
Introduction

Due to significant research efforts in the field of influenza 
therapy, in the near future we will have a series of new antivirals 
to treat patients with influenza. Most likely, hospitalized 
patients with influenza pneumonia as well as other severe 
forms of influenza will be managed with combination antiviral 
therapy. During the selection of antivirals, it will be important 
for physicians to have a clear understanding of the mechanisms 
of action of anti-influenza medications.

In this manuscript I will review the main steps of the life cycle 
of the influenza virus, classify current and future antivirals 
according to the step that they inhibit in the viral life cycle, and 
summarize antivirals mechanisms of actions. 

Life cycle of influenza virus 

The influenza viruses reach to the human respiratory tract 
via droplets from a patient with active disease. Once in the 
respiratory tract, viruses infect and replicate in epithelial cells. 
The steps in the life cycle of influenza in a human epithelial cell 
are depicted in Figure 1 [1-3]. The influenza virus contains 
three membrane proteins, hemagglutinin, neuraminidase, and 
matrix 2 (M2) protein. Hemagglutinin is the most abundant of 
the three viral proteins, followed by neuraminidase and M2. 
There are eight copies of viral RNA gene segments, viral RNA 
polymerase, and other core proteins inside of the virus (Figure 
1: Influenza virus). 

Step 1. Attachment of influenza virus to epithelial cell

The virus uses the surface glycoprotein hemagglutinin to attach 
to molecules of sialic acids present in the surface of epithelia 

cells (Figure 1: Attachment). Since sialic acids are abundant 
in membranes of human epithelial cells, the virus has multiple 
receptors to attach. The binding of the hemagglutinin to sialic 
acid triggers the next step of viral entry into the cell.

Step 2. Endocytosis of the influenza virus

The virus enters the epithelial cell in an endosome (Figure 1: 
Endocytosis). Inside the endosome, due to the low pH, there is 
a conformational change of the viral hemagglutinin. 

Step 3. Fusion of viral and endosomal membranes

The viral hemagglutinin fuses with the endosomal membrane 
(Figure 1: Fusion). At this point, the viral membrane is in 
contact with the endosomal membrane. 

Step 4. Release of viral components into the cytosol

The low pH in the endosome is responsible for changes occurring 
in the M2 viral membrane protein, with opening of the M2 ion 
channels. As a consequence, the viral core is acidified and the 
viral components are release into the cell’s cytoplasm (Figure 
1: Release). From the cytoplasm, the viral proteins travel to the 
cell’s nucleus. 

Step 5. Transcription and replication of viral RNA

Once in the nucleus, the viral RNA polymerase carries out the 
transcription and replication of the influenza genome (Figure 
1: Replication of viral RNA). Replication of the viral genome 
does not require a primer. 
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Step 6. Transcription and synthesis of viral messenger 
RNA (mRNA)

The virus uses the viral RNA polymerase to generate mRNA 
(Figure 1: Synthesis of viral mRNA). The viral RNA 
polymerase is composed of three protein subunits, the PB2, 
PB1, and PA. During the process of generating viral mRNA, the 
viral RNA polymerase obtains a cap from the cellular mRNA, 
a process called “cap-snatching”. This generates short-capped 
oligomers that will serve as primers for transcription of viral 
mRNA. Once the viral mRNA is formed, it is moved from the 
nucleus to the cytoplasm. 

Step 7. Production of viral proteins

The viral mRNA uses the cell’s ribosomes to translate all viral 
proteins (Figure 1: Production of viral proteins). Some 
proteins will return to the nucleus to form a complex with the 
newly formed viral RNA.  

Step 8. Maturation of viral proteins

Several viral proteins are taken by the Golgi apparatus. As the 
proteins move through the apparatus they mature and become 
ready for assembly (Figure 1: Maturation). 

Step 9. Assembly 

The viral RNA and the new viral proteins accumulate in the 
cytoplasm, and a new virus will be assembled (Figure 1: 
Assembly). The nascent virus will bulge in the cell membrane. 

Step 10. Budding 

During the budding process, the virus will use some of the 
cell’s membrane to form the new viral envelope (Figure 1: 
Budding). The ion channel M2 protein contributes to the 
budding of the virus by functioning as a membrane-bending 
protein. 

Step 11. Release of new viruses

Once the new influenza virus buds from the cell, the virus 
remains attached to the cell’s sialic acid receptor. The viral 
neuraminidase has sialidase activity. By altering sialic acid, the 
neuraminidase is able to release new viruses (Figure 1: Viral 
release).
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Figure 1 Steps of the influenza life cycle in a human epithelial cell E



Antiviral medications to treat influenza

Antiviral medications classified according to the steps that 
they block in the viral life cycle are depicted in Figure 2. The 
mechanisms of action of each antiviral medication and spectrum 
of action against influenza A and B viruses will be reviewed.

