
   

 

What is HIV?    
 
HIV stands for human immunodeficiency virus.  It is the cause of the 

AIDS, a syndrome where the immune system begins to fail.  It is a 

huge pandemic spanning the entire globe.  To date more than 60 

million people have contracted this virus.  At this time there is no 

known cure for the virus.  When people become infected there is 

often no symptoms or the symptoms are mistaken for the flu or a 

cold.  Because of this many people who are infected do not even 

know that they are.  Unlike a cold or the flu virus, the HIV virus does 

not go away.  It continues to live and thrive in the body and slowly 

attacks the immune system.  The immune system is able to keep it 

under control for a while, even for many years, before it finally 

succumbs to the virus and loses its ability to control the effects of the virus.   

 

The AIDS epidemic was discovered June 5, 1981, when the U.S. Centers for Disease Control 

and Prevention reported a cluster of Pneumocystis carinii pneumonia (now classified as 

Pneumocystis jiroveci pneumonia) in five homosexual men in Los Angeles.  Originally dubbed 

GRID, or Gay-Related Immune Deficiency, health authorities soon realized that nearly half of 

the people identified with the syndrome were not homosexual men.  In 1982, the CDC 

introduced the term AIDS to describe the newly recognized syndrome, though it was still 

casually referred to as GRID. 

 

In 1983, scientists led by Luc Montagnier at the Pasteur Institute in France first discovered the 

virus that causes AIDS.  They called it lymphadenopathy-associated virus (LAV).  A year later a 

team led by Robert Gallo of the United States confirmed the discovery of the virus, but they 

renamed it human T lymphotropic virus type III (HTLV-III).  The dual discovery led to 

considerable scientific disagreement, and it was not until President Mitterrand of France and 

President Reagan of the USA met that the major issues were resolved.  In 1986, both the French 
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and the US names for the virus itself were dropped in favor of the new term, human 

immunodeficiency virus (HIV). 

 

HIV was classified as a member of the genus lentivirus, part of the family of retroviridae.  

Lentiviruses have many common morphologies and biological properties.  Many species are 

infected by lentiviruses, which are characteristically responsible for long duration illnesses 

associated with a long period of incubation.  Lentiviruses are transmitted as single-stranded, 

positive-sense, enveloped RNA viruses.  Upon infection of the target cell, the viral RNA genome 

is converted to double-stranded DNA by a virally encoded reverse transcriptase which is present 

in the virus particle.  This viral DNA is then integrated into the cellular DNA by a virally 

encoded integrase so that replication using cellular machinery may take place.  Once the virus 

enters the cell, two pathways are possible: either the virus becomes latent and the infected cell 

continues to function, or the virus becomes active and replicates, and a large number of virus 

particles are liberated which can infect other cells. 

 

Two species of HIV infect humans: HIV-1 and HIV-2.  HIV-1 is hypothesized to have originated 

in southern Cameroon after jumping from wild chimpanzees (Pan troglodytes troglodytes) to 

humans during the twentieth century.  HIV-2 is hypothesized to have originated from the Sooty 

Mangabey (Cercocebus atys), an Old World monkey of Guinea-Bissau, Gabon, and Cameroon.  

HIV-1 is the most virulent.  It is easily transmitted and is the cause of the majority of HIV 

infections globally.  HIV-2 is less transmittable and is largely confined to West Africa.  HIV-1 is 

the virus that was initially discovered and termed LAV. 

 

Three of the earliest known instances of HIV-1 infection 

are as follows:    

1. A plasma sample taken in 1959 from an adult male living 

in what is now the Democratic Republic of Congo. 

2. HIV found in tissue samples from a 15 year old African-

American teenager who died in St.  Louis in 1969. 

3. HIV found in tissue samples from a Norwegian sailor who 

died around 1976. 

Although a variety of theories exist explaining the transfer of HIV to humans, there is no widely 

accepted scientific consensus of any single hypothesis and the topic remains controversial.  
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Freelance journalist Tom Curtis discussed one currently controversial possibility for the origin of 

HIV/AIDS in a 1992 Rolling Stone magazine article.  He put forward what is now known as the 

OPV AIDS hypothesis, which suggests that AIDS was inadvertently caused in the late 1950s in 

the Belgian Congo by Hilary Koprowski's research into a polio vaccine.  Although subsequently 

retracted due to libel issues surrounding its claims, the Rolling Stone article motivated another 

freelance journalist, Edward Hooper, to probe more deeply into this subject.  Hooper's research 

resulted in his publishing a 1999 book, The River, in which he alleged that an experimental oral 

polio vaccine prepared using chimpanzee kidney tissue was the route through which simian 

immunodeficiency virus (SIV) crossed into humans to become HIV, thus starting the human 

AIDS pandemic. 

 

HIV is different in structure from other retroviruses.  It is about 120 nm in diameter (120 

billionths of a meter; around 60 times smaller than a red blood cell) and roughly spherical.  It is 

composed of two copies of positive single-stranded RNA that codes for the virus's nine genes 

enclosed by a conical capsid composed of 2,000 copies of the viral protein, p24.  The single-

stranded RNA is tightly bound to nucleocapsid proteins, p7 and enzymes that are indispensable 

for the development of the virion such as reverse transcriptase, proteases and integrase.  A matrix 

composed of an association of the viral protein p17 surrounds the capsid ensuring the integrity of 

the virion particle.  This is, in turn, surrounded by the viral envelope which is composed of two 

layers of fatty molecules called phospholipids taken from the membrane of a human cell when a 

newly formed virus particle buds from the cell.  Embedded in the viral envelope are proteins 

from the host cell and 72 copies (on average) of a complex HIV protein that protrudes through 

the surface of the virus particle.  This protein, known as Env, consists of a cap made of three 

molecules called glycoprotein (gp) 120, and a stem consisting of three gp41 molecules that 

anchor the structure in the viral envelope.  This glycoprotein trimer enables the virus to attach to 

and fuse with target cells to initiate the infectious cycle.  Both, especially gp120, have been 

considered as targets of future treatments or vaccines against HIV.   

