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Chapter 3
Providing Universal Access While Avoiding 
Antiretroviral Resistance: Ethical Tensions 
in HIV Treatment

Bridget Haire

Abstract The provision of effective antiretroviral therapy is an ethical imperative, 
and global access to antiretroviral drugs is an important aspect of this. The other less 
recognised aspect of effective HIV management is in ensuring that HIV does not 
become resistant to the drugs used in treatment (and increasingly also in preven-
tion), as multi-drug resistant HIV poses a major threat to the sustainability of cur-
rent responses to HIV control. In resource-constrained environments, the rapid 
scale up of access to life-saving anti-HIV treatment was achieved using a public 
health approach that standardised antiretroviral regimens, minimised laboratory 
monitoring, and devolved responsibilities from clinicians where necessary. In recent 
years demand for antiretroviral treatment has increased due to new understandings 
of the clinical importance of early treatment, but global investment has declined. 
Exponential growth of the population using antiretrovirals without careful monitor-
ing increases the risk of significant antiretroviral drug resistance. In this chapter, I 
consider the example of single-drug interventions to prevent parent-to-child HIV 
transmission, and how the implementation of that strategy increased health risks for 
mothers. I argue that while global antiretroviral scale up must continue, laboratory 
monitoring at individual and national levels needs to improve to maintain treatment 
effectiveness, and protocols for moving people from failing regimens need to be 
strengthened.
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3.1  Introduction

With an estimated 36.9 million people living with HIV worldwide (WHO 2018), the 
provision of effective antiretroviral therapy (ART) is an ethical imperative. Ensuring 
that people with HIV can access ART is an important part of this, but another less 
recognised aspect is ensuring that the HIV does not become resistant to the drugs 
used in the treatment, as multi-drug resistant HIV poses a major threat to the sus-
tainability of current responses to HIV control. There are, however, ethical tensions 
about striking the right balance between maximising ART access and minimising 
the risk of the emergence of drug resistant HIV. In resource-constrained environ-
ments these tensions are concerned with relative investment in drugs as compared 
with laboratory monitoring, and sometimes ‘blaming’ discourses regarding non- 
adherent people with HIV.

In 1996 it was established that antiretroviral drugs used in combination could 
control HIV replication (‘viral load’) in individuals and thus prevent HIV from 
destroying the CD4 cells that protect against infection (Arts and Hazuda 2012). 
Over time, the control of viral replication was shown to prevent people with HIV 
from becoming immune suppressed and developing the opportunistic infections 
associated with acquired immune deficiency syndrome (AIDS) (Moore and 
Chaisson 1999). ART could also reverse immune damage, to some extent (Kaufmann 
et al. 2005). Thus, combination ART could prevent AIDS and prolong, and perhaps 
save, the lives of people with HIV. Initial drug regimens however were often highly 
complex. The drugs were associated with serious side effects and were prohibitively 
expensive, as were the laboratory tests used to monitor both the impact of the drugs 
on viral load (viral load tests) and the degree of immune functionality (measured by 
CD4 cell tests). Hence there were significant barriers to access to these regimens for 
the majority of people living with HIV.

The stark injustice of life saving medication being inaccessible to the majority of 
those living with HIV, concentrated predominantly in low and middle income coun-
tries (LMIC) and especially in sub-Saharan Africa, was the catalyst for a worldwide 
treatment access movement that put pressure on governments, drug companies and 
non-government organisations to find solutions to make ART access more equita-
ble. In response to the treatment access movement the World Health Organization 
launched its first ‘public health’ program for HIV treatment, an approach that aimed 
for universal access, starting with the initial goal of getting 3 million people onto 
ART by 2005, the ‘3 by 5 Programme’ (WHO 2003a, b). This approach was sup-
ported and facilitated by the creation of two major donor organisations – The Global 
Fund for HIV, TB and Malaria (the Global Fund), and the (US) President’s 
Emergency Program for AIDS Relief (PEPFAR)  – that supplied drugs to LMIC 
(Smart 2006). Even with these donors, it was not feasible to mimic the highly indi-
vidualised approach to ART prescription in affluent countries that relied heavily on 
expensive and resource-intensive laboratory monitoring. Accordingly, the program 
standardised both ART regimens (the drugs) and monitoring (including tests that 
measure the effect of the drugs on viral load and those that measured the impact of 
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HIV on the immune system). In some LMIC, nurse-practitioners performed roles 
usually reserved for doctors. Thus, the ‘public health’ approach was designed to 
facilitate ART delivery in resource-poor settings with limited health infrastructure, 
simplifying, standardising and devolving responsibilities as required (WHO 2003a, 
b). (Note, while the ‘3 by 5 Programme’ was the initial iteration of this approach, 
the WHO has continued to champion universal access programmatically using a 
public health approach. For simplicity’s sake, in this chapter I will treat the WHO 
universal access/public health approach as a strategy that started with ‘3 by 5’ and 
has continued to this day, albeit with various adjustments and shifts in 
nomenclature.)

