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ABSTRACT
Objectives General practitioners (GPs) and sexual health 
centres (SHCs) are the main providers of HIV testing and 
diagnose two- thirds of HIV infections in the Netherlands. 
We compared regional HIV testing and positivity by GPs 
versus SHCs to gain insight into strategies to improve HIV 
testing, to enable timely detection of HIV infections.
Methods Laboratory data (2011–2018) on HIV testing 
by GPs and SHCs in five Dutch regions with varying 
levels of urbanisation were evaluated. Regional HIV 
testing rates per 10 000 residents ≥15 years (mean over 
period and annual) were compared between providers 
using negative binomial generalised additive models 
and additionally stratified by sex and age (15–29 years, 
30–44 years, 45–59 years, ≥60 years). χ2 tests were 
used to compare positivity percentage between the two 
groups of providers.
Results In the study period, 505 167 HIV tests (GP 
36%, SHC 64%) were performed. The highest HIV testing 
rates were observed in highly urbanised regions, with 
large regional variations. The HIV testing rates ranged 
from 28 to 178 per 10 000 residents by GPs and from 
30 to 378 per 10 000 by SHCs. Testing rates by GPs were 
lower than by SHCs in three regions and comparable in 
two. In all regions, men were tested less by GPs than by 
SHCs; for women, this varied by region. Among those 
aged 15–29 years old, GPs’ testing rates were lower than 
SHCs’, while this was reversed in older age categories in 
four out of five regions. The overall mean HIV positivity 
was 0.4%. In contrast to other regions, positivity in 
Amsterdam was significantly higher among individuals 
tested by GPs than by SHCs.
Conclusions This retrospective observational study shows 
that besides SHCs, who perform opt- out testing for key 
groups, GPs play a prominent role in HIV testing, especially 
in non- key populations, such as women and older 
individuals. Large regional variation exists, requiring region- 
specific interventions to improve GPs’ HIV testing practices.

INTRODUCTION
In the Netherlands, a declining trend in annual 
number of newly diagnosed HIV infections has 
been observed since 2008.1 By the end of 2018, 
an estimated 23 300 people were living with HIV, 

of whom a substantial proportion (n=1900, 8%) 
were estimated to be unaware of their infection.1 In 
that same year, about half of newly diagnosed HIV 
infections were late- stage infections.1 An important 
step towards zero new HIV infections is ensuring 
timely diagnosis and treatment through optimal 
HIV testing strategies. As the Dutch HIV epidemic 
is not affecting all regions equally, with clustering 
in very highly urbanised regions such as the cities 
of Amsterdam and Rotterdam,2 region- specific 
tailored approaches for optimised HIV testing and 
care are warranted.

Nearly 70% of STI consultations are performed 
by general practitioners (GPs) in the Netherlands.3 
In addition, sexual health centres (SHCs) provide 
client- initiated STI testing and care for key groups, 
such as people being notified for an STI, people 
having STI symptoms, men who have sex with 
men (MSM), people with a non- Western migratory 
background and people aged <25 years. GPs and 
SHCs are therefore the main access points for STI 
testing and care, but there are important differences 
in accessibility between GPs and SHCs. The GP is 
readily accessible for all, while the SHC is only 
accessible for key groups. GPs usually test for HIV 
at the request of the patient, and guidelines recom-
mend testing for HIV based on risk assessment and 
symptoms and in the presence of HIV indicator 
conditions.4 The cost of HIV testing by a GP is not 
covered by health insurance if the obligatory annual 
deductible (currently €385) has not been reached. 
In contrast, at the SHC, testing and care are free of 
charge. Since 2015, SHCs have been offering HIV 
testing for key groups on an opt- out basis, with the 
exception of heterosexual attendees <25 years who 
are tested for HIV on indication only.5 The number 
of SHC attendees is limited by financial restrictions 
imposed by national policy.5

GPs and SHCs diagnose 36% and 27% of new 
HIV infections in the Netherlands, respectively, 
with the remainder being diagnosed in hospitals 
or other settings such as antenatal care services.1 6 
However, the number of HIV tests performed by 
GPs and their contribution to HIV testing compared 
with SHCs in the Netherlands are unknown. Insight 
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into this contribution is needed to identify opportunities for 
improved HIV testing strategies. Therefore, this study aimed to 
compare HIV testing and positivity by GPs versus SHCs in five 
Dutch regions with different levels of urbanisation. We expect 
that opportunities for improved HIV testing predominantly lie 
with GPs due to their accessibility in all geographical areas and 
because HIV testing by SHCs is already done on an opt- out basis 
in key populations.

METHODS
Design and setting
In this retrospective observational study, we used laboratory 
data (2011–2018) on HIV testing and HIV positivity by health-
care provider (GP or SHC) from five regions in the Netherlands 
(Amsterdam, Rotterdam, Maastricht, Twente, North Nether-
lands). The five participating regions accounted for 24% of the 
total Dutch population of 17.2 million in 2018.7 These regions 
were selected because a collaboration was already established,8 
and to provide an overview of HIV testing in settings with 
varying levels of urbanisation in the Netherlands. As shown in 
figure 1, each region consists of one or more municipalities, 
varying in level of urbanisation (number of residents per square 
kilometre, based on 2018 data). The regions ranged from rural 

(North Netherlands, N- NL: 208 residents/km2) to very highly 
urbanised (Amsterdam: 5160 residents/km2; Rotterdam: 2936 
residents/km2).

Data collection
All laboratories performing diagnostics for GPs and SHCs in 
participating regions were approached for data collection. The 
annual number of HIV tests performed by GPs and SHCs and 
the number of positive HIV tests were collected, stratified by sex 
and age category (15–29, 30–44, 45–59 and ≥60 years). HIV 
tests as part of antenatal screening were excluded. The aggre-
gated laboratory data were combined with the number of resi-
dents and level of urbanisation per region, as publicly available 
from Statistics Netherlands.9

Data were included if both the patient’s and the healthcare 
provider’s postal code were within the region. For GPs in 
Amsterdam, the patient’s postal code was not available; thus, 
inclusion was based only on the postal code of the GP. For the 
N- NL region, all GP laboratory data were included irrespective 
of postal code. SHC data for N- NL in 2015 were missing as 
diagnostics for SHCs were performed by a foreign laboratory in 
that year and could not be retrieved.

