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Abstract—Avian influenza viruses, particularly the highly
pathogenic strains such as HSN1 and H7N9, represent a
persistent threat to global health security due to their
zoonotic potential and high mortality rates in humans.
From a pharmaceutical perspective, the challenge lies in
developing small-molecule inhibitors that can keep pace
with the virus's rapid antigenic drift and shift. This review
explores the medicinal chemistry of current antivirals and
the emerging chemical scaffolds designed to bypass
existing resistance mechanism. The primary focus of
current antiviral chemistry remains the Neuraminidase
(NA) enzyme. Neuraminidase inhibitors (NAIs), such as
Oseltamivir and Zanamivir, were designed based on the
transition-state analog of sialic acid. Chemically, these
molecules mimic the oxocabenium ion intermediate,
binding with high affinity to the conserved active site of the
NA protein. However, the emergence of the H275Y
mutation has significantly diminished the efficacy of
Oseltamivir by altering the hydrophobic pocket of the
enzyme. This necessitates the development of next-
generation NAIs with modified side chains (e.g., C4-
substituted derivatives) that maintain binding affinity
even in mutated strains Beyond NAls, the pharmaceutical
landscape has shifted toward the Viral Polymerase
Complex (PA, PB1, and PB2). The recent clinical success
of Baloxavir Marboxil, a "cap-snatching" inhibitor,
marks a milestone in antiviral chemistry. Baloxavir
functions as a prodrug, which is metabolized into its active
form to chelate the manganese ions (Mn”"{2+}) within the
PA subunit's active site. By disrupting the initiation of
viral mRNA synthesis, polymerase inhibitors offer a
broader window of therapeutic intervention compared to
traditional therapies Furthermore these abstract
highlights the revival of M2 Ion Channel blockers. While
amino adamantanes like Amantadine have largely been
abandoned due to widespread resistance, new chemical
synthesis efforts are focusing on "dual-target" molecules
and novel spiro-adamantane derivatives that can block the
pore even in the presence of the S31N mutation. The future
of avian influenza therapeutics lies in Structure-Based
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Drug Design (SBDG) and Host-Directed Antivirals. By
targeting host cell factors required for viral replication
rather than the virus itself pharmaceutical scientists hope
to create a "resistance-proof" barrier. Additionally, the
integration of PROTAC (Proteolysis Targeting Chimera)
technology offers a revolutionary chemical approach to
degrade viral proteins rather than just inhibiting them. In
conclusion, while current antivirals provide a first line of
defense, the chemical evolution of multi-target inhibitors
and combination therapies is essential to mitigate the
pandemic potential of avian influenza. To combat the
inevitable rise of resistance, current research is pivoting
toward Host-Directed Antivirals (HDAs). Instead of
targeting the rapidly mutating virus, HDAs target host cell
pathways (such as the Raf/MEK/ERK signaling pathway)
that the virus hijacks for its lifecycle. Because host proteins
do not mutate as quickly as viral proteins, this approach
offers a higher "barrier to resistance." Additionally, the
development of PROTACs (Proteolysis Targeting
Chimeras) is gaining traction. These heterobifunctional
molecules bring a viral protein into close proximity with
an E3 ubiquitin ligase, marking the viral component for
proteasomal degradation. This represents a paradigm
shift from simple "inhibition" to active "destruction" of
viral machinery.

Index Terms—Avian Influenza (HSN1/H7N9), Medicinal
Chemistry, Neuraminidase Inhibitors, Polymerase
Complex, Drug Resistance, Structure-Activity
Relationship (SAR)Introduction

[. INTRODUCTION

A. The Looming Shadow of a Pandemic

Avian Influenza, popularly known as "bird flu," is far
more than just a veterinary concern; it is a persistent
pharmaceutical challenge that sits at the intersection of
virology, medicinal chemistry, and global health
security. Caused by Type A influenza viruses, these
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pathogens primarily circulate in wild aquatic birds but
possess an alarming ability to "jump" species. Strains
like H5N1 and H7N9 have already demonstrated
devastating effects in humans, with mortality rates
sometimes exceeding 50%. From a pharmaceutical
perspective, the virus is a "moving target." Its genome
consists of eight single-stranded RNA segments, which
allow for two dangerous evolutionary tricks: Antigenic
Drift (small, frequent mutations) and Antigenic Shift
(major genetic reassortment). For a medicinal chemist,
this means that a drug that works today might be
rendered obsolete by a single amino acid substitution
tomorrow. Therefore, the goal of modern pharmacy is
not just to create an "inhibitor," but to design
"resistance-proof™ chemical scaffolds.

B. The molecular architecture of the enemy

To understand the chemistry of treatment, we must first
look at the virus's surface. It is decorated with two spike-
like glycoproteins: Hemagglutinin (HA) and
Neuraminidase (NA). Think of HA as the "key" that
unlocks the host cell, and NA as the "scissors" that cut
the new virus particles free so they can infect other cells
[1]. Historically, the first line of defense was the M2 Ion
Channel blockers, such as Amantadine. These were
simple cage-like hydrocarbon molecules (adamantanes)
that physically plugged the virus’s ion channel,
preventing it from "uncoating" inside the cell. However,
the virus quickly adapted. A single mutation
S31Nchanged the shape of the channel, making
Amantadine useless against almost all circulating avian
strains. This failure forced the pharmaceutical industry
to shift its focus toward more sophisticated enzymatic
targets.

C. The rise of structure-based drug design (SBDD)

The real breakthrough came with the mapping of the
Neuraminidase  (NA)  crystal  structure. By
understanding the exact geometry of the NA active site,
chemists could use Structure-Based Drug Design
(SBDD) to create transition-state analogs. This led to
the development of Oseltamivir (Tamiflu) and
Zanamivir. Oseltamivir is a masterpiece of
pharmaceutical engineering. Because the active
molecule was too polar to be absorbed by the gut,
chemists designed it as a prodrug an ethyl ester that
remains inactive until it hits the liver. Once
metabolized, it mimics the natural sialic acid substrate
so perfectly that the enzyme binds to it instead of the
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host cell, effectively "clogging" the viral machinery.
However, even this "gold standard" is under threat. The
H275Y mutation is a classic case of molecular
interference; the substitution of a bulky Tyrosine
residue physically pushes the Oseltamivir molecule out
of its binding pocket.