This chapter will first describe the mechanism for the development of HIV drug 
resistance and detail elements of the ‘public health’ approach to ART. It will then 
discuss how and why the ‘public health’ approach to ART in lower income countries 
was a reasonable trade-off that enabled widespread access to HIV treatment, despite 
increasing the likelihood of the development of drug resistance. In the medium to 
long term, however, strategies to avoid, contain and diagnose drug resistance will be 
critical to the sustained management of the epidemic, and to reaching the global 
goal of virtual elimination of new HIV infections. The tensions between a public 
health approach that focuses on access and an increasing emphasis on effective use 
of resources will be explored, using the history of mother-to-child prevention pro-
grams as a case study. The increasing use of ART-based prevention strategies for 
sexual transmission will also be considered. Finally consideration will be given to 
issues likely to impact on responses to drug resistant HIV in a context where guide-
lines recommend universal treatment, but access to uninterrupted drug supplies and 
high quality monitoring standards are limited.

3.2  Drug Resistant HIV

HIV is a highly mutable virus, meaning that as it replicates it makes errors and 
hence changes and evolves over time within the human host. These changes are 
random, though the principles of natural selection mean that over time and in the 
absence of treatment, changes that make the virus more replication competent will 
crowd out those that make it less fit.

Drug resistant HIV develops when a person is taking ART that is insufficient to 
fully suppress viral replication. This creates the conditions of selective pressure, so 
that viral copies that are less sensitive to the drugs have a competitive advantage 
over other viral copies, and begin to push the evolution of HIV in the particular body 
to become increasingly resistant. If the ART regimen is sufficient to fully suppress 
replication, this will not occur and hence resistance will not develop. Standard ART 
regimens will fully suppress viral replication if adherence is good, if no biological 
event disrupts individual drug absorption and metabolism, and unless the person 
was infected with a strain of HIV that had already evolved to be resistant to some or 
all of the drugs in the particular ART regimen.
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In terms of the potential development of ART resistance, all ART drugs are not 
equal – the strength of antiretroviral action can differ, and some drugs are more 
vulnerable to the development of resistance. ART drugs work by targeting and 
blocking selected enzymes or proteins of HIV that enable it to replicate and infect 
cells. Changes to particular HIV regions that the ART drugs target make the drugs 
less effective. Some regions of HIV are more prone to mutation than others, and 
some drugs lose their effectiveness in the face of HIV evolution faster than others. 
For example, a single mutation reduces susceptibility to the drug nevirapine (this is 
called having a low genetic barrier to resistance) (Luber 2005). Drug resistance is 
also not a black and while phenomenon, in that a particular mutation or set of muta-
tions may diminish susceptibility to particular drugs, but not completely stop work-
ing in terms of controlling HIV replication. For example, a person taking ART who 
has a detectable but low viral load may have some drug resistance, but may also be 
receiving clinical benefit from the drugs.

ART drugs are classified into classes that are determined by where and how they 
target HIV replication. While ART drugs within the designated classes work in 
slightly different ways, developing resistance to one drug in a class can also confer 
either resistance (or at least reduced sensitivity) to other drugs in the class. 
Accordingly, if a person has to change from one ART regimen to another, the sec-
ond regimen needs to comprise drugs to which there is no likely pre-existing cross 
resistance to maximise the likely success. Further, in high income countries like 
Australia, when a person is first diagnosed with HIV, genetic resistance testing 
determines whether the person has been infected with a resistant strain of HIV that 
is less likely to respond optimally to standard treatment (if resistance is found, dif-
ferent regimens are used).

In summary, there are four main causes of drug resistance: acquiring a drug resis-
tant strain; being prescribed a regimen that is incompletely suppressive (usually 
single or dual therapy combinations, or a triple combination that is too weak);  
non-adherence (failing to take pills as prescribed and on time); and taking drugs 
intermittently (where fluctuating blood levels of medication allow HIV replication 
under selective pressure).

3.3  A Word on HIV Monitoring

There are two highly significant tests used to monitor HIV disease progression and 
the effectiveness of ART in an individual: Tests that count CD4 cells per cubic ml of 
blood, and viral load tests. CD4 cells are immune cells that are targeted by HIV. A 
healthy person would have a CD4 cell count in excess of 500. Once a person’s CD4 
cell count drops to 200 or below s/he is at serious, imminent risk of HIV-related 
opportunistic infections. A person with HIV who has a CD4 cell count above 200 
but below 500 is showing some HIV-related damage. There is a strong relationship 
between declines in CD4 cell count and disease progression, and in CD4 cell 
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recovery and effective ART treatment (Mellors et al. 1997). CD4 counts are thus a 
useful tool in the management of HIV disease.