Case definition
An HIV test was defined as a serum HIV antibody test, antigen 
test or a combination test (HIV antibody and p24 antigen). 
Multiple HIV tests performed within 21 days were counted as 
one to exclude repeat or confirmation tests. The HIV test result 
was defined as the result of the last test performed within a 
21- day window to exclude possible false positive and false nega-
tive test results.

Data coverage
The SHC data coverage was 100%, since laboratory services for 
SHCs are performed by a single laboratory per region. GPs may 
contract various diagnostic laboratories. As we were not able to 
collect data from all laboratories that perform diagnostics for 
GPs, GP data coverage was estimated by each region to adjust for 
incomplete data. The estimated GP data coverage ranged from 
72% to 92% (figure 1).

Statistical analysis
Overall mean and annual HIV testing rates (number of tests 
per 10 000 residents) were calculated for each region and strat-
ified by provider group, sex and age category. We compared 
HIV testing rates between provider groups with SHC as refer-
ence, calculating rate ratios (RR) and their 95% CI. Rates were 
modelled using generalised additive models (GAM), with the 
log of total number of residents as offset. Since outcomes were 
overdispersed, they were modelled assuming a negative bino-
mial distribution. To correct for missing data, HIV testing rates 
and GAM analyses including GP data were adjusted for regional 
GP data coverage by multiplying the number of tests with 1/
coverage for each region. Overall mean positivity percentages 
(number of positive tests out of tests performed) were calculated 
for each region, and compared between providers using χ2 tests, 
or Fisher’s exact tests when more than 20% of the cells had an 
expected frequency below five. For all calculations in the region 
of N- NL, GP and SHC data for 2015 were excluded as SHC data 
were missing. All analyses were performed using R V.3.6.3. A p 
value <0.05 was considered statistically significant.

Figure 1 Urbanisation map of the Netherlands and study region 
descriptives1. 1Based on 2018. 2Number of residents per square 
kilometre. 3Level of urbanisation by region; each region consists of one 
or more municipalities. 4Estimated GP test data coverage to adjust for 
incomplete HIV test data, as we were not able to collect data from all 
laboratories that perform diagnostics for GPs. GP, general practitioner; 
NA, not applicable.
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RESULTS
Laboratory data
We analysed 505 167 HIV tests performed by GPs and SHCs 
from the five included regions from 2011 to 2018 (online 
supplemental table 1). GPs and SHCs from the very highly 
urbanised regions of Amsterdam and Rotterdam performed the 
largest proportion of tests of the included study regions (59% 
from Amsterdam and 19% from Rotterdam, respectively). SHCs 
conducted more tests compared with GPs (323 370 (64%) vs 
181 797 (36%)), with the vast majority of SHC tests done in 
Amsterdam (65%, 209 610 of 323 370). In total, 2128 HIV 
tests were positive, 1156 (54%) from SHCs and 972 (46%) from 
GPs. The largest number of positive HIV tests was reported in 
Amsterdam (1268, 60%), followed by Rotterdam (508, 24%), 
N- NL (200, 9%), Twente (117, 6%) and Maastricht (35, 2%).

Mean HIV testing rates
Figure 2 and table 1 show the overall mean HIV testing rates per 
10 000 residents by provider per region. The mean HIV testing 
rates decreased with decreasing level of urbanisation. In three 
regions with varying levels of urbanisation—Amsterdam, Maas-
tricht and Twente—GPs’ testing rates were lower than SHCs’, 
with the biggest difference between providers observed in 
Amsterdam (RR 0.47, 95% CI 0.44 to 0.50). In the very highly 
urbanised region of Rotterdam and in the rural region of N- NL, 
mean testing rates were comparable between GPs and SHCs (RR 
1.01, 95% CI 0.97 to 1.05 and RR 0.93, 95% CI 0.88 to 0.97, 
respectively).

In all regions, men were tested less by GPs than by SHCs. This 
pattern was also observed for women in Amsterdam, Twente 
and Maastricht, but not in Rotterdam and N- NL. In general, RR 
increased with increasing patient age categories. In the youngest 
age category (15–29 years), testing rates by GPs were lower than 
those by SHCs (RR ranging from 0.24, 95% CI 0.20 to 0.28, to 
0.70, 95% CI 0.65 to 0.75), while in the older age categories this 
was reversed for all regions except Twente.

Annual HIV testing rates
Comparing annual HIV testing rates by GPs and SHCs revealed 
that GPs’ rate relative to that of SHCs decreased over time in 
the very highly urbanised region of Amsterdam and the low 
urbanised region of Twente (table 2). In Amsterdam the RR 

comparing GP versus SHC decreased most: from 0.72 (95% CI 
0.70 to 0.75) in 2011 to 0.40 (95% CI 0.38 to 0.43) in 2018. 
This decrease was caused by a strong increase in testing by SHCs 
(HIV testing rate of 314.7 in 2011 to 430.1 per 10 000 residents 

Figure 2 Mean number of HIV tests per 10 000 residents ≥15 years 
and mean HIV positivity percentage, by provider, in five regions in the 
Netherlands, 2011–2018. GP test data were corrected for estimated HIV 
test data coverage per region. Data in 2015 for N- NL are missing and 
not included in the calculations. GP, general practitioner; N- NL, North 
Netherlands; SHC, sexual health centre.

