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Abstract

Background: To implement biomedical and other intensive HIV prevention interventions cost-effectively, busy care providers need validated, rapid, risk screening tools for identifying persons at highest risk of incident infection.

Methods: To develop and validate an index, we included behavioral and HIV test data from initially HIV-uninfected men who have sex with men who reported no injection drug use during semiannual interviews in the VaxGen VAX004 study and Project Explore HIV prevention trials. Using generalized estimating equations and logistic regression analyses, we identified significant predictors of incident HIV infection, then weighted and summed their regression coefficients to create a risk index score.

Results: The final logistic regression model included age, and the following behaviors reported during the past 6 months: total number of male sex partners, total number of HIV-positive male sex partners, number of times the participant had unprotected receptive anal sex with a male partner of any HIV status, number of times the participant had insertive anal sex with an HIV-positive male partner, whether the participant reported using poppers, and whether they reported using amphetamines. The area under the receiver operating characteristic curve was 0.74, possible scores on index range from 0 to 47 and a score ≥10 had as sensitivity of 84% and a specificity of 45%, levels appropriate for a screening tool.

Conclusions: We developed an easily administered and scored 7-item screening index with a cutoff that is predictive of HIV seroconversion in 2 large prospective cohorts of US men who have sex with men. The index can be used to prioritize patients for intensive HIV prevention efforts (eg, preexposure prophylaxis).
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INTRODUCTION

To achieve the vision of the National HIV/AIDS Strategy that the United States becomes “a place where new HIV infections are rare,”1 substantial focus must be placed on engaging more men who have sex with men (MSM) in prevention activities anticipated to have high public health impact. In 2009, MSM (with or without injection drug use) accounted for 64% of estimated incident HIV infections. Among adolescent and young adult African American MSM aged 13–29 years, the number of new HIV diagnoses increased 12% annually between 2006 and 2009.2

Recent evidence demonstrates that daily oral preexposure prophylaxis (PrEP) with a pill containing tenofovir and emtricitabine substantially reduces the risk of HIV acquisition by MSM when medication adherence is high and when PrEP is provided in combination with risk-reduction counseling, condom provision, and regular HIV and sexually transmitted infection (STI) testing (with treatment when indicated).3 Models strongly suggest that in the United States, PrEP will have the highest impact and cost-effectiveness when it is targeted to MSM at significant risk for acquiring HIV infection.4,5

Unlike most behavioral and structural interventions with proven efficacy in reducing HIV risk behaviors among MSM,6–8 PrEP medications must be prescribed by a licensed clinician, and so specific implementation challenges for delivery of PrEP-related services in busy health care settings are called into play. Clinicians need tools to help them rapidly assess which subset of their MSM patients may be most appropriate to discuss PrEP. These tools can also help assess the need for other intensive HIV prevention activities when sexual histories indicate a significant risk of acquiring HIV infection.

A variety of brief tools are widely used in primary care settings to screen for alcohol dependence (CAGE,9 AUDIT10), cognitive mental status (MMSE11), depression,12 suicide risk,13 and other conditions. These tools identify patients in need of further evaluation for clinical diagnosis to guide treatment plans. To support the introduction and broader implementation of PrEP, a brief screening index is needed by clinicians to help them identify and screen their MSM patients to systematically determine whether they may be at significant risk of HIV acquisition.
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METHODS

We identified 2 existing large datasets from HIV prevention trials that enrolled HIV-uninfected MSM in the United States, collected both risk behavior data and HIV test results at standard intervals (every 6 months), and that had at least 100 HIV seroconversions over the course of the trial. With data from the VAXGEN 00414,15 and Project EXPLORE16 trials, in each dataset, we modeled which combination of reported risk behaviors at each visit best predicted HIV status at the subsequent study visit (ie, predicting short-term seroconversion risk). VAXGEN 004 data were used to develop the risk index, and data from the Project EXPLORE trial for a validation analysis.

