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Objective: Scale-up of human immunodeficiency virus (HIV)
preexposure prophylaxis (PrEP) has raised concerns regarding its impact
on clinic capacity and access to HIV testing. We describe enrolment in
PrEPX, a large PrEP implementation study in Victoria, Australia, and the
impact of PrEP uptake and maintenance on existing health services.
Methods: We describe enrolment between July 26, 2016, and March 31,
2018, and trends in HIV testing among PrEPX participating and nonparticipating gay and bisexual and other men who have sex with men (GBM) at 5
study clinics participating in a sentinel surveillance system (ACCESS). We
evaluated HIV and STI testing trends using segmented linear regression
across the prestudy (January 2015 to June 2016) and PrEPX study (July
2016 to March 2018) periods.
Findings: There were 2,049 individuals who registered interest in study
participation: 72% enrolled into the study. Study clinics enrolled participants rapidly; of 4265 people enrolled in PrEPX (98% GBM), 1000 enrolled by week 3, 88% (n = 876) of whom enrolled at ACCESS sites.
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Prestudy period HIV testing rates were increasing at all ACCESS
sites. In the month PrEPX commenced, there was an additional 247 HIV
tests among PrEPX participants (P < 0.01) and no significant change
among non-PrEPX GBM (P = 0.72). Across the study period, HIV testing
increased by 7.2 (P < 0.01) and 8.9 (P < 0.01) tests/month among PrEPX
participants and non-PrEPX GBM, respectively. The HIV testing increased
among non-PrEPX GBM at sexual health clinics (18.8 tests/month,
P < 0.01) and primary care clinics (7.9 tests/month, P < 0.01). Similar
trends were observed across testing for all measured STIs.
Conclusions: Rapid PrEP scale-up is possible without a reduction in HIV
testing among GBM not using PrEP.

D

aily use of tenofovir and emtricitabine for human immunodeficiency virus (HIV) preexposure prophylaxis (PrEP) is
shown to be highly efficacious at preventing transmission among
gay, bisexual and other men who have sex with men (GBM),1,2
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heterosexuals,3 transgender women,4 and people who inject
drugs5 in the setting of high medication adherence. The World
Health Organization recommends that daily PrEP be offered as a
prevention option for people at substantial risk of HIV infection
as part of a combination prevention approach and includes PrEP
on their list of essential medicines.6
Despite these recommendations, the scale-up of PrEP has
been suboptimal in many countries.7 In Organization for Economic Co-operation and Development countries, the pace of PrEP
scale-up has been slow. The overall number of people on PrEP is
highest in the United States; however, coverage varies considerably by jurisdiction, race, and gender.8 In the United Kingdom,
the Netherlands, and many other European countries, there are
no subsidies for PrEP, and debate in these jurisdictions has focused
on health care costs of PrEP and concerns about the ability of sexual health services to meet service demands for requisite quarterly
clinic visits for HIV and STI testing.9,10 In Eastern Europe and
Central Asia, where HIV incidence has risen by 30% since 2010,
PrEP was available through the public health system only in the
Republic of Moldova, Georgia, and the Ukraine.11
In Australia, HIV is highly concentrated among GBM with
over 70% of annual notifications occurring within this group.12
Preexposure prophylaxis was approved for use in HIV prevention
by the Therapeutic Goods Administration in 2017, national PrEP
prescribing guidelines were published in 2017,13 and PrEP was
listed on the Australia's list of subsidized medicines (Pharmaceutical Benefits Scheme [PBS]) in April 2018.14 Before PBS subsidization of PrEP most Australian jurisdictions commenced large
PrEP demonstration projects during 2016 and 2017. Personal importation of PrEP via online pharmacies and through private unsubsidized prescriptions also occurred at modest levels.15
There are limited data regarding the impact of PrEP scaleup on access to services among priority populations not engaged
in PrEP. In this article, we describe the implementation of the
PrEPX study (a large implementation study in Victoria,
Australia), the rate of PrEP uptake, and the impact on HIV testing
rates for nonstudy participating GBM attending study clinics.

METHODS
Study Design
The PrEPX was a prospective, population-level PrEP implementation study that commenced on July 26, 2016, and ran
for 21 months. The study protocol has been described in detail
elsewhere.16 The PrEPX was designed on the basis of an a priori
estimate that maintaining 2600 individuals at risk of HIV infection
on PrEP would reduce state-wide HIV incidence by 25% overall
and by 30% among GBM within 36 months of study commencement. In the 7 months before study commencement (January 26,
2016 to July 25, 2016), individuals could register interest in the
study by completing an online form. After the study commenced
on July 26, 2016, waitlisted participants were contacted and offered an enrolment appointment at their clinic of choice or at an alternative clinic if their preferred study site did not have capacity.
Due to participant demand, an additional 600 study places
were funded on January 19, 2017, with a further 600 study
places funded on March 28, 2017, bringing the total number
of available places to 3800. However, due to the staggered enrolment and study withdrawals, when study enrolment closed
on March 31, 2018, because PrEP became publicly subsidized
through the PBS, 4265 people had been prescribed PrEP
through the study.
Each study clinic had the latitude to implement PrEPX in a
manner that suited their service. The primary care clinics obtain
Sexually Transmitted Diseases
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funding for each consultation through a government rebate and
may charge an additional private consultation fee. Primary care
clinics incorporated PrEPX patients into their existing available
appointment schedule and were paid by the study for each participant they enrolled. The 2 sexual health services receive block
funding for services. The sexual health clinic developed a new system to participate in PrEPX whereupon they obtained a government rebate for each PrEP consultation, separate to their existing
funding. This allowed them to establish separate clinics to enroll
PrEPX participants. One sexual health clinic received funding
for a nurse to support their clinic, the other received payment for
each participant enrolled.