Viral load tests measure viral RNA in the peripheral blood. The higher the viral 
RNA number is, the greater the level of viral replication, and the greater the risk of 
disease progression (Mellors et al. 1996). ‘Undetectable viral load’ means that viral 
replication is suppressed below the level of detection on the test used (tests have 
become much more sensitive since they were first available). An undetectable viral 
load is the individual goal of ART treatment. At the strategic level, having 90% of 
people who know their HIV status on ART, and 90% of those with an undetectable 
viral load is a current global goal (UNAIDS 2017).

3.4  Key Elements of the ‘Public Health’ Approach to HIV

To maximise access to life-saving ART, WHO prioritised getting ART drugs into the 
bodies of people with HIV, and maximising the capacity to deliver ART by pro-
cesses of standardisation, simplification and, where necessary, syndromic manage-
ment rather than laboratory monitoring. The core underlying principles were 
identified as urgency, equity and sustainability (Macklin 2004).

Standardised first line and second line ART regimens were a critical aspect of the 
approach. In determining the drugs used in these regimens, a balance had to be 
struck between user-friendliness (pill burden, dosing routine, side effect profile), 
effectiveness (probability of viral load suppression), and cost (WHO 2003a). 
Further, the second line regimen had to be effective against the ART resistance 
likely to develop (for whatever reason) to the drugs in the first line regimen. (Third 
line regimens are also detailed in guidelines.) These standardised regimens were 
presented as algorithms that were flexible enough to allow for the different avail-
ability of certain drugs in particular countries due to purchasing arrangements, and 
to allow some substitutions for people who had different health needs, such as those 
who were pregnant, had other infections like TB or viral hepatitis. The standard 
algorithms for first and second line treatment have changed since the first iteration 
of the WHO universal access program, as further information about drug efficacy 
emerged (for example, a first line regimen recommended in 2003 was found to be 
insufficient of suppress very high viral loads found in people initiating treatment in 
advanced disease), and alternative drugs became available to replace ART associ-
ated with significant toxicities (Gulick et al. 2004). Both inadequate viral suppres-
sion and high levels of side effects are significant for the development of 
resistance  – incomplete suppression create the conditions for the emergence of 
resistance, and ART toxicities can reduce adherence, also potentially resulting in 
incomplete suppression.

The issue of how to prioritise people for treatment access was another critical 
element of the approach. Utility, equity and concern for the worst-off (the principle 
of maximin) were key considerations (Macklin 2004). Initial WHO guidance for 
resource constrained settings recommended that ART should be commenced in 
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those at high and proximate risk of clinical disease progression and/or death (those 
diagnosed with Stage IV HIV disease regardless of CD4 cell count; those with CD4 
cell counts below 200 regardless of disease staging; those with stage III HIV disease 
and CD4 counts below 35) (WHO 2003a). Targeting ART at those at experiencing 
or at imminent risk of serious HIV disease was acceptable in a moral sense as it 
prioritised treatment for those with greatest clinical need, and it also greatly reduced 
the pool of people eligible for treatment, as only a fraction of those living with HIV 
would require treatment under such guidance. The downside to this approach was 
that many people tested and found HIV positive would not be eligible for treatment, 
increasing the potential of significant loss to follow-up (Rosen and Fox 2011). It is 
important to note that while WHO guidelines play an important normative role in 
shaping standards, they are in no sense binding, and the expectation of their use is 
that countries draw from them and adapt them according to relevant contextual fac-
tors (WHOF 2006).

Laboratory monitoring was simplified in WHO guidance documents, with CD4 
cell tests recommended but not mandatory both at baseline and for subsequent mon-
itoring of treatment efficacy at 6–12 month intervals. Haemoglobin testing would 
occur depending on the drug regimen (it was required if AZT was included.) Other 
blood work such as white blood cell and liver function tests were to be ordered as 
determined by clinical symptoms, and viral load testing  – the gold standard for 
measuring ART response – not even mentioned. Developing guidelines for the sur-
veillance of drug resistance was however one of the itemised strategic actions of the 
initial ‘3 by 5 Programme’ (WHO 2003a, b). The low level of laboratory monitoring 
was contentious, given that the longer a person stays on a failing regimen, the 
greater the opportunity both for the development of resistance and the loss of clini-
cal benefit. Accordingly, a randomised control trial (RCT) investigated whether 
(and to what extent) ART could be delivered safely without laboratory monitoring 
(the DART study). This study, first reported in 2009 and published in 2010, found 
that differences in outcomes occurred after the second year of treatment. Investigators 
argued that this justified only introducing CD4 cell tests at 24 months, and prioritis-
ing spending on ART drugs rather than resource-intensive monitoring (DART Trial 
Team 2010). Of note, this study only looked at clinical outcomes, in people who 
already had advanced HIV disease, not at the drug resistance outcomes.

