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The US Centers for Disease Control
and Prevention estimate that there are
>1 100 000 people living with human im-
munodeficiency virus (HIV) in the United
States [1]. In 2017, 38 739 people with a
new diagnosis of HIV infection were re-
ported [2], a number that has not changed
substantially in recent years despite con-
siderable attention to HIV prevention.
Improved strategies for HIV preven-
tion are needed. Accordingly, the use of
preexposure prophylaxis (PrEP) to pre-
vent HIV infection has captured consid-
erable attention. Clinical trials in men
who have sex with men (MSM) with the
combination of tenofovir disoproxil fu-
marate and emtricitabine (TDF/FTC, sold
as Truvada by Gilead) demonstrated the
ability of this combination to prevent HIV
acquisition [3-5]. This drug combina-
tion was approved for HIV prevention in
the United States in 2012. The protective
benefit of TDF/FTC PrEP persists even in
the face of “classical” sexually transmitted
disease (STD) infections including gon-
orrhea and syphilis [3-6], STDs that are
extremely common in sexually active pop-
ulations and can increase the risk of HIV
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acquisition [7]. Indeed, syphilis infection
can serve as a harbinger for future HIV
acquisition. Pathela et al reported that an
MSM in New York City with syphilis had
a 1 in 20 chance of acquiring HIV in the
next 12 months [8], results that have led
to a recommendation of TDF/FTC PrEP
in at least some people with incident STD
infections [9].

Randomized clinical trials demonstrat-
ing reduction in HIV infections support
widespread usage of TDF/FTC [3-5], and
randomized clinical trials with the endpoint
of prevention of HIV infection continue to
be the best approach to determine the ef-
ficacy of new HIV prevention tools. Such
trials compare new agent(s) or strategies
to a standard of care including prevention
tools with proven benefit. For example, one
ongoing trial is comparing a new injectable
PrEP drug, long-acting cabotegravir, to
oral TDF/FTC to prevent HIV acquisition
in MSM (NCT02720094). Parenthetically,
while TDF/FTC clearly prevents HIV in-
fection, difficulty of daily adherence to a
pill means that interpretations of this kind
of comparison are complicated by pill usage
(and real-world “effectiveness”) as well as
true differences in biologic efficacy.

But suppose a future approved antiviral
agent prevents HIV infection almost per-
fectly. Under these conditions, how can ef-
ficacy of other new drugs or strategies be
demonstrated? In this issue of The Journal
of Infectious Diseases, Mullick and Murray
[10] offer a provocative approach to future
evaluation of new PrEP agents through the

use of incident rectal gonorrhea infections
as a surrogate for exposure to HIV [10].
The authors reviewed 8 articles in which
HIV incidence was noted in MSM who
also had anal gonorrhea infection at some
time during the period of observation. The
authors found a close correlation between
detection of rectal gonorrhea infection and
incident HIV infection, and used the data
to generate a model to predict the proba-
bility of HIV acquisition for a given rate of
rectal gonorrhea.

This approach raises the issue of a surro-
gate for measurement of protection from
HIV infection. In vaccine development,
we try to determine immune defenses re-
quired for HIV prevention that can then
serve as a surrogate to identify promising
candidates for further vaccine develop-
ment [11]. For better understanding of
TDF/FTC, Anderson et al reported that an
intracellular tenofovir diphosphate con-
centration of 16 fmol/million blood mon-
onuclear cells was associated with a 90%
reduction of HIV acquisition in MSM
using TDF/FTC PrEP [12]. In the current
article, Mullick and Murray use rectal gon-
orrhea infection as a surrogate for expo-
sure to HIV, rather than as a surrogate for
the preventive efficacy of a new agent. The
authors argue that in trials of a new PrEP
agent, rectal gonorrhea detected in the ab-
sence of HIV infection could be taken to
mean that prevention of HIV infection
had actually occurred.

The authors acknowledge a series of
problems with this approach. The 8 articles
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reviewed (among 2485 considered) had
limitations: Data were collected over a long
period of time, and the numbers of actual
cases of gonorrhea and HIV were often
quite small. While absence of incident HIV
infections could mean that PrEP agents
prevented HIV, alternative explanations
of such results are possible. Gonococcal
infections might be found in communi-
ties where HIV is still uncommon and,
in these communities, exposure to gon-
orrhea cannot serve to predict HIV risk.
Accordingly, 2 unstated requirements for
this approach are essential: that gonorrhea
and HIV are persistently co-circulating
infections in the risk populations consid-
ered, and that gonococcal infection does
not undermine the protective benefit of
TDF/FTC [3-6]. In addition, in commu-
nities where HIV is common, a substantial
fraction of HIV-infected people are likely
to be receiving antiviral treatment, rend-
ering them no longer contagious [13] and
confounding interpretation of the benefit
of PrEP. Indeed, the detection and treat-
ment of all people with HIV is the corner-
stone of HIV prevention worldwide, and as
more people are treated, HIV incidence has
fallen in many communities [14]. The need
to aggressively and independently prevent
and treat gonorrhea and HIV infections
might be expected to compromise the ap-
proach proposed.

Where do we go from here? First, STDs
have long been used as markers for HIV
risk behaviors [15] and as an inclusion cri-
terion for many HIV prevention trials. The
data provided by Mullick and Murray [10]
reiterate this relationship. The authors rec-
ognize that STDs other than gonorrhea are
also common in at-risk populations (and
were also measured in most of the articles
cited) and could be used to develop a more
complex view of potential HIV exposure.
The authors note that a prospective es-
timate of the proportion of treated HIV-
infected people in a community would
strengthen the validity of the approach, a
point that emphasizes the importance of
HIV testing and the HIV treatment con-
tinuum. Perhaps most importantly, the
article shines a light on the urgent need

for novel study designs and approaches
to assess new HIV prevention agents and
strategies [16, 17]; creative ideas should be
seriously considered.
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