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Increased PrEP uptake and PrEP-RN coincide
with decreased HIV diagnoses in men who have
sex with men in Ottawa, Canada
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Abstract

Background: We sought to evaluate if increased uptake of HIV pre-exposure prophylaxis (PrEP)
correlated to population-level changes in human immunodeficiency virus (HIV) epidemiology,
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in a setting with an integrated PrEP delivery system centred on a public health nurse-led PrEP

clinic and referral process.

Methods: This study was conducted in Ottawa, Canada, where all positive HIV test results
are reported to the public health units. Risk factor information is also collected by nurses and
subsequently entered a provincial database. We extracted these data for Ottawa from 2017 to

2021 and restricted our analyses to first-time diagnoses.
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Results: We identified 154 persons with a new HIV diagnosis. Over this period, the number
of new diagnoses among men who have sex with men, the group most targeted for PrEP,

decreased by 50%—60%. We did not identify changes in the number of new diagnoses based on

race, intravenous drug use or among women.
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Conclusion: Increasing PrEP uptake in Ottawa in 2017 to 2021 coincided with a significant
decrease in new HIV diagnoses among men who have sex with men. PrEP uptake in Ottawa,
particularly by those most at risk, is likely supported by an integrated approach via PrEP-RN, a
nurse-led public health program where individuals diagnosed with syphilis or rectal gonorrhea
or chlamydia receive an automatic offer of PrEP. While these findings cannot causally link
PrEP-RN or PrEP with this reduction in new HIV diagnoses, these changes in HIV epidemiology
in Ottawa occurred exclusively among the group targeted for PrEP. These data highlight the

efficacy and importance of PrEP.

Suggested citation: Kroch AE, O'Byrne P, Orser L, MacPherson P, O'Brien K, Light L, Kang RW, Nyambi A.
Increased PrEP uptake and PrEP-RN coincide with decreased HIV diagnoses in men who have sex with men in
Ottawa, Canada. Can Commun Dis Rep 2023;49(6):274-81. https://doi.org/10.14745/ccdr.v49i06a04

Keywords: HIV, PrEP, PrEP-RN, epidemiology, pre-exposure prophylaxis

Introduction

Beginning with the iPrEx study in 2010 (1), evidence has
continued to demonstrate the efficacy of emtricitabine plus
either tenofovir disoproxil fumarate (DF) (FTC/TDF) or tenofovir
alafenamide (AF) (FTC/TAF) as pre-exposure prophylaxis (PrEP)
to reduce the risk of human immunodeficiency virus (HIV)
infection (2,3). These data led the United States Food and Drug
Administration to license FTC/TDF for PrEP in 2012, with Health
Canada following in 2016. In 2015, the first PrEP clinic launched
in Ottawa and targeted men who have sex with men (MSM), who

accounted for an estimated 77% of new HIV diagnoses in Ottawa
at that time (4). Following Health Canada’s approval of PrEP in
2016, two additional community PrEP clinics opened in Ottawa.
The first Canadian PrEP guidelines were published in 2017 (5).

In 2018, O'Byrne et al. (6,7) implemented PrEP-RN, a nurse-led
PrEP clinic and referral system run by public health nurses. As
per provincial public health legislation (8), all positive test results
for sexually transmitted infections are reported to local health
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units for follow-up and contact tracing. As part of PrEP-RN, an
automatic offer of PrEP was given to anyone diagnosed with
infectious syphilis or rectal gonorrhea or chlamydia, or who,
based on clinical assessment, was determined to be at risk of
HIV infection. Between 2018 and 2021, 1,901 persons fulfilled
PrEP-RN eligibility criteria and were offered a referral, of which
49% (n=845/1,736) of eligible persons accepted. Of these

845 persons who accepted PrEP, 95% (n=803) were MSM and
97% (n=820) were male.

These efforts to facilitate PrEP access—from the first clinic

in 2015 to our referral system in 2018—Iled to an increase in

the number of persons using PrEP; from 110 in 2016 to over
1,000 in 2021 (9). By 2021, this corresponded to a rate of
92/100,000 persons in Ottawa using PrEP (9). The use alone of
PrEP, however, does not inform whether PrEP uptake is meeting
the needs of the province and communities. To do this, it is
necessary to evaluate PrEP uptake relative to HIV risk within a
population. First-time diagnoses are a proxy for HIV infection and
the risk experienced by the community; therefore, we examine
PrEP use relative to first-time diagnoses, known as the “PrEP-
to-need” ratio (10,11). The higher the ratio, the closer PrEP

use is meeting the need. The PrEP-to-need ratio also allows
comparison across groups and locations to understand PrEP
uptake relative to need.

