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Retroviruses
 Retroviruses are enveloped, single-stranded plus-sense 

(positive-strand) RNA viruses. They encode an enzyme 
called reverse transcriptase that converts the RNA 
genome into a double-stranded DNA copy that 
subsequently becomes integrated into the host cell 
DNA.

 The most important disease resulting from a human 
retrovirus infection, acquired immuno- deficiency 
syndrome (AIDS), is caused by either of two 
lentiviruses - human immuno- deficiency viruses types 

1 & 2 (HIV-1 HIV-2).



 HIV-1 & 2 are lentiviruses that cause AIDS. 

 The virion of HIV is about 100 nm in diameter, it is 
diploid - contains two copies of the RNA genome. 

 The RNA genome is coated with the nucleocapsid 
protein (NC), and the RNA–protein complexes are 
enclosed in a capsid (CA) composed of multiple 
subunits. 

 Like all enveloped viruses, the membrane is acquired 
during budding from the host cell, but the surface (SU, 
also called gp120) and transmembrane (TM, also called 
gp41) glycoproteins found in the envelope are virally 
encoded.



 Between the capsid and the envelope is the matrix (MA) 
protein. In addition to the structural proteins shown in 
Fig. 1, the virion core contains three virus-specific 
proteins that are essential for viral replication: reverse 
transcriptase (RT), protease (PR), and integrase (IN).

 The relationships between the viral genes found in all 
retroviruses (gag, pol, and env) and the proteins they 
encode are presented in Table 1. Some retroviruses, 
including  HIV-1, encode additional regulatory and 
accessory proteins.



Fig.1 Structure of HIV particle. The two RNA molecules enclosed within the capsid 
(CA) are coated with the nucleocapsid protein (NC). The matrix protein (MA) lies just 
inside the membrane envelope. The envelope contains two membrane 
glycoproteins, gp41-transmembrane protein (TM) & gp120-surface protein (SU)



Table 1 - HIV structural proteins 



LIFE CYCLE

 Figure 2 depicts the life cycle of a typical retrovirus.

Viral Entry

 The virions adsorb to cellular membrane receptors, 
enter the cell by direct fusion with the plasma 
membrane. For HIV-1, the virion attachment protein is 
the SU glycoprotein gp120, and the cellular receptor is 
the CD4 molecule with one of the chemokine receptors, 
CXCR4 or CCR5 acting as coreceptors.



 The HIV-1 transmembrane TM protein gp41 is responsible 
for fusion of the viral and cell membranes, leading to 
entry of the virion core complex into the cytoplasm of the 
cell. 

 HIV-1 can also infect cells such as fibroblasts and certain 
brain cells that lack the CD4 surface molecule. 

 Infected cells expressing viral glycoproteins in their 
membranes readily fuse with uninfected CD4 T 
lymphocytes this provides direct cell-to-cell transmission 
that bypasses the usual extracellular phase and may 
contribute to the overall depletion of CD4 lymphocytes.



Viral RNA Replication

 Soon after entry of the viral core into the cytoplasm of the 
infected cell, the RNA is copied into double-stranded 
DNA by reverse transcriptase.

 DNA integrates into host chromosome and replicates with 
the cell as a provirus.

 Provirus includes its own promoter and signals that 
control transcription by host RNA polymerase. 

 Genomic RNA and spliced mRNAs are both produced: the 
latter encode envelope glycoproteins & regulatory 
proteins. 



 HIV-1 can control extent of genomic or spliced mRNA 
production.

 In addition to DNA polymerase activity, the reverse 
transcriptase possesses an RNase H activity that is 
responsible for degrading the RNA portion of the DNA–
RNA hybrid.

 Integrase-catalyzed integration is random in host DNA. 
Integrated DNA is transcribed by host RNA polymerase. 
HIV reverse transcriptase is error prone, consequence of 
this is that each time the viral RNA is reverse transcribed, 
one to two new mutations are introduced into the 
resulting DNA.



ACQUIRED IMMUNODEFICIENCY SYNDROME (AIDS)

 Primary infection from asymptomatic to an infectious 
mono-nucleosis-like illness with up to a few weeks of 
fever, malaise, arthralgias, and rash. A long asymptomatic 
period follows, after which the disease, AIDS emerges.

