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Viruses are small, acellular, and non-living obligatory pathogen with genetic material in the form 

of either DNA or RNA under the protein coat that may or may not be surrounded fatty envelope. 

As it is obligatory in nature, they are solely dependent on the host cell for their replication or 

multiplication. They attach onto the cell surface with the help of some receptor present on the 

host cell surface, fuses to cell, inject their genetic material into the host’s genome, and hijack 

their metabolism and other cell machinery leading to altered state of host cell physiology. In this 

course, their entry to the host (manifested from many sites in the body such as conjunctiva, 

respiratory tract, alimentary tract, urogenital tract, anus, and skin through scratch and insects or 

arthropods bites) results a number of pathophysiological conditions termed as viral 

pathogenesis. They cause diseases in the host such as the common cold, influenza, chickenpox, 

small pox, mumps, measles, poliomyelitis, human immunodeficiency virus (HIV), and others. 

However, most viral infections are subclinical, suggesting that body defense system kill or 

eliminate most infections before outcome of any clinical symptoms resulting in the positive 

antibody test for may viruses without having any history of viral diseases. Viruses can affect 

many areas in the body including the reproductive, respiratory, and gastrointestinal systems. 

They can also affect the liver, brain, skin, and even cancer. 

Routes of entry of viruses into the host 

Location Virus(es) 

Respiratory tract 

Localized upper tract Rhinovirus, coxsackie virus, coronavirus, arenavirus, hantavirus, para-

influenza virus type 1-4, influenza viruses A and B, respiratory syncytial 

virus, human adenovirus 1-7.  

Localized lower tract Respiratory syncytial virus, para-influenza virus type 1-3, influenza viruses 

A and B, human adenovirus 1-7, infectious bovine rhinotracheitis virus 

(herpes virus) 

Entry via respiratory 

tract followed by 

systemic spread 

Foot and mouth disease virus, rubella virus, arenaviruses, hantaviruses, 

mumps viruses, measles viruses, varicella-zoster viruses, poxviruses. 

Alimentary canal 

Systemic Enterovirus, reovirus adenovirus. 

Coronavirus, rotavirus. Localized 

Urogenital tract 

Systemic Human immunodeficiency virus type I, hepatitis B virus, herpes simplex 

virus.  

Localized Papillomavirus 

Eye (conjunctiva) 

Systemic Enterovirus 70, herpes simplex virus. 

Skin 

Arthropod bite Bunyavirus, fllavivirus, poxvirus, reovirus, togavirus 

Needle puncture & 

sexual contact 

Hepatitis C and D viruses, cytomegalovirus, Epstein-Barr virus, Hepatitis B 

virus, Human immunodeficiency virus, papillomavirus (localized). 

Animal bite Rhabdovirus 

Adapted from Viral Pathogenesis by Vincent Racaniello, Collumbia University 
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Virus tissue tropism 

Most viruses do not infect all cells of a host but are restricted to specific cell types of certain 

organs. The spectrum of tissues infected by a virus is called tropism. As for example, an 

enterotropic virus infects alimentary tract of host, whereas a neurotropic virus replicates in 

cells of nervous system. Some viruses are pantropic that infect and replicate in many cell types 

and tissues. 

Virus tissue tropism is usually governed by four parameters which are distribution of receptors 

for entry that leads to tissue susceptibility, requirement of the virus for differentially expressed 

intracellular gene products to complete the infection that is tissue permissivity, accessibility 

(virus needs a target tissue to be accessible) and capability of a virus to breech host’s local 

intrinsic and innate immune defenses. In most cases, tropism is determined by a combination of 

two or more parameters. Many viruses require cellular proteases to cleave viral proteins to form 

to mature viral infectious particles as for example a cellular serine protease called tryptase Clara 

secreted by non-ciliated Clara cells of the bronchial and bronchiolar epithelia cleave influenza 

virus HA precursor into two subunits so that fusion of viral envelope and cell membrane can 

proceed. 

Viral virulence 

There are a number of factors that affect the spread and pathogenesis of viruses such as physical 

barriers (mucus and tissue), distance to be traversed within the body, natural defense mechanism 

of the host, etc. If the virus reaches an organ, infection occurs only if cells capable of supporting 

virus replication are present. Cellular susceptibility requires a cell surface attachment site 

(receptor) for the virions and also an intracellular environment that permits virus replication and 

release. Even if virus initiates infection in a susceptible organ, replication of sufficient virus to 

cause disease may be prevented by host defenses. Therefore, for a virus to cause pathogenesis, 

they must overcome the inhibitory effects of physical barriers, distance, host defenses, and 

differing cellular susceptibilities to infection. The inhibitory effects of these limiting factors are 

controlled by virulence factors of viruses which may differ from virus to virus and even within a 

virus population and therefore, some viral strains become highly virulent probably because of 

selective pressure among the population. Therefore, virulence
1
 refers to the capacity of a virus to 

cause disease in an infected host. The viral genetic element that determines the dominance over 

cellular needs of host (leading to limited supply of cellular macromolecular components 

including ribosomes but full utilization for the multiplication of their own progeny) is present in 

virulence factor gene or viral virulence genes that can be placed in one of four general classes:. 

i. Gene products that alter the ability of the virus to replicate: This type of gene products 

subsided in two sub-classes. Viral mutants of one class exhibit reduced or no replication 

                                                           
1
 Virulence is a quantitative statement of the degree or extent of a virus pathogenesis. In general, a virulent virus 

cause significant disease, whereas an avirulent or attenuated virus causes no or reduced disease, respectively. 
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(results no appearance of disease due to insufficient number of viral particles) while 

mutants of the second subclass exhibit impaired virulence, but no replication defects.  

 
ii. Gene products that modify the host’s defense mechanism: Such as virokines (secreted 

proteins that mimic cytokine growth factors, or similar extra-cellular immune regulators) or 

viroceptors (homologs of host receptors) can sabotage the body’s intrinsic defense and 

innate as well as adaptive immune system. However, these genes are generally present on 

the genomes of large DNA viruses. 

iii. Genes that enable the virus to spread in the host: In some viruses, such as gene encoding 

the viral outer capsid protein s1, which recognizes the cell receptor, determines the route of 

spread. As for example, reovirus type 1 spreads to the central nervous system through the 

blood, while reovirus type 3 spreads through neural route. 

iv. Toxic viral proteins: Some viral proteins directly cause cell injury, and therefore its 

alteration results in the reduction in virulence such as NSP4 (non-structural protein-4) 

protein of rotaviruses, which cause gastroenteritis and diarrhea. It is a non-structural glyc 

oprotein that participate in the formation of a transient envelope as particle bud into the 

endoplasmic reticulum. When this protein is produced in insects cells, it causes an increase 

in intracellular calcium concentration. When fed to young mice, it causes diarrhea by 
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potentiating chloride secretion. It acts as a viral enterotoxin and triggers a signal 

transduction pathway in the intestinal mucosa. 

