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T o 

determine a country’s progress towards the first 
UNAIDS target (to diagnose at least 95% of PWHIV), it 
is essential to estimate the total incidence and preva-
lence of HIV in order to account for PWHIV who still are 
undiagnosed. This is not a trivial task, owing to several 
factors such as group differences in risk awareness, 
unknown time of infection (TI), systematic variation 
in TI among transmission modes and over calendar 
years, rate of disease progression, and migration of 
PWHIV from abroad. Several statistical methods have 
been developed that use biomarker data (quantifiable 
molecular data that change predictably over time) to 
directly estimate the TI of diagnosed PWHIV and sub-
sequently estimate the HIV incidence and the number 
of undiagnosed PWHIV per year [7-10]. These methods 
take into consideration the individual’s transmission 
mode and other demographic information to account 
for behavioural differences. Other methods, adapted to 
the unique availability of data and demographic infor-
mation, have extrapolated the number of PWHIV using 
a wide range of different techniques, such as back-cal-
culation [11-13].

This study aimed to estimate the annual HIV incidence 
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database, 4,644 (58%) had a recorded arrival date to 
Sweden, with 2,922 (63%) diagnosed after arrival.

Modelling approach
While the number of PWHIV on ART and the propor-
tion of those virologically suppressed can be obtained 
directly from InfCareHIV, the first UNAIDS 95 target 
(fraction diagnosed among all PWHIV) requires statisti-
cal estimation of the yearly HIV incidence, which makes 
it necessary to estimate (i) the actual dates when 
PWHIV were infected rather than when they were found 
HIV-positive (diagnosis), and (ii) the number of PWHIV 
who are not yet diagnosed.

Using a Bayesian approach, we estimated the time 
of HIV infection for PWHIV in Sweden using a modi-
fied multi-biomarker model [8-10]. Here, we used 
CD4+ T-cell count and pol polymorphism count for each 
diagnosed PWHIV, adding multiple measurements (e.g. 
at follow-up visits) of each biomarker when available, 
before ART initiation. We also used previous negative 
test results when available and date of entering Sweden 
for migrants. The advantage of this biomarker approach 
is that for all diagnosed PWHIV, we get a probabilistic 
estimate of the TI, which is usually unknown.

Our incidence estimator adjusted for the undercounting 
of PWHIV who were infected recently but had not yet 
been diagnosed and were therefore not recorded in any 
public health system. This adjustment, based on the 
inverse probability weighting method proposed in [7], 
leads to increased uncertainty closer to the present, 
and that uncertainty declines over time as previously 
undiagnosed people are diagnosed and recorded. The 
unit for incidence is number of new cases per year and 
prevalence is number of PWHIV alive in a given year.

The number of undiagnosed PWHIV in a year is the dif-
ference in the prevalence (the cumulative incidence 
minus all removed PWHIV up to and including that 
year) and the cumulative number of diagnosed (again 
minus all removed PWHIV). Here, removed includes 
PWHIV lost to death or migration out of Sweden. We 
propagated all uncertainties from the multi-biomarker 
model and the estimation of the number of undiag-
nosed by standard Monte Carlo methods up to the final 
incidence estimates presented in this report.

A large fraction of PWHIV have migrated to Sweden 
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of PWHIV in the advanced clinical stage at the time of 
diagnosis remained fairly constant, while among MSM 
it declined after 2012; we refer to 
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was described by a posterior probability distribution 
of possible infection times, thus moving the incidence 
of diagnosed PWHIV probabilistically back in time to 
when the person acquired the infection. To estimate 
the number of undiagnosed PWHIV in a year, we used 
the probability of being diagnosed in the years after the 
acquisition for each transmission mode. To estimate 
TI, our model can use several biomarkers [6,8] and 
several measurements of each biomarker from a diag-
nosed PWHIV, e.g. CD4+  T-cell counts and sequencing 
results, as well as last negative and first positive HIV 
test results. In addition, for incidence, it also considers 
start of ART and arrival date for people who migrated to 
Sweden. One advantage of this method is that the final 
incidence estimate integrated over both uncertainties 
in the biomarker-based TI and the estimation of 
undiagnosed PWHIV to report the confidence in our 
yearly estimates properly.
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so that efficient targeted or general strategies for diag-
nosis and prevention can be designed. To reach all 
individuals with undiagnosed infections, awareness 
of HIV status needs to be raised also beyond the key 
populations, and integration of HIV testing in diagnos-
tic algorithms at all levels of care improved.

In Sweden, PrEP is currently almost exclusively pro-
vided to MSM and transgender individuals but very 
low in heterosexual and other groups (data not shown). 
Expanding access to PrEP for migrant groups is impor-
tant, but HIV prevention for these populations is com-
plex and involves also other measures [23]. It requires 
addressing cultural, socioeconomic and systemic barri-
ers through targeted community engagement, compre-
hensive education and culturally competent healthcare 
services. In addition, it is crucial to ensure a low bar-
rier for HIV testing to facilitate early diagnosis in these 
groups.

In addition to the three 95–95–95 targets, a fourth tar-
get has been proposed [24]: This goal aims to ensure 
that 95% of PWHIV on ART experience a good health-
related quality of life. By integrating quality-of-life 
measurements into routine care, healthcare providers 
can ensure a more comprehensive approach to man-
aging PWHIV, as well as a basis for policy making and 
development of support services.

Conclusions
Using a new probabilistic biomarker-based incidence 
estimator and an extensive national quality registry and 
research database, we estimate that in 2018, Sweden 
surpassed each of the three UNAIDS 95–95–95 targets. 
As suggested by our model, most undiagnosed PWHIV 
had acquired HIV through HET contact while living in 
Sweden, but undiagnosed individuals were estimated 
to exist in all categories of sexually acquired HIV infec-
tions. Undiagnosed PWHIV who acquired HIV through 
intravenous drug use were uncommon, according to 
our estimates. The results point to successful preven-
tion and diagnostic efforts, especially in PWID and in 
MSM residing in Sweden, and support the continuation 
of existing targeted preventive measures such as nee-
dle exchange programmes and PrEP, which are also co-
organised with access to testing.
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