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Michael McKenna 









HIV 









Knowledge is power 











I 












n 



June 1984, 

Dr 



Robert Gallo and Professor 









Luc Montagnier, from 



the 

National Cancer 









Institute USA and 



the 

Pasteur Institute 



in 









France respectively, held a joint press conference 









announcing that 



the 

viruses they had been studying 









were 



the 

same, and 



the 

likely cause 



of 

AIDS. Human 









immunodeficiency virus (HIV) was 



the 

agreed 









name, and 



we 

now suspect 



it 

had been around 



for a 









considerable time (see Box 



1). 









AIDS awareness 









The understanding 



of 

HIV/AIDS 



is a 

story 



of 

scientific success and controversy, 









public misconceptions and 



prejudices. 

Ryan White, 



an 

American teenager 









born 



in 

Kokomo, USA, died 



at the age of 18 in 









1991, having been diagnosed with AIDS 



at age 13. 









He 



had been infected with HIV through 

a 



blood 









transfusion while being treated 



for 



haemophilia. 









He 



was one 

of the 



first children 

to be 



diagnosed 









and, because 



of 

public prejudices, 



he 

had 



to 

fight 









to 



even attend school. His 5-year battle with 

the 









disease, with 



the 

public and 



the US 

government, 









resulted 



in his 

name underpinning American law 









regarding current AIDS care. 



In the 

UK, Terrence 









Higgins died 



of 

pneumonia 



in 

1982 



at the age of 









37. He 



was 

a 



homosexual and among 

the 



first 

of 









the 



UK’s AIDS-related deaths. Terrence’s friends 









went 



on to set up the 

Terrence Higgins Trust. 









Its 



aim was 

to 



help 

the 



gay community with 









counselling, 



as 

well 



as 

drug and sexual health 









education. Today, 



the 

charity advises 



on a 

range 



of 









sexual health services. 









AIDS became widespread 



in 

the 1980s, 









developing 



an 

enormous social stigma. 



At the 

time, 









it 



was considered 

a 



death sentence and appeared 









to be 



more common among certain marginalised 









members 



of 

society, including homosexual men 









Scientific advances obtained through research into HIV/AIDS 









have reduced the chance of transmission from person to person 









and improved the quality of life of those who are HIV-positive. 









Cell biologist Michael McKenna explores this story 









HIV 









AIDS 









Epidemic 









Retrovirus 









Anti-retroviral therapy 
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and drug addicts. People were scared that touching 









an 



infected person 

or 



even being 

in the 



same room 









would result 



in 

them getting HIV, and that any 









women who were HIV-positive were unable 



to 

carry 









healthy babies. This combination of misinformation 









and prejudice 



has yet to 

fully disappear. 









By 



2017, around 

35 



million people had died from 









AIDS. 



An 

estimated 



37 

million more 



are 

currently 









living with HIV. However, 



a 

greater understanding 









of 



this viral infection has allowed scientists 

to 









develop effective treatments that mean HIV-positive 









people can now live relatively healthy lives, while 









greater social awareness 



is 

helping 



to 

remove some 









of the 



misconceptions surrounding AIDS. 









Why is AIDS a lethal disease? 









Patients 



do not die of 

AIDS, 



but 

instead become 









susceptible 



to 



opportunistic infections. 

The most 









common cause 



of 

death 



for 

AIDS patients 



is 









pneumonia, 



but 

many other symptoms and conditions have been linked 



to 









the 



syndrome, notably some rare forms 

of 



skin cancer. The HIV virus allows 









this 



by 

destroying white 



blood 

cells. 



An initial 

infection 



of the 

virus causes 









symptoms similar 



to 

flu. However, 



the 

virus can 



lie 

dormant 



for 

many years 









in an 



infected person’s DNA. Understanding 

the 



HIV life-cycle 

has 



now 

led to 









many forms 



of 

medical interventions. 









HIV is a retrovirus 








HIV 



is a 

virus 



— a 

pathogen consisting 



of 

nucleic acid that 



is 

surrounded 



by a 









protein capsid. Viruses, unlike bacteria, fungi and protoctists 



(all of 

which can 









cause disease 



in 

humans, 



see 

Table 



1), 

need 



to 

hijack cells 



to 

replicate. 









HIV was first identified 



in 

1983 and since then 



its 

structure and regulation 









have been intensively researched. 



An 

outer membrane contains 



glycoproteins 









(antigens) that 



are 

required 



to 

bind 



to 

target cells (see Figure 



1). 

Inside 



the 









virus 



is a 

protein structure called 



the 

capsid, 



in 

which 



is 

found two strands 



of 









RNA and key regulatory 



proteins. 

Reverse transcriptase turns 



the 

viral RNA 









into cDNA before incorporation into 



the 

host genome. The protease 



is 

required 









in 



viral life-cycle regulation. There 

are 



many 



retroviruses, 

all of 



which convert 









their RNA genome into cDNA before genome integration. 









HIV has mechanisms enabling 



it to 

invade both helper 



T 

cells 



(T 



H 

cells) 









and macrophages, types 



of 

white blood cells important 



in 

regulating immune 









responses. These cells have specific receptors (proteins sticking 



out of 

their 









cell surface membrane) called CD4, CCR5 



or 

CXCR4. The CD4 receptors 



act as 









gatekeepers, helping 



to 

determine what 



binds to the 

cells. 



For 

HIV 



the 

antigen 









Table 1 



Types of pathogens capable of causing disease 









Viruses 









Viruses are not regarded as living organisms, as they require 



a 

host 









cell for replication. Nucleic acid (either DNA or RNA) is surrounded 









by 



a 

protein coat. Viruses cause diseases including the common cold, 









influenza, Ebola and AIDS. 