D. The new era: polymerase acidic (PA) inhibitors

As resistance to NA inhibitors grows, the
pharmaceutical landscape has shifted toward the virus's
internal replication engine: the RNA-dependent RNA
polymerase (RdRp) complex. The most exciting
development in this space is Baloxavir Marboxil [2].
Unlike older drugs, Baloxavir targets the "cap-
snatching" mechanism. Chemically, it is a substituted
pyridone that acts as a chelating agent. It seeks out and
"grabs" the two Manganese ions sitting at the heart of
the PA subunit. Without these ions, the virus cannot
initiate the transcription of its mRNA. This is a
"cleaner" hit often requiring just a single oral dose
which significantly improves patient compliance and
reduces the window for the virus to mutate.

E. Synthesis, scalability, and green chemistry

A pharmaceutical perspective is incomplete without
discussing Process Chemistry. In the early 2000s,
producing Oseltamivir was a slow, dangerous process
involving explosive azide chemistry and a limited
supply of Star Anise (the natural source of Shikimic
acid). Today, the industry has moved toward Green
Synthesis. We now use genetically engineered bacteria
to ferment glucose into Shikimic acid at a massive scale.
Furthermore, Flow Chemistry where reactions happen
in a continuous moving stream rather than big stationary
vats has made the production of antivirals faster, safer,
and more consistent.

F. Conclusion: Beyond The Virus

As we look toward 2026 and beyond, the focus is
expanding toward Host-Directed Therapies (HDTs).
Instead of attacking the virus, which is always changing,
we are looking at drugs that temporarily "hide" the host
proteins the virus needs to survive. Because human
proteins don't mutate like viral ones, these drugs could
provide a "universal" shield against any bird flu strain
[3]. This review will explore these chemical interactions
in detail, from the precision of molecular docking to the
challenges of global manufacturing, providing a
roadmap for how pharmaceutical science plans to win
the "molecular arms race" against Avian Influenza.
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II. INFLUENZA VIRUS

A. The Nature of the Beast: More Than Just a Cold

In the world of pharmaceutical science, the Influenza
virus is regarded as one of the most successful and
elusive pathogens. Belonging to the
Orthomyxoviridae family, it isn't just a cause of
"seasonal sniffles" it is a highly evolved biological
machine capable of triggering global pandemics. Its
most terrifying trait is its zoonotic potential, meaning
it can jump from birds or pigs into humans, often with
lethal consequences. For a pharmacist or researcher,
the virus is a "moving target" because it mutates so
rapidly that the drugs and vaccines we develop today
may become obsolete by the next flu season.

B. Classification: The A, B, C, and D of Flu

Influenza viruses are categorized into four distinct

types, each with a different "personality" in terms of

public health:

e Type A: The most dangerous and diverse. It infects
humans and a wide range of animals (birds, pigs,
horses). Type A is the only type capable of causing
pandemics because of its ability to undergo major
genetic shifts. It is further classified by its surface
proteins, such as HIN1 or H5N1.

e Type B: Primarily infects humans and causes
seasonal epidemics. While it can be severe, it
doesn't cause pandemics because it lacks the
animal reservoir that Type A possesses.

e Type C: Causes very mild respiratory illness and is
rarely a public health concern.

e Type D: Affects cattle and is not known to infect
humans.

C. The Anatomy of the Virus:

e A Chemical Blueprint: To defeat the virus, we
must understand its internal and external
architecture. It is essentially a ball of lipids and
proteins protecting a core of genetic instructions.

e The RNA Genome: Unlike humans, who use DNA,
Influenza uses Segmented Single-Stranded RNA.
It has 8 distinct segments. When two different
viruses infect the same cell, they can "swap" these
segments like a deck of cards. This process, known
as Antigenic Shift, is how a "new" virus (like the
2009 Swine Flu) is born overnight.

e The Surface Spikes (HA and NA): These are the
most important parts for drug targeting.
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e Hemagglutinin (HA): This is the "grappling hook."
It allows the virus to bind to sialic acid receptors
on our respiratory cells.

e Neuraminidase (NA): This is the "scissors." Once
the virus has replicated inside a cell, it needs to get
out to infect others. NA cuts the bond between the
new virus and the host cell, setting it free. To
understand the Specific Chemistry of Avian
Influenza (AI), a pharmaceutical researcher must
look beyond general virology and focus on the
precise molecular interactions, bond formations,
and chemical scaffolds that define how this virus
infects a host and how drugs stop it [4].

D. The Specific Chemistry of Avian Influenza: A

Pharmaceutical Deep Dive

Receptor Binding Chemistry: The Sialic Acid

Specificity

e The first chemical interaction in an Avian
Influenza infection occurs at the surface of the host
cell. The virus uses its Hemagglutinin (HA) protein
to bind to Sialic Acid (N-acetylneuraminic acid)
residues.

e The "chemistry of host-switching" depends on the
glycosidic linkage of these sugars.

e Human Influenza typically binds to sialic acid
linked to galactose via an alpha2,6-linkage.

e Avian Influenza, however, has a high affinity for
the alpha 2,3-linkage.

The difference is purely stereochemical. The alpha2,3-

linkage creates a "cone-like" geometry, whereas the

alpha2,6-linkage creates an "umbrella-like" shape. For

an Avian strain to infect humans efficiently, a

chemical mutation must occur in the HA binding

pocket (typically at amino acid positions 226 and 228)

to accommodate the human-style alpha2,6-linkage.

