90 7 15.6

Total 45 100.0

1-5 5 17.2

6-20 13 44.8
i:ls; 40-60 4 13.8

61-90 7 24.1

Total 29 100.0

Also, most influenza virus infections in South-East and
East Asia affected the younger age group more
predominantly with 53.3% and 44.8% occurring in the 6-
20 years age group compared to 15.6% and 24.1% in the
61-90 years age groups respectively (Table 2).

Additionally, based on the systematic review the peak
period of infection in South-East Asia is usually between
June-July (10.53%). However, 5.26% of infections spans
between January-December yearly. Additionally, most
influenza infection in East Asia (Figure 2a and b) occurs
between March-April, March-July and October-April
(13.79%) and can span through October to September
(10.34%).

Additionally, the influenza type/subtype that circulated
predominantly in South-East Asia in the past two decades
include influenza A (H1N1) pandemic strain (22.37%), A
(H3N2) (11.84%), and the co-circulating influenza B
Victoria and Yamagata strain (5.26%). Similarly, in East
Asia, influenza A (HIN1) pdm09 (24.14%), seasonal A
(HIN1) (17.24%), A (H3N2) (17.24%) and the co-
circulating influenza B Victoria and Yamagata strain
(20.69%) were the most predominant influenza virus
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responsible for respiratory infections (Figure 3a and b).
However, co-circulating A (H3N2)/B virus (1.32%) and
influenza C Victoria/Tokyo (3.45%) as well as the
pathogenic avian influenza A (H5N1) (7.85%) and A
(H7N9) virus (6.90%) were also reported in South-East
and East Asia respectively during the period under
review.
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Figure 2: (a) Peak season of viral infection in South-
East Asia, (b) peak season of viral infection in East
Asia.
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Figure 3: (a) Predominant viral type/subtype in South-
East Asia in past two decades, (b) predominant viral
type/subtype in East Asia in past two decades.

Antiviral susceptibility pattern in past two decades in
South-East and East Asia

Findings from the review showed that the neuraminidase
inhibitors (NAIs) were the most commonly used drugs for
the treatment and prophylaxis of influenza infection in the
South-East and East Asia region. Oseltamivir (37.5%),
zanamivir (21.88%) and peramivir (18.75%) are the most
frequently used NAIs in the South-East while peramivir
(37.04%), Oseltamivir (29.63%) and zanamivir (18.52%)
were the most commonly used NAIs in the eastern region
(Figure 4a and b).
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Figure 4: (a) Antiviral agents commonly used for
treatment of influenza virus infection in South-East
Asia, (b) antiviral agents commonly used for treatment
of influenza virus infection in East Asia
BXM=baloxavir marboxil; LAN=Ilaninamivir; OSEL=0Oseltam-

ivir; PER=peramivir; ZAN=zanamivir.

Additionally, among the viral types/subtypes reviewed,
the neuraminidase gene (NA) was involved in the
majority of the mutations associated with a reduction in
viral susceptibility in both regions with occasional reports
on mutations involving the viral cap-endonuclease
polymerase acid protein (PA) in East-Asia. In South-East
region the most frequently reported amino acid
substitution in the NA gene of influenza A (H1N1)
pdm09 includes 1436N (12.5%), combined
H275Y+1436N (12.5%) and P458T (12.5%). These
mutations caused decreased susceptibility to commonly
used NAls in the region including the most recently
introduced NAI laninamivir whose susceptibility is
reduced by H275Y+1436N and P458T mutation (Table 3).
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Table 3: Viral type/subtypes, genetic mutations and antiviral susceptibility in South-East Asia

Antiviral agent

Antiviral
susceptibility

Viral type/ Mutations
(n=32)
N (%)
1436N 4 (12.5) NA
A(HIN1) pdm09 H275Y+1436N 4 (12.5) NA
13 (40.6) D199E 1 (3.1) NA
P458T 4 (12.5) NA
116/117N 3(9.4) NA
L261 2(6.3) M2
S31 2(6.3) M2
VI149A 1(3.1) NA
A(H5N1) AlI3V 1(3.1) NA
16 (50.0) 1222N 2(6.3) NA
1117V 1(3.1) NA
N294S 2(6.3) NA
S246N 2(6.3) NA
BVIC/YAM
3 (9.4) M4261 3(9.4) NA

Oseltamivir, Zanamivir

Oseltamivir, Zanamivir, Laninamivir
Peramivir

Oseltamivir

Oseltamivir, Zanamivir, Laninamivir
Peramivir

Oseltamivir, Zanamivir, Peramivir
Rimantadine, Amantadine
Rimantadine, Amantadine
Oseltamivir

Oseltamivir

Oseltamivir, Zanamivir

Oseltamivir

Oseltamivir

Oseltamivir

Peramivir

Oseltamivir, Zanamivir, Peramivir

NA=Neuraminidase; -1=Decreased drug sensitivity; 0=Resistant; +1=Normal drug sensitivity.

