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The human immunodeficiency virus (HIV) is causing the most destructive epidemic of recent times, having been

responsible for the deaths of more than 25 million people since it was first recognised in 1981. This global epidemic

remains out of control, with reported figures for 2005 of 40 million people infected with HIV. During 2005 there

were 4.9 million new infections, showing that transmission is not being prevented, and there were 3.1 million

deaths from the acquired immunodeficiency syndrome (AIDS), reflecting the lack of a definitive cure and the

limited access to suppressive antiretroviral treatment in the developing countries that are most severely affected.

The current state of the epidemic and the response to date are here reviewed. Present and future opportunities for

prevention, treatment and surveillance are discussed, with particular reference to progress towards an HIV vaccine,

the expansion of the provision of highly active antiretroviral therapy, and the need to focus control programmes on

HIV as an infectious disease, rather than as a development issue.

CURRENT EPIDEMIOLOGICAL

SITUATION

The human immunodeficiency virus (HIV)

epidemic is not evenly spread across the

world and, in fact, there appear to a multi-

tude of different epidemics playing out in

different populations according to a variety

of different circumstances. These are

detailed on an annual basis by the Joint

United Nations Programme on HIV/AIDS

(UNAIDS; Anon., 2005a).

Sub-Saharan Africa is the region hardest

hit by the epidemic, being home to about

two-thirds of all those infected with HIV,

despite containing only about 12% of

the global population. The main mode of

transmission in Africa is by heterosexual

contact, and infections in many populations

have spread from high-risk groups into the

general population. Southern Africa is the

current epicentre of the epidemic, with

prevalences of adult infection exceeding

20% in Botswana, Lesotho, Namibia,

South Africa, Swaziland and Zimbabwe.

The epidemic in this region is expanding

rapidly. In South Africa, for example, the

reported prevalence of HIV infection rose

from ,1% in 1990 to almost 25% a decade

later. In contrast, the prevalences in East

Africa now appear to have at least stabilized,

and there is evidence that they have fallen

substantially in Uganda and, more recently,

in Kenya (Shelton et al., 2006). Prevalences

in West Africa have generally remained

much lower than those seen in the south

and east of the continent.

There is worrying evidence of fast-

growing epidemics in Eastern Europe and
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in Central and East Asia. The populations

in many Asian countries are vast, so even

small proportions engaging in high-risk

activities can translate into large numbers

of people infected. The pattern of the HIV

epidemic across Asia is highly varied,

however, with stabilization in some areas

but expansion in others. Even within a

single country, India, diverse epidemics

appear to be occurring at the same time

(Kumar et al., 2006). Overall, injecting-drug

use is the strongest driver of the epidemic in

Asia. Most users are also sexually active,

however, and the intersection of drug

injection and sex has jump-started a sig-

nificant HIV epidemic in several Asian

countries. In the Russian Federation,

Ukraine, China, Indonesia, Pakistan and

Vietnam, there is evidence that HIV is

spreading rapidly through populations of

drug injectors and men and women who buy

and sell sex. Drug injection and anal sex in

prison account for a disproportionate frac-

tion of new infections in many countries.

A small number of Caribbean nations and

one or two in the western Pacific have

recorded prevalences of HIV infection

among adults that are similar to those seen

in sub-Saharan Africa, with the majority of

infections being transmitted through hetero-

sexual intercourse, often associated with

commercial sex. In Latin America, HIV

prevalence is highest among men who have

sex with men (MSM) and commercial sex

workers (CSW), although in some countries

in this region, such as Argentina, drug

injection also contributes significantly to

new HIV infections.

The HIV epidemic has been described as

the single greatest threat to security and

development in the world today (Anon.,

2001). After several decades of progress

thanks to increased sanitation, improved

living conditions, expansion of primary

health care and immunizations, infant mor-

tality is now rising again in several countries

in sub-Saharan Africa as the result of HIV

infections and reduced care following par-

ental deaths. Life-expectancy at birth has

fallen by more than 15 years in some African

countries, with the greatest burden of mor-

tality falling on young adults, who typically

are the most productive part of the work

force. As a result, it has been calculated that

national gross domestic product falls 1% a

year in countries where HIV prevalence has

reached 8% (Anon., 2005b).

RESPONSE TO THE EPIDEMIC

Despite these appalling figures, there are

suggestions that some progress is being

made to combat the epidemic in some

places. Decreases in the incidence of new

infections have been seen in certain popula-

tions, for example, among MSM in Western

countries throughout the 1980s and early

1990s, among CSW in Cambodia and

Thailand, and in injecting drug users

(IDU) in Spain and Brazil. Equally there

have been falls in incidence among young

people in Uganda dating back to the early

1990s (Mbulaiteye et al., 2002), and now

there is some evidence of similar trends

emerging from Kenya, Zimbabwe and

urban Haiti (Anon., 2005a; Shelton et al.,

2006). These declines, which seem at least

partially attributable to changes leading to

less risky sexual behaviour, provide some

glimmers of hope. In Uganda, however,

there are worrying signs that the earlier

reported declines are not being sustained

(Wawer et al., 2003).

Behavioural change leading to safer sex,

in particular the three components of the

‘ABC’ approach (Abstinence, Be faithful,

use Condoms), has been the mainstay of

prevention campaigns for many years.

Although there has been fierce and polarized

debate about the relative merits of these

three components, there is general agree-

ment that all three are important and have a

part to play (Parkhurst, 2002; Shelton et al.,

2004). Abstinence, or at least delaying first

sex, has a role in preventing infections in

adolescents in the early years of their sexual

maturity, but it is unclear if abstinence has
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any long-term effect on the overall incidence

of infection. In theory, delaying first sex may

allow girls to mature to the point where they

are able to negotiate safer sex more easily,

and may shorten the length of the critical

premarital period of a young individual’s

sexual career. Being faithful, through

mutual monogamy and the elimination or

reduction in the number of casual partners,

has been suggested to be a major compo-

nent in the reduction of HIV prevalence in

some settings, perhaps through the reduc-

tion in the number of concurrent sexual

partnerships. The results from the more

rigorous studies of this topic are, however,

by no means consistent (Mbulaiteye et al.,

2002; Wawer et al., 2003; Gregson et al.,

2006). There are also suggestions that, in

some circumstances, young people are

becoming more likely to chose sexual

partners of their own age, thereby reducing

age mixing and the chance of choosing an

infected partner (Gregson et al., 2002). The

use of condoms has probably been a major

factor in reducing the levels of HIV infection

in some areas, and the results of some

studies in Uganda indicate that this,

together with mortality of HIV-infected

individuals, has been a major driver in

reducing HIV prevalence (Wawer et al.,

2003). The results of other research, how-

ever, have indicated that, whereas condoms

may have reduced epidemic levels in some

countries where the major driver is com-

mercial sex, their promotion is unlikely to

have much impact in generalised epidemics

where the majority of transmissions are

occurring within married couples, who

rarely use condoms (Allen et al., 2003).

