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Preface
The advent of effective antiretroviral therapy 15 years ago
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patients with HIV infection. Consequently, our wards now
have many fewer admissions of patients with opportunistic
infections and AIDS-related malignancies. As we now see
very few of these complications on a regular basis together
with new clinical problems that our patients face, there is a
real need for an atlas of this kind. Increasingly, we are
looking after patients with the complications of living long-
term with HIV infection and the complications of
antiretroviral therapy, and these are covered in this atlas.  

Many admissions are now due to late diagnosis and so

there is a very pressing need for our clinical colleagues in
both primary and secondary care to advocate testing of their
patients whenever HIV could be considered as part of a
differential diagnosis.

This atlas will be a valuable resource across the spectrum
of medicine and, as with any publication with many
contributors, this is a posy of other man’s flowers and I wish
to thank all the contributors for their huge effort in
producing this book.

Margaret A Johnson

HIV-AIDS final with preface_hl USE THIS.qxd:288x230mm.qxd  10/6/11  11:41  Page vii



Contributors
Sanjay Bhagani
Department of Infectious Diseases
Royal Free NHS Trust
London, UK

Claire Booth
Department of Virology
Royal Free NHS Trust
London, UK

Cristina Cellerai
Department of Immunology
Royal Free NHS Trust
London, UK

Christopher Collis
Department of Oncology
Royal Free NHS Trust
London, UK

Ian Cropley
Department of Infectious Diseases
Royal Free NHS Trust
London, UK

Kate Cwynarksi
Department of Haematology
Royal Free NHS Trust
London, UK

Anna Maria Geretti
Department of Virology
Royal Free NHS Trust
London, UK

Justin Green
Department of Infectious Diseases
Royal Free NHS Trust
London, UK

Marc Heller
Department of Haematology
Royal Free NHS Trust
London, UK

Margaret A Johnson
Department of HIV Medicine
Royal Free NHS Trust
London, UK

Sabine Kinloch-de Loes
Department of HIV Medicine
Royal Free NHS Trust
London, UK

Miranda Kronfli
Department of Oncology
Royal Free NHS Trust
London, UK

Marc Lipman
Department of Respiratory Medicine
Royal Free NHS Trust
London, UK

Tabitha W Mahungu
Department of HIV Medicine
Royal Free NHS Trust
London, UK

Neal Marshall
Department of HIV Medicine
Royal Free NHS Trust
London, UK

Devaki Nair
Department of Clinical Biochemistry
Royal Free NHS Trust
London, UK

Alison J Rodger
Departments of Infectious Diseases and HIV Medicine
Royal Free NHS Trust
London, UK

Rimi Shah
Department of HIV Medicine
Royal Free NHS Trust
London, UK

viii

HIV-AIDS final with preface_hl USE THIS.qxd:288x230mm.qxd  10/6/11  11:41  Page viii



ix

Abbreviations
ABC abacavir
ADAMTS-13 ADAM metallopeptidase

with thrombospondin type 1 motif
ADC AIDS dementia complex
ADCC antibody-dependent cellular

cytotoxicity
ADI AIDS-defining illness
AFB acid-fast bacilli
AFP alpha-fetoprotein
AIDS acquired immunodeficiency

syndrome
AITP autoimmune thrombocytopenia
ALT alanine aminotransferase
AMI acute myocardial infarction
ARL AIDS-related lymphoma
ART antiretroviral treatment
AST aspartate aminotransferase
ARV antiretroviral
ATV atazanavir
AUC area under curve
AUROC area under the receiver

operating characteristic curve
AXR abdominal X-ray
AZT azidothymidine (zidovudine)
BAL bronchoalveolar lavage
BBB blood–brain barrier
BCG bacillus Calmette-Guérin
BHIVA British HIV Association
BMI body mass index
CAP community acquired pneumonia
CCR5 chemokine receptor type 5
CDC Centers for Disease Control and

Prevention
CHOP cyclophosphamide, doxorubicin,

vincristine, prednisolone
CM cryptococcal meningitis
CML chronic myeloid leukaemia
CMV cytomegalovirus
CNS central nervous system
CPAP continuous positive airway

pressure
CRAG cryptococcal antigen
CRF circulating recombinant form
CRP C-reactive protein
CSF cerebrospinal fluid
CT computed tomography
CTL cytotoxic T lymphocyte

CVD cardiovascular disease
D4T stavudine
DAT direct antiglobulin (Coombs) test
DBP diastolic blood pressure
DC dendritic cell
DDI didanosine
DLBCL diffuse large B-cell lymphoma
DM diabetes mellitus
DNA deoxyribonucleic acid
DRV darunavir
EACS European AIDS Clinical Society
EBV Epstein–Barr virus
ECS elective caesarean section
EFV efavirenz
eGFR estimated glomerular filtration

rate
ELISA enzyme-linked immunosorbent

assay
EMU early morning urine
FBC full blood count
FDA Food and Drug Administration
FDG fluorodeoxyglucose
FNA fine-needle aspirate
FPV fosamprenavir
FTC emtricitabine
G6PD glucose-6-phosphate 
GIST gastrointestinal stromal

carcinoma
GUM genitourinary medicine
H&E haematoxylin and eosin (stain)
HAART highly active antiretroviral

therapy
HbA1c glycosylated haemoglobin
HBeAg hepatitis B e antigen
HBsAb hepatitis B surface antibody
HBsAg hepatitis B surface antigen
HBV hepatitis B virus
HCC hepatocellular carcinoma
HCV hepatitis C virus
HDL-c high-density lipoprotein

cholesterol
HHV human herpesvirus
HIV human immunodeficiency virus
HIVAN HIV-associated nephropathy
HPA Health Protection Agency
HPLC high-performance liquid

chromatography

HSCT haematopoietic stem cell
transplantation

HSR hypersensitivity reaction
HSV herpes simplex virus
HT hypertension
HTN hypertension
HUS haemolytic uraemic syndrome
ICP intracranial pressure
IFAT immunofluorescent antibody test
IFN interferon
IGRA interferon gamma release assay
IGT impaired glucose tolerance
IHD ischaemic heart disease
IL interleukin
IRIS immune reconstitution

inflammatory syndrome
ITU intensive care unit
IVDU intravenous drug user
KS Kaposi’s sarcoma
KSHV Kaposi’s sarcoma-associated

herpesvirus
LDH lactic dehydrogenase
LDL-c low-density lipoprotein

cholesterol
LFT liver function test
LGV lymphogranuloma venereum
LP lumbar puncture
LPV lopinavir
LTBI latent TB infection
LTR long terminal repeat
MAC Mycobacterium avium

intracellulare complex
MAI Mycobacterium avium

intracellulare
MC&S microscopy, culture, and

sensitivity
MCD multicentric Castleman’s disease
MCV mean cell volume
MDR multidrug-resistant
MDT multidisciplinary team meeting
MRI magnetic resonance imaging
MSM men who have sex with men
MTB Mycobacterium tuberculosis
MTCT mother-to-child transmission
NAb neutralizing antibody
NASBA nucleic acid sequence based

amplification

HIV-AIDS final with preface_hl USE THIS.qxd:288x230mm.qxd  10/6/11  11:41  Page ix



Abbreviationsx

NHL non-Hodgkin’s lymphoma
NK natural killer (cell)
NNRTI non-nucleoside reverse

transcriptase inhibitor
NPA nasopharyngeal aspirate
NPV negative predictive value
NRTI nucleoside reverse transcriptase

inhibitor
NtRTI nucleotide reverse transcriptase

inhibitor
NVP nevirapine
OD opportunistic disease
OGD oesophagogastroduodenoscopy
OHL oral hairy leukoplakia
OI opportunistic infection
PACTG Pediatric AIDS Clinical Trials

Group
PAP Papanicolaou (stain)
PCP Pneumocystis jiroveci pneumonia
PCR polymerase chain reaction
pegIFN pegylated interferon
PEP post-exposure prophylaxis
PEPSE PEP after sexual exposure
PET positron emission tomography
PGL persistent generalized

lymphadenopathy
PI protease inhibitor
PK pharmacokinetic

PML progressive multifocal
leukoencephalopathy

POEMS polyneuropathy,
organomegaly, endocrinopathy,
monoclonal gammopathy, and skin
changes