The VAXGEN 004 trial enrolled 4643 HIV-uninfected MSM from 57 US sites during 1998–1999 into a randomized placebo-controlled trial of a recombinant HIV-1 envelope glycoprotein subunit (rgp120) vaccine that proved ineffective at 36 months of follow-up. We excluded 129 participants who reported injection drug use at any point before or during the trial and 146 participants whose only visit was the baseline visit. Self-reported risk behaviors, including sexual activity and alcohol and drug use, and occurrence of STIs were assessed by use of standard interviewer-administered questionnaires at baseline and every 6 months thereafter. HIV-1 status was determined at each study visit by a standard HIV-1 enzyme-linked immunosorbent assay; enzyme immunoassay–positive tests underwent confirmatory immunoblot assay; and for those confirmed antibody positive at any visit, a stored serum specimen from the prior study visit was tested by a highly sensitive and specific nucleic acid–based amplification test. There were 320 HIV infections in both arms combined; including only non-IDU US participants.

Project EXPLORE enrolled 4,295 HIV-uninfected MSM from 6 US cities during 1999–2001 into a randomized, controlled behavioral intervention trial in which the active arm did not significantly reduce HIV incidence compared with the control intervention arm. At baseline and follow-up visits every 6 months, trained interviewers collected self-reported history of STIs and use of antiretroviral postexposure prophylaxis. Audio-computer–assisted self-interviewing was used to collect sexual and substance-use behaviors. At each visit, blood samples were tested for HIV antibodies by enzyme-linked immunosorbent assay; if positive, retested in duplicate, and repeatedly reactive samples were confirmed by western-blot assay or immunofluorescence assay. There were 259 HIV infections in both arms combined; 171 infections remained after dropping from the analysis; 745 injection drug users; and 182 participants whose only visit was the baseline visit.

For both trial datasets, we included MSM in both the active and control arms of the trials. We feel this is appropriate for 2 reasons as follows: (1) our analysis was designed to determine the predictive capability of combinations of reported risk behaviors on HIV incidence regardless of which intervention was received, and (2) in both trials, statistically significant differences in HIV incidence were not found when comparing the intervention and control arms.

A review of the questionnaires used in VAXGEN 004 was conducted to select questions about sexual behaviors, noninjection drug use, and STI diagnosis; all factors that have been associated with HIV incidence in many prior studies. We limited analysis to variables drawn from questions that were answerable at a single clinical encounter (eg, self-report of STI diagnoses rather than laboratory test results). The Project EXPLORE questionnaire included comparable variables to the VAXGEN 004 questionnaire and so was used as a validation dataset.

Candidate variables were age at visit; sexual behavior in the 6 months before the visit (ie, total number of male sex partners, total number of HIV+ male sex partners, number of times had unprotected receptive anal sex, and number of times had unprotected insertive anal sex—each by reported HIV-negative, HIV-positive, or unknown status of partner); noninjection substance use in the 6 months before the visit (ie, poppers, amphetamines, hallucinogents, cocaine, or sildenafil); any self-reported STI; and whether the person resided in one of the top 10 metropolitan statistical areas in the United States ranked by HIV prevalence.

Generalized estimating equations were used to fit logistic regression models to adjust for over-time correlation in variables. Continuous variables were categorized anticipating a need to provide for ease of administration. We used a bootstrap and backward elimination procedure to select variables for the final model. For each bootstrap sample drawn (with replacement) from the original dataset, we fit a full model with all of the candidate variables, then removed variables one at a time, starting with the least significant variable. This procedure stopped when all variables remaining in the model were significant (P < 0.05). We repeated the bootstrap and backward elimination procedure 1000 times.17,18

To obtain point scores for the index from final model variables, we multiplied the regression coefficients for each by 10 and rounded to the nearest integer.19 We then summed the point values for all variables in the model to get a total high-risk MSM index score and assessed different score cutoffs by computing sensitivity, specificity, and area under the receiver operating characteristic (ROC) curve. The same procedures were used to validate the index based on Project EXPLORE data.
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RESULTS

Our study used data from 4386 eligible VAXGEN participants. In regard to racial/ethnic composition, 86.5% were non-Hispanic white, 5.9% Hispanic, 3.8% non-Hispanic black, 1.6% Asian/Pacific Islander, and 2.3% classified as “other.” The Project EXPLORE subsample included 3368 men. Of these, 74.6% were non-Hispanic white, 14.0% Hispanic, 5.6% non-Hispanic black, 2.6% Asian/Pacific Islander, and 3.1% “other.” MSM participants in VAXGEN were assessed at 24,391 visits over time, whereas those in Project EXPLORE were assessed at 15,582 visits. During each visit, men were tested for possible HIV seroconversion. They also were asked about their drug and sex behaviors during the 6 months before the visit; the values for these variables could change at any visit. Table 1 shows visit-level characteristics of the men in both studies for age, and 2 drug use, and 4 sex behavior variables.