Sexually transmitted infections (STI),

especially ulcerative conditions, have been

shown to facilitate the transmission and

acquisition of HIV (Wasserheit, 1992).

Health services providing syndromic diag-

nosis and treatment for STI have therefore

been widely promoted for the prevention of

HIV transmission, and have been shown

to be effective in reducing HIV incidence

in some circumstances (Grosskurth et al.,

1995). The effectiveness of this interven-

tion seems to depend on the stage of the

epidemic and the aetiological pattern of the

STI present in the area (Orroth et al., 2003).

The link between high-risk sexual beha-

viour, STI and HIV is much stronger in

expanding HIV epidemics than in more

mature, generalised epidemics, where the

risk is more diffusely distributed into the

lower-risk population. Treating STI to

reduce the infectiousness of, and suscept-

ibility to HIV may be particularly effective

where both HIV and STI are concentrated

among sex workers and their clients

(Fleming and Wasserheit, 1999). As the

syndromic treatment of STI is mostly

targeted at curable bacterial infections, it

will be much less effective in settings where

most STI are viral, such as those caused by

herpes simplex virus type-2 (HSV2).

As recently as 3 years ago, it could have

been argued that the practice of HIV

medicine in most developing countries

was a sub-speciality of palliative care.

Limitations in the supply of drugs meant

that there was minimal effective care for

serious co-infections and limited palliation

available at the best of times. The natural

history of HIV disease in Africa meant that

50% of individuals would be suffering from

AIDS within 8–9 years of infection (Morgan

and Whitworth, 2001), and life-expectancy

following an AIDS diagnosis would be

measured in months (Morgan et al., 1997;

French et al., 1999; Morgan and

Whitworth, 2001). The provision of daily

co-trimoxazole therapy was beginning to

find favour, offering modest but measurable

improvements in survival (Anglaret et al.,

1999; Wiktor et al., 1999; Grimwade and

Gilks, 2001), but no other intervention

based on prophylaxis against opportunistic

infections had been shown to confer survival

benefit (Whalen et al., 1997; French et al.,

2000; Grant et al., 2001; Quigley et al.,

2001).With the introduction of potent

multi-drug therapy for HIV care in the

developed world in 1996 (Collier et al.,

1996), it was clear that antiretroviral agents
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had to be made available in the poor

countries with high HIV burden, if signifi-

cant alterations in survival and quality of life

were to be achieved in such areas. In 2003,

the survival prospects for an HIV-positive

patient in a developing country began to

improve, as a consequence of increasing

political pressure from multiple sources, the

establishment of the Global Fund for AIDS,

Tuberculosis and Malaria (GFATM), and

the subsequent development of the World

Health Organization’s ‘3 by 5’ initiative.

Access to cheap or free antiretroviral therapy

(ART) is increasing throughout the develop-

ing world and, whilst universal and equitable

access to such therapy is still some way off, a

new and more optimistic phase of the HIV

pandemic has begun. This phase, however,

brings with it many new challenges, mixed in

with the old challenge of inadequate systems

of secondary health care, particularly for the

management of chronic disease.

Whilst all efforts to prevent HIV trans-

mission and treat those infected should be

applauded, it is clear that the response to the

epidemic and the range of available inter-

ventions need to be greatly expanded.

Opportunities for the future are outlined in

the next sections of this review.

PREVENTION OF HIV

TRANSMISSION

Compared with the treatment of existing

cases of the disease, the prevention of

infection is a much more effective means

of controlling an epidemic. For many years

the primary response to the HIV epidemic

focused on the prevention of infection by

encouraging changes in sexual behaviour

and treating STI. This approach has only

been supplanted in the past few years, with

the massive expansion of ART provision

shifting the balance of the response from

prevention towards care. Recently, there has

been a recognition that prevention has been

relatively neglected and again needs more

attention (Anon., 2005b).

It is generally agreed that prevention

activities need to focus not simply on the

risk behaviours that are the immediate

causes of HIV infection but also on the

social, cultural and economic factors that

encourage risk behaviour or prevent people

from acting to protect themselves and their

partners from infection. Changing the social

and cultural landscape — the mechanisms

that subordinate women to men, that

undermine earning power, that promote

discrimination against same-sex partners,

that favour research for diseases of the rich

— requires political leadership and national

and international co-operation, and these

have been in short supply in all but

a handful of countries (Anon., 2005a).

Sadly, with over 3 million people dying of

AIDS each year, we cannot afford to wait for

the world to become fair and equitable. We

need to focus on AIDS as an infectious

disease that is eminently preventable, rela-

tively incurable, and ultimately fatal. The

existing prevention efforts need to be

expanded and refined while new, appropri-

ately focused methods for prevention are

developed.

Voluntary Counselling and Testing

There is a pressing need to ensure that

prevention and treatment activities are

better linked and co-ordinated. Voluntary

HIV counselling and testing (VCT), for

example is widely seen as a major access

point to individuals for both HIV prevention

and treatment. There is increasing evidence

from Kenya, Brazil and Uganda that

expanded access to ART leads to greater

participation in VCT (WHO, 2005a), by

reducing stigma and discrimination, and

also by giving those who attend VCT hope

that something can be done for them if they

should be found to be seropositive. There is

still some doubt, however, about whether

increased access to ART will also lead to

complacency in the population and an

increase in unsafe sexual behaviour (Stolte

et al., 2002).
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The provision of VCT needs to re-

orientated, to make it more effective. In

generalised epidemics, being faithful to one

partner may not be enough to prevent

infection if that partner acquires HIV out-

side the relationship. It is essential that

serodiscordant partnerships are identified,

through VCT, so that individuals know not

only their own serostatus but also that of

their partner. At present, it is estimated that

only one in every 10 Africans has been

tested for HIV and knows his or her own

serostatus, let alone that of their partner

(Anon., 2005b). It is clear that VCT services

need to be scaled-up, targeted at those at

high-risk, made more accessible, and made

free-of-charge (to improve coverage), and

that couple counselling, to identify serodis-

cordant couples, needs to be promoted.

