
The AIDS epidemic started in the early 1980s. Since then, scientists have 
worked both to understand the disease and to develop treatments and a 
possible cure. Geneticist Gabriella Knowler highlights the key events in 
the story of HIV, and looks at the future of HIV/AIDS treatments
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I
n June 1981, a research paper linked pneumonia 
and rare skin cancers to a deficiency of the 
immune system. Patients had very low levels of 
white blood cells and could not fight off even 

minor infections. The condition was mostly found 
in homosexual men, injecting drug users and those 
who had received blood transfusions, suggesting 
that it is transferred by contact with infected blood 
or other body fluids.

In the same year, six men in New York set up an 
advice hotline to support those with the disease. 
The Gay Men’s Health Crisis (GMHC) was the first 
AIDS charity and received 100 calls on its first day. 
So little was known about the disease that the only 
help they could provide was organising funerals 
and travel for families to say goodbye. By the end 
of the year there were 270 cases and 121 people had 
died in New York alone. The cause of the disease — 
a virus — was identified in 1983 (see Box 1) and the 
term we use today — acquired immune deficiency 
syndrome (AIDS) — was introduced in 1986. 

Thirty-five years on, HIV/AIDS is still a worldwide 
epidemic (see Box 2), but the number of new cases 

has begun to fall. Before therapies were developed, HIV/AIDS was a 6-year 
death sentence. Nowadays, with treatment, it is a chronic but manageable 
disease with normal life expectancy. But the epidemic is not over.

What is HIV?
The virus that causes AIDS is the human immunodeficiency virus (HIV). Early 
stage HIV either has no symptoms or they are like flu. Untreated, it progresses to 
AIDS in about 3 years. Like all viruses, HIV can only replicate within a host cell. 
HIV infects and destroys a subset of white blood cells called CD4+ cells. These 
cells are part of the immune system and include T-cells and macrophages. All 
CD4 cells have CD4 receptors on their cell surface membrane.

HIV is a retrovirus — its genetic code is single-stranded RNA. The RNA 
is protected inside a capsid coat. The outside of the virus is a lipid membrane 
covered in antigens. These antigens are made of glycoproteins that allow the 
virus to interact with, and invade, other cells (see Figure 1).

There are two major strains of HIV that can lead to AIDS — HIV-1 and HIV-2. 
These strains have different origins. HIV-1 originated in chimpanzees and 
HIV-2 originated in the sooty mangabey, a monkey from Ghana and Senegal. 
Both strains are thought to have crossed to humans via the bushmeat trade in 
Africa when hunters came into contact with infected blood.

What is AIDS?
AIDS is the disease caused by prolonged infection with HIV. HIV destroys white 
blood cells and causes a deficiency over time. AIDS arises when the level of 
white blood cells becomes so low that the body cannot fight off even minor 
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Antigen  A molecule on the surface of pathogens that triggers the immune response.

Glycoprotein  A protein with one or more carbohydrate side chains.

Macrophage  A white blood cell that engulfs pathogens.

Programmed cell death  An intracellularly regulated process that leads to cell 
death.

Retrovirus  A virus that has an RNA genome and uses reverse transcriptase.

Reverse transcriptase  An enzyme that catalyses production of DNA from an RNA 
template.

Stem cell  An unspecialised cell that can self-renew and produce multiple different 
cell types.

T-cell  A white blood cell that detects pathogens and activates other immune cells.

Terms explained 

Box 1 Who got there first?

The cause of AIDS was identified in Paris in 1983. 
Luc Montagnier, working at the Pasteur Institute, 
suspected it was viral and eventually isolated the 
virus from a patient. At the same time, Robert 
Gallo, a scientist in the USA, also identified the 
virus and proved it was the cause of AIDS. The two 
teams argued about who first discovered HIV until 
1986 when the presidents of the two countries 
met to agree. They decided that Montagnier would 
be credited with discovering the virus, and Gallo 
would be recognised for proving the link to AIDS. 
That year the virus was officially named the human 
immunodeficiency virus (HIV).