 

Of the nine genes that are encoded within the RNA genome, three of these genes contain 

information needed to make the structural proteins for new virus particles.  The six remaining 

genes are regulatory genes that contain information necessary to produce proteins that control the 

ability of HIV to infect cells, produce new copies of virus (replicate), or cause disease.   
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Entry to the cell 
The virus mainly affects the T-cells, which are commonly referred to as CD4+ cells.  These are 

the white blood cells that help the immune system kick in and fight the disease.  Once inside the 

CD4+ cells HIV continues to produce millions of tiny viruses which will kill off the cell before 

seeking out another one.  Eventually the number of CD4+ cells will die off and the immune 

system won’t be able to fight anymore.  It is at this time a person may get the diagnosis of HIV 

and need anti HIV drugs to keep it under control. 

 

HIV enters macrophages and CD4+ T cells by the adsorption of glycoproteins on its surface to 

receptors on the target cell followed by fusion of the viral envelope with the cell membrane and 

the release of the HIV capsid into the cell.  Once HIV has bound to the target cell, the HIV RNA 

and various enzymes, including but not limited to reverse transcriptase, integrase and protease, 

are injected into the cell.   

 

HIV can infect dendritic cells (DCs) by the CD4-CCR5 route, but also by another route using 

mannose-specific C-type lectin receptors such as DC-SIGN.  DCs are one of the first cells 

encountered by the virus during sexual transmission.  They are currently thought to play an 

important role by transmitting HIV to T cells once the virus has been captured in the mucosa by 

DCs.   

 

Replication and transcription        
Once the viral capsid has entered the cell, an enzyme 

called reverse transcriptase liberates the single-stranded 

(+) RNA from the attached viral proteins and copies it 

into a negatively sensed viral complementary DNA of 9 

kb pairs (cDNA).  This process of reverse transcription is 

extremely error prone and it is during this step that 

mutations (such as drug resistance) are likely to arise.  The reverse transcriptase then makes a 

complementary DNA strand to form a double-stranded viral DNA intermediate (vDNA).  This 

new vDNA is then transported into the cell nucleus.  The integration of the proviral DNA into 

the host genome is carried out by another viral enzyme called integrase.  This is called the latent 

stage of HIV infection.  To actively produce virus, certain cellular transcription factors need to 

be present, the most important of which is NF-κB (NF kappa B), which is upregulated when the 
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T cell becomes activated.  This means that those cells most likely to be killed by HIV are in fact 

those currently fighting infection. 

 

Initially the integrated provirus is copied to mRNA which is then spliced into smaller chunks.  

These small chunks produce the regulatory proteins Tat (which encourages new virus 

production) and Rev., as Rev accumulates it gradually starts to inhibit mRNA splicing.  At this 

stage the structural proteins Gag and Env are produced from the full-length mRNA.  The full-

length RNA is actually the virus genome; it binds to the Gag protein and is packaged into new 

virus particles. 

 

HIV-1 and HIV-2 appear to package their RNA differently; HIV-1 will bind to any appropriate 

RNA whereas HIV-2 will preferentially bind to the mRNA which was used to create the Gag 

protein itself.  This may mean that HIV-1 is better able to mutate (HIV-1 infection progresses to 

AIDS faster than HIV-2 infection and is responsible for the majority of global infections). 

 

Assembly and release 
The final step of the viral cycle, assembly of new HIV-1 virions, begins at the plasma membrane 

of the host cell.  The Env polyprotein (gp160) goes through the endoplasmic reticulum and is 

transported to the Golgi complex where it is cleaved by protease and processed into the two HIV 

envelope glycoproteins gp41 and gp120.  These are transported to the plasma membrane of the 

host cell where gp41 anchors the gp120 to the membrane of the infected cell.  The Gag (p55) and 

Gag-Pol (p160) polyproteins also associate with the inner surface of the plasma membrane along 

with the HIV genomic RNA as the forming virion begins to bud from the host cell.  Maturation 

either occurs in the forming bud or in the immature virion after it buds from the host cell.  

During maturation, HIV proteases (proteinases) cleave the polyproteins into individual 

functional HIV proteins and enzymes.  The various structural components then assemble to 

produce a mature HIV virion.  This step can be inhibited by drugs.  The virus is then able to 

infect another cell. 

 

Genetic variability         
One of the major characteristics of HIV is its high genetic 

variability as a result of its fast replication cycle and the high 

error rate and recombinogenic properties of reverse 
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transcriptase.  This means that different genomic combinations may be generated within an 

individual who is infected by genetically different HIV strains.  Recombination results when a 

cell is simultaneously infected by two different strains of HIV and one RNA transcript from two 

different viral strains are encapsidated into the same virion particle.  This virion then infects a 

new cell where it undergoes replication.  During this phase, the reverse transcriptase, by jumping 

back and forth between the two different RNA templates, will generate a newly synthesized 

retroviral DNA sequence that is a recombinant between the two parental genomes.  This 

recombination is most obvious when it occurs between subtypes.   

 

Three groups of HIV-1 have been identified on the basis of differences in env: M, N, and O.  

Group M is the most prevalent and is subdivided into eight subtypes (or clades), based on the 

whole genome, that are each geographically distinct.  The most prevalent are subtypes B (found 

predominantly in North America and Europe), A and D (found predominantly in Africa), and C 

(found predominantly in Africa and Asia); these subtypes form branches in the phylogenetic tree 

representing the lineage of the M group of HIV-1.  Coinfection with distinct subtypes gives rise 

to circulating recombinant forms (CRFs). 

 

In 2000, the last year in which an analysis of global subtype prevalence was made, 47.2% of 

infections worldwide were of subtype C, 26.7% were of subtype A/CRF02_AG, 12.3% were of 

subtype B, 5.3% were of subtype D, 3.2% were of CRF_AE, and the remaining 5.3% were 

composed of other subtypes and CRFs.  Most HIV-1 research is focused on subtype B; few 

laboratories focus on the other subtypes.   