Appropriate Prevention Services for

Those Who Need Them

The effective control of HIV depends on the

provision of services to the people who need

them most, in situations where uninfected

people are most likely to be having unpro-

tected sex or to be sharing needles with

infected people. The best choice of services

will depend on the setting but might include

the provision of needle-exchange pro-

grammes for IDU and prisoners, or the

provision of condoms for CSW and their

clients, and MSM, including prisoners.

Female-controlled methods of prevention

may be particularly important in situations

— including marriage — where men are

likely to be infected but unwilling to use

condoms to protect their partners. Female

condoms have been shown to be effective

and should be widely distributed and

promoted.

Future Prevention Methods:

Microbicides

Vaginal microbicides that a woman could

use to prevent infection are also being

developed. These are chemical agents

placed within the vagina in order to prevent

infection with HIV and, potentially, other

sexually transmitted micro-organisms. The

development of microbicides requires some

understanding of the basic science of viral

entry and replication, since most of these

products are aimed at prevention of infec-

tion at the mucosal surface or blockage of

early viral replication.

The ‘first-generation’ microbicides were

substances, such as nonoxynol-9 (N9), that

appeared capable of blocking viral entry by

disrupting the lipid bilayer of the HIV

envelope. Unfortunately, when N9 was

investigated in clinical trials, not only was

it found to have no significant efficacy

against HIV infection but it also caused

local vaginal toxicity (Kreiss et al., 1992;

Roddy et al., 1998; Van Damme et al.,

2002).

The hope is that ‘second-generation’

microbicides, such as PRO 2000 (poly-

naphthalene sulfonate) and other sulphated

polymers, carageenan (derived from sea-

weed) and cellulose sulphate (Ushercell),

will stop HIV binding to the various

receptors that the virus uses to enter host

cells. These substances have been demon-

strated to have low local toxicity and are

now entering Phase-III trials in developing

countries (Weber et al., 2005), so their

effectiveness as microbicides will be deter-

mined in the next few years.

The ‘third-generation’ microbicides are

topical antiviral agents, including non-

nucleoside reverse-transcriptase inhibitors

(NNRTI) such as UC781 and TMC120,

that are being developed as vaginal gels.

Phase-II trials of some of these compounds

have started in some developing countries.

A buffer gel that helps to reduce the vaginal

pH, creating an environment that is possibly

less conducive to HIV infection and other

STI, is also being investigated.

Other Prevention Measures

Male circumcision has recently been

shown to be a promising intervention.

This had been indicated by the results of
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observational studies and is likely to be due

to the high density of target cells for HIV in

the foreskin. In one trial in South Africa,

recently circumcised men were found to

have a 60% lower chance of contracting

HIV than the uncircumcised (Auvert et al.,

2005). Two other trials are now in progress.

If these confirm the earlier results, public-

health authorities will need to address the

cultural and logistic challenges of providing

minor surgical facilities for circumcision that

are accessible to the population at risk.

Apart from horizontal transmission

between adults through sexual and parent-

eral routes, another major mode of trans-

mission is vertically from an HIV-infected

mother to her baby. Without any interven-

tion, vertical transmission occurs in about

one-third of cases. Such transmission is

largely preventable, however, through the

provision of antiretroviral drugs to the

mother and child, the avoidance of breast

feeding, and the use of elective Caesarian

section. These interventions are, however,

proving difficult to implement in developing

countries, particularly those in sub-Saharan

Africa. In such areas, safe obstetric surgery

is accessible to only a small proportion of

the population, and in most cases, for

cultural, financial and practical reasons,

there is little alternative to breast feeding.

In these circumstances, the best advice is

probably to encourage women to breast feed

exclusively for 3–4 months and then to wean

abruptly onto weaning foods. This allows

babies to gain a major benefit from breast

milk while minimising the potential for HIV

transmission (WHO, 2002, 2004). Even

though very simple regimens, such as a

single oral dose of nevirapine to the mother

during labour and a single dose to the infant

within 72 h of birth, have been demon-

strated to be effective in reducing mother–

child transmission of HIV (Guay et al.,

1999), coverage is still only about 5% in

sub-Saharan Africa, although it varies

widely across the region. The main

barriers to implementation are inadequate

health services, the mothers’ general lack of

knowledge of their HIV status, stigma,

discrimination, and lack of access to services

(WHO, 2005b).

The use of post-exposure prophylaxis

after needle-stick injuries, to prevent sys-

temic infection very soon after transmission

has occurred, has led to the concept of

providing pre-exposure prophylaxis to

high-risk groups, to prevent transmission

occurring. Several trials of pre-exposure

prophylaxis have been launched among

IDU and CSW in developing countries,

using the antiretroviral drug tenofovir, either

alone or in combination. Some of these

trials have been halted because of political

pressure stemming from (possibly unwar-

ranted) concerns about the ethical conduct

of the studies. In particular, these concerns

relate to the standard of care provided for

study participants, especially over whether

ART would be made available for life to any

participant who happened to seroconvert

(Mills et al., 2005).

As described earlier, the syndromic treat-

ment of STI is widely promoted as a means

of reducing HIV transmission. The emerging

role of HSV2 has been much discussed

because infection with this virus is incurable

and manifests with episodic ulceration. It is

potentially amenable to suppressive therapy,

although treatment for this infection is rarely

included in any guidelines for syndromic

management. HSV2 has been shown to be

strongly associated with HIV in sub-Saharan

Africa, where it has been implicated in up to

60% of transmissions in women (Wald and

Link, 2002; Freeman et al., 2006). The

guidelines for the syndromic management

of STI are therefore being updated to include

consideration of suppressive treatment for

HSV2 in some circumstances. Trials are

underway to determine whether suppressive

therapy with acyclovir or related antiviral

drugs can reduce HIV transmission by

minimising the clinical manifestations of

HSV2. If these studies show benefit, then

the next logical step will be the development

of an HSV2 vaccine, which could have a

major effect on the HIV epidemic.
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Many believe that the only long-term

solution to the HIV epidemic is the devel-

opment of an effective HIV vaccine, but

this poses formidable problems. These are

described in the next section of this review.