In Ontario, PrEP-to-need ratios have been calculated using
commercial pharmacy dispensation data and first-time HIV
diagnosis numbers (Table 1) (12). Corresponding to the reported
increased PrEP use per capita, in Ottawa, the PrEP-to-need ratio
has increased sevenfold, from five in 2017 to 35 in 2021 (9). This
remains the highest in Ontario and about a third higher than

the province overall, after having increased more quickly than
elsewhere in Ontario (Table 1) (9). Further analyses identified
that 97% of persons who use PrEP in Ontario identify as MSM,
aligning with PrEP-RN outcomes of most eligible persons being
MSM.

To understand the impact of our nurse-led PrEP referral and
delivery network, and if the increase in the PrEP-to-need ratio in
Ottawa corresponded with changes in the number of first-time
HIV diagnoses, we undertook a retrospective review of first-time
HIV diagnoses in Ottawa between 2017 and 2021. This period
was selected because it aligned with the release of the Canadian

PrEP guidelines and preceded the implementation of PrEP-RN
by 18 months.

Methods

Positive HIV test results in Ontario are reported to public health
units (8), including first-time diagnoses, persons undergoing
repeat or confirmatory testing, and persons who were
previously diagnosed and are undergoing testing for the first
time in Ontario. Public health units contact individuals with a
positive HIV test to provide counselling, linkage to care and
contact tracing. Public health nurses also collect demographic
information, including if the individual with the reported HIV
positive test result was previously diagnosed with HIV, and age,
sex, country of birth and information on risk factors (e.g. sex/
drug use practises). The HIV risk factors align with standard HIV
data collection and include but are not limited to the following:
MSM, report of injection drug use and report of heterosexual
contact. Risk factors are treated independently, allowing multiple
risks factors to be examined per person. These data are entered
into the Integrated Public Health Information System (iPHIS).

Data collection and analysis

For positive HIV tests reported to Ottawa Public Health from
January 1, 2017, to December 31, 2021, we extracted the
following from iPHIS: demographic information, including age,
ethnicity, sex and country of birth, risk factors, including sex

of partners, drug use and prior sexually transmitted infection
diagnoses, including a prior HIV diagnosis. We entered these
data into a REDCap database and used SAS v.9.4 for analysis.
To restrict our analysis to first-time diagnoses, we removed from
the dataset any person with a recorded or reported history of an
HIV diagnosis prior to their positive test in Ottawa. We assessed
associations between demographic characteristics, risk factors
and year of diagnosis using chi-square tests. The HIV risk factors
were tested independently, as follows: male to male sexual
contact versus no reported male to male sexual contact, injection
drug use versus no reported injection drug use, and heterosexual
contact versus no reported heterosexual contact. The HIV risk
factors were not treated as mutually exclusive. Because all HIV
diagnostic testing in Ontario is carried out by the Public Health
Ontario Laboratories, we obtained the total number of HIV tests
performed by demographic and location in the province (13).

Table 1: First-time diagnoses, PrEP uptake and PrEP-to-need ratio over time

—
study

First-time HIV diagnoses m PrEP-to-need | First-time HIV diagnoses m PrEP-to-need
691 3 51 259 5.1

2017 2,998 4.

2018 729 6,543 9.0 43 560 13.0
2019 679 9,797 14.4 34 873 25.7
2020 508 9,584 18.9 37 862 23.3
2021 483 11,005 22.8 27 964 35.7

Abbreviations: HIV, human immunodeficiency virus; PrEP, pre-exposure prophylaxis; PrEP-to-need, PrEP use relative to first-time diagnoses
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We calculated test positivity by dividing the number of first-time
diagnoses by the number of tests in Ottawa (overall, by birth sex,
and for MSM) by year (excluding prenatal tests). We analyzed
trends in test positivity over time using a Cochran-Armitage test.

Results

In Ottawa, from January 1, 2017, to December 31, 2021, we
identified 154 people diagnosed for the first time with HIV
(Table 2). Of these, 41 new diagnoses were documented in 2017,
34 in 2018 followed by a progressive decline that levelled off

to 26-27 new diagnoses per year in 2019-2021. This is a 37%
decline in overall new diagnoses in 2021, compared to 2017.