Bacteria 









Bacteria are prokaryotes. They can cause diseases including food 









poisoning, tuberculosis, cholera and gonorrhoea. They can be treated 









with antibiotics. 









Fungi 









Fungi are eukaryotes. They cause diseases including athlete’s foot and 









ash dieback. 









Protoctists Protoctists are eukaryotes that are not considered animal, plant or 









fungus. One of the most well-known is 



Plasmodium vivax, 

the parasite 









transmitted by mosquitoes causing malaria. 









Box 1 



Where, when and how 








did HIV arise? 









There are currently two major strains of the virus: 









HIV-1 and HIV-2. HIV-1 originated in chimpanzees and 









HIV-2 in the sooty mangabey. Transmission probably 









crossed to humans via infected blood contact from 









the 



bushmeat 

trade. Work from an international HIV 









team who sequenced viral fragments from human 









tissues in Kinshasa in the Democratic Republic of 









Congo dating back to 1958, show the unmistakable 









sequences of HIV-1 viruses. By looking at the 









differences in sequence between the two viruses, 









and knowing their mutation rate, they propose that 









the viruses had 



a 

common ancestor before 1900. This 









suggests that these viruses were circulating 100 years 









before the epidemics that emerged world-wide in 









the 1980s. 









Integrase 









Reverse 









transcriptase 









Capsid 









coat 









RNA 









Lipid 









membrane 









Antigen (Gp120) 









(a) 









(b) 









Figure 1   (a) 



The structure of HIV; 



(b) 



coloured transmission electron micrograph of HIV viruses, 



×110000 
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Coloured scanning electron 









micrograph of 



a T 

lymphocyte 









infected with HIV virus (red dots) 









(×10250) 









that binds 



the 

CD4 receptor 



is 

called Gp120. Co-receptors (CCR5 



or 

CXCR4) 









make changes 



to the 

shape 



of 

Gp120 and enable entry 



of the 

virus into 



the 









cell (see Figure 



2). 









Once inside 



the 

cell, 



the 

virus 



is not 

easily detectable 



by the 

host’s immune 









system. HIV’s insertion into 



the T 



H 

cell genome has consequences. First, 40% 









of 



people infected worldwide (and around 

1 in 7 for 



infected individuals 

in 









the 



UK) 

are 



unaware that they 

are 



HIV-positive. Second, while antibodies 









are 



detectable against initial HIV infection, this takes between 

3 



weeks 









and 



3  

months 



to 

confirm 



— 

individuals 



can be 

infectious before they 



are 









aware 



of 

their positive status. 



If 

untreated, 



the 

virus may eventually hijack 









the T 



H 



cell’s ribosomes 

to 



make viral proteins (see Figure 

2), 



assembling 









new viruses 



at the 

surface before budding 



off to 

infect more cells (see 









Figure 



2 

and the transmission electron micrograph 



on 

page 



5). 









HIV destroys the immune system 








One thing that puzzled scientists was exactly how infection with HIV leads 









to T 



H 



cell death and, subsequently, AIDS. 

It 



was originally thought that 

the 









production 



of 

huge numbers 



of 

viruses within 



the 

cell cause 



it to 

burst open 









— to 



lyse 

— as 



happens with 

the flu 



virus. However, 

it is 



now known that 









HIV paralyses 



the 

immune system 



by 

causing mass 



T 



H 

cell suicide, through 



a 









process termed 



programmed cell death 

(BIOLOGICAL SCIENCES REVIEW, Vol.  



30, 









No. 



3, pp. 

11–13). Subsequently, 



the 

dying 



T 



H 

cells cause 



pyroptosis, 

triggering 









an 



inflammatory response initiating 

a 



chain reaction, where debris from 









the 



destroyed cells causes newly arriving 

T 



H 



cells 

to die 



even when they 

are 









uninfected. This eventually leads 



to the 

dangerously low levels 



of T 



H 

cells 









characteristic 



of AIDS, the 

compromised immune system, unable 



to 

stop 



the 









development 



of 

infections, cancers, and reduced 



life 

expectancy. 









HIV transmission 








Unlike many other pathogens, HIV cannot 



be 

transmitted through water 









or air, 



nor 

is it 



passed 

on by 



touching, sharing foods with, 

or 



even kissing 









an 



infected person. Likewise, mosquitoes feeding 









on 



human blood 

do not 



transmit HIV, since 

the 









virus 



is 

destroyed 



in the 

mosquito’s gut. HIV 



is 









instead carried 



in 

blood, sexual fluids and breast 









milk. 



An 

HIV-negative person will only become 









infected 



if 

one 



of 

these HIV-positive fluids enters 









their bloodstream through breaks 



in the 

skin 



or via 









mucous membranes (found 



in the 

vagina, rectum, 









penis and mouth). 









Antigen 



A molecule on the surface of 



a 



pathogen 









that triggers the immune response. 









Bushmeat 



Meat from wild animals and birds hunted 









for food in tropical forests. 









Glycoprotein 



A protein with one or more 









carbohydrate side chains. 









Haemophilia 



An inherited blood disorder leading to 









clotting failure. 









Opportunistic infections 



An infection resulting from 









a 



weakened immune system. 









Programmed cell death 



A regulated intracellular 









process leading to cell death. 









Pyroptosis 



Programmed cell death caused by an 









inflammatory response. 









Retrovirus 



A virus with an RNA genome that 









integrates into the host genome following reverse 









transcription. 









Viral load 



The number of viral particles found in 









blood per millilitre. 









Terms explained 
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