VACCINE DEVELOPMENT

Virology

Since the isolation in 1983 and 1986,

respectively, of HIV-1 and the much

less pathogenic HIV-2, there has been a

tremendous effort to study the virology and

immunology of HIV in an endeavour to find

better interventions and treatment. It was

quickly discovered that both types of HIV

are single-stranded RNA retroviruses

characterised by their ability to make DNA

using the enzyme reverse transcriptase. It is

believed that HIV was introduced into

human populations from non-human

primates (Keele et al., 2006). HIV-1 is

genetically close to the simian immuno-

deficiency virus (SIV) in chimpanzees

(SIVcpz) and HIV-2 to SIV in sooty

mangabeys (SIVsm). It seems likely that

SIVcpz was introduced into humans in the

early part of the 20th Century, through meat

preparation or primate bites. HIV-1 may

have crossed into the human population on

three separate occasions, leading to the

three major groupings known as the M

(main or major) group and the less common

and geographically confined N (new) and O

(outlier) groups (Hahn et al., 2000).

There are nine recognised subtypes within

HIV-1 group M, of which the most common

are subtypes A and C, followed by B. There

are also two common circulating recombi-

nation forms (CRF01-AE and CRF02-AG).

The greatest diversity of HIV-1 is found in

Central Africa. Co-infection and unique

recombination forms, demonstrating co-

infection or dual infection, are increasingly

recognised in East Africa, where three major

subtypes, A, C and D, co-circulate

(Dowling et al., 2002; Hoelscher et al.,

2002; Yirrell et al., 2002). The biological

relevance of these different genetic subtypes

in terms of disease progression, vaccine

development and transmission remains

uncertain (Peeters et al., 2003). Currently,

most commercially available tests are able to

detect infection in all individuals infected

with any of the group-M HIV-1 subtypes,

with some of the newer tests including

antigens to detect HIV-2 and HIV-1

group-O viruses.

A key early breakthrough in research on

HIV was the discovery that the CD4

molecule was the major receptor for viral

entry (Dalgleish et al., 1984; Klatzmann

et al., 1984). Several other cellular proteins,

including the chemokine receptors CXCR4

and CCR5, were later discovered to be the

co-receptors for viral entry (Cocchi et al.,

1995; Alkhatib et al., 1996; Feng et al.,

1996). Entry, however, involves other

mechanisms after attachment, including

fusion of the virion and the target cell — a

process that involves the V3 envelope region

on glycoproteins gp120 and gp41. Entry and

integration into host DNA are followed by

viral replication, in which several host and

viral factors, including the HIV accessory

proteins nef, Vpr, Vpu and Vif, play a role.

Immunology

Most of the clinical features of HIV infec-

tion can be ascribed to the profound

immune deficit that develops in infected

individuals. HIV disease is characterised by

a progressive loss in the numbers and

function of CD4 T lymphocytes. There are

also functional defects in other cells, such as

B lymphocytes, monocytes, macrophages,

dendritic cells (DC) and natural killer (NK)

cells. Another important factor contribut-

ing to decreased immune function is the

immune suppression that results from the

generalised immune activation associated

with a poorly controlled HIV infection.

It has recently been reported that the

greatest damage to the human immune

system occurs at the time of acute or

primary infection. At this stage, which
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typically lasts for ,3 months post-infection,

many gut-associated lymphocytes are

destroyed (Guadalupe et al., 2003;

Mehandru et al., 2004) and some of this

damage is irreversible.

In the past few years, there have been

many studies of the adaptive mechanisms

(i.e. the specific immune responses

mediated by T and B lymphocytes) and

the innate mechanisms (i.e. the non-specific

immune responses) behind the protective

immune responses to HIV-1. A few weeks

after HIV-1 infection, antibodies that can

neutralize the virus begin to appear.

Typically, however, these HIV-1-specific

neutralizing-antibody responses are only

transiently effective within an individual. It

is puzzling why these antibodies become less

effective and fail to eradicate the virus.

Some of the possible reasons include viral

mutation, glycosylation of the viral envel-

ope, and conformational folding, leading to

the masking of important antigenic regions.

CD8 cytotoxic T lymphocytes (CTL) were

first implicated in suppressing HIV replica-

tion in 1994, in studies demonstrating that

the reduction in viraemia seen during acute

infection was temporally associated with the

appearance of HIV-specific CD8z T cells

(Borrow et al., 1994; Koup et al., 1994).

These cells kill virus-infected cells, thus

limiting the production of new virions, and

secrete a variety of soluble factors that

contribute further to the suppression of viral

replication. In spite of this, HIV persists and

there is disease progression to AIDS in the

presence of HIV-specific CTL activity. The

failure of CTL to control HIV infection may

result from the accumulation of viral muta-

tions, leading to viral escape and the down-

regulation of class-I molecules of the major

histocompatibility complex (MHC). CD8 T

cells are also dependent on the help of CD4

T cells, and T helper cells become impaired

early in HIV-1 infection (Pitcher et al.,

1999; Rosenberg et al., 2000).

The innate immune system is composed

of many different recognition and effector

components, including NK cells, Toll-like

receptors, defensins, the complement sys-

tem, phagocytic cells, and DC. Other

soluble mediators involved in innate

immunity — including CC (cysteine–

cysteine) chemokines such as RANTES

(‘regulated upon activation, normal-T-

cell expressed and secreted’) and the

macrophage-inhibitory proteins (MIP) 1a
and 1b produced by activated macrophages,

DC, NK and cdT cells — play a role in the

inhibition of viral entry, by blocking CCR5

co-receptors (Levy et al., 2003). Since HIV

is primarily a mucosal infection, there has

been much interest in understanding the

mucosal immune response. Both innate and

adaptive immune responses in the mucosa

have been shown to have some anti-HIV

activities, including chemokines and secre-

tory IgA antibodies to HIV (Lehner and

Anton, 2002).

Individuals differ in their susceptibility

to HIV-1 infections as well as in their rate

of disease progression once infected.

Individuals homozygous for the CCR5D32

deletion are almost completely protected

from HIV-1 infection (Dean et al., 1996;

Liu et al., 1996; Samson et al., 1996). The

CCR2-64I allele and genotype have been

associated with delayed progression to

AIDS in African women (Anzala et al.,

1998). Some human-leucocyte antigen

(HLA) alleles, such as HLA B57 and B

27, have also been associated with slow

disease progression (Kaslow et al., 1996;

Migueles et al., 2000). Other polymorphic

human genes reported to have an impact

on HIV-1 infection include TRIM5a and

APOBEC3G (Xu et al., 2004; Speelmon

et al., 2006).

