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Abstract

Despite wide availability of prevention and treatment services, including the ongoing roll-out of pre-exposure prophylaxis
(PrEP), the HIV epidemic is not under control in Belgium. Hence, there is a recognized need to improve case finding
and early diagnosis to curb the further spread of HIV more effectively. The objective of the present study was to improve
insight into the profiles of persons recently infected with HIV-1 and on their prevention trajectory. Between May 2018
and December 2022, we selected persons diagnosed in Belgium within three months of the presumed infection date. We
then analyzed information collected using a questionnaire covering topics on HIV testing, sexually transmitted infections
(STIs), PrEP use, sexual behavior, partner notification and substance use. The data obtained were analyzed alongside
information derived from phylogenetic cluster analysis of the viral source of infection. A total of 93 persons with a recent
HIV-1 infection completed the questionnaire, the majority (74%) being MSM, 14% were heterosexual women and 12%
were heterosexual men. Nearly one-third of participants engaged in sexual activity with an average of 2 to 5 casual part-
ners around the presumed time of infection. A significant percentage reported frequent substance use during sexual activity
(65%), being previously diagnosed with STI (65%) and using condoms infrequently (44%). 63% reported a testing fre-
quency of at least one HIV test per year before being diagnosed and 46% notified their previous sex partner(s) after being
diagnosed. Over 20% of respondents (including 11 MSM, 4 heterosexual men and 5 heterosexual women) reported exclu-
sive sexual activity with their steady partner. Eight participants (9%, all MSM, 75% born outside of Belgium) reported
PrEP use in the past. No significant differences in behavioral characteristics were found between persons who were part
of a local transmission cluster (48%) and persons that were not part of a cluster (47%). The study results revealed that the
majority of persons diagnosed early with HIV-1 infection in Belgium exhibited characteristics corresponding to a high-at-
risk population and were aware of this risk, as evidenced by a high testing frequency. However, partner notification rates
were low and use and awareness of PrEP limited. A notable group of persons not corresponding to the high-risk profiles
was also identified. This information may help to expose missed opportunities for prevention and contribute to enhancing
the implementation of future prevention measures.
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Introduction

Over the past decade, there has been a consistent decline in
the number of new HIV diagnoses, attributed to the effec-
tiveness of antiretroviral therapy (ART) and a combination
of preventive measures such as the promotion of consistent
condom use, increased attention for testing of HIV and sexu-
ally transmitted infections (STIs) and the implementation of
pre-exposure prophylaxis (PrEP) [1, 2]. Despite progress in
recent years, the HIV epidemic in Belgium is not yet under
control. In 2019, 675 HIV infections were newly diagnosed.
After a notable drop in 2020 with 503 new HIV diagnoses,
due to the impact of the COVID-19 epidemic and associ-
ated isolation measures, the number of new HIV diagnoses
increased again in 2021 and 2022 with respectively 523 and
597 new diagnoses [3].

Since the start of the HIV epidemic in Belgium, two key
populations have been particularly affected, namely men
who have sex with men (MSM) of Belgian nationality, and
heterosexual men and women from Sub-Saharan Africa [4].
However, the proportion of populations with other profiles
has increased in recent years and the epidemic in Belgium
is now more diversified. In 2022, 51% of newly registered
HIV infections occurred in heterosexuals, 43% of whom had
sub-Saharan African nationalities; 43% of newly registered
HIV infections occurred in MSM, 49% of whom were Bel-
gians; 2.5% of diagnoses occurred in transgender women,
mainly Latin Americans. Overall, just over a third of those
newly diagnosed persons were of a nationality other than
Belgian or Sub-Saharan. Three-quarters of newly diagnosed
persons aged between 20 and 49 years. Late diagnoses are
more common in heterosexuals from Sub-Saharan Africa,
while diagnoses in the early stages of infection are more fre-
quent among Belgian MSM [3]. Regarding HIV diagnoses
in people of foreign nationality, it is important to note that a
substantial proportion of infections occurred before arrival
in Belgium. In this way, it was estimated that between 26%
and 33% of migrants diagnosed in Belgium in 2007-2016
were infected post-migration [5]. In addition to those with a
new HIV diagnosis, based on ECDC’s HIV modelling tool
[6], there were an estimated 627 infected but undiagnosed
people living with HIV in Belgium in 2022 [3].

Previous research indicated that more than half of people
living with HIV diagnosed in Belgium are infected with a
virus localized in a phylogenetic transmission cluster, indi-
cating local transmission of these strains [7]. Early detec-
tion of and a swift response to growing transmission clusters
may contribute to reducing this local transmission [8]. To
optimize strategies for prevention of transmission however,
a deeper understanding of the current circumstances of
infection is essential.
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The present study was initiated to shed light on the fac-
tors driving ongoing HIV transmission in Belgium and to
identify the population(s) most susceptible to infection.
For that purpose, we recruited persons diagnosed within
3 months of infection to complete a questionnaire on their
behavior around the time of infection.

