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At the end of 2011, more than 2.2 million
adults and 70 000 juveniles were incarcerated
in the United States, with an additional 4.8
million on parole or probation.1,2 Adults and
juveniles entering correctional facilities have
high rates of sexually transmitted infections
(STIs), including chlamydia, gonorrhea, syphi-
lis, and HIV3---12; however, limited STI and HIV
screening and testing services in jails and
prisons make estimating the overall prevalence
of STIs and HIV difficult.13 Likewise, the
arrested population, even when not detained,
has increased risk of STIs.14 It is likely that
many incarcerated and arrested individuals
infected with STIs or HIV are never tested
or treated, and the burden of disease in this
population is underestimated.

Despite extensive research documenting
high rates of STIs and HIV among individuals
who have interacted with the justice system,15---22

there are few data on STI and HIV rates
in the period following release from incarcer-
ation or following arrest (“postincarceration
period”).15,23,24 A portion of prevalent STIs
and HIV in the postincarceration period is
expected to be from undiagnosed or untreated
STIs and HIV acquired before or during in-
carceration, but offenders are also at high risk
for acquiring new infections after release. In-
carceration disrupts social and interpersonal
relations, and individuals in the postincarcera-
tion period often engage in high-risk behaviors
including unprotected sexual intercourse,
concurrent sexual partnerships, and sex for
money or drugs.25---30 Regardless of when such
infections are acquired (i.e., before, during,
or after incarceration), a better understanding
of STI and HIV rates and risk factors in the
postincarceration period can inform clinical
and public health interventions to reduce the
burden of STIs and HIV among recent of-
fenders, their sexual partners, and the com-
munities to which they return.

The objective of this study was to estimate
rates of STI, including chlamydia, gonorrhea,

syphilis, and HIV diagnosis, and identify risk
factors for test positivity among individuals
within 1 year after any interaction with the
justice system, including arrest or incarceration
in Marion County (Indianapolis), Indiana.

METHODS

We conducted a retrospective cohort study
of adults and juveniles with any interaction
with the justice system in Marion County,
Indiana, including arrest, jail, prison, and juve-
nile detention (collectively we will refer to these
individuals as “offenders”), to assess the test
positivity of STIs and incident HIV in the 1-year
period after arrest or incarceration. We defined
incident HIV infection as the first recorded
positive HIV test result. We obtained these data
in collaboration with the Marion County Public
Health Department, Indiana Department of
Corrections, Marion County Courts including
the Juvenile Division, Marion County Sheriff’s
Office, and the City of Indianapolis Department
of Public Safety. Juveniles can be held in
county-run detention centers or in jails during
the preadjudication or predisposition period,

depending on the seriousness of their criminal
charge(s). We included data on positive STI
and HIV test results between January 1, 2000,
and May 14, 2009; data on arrest, juvenile
detention, and juvenile or adult prison from
January 1, 2000, to May 14, 2008; and data
on jail from July 1, 2003, to May 14, 2008.
Only positive STI or HIV test results were
available in the data set. These data capture
positive STI and HIV test results from the
county. In addition to mandated reporting by
clinical providers, Marion County Public
Health Department actively seeks all positive
results from laboratories where tests are per-
formed.31We included all individuals in the
criminal justice databases (selecting from the
state prison data, only individuals living in
Marion County) during the previously listed
time periods in the study.

Study Procedures

We linked individuals from criminal justice
databases to public health records at an indi-
vidual level with identifiers including first,
middle, and last name (0.002% missing first
name and 0.0002%missing last name); gender
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(0.01% missing); month, day, and year of birth
(0.1% missing); and social security number
(16% missing). We performed linkage by using
a probabilistic matching algorithm, which de-
fines a probability that a specific pair of data
entries is a true match.32,33 We performed 5
independent probabilistic matches by using
different combinations of the identifiers, in
different levels of priority, to help alleviate the
possibility that missing data in 1 identifier
contributed to a missed true match. Three
individuals manually reviewed the pair proba-
bilities from each algorithm output (and the
pairs of identifiers side by side) to identify
a threshold probability above which was con-
sidered a true match. Given each reviewer’s
distinct threshold, the three collectively
reviewed and discussed upper and lower
thresholds, and then created additional criteria
on which to run supplemental probabilistic
matching processes. For example, these steps
incorporated how common a first or last name
was by race/ethnicity to sort matches among
this subset. We ran matches separately for
women with decreased emphasis on last name
because of the possibility of name change with
marriage, as done elsewhere.34 We repeated
the process, including manual validation by all
3 individuals, until we reached a consensus on
a subset of true matches.

