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Abstract
Clinical research demonstrates that several biomedical interventions can greatly reduce—or
virtually abolish—the risk of HIV transmission or acquisition: routine condom use, voluntary
medical male circumcision, preexposure prophylaxis, antiretroviral prevention of mother-to-child
transmission, and prompt antiretroviral therapy. But inconsistent use or slow uptake of these
strategies has limited their impact on the HIV epidemic so far. This review analyzes evidence on
three questions about each of these five prevention strategies: How well does it work? Are
enough at-risk people using it? Can adoption be improved? Assessment of surveillance data,
demonstration projects, and modeling projections suggests that combining two or more
biomedical prevention strategies, including at least one involving antiretrovirals, holds the
greatest promise for lowering HIV incidence locally and globally. But even the most optimistic
modeling scenarios suggest tens of thousands will continue to get infected with HIV annually for
the next few decades.

Hard thinking, hard work, and hard numbers have yielded the tools to stop the HIV epidemic.1
Now. But hard policy choices, hard funding strictures, and plain hard luck may mean the
epidemic will linger for decades with only a modest dip in HIV incidence. And even if policy
choices all favor AIDS care and funding pipelines gush ample cash, the End of AIDS may
remain a distant prospect.
Why the gloomy forecast? Large, long trials in diverse populations establish past quibbling that
biomedical strategies like voluntary medical male circumcision, preexposure prophylaxis (PrEP),
antiretrovirals to prevent mother-to-child transmission (PMTCT) of HIV, and prompt
antiretroviral therapy (ART) slash the risk of picking up or passing on HIV. The antiretroviral
interventions—when practiced faithfully—offer virtually airtight protection from HIV.
Circumcision trims HIV risk 60% in heterosexual men, and condoms protect both men and
women, straight and gay, at even higher rates.
With five precision tools in hand, you would think the epidemic could be hammered into
submission in a decade or two. But that probably won’t happen—even if governments across the
globe decide they want these tools in health workers’ kits today and pay to put them there. Even
in a utopian political and funding climate, at least three things have to happen to make a tool cut
HIV risk substantially (Figure 1): (1) The intervention must work well. (2) The intervention must
be adopted by a big majority of people with or at risk for HIV, and adopters have to stick with
the intervention. (3) If adoption of the intervention falls short or wanes with time, tactics to
change those trends must be devised and deployed.

Figure 1. To have a meaningful impact on HIV incidence, a prevention strategy must be highly
effective, must be adopted and used faithfully by a high proportion of at-risk people, and must be
backed by strategies that address poor uptake or adherence.
This analysis completely skirts the hugely entrammeled questions of policy and funding and asks
three questions about five HIV prevention tools: Does it work? Do people use it? And can use be
improved? The tools are condom use, circumcision, PrEP, PMTCT, and Test-and-Treat with
ART.
The Not-So-Impenetrable Condom
If used properly and if they don’t break, condoms provide a nearly impenetrable barrier to HIV.2
As part of the ABC approach to HIV prevention (abstain, be faithful, use condoms), condoms
may have contributed to dwindling HIV rates in Uganda and Botswana.3,4 Analysis of HIV
seroconversion studies published from 1987 to 1992 concluded that consistent condom use
virtually eliminated HIV risk at a protection rate of 90% to 95% during penile-vaginal sex (Table
1).5 A 2002 Cochrane Database meta-analysis involving mostly partners of people infected with
blood products figured that consistent condom use cut HIV incidence 80% in heterosexuals.6 A
2015 meta-analysis of 25 studies involving 10,676 HIV-discordant heterosexual couples set the
protection rate somewhat lower with consistent condom use, at 71%.7 In 2001 a 30-month study
of 17,264 sexually active heterosexuals in Rakai, Uganda, a region with high HIV prevalence,
determined that consistent condom use curbed HIV incidence 63% while inconsistent use offered
no protection.8