 

Clinical Features and Symptoms 

Patients infected with HIV display a wide variety of symptoms.  In its initial phase, HIV is often 

a sub-clinical infection: an inapparent, asymptomatic infection or an infection that has such a 

mild course that the patient does not consult a physician.  Early symptoms often mimic the 

common cold or the flu and may include a small rash, fever, and/or lymphadenopathy (i.e., 

swelling of the lymph nodes) within 2-3 weeks.  Other possible symptoms include pharyngitis 

(i.e., sore throat), erythematous maculopapular rash, arthralgia (i.e, painful joints), myalgia (i.e., 

muscle pain), retro orbital headache, malaise, diarrhea and vomiting.  At this early stage, 

opportunistic infections are not apparent, and a large majority of those infected with HIV remain 

asymptomatic during this early stage of the disease. 
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Many of those infected with HIV will only begin to show clinical signs of the disease after a 
lengthy incubation  

period which averages 5 to 7 years (but can be as short as 1 year or as long as 12 years).  The 

timing of emergence of clinical symptoms depends on the strength of the patient’s immune 

system.  Opportunistic infections are common in people with HIV and AIDS, conditions that do 

not normally develop in individuals with healthy immune systems.  Most of these conditions are 

infections caused by bacteria, viruses, fungi and parasites that are normally controlled by the 

elements of the immune system that HIV damages.  HIV affects nearly every organ system.  

People with AIDS also have an increased risk of developing various cancers such as Kaposi's 

sarcoma, cervical cancer and cancers of the immune system known as lymphomas.  Most 

patients die from opportunistic infections or malignancies associated with the progressive failure 

of the immune system. 

 

Major pulmonary illnesses 

• Pneumocystis jiroveci pneumonia (originally known as Pneumocystis carinii pneumonia, often-

abbreviated PCP) is relatively rare in healthy, immunocompetent people, but common among 

HIV-infected individuals.  Before the advent of effective diagnosis, treatment and routine 

prophylaxis in Western countries, it was a common immediate cause of death.  In developing 

countries, it is still one of the first indications of AIDS in untested individuals, although it does 

not generally occur unless the CD4 (i.e., T-Cell or Helper T Cell) count is less than 200 per µL 

of blood.   

• Tuberculosis (TB) is unique among infections associated with HIV because it is transmissible to 

immunocompetent people via the respiratory route, is easily treatable once identified, may occur 

in early-stage HIV disease, and is preventable with drug therapy.  However, multidrug resistance 

is a potentially serious problem.  Even though its incidence has declined because of the use of 

directly observed therapy and other improved practices in Western countries, this is not the case 

in developing countries where HIV is most prevalent.  In early-stage HIV infection (CD4 count 

>300 cells per µL), TB typically presents as a pulmonary disease.  In advanced HIV infection, 

TB often presents atypically with extrapulmonary (systemic) disease a common feature.  

Symptoms are usually constitutional and are not localized to one particular site, often affecting 

bone marrow, bone, urinary and gastrointestinal tracts, liver, regional lymph nodes, and the 

central nervous system.   
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Major gastro-intestinal illnesses 

• Esophagitis is an inflammation of the lining of the lower end of the esophagus (gullet or 

swallowing tube leading to the stomach).  In HIV infected individuals, this is normally due to 

fungal (candidiasis) or viral (herpes simplex-1 or cytomegalovirus) infections.  In rare cases, it 

could be due to mycobacteria.   

• Unexplained chronic diarrhea in HIV infection is due to many possible causes, including 

common bacterial (Salmonella, Shigella, Listeria, Campylobacter, or Escherichia coli) and 

parasitic infections; and uncommon opportunistic infections such as cryptosporidiosis, 

microsporidiosis, Mycobacterium avium complex (MAC) and cytomegalovirus (CMV) colitis.  

In some cases, diarrhea may be a side effect of several drugs used to treat HIV, or it may simply 

accompany HIV infection, particularly during primary HIV infection.  It may also be a side 

effect of antibiotics used to treat bacterial causes of diarrhea (common for Clostridium difficile).  

In the later stages of HIV infection, diarrhea is thought to be a reflection of changes in the way 

the intestinal tract absorbs nutrients, and may be an important component of HIV-related wasting 

(i.e., process by which a debilitating disease causes muscle and fat tissue to "waste" away). 

  

Major neurological illnesses 

• Toxoplasmosis is a disease caused by the single-celled parasite called Toxoplasma gondii; it 

usually infects the brain causing toxoplasma encephalitis but it can infect and cause disease in 

the eyes and lungs.   

• Progressive multifocal leukoencephalopathy (PML) is a demyelinating disease, in which the 

gradual destruction of the myelin sheath covering the axons of nerve cells impairs the 

transmission of nerve impulses.  It is caused by a virus called JC virus which occurs in 70% of 

the population in latent form, causing disease only when the immune system has been severely 

weakened, as is the case for AIDS patients.  It progresses rapidly, usually causing death within 

months of diagnosis.   

• AIDS dementia complex (ADC) is a metabolic encephalopathy induced by HIV infection and 

fueled by immune activation of HIV infected brain macrophages and microglia which secrete 

neurotoxins of both host and viral origin.  Specific neurological impairments are manifested by 

cognitive, behavioral, and motor abnormalities that occur after years of HIV infection and is 

associated with low CD4+ T cell levels and high plasma viral loads.  Prevalence is 10–20% in 

Western countries but only 1–2% of HIV infections in India.  This difference is possibly due to 

the HIV subtype in India.   
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• Cryptococcal meningitis is an infection of the meninx (the membrane covering the brain and 

spinal cord) by the fungus Cryptococcus neoformans.  It can cause fevers, headache, fatigue, 

nausea, and vomiting.  Patients may also develop seizures and confusion; left untreated, it can be 

lethal.   

 

Major HIV-associated malignancies            
Patients with HIV infection have substantially increased incidence of several malignant cancers.  

This is primarily due to co-infection with an oncogenic DNA virus, especially Epstein-Barr virus 

(EBV), Kaposi's sarcoma-associated herpesvirus (KSHV), and human papillomavirus (HPV).  

The following confer a diagnosis of AIDS when they occur 

in an HIV-infected person. 

• Kaposi's sarcoma (KS) is the most common tumor in HIV-

infected patients.  The appearance of this tumor in young 

homosexual men in 1981 was one of the first signals of the 

AIDS epidemic.  Caused by a gammaherpes virus called 

Kaposi's sarcoma-associated herpes virus (KSHV), it often 

appears as purplish nodules on the skin, but can affect other organs, especially the mouth, 

gastrointestinal tract, and lungs.   