Materials and Methods
Setting

All 12 Belgian HIV references centers, specialized outpa-
tient clinics for HIV care, were contacted and provided with
detailed information about the study protocol. Four of these
12 agreed to participate. Recruitment of HIV-1 infected per-
sons for this study took place over the period May 2018
till December 2022. The 8 HIV reference centers not will-
ing to participate mainly reported practical problems as the
cause (lack of time, lack of staff). The study was approved
by the institutional review board of Ghent University Hos-
pital (Belgian Registration number B670201732785) and by
the medical ethical committees of all participating centers.

Participants

Between May 2018 and February 2021, all newly diag-
nosed persons with a recent HIV infection were selected.
The study inclusion criteria were (a) persons with a HIV
infection, most likely acquired less than 3 months before,
based on the results of the HIV confirmation assays and/
or an additionally performed incidence assay, and (b) aged
over 18 years. Exclusion criteria were (a) recently infected
HIV persons who did not visit one of the participating cen-
ters after diagnosed, (b) persons who did not have sufficient
knowledge of Dutch, French or English and (c¢) persons who
experience psychiatric problems.

From February 2021 till December 2022, the general
recruitment was extended to also include late diagnoses
(presumed infection of more than 3 months before diagno-
sis) as part of a follow-up project. For the 55 persons who
completed the questionnaire in this follow-up study, the
time of infection was defined and only those with a pre-
sumed infection of less than 3 months were included in the
analysis presented. Figure 1 gives a flowchart of the selec-
tion process of the study population.

Participants were categorized by the combination of
reported ‘gender ((transgender) male or (transgender)
female))’ and ‘most probable way of infection (via sex
with men or via sex with women)’. Sixty-five persons were
categorized as MSM (male or transgender male and trans-
mission through sex with men), 9 persons as heterosexual
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Fig. 1 Flowchart describing the May 2018-February 2021

selection process of the study

population 202 recent HIV infection
(< 3 months)

February 2021-December 2022

S

psychiatric problems)

50 not invited 31 lost-to- 121 invited to
(e.g. language barrier, follow up participate

.

30 not willing 13 signed ICF 78 completed 55 newly diagnosed HIV
to participate but did not questionnaire persons completed
(e.g. lack of complete questionnaire
time, no questionnaire
interest) +

men (male or transgender male and transmission through
sex with women) and 11 as heterosexual women (female
or transgender female and transmission through sex with
men). Two participants indicated ‘injecting drug use’ as the
transmission route but this option was reported in combi-
nation with ‘sexual transmission’. However, as multiple
sex partners and unprotected sex were reported, the sexual
transmission route (one MSM, one hetero) was prioritized
over injecting drug use for these two male cases. For 7 par-
ticipants, the transmission route was unknown. To classify
those participants, we considered the gender, the reported
sexual orientation, and the reported gender of the steady
partner. Bisexual men with male steady partner(s) and 2-5
casual sex partners were categorized as MSM (N=2), het-
erosexual female with male steady partner as heterosexual
women (N=2), gay, male, with no steady partners and with
multiple casual partners, as MSM (N=1) and male, hetero-
sexual, with female steady partner and no casual partners
as heterosexual men (N=1). One participant did not ‘fit’
any of these categories: male, bisexual, no steady partner,
one casual partner and transmission by a puncture incident.
This participant was excluded, leaving 93 persons for final
analysis.

Infection Timing

The time point of infection was estimated based on the results
of the HIV confirmation assays and an additional incidence
assay, the Sedia HIV-1 Lag Avidity enzyme immunoassay
(Sedia Biosciences Corporation). The latter was performed
at the Aids Reference Laboratory of Ghent using an ali-
quot of left-over plasma collected from the participants at
or immediately after diagnosis. Persons were considered as

16 recent HIV infection
(< 3 months)

o

94 respondents
in total

being infected less than 3 months before diagnosis if the
results of the Sedia HIV-1 Lag Avidity enzyme immunoas-
say were indicative for a recent infection (median OD of
triplicate measurements < 1.5) or if they were diagnosed
during seroconversion (detectable p24 antigen or HIV RNA
and a negative or indeterminate result in either the INNO-
LIA HIV VI Score (Fujirebio Europe) or the Geenius HIV
% Confirmatory Assay (Bio-Rad)). The recency window
for the Sedia HIV-1 Lag Avidity enzyme immunoassay was
previously defined at 108 days [9]. Because there is a higher
chance for false recency predictions in advanced infections,
persons with a CD4 count of less than 100 cells/mm? were
excluded from the study.

