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SUPPLEMENTAL HANDOUT: 
 
Most viral diseases are mild and self-limiting, and do not require specific antiviral 
therapies.  The clinician’s antiviral drugs are for serious acute infections, and for 
chronic infections that, over time, cause life-threatening damage.  Current clinical 
antiviral drug therapies are primarily for HERPES VIRUSES, HEPATITIS VIRUSES, 
INFLUENZA AND PARAMYXOVIRUSES, and HIV.   There are antiviral drugs for 
several other viruses in development stages. 
 
Slide 2: For some of these viruses, vaccines are unavailable or incompletely 
protective, so antiviral drugs are the current treatment.  Most antivirals are 
specifically designed to reduce viral load.  Immunomodulatory drugs that are not 
specifically antiviral can have therapeutic effects.  Only antiviral agents will be 
discussed here. 
 
Slide 3: Virus “biology” is linked to cell biology, so most early-stage antiviral drug 
candidates are eliminated from clinical consideration because they are cytotoxic.  
Only a few have therapeutic windows sufficient for clinical use.  The road from 
laboratory antiviral to clinical drug is long and expensive, and the time period for 
clinical drug utility is short (short prescription time periods and loss of drug utility 
due to virus adapting drug resistance).  Therefore, pharmaceutical companies 
cannot recover their investment costs, and consequently, few clinical antivirals are 
developed. 
 
Slide 4: The clinician’s use of antiviral drugs must be timely.  A definitive lab-based 
confirmation of a particular virus infection may not be available.  Several antiviral 
drugs have low therapeutic indices, and there can be unanticipated side effects.  The 
drugs need to be deemed effective by lab tests that assess virologic responses.  
Drug-resistant viruses should be identified where possible.  The immune status of 
the patient figures prominently in prescribing antiviral medications. 
 
Slide 5: Herpes  
 
Slide 6: Docosanol reduces HSV entry into epithelial cells.  This process depends on 
native viral glycoprotein and viral membrane architectures.  When disturbed, 
viruses cannot enter cells.  Docosanol is an OTC topical medication. 
 
Slide 7: The primary HSV inhibitors are nucleoside analogs.  The main ones lack the 
3’ hydroxyl of the ribose (see OH on dGTP ribose for comparison).  Absence of the 3’ 
OH marks the drugs as potential NA chain terminators. 
 
Slide 8: Acyclovir and ganciclovir are the main anti-HSV drugs.  They have poor oral 
bioavailability, but valine adducts give improvement.  Once absorbed, esterases 
cleave the adducts. 
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Slide 9: Acyclovir is a prodrug.  Viral TK adds the alpha phosphate to ACV.  Drug 
specificity for viral TK is one key to virus-specific action.  The beta and gamma 
phosphates are then added to ACV-P by cellular enzymes.  ACV-PPP is then a 
substrate for the viral DNA polymerase.  Specificity of ACV-PPP for viral DNA 
polymerase is another key to virus-specific action.  ACV incorporation into the 
growing viral DNA chain leaves a 3’ end that lacks the –OH group on a ribose.   
Therefore the next dNTP cannot be incorporated. 
 
Resistance to ACV can come through mutations in viral TK, for example, TK 
deletions.  However, HSV lacking a TK gene is often attenuated for disease, hence 
antiviral effect can still be achieved, at least in the clinical sense. 
 
Resistance to ACV can also come through mutations in viral DNA polymerase. 
 
There may be a USMLE step 1 question that asks how HSV might acquire resistance 
to acyclovir. 
 
Slide 10: Acyclovir activity spectrum is limited but includes HSV and VZV (chicken 
pox, shingles).  The drug is used in cases of HSV encephalitis.  Acyclovir is well 
tolerated.  There are few adverse effects. 
 
Slide 11: Ganciclovir has MOA similar to acyclovir and is active against a broader set 
of herpes viruses.  A key use is for CMV retinitis and for CMV reactivation after 
immunosuppression of organ transplant recipients. 
 
Slide 12: There can be patients intolerant to ACV or GCV, or with ACV or GCV 
resistant viruses.  Foscarnet can be used.  This drug operates differently, by 
competitively inhibiting pyrophosphate binding on viral DNA pol.  It has a wide 
activity spectrum.  The drug can be used for CMV retinitis.  It is not a first choice due 
to toxicity and several adverse effects. 
 
Slide 13: Hence there are good reasons to replace foscarnet with other anti-HSV 
drugs.  One promising candidate is a helicase – primase inhibitor.  Key is to aim for 
MOA that is distinct from ACV or GCV. 
 