This specific stereochemical shift is the primary

barrier preventing a global bird flu pandemic.

E. The Cleavage Site: Polybasic Amino Acid
Chemistry

One of the most lethal chemical features of Highly
Pathogenic Avian Influenza (HPAI) like H5NI1 is the
Polybasic Cleavage Site in the HA protein [5].

In low-pathogenic strains, the cleavage site contains a
single Arginine residue, which can only be cut by
proteases found in the respiratory tract. In HPAI, this
site contains a sequence of multiple basic amino acids
(Arginine and Lysine).
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Chemically, this allows the virus to be "activated" by
Furin, an enzyme found in almost all human tissues.
This explains why bird flu doesn't just stay in the lungs
but causes systemic multi-organ failure the chemistry
of the cleavage site allows the virus to replicate
everywhere in the body.

F. Neuraminidase (NA) Catalysis: The Oxocabenium
Intermediate

The Neuraminidase enzyme is a catalyst that speeds up
the hydrolysis of the sialic acid bond. The transition
state of this reaction involves a high-energy
Oxocabenium Ion intermediate.

Pharmaceutical chemistry exploits this by creating
"Transition-State Analogs." Drugs like Oseltamivir
(Tamiflu) are designed with a cyclohexene ring that
mimics the planar geometry of this oxocabenium ion.
Specific Interaction: The carboxylate group of the
drug forms a strong ionic bond with three Arginine
residues (Argll8, Arg292, and Arg371) in the
enzyme's active site.

The H275Y Challenge: In Avian Influenza chemistry,
a common mutation is the replacement of Histidine
(H) with Tyrosine (Y) at position 275. Tyrosine has a
larger phenolic side chain, which creates steric
hindrance. It physically blocks the pentyloxy side
chain of Oseltamivir, leading to instant drug
resistance.

G. Endonuclease Chemistry: Chelation at the PA
Subunit

The most advanced chemistry in flu treatment involves
the PA (Polymerase Acidic) subunit. This enzyme is
responsible for "Cap-Snatching," where the virus cuts
human mRNA to use as a primer.

The active site of this endonuclease contains two
divalent metal ions usually Manganese.

Baloxavir Marboxil Chemistry: This drug uses
Chelation Chemistry. It contains a substituted
pyridone scaffold with oxygen atoms positioned at a
specific distance to coordinate perfectly with the two
ions. By "locking" these ions, the drug prevents the
enzyme from performing the chemical cut on the
RNA, halting the virus before it can even replicate its
first gene [6].

H. Physicochemical Properties and Prodrug Design

From a medicinal chemistry perspective, many avian
influenza inhibitors are too polar to pass through the
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intestinal lining. Therefore, they are designed as

Prodrugs.

e Oseltamivir Phosphate: The active carboxylate is
masked as an Ethyl Ester. This increases the LogP
(lipophilicity), allowing the drug to be absorbed
orally. Once in the liver, esterase enzymes "clip"
the ester, releasing the active drug into the
bloodstream.

e Solubility: Most of these drugs are formulated as
salts (e.g., Phosphate salts) to ensure they dissolve
quickly in the gastric fluid (pH 1.2-2.0) before
absorption [7].

[II. STUDY OF DIFFERENT STRAIN OF
INFLUENZA VIRUS
To understand the pharmaceutical and
epidemiological landscape of Influenza, we must
categorize the various strains based on their genetic
makeup, host range, and pandemic potential [8].
In the medical world, we primarily focus on Influenza
A because of its "Segmented Genome," which allows
it to swap genetic material and create entirely new
strains a process known as Antigenic Shift.

Comparative Study of Influenza Virus Strains

1. Type A Strains (The Pandemic Drivers)

Type A viruses are classified by two surface

glycoproteins: Hemagglutinin (H) (18 subtypes) and

Neuraminidase (N) (11 subtypes).

e HIN: Swine Flu mainly infect Humans, Pigs, Birds
The 1918 and 2009 pandemic strain. Shows high
sensitivity to Oseltamivir but has developed the
H275Y mutation in some clusters.

e H3N2: Seasonal Flu mainly infect Humans, Pigs
Known for "Antigenic Drift" (fast mutations).
Often requires annual vaccine updates. It tends to
cause more severe illness in the elderly.

e HS5NI1: Avian Influenza mainly infect Wild Birds,
Poultry Highly Pathogenic (HPAI). Extremely
lethal in humans (50%+ mortality). Pharmaceutical
focus is on stockpiling Baloxavir due to potential
HS5NI1 resistance to older drugs.

e H7NO9: Asian Avian Flu that Emerged in 2013.
Unique because it is "low pathogenic" in birds
(they don't look sick) but "high pathogenic" in
humans, making it hard to track [9].
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2. Type B Strains (The Seasonal Specialists)

Unlike Type A, Type B does not have subtypes (like

HIN1); instead, it is divided into two Lineages.

BVictoria and BYamagata: These primarily infect

humans.

e Pharmaceutical Note: They mutate more slowly
than Type A. Most modern flu vaccines are
Quadrivalent, meaning they include components
from both Type A strains (HIN1, H3N2) and both
Type B lineages to provide full seasonal coverage.

e Genetic Diversity: Drift vs. Shift

The study of these strains revolves around two

chemical and genetic mechanisms:

o Antigenic Drift (Small Scale): Gradual mutations
in the HA or NA proteins. This is why you need a
flu shot every year. The "shape" of the virus
changes just enough that your 2025 antibodies
don't recognize the 2026 version [10].

o Antigenic Shift (Large Scale): Occurs only in Type
A. If a pig is infected with both a human flu and a
bird flu at the same time, the 8 RNA segments can
mix. This creates a "Novel" virus (like HINI in
2009) to which the human population has zero
immunity.

e Molecular Variations in Avian Strains (HS5 vs H7)