• High-grade B cell lymphomas such as Burkitt's lymphoma, Burkitt's-like lymphoma, diffuse 

large B-cell lymphoma (DLBCL), and primary central nervous system lymphoma present more 

often in HIV-infected patients.  These particular cancers often foreshadow a poor prognosis.  In 

some cases these lymphomas are AIDS-defining.  Epstein-Barr virus (EBV) or KSHV cause 

many of these lymphomas.   

• Cervical cancer in HIV-infected women is considered AIDS-defining.  It is caused by human 

papillomavirus (HPV).   

In addition to the AIDS-defining tumors listed above, HIV-infected patients are at increased risk 

of certain other tumors, such as Hodgkin's disease and anal and rectal carcinomas.  However, the 

incidence of many common tumors, such as breast cancer or colon cancer, does not increase in 

HIV-infected patients.  In areas where HAART (the combination of several antiretroviral drugs 

is known as Highly Active Anti-Retroviral Therapy) is extensively used to treat AIDS, the 

incidence of many AIDS-related malignancies has decreased, but at the same time malignant 

cancers overall have become the most common cause of death of HIV-infected patients.   
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Other opportunistic infections 

AIDS patients often develop other opportunistic infections that present with non-specific 

symptoms, especially low-grade fevers and weight loss.  These include infection from 

Mycobacterium avium-intracellulare and cytomegalovirus (CMV).  CMV can cause colitis (i.e., 

digestive disease characterized by inflammation of the colon), and CMV retinitis can cause 

blindness.  Penicilliosis due to Penicillium marneffei is now the third most common 

opportunistic infection (after extrapulmonary tuberculosis and cryptococcosis) in HIV-positive 

individuals within the endemic area of Southeast Asia.   
 

In 1990, the World Health Organization (WHO) grouped these infections and conditions together 

by introducing a staging system for patients infected with HIV-1.  An update took place in 

September 2005.  Most of these conditions are opportunistic infections that are easily treatable in 

healthy people. 

• Stage I: HIV disease is asymptomatic and not categorized as AIDS  

• Stage II: includes minor mucocutaneous manifestations and recurrent upper respiratory tract 

infections  

• Stage III: includes unexplained chronic diarrhea for longer than a month, severe bacterial 

infections and pulmonary tuberculosis  

• Stage IV: includes toxoplasmosis of the brain, candidiasis of the esophagus, trachea, bronchi or 

lungs and Kaposi's sarcoma; these diseases are indicators of AIDS.   

 

Diagnostic Tests for HIV 

There are two tests currently used to diagnose HIV infection.  Neither test directly identifies the 

HIV virus; instead each test detects antibodies (i.e., large Y-shaped proteins produced by the 

body and used by the immune system to identify and neutralize foreign objects like the HIV 

virus) to the virus.  The two diagnostic tests are: 

1. The Enzyme-Linked ImmunoSorbent Assay, or ELISA, is a biochemical technique used mainly 

in immunology to detect the presence of an antibody or an antigen in a sample.  It uses two 

antibodies.  One antibody is specific to the antigen.  The other reacts to antigen-antibody 

complexes, and is coupled to an enzyme.  This second antibody, which accounts for "enzyme-

linked" in the test's name, can also cause a chromogenic or fluorogenic substrate to produce a 

signal.  Because the ELISA can be performed to evaluate either the presence of antibody in a 

sample, it is a useful tool for determining serum antibody concentrations (such as with the 
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Human Immunodeficiency Virus, HIV test or West Nile Virus).  If this test is negative, no 

further tests are needed.   

2. Western Blot Assay (or immunoblot) is used to confirm a positive ELISA test.  It is a method to 

detect protein in a given sample of tissue homogenate or extract.  It uses gel electrophoresis to 

separate denatured proteins by mass.  The proteins are then transferred out of the gel and onto a 

membrane (typically nitrocellulose or PVDF), where they are "probed" using antibodies specific 

to the protein. 

 

Antibodies to HIV can take between 3 and 6 months to be detected with these tests.  However, a 

person with HIV can spread the infection to others before the virus is officially diagnosed by 

these tests.  HIV is only officially diagnosed after at least two positive ELISA tests confirmed by 

a positive Western Blot Assay. 

 

Virus Progression     

In the absence of antiretroviral therapy, the median time of 

progression from HIV infection to AIDS is nine to ten years, and 

the median survival time after developing AIDS is only 9.2 

months.  However, the rate of clinical disease progression varies 

widely between individuals, from two weeks up to 20 years.  

Many factors affect the rate of progression.  These include factors 

that influence the body's ability to defend against HIV such as the 

infected person's general immune function.  Older people have weaker immune systems, and 

therefore have a greater risk of rapid disease progression than younger people.  Poor access to 

health care and the existence of coexisting infections such as tuberculosis also may predispose 

people to faster disease progression.  The infected person's genetic inheritance plays an important 

role and some people are resistant to certain strains of HIV.  An example of this is people with 

the CCR5-Δ32 mutation are resistant to infection with certain strains of HIV.  HIV is genetically 

variable and exists as different strains, which cause different rates of clinical disease progression.  

The use of highly active antiretroviral therapy prolongs both the median time of progression to 

AIDS and the median survival time. 

 
Among those infected with HIV, approximately 5 to 10% are known as “rapid progressors”, 

those who will develop AIDS within 3 years if not treated.  At least 5% of HIV-positive people 

are known as “nonprogressors” (e.g., Magic Johnson) because they have lived with the virus for 
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10 to 15 years but have stayed healthy and not experienced a declining count of CD4+ cells [i.e., 

a specific type of lymphocyte white blood cell (also called T-Cells, Helper T-Cells, or T4 Cells) 

that helps other cells destroy infective organisms].  Despite years of exposure to the virus (for 

example, through repeated unprotected sex with a infected person), “HIV-resistant” people never 

become infected with HIV.   

 

What is AIDS?  

AIDS (Acquired Immunodeficiency Syndrome) is the most severe manifestation of infection 

with HIV.  HIV is a retrovirus that primarily infects vital components of the human immune 

system such as CD4+ T cells (a subset of T cells), macrophages and dendritic cells.  It directly 

and indirectly destroys CD4+ T cells.  CD4+ T cells are required for the proper functioning of the 

immune system.  When HIV kills CD4+ T cells so that there are fewer than 200 CD4+ T cells per 

microliter (µL) of blood, cellular immunity is lost, leading to the condition known as AIDS.  

