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Preventing Sexual Transmission of HIV
Myron S. Cohen
University of North Carolina School of Medicine, Chapel Hill

The risk of human immunodeficiency virus (HIV) transmission during sexual activity is dependent on the
infectivity of the HIV-positive individual and the susceptibility of the uninfected partner. HIV is most often
transmitted during periods of high HIV load, but factors such as the type of sexual activity and the innate
and genetic defenses of the uninfected partner exert a strong influence on the risk of transmission. Certain
factors, such as coinfection with other sexually transmitted diseases or the presence of genital lesions in either
sexual partner, amplify the risk of transmission that is predicted on the basis of sexual contact alone. In the
absence of more-reliable options, such as a vaccine, factors that define HIV infectivity and susceptibility and
factors that amplify the risk of HIV transmission, may serve as critical targets for containment of the HIV
epidemic
HIV infection is best characterized as a sexually transmitted disease (STD). In the United States, ∼75% of
HIV-infected individuals acquired the virus through
sexual activity [1]. It is estimated that, in other areas
of the world, 190% of new infections among adults are
acquired via sexual activity [2]. Effective methods to
prevent sexual transmission of HIV are critical to the
effort to defeat the worldwide epidemic. Although injection drug use continues to be an important source
of transmission in the United States (it ranks second,
after sexual activity), other avenues of acquiring infection, including vertical transmission from mother to
child and use of HIV-contaminated blood products, are
of diminishing importance.
In the United States, male-male sex is the avenue of
HIV transmission in ∼60% of new cases. Heterosexual
contact, although accounting for only ∼17.5% of new
infections, is the mode of HIV transmission in 80% of
new cases in women [3]. From 2000 through 2003, the
estimated number of HIV/AIDS cases increased by 5%
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among males and decreased by 2% among females. In
2003, a total of 72% of all HIV/AIDS cases were diagnosed in men or adolescent boys [3]. The difference
in the HIV infection rate between men and women in
the United States, which has persisted since the start
of the epidemic, may be best understood in the context
of the efficiency of different routes of HIV transmission,
particularly the relative rates of transmission via vaginal
and anal intercourse.
FACTORS AFFECTING INFECTIVITY AND
SUSCEPTIBILITY
Many estimates of the risk of infection per sexual act
have been low and inconsistent with the observed prevalence of HIV infection. In an earlier review of the risk
of transmission per sexual contact, my colleagues and
I estimated 1 case of HIV transmission for every 10–
1600 sexual encounters between men and 1 case of
transmission in 200–2000 sexual encounters between
an infected male and an uninfected female; the risk of
transmission between an infected female and an uninfected male was 1 in 700–3000 sexual encounters [4].
However, because coital frequency averages ∼10 contacts per month among individuals !25 years of age
(and decreases among older individuals) [5], HIV
transmission should be a relatively uncommon occurrence, particularly among heterosexual persons.
More-sophisticated methods of estimating risk have
been generated from improvements in identifying facPreventing Sexual Transmission of HIV • CID 2007:45 (Suppl 4) • S287

tors that affect the risk of infection. In calculating the risk of
horizontal spread of HIV within a population, the key factors
include the efficiency of transmission during any specific sexual
encounter (b), the duration of infectiousness (D), and the number of partners exposed (C). On the basis of the equation
Ro p bDC, the epidemic will be sustained if the rate of infection, Ro, is 11.
At the level of individuals, factors that influence infectivity
and susceptibility complicate efforts to estimate the risk of HIV
transmission per exposure. Two of the most fundamental variables include the inoculum size, which is typically the product
of the genital viral burden, and the presence of resistance, which
may be inherited or acquired [6]. However, a number of important additional variables modify these risks. For example,
lesions from a genital infection may facilitate transfer of HIV
by impairing natural barriers to infection, thereby amplifying
any baseline risk predicted by a factor such as HIV load [7].
There is a strong correlation between the HIV load and the
risk of HIV transmission. In a study of heterosexual persons,
the risk of infection more than tripled when the HIV load in
blood increased from 2.6–3.5 log10 HIV RNA copies/mL to 3.6–
4.0 log10 HIV RNA copies/mL [8]. The risk almost doubled
again when the blood HIV load increased from 3.6–4.0 log10
HIV RNA copies/mL to 14.7 log10 HIV RNA copies/mL. Conversely, transmission was rare among individuals who had an
HIV load of !1500 HIV RNA copies/mL.
The stage of infection is also an important variable for infectivity, largely because of the accelerated rate of viral shedding
during the acute stage. Viral loads in all fluids and tissues,
including blood and genital secretions, peak ∼4 weeks after
infection [9]. The risk of sexual transmission of HIV during
this stage is 30–300 times the risk during the postacute phase
of infection, when antibodies and cytotoxic T cell lymphocytes
directed against HIV appear (figure 1) [10]. Because of the