 The progressive findings directly due to the virus are 
wasting, diarrhea, neurologic degeneration, and 
malignancies.

 The effect of the virus on the immune system causes an 
extensive array of viral, bacterial, fungal, and parasitic 
opportunistic infections.



EPIDEMIOLOGY

 The AIDS syndrome was first recognized in 1981 male in 
homosexuals, hemophiliacs, and drug abusers.

 Retrospective serologic studies indicate that the disease 
was already occurring in Africa in the 1950s and in the 
United States in the 1970s.

 In 1985, HIV-2 was found to be endemic in parts of West 
Africa and to cause AIDS. To date, this virus has been 
relatively restricted geographically, although HIV-2 
infections have occurred in the western hemisphere. 



Transmission
 The HIV virus is transmitted between humans in three ways: 

sexually, perinatally, and by exposure to contaminated blood or body 
fluids. Transmission appears to be more efficient from men to 
women.

 Testing of blood supply reduced risk. 

 Intravenous drug abusers are at extremely high risk. 

 Transmission of infection to health care workers after accidental 
sticks with potentially contaminated needles is very rare

 Transmission does not occur through day-to-day nonsexual contact 
with infected individuals or through insect vectors, because of the 
fragility of the virus and the need for direct mucosal or blood 
contact.

 It is of interest that the virus has been detected in saliva, tears, urine, 
and breast milk. With the possible exception of breast milk, these 
sources have not been shown to be infectious. 



PATHOGENESIS

Infection

 The initial target of HIV-1 is CD4 molecules, particularly on 
the surface of CD4 helper T lymphocytes, monocytes, and 
macrophages, but other cell types can also be infected.

 The half-life of HIV in plasma is 5 to 6 hours.

 It is estimated that up to 1 billion CD4 cells are produced 
per day in response to the HIV infection and that the half-
life of these cells  is only 1.6 days.



Latency

 The long asymptomatic period following HIV infection 
(clinical latency) occurs despite active virus replication in 
the host.

 The mutated forms of HIV-1 isolated from later stages of 
disease infect a broader range of cell types and grow more 
rapidly than those isolated in the asymptomatic period. 

 Level of plasma viremia directly correlates with disease 
progression. In early-stages patients have less than 10 
infectious virions/mL of plasma, whereas those in late-stage 
disease have between 100 and 1000 /mL of plasma.



Immune Deficiency

 The primary immune defect in AIDS results from the 
reduction in the numbers and effectiveness of CD4 helper-
inducer T lymphocytes, both in absolute numbers and 
relative to CD8 suppressor T lymphocytes.

 Effects on CD4 T lymphocytes thus lead to a generalized 
failure of cell-mediated immune responses, but there is 
also an effect on antibody production. 

 Infected individuals are susceptible to other infections; 
opportunistic, viral, fungal, and bacterial and 
malignancies.



CLINICAL ASPECTS

MANIFESTATIONS

 In 1993, the Centers for Disease Control and Prevention 
(CDC) definition of AIDS stated that all patients who are 
HIV antibody–positive and have CD4 T-lymphocyte counts 
below 200/mm3 or less than 14% of total T lymphocytes 
have the disease.

 The initial infection with HIV is usually asymptomatic, 
although in some cases a mononucleosis-like illness
develops 2-4 wks after infection and lasts about 2 to 6 weeks.

 This illness may exhibit any or all of the following: fever, 
malaise, lymphadenopathy, hepatosplenomegaly, 
arthralgias, and rash. Sometimes a mild aseptic meningitis is   
also present.



 The initial infection is followed by an asymptomatic period 
that, in most cases, continues for years before the disease 
becomes clinically apparent. During this time virus can be 
isolated from blood, semen, and the cervix.

 Approximately 50% of infected individuals develop significant 
disease within 10 years.

 Approximately 5% of infected, untreated patients show no 
decrease in CD4 counts over a period of more than 10 years, but 
ultimately many of these individuals begin to progress 
(Progression to AIDS is highly variable among individuals). 

 However, since the late 1990s, the increases in early diagnosis, 
combined with more aggressive, highly active antiretroviral 
therapy (HAART) in the United States, have shown promise in 
delaying progression of infection to death. 