PORN progressive outer retinal
necrosis

PPD purified protein derivative
PPV positive predictive value
PrEP pre-exposure prophylaxis
PUO pyrexia of unknown origin
RAL raltegravir
RCC red cell count/renal cell

carcinoma
RNA ribonucleic acid
RT reverse transcriptase
RVR rapid virological response
SBP systolic blood pressure
SIV simian immunodeficiency virus
SJS Stevens–Johnson syndrome
SOL space-occupying lesion
SPECT single photon emission

computed tomography
SQV saquinavir
STI sexually transmitted infection
SVD spontaneous vaginal delivery
SVR sustained virological response

TB tuberculosis
TBM tuberculous meningitis
TC total cholesterol
TDF tenofovir
TDM therapeutic drug monitoring
TEN toxic epidermal necrolysis
TG triglyceride
Th helper T lymphocyte
TLR Toll-like receptor
TNF tumour necrosis factor
Treg T regulatory cell
TST tuberculin skin test
TTP thrombotic thrombocytopenic

purpura
ULN upper limit of normal
URF unique recombinant form
VDRL Venereal Disease Research

Laboratory
VEGF vascular endothelial growth

factor
VL viral load
vWF von Willebrand factor
VZV varicella zoster virus
WHO World Health Organization
XDR extensively drug-resistant
ZDV zidovudine
ZN Ziehl–Neelsen (stain)

HIV-AIDS final with preface_hl USE THIS.qxd:288x230mm.qxd  10/6/11  11:41  Page x



Chapter 1

1.1 Key events leading up to the era of HAART. AZT: azidothymidine; HIV: human immunodeficiency virus; MSM: men
who have sex with men; PCP: Pneumocystis jirovecii pneumonia.

1

bounds (1.1). The greatest has been the advent of highly
active antiretroviral therapy (HAART) in the mid-1990s
resulting in the transformation of HIV infection from a
terminal illness into a manageable chronic disease.
Unfortunately, despite the fact that many resource-poor
countries have made considerable progress in improving
access to HIV prevention and treatment, universal access is
yet to be achieved. According to the Joint United Nations
Programme on HIV/AIDS (UNAIDS) there were
approximately 33 million people living with HIV infection
at the end of 2009 (1.2). Sub-Saharan Africa continues to
account for over two-thirds of the epidemic (1.3). Despite
these alarming figures, the prevalence of HIV infection in
adults appears to have levelled off over the last 7 years. We
remain hopeful that by 2015 universal access will become a
reality to all affected populations in line with the
Millennium Development Goals. 

History of the HIV epidemic

The first cases of acquired immunodeficiency syndrome
(AIDS) were reported in 1981 by the Centers for Disease
Control and Prevention (CDC) after the emergence of
biopsy-confirmed pneumocystis pneumonia in five young,
previously healthy male homosexuals1. Incidentally all five
patients had a history of cytomegalovirus infection and
candidiasis. These initial reports were subsequently
followed by a cluster of cases of pneumocystis pneumonia
with Kaposi’s sarcoma also in male homosexuals. In
Uganda, physicians were confronted by an equally baffling
fatal, wasting, diarrhoeal illness which they referred to as
‘slim disease’2. The aetiology of this devastating illness
remained unknown until 1983 when the retrovirus was
isolated by Luc Montagnier’s3 and Robert Gallo’s4 group,
linking human immunodeficiency virus (HIV) to AIDS.

The HIV epidemic is just under three decades old.
During this period, there have been several leaps and

Introduction
TW Mahungu
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Introduction2

1.2 Number of people living with HIV and percentage adult HIV prevalence.
Solid lines, estimates; dotted lines ranges. (Adapted from UNAIDS data
2010.)

1.3 Adult (age 15–49 years) prevalence of HIV by geographical regions. (Adapted from UNAIDS data 2010.)
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Transmission of HIV infection

HIV infection can be transmitted via
Sexual intercourse
Unprotected sexual intercourse is the most common route
of HIV transmission, accounting for up to 85% of all
infections5. There is no doubt that an individual is at their
most infectious during primary HIV infection when the
virus undergoes extensive, uncontrolled replication with
HIV viral loads frequently exceeding a million copies per
millilitre. The risk of transmission is amplified in receptive
anal intercourse and by the presence of concurrent sexually
transmitted infections. Studies in serodiscordant
heterosexual couples have shown that in established HIV
infection, the risk of transmission is highly dependent on
the plasma HIV viral load6.

Contaminated blood and blood products
After the development of the first HIV antibody test in
1985, most industrialized countries adopted universal
screening of all blood donations for HIV infection.
Unfortunately, due to financial constraints the risk of
acquiring HIV infection from contaminated blood and

Introduction 3

blood products remains a reality in many resource-poor
countries. Outside sub-Saharan Africa sharing unsterilized
needles and syringes remains an important route of
transmission in intravenous drug users.

Mother to child transmission
The prevention of mother to child transmission (MTCT)
remains one of the most successful HIV prevention
strategies. In an antiretroviral-naïve pregnant mother, there
is a 30% risk of transmitting HIV infection in utero or at
delivery. Most of the transmission occurs in the third
trimester and at delivery but there remains a residual risk of
infection through breastfeeding. Where the appropriate
measures are taken to prevent MTCT, the risk of vertical
transmission falls to less than 1%7. As the rate of
transmission is governed by the availability of effective
antiretroviral therapy, the rates of MTCT in other parts of
the world reflect local practice.

The factors determining HIV infectivity and the risk of
HIV transmission by route of exposure are summarized in
Tables 1.1 and 1.2. 
FACTOR

Host

Genetics
• Host genetic factors determine susceptibility, e.g.

CCR5-Δ32 deletion confers high level of protection

Environment
Barriers
• Direct inoculation into blood stream more efficient than

via mucous membranes
• Transmission determined by the integrity of the

mucous membrane, e.g. STIs increase transmission,
circumcision reduces transmission

High-risk practices
• Risk increases with number of high-risk sexual

partners, contaminated needles

Agent

HIV virus
• HIV-2 less easily transmitted than HIV-1
• In-vitro studies have shown that some subtypes are

more infectious

HIV viral load
• HIV viral load is one of the strongest predictors of

transmission

Table 1.1 Factors determining HIV infectivity
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Exposure Estimated risk of 
transmission per 
exposure (%)

Blood transfusion 90–100

Mother to child 30

Anal intercourse
Receptive 0.1–3.0
Insertive 0.06

Vaginal intercourse
Receptive 0.1–0.2
Insertive 0.03–0.09

Receptive oral sex (fellatio) 0–0.04

Needle stick injury 0.3

Sharing injecting equipment 0.67

(Adapted from Fisher M, et al. Int J STD & AIDS
2006;17:81–92)

Table 1.2 Risk of HIV transmission by route of
exposure

1.4 Natural history of
untreated HIV infection.
RNA: ribonucleic acid.

4 Introduction

Natural history of HIV infection

There are three distinct phases in the natural history of
untreated HIV infection (see 1.4).

Primary HIV infection is often missed or misdiagnosed as
patients may be asymptomatic or the clinical presentation
resembles a nonspecific viral illness. This period lasts from
the time of HIV transmission to the moment an individual
mounts a detectable antibody response. During this phase,
there is extensive viral replication resulting in a marked
drop in CD4 cells. The CD4 count normally bounces back
up but to levels lower than the pre-infection count.

Following acute HIV infection, a viral set point, which is
governed by the unique immune response of the host to the
virus, is reached. Patients now enter the next phase of
chronic HIV infection. During this phase there is a steady
decline of CD4 cells. Towards the end of this phase patients
may begin to experience constitutional symptoms and
develop illness referred to as indicator diseases. The rate of
CD4 cell decline is variable with a small minority never
progressing to AIDS, i.e. ‘long term nonprogressors’. Within
this group lies a subset of individuals who control HIV
replication to undetectable levels, i.e. ‘elite controllers’.