[image: Table 1]TABLE 1 Characteristics of MSM From VAXGEN 004 (1998–1999) and Project EXPLORE (1999–2001), at Visits Included in Data Analysis, United States*



We compared the area under the ROC curve for models containing all candidate variables to models containing variables found significant in at least 70%, 60%, 40%, and 30% of bootstrap samples. We chose a final model that included variables significant in ≥30% of the bootstrap samples because it increased the area under the ROC curve substantially over models with fewer variables but was still parsimonious compared with the model containing all of the candidate variables. Areas under the ROC curve for models with variables found significant in 70%, 60%, 40%, and 30%, and all of the bootstrap samples were 0.717, 0.730, 0.735, 0.743, and 0.749, respectively. Variables in the final model were age at visit; sexual behavior in the 6 months before the visit (ie, total number male sex partners, total number HIV+ male sex partners, number times had unprotected receptive anal sex with any HIV status partner, number of times had unprotective insertive anal sex with a reported HIV-positive partner); and noninjection drug-use behavior in the 6 months before the visit [ie, amphetamine and amyl nitrate (poppers) use] (Table 2). For ease of administration, we then combined 3 variables with similar scores (unprotected receptive anal sex with HIV-positive, HIV-negative, and unknown status) into a single variable indicating unprotected receptive anal sex with a male partner of any HIV serostatus. Reanalysis with the combined variable yielded point values and an area under the curve very similar to the original analysis (data not shown). The area under the curve for the final model was 0.738 for the VAXGEN 004 sample (Fig. 1A) and 0.721 for the Project EXPLORE sample (Fig. 1B).

[image: Table 2]TABLE 2 Final Multivariate Model, VAXGEN 004 Sample, 1998–1999, United States



[image: Figure 1]FIGURE 1. A, ROC curve for HIRI-MSM—VAXGEN 004. B, ROC curve for HIRI-MSM—Project EXPLORE.



Based on these results, HIV Incidence Risk Index for MSM (HIRI-MSM) scores were computed. We selected a cutoff of 10 to identify MSM at substantial risk of HIV infection. This cutoff was associated with a sensitivity of 84% (ie, of those who became HIV infected by the next study visit, 84% had an HIRI-MSM score of 10 or greater). Specificity at a cutoff of 10 was 45% (ie, of those who remained HIV negative at the next study visit, 45% had a HIRI-MSM score <10) (Table 3). Positive predictive value was 1.9% (i.e., of those with a HIRI-MSM score of 10 or more, 1.9% became HIV infected in the following interval) and negative predictive value was 99.5% (ie, of those with a HIRI-MSM score <10, 99.5% remained uninfected). When the final scoring system based on the VAXGEN 004 data was compared with results using the Project EXPLORE data, sensitivity and specificity were both slightly lower (81% and 38%, respectively) (Table 3). Positive predictive value and negative predictive value (NPV) were 1.2% and 99.5%

[image: Table 3]TABLE 3 Sensitivity and Specificity of Cutoff Scores in VAXGEN 004 (1998–1999) and Project EXPLORE (1999–2001) datasets, United States



As a final step, we developed an administration format for clinicians, adapting the questions used in the VAXGEN 004 trial to elicit data for the final set of 6 variables for simplicity and adding scoring (Table 4).

[image: Table 4]TABLE 4 HIRI-MSM—Administration and Scoring Format
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DISCUSSION

We analyzed data from a large longitudinal study of initially uninfected MSM in the United States that contained results of periodic behavioral assessments and HIV test results to develop a brief index for clinical use to screen for risk of incident HIV infection. Weighted responses to 6 items yielded a scoring system that has good sensitivity although reducing the number of men who may need to have more extensive behavioral assessment regarding specific sexual and drug-use behaviors that can increase their risk for HIV acquisition. The results obtained in the development dataset were validated in a second longitudinal dataset.

