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Many but small HIV-1 non-B transmission chains in
the Netherlands

Daniela Bezemer®*, Alexandra Blenkinsop™“*, Matthew Hall?,
Ard van Sighem®, Marion Cornelissene Els Wesselsf,
Jeroen van Kampen$, ThI]S van de Laar™, Peter Reiss™®
Christophe Fraser? and Oliver Ratmannb'*

Objective: The aim of this study was to investigate introductions and spread of different
HIV-1 subtypes in the Netherlands.

Design: We identified distinct HIV-1 transmission chains in the Netherlands within
the global epidemic context through viral phylogenetic analysis of partial HIV-1
polymerase sequences from individuals enrolled in the ATHENA national HIV cohort
of all persons in care since 1996, and publicly available international background
sequences.

Methods: Viral lineages circulating in the Netherlands were identified through maxi-
mum parsimony phylogeographic analysis. The proportion of HIV-1 infections acquired
in-country among heterosexuals and MSM was estimated from phylogenetically
observed, national transmission chains using a branching process model that accounts
for incomplete sampling.

Results: As of 1 January 2019, 2589 (24%) of 10971 (41%) HIV-1 sequenced individ-
uals in ATHENA had non-B subtypes (A1, C, D, F, G) or circulating recombinant forms
(CRFOTAE, CRFO2AG, CRF06-cpx). The 1588 heterosexuals were in 1224, and 536
MSM in 270 phylogenetically observed transmission chains. After adjustments for
incomplete sampling, most heterosexual (75%) and MSM (76%) transmission chains
were estimated to include only the individual introducing the virus (size=1). Onward
transmission occurred mostly in chains size 2—5 amongst heterosexuals (62%) and in
chains size at least 10 amongst MSM (64%). Considering some chains originated in-
country from other risk-groups, 40% (95% confidence interval: 36-44) of non-B-
infected heterosexuals and 62% (95% confidence interval: 49-73) of MSM-acquired
infection in-country.

Conclusion: Although most HIV-1 non-B introductions showed no or very little onward
transmission, a considerable proportion of non-B infections amongst both heterosexuals
and MSM in the Netherlands have been acquired in-country.
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Introduction

The WHO has the ambition to end HIV transmission this
decade [1]. With this aim, it is essential for countries to
understand where HIV infections were acquired, and
who they affect. In Western European countries, an
increasing proportion of newly HIV-1 diagnosed persons
are infected with non-B subtypes [2—6]. In the
Netherlands, this concerns about a quarter of all people
receiving care. In 71% of cases, these are foreign-born
individuals, of whom 70% are from sub-Saharan Africa.
The level of introductions and national transmission is
unknown. The aMASE survey study among immigrants
across HIV clinics in Europe estimated that 45% (95%
confidence interval: 39—-52) of infections among people
from sub-Saharan Africa were acquired postmigration to
Western Europe [7]. In contrast, a molecular phyloge-
netic study from Europe suggests that only nearly 20% of’
non-B infections among people from sub-Saharan Africa
acquired their infection postmigration [2]. These
estimates are quite different; however, the phylogenetic
study had not accounted for individuals that were not
sequenced, potentially introducing sampling bias in
these estimates.

To obtain more insight into the transmission dynamics of
non-B subtypes, we reconstructed partially observed
transmission chains through phylogenetic analysis of
nationally collected HIV-1 polymerase (pol) nucleotide
sequences, and then estimated the proportion of in-
country HIV acquisitions amongst heterosexuals and
MSM  while accounting for incomplete sequence
sampling of these risk groups. The sequences were
obtained from the ATHENA national observational HIV
cohort, and combined with pol sequences publicly
available from the Los Alamos National Lab (LANL)
HIV database [4,8]. As subtypes evolve differently
amongst different risk groups, and some people have
their virus sequenced many years after infection, we avoid
phylogenetic clustering analysis with cut-offs on boot-
strap values or patristic distances in phylogenetic trees [9—
12]. Instead, the LANL sequences provided the
phylogeographic context to identify distinct viral
phylogenetic subgraphs associated with the Netherlands.
We then interpreted each subgraph as evidence of a
distinct national transmission chain resulting from a single
introduction. This made it possible to estimate the
number, spread, as well as the origin of introductions by
transmission group of distinct non-B transmission chains,
and for comparison, subtype B transmission chains in the
Netherlands. Using a branching process model that

adjusts for incomplete observations our results provide
insight regarding the proportion of HIV-1 infections that
are acquired in-country, both for heterosexual infected
individuals and MSM.

