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Antiviral drugs are a class of medication used specifically for treating viral infections rather than 
bacterial ones.[1] Most antivirals are used for specific viral infections, while a broad-spectrum antiviral
is effective against a wide range of viruses.[2] Unlike most antibiotics, antiviral drugs do not destroy their 
target pathogen; instead they inhibit their development.

Antiviral drugs are one class of antimicrobials, a larger group which also includes antibiotic (also termed 
antibacterial), antifungal and antiparasitic drugs,[3] or antiviral drugs based on monoclonal antibodies.[4]

Most antivirals are considered relatively harmless to the host, and therefore can be used to treat 
infections. They should be distinguished from viricides, which are not medication but deactivate or 
destroy virus particles, either inside or outside the body. Natural antivirals are produced by some plants 
such as eucalyptus.[5]
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Medical uses

Most of the antiviral drugs now available are designed to help deal with HIV, herpes viruses, the 
hepatitis B and C viruses, and influenza A and B viruses. Researchers are working to extend the range of 
antivirals to other families of pathogens.

Designing safe and effective antiviral drugs is difficult, because viruses use the host's cells to replicate. 
This makes it difficult to find targets for the drug that would interfere with the virus without also 
harming the host organism's cells. Moreover, the major difficulty in developing vaccines and anti-viral 
drugs is due to viral variation.

The emergence of antivirals is the product of a greatly expanded knowledge of the genetic and 
molecular function of organisms, allowing biomedical researchers to understand the structure and 
function of viruses, major advances in the techniques for finding new drugs, and the intense pressure 
placed on the medical profession to deal with the human immunodeficiency virus (HIV), the cause of 
the deadly acquired immunodeficiency syndrome (AIDS) pandemic.

The first experimental antivirals were developed in the 1960s, mostly to deal with herpes viruses, and 
were found using traditional trial-and-error drug discovery methods. Researchers grew cultures of cells 
and infected them with the target virus. They then introduced into the cultures chemicals which they 
thought might inhibit viral activity, and observed whether the level of virus in the cultures rose or fell. 
Chemicals that seemed to have an effect were selected for closer study.

This was a very time-consuming, hit-or-miss procedure, and in the absence of a good knowledge of how 
the target virus worked, it was not efficient in discovering effective antivirals which had few side 
effects. Only in the 1980s, when the full genetic sequences of viruses began to be unraveled, did 
researchers begin to learn how viruses worked in detail, and exactly what chemicals were needed to 
thwart their reproductive cycle.

Virus life cycle

Viruses consist of a genome and sometimes a few enzymes stored in a capsule made of protein (called a 
capsid), and sometimes covered with a lipid layer (sometimes called an 'envelope'). Viruses cannot 
reproduce on their own, and instead propagate by subjugating a host cell to produce copies of 
themselves, thus producing the next generation.
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Researchers working on such "rational drug design" strategies for developing antivirals have tried to 
attack viruses at every stage of their life cycles. Some species of mushrooms have been found to contain 
multiple antiviral chemicals with similar synergistic effects.[6] Viral life cycles vary in their precise 
details depending on the type of virus, but they all share a general pattern:

◾ Attachment to a host cell.
◾ Release of viral genes and possibly enzymes into the host cell.
◾ Replication of viral components using host-cell machinery.
◾ Assembly of viral components into complete viral particles.
◾ Release of viral particles to infect new host cells.

Limitations and Policy Implications

Several factors including cost, vaccination stigma, and acquired resistance limit the effectiveness of 
antiviral therapies. These issues are explored via a health policy perspective.

Research and prices

Rising Costs

Cost is an important factor that limits access to antivirals therapies in the United States and 
internationally.[7][8][9] The recommended treatment regimen for hepatitis C virus infection, for example, 
includes sofosbuvir-velpatasvir (Epclusa) and ledipasvir-sofosbuvir (Harrvoni).[10] A twelve week 
supply of these drugs amount to $113,400 and $89,712, respectively.[11][12] These drugs can be 
manufactured generically at a cost of $100 - $250 per 12 week treatment.[13] Pharmaceutical companies 
attribute the majority of these costs to research and development expenses. On average, the research and 
development costs required to bring a new drug to market amount to $17.2 billion.[14] However, critics 
point to monopolistic market conditions that allow manufacturers to increase prices without facing a 
reduction in sales, leading to higher profits at patient's expense.[15] Intellectual property laws, anti-
importation policies,[16] and the slow pace of FDA review limit alternative options. Recently, private-
public research partnerships have been established to promote expedited, cost-effective research.[17]

Vaccinations and stigma

Vaccines and population health

While most antivirals treat viral infection, vaccines are a preemptive first line of defense against 
pathogens. Vaccination involves the introduction (i.e. via injection) of a small amount of typically 
inactivated or attenuated antigenic material to stimulate an individual’s immune system. The immune 
system responds by developing white blood cells to specifically combat the introduced pathogen, 
resulting in adaptive immunity.[18] Vaccination in a population results in herd immunity and greatly 
improved population health, with significant reductions in viral infection and disease.[19]
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Vaccination policy