A chi-square test was used to determine whether diagnosis
counts changed significantly over the time by demographic
characteristic or HIV risk factor. The apparent decline in first-time
diagnoses was significant only among men (p<0.01) and MSM
(p<0.05) (Table 2). Moreover, 19 MSM were newly diagnosed
with HIV in 2017, 16 in 2018, and only 5-8 diagnoses occurred

in this group each year in 2019-2021, representing a 57% drop
between 2017 and 2021. We did not see any significant change
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in the number of new HIV diagnoses over the study period
among those who reported heterosexual contact compared

to those that did not (p=0.68), those who reported using
intravenous drugs compared to those that did not (p=0.19) or
females compared to males (p=0.09). We also did not identify
any change in the number of first-time HIV diagnoses based on
race/ethnicity (Black versus White) or age (younger than 35 years
or 35 years and older) (Table 2).

As diagnoses may have been affected by decreased testing
during the coronavirus disease 2019 (COVID-19) pandemic, we
analyzed trends in test positivity in Ottawa over the same period.
If there had been no change in the rate of HIV transmission and
the decrease in new diagnoses was due to decreased testing,
the test positivity rate should have remained unchanged. Here
we examined test positivity overall, by birth sex and for MSM
(Table 3). While there was a small decrease in the test positivity
overall, from 0.07% in 2017 to 0.04% in 2021, there was a
significant decrease only in men (p<0.05) and MSM (p<0.01),
suggesting a true reduction in HIV transmission. We did not
identify significant changes in the test positivity rate for women
(p=0.27) (Table 3).

Table 2: Human immunodeficiency virus diagnoses over time

Demographic/risk factors

Total

Male 34 (83%) 26 (76%)

N (%)

41 34 26 27 26 154

p-value

N/A

14 (54%) 16 (59%) 17 (65%) 107 (69%) 0.0899

Female

7 (17%) 8 (24%)

HIV risk factors

12 (46%) 11 (41%) 8 (31%) 46 (30%) N/A

Race/ethnicity

MSM 19 (46%) 16 (47%) 6 (23%) 5(19%) 8 (31%) 54 (35%) 0.049
Not MSM 22 (54%) 18 (53%) 20 (77%) 22 (81%) 18 (69%) 100 (65%) N/A
IDU 8 (20%) 8 (24%) 1(4%) 8 (30%) 6 (23%) 31 (20%) 0.1848
Not IDU 33 (80%) 26 (76%) 25 (96%) 19 (70%) 20 (77%) 123 (80%) N/A
Heterosexual® 21 (51%) 16 (47%) 17 (65%) 19 (70%) 13 (50%) 86 (56%) 0.6822
Not heterosexual 17 (41%) 11 (32%) 9 (35%) 8 (30%) 12 (46%) 57 (37% N/A

Age category (years)

Younger than 35 16 (39%) 11 (32%)

Black 18 (44%) 6 (18%) 16 (62%) 10 (37%) 9 (35%) 59 (38%) 0.059
White 17 (41%) 22 (65%) 7 (27%) 13 (48%) 14 (54%) 73 (47%) N/A
Other 3 (7%) 3 (9%) 1(4%) 4 (15%) 2 (8%) 13 (8%) N/A

8 (31%) 12 (44%) 6 (23%) 53 (34%) 0.511

35 and older

25 (61%) 23 (68%)

18 (69%) 15 (56%) 20 (77%) 101 (66%) N/A

Abbreviations: HIV, human immunodeficiency virus; IDU, people who reported injection drug use; MSM, men who have sex with men; N/A, not applicable

* Heterosexual means people who reported heterosexual contact
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Table 3: Human immunodeficiency virus test positivity over time

Demographic/risk factors

Overall

2017 2018 2018 | 2020 | 2021
0.7 0.05 0.05 0.06 0.04

Trend test p-value

0.07

Male 0.11 0.08

0.05 0.07 0.04 0.002

Female 0.02 0.03

0.04 0.05 0.03 0.07

MSM

0.37 0.4

0.16 0.18 0.18 0.02

Abbreviations: HIV, human immunodeficiency virus; MSM, men who have sex with men

Discussion

We report here a significant decrease (1) in the HIV test positivity
among men and MSM in Ottawa and (2) in the number of first-
time HIV diagnoses in MSM from 2017 to 2021. From 2012-2016,
the rolling average of new HIV diagnoses each year among MSM
in Ottawa was 31.3 (range: 21-40) (14). In 2017, there were

19 new HIV infections in Ottawa in this group and in 2019-2021,
this number dropped to 5-8 new diagnoses per year. Coincident
with this decrease was the progressive increase in the PrEP-to-
need ratio (15,16).

