Reducing the Risk of Sexual HIV Transmission

Quantifying the Per-Act Risk for HIV on the Basis of Choice of Partner, Sex

Act, and Condom Use

BEENA VARGHESE, PHD, JULIE E. MAHER, PuD, THOMAS A. PETERMAN, MD, BERNARD M. BRANSON, MD, AND

RICHARD W. STEKETEE, MD

Background: Sexual acquisition of HIV is influenced by
choice of partner, sex act, and condom use. However, current
risk-reduction strategies focus mainly on condom use.

Goal: To estimate the contribution of choice of partner, sex
act, and condom use on the per-act relative and absolute risks
for HIV infection.

Study Design: Per-act relative risk for HIV infection was
calculated with use of estimates of HIV prevalence, risk of
condom failure, HIV test accuracy, and per-act risk of HIV
transmission for different sex acts. Absolute risks were calcu-
lated on the basis of these relative risk estimates.

Results: Choosing a partner who tested negative instead of
an untested partner reduced therelative risk of HIV infection
47-fold; using condoms, 20-fold; and choosing insertive fellatio
rather than insertive anal sex, 13-fold. Choosing one risk-
reduction behavior substantially reduces absolute risk of HIV
infection for heterosexuals but not for men who have sex with
men.

Conclusion: Clarifying the magnitude of risk associated
with different choices may help people make effective and
sustainable changes in behavior.
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Epidemiology, National Center for HIV, STD, and TB
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vised uninfected persons to have sex with only low-risk or
uninfected partners® Most of these investigators did not
quantify risks in a way that would help compare the effects
of their choices.

Individuals develop a personal HIV-infection prevention
strategy by making choices that are associated with different
risks and benefits. Ideally, effective choices are based on an
accurate perception of the risks from different combinations
of behaviors. Often, however, the perceived hierarchy of
risks from different activities may not match the data from
epidemiologic studie®.The risk of acquiring HIV sexually
depends on choice of partner, choice of sex act, and condom
use. Accurate information on the magnitude of risks and

FOR AN UNINFECTED PERSON, every sexual encounter penefits of each of these choices could substantially im-
presents a risk of acquiring HIV. In the United States each prove efforts to prevent HIV infection.

year, about 20,000 persons acquire HIV infection through = Recent studies have provided valuable information on the
sexual contact2 The magnitude of the risk for an individ- sensitivity of newer tests for HIW11 effectiveness of con-
ual depends on various factors, including choice of partner, yom usel2-14 and risk for HIV infection associated with
sex act, and condom use. Investigators have recommendedjifferent sex actds—2° Our objective was to estimate the
different strategies for addressing these factors. Some haveper-act relative and absolute risks of acquiring HIV infec-

recommended reducing the number of sexual partners,ton during sexual contact on the basis of the choices of
avoiding high-risk sexual acts such as anal sex, and educatpartner, sex act, and condom use.

ing the public on the advantages of the use of condoms and

voluntary HIV testing and counselirfg® Others have ad-
Methods

We calculated the overall relative risk for HIV acquisi-
tion on the basis of estimates of HIV prevalence, sensitivity
nente Northwest, Portland, Oregon. of enzyme immunoassay, per-act relative risk of HIV trans-
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TABLE 1. Per-Act Relative Risk (RR) for Acquisition of HIV Based on Choice of Partner, Sex Act, and Condom Use

39

Partner Status* RR Sex Act RR Condom Use RR
Heterosexual
Negative HIV test 1 Insertive fellatio® 1 Yes'4 1
Unknown serostatus 47 Receptive fellatio” 2 No'4 20
HIV* 4706 Insertive vaginal?? 10
Men who have sex with men Insertive anal?! 13
Negative HIV test 1 Receptive vaginal?! 20
Unknown serostatus 43 Receptive anal 100
HIV* 430

*Calculated by the authors on the basis of literature estimates, as outlined in Methods.

TBest-guess estimate.

through an extensive literature review. When published
estimates were not available, we used best-guess estimates.
We performed sensitivity and threshold analyses to deter-
mine the robustness of these estimates.

