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Abstract

Background

HIV Pre-exposure prophylaxis (PrEP) is the regular use of antiretroviral medication by peo-

ple who are not infected with HIV to prevent seroconversion. Israel approved PrEP for con-

tinuous use in 2017, and Israeli Health Maintenance Organizations (HMO) offered PrEP

with a copayment to eligible members.

Methodology

This retrospective cohort study included all people who were dispensed PrEP between Sep-

tember 2017 to June 2019 in the second largest HMO in Israel. Statistical analysis, including

Kaplan Meier, was conducted to evaluate user PrEP purchase, adherence to medical fol-

low-up, and clinical outcomes.

Results

In total, a cohort of 757 PrEP users were followed for 657.8 person-years. All but one user

were male; median age was 35 years. At baseline, 0.8% had gonorrhea and 1.5% had chla-

mydia infections and 4.4% had recent syphilis infection. Continuous use of PrEP (without

interruption/discontinuation) was observed in 29.9%, while 39.9% interrupted and 30.3%

discontinued use. Median time to first interruption/discontinuation was 4.0 months. At 6–12

months after initiation, 79.8% of users had a documented HIV test, 77.3% a Chlamydia-

Gonorrhea panel, and 78.9% a creatinine test. There was one new case of HIV among the

cohort, five months after PrEP discontinuation. Estimated first-year infection rates were

5.0%, 8.6% and 6.8% for gonorrhea, chlamydia and first-time syphilis, respectively.

Conclusions

This study shows heterogeneous PrEP purchase patterns and required medical follow-up,

and an increase in STIs among consistent PrEP users. Improving adherence to

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0259168 November 18, 2021 1 / 12

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Chemtob D, Weil C, Hannink Attal J,

Hawila E, Noff Sadeh E (2021) HIV Pre-Exposure

Prophylaxis (PrEP) purchase patterns and STI

occurrence among Israeli men: A cohort analysis.

PLoS ONE 16(11): e0259168. https://doi.org/

10.1371/journal.pone.0259168

Editor: Shui Shan Lee, The Chinese University of

Hong Kong, CHINA

Received: June 13, 2021

Accepted: October 13, 2021

Published: November 18, 2021

Copyright: © 2021 Chemtob et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: The data underlying

the results presented in the study are owned by

Maccabi Health Services. Requests for data can be

made to Professor Gabriel Chodick, hodik_g@mac.

org.il. The authors did not receive special privileges

in accessing this data.

Funding: This study was funded by the Israeli

Ministry of Health Medical Research Fund, and

funding was obtained by the Department of TB and

AIDS at the Ministry of Health. The funders did not

play any role in the study design, data collection

https://orcid.org/0000-0002-2864-9982
https://doi.org/10.1371/journal.pone.0259168
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259168&domain=pdf&date_stamp=2021-11-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259168&domain=pdf&date_stamp=2021-11-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259168&domain=pdf&date_stamp=2021-11-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259168&domain=pdf&date_stamp=2021-11-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259168&domain=pdf&date_stamp=2021-11-18
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0259168&domain=pdf&date_stamp=2021-11-18
https://doi.org/10.1371/journal.pone.0259168
https://doi.org/10.1371/journal.pone.0259168
http://creativecommons.org/licenses/by/4.0/
mailto:hodik_g@mac.org.il
mailto:hodik_g@mac.org.il


recommended medical follow-up during PrEP use is essential in PrEP’s integration into Isra-

el’s national HIV prevention strategy.

Background

Following proven efficacy in four randomized controlled trials [1–4], the World Health Orga-

nization (WHO) released guidance on HIV pre-exposure oral prophylaxis (PrEP) for serodis-

cordant couples, men and transgender women who have sex with men at high risk for human

immunodeficiency virus (HIV) in 2012 [5]. Used regularly, PrEP can protect uninfected per-

sons from acquiring HIV. In high-income countries, particularly those whose HIV endemics

were concentrated among MSM, the effectiveness of PrEP in clinical trials posited a game-

changer in HIV prevention strategies. However, in the years following WHO and Centers for

Disease Control approval, PrEP uptake has been slow in many high-income countries [6, 7].

Two dosage regimens for PrEP were recommended. First, the continuous dosage regimen,

which requires users to take pills daily. A second dosage regimen was developed, called ‘on

demand’ that users take in anticipation of sexual encounters [8, 9].