The resulting file of linked individuals iden-
tified many individuals who had criminal jus-
tice system involvement and positive tests for
STI or HIV. A cross-sectional illustration of all
positive STI and HIV data and all arrest or
incarceration data for Marion County from
2003 to 2008 with the nexus indicating in-
dividuals present in both data sources revealed
significant overlap (Figure A, available as
a supplement to the online version of this
article at http://www.ajph.org). The timing of
STI or HIV diagnosis and arrest or incarcera-
tion is not reflected in this figure (i.e., test
positivity could have occurred before, during,
or after incarceration). We used dates of the
offenders’ arrest or release, and of positive STI
and HIV tests performed within the 365 days
afterward.

In some cases, within a single incarceration
data source, 2 stay records for an individual
had the same stay start date but different
release dates (0.1% of all justice records).
We merged these records to incorporate the

shorter stay record into the longer. This phe-
nomenon (same start date, different release
date) occurred more often (12.0% of all justice
records) when we considered arrest data and
various incarceration sources (mostly jail) to-
gether. We dropped the corresponding arrest
record so as not to double-count these individ-
uals. Finally, depending on the analysis, we
de-duplicated the criminal justice event-level
data set to identify unique individuals per year
(when not stratified by source) or unique in-
dividuals per source per year (when stratified
by source), as our focus was on the number of
individuals incarcerated and infected, rather
than the total number of infections.

Measures

We derived demographic characteristics,
including age, gender, and race, from all data
sources. We calculated age at first arrest or
incarceration during the study period and age
at first STI during the study period based on
each patient’s mode birth year (1.1% mis-
matched), after removing outliers (n = 3). We
calculated history of arrest or incarceration and
history of STI based on the 36 months before
first arrest or incarceration during the study
period. For gender and race, when demo-
graphic data did not match within a data source
(over time) or between data sources, we chose
the characteristic most prevalent (for the indi-
vidual participant) per source and then in the
most sources. Some data sources had limited or
no ethnicity data, so we limited racial categories
to White, Black, and other or missing for
analyses.

The outcome measure for this study was test
positivity for chlamydia, gonorrhea, syphilis, or
incident HIV infection in the 365-day post-
incarceration period. The lack of this outcome
in any individual does not imply lack of in-
fection, as those with no positive STI or HIV
test include individuals who tested negative as
well as individuals not tested. The vast majority
of chlamydia and gonorrhea assays were nucleic
acid amplification tests on urine, cervical swab,
or urethral swab specimens,35,36 though the
type of test was not always specified. When we
interpreted chlamydia and gonorrhea test results
within the database, we defined positivity
according to standard clinical guidelines. We
defined syphilis test positivity with the rapid
plasma reagin test or venereal disease research

laboratory test as an antibody titer less than
1:8.37,38 We included only 1 positive syphilis
test in the postincarceration period, to avoid
potential double-counting of the same infec-
tion. We defined incident HIV infection as
a positive enzyme-linked immunosorbent assay
test with a confirmatory Western blot.

Analyses

We restricted all analyses to dates of arrest
or release in the time frame July 1, 2003, to
May 14, 2008, to account for the period for
which data were available from all sources
(referred to as “study period”). We calculated
descriptive statistics by using demographic
characteristics at first arrest or incarceration
during the study period, criminal justice his-
tory, and STI history. We calculated annual
chlamydia, gonorrhea, syphilis, and HIV posi-
tivity rates (per 100 000 individuals) by de-
mographic characteristics and justice system
category (arrest, jail, adult prison, juvenile de-
tention, and juvenile prison). We did not in-
clude positive test results before or during
incarceration. We counted a positive HIV test
in the study period among individuals with no
previous positive HIV test based on clinical
data dating back to 1996, and we excluded
subsequent positive HIV tests in analyses to
avoid double-counting HIV infection.