Once an individual’s CD4 count drops below 200
cells/mm3, they have advanced HIV infection and are at risk
of developing a number of opportunistic diseases. Although
rare, there are well documented reports of opportunistic
infections occurring in patients with CD4 cell counts above
200 cells/mm3.
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Primary 
• Asymptomatic
• Acute retroviral syndrome

Clinical stage I
• Asymptomatic
• Persistent generalized lymphadenopathy (PGL)

Clinical stage II
• Weight loss (<10% of body weight)
• Mucocutaneous disease, e.g. seborrhoeic dermatitis,

recurrent oral ulceration
• Herpes zoster (within last 5 years)
• Recurrent upper respiratory tract infections

Clinical stage III
• Weight loss (>10% of body weight)
• Chronic diarrhoea (>1 month)
• Unexplained fever (>1 month)
• Oral candida
• Oral hairy leukoplakia
• Pulmonary tuberculosis (within past year)
• Severe bacterial infection

Clinical Stage IV
• HIV wasting syndrome
• Pneumocystis jirovecii pneumonia
• Cerebral toxoplasmosis
• Diarrhoea secondary to cryptosporidiosis (exceeding 

1 month)
• Extrapulmonary cryptococcosis
• CMV disease (of any organ other than liver, spleen,

and lymph nodes)
• Herpes simplex
• Progressive multifocal leukoencephalopathy
• Disseminated endemic mycosis
• Oesphageal, tracheo-bronchial candidiasis 
• Disseminated atypical mycobacteria
• Nontyphoid salmonella septicaemia
• Extrapulmonary tuberculosis
• Lymphoma
• Kaposi’s sarcoma
• HIV encephalopathy

Table 1.3 WHO clinical staging of HIV infection

A B C
CD4 Asymptomatic Symptomatic AIDS-defining
(cells/mm3) PGL conditions conditions

Acute HIV (excluding A or C)

≥500 A1 B1 C1

200–499 A2 B2 C2

<200 A3 B3 C3

(Adapted from CDC data: http://www.cdc.gov/mmwr/preview/mmwrhtml/00018871.htm)

Table 1.4 CDC classification system of HIV infection

Introduction 5

Classification of HIV infection

The Centers for Disease Control and Prevention (CDC)
and the World Health Organization (WHO) have developed
staging systems that classify patients on the basis of certain
clinical conditions and infections. The WHO system is
reliant on clinical symptoms as laboratory evaluations are

not always available in resource-poor settings. The CDC
system on the other hand consists of a composite of
associated clinical conditions and infections and the CD4
count. These are summarized in Tables 1.3–1.5.

(Adapted from WHO data: http://www.who.int/hiv/pub/guidelines/HIVstaging150307.pdf)
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Table 1.5 CDC symptomatic and AIDS-defining conditions

Presentation
Acute HIV-I infection is symptomatic in 40–90% of all
cases. The most common symptoms include:
• A triad of fever, maculopapular rash (upper trunk), and

lymphadenopathy.
• Oropharyngeal ulceration.
• Other manifestations are summarized in Table 1.6.

Important differential diagnoses include: Epstein–Barr
virus (EBV) infectious mononucleosis, toxoplasmosis,

6 Introduction

Primary HIV infection
Primary HIV infection is classically described as an ‘acute
mononucleosis-like illness’ occurring between 2 and 6
weeks after HIV infection8. It normally lasts for between 1
and 2 weeks but can last considerably longer in a minority
of cases. Unfortunately, the seroconversion illness is often
missed. The diagnosis of HIV infection is often late with a
significant number of patients presenting with an
opportunistic infection several years after seroconversion.

Symptomatic conditions

• Bacillary angiomatosis

• Oropharyngeal candidiasis

• Vulvovaginal candidiasis, persistent or resistant

• Pelvic inflammatory disease

• Cervical dysplasia/cervical carcinoma in situ

• Oral hairy leukoplakia

• Idiopathic thrombocytopenic purpura 

• Constitutional symptoms, such as fever or diarrhoea
lasting >1 month 

• Peripheral neuropathy 

• Herpes zoster (≥2 episodes or ≥1 dermatome)

AIDS-defining conditions

• Recurrent bacterial pneumonia

• Candidiasis of the bronchi, trachea, or lungs

• Oesophageal candidiasis

• Cervical carcinoma, invasive, confirmed by biopsy 

• Coccidioidomycosis (disseminated or extrapulmonary) 

• Extrapulmonary cryptococcosis

• Chronic intestinal cryptosporidiosis 

• CMV disease (other than liver, spleen, or nodes) 

• HIV encephalopathy

• Herpes simplex: chronic ulcers or bronchitis, 
pneumonitis, or oesophagitis

• Histoplasmosis (disseminated or extrapulmonary) 

• Chronic intestinal isosporiasis

• Kaposi’s sarcoma 

• Lymphoma

• Atypical mycobacteria (disseminated or
extrapulmonary)

• Mycobacterium tuberculosis, pulmonary or
extrapulmonary 

• Pneumocystis jirovecii pneumonia (PCP) 

• Progressive multifocal leukoencephalopathy (PML) 

• Salmonella septicaemia, recurrent (nontyphoid) 

• Cerebral toxoplasmosis

• HIV wasting syndrome due to HIV (involuntary weight
loss >10% of baseline body weight) associated with
either chronic diarrhoea (≥2 loose stools per day 
≥1 month) or chronic weakness and documented 
fever ≥1 month

(Adapted from CDC data: http://www.cdc.gov/mmwr/preview/mmwrhtml/00018871.htm)
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Generalized/constitutional

• Fever

• Lymphadenopathy

• Arthralgia

• Myalgia

• Loss of appetite

• Weight loss

• Malaise

Gastrointestinal

• Abdominal pain

• Nausea and vomiting

• Diarrhoea

• Transaminitis

AIDS-defining illnesses

• Rare

Neurological

• Headache

• Aseptic meningitis

• Transverse myelitis

• Encephalitis

• Peripheral neuropathy

• Guillain–Barré-like syndrome

Dermatological/mucosal

• Rash

• Oral ulceration

• Pharyngitis

Table 1.6 Signs and symptoms of acute HIV infection 

7Introduction

benefits of early antiretroviral treatment (ART) are eagerly
awaited. In the meantime, any patients being considered for
ART during this period should be treated within a clinical
trial. Recognition of acute HIV infection allows the early
diagnosis of HIV infection before patients present with
opportunistic disease. It also provides an opportunity to
decrease onward transmission, as patients tend to be at
their most infectious at this time point. 

HIV testing

Throughout the world, HIV infection continues to be
diagnosed late. In industrialized nations most of these late
diagnoses are in ethnic minorities and marginalized groups
where heterosexual transmission remains the primary route
of HIV infection. In the United Kingdom (UK) the Health
Protection Agency (HPA) reported that of the estimated
86,500 people living with HIV in the UK at the end of
2009, 26% were unaware of their infection. Unlinked,
anonymous prevalence surveillance reveals that men who
have sex with men (MSM) and sub-Saharan-born

rubella, measles, secondary syphilis, influenza, primary
herpes simplex virus (HSV)/cytomegalovirus (CMV), and
viral hepatitis.

Diagnosis
The diagnosis is dependent on the demonstration of HIV-1
replication in the absence of HIV-1 antibodies. Following
clinical suspicion, individuals should have both an HIV-1
antibody test and HIV-1 ribonucleic acid (RNA)
quantification. A new diagnosis must be confirmed with a
follow up HIV-1 antibody test during the next 12 weeks.
There is often a marked increase in CD8-positive T-cells
during primary HIV infection, indicating increased immune
activation.

Treatment
Treatment is often supportive. However, there is
considerable interest in the use of antiretroviral therapy to
shorten the duration of the acute syndrome, thereby
reducing the number of infected cells and preserving HIV-
1 specific immune responses9. The results of the first
randomized trial (SPARTAC) powered to investigate the

(Adapted from BHIVA, UK National Guidelines for HIV Testing 2008, BHIVA 2008)
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1.5 Estimated number of adults living with HIV (both
diagnosed and undiagnosed). (Adapted from HPA data,
2010.)

