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Abstract Seroadaptive behaviors are traditionally defined

by self-reported sexual behavior history, regardless of

whether they reflect purposely-adopted risk-mitigation

strategies. Among MSM attending an STD clinic in Seattle,

Washington 2013–2015 (N = 3751 visits), we used two

seroadaptive behavior measures: (1) sexual behavior his-

tory reported via clinical computer-assisted self-interview

(CASI) (behavioral definition); (2) purposely-adopted risk-

reduction behaviors reported via research CASI (pur-

posely-adopted definition). Pure serosorting (i.e. only HIV-

concordant partners) was the most common behavior,

reported (behavioral and purposely-adopted definition) by

HIV-negative respondents at 43% and 60% of visits,

respectively (kappa = 0.24; fair agreement) and by HIV-

positive MSM at 30 and 34% (kappa = 0.25; fair agree-

ment). Agreement of the two definitions was highest for

consistent condom use [HIV-negative men (kappa = 0.72),

HIV-positive men (kappa = 0.57)]. Overall HIV test

positivity was 1.4 but 0.9% for pure serosorters. The two

methods of operationalizing behaviors result in different

estimates, thus the choice of which to employ should

depend on the motivation for ascertaining behavioral

information.
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Introduction

Seroadaptive behaviors, such as serosorting (i.e. choosing

partners based on a partner’s perceived HIV status) and

seropositioning (i.e. choosing an insertive or receptive anal

sex role based on a partner’s perceived HIV status) are

common among men who have sex with men (MSM) and

typically involve condomless sex [1–8]. Serosorting and

many, but not all, seroadaptive behaviors are associated

with a lower risk of HIV than condomless anal intercourse

(CAI) with an HIV-positive/unknown-status partner but a

higher risk of HIV than consistent condom use [1, 4, 9–11].

Though seroadaptive behaviors have been recognized

since the 1990s, how these behaviors should be defined is

still a topic of debate. The Centers for Disease Control and

Prevention (CDC) defines serosorting as ‘‘choosing a sex-

ual partner known to be of the same HIV serostatus, often

to engage in unprotected sex, in order to reduce the risk of

acquiring or transmitting HIV’’ [12]. However, nearly all

studies, including those from which HIV risk estimates

were obtained, have defined seroadaptive behaviors based

only on a man’s reported sexual behavior history. For

example, men who have condomless anal sex only with

men of the same HIV status are defined as serosorters. This

definition, henceforth referred to as a ‘‘behavioral
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definition’’ or ‘‘behavioral measure’’, defines men as

serosorting even if their behavior did not reflect a purpo-

sive decision to reduce the risk of acquiring or transmitting

HIV. Perhaps the behaviors merely reflect a limited

availability of partners or a partner’s preferences for sexual

positioning or condom use, rather than the individual’s

attempt to conform to an explicit HIV prevention strategy.

As an alternative measure, some studies have employed a

definition that explicitly asks men if they purposely adop-

ted behaviors based on their partner’s HIV status (hence-

forth referred to as a ‘‘purposely-adopted definition’’ or

‘‘purposely-adopted measure’’). Though this latter defini-

tion is more closely aligned with that of CDC, the behav-

iors that men report purposely adopting to reduce the risk

of HIV transmission or acquisition do not necessarily align

with their reported sexual behavior history [13, 14]. Thus it

is unclear if measuring purposely-adopted behaviors will

provide a better estimate of HIV risk or be more useful for

behavioral counseling compared to only measuring the

behaviors themselves.

Only a few studies have used a combination of behavior

and purposely-adopted definitions of seroadaptive behav-

iors in the same population [13–16]. A longitudinal study

of San Francisco MSM found that few seroadaptive

behaviors were the result of intentional HIV risk-reduction

strategies [15], and an Internet-based study noted that only

15–52% of seroconcordant partnerships were intentional or

purposive [16]. While these studies suggest that the two

definitions of seroadaptive behaviors are distinct, neither

directly compared the two definitions as independent

measures of seroadaptive behaviors. Thus, the extent to

which these two measures provide different estimates of

the prevalence and risks/benefits associated with seroad-

aptive behaviors remains uncertain.

There were two primary objectives of this study. First,

we used two separate surveys in the same patient popula-

tion—one that collected sexual behavior history and a

newly developed survey to collect information on pur-

posely-adopted seroadaptive behaviors—to compare the

prevalence and agreement of two measures of seroadaptive

behaviors (behavior definition vs. purposely-adopted defi-

nition). Second, using our new survey, we examined the

risk of testing newly HIV/STI positive for several pur-

posely-adopted seroadaptive behaviors.