Table 4: Viral Type/Subtypes, Genetic Mutations and Antiviral Susceptibility in East-Asia.

Viral type/

Mutations
subtype (n=27)
(n=27)
N (%) N (%)
H274Y 5 (18.5) NA
A(HIN1) pdm09 D151G 1 (3.7) NA
8 (29.6) T14811 (3.7) NA
1138T 1 (3.7) PA
H275Y 1 (3.7) NA
A(H3N2)
1(3.7) 1138T 1 (3.7) PA
A(H7N9) H274Y 2 (7.4) NA
8 (29.6) A246T 2 (7.4)
1221T 1 (3.7) NA
A245T 1 (3.7) NA
K360E 1 (3.7) NA
BVIC/YAM A395E 1 (3.7) NA
10 (37.0) D4329 1 (3.7) NA
G145R+Y142H 1 (3.7) NA
M4261 4 (14.8) NA

NA=Neuraminidase; PA= Polymerase acidic protein; -1=Decreased drug sensitivity; 0=Resistant; +1=Normal drug sensitivity;

Antiviral agents

Oseltamivir, Peramivir
Zanamivir, Laninamivir
Oseltamivir

Zanamivir

Baloxavir (BXM and BXA)
Peramivir

Baloxavir (BXM and BXA)

Oseltamivir, Zanamivir
Oseltamivir, Zanamivir
Peramivir
Peramivir
Peramivir
Peramivir
Peramivir
Peramivir
Oseltamivir, Zanamivir
Peramivir, Laninamivir

BXA= Baloxavir acid; BXM= Baloxavir marboxil (a prodrug of BXA).

Additionally, the 116/117N (9.4%), S31 (6.3%) NA and
M2 mutation in influenza A (H5N1) caused retention of
oseltamivir, zanamivir and peramivir sensitivity and the
sensitivity of amantadine and rimantadine respectively
while the L261 (6.3%) M2 mutation was associated with
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Similarly, H274Y (18.5%) NA substitution in the
influenza A (HIN1) pdm09 virus was most frequently
reported in E-Asia. This, however, was associated with
the development of resistance to oseltamivir and
peramivir and the retention of sensitivity to zanamivir and
laninamivir (Table 4). However, the PA gene amino acid
substitution (1138T) in both influenza A (HIN1) pdm09
and influenza A (H3N2) observed in this region was
associated with reduced sensitivity to the new drug
baloxavir. Additionally, H274Y (7.4%) and A246T
(7.4%) NA substitution in influenza A (H7N9) resulted in
reduced sensitivity of the virus to both oseltamivir and
zanamivir while 1221T, A245T, K360E, A395E, D4329,
and combined G145R+Y142H substitution of the NA
gene of B Victoria and Yamagata lineage was mainly
associated with reduced sensitivity of the virus to
peramivir.

DISCUSSION
Epidemiology, seasonal patterns and viral types/subtypes

Ever since the first influenza pandemic was reported in
the 1580s, two of the three recent pandemics including the
1918 Spanish flu have originated from Asia which houses
60% of the world’s population.t:341214-16 The most recent
pandemic caused by the novel influenza A virus strain
A(H1IN1) pdm09 which started in 2009 originated from
Mexico and America and later spread to over 214
countries including South-East and East Asia causing
over 18,449 deaths globally.341617 Surveillance data has
shown influenza rates of 11-26% in out-patient and 6-
14% in hospitalized patients in both regions.*

However, the majority of Asian countries lie in the
northern hemisphere with seasonal influenza patterns
varying across the continent and in countries in the
southern hemisphere.»41820 |n the present review peak
influenza infection in South-East Asia occurs in June-July
which corresponds with the winter months of June-
August in the southern hemisphere.> This is similar to
other reports that have shown peak influenza transmission
in Asian countries lying in the southern hemisphere
during the winter period.’®2 Additionally, based on
WHO report a country like Malaysia has a year-round
transmission similar to what is obtainable in tropical areas
like Kenya.?! This pattern is different from the seasonal
peaks observed in other SE-Asia countries.t”:?2
However, a similar all-year-round transmission has been
observed in other countries in the region with a tropical
and sub-tropical climate.?*?2 Moreover, in the review,
peak influenza infection in East-Asia occurred between
March-July which also corresponds with the winter
season in the southern hemisphere. This is supported by
other researchers that reported months of April-September
as the peak period of infection in this region.?22

Moreover, the 9 hemispheric influenza zones developed
by the WHO is based on the grouping of countries with
similar seasonal patterns and with similar predominant

influenza types/subtypes and are usually being reviewed
biannually every February for temperate countries in the
southern hemisphere and every September for temperate
countries in the northern hemisphere.?? This is usually
based on reports from local sero-surveillance of
circulating influenza viruses.?° However, the peak period
reported in this review is in agreement with the report of
Newman et al.?? that showed increased influenza activity
peaks between November and March in countries in the
temperate northern hemisphere and between April and
September in countries in the temperate southern
hemisphere.