increased risk of transmission, patients with acute HIV infection are believed to make a highly disproportionate contribution to the incidence of HIV infection [11], a contention
supported by modeling estimates [12]. The increased transmissibility of HIV during the acute period is a likely explanation
of why new infections commonly occur in clusters [13]. The
risk of sexual transmission again begins to increase at late stages
of infection, when AIDS-induced immune dysfunction permits
viral loads in genital secretions to increase.
Relative differences in the virulence of HIV strains or in HIV
subtype dynamics may also affect the risk of sexual transmission. Differences in the transmissibility of subtype B, the dominant strain of HIV in the United States, and subtype C, which
is a major source of infection in sub-Saharan Africa, may explain some of the geographic differences in the growth of the
epidemic, as well as the risk of transmission through heterosexual contact [14].
There is also evidence of racial differences in susceptibility
that may explain discordant patterns of transmission. In a genotyping study to test for the presence of an inactive CCR5
allele associated with HIV resistance, the allele was most common in white persons and less common in people of color [15].
AMPLIFICATION FACTORS:
A KEY TO THE EPIDEMIC
All variables associated with the relative risk of HIV transmission, such as the genital HIV burden of the infected partner
at the time of sexual contact, can amplify the risk of transmission (figure 1). The type of sexual activity is among the
most important of these variables. Although the risk of transmitting HIV via saliva appears to be very low [16], a study
involving a cohort of heterosexual couples estimated that, for
women, the odds of HIV transmission during receptive anal

Figure 1. Probability of male-to-female HIV transmission per coital act, as a function of HIV disease stage. Viral loads peak ∼4 weeks after infection
onset. Dark grey, expected distribution of viral burden in semen among men over time; dashed line, potential threshold for HIV transmission; light
grey, theoretical effect of a biological intervention designed to reduce viral excretion. Adapted from [10].
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intercourse were ∼10 times the odds of transmission during
vaginal sex [17]. This increased risk, which is likely to explain
some of the disparity between infection rates among gay men
versus those among women in the United States, may be a
product of several biological differences, particularly the fact
that the density of cells receptive to HIV attachment is higher
in the anal canal than in the vaginal canal. However, anal intercourse is also practiced by heterosexual couples, complicating efforts to interpret gender-based differences on the basis of
epidemiologic data.
The presence of coexisting STDs is also an important amplification factor. Although the presence of any lesions or ulcers
in the genital tract, including those caused by STDs, increases
the opportunity for contact with infected blood, those due to
urethritis, gonorrhea, and cytomegalovirus infection have been
associated with increased frequency of HIV detection in semen
specimens [18–20]. STDs and inflammation increase HIV shedding in the female genital tract [21], but difficulties in specimen
collection may explain why increased HIV loads have been less
consistently demonstrated in the genital tract of HIV-infected
women [22, 23]. A higher rate of seroconversion in males after
contact with women who had a concurrent genital ulcer disease
has been reported [24]. Bacterial vaginosis, a very common
infection in women, has also been identified as a risk factor
for HIV transmission [17].
One of the most common STDs is infection with herpes
simplex virus type 2 (HSV-2), which as recently as 1994 had
a seroprevalence of 22% among individuals aged 112 years in
the United States [25]. HSV-2 interacts with HIV and has been
associated with an increased risk of HIV transmission [26, 27].
Prevention practices specifically directed at HIV-infected patients with HSV-2 infection are problematic because of the high
proportion of such individuals who are unaware of their positive HIV serostatus [28]. Antiviral prophylaxis directed against
HSV-2 may be a viable strategy to reduce the risk of HIV
acquisition in high-risk populations. Clinical trials to test these
hypotheses are under way.
Systemic coinfection may be another amplification factor,
particularly in developing countries where the incidence of
chronic contagious disease is high. Malaria in particular has
been associated with an HIV load sufficiently large enough to
increase the risk of HIV transmission [29], and the relationship
between HIV load and other diseases, such as tuberculosis, may
be similar. An increased HIV load in patients with systemic
infection would likely involve stimulation of the inflammatory
response that increases T cell activity, which, in turn, would
lead to increased HIV replication. An example of this process
is the increased HIV load observed after tetanus toxoid vaccination [30].
Several specific host factors may also amplify the risk of HIV
transmission. In women, cervical ectopy, a condition that ren-