Prophylactic Vaccines

Based on an increasing understanding of

the virology, immunology and genetics of

HIV, there has been progress in HIV

vaccine development. In 2005, 13 new trials

of preventive AIDS vaccine candidates

began in nine countries around the world

(Anon., 2006). Many of these trials involve
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a prime–boost approach, in which two

candidate vaccines are administered, sepa-

rately, to try to improve the immune

responses induced. In the early trials most

candidate vaccines were designed to induce

neutralizing antibodies. One such vaccine

candidate reached Phase-III trials but unfor-

tunately did not prevent infection (Flynn

et al., 2005). Most of the vaccine candidates

that are currently being investigated are

aimed at stimulating T-cell responses. A

Phase-III trial of a canarypox-vectored

vaccine (vCP1521) boosted by AIDSVAXH
B/E gp120, which aims to induce both

antibodies and T cells, is currently under-

way among 16,000 volunteers in Thailand

(Karnasuta et al., 2005). Despite their

often good safety profiles in early studies,

most vaccine candidates have not pro-

gressed to Phase III because they have

not been found sufficiently immunogenic.

One approach to vaccine development is

to use live vector vaccines. In this approach,

harmless viruses or bacteria are engineered

to ferry foreign genes, such as those of HIV,

into human cells. One of the most promising

vaccine candidates uses a weakened adeno-

virus vector. Other vectors used include

canarypox, modified vaccinia virus Ankara,

and adeno-associated virus. The major issue

that could make these vectored vaccines less

potent in developing countries is the high

levels of pre-existing immunity to related

natural infections in the population, which

may reduce the immune response to such

vaccines. There are now attempts to use

viruses from non-human primates as vec-

tors, to overcome this hurdle.

In any attempts to find a safe and effective

vaccine, the ultimate goal has to be clear.

Sterilizing immunity is an ideal but, perhaps

for now, an unrealistic goal. A more realistic

aim might be to reduce viral load and

therefore reduce transmission and disease

progression. The rationale for this approach

is supported by the results of studies on

discordant couples, which have shown that

there is a threshold of viraemia (about 1700

vRNA copies/ml plasma) below which

transmission of HIV is extremely unlikely

(Gray et al., 2001). The challenges facing

vaccine developers include a lack of detailed

knowledge on the protective immune

response and the induction of mucosal

immunity, poor immunogenicity in humans,

the lack of a good animal model, viral

diversity, and the ability of HIV to mutate

and so escape immune pressure.

It is unclear whether any vaccine will

protect against all the diverse viral subtypes,

although some vaccines tested have induced

cross-subtype immune responses (Ferrari

et al., 1997; Cao et al., 2003). The

incorporation of the more conserved gag

and pol regions of the viral genome in

vaccines, or the use of multi-subtype

vaccines, is therefore being considered.

There are also financial challenges, since

most of the vaccine research is funded by

public money, such as that from the United

States’ National Institutes of Health. In

general, private industry has shown little

interest in the development of an HIV

vaccine, largely because of the uncertainty

of ever succeeding in producing an effective

vaccine and making a profit from the

venture.

The researchers who conducted the initial

vaccine trials in developing countries faced

additional challenges, including the limited

regulatory and scientific capacity to review

protocols and the low enrolment of women

(Mugerwa et al., 2002; Mugyenyi, 2002;

Mugisha et al., 2006). There will be even

more challenges as larger efficacy trials are

planned. Such trials will require large

populations or cohorts that are well char-

acterised in terms of the prevalence and

incidence of infection at baseline and during

follow-up. Cohort development will require

the upgrading of infrastructure, medical-

treatment and data-management capabil-

ities, regulatory frameworks and laboratory

support, and the involvement of the target

communities. All of these improvements

will have to be accompanied by the

highest-attainable levels of non-vaccine

prevention, including the provision to trial
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participants and communities of condoms

and mutually-agreed levels of medical care

or referral. This will not be simple or

inexpensive. The international community

is trying to come together to address some

of these challenges, in order to accelerate

vaccine development. The Global HIV

Vaccine Enterprise was recently created for

this purpose (Klausner et al., 2003).

TREATMENT AND CARE

Prophylaxis of Opportunistic Infections

The natural history of HIV infection is

dominated by a relatively small number of

clinical syndromes resulting from opportu-

nistic infections with specific aetiological

agents. These vary in different parts of the

world. In Africa, the pathogens responsible

for the commonest opportunistic infections

are Mycobacterium tuberculosis, Streptococcus

pneumonia, Cryptococcus neoformans, non-

typhoidal Salmonella, Plasmodium falciparum

and human herpes virus-8 (Grant et al.,

1997; French et al., 1999, 2001, 2002;

Corbett et al., 2002; Anglaret et al., 2003;

Van Ousterhout et al., 2005). The infections

with M. tuberculosis and St. pneumoniae are

particularly notable as they occur at all

stages of HIV infection, are caused by

pathogens that are themselves highly viru-

lent, and, in HIV-positives, are associated

with high mortality. Furthermore, although

successful ART almost eliminates the

clinical manifestations of infection with

C. neoformans or non-typhoidal Salmonella,

it fails to bring down the risk posed by

M. tuberculosis or St. pneumonia infection to

that seen in the HIV-negative members of

the same population (Girardi et al., 2005;

Heffernan et al., 2005; Lawn et al., 2005a).

In addition, there is the theoretical potential

for ART to increase the transmission of

M. tuberculosis in the community, by increas-

ing the pool of infectious cases. Effective

prophylaxis for these infections remains

necessary but the best way of achieving this

remains unclear. Co-trimoxazole is the only

prophylaxis currently recommended for

co-infections (WHO, 2006a) but (unlike

the situation in the developed world, where

co-trimoxazole is primarily used for pre-

venting Pneumocystis jirovecii pneumonia)

this drug’s mode of action in sub-Saharan

Africa, and elsewhere in the developing

world, is unclear (Watera et al., 2006).

Consequently, there is no available evidence

to define when co-trimoxazole prophylaxis

should be stopped in a developing country.

Although this gap in our knowledge was

of little consequence a few years ago, it

urgently needs to be filled now that ART is

increasingly available.

Antiretroviral Therapy

As discussed earlier, a major recent response

to the epidemic has been improved access to

ART globally, especially through the World

Health Organization’s ‘3 by 5’ initiative

(WHO, 2005b). The price of first-line

treatment has fallen by 37%–53% over the

past 5 years while the number of people in

developing countries on ART has tripled in

the past 2 years, to an estimated 1.3 million.