Methods

Study Design and Population

This was a cross-sectional study of MSM attending the

Public Health-Seattle & King County (PHSKC) STD clinic

enrolled from February 2013 to June 2015. Detailed

recruitment and enrollment procedures are described else-

where [17]. Briefly, all patients presenting to the PHSKC

STD clinic for a new problem visit are asked to complete a

clinical computer-assisted self-interview (clinical CASI)

which includes information on demographics, sexual

behaviors, drug use, and HIV testing history. Men who

reported in the clinical CASI that they had[1 male sex

partner in the prior 12 months were eligible to enroll in the

study. Immediately after completion of the clinical CASI,

participants completed a 10 min research CASI which

queried men on their purposely-adopted seroadaptive

behaviors in the prior 12 months, as described below. Data

from the clinical CASI and research CASI were subse-

quently linked. Participants enrolled in the first 6 weeks of

the study were paid $5 for their participation, but this

increased to $10 for participants enrolled thereafter. Men

were allowed to participate in the study more than once.

All study procedures were reviewed and approved by our

institution’s Institutional Review Board and informed

consent was obtained from all individual participants

included in this study.

Data Collection and Measures

Data from the clinical CASI were used to construct the

behavioral definition of seroadaptive behaviors. The sexual

behavior information collected in the clinical CASI inclu-

ded sexual role (insertive or receptive) stratified by partner

HIV status (HIV-positive, HIV-negative and unknown

status), and condom use with partners stratified by sexual

role and HIV status of partners. For example, ‘‘Have you

topped anyone who was HIV-positive in the last

12 months?’’ and (for men who indicate ‘‘yes’’) ‘‘In the last

12 months how often have you used condoms when topping

HIV-positive partners?’’ Information about sexual role with

partners was collected as yes/no, while condom use infor-

mation was collected as always/usually/sometimes/never

[4, 18].

Data from the research CASI were used to construct the

purposely-adopted definition of seroadaptive behaviors. To

develop and refine the research CASI, research staff con-

ducted four rounds of cognitive interviews with 16 MSM

PHSKC STD clinic patients to ensure comprehension of

each question. The research CASI asked men if their

decision to form partnerships, use condoms, or adopt a

sexual role was based on the HIV status of their partner.

The preamble to the survey indicated that questions refer-

red to behaviors adopted by the respondent to reduce his

risk of acquiring or transmitting HIV. All questions were

stratified by partnership type (main versus casual) and

partner HIV status. Examples of these questions for HIV-

negative respondents include: In the past 12 months, did

you ever top an HIV-positive casual partner instead of
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bottom him because he was HIV-positive? or In the past

12 months, did you ever decide not to use condoms with an

HIV-negative casual partner because he was HIV-nega-

tive? In the research CASI, men were initially asked about

ever engaging in behaviors (yes/no) and for men who

indicated ‘‘yes’’, they were asked about the frequency of

engaging in each behavior (always/usually/sometimes/

never). In both CASI’s, all questions were asked about

behaviors in aggregate in the prior 12 months and did not

query men on behaviors with specific partners. Respondent

HIV status was self-reported. Men who reported that they

did not know their HIV status were considered to be HIV-

negative for the purposes of this analysis.

We compared clinical and research CASI responses for

five sexual behaviors, defined in Table 1. Because the

clinical CASI data did not ask men about behaviors sepa-

rately for main and casual partners, we collapsed partner-

ship type data from the research CASI to more accurately

map to the clinical CASI data. We categorized all behav-

iors into binary categories, ‘‘always’’ versus ‘‘not always’’,

with ‘‘not always’’ including the responses usually, some-

times, and never. In addition to the behaviors outlined in

Table 1, we additionally included the category of ‘‘no

seroadaptive behavior’’ for the research CASI (i.e. men

who did not report engaging in seroadaptive behaviors with

HIV-discordant or unknown-status partners) to examine the

HIV/STI risk among men who reported no seroadaptive

behaviors.

HIV and STI Testing

HIV and STI testing conformed to routine clinical practice;

no testing was done as part of this study. The clinic’s

protocol is to recommend HIV testing (both rapid and

laboratory) for MSM who have not previously tested HIV

positive. Staff performed rapid tests using the INSTI test on

whole blood (bioLytical Laboratories, Richmond, British

Columbia) and our laboratory tested for HIV using a third-

generation EIA (Genetic Systems HIV1/2 Plus O EIA,

Biorad Laboratories, Redmond, Washington). MSM with a

negative HIV EIA were tested using pooled HIV RNA

testing [19–22]. Urethral specimens (swab or urine) were

obtained from MSM with signs/symptoms of urethritis or

who reported urethral exposure to a partner with gonorrhea

(GC) or chlamydia (CT). Rectal specimens were obtained

from MSM who reported receptive anal sex in the prior

year. Urethral and rectal specimens were tested for GC and

CT using nucleic acid amplification testing (APTIMA

Combo 2, GenProbe Diagnostics, San Diego, CA). All

MSM who agreed to have a blood sample obtained were

tested for syphilis using the rapid plasma reagin test. A

single, experienced disease investigational specialist

Table 1 Definitions of five seroadaptive behaviors measured in a cross-sectional seroadaptive behaviors study among MSM, 2013–2015, by

method of defining behavior

Behavior Clinical CASI: behavioral definition Research CASI: purposely-adopted definition