ders cervical tissues more friable, was found to increase the risk
of HIV transmission by 2–3 times [31]. In men, the presence
of foreskin has been associated with increased risk of HIV
acquisition [17, 32], leading to several trials to test circumcision
as a prophylactic strategy. In one of the completed trials conducted in South Africa, the risk of HIV transmission among
circumcised men was 60% lower than that among uncircumcised men (relative risk, 0.40; 95% CI, 0.24–0.68; P ! .001) [33].
Similar trials were stopped because a similar degree of benefit
was observed [34]. In addition, there is evidence that HIV in
circumcised men is less contagious.
Any factor that increases the opportunity for HIV to reach
receptive immune cells may amplify the risk of HIV transmission. For example, hormonal contraceptives have been implicated in several studies, because of their association with thinning of the vaginal epithelia and increased ectopy of the cervix
[35, 36]. Spermicides, which do not have a clear anti-HIV effect
[37], have been associated with irritation that may increase the
risk of infection [38]. The presence of blood during sexual
intercourse, including blood associated with menstruation, has
been associated with an increased risk of HIV transmission,
particularly from females to males [17, 39].
Understanding the principles of HIV infectivity and susceptibility provide an opportunity to identify strategies to reduce
the risk of transmission. The factors so far identified are unlikely
to be a complete list, and the absolute risk of transmission may
be greatly influenced by interactions between the variables
themselves. However, the incremental contribution of interventions that address some or most of the known risk factors
for HIV transmission may play an important cumulative role
in slowing the epidemic.
PREVENTION STRATEGIES
Effective strategies to prevent sexual transmission of HIV are
easy to define but difficult to implement. Abstinence and welldefined safe-sex practices, particularly condom use, could reduce the HIV epidemic if they are widely used [40]. The challenge is to implement strategies that are practical and realistic.
Although efforts to improve safe-sex practices deserve to remain a cornerstone of infection control, other initiatives are
appropriate to fill gaps anticipated by the difficulties in ensuring
universal compliance with safe-sex practices and the limitations
in dictating human behavior.
Safe sex is defined by practices that limit contact between
bodily fluids of sexual partners, particularly blood and semen.
When used consistently, male condoms, commonly used barriers to reduce the exchange of fluids, offer a degree of protection comparable to their ability to prevent pregnancy [41].
Variability in correct use relative to consistent use may explain
the wide CIs in the estimated rates of protection afforded by
this practice. Although all individuals at risk should be enPreventing Sexual Transmission of HIV • CID 2007:45 (Suppl 4) • S289