In a Multicenter AIDS Cohort Study of 2915 gays and other men who have sex with men (MSM)
in the late 1980s, always using a condom cut HIV risk 71% compared with never using a
condom.9 CDC analysis of 3490 MSM in two 1998-2001 trials linked consistent condom use to a
70% lower HIV risk in men reporting any anal sex.10 But a modeling study of Ontario MSM
painted a grimmer picture of condom reliability in MSM.11 The researchers estimated a much
higher number of anal sex encounters with a condom than without a condom in 2009 (1,184,343
versus 117,133). But of the 693 new HIV infections recorded in 2009, 51% involved men having
anal sex with a condom, 33% involved men having anal sex without a condom, and 16%
involved men having oral sex. The Ontario team proposed that “the proportion of HIV infections
related to condom failure appears substantial and higher than previously thought.”11 And the
51% transmission rate may be an underestimate because the model used a higher estimate of
condom effectiveness (87%) rather than the 70% estimate from the recent CDC study.10
As unprepossessing as the Ontario modeling estimates may be,11 they do offer insight into why
purportedly impenetrable condoms may in fact allow HIV transmission even if worn
consistently. Condoms break, condoms leak, and condoms slip, the Ontario team observed.
Condoms donned after initial penetration but before ejaculation may give HIV-laden semen
some wiggle room. And of course a zone of uncertainly surrounds a study participant’s
recollection of “consistent condom use” and what really happened. Yet together, all these studies
and meta-analyses5-11 give a believable answer to the first critical question, does it work? Yes,
about 75% of the time, because HIV appears to slip from a condom-clad penis to anus or vagina
about once per four penetrations.
A 75% effective intervention cannot by itself end the HIV epidemic, but it could bring HIV to its
knees—if lots of HIV-positive and at-risk people use it regularly. Do they? The World Health
Organization (WHO) and UNAIDS say 80% of 15- to 24-year-olds in some European and Latin
American countries report using condoms the last time they had sex, but fewer than 30% in some
West African countries claim they wear condoms.12 Among sexually active adults starting HIV
care at two urban clinics in Uganda, 39% said they always used condoms.13 But in the generalpopulation rural Rakai cohort in Uganda, where HIV rates run high, only 4.4% of sexually active
15- to 59-year-olds reported consistent condom use.8 In its 2013 Global Report, UNAIDS
charted falling condom use in Côte d’Ivoire, Niger, Senegal, and Uganda.14
In heterosexual adults attending a Chicago sexually transmitted disease (STD) clinic and judged
to run a high risk of HIV infection, 84% rated themselves at low or no risk and fewer than 20%
consistently wore condoms.15 In a nationally representative sample of 1645 sexually active
heterosexuals in the US National Survey of Sexual Health and Behavior, only 27.5% of men and
22% of women used a condom the last time they had sex.16 In the 1998-2001 CDC study of 3490
high-risk MSM enrolled in two US trials, 40% reported never using condoms for receptive or
insertive anal sex in the past 6 months.10 And a 2014 Kaiser Foundation survey found that fewer

than half of US MSM (46%) said they wore condoms all or most of the time during sex, while
16% used condoms only some of the time, 14% rarely, and 24% never.17
Although the WHO and UNAIDS suggest 80% of young Latin Americans and Europeans
usually put on a condom for sex, the other studies indicate that fewer than half of Africans and
US residents—sometimes far fewer than half—rely on condoms to protect themselves and their
sex partners from HIV and other STDs. A 75% effective intervention used by fewer than half of
at-risk people can have only a modest impact on the HIV epidemic.
Can condom use be improved? Three large meta-analyses—one of them in China—figured that
diverse interventions can at least modestly cut rates of condom-free sex, but all three metaanalyses involved MSM, usually HIV-negative MSM.18-20 Two mathematical models credited
wider condom use with a drop in HIV incidence among 15- to 49-year-olds in South Africa’s
largely heterosexual epidemic from 2000 through 2007.21 Condom use accounted for about 30%
of declining HIV incidence in both models, while antiretroviral therapy had a smaller impact
during these earlier years of the antiretroviral rollout. But condom supply seems to be waning in
some countries battling HIV. UNAIDS warned that donors trimmed supplies of both male and
female condoms after 2011.14 Even in 2011, UNAIDS figured a condom supply of only 9
condoms for every man per year in sub-Saharan Africa and just 1 female condom yearly for
every 10 sub-Saharan women.22
A modeling study presented in 2014 reckoned that condoms have spared 50 million people from
HIV infection since the epidemic began.12 That’s more than the estimated 37 million people
living with HIV today.23 But condoms alone could not stop HIV in the years before antiretroviral
therapy because they are not 100% effective and not enough people use them. Whether they
continue to limit the epidemic depends on aggressive promotion and provision of this
inexpensive tool.
Table 1. Summary of condom use and circumcision to prevent HIV
Tool
Condoms