Pure serosorting Only partners of concordant HIV status Choice to have HIV-concordant partners and avoid HIV-

discordant/unknown-status partners was based on partner HIV

statusa

Condom

serosorting

Condoms with HIV-discordant/unknown-status partners

but not with concordant partners

Choice to use condoms with HIV-discordant/unknown status

partners and not HIV-concordant partners was based on

partner’s HIV status

Seropositioning HIV-negative MSM: Insertive role with HIV-positive/

unknown-status partner but receptive role with HIV-

negative partners

HIV-positive MSM: Receptive role with HIV-negative/

unknown-status partner but insertive role with HIV-

positive partners

HIV-negative MSM: Choice to adopt insertive role with HIV-

positive/unknown partners and receptive role with HIV-

negative partners was based on partner’s HIV status

HIV-positive MSM: Choice to adopt receptive role with HIV-

negative/unknown-status partners and insertive role with HIV-

positive partners was based on partner’s HIV status

Condom

seropositioning

HIV-negative MSM: Condoms for receptive but not

insertive anal sex with HIV-positive/unknown-status

partners

HIV-positive MSM: Condoms for insertive but not

receptive anal sex with HIV-negative/unknown-status

partners

HIV-negative MSM: Choice to use condoms for receptive but not

insertive anal sex with HIV-positive/unknown-status partners

was based on partner’s HIV status

HIV-positive MSM: Choice to use condoms for insertive but not

receptive anal sex with HIV-negative/unknown-status partners

was based on partner’s HIV status

Consistent

condom use

Used condoms with all anal sex partners Used condoms with all anal sex partners regardless of partner’s

HIV status

CASI computer-assisted self-interview, MSM men who have sex with men
a Participants were asked in two separate questions about choosing HIV-concordant partners and then about avoiding HIV-discordant/unknown-

status partners
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reviews all cases of syphilis in King County and assigns a

stage based on laboratory and clinical findings. We defined

early syphilis as primary, secondary, or early latent

infection.

Statistical Methods

Prevalence and Agreement of Seroadaptive Behaviors

The unit of analysis was the clinic visit and the study

sample was limited to visits where men completed both the

clinical and research CASI’s. We describe the baseline

characteristics of the total analytic sample (Table 2) and

present the prevalence of seroadaptive behaviors as

reported in the clinical CASI (behavior definition) and

research CASI (purposely-adopted definition), stratified by

the HIV status of the respondent (Table 3). We used

Cohen’s kappa statistic to measure agreement between the

clinical and research CASI and classified the magnitude of

agreement as slight (0.0–0.20), fair (0.21–0.40), moderate

(0.41–0.60), substantial (0.61–0.80) and almost perfect

(0.81–1.00) [23]. In addition, we report: [1] the proportion

of visits where men reported purposely adopting a behavior

(per the research CASI), among visits where men were

classified as engaging in that behavior based on their sexual

history (per the clinical CASI) (i.e. P(research | clinical);

Table 3, Column D); and [2] the proportion of visits where

we classified men as engaging in a behavior based on their

sexual history (per the clinical CASI), among visits where

men reported purposely adopting the behavior (per the

research CASI) (i.e. P(clinical | research); Table 3, Column

E). The first quantity defines how often men with a given

behavior purposefully adopted that behavior as a risk

reduction strategy. The second quantity describes how

often men who reported adopting a seroadaptive behavior

consistently completed or ‘‘executed’’ that behavior.

Table 2 Demographic and behavioral characteristics of MSM in a cross-sectional seroadaptive behaviors study 2013–2015, by respondent HIV

status (N = 3751 visits)

Characteristic

Total visits

(N = 3751)

N (%)

HIV-negative MSM visits

(N = 3228)

n (%)

HIV-positive MSM visits

(N = 523)

n (%)

Age

18–24 792 (21.3) 750 (23.3) 42 (8.0)

25–29 913 (24.4) 848 (26.3) 65 (12.4)

30–34 680 (18.1) 571 (17.7) 109 (20.8)

35–39 360 (9.6) 295 (9.1) 65 (12.4)

C40 1004 (26.8) 762 (23.6) 242 (46.3)

Race/ethnicity

White, NH 2430 (65.0) 2068 (64.3) 362 (69.4)