1.6 Estimated late diagnosis of HIV infection by
prevention group, 2007. (Adapted from HPA data, 2010.)

as well as the very poor prognosis of an AIDS diagnosis
resulted in a test that was only performed if an individual
had received pre-test counselling and provided informed
consent. It may be argued that in the long term, in an era
where HIV is now considered to be a chronic disease, these
measures may have contributed to the slow uptake of HIV
testing outside HIV specialist settings. The benefits of early
HIV testing include:
• Identification of HIV-infected individuals as early into

their infection as possible.
• Reduction of the onward transmission of HIV infection

to others.

In most healthcare systems, HIV testing occurs in a
number of settings. In one setting, individuals may self-
present to genitourinary medicine (GUM) or same-day
testing centres. In another setting, individuals seeking
medical care in specific settings are informed that an HIV
test is routinely performed on everyone unless they explicitly
decline (opt out). This is common practice in UK GUM

8 Introduction

heterosexuals account for the highest proportions of
undiagnosed HIV infection (1.5). Furthermore, 30% of the
individuals newly diagnosed with HIV were diagnosed late,
i.e. with a CD4 count below 200 cells/mm3. The
proportion of late diagnoses was highest in heterosexual
women and men (1.6).

Unfortunately, individuals presenting with advanced
disease are more likely to present with opportunistic
infections and have suboptimal clinical outcomes. A
significant proportion of these ‘late presenters’ have had
contact with medical services prior to their diagnosis where
the opportunity to offer an HIV test has often been missed.
There is therefore a need to increase the uptake of HIV
testing in non-HIV clinical settings.

Since the United States of America (USA) Food and
Drug Administration (FDA) approved the first HIV
antibody test in 1985, HIV testing has evolved from a tool
that was designed to screen blood supplies to a voluntary
test that is offered in healthcare settings. At the beginning
of the AIDS epidemic, the fear of stigma and discrimination
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Universal testing 
• Genitourinary medicine clinics
• Antenatal care
• Termination of pregnancy services
• Drug dependency programmes
• Patients with TB, hepatitis B/C, lymphoma

Routinely perform (Department of Health 
Guidance) 
• Blood donors
• Dialysis patients
• Organ transplant donors and recipients

Routinely offer
• All sexual partners of individuals known to be HIV

positive
• All patients diagnosed with a sexually transmitted

disease
• All patients with indicator diseases
• All injecting drug users
• All female and male sexual contacts of men who

have sex with men
• All men and women from countries with an HIV

prevalence of >1%
• All men and women reporting sexual contact (locally

or abroad) with individuals from countries with an 
HIV prevalence of >1% 

If local HIV prevalence >2/1,000, consider 
testing 
• All patients registered in general practice 
• All general medical admissions

(Adapted from BHIVA, UK National Guidelines for HIV
Testing 2008, BHIVA 2008)

Table 1.7 British HIV Association (BHIVA)
guidelines for HIV testing

• Explain indication for test
• Obtain a thorough and chronological history of sexual

and other high-risk practices
• Ascertain whether individual is within ‘window period’
• Explain practicalities of test, i.e. how it will be

performed, how and when results will be given
• Explain implications of positive test
• Give an opportunity to ask questions
• Obtain informed consent

(Adapted from BHIVA, UK National Guidelines for HIV
Testing 2008, BHIVA 2008)

Table 1.8 Components of the pre-test discussion

Provide results (should be confidential)

If positive:
• Reinforce implications of positive test
• General education regarding the natural history of

HIV infection and the current treatment options
• Establish whether there is a need for psychological

support
• Discuss the need for testing partners or children if

appropriate
• Discuss risk-reduction behaviour
• Obtain blood test for confirmation of diagnosis
• Book patient into new patient clinic within a week

If negative:
• Establish whether there is a need for retesting if

individual ‘within window period’
• Establish whether post-exposure prophylaxis is

indicated
• Discuss risk-reduction behaviour

(Adapted from BHIVA, UK National Guidelines for HIV
Testing 2008, BHIVA 2008)

Table 1.9 Components of the post-test discussion

9Introduction

(BHIVA) guidelines are summarized in Table 1.7. This
information must be disseminated to healthcare workers
outside HIV specialist centres, as this is where patients are
likely to present.

In all settings it is important that the offer of an HIV test
remains voluntary and the results confidential. As with any
other medical test it is important that individuals under -
stand the implications and results of the test. It is therefore
important that patients are counselled before and after the
test. See Tables 1.8, 1.9 for BHIVA recommendations.

and antenatal services, where the uptake of HIV testing is up
to 77% and 95% respectively. More frequently, individuals
presenting with suggestive symptoms or high-risk behaviour
are offered a diagnostic HIV test (opt in).

Since 2006, the CDC recommends universal testing of
ALL individuals presenting to a medical facility. In the UK
and Europe, there is a move towards more targeted testing
where local HIV prevalence data as well as the presence of
indicator diseases determine whether HIV testing is
routinely performed10. The British HIV Association
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AIDS-defining conditions

ADULT HIV INFECTION
Respiratory 
• Tuberculosis
• Pneumocystis

Neurology 
• Cerebral toxoplasmosis
• Primary cerebral lymphoma
• Cryptococcal meningitis
• Progressive multifocal

leukoencephalopathy

Dermatology
• Kaposi’s sarcoma

Gastroenterology 
• Persistent cryptosporidiosis

Oncology
• Non-Hodgkin’s lymphoma

Gynaecology
• Cervical cancer

Haematology

Ophthalmology
• Cytomegalovirus retinitis

ENT 

Other conditions where HIV
testing should be considered

• Bacterial pneumonia 
• Aspergillosis 

• Aseptic meningitis/encephalitis
• Cerebral abscess
• Space-occupying lesion of

unknown cause
• Guillain–Barré syndrome
• Transverse myelitis
• Peripheral neuropathy
• Dementia
• Leukoencephalopathy

• Severe or recalcitrant
seborrhoeic dermatitis

• Severe or recalcitrant psoriasis
• Multidermatomal or recurrent

herpes zoster

• Oral hairy leukoplakia 
• Oral candidiasis 
• Chronic diarrhoea of unknown

cause
• Weight loss of unknown cause
• Hepatitis B infection
• Hepatitis C infection
• Shigella, salmonella, or

campylobacter

• Anal cancer or anal intra-
epithelial dysplasia

• Lung cancer
• Seminoma
• Head and neck cancer
• Hodgkin’s lymphoma
• Castleman’s disease

• Cervical intraepithelial neoplasia
(Grade 2 or above)

• Vaginal intraepithelial neoplasia 

• Any unexplained blood
dyscrasia including: 
– lymphopenia
– neutropenia
– thrombocytopenia 

• Any unexplained retinopathy
• Infective retinal diseases,

including herpes viruses and
toxoplasma

• Lymphadenopathy of unknown
cause

• Lymphoepithelial parotid cysts
• Chronic parotitis 

AIDS-defining conditions

ADULT HIV INFECTION (cont.)
Other 

PAEDIATRIC HIV INFECTION
ENT

Oral

Respiratory
• Pneumocystis
• CMV pneumocystis
• Tuberculosis

Neurology 
• HIV encephalopathy

meningitis/encephalitis

Dermatology
• Kaposi’s sarcoma

Gastroenterology 
• Wasting syndrome
• Persistent cryptosporidiosis

Oncology
• Lymphoma
• Kaposi’s sarcoma

Haematology

Ophthalmology
• Cytomegalovirus retinitis

Other
• Recurrent bacterial infections,

e.g. meningitis, sepsis,
osteomyelitis, pneumonia

• Pyrexia of unknown origin

Other conditions where HIV
testing should be considered

• Mononucleosis-like syndrome
(primary HIV infection)

• Pyrexia of unknown origin 
• Any lymphadenopathy of

unknown cause
• Any sexually transmitted

infection

• Chronic parotitis 
• Recurrent and/or troublesome

ear infections

• Recurrent oral candidiasis
• Poor dental hygiene

• Recurrent bacterial pneumonia 
• Lymphoid interstitial pneumonitis
• Bronchiectasis

• Developmental delay
• Childhood stroke

• Severe or recalcitrant dermatitis
• Multidermatomal or recurrent

herpes zoster
• Recurrent funagal infections
• Extensive warts or molluscum

contagiosum

• Unexplained persistent
hepatosplenomegaly

• Hepatitis B infection
• Hepatitis C infection

• Any unexplained blood
dyscrasia including: 
– lymphopenia
– neutropenia
– thrombocytopenia 

• Any unexplained retinopathy

Table 1.10 Clinical indicator diseases for adult and paediatric HIV infection

10 Introduction

(Adapted from BHIVA, UK National Guidelines for HIV Testing 2008, BHIVA 2008)
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1.7 Oral hairy leukoplakia. This is one of the most
common oral diseases in HIV. It is caused by EBV and is
characterized by asymptomatic white plaques on the
lateral borders of the tongue as well as on the buccal
mucosa and the gingiva.