Measurement of virulence: Virulence can be quantified in a number of ways. One approach is 

to determine the concentration of virus that cause deaths or disease in 50% of infected 

individuals termed as 50% of lethal dose (LD50), the 50% paralytic dose (PD50), or the 50% 

infectious dose (ID50), depending on the parameters that is measured. Other approach is to 

analyze mean time to death or appearance of symptoms and measurement of fever or weight loss. 

The safety of live attenuated poliovirus vaccine is determined by assessing the extent of 

pathological lesions in the central nervous system of experimentally inoculated monkeys. The 

reduction of CD4
+
 T lymphocyte concentration in blood caused by human immunodeficiency 

virus type 1 infection is another example of measurement of virulence. Indirect measures of 

virulence include assays for live enzymes (alanine or aspartate amino-transferases) that are 

released into the blood as a result of virus-induced liver damage. 

Pathological consequences of viral infection 

Virus infection sometimes causes severe damage to the host that leads to clinical symptomatic 

manifestation of the infection such as fever, tissue damage, aches, pains, nausea, coughing, etc. 

In cellular level, virus infection may result in the visible changes in the cells collectively called 

as cytopathic effect such as poliovirus that damage neuronal cells causing paralytic symptoms in 

host. Infection may also lead to cessation of essential host processes such as translation, DNA 

and RNA synthesis, and vesicular transport that may result in increased permeability of cell 

membrane, and diffused lysosomal content into the cytoplasm resulting in autolysis of host cell. 

The host genome can be damaged directly e.g. insertion of retrovirus proviral DNA copy into 

random locations in the host cell genome that affect the expression or integrity of a cellular gene, 

a process called as insertional mutagenesis. 

Many symptoms or many diseases caused by virus infection are a consequence of immune 

response. Damage caused by the immune system is called immunopathology and it is the major 

side effects that are cost of viral elimination from the body. Immune mediated damage includes 

cytotoxic T lymphocyte-mediated induction of myocarditis (perforin mediated inflammation of 

the heart muscles) by coxsackievirus, delayed-tyep hypersensitivity response mediated by CD4
+
 

T lymphocytes (recruits neutrophils and momonuclear cells by releasing various inflammatory 

cytokines, consequence is the release of proteolytic enzymes, reactive oxygen intermediates and 

nitric oxide, and cytokines) by some viruses, vision impairment due to herpes stromal keratitis 

and opacity and reduced vision due to herpes simplex virus in human, mediated by cytolytic 

effect of CD4
+
 Th1 (Th1 type of cytokines mediated), lesions in respiratory tract due to the 

infection of respiratory syncytial virus mediated by CD4
+
 Th2 type lymphocytes, vasculitis and 

glomerulonephritis caused sue to virus infection mediated by B lymphocytes
2
, injury mediated 

by the production of free radicals and nitric oxide. 

                                                           
2
 Antibody accounts for the pathogenesis of dengue hemorrhagic fever. 
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Symptoms or diseases manifested by immune response due to viral infection 

Syndrome Virus Fetus 

Fetal death and abortion 

 

 

Smallpox virus Human 

Parvovirus Human 

Various alphaherpesviruses Swine, Horses, Cattle 

Congenital defects 

 

Cytomegalovirus Human 

Rubellavirus Human 

Immunodeficiency  Human immunodeficiency virus type 1 Human 

Inapparent (Lifelong carrier) 

 

 

 

Lymphocytic choriomeningitis virus 

Noncytopathic bovine diarrhea virus 

Mouse 

Cattle 

Murine leukemia virus Mouse 

Avian leucosis virus Chicken 

Adapted from Viral Pathogenesis by Vincent Racaniello, Collumbia University 

Viral infection and respiratory illness: Respiratory viral infections affect the airway passage 

viz. nose, throat, and lungs. These viruses most commonly spread by inhaling droplet containing 

virus particles. 

•••• Common cold: Commonly, rhinovirus is regarded to cause common cold. However, there 

are more than 200 different viruses that can cause common colds. Common symptoms are 

coughing, sneezing, mild headache, and sore throat typically last for up to 2 weeks. 

•••• Seasonal influenza: Flu is more commonly caused by influenza viruses. Its symptoms are 

more severe than cold symptoms and often include body aches and severe fatigue. 

••••  Respiratory tract infection: Infection of both upper and lower respiratory tract is caused by 

respiratory syncytial virus (RSV). Symptoms are comparable to that of pneumonia and 

bronchiolitis. 

Viral skin infection: Include mild to severe and often results in the formation of rashes such as: 

•••• Molluscum contagiosum: It causes small, flesh-colored bumps often in children ages 1 to 

10 years old. 

•••• Herpes simplex virus-1 (HSV-1): It is the common virus that causes cold sores, and 

sometimes genital herpes. It is transmitted through saliva by kissing or sharing food or drink 

with an infected individual. 

•••• Varicella-zoster virus (VZV): It cuases itchy, oozing blisters, fatigue,and high fever 

characteristic of chickenpox. Its infection leads to the appearance of painful zoster or 

shingle. 

Food borne viral infection: Viruses are one of the common causes of food poisoning. These 

include; 
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•••• Hepatitis A: It affects the liver. Symptoms may include rellow skin, nausea, dairrhoea, and 

vomiting. 

•••• Norovirus: It is found responsible for sever gastrointestinal illness. 

•••• Rotavirus: It causes severe, watery diarrhea generally in babies and young children. 

Rotaviruses and noroviruses are responsible for most cases of viral gastroenteritis that causes 

inflammation of the stomach and intestines trivially termed as “stomach virus” or “stomach flu” 

that produces symptoms such as nausea, vomiting, diarrhea, and abdominal pain. 

Sexually transmitted viral infections: Viruses that spread through sexual contact and/or through 

blood transfusion, needle scratch, etc. includes human papilloma virus causing or increasing the 

risk of cervical cancer, hepatitis B virus causing liver inflammation, herpes simples virus 2 

(HSV-2) and sometimes HSV-1 also causinn genital herpes, and human immunodeficiency virus 

(HIV) causing acquired immune deficiency syndrome (AIDS)  

Viral infection and cancer: Cancer is a disease that occurs as the result of mutations or 

alterations to DNA. Because, viruses affect the DNA of host cells, viruses are known to 

contribute many different types of cancer. Viruses that cause or increase the risk of cancer 

includes; 

•••• Epstein-Barr virus (EBV) for nasopharyngeal cancer, Burkitt’s lymphoma, Hodgkin’s 

lymphoma, and stomach cancer. 

•••• Hepatitis B and hepatitis C for liver cancer. 

•••• Human immunodeficiency virus (HIV) for Kaposi sarcoma, invasive cervical cancer, and 

others. 

•••• Human T-lyphotrophic virus-1 (HTLV-1) for T-cell leukemia/lymphoma (ATL). 