Black, NH 281 (7.5) 222 (6.9) 59 (11.3)

Asian, Pacific Islander or Hawaiian, NH 288 (7.7) 282 (8.8) 6 (1.1)

Native American/Alaskan Native, NH 45 (1.2) 34 (1.1) 11 (2.1)

Other, NH 239 (6.4) 212 (6.6) 27 (5.2)

Hispanic 455 (12.7) 398 (12.4) 57 (10.9)

Had HIV test, past 12 months 2552 (75.0) 2423 (81.5) 129 (30.3)

Discloses HIV status to partner 3.624 (96.6) 3105 (96.2) 519 (99.2)

Asks partner to disclose his HIV status 3597 (96.2) 3108 (96.5) 489 (93.9)

Methamphetamine use, past 12 months 549 (14.6) 349 (10.8) 200 (38.2)

Number of MSP past 12 months, median (IQR) 6 (3–12) 6 (3–11) 7 (4–11)

Had[1 MSP, past 12 months 3341 (92.5) 2867 (92.1) 474 (94.6)

Had HIV-discordant/unknown-status partner, past

12 months

1998 (56.2) 1640 (53.8) 348 (70.9)

Ever used condoms with anal sex partners, past

12 months

3012 (87.0) 2655 (89.8) 357 (70.7)

IQR interquartile range, MSP male sex partner, NH non-Hispanic

Column numbers may not sum to total due to missing values; proportions are calculated from a denominator that does not include missing data
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Purposely-Adopted Seroadaptive Behaviors and HIV/STI

Test Positivity

For our second objective (to examine the risk of testing

newly positive for HIV/STI by seroadaptive behavior), we

calculated the proportion of visits where men tested newly

positive for HIV or bacterial STI, among those who

reported always engaging in a given behavior. We aggre-

gated men who tested positive for urethral GC or CT and

rectal GC or CT to examine urethral GC/CT test positivity

and rectal GC/CT test positivity, respectively.

Results

From February 2013 to June 2015, we enrolled participants

at 3901 (55%) of 7143 visits by MSM patients, including

1997 unique HIV-negative MSM and 342 unique HIV-

positive MSM. Ninety-six percent of visits (3751 of 3901)

had behavioral data available from both the clinical and

research CASI and are included in this analysis. Slightly

more than one-half of visits were made by participants who

were C30 years old, two-thirds of visits were by white,

non-Hispanic MSM, and at[96% of visits men reported

Table 3 Prevalence and agreement of seroadaptive behaviors in the prior 12 months using two definitions, reported by MSM at 3751 study

visits, 2013–2015

Prevalence Agreement

Clinical CASI:

behavioral

definition

Research CASI:

Purposely-adopted

definition

Concordance Purposely adopted

the behaviors

reported

Engaged in behaviors

consistent with purposely

reported strategy

Kappa

A B C D E

N (%) N (%) N N (%) (%)

HIV-negative respondents

Pure serosorting

(N = 3228)

1375 (42.6) 1921 (59.5) 1016 73.9 52.9 0.24

Condom

serosorting

(N = 3007)

187 (6.2) 322 (10.7) 74 39.6 23.0 0.23

Seropositioning

(N = 3003)

239 (8.0) 59 (2.0) 27 11.3 45.8 0.15

Condom

seropositioning

(N = 3001)

248 (8.3) 168 (5.6) 49 19.8 29.1 0.18

Consistent

condom use

(N = 2800)

485 (17.3) 454 (16.2) 359 79.1 74.0 0.72

HIV-positive respondents

Pure serosorting

(N = 523)

159 (30.4) 180 (34.4) 83 52.2 46.4 0.25

Condom

serosorting

(N = 483)

39 (8.1) 62 (12.8) 21 53.9 33.9 0.35

Seropositioning

(N = 479)

57 (11.9) 20 (4.2) 9 15.8 45.0 0.18

Condom

seropositioning

(N = 480)

55 (11.5) 28 (5.8) 7 12.7 25.0 0.10

Consistent

condom use

(N = 466)

32 (6.9) 38 (8.2) 21 65.6 55.3 0.57

Column C = Number of respondents who report ‘‘Yes’’ on both CASI’s

Column D = Among those who reported behavior in sexual history (clinical CASI), the proportion who also reported purposely adopting

behavior (research CASI) (i.e. Column C/Column A)

Column E = Among those who reported purposely adopting behavior (research CASI), the proportion who also reported behavior in sexual

history (clinical CASI) (i.e. Column C/Column B)

For all behaviors, numbers are presented for those who reported ‘‘always’’ engaging in behavior

Sample sizes for each behavior vary owing to different amounts of missing data for each behavior
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disclosing their HIV status or asking their partner’s HIV

status in the prior year (Table 2). Nearly 90% of men

reported ever using condoms with anal sex partners in the

past year.