1.8 AIDS retinopathy. Characteristic indented
(‘hourglass’) cotton wool spots with an otherwise normal
fundus caused by immune complex microthrombi in the
retinal vasculature.

1.9 Bacterial pneumonia. Community acquired
pneumonia is 10 times more common in HIV-infected
patients in comparison to the general population.

1.10 Acute retroviral syndrome. Maculo-papular rash
predominantly affecting the upper trunk.  Often
associated with fever and lymphadenopathy.

and HIV, and the British Infection Society have compiled a
list that contains a number of clinical conditions that if
present should alert the clinician to consider HIV infection in
the differential diagnosis (Table 1.10). 

Indicator diseases (1.7–1.11)
In the HIV context, indicator diseases are defined as diseases
associated with a co-morbid HIV incidence of significance.
All AIDS-defining illnesses are included in this list. BHIVA
in conjunction with the British Association of Sexual Health

11Introduction
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Pathogenesis of 
HIV infection

Chapter 2

HIV virology
AM Geretti and C Booth

Virus classification

Like all members of the Retroviridae family, HIV-1 and
HIV-2 share a common step in their replication cycle, i.e.
transcription of single-stranded genomic RNA into double-
stranded complementary DNA by the viral reverse
transcriptase (RT) enzyme.

HIV-1and HIV-2 represent cross-species, zoonotic
infections1–3. All known strains of HIV-1 are closely related
to SIVcpz (simian immunodeficiency virus of chimpanzees),
while the origin of HIV-2 has been traced to SIVsm found
in sooty mangabeys (2.1).

The molecular epidemiology of HIV-1 infection is
complex and in continuous evolution4. Phylogenetic
analyses identify nine genetically equidistant subtypes

13

within group M of HIV-1, which diverge by 20–30% in the
env gene and 15–22% in the gag gene. Multiple inter-
subtype circulating and unique recombinant forms (CRFs
and URFs) have also been identified (2.2). In Western
Europe several HIV-1 strains co-circulate, whereas subtype
B accounts for most infections in North America (2.3).

HIV-1 subtypes show important differences in their
genetic sequences and responses to gene expression
regulatory factors, which influence cellular tropism, kinetics
of viral replication, rate of disease progression,
susceptibility to antiretroviral drugs, and drug resistance
pathways. The classification of HIV-1 and HIV-2 is
summarized in Table 2.1. 

HIV-1 HIV-2

Family Retroviridae Retroviridae

Genus Lentivirus Lentivirus

Prevalence Global West Africa

Group M (major) >90% of infections worldwide –
O (outlier) West Africa
N (non-M/O) West Africa

Subtypes A–D, F–H, J, K (all within Group M) A–H
Circulating recombinant forms (CRFs)
Unique recombinant forms (URFs)

Related to: SIVcpz SIVsm
Found in chimpanzees native to West Africa Found in sooty mangabey
(Pan troglodytes troglodytes) (Cercocebus atys)

Table 2.1 Classification of HIV-1 and HIV-2
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2.1 Phylogenetic tree; genetic relationship between HIV-1, HIV-2, and SIVcpz. (Reprinted by permission from Macmillan
Publishers Ltd: Nature Reviews Microbiology 5(2):141–151, copyright 2007.)

14 Pathogenesis of HIV infection 
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2.2 Global prevalence of HIV-1 group M subtypes and
CRFs. (Adapted from Osmanov S, et al., 20025.)

15Pathogenesis of HIV infection 

2.3 Global distribution of HIV-1 group M subtypes and CRFs.
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2.4 Electron micrograph of HIV particles. (Reproduced
with permission from James Kalmakoff, University of
Otago, New Zealand.)

2.5 Structure of the HIV particle. (Reproduced with permission from Cornelia Büchen-Osmond, Columbia University (A),
and the National Institutes of Health, Bethesda (B), NY, USA.)

16 Pathogenesis of HIV infection 

Virus structure

The HIV particle has a diameter of 120 nm (2.4). It
consists of:
• The core, which contains two single strands of positive-

sense RNA surrounded by a conical capsid, composed of
the viral p24 protein. The matrix, which is composed of
the viral protein p17, surrounding the capsid.

• The enve lope, which surrounds the core and is
composed of two lipid layers derived from the host cell
membrane and containing the viral glycoproteins (gp)
120 and 41 (2.5). 

Viral genome

The RNA genome is 9.8 kb in size and contains (2.6):
• Three structural genes: gag, pol, and env.
• Six accessory and regulatory genes: tat, rev, nef, vif, vpr,

and vpu (vpx in HIV-2).
• Long terminal repeat (LTR) sequences that flank each

RNA strand.

A B

gp120 docking
glycoprotein

gp41
transmembrane

glycoprotein

Capsid

Reverse
transcriptase

Lipid
membrane

Matrix

RNA

p24 core protein

gp 120

Single stranded
HIV-1 RNA

gp41 transmembrane protein

Lipid
bilayer

p17
matrix

protein
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2.6 Organization of the HIV-1 genome.

Structure Function

Protease Homodimer Cleavage of gag (p55) and gag-pol (p160)  
Each half composed of 99 amino acids precursor proteins into core proteins and viral 

enzymes

Reverse Heterodimer with two subunits: Reverse transcription (RNA-dependent DNA 
transcriptase • p66: polymerase domain (440 amino acids) + polymerase), ribonuclease (RNaseH), DNA-

C-terminal RNAse H domain (120 amino acids) dependent DNA polymerase
• p51: corresponds to polymerase domain of p66

Integrase 288 amino acids Integration of proviral DNA into host genome, 
3 domains: N-terminal, catalytic core, and through exonuclease, endonuclease, and 
C-terminal strand transfer/ligase functions

Table 2.2 HIV enzymes

17Pathogenesis of HIV infection 

The gag gene encodes a precursor protein, p55, which is
cleaved into the smaller core proteins MA (matrix, p17),
CA (capsid, p24), NC (nucleocapsid, p9), and p6. 

The pol gene encodes the viral enzymes protease, RT,
ribonuclease (RNAseH), and integrase, which are
expressed within the context of a gag-pol precursor

polyprotein (p160). The env gene encodes gp120 and
gp41.

The LTR regions control virus production in response to
viral or cellular proteins.

The structure and function of major HIV enzymes are
summarized in Table 2.2.

gag pol env

vif   vpr   rev   vpu      

tat                            rev

Core proteins                 Viral enzymes                        gp120 and gp41

LT
R

LT
R
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2.7 The life cycle of HIV. (Adapted from a figure supplied by the Gladstone Institute, University of California San
Francisco, USA.) Drug action points (see Chapter 3): 1: Entry inhibitors (Appendix 3.7); 2: NRTIs (Appendix 3.2), NtRTI
(Appendix 3.3), NNRTIs (Appendix 3.5), 3: integrase inhibitors (Appendix 3.6); 5: protease inhibitors (Appendix 3.1).
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HIV tropism

Tropism is defined by the virus’s preferential use and the
cellular distribution of co-receptors. Although several co-
receptors can mediate HIV entry, most strains bind to
either CCR5 or CXCR46,7. Three main phenotypes are
recognized:
1 CCR5-using (R5) strains: R5 viruses play a key role in

infection (Table 2.3, 2.8).
2 CXCR4-using (X4) strains: X4 viruses tend to become

dominant in advanced infection, but it is still debated
whether their emergence is the cause or consequence of
disease progression8–11.