Phylogenetic Analysis

Since 2013, part of the routine practices in the monitor-
ing of newly diagnosed HIV infected persons in Belgium
is baseline resistance testing. The sequences resulting from
this baseline resistance testing can serve to construct phylo-
genetic trees that illustrate the genetic relationship between
viruses and allow to visualize transmission histories of the
virus. While phylogenetic analysis cannot define the direc-
tion of transmission or rule out the presence of intermedi-
ary or common transmission links, it can reliably establish
epidemiological linkage. A phylogenetic tree was gener-
ated with the sequence data from all persons newly diag-
nosed with HIV-1 in Belgium between 2013 and 2022 who
received baseline resistance testing. The maximum likeli-
hood (ML) approach implemented in PhyML 3.0 was used
and Branch support was obtained by approximate likeli-
hood-ratio test (aLRT, SH-like). Sequences clustering with
at least one other sequence with aLRT of >0.97 and a mean
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pairwise distance<0.015 were considered as genetically
linked. For the persons who completed the questionnaire,
the position in the phylogenetic tree was defined and used to
classify them as ‘isolated’ (located isolated, no close genetic
link), ‘paired’ (belonging to a cluster of 2 closely related
persons) or ‘clustered’ (being part of a cluster of 3 or more
closely related persons).

Procedure

All persons fulfilling the selection criteria were invited by
the treating physician or study nurse of the local HI'V refer-
ence center to participate in the study. After giving informed
consent, participants were free to fill in the questionnaire
either online or on paper. The questionnaire contained 50
items on HIV testing and STI diagnoses (reasons, where,
frequency), PEP & PrEP use, sexual behavior (type of
partners, status, condom use, meeting places), alcohol and
substance use, depression and partner notification. The
questionnaire assessed behavior during the three months
prior to HIV diagnosis to correspond with the estimated
infection time. Questionnaires were available in English,
Dutch and French.

Data Analysis

Demographic descriptive analyses were done on the col-
lected behavioral data to describe behavioral characteristics
of the recently infected HIV persons.

Results
Participant Characteristics

Table 1 provides a comprehensive overview of the socio-
demographic profile of the 93 respondents. The major-
ity were MSM (N=69, 74%; 95%CI = [0.65%; 0.83%])
followed by heterosexual women (N=13, 14%; 95%CI
= [0.07%; 0.21%]) and heterosexual men (N=11, 12%;
95%CI = [0.05%; 0.18%])). Three quarters of the respon-
dents (N=71; 76%; 95%CI = [0.68%; 0.85%]) had the
Belgian nationality. Slightly more than half of the partici-
pants completed higher education (N=>50; 54%; 95%CI =
[0.44%; 0.64%]) and the majority (N=159; 63%; 95%CI =
[0.54%; 0.73%])) were employed full-time.

Type of Partners and Meeting Places
Almost three quarters (N=66; 71%; 95%CI = [0.62%;

0.80%]) of all respondents reported vaginal, anal or oral
sexual intercourse with casual sex partner(s) in the 3 months
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before their diagnosis (Table 1). Twenty-nine of these 66
(44%; 95%CI = [0.32%; 0.56%]) reported sexual activ-
ity with two to five casual sex partners; 11 (17%; 95%CI
= [0.08%; 0.66%]) had 5 to 10 casual sex partners and 10
(15%; 95%CI = [0.07%; 0.24%])) reported sex with more
than 10 partners.

Forty-six (70%; 95%CI = [0.59%; 0.81%]) of the par-
ticipants that reported sexual activity with casual partners
accessed websites or apps to contact new sex partners. They
were in majority MSM (N=40/46; 87%; 95%CI = [0.77%;
0.97%)).

The most common place for MSM to meet casual sex
partners was at home (N=27/52; 52%; 95%CI = [0.38%;
0.66%]), while heterosexual men and women most fre-
quently met their partners in a bar (N=6/14; 43%; 95%CI
=[0.17%; 0.69%]).

Participants aged between 19 and 29 years old reported
more frequently having had sexual activity with casual
sex partners (N=16/20; 80%; 95%CI = [0.62%; 0.98%])
compared to participants aged between 30 and 49 years
old (N=32/45; 71%; 95%CI = [0.58%; 0.84%]) and par-
ticipants aged above 50 (N=15/22; 68%,; 95%CI = [0.49%;
0.88%)).

Vaginal, anal or oral sexual intercourse with a steady
partner was reported by more than half of the participants
(N=54; 59%, 95%CI = [0.48%; 0.68%]). Sex with a steady
partner was more frequently reported by heterosexual men
and heterosexual women compared to MSM, see Table 1 and
more frequently in the age group of 3049 years (N=31/45;
69%; 95%CI = [0.55%; 0.82%]) compared to the age
groups of 19-29 years (N=9/20; 45%; 95%CI = [0.23%;
0.67%]) and aged above 50 (N=11/22, 50%; 95%CI =
[0.29%; 0.71%]). Twenty persons (11 MSM, 4 heterosexual
men and 5 heterosexual women) reported that they only had
sex with a steady partner.

For most participants with a steady sex partner, this
partner was of European origin (N=35/54; 65%; 95%CI =
[0.52%; 0.78%]). Seven persons (N="7/54; 13%; 95%CI =
[0.04%; 0.22%]) had a steady partner known to be HI'V pos-
itive, fifteen persons (28%) reported not knowing the HIV
status of their steady partner.