Vaccination policy in the United States consists of public and private vaccination requirements. For 
instance, public schools require students to receive vaccinations (termed “vaccination schedule”) for 
viruses and bacteria such as diphtheria, pertussis, and tetanus (DTaP), measles, mumps, rubella (MMR), 
varicella (chickenpox), hepatitis B, rotavirus, polio, and more. Private institutions might require annual 
influenza vaccination. The Center for Disease Control and Prevention has estimated that routine 
immunization of newborns prevents about 42,000 deaths and 20 million cases of disease each year, 
saving about $13.6 billion.[20]

Vaccination controversy

Despite their successes, there is plenty of stigma surrounding vaccines that cause people to be 
incompletely vaccinated. These “gaps” in vaccination result in unnecessary infection, death, and costs.
[21] There are two major reasons for incomplete vaccination:

1. Vaccines, like other medical treatments, have a risk of causing serious complications in some 
individuals (i.e. severe allergic reactions). While these complications are less common than the 
risks faced when not vaccinated, negative media coverage can instill fear in a population.[22] Other 
controversies involve the association of autism with vaccines, although the Center for Disease 
Control and Prevention,[23] Institute of Medicine,[24] and National Health Service[25] regard this 
link as unfounded.

2. Low vaccine-preventable disease rates as a result of herd immunity also make vaccines seem 
unnecessary and leave many unvaccinated.[26][27]

Although the American Academy of Pediatrics endorses universal immunization,[28] they note that 
physicians should respect parents’ refusal to vaccinate their children after sufficient advising and 
provided the child does not face a significant risk of infection. Parents can also cite religious reasons to 
avoid public school vaccination mandates, but this reduces herd immunity and increases risk of viral 
infection.[19]

Limitations of vaccines

Vaccines bolster the body's immune system to better attack viruses in the "complete particle" stage, 
outside of the organism's cells. They traditionally consist of an attenuated (a live weakened) or 
inactivated (killed) version of the virus. These vaccines can, in very rare cases, harm the host by 
inadvertently infecting the host with a full-blown viral occupancy. Recently "subunit" vaccines have 
been devised that consist strictly of protein targets from the pathogen. They stimulate the immune 
system without doing serious harm to the host. In either case, when the real pathogen attacks the subject, 
the immune system responds to it quickly and blocks it.

Vaccines are very effective on stable viruses, but are of limited use in treating a patient who has already 
been infected. They are also difficult to successfully deploy against rapidly mutating viruses, such as 
influenza (the vaccine for which is updated every year) and HIV. Antiviral drugs are particularly useful 
in these cases.
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Public policy

Use and Distribution

Guidelines regarding viral diagnoses and treatments change frequently and limit quality care.[29] Even 
when physicians diagnose older patients with influenza, use of antiviral treatment can be low.[30]

Provider knowledge of antiviral therapies can improve patient care, especially in geriatric medicine. 
Furthermore, in local health departments (LHDs) with access to antivirals, guidelines may be unclear, 
causing delays in treatment.[31] With time-sensitive therapies, delays could lead to lack of treatment. 
Overall, national guidelines regarding infection control and management standardize care and improve 
patient and health care worker safety. Guidelines such as those provided by the Centers for Disease 
Control and Prevention (CDC) during the 2009 flu pandemic caused by the H1N1 virus, recommend 
antiviral treatment regimens, clinical assessment algorithms for coordination of care, and antiviral 
chemoprophylaxis guidelines for exposed persons, among others.[32] Roles of pharmacists and 
pharmacies have also expanded to meet the needs of public during public health emergencies.[33]

Stockpiling

Public Health Emergency Preparedness initiatives are managed by the CDC via the Office of Public 
Health Preparedness and Response.[34] Funds aim to support communities in preparing for public health 
emergencies, including pandemic influenza. Also managed by the CDC, the Strategic National Stockpile 
(SNS) consists of bulk quantities of medicines and supplies for use during such emergencies.[35]

Antiviral stockpiles prepare for shortages of antiviral medications in cases of public health emergencies. 
During the H1N1 pandemic in 2009-2010, guidelines for SNS use by local health departments was 
unclear, revealing gaps in antiviral planning.[31] For example, local health departments that received 
antivirals from the SNS did not have transparent guidance on the use of the treatments. The gap made it 
difficult to create plans and policies for their use and future availabilities, causing delays in treatment.

Anti-viral targeting

The general idea behind modern antiviral drug design is to identify viral proteins, or parts of proteins, 
that can be disabled. These "targets" should generally be as unlike any proteins or parts of proteins in 
humans as possible, to reduce the likelihood of side effects. The targets should also be common across 
many strains of a virus, or even among different species of virus in the same family, so a single drug will 
have broad effectiveness. For example, a researcher might target a critical enzyme synthesized by the 
virus, but not the patient, that is common across strains, and see what can be done to interfere with its 
operation.

Once targets are identified, candidate drugs can be selected, either from drugs already known to have 
appropriate effects, or by actually designing the candidate at the molecular level with a computer-aided 
design program.
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The target proteins can be manufactured in the lab for testing with candidate treatments by inserting the 
gene that synthesizes the target protein into bacteria or other kinds of cells. The cells are then cultured 
for mass production of the protein, which can then be exposed to various treatment candidates and 
evaluated with "rapid screening" technologies.

Approaches by life cycle stage

Before cell entry

One anti-viral strategy is to interfere with the ability of a virus to infiltrate a target cell. The virus must 
go through a sequence of steps to do this, beginning with binding to a specific "receptor" molecule on 
the surface of the host cell and ending with the virus "uncoating" inside the cell and releasing its 
contents. Viruses that have a lipid envelope must also fuse their envelope with the target cell, or with a 
vesicle that transports them into the cell, before they can uncoat.