•••• Human papilloma virus (HPV) for cervical cancer 

•••• Merkel cell polyomavirus (MCV) for a rare skin cancer called Merkel cell carcinoma. 

Viral infection and other pathogenesis: Viruses are abundantly found on earth and cause many 

other infections that ranges from mild to life-threatening such as: 

•••• Kissing disease: It is caused by Epstein-Barr Virus (EBV) which is a type of herpes virus 

that is associated with fever, fatigue, swollen lymph nodes, and an enlarged spleen. It is a 

very common virus that causes mononucleosis. More than 90% of adults have been infected 

with this “kissing disease” that is spread primarily through saliva. 

•••• West Nile Fever and Encephalitis: It is caused by West Nile virus (WNV) that is most 

commonly transmitted by mosquitoes Aedes aegipti. Most people (70-80%) with WNV 

don’t show any symptoms while others develop a fever, headache, and other symptoms. 

Less than 1% of people with WNV develop inflammation of the brain (encephalitis) or 

inflammation of the tissue surrounding the brain and spinal cord (meningitis). 
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•••• Viral meningitis: It is an inflammation of the lining of the brain and spinal cord that causes 

headache, fever, stiff neck, and other symptoms. Many viruses are said to be responsible for 

viral meningitis, but enteroviruses are taken as prime suspect. 

Antiviral Therapy 

From decades, scientists are trying to unfold the different modalities to check the spread and 

control the infection of viruses. The various approaches implied to control and/or treat the 

infection of viruses are called as antiviral therapy in general, however if approaches are being 

intended to control or treat the infection of retrovirus, in particular, is called anti-retroviral 

therapy (ART). The antiviral therapeutic modalities comprise different approaches to curb the 

menace of viral spread and their pathogenesis which are as follows: 

1. Sanitation and vector control: This approach advocates the elimination of non-human 

reservoir, elimination of vector and improvements of sanitation as the controlling measures 

of virus spread. Spread of HIV is effectively control by this means because HIV is spread 

through sexual contact and exposure to blood of infected individual. By discarding blood 

units contaminated with HIV-1, HIV-2, HTLV-1, and hepatitis C virus, the infection to new 

individual can be avoided. Similarly, removal of stray dog or at least infected dogs can check 

the spread of infection of rabies virus. By controlling mosquitoes Aedes aegypti, through the 

spray of insecticides, using protective cloths or by applying mosquito repellant it is possible 

to control vector born viral disease yellow fever.  Merely improving sanitation, it is possible 

to prevent the spread of hepatitis A viruses. 

2. Immunotherapy: Immunotherapy or immunoprophylaxis against viral illness includes the 

use of vaccines or antibody-containing preparation to provide protection against a specific 

viral infection. Immunotherapeutic regimen
3
 of antiviral therapy includes two approaches 

namely active immunotherapy or active prophylaxis which dictates the use of vaccines in 

the form of attenuated live viruses, killed viruses or recombinant produced antigens, and 

passive immunotherapy or passive prophylaxis which is conferred by administering 

antibodies (plasma) formed in another host. Usually, the antibodies are used to protect 

individuals who have been exposed to a disease and cannot be protected by vaccination. 

3. Antiviral chemotherapy: Antiviral chemotherapy includes the use of virucidal agents that 

directly inactivate viruses, antiviral agents that inhibit the replication of viruses, 

immunomodulators such as interferons and cytokines that boost immune system of the host, 

and use of small interfering RNA (siRNA) as a novel antiviral therapeutic approach. 

 

 

Antiviral vaccines 

                                                           
3
 A person which has been vaccinated is called vaccinee. A term vaccine comes from the name for pox virus – the 

cowpox virus, vaccinia, to be exact. 
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A vaccine is a medical preparation or a type of medicine that trains the body’s immune system 

against a particular disease for which a vaccine is made. It is a type of active immunotherapy or 

active prophylaxis against viruses which is made from weak (live attenuated) or killed germs or 

viruses that can cause disease and termed as antiviral vaccines such as chickenpox vaccine, 

measles vaccines, polio vaccines etc. It prepares the body to fight the disease faster and more 

effectively by stimulating a specific immune response comprised of protective antibodies by 

stimulating antibody producing B cells from memory cells and sufficient number of effector T 

cells by stimulating memory T cells. The act of getting or giving vaccine to individual usually as 

a shot is called as vaccination which is generally scheduled e.g. polio vaccine is scheduled for 

21
st
 May, 2020. Immunization is the process of becoming immune to a disease. However, 

immunization can also mean the process of getting vaccinated; it is safe and provides immunity 

from disease throughout life.  

Ingredient of a vaccine: A vaccine is composed of many ingredients, all of which play 

necessary roles either in making the vaccine, triggering the body to develop immunity, or in 

ensuring that the final product is safe and effective. These are following:  

• Adjuvants: It helps in creating a stronger immune response in people receiving vaccine. It 

helps a vaccine to work better such as aluminium hydroxide, Freund’s complete adjuvants 

(inactivated Mycobacterium tuberculosis in mineral oil), squalene (an oil produced by plants 

and naturally present in human liver and human sebum), a plant extract QS21, and 

monophosphoryl lipid A (MPL; a detoxified version of Salmonella minnesota 

lipopolysaccharides, interacts with TLR 4 receptor to enhance immune response).  

• Stabilizers: It helps in keeping vaccine unchanged effective after manufacturing when 

exposed to sunlight, heat, cold, etc. (also found in foods and resides in the body naturally). It 

includes monosodium glutamate, glycine, gelatin, 2-phenoxy-ethanol, lactose, sucrose, or 

human or bovine serum albumin. 

• Formaldehyde: It is used to prevent contamination by bacteria during the vaccine 

production. It naturally resides in the body.  

• Thimerosal: It is an organomercury compound that is also used during the manufacturing 

process but is no longer an ingredient in any vaccine except multi-dose vials of the flu 

vaccine. It has antibacterial and antifungal property it is used to avoid bacterial growth in 

vaccine manufacturing. 

Types of vaccines 

There are four types of vaccines which are as follows; 

A. Live attenuated vaccines
4
: This type of vaccine is prepared by using attenuated or disabled 

microorganism that lose their ability to cause significant disease (pathogenicity) but retain 

their property of transient growth in inoculated host. The attenuation of a pathogen is 

generally achieved by growing that pathogenic bacterium or virus for prolonged periods 

                                                           
4
 The first vaccine prepared by Jenner is a type of live attenuated vaccine of vaccinia virus i.e. cowpox virus. 
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under abnormal culture conditions. As for example, an attenuated strain of Mycobacterium 

bovis called Bacillus Calmette-Guerin (BCG) vaccine was developed by growing M. bovis 

on a medium containing increasing concentrations of bile (after 13 years, this strain had 

adapted to growth in strong bile and become sufficiently attenuated to use as suitable 

tuberculosis vaccine). The Sabin form of the polio vaccine and the measles vaccine both 

consist of attenuated viral strains. Examples of live attenuated vaccines are vaccinia virus 

vaccine (smallpox), vaccine for measles, mumps, rubella (MMR combined vaccine), 

varicella (chickenpox) vaccine, influenza vaccine (nasal spray), rotavirus vaccine, zoster 

(shingles) vaccine, and yellow fever vaccines.  