Antivirals acting on Step 1: Attachment of influenza 
virus to epithelial cell

Anti-Hemagglutinin Monoclonal Antibodies
Several monoclonal antibodies are being developed which target 
the highly conserved stem region of the hemagglutinin molecule 
of the virus [4]. By blocking the hemagglutinin, the virus is 
not able to attach to the sialic acid receptors. These antibodies 
bind to the more conserved stalk portion of the hemagglutinin 
molecule, and thus, they have broad antiviral activity against 
several influenza A subtypes. Some of the antibodies in clinical 
development include MEDI8852, MHAA4549A, VIS- 410, 
CT-P27, CR6261, and CR8020. There is also in development 
an antibody targeting the hemagglutinin of influenza B 
(MHAB5553A).  

Fludase (DAS181)
Fludase adheres to the membrane of the epithelial cells and 
cleaves the sialic acid from the cell surface [5]. Without sialic 
acid in the cell membrane, the virus has no receptor to attach. 
Fludase is delivered as an aerosolized nebulizer formulation, 
which allows the drug to remove the sialic acid of the epithelial 
cells in the area of infection. Since sialic acid is the human 
receptor for all influenza viruses, the drug has activity against all 
types of influenza viruses. This drug is not approved in the US. 

Antivirals acting on Step 4: Release of viral components 
into the cytosol

Amantadine and Rimantadine 
These drugs block the M2 ion channel protein, inhibiting the 
release of core viral proteins into the cytoplasm. They only block 
M2 ion channel proteins of influenza A viruses. Therefore, these 
medications are not active against influenza B viruses. Due to 
the high levels of resistance to these drugs among the currently 
circulating influenza A viruses, the CDC recommends that 
amantadine and rimantadine not be used in clinical practice [6].

Antivirals acting on Step 5. Transcription and 
replication of viral RNA

Favipiravir
Favipiravir is a potent inhibitor of the viral RNA polymerase 
and block the replication of the influenza viral genome [7]. The 
drug is ribosylated and phosphorylated intracellularly to form 
favipiravir-RTP, which is the active form of the drug. This form 
of the drug is recognized by the viral RNA polymerase and 
incorporated into an emerging viral RNA as a purine which 
results in chain termination during RNA synthesis. Favipiravir 
has a broad spectrum of activity against influenza viruses. 
The spectrum of activity also includes RNA viruses other 
than influenza. Favipiravir has a risk for teratogenicity and 
embryotoxicity. The drug is currently approved for influenza 
infection in Japan but is not approved in the US.
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Figure 2 Classification of antivirals according to the step they inhibit in the influenza life cycle.



Antivirals acting on Step 6: Transcription and synthesis 
of viral mRNA

Baloxavir marboxil 
Baloxavir targets the cap-dependent endonuclease in the PA 
subunit of the viral RNA polymerase and acts by inhibiting 
the process known as cap snatching [8]. This will block the 
production of the primers necessary for transcription of the viral 
mRNA. Baloxavir has activity against Influenza A and B viruses. 
The prodrug baloxavir marboxil is converted by hydrolysis to 
the active form, baloxavir acid. The drug, that is administered as 
a single dose by mouth, was recently approved in the US. 

Pimodivir
Pimodivir targets the PB2 subunit of the viral RNA polymerase 
and acts by preventing the cap-snatching activity of the influenza 
viral polymerase [9]. Pimodivir inhibits the synthesis of viral 
mRNA of influenza A viruses, but is inactive against influenza 
B virus due to structural differences in the PB2 cap-binding 
pocket. This drug is not approved in the US.

Antivirals acting on Step 8: Maturation of viral proteins

Nitazoxanide
Nitazoxanide blocks maturation of the viral glycoprotein 
hemagglutinin [10]. The drug had no effect on the other 
glycoprotein, neuraminidase, or the M2 protein. The drug is 
orally administered and is deacetylated in the blood to the active 
metabolic form tizoxanide. The drug is not approved in the US 
for treatment of influenza.

Antivirals acting on Step 10: Budding of new viruses

Anti-M2 Protein Monoclonal Antibodies
There is an antibody targeting the M2 protein of the influenza 
A virus (TCN032) [11]. The antibody binds to the M2 which is 
exposed during the budding of the new virus on the surface of 
infected cells. The drug prevents virus budding and thus acts by 
a different mechanism from the M2 ion channel inhibitors. This 
drug is not approved in the US.