Box 2 HIV/AIDS today

• 78 million people globally have been infected with 
HIV since 1981.
• Nearly 37 million people are living with HIV.
• 5500 new people are infected by HIV every day.
• Less than 40% of people in low-income or middle-
income countries have access to therapy.
• Since 2004, HIV-related deaths have fallen by 42% 
per annum.
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Figure 1 Structure of HIV
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Advertising campaigns have helped to reduce the spread of HIV 
worldwide
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infections. Patients do not die of AIDS, but of opportunistic infections, such 
as pneumonia. The symptoms of AIDS can include repeated infections, rapid 
weight loss, fevers, diarrhoea, pneumonia and bruise-like blotches on or under 
the skin.

How does HIV cause AIDS?
HIV invades white blood cells by binding to two receptors on the cell surface 
membrane. The virus uses surface antigens to first bind to CD4 receptor 

proteins and then to a second receptor, called CCR5 
(see Figure 2). Once it has bound to both receptors, 
HIV is engulfed by the cell.

Once inside the cell, the virus is replicated. First 
its capsid coat is removed to reveal the genetic 
material. An enzyme present in the virus, reverse 
transcriptase, copies the viral RNA into DNA. 
This DNA is then inserted into a host chromosome 

HIV invading a white blood cell The CCR5 mutant is resistant to HIV

HIV invading the cell

Antigen
HIV bound to CD4 and CCR5

CCR5
receptor

CD4
receptor

No CCR5 for HIV 
to bind to

Figure 2 HIV needs CCR5 to bind to and invade a white blood cell. When CCR5 is absent the HIV cannot bind
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using another viral enzyme — integrase. Then, 
when the cell makes normal proteins it also makes 
a viral protein that has everything needed to form 
a new virus. Final maturation of the virus particles 
involves another enzyme — protease — that cuts 
the viral protein into smaller parts so that the virus 
can be assembled as it leaves the cell. Mature HIV 
is then free in the blood and can infect other cells.

During this process, HIV destroys white blood 
cells by initiating a process called programmed 
cell death. This process can be triggered at 
three points of the HIV cycle — when viral DNA 
is created, when the viral DNA is integrated into 
the host chromsome, or when HIV protease 
is active.

However, sometimes the cell survives and HIV remains dormant inside. This 
is one of the reasons why there is currently no cure for HIV, because the virus 
may reactivate at any time — even when it appears to have gone.

How can we treat HIV/AIDS?
By knowing how HIV leads to AIDS, drugs can be created to inhibit 
various stages of the cycle. These drugs are called anti-retrovirals. One of 
the first drugs was AZT, which inhibits reverse transcriptase and stops the 
transcription of viral RNA to DNA. Combination therapy is the best current 
treatment available for HIV and includes at least three different drugs targeting 
different stages of the cycle. Two of these are reverse transcriptase inhibitors 
like AZT and one inhibits viral protease. A combination of drugs is used to 
avoid HIV becoming resistant to any of the drugs.

Drug therapy can reduce the amount of virus in the body, but this is not a 
cure. To stop dormant HIV from reactivating, anti-retrovirals must be taken 
every day for the rest of the patient’s life.

Will there ever be a cure for HIV/AIDS?
There is currently no cure once a person is infected with HIV. However, some 
rare cases have inspired research that could potentially discover a cure. In 
2006, an HIV-positive patient called Timothy Ray Brown received a bone 
marrow transplant (to treat leukaemia) from a donor who was resistant to 
HIV. Brown was deemed functionally cured in 2009 as he no longer needed to 

More historical information: www.news-medical.
net/health/History-of-AIDS.aspx

World Health Organization information on AIDS: 
www.who.int/hiv/en

Further reading 
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take anti-retroviral drugs. But he still had some dormant viruses in his body. 
In 2012, it was agreed that Brown is completely cured as there is no sign of HIV 
in his white blood cells.