Materials and methods

ATHENA cohort

The ATHENA national observational HIV cohort
includes pseudonymized demographic and clinical data
collected from HIV-positive individuals receiving care in
one of the 24 HIV treatment centres in the Netherlands
since 1996, excluding approximately 1.5% who opt-out
of their data being collected [4]. Population-based
nucleotide HIV-1 partial pol gene sequences are obtained
as part of routine screening for antiretroviral drug
resistance, either before start of antiretroviral therapy or
at time of virological failure [13]. Data on the most likely
mode of HIV infection and assumed geographic region of
infection are self-reported at time of entry into HIV care.

HIV-1 sequence selection, alignment and
subtyping

The study population comprised individuals in the
ATHENA cohort infected before 1 January 2019 with at
least one available HIV-1 pol RNA sequence with a
minimum length of 750 nucleotides by 1 June 2020. If
more than one sequence was available, the first sequence
was used for analysis. R and the ape package were used to
process sequences for phylogenetic analysis [14].
Sequences were aligned to the reference genome
HXB2 [15], using VIRULIGN [16]. Subtypes were
assigned using COMET [17], and when required checked
and assigned using REGA [18].

International epidemic context

To characterize the international epidemic context of
sequences obtained from our study population, back-
ground sequences were retrieved by subtype from the
LANL HIV database on 18 February 2021 [8]. LANL
sequences were included into the background sequence
data if they overlapped with the ATHENA sequences in at
least 1000 nucleotides, had country and year of sampling
reported, and were not from the Netherlands. Only one
sequence per person was included. Accession numbers
are reported in Supplementary Table S1, http://
links.Iww.com/QAD/C308. In addition, ATHENA
sequences from people on Curagao were added as
background sequences.
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Phylogeny construction

For each subtype, aligned background sequences were
merged with the alignment of the study sequences using
the reference sequence HXB2. Sequences from the
closest other subtype in the combined data set were
included as outgroups. For every subtype-specific
alignment, major resistance conferring sites were deleted
[19]. Phylogenetic trees were built in FastTree v2.1.8 [20]
and rooted at the outgroup.

Viral phylogenetic estimation of Dutch
subgraphs by transmission risk group

From the reconstructed phylogenies, we identified
phylogenetic subgraphs associated with national trans-
mission amongst either heterosexuals or MSM. First
ATHENA sequences were associated with states accord-
ing to the transmission risk group (heterosexual, MSM,
drug wusers, other/unknown) of the corresponding
sampled individual. The state ‘other/unknown’ includes
individuals infected through blood transfusion, vertical
transmissions, accidental/occupational exposure and
unknown routes of transmission. States associated with
sequences from the LANL HIV database were based on
the geographic region of the sample (states: Central
Europe, Eastern Europe, Western Europe, Latin America
and the Caribbean, North Africa and the Middle East,
sub-Saharan Africa, United States and Canada, South-
and Southeast Asia and Oceania, and Suriname and
Curagao, Supplementary Table S1, http://links.Iww.-
com/QAD/C308). Second, ancestral states of all internal
nodes in the phylogeny were estimated with the
maximum parsimony ancestral state reconstruction
algorithm implemented in phyloscanner v1.8.0 [21]
(Supplementary Text, section 1, http://links.lww.com/
QAD/C307). Then, likely transmission chains associated
with either MSM or heterosexuals in the Netherlands
were identified as phylogenetic subgraphs (of size >1)
that had a common state change occurring at the branch
leading to the node representing their most recent
common ancestor (see Fig. 1a).

The phylogeographic origin of a Dutch phylogenetically
identified transmission chain was estimated as the state of
the viral lineage ancestral to its root, which was one of the
geographic regions attributed to LANL sequences,
another Dutch transmission risk group or undefined
when two states were equally parsimonious.

Statistical analyses

The number, origin and size of the phylogenetically
identified transmission chains were determined by
summing these statistics across the subtype-specific
phylogenies. We focused on the four largest transmission
categories () in the Netherlands: non-B heterosexuals,
non-B MSM, subtype B heterosexuals and subtype B
MSM. Ninety-five percent confidence intervals of these
statistics were obtained from 100 replicate analyses on
bootstrap sequence alignments, and are abbreviated as

95%BS-CI. As a result, confidence intervals do not
necessarily include the central estimate.