Table 1 Mean HIV testing rate per 10 000 residents ≥15 years and 
comparison between GPs and SHCs in five regions in the Netherlands, 
total and by sex and age category, 2011–2018

GP* SHC GP vs SHC

Mean HIV 
testing rate (n 
per 10 000)

Mean HIV 
testing rate (n 
per 10 000) RR (95% CI)†

Very highly urbanised regions

Amsterdam

  Total 178 378 0.47 (0.44 to 0.50)

  Men 195 453 0.43 (0.39 to 0.46)

  Women 163 306 0.53 (0.49 to 0.57)

  15–29 years 208 850 0.24 (0.20 to 0.28)

  30–44 years 268 357 0.75 (0.71 to 0.79)

  45–59 years 144 143 1.00 (0.94 to 1.07)

  60+ years 43 30 1.42 (1.29 to 1.55)

Rotterdam

  Total 123 122 1.01 (0.97 to 1.05)

  Men 124 154 0.81 (0.76 to 0.86)

  Women 122 91 1.34 (1.28 to 1.40)

  15–29 years 209 298 0.70 (0.65 to 0.75)

  30–44 years 179 122 1.47 (1.40 to 1.54)

  45–59 years 74 38 1.94 (1.82 to 2.05)

  ≥60 years 16 8 2.12 (1.87 to 2.37)

Moderately urbanised region

Maastricht

  Total 83 104 0.80 (0.72 to 0.88)

  Men 88 116 0.76 (0.65 to 0.87)

  Women 79 93 0.84 (0.73 to 0.96)

  15–29 years 156 288 0.54 (0.44 to 0.65)

  30–44 years 140 86 1.62 (1.45 to 1.80)

  45–59 years 52 42 1.25 (1.02 to 1.47)

  ≥60 years 13 8 1.67 (1.24 to 2.10)

Low urbanised region

Twente

  Total 28 50 0.57 (0.50 to 0.64)

  Men 29 61 0.48 (0.38 to 0.57)

  Women 28 38 0.72 (0.62 to 0.82)

  15–29 years 48 128 0.38 (0.28 to 0.48)

  30–44 years 52 58 0.90 (0.79 to 1.02)

  45–59 years 20 27 0.73 (0.57 to 0.90)

  ≥60 years 3 4 0.62 (0.22 to 1.02)

Rural region

North Netherlands‡

  Total 28 30 0.93 (0.88 to 0.97)

  Men 27 32 0.86 (0.79 to 0.92)

  Women 29 29 1.00 (0.93 to 1.07)

  15–29 years 56 91 0.62 (0.55 to 0.68)

  30–44 years 48 28 1.72 (1.63 to 1.81)

  45–59 years 18 15 1.22 (1.10 to 1.34)

  ≥60 years 3 2 1.35 (1.07 to 1.64)

*GP test data were corrected for estimated HIV test data coverage per region.
†Reference: SHC.
‡2015 data were missing for this region and not included in the calculations.
GP, general practitioner; RR, rate ratio; SHC, sexual health centre.
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Table 2 Annual rate ratios comparing HIV testing rates per 10 000 residents ≥15 years between GPs* and SHCs in five regions in the Netherlands, 
total and by sex and age categories, 2011–2018

Amsterdam
RR (95% CI)†

Rotterdam
RR (95% CI)†

Maastricht
RR (95% CI)†

Twente
RR (95% CI)†

N- NL
RR (95% CI)†

Total

  2011 0.72 (0.70 to 0.75) 1.03 (0.99 to 1.07) 0.67 (0.59 to 0.74) 0.86 (0.79 to 0.92) 0.64 (0.59 to 0.68)

  2012 0.63 (0.60 to 0.66) 0.98 (0.94 to 1.02) 0.97 (0.90 to 1.05) 0.70 (0.63 to 0.76) 0.77 (0.72 to 0.82)

  2013 0.50 (0.47 to 0.53) 0.93 (0.89 to 0.97) 0.79 (0.72 to 0.87) 0.50 (0.43 to 0.56) 0.70 (0.65 to 0.75)

  2014 0.35 (0.32 to 0.38) 0.94 (0.90 to 0.98) 0.66 (0.58 to 0.74) 0.40 (0.33 to 0.47) 0.57 (0.52 to 0.62)

  2015 0.45 (0.42 to 0.48) 1.12 (1.08 to 1.16) 1.02 (0.93 to 1.11) 0.54 (0.46 to 0.62) NA

  2016 0.43 (0.40 to 0.46) 1.05 (1.01 to 1.10) 0.89 (0.80 to 0.98) 0.53 (0.45 to 0.60) 1.45 (1.39 to 1.50)

  2017 0.39 (0.36 to 0.42) 0.95 (0.91 to 0.99) 0.77 (0.69 to 0.86) 0.57 (0.50 to 0.64) 1.31 (1.26 to 1.36)

  2018 0.40 (0.38 to 0.43) 1.14 (1.10 to 1.18) 0.75 (0.66 to 0.84) 0.56 (0.49 to 0.63) 1.68 (1.63 to 1.74)

Men

  2011 0.67 (0.63 to 0.70) 0.94 (0.89 to 1.00) 0.69 (0.59 to 0.80) 0.78 (0.69 to 0.87) 0.61 (0.54 to 0.68)

  2012 0.58 (0.55 to 0.62) 0.84 (0.78 to 0.89) 1.01 (0.90 to 1.12) 0.59 (0.50 to 0.68) 0.70 (0.63 to 0.77)

  2013 0.50 (0.46 to 0.54) 0.83 (0.77 to 0.88) 0.83 (0.73 to 0.93) 0.44 (0.35 to 0.53) 0.67 (0.60 to 0.74)

  2014 0.39 (0.35 to 0.43) 0.84 (0.78 to 0.89) 0.67 (0.57 to 0.78) 0.37 (0.27 to 0.46) 0.59 (0.52 to 0.65)

  2015 0.43 (0.39 to 0.47) 0.82 (0.76 to 0.87) 0.80 (0.69 to 0.92) 0.42 (0.31 to 0.52) NA

  2016 0.37 (0.33 to 0.40) 0.75 (0.70 to 0.80) 0.76 (0.65 to 0.88) 0.43 (0.33 to 0.53) 1.14 (1.07 to 1.21)