Seven participants (6 MSM of which 3 aged above 50
and 1 heterosexual women aged above 50) reported no sex-
ual activity with any partner in the three months before their
HIV diagnosis. Five of them (all MSM) however indicated
‘having had sex with a man’ as the most likely mode of
infection and among these five, two were diagnosed before
seroconversion clearly indicating acute infection. Two of
the five, one heterosexual woman and one MSM, reported
not knowing how they got infected. One person reported
being tested for HIV at least five times a year and that he had
participated in a PrEP study.
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Table 1 Socio-demographic profile of the 93 respondents

Heterosexual men (N=11) Heterosexual women MSM Total

(N=13) (N=69) (N=93)

Gender
Male 11 (100%) - 68 (99%) 79 (85%)
Female - 11 (85%) - 11 (12%)
Transgender female - 2 (15%) - 2 (2%)
Transgender male - - 1 (1%) 1 (1%)
Age (in years)
19-29 1 (9%) 2 (15%) 16 (24%) 19 (21%)
30-39 6 (55%) 4 (31%) 25 (37%) 35 (38%)
40-49 3 (27%) 4 (31%) 9 (13%) 16 (17%)
50-59 1 (9%) 3 (23%) 14 (21%) 18 (20%)
60+ - - 4 (6%) 4 (4%)
Nationality
Belgian 11 (100%) 8 (62%) 52 (75%) 71 (76%)
Other European - 2 (15%) 8 (12%) 10 (11%)
Sub-Saharan African - - 3 (4%) 3 (3%)
Other - 3 (23%) 6 (9%) 9 (10%)
Education level
Primary education - 1 (8%) 5 (7%) 6 (6%)
Secondary education 6 (55%) 8 (62%) 23 (33%) 37 (40%)
Higher education 5 (45%) 4 (31%) 41 (60%) 50 (54%)
Occupation
Employed full-time 11 (100%) 6 (46%) 42 (61%) 59 (63%)
Employed part-time - 3(23%) 7 (10%) 10 (11%)
Student - 1 (8%) 6 (9%) 7 (8%)
Unemployed - 3(23%) 8 (12%) 11 (12%)
Not able to work - - 1 (1%) 1 (1%)
Not allowed to work - - 1 (1%) 1 (1%)
Retired - - 3 (4%) 3 (3%)
Other - 1 (1%) 1 (1%)
Self-reported sexual orientation
Homosexual/lesbian - 2 (15%)* 51 (74%) 53 (57%)
Heterosexual/straight 11 (100%) 11 (85%) 1 (1%) 23 (25%)
Bisexual - - 16 (23%) 16 (17%)
Other - - 1 (1%) 1 (1%)
Type of partners
Only casual partner(s) 2 (18%) 2 (15%) 28 (41%) 32 (34%)
Only steady partner 4 (36%) 5 (39%) 11 (16%) 20 (22%)
Both steady and casual partner(s) 5 (46%) 5(39%) 24 (39%) 34 (37%)
No partners - 1 (7%) 6 (8%) 7 (8%)

*Respondents were categorized by the combination of the reported ‘gender’ and ‘most probable way of infection’, without considering the self-
reported sexual orientation. Transgender women were therefore categorized as ‘heterosexual women’ as they reported being infected through

male sex although they identified themselves as ‘homosexual’
Condom Use

The overall frequency of condom use with a steady sex part-
ner was lower for heterosexuals (N=1/19; 5%; 95%CI =
[-0.04%; 0.15%]) than for MSM (N=9/35; 26%; 95%CI =
[0.11%; 0.40%]). Of the 7 participants who had an HIV pos-
itive steady partner, 3 always used a condom. Of the persons
who reported only having had sex with their steady partner,
less than half used a condom ((N=28/20; 40%; 95%CI =
[0.19%; 0.61%]) (N=6/20; 30% ; 95%CI = [0.10%; 0.50%]

‘most of the time” and N=2/20; 10%; 95%CI = [-0.03%;
0.23%]all the time”)).

The overall frequency of condom use with casual sex
partner(s) was slightly higher (N=25/52; 48%; 95%CI
= [0.34%; 0.62%] in MSM and N=4/14; 29%; 95%CI =
[0.05%; 0.52%] in heterosexuals). Half of the participants
having had sex with casual sex partner(s) was not aware
of the HIV status of this/those partner(s) (N=34/66; 52%;
95%CI = [0.39%; 0.64%]). Of these 34 persons, 13 (38%;
95%CI = [0.22%; 0.55%]) used condoms ‘all the time’ or
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Table 2 Overview of condom use with casual sex partner(s) in function of the frequency of informing about the HIV status of casual sex partner(s)

Condom use with casual sex partner(s)

Inform about HIV status casual sex partner(s) All the time Most of the time Sometimes Never Total
Heterosexual men (N=7)

Never 1 - - 2 3
Sometimes - 1 - 1 2
Most of the time - - 1 1 2
Heterosexual women (N=7)

Never - 1 1 3 5
Sometimes - 1 - -

Most of the time - - - - -
All time - - - 1 1
MSM (N=52)

Never 2 9 10 5 26
Sometimes 1 3 4 - 8
Most of the time 2 2 4 -

All time 2 4 1 3 10
Total 8 21 21 16 66

More than 5 times a year |4

2-5 times a year

Once a year

Less than once a year

Once in my life
Never

Don't know

mhetero men 0Ohetero women BMSM |

Fig. 2 HIV testing in function of sexual transmission category. The
numbers depicted in the bars represent the proportions of respondents
who had indicated a specific answer

‘most of the time’. For an overview, see Table 2. No differ-
ences were found in frequency of condom use with casual
sex partner(s) between the different age categories.