The HIV-resistant donor who gave bone marrow to Brown had a mutation 
in his/her CCR5 receptor gene. More than 10% of Europeans naturally have a 
mutation in the CCR5 gene that stops it from appearing on the surface of CD4+ 
cells. If this mutation is homozygous, it makes the person HIV resistant because 
the virus cannot bind to and infect these cells. Fortunately, this mutation does 
not have any major negative effects, so scientists are trying to recreate it in 
patients.

One way to create a mutation is using gene editing. Gene editing techniques 
can change the DNA sequence of a cell. Two molecular tools are used. The first 
tool searches and locates the gene. The second tool acts like a pair of scissors 
to cut out a part of the gene, and replaces it with the desired sequence (for 
the mutated gene). These tools make up a technique called CRISPR-Cas9 (see 
pp. 10–13).

Gene editing was used to treat HIV patients in a clinical trial in 2014. White 
blood cells were taken from 12 patients and gene editing was used to create 
the CCR5 mutation in these cells. The cells were infused back into the patients 
and they maintained low or undetectable levels of HIV even without their anti-
retroviral medication. 

The treatment only lasted 12 weeks because our blood is normally replaced 
every 3 months. To create a long-lasting effect, scientists are attempting the 
same technique to make the CCR5 mutation in the blood stem cells in 
the bone marrow. This will create a constant supply of HIV-resistant white 
blood cells.

Prevention is better than cure
As there is currently no cure for HIV, the best 
way to control the epidemic is prevention. This 
is mostly done by educating the population 
and implementing strategies to prevent new 
infections (see Box 3). HIV is transmitted during 
blood–blood contact with an infected individual, 
most commonly by sexual contact. So the most 
effective way to prevent transmission is by 
using condoms.

The timeline of the HIV/AIDS story is a long 
one (see Figure 3), and the disease remains a huge 
threat. However, it has taught us important lessons 
about managing new viral outbreaks, including bird 
flu, Ebola and most recently the Zika virus.

Topic for discussion
 ■ The AIDS crisis was not addressed until it became 

an epidemic. What lessons can we learn to prevent a 
similar epidemic in the future?

Box 3 Preventing HIV infection

Educating people about prevention remains the best approach to control the AIDS 
epidemic. In 1988 in the USA, the word ‘condom’ was printed for the first time 
as part of an advertising campaign. Since the 1980s, a range of strategies and 
advertising campaigns have been introduced to reduce the likelihood of transmission 
(see Table 1.1).

Table 1.1

Mode of transmission Control method

Unprotected sexual contact Campaigns to promote condom use

Contaminated blood transfusions Compulsory testing of all donated blood

Sharing hypodermic needles Needle and syringe replacement  
programmes to provide sterile equipment

Mother to baby during birth Anti-retroviral drugs to limit transmission

Gabriella Knowler has a BSc (Hons) in genetics 
with industrial experience from The University of 
Manchester. She now works in marketing for the 
biotechnology industry.

• The HIV/AIDS epidemic was first detected 35 years 
ago.
• The HIV virus infects white blood cells, replicates, 
and then destroys the cells by triggering programmed 
cell death.
• Prolonged infection with HIV causes AIDS by 
severely weakening the immune system.
• Current drug therapies can inhibit disease 
progression, but prevention is important to stop its 
spread.
• A mutation in a receptor called CCR5 makes some 
people resistant to HIV infection.
• Gene editing to recreate the CCR5 mutation is 
being investigated as a potential cure for HIV/AIDS.

Key points 
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Figure 3 Timeline of HIV/AIDS
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In the late 1980s, research revealed that 
small bits of bacterial genomes are repeated 

at brief intervals. The repeated sections were 
palindromes — they read the same in both 
directions. This gave rise to the term CRISPR — 
pronounced ‘crisper’ — Clustered Randomly 
Interspersed Short Palindromic Repeats. 
In 2002, a set of genes was found that were 
next to the repeated CRISPR sequences and these were unimaginatively 
called CRISPR-associated genes, or cas for short. Intriguingly, the proteins 
produced by the cas genes include enzymes that unravel DNA (called 
helicases) and snip it up (these enzymes are called nucleases).