Does It Work?
• About 70% to 90%
effective in
heterosexuals.5-7
• About 70%
effective in
MSM.9,10
• Condoms may have
prevented 50
million HIV
infections since the
epidemic began.12

Do People Use It?
Can Use Be Improved?
• Regular condom use
• Three meta-analyses
may be as high as 80%
found that diverse
among young people
interventions
in Europe and Latin
modestly boost
America.12
condom use in
MSM.18-20
• About 25% of US
heterosexuals report
• Condom supply
consistent condom
waning in subuse.15,16 Regular use in
Saharan Africa.14,22
African studies ranges
from 4% to 39%.8,12,13

•

Circumcision

•

•
•

Effectiveness about •
60% in
heterosexual
African men.24-26
•
Does not protect
women from HIV.27
Modest or no
protection of
•
MSM.28

About 40% of US
MSM report regular
condom use.10,17
About 30% of men
worldwide
circumcised.29
Coverage reached
44% in 14 target subSaharan countries by
2015.32
Circumcision rates
below 20% in China,
India, Southeast Asia,
Central and South
America.29

•

•

•

Targeted promotion
has had some success
in 14 sub-Saharan
countries.32
An intervention
promoting
circumcision worked
in Africa.38
Simple nonsurgical
procedures may
broaden availability.

Circumcision: Limited Effect and Reach?
Three similar and rigorous randomized trials proved that voluntary medical male circumcision
cuts the risk of HIV infection in heterosexual men about 60% (Table 1).24-26 Male circumcision
does not shield a circumcised man’s female sex partner from the retrovirus,27 and this simple
surgery offers modest or no protection to MSM.28 The 60% protective effect in heterosexual men
falls short of the 70% to 90% impact of consistent condom use. But circumcision has a big
advantage over condoms and all other HIV-bridling strategies: One procedure lasts for life.
In 2007, just after results of three circumcision trials became known,24-26 UNAIDS estimated that
only 30% of men across the world had their foreskin clipped.29 Circumcision rates measured
only about 15% in some sub-Saharan countries (Botswana, Burundi, Namibia, Swaziland,
Zambia, and Zimbabwe) but higher in others, especially those with large Muslim populations. In
2007 circumcision rates lay below 20% in most of China, India, Southeast Asia, and Central and
South America.29
By 2011, UNAIDS reported slow early uptake of circumcision in 13 sub-Saharan target
countries.30 Eight of the 13 countries counted only about 100,000 circumcised men by 2009. A
year later those eight countries had more than 350,000 circumcised men, but tens of millions
remained uncircumcised. By 2015 UNAIDS tallied 10 million circumcised men in 14 subSaharan countries—up from 1.5 million in 2011.31
Of course those 10 million still make up a minority of sexually active men at risk in countries
with high HIV rates. In 2015 the WHO estimated 44% coverage in 14 sub-Saharan countries
based on the 20.8 million circumcisions needed to reach 80% coverage.32 The WHO figures that
80% coverage would spare 3.4 million men from HIV infection by 2025. Not coincidentally,
however, modeling in southern Africa indicates that men most likely to be circumcised are those

who already run a lower risk of HIV infection, including men with more education, white-collar
workers, and the richest quintile.33
Circumcision prevalence remains low in other parts of the world struggling with HIV. In 2012
Chinese health authorities calculated that, aside from two Muslim minorities, fewer than 3% of
male Chinese migrant workers were circumcised.34 A 2014 cross-sectional survey of 570 MSM
in China found only 18% circumcised, though more than half of uncircumcised men said they
would consider the procedure.35 A 2010 report of heterosexual Thai men at high risk for HIV
found only 12% circumcised.36 A 2008-2009 study of 551 Thai MSM and transgender persons
figured that only 8% had been circumcised.37 Only 30% of these men were willing to participate
in circumcision trials, compared with 86% interested in PrEP trials and 70% willing to consider
HIV vaccine trials.
A 2012-2014 cluster-randomized trial showed that an intervention can encourage HIV-negative
African men to get circumcised.38 And the success of targeted circumcision promotion in 14
African countries31,32 demonstrates that men can be persuaded to undergo the operation. Simpler,
cheaper circumcision procedures like PrePex and ShangRing may expand the volume of men
who can be circumcised and encourage more men to forsake their foreskin. But the relatively
modest 60% effectiveness of circumcision in heterosexual men coupled with the huge number of
at-risk uncircumcised men worldwide argue that this HIV prevention tool will make only a small
contribution to global HIV control.
PrEP Works But Still Sees Little Use
Unlike circumcision, which reliably shields only heterosexual men from HIV,24-28 PrEP protects
anyone who takes it faithfully—heterosexual men and women,39,40 MSM,41,42 and people who
pick up HIV when injecting drugs (Table 2).43 Among trial participants who took coformulated
tenofovir/emtricitabine (TDF/FTC) regularly in these placebo-controlled studies, PrEP cut HIV
risk up to 92% in MSM,41 up to 90% in heterosexual couples,39 and up to 73.5% in people who
inject drugs.43
Also unlike circumcision—which lasts for life after a single procedure—the PrEP pills available
today require regular dosing. Just how regular remains an open question. US PrEP guidelines call
for daily dosing with TDF/FTC.44 Researchers who ran the iPrEx PrEP trial in MSM used data
from that study and another to calculate that four TDF/FTC doses weekly can cut HIV risk 96%,
compared with 99% with daily dosing.45 The IPERGAY trial in French and Canadian MSM
achieved 86% protection with two TDF/FTC doses before sex and two after sex.42
But the as-needed dosing approach in IPERGAY remains unverified in heterosexual men and
women—and it may not work in a large portion of MSM. HPTN 067/ADAPT is testing three
TDF/FTC PrEP dosing patterns in (1) MSM in Bangkok, (2) MSM in Harlem (New York City),