Access has expanded in every region. In sub-

Saharan Africa, for example, the number of

people on ART has increased 8-fold, with

the number of operational treatment sites

increasing to .5000. The use of ART in this

region probably prevented a quarter of a

million deaths in 2005, and the effects of

improved access to treatment will become

greater over time (WHO, 2006b). There is

still much to be done, however — only one

in every 10 Africans and one in every seven

Asians who need ART are being treated.

The best coverage has been achieved in

Latin American and the Caribbean, where

roughly two-thirds of those who require

treatment have access.

Early Mortality and Immune

Reconstitution

Dramatic changes in disease experience and

survival are achievable for individuals

started on ART. Survival data from most
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reported treatment cohorts and from the

available national-programme statistics indi-

cate that 85%–95% of those starting treat-

ment will be alive 1 year later (Seyler et al.,

2003; Coetzee et al., 2004). These figures

do not take account of the deaths that occur

between HIV diagnosis, treatment registra-

tion and the commencement of therapy

(Lawn et al., 2005b). It should be possible

to decrease pre-treatment fatalities by

speeding up the process of registration, with

biological rather than programmatic factors

then mainly dictating outcome. Individuals

who start ART but do not survive the first

year are most likely to die within the first 3

months of treatment. A nadiral CD4 count

is a strong predictor of early death (Coetzee

et al., 2004; P. Munderi, unpubl. obs.). At

the simplest level, these early deaths reflect

the natural history of untreated disease,

during a phase when the beneficial effects

of ART treatment, viral suppression and

immune recovery are evolving but not yet

fully established. It remains unclear what

roles co-infections and immune-reconstitu-

tion disease play in this early mortality.

Strategies such as targeted short-term pro-

phylaxis or presumptive therapy are now

being assessed as adjuvants to ART.

Delivery of Antiretroviral Therapy

The supply of ART to millions of people is

perhaps the single most ambitious health

undertaking ever to take place. The endea-

vour is remarkable for several reasons, not

only for the scale of the procurement and

supply of medicines themselves but also that

ART is being introduced into healthcare

systems that have often been unable to

deliver chronic health care for conditions

such as hypertension, diabetes or heart

failure. The supply of drugs will need to be

sustained and increased to accommodate

the rising percentage of the population in

need of therapy. The level at which this

figure plateaus will depend on the survival

benefits achieved with therapy and the

underlying changes in transmission of HIV

within communities (Gray et al., 2003). If

adequate access is to be achieved, much of

the drug delivery will have to take place

outside hospitals, at health centres and

smaller health clinics, and be managed by

care providers with minimal training. The

World Health Organization (WHO) has

already established standardized guidelines

for practitioners faced with the decisions of

when to start ART, provide a substitute

regimen because of toxicity, switch treat-

ment because of drug failure, and/or stop

ART and move to end-of-life care (Kim and

Gilks, 2005). In developing countries it is

yet to be established how much decentrali-

zation of care can take place, what changes

will need to be made to the developed-

country model of delivery, and what com-

promises will have to made.

Monitoring of Therapy

Laboratory capacity in developing countries,

particularly in Africa, is at present unable to

support the wide-spread use of laboratory

investigations in the management of HIV

disease (Zachariah et al., 2006). Significant

developments in technology are needed if

CD4 counting and the measurement of viral

load are to become available outside a few

clinics. Current recommendations for start-

ing ART are based on either clinical criteria

(conditions defined by the WHO as stage 4

or stage 3) or on CD4 counts (,200 cells/ml

or, in some cases, ,350 cells/ml). Without

CD4 counting the timing of the initiation of

ART is problematic, with at least 20% of

individuals who would qualify for therapy

on the basis of their CD4 counts failing to

qualify for ART on the basis of clinical

staging (French et al., 1999; Kassa et al.,

1999; Diomande et al., 2003; Zachariah

et al., 2006). Conversely, many individuals

who qualify for ART because they have

pulmonary tuberculosis or bacterial pneu-

monia (stage-3-defining illnesses) may start

treatment prematurely and divert resources

from the most needy (Gilks et al., 1996;

Morris et al., 2003; Zachariah et al., 2006).
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Once therapy has been initiated, subsequent

monitoring to detect treatment failure raises

further issues. When limitations in the

supply of second-line therapy make altering

treatment difficult, there may be no great

benefit in detecting those who have failed

first-line therapy. In the context of ART

programmes in developing countries, it

remains unclear whether, and to what extent,

the addition of laboratory parameters to

the current clinical decision-making pro-

cess will alter the overall individual and

programmatic outcomes.

Drug Resistance

What is predictable is that there will be an

increase in drug-resistant HIV in individuals

and consequently an increase in transmission

of such viral strains within communities.

Although primary drug resistance in Africa is

at present uncommon, increasing numbers of

individuals on ART will increase the absolute

numbers of individuals carrying drug-

resistant strains, as has already been seen in

the developed world (Weidle et al., 2002;

Richard et al., 2004). The inability to identify

these individuals reliably, by laboratory

testing or through clinical monitoring, will

increase the opportunity for virus transmis-

sion. The speed at which drug resistance

develops and its impact on ART programmes

will need to be carefully monitored (Diaz

et al., 2005b), although its impact has been

predicted to be small (Blower et al., 2005). A

particular area of concern is the conse-

quences of basing programmes for the pre-

vention of mother–child transmission on

nevirapine monotherapy, and the long-term

therapeutic outcomes for the mothers and

children. Few data are available on the

genetic mechanisms of drug resistance in

HIV of subtypes other than B. Recently

Kantor et al. (2005) concluded, however,

that global surveillance and genotypic assess-

ment of drug resistance should focus primar-

ily on the known, subtype-B, drug-resistance

mutations, since there are only minor differ-

ences with other subtypes.

Pharmacology of ART

Antiretrovirals are an unusually complex

set of drugs to be delivered, with minimal

medical expertise, to such large numbers of

individuals. Some side-effects, such as

debilitating peripheral neuropathy with sta-

vudine, occur commonly, whereas others,

such as nevirapine-associated toxic epider-

mal necrolysis and hepatitis, may be less

common but potentially fatal. The long-

term, metabolic, adverse consequences of

ART observed in the developed world are

yet to be seen as problems in this early phase

of roll-out in developing countries. It is

unclear what types of adverse effects will

be seen in the developing world, how

frequently any will occur, and how they

can be managed adequately in a minimal-

skills model of delivery. The results of

pharmacological studies carried out in

Caucasian populations may not accurately

reflect the pharmacokinetics and dynamics

of the drugs in African and Asian popula-

tions under different nutritional and envir-

onmental conditions. Fortunately, although

most ART drugs have been developed using

studies based on the subtype-B virus that is

common in North America and Western

Europe, they appear to be just as active

against non-B viruses.

