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Antiviral agents 

 Selective toxicity is the ability of a drug to inhibit viral replication 

without significantly damaging the host cell. It is difficult to achieve a 

high degree of selective toxicity with antiviral drugs because the virus 

can only replicate within cells and uses many cellular functions during 

replication. 

Inhibitors of Early Events 

 Amantadine inhibits the uncoating of influenza A virus by blocking 

"ion channel" activity of the viral matrix protein (M2 protein). The 

drug has no effect on influenza B or C viruses.  

 Maraviroc inhibits the binding of the gp120 of HIV to the CCR-5 

receptor on the cell. 

Inhibitors of Herpesviruses: Nucleoside Inhibitors 

 Acyclovir inhibits the DNA polymerase of herpes simplex virus 

(HSV) type-1, HSV-2, and varicella-zoster virus (VZV). Acyclovir 

must be activated within the infected cell by a virus-encoded 

thymidine kinase that phosphorylates the drug. Acyclovir is not 

phosphorylated in uninfected cells and cellular DNA synthesis is not 

inhibited. Selective toxicity is high and there are very few adverse 

effects.  

 Acyclovir is a chain-terminating drug because it lacks a hydroxyl 

group in the 3' position. It does not have a ribose ring, i.e., it is 

"acyclo," meaning without a ring. The absence of this hydroxyl group 

means the next nucleoside triphosphate cannot be added and the 

replicating DNA chain is terminated.  

 Acyclovir inhibits viral replication but has no effect on the latency 

of HSV-1, HSV-2, and VZV.  

 Ganciclovir action is very similar to that of acyclovir, but it is 

effective against cytomegalovirus (CMV), whereas acyclovir is not. 
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Inhibitors of Herpesviruses: Non-Nucleoside Inhibitors 

 Foscarnet inhibits the DNA polymerase of all herpesviruses but is 

clinically useful against HSV and CMV. It also inhibits the DNA 

polymerase of the retrovirus HIV. It is a pyrophosphate analogue 

that inhibits the cleavage of pyrophosphate from the nucleoside 

triphosphate that has been added to the growing DNA chain. 

 

 

Inhibitors of Retroviruses: Nucleoside Inhibitors 

 Azidothymidine (zidovudine, AZT) inhibits the DNA polymerase 

(reverse transcriptase) of HIV. It is a chain-terminating drug because 

it has an azide group in place of the hydroxyl group in the 3' position. 

Unlike acyclovir, it does not require a viral-encoded kinase to be 

phosphorylated. Cellular kinases phosphorylate the drug, so it is 

active in uninfected cells and significant adverse effects can occur.  

 Other drugs that have a similar mode of action include didanosine, 

zalcitabine, stavudine, lamivudine, abacavir, and tenofovir. 

Inhibitors of Retroviruses: Non-Nucleoside Inhibitors 

 Nevirapine, delavirdine, and efavirenz inhibit the DNA polymerase 

(reverse transcriptase) of HIV but are not nucleoside analogues. 

Inhibitors of Other Viruses 

 Ribavirin is a guanosine analogue that can inhibit nucleic acid 

synthesis of several DNA and RNA viruses. 

Integrase Inhibitors 

 Raltegravir inhibits the integrase encoded by HIV which blocks the 

integration of HIV DNA into host cell DNA. 
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Protease Inhibitors 

 Indinavir and other similar drugs inhibit the virus-encoded protease 

of HIV. Inhibition of the protease prevents cleavage of precursor 

polypeptides, which prevents formation of the structural proteins of 

the virus. Synthesis of infectious virus is inhibited, but the viral DNA 

integrated into the host cell DNA is unaffected. 

Inhibitors of Viral Protein Synthesis 

 Interferons inhibit virus replication by blocking the production of 

viral proteins, primarily by degrading viral mRNA. They induce the 

synthesis of a ribonuclease that specifically cleaves viral mRNA but 

not cell mRNA. (See Chapter 33 for more information.)  

 Fomivirsen is an antisense DNA that binds to the mRNA of CMV, 

which prevents the mRNA from being translated into viral proteins. 

Inhibitors of Release of Virus 

 Zanamir and oseltamivir inhibit the neuraminidase of both 

influenza A and B viruses. This inhibits the release of progeny virus, 

which reduces spread of virus to neighboring cells. 

Summary of some medically important viruses 

 Major Viral Pathogens. 