and (3) women in Cape Town.46 Researchers randomized them to (1) daily dosing, (2) twiceweekly dosing plus one dose after sex, or (3) one dose before sex and two after sex. In all three
study groups, adherence proved best with daily dosing, fell off with twice-weekly dosing, and
dwindled further with before-and-after-sex dosing. Protection from HIV accordingly proved best
with once-daily dosing (85% in Bangkok, 66% in Harlem, 75% in Cape Town) and lower with
the other two strategies (84% and 74% in Bangkok, 47% and 52% in Harlem, and 56% and 52%
in Cape Town).
For now, US guidelines specifically advise against as-needed dosing.44 But dosing frequency will
drop greatly if ongoing trials find that monthly or quarterly injectable antiretroviral
nanosuspensions protect people from HIV. Agents under study include the investigational
integrase inhibitor cabotegravir,47-49 the nonnucleoside rilpivirine (possibly combined with
cabotegravir),48,49 and the CCR5 antagonist maraviroc.49 Other long-acting strategies that could
improve adoption and simplify adherence involve vaginal rings and subdermal implants.
Something will have to change before PrEP helps curb the HIV epidemic because early uptake of
TDF/FTC PrEP looks less than overwhelming. UNAIDS told the New York Times in October
2015 that an estimated 20,000 people in the United States use TDF/FTC PrEP, along with fewer
than 10,000 people in other countries.50 The estimated 20,000 US residents on PrEP represent
fewer than 2% of the 1.2 million Americans the CDC calculates could benefit from PrEP today.51
Only three countries in Central and South American have PrEP access through demonstration
projects, as do eight in Africa and two in Asia.52 Other countries in those regions have no formal
access to PrEP, but motivated providers can prescribe TDF/FTC for PrEP.
Among recently published reports, one in a convenience sample of high-risk MSM in
Washington State appears to reflect the biggest gain in PrEP adoption, rising from 5% in 2012 to
31% in 2015.53 Uptake and interest are lower among MSM in San Francisco, where PrEP is free
(estimated 15% uptake50), San Diego (0.5% uptake among 416 high-risk MSM offered PrEP54),
or Amsterdam (13% of 488 MSM intended to use PrEP55). And at least in mid-2013, few
infectious disease providers in the United States had prescribed PrEP: Among 573 survey
respondents, 74% supported prescribing PrEP, but only 9% had done so.56 Another 43% claimed
they plan to prescribe PrEP.
Modeling studies in Botswana, the United States, and Australia indicate that wider adoption of
PrEP in these countries would have a meaningful but moderate impact on the epidemics. With a
robust antiretroviral rollout, Botswana has already reached viral suppression levels equivalent to
US national goals for 2020. Adding TDF/FTC PrEP to Botswana’s prevention program may
reduce new HIV infections by 39% in women and 40% in men over 10 years.57 If 20% of all US
MSM 13 to 64 years old started TDF/FTC PrEP—which would seem the high end of uptake
expectations based on current findings—PrEP could cut the new-HIV rate by 13% over 20