In a fully sampled population, every phylogenetically
identified transmission chain would correspond to the
actual transmission chain within a particular observation
period, and comprise one introduction possibly followed
by onward in-country transmission. Some introductions
will have occurred from other in-country risk groups,
and so, the proportion of HIV-1 infections acquired in the
Netherlands in category r can be expressed as

pr=1—(E7)/N; (M
where E is the number of transmission chains in category
r, &, the proportion of chains that had their origin assigned
to outside the Netherlands and N is the total number of
individuals in the transmission chains. However, it is not
obvious whether unsampled infections in the Netherlands
are part of unobserved transmission chains or represent
additional infections in partially observed chains. This
makes it necessary to account for incomplete sampling
when analysing phylogenetically observed transmission
chains. The likelihood of the observed chain size distri-
bution (x) was quantified under a branching process
model with Negative Binomial offspring distribution to
describe the unobserved size distribution of transmission
chains (z), assuming that infected individuals were sam-
pled at random [22]. The model is specified by the
expected number of infected individuals under the oft-
spring distribution, the dispersion parameter under the
offspring distribution and the sampling probability (the
ratio of individuals with a sequence divided by the total
number of HIV-1 positive individuals in ATHENA).
Using a Bayesian framework (Supplementary Text, sec-
tion 2, http://links.lww.com/QAD/C307), we sampled
from the posterior predictive distribution of complete
transmission chains 2, calculated N and E;, and esti-
mated the proportion of HIV-1 infections acquired in the
Netherlands in category r through Eq. (1). Sampling-
adjusted results are reported by the median estimates
and corresponding 95% credible intervals (95% CI).
The model does not account for incomplete sampling
of infections occurring outside the Netherlands based on
the rationale that the sequence of only one external
individual separating any two Dutch transmission chains
needs to be sampled in order to separate distinct
Dutch transmission chains into distinct phylogenetic
subgraphs.

Comparison to estimates from the aMASE survey
Phylogenetic estimates on the proportion of HIV-1
infections acquired in the Netherlands amongst MSM
and heterosexuals with non-B subtypes were compared
with estimates from the aMASE cross-sectional study
among HIV-positive migrants. The study was conducted
from July 2013 to July 2015 in 57 clinics in nine European
countries. Postmigration HIV acquisition was estimated
from electronic questionnaire and clinical data [7].

85


http://links.lww.com/QAD/C308
http://links.lww.com/QAD/C308
http://links.lww.com/QAD/C307
http://links.lww.com/QAD/C307
http://links.lww.com/QAD/C307

SMIAGZIUMIPXZOBBAROATIAEIOPIASALLIAYIPOOAEIEAHIOIN/ADAUMY TXOM

ADYOINXFOHISABZIYT0+eyNJOITWNOIZTABMHISSHAAYE Aq Buljuospre/wiod’ mm| sfeulnol//:dny woiy pspeojumoq

€20¢/12/L0 uo

86

AIDS 2022, Vol 36 No 1

(a)

The geographic origin of the !
MSM subgraph in the Netherlands !
is not assigned |

Cases in Latin America, are the origin
of transmission to Western Europe

Fig. 1. (a) Methodological sketch of phylogeographic analysis

sequenced samples. Colours of internal dots and branches re

Ethics approval

At initiation, the ATHENA cohort was approved by the
institutional review board of all participating HIV
treatment centres. People entering HIV care receive
written material about participation in the ATHENA
cohort and are informed by their treating physician on the

Cases in Western Europe

-

I
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[

1 Large MSM subgraph (n=32)
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- _/Transmission from MSM in the Netherlands

- - 7,toWestern Europe

Region/risk group
—— Netherlands - MSM
—— Netherlands - heterosexual
—— Netherlands - drug user
—— Netherlands - other / unknown
—+— Western Europe

Central Europe
—— Eastern Europe / Central Asia
—— North Africa / Middle East
—— Sub-Saharan Africa
—— South- and Southeast Asia / Oceania
—— Latin America / Caribbean
—— United states / Canada