Choice of Partner

The value associated with the choice of partner is the
probability that the partner is HIV-infected. This value
depends on the assessment of the partner’s risk, the part-
ner's HIV test history, and the prevalence of HIV in the
community. Assessing partner’s risk is probably influenced
by demographic factors such as age, residence, and medical
factors (e.g., history of sexually transmitted disease [STD]
and current ulcers). However, for our anaysis, if the
serostatus of a partner was unknown, we assumed the prob-
ability this partner was infected would be equal to the HIV
prevalence in the community. We further assumed this
prevalence would be 10% for men who have sex with men
and 1% for heterosexuals attending HIV/STD clinics.303 |
a partner had tested positive for HIV, we assumed the test
algorithm had no false-positives and that the partner was
HIV-infected. If apartner had tested negative since the most
recent sexual contact, the probability that this partner was
HIV-infected was 1 minus the negative predictive value of
the test, which equals [(1 — sensitivity of test) X (preva
lence)]/[(1 — sensitivity of test) X (prevalence) + (1 —
prevalence) X (specificity of test)].32 The specificity of the
current test for HIV antibodies is 99.8%, and the sensitivity
is 99.9%.1011 However, in this study the sensitivity of the
test for infection is lower than the sensitivity for detecting
antibodies because some persons had been infected recently
and antibodies had not yet developed.

To estimate the proportion of infected persons who had
acquired the infection recently, we estimated that there are
a total of 750,000 infected persons,>33 67% of whom al-
ready know about their infection and thus would not be
taking atest.3* If 40,000 new infections occur each yeart33
and it takes 1.5 months on average for antibodies to develop
after infection is acquired,3> on any given day there would
be 40,000 X (1.5/12) = 5,000 persons with infections too
recent for antibodies to have developed. These 5,000 in-

fected persons who would test negative represent 2% of the
250,000 infected persons who do not know their serostatus.
Therefore, we reduced the published sensitivity of the test
for antibodies by this 2% and estimated the sensitivity for
detecting infection as 97.9% (99.9% — 2%). Thus, the
probability of being infected despite a negative test is
0.000213 for heterosexuals when prevalence is 1% and
0.00233 for men who have sex with men when prevalence
is 10%. Thus, compared with choosing a partner who tested
negative, choosing a partner with unknown serostatus
among heterosexuals would increase the relative risk of
HIV acquisition by 47-fold (0.01/0.000213), and choosing
an HIV-positive partner would increase risk by 4706-fold
(1/0.000213) (Table 1).

Choice of Sex Act

The per-act risk of HIV transmission for a given sex act
is very difficult to estimate. We reviewed cross-sectional
studies, cohort studies, and models that estimated per-con-
tact risk for HIV infection.t>2° We used the odds ratios
from alarge study of heterosexual couples by the European
Study Group?! to estimate the per-act relative risk associ-
ated with various sex acts (e.g., for anal sex versus vaginal
sex). The report of that study included cross-sectiona data
on HIV-positive and HIV-negative partners of infected per-
sons, as well as follow-up data on discordant couples. It
provided the data necessary to estimate odds ratios for
various sex acts. In that study, the odds ratio for male-to-
female transmission versus femae-to-male transmission
was approximately 2, so we assumed receptive vagina sex
wastwice as risky asinsertive vaginal sex, per act. The odds
ratio for receptive anal sex was approximately 5, so we
assumed receptive anal sex was five times riskier than
receptive vaginal sex, per act. Similarly, the odds ratio for
insertive anal sex was 1.3, so we assumed insertive anal sex
was 1.3 times riskier than insertive vaginal sex, per act.
Although there are few data on the relative risks associated
with fellatio (oral-penile contact), most investigators sug-
gest that it is safer than vagina sex. We assumed that
insertive fellatio was 10 times less risky than insertive
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no condom
1/10,000 Heterosexual woman
partner unknown serostatus,
receptive vaginal sex,
- Condom no condom
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5 el Fig. 1. Changes in risk for HIV infection
°; based on choices of partner, sex act, and con-
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= & condom to depict ways of reducing per-act absolute risk
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Risk reduction choices

vaginal sex and that receptive fellatio was 10 times less
risky than receptive vagina sex, per act (Table 1).