This stage of viral replication can be inhibited in two ways:

1. Using agents which mimic the virus-associated protein (VAP) and bind to the cellular receptors. 
This may include VAP anti-idiotypic antibodies, natural ligands of the receptor and anti-receptor 
antibodies.

2. Using agents which mimic the cellular receptor and bind to the VAP. This includes anti-VAP 
antibodies, receptor anti-idiotypic antibodies, extraneous receptor and synthetic receptor mimics.

This strategy of designing drugs can be very expensive, and since the process of generating anti-
idiotypic antibodies is partly trial and error, it can be a relatively slow process until an adequate 
molecule is produced.

Entry inhibitor

A very early stage of viral infection is viral entry, when the virus attaches to and enters the host cell. A 
number of "entry-inhibiting" or "entry-blocking" drugs are being developed to fight HIV. HIV most 
heavily targets the immune system's white blood cells known as "helper T cells", and identifies these 
target cells through T-cell surface receptors designated "CD4" and "CCR5". Attempts to interfere with 
the binding of HIV with the CD4 receptor have failed to stop HIV from infecting helper T cells, but 
research continues on trying to interfere with the binding of HIV to the CCR5 receptor in hopes that it 
will be more effective.

HIV infects a cell through fusion with the cell membrane, which requires two different cellular 
molecular participants, CD4 and a chemokine receptor (differing depending on the cell type). 
Approaches to blocking this virus/cell fusion have shown some promise in preventing entry of the virus 
into a cell. At least one of theses entry inhibitors—a biomimetic peptide marketed under the brand name 
Fuzeon—has received FDA approval and has been in use for some time. Potentially, one of the benefits 
from the use of an effective entry-blocking or entry-inhibiting agent is that it potentially may not only 
prevent the spread of the virus within an infected individual but also the spread from an infected to an 
uninfected individual.
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One possible advantage of the therapeutic approach of blocking viral entry (as opposed to the currently 
dominant approach of viral enzyme inhibition) is that it may prove more difficult for the virus to 
develop resistance to this therapy than for the virus to mutate or evolve its enzymatic protocols.

Uncoating inhibitor

Inhibitors of uncoating have also been investigated.[36][37]

Amantadine and rimantadine have been introduced to combat influenza. These agents act on penetration 
and uncoating.[38]

Pleconaril works against rhinoviruses, which cause the common cold, by blocking a pocket on the 
surface of the virus that controls the uncoating process. This pocket is similar in most strains of 
rhinoviruses and enteroviruses, which can cause diarrhea, meningitis, conjunctivitis, and encephalitis.

Some scientists are making the case that a vaccine against rhinoviruses, the predominant cause of the 
common cold, is achievable. Vaccines that combine dozens of varieties of rhinovirus at once are 
effective in stimulating antiviral antibodies in mice and monkeys, researchers have reported in Nature 
Communications in 2016.

The quest for a vaccine against rhinoviruses may have seemed quixotic, because there are more than 100 
varieties circulating around the world. But the immune system can handle the challenge.

Rhinoviruses are the most common cause of the common cold; other viruses such as respiratory 
syncytial virus, parainfluenza virus and adenoviruses can cause them too. Rhinoviruses also exacerbate 
asthma attacks. Although rhinoviruses come in many varieties, they do not drift to the same degree that 
influenza viruses do. A mixture of 50 inactivated rhinovirus types should be able to stimulate 
neutralizing antibodies against all of them to some degree.

During viral synthesis

A second approach is to target the processes that synthesize virus components after a virus invades a 
cell.

Reverse transcription

One way of doing this is to develop nucleotide or nucleoside analogues that look like the building blocks 
of RNA or DNA, but deactivate the enzymes that synthesize the RNA or DNA once the analogue is 
incorporated. This approach is more commonly associated with the inhibition of reverse transcriptase 
(RNA to DNA) than with "normal" transcriptase (DNA to RNA).

The first successful antiviral, acyclovir, is a nucleoside analogue, and is effective against herpesvirus 
infections. The first antiviral drug to be approved for treating HIV, zidovudine (AZT), is also a 
nucleoside analogue.
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An improved knowledge of the action of reverse transcriptase has led to better nucleoside analogues to 
treat HIV infections. One of these drugs, lamivudine, has been approved to treat hepatitis B, which uses 
reverse transcriptase as part of its replication process. Researchers have gone further and developed 
inhibitors that do not look like nucleosides, but can still block reverse transcriptase.

Another target being considered for HIV antivirals include RNase H – which is a component of reverse 
transcriptase that splits the synthesized DNA from the original viral RNA.

On 10 August 2011 researchers at MIT announced the publication[39] of a new method of inhibiting 
RNA, the process selectively affected infected cells. The team named the process "Double-stranded 
RNA Activated Caspase Oligomerizer" (DRACO). According to the lead researcher "In theory, 
[DRACO] should work against all viruses."[40]

Integrase

Another target is integrase, which integrate the synthesized DNA into the host cell genome.

Transcription

Once a virus genome becomes operational in a host cell, it then generates messenger RNA (mRNA) 
molecules that direct the synthesis of viral proteins. Production of mRNA is initiated by proteins known 
as transcription factors. Several antivirals are now being designed to block attachment of transcription 
factors to viral DNA.