Study Visits
The PrEPX study visits were scheduled to occur every
2 months. At each study visit, participants underwent a clinical review, laboratory testing for HIVand STIs (syphilis, gonorrhea, and
chlamydia), and received a 3-month PrEP prescription. Drug was
dispensed from participating community and hospital study pharmacies.17 In addition to scheduled PrEPX study visits, participants
could attend their PrEPX participating site for other health care, including assessment for symptomatic STI.

Data Collection
Registration of Interest
Individuals expressed their interest in participating in the
PrEPX study through an online waiting list form. Data were collected and managed using REDCap online survey manager electronic data capture tools.18 Demographic characteristics, history
of prior PrEP use, and preferred PrEPX site for study enrolment
were asked as part of waiting list registration.
Enrolment and Withdrawal
At the baseline enrolment visit, the clinician completed an
enrolment eligibility survey with the participant, using REDCap.18
This questionnaire collected data on participant demographic
characteristics, reasons for enrolment, previous PrEP use, HIV/
STI testing history, and sexual and injecting behaviors.
Participant withdrawal forms were also completed by the
clinician using REDCap,18 and included free text information on
reasons for withdrawal, which were categorized into 9 domains
for this analysis.
HIV and STI Testing
Prestudy and study period HIV and STI testing was available at the 5 PrEPX study sites (3 metropolitan primary care
clinics and 2 metropolitan sexual health services) that also participated in the Australian Collaboration for Coordinated Enhanced
Sentinel Surveillance of Blood Borne Viruses and Sexually Transmitted Infections system (ACCESS). These ACCESS study sites
enrolled 3317 (78%) of 4265 PrEPX participants. ACCESS automatically extracts deidentified HIV and STI test information from
clinic patient management systems through the GRHANITE data
extraction software. ACCESS collected continuous HIV and
STI test data from 2013 across the 5 sites and links individuals
tests within a single clinic and across clinics in the ACCESS
network.19–21

Data Analysis
We report the monthly number of people registering their
interest in PrEPX through the online waitlist between January
30, 2016, and March 31, 2018, and the monthly PrEPX participant
enrolments based on enrolment survey completions between July
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26, 2016, and March 31, 2018. Characteristics of all participants
enrolling in PrEPX are described. Variables examined included
age, gender, date of enrolment, PrEPX study site, PrEP eligibility criteria, and any previous PrEP or postexposure prophylaxis
(PEP) use.
We estimated shifting demand for HIV testing services before enrolment date among PrEPX participants who enrolled at
sites within the ACCESS network. We report the clinic type where
they enrolled in PrEPX (sexual health service or primary care service) and the clinic type they attended for HIV testing between
January 1, 2015, and their enrolment date to describe movement
of study participants after their enrolment into the PrEPX study.
We assessed the impact of the PrEPX study on HIV testing by comparing the aggregated number of monthly HIV tests
conducted at the 5 PrEPX study sites in the 18 months before
PrEPX (prestudy; January 2015 to June 2016) and the 21 months
of the PrEPX study (study; July 2016 to March 2018) using segmented linear regression. This analysis focused on 5 PrEPX
clinics (2 sexual health services and 3 primary care settings)
where historical HIV testing data were available through the ACCESS network. Specific regression analyses were conducted examining HIV testing at the 2 sexual health clinics and the 3
primary care clinics to determine if there was a difference in
trends between the 2 clinic types. All regression analyses were
disaggregated by HIV testing among PrEPX participants and
non-PrEPX participant GBM. The PrEPX participants were defined as those enrolling in the first 12 months of the study, and
GBM not participating in PrEPX were identified using previously defined methods.20,22
We repeated the analyses to assess the impact of the
PrEPX study on bacterial STI testing. Each individual could contribute a maximum of 1 test event per day in each bacterial STI
analysis. In Victoria, the overwhelming majority of Chlamydia
trachomatis (CT) and Neisseria gonorrhea (NG) testing are

conducted using duplex testing, we therefore collapsed testing
for these bacteria at any anatomical site to assess CT/NG testing.
We separately assessed syphilis testing. For 1 sexual health clinic
which enrolled 329 study participants, CT/NG and syphilis testing was not available before the introduction of STI testing at this
clinic in February 2016.
All segmented linear regression models used Newey-West
standard errors and were adjusted for a maximum of 1 lag. We report the y-intercept (β0), the prestudy trend (β1, January 2015–
June 2016), the immediate change in testing at the time of study
commencement (β2, PrEPX commences July 2016), and the
change in trend (β3) from prestudy to study periods (β1–β3,
July 2016–March 2018). All statistical analyses were performed
using Stata version 14 (StataCorp LP, College Station, TX) with
a significance cutoff of P less than 0.05.
Human Research Ethics
Written informed consent was obtained from all study participants at study enrolment. The study was approved by the Alfred
Health Human Research and Ethics Committee (HREC100/16)
and registered on the Australian New Zealand Clinical Trials Registry 2 September 2016 (ACTRN12616001215415). The ACCESS study was approved by Alfred Health Human Research
and Ethics Committee (HREC248/17) and this ethics committee
waived the need for the individuals' consent.20
Role of the Funding Source
Individuals from the Victorian Department of Health and
Human Services and the Thorne Harbor Health (previously Victorian AIDS Council) were PrEPX study coinvestigators and are coauthors on this article. They had a role in the design, review, and
approval of the article and in the decision to submit the article
for publication.