Prevalence and Agreement of Seroadaptive

Behaviors

The prevalence and agreement of seroadaptive behaviors

by method of definition is presented in Table 3. Regardless

of the definition used, pure serosorting was overwhelm-

ingly the most commonly reported behavior at visits by

both HIV-negative and HIV-positive respondents. Consis-

tent condom use was reported by 16–17% of HIV-negative

respondents but only by \10% of HIV-positive respon-

dents. The prevalence of other seroadaptive behaviors

varied by behavior and definition but none were endorsed

by more than 12% of respondents. The agreement of the

two measures was highest for consistent condom use

(substantial agreement for HIV-negative respondents and

moderate agreement for HIV-positive respondents), pure

serosorting (fair agreement), and condom serosorting (fair

agreement) and lowest for seropositioning (slight agree-

ment) and condom seropositioning (slight agreement).

The agreement we observed reflects both the purposeful

adoption of reported sexual behaviors and the implemen-

tation of purposely adopted strategies. For example, among

HIV-negative respondent-visits, of the 1375 visits where

men reported that they only had sex with HIV-negative

partners (i.e. pure serosorters per the behavioral definition),

1016 (73.9%) reported that they purposely chose to only

have HIV-negative partners (i.e. pure serosorters per the

purposely-adopted definition) (Table 3). Of the 1921 who

reported that they chose to only have HIV-negative part-

ners (i.e., pure serosorters per the purposely-adopted defi-

nition), only 52.9% (1016 of 1921) reported that they had

only had sex with HIV-negative partners (i.e. pure ser-

osorters per the behavioral definition). Relatively few men

reported consistent condom use, seropositioning or condom

seropositioning as a risk reduction strategy, and of those

who did, less than half consistently adopted that behavior

based on data from the clinical CASI. Consistent condom

use was the exception to this pattern of discordance; 79.1%

of men who always used condoms for anal sex reported

that consistent condom use was a purposely-adopted risk

reduction strategy, and 74% of men who reported consis-

tent condom use was their strategy reported always using

condoms.

Overall, HIV-positive men reported purposely adopted

seroadaptive behaviors during fewer visits than HIV-neg-

ative men, with levels of pure serosorting and consistent

condom use that were lower than those observed in HIV-

negative men. As with HIV-negative men, many behaviors

classified as seroadaptive based on the clinical CASI were

not purposely adopted, and men reported behaviors con-

sistent with their identified seroadaptive strategy during

less than 60% of visits.

Purposely-Adopted Seroadaptive Behaviors

and HIV/STI Test Positivity

Overall, men tested newly HIV positive at 38 (1.4%) of

2732 visits (Table 4). Among pure serosorters, HIV test

positivity was 0.9%. For other behaviors, HIV test posi-

tivity ranged from a low of 0.0% for seropositioning to a

high of 2.2% for men who did not engage in any seroad-

aptive behaviors.

Among all tested HIV-negative respondents, 22.5, 16.9

and 3.0% tested positive for rectal GC/CT, urethral GC/CT

or early syphilis, respectively. Men who reported consistent

condom use had the lowest rectal GC/CT (10.8%), urethral

GC/CT (11.1%) and early syphilis (1.9%) test positivity.

The rectal GC/CT test positivity was also relatively low

(11.0%) for condom seropositioners (i.e. men who chose to

use condoms for receptive anal sex with HIV-positive/un-

known-status partners), while urethral GC/CT test posi-

tivity was highest (26.9%) for seropositioners (i.e. men

who chose to adopt an insertive role with HIV-postive/

unknown-status partners). Men who reported no seroad-

aptive behavior had the highest rectal GC/CT (27.0%) and

syphilis (4.1%) test positivity. The risk of bacterial STI

among serosorters, the largest group of HIV negative

MSM, was not substantially lower than that observed in

men who adopted no seroadaptive behavior.

STI test positivity was consistently higher for HIV-

positive respondents than among HIV-negative respon-

dents. Among HIV-positive respondents, seropositioners

(i.e. men who chose to adopt a receptive anal sex role with

HIV-negative/unknown-status partners) had the highest

rectal GC/CT test positivity (40.0%). Condom seroposi-

tioners (i.e. men who used condoms for insertive anal sex

with HIV-negative/unknown-status partners) had the low-

est urethral GC/CT test positivity (13.3%).