The most frequently reported reasons for not (always)
using a condom with respectively steady and casual sex
partner(s) were ‘less enjoyable sex’ (N=15/44; 34%;
95%CI = [0.20%; 0.48%] and N=26/59; 44%; 95%CI =
[0.31%; 0.57%]) and ‘not considering a risk’ (N=20/44;
45%; 95%CI =[0.31%; 0.60%] and N=22/59; 37%; 95%CI
=[0.25%; 0.50%]). ‘Being under the influence of alcohol or
drugs’ was given as a reason for inconsistent condom use
with casual sex partner(s) by 18 persons in the MSM group
(N=18/52; 35%; 95%CI = [0.29%; 0.56%)]).
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Testing History, Reasons for Testing and Partner
Notification

A majority of participants (N=_85; 91%; 95%CI = [0.86%;
0.97%]) have tested for HI'V before being diagnosed. Among
them, 59 (69%; 95%CI = [0.60%; 0.79%]) were tested at
least once a year, with 34 MSM (40%; 95%CI = [0.30%;
0.50%]) tested at least twice a year (see Fig. 2). Sixty-seven
persons (72%; 95%CI = [0.63%; 0.81%]) were diagnosed
within a year after the last negative test.

Of all participants, 43 (46%; 95%CI = [0.36%; 0.56%])
informed their sex partner(s) following their HIV diagno-
sis but 22 (24%; 95%CI = [0.15%; 0.32%]), mainly MSM
(N=15/22; 95%CI = [0.49%; 0.88%]) did not inform any
of their partners, while the remaining 28 (30%; 95%CI =
[0.21%; 0.39%]) informed only some of their sex partners.
Participants aged between 30 and 49 years old notified
their sex partners more frequently after their HIV diag-
nosis (N=24/35; 53%; 95%CI = [0.53%; 0.84%]) than
participants aged between 19 and 29 years old (N=238/20;
40%;95%CI = [0.19%; 0.61%]) and participants aged above
50 (N="7/22; 32%; 95%CI = [0.12%; 0.51%]).

Requests for testing were primarily initiated by the gen-
eral practitioner (N=63; 68%; 95%CI = [0.58%; 0.77%]),
followed by the emergency unit of the hospital (N=14;
15%; 95%CI = [0.08%; 0.22%]) or the HIV reference cen-
ter (N=13; 14%; 95%CI = [0.07%; 0.21%)]).

Participants reported various reasons for seeking HIV
testing, including ‘I was feeling ill” (N=43, 46%; 95%CI =
[0.36%; 0.56%]), ‘I was tested on a regularly basis’ (N=16;
17%; 95%CI = [0.10%; 0.25%]), ‘I thought I might have
been exposed to HIV’ (N=11; 12%; 95%CI = [0.05%;
0.18%]), ‘My partner was found to be HIV positive’ (N=35,
5%; 95%CI =10.01%; 0.10%]), ‘T had a new partner’ (N=4;
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Don’t know E
None T
Hepatitis C -
Anal or genital herpes :'__—I
Anal or genital warts e
Chlamydia
Gonorrhea
Syphilis

0 10 20 30 40 650 60

mhetero men 0Ohetero women ®BMSM

Fig. 3 Sexually transmitted infections divided by sexual transmission
category. The numbers depicted in the bars represent the proportions
of respondents who had indicated a specific answer

GBL/GHB (G)

1
LSD/acids -

Crystal meth/amphetamines

Cocaine
Cannabis
Extacy

Amyl nitrates/poppers

0 10 20 30 40 50

mhetero men DOhetero women @MSM

Fig. 4 Substance use before or during sex divided by sexual transmis-
sion category. The numbers depicted in the bars represent the pro-
portions of respondents who had indicated a specific answer. GBL/
GHB =gamma butyrolactone/gamma hydroxybutyrate; LSD =lyser-
gic acid diethylamide

4%; 95%CI = [0.01%; 0.08%]), ‘I was informed that a sex
partner had been diagnosed with a sexually transmitted
infection’ (N=6; 6%; 95%CI = [0.01%; 0.11%]) or ‘other
reasons’ (N=38; 9%; 95%CI = [0.03%; 0.14%]).