While we cannot prove causality, the link between increasing
PrEP uptake (as evidenced by absolute increase and an
increasing PrEP-to-need ratio; Table 1) and the decrease in

HIV incidence in Ottawa is inferred by the fact that MSM were
targeted for PrEP and it was in this group only that the number
of first-time HIV diagnoses decreased. That we did not see

a decrease among women or persons who use intravenous
drugs, groups where PrEP uptake has been low in Ottawa and
among whom PrEP was not as well targeted as part of PrEP-
RN, supports the link between an increase in PrEP use and a
decrease in the number of first-time HIV diagnoses. These data
align with research from Australia (17), Scotland (18), Uganda and
Kenya (19) and the United States (20), which have documented
decreased HIV incidence after implementing high-coverage
access to PrEP for MSM.

We do not believe the decreasing trend in new HIV diagnoses
in Ottawa can be attributed to COVID-19 and reduced testing.
First, the decrease in the absolute number of new diagnoses
and in test positivity among MSM started prior to the pandemic
(coincident with the launch of PrEP-RN) and was sustained

over the next two years (with preliminary analyses of 2022 data
showing the decrease was sustained for a third year). Second,
the decrease in new diagnoses was essentially restricted to MSM,
the group targeted for PrEP and where uptake was greatest.
That the number of new HIV diagnoses did not change over
this period for persons who use intravenous drugs or women
provides a comparator group. Had decreased access to testing
caused the decrease in diagnoses, one would predict a broader
decrease in HIV incidence including in other demographic
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groups. Third, had the decrease in new diagnoses been due to
decreased testing, the change in test positivity would not have
shown a significant decline over the study period. Test positivity
was unchanged for women, while there was a significant
decrease among men, among whom MSM experienced the
greatest decline.

It is equally unlikely that the outcomes we observed are related
to HIV treatment (21), through which HIV-positive people can
achieve undetectable viral loads and untransmittable infections
(i.e. undetectable equals untransmittable, or U=U). In Ontario,
Ottawa has the second-highest rate of persons living with HIV
and the second-lowest rate of engagement in HIV care (22).
Alternate explanations for the decreased number of new HIV
infections we observed include 1) that the prevalence of HIV
infection was too low for transmission to have occurred and

2) that there was no opportunity for transmission due to high
levels of viral suppression among persons living with HIV.
However, neither appears true in Ottawa. Without a change

in testing and given that the reduction in HIV was confined to
MSM, increasing PrEP uptake is the major factor that changed
during our study.

Our data raise a few points for discussion. The first is the PrEP-
to-need ratio and its relationship to the number of first-time

HIV diagnoses. As noted, in Ottawa, the PrEP-to-need ratio
increased from 5 in 2017 to 35 in 2021 (9,16) and, notably, the
drop in first-time HIV diagnoses among MSM occurred in 2019
and was sustained thereafter. This raises the question of whether
there is a potential PrEP-to-need threshold that coincides with
substantial decreases in new HIV infections. The concept would
be akin to herd immunity and represents a point where enough
people use PrEP to prevent ongoing HIV transmission. If such

a threshold exists, it is very unlikely to be a single target and
most likely will vary depending on the transmission network and
ecological context, plus whether PrEP was deployed generally or
in the targeted fashion offered by PrEP-RN. Further research is
absolutely required.

Second, our data suggest a potentially efficient way of
addressing the initial steps of the PrEP cascade; specifically,
identifying individuals at risk of HIV infection, making an offer of



PrEP and linking those who accept care. While we very strongly
support increased and broad community awareness as well as
increased PrEP capacity in primary care, public health units are
uniquely situated to reach those individuals at greatest risk of
HIV infection (23). Table 1 shows the increasing PrEP-to-need
ratio in Ottawa that occurred after the implementation of
targeted and systematic PrEP recommendations by public health
nurses, demonstrating that the PrEP-to-need ratio increased

in Ottawa faster than across Ontario, in part due to PrEP-RN
implementation. Virtually all extant PrEP guidelines (4,24,25)
recommend an offer of PrEP to anyone diagnosed with infectious
syphilis or rectal gonorrhea or chlamydia, and to the sexual
partners of someone with transmissible HIV. As studies have
identified HIV diagnosis rates of 7%-8% within one year of these
indicators (24), it follows that HIV incidence would decrease after
a public health unit implemented a program that offered PrEP

to those meeting these criteria. This is made possible by the fact
that all positive sexually transmitted infection results are reported
to public health units in Ontario. This creates a feasible, high-
yield strategy with a potentially low number-needed-to-treat.
Further, that the decrease in HIV diagnoses in this study was
observed in MSM reinforces the validity of the indicator criteria
by showing how targeted recommendations for, and provisions
of, PrEP can coincide with decreases in the number of first-time
HIV diagnoses among MSM at the population level.