The pharmacology of these agents is

complicated, and the cheaper combination

therapies used in developing countries

(mainly stavudine–lamivudine–nevirapine)

lack ‘forgiveness’ if compliance is not near-

perfect. When ART is discontinued during

an intercurrent illness, for instance, there

will be periods of monotherapy with the

drugs that have longer half-lives, with a

consequent increased risk of the develop-

ment of resistance. The picture is further

complicated by complex drug interactions,

most importantly those between rifampicin,

a mainstay of anti-tuberculosis treatment,

and nevirapine and the protease inhibitors.

A further cause for concern is the potential

for interaction between lumefantrine, a

constituent of Coartem (an antimalarial

drug being promoted by the WHO for
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Africa) and the protease inhibitors (Khoo

et al., 2005). Given the frequent overlap

of HIV disease, tuberculosis and malaria,

much more detailed information on these

interactions and their clinical implications is

urgently required.

Future Prospects for ART

The situation for HIV-infected individuals

in developing countries has improved sig-

nificantly in the past few years. For those

involved in the delivery of care in resource-

limited settings, the challenges are not only

sustaining what has already been achieved

but also continuing to extend the provision

of care even more widely and equitably and

formulating an efficient model of care that

takes account of the problems faced in such

settings. If successful, this may provide a

framework for dealing with other chronic

health problems in developing countries.

Many developing countries are still falling

far short of targets for distributing ART, but

there are exceptions, such as Uganda,

Thailand, Botswana and Brazil, where dis-

tribution has been relatively successful.

There remain tensions over how best to

operationalize the expanded delivery of

ART. These stem from differing views of

the extent to which programmes should give

priority to enrollment, by seeking to increase

the numbers of patients on ART, or to

adherence, by establishing systems to ensure

that once on ART, patients can adhere to

therapy (Bass, 2005).

There are serious questions to be

addressed about the sustainability of these

ambitious plans, especially as the number of

patients on ART is likely to increase

substantially over time, as life-expectancy

rises and levels of mortality fall (Van

Damme et al., 2006). Will fragile health

systems and personnel with limited training

be able to cope? So far, the provision of

ART has been funded through external

sources, particularly the (United States’)

President’s Emergency Fund for AIDS

Relief (PEPFAR), the GFATM and the

World Bank. Long-term donor commitment

cannot, however, be taken for granted.

One of the paradoxes of improving treat-

ment for any incurable, infectious disease is

that, as life-expectancy increases, so does

the number of people who are able to pass

on the infection. Although ART certainly

reduces infectiousness, prevention services

will have to be expanded as treatment

coverage increases and HIV prevalence

rises.

IMPROVED UNDERSTANDING OF

HIV WORLDWIDE

The recent increased global commitment to

combating the HIV epidemic is a huge

experiment and it is unclear how successful

the greatly increased expenditure will be

in preventing morbidity and mortality. To

allow effectiveness to be evaluated, there is a

need to develop robust monitoring frame-

works and methods. Knowledge of the

distribution of the virus and the behaviours

that spread it has greatly increased in recent

years, not least because of a concerted effort

to improve systems of HIV surveillance

around the world.

‘Second-generation’ Surveillance

From tracking the (greatly under-reported)

numbers of AIDS cases that, because of the

natural history of HIV infection, reflected

patterns in the incidence of HIV infection a

decade earlier, the world has progressed

through simple sentinel surveillance for HIV

in pregnant women attending antenatal

clinics to more appropriate, ‘second-

generation’ surveillance systems. These

aim to track infections in the sub-

populations most likely to be affected by

HIV, as well as the behaviours that spread

them (WHO, 2000). In countries with

generalised epidemics, such as those in

sub-Saharan Africa, routine surveillance is

still mostly based on women attending

antenatal clinics. By comparing the results
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of such surveillance with those of national

household surveys (Boerma et al., 2003), it

has been found that the data from the

antenatal clinics tend to under-estimate the

HIV prevalence in the general population,

although there are biases inherent in both

antenatal-clinic and household-survey sur-

veillance. The routine sentinel surveillance

of the STI that share a common route of

transmission with HIV but often indicate

more recent risk is also recommended, but

rarely implemented.

Recent reviews of surveillance systems in

developing countries concluded that HIV

surveillance has improved from the nadir

that followed the dismantling of the WHO’s

Global Programme on AIDS in the

mid 1990s (Garcia-Calleja et al., 2004).

Although they remain feeble in much of the

world, behavioural-surveillance systems — a

critical component of second-generation

surveillance — are growing ever stronger in

Asia and also improving in some Latin

American countries (Anon., 2004).

Towards ‘Third-generation’

Surveillance

Since the start of the 21st Century, gaps

have appeared in even the best second-

generation systems of surveillance. To

understand where HIV prevention and care

are most needed, it is necessary to know not

just the proportion of each group that is

infected or at risk, but the absolute numbers

(Anon., 2002, 2005c). Several countries,

including giants such as China, Indonesia

and the Russian Federation, have now

incorporated systematic estimates of the size

of the sub-populations most at risk for HIV

into their routine surveillance activities.

The tracking of HIV prevalence has

always been a substitute for the tracking of

new infections, and, as therapy complicates

the already complex relationship between

infection, behaviour and survival time, it is

proving to be an increasingly poor substitute

(Diaz et al., 2005a). New technologies are

being developed to increase the feasibility of

tracking incident infections in routine sur-

veillance (Janssen et al., 1998; Parekh et al.,

2002) but, until these technologies are ready

for wide-spread use, it is essential that data

on risk behaviour, treatment and antiretro-

viral resistance are routinely collected (Diaz

et al., 2005b), to help interpret the changes

seen in HIV prevalence.

USING SURVEILLANCE TO IMPROVE

HIV PREVENTION

Given that the distribution of HIV and the

behaviours that spread it have been eluci-

dated and the technologies that prevent the

spread of HIV — largely condoms and

clean needles — are simple and affordable,

it is shocking that an estimated 4.9 million

people became newly infected with this

eminently preventable virus in 2005.