Sexually Transmitted Infections (STls)

Sixty participants (65%; 95%CI = [0.55%; 0.74%]), equally
divided between MSM, heterosexual men and heterosexual
women and all age categories, reported a history of STIs
before their HIV diagnosis. Four persons reported not

knowing about their STI history. Syphilis, chlamydia and
gonorrhea were mostly mentioned by MSM, chlamydia and
anal or genital herpes most often by heterosexual men and
heterosexual women (see Fig. 3).

Substance Use

Sixty participants (65%; 95%CI = [0.55%; 0.74%]) used
substances (other than alcohol) before or during sex in the
three months prior to their HIV diagnosis. Most frequently
used substances were amyl nitrates and poppers, followed
by cannabis, cocaine and ecstasy (see Fig. 4). Sexualized
drug use is commonly reported by MSM (N=48/69; 70%;
95%CI = [0.59%; 0.80%]) and heterosexual men (N=_8/11;
73%; 95%CI = [0.46%; 0.99%]) and slightly more reported
in participants aged between 19 and 29 (N=17/20; 85%;
95%CI = [0.69%; 1%]) and 30 to 49 years old (N=37/45;
82%; 95%CI = [0.71%; 0.93%]) compared to participants
aged above 50 (N=16/22,72%; 95%CI = [0.54%; 0.91%)]).
Respondents having sex with casual partner(s) or with
both casual and steady partners were more likely to use
substances before or during sex (respectively N=29/32;
91%; 95%CI = [0.80%; 1%] and N=21/34; 62%; 95%ClI
= [0.45%; 0.78%]) than those having sex with their steady
partner only (N=8/20; 40%; 95%CI = [0.19%:; 0.61%)]).

PrEP and PEP Use

Sixty participants (66%, 95%CI = [0.55%; 0.74%] 56
MSM, 3 heterosexual men and one heterosexual women)
were aware of the existence of PrEP. Among those unaware,
there were no differences in numbers between age catego-
ries and between those infected only shortly after the reim-
bursement of PrEP in Belgium (HIV infection in 2018 and
2019; N=18; 55%; 95%CI = [0.38%; 0.72%]) and those
infected in 2020 or later (N=15; 45%; 95%CI = [0.28%;
0.62%)).

Eight participants (9%; 95%CI = [0.03%; 0.14%]), all
MSM, used PrEP in the past. Six of them did not have the
Belgian nationality; 2 of these 6 reported that they were
probably infected abroad. All except one of these previous
PrEP users used substances before or during sex in the three
months prior to their diagnosis and 7 persons had reported
one or more STIs in the past. Half of the PrEP users notified
their sex partner(s) after being diagnosed.

Fourteen participants (15%; 95%CI = [0.08%; 0.22%]
12 MSM and 2 heterosexual women, mainly aged between
30 and 49 years old (N=9/14; 64%; 95%CI = [0.39%;
0.89%])) had taken PEP in the past because of suspected
HIV exposure. Half of these persons were not of Belgian
nationality. Three of the PEP users, all MSM, had also taken
PrEP in the past.
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Table 3 Overview of cluster information

Heterosexual Heterosex- MSM Total
men ual women (N=65) (N=289)
(N=11) (N=13)
Clustered 5 3 33 41
Paired 1 4 7 12
Isolated 5 6 25 36

Belgium ﬁi
88

8
Other European Country .:I__l 14
5

Sub-Saharan Africa

Other country [ 11

Don't know ;l 78

@DPaired Olsolated mClustered

Fig. 5 Most probable country of infection in function of cluster infor-
mation. The numbers depicted in the bars represent the proportions of
respondents who had indicated a specific answer

Risks Factors for Being Part of a Transmission
Cluster

Viral sequences for phylogenetic analysis were available
for 89 of the 93 participants. Forty-one (46%; 95%CI =
[0.36%; 0.56%]) were localized in a phylogenetic cluster, 12
were part of a pair (14%, 95%CI = [0.06%; 0.21%]) and 36
(40%; 95%CI =[0.30%; 0.51%]) were isolated, see Table 3.
Six of the phylogenetic clusters contained more than one
study participant (one with 4 participants included, one with
3 participants included and 4 with 2 participants included).
The percentage of MSM localized in a phylogenetic clus-
ter was only slightly higher than the percentage of hetero-
sexuals in a phylogenetic cluster (MSM, 51%; heterosexual
men, 46%; heterosexual women, 23%;). While men were
more frequently part of a cluster, women were more fre-
quently part of a pair (31% vs. 9% for heterosexual men
and 11% for MSM). No differences were observed between
clustered and isolated or paired persons concerning type of
sex partners, number of casual sex partners, history of STIs,
alcohol and substance use, use of condoms with casual part-
ners and age categories. Of the 8 persons who used PrEP in
the past, only two were part of a cluster, 5 occurred isolated
or paired. For one person no sequence data were available.
Of the clustered persons, 88% reported Belgium as the most
probable country of infection, isolated or paired persons
more frequently indicated being infected abroad, see Fig. 5.