We also calculated annual STI and HIV
positivity rates among all individuals in Marion
County who had not been arrested or incar-
cerated (“non-offenders”) by excluding those
who had been arrested or incarcerated that
year from county population-level data. We
calculated STI and HIV positivity among non-
offenders for the same period (July 1, 2003, to
May 14, 2008) and averaged to calculate an
annual rate, as done for calculations of STI and
HIV positivity among offenders. We calculated
population denominators by using mean an-
nual values from the 2005---2008 American
Community Survey data.39

We compared STI and HIV positivity rates
by calculating relative risks (RRs), attributable
risk percentages (AR%s), and population at-
tributable risk percentages (PAR%s) by using
STI positivity data for offenders versus non-
offenders. We assessed significance with
95% confidence intervals (CIs). We only in-
cluded individuals once per year for RR, AR%,
and PAR% calculations. For example, if an
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individual was incarcerated multiple times in 1
year and had 1 chlamydia infection in that
year, this individual was only included as 1
person with chlamydia infection in calculating
the rate among offenders with at least 1
chlamydia infection that year.

RESULTS

From 2003 to 2008, 247 211 unique in-
dividuals were arrested or incarcerated in
Marion County, Indiana, and we included these
for analyses. This cohort was disproportion-
ately male (67%) and Black (38%; Table 1),
compared with the Marion County population
(male: 49%; Black: 25%). Recent offenders
were also younger than the general population.
Individuals who had a history of both incar-
ceration and STI before the study period were
younger at baseline (23 years) compared with
those with either only a history of incarceration
(31 years) or only a history of STI (26 years).
Approximately half had been arrested and
39% had been to jail at least once before
incarceration during the study period. The
mean and median numbers of interactions
with the justice system, among those with at
least 1 interaction, were 1.9 and 1, respec-
tively. Among those who were detained,
the median length of stay was 4 days (inter-
quartile range = 2---30 days). Twenty-two
percent had a previous positive test result
for chlamydia, 11% for gonorrhea, and 3%
for syphilis.

Annual Positivity Rates of STI and HIV

Among Offenders

Rates of STI and incident HIV in the 1 year
following arrest or incarceration were higher
than for nonoffenders, but rates varied by
demographic characteristics and type of de-
tention facility (Table 2). Rates were highest for
chlamydia (2968 per 100 000) and for gon-
orrhea (2305 per 100 000), and lower for
syphilis (278 per 100 000) and HIV (61 per
100 000).

Rates were between 1.5 to 2.8 times higher
among women compared with men and 2.7
to 6.9 times higher among Blacks compared
with Whites. By age, rates of chlamydia and
gonorrhea were highest among individuals
aged 15 to 19 years, and rates of syphilis
were highest among individuals aged 45 to

54 years. The highest rates for incident HIV
were among individuals aged 20 to 44 years.
Individuals incarcerated in juvenile detention
and juvenile prison facilities had higher rates of
chlamydia and gonorrhea in the postincarcer-
ation period than did individuals from adult
correctional facilities (Table 3). Compared
with individuals from adult prisons and jails,
individuals who were arrested but not detained
had higher annual test positivity rates for
chlamydia, gonorrhea, and syphilis.

Infection Rate Comparisons Between

Offenders and Nonoffenders

Recent offenders had similar demographic
patterns but higher STI and HIV positivity rates
across all groups compared with nonoffenders
(Table 4). Recent offenders had higher risk
for chlamydia (RR=3.9; AR%=74), gonor-
rhea (RR=6.6; AR%=85), syphilis (RR=3.6;
AR%=72), and HIV (RR=4.6; AR%=78).
Among offenders, women had higher rates of
all STIs compared with men, whereas among
nonoffenders, women had lower rates of
syphilis and HIV compared with men. The
relative risks ofWhite offenders to nonoffenders
was higher (chlamydia =3.6; gonorrhea=6.7;
HIV = 3.4) compared with the relative
risks of Black offenders to nonoffenders
(chlamydia =2.6; gonorrhea=3.8; HIV=1.5)
except for syphilis. The STI relative risks of
offenders to nonoffenders younger than 14 years
is particularly noteworthy (chlamydia=45.3;
gonorrhea=79.3; syphilis =52.0). The low RR
and AR% among offenders compared with
nonoffenders aged 20 to 24 years was likely
attributable to the high proportion of male
offenders in this age group that masked the risk
among offenders. This finding prompted post-
hoc analyses stratified by both gender and
age for the group aged 15 to 24 years. This
revealed high RR and PAR% for male juveniles
aged 15 to 19 years.