Slide 14: Hepatitis 
 
Slide 15: As you may know, the treatment of chronic HCV is a wonderful success 
story.  Very recently it has been determined that DAAs are extraordinarily effective 
at curing HCV. These drugs target three viral enzyme activities, NS3/4a protease, 
NS5A pp, NS5B pol.  Combination drug therapies have >90% cure rates for those 
with HCV genotype 1 infections (the most common genotype in the USA).  
 
Slide 16: The DAAs have been very recently approved, Viekira Pak in late 2014 and 
Harvoni only a few months earlier.  They will surely replace the narrower NS3 pro 
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therapies of 2011-2013.  Also, the much earlier therapies of ribavirin and pegIFN, 
while effective in 50% of cases, will also likely be replaced, as pegIFN has serious 
side effects.  The DAA therapies are now either with or without ribavirin and 
pegIFN. 
 
Slide 17: The three targets of the DAAs are protease, polymerase, and 
phosphoprotein, we can discuss further orally.  The main problem is that they are 
fairly specific to HCV genotype 1.  The formulations are oral, daily.  The key problem 
is cost, over $1,000 per pill, $90,000 for a full regimen.  The goal is for SVR, and so 
there are costs associated with monitoring HCV loads as well.  The drugs are 
generally well tolerated. 
 
Slide 18: The DAAs have many benefits over ribavirin.  Ribavirin still is used, though, 
for some HCV and RSV.  Ribavirin is a nucleoside analog that has complex MOA.  It 
depletes GTP pools, blocks RNA pol, also introduces mutations to virus genomes, 
increases CTLs.   The drug has some broad anti RNA virus activity and is sometimes 
used as a “last hope” in rare infections such as SARS-CoV and MERS-CoV and some 
viral hemhorrhagic fevers.  Unfortunately ribavirin has no activity against Ebola.  
There are some serious adverse effects such as anemia.  Ribavirin is mutagenic and 
teratogenic.   
 
Slide 19: IFN therapies will also remain, albeit will be far less prominent in HCV 
therapy.  The pegylation of IFN is to increase IFN stability.  IFN is injected.  IFN is a 
broadly antiviral host factor, operating through IFN receptors, to signal 
transcription of hundreds of genes.  The gene products operate to achieve an 
antiviral state in the cell.  Since IFNs also stimulate many cytokine gene expressions, 
they have paracrine effects, whole-body flu-like symptoms, depression.  Very 
troubling.  Also note that IFN can increase hepatic inflammation.  Such flare-ups are 
life threatening in patients with decompensated liver function, i.e., cirrhosis.  
 
Slide 20: HBV, as you know, is a common virus, transmitted perinatally, or as an 
STD, or by direct blood transmission.  The risk for disease progression are listed.  
There are specific recommendations for anti-HBV therapy. A positive indication of 
HBV infection is not a sole indication for therapy, as there are many cases of 
“tolerant” HBV infection. 
 
Slide 21: Given the relationship between chronic HBV and hepatocellular carcinoma 
(HCC), there have been drug developments.  DAA type drugs came into clinical use 
15 years ago.  The two DAA anti HBV drugs with highest potency are, at present, 
entecavir and tenofovir. 
 
Slide 22: These are nucleoside analog drugs.  The disoproxil moiety increases 
tenofovir bioavailability and is cleaved following adsorption. 
 



Pharmacology  Antiviral Drugs 
April 18, 2018 at 10:30 am  Tom Gallagher, Ph.D. 
 

 

Slide 23: Entaecavir potency may be due to its ability to inhibit three functions of 
the HBV replication cycle, DNA priming, RT and first-strand DNA pol.  The drug is 
also able to restrict HBV that has become resistant to drugs that were used 
historically, such as lamuvidine (lamuvidine is no longer a first-line anti HBV agent).  
The drug is converted to the active triphosphate form by cellular kinases and is 
long-lived.  Adverse effects include lactic acidosis and, can generate rebound 
hepatitis.  
 
Slide 24: Tenofovir is a prodrug, converted rapidly to Ten-P by esterases , then to 
Ten-PPP by cellular kinases.  The drug blocks both HBV and HIV by chain 
termination.  Highly potent against HBV.  Some adverse effects, as listed. 
 
Slide 25: Influenza. 
 
Slide 26: Amantadine and rimantadine block influenza A viruses.   There may be a 
USMLE question about amantadine and its blockade of IAV through blocking viral 
M2 ion channels.  Notably, their overuse has made them nearly obsolete, as most 
IAV is amantadine resistant, hence they are no longer widely recommended for flu 
disease. 
 