Approved vaccines and their types 

Vaccine  Type 

Adenovirus type 4 and 7
a
 Live viruses 

Hepatitis A Inactivated viral antigen 

Hepatitis B
b
 Recombinant DNA-derived protein  

Influenza Inactivated virus or viral components 

IPV (inactivated poliovirus vaccine) Inactivated viruses of the three serotypes 

Japanese encephalitis Inactivated virus 

Measles, Mumps, Rubella (MMR)
c
 Live viruses 

OPV (Oral Poliovirus Vaccine) Live viruses of three serotypes 

Rabies Inactivated virus 

Smallpox Live virus 

Varicella Live virus 

Yellow fever Live virus 

a Use limited to military in USA, each type given as separate vaccine. 
b The recombinant vaccine has replaced the plasma-derived vaccine. 

c Vaccines with only 1 or 2 of the components are also available for vaccination, e.g. a vaccine with only measles 
https://www.ncbi.nlm.nih.gov/books/NBK8492/.  

B. Inactivated vaccines (killed pathogens or antigens): Such type of vaccine is prepared by 

treatment of a pathogen with heat or chemicals that kills the pathogen, making it in capable 

of replication, but still allows it to induce an immune response to at least some of the 

antigens contained within the organism. However, heat inactivation sometimes leads 

extensive denaturation of proteins that results in altered epitope of protein responsible of 

eliciting immune response. More appropriate is the inactivation of pathogens by means 

chemical such as formaldehyde or other various alkylating agents that does not lead to 

extensive damage in epitope conformation. The Salk polio vaccine is produced inactivating 

poliovirus by the use of formaldehyde. Examples include polio vaccine (IPV; Inactivated 

Polio Virus), Hepatitis A vaccine, and Rabies vaccine. 
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C. Subunit or conjugate vaccine (purified antigens): It is composed of antigens purified 

from pathogens that is usually administered with an adjuvant such as vaccines that are 

composed of bacterial polysaccharides antigens, are used against pneumococcus and 

Haemophilus influenza because polysaccharides are T-independent antigens and therefore 
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generates low affinity antibody responses, but on coupling with proteins to form conjugate 

vaccines, it is possible to generate T-dependent strong immune response. The conjugate 

vaccines elicit helper T cell to stimulate germinal center reactions, which would not occur 

with simple polysaccharide vaccines. As for example, vaccines for hepatitis B, influenza 

(injectable), Haemophilus influenza type b (Hib), Pertuasis (part of DTaP combined 

immunization; bacterial), Pneumococcal (Bacterial), Meningococcal (Bacterial), and Human 

papillomavirus (HPV) are a type of subunit or conjugate vaccines.  

D. Toxoid vaccine (inactivated toxins): To prepare toxoid vaccine, a toxin produced by the 

pathogen is used which generates immunity to the parts of the pathogen that cause a disease 

instead of the pathogen itself. The immune response generated by toxoid vaccine is targeted 

to the toxin instead of whole microorganisms such as vaccine of Diptheria and tetanus (part 

of DTaP combined vaccine). Like other types of vaccine, booster shots of toxoid vaccines 

are equally needed. 

Antiviral antibody 

Another approach of antiviral therapy includes the use of passive immunotherapy or passive 

prophylaxis against viruses. This modality relies on the use of either monoclonal antibodies 

(mAbs), also called as super antibodies or magic bullet, and plasma or convalescent serum 

obtained from infected individuals. Currently, monoclonal antibodies constitute the main class of 

therapeutics to treat viral infections, but it has received very limited attention unlikely to other 

ailments such as cancer and other inflammatory diseases. However, first commercial mAb was 

an anti-respiratory virus (RSV) antibody used to fight a pediatric respiratory illness. Indeed, 

various antiviral therapeutic mAbs have been developed and now under clinical practices against 

many viral infections such as H5N1 influenza virus, human immunodeficiency virus (HIV), 

herpes simplex virus (HSV), cytomegalovirus (CMV), hepatitis C virus (HCV), Ebola virus, 

Marburg virus, severe acute respiratory syndrome (SARS) virus, dengue virus, rabies virus, 

Hendra virus, Nipah virus, yellow fever virus, and West Nile virus. 

The therapeutic utilization of mAb is classically intended to blunt viral infections via direct and 

rapid targeting of the infectious agents rather than via the triggering of long-term immune 

responses against it. mAb can diminish viral dissemination by direct action involving both their 

antigen-binding activity and the effector functions borne by their Fc fragment. Most of the 

antiviral mAbs with therapeutic potential have initially been selected for their ability to 

neutralize virions via the recognition of viral surface antigens essential for receptor binding 

and/or entry into host cells. To date, antiviral mAbs studies are from immunoglobulin Gs (IgGs) 

that is efficiently recognized by both the complement and the Fcγ receptors (FcγRs) borne by 

many cells of the immune system, and therefore in addition to complement-mediated inactivation 

of viral particles, and/or their phagocytosis, it also permits complement-dependent cytotoxicity 

(CDC), antibody-dependent cellular phagocytosis (ADCP), and antibody-dependent cell-

mediated cytotoxicity (ADCC) to eliminate infected cells displaying viral antigens at their 

surface as shown in figure below. 



12 | P a g e  

 

 

Figure showing generation of various forms of antiviral immune response upon administration 

of antiviral mAbs leading to removal or elimination of virus-infected cells in the host. 

Recently, different convalescent blood products (CBP) such as convalescent whole blood 

(CWB), convalescent plasma (CP), convalescent serum (CS), and so forth obtained by collecting 

whole blood or plasma from a patient who has survived previous infection and developed 

humoral immunity against the pathogen responsible for the disease has gained much attention 

because of it having a possible source of disease specific antibodies of human origin. They are 

able to neutralize the pathogen and eventually lead to its eradication from the blood circulation. 

However, apheresis plasma is a preferred choice because of its large volume from a single 

infected individual. Convalescent plasma (CP) therapy has been applied to prevention and 

treatment of many infectious diseases for more than one century. Over the past two decades, CP 

therapy was successfully used in the treatment of Severe Acute Respiratory Syndrome-Corona 

Virus (SARS-CoV), Middle East Respiratory Syndrome-Corona Virus (MERS-CoV), and 2009 

H1N1 (swine flu) pandemic with satisfactory efficacy and safety. In recent corona pandemic, 

several institutions in USA are engaged in achieving this modality for the treatment of corona 

infection. 