years.58 This estimate is probably low, though, because the model uses the 44% effectiveness
rate found among all MSM (faithful users and nonusers) in iPrEx.41 If 50% of only high-risk
MSM started PrEP (a highly optimistic adoption rate), HIV incidence could drop 29% over 20
years (using the 44% effectiveness rate). TDF/FTC PrEP use by 30% of the general MSM
population in New South Wales, Australia may cut the new infection rate 30% over 10 years.59
This analysis figured PrEP effectiveness of 95% against wild-type virus and 40% against drugresistant virus.
Everyone would welcome a 30% to 40% drop in HIV incidence over the next 10 or 20 years. But
that impact depends on higher PrEP adoption and consistent use—both highly optimistic
scenarios. A one-third drop in HIV incidence would match the one third overall decline
calculated by UNAIDS across the world from 2000 to 2015.23 But even this sanguine outcome,
by itself, would leave more than a million new global HIV infections yearly at current rates.
Table 2. Summary of PrEP to prevent HIV
Tool
PrEP

Does It Work?
• Effectiveness about
90% for sexual
transmission39-42
and about 75% for
needle sharing.43

Do People Use It?
• Perhaps 20,000 people
in the US and under
10,000 elsewhere are
using PrEP.50
• In diverse MSM
populations, adoption
rates range from 0.5%
to 30%.50,53-55

Can Use Be Improved?
• Provider education,
community action,
less frequent dosing
could enhance uptake
in developed
countries.60,61
• PrEP is feasible in
diverse
populations,61,62 but
uptake in countries
with high HIV
prevalence remains
uncertain.50,52,61
• Monthly or quarterly
injected PrEP could
improve uptake,
adherence47-49

Test-and-Treat Hobbled by Testing Gap
Before everyone could agree that antiretroviral therapy (ART) can control chronic HIV infection,
US and French researchers proved that it can prevent HIV transmission. Early in 1994 PACTG
076 investigators reported that zidovudine taken by mothers and their infants sliced the risk of
mother-to-child transmission by two thirds.63 More recent randomized trials showed that triple
ART virtually eliminates the risk of HIV transmission to infants, at protection rates of 95% or
higher (Table 3).64-66 Then the randomized HPTN 052 trial confirmed that immediate ART and
viral control for an HIV-positive person nearly abolishes the risk of infecting a sex partner.67 As

powerful as antiretrovirals are in shielding an HIV-negative person taking PrEP, they seem even
stronger in protecting infants and sex partners of HIV-positive people.
Results of studies testing ART to prevent mother-to-child transmission of HIV led the WHO to
affirm that such transmission “can be nearly fully prevented if both the mother and the child are
provided with ARV drugs throughout the stages when infection could occur.”23 The power of
ART to prevent AIDS, forestall serious non-AIDS diseases, prolong life, and prevent
transmission during sex, conception, or breast feeding lay behind the WHO’s decision to
recommend treatment for everyone with HIV, whatever their CD4 count.62 The WHO’s
antiretroviral options A, B, and B+ to block mother-to-child transmission went out the window
with this decision to urge immediate and lifelong therapy not just for mothers with HIV, but for
all.
And as evidence of ART’s benefits accrues, estimates of wider use and its epidemic-choking
impact climb. The WHO reckons that in 2014 three quarters of 1.5 million pregnant women with
HIV across the world got ART to stymie HIV transmission.23 The global health group figured
that 36.9 million people had HIV by the end of 2014, and by mid-2015 about 15.8 million had
started ART. The resulting proportion of treated people—43%—falls far short of the 90%
target.68 But it represents a huge improvement over the tiny percentage of people treated only 10
or 15 years ago.
A nationwide 2000-2011 study in France determined that no woman who started ART before
becoming pregnant, continued treatment through delivery, and maintained a viral load below 50
copies/mL transmitted HIV to her newborn.69 Across the globe, the WHO estimates that new
HIV infections in children plunged 48% from 2009 to 2014, thanks largely to ART.70 Total new
HIV diagnoses fell by about half as ART uptake ballooned in British Columbia (1996-2012)71
and San Francisco (2004-2008).72. Yet despite widening ART use and falling viral loads across
the United States,73 HIV incidence in the country remains stuck at 40,000 new cases yearly.74
Around the world the WHO figures that new HIV infections dropped 35% from 2000 to 2015,
but 2 million people—including 170,000 children—still got infected in 2014.23,75 These
dismaying statistics show that Test-and-Treat needs sterner application to stop the epidemic.
One glaring shortcoming in global HIV prevention probably explains why burgeoning ART
uptake has not contained the epidemic faster: The “test” half of the Test-and-Treat equation
remains largely unfulfilled. Millions of HIV-positive people never had an HIV test, don’t know
they’re infected, continue having sex with HIV-negative partners, and keep having babies. The
WHO figures that only 53% of infected people around the world know they carry HIV.23 Even in
the United States, where the CDC has pushed hard for universal adult HIV testing for a decade,
an estimated 13% of HIV-positive people (156,300) remain undiagnosed.76 The crippling toll of
undiagnosed HIV on attempts to contain the epidemic came clear in an innovative ATHENA