Translation/antisense

Genomics has not only helped find targets for many antivirals, it has provided the basis for an entirely 
new type of drug, based on "antisense" molecules. These are segments of DNA or RNA that are 
designed as complementary molecule to critical sections of viral genomes, and the binding of these 
antisense segments to these target sections blocks the operation of those genomes. A phosphorothioate 
antisense drug named fomivirsen has been introduced, used to treat opportunistic eye infections in AIDS 
patients caused by cytomegalovirus, and other antisense antivirals are in development. An antisense 
structural type that has proven especially valuable in research is morpholino antisense.

Morpholino oligos have been used to experimentally suppress many viral types:

◾ caliciviruses[41]

◾ flaviviruses (including WNV)[42]

◾ dengue[43]

◾ HCV[44]

◾ coronaviruses[45]

Translation/ribozymes
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Yet another antiviral technique inspired by genomics is a set of drugs based on ribozymes, which are 
enzymes that will cut apart viral RNA or DNA at selected sites. In their natural course, ribozymes are 
used as part of the viral manufacturing sequence, but these synthetic ribozymes are designed to cut RNA 
and DNA at sites that will disable them.

A ribozyme antiviral to deal with hepatitis C has been suggested,[46] and ribozyme antivirals are being 
developed to deal with HIV.[47] An interesting variation of this idea is the use of genetically modified 
cells that can produce custom-tailored ribozymes. This is part of a broader effort to create genetically 
modified cells that can be injected into a host to attack pathogens by generating specialized proteins that 
block viral replication at various phases of the viral life cycle.

Protein processing and targeting

Interference with post translational modifications or with targeting of viral proteins in the cell is also 
possible.[48]

Protease inhibitors

Some viruses include an enzyme known as a protease that cuts viral protein chains apart so they can be 
assembled into their final configuration. HIV includes a protease, and so considerable research has been 
performed to find "protease inhibitors" to attack HIV at that phase of its life cycle.[49] Protease inhibitors 
became available in the 1990s and have proven effective, though they can have unusual side effects, for 
example causing fat to build up in unusual places.[50] Improved protease inhibitors are now in 
development.

Protease inhibitors have also been seen in nature. A protease inhibitor was isolated from the Shiitake 
mushroom (Lentinus edodes).[51] The presence of this may explain the Shiitake mushrooms noted 
antiviral activity in vitro.[52]

Assembly

Rifampicin acts at the assembly phase.[53]

Release phase

The final stage in the life cycle of a virus is the release of completed viruses from the host cell, and this 
step has also been targeted by antiviral drug developers. Two drugs named zanamivir (Relenza) and 
oseltamivir (Tamiflu) that have been recently introduced to treat influenza prevent the release of viral 
particles by blocking a molecule named neuraminidase that is found on the surface of flu viruses, and 
also seems to be constant across a wide range of flu strains.

Immune system stimulation
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A second category of tactics for fighting viruses involves encouraging the body's immune system to 
attack them, rather than attacking them directly. Some antivirals of this sort do not focus on a specific 
pathogen, instead stimulating the immune system to attack a range of pathogens.

One of the best-known of this class of drugs are interferons, which inhibit viral synthesis in infected 
cells.[54] One form of human interferon named "interferon alpha" is well-established as part of the 
standard treatment for hepatitis B and C,[55] and other interferons are also being investigated as 
treatments for various diseases.

A more specific approach is to synthesize antibodies, protein molecules that can bind to a pathogen and 
mark it for attack by other elements of the immune system. Once researchers identify a particular target 
on the pathogen, they can synthesize quantities of identical "monoclonal" antibodies to link up that 
target. A monoclonal drug is now being sold to help fight respiratory syncytial virus in babies,[56] and 
antibodies purified from infected individuals are also used as a treatment for hepatitis B.[57]

Acquired resistance

Antiviral resistance can be defined by a decreased susceptibility to a drug through either a minimally 
effective, or completely ineffective, treatment response to prevent associated illnesses from a particular 
virus.[58] The issue inevitably remains a major obstacle to antiviral therapy as it has developed to almost 
all specific and effective antimicrobials, including antiviral agents.[59]

The Centers for Disease Control and Prevention (CDC) inclusively recommends those six months and 
older to get a yearly vaccination to protect from influenza A viruses (H1N1) and (H3N2) and up to two 
influenza B viruses (depending on the vaccination).[58] Comprehensive protection starts by ensuring 
vaccinations are current and complete. The three FDA-approved neuraminidase antiviral flu drugs 
available in the United States, recommended by the CDC, include: oseltamivir (Tamiflu®), zanamivir 
(Relenza®), and peramivir (Rapivab®).[58]

A study published in 2009 in Nature Biotechnology emphasized the urgent need for augmentation of 
oseltamivir (Tamiflu®) stockpiles with additional antiviral drugs including zanamivir (Relenza®). This 
finding was based on a performance evaluation of these drugs supposing the 2009 H1N1 'Swine Flu' 
neuraminidase (NA) were to acquire the Tamiflu-resistance (His274Tyr) mutation which is currently 
widespread in seasonal H1N1 strains.[60]