Antivirals acting on Step 11: Release of new viruses

Oseltamivir, Zanamivir, Peramivir, and Laninamivir
These drugs target the glycoprotein neuraminidase. By 
inhibiting the neuraminidase, they block the detachment of 
the virus from the sialic acid moieties on the epithelial cell. 
Neuraminidase inhibitors have activity against both influenza 
A and B viruses. Oseltamivir, zanamivir, and peramivir are 
approved in the US. Peramivir is an intravenous formulation 
[12]. Laninamivir is approved in Japan but not in the US [13]. 

Conclusions

Our options to treat hospitalized patients with influenza infection 
will continue to expand. Some of the new drugs have improved 
effectiveness compared to currently available drugs when 
treatment is initiated beyond 48 hours after symptom onset. 
Antivirals combinations with drugs which inhibit different steps 
of the influenza life cycle could become the standard approach 
for managing complicated patients. Combination therapy 
may also decrease the risk for the selection of viral resistance. 
Comprehensive understanding of the mechanisms of actions of 

antiviral medications will be necessary when selecting therapy 
for patients hospitalized with severe influenza. 

Funding Source: No funding sources declared.
Conflict of Interest: None reported.

References

1. Dou D, Revol R, Östbye H, Wang H and Daniels R (2018) 
Influenza A Virus Cell Entry, Replication, Virion Assembly 
and Movement. Front. Immunol. 9:1581. doi: 10.3389/
fimmu.2018.01581

2. Samji, T. Influenza A: Understanding the viral life cycle. 
Yale J. Biol. Med. 2009, 82, 153–159.

3. N.M. Bouvier, P. Palese. The biology of influenza viruses. 
Vaccine, 26 (Suppl. 4) (2008), pp. D49-D53

4. 4. Sparrow, E., Friede, M., Sheikh, M., Torvaldsen, S., and 
Newall, A. T. (2016) Passive immunization for influenza 
through antibody therapies, a review of the pipeline, 
challenges and potential applications. Vaccine 34, 
5442−5448.

5. Malakhov MP, Aschenbrenner LM, Smee DF, Wandersee 
MK, Sidwell RW, Gubareva LV, et al. Sialidase fusion 
protein as a novel broad-spectrum inhibitor of influenza 
virus infection. Antimicrob Agents Chemother. (2006) 
50:1470–9. doi: 10.1128/AAC.50.4.1470-1479.2006

6. Fiore A.E., Fry A., Shay D., et al: Antiviral agents for 
the treatment and chemoprophylaxis of influenza 
–-recommendations of the Advisory Committee on 
Immunization Practices (ACIP). MMWR Recomm Rep 
2011; 60: pp. 1-24

7. Baranovich T, Wong SS, Armstrong J, Marjuki H, Webby 
RJ, Webster RG, et al. T-705 (favipiravir) induces lethal 
mutagenesis in influenza A H1N1 viruses in vitro. J Virol. 
(2013) 87:3741–51. doi: 10.1128/JVI.02346-12

8. Hayden FG, Sugaya N, Hirotsu N, et al. Baloxavir marboxil 
for uncomplicated influenza in adults and adolescents. 
N Engl J Med. 2018;379(10):913–923. doi: 10.1056/
NEJMoa1716197

9. Finberg RW et al. Phase 2b Study of Pimodivir (JNJ-
63623872) as Monotherapy or in Combination with 
Oseltamivir for Treatment of Acute Uncomplicated 
Seasonal Influenza A: TOPAZ Trial. Journal Infec Diseases. 
2018 DOI: 10.1093/infdis/jiy547

10. Stachulski AV, Santoro MG, Piacentini S, Belardo G, Frazia 
S, Pidathala C, et al. Second-generation nitazoxanide 
derivatives: thiazolides are effective inhibitors of the 
influenza A virus.                           Future Med Chem. 2018; 
10(8): 851-862.

11. Ramos, E.L.; Mitcham, J.L.; Koller, T.D.; Bonavia, A.; 
Usner, D.W.; Balaratnam, G.; Fredlund, P.; Swiderek, 
K.M. Efficacy and safety of treatment with an anti-M2e 
monoclonal antibody in experimental human influenza. J. 
Infect. Dis. 2014.

12. McLaughlin MM, Skoglund EW, Ison MG. Peramivir: 
an intravenous neuraminidase inhibitor. Expert Opin 
Pharmacother 2015; 16:1889–900.

13. Hideyuki Ikematsu & Naoki Kawai (2011) Laninamivir 
octanoate: a new long-acting neuraminidase inhibitor for 
the treatment of influenza, Expert Review of Anti-infective 
Therapy, 9:10, 851-857, DOI: 10.1586/eri.11.112

4ULJRI Vol 3, (1) 2019