3.5  Changes in Eligibility for ART

At the inception of the global universal access program, there was no clear scientific 
evidence as to the best time to commence ART, except that it clearly prolonged life 
for those who commenced with low CD4 counts (below 200). From the mid 1990s, 
many argued on the basis of modelling from other infectious diseases that HIV 
replication should be suppressed as early and as completely as possible. ‘Hit hard, 
hit early’, was the catch cry (Ho 1995). Mitigating against this was the fact that seri-
ous HIV disease did not usually occur until 6–10 years after infection, and the 
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problem that ART regimens in the mid to late 1990s were hard to take (with high  
pill burdens, specific food and or fasting requirements for dosing particular drugs, 
and high rates of side effects). Of course the rapacious cost of ART was also signifi-
cant – for example in 1997, 6 months use of the drug AZT was costed at $US 800 – 
it is now an estimated $US 237 (Pharmacychecker 2017).

From the late 90s, a series of RCTs clarified issues pertaining to treatment com-
mencement, indicating that better outcomes were achieved with earlier treatment 
initiation. These included CIPRA-HT001, a study in Haiti that showed that people 
who started ART with CD4 counts higher than 200 had a significantly reduced risk 
of death (Severe et  al. 2010). This result was underscored by findings from the 
SMART Study, which was designed to test whether structured ART treatment inter-
ruptions were safe (people with HIV took treatment interruptions or ‘holidays’ for 
a variety of reasons, including relief from side effects). The SMART Study found 
that not only did treatment interruptions increase the risk of disease progression at 
any CD4 level, but that the greater time spent with a CD4 count below 350, the 
greater the risk of HIV disease progression and death (Strategies for Management 
of Antiretroviral Therapy Study Group 2008). These findings together were the 
catalyst for a revision of WHO guidelines for resource-constrained environments to 
recommend ART commencement at the higher CD4 level of 350 (WHO 2009). Two 
further studies have been critical in pushing WHO ART guidelines toward recom-
mending treatment at higher levels – the HPTN 052 Study, which showed that early 
ART treatment reduced onward HIV transmission to sexual partners by 96 % 
(Cohen et al. 2011), and then the START Study, reported in 2015, which showed a 
clear clinical benefit from early treatment initiation (at CD4 levels of 500 and 
above), with people who initiated treatment immediately showing significant bene-
fit compared with those who did not initiate ART until their CD4 counts had dropped 
to 350 or below (The Insight START Study Group 2015). This finding resulted in a 
revision of WHO guidelines, such that immediate ART therapy is now recom-
mended for any person diagnosed with HIV, regardless of CD4 cell count.

This change to WHO ART guidelines is based in robust evidence about the benefi-
cial impact of immediate ART on health, and where taken up in national guidelines, 
may reduce the numbers of people diagnosed with HIV who get lost to follow -up 
due to being deemed ineligible for immediate ART. It also has some problematic 
implications. Firstly, it increases exponentially the estimates of people living with 
HIV who require ART, which may increase the likelihood of rationing taking place 
where supplies are inadequate. Secondly, notwithstanding the fact that some 
resource-poor countries may continue to align their national guidelines to earlier 
iterations of the WHO guidance, the expansion of eligibility for ART puts greater 
demand on ART stocks, and increases the risks of stock-outs, which could have an 
impact on the development of drug resistance. Even if drug supplies were perfect, 
human adherence will not be, so the logical result of millions more people taking 
lifelong ART over many decades must be an increase in drug resistance. Thirdly, 
increasing the number of people eligible for treatment may increase pressure at 
country level to continue to prioritise wider access to ART drugs at the expense of 
improving monitoring, exponentially expanding the risk that large scale poorly 
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monitored ART use poses with regard to development and transmission of drug 
resistant ART (at higher CD4 cell counts, the risk of death is far more remote that at 
lower one, so the risks of drug resistance are not so obviously balanced by the over-
whelming benefit of prevention of illness and death). Fourthly, there is a major para-
digm shift in terms of health communication in shifting ART treatment from 
something required for people with ill or declining health status to treating people 
who are well, and requiring this treatment to be maintained over a lifespan. Thus, 
well-targeted health promotion, innovative and effective adherence support, 
improved monitoring to detect signs of resistance early, and affordable, tolerable 
second, third and fourth line (or rescue) regimens all need to be integrated into this 
ambitious expansion of ART eligibility.