Figure 1. Registration (January 26, 2016 to March 31, 2018) and enrolment (July 16, 2016 to March 31, 2018) into PrEPX study.
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RESULTS
Study Enrolment
At study commencement on July 26, 2016, 2049 individuals had registered their interest in participating in PrEPX, of
whom 1471 (72%) enrolled in PrEPX within the first 12 months.
An average of 183 new people registered their interest each month
throughout the 21 months of the study (Fig. 1).
Between July 26 2016, and March 31, 2018, 4265 people
enrolled into PrEPX in Victoria. The study recorded rapid early
enrolment, with 1000 people enrolled in the first 3 weeks,
87.8% (n = 876) of whom enrolled at ACCESS sites, and 80%
of the original funded number of study places (2080 of 2600)
filled by week 13 (Fig. 1). Two thirds of all PrEPX participants
(n = 2768) enrolled at primary care clinics (Table 1).
Participant Characteristics
The median age of the 4265 PrEPX participants at enrolment was 34 years, 99% were male, including 22 transmen, and
98% of participants identified as GBM. Approximately one quarter (26%) reported PrEP use before enrolment (Table 1).
The most common PrEP eligibility criterion reported at enrolment was GBM reporting specific behaviors that met the
TABLE 1. Characteristics of PrEPX Study Participants, July 26, 2016 to
March 31, 2018

Number Enrolled
Age, y

Gender identity

Sex at birth
Sexuality

Reason for enrolment*,†

Previous PrEP use
Previous PEP use
Clinic type

4265
18–29
30–39
40–49
50+
Median (IQR)
Male
Female
Transman
Transwoman
Nonbinary/gender fluid
Gender not listed
Male
Female
Gay
Bisexual
Heterosexual
Other
Gay and bisexual men‡
Injection drug use§
Heterosexual sex¶
Clinicians discretion
Yes
No
Yes
No
Primary care
Sexual health
Hospital

1422 (33.3)
1546 (36.3)
857 (20.3)
430 (10.1)
34 (28–42)
4207 (98.6)
13 (0.3)
15 (0.4)
10 (0.2)
18 (0.4)
2 (0.04)
4236 (99.3)
29 (0.7)
4001 (93.8)
205 (4.8)
17 (0.4)
42 (1.0)
3325 (78.0)
14 (0.3)
6 (0.1)
932 (21.9)
1104 (25.9)
3161 (74.1)
1636 (38.4)
2629 (61.6)
2768 (64.9)
846 (19.8)
651 (15.3)

*Not mutually exclusive.
†High risk classification in line with national PrEP prescribing
guidelines.13
‡Reported condomless anal sex, methamphetamine use, or diagnosis
with bacterial STI.
§Reported injection drug use with an HIV-positive person, with a man
who has sex with men, or when there was inadequate access to safe
injecting equipment.
¶Reported multiple events of condomless anal or vaginal sex with an
HIV-positive partner who had detectable viral load.
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national PrEP prescribing guidelines13 (78%), whereas injecting
drug use (0.3%) and heterosexual sex (0.1%) were infrequently reported. Approximately 1 in 5 participants were enrolled at the clinicians' discretion, and separate analyses found that the majority of
these participants reported significant risk for HIVacquisition that
did not meet the formal eligibility criteria23 (Table 1).
Impact of the PrEPX Study on HIV Testing at Study
Clinics
HIV Testing Among PrEPX Participants
Of the 3317 PrEPX participants enrolled at the 5 PrEPX
sites that were also ACCESS sites, 89% (n = 2794) had attended
any of these 5 ACCESS sites for HIV testing between January 1,
2015, and their study enrolment date. Among participants with a
testing history at ACCESS sites, 37% (n = 1044) had tested for
HIV at a clinic type other than their enrolment clinic, 91%
(n = 951) of whom enrolled at a primary care clinic but had previously tested for HIV at a sexual health clinic. Of the 523 PrEPX
participants that did not have previous testing history at ACCESS
study sites, 79% (n = 411) enrolled at primary care clinics (Fig. 2).
HIV Testing Among GBM at ACCESS Study Clinics
In the prestudy period, there were 27,983 HIV tests recorded among 13,002 GBM. In the study period, there were
49,657 HIV tests recorded among 16,665 GBM; 19,938 tests
among 3316 PrEPX participants, and 29,719 tests among 13,349
non-PrEPX participants. In January 2015, 1246 HIV tests (β0)
were conducted across the 5 ACCESS clinics, and in the prestudy
period, there was a positive trend (β1, 32.49; 95% CI,
26.19–38.80) in the monthly number of HIV tests across these
study sites. In the month that PrEPX commenced (July 2016), an
additional 241 HIV tests (95% confidence interval [CI],
122.75–360.76) (β2) were conducted, and throughout the study
period, the positive trend in the monthly number of HIV tests continued (postslope, 26.00; 95% CI, 14.77–37.14). There was no significant difference in the rate of increase in testing between the
prestudy and PrEPX study periods (β3, −6.54; 95% CI, −19.93
to 6.85) (Table 2, Fig. 3).
During the prestudy period, the monthly number of HIV
tests increased by an average of 18 tests per month among PrEPX
participants (β1, 18.63; 95% CI, 15.77–21.48) and 13 tests per
month among non-PrEPX participants (β1, 13.87; 95% CI,
9.78–17.95). In the month that PrEPX commenced, an additional
364 HIV tests (95% CI, 291.14–438.47) were conducted among
PrEPX participants and 123 fewer HIV tests (95% CI, −188.51
to −57.59) among non-PrEPX participants. In the PrEPX study period, the monthly number of HIV tests declined by an average of 1
test per month among PrEPX-participants (postslope, −0.86; 95%
CI, −6.82 to 5.10) and increased by an average of 26 tests per
month among non-PrEPX participants (postslope, 26.81; 95%
CI, 20.20–33.43). Between the prestudy and PrEPX study periods,
there was a negative change in rate of testing among PrEPX participants (β3, −19.49; 95% CI, −26.10 to −12.88) and a positive
change in the non-PrEPX participants (β3, 12.95; 95% CI,
4.83–21.07) (Table 2, Fig. 4).
HIV testing at ACCESS Sexual Health Clinics
During the prestudy period, the monthly number of HIV
tests at sexual health clinics increased by an average of 7 tests
per month among PrEPX participants (β1, 7.47; 95% CI,
5.57–9.38) and 10 tests per month among non-PrEPX participants
(β1, 10.02; 95% CI, 7.55–12.50). In the month that PrEPX commenced, an additional 118 HIV tests (95% CI, 84.24–150.91)
were conducted among PrEPX participants and 53 fewer HIV tests
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Figure 2. HIV testing among PrEPX participants attending ACCESS primary care and sexual health clinics, by their previous testing history from
January 1, 2015 to enrolment at each clinic type.