To convert from relative risks to absolute risks, we esti-
mated that the per-act risk of HIV transmission from an
infected male to an uninfected female during receptive
vaginal sex without the use of condoms was 0.1%.28 All
other per-act risk estimates were calculated by either mul-
tiplying or dividing this estimate by the corresponding rel-
ative-risk estimates.

Use of Condoms

A pooled analysis of studies suggested that condoms are
90-95% effective in preventing HIV transmission, if used
consistently.’2 Model-based estimation also indicated that
condoms decrease the per-act probability of male-to-female
transmission by about 85-95%.13 Another study reported
that condoms broke or slipped off in approximately 4% of
coital acts.*4 For our model we assumed the per-act proba-
bility of condom failure due to incorrect use, slippage, and
breakage to be 5%. Hence, using a condom provides a
20-fold decrease in risk of acquiring HIV infection, per act.

Results

The choice of partner and knowledge of the partner’s
HIV infection status had the greatest influence on the risk of
HIV acquisition. For heterosexual men and women, having
sex with a partner who tested negative for HIV reduced risk
47-fold in comparison with the risk of having sex with a
partner of unknown serostatus (Table 1). The relative risks

Risk reduction choices

for choice of partner were different for men who have sex
with men than for heterosexual men and women, because of
the higher HIV prevalence among men who have sex with
men. The reduction in relative risk of HIV infection differed
widely for different sex acts. Choosing receptive fellatio
instead of receptive anal sex reduced risk 50-fold, compared
with a 13-fold reduction for choosing insertive fellatio in-
stead of insertive anal sex. Condom use provided a 20-fold
reduction in risk (Table 1).

There were many combinations of these choices for men
who have sex with men and for heterosexual men and
women. The overall relative risk was lowest when a person
chose a partner who had tested negative (1), had insertive
fellatio (1), and used a condom (1): the overall relative risk
was 1 (referent group) (Table 1). With the same partner,
insertive vaginal sex (10) while still using a condom in-
creased the relative risk to 10. Insertive vaginal sex (10)
without a condom (20) with this partner increased the rel-
ative risk to 200. The overall relative risk was highest when
a person had receptive anal sex (100) with a partner who
was HIV-positive (4700); without a condom (20), the over-
all relative risk was 9,400,000.

The absolute per-act risk of acquiring HIV was highest (5
per 1,000) when a person had receptive anal sex without a
condom with an HIV-positive partner. For a man who had
receptive anal sex without a condom with a male partner of
unknown serostatus (HIV prevalence, 10%), the per-act risk
for HIV infection was 5 per 10,000 (Figure 1). For this
individual, the absolute per-act risk still remained consid-
erable (between 1 and 2.5 per 100,000) if only one risk-
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reduction behavior was adopted. Although this per-act risk
seems low, the cumulative risk is high if the behavior
continues for several years. For example, at a per-act risk of
2 per 100,000, a rate of engagement in sex of once a day
(assuming constant risk) would result in infection of more
than 7% of people within 10 years [1 — (0.999980)¢7].
Adopting two risk-reduction behaviors reduces risk substan-
tially (to between 2 and 6 per 10 million). For example,
receptive fellatio without a condom with a partner who
tested negative reduces per-act absolute risk to 2 per 10
million (Figure 1). For a heterosexual woman who has
receptive vaginal sex without a condom with a partner of
unknown serostatus (HIV prevalence, 1%), the risk of ac-
quiring HIV infection in a single sex act would be 2 per
100,000 (Figure 1). Choosing one risk-reduction behavior
reduces this per-act risk substantially (to between 2 and 10
per 10 million).

The differences in absolute risk associated with various
choices between these two examples of a man who has sex
with aman and awoman who has sex with aman are mainly
due to the difference in HIV prevalence among their part-
ners. Many heterosexuals and persons in areas of low prev-
alence could reduce risk with a single risk-reduction step.
However, because of high HIV prevalence among potential
partners, men who have sex with men and many injection
drug users would need to adopt at least two safer sexual
behaviors to achieve a comparable reduction in absolute
risk. For them, changing one behavior may not be enough to
prevent acquisition of HIV during a lifetime of sexua
activity.