3.6  ART in Pregnancy in LMIC: A Case Study

“Once started, antiretroviral therapy is for life….” states the introduction to the ‘3 
by 5 Programme’ (WHO 2003a, b). The reason that ART treatment, once started, is 
to be continued for life is to maximise health by maintaining a supressed HIV viral 
load, and preventing the development of drug resistance that could occur if ART is 
started and stopped (as the various drugs in combination ART regimens have differ-
ent half-lives, it is complex to stop a regimen in a way that ensures that there is no 
lingering, suboptimal antiviral activity that could provide the conditions for drug 
resistance to develop). A brief look at the history of interventions aimed at prevent-
ing vertical infection (from mother-to-child), however, shows that the maxim of 
ART therapy being for life has frequently not been the case with regard to provi-
sions of ART to pregnant women. The case study below, I suggest, is an example of 
how the prevention benefit of ART was initially prioritised above the healthcare of 
pregnant women with HIV.

The prevention of HIV transmission from mother to child (PMTCT) was the first 
instance of effective biomedical HIV prevention, achieved in 1994 by the ACTG 
076 study (Connor et al. 1994). Famously, this breakthrough spawned a series of 
placebo-controlled trials in LMIC using less intensive, cheaper regimens (see Wade 
et al. 1998). This chapter will not delve into the ethical quagmire surrounding the 
use of placebos despite an effective preventative intervention having been estab-
lished, as this has been exhaustively covered elsewhere (see Macklin 2001). Instead, 
this chapter will recount and analyse what occurred programmatically in PMTCT 
following the results of the HIVNET 012 Trial, which established that a single dose 
of the ART drug nevirapine to both mother and infant reduced transmission in the 
first 14–16 weeks of life by nearly 50% in a breastfeeding population (Guay et al. 
1999). This regimen, while not as effective as the ACTG 076 regimen, was consid-
ered to be a major breakthrough for LMIC. Unlike ACTG 076, it did not require 
Caesarian section, it did not require treatment uptake in mid pregnancy, it did not 
require intravenous ART during delivery, and it appeared to work in breastfeeding 
populations. All of these factors made it significantly more feasible to implement at 
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scale in LMIC. (Of note, when the Food and Drug Administration looked at the data 
from this trial, it found serious anomalies in the conduct of the trial. Accordingly 
questions remain regarding the validity of this study’s results (Cohen 2004; Institute 
of Medicine Committee 2005).

One of the issues with the early WHO guidelines that recommended ART treat-
ment only for people with signs of immune damage and/or HIV disease was the 
problem it created regarding pregnant women with HIV. Despite pregnant women 
in high income countries achieving excellent health and prevention outcomes with 
early ART, it meant that pregnant women in LMIC without clinical signs of HIV 
disease and with CD4 counts above levels recommended for treatment were deemed 
not to require ART for their own health, despite knowledge that ART would reduce 
transmission to infants. This created an artificial distinction between the treatment 
use of ART and prophylactic use in pregnant women – prophylactic use only was 
recommended. In other words, a pregnant woman with HIV but in otherwise good 
health would get access to ART to protect her infant, but this would be short-term.

Despite its appeal in terms of feasibility, the nevirapine single-dose1 regimen had 
a very specific problem. Although a potent ART drug, nevirapine as noted earlier 
has a low genetic barrier to resistance, and a long half-life. Thus the drug persists in 
the blood stream for a long time after a dose, but at concentrations insufficient to 
fully suppress viraemia. This creates a good environment for the development of 
drug resistance, and a single dose is enough for this to occur. Exposing women and 
their infants to this regimen could thus potentiate the development of drug resis-
tance, which might reduce the efficacy of the intervention for any subsequent preg-
nancies, and limit treatment options for the mother and potentially for the infant, 
should the infant be HIV infected despite the use of nevirapine prophylaxis.

The publication of the long-term results HIVNET 012 trial was accompanied by 
a controversial commentary by Karen Palmore Beckerman (2003) that argued that 
the implementation of single-dose nevirapine would leave ‘between 20–100% of 
women who received prophylaxis resistant to [the class of drugs to which nevirap-
ine belongs]’. While the claim that up to 100% would develop resistance was hyper-
bolic (Wilfert 2003), the issues she raised were prescient. Beckerman argued that 
pregnant women with HIV should be treated with effective ART regimens both for 
their own sake and to enable their survival – citing the devastating example that 
three women who participated in HIVNET 012 died of AIDS within 56 days of 
delivery. She suggested that adding a combination ART ‘tail’ to the nevirapine regi-
men could reduce the likelihood of resistance (a suggestion later taken up in WHO 
guidelines in 2010), and that the primary focus be on sustained and sustainable ART 
treatment.