TABLE 2. Segmented Linear Regression of Monthly Aggregate HIV Tests Among All GBM Attending 5 PrEPX Study Sites by PrEPX Enrolment
Status, January 1, 2015 to March 31, 2018

PrEPX Participants and
Nonparticipant GBM
β (95% CI)
Tests (individuals) January 2015
to June 2016
Tests (individuals) July 2016
to March 2018
β0 intercept
β1 preslope
β2 change at intervention
Postslope
β3 change in slope
Sexual health clinics
Tests (individuals) January 2015
to June 2016
Tests (individuals) July 2016
to March 2018
β0 intercept
β1 preslope
β2 change at intervention
β3 change in slope
Postslope
Primary care clinics
Tests (individuals) January 2015
to June 2016
Tests (individuals) July 2016 to
March 2018
β0 intercept
β1 preslope
β2 change at intervention
β3 change in slope
Postslope

520

GBM Not Enrolled
in PrEPX

PrEPX Participants
P

β (95% CI)

P

β (95% CI)

P

27,983 (13,002)

7493 (2183)

20,490 (10,819)

—

49,657 (16,665)

19,938 (3317)

29,719 (13,349)

—

1245.92 (1178.11 to 1313.73)
32.49 (26.19 to 38.80)
241.75 (122.75 to 360.76)
26.00 (14.77 to 37.14)
−6.54 (–19.93 to 6.85)

<0.01
<0.01
<0.01
<0.01
0.33

239.31 (205.01 to 273.60)
18.63 (15.77 to 21.48)
364.80 (291.14 to 438.47)
−0.86 (−6.82 to 5.10)
−19.49 (−26.10 to −12.88)

<0.01 1006.61 (969.95 to 1043.24) <0.01
<0.01
13.87 (9.78 to 17.95)
<0.01
<0.01 −123·05 (−188·51 to −57.59) 0.01
<0.01
26·81 (20.20 to 33.43)
<0.01
<0.01
12.95 (4.83 to 21.07)
0.03

17,965 (9106)

3390 (1261)

14,305 (7845)

28,328 (11,402)

6797 (1518)

21,531 (9884)

816.85 (780.49 to 853.21)
17.50 (13.97 to 21.02)
64.60 (−8.10 to 137.30)
−3.99 (−11.78 to 3.81)
13.51 (6.90 to 20.12)

<0.01
<0.01
0.08
0.31
<0.01

117.35 (97.39 to 137.32)
7.47 (5.57 to 9.38)
117.57 (84.24 to 150.91)
−12.79 (−15.63 to 9.95)
−5.32 (−7.54 to 3.10)

<0.01 699.50 (678.29 to 720.71)
<0.01
10.02 (7.55 to 12.50)
<0.01 −52.97 (−104.33 to 1.62)
<0.01
8.81 (2.93 to 14.69)
<0.01
18·83 (13.76 to 23.90)

1028 (4691)

4103 (1325)

6185 (3366)

21,329 (6688)

13,141 (2579)

8188 (4089)

426.07 (392.16 to 465.97)
15.00 (11.83 to 18.17)
177.15 (111.45 to 242.85)
−2.55 (−9.37 to 4.27)
12.45 (6.60 to 18.29)

<0.01 121.95 (104.90 to 139>00)
<0.01 11.67 (9.72 to 12.60)
<0.01 247.23 (192.37 to 302.09)
0.45 −6.70 (−11.18 to 2.21)
<0.01
4.46 (0.25 to 8.67)
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<0.01 307.11 (285.58 to 328.64)
<0.01
3.84 (1.79 to 5.89)
<0.01 −70.08 (−99.72 to 40.43)
<0.01
4.14 (0.84 to 7.45)
0.04
7.99 (5.42 to 10.55)

•

<0.01
<0.01
0.04
<0.01
<0.01

<0.01
<0.01
<0.01
0.01
<0.01
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Figure 3. Segmented linear regression of monthly aggregate HIV tests among PrEPX participants and HIV-negative GBM not participating in
PrEPX attending 2 sexual health and 3 primary care study sites, January 1, 2015 to March 31, 2018. Gray dots: estimated number of tests per
month; Blue line: trend in testing; vertical dashed line: model interruption at PrEPX commencement July 2016.