Threshold and Sensitivity Analysis

We evaluated the robustness of our overall relative risk
estimates by conducting threshold and sensitivity analyses
on results that were dependent on either our calculations or
our best guess. We performed threshold analysis to deter-
mine the extent to which parameters must change before
overall relative risk becomes the same for different choices.
For example, unprotected fellatio was found to be safer than
protected receptive anal sex with the same partner. Recep-
tive fellatio (2) without a condom (20) with a partner who
tested negative (1) had an overall relative risk of 40. Re-
ceptive ana sex (100) with a condom (1) with this same
partner had an overal relative risk of 100. The overal
relative risks associated with these choices would be equal
if the difference in relative risk of the sex acts decreased
from 50 to 20 or if condom effectiveness increased from
95% to 99%.

For a given sex act, unprotected sex with a partner who
tested negative would be safer than protected sex with a
partner of unknown serostatus. For example, for insertive
anal sex (13) without a condom (20) with a partner who
tested negative (1), the overal relative risk was 260. For this
same sex act (13) with a condom (1) with a partner of
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unknown serostatus (47), the overal relative risk was 611.
The overal relative risk associated with these choices
would be equal when the sensitivity of the test for infection
(97.9%) equals condom effectiveness (95%).

We conducted sensitivity analysis of estimates of HIV
prevalence and per-act relative risk for insertive and recep-
tive fellatio to examine the effect of change in these on the
overall relative-risk combinations. HIV prevalence influ-
ences the predictive value of the HIV tests and therefore
affects the absolute value of the probability that a partner is
HIV-infected. However, prevalence does not influence the
relative differences in these estimates until HIV prevalence
increases to more than 30%. For example, when HIV prev-
alence was 1% among partners, choosing a partner with a
negative test reduced relative risk 47-fold, and if prevalence
among partnersincreased to 40%, choosing a partner with a
negative test reduced risk 30-fold.

The order of relative risks for all choices remained quite
robust for different estimates, with one exception: fellatio.
Attempts to measure the risk of transmission by fellatio are
difficult because few people know the infection status of all
their partners, and many who perform fellatio aso have
other types of sexual contact.26 We estimated that receptive
fellatio was 10 times less risky than receptive vaginal sex.
Nevertheless, it is possible that receptive fellatio is only 5
times less risky, which would change the values of the
overal relative-risk combinations, and the relative risk of
transmission of HIV by fellatio would be closer to that for
insertive vaginal or ana sex. However, it would remain
substantially less risky than receptive anal sex.

Discussion

Our model confirmswhat seemsto be intuitively obvious:
sexually active persons can reduce their risk of acquiring
HIV by choosing a partner who has tested negative for HIV,
by choosing sex acts that are less likely to transmit HIV
infection, or by choosing to use condoms. However, many
persons engaging in risk-related behavior have misconcep-
tions about the risks of different behaviors.3¢ Estimates of
the magnitude by which different choices might reduce the
risk of HIV acquisition could help individuals make more
effective choices about behaviors that reduce their risk.

An individual’s choices of partner and sexual behavior
are based on both the risk of acquiring an infection and the
benefits derived from the sexua relationship. Our model
indicates that the choice of partner is the most important
factor determining the risk for HIV infection. However,
individuals often rely on implicit theories about their part-
ners personal characteristics or social networks to deter-
minetheir level of HIV risk, and they do not ask about their
partners’ HIV status.3” This self-assessment of risk might be
of value, because choosing a “safe” partner over a “risky”
partner can reduce risk of HIV acquisition. For example, for
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a heterosexual man, having sex with hiswife is alower-risk
activity than having sex with a commercial sex worker.
However, it is often difficult to assess a potential partner’s
risk.3s

Our model illustrates that choosing a partner who has
tested negative for HIV reducesrisk 47-fold, compared with
the risk associated with choosing a similar partner of un-
known serostatus. Ensuring that a partner is HIV-negative
can be one of the most effective strategies for prevention of
HIV infection. Many couples have recognized the value of
this approach and seek HIV testing together. In addition,
having a partner in a mutually monogamous relationship
undergo retesting is another effective risk-reduction strat-
egy, because a repeatedly negative test nearly eliminates
any chance that the partner is infected. Promoting discus-
sion of HIV status with prospective sex partners should be
an important component of HIV-infection prevention ef-
forts. New HIV testing technologies could further facilitate
the acceptance of this approach by allowing persons to
receive test results more quickly or even test themselves at
home.