Discussion

In this clinic-based population of MSM, we found that pure

serosorting was the most commonly reported seroadaptive

behavior, regardless of whether a behavioral definition or

purposely-adopted definition was used. Overall, the

prevalence of seroadaptive behaviors differed only slightly

depending on the definition, but the agreement between the

two measures was suboptimal and the concordance varied

widely depending on the behavior. The relatively low level

of agreement observed between our two approaches to
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measuring seroadaptive behaviors appeared to reflect a

combination of low levels of success implementing pur-

posely-adopted risk reduction strategies and the fact that

some behaviors associated with diminished HIV risk were

not purposely adopted. These findings suggest that the two

methods to operationalize seroadaptive behaviors are dis-

tinct and thus the decision about which definition to

employ should depend on the motivation for ascertaining

behavioral information and the extent to which the differ-

ent measures accurately identify risk. Of particular note,

using our new survey which measured purposely-adopted

seroadaptive behaviors, we found that men who reported

no seroadaptive behavior had the highest HIV test posi-

tivity—twice as high as any other seroadaptive behavior—

suggesting that adopting any seroadaptive behavior to

reduce one’s risk of HIV is preferable to adopting no

strategy.

The prevalence of pure serosorting that we observed

using either definition is somewhat higher than previous

estimates. Studies in North America that have employed a

behavioral definition of pure serosorting have found that

8–31% of HIV-negative MSM and 12–21% of HIV-posi-

tive MSM engage in pure serosorting [1, 6, 15], while we

noted a prevalence of 43 and 30%, respectively. The pro-

portion of purposely-adopted pure serosorting in our study

population (60% of visits by HIV-negative men and 34%

visits by HIV-positive men), is slightly higher than two

Swiss studies where 38–42% of men reported purposely-

adopting pure serosorting [13, 14], The somewhat disparate

findings between our study and others may be due to the

different populations and time periods included in each

study or different definitions used. Our behavioral defini-

tion did not require MSM to report CAI with seroconcor-

dant partners, a stipulation of previous studies that would

undoubtedly lower the prevalence of the behavior. Our

purposely-adopted definition was also more inclusive in

that we specifically asked men if they avoided serodis-

cordant or unknown-status partners. Employing this defi-

nition permitted us to assess how often men choose not to

have partners based on the partner’s HIV status, instead of

only examining how often men choose to have partners

based on the partner’s HIV status. Despite differences in

the prevalence of pure serosorting between our study and

others, we found that the prevalence of the other seroad-

aptive behaviors was largely similar to studies that have

employed behavioral [1, 6, 15] or purposely-adopted [13]

definitions.

In our study population, pure serosorting and consistent

condom use were not only the most commonly reported

behaviors, but they were also the two behaviors that were

most often purposely adopted. We found that 74% of HIV-

negative and 52% of HIV-positive respondents who were

classified as pure serosorters based on their behavior

reported purposely adopting that behavior. For consistent

Table 4 HIV and STD test

positivity among MSM, by HIV

status and purposely-adopted

behavior (i.e. from research

CASI), 2013–2015

HIVa Rectal GC/CT Urethral GC/CT Early Syphilisb

n/N (%)c n/N (%)c n/N (%)c n/N (%)c

HIV negative MSM

Overall test positivityd 38/2732 (1.4) 468/2081 (22.5) 231/1366 (16.9) 85/2860 (3.0)

Pure serosorting 14/1643 (0.9) 251/1207 (20.8) 124/791 (15.7) 53/1713 (3.1)

Condom serosorting 3/269 (1.1) 34/218 (15.6) 18/137 (13.1) 7/284 (2.5)

Seropositioning 0/53 (0.0) 9/41 (22.0) 7/26 (26.9) 2/55 (3.6)

Condom seropositioning 1/142 (0.7) 13/118 (11.0) 10/67 (14.9) 5/148 (3.4)

Consistent condom use 2/407 (0.5) 33/307 (10.8) 21/189 (11.1) 8/425 (1.9)

No seroadaptive behavior 17/783 (2.2) 156/577 (27.0) 64/354 (18.1) 31/752 (4.1)

HIV positive MSM

Overall test positivityd 129/403 (32.0) 70/292 (24.0) 33/464 (7.1)

Pure serosorting 29/120 (24.1) 32/95 (33.7) 9/148 (6.1)

Condom serosorting 14/51 (27.5) 8/44 (18.2) 4/54 (7.4)

Seropositioning 8/20 (40.0) 3/9 (33.3) 0/19 (0.0)

Condom seropositioning 5/22 (22.7) 2/15 (13.3) 1/26 (3.9)

Consistent condom use 5/24 (20.8) 4/18 (22.2) 3/31 (9.7)