3 Dual tropic (R5/X4) strains: which can use both co-
receptors. 

HIV replication

The life-cycle of HIV comprises six main steps (2.7).
1 Virus entry begins with binding of the viral gp120 to

both the CD4 receptor and one of two main co-receptors
(CCR5 or CXCR4) on the target cell. This is followed
by a conformational change that allows gp41 to mediate
fusion of the viral envelope with the host cell membrane. 

2 Once viral nucleic material is released into host
cytoplasm reverse transcription of the viral RNA occurs
in the cytoplasm producing double-stranded DNA.

3 and 4 The double-stranded DNA migrates to the nucleus
where it is integrated in to the host genome and transcribed.

5 Assembly of the newly produced viral proteins and
genomic RNA occurs in the cytoplasm, and the new virus
particle is released by budding from the cell surface.

6 Cleavage of the viral polyproteins is required for the
functional maturation of the virus particle.
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2.8 Distribution of the HIV-resistant CCR5-Δ32 allele. Only the frequencies in native populations have been evidenced in
America, Asia, Africa, and Oceania. (Adapted from Faure E, et al., 200813.) 

R5 X4

Co-receptor CCR5 CXCR4

Natural ligands MIP-1α, MIP-1β, RANTES SDF-1

Cellular targets Macrophages Many cell types including:
Subset of memory CD4 T-cells naïve CD4 T-cells
Naïve CD4 T-cells must be activated to memory CD4 T-cells
a memory phenotype to become a target macrophages

Acute infection Dominant Rare

Chronic infection Dominant Rare

Advanced disease Reduced dependence on high CD4/CCR5 Emerge in 40–60% of infected patients, 
levels for entry, decreased susceptibility to coinciding with expanded cell tropism, 
inhibition by RANTES, enhanced increased viral replication, immunological 
pathogenicity deterioration, and disease progression

Host genetics Homozygotes for a 32 bp deletion in 
CCR5 (CCR5-Δ32) are resistant to 
infection, heterozygotes have delayed 
disease progression

Table 2.3 HIV tropism
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No data

0.03

0.05

0.07

0.09

0.11

0.13
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2.9 Interaction between gp120 and the CCR5
co-receptor.

2.10 The HIV envelope glycoprotein 12015–17.  

20 Pathogenesis of HIV infection 

• Has low fidelity, with an estimated error rate of 10-4

nucleotides.
• Lacks proof-reading activity therefore nucleotide mis-

incorporations become fixed in the newly produced
genome as point mutations. All mutations can occur
daily, and while some mutants are not functional, others
persist in plasma and within integrated proviral DNA.
Duplications and insertions also occur. 

• A further mechanism of genetic diversification is
recombination between virus strains infecting the same
cell to produce hybrid progeny virus, mediated by RT
jumping between RNA templates during replication20. 

Because of the continuous genetic diversification, each
infected person hosts a variety of related but diverging virus
strains referred to as the viral ‘quasispecies’. Within the
circulating quasispecies, some virus strains predominate
whereas others are present as low-frequency species. At any
given time, dominant strains are those with the best ability
to infect and replicate, properties defining the viral ‘fitness’.
Due to its diversity, the quasispecies can adapt rapidly to
changing ‘environmental’ circumstances such as immuno -
logical or drug pressure, or availability of cell targets. The
dynamics of HIV infection are described in Table 2.4.

HIV tropism can be determined in vitro using
recombinant viruses containing the env gene sequence from
the patient’s plasma viral RNA to infect cells expressing the
CD4 receptor with either CCR5 or CXCR412. Results are
reported as R5, X4, or dual tropic/mixed (D/M), and do not
distinguish between dual tropic virus and mixed populations
of R5 and X4 strains. HIV tropism can also be predicted
from the sequence of the V3 loop in gp120 (2.9, 2.10). This
is the major determinant of co-receptor use, reflecting the
structural homology between the crown of the V3 loop and
the beta2-beta3 loop in the natural chemokine ligands14.

HIV replication dynamics, genetic
variability, and fitness 

HIV infection is characterized by:
• High levels of virus replication.
• Ongoing genetic diversification. 
• Rapid virus clearance by the immune system18,19. 

The RT enzyme, which is responsible for the production
of double stranded DNA from the viral RNA template
during virus replication:

Residues involved in CD4 binding
Residues involved in coreceptor binding

gp120

CCR5

C

N

V1/V2

V3

V4

V5
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Table 2.4 Dynamics of HIV infection
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outcomes. Plasma HIV RNA load (‘viral load’) provides an
immediate measure of treatment success, acting as a
surrogate marker for immunological and clinical
responses29. Commercial assays show excellent correlation
and reliably detect and quantify all major HIV-1 group M
subtypes and CRFs30. The Abbott assays also detect group
O viruses, but no commercial assay is available for the
quantification of group N HIV-1 or for HIV-2. 

Molecular viral load assays in routine use in high-income
countries require expensive instruments and reagents,
sophisticated laboratory facilities to minimize the risk of
contamination, regular and stable electricity supply, and
highly skilled laboratory technicians proficient in molecular
biology techniques (Table 2.6). These factors limit their
implementation in resource-limited settings. The Cavidi
ExaVirTM Load assay employs a modified ELISA format to
measure the viral RT enzymatic activity, which in turn
correlates with plasma RNA levels. The assay is suitable for
use in settings with limited infrastructure as it requires
simple equipment and is relatively inexpensive and easy to
perform.

HIV replicates preferentially in activated CD4 T-cells.
Although most infected cells have a short lifespan, a
fraction of cells survive long enough to revert to a resting
memory state, thereby allowing HIV persistence as a stable,
integrated, and transcriptionally silent provirus, which is
unaffected by antiretroviral therapy21,22. In viraemic
individuals, the reservoir is continuously replenished,
creating an archive for all viral quasispecies. Latently
infected cells can resume full virus production once
activated, which represents the main barrier to eradicating
the infection23–25. 

Virological assays used to diagnose and
monitor HIV infection

The virological assays listed in Table 2.5 below are used in
clinical practice for diagnosis, staging, and monitoring of
the infection26. 

Plasma viral load
Virological monitoring is required during therapy to ensure
early detection of treatment failure and optimal long-term

Virus production:

Half-life of free virus in plasma:

Half-life of virus-producing cells:

Frequency of latently infected cells:

Loss of infected cells:

Reverse transcriptase error rate:

Recombinant events:

Quasispecies:

Viral fitness:

Mutant virus:

Wild-type virus:

Recombinant virus:

109–1010 virus particles per day

A few hours

Less than 1 day

1 in 106 resting CD4 T-cells

108–109 per day

~1 mis-incorporation per genome round

7–30 events per genome round

Swarm of related but divergent strains

Ability to replicate and infect

Virus carrying a mutation of interest

Virus not carrying a mutation of interest

Hybrid progeny of two different parental strains
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Assay Application Comment

Antibody Diagnosis Detected 21–25 days after infection 

Detects HIV-1 groups M and O

Combined antibody/p24 antigen Diagnosis p24 detected ~6 days earlier than antibody

p24 antigen Diagnosis

Antibody avidity Disease staging Low avidity identifies infection within the 
previous 4–6 months27,28

Plasma HIV-1 RNA load Diagnosis Acute infection
‘viral load’ Detected 9–11 days after infection

Detects HIV-1 groups M ± O

Monitoring Predicts rapidity of CD4 decline
Measures treatment success
Correlates with infectivity

Proviral DNA Diagnosis No commercial assays
Vertical HIV transmission or indeterminate 
antibody status