Origin of antiviral resistance

The genetic makeup of viruses is constantly changing and therefore may alter the virus resistant to the 
treatments currently available.[61] Viruses can become resistant through spontaneous or intermittent 
mechanisms throughout the course of an antiviral treatment.[58] Immunocompromised patients, more 
often than immunocompetent patients, hospitalized with pneumonia are at the highest risk of developing 
oseltamivir resistance during treatment.[58] Subsequent to exposure to someone else with the flu, those 
who received oseltamivir for “post-exposure prophylaxis” are also at higher risk of resistance.[62]

Page 10 of 15Antiviral drug - Wikipedia

12/26/2016https://en.wikipedia.org/wiki/Antiviral_drug



Detection of antiviral resistance

National and international surveillance is performed by the CDC to determine effectiveness of the 
current FDA-approved antiviral flu drugs.[58] Public health officials use this information to make current 
recommendations about the use of flu antiviral medications. WHO further recommends in-depth 
epidemiological investigations to control potential transmission of the resistant virus and prevent future 
progression.[63] As novel treatments and detection techniques to antiviral resistance are enhanced so can 
the establishment of strategies to combat the inevitable emergence of antiviral resistance.[64]

See also

◾ Antiretroviral drug (especially HAART for HIV)
◾ Discovery and development of CCR5 receptor antagonists (for HIV)
◾ Monoclonal antibody
◾ List of antiviral drugs
◾ Virucide
◾ Antiprion drugs and Astemizole
◾ Discovery and development of NS5A inhibitors

References
1. "Medmicro Chapter 52". Archived from the original on 18 August 2000. Retrieved 21 February 2009.
2. Rossignol JF (2014). "Nitazoxanide: a first-in-class broad-spectrum antiviral agent". Antiviral Res. 110: 94

–103. doi:10.1016/j.antiviral.2014.07.014. PMID 25108173. "Originally developed and commercialized as 
an antiprotozoal agent, nitazoxanide was later identified as a first-in-class broad-spectrum antiviral drug and 
has been repurposed for the treatment of influenza. ... From a chemical perspective, nitazoxanide is the 
scaffold for a new class of drugs called thiazolides. These small-molecule drugs target host-regulated 
processes involved in viral replication. ... A new dosage formulation of nitazoxanide is presently undergoing 
global Phase 3 clinical development for the treatment of influenza. Nitazoxanide inhibits a broad range of 
influenza A and B viruses including influenza A(pH1N1) and the avian A(H7N9) as well as viruses that are 
resistant to neuraminidase inhibitors. ... Nitazoxanide also inhibits the replication of a broad range of other 
RNA and DNA viruses including respiratory syncytial virus, parainfluenza, coronavirus, rotavirus, norovirus, 
hepatitis B, hepatitis C, dengue, yellow fever, Japanese encephalitis virus and human immunodeficiency 
virus in cell culture assays. Clinical trials have indicated a potential role for thiazolides in treating rotavirus 
and norovirus gastroenteritis and chronic hepatitis B and chronic hepatitis C. Ongoing and future clinical 
development is focused on viral respiratory infections, viral gastroenteritis and emerging infections such as 
dengue fever."

3. Rick Daniels; Leslie H. Nicoll. "Pharmacology - Nursing Management". Contemporary Medical-Surgical 
Nursing. Cengage Learning, 2011. p. 397.

4. Kisung Ko, Yoram Tekoah, Pauline M. Rudd, David J. Harvey, Raymond A. Dwek, Sergei Spitsin, Cathleen 
A. Hanlon, Charles Rupprecht, Bernhard Dietzschold, Maxim Golovkin, and Hilary Koprowski (2003). 
"Function and glycosylation of plant-derived antiviral monoclonal antibody". PNAS. 100: 8013–8018. 
doi:10.1073/pnas.0832472100. 

5. Schnitzler, P; Schön, K; Reichling, J (2001). "Antiviral activity of Australian tea tree oil and eucalyptus oil 
against herpes simplex virus in cell culture". Die Pharmazie. 56 (4): 343–7. PMID 11338678.

6. Lindequist, Ulrike; Niedermeyer, Timo H. J.; Jülich, Wolf-Dieter (2005). "The Pharmacological Potential of 
Mushrooms". Evidence-Based Complementary and Alternative Medicine. 2 (3): 285–99. 
doi:10.1093/ecam/neh107. PMC 1193547 . PMID 16136207.

Page 11 of 15Antiviral drug - Wikipedia

12/26/2016https://en.wikipedia.org/wiki/Antiviral_drug



7. Brand, F N; Smith, R T; Brand, P A (1 January 1977). "Effect of economic barriers to medical care on 
patients' noncompliance.". Public Health Reports. 92 (1): 72–78. ISSN 0033-3549. PMC 1431971 . 
PMID 189344.

8. McGowan, Christopher E.; Monis, Ali; Bacon, Bruce R.; Mallolas, Josep; Goncales, Fernando L.; Goulis, 
Ioannis; Poordad, Fred; Afdhal, Nezam; Zeuzem, Stefan; Piratvisuth, Teerha; Marcellin, Patrick; Fried, 
Michael W. (April 2013). "A global view of hepatitis C: Physician knowledge, opinions, and perceived 
barriers to care". Hepatology. 57 (4): 1325–1332. doi:10.1002/hep.26246.