Among demographic groups with high arrest
and incarceration rates, PAR%s were high,
particularly for chlamydia and gonorrhea
among men and younger adults. The PAR%s
were also high for older adults, women, and
Whites, subsets who have lower rates of arrest
and incarceration. The PAR%s for HIV among
women (30%) and for chlamydia and gonor-
rhea among men (37% and 38%, respectively)
were particularly high.

DISCUSSION

Individuals who were recently arrested or
released from incarceration had high rates of
test positivity for STI and incident HIV. De-
mographic factors associated with increased
STIs and HIV risk were similar among of-
fenders and nonoffenders in Marion County

TABLE 1—Cohort Characteristics:

247 211 Individuals With Arrest or

Incarceration in Jail, Prison, or

Juvenile Detention: Marion County,

Indiana, 2003–2008

Characteristic % or Mean 6SD

Race

White 54

Black 38

Other or missing 8

Gender

Male 67

Female 33

Age, y

7–17 10

18–24 32

25–34 28

35–44 18

45–54 9

55–64 2

65–100 1

Missing 1

Age at baseline, y 29.7 611.7

Age of first offense during

the study period, y

30.5 611.5

Age of first STI during the

study period, y

26.0 610.7

History of offense

Adult DOC 12

Juvenile DOC 2

Jail 39

Arrest 49

Juvenile detention 6

History of STI

Chlamydia 22

Gonorrhea 11

Syphilis 3

HIV 0

Note. DOC = department of corrections; STI = sexually
transmitted infection.
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and in the United States, with individuals who
were young, female, and of minority race at
greatest risk.40 The risk of syphilis was par-
ticularly high among Black and female of-
fenders, and the high prevalence of STI among

juvenile offenders is noteworthy but consistent
with previous research.17,41---43 With respect
to the differences by race, it is important to
consider these findings in the context of dis-
proportionately increased representation of
minorities in the justice system and decreased
representation in the health care system.44,45

Although we did not have access to sexual
behavior data, studies suggest that individuals
practice high-risk sexual behaviors after release
that put them at greater risk for STI and
HIV.46---48 Two small prospective studies
among 178 men released from prison23 and
190 women released from jail24 found that
26% of men tested positive for chlamydia,
gonorrhea, trichomoniasis, syphilis, or hepatitis
C, and 10% of women tested positive for
chlamydia, gonorrhea, or trichomoniasis at 6
months after release. A population-based study
among 2136 Baltimore, Maryland, residents
found that self-reported incarceration in the
past year was associated with a positive test for

STI among men and women; however, the
association was not statistically significant after
controlling for sociodemographic characteris-
tics and drug use.15 Our study adds to the
limited literature on postincarceration STI and
HIV and provides some of the most robust
data on postincarceration rates of chlamydia,
gonorrhea, syphilis, and incident HIV infection
in a major metropolitan area.

Corrections-based STI and HIV services
vary significantly by setting and geographic
location,13,49,50 though there is a comprehensive
Centers for Disease Control and Prevention
monograph on HIV testing implementation in
correctional settings.51 In our setting, individ-
uals entering prison facilities were universally
screened for HIV, and studies show that ac-
quisition of HIV infection within prison is
rare.52,53 Therefore, in this study, HIV posi-
tivity following release from prison likely re-
flects infections acquired after release.

In jail and juvenile detention settings, HIV
testing is available but individuals must ask to
be tested or must opt in to testing programs;
therefore, for those released from jail or de-
tention, we are less confident about when HIV
infection occurred. For chlamydia, gonorrhea,
and syphilis, testing in all settings (i.e., prison,
jail, and juvenile detention) is provided by an
opt-in system. Furthermore, short stays limit
the opportunity for delivering services in jail
settings, and those who are arrested but not
detained may have limited access to testing and
treatment services through the justice system.