Acute HIV infection progresses over time to clinical latent HIV infection and then to early 

symptomatic HIV infection and later to AIDS, which is identified on the basis of the amount of 

CD4+ T cells in the blood and the presence of certain infections. 

 

Currently, the average time between HIV infection and the appearance of signs that could lead to 

an AIDS diagnosis is 8-11 years.  This time varies greatly from person to person and can depend 

on many factors including a person's health status and behaviors.  Today there are medical 

treatments that can slow down the rate at which HIV weakens the immune system.  There are 

other treatments that can prevent or cure some of the illnesses associated with AIDS.  As with 

other diseases, early detection offers more options for treatment and preventative health care. 

What is the difference between HIV and AIDS? 
 
HIV is the virus that causes AIDS. 

H  Human: because this virus infects 
human beings. 

I - 

Immunodeficiency: the immune 
system's ability to fight infectious 
disease is compromised or entirely 
absent. 

V - 
Virus: because this organism is a 
virus, which means one of its 
characteristics is that it is 
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incapable of reproducing by itself.  
It reproduces by taking over the 
machinery of the human cell. 

     

A - 
Acquired: because it's a condition 
one must acquire and not 
something transmitted hereditarily. 

I - 

Immune: because it affects the 
body's immune system, a 
collection of mechanisms within 
the human body that protects 
against infection by identifying 
and killing pathogens, including 
bacteria and viruses. 

D - 
Deficiency: because it makes the 
immune system deficient (makes it 
not work properly). 

S - 

Syndrome: because someone with 
AIDS may experience a wide 
range of different diseases and 
opportunistic infections. 

How does someone get HIV? 
 
HIV can be transmitted from an infected person to another through: 

• Blood (including menstrual blood)  

• Semen  

• Vaginal secretions  

• Breast milk  

Blood contains the highest concentration of the virus, followed by semen, followed by vaginal 
fluids, followed by breast milk.

Estimated per act risk for acquisition of HIV by exposure route 

Exposure Route 
Estimated infections per 
10,000 exposures to an 

infected source 

Blood Transfusion 9,000 
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Childbirth 2,500 

Needle-sharing 
injection drug use 67 

Receptive anal 
intercourse* 50 

Percutaneous needle 
stick 30 

Receptive penile-
vaginal intercourse* 10 

Insertive anal 
intercourse* 6.5 

Insertive penile-vaginal 
intercourse* 5 

Receptive oral 
intercourse* 1§ 

Insertive oral 
intercourse* 0.5§ 

* assuming no condom use 
§ Source refers to oral intercourse performed on a man 

 

The three main transmission routes of HIV are sexual contact, exposure to infected body fluids 

or tissues, and from mother to fetus or child during perinatal period.   

 

Sexual contact 

The majority of HIV infections are acquired through unprotected sexual relations between 

partners, one of whom has HIV.  Sexual transmission occurs with the contact between sexual 

secretions of one partner with the rectal, genital or oral mucous membranes of another.  

Unprotected receptive sexual acts are riskier than unprotected insertive sexual acts, with the risk 

for transmitting HIV from an infected partner to an uninfected partner through unprotected 

insertive anal intercourse greater than the risk for transmission through vaginal intercourse or 
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oral sex.  Oral sex is not without its risks as HIV is transmissible through both insertive and 

receptive oral sex.  The risk of HIV transmission from exposure to saliva is considerably smaller 

than the risk from exposure to semen; contrary to popular belief, one would have to swallow 

gallons of saliva from a carrier to run a significant risk of becoming infected. 

  

Approximately 30% of women in ten countries representing "diverse cultural, geographical and 

urban/rural settings" report that their first sexual experience was forced or coerced, making 

sexual violence a key driver of the HIV/AIDS pandemic.  Sexual assault greatly increases the 

risk of HIV transmission as protection is rarely employed and physical trauma to the vaginal 

cavity frequently occurs which facilitates the transmission of HIV. 

  

Sexually transmitted infections (STI) increase the risk of HIV transmission and infection because 

they cause the disruption of the normal epithelial barrier by genital ulceration and/or 

microulceration; and by accumulation of pools of HIV-susceptible or HIV-infected cells 

(lymphocytes and macrophages) in semen and vaginal secretions.  Epidemiological studies from 

sub-Saharan Africa, Europe and North America have suggested that there is approximately a four 

times greater risk of becoming infected with HIV in the presence of a genital ulcer such as those 

caused by syphilis and/or chancroid.   

  

Transmission of HIV depends on the infectiousness of the index case and the susceptibility of the 

uninfected partner.  Infectivity seems to vary during the course of illness and is not constant 

between individuals.  An undetectable plasma viral load does not necessarily indicate a low viral 

load in the seminal liquid or genital secretions.  Each 10-fold increment of blood plasma HIV 

RNA is associated with an 81% increased rate of HIV transmission.  Women are more 

susceptible to HIV-1 infection due to hormonal changes, vaginal microbial ecology and 

physiology, and a higher prevalence of sexually transmitted diseases.  People who are infected 

with HIV can still be infected by other, more virulent strains. 

 

During a sexual act, only male or female condoms can reduce the chances of infection with HIV 

and other STDs and the chances of becoming pregnant.  The best evidence to date indicates that 

typical condom use reduces the risk of heterosexual HIV transmission by approximately 80% 

over the long-term, though the benefit is likely to be higher if condoms are used correctly on 

every occasion.  The effective use of condoms and screening of blood transfusion in North 

America, Western and Central Europe is credited with contributing to the low rates of AIDS in 
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these regions.  Promoting condom use, however, has often proved controversial and difficult.  