9. Beckman, Adam L.; Bilinski, Alyssa; Boyko, Ryan; Camp, George M.; Wall, A. T.; Lim, Joseph K.; Wang, 
Emily A.; Bruce, R. Douglas; Gonsalves, Gregg S. (1 October 2016). "New Hepatitis C Drugs Are Very 
Costly And Unavailable To Many State Prisoners". Health Affairs. 35 (10): 1893–1901. 
doi:10.1377/hlthaff.2016.0296. ISSN 0278-2715.

10. "Summary of Recommendations for Patients Who are Initiating Therapy for HCV Infection by HCV 
Genotype | Recommendations for Testing, Managing, and Treating Hepatitis C". www.hcvguidelines.org.

11. "Sofosbuvir and Velpatasvir (Lexi-Drugs)". online.lexi.com.
12. "Ledipasvir and Sofosbuvir (Lexi-Drugs)". online.lexi.com.
13. Hill, A.; Khoo, S.; Fortunak, J.; Simmons, B.; Ford, N. (6 January 2014). "Minimum Costs for Producing 

Hepatitis C Direct-Acting Antivirals for Use in Large-Scale Treatment Access Programs in Developing 
Countries". Clinical Infectious Diseases. 58 (7): 928–936. doi:10.1093/cid/ciu012.

14. Winegarden, W (June 2014). "The Economics of Pharmaceutical Pricing" (PDF). Pacific Research Institute. 
Retrieved September 16, 2016.

15. Times, Los Angeles. "The FDA can single-handedly reduce drug price-gouging. Why is it waiting?". 
latimes.com.

16. "21 USC CHAPTER 9, SUBCHAPTER VIII: IMPORTS AND EXPORTS . §381.". uscode.house.gov.
17. "NIH-Industry Partnerships Frequently Asked Questions | National Center for Advancing Translational 

Sciences". National Center for Advancing Translational Sciences.
18. Center for Disease Control. Understanding How Vaccines Work. 

https://www.cdc.gov/vaccines/hcp/conversations/downloads/vacsafe-understand-color-office.pdf Reviewed 
February 2013. Accessed October 20, 2016.

19. Heymann DL, Aylward RB (2006). "Mass vaccination: when and why". Curr Top Microbiol Immunol. 
Current Topics in Microbiology and Immunology. 304: 1–16. doi:10.1007/3-540-36583-4_1. ISBN 978-3-
540-29382-8. PMID 16989261

20. Center for Disease Control. Vaccination Coverage Among Children in Kindergarten — United States, 2013
–14 School Year. MMWR. October 2014; 63(41): 913-920.

21. Omer, SB; Salmon, DA; Orenstein, WA; deHart, MP; Halsey, N (May 2009). "Vaccine Refusal, Mandatory 
Immunization, and the Risks of Vaccine-Preventable Diseases" (PDF). New England Journal of Medicine. 
360 (19): 1981–8. doi:10.1056/NEJMsa0806477. PMID 19420367.

22. Gross L. A broken trust: lessons from the vaccine–autism wars 
(http://www.plosbiology.org/article/info:doi/10.1371/journal.pbio.1000114). PLoS Biol. 2009;7
(5):e1000114. doi:10.1371/journal.pbio.1000114 (http://dx.doi.org/10.1371%2Fjournal.pbio.1000114). 
PMID 19478850. PMC 2682483 (http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2682483/).

23. Centers for Disease Control and Prevention. Vaccines Do Not Cause Autism. 
http://www.cdc.gov/vaccinesafety/concerns/autism.html Updated November 23, 2015. Accessed October 20, 
2016.

24. Immunization Safety Review Committee (2004).Immunization Safety Review: Vaccines and Autism. The 
National Academies Press. ISBN 0-309-09237-X.

25. United Kingdom National Health Service (England). MMR vaccine. 
http://www.nhs.uk/Conditions/vaccinations/Pages/mmr-vaccine.aspx Last reviewed April 8, 2015. Accessed 
October 20, 2016.

26. Hendriksz T, Malouf PH, Sarmiento S, Foy JE. Overcoming patient barriers to immunizations. AOA Health 
Watch. October 2013; 9-14.

27. Barriers and Strategies to Improving Influenza Vaccination among Health Care Personnel. Centers for 
Disease Control and Prevention. http://www.cdc.gov/flu/toolkit/long-term-care/strategies.htm. Updated 
September 7, 2016. Accessed September 17, 2016.

Page 12 of 15Antiviral drug - Wikipedia

12/26/2016https://en.wikipedia.org/wiki/Antiviral_drug



28. Diekema DS, American Academy of Pediatrics Committee on Bioethics (2005). "Responding to parental 
refusals of immunization of children". Pediatrics. 115 (5): 1428–31. doi:10.1542/peds.2005-0316. PMID 
15867060.

29. Kunin, Marina; Engelhard, Dan; Thomas, Shane; Ashworth, Mark; Piterman, Leon (15 October 2015). 
"Challenges of the Pandemic Response in Primary Care during Pre-Vaccination Period: A Qualitative 
Study". Israel Journal of Health Policy Research. 4 (1). doi:10.1186/s13584-015-0028-5.

30. Lindegren, Mary Louise; Griffin, Marie R.; Williams, John V.; Edwards, Kathryn M.; Zhu, Yuwei; Mitchel, 
Ed; Fry, Alicia M.; Schaffner, William; Talbot, H. Keipp; Pyrc, Krzysztof (25 March 2015). "Antiviral 
Treatment among Older Adults Hospitalized with Influenza, 2006-2012". PLOS ONE. 10 (3): e0121952. 
doi:10.1371/journal.pone.0121952.