Antiviral chemotherapy 

Antiviral chemotherapeutic intervention is based on the use of interferons as a cytokine antiviral 

therapeutic approach, and small interfering RNA (siRNA), a number of immunomodulators that 
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are able to protect from deleterious effect of viruses on host’s immune system, and antiviral 

agents that affect viral replication.  

Cytokine therapy in viral infection 

Use of cytokines such as interferon mainly type I interferon IFN-α and IFN-β is a potential 

approach of antiviral immunotherapy. Type I interferon such as IFN-α and IFN-β are the major 

effector cytokine that are able to elicit antiviral immune response in the host, particularly in 

chronic virus hepatitis and chronic papillomavirus infections. The IFN-α types used in clinical 

treatment is either a “natural” purified mixture of IFN-α subtypes or recombinant proteins, 

genetically engineered products of only of the multiple IFN-α. These IFNs are able to inhibit all 

phases of viral interaction within the cells including viral entry, viral uncoating, and synthesis of 

mRNA and proteins. 

Immunomodulatory antiviral therapy 

Several immunomodulatory agents such as systemic corticosteroids, n-acetylcyteine (NAC), 

statins, macrolide antibiotics, and peroxisome proliferator-activated receptor are widely studied 

for their antiviral properties. Corticosteroids therapy are widely prescribed in patients with 

influenza for their action in preventing the production of major pro-inflammatory cytokines, a 

major factor associated with high mortality rate in infected patients,. However, it cannot be 

administered alone in antiviral therapy; its use may increase the risk of opportunistic infections 

such as invasive aspergillosis.  

The n-acetylcysteine (NAC) is a modified form of the amino acid cysteine, with anti-oxidant 

property, that inhibits the production of pro-inflammatory cytokines as corticosteroid does in the 

patients infected with influenza virus. 

Statins, a competitive inhibitor of the enzyme HMG-CoA reductase and commonly prescribed 

for the treatment of hypercholesterolemia, exert anti-inflammatory and immunomodulatory 

effects by repressing the induction of MHC II through interferon (IFN) -γ and subsequent T-

lymphocyte activation. They show promising antiviral effect against severe influenza infection. 

Macrolides antibiotics such as erythromycin, clarithromycin, azithromycin have also been 

found to show antiviral effects by down-regulating pro-inflammatory cytokine/chemokine 

production in several influenza infections. 

Peroxisome proliferator-activated receptor (PPAR) agonist such as gemfibrozil is capable of 

inhibiting the production of pro-inflammatory cytokines apart from its clinically useful lipid-

lowering activity against a number of influenza infections. 

RNA interference (RNAi) antiviral therapy 

Comparatively newer and novel approach of antiviral therapeutic strategy is the use of RNA 

interference (RNAi) mediated by small interfering RNA (siRNA) which is derived from viral 

genome or its replicative intermediates. It is natural antiviral defense in plants, fungi, and 
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invertebrates. However, it may protect human being from viral infection is still under 

investigation. siRNA are likely to become a valuable alternative to treat debilitating chronic 

infection caused by human immunodeficiency virus (HIV) and hepatitis B virus (HBV). It 

involves production of siRNA by selecting a target sequence for RNAi in the viral genome, 

production of siRNA by chemical synthesis, enzymatic production, or in vitro expression from 

siRNA expression cassette or vector, delivery of siRNA either locally or systemically via 

intravenous injection. At least 10 siRNAs are under clinical trials against the respiratory 

syncytial virus (RSV), human immunodeficiency virus –1 (HIV-1), hepatitis C virus (HCV), and 

Zaire ebolavirus (ZEBOV). 

Antiviral Drug Therapy 

It was until 1950, when DNA synthesis inhibitors, produced in search of antitumor agent, were 

found capable of inhibiting viral DNA synthesis. Antiviral agents were first successfully 

administered to patients in the 1960s, when Bauer prevented disease by giving 

thiosemicarbazone (methisazone) to patients exposed to smallpox and Kaufman greatly 

improved the healing of herpes keratitis by treating patients with topical idoxuridine. Till date, a 

number of chemical compounds have been synthesized that that proved themselves to be 

promising antiviral drugs against various viral infections. 

Strategies for Antiviral Drug Development: 

• inhibition of virus adsorption 

• inhibition of virus-cell fusion 

• inhibition of the HIV integrase (HIV) 

• inhibition of viral DNA or RNA synthesis: 1. Inhibitors of viral DNA polymerase, 2. 

inhibitors of reverse transcriptase, and 3. Acyclic nucleoside phosphonates. 

• viral protease inhibition 

• viral neuraminidase inhibition (influenza) 

• inhibition of IMP (inosine-5′-monophosphate) dehydrogenase (important for de novo 

biosynthesis of guanine) 

• inhibition of S-adenosylhomocysteine hydrolase (is an enzyme of the activated methyl 

cycle, responsible for the reversible hydration of S-adenosyl-L-homocysteine into 

adenosine and homocysteine.) 

Some key characteristics of antiviral drugs are following: 

• Able to enter the cells infected with viruses. 

• Interfere with viral nucleic acid synthesis and/or regulation. 

• Some drugs interfere with ability of virus to bind to cells. 

• Some drugs stimulate the body’s immune system. 
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A healthy immune system works synergistically with the drug to eliminate or suppress viral 

activity. Mostly antiviral drugs are nucleoside and nucleotide analog that are able to block 

DNA synthesis such as Acyclovir for Herpes virus.  

 

Some antiviral drugs are enzyme inhibitors that are able to inhibit assembly of viruses such as 

Indinavir for HIV, inhibit attachment such as Zanamivir for Influenza, inhibit uncoating such 

as Amantadine for Influenza and Interferons that prevent spread of viruses to new cells in viral 

hepatitis. 

Many antiviral drugs are Prodrugs and therefore, they must be phosphorylated by viral or cellular 

enzymes in order to become active e.g. Valganciclovir used for CMV treatment. 

 

Progress in antiviral therapy: 

Herpesviridae family of viruses such as Herpes simplex virus (HSV)-1 and HSV-2 (Genus: 

Simplexvirus), Varicella-zoster virus (Genus: Varicellovirus, VZV), and Cytomegalovirus 
(Genus: Cytomegalovirus, CMV): Antiviral drugs used for the treatment includes Acyclovir, 

Every step of viral replication has 

been targeted for anti-viral drug 

discovery despite of several 

challenges such as: 

• Need knowledge of replication 

of molecular level to define 

targets (viruses are 

intracellular parasites). 

• Lack of culture system. 

• High through-put screening 

plus rational drug design are 

both labor intensive and 

expensive. 

• Clinical presentation of acute 

viral infections may be at peak 

of viral replication in vivo 

- May have a small window 

to intervene effectively  

- Need rapid diagnostic 

procedures. 
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Penciclovir, Famciclovir, Cidofovir, Valacyclovir, Ganciclovir, Valganciclovir Foscarnet, 

Formivirsen, Trifluridine, Idoxuridine. 