Generalising Risk: the ‘Vulnerability’

Paradigm

AIDS burst into the world’s consciousness,

in the early 1980s, as a disease of gay men,

drug injectors and prostitutes. The stigma

associated with these behaviours caused

many governments to ignore or deny the

epidemic, allowing it to gain ground when it

might most easily have been curtailed. At

the other end of the spectrum, many

activists rightly sought to avoid blaming

people for risky behaviours that were, in

some cases, forced on them by circum-

stance. Risk behaviours were often the

products of poverty, gender inequality,

compromised human rights and other broad

social factors; in consequence, everyone was

equally ‘vulnerable’ to HIV infection

(Bayer, 1991; De Cock et al., 2002). With

HIV increasingly presented as a universal

development problem, there was little

incentive to use surveillance data to pinpoint

the behaviours associated with, and the sub-

populations at, greater risk of acquiring or

passing on HIV. This was true even in

countries outside of sub-Saharan Africa,

446 FRENCH ET AL.



where HIV continues to be transmitted very

largely through drug injection, sex between

men, and commercial sex — behaviours

practised by a small minority of the popula-

tion who might benefit greatly from specia-

lised prevention services.

Back to Public-health Principles

In the mid 2000s, the failure of the ‘every-

one is at risk’ approach prompted calls for

HIV to be treated not as a problem of

development or human rights but as an

infectious disease (De Cock et al., 2003;

Pisani et al., 2003; Frieden et al., 2005).

This required a recognition that, whereas

poverty and other factors may affect beha-

viour, the spread of HIV between adults is

ultimately determined by three factors:

N the likelihood that an infected individual

will have sex or inject drugs with an

uninfected individual;

N the likelihood that the resulting discor-

dant contact will be unprotected; and

N the likelihood that a new infection will

occur if an unprotected discordant act of

sex or injection does take place.

To be effective, HIV prevention efforts will

have to change at least one of these three

factors, and do so on a significant scale. The

targeted reduction of demand for drugs and

sex with high-risk partners (e.g. intergenera-

tional sex in sub-Saharan Africa, and com-

mercial partners globally) will affect the

first. Increased condom use and use of

sterile needles will affect the second.

Reduced STI prevalence and viral load will

affect the third. Achieving these goals

should therefore be the main priorities in

prevention efforts.

It has been argued that countering the

spread of HIV is most easily achieved by

increasing HIV testing, so that HIV-infected

individuals can be provided with prevention

services (Janssen et al., 2001; De Cock et al.,

2006). This will certainly be important,

particularly in generalised epidemics. A high

proportion of HIV transmission, however,

appears to take place shortly after infection,

when the viral load is high (Wawer et al.,

2003; Pilcher et al., 2004), and even

expanded testing facilities are unlikely to

identify these early infections. Where the

risk of exposure to HIV is clearly concen-

trated in a definable sub-population, pre-

vention services should be provided for most

members of that sub-population, whether or

not the sero-status of those members is

known.

As access to life-prolonging therapy

increases the number of people living with

HIV, opportunities for sex and injection

between infected and uninfected people will

increase and so will the need for effective

prevention. More effective HIV prevention

will depend, in the first place, on using HIV-

and behavioural-surveillance and HIV-

testing data to identify the situations in

which infected people are exchanging body

fluids with uninfected people. This type of

analysis is not currently required by the

GFATM or other major funders of preven-

tion efforts, and is rarely performed by

governments when they consider their own

distribution of prevention resources. The

result is that many prevention programmes

are targeted at numerically large populations

such as ‘young people’, whose sexual con-

tacts — in almost every country outside

sub-Saharan Africa and in many in that

continent as well — are likely to be entirely

between uninfected people. Few funders

currently require treatment programmes to

be linked to active and appropriate pro-

grammes of prevention, although treatment

provides an obvious entry point for many

prevention services (Mukherjee et al., 2003).

CONCLUSIONS

The stakes are rising in the HIV epidemic.

Prevention and treatment activities are

being expanded, with a current annual

global expenditure of some U.S.$8300

million, mainly from PEPFAR, GFATM

and the World Bank. The epidemic remains
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uncontrolled, however, with increasing

numbers of new cases and the total number

of people currently living with HIV infection

reaching 40 million for the first time.

Although there is an increasing number of

options for prevention and treatment, it is

clear that much more needs to be done.

The synergies between prevention, treat-

ment and care need to be exploited. It is

likely that successful treatment programmes

will create more effective environments for

HIV prevention, and that intensified HIV

prevention is required to make programmes

of HIV treatment more affordable and

sustainable. Mathematical modelling indi-

cates that a comprehensive approach to

prevention and treatment could avert at

least 55% of new infections in sub-Saharan

Africa (Stover et al., 2002; Salomon et al.,

2005). Testing and treatment services can

be used to refer people to appropriate

prevention services, and even to track use

of those services. Drug injectors should

be referred to methadone-maintenance and

sterile-needle programmes, whereas those

infected or exposed sexually should be

provided with STI-screening and -treatment

services and regular supplies of condoms

and lubricant. Equally, people presenting

for prevention services — especially those

associated with a high risk of exposure to

HIV, such as STI treatment or drug

detoxification — should be provided with

counselling and HIV-testing services, and

with access to prophylaxis and treatment for

opportunistic infections and to ART, as

necessary. The stigma associated with HIV

has made people wary of contact tracing — a

standard tool in the control of other

infectious diseases. Increased access to

ART, however, puts the referral (for HIV

testing and prevention) of the sexual and

injecting partners of those in treatment back

on the agenda.

Analyses have been conducted on the

cost-effectiveness of these various preven-

tion and treatment strategies in sub-Saharan

Africa and South–east Asia (Hogan et al.,

2005). In these areas, it appears that the

best value is to be had from mass media

campaigns, education and treatment for STI

in CSW, treatment of STI in the general

population, VCT, prevention of mother–

child transmission, school-based education,

and ART. The cost-effectiveness of these

interventions ranges according to circum-

stances, however, from ,U.S.$50 to

U.S.$5000 per disability-adjusted life-year.

It is essential that ambitious, yet achiev-

able, targets for controlling HIV are devel-

oped. Given the shortage of some 1 million

professional healthworkers in sub-Saharan

Africa alone, it is necessary for countries to

develop a public-health approach to decen-

tralize ART services and to delegate care

from medical doctors to trained healthwor-

kers. Major inroads into the HIV epidemic

could be made by intensifying prevention

programmes and integrating these with

treatment expansion. This will require

additional funds, estimated at an extra

U.S.$6000 million annually, and long-term

donor commitments. This is a pivotal period

in the history of the HIV epidemic and

future generations will judge us all on our

response. One wonders if there will be

another chapter on HIV written in 2106,

to mark the bicentenary of the Annals of

Tropical Medicine and Parasitology.
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