To use HIRI-MSM, it will first be necessary for clinicians to identify the MSM in their male patient population. Several studies have shown that many MSM do not identify their sexual partner preference to their primary care providers,20,21 and that primary care providers infrequently ask sexual histories in a manner that facilitates disclosure of male–male sex.22,23 We recommend clinicians routinely ask a straightforward question of all adult and adolescent male (and female) patients as follows: “Do you have sex with men, women, or both?”. This question can be modified for specific situations. For example, with adolescents or other patients not known to be sexually active, it can be preceded by “…have you had sex with anyone in the past (time)…?”24

After determining that a male patient has sex with other men, the 7 HIRI-MSM questions can be administered and scored. Basic HIV/STI risk-reduction messages are appropriate for MSM with scores less than 10. MSM with scores of 10 or greater should have an in-depth assessment of their sexual behaviors and the context of their risk behavior (eg, does the patient have an HIV-infected regular sex partner or report substance/use abuse). This will allow clinicians to make decisions about provision of PrEP25or referral for other intensive HIV prevention interventions (eg, behavioral counseling or substance abuse treatment).

There are limitations to the analysis used to develop HIRI-MSM. The data were collected from a clinical vaccine trial population not the general population of MSM. Although the VAXGEN 004 trial participants were recruited from 57 sites across the United States, they are not representative of the population of MSM with incident HIV infections. For example, 86% of the participants were white, whereas African Americans accounted for 37% of estimated incident infections among MSM in the United States.2 In addition, prevalence of HIV infection in the local community or sexual network will increase (high prevalence) or decrease (low prevalence) the likelihood of encountering an HIV-infected sexual partner, given any specific risk behaviors. The VAXGEN 004 and EXPLORE trials are a decade old, and risk factors for HIV acquisition may have changed over time in different populations. However, more recent data appropriate to perform these analyses were not available. Due to concerns about limited prevalence data available for this analysis, and likely to be available to clinical care providers, HIRI-MSM could only use a crude prevalence variable (person resides in top 10 HIV prevalence metropolitan statistical area), which was not related to incidence in the Project EXPLORE dataset. However, when clinicians are able to estimate the community HIV prevalence based on local surveillance data, the prevalence in their clinic population or demographic and social network characteristics of an individual MSM patient that may be associated with higher or lower HIV risk of HIV acquisition (eg, race/ethnicity), they may be able to take them into account in contextualizing the HIRI-MSM score.

It is reassuring that the items identified in this analysis are similar to those identified in an analysis of a Seattle sexually transmitted disease clinic database used to develop a scoring system to predict the 4-year risk of HIV incidence.26 In that study, analyses were restricted to participants in the control arm although we included MSM in both the control and active arms.

The Centers for Disease Control and Prevention (CDC) has collaborated with Emory University to conduct user and provider acceptability testing of the HIRI-MSM delivered on a computer tablet.27 Both MSM and clinicians found it brief and easily completed either on a table or paper (Jeb Jone, MPH, oral communication, July 2011). The risk index could also be provided in multiple formats (paper, web application, smartphone application) for patient self-administration or clinician administration. The CDC is currently developing similar risk indices for use with injection drug users and heterosexual men and women.

We believe the HIRI-MSM can be useful to assist primary care, STI, and other providers to routinely ask questions that will help them identify unacknowledged MSM in their practice, and then quickly screen for factors that indicate a potential substantial risk of acquiring HIV infection. It is designed to take only 5–10 minutes to complete and can accommodate the documented time pressures under which providers deliver recommended-preventive screening and care.28 CDC estimates that 2.6% of US males aged 13 and older have engaged in male–male sex in any given year,29 but only a subset of these engage in sexual behaviors in contexts that place them at high risk of HIV acquisition. All MSM should be provided with regular HIV and STI testing and basic risk-reduction counseling and condom provision. The National HIV Behavioral Surveillance survey conducted in 2008 found that 14% of MSM reported receiving individual (and 7% group) behavioral preventive intervention care in the prior year.30 It is critical that the subset of MSM most at risk for becoming HIV infected be provided with high impact intensive behavioral (eg, specialized counseling) or biomedical (eg, PrEP) interventions if we are to lower the rate of new HIV infections occurring among them.
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HIRI-MSM Risk Index*