From a medicinal chemistry perspective, avian strains

are studied for their Cleavage Site chemistry:

o HS5 Strains: Often contain a "Polybasic Cleavage
Site" (multiple Arginine/Lysine residues). This
allows the virus to be activated by enzymes
throughout the human body, leading to systemic
organ failure.

o H?7 Strains: Often associated with ocular (eye)
infections in humans along with respiratory
distress.

e Laboratory Identification (Diagnostic Chemistry)

To study these strains in a clinical or pharmaceutical

setting, we use:

o RT-PCR (Reverse Transcription Polymerase
Chain Reaction): To identify the specific RNA
sequence of the H and N sub-types.

o Hemagglutination Inhibition (HI) Assay: To see
how well antibodies bind to the specific HA
protein of a strain.

o NAI Assay: To check if a specific strain (like a new
HS5NI1 variant) is still killed by Neuraminidase
Inhibitors [11].
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IV. PATHOGENESIS OF DIFFERENT STRAIN OF
INFLUENZA

The pathogenesis of influenza is a complex interplay
between viral virulence factors and the host's immune
response. While all influenza viruses share a basic
replication cycle, the pathogenic mechanisms vary
significantly between seasonal human strains (like
HIN1 and H3N2) and highly pathogenic avian
influenza (HPAI) strains (like HSN1).

Understanding these differences is critical for
pharmaceutical intervention and clinical management
[12].

A. The General Mechanism of Infection

Regardless of the strain, the infection begins with the

attachment of the viral Hemagglutinin (HA) to sialic

acid receptors on the host's respiratory epithelial cells.

e Entry: The virus is internalized via endocytosis.

e Uncoating: The M2 ion channel acidifies the viral
interior, allowing the ribonucleoproteins (VRNPs)
to be released into the cytoplasm and migrate to the
nucleus [13].

e Replication: The viral RNA-dependent RNA
polymerase (RdRp) begins transcribing viral
mRNA. This is the stage where Baloxavir
Marboxil acts by inhibiting the "cap-snatching"
process [14].

e Assembly and Release: New virions bud from the
host cell membrane. The Neuraminidase (NA)
enzyme cleaves the sialic acid bonds, releasing the
virus to infect neighboring cells.

B. Pathogenesis of Seasonal Strains (HIN1 and H3N2)
Seasonal influenza typically targets the upper
respiratory tract.

e Tissue Tropism: Human influenza viruses have a
chemical preference for \alpha2,6-linked sialic
acids, which are abundant in the human nose and
throat. This makes the virus highly transmissible
through coughing and sneezing but generally limits
the infection to the upper airways.

¢ Inflammatory Response: Pathogenesis is driven by
the recruitment of neutrophils and macrophages.
While this clears the virus, the release of pro-
inflammatory cytokines (IL-1, IL-6, and TNF-
alpha) causes the classic symptoms of fever,
myalgia, and fatigue.
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e Secondary Complications: The primary risk in
seasonal flu is the "denuding" of the respiratory
epithelium. By stripping away the protective
ciliated cells, the virus opens the door for
secondary bacterial infections, most commonly
Streptococcus pneumoniae [15].

C. Pathogenesis of Highly Pathogenic Avian Influenza

(HPAI - H5N1)

The pathogenesis of H5SN1 is fundamentally different

and far more lethal, often described as a "Cytokine

Storm."

e Deep Lung Penetration: H5N1 targets alpha2,3-
linked sialic acids, which in humans are located
deep in the alveoli (lower respiratory tract). This
leads to severe viral pneumonia and Acute
Respiratory Distress Syndrome (ARDS).

e The Polybasic Cleavage Site: As a pharmaceutical
student, this is a key chemical detail. Seasonal
viruses have a "monobasic" cleavage site that
requires specific proteases found only in the lungs.
HPALI strains have a "polybasic" cleavage site that
can be activated by Furin, an enzyme found in
almost every organ. This allows H5N1 to become
systemic, spreading to the brain, liver, and GI tract.

e Hypercytokinemia:H5N1 triggers an uncontrolled
immune response. The body releases massive
amounts of cytokines, leading to systemic vascular
leak, multi-organ failure, and shock. In these cases,
the host's own immune system causes as much
damage as the virus itself.

D. Pathogenesis of H7N9: The Stealth Invader

H7N9 presents a unique pathogenic profile. While it
lacks the polybasic cleavage site of HSNI, it is highly
adapted to human cells.

Asymptomatic in Birds: It does not kill poultry,
allowing for massive environmental shedding.

Severe Human Disease: In humans, it causes rapid
progression to severe pneumonia. Pathologically, it is
noted for causing significant alveolar damage and
"ground-glass" opacities in lung imaging, often
requiring extracorporeal membrane oxygenation
(ECMO) [16].

E. Viral Escape Mechanisms (NS1 Protein)

e A major part of influenza pathogenesis is its ability
to "hide" from the immune system. Every strain
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carries a non-structural protein called NS1.

e Antagonizing Interferon: NS1 inhibits the
production of Interferon (IFN), the body’s natural
antiviral signaling molecule.

e Strain Variation: In H5N1, the NS1 protein is
exceptionally efficient at blocking the immune
response, giving the virus a "head start" to replicate
to massive titers before the body can react.

F. Pharmaceutical Implications of Pathogenesis

From a drug therapy perspective, understanding

pathogenesis dictates the treatment window:

e Early Intervention: Since viral replication peaks
within 48 hours, Neuraminidase Inhibitors
(Oseltamivir) must be administered early to be
effective.

e Combination Therapy: For HPAI strains, single-
drug therapy is often insufficient. Pharmacists
often look at combining an NA inhibitor with a
Polymerase inhibitor (Baloxavir) to attack the
virus at two different stages of its life cycle [17].

e Anti-inflammatory Adjuncts: In HS5NI1 cases,
researchers are investigating the wuse of
corticosteroids or immunomodulators alongside
antivirals to dampen the "cytokine storm" and
prevent lung tissue destruction.