Cohort study in the Netherlands.77 Researchers used HIV sequence data and individual clinical
findings from 617 recently infected MSM to determine how these men picked up HIV. A hefty
71% got infected by still-undiagnosed men.
Giving ART to everyone diagnosed with HIV will never rein in the epidemic as long as such
mammoth proportions of infected people remain ignorant of their serostatus. The ambitious 9090-90 goals from UNAIDS aim to test 90% of all HIV-positive people, to treat 90% of those
diagnosed, and to make viral loads undetectable in 90% of those treated.68 But much work
remains before the world merely approaches those targets. A CDC team observes that wide
point-of-care testing in regions hard hit by HIV “has not been fully exploited” because of
challenges in rolling out the technology and bolstering quality assurance.78 WHO analyses of
HIV testing data project a 35% to 45% jump in uptake of rapid testing in low- and middleincome countries, but the WHO team figures that increase will probably leave these countries
short of the 90% testing target.79
Table 3. Summary of PMTCT and ART to prevent HIV
Tool
PMTCT

Does It Work?
• Effectiveness of
triple ART 95% or
more64-66

Do People Use It?
• WHO estimates 73%
of HIV-positive
pregnant women
worldwide used ART
in 201423

Can Use Be Improved?
• Greater use depends
on wider diagnosis of
HIV-positive women,
perhaps through more
community-based
testing80,81 and rapid
testing82
ART
• Effectiveness 96%
• WHO estimates that
• Wider HIV testing is
in HPTN 05267
43% of HIV-positive
the first crucial step
people worldwide
to wider ART
23
started ART by 2015
uptake.80-82
• WHO figures that
• ART combinations
47% of HIV-positive
injected every 1 or 2
people worldwide
months could
23
remain undiagnosed
simplify delivery and
improve adherence84
PMTCT, antiretroviral therapy for prevention of mother-to-child transmission.
With so much room to improve HIV testing uptake, ideas on how to do so abound. Among the
most promising are community-based testing and rapid testing. Meta-analysis of 21 studies
involving home-based HIV testing in sub-Saharan Africa found that 58.1% to 99.8% of 474,377
participants accepted testing, and a pooled proportion of 76.7% of individuals received test
results.80 The researchers concluded that home-based testing “could be a valuable tool for
treatment and prevention efforts.” Meta-analysis of 117 studies involving 864,651 people tied
community-based HIV testing to more than a 10-fold jump in testing uptake.81 The approaches