couraged to use condoms to reduce the risk of HIV infection,
it should also be emphasized that correct use has not been
demonstrated to provide complete protection from HIV and
that a substantial proportion of persons who consistently use
condoms during sex do not use condoms correctly [42].
Antiretroviral therapy has been associated with reductions
in infectivity [43]. These reductions are likely a product of the
suppression of HIV RNA in the genital tract [44, 45]. In observational studies of HIV-serodiscordant couples, the rate of
seroconversion among couples receiving antiviral therapy was
80% less than the rate among couples who received counseling
on safe sex but no antiretroviral therapy [46, 47]. One important limitation of antiretroviral therapy as an infection-control
strategy is that the peak period of infectivity occurs during the
acute stage of infection, which typically precedes treatment.
However, prophylaxis for patients at risk for infection, treatment during acute infection, and postexposure prophylaxis are
all potential strategies to circumvent this limitation.
Several studies have been initiated to evaluate antiretroviral
therapies as prophylaxis against HIV infection. In one study,
the prophylactic efficacy of the nucleoside reverse-transcriptase
inhibitor tenofovir was tested in 936 women at high risk for
HIV infection [48]. During the follow-up period, 2 women
who received tenofovir seroconverted, compared with 6 women
who received placebo, but the difference was not statistically
significant (P p .24). There were no serious adverse effects associated with tenofovir use, but the risk of adverse effects and
of generating drug-resistant HIV strains will be important factors to consider as these trials advance. Moreover, extended
follow-up periods will be required, to confirm that the reduced
risk of HIV infection can be sustained over prolonged periods.
Prevention strategies targeted at individuals with acute HIV
infection are dependent on the ability of health care professionals and the infected individuals themselves to rapidly recognize characteristic symptoms, which include those similar to
mononucleosis, fever, pharyngitis, adenopathy, rash, and aseptic meningitis [49], and to seek prompt medical attention. The
inability of infected individuals or clinicians to recognize the
signs of acute HIV infection continues to pose a formidable
hurdle even for testing of timely antiretroviral treatment in
clinical trials. Even if more-effective methods become available
to identify patients during the early stages of infection, it will
be necessary to demonstrate that any protection against HIV
transmission is not counterbalanced by unacceptable risks, including an increased rate of drug resistance.
Postexposure HIV prophylaxis is recommended by the Centers for Disease Control and Prevention on the basis of its
presumed efficacy in reducing the risk of acquiring HIV [50].
Although these recommendations are largely based on findings
from animal models rather than on findings of clinical trials,
these steps, which include initiating antiretroviral therapy ⭐72
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h after exposure, are prudent and reasonable, given the limited
risk for adverse consequences and the large potential for benefit.
Individuals exposed to HIV should continue to receive therapy
for at least 28 days after the exposure event.
Because the risk of sexual transmission of HIV is particularly
high when the infected partner is unaware of their infection,
vaccines represent the most secure strategy for HIV control.
The importance of vaccine is recognized by the National Institute of Allergy and Infectious Diseases (NIAID), which established the Center for HIV/AIDS Vaccine Immunology (available at: http://www.chavi.org). Although prodigious efforts at
vaccine development have been ongoing for 115 years, yielding
several clinical trials, results have consistently been disappointing. Creation of a vaccine for preventing HIV infection may
be ⭓10 years away, but several vaccines with the potential to
modify the course of disease and the risk of transmission are
in the late stages of development and field testing. A summary
of the progress of vaccines currently under study can be found
on the NIAID HIV Vaccination Trials Network Web site [51].
The deployment and impact of many strategies to control
the spread of HIV will likely differ according to populationspecific risk factors. For example, the reduction in the rate of
HIV transmission among circumcised men in South Africa has
limited relevance in the United States, where 77% of men are
circumcised [52]. Similarly, the potential off-label role of antimalarial treatments for control of HIV has no apparent relevance in areas of the world where antimalarial agents are not
commonly used. Variability in the prevalence of individual
STDs, such as those that impair immune defenses versus those
that facilitate infection by creating genital lesions, might also
affect the types of infection-control strategies to emphasize in
a specific target group.
It is also important to recognize the distance between the
identification of a risk factor for HIV transmission and the
development of a viable infection-control strategy that targets
the risk factor. For example, independent of the formidable
potential costs of a population-wide circumcision strategy, the
efficacy of this strategy will be dependent on cooperation from
the target population. From the standpoint of public health,
the risks of circumcision, such as procedure-related infection,
must be weighed against the relative protection it offers against
HIV infection. As with any HIV prophylaxis strategy, it is also
important to consider that false security arising from use of a
partially effective risk-reduction strategy may, because of an
increase in the frequency of unsafe sexual practices, result in a
paradoxical increase in HIV transmission.
Other strategies now in development to change sex practices
include female condoms with improved designs that render
them more affordable and easier to use, topically applied viricidal agents that inhibit the risk of HIV transmission, and
more aggressive dissemination of more detailed information

about infection control. For example, in areas of high risk it
may be possible to substantially reduce HIV transmission rates
by recommending that individuals delay sexual intercourse or
use condoms consistently for the first 3 months of a new partnership, when the period of high infectiousness in a recently
infected partner is greatest. The hurdle for such strategies, already implicit in safe-sex recommendations, is to generate a
level of concern sufficiently high enough to ensure their rigorous implementation by individuals at risk.
CONCLUSION
The progress in identifying the variables that underlie HIV
transmission is producing new opportunities for infection control. In the absence of a highly effective vaccine, implementation
of multiple risk-reduction strategies will likely be required in
an effort to halt the HIV epidemic. Safe-sex strategies are fundamental to current efforts to reduce HIV transmission, but
these efforts may continue to have only a limited impact on
infection rates, because of the complex and unpredictable factors associated with human sexual behavior. By recognizing the
amplification factors as well as the fixed variables of infectivity
and susceptibility, strategies oriented to both the individual and
to a general population can be developed for infection control.
Although additional progress in infection control is anticipated,
meaningful immediate progress toward control of the HIV epidemic depends on the willingness of public health authorities,
clinicians, and individuals at risk to embrace the range of strategies that are known to protect against HIV transmission.
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