HIV( human immunodeficiency virus)

These viruses are enveloped positive-strand ribonucleic acid (RNA) viruses with a
unique morphology and means of replication.

In 1970, Baltimore and Temin showed that the retroviruses encode an
RNA-dependent deoxyribonucleic acid (DNA) polymerase (reverse transcriptase
[RT]) and replicate through a DNA intermediate.

The DNA copy of the viral genome is then integrated into the host chromosome to
become a cellular gene.

This discovery, which earned Baltimore, Temin, and Dulbecco the 1975 Nobel
Prize, contradicted what had been the central dogma of molecular biology—that
genetic information passed from DNA to RNA and then to protein.



There are four genotypes of HIV-1, designated

M (main), N, O, and P. Most HIV-1 is of the M subtype, and this is divided into 11
subtypes, or clades, designated A to K (for HIV-2, Ato F). The designations are
based on differences in the sequence of their env (7% to 12% difference) and gag
genes and hence the antigenicity and immune recognition of the gp120 and
capsid proteins of these viruses
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! Box 54-1 Unique Characteristics of Retroviruses

Virus has an enveloped spherical virion that is 80 to 120 nm in diameter
and encloses a capsid containing two copies of the positive-strand
RNA genome (—9 kilobases for human immunodeficiency virus [HIV]
and human T-cell lymphotropic virus).

RNA-dependent DNA polymerase (reverse transcriptase), two copies of
tBNA, protease, and integrase enzymes are carried in the virion.

Virus receptor is the initial determinant of tissue tropism.

Replication proceeds through a DNA intermediate termed the provirus.

The provirus integrates randomly into the host chromosome and becomes
a cellular gene.

Transcription of the genome is regulated by the interaction of host tran-
scription factors with promoter and enhancer elements in the long
terminal repeat portion of the genome.

Simple retroviruses encode gag, po/, and env genes. Complex viruses
also encode accessory genes (e.g., faf, rev, nef, vif, and vpu for HIV).

Virus assembles and buds from the plasma membrane.

Final morphogenesis of HIV reqguires protease cleavage of Gag and
Gag-Pol polypeptides after envelopment.
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Pathogenesis and Immunity

The major determinant in the pathogenesis and disease caused by HIV is the virus
tropism for CD4-expressing T cells and myeloid cells . HIV induced
immunosuppression (AIDS) results from a reduction in the number of CD4 T cells,
which decimates the ability to activate and control innate and immune responses.
During sexual transmission, HIV infects a mucosal surface, enters, and rapidly
infects cells of the mucosa associated lymphoid tissue (MALT), including the
intestine. The initial stages of infection are mediated by M-tropic viruses that bind
to CD4 and the CCRS5 chemokine receptors on dendritic and other
monocyte-macrophage lineage cells, as well as memory, TH1, most
intestine-associated T cells, and other CD4 T cells. Individuals who are deficient in
the CCRS receptor are also resistant to HIV infection, and CCRS5 binding is a
target for an antiviral drug
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Box 54-2 Disease Mechanisms of Human
Immunodeficiency Virus

Human immunodeficiency virus primarily infects CD4 T cells and cells of
the myeloid lineage (e.g., monocytes, macrophages, alveolar macro-
phages of the lung, dendritic cells, and microglial cells of the brain).

Virus causes lytic infection of activated permissive CD4 T cells and induces
apoptosis-like death of nonpermissive CD4 T cells.

Virus causes persistent low-level productive and latent infection of myeloid
lineage cells and memory T cells.

Virus causes syncytia formation, with cells expressing large amounts of
CD4 antigen (T cells); subsequent lysis of the cells occurs.

Virus alters T-cell, dendritic cell, and macrophage cell function.

Virus reduces CD4 T-cell numbers and helper-cell activation of CD8 T-cell,
macrophage, and other cell functions.

CD8 T-cell numbers and macrophage function decrease.

Infected microglial cells disrupt neuronal function.



Table 54-3 Means of Human Immunodeficiency Virus
Escape from the Immune System

Infection of dendritic cells, Loss of activators and controllers
macrophages, and CD4 T helper cells of the immune system

Antigenic drift (via mutation) of gp120 Evasion of antibody detection
Heavy glycosylation of gp120 Evasion of antibody detection

Direct cell-to-cell spread and syncytia Evasion of antibody detection
formation
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Bo»x S4-= Epidemiology of Human immunodeficiency Virus
(HIV) Infections

Disease Viral Factors

Enveloped virus is easily inactivated and must be itransmitted in body
fluids.