Israel’s HIV incidence rate, 4.8 cases per 100,000 persons in 2018, is low, with a majority of

cases concentrated among immigrants from endemic countries, men who have sex with men,

and intravenous drug users [10, 11]. Between 2011–2015, MSM accounted for over 30% of all

new HIV infections and 46% of new HIV cases among men notified to the Israeli Ministry of

Health (MoH) [10]. Israel has universal healthcare for all citizens, who are registered in one of

four Health Maintenance Organizations (HMOs).

Beginning in 2014, the Ministry of Health Department of Tuberculosis and AIDS (DTA)

began the policy making process for PrEP in Israel. In June 2017, PrEP (as emtricitabine/teno-

fovir disoproxil fumarate) was included in the official drug registry in Israel using the continu-

ous dosage regimen [12]. Clinical guidelines for PrEP prescription were developed alongside

PrEP’s inclusion in Israel’s drug registry, and defined eligibility for PrEP as serodiscordant

couples and high-risk MSM and trans people. Only physicians who took a seminar on PrEP

prescription and management were authorized to prescribe PrEP. According to the guidelines,

potential users seeking PrEP prescription are required to undergo preliminary tests, including

for HIV, STIs, and creatinine before starting PrEP, and must adhere to medical follow-up [12–

14].

As a result of PrEP entering the official registry, Israeli HMOs began to offer PrEP exclu-

sively to their members who paid for voluntary supplementary insurance beyond the standard

national insurance afforded to all citizens [13, 14]. As of 2011, 74% of Israeli adults have sup-

plementary health insurance [15]. The copayment for a monthly supply of PrEP was set

between 84–103 USD, dependent on the HMO and level of coverage [12].

This study presents a cohort of PrEP users who received PrEP through Maccabi Healthcare

Services (MHS), the second largest HMO in Israel. The aims of this study were to characterize

PrEP users, to assess PrEP purchase patterns, to assess adherence to medical follow-up, and to

describe trends in STI incidence among PrEP users.

Methods

This retrospective database cohort study was jointly planned and performed by the DTA and

by MHS. MHS serves a quarter of the population in Israel. The MHS database contains longi-

tudinal data on a stable population of more than 2.5 million people since 1992. Data are
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automatically collected and include comprehensive laboratory data from a single central lab,

full pharmacy prescription and purchase data, and extensive demographic data on each

patient.

The study population included all adults at least 18 years of age in MHS with at least one

dispensed prescription of PrEP from September 1st 2017 through June 31, 2019 (index period).

Patients were identified among all designated health care clinics of MHS. Data were extracted

using specific codes for the PrEP indication in the database. Data collection was conducted

through August 2019.

Study variables

Baseline data collected included patients’ sex assigned at birth and age as well as laboratory

blood test results for serum creatinine and eGFR, viral infections (HIV, HBV and HCV) and

sexually transmitted infections (gonorrhea, chlamydia, syphilis) were obtained up to a year

before index date. Results were recorded according to the most recent valid test result before

or on the index date. Results were reported as negative or positive or relative to standard nor-

mal ranges. In order to better understand the time of the most recent test, the proportion of

patients tested within 90 days before index were also described.

STI incidence was defined by detection in urine using nucleic amplification tests for Neis-
seria gonorrhea and Chlamydia trachomatis. Syphilis serology was determined through chemi-

luminescent microparticle immunoassay, confirmed by rapid plasma reagin testing (‘Syphilis

Ab’); positive samples were also tested with T pallidum hemagglutination assay (TPHA) and

Venereal Disease Research Laboratory (VDRL). To investigate incidence of first-time syphilis

infection, analyses focused on seroconversion among people who were negative for any syphi-

lis antibodies at baseline. Incidence of syphilis among patients with a history of syphilis past

infection at baseline was not captured in this study due to the complexity of analyzing titer

changes and treatment patterns in a retrospective database study.