Third, despite the apparent benefits of using the current
indicator criteria for initiating PrEP among MSM, our findings
support criticisms highlighting a lack of emphasis on HIV risk
factors for people who use injection drugs and for heterosexual
exposures, which disproportionately affects Black and Indigenous
Peoples, potentially exacerbating existing health disparities

for these groups (26-30). Furthermore, evidence has shown

that risk factors do not correlate directly across groups, with
Black MSM experiencing a greater risk of HIV transmission,

while reporting fewer risk factors than White counterparts (30).
Our findings, which showed a significant decrease in new HIV
diagnoses among MSM but not for other groups, support this
criticism. While PrEP-RN was not exclusively restricted to MSM,
it did in effect target these men as current guidelines for PrEP
(4,25-27) best serve these men, thus enabling this population to
experience a greater uptake of PrEP. Concerted efforts are now
required to determine PrEP indicators for other populations, thus
enabling other groups to benefit from the potential population-
level effects we observed among MSM in Ottawa.

Limitations

First, our data were based on reported positive HIV test results,
which relies on people accessing testing. Among those with new
diagnoses, time may have passed since transmission occurred,
so temporality is difficult to establish. However, this is not a

new limitation of HIV epidemiology and the sustained decrease
in diagnoses suggests a decline in HIV incidence. Second,
COVID-19 became widespread in 2020 and so the decreased
number of new HIV diagnoses could have resulted from reduced
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sexual activity or testing. Since we observed these decreases
beginning in 2019, we think this is unlikely. It is equally

unlikely that COVID-19 would have affected changes in the
PrEP-to-need ratio exclusively in Ottawa, compared to across
Ontario (see Table 1). Third, our data regarding risk factors
was based on self-report to public health nurses, although

this has been the historical approach to data collection for

HIV epidemiology, and so would not have manifested as

a change in our data compared to those preceding them.
Nonetheless, because the variables in our analysis were limited
to the data collected by public health nurses, there were
potential confounders or effect modifiers not examined in this
analysis. Lastly, our data arose from one city in Canada without
comparison. It is possible that the decreases in new diagnoses
are related to influences that we have yet to identified. While
possible, to the best of our knowledge, there were no other
major changes related to, or interventions targeted at, HIV,
MSM or other at-risk populations in Ottawa during the look-
back period. We also know there were no changes in the uptake
of HIV treatment or in levels of viral suppression in our region
during this time. Our data also show a comparison in PrEP-to-
need ratios across Ontario, identifying a faster increase in PrEP
uptake in Ottawa in conjunction with PrEP-RN implementation.

Conclusion

We report here on a significant decrease in the number of
first-time HIV diagnoses and in HIV test positivity in Ottawa from
2017 to 2021 among MSM, coincident with increased

PrEP uptake within this group (as evidence by increasing
PrEP-to-need ratios in Ottawa). While our results cannot show
causality, decreased diagnoses occurring only in the groups
targeted for PrEP (men and MSM) suggests a relationship. As the
reduction in HIV diagnoses was first noted in 2019, and because
the HIV test positivity rate dropped for MSM but no other group,
we do not believe the effect was the result of COVID-19 or
changes in access to healthcare. We also note that as the PrEP-
to-need ratio increased from 2017 to 2021 (primarily among
MSM), the greatest decrease in new HIV diagnoses occurred

in 2019. While our analyses highlighted the utility of using the
PrEP-to-need ratio as part of understanding overall PrEP uptake
and HIV diagnosis numbers, a question for ongoing research is
the possibility that there is a PrEP-to-need threshold that must
be reached to prevent HIV transmission. Finally, the focus on
individuals with a diagnosis of syphilis or rectal gonorrhea or
chlamydia as most in need of PrEP potentially restricted the
benefits of this intervention to MSM. Future work needs to
elucidate guidelines for people who use injection drugs and
those with heterosexual risk factors that account for differential
population-level risk, with the specific intent to improve health
equity for Black and Indigenous Peoples. While our results
emerge from small numbers, they nevertheless constitute
important data on the key role public health units can play in the
initial steps of the PrEP cascade, the strength of existing criteria
to identify those who would benefit from PrEP, and the need to
better understand HIV risk in other populations. Indeed, these
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results provide a proof-of-concept that systematically offering
PrEP may lead to a decrease in HIV incidence in MSM, driven
by the targeting of PrEP to high-risk persons. This is part of
public health follow-up for infectious syphilis, rectal gonorrhea
and chlamydia, as it was done for PrEP-RN. With such ongoing
efforts, PrEP will no doubt reduce ongoing HIV transmission,
improving both individual and population health.
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