V. MECHANISM OF INFECTION OF DIFFERENT
STRAIN

A. Strain-Specific MoA: Seasonal HIN1 vs. H3N2
The MoA of seasonal strains is finely tuned for high
transmissibility and moderate virulence.

e Receptor Chemistry: The HA of HIN1 and H3N2
has a high affinity for alpha2,6-linked sialic acids.
In humans, these are found predominantly in the
upper respiratory tract (nose and throat). The MoA
here is "Entry-focused," allowing the virus to
replicate in areas where it can be easily coughed or
sneezed out [18].

e M2 Channel Efficiency: In seasonal strains, the M2
ion channel is the primary target for older drugs
like Amantadine. However, the MoA of modern
H3N2 involves a S3IN mutation. This chemical
change alters the shape of the M2 pore, preventing
the drug molecule from fitting inside, which is why
these strains are now resistant to adamantanes.
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B. The "Lethal" MoA of Avian Influenza (HSN1)

Highly Pathogenic Avian Influenza (HPAI) like HSN1

operates with a much more aggressive MoA, leading

to systemic infection.

e Deep Lung Tropism:H5N1 targets \alpha2,3-
linked sialic acids. In humans, these are located
deep in the alveoli of the lower respiratory tract.
The MoA leads to severe alveolar damage and gas-
exchange failure, resulting in Acute Respiratory
Distress Syndrome (ARDS) [19].

e The Polybasic Cleavage Mechanism: This is the
most critical difference. Seasonal viruses have a
"monobasic" cleavage site that requires "trypsin-
like" proteases (found only in the lungs) to activate
the HA protein. HSN1 possesses a Polybasic
Cleavage Site (a string of basic amino acids). This
allows it to be cleaved by Furin, a protease found
in almost every human organ, including the brain
and heart. This turns a respiratory infection into a
systemic, multi-organ assault.

C. The "Cap-Snatching" MoA: Targeting the

Polymerase

A unique MoA shared by all strains but exploited by

new drugs like Baloxavir is the "Cap-Snatching"

process.

e The Mechanism: The virus cannot initiate its own
mRNA synthesis. It uses its PA Endonuclease
subunit to physically cut (snatch) the 5' methylated
cap from human pre-mRNA. It then uses this
"stolen" cap as a primer for its own replication
[20].

e Pharmaceutical Intervention: Baloxavir Marboxil
acts as a chelating agent. Its MoA involves binding
to the (Manganese) ions at the active site of the PA
subunit. By "locking" these ions, the drug prevents
the chemical "snatching" of the cap, effectively
starving the virus of the materials it needs to
replicate.

D. Neuraminidase MoA and Drug Resistance

(H275Y)

The exit mechanism is just as chemically complex as

the entry.

e Enzymatic Cleavage: NA is a sialidase. Its MoA is
to recognize the sialic acid-galactose bond and
hydrolyze it.

e Inhibitor MoA: Drugs like Oseltamivir are
transition-state analogs. They bind to the NA
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active site with 1,000 times more affinity than the
natural sialic acid.

e Resistance MoA: In avian strains, the virus often
develops the H275Y mutation. By replacing a
small Histidine with a bulky Tyrosine, the virus
creates steric hindrance. This physically pushes the
Oseltamivir molecule out of the binding pocket,
allowing the NA enzyme to resume its "cutting"
function even in the presence of the drug [21].

E. NS1 Protein: The Immune Evasion Mechanism
Finally, all strains utilize the Non-Structural Protein 1
(NS1) to bypass the host's defense.

Antagonizing Interferon: The MoA of NSI is to bind
to host cell proteins (like RIG-I) and prevent the
production of Interferon-beta. Interferon is the body's
natural "alarm system." By silencing this alarm, the
virus can replicate for hours or days before the immune
system even realizes it is under attack [22].

VI. EPIDEMIOLOGY OF INFLUENZA VIRUS

The Epidemiology of Influenza is the study of how this
virus travels through populations, why it hits in waves,
and what makes certain outbreaks turn into global
catastrophes. For a pharmaceutical professional,
epidemiology isn't just about maps and numbers; it’s
about predicting demand for vaccines and antivirals.

A. Seasonal Patterns: The "Winter" Virus

In temperate regions, influenza follows a predictable
seasonal pattern, usually peaking in the winter months.
Chemically and physically, the virus is more stable in
cold, dry air, which allows respiratory droplets to
remain airborne for longer periods. In tropical regions,
the epidemiology is different outbreaks often coincide
with the rainy season or can occur year-round. This
seasonality is why the pharmaceutical industry must
produce and distribute "Northern Hemisphere" and
"Southern Hemisphere" vaccine formulations at
different times of the year

B. Transmission Dynamics

Influenza is highly contagious, spreading primarily
through aerosols and droplets generated by coughing,
sneezing, or talking. It also spreads via fomites
(contaminated surfaces like doorknobs or phones). An
infected person can shed the virus a day before they
even show symptoms, which is a major
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epidemiological challenge for containment. The Basic
Reproduction Number for seasonal flu is typically
around 1.3, meaning each infected person spreads it to
slightly more than one other person [23].

C. The Threat of Pandemics (Antigenic Shift)

While seasonal flu is a "Drift" (small mutations),
pandemics are caused by an "Antigenic Shift." This
happens when a completely new strain usually from an
avian or porcine (pig) source jumps to humans.
Because the human population has no pre-existing
immunity to this new "Shifted" virus, it spreads rapidly
across borders. History’s most famous example is the
1918 Spanish Flu, but the 2009 HINI pandemic
reminded us how quickly modern air travel can turn a
local outbreak into a global crisis [24].

D. High-Risk Populations

Epidemiological data shows that while anyone can
catch the flu, the severity isn't equal. The "U-shaped"
mortality curve is common: the very young (under 5)
and the elderly (over 65) are at the highest risk.
However, certain avian strains like H5N1 have shown
a "W-shaped" curve, inexplicably hitting healthy
young adults the hardest due to an overactive immune
response (cytokine storm) [25].