Data analysis

Data were analyzed using two purchasing pattern classifications. In order to investigate if pur-

chases were made often enough to facilitate a continuous regimen, PrEP purchase pattern cate-

gories was classified as follows:

• Interrupted usage:�60 days between purchases of PrEP (i.e. resumed treatment after a

break)

• Discontinued usage:�60 days after the last purchase of PrEP in the study period (i.e. did not

resume PrEP by the end of follow-up)

• No discontinuation or interruption in usage:�60 days between purchase of PrEP

To investigate the relationship between PrEP use and STI incidence, PrEP purchase pat-

terns were also classified as:

• Discontinued after 1 purchase

• Discontinued or interrupted after >1 purchase

• No discontinuation or interruption in purchases

Using these purchase pattern categories allowed analysis of STI trends among men who

used PrEP compared to those who discontinued PrEP after only one purchase.
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In addition, adherence to medical follow-up was defined as performing the recommended

laboratory tests within set time periods (12–26 weeks and 27–52 weeks) between the first dis-

pensed PrEP and up to 30 days following the last PrEP supply within the study period. These

time periods reflect clinical guidelines for PrEP use in Israel, which recommends medical fol-

low-up every six months.

Descriptive statistics were presented as median (interquartile range [IQR]) for continuous

variables and as frequencies for categorical variables. For laboratory tests with missing data,

the distribution of results was described among the total population as well as among those

tested (percentage among valid test results). Kaplan-Meier and Cox regression were used to

assess time to HIV or STI infection acquisition. Statistical analysis was performed using SPSS

(v.25). A p-value of<0.05 was considered statistically significant.

This study was conducted per approval of the Maccabi Research Committee and the institu-

tional review board (IRB) of Bait Balev Hospital, and was performed in accordance with all rel-

evant guidelines. Informed consent for this study was waived by the Maccabi Research

Committee and IRB of Bait Balev Hospital on the grounds that the study was based on data in

an existing database.

Results

In total, 813 MHS members purchased at least one month’s worth of PrEP during the index

period, of whom 1 was less than 18 years old and 56 were excluded due to enrolling in MHS

less than 12 months before first purchase. In total, 757 MHS PrEP users were eligible for inclu-

sion in the study, totaling 658.7 person years of follow-up.

In the study sample, 756 PrEP users were male (99.9%), and the median age was 35 years

(IQR: 29–41). A majority of PrEP users were from the Tel Aviv-Yafo Metropolitan Area (493;

65.1%), followed by Jerusalem (n = 83; 11.0%).

Baseline characteristics

At baseline, 97.2% of the sample population had a valid creatinine test in the previous year,

and 95.7% had a result within normal range. A total of 729 (96.3%) users had a record of a

HIV test performed in MHS in the last year at time of PrEP initiation, and between 91.3–

93.9% had valid tests for STIs. Active STI at baseline stood at 11 (1.5%) positive for chlamydia,

6 (0.8%) positive for gonorrhea, and 33 (4.4%) positive for recent syphilis infection. In addi-

tion, 7.1% had evidence of past syphilis infection. Table 1 shows baseline test rates and results

for all required tests before initiating PrEP.

PrEP purchase patterns

By the end of the follow-up period, 226 people (29.9%) continued to consistently purchase

PrEP without prior interruptions in use.

A total of 346 people (45.7%) discontinued PrEP by the end of follow-up. Median time

until discontinuation was 16.6 months (95% CI: 14.8–19.2 months).

In addition, 185 people (24.4%) interrupted and resumed PrEP usage before the end of fol-

low-up. In total, 531 people (70.0%) interrupted or discontinued usage at any time during fol-

low-up, with a median of 4.0 months (95% CI: 3.3–5.0 months) until the first interruption or

discontinuation. The cumulative rates of interruption or discontinuation at 6 and 12 months

were 57.2% (95% CI: 54.4–60.7) and 73.2% (95% CI: 29.4–76.5%), respectively (Fig 1). Discon-

tinuation of PrEP after only 1 purchase was observed in 109 people (14.4%), while 226 (55.7%)

interrupted or discontinued after 2 or more purchases.
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Adherence to medical follow-up

Overall, medical follow-up six months to one year after initiation for users who did not inter-

rupt or discontinue PrEP varied by test, ranging between 52.5% for HBV to 79.8% for HIV.

Adherence to recommended medical follow-up while using PrEP differed by patterns of use of

PrEP; users who did not use PrEP continuously were less likely to perform follow-up testing.

Table 2 presents the percentage of users who had follow-up medical tests during the period of

PrEP use, by purchase pattern group.