No seroadaptive behavior 58/175 (33.1) 27/116 (23.3) 15/189 (7.9)

a Represents men who were newly diagnosed with HIV
b Early syphilis defined as primary, secondary or early latent
c n/N = number who tested positive for the STD divided by the total number who reported that behavior
d n’s for the overall test positivity do not sum to total by behavior due to non-mutually exclusive categories

and due to missing behavioral data for men who tested positive for HIV or STD
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condom use, the comparable proportions were 79 and 66%,

respectively. These findings are similar to a partnership-

level, Internet-based study of MSM [16], where the pro-

portion of HIV-negative seroconcordant and HIV-positive

seroconcordant partnerships that were purposely adopted

(i.e. purposely adopted pure serosorting) was 80 and 48%,

respectively. In a longitudinal study of San Francisco MSM

[15], the seroadaptive strategy most adhered-to among

HIV-negative MSM was pure serosorting (38% who

intended to only have sex with men of concordant HIV

status also reported that behavior at 12 months). Taken

together, these studies suggest that, relative to other

seroadaptive behaviors, pure serosorting is a very common,

purposely-adopted strategy, though adherence to the strat-

egy is inconsistent.

Agreement between the two definitions for behaviors

other than pure serosorting and consistent condom use was

poor and highly variable. The proportion of men who

purposely adopted the sexual behavior they reported ran-

ged from 11 (seropositioning) to 40% (condom serosorting)

for HIV-negative MSM, and from 13 (condom seroposi-

tioning) to 54% (condom serosorting) for HIV-positive

MSM. These data suggest a somewhat hierarchical classi-

fication of purposely adopted behaviors, with pure

serosorting and consistent condom use reflecting behaviors

that are most often adopted as conscious risk-reducing

strategies whereas seropositioning and condom seroposi-

tioning are much less so. This hierarchy was also evident in

participants’ reported success in executing seroadaptive

behaviors. These were generally highest for pure

serosorting and consistent condom use, particularly for

HIV-negative men, and lowest for condom serosorting and

condom seropositioning. It is somewhat unclear why we

observed this pattern, but it is possible that partnership

formation (e.g. serosorting) is more often based on partner

HIV status while adopting an insertive or receptive role

(e.g. seropositioning) is more likely to be influenced by

partner-level factors other than HIV status [24–26] (i.e.

preference for sexual role). It is also possible that men who

practice pure serosorting do so out of fear of HIV infection

as opposed to adopting a purposeful risk-reducing strategy

[27].

Employing the purposely-adopted definitions from the

new questionnaire, we found that HIV test positivity was

0.9% for men who adopted pure serosorting and was

highest (2.2%) for men who reported no seroadaptive

behavior. Though the absolute number of men who tested

newly positive for HIV in our study population was small,

these findings largely agree with studies employing a

behavioral definition of seroadaptive behaviors [1], which

have found that men who report no seroadaptive behavior

not only have the highest HIV test positivity but also one

that is approximately two-fold higher than pure serosorting.

Our findings and others’ indicate that employing any

seroadaptive behavior appears to lower one’s risk of HIV

compared to employing no strategy at all, suggesting that

behavioral risk messaging for HIV-negative MSM may

consider encouraging men to adopt any strategy to reduce

their risk of HIV, rather than focusing on recommending a

specific behavior. The finding that having no seroadapative

strategy is highly associated with HIV risk should prompt

consideration of efforts to identify men without any pur-

poseful plan for intervention (i.e. for pre-exposure pro-

phylaxis (PrEP)).

We also found that bacterial STI test positivity varied by

behavior, and that patterns in test positivity were different

for HIV-negative and HIV-positive MSM. Notably, HIV-

negative men who reported consistent condom use had the

lowest STI test positivity but this was not the case for HIV-

positive MSM. However, these results did serve to validate

our new seroadaptive behavior questionnaire. For example,

HIV-negative MSM who reported seropositioning (i.e.

were the insertive partner with HIV-positive/unknown-

status partners) had the highest urethral GC/CT positivity

while HIV-positive MSM who were reported seroposi-

tioners (i.e. were the receptive partner with HIV-negative/

unknown-status partners) had the highest rectal GC/CT test

positivity. These findings advocate for the validity of these

self-reported purposely-adopted behaviors and support the

use of a tool measuring purposely adopted behaviors.

Though our study confirms that the two measures of

seroadaptive behaviors are partially distinct from one

another, the question remains—which measure of seroad-

aptive behaviors should be employed? From a clinical or

HIV prevention perspective, the ultimate goal of measuring

these behaviors is to better understand an individual’s risk

of acquiring or transmitting HIV. To the extent that past

sexual behaviors align with future behaviors, using a sexual

behavior history to measure seroadaptive behaviors may be

preferred. In many clinical settings, patients’ sexual

behavior history is already collected as part of routine

clinical care. This information can be (and has been [4, 18])