Beckerman’s (2003) article built on an earlier commentary of hers (Beckerman 
2002) where – again in response to the publication of short-course trial to reduce 
mother-to-child transmission – she argued that the risks of programs using single or 

1 This regimen is referred to in the literature as ‘single dose’ though it in fact involves two doses – 
one to mother and one to infant. For simplicity’s sake I’m adopting the common usage.
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dual ART drugs were increasing as the prospect of good treatment access in LMIC 
grew, given that women who had used short-course ART would be more likely to 
experience treatment failure due to drug resistance. With limited treatment options 
available, failing first line ART options would increase the risk of the mother dying, 
which would in turn increase risk for surviving children, Beckerman argued.

There is a considerable literature on the clinical implications of nevirapine resis-
tance, with much focus on whether or not it ‘fades’ over time such that subsequent 
introduction of an ART regimen containing nevirapine might still have clinical util-
ity as either treatment or prophylaxis (Johnson et  al. 2005; Lockman et  al. 
2007, McConnell et al. 2007; Stringer et al. 2010). Regardless of whether or not 
resistance ‘fades’ to a level that would result in nevirapine-based combination being 
effective in women exposed to single-dose PMTCT, it is clear that, as others have 
noted, the prevention of transmission to infants took precedence over the health 
security of women with HIV, at least for a time when these single-dose nevirapine 
programs were widespread (Eyakuze et al. 2008). As noted in a meta-analysis, these 
programs ultimately resulted in a high burden of drug resistance in women and 
children, with significant potential to contribute to increase failure of first line ART 
therapy (Arrivé et al. 2007; Samuel et al. 2016).

From 2003, WHO guidance recognised that pregnant women should not be pre-
scribed ART regimens likely to result in drug resistance, and had specifically pro-
vided a warning about the single-dose nevirapine regimen. By 2012 the policy of 
women cycling on and off ART with successive pregnancies was superseded by 
‘Option B+’2 – a recommendation that pregnant women with HIV should be pre-
scribed fully suppressive ART regimens, and kept on them for life, regardless of 
CD4 cell count or HIV disease stage. While Option B+ has not been fully imple-
mented in all LMIC, it is the only PMTCT option that fully applies the ‘rules’ of 
effective ART treatment – that regimens should be fully suppressive, and taken for 
life. Ironically, there have been reports of significant loss to follow up with these 
programs, perhaps because women with HIV had being educated to accept intermit-
tent therapy unless they themselves were in poor health (Tenthani et al. 2014)

Reflecting on the history of PMTCT, there are tensions between the prevention 
imperative, emerging knowledge about optimal timing of ART, the status of wom-
en’s health, equity, and the constraints of the early stages of implementation of the 
morally praiseworthy but hugely ambitious goal of universal access. In the late 90s 
and early 2000s, the nevirapine single-dose regimen had appeal in terms of its 
simplicity, its low drug burden, and the fact that it could be implemented during 

2 Option B+ was added to two previous options, option A and Option B. Briefly, Under Option A, 
women received ARV prophylaxis prenatally and during delivery, along with an antiretroviral post-
partum “tail” regimen to reduce risk of drug resistance, and their infants received postpartum 
antiretroviral prophylaxis throughout the duration of breastfeeding. With Option B, all pregnant 
and lactating women with HIV were offered ARV – beginning in the antenatal period and continu-
ing throughout the duration of breastfeeding. At the end of breastfeeding those women deemed to 
not yet require ARV for their own health would discontinue the prophylaxis and continue to moni-
tor their CD4 count, eventually re-starting ARV when their CD4 cell count fell below 350 cells.
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delivery. In short, it had been shown to be better than nothing at a time when ‘noth-
ing’ was still seen in some quarters as an acceptable comparator. While the shift 
away from the single dose regimen happened relatively quickly (at least in terms of 
normative guidance, if not in practice), its impacts are likely to live on in the form 
of suboptimal response to first line ART regimens and transmitted drug resistance 
(Kébé et al. 2014).

It took 6 years from the initial reporting of the SMART study – which showed 
that starting and stopping ART was detrimental – for PMTCT guidance to recom-
mend life-long treatment for women who initiated ART due to pregnancy. On the 
one hand, this seems shocking. On the other hand, due to PMTCT programs even 
with their limitations, women in LMIC tended to access ART earlier than men, and 
hence have had lower risk of death from HIV disease than men (Beckham et al. 
2016; Taylor-Smith et  al. 2010), so further strengthening care access for women 
may have seemed inequitable in some contexts. It could be argued that the history 
of PMTCT in LMIC demonstrates a programmatic emphasis on prevention without 
adequate regard for the potential development of drug resistance, and subsequent 
drug failure in mothers and pregnant women with HIV. It is probably more reason-
able, however to say that the complexity of implementing best practice PMTCT in 
the midst of programmatic scale up of ART access in a context where knowledge 
about ART changed significantly made compromise and incremental steps forward 
hard to avoid, if not inevitable. Nevertheless, exposure to sub-optimal therapy 
through PMCTC programs has left a legacy of drug resistance in some settings 
(Rowley et al. 2016; Cambiano et al. 2013).