HIV (fFmily: Retroviridae, Genus: Lentivirus): Drugs as mentioned below in the table (21 

drugs approved so far) 

Influenza  virus (Family: Orthomyxoviridae):  It includes viruses of the genus Influenzavirus 

A, Influenzavirus B, Influenzavirus C, Influenzavirus D, Isavirus, Quaranjavirus, and 

Thogotovirus (First four viruses causes influenza or flu in vertebrates including birds (avian 

influenza), humans, and other mammals. Isavirus infect salmon; the thogotovirus (an arboviruses 

transmitted from arthropods vector) infects vertebrates and invertebrates such as ticks and 

mosquitoes. These viruses are only distantly related to the human parainfluenza viruses (RNA 

viruses belonging to family paramyxoviridae) that are a common cause of respiratory infection in 

children such as croup (laryngotracheobronchitis). H1N1 (Spanish flu in 1918, Swine flu in 

2009), H2N2 (Asian flu in 1957), H3N2 (HongKong flu in 1968), H5N1 (Bird flu in 2004), 

H7N7 (habe unusual zoonotic potential), H1N2, H9N2, H7N2, H7N3, H10N7, H7N9 (rated in 

2018 as having the greatest pandemic potential), and H6N1 are different serotypes of Influenza 

A virus. Antiviral drugs used for the treatment of influenza include Amantadine, Rimantadine, 

Zanamivir, Oseltamivir, Ribavirin. 

Human respiratory syncytial virus (HRSV or RSV; Family: Pneumoviridae; Genus: 
Orthopneumovirus; Species: Human orthopneumovirus): It is a syncytial virus that causes 

respiratory infection. Antiviral drugs used for the treatment includes Amantadine, Rimantadine, 

Zanamivir, Oseltamivir, Ribavirin, RSV immune globulin, Palivizumab. 

Hepatitis B (HBV; Family: Hepadnaviridae; Genus: Orthohepadnavirus; Species Hepatitis 
B virus): It causes both acute and chronic liver infection. Antiviral drugs used for the treatment 

includes 3TC (Lamivudine; (−)-L-2′,3′-dideoxy-3′-thiacytidine), FTC (Emtricitabine; 2',3'-

dideoxy-5-fluoro-3'-thiacytidine), Adefovir, Tenofovir, Entecavir. (The three-coach of British 

electric trains is sometimes known as 3TC). 

Hepatitis C (HBV; Family: Flaviviridae; Genus: Hepacivirus; Species: Hepacivirus C): It 

causes both acute and chronic liver infection. It is a major cause of liver cancer. Antiviral drugs 

used for the treatment includes pegIFN-αααα, Ribavirin (peg; pegylated). 

Papillomaviruses (Family: Papillomaviridae): There are over 100 species of papillomavirus 

recognised,
[9]

 though the International Committee on Taxonomy of Viruses (ICTV) officially 

recognizes a smaller number, categorized into 53 genera under two sub-family viz 

Firstpapillomavirinae and Secondpapillomavirinae, as of 2019. It infects not only humans but 

also other vertebrates causing small benign tumors, known as papilloma or warts (e.g. human 

papillomavirus 1, HPV6 or HPV11). Antiviral drugs used for the treatment includes IFN, 

Cidofovir. 

JC viruses or John Cunningham virus (Family: Polyomaviridae; Genus: 
Betapolyomavirus; Species: Human Polyoma Virus 2): Formerly known as Papovavirus. It 

causes progressive multifocal leukoencephalopathy (PML) only in case of immunodeficiency. It 

is also a causative agent of aseptic meningitis (JCVM; JC Virus Meningitis). Antiviral drugs 

used for the treatment includes Cidofovir 

Picornaviruses (Family: Picornaviridae): The name comes from picorna- an acronym for 

poliovirus, insensitivity to ether, coxsackievirus, orphan virus, rhinovirus, and ribonucleic acid, 
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and also, pico, meaning extremely small, combines with RNA to describe these very small RNA 

viruses. There are currently 80 species in this family, divided among 35 genera. The viruses in 

this family can cause a range of diseases including paralysis, meningitis, hepatitis and 

poliomyelitis. Antiviral drugs used for the treatment includes Pleconaril. 

Rhinoviruses (Family: Picornaviridae; Genus: Enterovirus; Species: Rhinovirus A-C): It 

transmitted by two modes: via aerosols of respiratory droplets and from fomites (contaminated 

surfaces), including direct person-to-person contact, and causes common cold. The name 

Rhinovirus comes from Greek word, rhis meaning “nose” and rhinos meaning “of the nose”. 

Antiviral drugs used for the treatment includes Tremacamra (rsICAM-1). 

Drugs targeting HIV viruses: 

There are various genes which expressed in HIV viruses that contribute its pathogenesis. These 

genes are mainly targets for anti-HIV drug. These are as follows: 

- gag (group-specific antigen): makes the cone-shaped viral capsid. 

- pol (polymerase): codes for viral enzymes e.g. reverse transcriptase, integrase, and viral 

protease. 

- env (envelope): makes surface protein gp120 (glycoprotein120) and trans-membrane gp41 

enabling HIV to fuse to CD4 cells. 

- tat (trans-activator of transcription): eliminates the hairpin structure in RNA by 

phosphorylating Cdk9 (cyclin dependent kinase 9)/CycT (cytochrome c testis specific). 

This increases transcription and creates a positive feedback loop. 

- vpr (viral protein R): involved in getting the viral RNA into the nucleus of the T cell. It 

causes the cell to stop growing, stimulating an immune dysfunction. 

- rev (regulator of expression of virion proteins): creates a rev Response Unit that exports 

the HIVrev RNA into the cytoplasm before it is spliced. It is also a positive feedback loop.  

- nef (negative regulatory factor or negative factor): down regulates CD4 on the T cell, 

inhibiting response to infectious agents. 

- vif (viral infectivity factor): helps to infect other cells, though it is still unclear how. It is 

thought that it interferes with the T cells proteins that modify RNA. 

- vpu (viral protein U): enhances HIV release from the cell. 