Additionally, the observation that infection predominantly
affects the young and the elderly age group in both
regions is in agreement with other reports that have
shown increased susceptibility in young individuals, the
elderly, pregnant women, and in those with chronic health
conditions.?*? This has informed the WHO decision to
capture this susceptible population in Influenza
vaccination programs.?-3 Moreover, the viral types
reported in this study show a predominance of influenza
A (H1N1) seasonal and pandemic strain, A (H3N2), and
the B Victoria/Yamagata strain in both regions. However,
the highly pathogenic influenza A (H5N1) and A (H7N9)
were the zoonotic avian influenza A strain predominantly
reported in South-East and East Asia respectively. In
other reviews, influenza A (HIN1), A (H3N2), B
Victoria/Yamagata, and the zoonotic avian influenza virus
A (H5N1) and A (H7N9) was also the predominant
influenza virus reported in the region in the past 1-2
decades.3-%

Additionally, based on a very recent WHO report after
testing 217, 327 specimens from 60 countries in May
2020, 103 of the samples were found to be positive for the
Influenza virus of which influenza A and B represented
68.9% and 31.1% of the positive samples respectively.
Also, of influenza, A subtypes A (HIN1) pdm09 (66.7%)
and A (H3N2) (33.3%) were the most dominant subtypes
in circulation while B Victoria (100%) was the
predominant influenza B virus in circulation.® This
corroborates the finding of the systematic review.
However, the antigenic and genetic evolutionary
dynamics of the virus have resulted in the emergence of
several subtypes and clades which have been quit diverse
across the region.® For instance, there are reports of the
emergence of the new clade 1.1.2 and 2.3.2.1 reassortant
A(H5N?1) virus and clade 3c.2a and 3c.3a A(H3N2) virus
between 2012-2015.15 ¥ Within this same period, other
new reassortant clades were detected for influenza A
(H3N2) and B viruses in Laos PDR, Taiwan, Malaysia,
Myanmar, Thailand, Japan, China and Vietnam.35 %

The finding implies that there is the need for a sustained
approach in the regions periodic update of information
provided to the WHO global influenza surveillance
response (GISRS) system which is a mechanism designed
by the WHO for deciding the antigenic and genetic
composition of influenza vaccines used in the different
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hemispheric zones.>??" Currently, WHO has approved
the use of trivalent or quadrivalent vaccines that protect
against the three predominant strains which are; influenza
A (HIN1), A (H3N2), and B viruses in most countries.®
However, the problem of timing of the vaccines due to
variable seasonality and matching of the vaccine
components with the prevailing viral type/subtypes due to
the rapid evolutionary dynamics of the virus has remained
a major challenge globally and in Asia.’®?2? Hence, to
stem this challenge countries are encouraged to conduct
frequent molecular epidemiological surveillance of these
viruses and share the information with the WHO
GISRS.18:19

Additionally, due to the multiple peaks and residual all-
year-round transmission in some of the countries
particularly those that lie in the tropical zone in the
region, WHO has recommended the administration of
seasonal influenza vaccine in periods preceding the
primary peak of infection.>81° The most recent vaccine
recommended for the 2019-2020 influenza season in the
northern hemisphere is a quadrivalent vaccine made up of
A (HIN1) pdmO09-like virus, A(H3N2)-like virus,
B/Victoria/2/87 lineage and B/Yamagata/16/88 lineage
while that of the southern hemispheric zone is made up of
AJ/Brishane/02/2018 (H1N1) pdm09-like virus, A/South
Australia/34/2019 A(H3N2)-like virus, B/Washington/
02/2019-like virus (B Victoria) and B/Phuket/3073/2013-
like virus (B Yamagata).> 282937