VII. GLOBAL TRANSMISSION DATA

Global transmission data for influenza in 2026
highlights the critical role of the GISRS (Global
Influenza Surveillance and Response System), which
monitors viral circulation across more than 120
countries. Data indicates that Influenza A (H3N2)
remains the dominant seasonal strain globally,
accounting for approximately 45% of laboratory-
confirmed cases, followed by HIN1pd09 at 30%.

Epidemiological tracking shows distinct "transmission
corridors." In the Northern Hemisphere, activity
peaked between December and February, while the
Southern Hemisphere is currently seeing a rise in cases
as it enters its winter season. Notably, HSN1 (Avian
Influenza) transmission data remains primarily
zoonotic (bird-to-human), but "spillover" events in
dairy cattle and small mammals have increased
biological surveillance at the human-animal interface.
The positivity rate the percentage of respiratory
samples testing positive for flu averages between 10%
and 15% during peak weeks. This data is vital for
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pharmaceutical supply chains; it dictates the
composition of the next season's vaccine and ensures
that antiviral stockpiles (Oseltamivir and Baloxavir)
are positioned in high-transmission "hotspots" to
mitigate pandemic risks.

VIII. DIAGNOSIS PREVENTION AND CONTROL
OF INFLUENZA

Managing influenza is a high-stakes game of "catch
me if you can." Because the virus mutates so rapidly,
our clinical and pharmaceutical strategies for
Diagnosis, Prevention, and Control must be equally
dynamic. For a pharmaceutical professional, these
three pillars represent the front line of public health.

Diagnosis: The Art of Molecular Detection

In the early stages, influenza looks like many other
respiratory viruses (including COVID-19 or RSV).
Therefore, "Clinical Diagnosis" based on symptoms
alone is often unreliable. We rely on laboratory-based
Differential Diagnosis [26].

Rapid Influenza Diagnostic Tests (RIDTs)

These are the "Point-of-Care" tests often used in
clinics. They work via Immunoassay chemistry,
detecting viral nucleoprotein antigens.

Pros: Results in 15 minutes.

Cons: They have moderate sensitivity (50-70%). This
means a "Negative" result doesn't always mean the
patient is flu-free, especially during peak season.

Molecular Assays (RT-PCR) — The Gold Standard
Reverse Transcription Polymerase Chain Reaction
(RT-PCR) is the most accurate method. It detects the
actual viral RNA.

Mechanism: It uses specific primers to amplify the
genetic material of the virus.

Advantage: It can distinguish between Influenza A and
B, and even identify specific sub-types like HSN1 or
H3N2. This is critical for choosing the right antiviral
therapy [27].

Rapid Molecular Immunofluorescence

Newer "Digital Immunoassays" use fluorescent beads
to improve the sensitivity of rapid tests, bridging the
gap between the speed of an RIDT and the accuracy of
a PCR.
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Prevention: Building the Chemical Shield

Prevention is always more cost-effective than
treatment. In the pharmaceutical world, this is
achieved through Immunization and
Chemoprophylaxis.

Vaccination Strategy

The flu vaccine is a miracle of modern manufacturing.
Because of "Antigenic Drift," the WHO (World Health
Organization) meets twice a year to decide the
"Recipe" for the next season.

Inactivated Influenza Vaccine (ITV): Contains "killed"
virus parts. It is administered via intramuscular
injection [28].

Live Attenuated Influenza Vaccine (LAIV): Contains
a weakened virus that is "Cold-Adapted" (it can only
replicate in the cool environment of the nose, not the
warm lungs). This is given as a Nasal Spray.
Recombinant Vaccines: These do not use eggs or the
whole virus. They use Genetic Engineering to produce
pure Hemagglutinin (HA) proteins, making them safe
for people with egg allergies.

Pharmaceutical Chemoprophylaxis

In high-risk settings (like nursing homes or during an
H5N1 "spillover"), we use antivirals for prevention,
not just treatment.

Post-Exposure Prophylaxis: If a person is exposed to a
confirmed case, a daily low dose of Oseltamivir for 7-
10 days can prevent the virus from taking hold.

Non-Pharmaceutical Interventions (NPIs)

We cannot ignore the "Physical" side of prevention:
Hand Hygiene: Alcohol-based rubs (70% Ethanol)
denature the viral envelope.

Respiratory Etiquette: Masks and social distancing
reduce the "Viral Load" in the air.

Control: Containing the Outbreak

Once the virus is circulating in a community or a
poultry farm, "Control" shifts from individual
protection to Population-Level Management.

Antiviral Stewardship

To control the spread and prevent Drug Resistance, we
must use antivirals wisely.

The 48-Hour Window: Neuraminidase inhibitors like
Oseltamivir are most effective when started within 48
hours of symptom onset.

Stockpiling: ~ Governments  maintain  massive
"Strategic National Stockpiles" of Baloxavir and
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Oseltamivir to ensure they can flood a "Hotspot" with
medication if a pandemic strain emerges.

Zoonotic Surveillance (The "One Health" Approach)
Since avian influenza (HSN1/H7N9) starts in animals,
controlling it in humans requires controlling it on
farms.

Culling: If a highly pathogenic strain is found in
poultry, the entire flock is often culled (destroyed) to
stop the virus from jumping to humans [29].
Biosecurity: Limiting contact between wild birds and
domestic poultry through enclosed housing [30].

Global Monitoring (GISRS)

The Global Influenza Surveillance and Response
System (GISRS) acts as the world's "Smoke Detector."
Labs across the globe share viral samples in real-time.
If a new mutation (like the H275Y resistance marker)
is spotted in India, researchers in the US and Europe
can immediately start adjusting their drug and vaccine
strategies [31].