@ Springer

Discussion

The study combined behavior data with phylogenetic clus-
ter analysis to assess the characteristics of the population
most at risk for HIV infection in Belgium and to identify
potential behavior correlates of clustering as well as gaps in
prevention. There has been a previous report on the combi-
nation of risk behavior and cluster data [10]. The strength
of our study however, is its focus on the recent infections.
Persons diagnosed with an HIV-1 infection of less than 3
months completed a questionnaire on their behavior around
the time of infection. Sequence data from drug resistance
analysis were used to place each of these persons in the phy-
logenetic tree of the diagnosed cases in Belgium between
2013 and 2022.

In comparison to the 2018-2022 national HIV surveil-
lance data of persons with a diagnosis of recent infection
(< 6 months), the sample was representative of most socio-
demographic characteristics. However, among the study
participants there were proportionally slightly more MSM
and Belgians, and fewer persons with Sub-Saharan African
nationalities. About three-quarters of the study participants
were MSM, primarily of Belgian origin, a known key-
affected population. A high rate of high-risk sexual behavior
was derived from the survey, and most respondents were
also aware of the risk taking, reflected in the fact that most
of them underwent frequent HIV testing. More than half
even tested for HIV several times a year. A substantial pro-
portion of the respondents reported multiple sex partners
and often engaging in unprotected sex. Overall, alcohol and
substance use before or during sexual activity was high, and
most participants were diagnosed with one or more sexually
transmitted infections.

In line with previous findings [7, 11], almost half of the
study participants were part of a transmission cluster, and
a smaller proportion was part of a transmission pair. This
confirms the previous observations that an important part
of local HIV transmission in our country, especially among
MSM, can be allocated to phylogenetic clusters [12, 13]. It
is also in-line with the findings reported for other Western
European countries [14—16].

As a result, there is growing interest in identifying clus-
ters of sexual transmission and the corresponding social
networks to target testing and prevention initiatives to this
population. The rapid detection and response to growing
HIV clusters is one of the pillars of the Ending the HIV
Epidemic initiative of the US Department of Health and
Human Services that aims to reduce new HIV infections in
the US by 90% in 2030 [17]. But evidence-based metrics
showing the effectiveness of cluster prioritization in preven-
tion is still missing [8] and, despite the wealth of studies
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suggesting cluster driven interventions, potential implemen-
tation strategies have not been well defined [18, 19].

Although most participants were at high HIV-risk, the
study also identified people with a less pronounced risk pro-
file. These included Belgian heterosexuals and people aged
over 50. Also, just over half of the participants reported hav-
ing had only sexual intercourse, with a steady partner; this
was more often reported by heterosexuals than by MSM.
These findings support the national surveillance data that
reveal increasing diversity of the HIV epidemic in Belgium,
as evidenced by the profile of newly diagnosed individuals
and those infected who have not yet been diagnosed. For
example, of the estimated 627 people with undiagnosed
HIV in Belgium in 2022, almost 40% were Belgian hetero-
sexuals. It is therefore clear that, to reduce transmission, pre-
vention strategies must reach beyond the known high-risk
populations. Given the long-term and holistic patient-phy-
sician relationship, primary care may lend itself to provide
personalized sexual health information and repeated testing
opportunities [20]. People over 50 need special attention for
prevention and testing, as health workers and older people
themselves underestimate their risk of HIV infection and
early signs and symptoms of an HIV infection may be attrib-
uted to diseases of ageing [21, 22].

PEP use was limited, as was knowledge about and use
of PrEP in the study sample. Even though a small majority
were aware of the availability of PrEP, only a minority had
effectively engaged in PrEP use. Since June 2017, physi-
cians at an HIV reference center can prescribe PrEP and it
is reimbursed for persons who have medical insurance in
Belgium. Eligibility criteria included being at least 16 years
old and reporting one or more of the following: (1) unpro-
tected sexual intercourse with a least 2 partners, (2) multiple
STIs in the past year, (3) use of PEP in the past year, (4)
using psychoactive substances during sex, and/or (5) other
reasons of being at high risk of acquiring HIV (e.g. people
who inject drugs and share needles, sex workers, partners of
HIV-positive people with viral suppression). However, no
differences in the frequency of PrEP use were observed for
persons diagnosed in the period immediately after the start
of PrEP reimbursement in Belgium and those diagnosed
when the roll-out of PrEP was already more consolidated.
Previous research indicated that an interplay of several
underlying determinants and barriers such as younger age,
lower education levels, socio-economic vulnerabilities and
migration related stressors impact on PrEP uptake and effec-
tive use, illustrating a social gradient in PrEP care [23-25].
To ensure that people who could benefit from PrEP also use
PrEP, further investment in the accessibility of PrEP care is
recommended. Moreover, prevention strategies for people
stopping PrEP are required, since some people remain at

high risk for HIV after having stopped PrEP [26], as also
shown in this study.