Disease has a long prodromal period.

Virus can be shed before development of identifiable symptoms.

Transmission
Virus is present in blood, semen, and vaginal secretions.
See Table S4-4 for modes of ransmission.

Who Is at Risk?

Intravenous drug abusers, sexually active people with many pariners (MSM
and heterosexual), prostiiutes, newborns of HIV-positive mothers,
sexual pariners of infected individuals

Bilood and organ transpiant recipients and hemophiliacs treated before
1985 (before prescreening programs)

Geography/Season
There is an expanding epicdemic worldwide
There is nn seasonal incidence

Modes of Control

Antiviral druogs limit progression of disease.

Vaccines for prevenition and freatment are in trials.

Safe, monogamous sex helps Iimit spread.

Sterile injecition needles should be used.

Circumcision

Large-scale screening programs should be esiablished for bDblood for
transfusions, organs for transplantis, and clotiing factors used by
homophiliacs.



Table 54-4 Transmission of Human Immunodeficiency
Virus Infection

Known Routes of Transmission
Inoculation in blood Tramnsiusion of blood and blood products
Needile sharing among intravenous drug abusers

Neediesuck, vpern wound, and mucous
membrane exposure in health care workers

Tattoo needles

Sexual transmission Anal and vaginal intercourse

Perinatal transmission Intrauterine transmission
Peripartum transmission
Breast milk

Routes Not Involved in Transmission
Close personal contact Household members

Health care workers not exposed to blood
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Table 54-6 Laboratory Analysis for Human
Immunodeficiency Virus

Serology

Enzyme-linked immunosorbent assay Initial screening

Latex agglutination Initial screening

Rapid oral antibody test Initial screening

Western blot analysis (for antibody) Confirmation test
Virion RNA RT-PCR Detection of virus in blood
Real-time RT-PCR Quantitation of virus in blood
Branched-chain DNA Quantitation of virus in bloocd
p24 antigen Early marker of infection
Isolation of virus Test not readily available
CD4 T-cell counts, CD4:CD8 T-cell ratio Indicators of HIV disease

DINA, Deoxyribonucleic acid; AV human immunodeficiency virus; BNA,
ribonucleic acid;: RT-PCR, reverse transcriptase polymerase chain reaction.



EBo>x S54-5 Potential Antiviral Therapies for Hurmman
Irmmuoanodeficiency Virus Infection

Nucleoside Analog Reverse Transcripitase Inhibitors (NRTIs)
AFidothymidine (AZT1T) (Jidovuadine) [Reifrowvir]

Dideoxyinosine {ddl) (Didanosine) [Videx]

dAaT (Stavudine) [Zerii]

3TC (Lamimvudine) [Epivir)

Tenofovir disoproxil Tumarate (adenosine class) [Viread]}

ABC (Abacavin) [Jiagen)

FTC (Emtricitabine) [Emtrival

Nomnucleoside Reverse Transcriplase Inhibitors (MNMNERETIsSs)
Nevirapine [WViramune]

Delavirdine [Rescriptor]

Efavircnz= [Sustival]

Eravirene [Intelence]

Rilpivirine [Edurant]

Protease Inhibitors (FPis)
Tipranawvir [Aptivus]
Darunavir [Prezisial
Ritonawvir [Norwvir]

Indinavir [Crixivan])
Nelfinavir [Viracept]
Fosamprenavir [Lexia)
Adlazanavir [Reyataz=]

Binding and Fusion Inhibitors
CCRS inhibitor (maravirococ) [Seilzentry]
T-20 (enfuviritide) [Fuzeon]

Integrase InnibiItor
Raltegravir [Isentress])

Examples of Highly Active Antiretrowviral Therapy (HAART)
Efaviren==tenofowviry-emiricitabine (EFV /sTDFF/FTC) [Atripial™
Abacavir/Zidovudineslamiivudine [Triziwvir]
Dolutegravir/abacavirSJlamivudine [Iriumeql™

Emfricitabine, rilpivirnine, and tenofovir disoproxil Tumarate [Compleral”™
Elvitegravir/cobicisiatfenofovirsemiiricitabine [Siribild}]~