Now that lifelong ART from the point of diagnosis is the WHO recommendation 
for everyone, exponentially more people will be accessing ART prior to any clinical 
indications of HIV. That number will be expected to keep increasing, as ART access 
should enable people with HIV to live normal lifespans. In this context the risk of 
the development of drug resistance must necessarily increase, given the difficulties 
of maintaining good-enough adherence for large populations over long periods of 
time. While the low-level clinical monitoring approach to HIV disease had an 
important role in enabling the ‘public health’ roll out of ART in LMIC, this approach 
would not be sustainable in populations accessing treatment much earlier in HIV 
disease.

3.7  Addressing ART Resistance

Addressing the risk of drug resistance requires strategic action at many levels. 
Action is required at the community and local levels, to develop and sustain pro-
grams that support individual adherence and that work to address systemic prob-
lems that can affect adherence (by improving systems of clinic appointments and 
transport and drug access, for example). Scaling up monitoring and investing in 
viral load testing will become critical so that people who are on failing regimens – 
for whatever reason – are identified quickly and either supported to improve adher-
ence or switched to second line therapy. Development of viral load and CD4 testing 
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technologies that are better adapted to use in remote and/or resource constrained 
settings, and which do not require highly trained laboratory staff, should obviously 
be prioritised to reduce the dependence of remote and under-resourced clinics on 
distant laboratory services. Research and development into new effective ART that 
are well tolerated and are effective against current common resistance patterns in 
HIV  – and new modes of delivery, such as periodic injectables  – are of course 
highly desirable.

While some commentators have suggested withdrawing or withholding ART 
from non-adherent people rather than providing practical support and transitioning 
them as necessary to second line ART, this perspective positions poor adherence as 
an individual (and moral) issue (Chawana & Bogaert 2011). A perspective of adher-
ence that is informed by public health and human rights, on the other hand, recog-
nises that while adherence is an individual behaviour, it is highly determined by 
structural factors and social context, which can and should be modified to make 
adherence as simple and as socially acceptable and socially desirable as possible. 
There is evidence that people in certain demographics (such as young people) may 
have more trouble with adherence (Haire 2015). Withholding or withdrawing ART 
on the basis of poor adherence from young people, for example, would not only 
remove the benefits of early treatment from the demographic with the most to gain, 
it would also remove the prevention benefit from a population group highly likely to 
be sexually active. Accordingly, it would seriously undermine global targets for 
universal access. Recognising, working with, and seeking to ameliorate adherence 
problems in the social groups that experience them, while advocating for ART that 
provide different delivery options such as periodic injection, makes sense from a 
public health and human rights perspective. Universal access goals aim for 90% of 
people with HIV knowing their status, 90% of those being on ART and 90% of 
those having undetectable viral loads by 2020 (UNAIDS 2017). Using 2017 figures, 
this would require more than 14 million more people to be on ART within 2 years – 
considerable investment in supportive and responsive programming to achieve, sup-
port and sustain adherence must be factored into such ambitious plans.

3.8  Biomedical Prevention and Drug Resistance

Biomedical prevention is the use of antiretroviral drugs to prevent HIV transmis-
sion. It includes ART use after exposure to prevent transmission (post-exposure 
prophylaxis or PEP), ART use prior to exposure in HIV negative people at high risk 
of HIV acquisition to prevent transmission (pre-exposure prophylaxis or PrEP), and 
ART use in HIV positive people to fully supress HIV replication, preventing onward 
transmission to sexual/injecting partners (‘treatment-as-prevention’). The latter  
two strategies are highly effective and well supported by both RCT and observa-
tional data (data on PEP is less robust as it has not been tested in an RCT). PMTCT 
programs contain elements of two biomedical approaches: maternal viral load is 
reduced to reduce infectiousness, like treatment as prevention, and infants receive 
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ART to prevent or abort HIV acquisition, similar to PrEP and PEP. The preventative 
aspect of early ART treatment is one aspect (in addition to the clinical benefit for the 
person with HIV) that makes implementation of ART programs in people immedi-
ately after diagnosis attractive to governments and donors – it has the potential to 
reduce onward infection. Similarly, while investment in PrEP programs has been 
slow, there is a steady increase in availability (AVAC n.d.).