1 How old are you <18 years score 0
today (yrs)? 18-28 years score 8
29-40 years score 5
41-48 years score 2
=49 years score 0

2 How many men have >10 male partners score 7
you had sex with 6-10 male partners score 4
in the last 6 months? 0-5 male partners score 0

3 In the last 6 months, 1 or more times score 10
how many times 0 times score 0
did you have receptive
anal sex (you were
the bottom) with a man?

4 How many of your male >1 positive partner score 8
Sex partners were 1 positive partner score 4
HIV positive? <1 positive partner score 0

5  In the last 6 months, 5 or more times score 6
how many times did 0 times score 0
you have insertive anal
sex (you were the top)
with a man who was
HIV positive?

6  In the last 6 months, have Yes score 5
you used methamphetamines ~ Ng score 0
such as crystal or speed?

7 In the last 6 months, Yes score 3
have you used poppers No score 0
(amyl nitrate)?

Add down entries Total
in right column to scoret

calculate total score

*To identify sexually active MSM in their practice, we recommend clinicians ask all
their male patients a routine question: “In the past (time) have you had sex? (if yes), with
men, women, or both?”

TIf score is 10 or greater, evaluate for PrEP or other intensive HIV prevention
services; If score is 9 or less, provide indicated standard HIV prevention services.
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VAXGEN 004 Project EXPLORE
Score Cutoff % of Sample With Score >Cutoff Sensitivity Specificity % of Sample With Score >Cutoff Sensitivity Specificity

1 97.2 100.00 3.11 91.67 97.92 8.39

2 97.2 100.00 31 91.67 97.92 8.39

3 91.80 99.04 9.08 91.67 97.92 8.39

4 91.27 99.04 9.68 89.56 97.22 10.51

5 89.61 98.41 11.39 86.05 95.14 14.04

6 71.99 94.27 23.90 77.10 90.97 23.03

7 74.41 93.31 27.56 77.10 90.97 23.03

8 73.22 92.68 28.75 7292 88.89 2723

9 66.52 88.54 35.60 66.67 86.11 33:51
10 56.81 84.39 45.40 62.44 81.25 37.73
11 54.71 83.12 47.49 56.27 79.86 43.95
12 53.89 82.48 48.29 54.76 79.17 45.47
13 44.84 71.07 57.42 49.44 75.00 50.80
14 42.56 75.48 59.62 46.98 73.61 5327
15 41.46 73.89 60.70 44.98 73.61 55.29
16 33.11 66.88 69.14 36.16 70.14 64.15
17 30.58 64.97 71:39: 34.72 68.75 65.60
18 28.86 63.06 73.01 31.93 64.58 68.38
19 23.80 59.55 78.10 26.00 61.11 74.32
20 20.02 54.14 81.70 2343 58.33 76.89
21 17.79 5191 83.84 20.08 54.17 80.24
22 16.85 50.64 84.83 18.73 52.78 81.58
23 12.88 43.63 88.39 14.42 50.00 8591
24 11.08 41.72 90.08 12.52 47.22 87.80
25 10.55 40.13 90.58 11.55 46.53 88.77
26 7.99 33.76 92.97 8.66 37.50 91.61
27 6.70 31.53 94.13 751 36.11 92.76
28 5.90 28.66 94.84 6.65 34.72 93.61
29 4.85 24.84 95.81 5.53 29.17 94.69
30 4.22 21.97 96.29 4.82 26.39 95.38
31 3.18 17.20 97.29 343 21.53 96.74
32 2.78 16.24 97.66 3.13 20.83 97.04
33 2.44 14.65 97.94 2.89 20.14 97.27
34 1.76 12.74 98.52 2.00 15.28 98.13
35 1.52 10.51 98.74 1:59 13.89 98.52
36 1.26 8.92 98.96 1.35 11.81 98.74
37 0.97 7.32 99.22 1.14 10.42 98.95
38 0.88 6.37 99.29 0.99 9.72 99.09
39 0.51 4.14 99.60 0.53 4.17 99.50
40 0.37 2.87 99.68 0.33 0.69 99.67
41 0.32 2.87 99.73 0.31 0.69 99.69
42 0.17 1.91 99.86 0.17 0.69 99.84
43 0.16 1.91 99.87 0.15 0.69 99.85
44 0.16 1.91 99.87 0.15 0.69 99.86
45 0.03 0.32 99.98 0.02 0.00 99.98
46 0.03 0.32 99.98 0.02 0.00 99.98
47 0.03 0.32 99.98 0.02 0.00 99.98