 
 

Structure Viruses 

DNA enveloped 

viruses 

Herpesviruses (herpes simplex virus types 1 and 2, varicella-zoster 

virus, cytomegalovirus, Epstein-Barr virus, human herpesvirus 8), 

hepatitis B virus, smallpox virus 

DNA 

nucleocapsid 

viruses 

Adenovirus, papillomaviruses, parvovirus B19 

RNA enveloped 

viruses 

Influenza virus, parainfluenza virus, respiratory syncytial virus, 

measles virus, mumps virus, rubella virus, rabies virus, human T-cell 

lymphotropic virus, human immunodeficiency virus, hepatitis C virus 
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RNA 

nucleocapsid 

viruses 

Enteroviruses (poliovirus, coxsackievirus, echovirus, hepatitis A 

virus), rhinovirus, rotavirus, Norwalk virus 

 

 

Herpes Simplex Virus Type 1 

Diseases 

Herpes labialis (fever blisters or cold sores), keratitis, encephalitis. 

Characteristics 

Enveloped virus with icosahedral nucleocapsid and linear double-stranded 

DNA. No virion polymerase. One serotype; cross-reaction with HSV-2 

occurs. No herpes group–specific antigen. 

Transmission 

By saliva or direct contact with virus from the vesicle. 

Treatment 

Acyclovir for encephalitis and disseminated disease. Acyclovir has no effect 

on the latent state of the virus. Trifluorothymidine for keratitis. Primary 

infections and localized recurrences are self-limited. 

Herpes Simplex Virus Type 2 

Diseases 

Herpes genitalis, aseptic meningitis, and neonatal infection. 

Characteristics 

Enveloped virus with icosahedral nucleocapsid and linear double-stranded 

DNA. No virion polymerase. One serotype; cross-reaction with HSV-1 

occurs. No herpes group–specific antigen. 
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Transmission 

Sexual contact in adults and during passage through the birth canal in 

neonates. 

Varicella-Zoster Virus 

Diseases 

Varicella (chickenpox) in children and zoster (shingles) in adults. 

Characteristics 

Enveloped virus with icosahedral nucleocapsid and linear double-stranded 

DNA. No virion polymerase. One serotype. 

Transmission 

Varicella is transmitted primarily by respiratory droplets. Zoster is not 

transmitted; it is caused by a reactivation of latent virus. 

Pathogenesis 

Initial infection is in the oropharynx. It spreads via the blood to the internal 

organs such as the liver and then to the skin. After the acute episode of 

varicella, the virus remains latent in the sensory ganglia and can reactivate to 

cause zoster years later, especially in older and immunocompromised 

individuals. 

Cytomegalovirus 

Diseases 

Most common cause of congenital abnormalities in the United States. 

Cytomegalic inclusion body disease in infants. Mononucleosis in transfusion 

recipients. Pneumonia and hepatitis in immunocompromised patients. 

Retinitis and enteritis, especially in AIDS patients. 

Characteristics 

Enveloped virus with icosahedral nucleocapsid and linear double-stranded 

DNA. No virion polymerase. One serotype. 
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Transmission 

Virus is found in many human body fluids, including blood, saliva, semen, 

cervical mucus, breast milk, and urine. It is transmitted via these fluids, 

across the placenta, or by organ transplantation. 

Pathogenesis 

Initial infection usually in the oropharynx. In fetal infections, the virus 

spreads to many organs, e.g., central nervous system and kidneys. In adults, 

lymphocytes are frequently involved. A latent state occurs in leukocytes. 

Disseminated infection in immunocompromised patients can result from 

either a primary infection or reactivation of a latent infection. 

Laboratory Diagnosis 

The virus causes CPE in cell culture and can be identified by fluorescent-

antibody test. "Owl's eye" nuclear inclusions are seen. A 4-fold or greater 

rise in antibody titer in convalescent-phase serum is diagnostic. 

Treatment 

Ganciclovir is beneficial in treating pneumonia and retinitis. Acyclovir is 

ineffective. 

Epstein-Barr Virus 

Diseases 

Infectious mononucleosis; associated with Burkitt's lymphoma in East 

African children. 

Characteristics 

Enveloped virus with icosahedral nucleocapsid and linear double-stranded 

DNA. No virion polymerase. One serotype. 

Transmission 

Virus found in human oropharynx and B lymphocytes. It is transmitted 

primarily by saliva. 



L 3                                                                                                                              Dr. Wisam Alrubaye 

Pathogenesis 

Infection begins in the pharyngeal epithelium, spreads to the cervical lymph 

nodes, then travels via the blood to the liver and spleen. EBV establishes 

latency in B lymphocytes. 