assessed included door-to-door testing, mobile testing, self-testing, and church- and school-based
testing. A Cochrane systematic review and meta-analysis of 13 studies—in sub-Saharan Africa,
the United States, and Australia—linked rapid HIV testing to a 3-fold increase in HIV testing
uptake and a 2-fold leap in receiving test results.82 The studies involved people in diverse
settings, including homes, primary care clinics, antenatal clinics, TB programs, emergency
departments, bathhouses, and prisons. The analysis linked 3 years of community-based testing to
an 11% drop in HIV incidence.
But even if testing reaches millions more at-risk people, challenges to Test-and-Treat will
persist. Researchers who conducted the HPTN 052 trial observe that diagnosing people in the
early stages of HIV infection—when transmission risk is highest—will remain difficult.83 They
note that the trial did not establish the value of immediate ART in MSM and drug injectors,
though one suspects the same prevention principles apply in those populations because of
declining HIV incidence in San Francisco72 and British Columbia,71 which have large MSM and
drug-injecting populations and have put the Test-and-Treat formula into practice. Finally, the
HPTN 052 team cautions that “the full benefits of this strategy will probably need universal
access to very early ART and excellent adherence to treatment.”83 Developing an injectable
antiretroviral combination that could be given every 1 or 2 months84 would vastly simplify ART
delivery, improve adherence, and enhance prospects for treatment as prevention.
Modeling studies differ greatly in projecting how treatment-as-prevention will affect the HIV
epidemic. Three of nine models positing 95% ART access in South Africa and 95% retention in
care predicted that HIV incidence would dwindle below 0.1% yearly by 205085—an epidemicsquelching outcome by any standard. But overall analysis of models including immediate ART
for the newly diagnosed showed that projected impacts “varied widely across models,
maintaining substantial uncertainty about the theoretical prospect for elimination of HIV from
the population using ART alone over the next four decades.”85 As wags observe, modeling
means not having to say you’re certain, and that dictum certainly holds true when modeling the
end of the HIV epidemic.
Combining Prevention Tools to Stop HIV
Strategies that thwart HIV transmission have proved remarkably effective in big clinical trials
and teeming cohort studies. Three antiretroviral tools—PrEP, treatment to prevent mother-tochild transmission (PMTCT), and rapid diagnosis and treatment of chronic infection (Test-andTreat)—can prevent 90% or more new HIV infections. But the two most widely deployed ART
strategies—PMTCT and Test-and-Treat—remain woefully underused because so many HIVpositive people remain untested.
UNAIDS recognized the primacy of expanded HIV testing in stopping the epidemic by setting
the daunting target of diagnosing 90% of HIV-positive people as the first step in its 90-90-90

campaign.68 But even if millions more infected people learn they carry HIV, no single strategy
will stifle the epidemic on its own because some people will always resist that strategy.
Recognizing these principles leads to a simple two-step approach to limiting the epidemic with
the tools in hand:
1. Expand HIV testing to reach a large majority of infected people.
2. Combine two or more prevention strategies (including at least one antiretroviral strategy).
Several published studies have sized up prevention combinations, each including some
antiretroviral intervention. A modeling study assessed the impact of condoms and TDF/FTC
PrEP, separately or together, on HIV incidence in African-American MSM,86 the population with
the highest HIV incidence in the United States. In a hypothetical cohort of 10,000 black MSM
who never use PrEP, 323 men who always use condoms will pick up HIV. Among 10,000 MSM
who never use condoms, 295 with 90% PrEP adherence will get HIV infection. Among 10,000
MSM who consistently use PrEP and condoms, 87 will acquire HIV, a rate indicating 92%
prevention effectiveness for PrEP plus condoms.
Meta-analysis of 11 studies in China assessed the impact of consistent condom use and ART for
positive partners in HIV-discordant heterosexual couples.87 Pooled HIV incidence stood at 0.92
per 100 person-years in HIV-negative partners with a spouse taking ART compared with 2.45
per 100 person-years in negative partners with an untreated spouse. An HIV-positive partner
taking ART more than halved HIV incidence (incidence rate ratio [IRR] 0.47, 95% confidence
interval [CI] 0.43 to 0.52). ART plus consistent condom use cut HIV incidence by two thirds
(IRR 0.33, 95% CI 0.17 to 0.64).
Three models of HIV prevalence in sub-Saharan Africa predicted that increasing ART use alone
would lower prevalence from less than 1% up to 2% over the next 20 years.88 Combining ART
with TDF/FTC PrEP over the next two decades would cut HIV prevalence 1.2% in one model,
2.8% in another, and 4.4% in the third model. The ATHENA cohort analysis of 617 recently
infected MSM used HIV sequence analysis and modeling to calculate that 61% of these new
infections could have been prevented if (1) all at-risk MSM got tested for HIV annually, (2) all
positive men started ART, and (3) half of all negative men started PrEP.77
A demonstration project involving 1000 HIV-discordant couples at the Kenyan and Ugandan
sites of the Partners PrEP trial yielded data indicating that combining PrEP and ART slices HIV
risk 96% (Table 4).89 In the demonstration project, HIV-negative partners started PrEP and HIVpositive partners started ART. Through 1.5 years of follow-up, 2 HIV-negative people (both with
faulty PrEP adherence) became infected for an incidence of 0.2 per 100 person-years. In a
comparable group of untreated people from the placebo arm of Partners PrEP trial, modeled HIV
incidence stood at 5.2 per 100 person-years. Comparing the PrEP/ART group to the untreated
group, the researchers calculated an IRR of 0.04 (95% CI 0.01 t 0.19), a rate meaning PrEP plus