The sequences between the repetitive CRISPR chunks were found to 
be from viruses that attack bacteria. This was not strictly a surprise — all 
genomes contain the remnants of viral infection. About 50% of your DNA 
is made up of sequences from viruses. But the virus DNA in the CRISPR 
sequences was different in that it was intact.

In 2007, CRISPR was shown to act like a bacterial immune system. 
By incorporating viral DNA, the bacterial cell can recognise an invading 
virus and mobilise the enzymes encoded by the cas genes against it. 
Because this result was so surprising, it was published in one of the leading 
scientific journals. This was pure research, with no apparent prospect of 
any potential useful application.

From microbiology to biotechnology
In 2011, the cas nuclease enzyme was shown to be guided to cut a specific 
DNA sequence by RNA produced from the viral sequences in the CRISPR 
part of the bacterial genome. This opened the possibility of using the tools 
of molecular genetics to replace the viral DNA with another sequence, 
which could be chosen by the researcher. The CRISPR package could 
apparently be used to cut up DNA to order.

By 2013, CRISPR and the cas genes had been used to alter human DNA, 
and the DNA manipulation floodgates opened. In 2013, around 270 

scientific articles involving CRISPR were published and over 
2500 were published in 2016. CRISPR has now been applied 
to dozens of different species, and it works in all of them.

Over the last 3 years a series of increasingly imaginative 
and powerful studies have been carried out:

 ■ In human cell lines, each of our 20 000 or so genes has 
been disabled one by one, enabling researchers to see how 
different drugs interact with our genes. In principle, this 
could transform drug development.

 ■ Transplanting pig kidneys into humans — a form of 
xenotransplantation — could save thousands of lives, 
but the pig genome contains dormant viruses that become 
active in contact with human tissue. CRISPR has been used 

The brave 
new world 
of CRISPR

Gene
Genome
DNA
Nuclease
Gene therapy

Key words 

 what is…?

Genome  The complete set of genetic material in an organism.

Sickle cell disease  A recessive genetic disease in humans 
that makes the red blood cells form sickle shapes. It causes 
anaemia and other severe symptoms when the carrier has two 
copies of the sickling gene. Heterozygotes with one copy of the 
normal gene and one copy of the sickling gene are protected 
against malaria.

Stem cells  Undifferentiated cells that can produce many 
copies of themselves, each of which can produce a wide variety 
of specialised cell types.

Xenotransplantation  Transplantation of an organ, tissues 
or cells from one species into another. This is used widely 
in medical research, where human cells are studied in mice. 
Practical applications of xenotransplantations on human 
recipients are limited by problems associated with rejection of 
the donated organ by the recipient’s immune system, and the 
presence of potential infectious agents in the donor organ.

Terms explained 

CRISPR is a new gene editing technique that has swept through 
biological research and is about to undergo its first clinical 
trials. Zoologist and historian of science Professor Matthew Cobb 
explains how, in just 3 years, CRISPR has become a potential 
game-changer in biology, medicine and ecology
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to remove these viruses, potentially opening a new era in 
kidney and other organ transplants.

 ■ cas genes have been engineered so they insert a chosen 
sequence, rather than cutting DNA. Researchers can correct 
faulty sequences or reveal the tissues where a gene is expressed 

by inserting a fluorescent protein gene. We can even control 
whether a gene is expressed by inserting a control sequence 
linked to a light-detecting molecule. By activating this 
control sequence with light, CRISPR literally enables us to 
turn genes on at the flick of a switch.