Many religious groups, most noticeably the Catholic Church, have opposed the use of condoms 

on religious grounds, and have sometimes seen condom promotion as an affront to the promotion 

of marriage, monogamy and sexual morality.  Defenders of the Catholic Church's role in AIDS 

and general STD prevention state that, while they may be against the use of contraception, they 

are strong advocates of abstinence outside marriage.  This attitude is also found among some 

health care providers and policy makers in sub-Saharan African nations, where HIV and AIDS 

prevalence is extremely high.  They also believe that the distribution and promotion of condoms 

is tantamount to promoting sex amongst the youth and sending the wrong message to uninfected 

individuals.  However, no evidence has been produced that promotion of condom use increases 

sexual promiscuity, and abstinence-only programs have been unsuccessful both in changing 

sexual behavior and in reducing HIV transmission.  Evaluations of several abstinence-only 

programs in the U.S.  showed a negative impact on the willingness of youths to use 

contraceptives, due to the emphasis on contraceptives' failure rates.   

 

The male latex condom, if used correctly without oil-based lubricants, is the single most 

effective available technology to reduce the sexual transmission of HIV and other sexually 

transmitted infections.  Manufacturers recommend that oil-based lubricants such as petroleum 

jelly, butter, and lard not be used with latex condoms, because they dissolve the latex, making 

the condoms porous.  If necessary, manufacturers recommend using water-based lubricants.  Oil-

based lubricants can however be used with polyurethane condoms.  Latex condoms degrade over 

time, making them porous, which is why condoms have expiration dates.  In Europe and the 

United States, condoms have to conform to European (EC 600) or American (D3492) standards 

to be considered protective against HIV transmission. 

 

The female condom is an alternative to the male condom and is made from polyurethane, which 

allows it to be used in the presence of oil-based lubricants.  They are larger than male condoms 

and have a stiffened ring-shaped opening, and are designed to be inserted into the vagina.  The 

female condom contains an inner ring, which keeps the condom in place inside the vagina — 

inserting the female condom requires squeezing this ring.  However, at present availability of 

female condoms is very low and the price remains prohibitive for many women.  Preliminary 

studies suggest that, where female condoms are available, overall protected sexual acts increase 

relative to unprotected sexual acts, making them an important HIV prevention strategy that must 

be scaled-up 
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With consistent and correct use of condoms, there is a very low risk of HIV infection.  Studies on 

couples where one partner is infected show that with consistent condom use, HIV infection rates 

for the uninfected partner are below 1% per year.   

 

Exposure to infected body fluids             

This transmission route is particularly relevant to intravenous drug users, hemophiliacs and 

recipients of blood transfusions and blood products.  Sharing and reusing syringes contaminated 

with HIV-infected blood represents a major risk for 

infection with not only HIV, but also hepatitis B and 

hepatitis C.  Needle sharing is the cause of one third of 

all new HIV-infections and 50% of hepatitis C infections 

in North America, China, and Eastern Europe.  The risk 

of being infected with HIV from a single prick with a 

needle that has been used on an HIV-infected person is 

thought to be about 1 in 150.  Post-exposure prophylaxis 

with anti-HIV drugs can further reduce that small risk.  Health care workers (e.g., nurses, 

laboratory workers, doctors etc) are also concerned, although more rarely.  This route can also 

affect people who give and receive tattoos and piercings.  The WHO estimates that 

approximately 2.5% of all HIV infections in sub-Saharan Africa are transmitted through unsafe 

healthcare injections.  Because of this, the United Nations General Assembly, supported by 

universal medical opinion on the matter, has urged the nations of the world to implement 

universal precautions to prevent HIV transmission in health care settings.  Medical workers who 

follow universal precautions or body-substance isolation, such as wearing latex gloves when 

giving injections and washing the hands frequently, can help prevent infection by HIV. 

  

The risk of transmitting HIV to blood transfusion recipients is extremely low in developed 

countries where improved donor selection and HIV screening is performed.  However, according 

to the WHO, the overwhelming majority of the world's population does not have access to safe 

blood and "between 5% and 10% of HIV infections worldwide are transmitted through the 

transfusion of infected blood and blood products". 
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All AIDS-prevention organizations advise drug-users not to share needles and other material 

required to prepare and take drugs (including syringes, cotton balls, the spoons, water for 

diluting the drug, straws, crack pipes, etc).  It is important that people use new or properly 

sterilized needles for each injection.  Information on cleaning needles using bleach is available 

from health care and addiction professionals and from needle exchanges.  In some cities, clean 

needles are available free at needle exchanges or safe injection sites.  Additionally, many nations 

have decriminalized needle possession and made it possible to buy injection equipment from 

pharmacists without a prescription. 

 

The following "bodily fluids" are NOT considered 

infectious: 

• Saliva  

• Tears  

• Sweat  

• Feces  

• Urine  

It is possible to find HIV in the saliva, tears, and urine of 

infected individuals, but there are no recorded cases of infection by these secretions, and the risk 

of infection is negligible.  HIV is a fragile virus that does not live long outside the body.  HIV is 

not an airborne or food borne virus.  HIV is not transmitted by day to day contact in the home, 

the workplace, schools, or social settings.  HIV is not transmitted through shaking hands, 

hugging or a casual kiss.  You cannot become infected from a toilet seat, a drinking fountain, a 

doorknob, dishes, drinking glasses, food, or pets.   

 

Mother-to-child transmission (MTCT)     

The transmission of the virus from the mother to the child can occur in utero during the last 

weeks of pregnancy and at childbirth.  In the absence of treatment, the transmission rate between 

the mother and the child during pregnancy, labor and delivery is 25%.  However, when the 

mother has access to antiretroviral therapy and gives birth by caesarean section, the rate of 

transmission is just 1%.  A number of factors influence the risk of infection, particularly the viral 

load of the mother at birth (the higher the load, the higher the risk).  Breastfeeding increases the 

risk of transmission by 10–15%.  This risk depends on clinical factors and may vary according to 

the pattern and duration of breast-feeding. 
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Studies have shown that antiretroviral drugs, caesarean delivery and formula feeding reduce the 

chance of transmission of HIV from mother to child.  Current recommendations state that when 

replacement feeding is acceptable, feasible, affordable, sustainable and safe, HIV-infected 

mothers should avoid breast-feeding their infant.  However, if this is not the case, exclusive 

breast-feeding is recommended during the first months of life and discontinued as soon as 

possible.  In 2005, around 700,000 children under 15 contracted HIV, mainly through MTCT, 

with 630,000 of these infections occurring in Africa.  Of the estimated 2.3 million [1.7–3.5 

million] children currently living with HIV, 2 million (almost 90%) live in sub-Saharan Africa. 