(95% CI, −104.33 to −1.62) among non-PrEPX participants. In
the PrEPX study period, the monthly number of HIV tests at sexual health clinics declined by an average of 5 tests per month
among PrEPX-participants (postslope, −5.32; 95% CI, −7.54 to
−3.10) and increased by 18 tests per month among non-PrEPX
participants (postslope, 18.83; 95% CI, 13.76–23.90). Between
the prestudy and PrEPX study periods, there was a negative
change in rate of testing among PrEPX participants (β3, −12.79;
95% CI, −15.63 to −9.95) and a positive change in the nonPrEPX participants (β3, 8.81; 95% CI:, 2.93–14.69) (Table 2,
Fig. 4).
HIV testing at ACCESS Primary Health Care Clinics
During the prestudy period, the monthly number of HIV
tests at primary health clinics increased by an average of 11 tests

per month among PrEPX participants (β1, 11.67; 95% CI,
9.72–12.60) and by 4 tests per month among non-PrEPX participants (β1:1, 3.84; 95% CI, 1.79–5.89). In the month that
PrEPX commenced, an additional 247 HIV tests (95% CI,
192.37–302.09) were conducted among PrEPX participants
and 70 fewer HIV tests (95% CI, −99.72 to −40.43) among
non-PrEPX participants. In the PrEPX study period, the monthly
number of HIV tests increased by 4 tests per month among PrEPX
participants (postslope, 4.46; 95% CI, 0.25–8.67) and by 8 tests
per month among non-PrEPX participants (postslope, 7.99; 95%
CI, 5.42–10.55). Between the prestudy and PrEPX study periods,
there was a negative change in rate of testing among PrEPX participants (β3, −6.70; 95% CI, −11.18 to −2.21) and a positive change
in the non-PrEPX participants (β3, 4.14; 95% CI, 5.42–10.55)
(Table 2, Fig. 4).

Figure 4. Segmented linear regression of monthly aggregate HIV tests among PrEPX participants and HIV-negative GBM not participating in
PrEPX attending 2 sexual health and 3 primary care study sites, January 1, 2015 to March 31, 2018. Models represent testing estimates at
sexual health clinics (A, B, C) and primary care clinics (D, E, F) among all GBM (A, D), PrEPX participants (B, E), and nonparticipant GBM (C, F).
Gray dots: estimated number of tests per month; Blue line: trend in testing; vertical dashed line: model interruption at PrEPX commencement
July 2016.
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TABLE 3. Segmented Linear Regression of Monthly Aggregate CT/NG Tests Among All GBM Attending 5 PrEPX Study Sites by PrEPX Enrolment
Status, January 1, 2015 to March 31, 2018

PrEPX Participants and
Nonparticipant GBM
β (95% CI)
Tests (individuals) January 2015 27,889 (12,498)
to June 2016
Tests (individuals) July 2016
53,070 (17,287)
to March 2018
β0 intercept
1181.99 (1094.23 to 1269.55)
β1 preslope
38.68 (31.01 to 46.35)
β2 change at intervention
256.89 (137.17 to 376.62)
β3 change in slope
−3.35 (−17.51 to 10.82)
Postslope
35.34 (24.14 to 46.54)
Sexual health clinics
Tests (individuals) January 2015 17,190 (8528)
to June 2016
Tests (individuals) July 2016
30,762 (12,152)
to March 2018
β0 intercept
725.84 (669.72 to 781.97)
β1 preslope
24.12 (18.93 to 29.31)
β2 change at intervention
67.38 (−15.33 to 150.08)
β3 change in slope
−2.79 (−11·65 to 6.07)
Postslope
21.33 (14.51 to 28.16)
Primary care clinics
Tests (individuals) January 2015 10,699 (4717)
to June 2016
Tests (individuals) July 2016
22,308 (6630)
to March 2018
β0 intercept
456.04 (419.27 to 492.82)
β1 preslope
14.56 (11.32 to 17.81)
β2 change at intervention
189.51 (122.32 to 256.71)
β3 change in slope
−0.56 (−7.58 to 6.46)
Postslope
14.00 (8.01 to 19.99)

P

β (95% CI)

β (95% CI)

P

7693 (2168)

20,196 (10,330)

21,426 (3320)

31,644 (13,967)

P

<0.01 240.26 (204.79 to 275.73) <0.01 941.63 (888.50 to 994.76) <0.01
<0.01 19.70 (16.75 to 22.65)
<0.01
18.99 (14.03 to 23.94)
<0.01
<0.01 366.02 (293.46 to 438.57) <0.01 −109.13 (−183.57 to −34.68) 0.01
<0.01 −15.72 (−22.70 to −8.75) <0.01
12.37 (3.17 to 21.58)
0.01
0.20
3.98 (−2.18 to 10.13) <0.01
31.36 (23.85 to 38.87)
<0.01
3390 (1217)

13,800 (7311)

7630 (1589)

23,132 (10,563)

<0.01 108.24 (87.12 to 129.35)
<0.01
8.43 (6.37 to 10.49)
0.11 128.50 (90.97 to 166.03)
0.53 −11.79 (−15.22 to −8.37)
<0.01 −3.36 (−6.00 to −0.72)

DISCUSSION
The PrEPX study utilized existing health services to enroll
over 2000 participants in 13 weeks and achieved one of the most
rapid enrolment rates into a PrEP study reported to date.24 Although there was concern that this increase in demand for health
services would compromise HIV testing access for GBM who
did not participate in PrEPX, we showed that PrEPX did not have
a sustained negative impact on HIV testing among nonstudy GBM
patients attending study clinics. Local modeling used to inform the
PrEPX study suggested that rapid enrolment was needed to
achieve prevention targets,25 and these findings suggest that the
HIV prevention impact provided by the scale-up of PrEP was
not offset by changes in HIV testing capacity. Our findings also
underscore the capacity of clinics to adapt service models to meet
increased demand for sexual health care after the implementation
of PrEP.
The PrEPX enrolment exceeded 4000 participants, and the
initial rapid enrolment reflected significant interest in PrEP among
Australian GBM. This rapid enrolment may be attributed to predominance of grassroots awareness raising that was driven by

<0.01
<0.01
<0.01
<0.01
0.01

617.61 (580.89 to 654.33)
15.69 (12.01 to 19.29)
−61.12 (−123.76 to 1.51)
9.00 (2.12 to 15.88)
24.69 (18.97 to 30.42)

4303 (1331)

6396 (3386)

13,796 (2578)

8512 (4052)