Box 1 How CRISPR works in bacteria

A virus lands on the surface of a bacterium (Figure 1.1a). Its DNA 
is attacked by a cas nuclease, and the cell inserts a portion of the 
sequence into the bacterial genome. This sequence is found between 
the clustered randomly interspersed short palindromic repeats 
(triangles) which give CRISPR its name. If the cell is infected again 

(Figure 1.1b), RNA from this viral sequence is used by other cas proteins 
(cas II and cas III in this case) to produce what is called a crRNA or 
CRISPR RNA , which targets a cas nuclease to the sequence of viral 
DNA that was inserted into the bacterial genome, thereby inactivating 
the infection.

cas
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CRISPR sequences

Insertion of viral DNA
into bacterial genome

cas genes

Double-stranded viral DNA

cas protein complex
Cell surface membrane

Virus

Figure 1.1

(a)

cas lll

CRISPR sequences

cas genes

Double-stranded viral DNA

Inactivation of viral DNA

Cell surface membrane

Virus

cas lll

cas ll

cas ll

cas crRNA complex

Targeting of viral DNA

Processed crRNAs

Transcription

(b)

6595_Biology_29_4_press2.indd   11 23/02/2017   14:28



12 Biological Sciences Review  April 2017

Manipulating genes, curing disease
Because the CRISPR biochemical machinery can be programmed to 
change a DNA sequence in a defective gene, or in a particular kind of 
cancer, dramatic new cures may be possible.

There are two ways to alter genes, each of which raises ethical and 
technical problems. Somatic therapy involves changing genes only in 
affected tissues — these genetic changes will not be passed on to any 
future children. Germ-line therapy changes the genes in an embryo or 
in a patient’s egg or sperm — these changes will be passed on to the next 
generation.

One ethical issue involved with somatic therapy is whether the 
technique is safe. In the 1990s, earlier versions of gene therapy were 
abandoned when a patient died as a result of the way the corrected gene 
had been introduced. One challenge for somatic therapy is to ensure that 
the relevant molecular components are delivered to the desired tissue. 
Diseases that affect blood are amenable to somatic gene therapy because 

our blood cells are produced by stem cells that are relatively 
easy to access and manipulate. Other types of gene therapy 
have been used to clear patients of the HIV virus that causes 
AIDS. In principle, it should be even easier to use CRISPR 
for such treatments.

Sickle-cell disease, a debilitating genetic disease that 
affects hundreds of millions of people, primarily those 
of Afro-Caribbean descent, could be treated by CRISPR. 
A single base-pair change in the DNA of the cells that 
produce red blood cells, which CRISPR could provide, would 
transform lives.

Changing the future
The possibility of using CRISPR to change the germ-line 
of humans has led some people to suggest we could create 
highly intelligent and beautiful individuals. The function 
of most human genes is unknown, however, and only in 
a few cases could we change a gene and be certain that it 
would have only the desired effect. Engineering a baby to be 
super-intelligent would not be possible: intelligence is not 
completely genetically controlled, and the number of genes 
involved runs into the hundreds, possibly thousands, each 
with a very small effect.

In December 2015, researchers from around the world 
met in the USA to discuss the ethical problems associated 
with germ-line gene therapy. They agreed that although 
experimentation on early embryos should be allowed, no 
genetically manipulated embryos should be implanted into 
a woman. However, this decision was not legally binding. 
Different countries have different legal frameworks, and 
it seems likely that in the next few years the world’s 
first CRISPR baby will be born. With luck, no harm will 
be done.

CRISPR in agriculture and in the wild
CRISPR can be used to alter genes in domesticated species. 
New crops are currently developed by randomly mutating 
them and then selecting variants showing the desired 
characteristic. CRISPR gene editing enables scientists to 

Editing Life, a BBC Radio 4 programme on CRISPR, presented 
by Matthew Cobb: www.bbc.co.uk/programmes/b06zr3zj

More on altering pigs to resist swine fever: http://tinyurl.com/
zx4n3ar

Further information 

Bacterial
genome

cas9

cas genes CRISPR sequences

Viral sequences that are now
in the bacterial genome

Figure 1 How the CRISPR–cas genes are arranged in the bacterial genome

Figure 2 CRISPRed pig at the Roslin Institute (University of Edinburgh). This 
pig has had a gene altered so it should be able to resist African swine fever
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harness their knowledge of plant genomes and direct those 
mutations to the genes involved in a desired plant character.