Our findings support using interaction with
the justice system, whether for arrest or incar-
ceration, as an indicator for STI and HIV
screening in subsequent clinical interactions, to
detect and treat infections acquired before, dur-
ing, or after arrest or incarceration. We recom-
mend that more linkages be created between
the public health and justice systems. This might
include opt-out testing and active follow-up
for individuals released from incarceration
(i.e., through probation and parole agencies) as
well as in correctional facilities. Moreover, re-
sources are needed to improve testing rates
among recent arrestees. This could be accom-
plished through partnerships with pretrial ser-
vices agencies or law enforcement agencies that
operate facilities in which offenders are detained
briefly immediately following arrest, such as
was successfully done for juvenile arrestees.54

TABLE 2—Annual Sexually Transmitted Infection and HIV Positivity Rates per 100 000

Individuals of Offenders Recently Released and Nonoffenders: Marion County, Indiana,

2003–2008

Offenders Recently Released Nonoffender Population

Characteristic Chlamydia Gonorrhea Syphilis HIV Chlamydia Gonorrhea Syphilis HIV

Total 2 968 2 305 278 61 759** 350** 77** 13**

Race

White 1 421 846 70 32 394** 126** 44* 9**

Black 4 331 3 678 482 86 1 635** 969** 152** 57

Gender

Male 1 984 1 788 182 50 342** 302** 86** 23**

Female 5 393 3 227 512 74 1 124** 396** 69** 5**

Age, y

£ 14 3 128 1 579 89 30 69** 20** 2** 0**

15–19 7 019 4 079 146 30 3 629** 463** 44** 9

20–24 4 531 3 231 142 64 5 613** 2 189** 141 37

25–34 2 277 2 017 259 64 1 373** 740** 128** 25**

35–44 850 1 153 361 65 251** 258** 124** 28*

45–54 414 595 366 34 75** 121** 85** 15

55–100 145 248 280 10 13** 24** 80** 4

Gender–age (y) group

Male 15–19 5 414 3 609 97 27 750** 391** 27* 9

Female 15–19 12 130 5 608 305 38 6 683** 2 077** 64** 10

Male 20–24 3 426 2 795 106 73 2 745** 1 845** 117 72

Female 20–24 8 602 4 837 275 33 8 232 2 703** 175 20

*P < .05; **P < .01; P values for difference between offenders and nonoffenders.

TABLE 3—Annual Positivity Rates per

100 000 Individuals of Sexually

Transmitted Infection and HIV by

Incarceration Source 1 Year After

Release: Marion County, Indiana,

2003–2008

Incarceration

Source Chlamydia Gonorrhea Syphilis HIV

Adult prison 1871 2137 245 38

Arrest 3141 2276 329 53

Jail 2542 2295 239 57

Juvenile prison 9290 6193 191 . . .

Juvenile detention 6868 3345 108 31
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For designing and implementing interventions,
it is critical to understand where offenders are
accessing care in community-based settings55,56;
however, we did not have data on the location
where recent offenders were tested for STI
and HIV. A few studies have shown that emer-
gency departments are a common access point
for this population, especially for offenders with
HIV and substance abuse issues,57---59 and may
represent an important setting in which to in-
crease STI and HIV testing and treatment. A lack
of health insurance, suspension from Medicaid
benefits, and irregular sources of care among
offenders likely lead to reduced access to primary
care and STI and HIV testing services.60---61

More data are needed on points of clinical
interaction with this population and, if they do
access care, on if they are being appropriately
screened and treated for STI and HIV.

Limitations

There are several limitations of this study.
First, our data only included positive STI and

HIV test results from the year after arrest or
incarceration. It is unclear how many individ-
uals were tested in our cohort, and depending
on the positivity rate among those tested or
untested and whether these proportions were
different by those recently arrested or incarcer-
ated, the difference between groups could either
be accentuated or attenuated. There are also
possible biases in our comparison of STI and
HIV positivity among offenders and nonoffend-
ers because of differences in testing rates, access
to testing services, and likelihood of capturing
positive test results. It is important to point out,
however, that among a population for whom
annual chlamydia screening for sexually active
young women is recommended and monitored
as a quality measure,62,63 young women aged
15 to 19 years who had been arrested or in-
carcerated had significantly higher rates of pos-
itive tests compared with nonoffending women,
though those aged 20 to 24 years did not.