31. NACCHO (December 2010). "Public Health Use and Distribution of Antivirals: NACCHO Think Tank 
Meeting Report" (PDF).

32. Centers for Disease Control and Prevention. "H1N1 Flu".
33. Hodge, J G; Orenstein, D G. "Antiviral Distribution and Dispensing A Review of Legal and Policy Issues". 

Association of State and Territorial Health Officials (ASTHO).
34. "Funding and Guidance for State and Local Health Departments". Centers for Disease Control and 

Prevention. Retrieved 21 October 2016.
35. "Strategic National Stockpile (SNS)". Centers for Disease Control and Prevention. Retrieved 21 October 

2016.
36. Bishop NE (1998). "Examination of potential inhibitors of hepatitis A virus uncoating". Intervirology. 41 (6): 

261–71. doi:10.1159/000024948. PMID 10325536.
37. Almela MJ, González ME, Carrasco L (May 1991). "Inhibitors of poliovirus uncoating efficiently block the 

early membrane permeabilization induced by virus particles". J. Virol. 65 (5): 2572–7. PMC 240614 . 
PMID 1850030.

38. Beringer, Paul; Troy, David A.; Remington, Joseph P. (2006). Remington, the science and practice of 
pharmacy. Hagerstwon, MD: Lippincott Williams & Wilkins. p. 1419. ISBN 0-7817-4673-6.

39. Rider, Todd H.; Zook, Christina E.; Boettcher, Tara L.; Wick, Scott T.; Pancoast, Jennifer S.; Zusman, 
Benjamin D. (2011). Sambhara, Suryaprakash, ed. "Broad-Spectrum Antiviral Therapeutics". PLoS ONE. 6
(7): e22572. doi:10.1371/journal.pone.0022572. PMC 3144912 . PMID 21818340.

40. "New drug could cure nearly any viral infection". Retrieved 11 August 2011.
41. Stein DA, Skilling DE, Iversen PL, Smith AW (2001). "Inhibition of Vesivirus infections in mammalian 

tissue culture with antisense morpholino oligomers". Antisense Nucleic Acid Drug Dev. 11 (5): 317–25. 
doi:10.1089/108729001753231696. PMID 11763348.

42. Deas, T. S.; Binduga-Gajewska, I.; Tilgner, M.; Ren, P.; Stein, D. A.; Moulton, H. M.; Iversen, P. L.; 
Kauffman, E. B.; Kramer, L. D.; Shi, P. -Y. (2005). "Inhibition of Flavivirus Infections by Antisense 
Oligomers Specifically Suppressing Viral Translation and RNA Replication". Journal of Virology. 79 (8): 
4599–4609. doi:10.1128/JVI.79.8.4599-4609.2005. PMC 1069577 . PMID 15795246.

43. Kinney, R. M.; Huang, C. Y.-H.; Rose, B. C.; Kroeker, A. D.; Dreher, T. W.; Iversen, P. L.; Stein, D. A. 
(2005). "Inhibition of Dengue Virus Serotypes 1 to 4 in Vero Cell Cultures with Morpholino Oligomers". J. 
Virol. 79 (8): 5116–28. doi:10.1128/JVI.79.8.5116-5128.2005. PMC 1069583 . PMID 15795296.

44. McCaffrey AP, Meuse L, Karimi M, Contag CH, Kay MA (2003). "A potent and specific morpholino 
antisense inhibitor of hepatitis C translation in mice". Hepatology. 38 (2): 503–8. 
doi:10.1053/jhep.2003.50330. PMID 12883495.

45. Neuman, B. W.; Stein, D. A.; Kroeker, A. D.; Paulino, A. D.; Moulton, H. M.; Iversen, P. L.; Buchmeier, M. 
J. (June 2004). "Antisense Morpholino-Oligomers Directed against the 5′ End of the Genome Inhibit 
Coronavirus Proliferation and Growth†". J. Virol. 78 (11): 5891–9. doi:10.1128/JVI.78.11.5891-5899.2004. 
PMC 415795 . PMID 15140987.

46. Ryu KJ, Lee SW (2003). "Identification of the most accessible sites to ribozymes on the hepatitis C virus 
internal ribosome entry site". J. Biochem. Mol. Biol. 36 (6): 538–44. doi:10.5483/BMBRep.2003.36.6.538. 
PMID 14659071.

47. Bai J, Rossi J, Akkina R (March 2001). "Multivalent anti-CCR ribozymes for stem cell-based HIV type 1 
gene therapy". AIDS Res. Hum. Retroviruses. 17 (5): 385–99. doi:10.1089/088922201750102427. 
PMID 11282007.

Page 13 of 15Antiviral drug - Wikipedia

12/26/2016https://en.wikipedia.org/wiki/Antiviral_drug



48. Alarcón B, González ME, Carrasco L (1988). "Megalomycin C, a macrolide antibiotic that blocks protein 
glycosylation and shows antiviral activity". FEBS Lett. 231 (1): 207–11. doi:10.1016/0014-5793(88)80732-4. 
PMID 2834223.

49. Anderson J, Schiffer C, Lee SK, Swanstrom R (2009). "Viral protease inhibitors". Handb Exp Pharmacol. 
Handbook of Experimental Pharmacology. 189 (189): 85–110. doi:10.1007/978-3-540-79086-0_4. 
ISBN 978-3-540-79085-3. PMID 19048198.