When analyzing the number of STI tests during the period of PrEP use by person years,

there were a total of 3.1 chlamydia/gonorrhea tests performed per person year of follow-up,

and 2.8 syphilis tests performed per person year of follow-up. The number of STI tests per per-

son year of follow-up differed by purchase pattern, with those without interruptions having

Table 1. Baseline laboratory tests for cohort of PrEP users enrolled in MHS, Israel, 2017–2019�.

N % of Total % of tested

HIV Test rates valid test in past year 729 96.3

valid test in past 90 days 701 92.6

Test results Negative 729 96.3 100.0

Positive 0 0 0

Creatinine Test rates valid test in past year 736 97.2

valid test in past 90 days 678 89.6

Test results within normal range 704 93 95.8

outside normal range 32 4.2 4.2

HCV Ab�� Test rates valid test in past year 675 89.2

valid test in past 90 days 624 82.4

Test results Negative 673 88.9 99.6

Positive 1 0.1 0.1

Borderline 2 0.2 0.3

HBV��� Test rates valid test in past year 627 82.8

valid test in past 90 days 549 72.5

Test results Negative 627 83.8 100.0

Positive 0 0 0

Chlamydia Test rates valid test in past year 711 93.9

valid test in past 90 days 667 88.2

Test results Negative 700 92.5 98.5

Positive 11 1.5 1.5

Gonorrhea Test rates valid test in past year 711 93.9

valid test in past 90 days 667 88.1

Test results Negative 705 93.1 99.2

Positive 6 0.8 0.8

Syphilis Test rates valid test in past year 691 91.3

valid test in past 90 days 649 85.7

Test results Negative 603 79.7 87.3

Previous infection 54 7.1 7.8

Active infection at time of test 33 4.4 4.8

�Baseline test results were based on the most recent test performed in MHS up to one year before PrEP initiation

��HCV Ab: Hepatitis C Antibodies

���HBV: Hepatitis B virus

https://doi.org/10.1371/journal.pone.0259168.t001
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the highest number of tests per person year of follow-up. Table 3 presents tests per person year

by all three defined purchase patterns.

Sexually transmitted infections

In this study, HIV seroconversion was not reported for any PrEP users while using PrEP.

However, one PrEP user was diagnosed with HIV five months after discontinuing PrEP. Addi-

tionally, there were no new cases of Hepatitis B or C infection during follow-up. After one year

of follow-up, the cumulative incidence of chlamydia excluding baseline values among the

cohort was estimated to be 8.6% (95% CI: 6.4%-10.8%), the cumulative incidence of gonorrhea

was 5.0% (95% CI: 3.3%-6.6%), and the cumulative incidence of first time syphilis infection

syphilis was 6.8% (95% CI: 4.5%-9.0%). Fig 2A–2C show time to STI infection for gonorrhea,

chlamydia, and first time syphilis, by PrEP purchase patterns. For gonorrhea and chlamydia,

there was a significant difference in the rate of infection by the end of follow-up among those

who continuously used PrEP compared to those who discontinued.

Fig 1. Interruption or discontinuation of PrEP (gap between purchases or after last purchase) through end of follow-up,

(MHS, Israel, September 2017- August 2019).

https://doi.org/10.1371/journal.pone.0259168.g001

Table 2. Medical follow-up among PrEP users (MHS, Israel, September 2017- August 2019)�.

Chlamydia/Gonorrhea Syphilis HIV HBV HCV Creatinine

% % % % % %

No interruptions or discontinuations 13–26 weeks after initiation (n = 210) 63.8 62.4 67.1 37.6 55.7 65.7

27–52 weeks after initiation (n = 155) 84.5 83.9 85.2 57.4 76.1 83.9

No interruptions, then discontinued 13–26 weeks after initiation (n = 124) 37.9 39.5 46.8 29.8 37.9 46.0

27–52 weeks after initiation (n = 48) 70.8 66.7 72.9 43.8 60.4 68.8

Interrupted, then resumed treatment 13–26 weeks after initiation (n = 185) 63.8 62.7 70.3 45.4 58.4 65.9

27–52 weeks after initiation (n = 174) 80.5 79.3 84.5 56.3 72.4 84.5

Interrupted, then discontinued 13–26 weeks after initiation (n = 117) 59.0 54.7 62.4 39.3 48.7 61.5

27–52 weeks after initiation (n = 107) 64.5 62.6 67.3 43.0 56.1 67.3

�The follow-up period was defined as the period between first dispensed PrEP prescription until 30 days after runout of the last PrEP dispensation in follow-up, through