<0.01 132.03 (112.92 to 151.13)
<0.01 11.27 (9.64 to 12.89)
<0.01 237.52 (185.04 to 289.99)
0.87 −3.93 (−8.44 to 0.58)
<0.01
7.34 (3.19 to 11.48)

Bacterial STI Testing at ACCESS Clinics
Given that STI testing among GBM is routinely provided in
combination with HIV testing at study clinics, similar trends were
observed in the monthly number of CT/NG and syphilis tests
across PrEPX participants and nonparticipant GBM attending ACCESS participating sexual health and primary care clinics
(Tables 3 and 4).
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GBM Not Enrolled
in PrEPX

PrEPX Participants

<0.01
<0.01
<0.01
0.09
<0.01

324.02 (304.03 to 344.01)
3.30 (1.35 to 5.24)
−48.00 (−80.24 to −15.76)
3.37 (−0.17 to 6.91)
6.67 (3.70 to 9.64)

<0.01
<0.01
0.04
<0.01
<0.01

<0.01
<0.01
<0.01
0.06
<0.01

Victorian PrEP activists and community organizations who were
study coinvestigators,16 and establishment of an online PrEP importation assistance program.26 These activities, and findings from
a number of other studies,27,28 suggest a highly engaged and
health-literate GBM community in Victoria. Although these actions contributed to Victorian GBMs willingness for PrEP, a register of interest and use of existing services provided the structure
necessary for rapid enrolment. The use of existing “clientcentered” services for PrEP provision has been recommended recently,7 and the reliance on hospital-based prescribing in France
contributing to the observed limited PrEP uptake.29 The PrEPX
study used existing, highly trusted clinical services that most participants attended for HIV testing before PrEPX enrolment, and
this may have further contributed to rapid enrolment and successful PrEP maintenance.
In this study, we used an existing surveillance system to
assess HIV testing before and after implementation. We showed
that most movement across the system was among PrEPX participants who previously tested at sexual health clinics and enrolled
in primary care clinics, with the observed decline in monthly
HIV tests at sexual health clinics attributable to participants moving to primary care clinics to enroll in the study. A number of
factors may have contributed to primary care clinics ability to
enroll greater numbers of study participants, including incorporating study participants in standard appointment slots, familiarity with federal funding for medical services, and different
service priorities compared with state-funded sexual health services. The ability to accommodate a greater number of study participants contributed to movement from sexual health to primary
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TABLE 4. Segmented Linear Regression of Monthly Aggregate Syphilis Tests Among All GBM Attending 5 PrEPX Study Sites by PrEPX Enrolment
Status, January 1, 2015 to March 31, 2018

PrEPX Participants and
Nonparticipant GBM
β (95% CI)
Tests (individuals) January 2015
to June 2016
Tests (individuals) July 2016
to March 2018
β0 intercept
β1 preslope
β2 change at intervention
β3 change in slope
Postslope
Sexual health clinics
Tests (individuals) January 2015
to June 2016
Tests (individuals) July 2016
to March 2018
β0 intercept
β1 preslope
β2 change at intervention
β3 change in slope
Postslope
Primary care clinics
Tests (individuals) January 2015
to June 2016
Tests (individuals) July 2016
to March 2018
β0 intercept
β1 preslope
β2 change at intervention
β3 change in slope
Postslope

7258 (2148)

48,705 (16,374)

19,808 (3317)

P

β (95% CI)

28,897 (13,057)

15,850 (7996)

3158 (1186)

12,692 (6810)

27,489 (11,004)

6766 (1505)

20,723 (9499)

680.30 (616.89 to 743.71)
21.08 (15.05 to 27.11)
71.55 (−20.27 to 163.37)
−5.42 (−14.38 to 3.54)
15.66 (9.12 to 22.20)

<0.01
<0.01
0.11
0.53
<0.01

100.31 (76.64 to 123.97)
7.91 (5.69 to 10.13)
117.58 (81.81 to 153.36)
−12.51 (−15.48 to −9.53)
−4.60 (−6.77 to 2.43)

<0.01 579.99 (538.05 to 621.93)
<0.01
13.17 (8.99 to 17.35)
<0.01 −46.03 (−112.18 to 20.12)
<0.01
7.09 (0.31 to 13.87)
<0.01
20.26 (15.03 to 25.49)

10,369 (4769)

4100 (1339)

6269 (3430)

21,216 (6732)

13,042 (2577)

8174 (4155)

437.50 (394.77 to 480.22)
14.59 (11.06 to 18.11)
178.57 (109.17 to 247.96)
−2.87 (−10.04 to 4.29)
11.71 (5.69 to 17.73)

•

P

18,961 (9905)

<0.01 222.79 (183.28 to 262.30) <0.01 895.01 (831.69 to 958.33) <0.01
<0.01 18.99 (15.77 to 22.21)
<0.01
16.67 (10.64 to 22.71)
<0.01
<0.01 356.34 (281.54 to 431.14) <0.01 −106.22 (−189·48 to −22.97) 0.01
0.42 −18.67 (−25.41 to −11.93) <0.01
10.38 (1.05 to 19.71)
0.03
<0.01 0.32 (−5.63 to 6.28)
<0.91
27.05 (20.17 to 33.93)
<0.01