50. Flint, O. P.; Noor, M. A.; Hruz, P. W.; Hylemon, P. B.; Yarasheski, K.; Kotler, D. P.; Parker, R. A.; 
Bellamine, A. (2009). "The Role of Protease Inhibitors in the Pathogenesis of HIV-Associated 
Lipodystrophy: Cellular Mechanisms and Clinical Implications". Toxicol Pathol. 37 (1): 65–77. 
doi:10.1177/0192623308327119. PMC 3170409 . PMID 19171928.

51. Odani S, Tominaga K, Kondou S (1999). "The inhibitory properties and primary structure of a novel serine 
proteinase inhibitor from the fruiting body of the basidiomycete, Lentinus edodes". European Journal of 
Biochemistry. 262 (3): 915–23. doi:10.1046/j.1432-1327.1999.00463.x. PMID 10411656.

52. Suzuki H, Okubo A, Yamazaki S, Suzuki K, Mitsuya H, Toda S (1989). "Inhibition of the infectivity and 
cytopathic effect of human immunodeficiency virus by water-soluble lignin in an extract of the culture 
medium of Lentinus edodes mycelia (LEM)". Biochemical and Biophysical Research Communications. 160
(1): 367–73. doi:10.1016/0006-291X(89)91665-3. PMID 2469420.

53. Sodeik B, Griffiths G, Ericsson M, Moss B, Doms RW (1994). "Assembly of vaccinia virus: effects of 
rifampin on the intracellular distribution of viral protein p65". J. Virol. 68 (2): 1103–14. PMC 236549 . 
PMID 8289340.

54. Samuel CE (October 2001). "Antiviral Actions of Interferons". Clin. Microbiol. Rev. 14 (4): 778–809. 
doi:10.1128/CMR.14.4.778-809.2001. PMC 89003 . PMID 11585785.

55. Burra P (2009). "Hepatitis C". Semin. Liver Dis. 29 (1): 53–65. doi:10.1055/s-0029-1192055. 
PMID 19235659.

56. Nokes JD, Cane PA (December 2008). "New strategies for control of respiratory syncytial virus infection". 
Curr. Opin. Infect. Dis. 21 (6): 639–43. doi:10.1097/QCO.0b013e3283184245. PMID 18978532.

57. Akay S, Karasu Z (November 2008). "Hepatitis B immune globulin and HBV-related liver transplantation". 
Expert Opin Biol Ther. 8 (11): 1815–22. doi:10.1517/14712598.8.11.1815. PMID 18847315.

58. "Influenza Antiviral Drug Resistance| Seasonal Influenza (Flu) | CDC". www.cdc.gov.
59. Pillay, D; Zambon, M (5 September 1998). "Antiviral drug resistance.". BMJ (Clinical research ed.). 317

(7159): 660–2. doi:10.1136/bmj.317.7159.660. PMC 1113839 . PMID 9728000.
60. Soundararajan, V; Tharakaraman, K; Raman, R; Raguram, S; Shriver, Z; Sasisekharan, V; Sasisekharan, R 

(June 2009). "Extrapolating from sequence--the 2009 H1N1 'swine' influenza virus.". Nature Biotechnology. 
27 (6): 510–3. doi:10.1038/nbt0609-510. PMID 19513050.

61. Nijhuis, M; van Maarseveen, NM; Boucher, CA (2009). "Antiviral resistance and impact on viral replication 
capacity: evolution of viruses under antiviral pressure occurs in three phases.". Handbook of experimental 
pharmacology (189): 299–320. doi:10.1007/978-3-540-79086-0_11. PMID 19048205.

62. "WHO | Antiviral use and the risk of drug resistance". www.who.int.
63. Hayden, FG; de Jong, MD (1 January 2011). "Emerging influenza antiviral resistance threats.". The Journal 

of Infectious Diseases. 203 (1): 6–10. doi:10.1093/infdis/jiq012. PMC 3086431 . PMID 21148489.
64. Kimberlin, DW; Whitley, RJ (March 1996). "Antiviral resistance: mechanisms, clinical significance, and 

future implications.". The Journal of antimicrobial chemotherapy. 37 (3): 403–21. doi:10.1093/jac/37.3.403. 
PMID 9182098.

Further reading

◾ Lindequist, U.; Niedermeyer, T.H.J.; Jülich, W.D. (2005). "The Pharmacological Potential of 
Mushrooms". Evid Based Complement Alternat Med. 2 (3): 285–99. doi:10.1093/ecam/neh107. 
PMC 1193547 . PMID 16136207.

Retrieved from "https://en.wikipedia.org/w/index.php?title=Antiviral_drug&oldid=756344322" 

Page 14 of 15Antiviral drug - Wikipedia

12/26/2016https://en.wikipedia.org/wiki/Antiviral_drug



Categories: Antivirals Biocides

◾ This page was last modified on 23 December 2016, at 16:07.
◾ Text is available under the Creative Commons Attribution-ShareAlike License; additional terms 

may apply. By using this site, you agree to the Terms of Use and Privacy Policy. Wikipedia® is a 
registered trademark of the Wikimedia Foundation, Inc., a non-profit organization.

Page 15 of 15Antiviral drug - Wikipedia

12/26/2016https://en.wikipedia.org/wiki/Antiviral_drug