used to construct behavioral definitions of seroadaptive

behaviors, which has been invaluable to our understanding

of the association of these behaviors with HIV and STI

risk. On the other hand, it is possible that reported strate-

gies may be better predictors of future HIV acquisition and

thus might be more useful than the behavioral definition to

identify individuals at high risk for HIV. Further, using a

purposely-adopted definition may also be more appropriate

to develop messaging that promotes these behaviors as

harm-reduction strategies. Given that the HIV test posi-

tivity results using our new survey aligned closely with that

of previous longitudinal studies employing a behavioral

definition [1], the most important factor in deciding which

measure to employ may simply be the specific goal or
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intent of measuring the behaviors (e.g. for behavioral

surveillance, for clinical care, etc.). Ultimately, it is likely

that a combination of the two methods (i.e. purposely

adopted behaviors that were successfully executed) may be

the most sensitive measure, and settings where both mea-

sures can be used should be encouraged to do so.

This study has a number of strengths. We used two

independent CASI’s to capture behavioral and purposely-

adopted definitions of seroadaptive behaviors, which

allowed us to directly compare the two measures in the

same population. Our definition of pure serosorting inclu-

ded partnership avoidance, a potential key seroadaptive

strategy that has historically not been captured. Our

research CASI was the result of considerable formative

work to develop a series of seroadaptive strategy questions

that could be consistently understood by our study popu-

lation. There are also several limitations that merit dis-

cussion. First, although our data are helpful to describe the

agreement between the two definitions of seroadaptive

behaviors, the absence of a gold standard prohibits an

assessment of the validity of the measures. Second, to the

extent that individuals’ responses vary from one ques-

tionnaire to the next even with identical questions, our use

of two independent CASI’s, though also a strength of this

study, may have made the comparison of some behaviors

unclear (i.e. the prevalence of purposely-adopted pure

serosorting was higher than behaviorally-defined pure

serosorting). Third, we collected aggregate data on types of

partners as opposed to egocentric sexual network data

(where men are asked specific questions about each sexual

partner they have had in a specific time), an approach used

in many prior studies. This does not allow us to understand

how seroadaptive strategies may differ by partner. How-

ever, egocentric network data only collects information on

partnerships that occur, thereby ignoring decisions not to

form partnerships (i.e. partnership avoidance), an important

seroadaptive strategy that was incorporated into our

research CASI definition of pure serosorting. Also, insofar

as our goal is to develop questions that can be used in

clinical practice, aggregate data is simpler and likely much

easier to incorporate into clinical or prevention counseling

routines. Fourth, we did not collect information from par-

ticipants about their motivations for employing seroadap-

tive behaviors or their understanding of these behaviors as

risk-reducing strategies. Future studies on this topic should

employ qualitative methods to elucidate this information to

inform seroadaptive behavior measurement tools. Fifth, we

categorized behaviors as ‘‘always’’ versus ‘‘not always’’

and collapsed data on primary and casual partners from the

research CASI. Given that seroadaptive strategies may

differ by partnership type [28], it is unclear how this may

have affected the agreement between the two measures.

Sixth, data on sexual behavior are subject to recall bias

since participants were asked about their sexual behaviors

in the past 12 months. However, the same recall period was

used for both CASI’s so although this may have affected

the prevalence estimates, it likely did not affect the

agreement. Seventh, the kappa statistic is sensitive to the

prevalence of behaviors and may be artificially low for less

commonly reported behaviors. Some behaviors were quite

uncommon in our study population, perhaps influencing the

kappa values we report. Eighth, the absolute number of

men who tested newly HIV positive was small and thus

estimates of the proportion of men testing newly HIV

positivity by behavior was often only based on one or two

events. Finally, this was a clinic-based, frequently HIV-

tested population of predominately white MSM where HIV

status disclosure was high. How the two methods of mea-

surement would compare in other racially- and geograph-

ically-diverse populations is unclear.

In summary, we found that the two measures of

seroadaptive behaviors—a behavioral definition and pur-

posely-adopted definition—are distinct from one another, a

distinction that may have important public health impli-

cations. The complexities in measuring seroadaptive

behaviors have made it difficult to craft clear and simple

public health messages about the practice, and as a result,

we do not know which behaviors, if any, should be pro-

moted and to whom. Behavioral definitions of serosorting,

though useful, may not accurately measure seroadaptive

behaviors as active risk-reduction strategies, and thus using

this definition to inform the development of harm-reduc-

tion messaging is questionable. Ultimately, the preferred

measure, particularly in the era of PrEP, is likely one that

better predicts an individual’s risk of acquiring HIV. To

that end, future prospective studies are needed to better

define the most clinically meaningful approach to mea-

suring seroadaptive behaviors. In the absence of such data,

we believe that clinicians and others counseling MSM

about HIV risk reduction should integrate information

about their self-reported behavior with information on what

actions individuals are explicitly taking to diminish their

risk of acquiring or transmitting HIV.
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