Second, we were not able to differentiate
among infections acquired before, during, or

after arrest or incarceration. Undoubtedly,
there were infections acquired before arrest or
incarceration that were identified following
arrest or release (misclassification of when the
infection occurred). Even so, our findings are
relevant for public health and suggest that (1)
opt-in testing programs are not effectively
testing and treating STI in detention settings,
and (2) individuals are at high risk for STI
and HIV in the immediate period following
release or arrest. This inability to pinpoint the
timing of infection may influence our results for
syphilis, in that we did not compare the post-
incarceration titer with previous titers. We may
also have included individuals with false-positive
serology results. Still, as almost all individuals
with titers less than 1:8 in the postincarceration
period (including those with previously treated
syphilis) may be at high risk and will need
follow-up titers in any event, we include the
analyses of syphilis, subject to this limitation.

Third, in-and-out migration could have led
to missed diagnoses for individuals tested and

TABLE 4—Relative Risks, Attributable Risk Percentages, and Population Attributable Risk Percentages of Offenders Compared With

Nonoffenders: Marion County, Indiana, 2003–2008

Relative Risk Attributable Risk Percentage Population Attributable Risk Percentage

Chlamydia Gonorrhea Syphilis HIV Chlamydia Gonorrhea Syphilis HIV Chlamydia Gonorrhea Syphilis HIV

Total 3.9 6.6 3.6 4.6 74 85 72 78 17 28 15 20

Race

White 3.6 6.7 1.6 3.4 72 85 37 71 13 25 3 12

Black 2.6 3.8 3.2 1.5 62 74 69 34 18 28 23 7

Gender

Male 5.8 5.9 2.1 2.2 83 83 53 54 37 38 12 13

Female 4.7 8.2 7.4 14.4 79 88 86 93 11 19 17 30

Age, y

£ 14 45.1 79.2 52.0 . . . 98 99 98 . . . 34 47 37 100

15–19 1.9 8.8 3.3 3.3 48 89 70 70 10 49 22 22

20–24 0.8 1.5 1.0 1.7 ND 32 1 42 ND 11 0 16

25–34 1.7 2.7 2.0 2.5 40 63 51 60 9 21 14 19

35–44 3.4 4.5 2.9 2.3 70 78 66 56 20 26 16 12

45–54 5.5 4.9 4.3 2.2 82 80 77 55 21 19 17 7

55–100 11.1 10.4 3.5 2.4 91 90 71 59 11 10 3 2

Gender–age (y) group

Male 15–19 7.2 9.2 3.6 3.0 86 89 72 67 54 61 33 28

Female 15–19 1.8 2.7 4.7 3.8 45 63 79 74 5 9 19 15

Male 20–24 1.2 1.5 0.9 1.0 20 34 ND 1 75 83 76 88

Female 20–24 1.0 1.8 1.6 1.7 4 44 36 42 19 30 66 53

Notes. ND = not defined.
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diagnosed outside Marion County, Indiana.39 If
mobility were higher among offenders, this
might falsely decrease identified infections, thus
biasing our findings toward the null. We also
recognize that HIV and chlamydia screening (in
various settings including correctional facilities)
may have increased during the study period, as
a result of Centers for Disease Control and
Prevention recommendations and other public
health initiatives. However, we are not aware of
any new programs during the study years that
were designed specifically to increase STI or
HIV screening during the postincarceration
period. In addition, though we omitted individ-
uals with residential addresses outside Marion
County within the prison data source, we may
have inadvertently included nonresidents in the
other county-specific offender data sources.

Finally, we do not know whether all in-
dividuals were appropriately linked. Missing or
incorrect data, the use of aliases, or legal name
changes particularly among married women
may reduce the sensitivity and specificity of
record linkages and lead to missed matches.
Although probabilistic matching remains the
gold standard, we cannot rule out potential
biases if the degree of missingness is associated
with STI and HIV risk.

Conclusions

The year following arrest or release from
incarceration represents a high-impact oppor-
tunity to reduce STI and HIV infection rates at
a population level, and interaction with the
justice system may be a useful clinical indicator
for STI and HIV screening. j
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