48 0.00 0.00 100.00 0.02 0.00 100.00






OEBPS/images/Original.00126334-201208010-00012.TT1.jpeg
VAXGEN 004 Project EXPLORE
Did not Acquire HIV Infection, Acquired HIV Infection, Did not Acquire HIV Infection, Acquired HIV Infection,

Variable n (%) n (%) n (%) n (%)

Age (yrs)

18-28 =25 4610 (98.3) 82 (1.8) 2712 (99.1) 24 (0.9)

29-40  26-30 11463 (98.6) 162 (1.4) 3322 (98.8) 40 (1.2)

41-48 3135 5343 (99.0) 53 (1.0) 3432 (99.0) 35 (1.0)

=49 =36 2657 (99.2) 21 (0.8) 5972 (99.3) 45 (0.8)
Amphetamine use

Yes 1895 (96.4) 70 (3.6) 1827 (97.5) 46 (2.5)

No 21738 (98.9) 245 (1.1) 13611 (99.3) 98 (0.7)
Popper use

Yes 6384 (97.8) 141 2.2) 5042 (98.4) 80 (1.6)

No 17249 (99.0) 174 (1.0) 10396 (99.4) 64 (0.6)
Total number of partners

>10 4911 (97.4) 131 (2.6) 4407 (98.2) 82 (1.8)

6-10 3913 (98.6) 57 (1.4) 3069 (99.4) 20 (0.7)

0-5 14810 (99.2) 127 (0.9) 7962 (99.5) 42 (0.5)
Total number of HIV-positive partners

>1 1888 (96.2) 75 (3.8) 1336 (97.1) 40 (2.9)

1 6449 (98.6) 94 (1.4) 2279 (98.8) 28 (1.2)

0 15297 (99.1) 146 (1.0) 11823 (99.4) 76 (0.6)
Times had unprotected receptive anal sex with any serostatus partner

1 or more 7563 (97.5) 193 (2.5) 538 (94.7) 30 (5.3)

0 16057 (99.3) 121 (0.8) 14900 (99.2) 114 (0.8)
Times had unprotected insertive anal sex with HIV-positive partner

5 or more 1361 (96.3) 53(3.8) 396 (96.8) 13(3.2)

04 22266 (98.8) 262 (1.2) 15042 (99.1) 131 (0.9)

*Numbers represent visit-level data, not person-level data,
fAge categories in the development of the index (VAXGEN 004 participants); exact ages were not available for men in the Project EXPLORE validation datasct so available
categorics were used instead (<25, 26-30, 31-35, >35).
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Points on

Variable Level B P Index
Age (yrs) 18-28 08299  0.0013 8
29-40 0.4629 5
4148 0.2346 2
49 and 0 0
over
Total no. male partners, >10 0.6570 0.0002 7
prior 6 months 6-10 0.3530 4
0-5 0 0
Total no. positive male >1 0.7797 0.0002 8
partners, prior 1 0.3780 4
6 months 0 0 0
Times had URAI with 1 or 0.9617  <0.0001 10
any HIV status more
partner, prior 0 0 0
6 months
Times had UIAI with Sor 0.5958 0.0029 6
HIV-positive partner, more
prior 6 months 0-4 0 0
Used amphetamines, Yes 0.5445 0.0016 5
prior 6 months No 0 0
Used poppers, prior 6 Yes 0.2888 0.0332 3
months No 0 0

UIAI unprotected insertive anal intercourse; URAI unprotected receptive anal
intercourse.