ART cut HIV incidence 96% in these African couples.
Table 4. Combining tools to end HIV epidemic compared with polio and smallpox data
San Francisco:
1992-201450,91

Kenya and
Low- and
Uganda:
middle-income
89
11/2012-8/2014
countries: 2014205093
HIV incidence:
HIV incidence:
Demonstration
Model
project

World: 1998201494

World: 1700s201695

Polio prevalence:
Surveillance data

Smallpox
prevalence:
Surveillance data

87% decline

96% decline

96% decline

99% decline

100% decline

HIV incidence
2332 in 1992,
519 in 2006, 302
in 2014

HIV incidence
5.2/100 p-y
without
intervention,
0.2/100 p-y with
Tools: HIV
testing, PrEP,
ART

HIV incidence 2
million yearly in
2014 to 80,000 in
best-case
scenario
Tools: Condoms,
circumcision,
PMTCT, Testand-Treat, PrEP,
and vaccine

Polio prevalence
350,000 in 1998
to 359 in 2014

Wide prevalence
(400,000 yearly
deaths in Europe
in 1700s) to 0
cases in 2016
Tool: Vaccine

HIV incidence:
Surveillance data

Tools: HIV
testing, partner
notification,
prompt ART,
PrEP

Tool: Vaccine

San Francisco embarked on a full-bore program to prevent new HIV infections in 2010,
recommending ART for all with HIV 2 years before US health authorities took that step. The
city aims to begin ART on the day a person gets diagnosed. San Francisco’s public health team
backs that strategy by promoting HIV testing, partner notification, linkage to or reengagement in
care, and free PrEP.50,90,91 As a result, HIV incidence dropped from a higher of 2332 new
infections in 1992 to 302 cases in 2014, an 87% plunge.
What impact would a San Francisco-like plan have if adopted across the United States—or
across the world? The CDC estimates that 44,073 people in the United States got infected with
HIV in 2014.74 If that number fell 87%, national HIV incidence would be 5729 yearly. The
WHO calculates that 2 million people acquired HIV in 2014.23 If that number fell 87%, global
HIV incidence would shrivel to 260,000 yearly.
Even a wealthy country like the United States faces a stiff challenge in applying a San
Franciscan plan nationally. San Francisco has an estimated 82% of HIV-positive residents in care
and 72% with an undetectable viral load.91 Across the United States in 2012, only 39% of HIVpositive people were in care and only 30% had an undetectable viral load.90 Globally, only a little

more than half of HIV-positive people even know they carry the virus.23
Keys to improving the continuum of care are no secret. Under the auspices of IAPAC, an expert
international committee sifted data from 1047 articles to formulate 36 evidence-based
recommendations to hike HIV testing, linkage to and retention in care, ART coverage, ART
adherence, and viral suppression.92 These steps are working in San Francisco. And they’re
working in much larger cities with marginalized populations, like New York. From 2006 to
2013, new HIV diagnoses ebbed 32% in New York City, thanks partly to a health department
drive supporting individual entry to care and reentry of those who lost touch with their
providers.90
What will it take to get global HIV incidence below the 260,000 yearly diagnoses attainable with
an incidence drop similar to that seen in San Francisco50 (calculated just above)? A blue-ribbon
panel suggests a way to get below a quarter million new infections yearly—but it won’t be easy
(Table 4).93 If global prevention efforts built on an ambitions baseline program including
PMTCT, condom use, and male circumcision to include a Test-and-Treat initiative, highly
effective PrEP, and an effective HIV vaccine, by 2050 we could count only 80,000 new HIV
cases yearly in low- and middle-income countries under the most optimistic scenario and
270,000 new cases on the high end of that projection. Dropping from 2 million new infections
yearly today to 80,000 would represent a 96% plummet. The baseline program plus Test-andTreat alone would bring HIV incidence only to about 500,000 cases yearly by 2050. Reaching a
global incidence of 80,000 new HIV infections yearly may seem miraculous, but it would still be
an epidemic by most standards. For example, the WHO tallied 28,635 Ebola cases through
January 3, 2016 in the recent West African outbreak.94
Data from cities like San Francisco, Vancouver, and even New York show that diligent
application of HIV prevention tools in hand today can make a big dent in the epidemic. But even
when combined, those tools cannot do what a polio vaccine did for that viral infection—lower
prevalence by 99% since 1988 to 359 reported cases in 2014.95 And they cannot do what a
smallpox vaccine did for that viral infection—make it go away.96
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