Laboratory Diagnosis 

The virus is rarely isolated. Lymphocytosis, including atypical lymphocytes, 

occurs. Heterophil antibody is typically positive (Monospot test). Heterophil 

antibody agglutinates sheep or horse red blood cells. A significant rise in 

EBV-specific antibody to viral capsid antigen is diagnostic. 

Treatment 

No effective drug is available. 

Molluscum Contagiosum Virus 

Causes molluscum contagiosum. See pinkish, papular skin lesions with an 

umbilicated center. Lesions usually on the face, especially around the eyes. 

Transmitted by direct contact. Diagnosis made clinically; laboratory is not 

involved. There is no established antiviral therapy and no vaccine. Cidofovir 

may be useful in the treatment of the extensive lesions that occur in 

immunocompromised patients. 

Human Papillomavirus 

Diseases 

Papillomas (warts); condylomata acuminata (genital warts); associated with 

carcinoma of the cervix and penis. 

Characteristics 

Nonenveloped virus with icosahedral nucleocapsid and circular double-

stranded DNA. No virion polymerase. There are at least 60 types, which are 

determined by DNA sequence not by antigenicity. Many types infect the 

epithelium and cause papillomas at specific body sites. 

Transmission 



L 3                                                                                                                              Dr. Wisam Alrubaye 

Direct contact of skin or genital lesions. 

Pathogenesis 

Two early viral genes, E6 and E7, encode proteins that inhibit the activity of 

proteins encoded by tumor suppressor genes, e.g., the p53 gene and the 

retinoblastoma gene, respectively. 

Influenza Virus 

Disease 

Influenza. Influenza A virus is the main cause of worldwide epidemics 

(pandemics). 

Characteristics 

Enveloped virus with a helical nucleocapsid and segmented, single-stranded 

RNA of negative polarity. RNA polymerase in virion. The two major 

antigens are the hemagglutinin (HA) and the neuraminidase (NA) on 

separate surface spikes. Antigenic shift in these proteins as a result of 

reassortment of RNA segments accounts for the epidemics of influenza 

caused by influenza A virus. Influenza A viruses of animals are the source of 

the new RNA segments. Antigenic drift due to mutations also contributes. 

The virus has many serotypes because of these antigenic shifts and drifts. 

The antigenicity of the internal nucleocapsid protein determines whether the 

virus is an A, B, or C influenza virus. 

Transmission 

Respiratory droplets. 

Pathogenesis 

Infection is limited primarily to the epithelium of the respiratory tract. 

Laboratory Diagnosis 

Virus grows in cell culture and embryonated eggs and can be detected by 

hemadsorption or hemagglutination. It is identified by hemagglutination 
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inhibition or complement fixation. A fourfold or greater antibody titer rise in 

convalescent-phase serum is diagnostic. 

Treatment 

Amantadine or rimantadine can be used. The neuraminidase inhibitors 

zanamivir and oseltamivir are also available. 

Measles Virus 

Disease 

Measles. Subacute sclerosing panencephalitis is a rare late complication. 

Characteristics 

Enveloped virus with a helical nucleocapsid and one piece of single-

stranded, negative-polarity RNA. RNA polymerase in virion. It has a single 

serotype. 

Transmission 

Respiratory droplets. 

Pathogenesis 

Initial site of infection is the upper respiratory tract. Virus spreads to local 

lymph nodes and then via the blood to other organs, including the skin. 

Giant cell pneumonia and encephalitis can occur. The maculopapular rash is 

due to cell-mediated immune attack by cytotoxic T cells on virus–infected 

vascular endothelial cells in the skin. 

Laboratory Diagnosis 

The virus is rarely isolated. Serologic tests are used if necessary. 

Treatment 

No antiviral therapy is available. 
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Prevention 

Vaccine contains live, attenuated virus. Usually given in combination with 

mumps and rubella vaccines. 

Mumps Virus 

Disease 

Mumps. Sterility due to bilateral orchitis is a rare complication. 

Characteristics 

Enveloped virus with a helical nucleocapsid and one piece of single-

stranded, negative-polarity RNA. RNA polymerase in virion. It has a single 

serotype. 

Transmission 

Respiratory droplets. 

Pathogenesis 

The initial site of infection is the upper respiratory tract. The virus spreads to 

local lymph nodes and then via the bloodstream to other organs, especially 

the parotid glands, testes, ovaries, meninges, and pancreas. 

Laboratory Diagnosis 

The virus can be isolated in cell culture and detected by hemadsorption. 

Diagnosis can also be made serologically. 

Treatment 

No antiviral therapy is available. 

Prevention 

Vaccine contains live, attenuated virus. Usually given in combination with 

measles and rubella vaccines. 
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