Resistance testing Monitoring Detection of drug resistance

Tropism testing Monitoring Prior to using CCR5 antagonists

Table 2.5 Assays commonly used to diagnose and monitor HIV-1 infection

Assay type Assay model Quantification range

(copies/ml)

Branched chain DNA Bayer VERSANT HIV-1 RNA assay v. 3.0 50–500,000

Reverse-transcription PCR Roche Amplicor Monitor assay v. 1.5 400–750,000 or 

50–75,000

Ligase chain reaction Abbott LCX assay 50–1,000,000

Nucleic acid sequence based BioMérieux Nuclisens HIV-1 QT assay 50–3,000,000

amplification (NASBA)

NASBA + real-time molecular BioMérieux NucliSens EasyQ assay 50–3,000,000

beacon detection 

Real-time reverse-transcription PCR Roche COBAS® TaqMan® HIV-1 v.2 assay 20–10,000,000

Abbott RealTime HIV-1 assay 40–10,000,000

RT enzymatic activity measured in Cavidi ExaVir Load v.3 assay ~200–600,000

ELISA format

Table 2.6 HIV-1 viral load assays
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Advantages Disadvantages

Rapid, provide results in <30 min Expensive

Detect antibodies against: Show reduced sensitivity in early infection compared with  

Group M and Group O HIV-1 and HIV-2 laboratory assays

Require simple equipment Prone to operator errors 

Easy to perform and interpret Subjective interpretation of results

Avoid venopuncture May give false-positive results

Include a positive control Reactive results require immediate laboratory confirmation

Perform well compared with laboratory Quality assurance requires complex arrangements 

methods

Table 2.7 Point-of-care HIV antibody tests

23Pathogenesis of HIV infection 
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2.11 HIV transmission and early immunological events.

2.12 Natural history of HIV infection in: (A) untreated
progressors; (B) untreated nonprogressors; (C) treated
progressors.
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chronic phase. Although historically T-cells (in particular
CD4 T-cells) have been viewed as the main target of the
virus, all major lymphocyte populations and components of
the immune system, including B cells, are affected by HIV-1.

Apart from a small minority of patients known as HIV-1
controllers or long-term nonprogressors, prolonged long-
term control of viral replication with the maintenance of
CD4 T-cell counts and the absence of clinical progression is
not achieved in the absence of ART or after the discon -
tinuation of treatment. In recent years, progress has been
made in understanding the immune correlates and genetic
factors involved in the protection against AIDS. Great
insights in particular have been gained from studies in the
population of HIV-1 long-term nonprogressors (2.12)2–4.

HIV transmission and
immunopathogenesis

Infection with HIV-1 is characterized by chronic viral
replication and progressive immunodeficiency with the loss
of CD4 T-cells. In the absence of combination
antiretroviral treatment (ART), continued loss of CD4 T-
cells results in the development of opportunistic infections
and malignancies, ultimately leading to death1.

Dendritic cells are the earliest targets of HIV-1. They are
found within the mucosal epithelium and act as antigen-
presenting cells. Within the first 48 hours of successful
transmission via skin or mucosal surfaces, HIV-1 can be
detected in regional lymph nodes and by 72 hours, HIV-1
can be detected in the plasma (2.11)1.

Immunopathology occurs within the first few weeks of
infection following viral entry and sets the scene for the

HIV and the immune system
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2.13 Overview of adaptive immune
responses.

lymphocytes (Th) play a very important role in cell-
mediated responses. CTLs arise from naïve T-cells and are
able to eliminate infected cells. Th cells, on the other hand,
enhance CTL-mediated activity by helping CD8
lymphocytes to differentiate into active CTLs2,6,7.

Although HIV-1 specific T-cells are unable to fully
suppress viral replication, they are understood to have an
important role in virological control. Initial studies looking
at interferon-gamma (IFN-γ) production by T-cells and
their effector function found no correlation between the
magnitude of IFN-γ-producing HIV-1-specific T-cell
responses and virological control or clinical progression.

More recently, the emphasis has shifted on to the
functional qualities rather than the frequency of virus-specific
T-cells. The term ‘monofunctional’ is used to define the type
of HIV-1-specific T-cells with sole effector function (IFN-γ
or TNF-α production and cytotoxic activity) in contrast to
‘polyfunctional’ cells that in addition to typical effector
function, also produce interleukin-2 (IL-2) upon stimulation
and retain proliferative capacity. These ‘polyfunctional’ cells
are often associated with disease control and therefore
represent a correlate of protective antiviral immunity6,7.

The importance of genetic factors in generating
protective virus-specific T-cells and their association with
some HLA-B alleles (B*5701/02/03, B*2705, B*5801,
B*5101, and B*1302) has recently been highlighted (Table
2.8)8. HLA-A and -C may play a role in host control as
well, although the evidence is not as strong as HLA-B.

26 Pathogenesis of HIV infection 

With effective ART on board, the control of viral
replication is achieved and some HIV-related immune
abnormalities are reversed as immune reconstitution
occurs. The extent of immune recovery, however, largely
depends on the stage of the infection when treatment is
initiated and on its duration5.

Immune responses

In general terms, the human host is protected from
infectious pathogens by two types of defence mechanism:
• Innate immune responses.
• Adaptive immune responses.

The innate immune response provides an immediate,
nonspecific response to infection while the adaptive
immune re sponse is a delayed antigen-specific one.
Although equally important, most studies seeking to
understand the immunopathogenesis of HIV-1 infection
have focused on the adaptive immune response.

Adaptive immune responses
These consist of both cell-mediated (cytotoxic T-cells) and
antibody-mediated (humoral) responses (2.13).

Cell-mediated immune responses
CD8 cytotoxic T lymphocytes (CTL) and CD4 helper T

Naïve 
B-cell

Naïve 
T4 helper

cell

Naïve 
T8 helper

cell

Intracellular
infection

Extracellular
infection

Cell-mediated
immunity

Humoral 
immunity

Th1 Th2

Free antigen

MCH II
MCH I

HIV-AIDS final_hl.qxd:288x230mm.qxd  3/6/11  10:47  Page 26



Slow

HLA-B*2705

HLA-B*5701/02/03

HLA-B*1302

HLA-B*5801

HLA-B*5101

Fast

HLA-B*3502/03

HLA-B*5301

HLA-B*5802

HLA-B*18

Table 2.8 HLA-B alleles associated with slow or
rapid progression of HIV infection

2.14 HIV replication and immunity.
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of infection is governed by a balance between the immune
response generated and attempts by the virus to escape
detection and destruction (2.14)13.

Innate immune response
NK cells and dendritic cells (DC) are important
components of the innate immune response. NK cells
rapidly expand in number during acute infection, preceding
the development of adaptive HIV-1-specific CD8 T-cells.
However, NK cell defective cytotoxicity and cytokine
secretion occur during the course of chronic infection and
appear to be correlated with viraemia. It remains unclear
whether effective suppression of viral replication by ART
can fully restore NK cell function14,15.

Recent data have demonstrated slower disease
progression in patients who express KIR3DS1, a killer
immunoglobulin-like receptor in conjunction with HLA-
Bw4-80I (a putative ligand with an isoleucine at position
80), suggesting a role for NK cells in chronic viral control.
Several studies have described an impairment in the
interaction between NK cells and DCs that is proportional
to the level of viraemia and has been suggested to interfere
with the development of an effective immune response.

Both HIV-1-specific CD4 and CD8 T-cells have a
reduced ability to proliferate upon antigen encounter in
HIV-progressors, which has been ascribed to their impaired
ability to secrete IL-2. Defective cytotoxic activity of HIV-
1-specific CD8 T-cells is also observed in chronic HIV
infection and may result from mechanisms such as skewed
maturation, senescence, and exhaustion.

Humoral immune responses
The role of B-cells and neutralizing antibodies in the
control of HIV remains unclear. B-cell exhaustion has
recently been described in association with a reduced ability
to produce high-quality antibodies in the context of HIV
infection. Some but not all of these abnormalities recover
with ART, potentially explaining the improvement in
humoral immunity with virological control9–11.