Slide 27: These drugs operate at the level of virus entry, after virus endocytosis but 
before viral membrane fusion with endosome membranes.  They prevent acid from 
moving into virions via the M2 channels.  Virus cores that have not been acidified 
will not come apart into free RNPs.  Hence the infection is blocked. 
 
Slide 28: Amantadine and rimantadine are specific for influenza A.  They reduce 
symptoms by about a day.  They are not very useful as preventive drugs, because 
they’d have to be given throughout the flu season, and side effects would arise, 
notably confusion and anxiety and other neurologic symptoms.  (Interestingly, 
amantadine was first used to treat Parkinsons disease in elderly, and it was found 
that treated patients were relatively resistant to influenza infection – hence the drug 
discovery --- hence also the relation between drug and neurologic symptoms). 
 
Slide 29: The influenza NA inhibitors remain useful.  They are zanamivir and 
oseltamivir; aka Tamiflu and Relenza trade names. 
 
Slide 30: This slide is re-presented here from the lecture on influenza.  The drugs 
bind and then inactivate viral NA by competitive inhibition.  Without viral NA, sites 
of infection would remain rich in sialic acids, preventing viruses from disseminating 
because viral HA would stick onto the cell-associated sialic acids. 
 
Of note, viral NA also cleaves sialic acids from long-chain glycans in the lung mucus, 
thereby reducing hydrodynamic volumes of glycans, leaving more free water, 
thinning the mucus, hence runny noses. 
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Slide 31: The NA inhibitors are active against both influenza A and B.  They are very 
rapidly adsorbed.  Oseltamivir is oral (is a prodrug) an zanamivir is in the active 
form and is an aerosol inhalant.  The drugs can be use prophylactically and as 
preventive drugs for patients who cannot tolerate vaccination or are extraordinarily 
susceptible to severe influenza respiratory disease. 
 
Slide 32: One slide here on anti RSV drugs indicates that there are two therapeutic 
approaches; passive administration of antibodies to RSV (anti RSV F protein 
antibodies are most effective).  Aerosol administration of ribavirin is also 
therapeutic in some cases.  The susceptible population are RSV-infected babies. 
 
Slide 33:  The problem of antiviral drug resistance and the benefits of combination 
therapy are worth noting here. 
 
Slide 34: Antiviral dose level and duration figure prominently in viral escape from 
drug pressure.  Optimal doses are curative but lower doses for shorter times will 
force expansion of resistant variants, which will be 100% of the virus population 
after many monotherapies.  If infectious and disseminating, they will become 
prominent in nature. 
 
Slide 35: This has already happened for some IAV strains.  You can see here that IAV 
that is 100% resistant to amantadine showed up in 2005, and 100% resistant to 
oseltamivir in 2009.  This is largely because it only takes one missense mutation to 
confer resistance to either drug, note S31N and H274Y.   Oftentimes one refers to 
the “barrier to drug resistance”, i.e., a low barrier implies that single nucleotide 
substitutions confer complete drug resistance. 
 
Slide 36: RNA viruses mutate spontaneously.  These mutations are a fundamental 
part of nucleic acid chemistry.  NA bases naturally mis-pair at defined frequencies.  
This is essentially what explains evolution and life as we know it on this planet. 
 
The substitution rates are so high that a typical infected patient has pre-existing 
drug resistant mutant viruses.   Note the numbers. 
 
Slide 37:  Hence it is clear that combination therapies are necessary to prevent 
expansion of drug-resistant variants. 
 
Slide 38:  There are many opportunities for combination therapies, you can notice 
that this is the case by this summary slide, which points out the various points in the 
infection cycle that can be blocked by antiviral drugs.  Take HIV infections, for 
example. There can be drugs blocking any of several infection stages, such as those 
indicated in this slide and the next one.   
 
Slide 40:  Indeed there are drugs blocking different HIV infection stages, as you have 
heard from Drs. Hecht and Cuevas.  
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Slide 41: The simultaneous administration of drugs operating at different infection 
stages (and thus operating distinctly and incapable of forcing cross-resistance 
mutations) will be effective.  Note the numbers.  The frequency of a virus that is 
simultaneously resistant to three distinct antiviral drugs, each with low barriers to 
resistance, is about 1 in 10exp12.  There may be no such virus pre-existing in an 
infected individual, hence this aggressive combination therapy can prevent resistant 
viruses from expanding.  