Conclusion: A Three-Pronged Attack

The fight against influenza is a constant cycle. We
Diagnose with molecular precision, Prevent with bio-
engineered vaccines, and Control through global
surveillance and smart pharmaceutical stockpiling. As
a pharmacist, your role is to ensure the right diagnostic
tool is used, the right vaccine is promoted, and
antivirals are used at the right time to prevent the next
seasonal wave from turning into a global disaster.

IX. TREATMENT OF INFLUENZA

The treatment of influenza focuses on two main goals:
inhibiting viral replication and managing systemic
symptoms. For the best clinical outcome, antiviral
therapy should ideally begin within 48 hours of
symptom onset.

Antiviral Medications (Targeted Therapy)

These drugs interfere with the virus's life cycle to

reduce the duration and severity of the illness.

o Neuraminidase Inhibitors (NAIs):  Drugs:
Oseltamivir (Oral), Zanamivir (Inhaled), and
Peramivir (IV).

e Mechanism: They block the "Neuraminidase"
enzyme, preventing new virus particles from
breaking free from the host cell [32].
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Cap-Dependent Endonuclease Inhibitors:

e Drug: Baloxavir Marboxil.

e Mechanism: A newer, single-dose oral drug that
inhibits the viral polymerase, stopping the virus
from "snatching" the human mRNA cap needed for
replication.

M2 Ion Channel Blockers:

e Drugs: Amantadine and Rimantadine.

o Note: These are rarely used now because almost all
circulating strains (including HIN1 and H3N2)
have developed high levels of resistance.

Symptomatic & Supportive Care

e Since the body’s immune response causes much of
the discomfort, managing symptoms is crucial:

e Antipyretics &  Analgesics:  Paracetamol
(Acetaminophen) or Ibuprofen to reduce high
fever, headaches, and muscle pain.

e Caution: Avoid Aspirin in children and teenagers
due to the risk of Reye’s Syndrome.

e Hydration: Increasing fluid intake to prevent
dehydration caused by fever and sweating.

e Rest: Essential to allow the immune system to
focus on clearing the viral load.

Managing Complications

e Antibiotics: These are ineffective against the flu
virus itself. They are only prescribed if a secondary
bacterial pneumonia (like Staph. aureus or S.
pneumoniae) is suspected.

o Corticosteroids: Occasionally used in severe cases
of Avian Influenza (H5N1) to dampen a "cytokine
storm," though their use is strictly regulated by
clinical guidelines [33].

X. CHOICE OF DRUG: OSELTAMIVIR

A. Introduction and Chemical Identity

Oseltamivir is a potent, selective Neuraminidase
Inhibitor (NAI) used for the treatment and prophylaxis
of Influenza A and B. Chemically, it is a carbocyclic
sialic acid analogue. Because the active form is highly
polar and has poor oral absorption, it is formulated as
Oseltamivir Phosphate, an ethyl ester prodrug. This
chemical modification increases its lipophilicity,
allowing for an oral bioavailability of approximately
80%.
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B. Mechanism of Action (MoA)

The life cycle of the influenza virus depends on its

ability to exit one host cell to infect another.

Oseltamivir targets this "exit" phase:

e Target Enzyme: Viral Neuraminidase (NA), a
glycoprotein spike on the viral envelope.

e The Process: After replication, new virions are
tethered to the host cell membrane by Sialic Acid
residues. Naturally, the NA enzyme acts as a
"molecular scissor," cleaving these bonds to
release the virus.

e The Inhibition: Oseltamivir Carboxylate (the
active metabolite) mimics the transition state of the
sialic acid substrate. It binds to the NA active site
with much higher affinity than the natural
substrate.

e Pharmacological Result: By blocking NA, the new
virus particles remain "stuck" to the surface of the
infected cell, preventing the spread of infection to
the lower respiratory tract and reducing the viral
titer in the body.

C. Synthesis and Production (The Shikimic Acid

Route)

e One of the most famous aspects of Oseltamivir in
pharmaceutical chemistry is its synthesis. The
primary starting material is (-)-Shikimic Acid, a
carbon-ring compound found in Chinese Star
Anise (Illicium verum).

e Process: The industrial synthesis is a complex 10-
step process involving hazardous intermediates
like azides.

e Green Chemistry: Due to the seasonal nature of
star anise, modern production also utilizes
fermentation of genetically modified E. coli to
produce shikimic acid sustainably at a massive
scale [34].

D. Pharmacokinetics (PK)

e Absorption: Rapidly absorbed from the GI tract.
Taking it with food does not decrease absorption
but helps reduce gastric irritation.

e Metabolism: Extensively converted in the liver by
hepatic carboxylesterases into the active form,
Oseltamivir Carboxylate.

e Distribution: Volume of distribution (VD) is 23—
26 liters, ensuring good penetration into the
respiratory secretions (the primary site of
infection).
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e Excretion: Over 99% is excreted unchanged by the
kidneys via glomerular filtration and active tubular
secretion.

E. Side Effects and Adverse Reactions

While generally well-tolerated, Oseltamivir has a

specific safety profile that pharmacists must monitor:

Common Side Effects:

o Gastrointestinal (GI): Nausea and vomiting are the
most frequent (10-15%). These are typically
transient and occur mostly after the first dose.

e Neurological: Headache and dizziness.

F. Adverse Drug Reactions (ADRs):

e Neuropsychiatric Events: There are documented
reports primarily in pediatric populations of
delirium, hallucinations, confusion, and self-
harming behavior. While a direct causal link is
debated (as the flu itself can cause high fever and
delirium), close monitoring is required.

e Dermatological: Rare but severe skin reactions like
Stevens-Johnson Syndrome (SJS) and Toxic
Epidermal Necrolysis (TEN).

e Hypersensitivity: Anaphylactic reactions and
hepatitis (rare).