CRISPR may transform farming around the world. For 
example, there is little pig farming in Africa because pigs are 
susceptible to African swine fever — a lethal tick-transmitted 
viral disease. African warthogs, which are closely related to 
pigs, are immune to the virus. Scientists identified the tiny 
genetic change involved in this resistance and used CRISPR 
to edit the relevant gene in pigs. These animals are now being 
tested to see if they too are resistant.

Brave new world
Probably the most serious issue raised by CRISPR is 
the possibility of manipulating species in the wild. By 
associating CRISPR with a process called a gene drive, gene 
sequences can be changed at will and can spread rapidly 
throughout a population (see Box 2).

Scientists are studying the possibility of using CRISPR-
based gene drives to make vectors of diseases, such as 
mosquitoes, sterile. This works in the laboratory, and 
CRISPRed mosquitoes could be released, perhaps heralding 
the eradication of malaria or the Zika virus. It might be 
possible to use a CRISPR-based gene drive to eliminate 
damaging invasive species, such as the cane toad in Australia, 
by making them sterile.

It may not be so simple, however. Ecological systems 
are incredibly complicated and it is hard to predict the 
consequences of even small changes. Once released, a 
gene drive cannot be recalled. While it might be possible 
to undo a genetic change that went wrong by releasing a 
second version, we might be not able to restore a damaged 
ecosystem.

It is not even clear who should decide if such a biological 
bomb should be released. Pests can move rapidly around the 
globe and a solution in one part of the world might generate 
a major problem elsewhere. On the other hand, 500 000 
children currently die of malaria each year. Some of those 
lives might be saved by a CRISPR gene drive.

The world needs a global agreement for managing this 
amazing technology so it can be safely employed, just like 

we have global regulation of potentially dangerous technologies such 
as air transport or nuclear power. The pioneers of CRISPR research have 
had to learn to turn their attention from fundamental research first to 
biotechnology and then to understanding the planet-wide ethical issues 
raised by this amazing discovery.

Whatever the future holds, CRISPR is here to stay. It is transforming 
biology and medicine, and could alter whole ecosystems. We all need to 
understand its power, and its potential dangers.

Points for discussion
 ■ Should there be any limits on using CRISPR to change humans? Who 

should decide? Is there a danger of creating a master race using CRISPR?
 ■ Should we use CRISPR gene drives to eliminate disease vectors, such as 

mosquitoes? How would we know it is safe? What kind of studies should 
we do before carrying out a release of CRISPRed organisms? What is the 
cost of not doing anything?

 ■ What does the example of CRISPR tell us about how science progresses? 
If you were in charge of the country’s limited science budget, what kind 
of research would you support and why? Who should decide our scientific 
priorities?

Things to do
 ■ Watch this brief explanation of how CRISPR works: 

www.youtube.com/watch?v=2pp17E4E-O8
 ■ Or watch an engaging musical explanation of CRISPR: 

www.youtube.com/watch?v=k99bMtg4zRk
 ■ Watch CRISPR co-discoverer Jennifer Doudna discuss the science and 

ethics of CRISPR: www.youtube.com/watch?v=TdBAHexVYzc
 ■ Watch CRISPR researcher George Church discuss ‘augmenting’ human 

beings: www.youtube.com/watch?v=GSVIKC4R2Zo

Matthew Cobb is professor of zoology at The University of Manchester. 
His latest book is Life’s Greatest Secret: The Race to Crack the Genetic 
Code.

Box 2 Gene drives

Gene drives are used in sexually reproducing diploid species 
(most animals and many plants). Through a special enzyme, 
gene drives ensure that once a specified DNA mutation has 
been introduced into a chromosome, that change is copied 
onto the homologous chromosome. This makes the organism 
homozygous for the mutation. Through this copying process, 
every gamete in the organism has the mutated gene. When 
this organism mates with a wild-type, unchanged, organism, 
the same thing happens in their offspring — the mutated 
gene copies itself onto the homologous chromosome inherited 
from the wild-type parent. This produces another homozygous 
mutant individual. The number of homozygous mutant 
individuals therefore doubles each generation, leading to the 
mutation spreading exponentially through the population.

Could CRISPR help 
eradicate malaria?
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