Antiviral susceptibility pattern

Moreover, antiviral susceptibility pattern has also been
quite diverse in both regions. This is as a result of amino
acid substitution involving the neuraminidase protein, the
M2 ion channel, and the cap-endonuclease polymerase
protein of the virus.3® In this review, over 90% of the
mutation was noted to have occurred in the NA gene of
the virus which has also been shown in other studies.®#3°
Several mutations conferring resistance to the NAIs have
been reported among which are; mutations in residue 116
&117, V149A and A13V, N294S and S246N in the NA
gene of A (H5N1), and double mutation of
H275Y+1436N, and D199E and P458T in NA gene of A
(HIN1)pdmO09 were mostly reported in the South-East
region.3%4° However, H274Y and A246T NA substitution
conferring reduced susceptibility of avian influenza A
(H7N9) to oseltamivir and zanamivir and M4261amino
acid substitution conferring decreased sensitivity of the
virus to all four NAIs (oseltamivir, zanamivir, peramivir
and laninamivir) were mostly observed in East Asia. %443

Additionally, the 1138T amino acid substitution in the PA
gene of influenza A (H1IN1) pdm09 and A (H3N2) virus
which has been linked to reduced sensitivity of the virus
to the recently released drug baloxavir is considered to be
a potential marker for the monitoring of viral
susceptibility pattern to cap-endonuclease polymerase
inhibitors.** Globally, resistance to the adamantanes
(amantadine and rimantadine) among Influenza A (H3N2)

subtypes was 12.3% and 0.3% for A (H1N1) between
2000-2004 with 73.8%, 69.6% and 22.7% of the report on
adamantane resistance coming from China, Hong Kong,
and Taiwan respectively.®** This was mostly associated
with S31 mutation in over 95% of cases and has increased
over the years with almost 100% of influenza A (H3N2)
strains from China, Hong Kong, South Korea, Taiwan,
and Japan resistant to the adamantanes.®®“** Current
evidence has shown that most of the strains of influenza A
(HIN1) and A (H3N2) circulating globally are resistant to
the adamantanes which act mainly by binding to the M2
ion channel in the viral nucleocapsid resulting in the
inhibition of viral replication and release.**4¢

Before the 2009 influenza A (H1N1) pandemic, the
majority of the circulating pre-pandemic A (H1IN1)
influenza strain in Japan (100%), South-East Asia (32%),
Oceania (86%) and South-Africa (100%) were
oseltamivir-resistant. The spread of the oseltamivir-
resistant virus was majorly linked to the emergence of
mutant H274Y amino acid substitution in the NA gene.
This pattern however changed after the Influenza A
(HIN1) 2009 pandemic with the majority of the A
(HIN1) subtype exhibiting sensitivity to the NAIs in the
region.®4¢ However, there are still reports of influenza
virus resistance to oseltamivir with cross-resistance to
peramivir which may be attributed to the ability of the
drug-resistant strain to retain replication and transmission
fitness overtime thus, creating the possibility of a global
health crisis.**% Another contributory factor to the
persistence of drug-resistant strains in the population
includes rapid transmission in immunocompromised
individuals, the emergence of novel viral strains, and
prolonged exposure to subtherapeutic doses of NAIs.*

Although, majority of the available report has shown
retention of sensitivity to zanamivir and laninamivir, the
use of antiviral combination regimen such as laninamivir
+ IFN-A has been shown to promote the emergence of
resistance to laninamivir and other NAIls. 404245
Additionally, other combination therapies such as
oseltamivir with zanamivir and triple combination of
amantadine with oseltamivir with ribavirin have not
shown any benefit in terms of the outcome of treatment
and prevention of the emergence of drug resistance.*’®
Therefore the ray of hope in anti-influenza therapy still
lies with the development of novel agents to add to the
arsenal of currently available agents. Polymerase
inhibitors such as favipiravir and baloxavir are novel
agents that have demonstrated remarkable efficacy in the
treatment of influenza virus infection however, there are a
few reports on the presence of resistant variants to the
drugs.*34749 In the light of this, a recent study has shown
that 138T mutation in the polymerase acidic gene of
influenza A (H3N2) virus conferred reduced susceptibility
in infants treated with baloxavir.%® Hence, the sustenance
of frequent molecular surveillance of influenza viruses
and antiviral susceptibility monitoring is needed to
address this global challenge.
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Limitation of the study

Although the review provided the key findings of the
study, summaries of reviewed studies were not captured
in a tabular fashion. This was done to avoid overcrowding
of tables in the main text.

CONCLUSION

The study has shown that influenza A and B viruses still
pose a threat of potential epidemic and pandemics which
may emanate from Asia or any other part of the world.
This in addition to the presence of a wide array of
molecular variability and the ability of the virus to retain
its replicative and viral fitness has called for the need to
maintain and reinvigorate collaborative effort geared
towards the sustenance of regular epidemiological
surveillance and antiviral drug-resistance monitoring in
the region.
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