August 2019. The denominator was defined as the number of PrEP users actively enrolled at the start of a given time window.

https://doi.org/10.1371/journal.pone.0259168.t002
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Discussion

PrEP purchase patterns

In order for PrEP to be an effective HIV prophylactic, users must adhere to a proper regimen

[1, 13, 14]. This study observed purchase patterns to determine if users were purchasing PrEP

often enough to facilitate adherence to a continuous regimen. A systematic review of adher-

ence to PrEP has concluded that adherence varies drastically across settings and populations,

with low adherence associated with start-up symptoms, low-risk perception, dosage regimen,

and policy factors [16]. In the current study, PrEP users had heterogeneous patterns of use,

with some patients adhering to the continuous PrEP regimen while others interrupted and/or

discontinued use after a median of 4 months. In Israel, two possible contributing factors to

this pattern of adherence are hypothesized- the high copayment as a potential barrier to long-

term usage and the preference for an on-demand regimen.

During the study period, PrEP was only available at subsidized costs for people who paid

for voluntary supplementary insurance via their HMO [17]. For these users, PrEP required a

copayment of 84–103 USD [12] per one-month supply of a continuous regimen. Considering

most medications covered by HMOs require minimal co-payments, the co-payment for PrEP

is markedly high. Out-of-pocket costs could present a barrier both to people who initiated and

can’t afford to continue taking PrEP and a deterrent for those who believe they would benefit

from PrEP but cannot afford a high copayment. At the time of study, it was assumed that full

integration into Israel’s national health insurance package (“basket of care”) would mitigate

financial concerns of users and potential users to some degree.

However, in January 2020, PrEP was integrated into Israel’s “basket of care” and made

available for all HMO members, rather than only those with voluntary supplementary cover-

age. As Israel has universal healthcare for citizens, this increased PrEP’s availability to all citi-

zens through their basic health insurance [18]. Despite the State obtaining PrEP at a

negotiated lower price similar to that in other European countries [16], the HMOs continue to

charge a copayment of 84–103 USD (personal communication, Chen Shmilo, Israel AIDS

Task Force, April 2020). Despite its integration into the basket of care, PrEP remains expensive

for users themselves, and may continue to deter people from starting or continuing PrEP use.

Another potential explanation for frequent interruptions and discontinuations may be that

users on a continuous prescription are using PrEP on an on-demand dosage regimen. The on-

demand regimen was shown to be equally effective as a continuous regimen with high levels of

adherence [19]. In addition, some studies have shown that the reduced pill burden of an on-

Table 3. STI tests per person year by purchase pattern (MHS, Israel, September 2017- August 2019).

Purchase Patterns Total

Discontinued after 1 purchase Interrupted or discontinued after >1 purchase No interruption

Total Users 109 422 226 757

Total Person Years on PrEP� 19.1 436.3 203.4 658.7

N tests Chlamydia DNA/ Gonorrhea

PCR

28 1247 783 2058

Syphilis panel 23 1155 697 1875

Tests per person

year

Chlamydia DNA/ Gonorrhea

PCR

1.5 2.9 3.8 3.1

Syphilis panel 1.2 2.6 3.4 2.8

�The follow-up period was defined as the period between first dispensed PrEP prescription until 30 days after runout of the last PrEP dispensation in follow-up, through

August 2019.

https://doi.org/10.1371/journal.pone.0259168.t003
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demand regimen is associated with better overall adherence when compared to the continuous

regimen [2]. Offering both regimens for users to decide which best matches their lifestyle is

recommended to increase overall adherence [2]. While the current guidelines only include a

Fig 2. Time from PrEP initiation to STI through August 2019. a: Time from PrEP initiation to STI through August

2019 –Gonorrhea. b: Time from PrEP initiation to STI through August 2019 –Chlamydia. c: Time from PrEP

initiation to STI through August 2019—First-Time Syphilis.

https://doi.org/10.1371/journal.pone.0259168.g002
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continuous regimen, the MoH-DTA supports the addition of an on-demand regimen, and

plans to update the national guidelines to reflect approval for both regimen dosages.