  

Prevention strategies are well known in developed countries, however, recent epidemiological 

and behavioral studies in Europe and North America have suggested that a substantial minority 

of young people continue to engage in high-risk practices and that despite HIV/AIDS 

knowledge, young people underestimate their own risk of becoming infected with HIV.  

However, transmission of HIV between intravenous drug users has clearly decreased, and HIV 

transmission by blood transfusion has become quite rare in developed countries. 

 

Research has revealed a great deal of valuable medical, scientific, and public health information 

about the human immunodeficiency virus (HIV) and acquired immunodeficiency syndrome 

(AIDS).  The ways in which HIV can be transmitted have been clearly identified.  Unfortunately, 

false information or statements that are not supported by scientific findings continue to be shared 

widely through the Internet or popular press.  Therefore, the Centers for Disease Control and 

Prevention (CDC) has prepared this fact sheet to correct a few misperceptions about HIV. 

 

HIV is spread by sexual contact with an infected person, by sharing needles and/or syringes 

(primarily for drug injection) with someone who is infected, or, less commonly (and now very 

rarely in countries where blood is screened for HIV antibodies), through transfusions of infected 

blood or blood clotting factors.  Babies born to HIV-infected women may become infected 

before or during birth or through breast-feeding after birth. 

 

In the health care setting, workers have been infected with HIV after being stuck with needles 

containing HIV-infected blood or, less frequently, after infected blood gets into a worker’s open 

cut or a mucous membrane (for example, the eyes or inside of the nose).  There has been only 

one instance of patients being infected by a health care worker in the United States; this involved 

HIV transmission from one infected dentist to six patients.  Investigations have been completed 
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involving more than 22,000 patients of 63 HIV-

infected physicians, surgeons, and dentists, and no 

other cases of this type of transmission have been 

identified in the United States. 

 

Some people fear that HIV might be transmitted in other ways; however, no scientific evidence 

to support any of these fears has been found.  If HIV were being transmitted through other routes 

(such as through air, water, or insects), the pattern of reported AIDS cases would be much 

different from what has been observed.  For example, if mosquitoes could transmit HIV 

infection, many more young children and preadolescents would have been diagnosed with AIDS.   

 

All reported cases suggesting new or potentially unknown routes of transmission are thoroughly 

investigated by state and local health departments with the assistance, guidance, and laboratory 

support from CDC.  No additional routes of transmission have been recorded, despite a national 

sentinel system designed to detect just such an occurrence. 

 

The following paragraphs specifically address some of the common misperceptions about HIV 

transmission. 

HIV in the Environment 
 
Scientists and medical authorities agree that HIV does not survive well in the environment, 

making the possibility of environmental transmission remote.  HIV is found in varying 

concentrations or amounts in blood, semen, vaginal fluid, breast milk, saliva, and tears.  To 

obtain data on the survival of HIV, laboratory studies have required the use of artificially high 

concentrations of laboratory-grown virus.  Although these unnatural concentrations of HIV can 

be kept alive for days or even weeks under precisely controlled and limited laboratory 

conditions, CDC studies have shown that drying of even these high concentrations of HIV 

reduces the amount of infectious virus by 90 to 99 percent within several hours.  Since the HIV 

concentrations used in laboratory studies are much higher than those actually found in blood or 

other specimens, drying of HIV-infected human blood or other body fluids reduces the 

theoretical risk of environmental transmission to that which has been observed--essentially zero.  

Incorrect interpretation of conclusions drawn from laboratory studies have unnecessarily alarmed 

some people. 
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Results from laboratory studies should not be used to assess specific personal risk of infection 

because (1) the amount of virus studied is not found in human specimens or elsewhere in nature, 

and (2) no one has been identified as infected with HIV due to contact with an environmental 

surface.  Additionally, HIV is unable to reproduce outside its living host (unlike many bacteria or 

fungi, which may do so under suitable conditions), except under laboratory conditions, therefore, 

it does not spread or maintain infectiousness outside its host. 

Households 
Although HIV has been transmitted between family members in a household setting, this type of 

transmission is very rare.  These transmissions are believed to have resulted from contact 

between skin or mucous membranes and infected blood.  To prevent even such rare occurrences, 

precautions, as described in previously published guidelines, should be taken in all settings 

"including the home" to prevent exposures to the blood of persons who are HIV infected, at risk 

for HIV infection, or whose infection and risk status are unknown.  For example, gloves should 

be worn during contact with blood or other body fluids that could possibly contain visible blood, 

such as urine, feces, or vomit.  Cuts, sores, or breaks on both the care giver’s and patient’s 

exposed skin should be covered with bandages.  Hands and other parts of the body should be 

washed immediately after contact with blood or other body fluids, and surfaces soiled with blood 

should be disinfected appropriately.  Practices that increase the likelihood of blood contact, such 

as sharing of razors and toothbrushes, should be avoided.  Needles and other sharp instruments 

should be used only when medically necessary and handled according to recommendations for 

health-care settings.  (Do not put caps back on needles by hand or remove needles from syringes.  

Dispose of needles in puncture-proof containers out of the reach of children and visitors.)  

 

Businesses and Other Settings 
 
There is no known risk of HIV transmission to co-workers, clients, or consumers from contact in 

industries such as food-service establishments.  Food-service workers known to be infected with 

HIV need not be restricted from work unless they have other infections or 

illnesses (such as diarrhea or hepatitis A) for which any food-service 

worker, regardless of HIV infection status, should be restricted.  CDC 

recommends that all food-service workers follow recommended standards 

and practices of good personal hygiene and food sanitation. 
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In 1985, CDC issued routine precautions that all personal-service workers (such as hairdressers, 

barbers, cosmetologists, and massage therapists) should follow, even though there is no evidence 

of transmission from a personal-service worker to a client or vice versa.  Instruments that are 

intended to penetrate the skin (such as tattooing and acupuncture needles, ear piercing devices) 

should be used once and disposed of or thoroughly cleaned and sterilized.  Instruments not 

intended to penetrate the skin but which may become contaminated with blood (for example, 

razors) should be used for only one client and disposed of or thoroughly cleaned and disinfected 

after each use.  Personal-service workers can use the same cleaning procedures that are 

recommended for health care institutions. 