Choosing a safer sex act is another way to reduce risk.
This approach seems to have been adopted by many homo-
sexual men who have more oral sex and less anal sex than
in the past.3° We believe our risk hierarchy for sex actsisin
the correct order, although the magnitude of the differences
in their risk is uncertain. Our estimates of the relative risk
were based on odds ratios that were calculated primarily
from cross-sectional data2* Accurate estimates of per-act
relative risk are difficult to determine because investigators
cannot recruit sufficient numbers of people who practice
only certain sex acts and cannot ensure the absence of other
infected partners. Furthermore, studies that follow discor-
dant couples are associated with biases because investiga-
tors start with couples who have been sexually active with-
out transmitting infection and exclude contacts during
primary HIV infection.#® Thus, it seems unlikely that the
estimates of risk of HIV infection associated with specific
sex acts will be much more accurate in the near future.

It is important to note that we estimated the risk for HIV
infection during a single act. When multiple acts over a
period of time are considered, frequency of sex and number
of partners are important contributors to cumulative risk. In
this context, choosing safer sex acts could lead to other
behavior changes that increase risk. For example, oral-
genital contact may be less efficient at HIV transmission
than other sex acts, but if oral sex is practiced more fre-
quently or with risky partners (because it is perceived to be
safe), it could increase the risk for HIV infection.3® Simi-
larly, having a larger number of partners increases the
likelihood of exposure to an infected or highly infectious
partner.41

Promoting condom use has been the mainstay of HIV
prevention strategies. The literature suggests that consistent
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use of condoms can reduce HIV transmission by 85% to
95%, but most study findings suggest that increasing the
effectiveness beyond 95% will be difficult because of dlip-
page, breakage, and incorrect use.1213 |n practice, inconsis-
tent use may reduce the overall effectiveness of condoms to
as low as 60—70%.4243 Data from a cross-sectiona study
suggested that condoms failed 13% of the time, resulting in
potential exposure to STDs, including HIV .44

This study has some limitations. First, we did not con-
sider parenteral exposures, such as those for injection drug
users or health care workers. Even for the sexua transmis-
sion group, we did not include risk estimates for cunnilingus
because amost no information is available on the risk of
this sex act versusthat for other sex acts. Second, we did not
consider other factors that might influence risk of HIV
transmission, such as varying infectivity in stages of HIV
infection, viral load, circumcision status, and concurrent
STD.%s We also did not consider the influence of drugs and
acohol on individuals ability to make choices. Third,
choosing a partner who has tested negative for HIV or
choosing a safer sex act does not necessarily protect against
STD or unwanted pregnancy. Fourth, our estimates of the
prevalence of HIV among potential partners (1-10%) would
vary greatly for different individuals. While thiswould have
little effect on the relative risk reduction associated with
different choices, it would change the absolute risk for HIV
infection. Finally, our per-act absolute risk estimate for
receptive vaginal sex was based on a model that assumed
constant infectivity and the same risk over all sex acts.24
Other studies have provided a wide range of estimates
(0.05-13%) based on different populations and different
models,*° which would change the absolute risk but not the
relative risk estimates.

We believe these estimates will help people better under-
stand the risks for HIV infection that are associated with
different choices. Individuals could eliminate al risk of
sexua acquisition of HIV by eliminating all sexual contact.
Short of that, any sexual contact brings some risk of infec-
tion (which we have estimated) and some pleasure (which
individuals can determine). We hope that people use this
information to choose a combination of risk-reduction be-
haviors they will be able to sustain.

References

1. Holmberg SD. The estimated prevalence and incidence of HIV in 96
large US metropolitan areas. Am J Public Health 1996; 86:642—654.