Obstacles to obtaining PrEP or avoidance of mandated medical follow-up may lead some

users to outsource their PrEP prescriptions. In a study of PrEP users in Germany, 17.4% of

PrEP users obtained PrEP through informal means, often from sources abroad [20]. The same

study found that informal PrEP users were more than three times more likely not to adhere to

medical follow-up [20]. Likewise, pathways to informally obtaining PrEP exist in Israel, though

the extent of which is unknown. In order to conduct proper medical follow-up among PrEP

users, Israel’s PrEP availability, accessibility, and regimen type must meet potential users’ abili-

ties and needs.

Additionally, while physicians prescribing PrEP received training in prescription protocols,

the extent to which physicians can perform adherence counselling is unknown. In other settings,

different interventions have been used to increase adherence, including reminder calls or mes-

sages via telephone, printed materials, increasing the number of pill packs prescribed at one time,

and trained counselors and nurses conducting individual sessions with users [21, 22]. Incorporat-

ing PrEP adherence counseling in the national HIV prevention strategy may improve adherence

in the Israeli context, strengthening the utility of PrEP use in HIV prevention.

Adherence to medical follow-up and STIs

In the present study, the incidence of gonorrhea and chlamydia during the study period varied

by patterns of PrEP use, with a higher incidence observed among those who used PrEP contin-

uously compared to those who discontinued after 1 months’ supply. Some studies have indi-

cated that the incidence of STIs may increase during PrEP use due to increased testing during

mandated follow-up while using PrEP [23]. However, the present study showed that adherence

to recommended STI testing every six months was inconsistent, indicating the rise may be par-

tially attributed to sexual behavior changes and not solely increased testing. Despite this find-

ing, the incidence of gonorrhea and/or chlamydia are low compared to MSM taking PrEP in

other high income countries [2, 20, 21]. Though Israel has lower incidence of gonorrhea, chla-

mydia, and syphilis than other high income countries, the number of cases among MSM are

notably higher than the general population [24, 25]. The baseline and incident cases of syphilis

within this limited study population are high compared to the absolute number of syphilis

cases among MSM in Israel in previous years [24, 25], indicating the potential for syphilis out-

breaks among PrEP users who do not use condoms to prevent the transmission of other STIs.

STI testing in the PrEP follow-up care framework is test to treat. In a meta-analysis of STI

rates among MSM PrEP users, there was no substantial evidence that STI testing reduced the

prevalence of chlamydia and gonorrhea [26]. For individual PrEP users, this implies that regu-

lar medical follow-up is paramount for individual health.

While this study shows a relatively higher incidence of non-HIV STIs among continuous

PrEP users compared to those who discontinued after 1 months’ supply, the authors caution

using ‘risk compensation’ to characterize this phenomenon. ‘Risk compensation’ for PrEP is

the notion that increased PrEP uptake will lead to increased non-HIV STIs among PrEP users.

The mechanism of this increase, according to risk compensation, is that PrEP users do not per-

ceive increased risk (i.e. possibility to contract non-HIV STI), and therefore do not modify

potentially harmful behavior (i.e. not using condoms). While risk compensation has been used

to explain the rise in STIs in some PrEP studies, it has also been criticized as an unfitting theo-

retical model for sexual health because it relies on a rational model of human behavior found

in economics rather than more complex models found in health promotion and bio-behavioral

change theories [27].
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The emergence of an STI does not negate PrEP’s effectiveness in preventing HIV infection,

and PrEP provides users a medical framework to increase STI testing. The potential for

increased incidence of STIs among PrEP users is a manageable phenomenon, and the current

PrEP prescription and medical follow-up guidelines are appropriate for detecting STIs among

users. The present study’s finding that adherence to STI testing in medical follow-up decreased

over time is therefore concerning, and indicates the need for outreach to ensure that physi-

cians are requiring testing and users understand the importance of regular STI panels.

Strengths and limitations

This is the first study, to our knowledge, which analyzes a full cohort of PrEP users in Israel.

The present study was conducted from a complete cohort data set in second largest HMO. The

completeness of data, including all demographic and clinical data as well as purchase history,

contributes to the reliability of the study. Since all PrEP users during the study period were

included, results are generalizable for Israeli men who can afford the copayment and have geo-

graphical and temporal access to doctors accredited to prescribe PrEP.