HIV proteins and their functions: 

Virus protein #Copies/

virion 

Interaction with other 

viral factors 

Virus protein function 

Matrix, MA (p17
Gag

) ∼5000 Trans membrane 

glycoproteine (TM) 

Plasma membrane targeting of Gag for 

virion assembly; Env incorporation; post-

entry events  

Capsid, CA (p24
Gag

) ∼5000 

(Briggs et 

al. 2004) 

 Virion core structure and assembly 

Nucleocapsid, NC 

(p7
Gag

) 
∼5000 RNA genome (gRNA) of 

virus 

Virion packaging of genome RNA; RNA 

chaperone; virion assembly 

P6
Gag

 ∼5000 Vpr Promotes virion budding 

Protease, PR ∼250 Gag, Pol Proteolytic processing of Gag and Gag-Pol 

polyproteins 
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Reverse 

Transcriptase, RT 
∼250 gRNA, IN cDNA synthesis; RNaseH domain degrades 

RNA 

Integrase, IN ∼250 Viral cDNA, RT Covalent insertion of virus cDNA into 

cellular DNA 

Surface Glycoprotein, 

SU (gp120
Env

) 

4 to 35 

trimers 

TM Binds cell-surface receptors; mediates virus 

attachment and entry 

Transmembrane 

Glycoprotein, TM 

(gp41
Env

) 

4 to 35 

trimers 

SU, MA Contains fusion peptide; mediates 

membrane fusion and virus entry 

Virion Infectivity 

Factor, Vif 

1 to 150  Suppresses Cytidine deaminases 

APOBEC3G/APOBEC3F host factors that 

inhibit infection 

Viral Protein R, Vpr ∼700 p6 Moderate enhancer of post-entry infectivity; 

G2/M cell cycle arrest 

trans-Activator of 

Transcription, Tat 

No Viral RNA via trans-acting 

response (TAR) element 

Potent activator of viral transcription 

elongation 

Regulator of 

Expression of Virion 

Proteins, Rev 

No Intron-containing viral 

RNAs via Rev response 

element (RRE) 

Induces nuclear export of intron-containing 

viral RNAs 

Viral Protein U, Vpu No  CD4/MHC downregulation; induces virion 

release from host cell surafec 

Negative Factor, Nef Yes, 

cleaved 

by PR 

 CD4/MHC downregulation; T-cell 

activation; moderate enhancer of viral 

infectivity; blocks apoptosis; pathogenicity 

determinant 

Swanson et al. Cell 133 

 

Anti-retroviral Drugs in the market: 

Name Target Virus Trade Name Company Launched 

Nucleoside or nucleotide reverse-transcriptase inhibitors 

Zidovudine HIV Retrovir GlaxoSmithKline 1987 

Didanosine HIV Videx Bristo-Myers Squibb 1991 

Zalcitabine HIV HMD Roche 1992 

Stavudine HIV1 Zerit Bristo-Myers Squibb 1995 

Lamivudine HIV1 Epivir GlaxoSmithKline, 

Shire Pharmaceuticals 

1998 

Abacavir HIV Ziagen GlaxoSmithKline 1999 

Tenofovir disoproxil 

fumarate (Prodrug of 

Tenofovir) 

HIV Viread Gilead 2001 

Emtricitabine HIV1 Emtriva Gilead 2003 

Non-nucleoside reverse-transcriptase inhibitors 

Nevirapine HIV1 Viramune Boehringer Ingelheim 1996 

Efavirenz HIV1 Sustiva, Stocrin Bristo-Myers Squibb, 

Merck 

1998 

Delavirdine HIV1 Rescriptor Pharmacia & Upjohn, 1999 
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Agouron, Pfizer 

Protease inhibitors 

Saquinavir HIV Invirase Hoffmann-LaRoche 1995 

Indinavir HIV Crixivan Merck 1996 

Ritonavir HIV Norvir Abbott, 

GlaxoSmithKline 

1996 

Nelfinavir HIV1 Viracept Agouron, Pfizer 1997 

Amprenavir HIV1 Agenerase, Prozei Vertex 1999 

Lopinavir + Ritonavir HIV Kaletra, Zrivada Abbott 2000 

Atazanavir HIV Reyataz, Zrivada Bristo-Myers Squibb, 

Novartis 

2003 

Fosamprenavir (Prodrug 

of Amprenavir) 

HIV Lexiva, Telzir Vertex, 

GlaxoSmithKline 

2003 

Tipranavir HIV Aptivus Boehringer Ingelheim 2005 

Darunavir HIV Prezista Tibotec 2006 

Entry inhibitors 

Enfuvirtide HIV1 (interfere 

with CD4 cell 

fusion) 

Fuzeon Trimeris, Roche 2003 

Maravirac HIV (interference 

with CCR5) 

Celsentri, 

Selzentry 

Pfizer 2007 

Mechanism of action of some important anti-viral drugs: 

• Aciclovir I (ACV I): It is an acyclic guanosine analog which is preferentially taken up by 

virally infected cells administered by oral, intravenous and tropical route having renal 

excretion. It is monophosphorylated by virally encoded thymidine kinase and later di- and tri-

phosphorylated by cellular kinase resulting into ACV-TP which is the active compound. 

ACV-TP is a competitive inhibitor of viral DNA polymerase (cellular DNA polymerase is 

much less susceptible to inhibition) that leads to viral DNA chain termination. 

 

• Amantidine and Rimantidine: They are tricyclic amines that interfere with the function of 

viral M2 protein (M2 protein acts as an ion channel facilitating the hydrogen ion mediated 
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dissociation of the matrix protein from the nucleocapsid). These are orally bioavailable and 

have neurotoxicity; amantadine > remantidine. Amantidine has renal excretion while 

remantidine has also renal excretion after hepatic metabolism. 

• Zanamivir and Oseltamivir: These are neuraminidase inhibitors. Viral neuraminidase 

catalyzes cleavase of terminal sialic acid residues attached to glycoproteins and glycolipids, a 

process necessary for release of virus from host cell surfaces. Thus, zanamivir and 

oseltamivir inhibit the release of viruses from the cell surfaces. Zanamivir is given through 

oral inhalation having exacerbation of reactive airway disease while oseltamivir is orally 

bioavailable and may cause nausea and vomiting. Oseltamivir is a ester prodrug. 

 
• Ribavirin: It is a synthetic nucleoside analog which is active against broad range of viruses 

such as flavi-, paramyxo-, bunya-, arena-, retro-, herpes-, adeno-, and poxviruses.  

 

 

 

 

 

 

 

 

 

 

It is administered orally. It is hepatically metabolized and renally excreted. It may cause 

anemia. 

• Lamivudine: It is a reverse transcriptase inhibitor (of both HIV and hepatitis B) and cytidine 

(zalcitabine) analog in which a sulfur atom replaces the 3' carbon of the pentose ring. It is 

used to treat Human Immunodeficiency Virus Type 1 (HIV-1) and hepatitis B (HBV). 

  

 

 

 

 

 

 

It is triphosphorylated by host cell enzymes. Ribavirin-TP 

interferes with capping and elongation of mRNA and may inhibit 

viral RNA polymerases in influenza viruses, while ribavirin-TP 

inhibits ionosine-5′-monophosphate dehyadrogenase depleting 

intracellular nucleotide pools, particularly GTP in other viral 

infection. 