The role of neutralizing antibodies (NAb) in the control
of HIV replication remains controversial. Some studies
have shown higher titres of heterologous NAb in HIV-
controllers compared with HIV-progressors, but these may
have only a limited effect in vivo on viral replication.

The role of antibody-related mechanisms, such as
antibody-dependent cellular cytotoxicity (ADCC), where
antibodies stimulate natural killer (NK) cells to destroy
infected cells still deserves further investigation12.

Although the host mounts an HIV-specific cell-mediated
and antibody-mediated response, viral replication is not
halted in the absence of treatment. The eventual outcome
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2.15 CD4 depletion in the gut. (From Plos Med 2006.
3(12), with permission.)

2.16 Chronic immune activation. Tem: effector memory 
T-cells; Tcm: central memory T-cells. (Adapted from
Douek D. Immune Effects at HIV-infected Mucosal
Surfaces. Abstract 20. 18th CROI; 2009; Montreal,
Canada.)

AIDS
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CD4 T-cell depletion

During the acute phase of the infection, CD4 T-cells
decrease in the peripheral blood as a result of high levels of
viral replication. However, the most dramatic loss of these
cells occurs at the gut level (2.15)1, and although numbers
in peripheral blood tend to temporarily recover in the
ensuing weeks, the decline in effector memory CD4 T-cells
remains a hallmark of chronic infection. While CD4 T-cells
decrease during chronic infection, the number of CD8 T-
cells in peripheral blood remains increased and results in an
inverted CD4/CD8 ratio. 

The extent of CD4 T-cell loss during the course of the
infection is more profound than the estimated number of
HIV-1-infected cells (estimated at 1 in 100 to 1 in 1000
cells). In addition to the direct cytopathic effect of the virus,
other mechanisms such as immune activation as well as
virally-derived and autoimmune factors have been put
forward to explain the dramatic loss of these cells. Among
these, immune activation is now considered to be the major
player in HIV-induced immune dysregulation and
progressive loss of CD4 T-cells leading to AIDS16,17.

Chronic immune activation

Generalized and persistent immune activation is one of the
hallmarks of chronic HIV infection (2.16). Its main
manifestations include:
• Increased T-cell turn-over.
• Increased expression of markers of activation on T

lymphocytes.
• High levels of activation-induced apoptosis in uninfected

T-cells.
• Polyclonal B-cell activation.

The above occur in a context of increased
proinflammatory cytokines and chemokines. B-cells, NK
cells, and macrophages also show an increased rate of
proliferation.

One of the strongest arguments in favour of the direct
role of chronic immune activation in AIDS pathogenesis
comes from animal models where it is a prerequisite for the
progression to AIDS in the presence of high viral loads. In
these models, the predictive value of immune activation in
terms of disease progression is higher than that of HIV-1
viral load.

Events taking place at the gut mucosal level (the site of
major CD4 T-cell destruction and intestinal barrier
damage) during primary HIV infection set the scene for
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later immune dysregulation. Infection and depletion of the
critical central memory CD4 T-cell pool result in reduced
tissue delivery of effector memory CD4 T-cells and further
loss of immune control at mucosal level. These events are
understood to lead to chronic microbial translocation with
the involvement of the Toll-like receptor (TLR) pathway
and to contribute to chronic immune activation. There
have been contradictory reports regarding the role of T
regulatory cells (Tregs) in this phenomenon18–22.

HIV-1 prophylactic vaccine

Unfortunately efforts at developing an HIV-I prophylactic
vaccine have not been successful. Over the last few years the
emphasis has shifted from the development of vaccines able
to generate NAbs towards a cell-mediated type of vaccine
that would generate HIV-specific T-cells. 

In a recent phase-IIb trial (STEP trial) a vaccine
containing Merck’s adenovirus serotype 5 vector (MRK
Ad5) was tested in 3,000 high-risk individuals. Unhappily,
the results were disappointing – the vaccine did not work
and individuals with pre-existing immunity to Ad5
appeared to have an increased risk of HIV transmission.
However, the positive results from the RV144 trial
performed in Thailand with a canary pox-based vaccine
(ALVAC-HIV [V1521]) and AIDSVAX B/E showed a 31%
decrease in the rate of infections in vaccinated subjects
versus those who received placebo will help to provide
correlates of protection to help vaccine development23.

Renewed efforts are focusing on different types of vector
and viral antigen combination in the vaccine. A prime-
boost strategy has been used in recent trials in an effort to
increase the levels of immune response towards the virus.
Progress in the understanding of neutralization sites could
promote this line of vaccine development and produce new
vaccine candidates24.

Conclusion

Although great progress has been made recently in the
understanding of the mechanisms underlying HIV-1
immunopathogenesis, there remain large gaps in our
understanding of the main immune correlates of protection
against the development of AIDS. Efforts continue to
concentrate on the development of an HIV-1 vaccine using
both innate and adaptative immunity. 
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Initial assessment of the new HIV patient

The aim of initial consultation is to assess the patient’s
understanding of HIV natural history, address issues such
as stigma and disclosure, the need for professional
counselling, routes of transmission, potential contact
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tracing and testing of partners and children, promotion of
safe sex practices through the use of condoms, and to assess
stage of HIV disease and patient health (Table 3.1). 

Table 3.1 Initial assessment of the new HIV patient (adapted from EACS and DHHS)1,2

History 
• HIV testing history
• Routes of exposure – in UK or

overseas
• Evaluation of social and

psychological support
• Smoking, alcohol, and recreational

drug histories
• Family history – CVD, HT,

diabetes
• Social history 
• Details of partners and children

and their HIV testing history 
• Sexual health history
• Vaccination history (see Table 3.2

for recommended vaccinations)
• Complete medical history including

cardiovascular risk assessment
• Current medications
• Current symptomatology

Physical examination (3.1–3.11)
• General: height, weight, BMI, waist

to hip ratio, blood pressure
• Skin: KS (see Chapter 7)

(3.7–3.9), Molluscum contagiosum
(3.1–3.3), seborrhoeic dermatitis
(3.4), shingles scar, fungal
infection (3.5)

• Lymph nodes – site, size,
consistency (3.6)

• Mouth – OHL, Candida, gum
disease, palatal KS (3.10)

• Cardiovascular, respiratory,
abdominal, and neurogical
examinations as standard

• Women: cervical pap smear
• Urine dipstick for protein and

sugar
• Sexual health screen 

Laboratory evaluation 
• Confirmation of HIV antibody-

positive 
• Avidity and detuned assays if

available
• Plasma HIV RNA
• Resistance testing (genotype) with

determination of HIV subtype
• CD4 absolute count + percentage

(optional: CD8 and %)
• Full blood count, AST, ALT,

alkaline phosphatase, calcium,
phosphate, glucose, creatinine,
calculated creatinine clearance

• Antibody tests for Toxoplasma,
CMV, VZV, hepatitis A, B, and C,
and syphilis

• Fasting blood glucose and lipids
including fasting total LDL and
HDL cholesterol, and triglycerides 

• G6PD status
If relevant:
• HLA-B*5701 determination 
• HIV tropism
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3.1–3.3 Molluscum contagiosum. Characteristic waxy,
dome-shaped, umbilicated flesh-coloured papules caused
by the DNA pox virus. They are commonly located on the
face, neck, axillae, and ano-genital regions.

3.4 HIV-related seborrhoeic dermatitis.

Vaccinations that are recommended for all HIV-infected
adults found to be susceptible on serological screening are
hepatitis B (HBV), measles, mumps and rubella (if CD4
count >200/mm3) and varicella (CD4 count >400/mm3).
Further details on vaccination in HIV-positive adults is
given in Table 3.2, adapted from the BHIVA guidance on
vaccination (2008)3. 

When to start treatment 

Primary HIV infection 
Guidelines do not currently recommend treatment in acute
infection unless symptoms are neurological in nature or
severe, as there is some indication that this may lead to
more rapidly progressive disease4. Duration of treatment is
unclear, as is its effect on outcome or prognosis. The Short
Pulse Anti Retroviral Therapy at HIV Seroconversion
(SPARTAC) trial, which is a randomized prospective study
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