There are a number of limitations to the present study. First, this study observed purchase

patterns to determine if users were purchasing PrEP often enough to facilitate adherence to a

continuous regimen. However, purchase does not equate to usage, and therefore does not nec-

essarily accurately reflect adherence. Second, even considering the completeness of data in the

study, many factors that contribute to PrEP purchase patterns and adherence to medical fol-

low-up are entangled at the intersection of wide ranging personal, communal, social, and eco-

nomic discourses that were not measured in the study. As such, this study can only offer

theoretical explanations for PrEP usage patterns and follow-up. Furthermore, this study used

purely descriptive statistics, which limits interpretation of data presented. In future studies,

more rigorous statistical testing should be used.

Third, while all Israeli citizens have access to the same ‘basket of care’ regardless of which

HMO they choose, service availability may differ between HMOs. In MHS, many PrEP pre-

scribing physicians work in independent practices without additional support staff. As such,

PrEP users in MHS may have been expected to schedule an additional appointment for blood

tests, or received less explanations about PrEP from their doctor or clinic staff than PrEP users

in other HMOs.

Lastly, this study shows significant differences in rates of chlamydia and gonorrhea infec-

tions for PrEP users who continuously used PrEP compared to those who discontinued, but

not in first-time syphilis infections. This study was limited in its ability to capture recurrent

syphilis and investigate syphilis treatment patterns. A second study using data collected in the

present study, including medical chart review, will be conducted to assess the number of active

recurrent syphilis cases among users during follow-up.

Conclusion

PrEP is only effective as part of national and global HIV prevention strategies if users adhere

to the prescribed regimen. This study shows that patterns of continuous regimen PrEP usage

in Israel are heterogeneous. Medical follow-up likewise varied by user purchase and laboratory

test. These results indicate the need to further explore the mechanisms for PrEP uptake and

usage in Israel.

Users prescribed a continuous regimen that subsequently adopted an on-demand regimen

may partially explain purchase patterns observed in this study. Analyzing purchase and adher-

ence to an on-demand regimen first requires inclusion in the MoH clinical guidelines for

PrEP prescription and usage. Considering subpar adherence to medical follow-up, including
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among those who used PrEP continuously without interruptions or discontinuation, doctors

prescribing PrEP may require a refresher course, and supportive mechanisms integrated into

electronic medical records may improve adherence to follow-up testing. From a broader per-

spective, high copayments for PrEP are currently addressed on a government level, and adher-

ence counseling for PrEP users may improve adherence to PrEP and medical follow-up.

Acknowledgments

The authors want to acknowledge the support of Dr. Ehud Kaliner and Prof. Itamar Grotto

from the Ministry of Health at different phases of this study, and Prof. Gabriel Chodick from

Maccabi Health Services for providing valuable input on epidemiological methods.

Author Contributions

Conceptualization: Daniel Chemtob, Enav Noff Sadeh.

Data curation: Enav Noff Sadeh.

Formal analysis: Clara Weil, Jordan Hannink Attal, Elias Hawila.

Funding acquisition: Daniel Chemtob.

Methodology: Daniel Chemtob, Clara Weil, Enav Noff Sadeh.

Project administration: Daniel Chemtob.

Supervision: Daniel Chemtob.

Validation: Clara Weil.

Visualization: Clara Weil.

Writing – original draft: Jordan Hannink Attal.

Writing – review & editing: Daniel Chemtob, Clara Weil, Elias Hawila, Enav Noff Sadeh.

References
1. Grant R, Lama J, Anderson P, McMahan V, Liu A, Vargas L, et al. Preexposure chemoprophylaxis. N

Engl J Med. 2010; 363(27):2587–99. https://doi.org/10.1056/NEJMoa1011205 PMID: 21091279

2. Mollina J, Capitant C, Spire B, Pialoux G, Cotte L, Charreau I, et al. On- demand Preexposure prophy-

laxis in men at high risk for HIV-1 infection. N Engl J Med. 2015; 373:2237–46. https://doi.org/10.1056/

NEJMoa1506273 PMID: 26624850

3. McCormack S, Dunn D, Desai M, Dolling D, Gafos M, Gilson R, et al. Pre- exposure prophylaxis to pre-

vent the acquisition of HIV-1 infection (PROUD): effectiveness results from the pilot phase of a prag-

matic open-label randomised trial. Lancet. 2016; 6(387):53–60. https://doi.org/10.1016/S0140-6736

(15)00056-2 PMID: 26364263

4. Baeten JM, Donnell D, Ndase P, Mugo N, Campbell J, Wangisi J, et al. Antiretroviral prophylaxis for HIV

prevention in heterosexual men and women. N Engl J Med. 2012; 367:399–410. https://doi.org/10.