<0.01 122.48 (102.91 to 142.06) <0.01 315.01 (290.54 to 339.48)
<0.01 11.08 (9.50 to 12.67)
<0.01
3.50 (1.24 to 5.76)
<0.01 238.75 (182.37 to 295.14) <0.01 −60.18 (−91.57 to −28.81)
0.87 −6.16 (−10.84 to −1.48)
0.01
3.29 (−0.20 to 6.78)
<0.01 4.92 (0.57 to 9.27)
0.03
6.79 (4.16 to 9.41)

care clinics in the PrEPX participant cohort. This movement
within the testing network may have increased testing opportunities for other GBM at publically funded sexual health clinics. We
also observed that before PrEPX commencement, there was an
increasing trend in the monthly number of HIV tests among future PrEPX participants and non-PrEPX GBM. This increased
testing may be attributed, in part, to monitoring associated with
self-importation of PrEP and a positive impact of local HIV testing and prevention campaigns. These testing data show a network of sexual health and primary care services that had been
able to adapt to increasing demand and shifting service needs
to deliver HIV and STI testing Victorian GBM, even before PrEP
was scaled up locally.
In scaling up PrEP programs, it is important to ensure that
people who choose not to use PrEP are not disadvantaged in their
access to sexual health care. At PrEPX implementation we observed, an immediate significant increase in the monthly number
of HIV and STI tests among PrEPX participants and a decline in
the number of tests among non-PrEPX participants. Importantly,
the monthly number of tests among non-PrEPX participants recovered and exceeded prestudy numbers. In line with our assessment of a redistribution of HIV testing across sexual health and
primary care clinics, HIV testing among non-PrEPX participants
increased faster at sexual health clinics as these clinics enrolled
fewer PrEPX participants and PrEPX participants moved away
from sexual health clinics to enroll at primary care clinics. Recent
Victorian data have shown an increasing disparity of HIV transmission, with an increased proportion of diagnoses among GBM
who are not eligible for Australia's universal health care system
Sexually Transmitted Diseases

β (95% CI)

P

26,219 (12,053)

1117.80 (1016.391 to 1219.20)
35.66 (26.72 to 44.61)
250.12 (113.47 to 386.77)
−8.29 (−22.97 to 6.39)
27.37 (16.15 to 38.59)

GBM Not Enrolled
in PrEPX

PrEPX Participants

<0.01
<0.01
0.17
0.04
<0.01

<0.01
<0.01
<0.01
0.06
<0.01

(Medicare). These men are often diagnosed late with limited testing history, and the trend is likely driven by inequitable access to
sexual health services.30 In Victoria, sexual health clinics are
state-funded, and HIV testing is provided at no cost, irrespective
of Medicare eligibility, whereas services at primary care clinics
are rebated through Medicare, this means that Medicare ineligible
may face significant out of pocket expenses when attending such
services. The redistribution of testing we observed may have increased access to free testing at sexual health care services for
Medicare ineligible GBM.
This study has several limitations. Assessment of the impact of PrEPX on HIV and STI testing was restricted to 5 study
sites that contribute data to ACCESS, and there may be variation
in the ability of smaller clinics to accommodate PrEP users which
was not measured in this study This analysis assessed shifts in absolute number of PrEP-related and unrelated tests at clinics and not
the frequency of testing/retesting among GBM not accessing PrEP.
Separate analysis of surveillance data collected from participating
clinics suggests no meaningful change in testing frequency among
GBM in response PrEP scale-up.”31 The decline in the number of
tests among PrEPX participants at sexual health clinics and results
from our secondary analysis which showed that some participants
withdrew from the study but did not inform their study clinician32
meant our analysis may have underestimated the number of study
withdrawals. Our analysis may have underestimated the number of
GBM within the ACCESS clinic who were using PrEP; our estimates are restricted to GBM enrolled in the PREPX study, however 25% of participants reported PrEP use before enrolment.
However, if this is an underestimate of PrEP use, it would suggest
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that the health system could adapt to even greater need for HIVand
STI testing than we have assumed in this analysis. Finally, this
study was undertaken in a high-income country with universal
health care, and hence, the findings may not be generalizable to
other settings.
The PrEPX study design incorporated close partnerships
with community, clinicians, pharmacists and researchers, and
PrEPX recorded a rapid enrolment of over 2000 people in less than
3 months. Clinics independently established models of PrEP delivery to suit their service models, and this enabled clinics to accommodate PrEPX study participants with no long-term impact on
sexual health care among GBM attending these clinics who were
not enrolled in the PrEPX study. These findings suggest that scale
up of PrEP using existing health services is highly feasible and
may assist the implementation and expansion of PrEP in other
settings.
REFERENCES
1. Grant RM, Lama JR, Anderson PL, et al. Preexposure chemoprophylaxis for HIV prevention in men who have sex with men. N Engl J
Med 2010; 363:2587–2599.
2. McCormack S, Dunn DT, Desai M, et al. Pre-exposure prophylaxis to
prevent the acquisition of HIV-1 infection (PROUD): Effectiveness results from the pilot phase of a pragmatic open-label randomised trial.
Lancet 2016; 387:53–60.
3. Thigpen MC, Kebaabetswe PM, Paxton LA, et al. Antiretroviral
preexposure prophylaxis for heterosexual HIV transmission in
Botswana. N Engl J Med 2012; 367:423–434.
4. Deutsch MB, Glidden DV, Sevelius J, et al. HIV pre-exposure prophylaxis in transgender women: A subgroup analysis of the iPrEx trial.
Lancet HIV 2015; 2:e512–e519.
5. Choopanya K, Martin M, Suntharasamai P, et al. Antiretroviral prophylaxis for HIV infection in injecting drug users in Bangkok, Thailand
(the Bangkok Tenofovir study): A randomised, double-blind, placebocontrolled phase 3 trial. Lancet 2013; 381:2083–2090.
6. World Health Organization. Guidelines Guideline on When to Start
Antiretroviral Therapy and on Pre-Exposure Prophylaxis for HIV [Internet]. World Health Organization. Geneva, Switzerland; 2015 [cited
2018 May 1]. p. 78. Available from: http://www.who.int/hiv/pub/
guidelines/earlyrelease-arv/en/.
7. Rivet Amico K, Bekker LG. Global PrEP roll-out: Recommendations
for programmatic success. Lancet HIV 2019; 6:e137–e140.
8. Huang YA, Zhu W, Smith DK, et al. HIV preexposure prophylaxis, by
race and ethnicity—United States, 2014–2016. MMWR Morb Mortal
Wkly Rep 2018; 67:1147–1150.
9. Coleman R, Prins M. Options for affordable pre-exposure prophylaxis
(PrEP) in national HIV prevention programmes in Europe. Eurosurveillance
2017; 22:1–4.
10. McCormack SM, Noseda V, Molina JM. PrEP in Europe—expectations,
opportunities and barriers. J Int AIDS Soc 2016; 19(Suppl 6):6–10.
11. UNAIDS. Miles to Go: Global AIDS Update 2018. Geneva:
Switzerland, 2018.
12. Kirby Institute. HIV in Australia: annual surveillance short report 2018
2018.
13. Wright E, Grulich A, Roy K, et al. Australasian society for HIV, viral
hepatitis and sexual health medicine HIV pre-exposure prophylaxis:
Clinical guidelines. J Virus Erad 2017; 3:168–184.
14. Pharmaceutical Benefits Advisory Committee. December 2017 PBAC
meeting—positive recommendations [internet]. 2017 [cited 2018 Feb 15].
p. 1–3. Available from: http://www.pbs.gov.au/industry/listing/elements/
pbac-meetings/pbac-outcomes/2017-12/positive-recommendations12-2017.pdf.