In adherent participants, both PrEP and treatment -as -prevention have shown 
close to 100% protection in trials (Grant et al. 2014; Anderson et al. 2012; Bavinton 
et al. 2018; Rodgers et al. 2016, 2018; Cohen et al. 2011). There has however been 
at least one verified example of HIV transmission occurring in an adherent PrEP- 
taker, due to being exposed to HIV that was resistant to both the drugs used in the 
PrEP combination (Knox et  al. 2016). With regard to treatment -as -prevention, 
having a lowered viral pool in a population would be expected to translate into 
fewer transmissions at population level. To have confidence in treatment -as -pre-
vention at an individual level, however, the sexual partner with HIV needs to be 
confident that his/her viral load is sustained at an undetectable level, and that 
requires access to viral load tests at regular intervals. A combination of PrEP 
and  treatment-as-prevention is being trialled in LMIC in serodiscordant couples, 
where the HIV positive partner is initiated on ART and the negative partner on PrEP, 
until such time as the positive partner has a sustained undetectable viral load. For 
this to succeed programmatically, viral load monitoring is required for the ongoing 
protection of the negative partner (should the positive partner be non-adherent, the 
negative partner would run the risk of acquiring HIV, and possibly drug resistant 
HIV), and to maintain the efficacy of the regimen for the positive partner. In this 
new era of biomedical prevention and all people with HIV being eligible for ART, 
the need to implement viral load monitoring at scale is increasingly being recog-
nised (WHO 2016).

3.9  Monitoring Drug Resistance Beyond the Individual

In high income countries, when people are diagnosed with HIV, a blood sample is 
sent to a laboratory for genotypic testing – a form of analysis that provides informa-
tion of whether the person has been infected with a strain of HIV that is resistant (or 
less susceptible) to particular ART drugs. The person is then prescribed an appropri-
ate regimen that will be effective against the person’s HIV.3

In LMIC surveillance of HIV drug resistance includes country specific surveys 
of HIV genotypes to determine incidence of transmitted drug resistance in 

3 Genotyping HIV also has some risks in high income countries, such as the potential to use these 
data to track ‘infection trees’ – map pathways of infection. This is ethically problematic in terms 
of maintaining an enabling environment, as it uses information gleaned from people who test posi-
tive for HIV intended to maximise their health outcomes for a purpose that could potentially lead 
to criminalisation.
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populations, through a WHO network of designated laboratories (Bertagnolio et al. 
2008). In LMIC this information is directed towards making country or region-wide 
decisions about first line treatment, and other programs such as the drugs used in 
post- exposure prophylaxis. In addition, early warning indicators provide informa-
tion about critical aspects of whether/how people are accessing ART. These include 
on- time pill pickup; retention in care at 12 months following ART initiation; whether 
pharmacies experience stock-outs; prescribing practices (whether regimens pre-
scribed meet national or international guidance regarding adequate viral suppres-
sion); and, in settings where viral load testing is implemented, viral load suppression 
at 12 months following ART initiation. These early warning indicators are well 
designed to signal structural problems, like interruptions in drug supply and poor 
prescriber compliance with guidelines, and access issues such as whether drug col-
lection systems are ‘good enough’ (reliable and convenient) for people to be able to 
pick up pills on time. In 2017, WHO reported ‘brisk’ implementation of these sys-
tems, with 26 countries having completed or currently completing surveys, and 14 
having reported data (WHO 2017). Of note, in countries or regions where drug 
stock outs are frequent, the benefit of putting people with high CD4 counts onto 
ART would need to be weighed against the individual and public health concern of 
the development of resistance, should ART be repeatedly started and stopped (for 
people with CD4 counts lowered by HIV, the clinical benefit of the ART is likely to 
outweigh the risk). Ideally, of course, the stock out issues should be addressed 
effectively.

3.10  Conclusion

Although hope and hype about vaccines and cures for HIV circulate, ART is cur-
rently the most effective tool for the elimination of HIV as a public health threat, 
both in terms of treatment and prevention (in combination with or as an adjunct to 
condoms). Preventing the emergence of drug resistance at levels that compromises 
treatment efficacy and ART based prevention is crucial.

With PMTCT programs, the emphasis on the simplest and cheapest regimens, 
maintained well after the implications for drug resistance were apparent, has already 
compromised optimal response to ART for too many women and children. This can-
not be repeated in the expansion of ART access. Standardised first, second and third 
line ART has facilitated the rapid scale up of ART in LMIC, and saved many lives. 
To build on this, a highly strategic approach to monitoring drug resistance in popu-
lations and individuals needs to be taken, with viral load monitoring supporting 
more rapid change to second and third line therapies as required, rather than running 
the risk of keeping people on failing regimens. Supporting adherence at health ser-
vice, community, family and individual levels also requires investment – investment 
in research, to find context-appropriate solutions that work, in communities to pro-
vide labour, and in systems to streamline the medical and dispensing processes and 
practices that can facilitate or hinder access and adherence. While refinements in 
drug development may make adherence simpler in years to come, the challenge is 
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to ensure that programming now is responsive to problem of resistance, and that 
existing drugs and monitoring are carefully deployed to optimise longevity of tools 
currently available.
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