 

CDC knows of no instances of HIV transmission through tattooing or body piercing, although 

hepatitis B virus has been transmitted during some of these practices.  One case of HIV 

transmission from acupuncture has been documented.  Body piercing (other than ear piercing) is 

relatively new in the United States, and the medical complications for body piercing appear to be 

greater than for tattoos.  Healing of piercings generally will take weeks, and sometimes even 

months, and the pierced tissue could conceivably be abraded (torn or cut) or inflamed even after 

healing.  Therefore, a theoretical HIV transmission risk does exist if the unhealed or abraded 

tissues come into contact with an infected person’s blood or other infectious body fluid.  

Additionally, HIV could be transmitted if instruments contaminated with blood are not sterilized 

or disinfected between clients. 

 

Kissing 
 
Casual contact through closed-mouth or "social" kissing is not a risk for transmission of HIV.  

Because of the potential for contact with blood during "French" or open-mouth kissing, CDC 

recommends against engaging in this activity with a person known to be infected.  However, the 

risk of acquiring HIV during open-mouth kissing is believed to be very low.  CDC has 

investigated only one case of HIV infection that may be attributed to contact with blood during 

open-mouth kissing. 

 

Biting 
 
In 1997, CDC published findings from a state health department investigation of an incident that 

suggested blood-to-blood transmission of HIV by a human bite.  There have been other reports in 
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the medical literature in which HIV appeared to have been transmitted by a bite.  Severe trauma 

with extensive tissue tearing and damage and presence of blood were reported in each of these 

instances.  Biting is not a common way of transmitting HIV.  In fact, there are numerous reports 

of bites that did not result in HIV infection. 

 

Saliva, Tears, and Sweat 
 
HIV has been found in saliva and tears in very low quantities from some AIDS patients.  It is 

important to understand that finding a small amount of HIV in a body fluid does not necessarily 

mean that HIV can be transmitted by that body fluid.  HIV has not been recovered from the 

sweat of HIV-infected persons.  Contact with saliva, tears, or sweat has never been shown to 

result in transmission of HIV. 

 

Insects 
From the onset of the HIV epidemic, there has been concern about transmission of the virus by 

biting and bloodsucking insects.  However, studies conducted by researchers at CDC and 

elsewhere have shown no evidence of HIV transmission through insects--even in areas where 

there are many cases of AIDS and large populations of insects such as mosquitoes.  Lack of such 

outbreaks, despite intense efforts to detect them, supports the conclusion that HIV is not 

transmitted by insects. 

 

The results of experiments and observations of insect biting behavior indicate that when an insect 

bites a person, it does not inject its own or a previously bitten person’s or animal’s blood into the 

next person bitten.  Rather, it injects saliva, which acts as a lubricant or anticoagulant so the 

insect can feed efficiently.  Such diseases as yellow fever and malaria are transmitted through the 

saliva of specific species of mosquitoes.  However, HIV lives for only a short time inside an 

insect and, unlike organisms that are transmitted via insect bites, HIV does not reproduce (and 

does not survive) in insects.  Thus, even if the virus enters a mosquito or another sucking or 

biting insect, the insect does not become infected and cannot transmit HIV to the next human it 

feeds on or bites.  HIV is not found in insect feces. 

 

There is also no reason to fear that a biting or bloodsucking insect, such as a mosquito, could 

transmit HIV from one person to another through HIV-infected blood left on its mouth parts.  
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Two factors serve to explain why this is so--first, infected people do not have constant, high 

levels of HIV in their bloodstreams and, second, insect mouth parts do not retain large amounts 

of blood on their surfaces.  Further, scientists who study insects have determined that biting 

insects normally do not travel from one person to the next immediately after ingesting blood.  

Rather, they fly to a resting place to digest this blood meal. 

 

Effectiveness of Condoms 
 
Condoms are classified as medical devices and are regulated by the Food and Drug 

Administration (FDA).  Condom manufacturers in the United States test each latex condom for 

defects, including holes, before it is packaged.  The proper and consistent use of latex or 

polyurethane (a type of plastic) condoms when engaging in sexual intercourse--vaginal, anal, or 

oral--can greatly reduce a person’s risk of acquiring or transmitting sexually transmitted 

diseases, including HIV infection. 

 

There are many different types and brands of condoms available--however, only latex or 

polyurethane condoms provide a highly effective mechanical barrier to HIV.  In laboratories, 

viruses occasionally have been shown to pass through natural membrane ("skin" or lambskin) 

condoms, which may contain natural pores and are therefore not recommended for disease 

prevention (they are documented to be effective for contraception).  Women may wish to 

consider using the female condom when a male condom cannot be used. 

 

For condoms to provide maximum protection, they must be used consistently (every time) and 

correctly.  Several studies of correct and consistent condom use clearly show that latex condom 

breakage rates in this country are less than 2 percent.  Even when condoms do break, one study 

showed that more than half of such breaks occurred prior to ejaculation. 

 

When condoms are used reliably, they have been shown to prevent pregnancy up to 98 percent of 

the time among couples using them as their only method of contraception.  Similarly, numerous 

studies among sexually active people have demonstrated that a properly used latex condom 

provides a high degree of protection against a variety of sexually transmitted diseases, including 

HIV infection. 
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Who is at risk?      

Infection risk among gay men has been widely 

chronicled.  It is true that anal sex (regardless of the 

gender of the receptive partner) carries a higher risk of 

infection than most sex acts, but most penetrative sex 

acts between any individuals carry some risk.  For men 

who have sex with men (i.e, MSM), HIV infection rates 

initially leveled off with prevention and education 

campaigns; however, these rates have begun to rise 

again reflecting a complacency and return to unsafe sexual practices.  Infection rates among 

intravenous drug users continue to rise due to the use of shared paraphernalia, as have the rates 

of infection for women.   

 

Ways to reduce the risk of HIV infection 

• Ensure that all your sexual relations are protected or "safe" with consistent condom use. 

• Avoid sharing needles, syringes or other drug-related paraphernalia.   

• Avoid sharing your toothbrush, razor, nail file or other personal instrument that may be 

contaminated by blood.   

• Wear gloves at work if you are at risk of body fluid contact. 
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