G. Drug-Drug Interactions (DDI)

e Oseltamivir has a relatively clean interaction
profile, but two major ones stand out:

e Probenecid: Probenecid competes for active
tubular secretion in the kidneys. Co-administration
can double the plasma concentration of
Oseltamivir.

e Live Attenuated Influenza Vaccine (LAIV):
Antivirals can inhibit the replication of the live
vaccine virus. Oseltamivir should be stopped 48
hours before or started 2 weeks after receiving a
nasal spray vaccine.

H. Special Populations and Contraindications

e Renal Impairment: Because the drug is kidney-
cleared, the dose must be reduced for patients with
a Creatinine Clearance (CrCl) below 60 mL/min.
For CrCl 10-30 mL/min, the dose is typically
reduced to 75 mg once every other day.

e Pregnancy and Lactation: It is categorized as a
"Category B" or equivalent; however, the CDC and
WHO recommend its use in pregnant women as the
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benefits of preventing severe flu complications far
outweigh the risks [35].

I. The Challenge of Resistance (H275Y)

The biggest threat to Oseltamivir is the H275Y
mutation. In this genetic change, a Histidine residue is
replaced by a Tyrosine residue at position 275 of the
Neuraminidase enzyme. This bulky Tyrosine side
chain physically blocks Oseltamivir from entering the
binding pocket, rendering the drug ineffective. This is
why surveillance for "Oseltamivir-resistant” strains is
a major focus of global health in 2026 [36].

XI. CONCLUSION

The pharmaceutical battle against Avian Influenza
(H5N1, H7N9, and emerging strains) represents one of
the most dynamic challenges in modern medicinal
chemistry. As explored throughout this review, the
virus is not a static target; its ability to undergo rapid
antigenic drift and catastrophic antigenic shift
necessitates a drug development strategy that is as
adaptable as the pathogen itself. From a
pharmaceutical perspective, we have transitioned from
the basic ion-channel blockades of the Adamantane
era to the highly sophisticated, structure-based design
of Neuraminidase Inhibitors (NAIs) like Oseltamivir
and the revolutionary cap-dependent endonuclease
inhibitors like Baloxavir Marboxil.

However, the emergence of the H275Y mutation and
other molecular resistance markers serves as a stark
reminder of the limitations of monotherapy. The
chemical "arms race" between viral evolution and
synthetic inhibitors is currently at a critical junction.
The future of avian influenza therapy lies in Multi-
Targeted Strategies. This includes the development of
"Universal" antivirals that target highly conserved
regions of the viral polymerase and the
implementation of Combination Therapy using NAIs
and PA inhibitors simultaneously to create a higher
genetic barrier against resistance [37].

Furthermore, the transition toward Host-Directed
Therapies (HDTs) offers a promising frontier. By
targeting host cellular proteins that the virus requires
for replication, pharmaceutical science can develop
treatments that are essentially "resistance-proof," as
human proteins do not mutate at the rapid rate of viral
RNA. Coupled with advancements in Green
Chemistry for the sustainable production of precursors

INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 7267



© May 2026 | IJIRT | Volume 12 Issue 12 | ISSN: 2349-6002

like Shikimic acid and the adoption of mRNA vaccine
technology, the global pharmaceutical infrastructure is
better equipped than ever before [38].

In summary, while Avian Influenza remains a
significant threat to global health security, the
integration of computational chemistry, high-
throughput screening, and novel drug delivery systems
provides a robust framework for mitigation. For the
pharmaceutical scientist, the goal remains clear: to
stay one molecular step ahead of the next pandemic
strain. The next decade of research will likely be
defined by our ability to move beyond reactive
treatment and toward a proactive, broad-spectrum
antiviral shield that can protect the global population
from the unpredictable nature of avian influenza [39].

XII. DISCUSSION

The pharmaceutical management of avian influenza is
a sophisticated "molecular arms race" between
synthetic inhibitors and viral evolution. The primary
challenge identified in this review is the narrow
therapeutic window and the rapidly shifting genetic
landscape of the virus. While Oseltamivir remains the
global "gold standard" due to its extensive safety
profile and established manufacturing chain, its
reliance on a single mechanism neuraminidase
inhibition creates a dangerous vulnerability. The
widespread identification of the H275Y mutation in
avian HSNI strains suggests that we are approaching
a "ceiling" for the effectiveness of traditional
neuraminidase inhibitors (NAIs).

One of the most significant points of discussion is the
shift toward Polymerase Acidic (PA) endonuclease
inhibitors like Baloxavir Marboxil. Unlike NAlIs,
which act at the end of the viral life cycle, Baloxavir
stops the virus before it can even begin its primary
replication. From a clinical perspective, the single-
dose regimen of Baloxavir offers a massive advantage
in patient compliance, which is a major factor in
controlling community spread during an outbreak.
However, early data already shows emerging
resistance at the I38 position of the PA subunit,
proving that the virus can adapt to even our most
advanced chemical interventions.

This leads to the critical debate: Monotherapy vs.
Combination Therapy. From a pharmaceutical
standpoint, using a single drug is becoming
insufficient for highly pathogenic avian strains. The
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data discussed in this article suggests that a synergistic
approachcombining a neuraminidase inhibitor (like
Oseltamivir) with a polymerase inhibitor (like
Baloxavir) may be the only way to achieve a "High
Genetic Barrier." This prevents the virus from
escaping through a single point mutation.
Furthermore, the "Shikimic Acid bottleneck" in the
production of Oseltamivir highlights the need for
Green Chemistry and Biotechnology. Moving away
from seasonal plant-based sources toward microbial
fermentation and continuous flow chemistry is not just
a technical preference; it is a necessity for global
pandemic preparedness.

Finally, the future of antiviral research must look
beyond the virus itself. Host-Directed Therapies
(HDTs), which target human cellular pathways rather
than viral proteins, offer the most promising path
toward "resistance-proof" medication. By integrating
these novel chemical scaffolds with existing antivirals,
we can move from a reactive treatment model to a
proactive, broad-spectrum defense system [40].
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