  2017 0.32 (0.29 to 0.36) 0.69 (0.64 to 0.74) 0.65 (0.54 to 0.77) 0.43 (0.34 to 0.52) 0.96 (0.90 to 1.02)

  2018 0.34 (0.31 to 0.38) 0.81 (0.76 to 0.86) 0.65 (0.53 to 0.77) 0.45 (0.36 to 0.54) 1.50 (1.43 to 1.56)

Women

  2011 0.79 (0.75 to 0.83) 1.12 (1.07 to 1.18) 0.65 (0.55 to 0.75) 0.95 (0.86 to 1.04) 0.65 (0.59 to 0.71)

  2012 0.68 (0.65 to 0.72) 1.17 (1.11 to 1.22) 0.94 (0.83 to 1.04) 0.84 (0.74 to 0.93) 0.83 (0.77 to 0.90)

  2013 0.49 (0.45 to 0.53) 1.06 (1.01 to 1.12) 0.75 (0.65 to 0.86) 0.57 (0.48 to 0.66) 0.72 (0.66 to 0.79)

  2014 0.31 (0.27 to 0.35) 1.07 (1.02 to 1.13) 0.65 (0.54 to 0.75) 0.44 (0.33 to 0.54) 0.55 (0.48 to 0.62)

  2015 0.49 (0.45 to 0.53) 1.71 (1.65 to 1.78) 1.40 (1.26 to 1.53) 0.79 (0.67 to 0.91) NA

  2016 0.54 (0.50 to 0.58) 1.70 (1.64 to 1.77) 1.10 (0.96 to 1.23) 0.72 (0.60 to 0.83) 1.96 (1.89 to 2.04)

  2017 0.52 (0.48 to 0.56) 1.54 (1.48 to 1.60) 0.97 (0.84 to 1.10) 0.88 (0.77 to 0.98) 2.09 (2.01 to 2.16)

  2018 0.54 (0.50 to 0.58) 1.94 (1.88 to 2.01) 0.91 (0.77 to 1.05) 0.79 (0.68 to 0.89) 1.99 (1.91 to 2.06)

15–29 years

  2011 0.43 (0.39 to 0.46) 0.74 (0.69 to 0.79) 0.50 (0.41 to 0.59) 0.67 (0.59 to 0.76) 0.43 (0.37 to 0.49)

  2012 0.35 (0.31 to 0.38) 0.70 (0.65 to 0.75) 0.70 (0.61 to 0.80) 0.47 (0.38 to 0.56) 0.54 (0.47 to 0.60)

  2013 0.25 (0.21 to 0.29) 0.63 (0.58 to 0.68) 0.56 (0.47 to 0.66) 0.33 (0.24 to 0.42) 0.44 (0.38 to 0.51)

  2014 0.15 (0.10 to 0.19) 0.61 (0.55 to 0.66) 0.45 (0.35 to 0.55) 0.25 (0.15 to 0.36) 0.36 (0.30 to 0.43)

  2015 0.21 (0.17 to 0.26) 0.80 (0.74 to 0.85) 0.78 (0.66 to 0.90) 0.38 (0.26 to 0.50) NA

  2016 0.22 (0.18 to 0.27) 0.74 (0.68 to 0.80) 0.60 (0.49 to 0.72) 0.36 (0.24 to 0.48) 1.11 (1.04 to 1.18)

  2017 0.20 (0.15 to 0.24) 0.67 (0.61 to 0.72) 0.47 (0.35 to 0.59) 0.29 (0.17 to 0.41) 0.99 (0.92 to 1.06)

  2018 0.21 (0.17 to 0.25) 0.79 (0.73 to 0.84) 0.35 (0.22 to 0.49) 0.33 (0.21 to 0.44) 1.24 (1.17 to 1.31)

30–44 years

  2011 1.17 (1.12 to 1.21) 1.47 (1.41 to 1.54) 1.42 (1.26 to 1.58) 1.22 (1.10 to 1.33) 1.42 (1.33 to 1.51)

  2012 1.06 (1.02 to 1.10) 1.45 (1.38 to 1.51) 2.06 (1.88 to 2.23) 1.17 (1.05 to 1.28) 1.66 (1.57 to 1.76)

  2013 0.87 (0.83 to 0.91) 1.51 (1.44 to 1.58) 1.85 (1.68 to 2.01) 0.88 (0.77 to 0.99) 1.51 (1.42 to 1.61)

  2014 0.66 (0.62 to 0.70) 1.57 (1.50 to 1.65) 1.37 (1.21 to 1.54) 0.76 (0.64 to 0.88) 1.23 (1.14 to 1.32)

  2015 0.74 (0.70 to 0.79) 1.51 (1.44 to 1.58) 1.64 (1.46 to 1.81) 0.82 (0.70 to 0.95) NA

  2016 0.65 (0.61 to 0.69) 1.42 (1.35 to 1.48) 1.66 (1.47 to 1.85) 0.77 (0.64 to 0.89) 2.03 (1.94 to 2.12)

  2017 0.57 (0.53 to 0.61) 1.30 (1.23 to 1.37) 1.40 (1.23 to 1.57) 0.92 (0.81 to 1.03) 1.78 (1.69 to 1.87)

  2018 0.57 (0.53 to 0.60) 1.56 (1.49 to 1.62) 1.76 (1.57 to 1.94) 0.78 (0.67 to 0.89) 2.57 (2.48 to 2.66)

45–59 years

  2011 1.43 (1.36 to 1.50) 2.10 (1.97 to 2.22) 1.03 (0.79 to 1.26) 1.12 (0.94 to 1.30) 0.92 (0.79 to 1.05)

  2012 1.32 (1.25 to 1.39) 2.12 (2.00 to 2.24) 1.41 (1.21 to 1.61) 0.94 (0.77 to 1.10) 0.91 (0.78 to 1.04)