1056/NEJMoa1108524 PMID: 22784037

5. World Health Organization. Guidance on pre-exposure oral prophylaxis (PrEP) for sero-discordant cou-

ples, men, and transgender women who have sex with men at high risk for HIV. Geneva; 2012.

6. Kamitani E, Wichser ME, Adegbite AH, Mullins MM, Johnson WD, Crouch P-C, et al. Increasing preva-

lence of self-reported HIV preexposure prophylaxis use in published surveys. AIDS [Internet]. 2018

Nov; 32(17):2633–5. Available from: http://journals.lww.com/00002030-201811130-00021 PMID:

30096073

7. McCormack SM, Noseda V, Molina J-M. PrEP in Europe—expectations, opportunities and barriers. J

Int AIDS Soc [Internet]. 2016 Oct; 19:21103. Available from: https://doi.org/10.7448/IAS.19.7.21103

PMID: 27760681

8. Underhill K, Operario D, Skeer MR, Mimiaga MJ, Mayer KH. Packaging PrEP to prevent HIV: An inte-

grated framework to plan for pre-exposure prophylaxis implementation in clinical practice. J Acquir

PLOS ONE PrEP purchase patterns and STI occurrence among Israeli men: Cohort analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0259168 November 18, 2021 11 / 12

https://doi.org/10.1056/NEJMoa1011205
http://www.ncbi.nlm.nih.gov/pubmed/21091279
https://doi.org/10.1056/NEJMoa1506273
https://doi.org/10.1056/NEJMoa1506273
http://www.ncbi.nlm.nih.gov/pubmed/26624850
https://doi.org/10.1016/S0140-6736%2815%2900056-2
https://doi.org/10.1016/S0140-6736%2815%2900056-2
http://www.ncbi.nlm.nih.gov/pubmed/26364263
https://doi.org/10.1056/NEJMoa1108524
https://doi.org/10.1056/NEJMoa1108524
http://www.ncbi.nlm.nih.gov/pubmed/22784037
http://journals.lww.com/00002030-201811130-00021
http://www.ncbi.nlm.nih.gov/pubmed/30096073
https://doi.org/10.7448/IAS.19.7.21103
http://www.ncbi.nlm.nih.gov/pubmed/27760681
https://doi.org/10.1371/journal.pone.0259168


Immune Defic Syndr. 2010; 55(1):8–13. https://doi.org/10.1097/qai.0b013e3181e8efe4 PMID:

21423876

9. Van Griensven F, Thienkrua W, Sukwicha W, Wimonsate W, Chaikummao S, Varangrat A, et al. Sex

frequency and sex planning among men who have sex with men in Bangkok, Thailand: Implications for

pre- and post-exposure prophylaxis against HIV infection. J Int AIDS Soc. 2010; 13(1):1–14. https://doi.

org/10.1186/1758-2652-13-13 PMID: 20398261

10. Chemtob D, Mor Z, Harel N, Averick N. HIV infection among men who have sex with men in Israel: A

35-year epidemiological and clinical overview, 1981–2015. BMC Public Health. 2019; 19(1):1–9. https://

doi.org/10.1186/s12889-018-6343-3 PMID: 30606151

11. Chemtob D. Israel Ministry of Health. Department of Tuberculosis and AIDS. Annual Epidemiological

Report on HIV/AIDS in Israel, 2018. Jerusalem; 2019.

12. Ginsberg GM, Chemtob D. Cost utility analysis of HIV pre exposure prophylaxis among men who have

sex with men in Israel. BMC Public Health. 2020; 20(1):1–14. https://doi.org/10.1186/s12889-019-

7969-5 PMID: 31898494

13. Israel Ministry of Health Pharmacological Division. Information Packet for Medical Professionals Con-

cerning the Use of HIV Pre-Exposure Prophylaxis. 2017;Hebrew:1–5.

14. Maccabi Health Services. Guidelines for PrEP Prescription. Dep Fam Med. 2017.

15. Bin Nun G. Private health insurance policies in Israel: A report on the 2012 Dead Sea Conference. Isr J

Health Policy Res. 2013; 2(1):1–5. https://doi.org/10.1186/2045-4015-2-1 PMID: 23343012
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