 

It is phosphorylated to active metabolites that compete for 

incorporation into viral DNA. They inhibit the HIV reverse 

transcriptase enzyme competitively and act as a chain terminator 

of DNA synthesis. The lack of a 3'-OH group in the incorporated 

nucleoside analogue prevents the formation of the 5' to 3' 

phosphodiester linkage essential for DNA chain elongation, and 

therefore, the viral DNA growth is terminated. 
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• Adefovir dipivoxil: Adefovir dipivoxil, previously called bis-POM PMEA, with trade names 

Preveon and Hepsera, is an orally-administered acyclic nucleotide analog reverse 

transcriptase inhibitor (ntRTI) used for treatment of hepatitis B. It is ineffective against HIV-

1. Adefovir dipivoxil is the diester prodrug of adefovir. 

 

 

 

 

 

 

• Entecavir: Entecavir is an oral antiviral drug used in the treatment of hepatitis B infection. It 

is marketed under the trade name Baraclude (BMS). 

 

 

 

 

 

 

 

• Foscarnet (phosphonomethanoic acid): It is an antiviral drug which is primarily used to 

treat viral infections of Herpesviridae family. It is a pyrophosphate analogue DNA 

polymerase inhibitor and is the base of a chemical conjugate with the formula HO2CPO3H2.   

 

 

 

 

 

 

 

• Formivirsen: It is an antisense 21 mer phosphorothioate oligonucleotide antiviral agent used 

to treat CMV in immunocompromised patient including those with AIDS. It is marketed 

under the trade name Vitravene for intravitreal injection and was the first antisense drug to be 

approved by the Food and Drug Administration (FDA). As a complementary nucleotide to 

the messenger RNA of the major immediate-early region proteins of human cytomegalovirus, 

it disrupts the replication of the virus through an antisense mechanism. It frequently leads 

ocular inflammation (uveitis) including iritis and vitritis as major side effects.   

 

Adefovir diphosphate inhibits HBV 

DNA polymerase (reverse transcriptase) 

by competing with the natural substrate 

deoxyadenosine triphosphate and by 

causing DNA chain termination after its 

incorporation into viral DNA. 

 

It is a nucleoside analogue, or more specifically, a 

deoxyguanosine analogue that belongs to a class of 

carbocyclic nucleoside and inhibits all three steps of viral 

replication process such as reverse transcription, DNA 

replication and transcription. It reduces the amount of HBV in 

the blood by reducing its ability to multiply and infect new 

cells. Common side effects include headache, nausea, high 

blood sugar, and decreased kidney function. 

 

It is generally administered by intravenous infusion. It is a 

structural mimic of the anion pyrophosphate that selectively 

inhibits the pyrophosphate binding site on viral DNA 

polymerses at concentrations that do not affect human DNA 

polymerases. It is used for the treatment of CMV retinitis in 

patients with acquired immunodeficiency syndrome (AIDS) 

and for treatment of acyclovir-resistant mucocutaneous 

HSV infections in immunocompromised patients. It might 

lead to nephrotoxicity. 
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• Trifluridine: It is fluorinated pyrimidine nucleoside that is structurally related to idoxuridine 

and effective against Herpes simplex virus type 1 and 2. It is an active antiviral agent in 

ophthalmic solutions used in the treatment of primary keratoconjuctivitis and recurrent 

epithelial keratitis due to herpes simplex virus. 

 

 

 

 

 

• Idoxuridine: It is an analog of deoxyuridine and used in the treatment of keratitis caused by 

herpes simplex virus (HSV) and vaccinia virus.  

 

 

 

 

 

• Cidofovir: It is an antiviral medication that prevents certain viral cells from multiplying in 

the body and mainly used to treat an eye infection called cytomegalovirus retinitis (CMV) in 

people who have AIDS (acquired immunodeficiency syndrome), but it is not a cure for CMV 

or AIDS. It is for treating CMV only in people who have AIDS. It may leads to nausea, 

vomiting and diarrhea.  

 

 

 

 

 

• Vidarabine: It is a nucleoside antibiotic isolated from Streptomyces antibioticus. It has some 

antineoplastic properties and has broad spectrum activity against some DNA viruses such as 

herpes viruses, the vaccinia VIRUS and varicella zoster virus. 

 

The combination product of trifluridine with tipiracil marketed as 

Lonsurf has been approved in Japan, the United States, and the 

European Union for the treatment of adult patients with metastatic 

colorectal cancer who have been previously treated with 

fluoropyrimidine-, oxaliplatin- and irinotecan-based 

chemotherapy, an anti-VEGF biological therapy, and if RAS wild-

type, an anti-EGFR therapy. In the anticancer therapy, trifluridine 

acts as a thymidine-based nucleoside metabolic inhibitor that gets 

incorporated into DNA of cancer cells following cell uptake to 

aberrate DNA function during cell replication. 

 

Idoxuridine, which closely resembles thymidine, inhibits thymidylic 

phosphorylase and specific DNA polymerases, which are necessary 

for the incorporation of thymidine into viral DNA. Idoxuridine is 

incorporated in place of thymidine into viral DNA, resulting in faulty 

DNA and the inability to infect or destroy tissue or to reproduce. 

Idoxuridine is incorporated into mammalian DNA as well. 

 

 

Its active metabolite, cidofovir diphosphate, inhibits viral 

replication by selectively inhibiting viral DNA polymerases. It 

also inhibits human polymerases but this action is 8-600 times 

weaker than its actions on viral DNA polymerases. 
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Vidarabine triphosphate (ara-ATP) also inhibits RNA polyadenylation; preventing 

polyadenylation essential for HIV-1 and other retroviruses; and S-adenosylhomocysteine 

hydrolase, preventing transmethylation reactions. Uniquely to vidarabine, the 

diphosphorylated vidarabine (ara-ADP) also has an inhibitory effect. Other nucleoside 

analogs need to be triphosphorlated to give any antiviral effect, but ara-ADP inhibits the 

enzyme ribonucleotide reductase. 

• Ganciclovir: It is an anti-viral drug that is used to prevent disease caused by 

cytomegalovirus (CMV) in people who have received organ or bone marrow transplants. 

CMV disease can lead to serious infections in the body, including an infection in the eye, 

called CMV retinitis that can cause blindness. 

 

Ganciclovir is an acyclovir analog that is phosphorylated to its active triphosphate form 

(ganciclovir triphosphate), which competitively inhibits incorporation of deoxyguanosine 

triphosphate into elongating DNA. Short subgenomic CMV DNA fragments continue to be 

synthesized in the presence of ganciclovir but these are not packaged into virions and are 

therefore not considered infectious. Side effects include bone marrow suppression (resulting 

in granulocytopenia, anemia and thrombocytopenia), elevations in serum creatinine, diarrhea, 

nausea, fever, rash and neurotoxicity etc. 

--:o:-- 

It is a nucleoside analog which interferes with the synthesis of 

viral DNA. It is subsequently phosphorylated to form the active 

compound by kinases to the tri-phosphate ara-ATP which is both 

an inhibitor and a substrate of viral DNA polymerase. When 

used as a substrate for viral DNA polymerase, ara-ATP 

competitively inhibits dATP leading to the formation of ‘faulty’ 

DNA resulting in the prevention of DNA synthesis, as 

phosphodiester bridges can no longer to be built, destabilizing 

the strand.  