  2013 1.27 (1.20 to 1.34) 2.07 (1.95 to 2.19) 1.12 (0.90 to 1.34) 0.80 (0.63 to 0.97) 1.06 (0.94 to 1.19)

  2014 1.10 (1.04 to 1.17) 2.11 (1.99 to 2.24) 1.08 (0.87 to 1.30) 0.51 (0.34 to 0.69) 0.75 (0.63 to 0.87)

  2015 1.03 (0.97 to 1.10) 2.06 (1.94 to 2.19) 1.07 (0.85 to 1.29) 0.62 (0.43 to 0.80) NA

  2016 0.83 (0.77 to 0.90) 1.82 (1.70 to 1.93) 1.30 (1.07 to 1.54) 0.64 (0.47 to 0.81) 1.58 (1.47 to 1.70)

  2017 0.79 (0.73 to 0.85) 1.60 (1.49 to 1.70) 1.41 (1.17 to 1.64) 0.70 (0.55 to 0.85) 1.54 (1.44 to 1.65)

  2018 0.76 (0.71 to 0.82) 1.82 (1.71 to 1.93) 1.73 (1.49 to 1.97) 0.71 (0.56 to 0.86) 1.79 (1.68 to 1.90)

≥60 years
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in 2018). The decrease in RR was observed in all subgroups in 
Amsterdam and most subgroups in Twente, with the strongest 
decrease among men and those aged 15–29 years old. In other 
regions, the RR remained more stable (Rotterdam and Maas-
tricht) or increased over time (N- NL).

Mean HIV positivity percentage
The overall mean HIV positivity percentage for all provider 
groups and regions was 0.4%. As shown in figure 2, the highest 
mean positivity percentages were reported in the very highly 
urbanised regions of Amsterdam (GP 0.7%, SHC 0.3%) and 
Rotterdam (GP 0.5%, SHC 0.5%), while the lowest positivity 
percentages were reported in the urbanised area of Maastricht 
(GP 0.2%, SHC 0.2%). In Amsterdam, the positivity percent-
ages were statistically significantly higher among people tested 
by GPs compared with those tested by SHCs (p<0.001). No 
statistically significant difference in positivity was found in the 
other regions.

DISCUSSION
This laboratory- based observational study comparing HIV testing 
and positivity by GPs and SHCs in five Dutch regions showed 
considerable regional differences in testing by these providers, 
while the positivity percentages between GPs and SHCs within 
regions were generally comparable. The difference between GPs’ 
and SHCs’ HIV testing rates largely depended on subgroups by 
sex and age, with GPs’ testing rates being especially lower than 
SHCs’ testing rates in men and those aged 15–29 years old.

Our data show that GPs are an important provider of HIV 
testing and that they contribute a substantial proportion of 
positive tests while having lower or comparable testing rates 
compared with SHCs in all regions. This suggests that, although 
SHC services are in place as an additional service for key groups 
for HIV testing, there are valuable opportunities for HIV testing 
in primary care. This is especially the case among populations 
that are not typically considered key HIV risk groups in the 
Netherlands, such as women and older people. However, the 
GP remains an important HIV test provider among key popula-
tions as well. In countries such as the UK, Spain, France, Belgium 
and the USA, the important role of GPs in optimal HIV testing 
and earlier diagnosis is increasingly recognised. As GPs are the 
primary service for (early) detection of disease in general and 
typically have a wide reach among residents, various interven-
tions to improve HIV testing in this setting have been imple-
mented in these countries.10–13

The notable regional variation in HIV testing observed in our 
study is likely due to differences in the level of urbanisation, 
populations’ cultural composition and local policy, as well as 
patients’ and providers’ attitudes. Not surprisingly, we observed 
higher HIV testing rates with higher levels of urbanisation, with 
the highest testing rates observed in the very highly urbanised 
regions of Amsterdam and Rotterdam. One explanation for this 
observation is the fact that key populations for HIV predomi-
nantly reside in highly urbanised regions. For example, in the 
Netherlands, 45% of MSM live in very highly urbanised regions, 
and over 30% of the residents of these highly urbanised regions 
are people with a non- Western migratory background.14 15 Addi-
tionally, more HIV testing campaigns are implemented among 
these communities, likely affecting their HIV awareness and 
testing behaviour. Healthcare providers in highly urbanised 
regions might also have higher awareness of HIV testing due 
to higher HIV prevalence and more focus on sexual health-
care compared with less urbanised regions, where healthcare 
providers are only incidentally faced with HIV- related concerns. 
However, although both Amsterdam and Rotterdam have similar 
levels of urbanisation and population composition, testing rates 
among both GPs and SHCs are much higher in Amsterdam than 
in Rotterdam. For SHCs, this discrepancy is largely explained by 
difference in consultation capacity. In 2018, SHCs in Amsterdam 
performed over 50 000 STI consultations, while SHCs in 
Rotterdam performed over 12 000.16 17 This difference in capacity 
is partially historically explained; the SHC in Amsterdam is 
better known among residents due to its longer existence and 
there are large regional differences in governmental funding, 
with the highest proportion allocated to Amsterdam. For GPs, 
the difference might be explained by higher awareness regarding 
HIV testing among GPs in Amsterdam: several HIV testing and 
care campaigns aimed at GPs have been implemented by the HIV 
Transmission Elimination in Amsterdam (H- TEAM) consortium, 
which has been working towards zero new HIV infections in the 
Amsterdam region since 2014, among others. This is reflected in 
Amsterdam GPs’ HIV testing time trends; after an initial decline 
in testing from 2011 to 2014, testing partially recovered from 
2014 onwards.18 Meanwhile, trends in Rotterdam GPs’ HIV 
testing remained stable from 2011 to 2018.