524

15. Holt M, Lea T, Mao L, et al. Adapting behavioural surveillance to
antiretroviral-based HIV prevention: Reviewing and anticipating trends
in the Australian Gay Community Periodic Surveys. Sex Health 2017;
14:72–79.
16. Ryan KE, Mak A, Stoove M, et al. Protocol for an HIV pre-exposure
prophylaxis (PrEP) population level intervention study in Victoria
Australia: The PrEPX study. Front Public Health 2018; 29:6.
17. Lal L, Ryan KE, Liu I, et al. Transformation of Australian Community
Pharmacies into Good Clinical Practice Compliant Trial Pharmacies
for HIV Prophylaxis. Front Pharmocal 2019.
18. Harris PA, Taylor R, Thielke R, et al. Research electronic data capture
(REDCap)—a metadata driven methodology and workflow process for
providing translational research informatics support. J Biomed Inform
2009; 42:377–381.
19. Boyle D, Kong F. A systematic mechanism for the collection and interpretation of display format pathology test results from Australian primary care records. Electron J Heal Informatics 2011; 6:1–7.
20. Callander D, Moreira C, El-Hayek C, et al. Australian collaboration for
coordinated enhanced sentinel surveillance (ACCESS): A protocol for
monitoring the control of sexually transmissible infections and blood
borne viruses (preprint). JMIR Res Protoc 2018; 35:1–4.
21. Traeger MW, Cornelisse VJ, Asselin J, et al. Association of HIV
preexposure prophylaxis with incidence of sexually transmitted infections among individuals at high risk of HIV infection. JAMA 2019;
321:1380.
22. Ampt FH, El Hayek C, Agius PA, et al. Anorectal swabs as a marker of
male-to-male sexual exposure in STI surveillance systems. Epidemiol
Infect 2017; 145:2530–2535.
23. Asselin J, Ryan K, Cornelisse V, et al. Understanding risk among male
participants enrolled at clinicians' discretion in a PrEP demonstration
trial in Victoria, Australia. In: 22nd International AIDS Conference.
Amsterdam, Netherlands; 2018.
24. AVAC. Ongoing and Planned PrEP Open Label, Demonstration and Implementation Projects, August 2018 [Internet]. 2018 [cited 2019 Jun 3].
p. 1–5. Available from: https://www.avac.org/resource/ongoing-andplanned-prep-demonstration-and-implementation-studies.
25. Kirby Institute and the Centre for Social Research in Health. Discussion paper: Estimates of the number of people eligible for PrEP in
Australia, and related cost-effectiveness. 2017:1–45.
26. prepaccessnow. prepaccessnow [Internet]. 2017 [cited 2017 Jun 15].
Available from: https://www.prepaccessnow.com.au/.
27. Holt M, Draper BL, Pedrana AE, et al. Comfort relying on HIV pre exposure prophylaxis and treatment as prevention for condomless
sex : Results of an online survey of Australian gay and bisexual men.
Springer US 2018; 3617–3626.
28. Wilkinson AL, Draper BL, Pedrana AE, et al. Measuring and understanding the attitudes of Australian gay and bisexual men towards biomedical HIV prevention using cross-sectional data and factor analyses.
Sex Transm Infect 2018; 94:309–314.
29. Siguier M, Mera R, Pialoux G, et al. First year of pre-exposure prophylaxis implementation in France with daily or on-demand tenofovir
disoproxil fumarate/emtricitabine. J Antimicrob Chemother 2019; 74:
2752–2758.
30. Medland NA, Chow EPF, Read THR, et al. Incident HIV infection has
fallen rapidly in men who have sex with men in Melbourne, Australia
(2013–2017) but not in the newly-arrived Asian-born. BMC Infect Dis
2018; 18:410.
31. Burnet Institute. The Australian Collaboration for Coordinated Enhanced Sentinel Surveillance of Sexually Transmissible Infections:
2013–2018 BBV and STI Sentinel Surveillance Report for Victoria.
Melbourne, 2019.
32. Ryan K, Asselin J, Fairley C, et al. Results from a large Australian
PrEP demonstration study: Discontinuation and subsequent HIV and
other sexuallytransmitted infection risk. In: 10th IAS Conference on
HIV Science. Mexico City, Mexico; 2019.

Sexually Transmitted Diseases

•

Volume 47, Number 8, August 2020