2. Cates W Jr, American Social Health Association Panel. Estimates of
the incidence and prevalence of sexually transmitted diseases in the
United States. Sex Transm Dis 1999; 26(4):S2-S7.

3. Peterman TA, Curran JW. Sexua transmission of human immunode-
ficiency virus. JAMA 1986; 256:2222—-2226.

4. Friedland GH, Klein RS. Transmission of the human immunodefi-
ciency virus. N Engl J Med 1987; 317:1125-1135.

5. Goedert JJ. What is safe sex? Suggested standards linked testing for
HIV. N Engl J Med 1987; 316:1339-1342.

6. Francis DP, Chin J. The prevention of acquired immunodeficiency



Vol.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

29e¢No. 1

syndrome in the United States. An objective strategy for medicine,
public health, business, and the community. JAMA 1987; 257:1357—
1366.

. Fineberg HV. Education to prevent AIDS: prospects and obstacles.

Science 1988; 239:592-596.

. Hearst N, Hulley SB. Preventing the heterosexua spread of AIDS: are

we giving our patients the best advice? JAMA 1988; 259:2428—
2432.

. Lowy E, Ross MW. “It will never happen to me”: gay men’s beliefs,

perceptions and folk constructions of sexual risk. AIDS Educ Prev
1994; 6:467-482.

Farnham PG, Gorsky RD, Holtgrave DR, et al. Counseling and testing
for HIV prevention: costs, effects, and cost-effectiveness of more
rapid screening tests. Public Health Rep 1996; 111:44-53.

Anderson S, da Silva Z, Norrgren H, Dias F, Biberfeld G. Field
evaluation of alternative testing strategies for diagnosis and differ-
entiation of HIV-1 and HIV-2 infections in an HIV-1 and HIV-2
prevalent area. AIDS 1997; 11:1815-1822.

Pinkerton SD, Abramson PR. Effectiveness of condoms in preventing
HIV transmission. Soc Sci Med 1997; 44:1303-1312.

Davis KR, Weller SC. The effectiveness of condoms in reducing
heterosexual transmission of HIV. Fam Plann Perspect 1999; 31:
272-279.

Macaluso M, Kelaghan J, Artz L, et a. Mechanical failure of the latex
condom in a cohort of women at high STD risk. Sex Transm Dis
1999; 26:450—458.

Peterman TA, Stoneburner RL, Allen JR, Jaffe HW, Curran JW. Risk
of HIV transmission from heterosexual adults with transfusion as-
sociated infections. JAMA 1988; 259:55-58.

DeGruttolaV, Seage GR |11, Mayer KH, Horsburgh CR Jr. Infectious-
ness of HIV between male homosexual partners. J Clin Epidemiol
1989; 42:849—856.

Johnson AM, Petherick A, Davidson SJ, et a. Transmission of HIV to
heterosexual partners of infected men and women. AIDS 1989;
3:367-372.

Laga M, Taelman H, Van der Stuyft P, Bonneux L, Vercauteren G,
Piot P. Advanced immunodeficiency as arisk factor for heterosexual
transmission of HIV. AIDS 1989; 3:361-366.

Wiley JA, Herschkon SJ, Padian NS. Heterogeneity in the probability
of HIV transmission per sexual contact: the case of male to female
transmission in penile-vaginal intercourse. Stat Med 1989; 8:93—
102.

Padian NS, Shiboski SC, Jewell NP. The female to male transmission
of HIV. JAMA 1991; 266:1664—1667.

European Study Group. Comparison of female to male and male to
female transmission of HIV in 563 stable couples. BMJ 1992;
304:809-813.

Saracco A, Musicco M, Nicolosi A, et a. Man-to-woman sexual
transmission of HIV: longitudinal study of 343 steady partners of
infected men. J Acquir Immun Defic Syndr 1992; 6:497-502.

De Vincenzi |. A longitudinal study of HIV transmission by hetero-
sexual partners. N Engl J Med 1994; 331:341-346.