The results from this study highlight opportunities for 
improved HIV testing strategies. Since SHCs already offer HIV 
testing to attendees from key groups on an opt- out basis, GPs’ 
HIV testing strategies have the most room for improvement. 
Moreover, as GPs perform over twice as many STI consultations 

Amsterdam
RR (95% CI)†

Rotterdam
RR (95% CI)†

Maastricht
RR (95% CI)†

Twente
RR (95% CI)†

N- NL
RR (95% CI)†

  2011 1.59 (1.44 to 1.75) 2.92 (2.63 to 3.22) 1.80 (1.32 to 2.29) 0.64 (0.13 to 1.15) 0.78 (0.40 to 1.16)

  2012 2.01 (1.86 to 2.16) 2.68 (2.40 to 2.96) 1.36 (0.77 to 1.96) 0.71 (0.24 to 1.18) 0.83 (0.44 to 1.21)

  2013 1.77 (1.62 to 1.92) 1.85 (1.59 to 2.10) 1.68 (1.18 to 2.18) NE 0.88 (0.54 to 1.22)

  2014 1.68 (1.53 to 1.82) 2.41 (2.14 to 2.68) 1.26 (0.86 to 1.67) NE 0.59 (0.18 to 0.99)

  2015 1.51 (1.37 to 1.64) 1.89 (1.65 to 2.14) 1.58 (1.10 to 2.05) NE NA

  2016 1.38 (1.26 to 1.51) 1.97 (1.74 to 2.20) 2.01 (1.62 to 2.39) 0.47 (0.05 to 0.89) 1.90 (1.58 to 2.22)

  2017 1.18 (1.06 to 1.30) 1.61 (1.39 to 1.83) 1.65 (1.29 to 2.02) 1.19 (0.88 to 1.50) 1.68 (1.45 to 1.90)

  2018 1.03 (0.92 to 1.13) 2.31 (2.08 to 2.54) 1.91 (1.54 to 2.28) 0.95 (0.67 to 1.24) 1.92 (1.71 to 2.13)

*GP test data were corrected for estimated HIV test data coverage per region.
†Reference: SHC.
GP, general practitioner; NA, not applicable (data are missing); NE, not estimated (n too small for reliable estimates); N- NL, North Netherlands; RR, rate ratio; SHC, sexual health 
centre.

Table 2 Continued
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compared with SHCs and make 79% of annual STI diagnoses, 
they are the primary access to sexual healthcare.6 8 In contrast, 
the contribution of GPs and SHCs to the annual number of HIV 
diagnoses is much more equal. This is partly explained by a 
difference in client population between GPs and SHCs, with only 
key populations for STI and HIV attending SHCs and because 
many STI consultations by GPs do not include the performance 
of an HIV test. Nevertheless, this discrepancy also indicates 
missed opportunities for HIV testing in the primary care setting. 
These missed opportunities are the results of previously identi-
fied barriers such as time constraints, stigma, financial barriers 
and low perceived risk, as well as poor adherence to the current 
guidelines for STI consultations.10 19 20 In addition, as the Dutch 
HIV epidemic is shrinking over time, positive test results will 
become sparser, making a sustained proactive HIV testing 
strategy by GPs increasingly challenging. The observed regional 
differences in this study, as well as the underlying differences 
in policy, barriers and population, should be considered when 
designing strategies for improved HIV testing. In these strate-
gies, locally targeted approaches to engage GPs are warranted, 
not only focusing on highly urbanised regions but also engaging 
lower urbanised regions, where GPs are only incidentally faced 
with new HIV diagnoses, and the distance to SHCs makes their 
accessibility more cumbersome.21 Lessons taken from successful 
region- specific interventions to improve HIV testing strategies in 
primary care, such as an educational intervention implemented 
in Amsterdam by the H- TEAM, could serve as an example.18

Strengths
This is the first laboratory- based observational study on HIV 
testing by GPs versus SHCs in the Netherlands, allowing for a 
novel, objective assessment of the number of HIV tests performed 
per provider. Previous surveillance on HIV testing in primary 
care used data from sentinel networks, patient records, ques-
tionnaires or interviews.19 22–24 We compared our laboratory- 
based GP testing rates with data collected in the Dutch Sentinel 
General Practice Network from 1988 to 2009 and found large 
discrepancies in HIV testing between their results from 2009 and 
our results from 2011.22 This discrepancy may be due to regis-
tration bias in the sentinel network study, as they used patient 
records and additional questionnaires completed by GPs. With 
laboratory data, there is no risk of recall or registration bias, 
ensuring a more accurate assessment of the contribution of GPs 
to HIV testing.

Limitations
A limitation of this study is that we used the annual number of 
tests per healthcare provider, not the annual number of unique 
patients tested per healthcare provider. As some key groups such 
as MSM are advised to test for HIV biannually,5 and the SHCs 
only accommodate key groups while the GPs are widely acces-
sible, it is possible that GPs’ testing rates include more unique 
patients than SHCs’. Second, as we used anonymised aggregated 
laboratory data, no data on patients’ HIV risk factors such as 
sexual behaviour and migratory background or reason for testing 
were available. Data on patients’ risk factors are available for 
SHCs and extensively described elsewhere,6 but not for primary 
care, as they are not routinely registered by GPs. We could there-
fore not explain differences in GPs’ and SHCs’ HIV testing based 
on patient risk factors other than age and sex. Combining risk 
factors and reasons for consultation with laboratory data could 
give more insight into indications for HIV testing that are being 
missed in both settings and pinpoint additional opportunities 
for improvement. Finally, the results of this study might not be 
generalisable to all other Western countries due to differences in 
the organisation of sexual health services and primary care.

CONCLUSIONS
Our results show that GPs, in addition to SHCs, play a signif-
icant role in HIV testing and HIV diagnoses, but there is large 
variation between regions. Lessons drawn from regions with 
the most proactive testing strategies could serve as a basis for 
broader implementation of optimal testing strategies. However, 
the observed heterogeneity highlights the need for regionally 
tailored interventions to improve HIV testing, considering all 
regional challenges, on our way to zero new HIV infections.
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Key messages

 ⇒ General practitioners (GPs) and sexual health centres (SHCs) 
are the main providers of STI consultations and diagnostics in 
the Netherlands.