 As the disease progresses, the number of CD4 T 
lymphocytes decline. There is increasing 
immunodeficiency, and opportunistic infections become 
more frequent, severe, and difficult to treat. 

 One of the best markers of the severity of AIDS is the 
absolute number of CD4 T lymphocytes. Those individuals 
with overt AIDS almost always have fewer than 400 CD4 T 
lymphocytes/mm3

 of blood (normal 800 –1200/mm3).

 Patients with full-blown AIDS experience a wide spectrum 
of infections depending on the severity of their immune 
defect and on the opportunistic organisms in their normal 
flora or with which they come in contact.



 The most common infection is pneumocystosis, and 
approximately 50%   of AIDS patients who do not receive 
prophylaxis for pneumocystosis develop Pneumocystis carinii 
pneumonia. In the past, about 25% of all AIDS patients 
developed Kaposi’s sarcoma, but the number of cases has been 
falling.

 Pneumocystosis, CMV chorioretinitis, candidiasis, and 
mycobacteriosis (M. avium-intracellulare complex), are 
common.

 Meningitis due to Cryptococcus are commonly encountered 
fungal infections. Persistent progressive mucocutaneous 
herpes simplex and herpes zoster infections are common.

 HIV is also neurotropic and can lead to dementia.

 Aggressive antiviral therapy can slow progression or even result 
in clinical improvement.





DIAGNOSIS

 The diagnosis of AIDS is most commonly confirmed by 
demonstrating antibody to the virus or its components. 
Initial screening tests are performed using whole viral 
lysates as the target antigens in enzyme immunoassay tests.

 Western blot analysis is used for confirmation. In this 
procedure, viral proteins are separated by electrophoresis, 
transferred to nitrocellulose paper, and incubated with 
patient sera; Ab bound to the individual proteins is detected 
by enzyme-labeled anti–human globulin sera.



 The combination of EIA and Western blot  tests gives a high 
degree of specificity to test results, but antibody is not 
detectable by   these procedures in the first 2 to 4 weeks
after infection. During this period, the individual can still 
transmit the infection to others by sexual contact or blood 
donation.

 More practical approaches include nucleic acid–based assays 
such as the polymerase chain reaction (PCR) for plasma HIV 
RNA, this signals the antiviral efficacy of the drug regimen.



TREATMENT

 Initially, only nucleoside inhibitors of HIV reverse 
transcriptase were available for therapy and they were used 
singly. 

 Currently, there are at least 16 approved therapeutic agents 
that inhibit either reverse transcriptase or protease. Other 
antiviral agents under development include those that can 
block viral entry into the cell, and others that may inhibit 
viral integrase activity. 

 It is clear that various combinations of these agents are 
preferable to produce effective virologic and clinical 
responses. 



Initiation of Treatment

 Because viral replication proceeds at the phenomenal rate of 
approximately 10,000 new viruses per day, it seems most 
rational to begin treatment ASAP infection is detected.

 However, considerations of toxicity, resistance development, 
quality of life, cost, and patient wishes are extremely 
important additional determinants.

 Combination therapy should be initiated when CD4 count 
falls below 500/mm3

 or the plasma HIV viral load is more than 5000 copies/mm3 

of viral RNA.



Resistance

 RNA viruses tend to have frequent mutations, and the 
genome of HIV is highly variable. This results in part from 
the extremely high turnover rate of virions per day. As a 
result, resistance to an antiviral is a regular and often rapid
development. 

 Use of antiviral therapies that maximally suppress HIV viral 
load appear to diminish the appearance of resistant virus.

 In addition to the primary treatment of HIV, patients with 
CD4 counts of less than 200/mm3 should begin prophylactic  
regimens to prevent P. carinii pneumonia; when CD4 counts 
are less than 75 to 100/mm3

 they should receive prophylaxis for mycobacterial and fungal
infection.



PREVENTION

 Education about the means of transmission and easy 
access to condoms and safe needles for those large 
numbers of people who continue to place themselves 
at risk is the cornerstone of prevention.

 Screening for asymptomatic infection in pregnancy
aids effective prophylaxis. Caesarian section, 
particularly elective rather than emergent, is also a 
preventive, as is the avoidance of breast feeding by  
HIV positive mothers.