Nicolosi A, Leite LC, Musicco M, et a, for the Italian Study Group on
HIV Heterosexual Transmission. The efficiency of male to female
and female to male sexual transmission of HIV: astudy of 730 stable
couples. Epidemiology 1994; 5:570-575.

Nicolosi A, Musicco M, Leite LC, Lazzarin A. Risk factors for woman
to man HIV sexual transmission. J Acquir Immun Defic Syndr 1994;
7:296-300.

REDUCING RISK OF SEXUAL HIV TRANSMISSION

26.

27.

28.

29.

30.

31.

32.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

43

Downs AM, De Vincenzi |. Probability of heterosexual transmission of
HIV: relationship to the number of unprotected sexual acts. J Acquir
Immun Defic Syndr Hum Retrovirol 1996; 11:388—-395.

Padian NS, Shiboski SC, Glass SO, Vittinghoff E. Heterosexual trans-
mission of HIV in Northern California: results from aten-year study.
Am J Epidemiol 1997; 146:350—357.

Leynaert B, Downs AM, de Vincenzi |. Heterosexual transmission of
HIV: variability of infectivity throughout the course of infection.
Am J Epidemiol 1998; 148:88—-96.

Vittinighoff E, Douglas J, Judson F, et al. Per-contact risk of HIV
transmission between male sexual partners. Am J Epidemiol 1999;
150:307-311.

Centers for Disease Control and Prevention. National HIV Prevalence
Surveys, 1997 summary. Atlanta: Centers for Disease Control and
Prevention, 1998:1-25.

HIV counseling and testing in publicly funded sites: 1996 annual
report. Atlanta: US Department of Health and Human Services,
Centers for Disease Control and Prevention, May 1998.

Rothman KJ, Greenland S, with 15 contributors. Modern epidemi-
ology. 2nd ed. Philadelphia: Lippincott Williams & Wilkins,
1998.

. Rosenberg PS. Scope of AIDS epidemic in the U.S. Science 1995;

270:1372-1375.

. Sweeney PA, Fleming PL, Karon JM, Ward JW. A minimum estimate

of the number of living HIV infected persons (abstract I-16). In:
Program and abstracts of the Interscience Conference on Antimicro-
bial Agents and Chemotherapy. Washington, DC: American Society
for Microbiology, 1997.

Busch MP, Satten GA. Time course of viremia and antibody serocon-
version following human immunodeficiency virus exposure. Am J
Med 1997; 102(5B):117-124.

Wenger NS, Kusseling FS, Shapiro MF. Misunderstanding of “safer
sex” by heterosexually active adults. Pub Health Rep 1995; 110:
618—-621.

Misovich SF, Fisher JD, Fisher WA. Close relationships and elevated
HIV risk behavior: evidence and possible underlying psychological
processes. Rev Gen Psychol 1997; 1:72-107.

Hoffman V, Cohen D. A night with Venus: partner assessments and
high-risk sexual encounters. AIDS Care 1999; 555-566.

Schacker T, Collier AC, Hughes J, Shea T, Corey L. Clinical and
epidemiologic features of primary HIV infection. Ann Intern Med
1996; 125:257-264.

Mastro TD, de Vincenzi |. Probabilities of sexual HIV-1 transmission.
AIDS 1996; 10(suppl A):S75-S82.

Centers for Disease Control and Prevention. Cluster of HIV-positive
young women—New Y ork, 1997-1998. MMWR Morb Mortal Wkly
Rep 1999; 48:413-416.

Weller SC. A meta-analysis of condom effectiveness in reducing
sexually transmitted HIV. Soc Sci Med 1993; 36:1635-1644.

Steiner MJ, Cates W Jr, Warner L. The real problem with male
condoms is nonuse. Sex Transm Dis 1999; 26:459—462.

. Warner L, Warner JC, Boles J, Williamson J. Assessing condom use

practices: implications for evaluation method and user effectiveness.
Sex Transm Dis 1998; 25:273-277.

Gray RH, Wawer MJ, Brookmeyer R, et a. Probability of HIV-1
transmission per coital act in monogamous heterosexual, HIV-1-
discordant couples in Rakai, Uganda. Lancet 2001; 357:1149—
1153.