 ⇒ We found considerable variation in HIV testing by GPs and 
SHCs between the regions studied.

 ⇒ HIV testing rates were highest in very highly urbanised 
regions.

 ⇒ In this study, GPs’ HIV testing rates were lower or 
comparable with SHCs’, while positivity was higher or 
comparable among the tests performed by GPs.

 ⇒ Due to the wide accessibility of GPs, opportunities for 
improved HIV testing strategies predominantly lie with GPs, 
but regionally tailored interventions are needed.
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Supplementary Table 1: Crude number1 of HIV tests and positive tests among patients ≥15 years by GPs and SHCs in five regions in the Netherlands, total and 
by sex and age categories, 2011-2018. 
 

  

Amsterdam 

Number of HIV tests 

(number positive) 

Rotterdam 

Number of HIV tests 

(number positive) 

Maastricht 

Number of HIV tests 

(number positive) 

Twente 

Number of HIV tests 

(number positive) 

N-NL 

Number of HIV test 

(number positive) 

 GPs SHC GPs SHC GPs SHC GPs SHC GPs SHC 

Total 
 

  
 

 
 

 
 

 
 

2011 13,629 (108) 20,676 (107) 6,198 (37) 6,569 (41) 1,126 (2) 2,080 (3) 1,402 (5) 2,275 (9) 3,336 (16) 5,693 (9) 
2012 12,655 (85) 22,129 (92) 6,164 (32) 6,830 (34) 1,213 (1) 1,539 (2) 1,249 (6) 2,495 (11) 3,280 (9) 4,610 (10) 
2013 10,977 (80) 24,293 (83) 6,046 (31) 7,055 (37) 1,158 (0) 1,808 (1) 1,169 (3) 3,259 (13) 3,203 (8) 4,988 (12) 
2014 9,414 (68) 29,774 (88) 5,590 (28) 6,472 (17) 987 (1) 1,847 (5) 893 (3) 3,126 (9) 2,772 (20) 5,296 (19) 
2015 10,063 (68) 24,399 (73) 5,681 (32) 5,523 (43) 879 (1)  1,068 (3) 758 (4) 1,949 (10) 2,922 (13) NA 

2016 10,842 (66) 27,757 (84) 5,725 (27) 5,901 (42)  845 (1) 1,170 (1) 836 (6) 2,203 (11) 4,163 (16) 3,131 (1) 
2017 10,377 (53) 29,272 (80) 5,748 (31) 6,562 (23) 819 (1) 1,306 (5) 1,035 (1) 2,516 (15) 4,406 (11) 3,664 (14) 
2018 11,513 (51) 31,310 (82) 6,150 (30) 5,868 (23) 742 (4) 1,223 (4) 1,065 (1) 2,658 (10) 4,767 (12) 3,076 (30) 

Men            

2011 6,651 (81) 10,951 (98) 3,047 (27) 3,512 (37) 541 (2) 963 (3) 683 (5) 1,222 (9) 1,319 (14) 2,339 (9) 
2012 6,294 (58) 11,879 (85) 2,970 (27) 3,857 (32) 607 (1) 741 (2) 610 (6) 1,435 (11) 1,316 (6) 2,044 (8) 
2013 5,690 (59) 12,475 (77) 2,984 (26) 3,922 (32) 601 (0) 892 (1) 579 (3) 1,822 (13) 1,482 (7) 2,405 (10) 
2014 5,251 (59) 14,849 (83) 2,801 (23) 3,645 (17) 488 (1) 894 (5) 473 (3) 1,792 (8) 1,406 (18) 2,609 (16) 
2015 5,636 (53) 14,434 (67) 2,748 (30) 3,663 (41) 447 (1) 686 (3) 392 (3) 1,305 (10) 1,463 (9) NA 

2016 5,978 (54) 17,825 (81)  2,771 (23) 4,017 (41) 444 (1) 719 (1) 458 (5) 1,469 (11) 2,062 (16) 1,968 (0) 
2017 5,781 (41) 19,639 (76) 2,887 (27) 4,542 (23) 423 (1) 802 (5) 538 (1) 1,728 (15) 2,245 (8)0 2,539 (14) 
2018 6,707 (44) 21,552 (79) 3,098 (25) 4,162 (22) 407 (1) 770 (40) 577 (1) 1,795 (9) 2,624 (12) 1,905 (30) 

Women            

2011 6,978 (27) 9,725 (9) 3,151 (10) 3,057 (4) 585 (0) 1,117 (0) 719 (0) 1,053 (0) 2,017 (2) 3,354 (0) 
2012 6,361 (27) 10,250 (7) 3,194 (5) 2,973 (2) 606 (0) 798 (0) 639 (0) 1,060 (0) 1,964 (3) 2,566 (2) 
2013 5,287 (21) 11,818 (6) 3,062 (5) 3,133 (5) 557 (0) 916 (0) 590 (0) 1,437 (0) 1,721 (1) 2,583 (2) 
2014 4,163 (9) 14,925 (5) 2,789 (5) 2,827 (0) 499 (0) 953 (0) 420 (0) 1,334 (1) 1,366 (2) 2,687 (3) 
2015 4,427 (15) 9,965 (6) 2,933 (2) 1,860 (2) 432 (0) 382 (0) 366 (1) 644 (0) 1,459 (4) NA  
2016 4,864 (12) 9,932 (3) 2,954 (4) 1,884 (1) 401 (0) 451 (0) 378 (1) 734 (0) 2,101 (0) 1,163 (1) 
2017 4,596 (12) 9,633 (4) 2,861 (4) 2,020 (0) 396 (0) 504 (0) 497 (0) 788 (0) 2,161 (3) 1,125 (0) 
2018 4,806 (7) 9,758 (3) 3,052 (5) 1,706 (1) 335 (3) 453 (0) 488 (0) 863 (1) 2,143 (0) 1,171 (0) 