Finally, an important observation from our study was that
less than half of the study participants informed all their sex
partners of their diagnosis and almost one fourth, mainly
MSM, did not inform any of their sex partners. These are
missed opportunities for testing and prevention. The full
potential of prevention efforts cannot be realized as long as
a significant number of people remain unaware of their HIV
infection and unknowingly transmit HI'V. This finding there-
fore calls for more involvement of the healthcare provider
to accelerate and intensify case finding. Adequate partner
notification may be of particular importance for the persons
that are localized in a cluster. Six of the phylogenetic clus-
ters identified contained more than one study participant.
Timely identification of these clusters and the associated
sexual network may have prevented some of these infections
by earlier testing and offering of PrEP. However, for optimal
efficiency of cluster-driven interventions, it will be crucial
to be able to perform the cluster analyses in real time. This
real-time integration, analysis and interpretation of phylo-
genetic data remains challenging [27]. Future studies are
also needed to support the effectiveness of this approach.
A recent study on HIV-infected persons in Chicago led to
the conclusion that partner services initiated from clients
in a molecular cluster did not result in a higher number of
new diagnoses than partner services initiated from clients
not in a cluster [28]. It is likely that much will depend on
how well the phylogenetic analysis covers the HIV infected
population.

Limitations

Several limitations must be considered. The sample size is
small, and the composition may present some bias. A quar-
ter of individuals were not invited to participate for several
reasons (language barrier, psychiatric problems, not fol-
lowed at the one of the participating centers after diagnosis).
The selective inclusion of Reference Centers may partly
explain the relatively small number of Sub-Saharan African
migrants as the profiles of people living with HIV in follow-
up differ between HIV Reference Centers (i.e. surveillance
data show that non-Belgian nationalities among heterosexu-
als were proportionally more present in the Brussels region
than in the other regions) and some of the Belgian HIV
Reference Centers did not participate in the study, mainly
because of practical considerations (lack of time, lack of
staff). Moreover, migrants from sub-Saharan Africa are also
less likely to be diagnosed during acute infection, as a large
proportion of them were already infected before arriving
in Belgium. Apart from that however, it also remains dif-
ficult to motivate people to participate in scientific studies,
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especially people from migrant backgrounds. Experienc-
ing more HIV-related stigma among Sub-Saharan African
migrants would be a plausible explanation why they are less
motivated to participate in HIV research [29]. The small
sample size hampered possible sub-analyses and one should
be careful when generalizing the results to the overall popu-
lation of recently infected persons living with HIV.

Next, as already mentioned, phylogenetic analysis is
limited to infections newly diagnosed in Belgium; clusters
extending country borders may have been missed. Also, a
significant number of persons with a high-risk profile, espe-
cially MSM, currently use PrEP. As shown recently in a
study of the Dutch HIV cohort, this may impact cluster size
and rate of expansion [30].

As for informing the partner, they were not further
asked about the reasons why they did not do so. Indeed, it
is important to distinguish between ‘not wanting to inform
their sex partner(s)’ versus ‘not being able to inform their
sex partner(s) in case of anonymous sex partner(s)’. It
would therefore be valuable for future prevention initiatives
to explore these reasons in more detail.

The COVID-19 pandemic forced us to extend the study
period and may have affected participants’ sexual behav-
ior. In line with findings from other studies [31], persons
infected during the COVID-19 pandemic reported less
casual sex partners compared to those infected before the
pandemic. No other differences in sexual risk behavior were
found between pre and post COVID-19 diagnoses.

Another limitation is that this study used questionnaires
to examine behavior, questions and answers could not be
explored further. Although anonymity was emphasized,
one should be aware of socially desirability in answering.
Memory biases can influence questionnaire responses. This
may have been the case for the 7 participants who reported
not having had sex partners in the 3 months before their
HIV diagnosis, but who reported sexual activity in the same
period in response to other questions.

Recommendations

The findings of the current study show that the blind spot
of individuals not currently reached by existing prevention
strategies may be larger than thought.

e These results point out the need for prevention measures
that consider the diverse profile of persons at risk of
HIV.

e There is an urgent need to address prevention gaps,
particularly missed testing and partner notification
opportunities.

@ Springer

e [t is recommended to further invest in the accessibility
of PrEP and to develop strategies to enhance persistence
of PrEP user.

e Real-time phylogenetic cluster analysis may help to
trace undiagnosed infections and provide targeted pre-
vention, but further research is needed to estimate the
full potential impact of such an approach.

e Further research is also needed to better understand how
people’s embedding in social networks may increase or
decrease their ability to engage in sexual risk-taking and
HIV-preventive behavior.

Conclusions

Most participants recently infected with HIV-1 reported
having engaged in high-risk behavior and were aware of
their risk-taking; a substantial number of participants was
found in transmission clusters. However, the study also
identified people with a less pronounced risk profile. These
findings emphasize that, to reduce HIV transmission, pre-
vention strategies must extend beyond the key-affected pop-
ulations. Furthermore, gaps in prevention pathways need
to be better understood and filled. Finally, cluster-driven
preventive interventions, including testing and partner
notification, should be piloted so that best practices can be
operationalised.
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