15 - 29 years           

2011 5,094 (25) 13,118 (26) 3,059 (9) 4,485 (21) 660 (0) 1,641 (1) 692 (0) 1,427 (6) 1,661 (4) 4,206 (2) 
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2012 4,518 (18) 14,363 (27) 3,045 (14) 4,736 (15) 651 (0) 1,141 (0) 528 (0) 1,560 (1) 1,599 (3) 3,239 (4) 
2013 3,615 (11) 16,111 (21) 2,854 (8) 4,937 (17) 635 (0) 1,394 (1) 500 (0) 2,127 (0) 1,447 (3) 3,536 (2) 
2014 2,704 (10) 20,378 (29) 2,539 (7) 4,540 (7) 506 (0) 1,376 (2) 364 (0) 1,992 (0) 1,215 (2) 3,628 (5) 
2015 2,894 (12) 15,055 (31) 2,511 (9) 3,428 (17) 418 (0) 662 (2) 278 (0) 1,016 (4) 1,286 (4)  NA 

2016 3,351 (9) 16,453 (35) 2,414 (9) 3,546 (11) 402 (1) 822 (1) 289 (1) 1,123 (7) 1,745 (3) 1,713 (1) 
2017 3,007 (5) 16,809 (33) 2,425 (5) 3,950 (12) 341 (0) 893 (2) 265 (0) 1,270 (4) 1,814 (3) 1,993 (3) 
2018 3,307 (6) 17,197 (32) 2,517 (10) 3,479 (11) 252 (2) 881 (3) 301 (0) 1,276 (4) 1,876 (2) 1,650 (10) 

30 - 44 years             

2011 5,942 (46) 5,604 (61) 2,197 (16) 1,620 (16) 305 (0) 265 (2) 496 (1) 566 (1) 1,211 (5) 929 (4) 
2012 5,581 (43)  5,790 (47) 2,143 (13) 1,612 (14) 343 (0) 206 (2) 494 (3) 588 (7) 1,191 (4) 779 (5) 
2013 4,876 (34) 6,153 (44) 2,204 (12) 1,589 (11) 347 (0) 232 (0) 468 (1) 737 (8)  1,170 (4) 840 (2) 
2014 4,298 (30) 7,176 (39) 2,124 (15) 1,466 (7) 287 (1) 258 (1) 375 (1) 689 (3) 1,067 (9) 943 (5) 
2015 4,583 (28) 6,780 (26) 2,179 (18) 1,565 (17) 281 (0) 212 (1) 336 (2) 567 (3) 1,056 (6) NA 

2016 4,768 (22) 8,047 (33) 2,279 (9) 1,747 (20) 244 (0) 181 (0) 352 (3) 639 (2) 1,525 (6) 817 (0) 
2017 4,567 (25)  8,838 (32) 2,264 (11) 1,892 (6) 276 (0) 244 (3) 481 (0) 729 (6) 1,531 (3) 935 (7) 
2018 5,088 (18) 9,886 (36) 2,489 (10) 1,737 (7) 265 (1) 186 (0) 459 (0) 820 (3) 1,742 (6) 737 (10) 

45 - 59 years             

2011 2,148 (31) 1,650 (19) 778 (11) 403 (3) 123 (2) 148 (0) 196 (3) 243 (2) 419 (6)  495 (3) 
2012 2,026 (21) 1,690 (16) 801 (5) 411 (5) 198 (1) 173 (0) 205 (3) 304 (3) 445 (2) 533 (0) 
2013 2,016 (31) 1,745 (15) 825 (10) 433 (8) 142 (0) 157 (0) 191 (2) 332 (5) 527 (1) 539 (8) 
2014 1,901 (24) 1,893 (19) 756 (5) 389 (3) 149 (0) 170 (1) 141 (1) 381 (3) 455 (7) 660 (7) 
2015 2,038 (23) 2,173 (15) 815 (4) 429 (8) 143 (1) 165 (0) 136 (1) 306 (2) 523 (2) NA 

2016 2,105 (27)  2,773 (15) 829 (5) 496 (9) 134 (0) 127 (0) 171 (1) 370 (2) 788 (7) 541 (0) 
2017 2,185 (18) 3,056 (15) 859 (14) 585 (5) 139 (1) 122 (0) 223 (1) 440 (4) 859 (4) 605 (4) 
2018 2,425 (25) 3,498 (12) 908 (10) 541 (4) 157 (0) 112 (1) 235 (1) 460 (3) 907 (4) 552 (9) 

≥60 years             

2011 428 (6) 295 (1) 164 (1) 61 (1) 38 (0) 26 (0) 18 (1) 39 (0) 45 (1) 63 (0) 
2012 512 (3) 280 (2) 175 (0) 71 (0) 21 (0) 19 (0) 22 (0) 43 (0) 45 (0) 59 (1) 
2013 451 (4) 280 (2) 163 (1) 96 (1) 34 (0) 25 (0) 10 (0) 63 (0) 59 (0) 73 (0) 
2014 484 (4) 317 (2) 171 (1) 77 (0) 44 (0) 43 (1) 13 (1) 64 (3) 35 (2) 65 (2) 
2015 533 (5) 389 (1) 176 (1) 101 (1) 37 (0) 29 (0) 8 (1) 60 (1) 57 (1) NA 

2016 602 (7) 478 (1) 203 (4) 112 (2) 65 (0) 40 (0) 24 (1) 71 (0) 105 (0) 60 (0) 
2017 610 (5) 567 (0) 200 (1) 135 (0) 63 (0) 47 (0) 66 (0) 77 (1) 202 (1) 131 (0) 
2018 680 (2) 728 (2) 236 (0) 111 (1) 68 (1) 44 (0) 70 (0) 102 (0) 242 (0) 137 (1) 

Abbreviations: GP, general practitioner; NA, data is missing; N-NL, North Netherlands; SHC, sexual health centre. 1 Number of HIV tests by GPs are 
unadjusted for GPs’ HIV test data coverage.  
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