—— Unassigned

to identify HIV-1 transmission chains associated with either MSM
or heterosexuals in the Netherlands. (b) Reconstructed viral phylogeny of subtype F partial HIV-1 pol sequences of participants
enrolled in the Dutch national ATHENA cohort, and the corresponding collection of viral sequences from the Los Alamos
National Lab HIV database. Viral phylogenetic lineages were associated to geographic regions based on the sampling location of
sequenced individuals and transmission category in the Netherlands with maximum parsimony. External dots represent the
present the estimated ancestral location of the viral lineages.

purpose of data collection, thereafter they can consent
verbally or elect to opt-out. Data are pseudonymised
before being provided to investigators and may be used for
scientific purposes. A designated quality management
coordinator safeguards compliance with the European

General Data Protection Regulation [4].
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Results

Study population

As of 1 January 2019, the ATHENA cohort included
26,881 HIV-1 positive individuals registered in the
Netherlands (Table 1). Of these, 10971 (41%) had a
partial pol sequence available in this study, of whom 8382
(76%) were subtype B, and 2589 (24%) belonged to eight
non-B subtypes or circulating recombinant forms (CR Fs)
included in this study. A remaining 266 individuals had
undefined or other minority (recombinant) subtypes
(Supplementary Information SI.2, http://links.Iww.-
com/QAD/C307), and were not considered further.
Of the 2589 non-B HIV-1 infections included in this
study, 417 (16%) were subtype A1, 615 (24%) subtype C,
111 (4%) subtype D, 93 (4%) subtype E 173 (7%) subtype
G, 338 (13%) CRF0O1AE, 770 (30%) CRF02AG and 72
(3%) CRFO6-cpx.

Of the 2589 non-B-infected individuals, 1588 (61%)
were self-reported heterosexuals, 536 (21%) MSM and
465 (18%) reported other or unknown modes of HIV-1
transmission. Region of birth varied significantly among
both transmission categories. Among heterosexuals, 20%
were born in the Netherlands, 62% in sub-Saharan Africa,
6% in North Africa and Middle East, 4% in South- and
Southeast Asia and Oceania, 3% in Suriname and
Curacao, 2% in Western-Europe and 3% elsewhere or
unknown. Among MSM, 61% were born in the
Netherlands, 8% in South- and Southeast Asia and
Oceania, 7% in Western-Europe, 6% in sub-Saharan
Africa, 5% in Latin America or the Caribbean, 4% in
Suriname or Curagao, 4% in North Africa and Middle
East, and 5% elsewhere or unknown.

Of 6707 sequenced subtype B infections, a majority 77%
was found among MSM and 16% among heterosexuals,
where the majority was born in the Netherlands
(heterosexuals 52%, MSM 70%). Supplementary Table
S2, http://links.Iww.com/QAD/C309 characterizes the
ATHENA cohort and the subset of participants with
identified subtype in further detail. Supplementary Table

S3, http://links.Iww.com/QAD/C310 characterizes the
international background sequences by subtype and
geographic region.

Number and origin of phylogenetically observed
transmission chains

Subtype-specific viral phylogenetic trees were con-
structed from 10971 ATHENA sequences and 139 859
international sequences. Viral lineages in these trees were
associated with nine world-geographic regions as well as
the Dutch transmission categories MSM, heterosexual,
drug users, other (see Methods) as shown in Supplemen-
tary Figures S1-S39, http://linksIww.com/QAD/
C315, and illustrated in Fig. 1 for analysis of one the
smaller trees (subtype F). See Supplementary Table S4,
http://links.lww.com/QAD/C311 and Table S5, http://
links.lww.com/QAD/C312, for results by subtype.

HIV-1 non-B subtypes

The 1588 persons infected heterosexually with non-B
virus were part of 1224 (95%BS-CI: 1220-1270)
observed, phylogenetically identified transmission chains
(Table 2, panel ‘non-B subtypes’, ‘heterosexual’), indicat-
ing that a large number of distinct non-B transmission
chains are co-circulating in the Netherlands. Among these
phylogenetically observed transmission chains, an esti-
mated 8% (95%BS-CI: 5-8) originated from Western
Europe, 76% (95%BS-CI: 75-78) from sub-Saharan
Africa, 11% (95%BS-CI: 11-13) from Southeast Asia
and Oceania, and 2% (95%BS-CI: 2—3) from other world
regions. Only 3% (95%BS-CI: 2-3) originated from
national MSM transmission chains, and 1% (95%BS-CI:
0—1) from other national chains (Table 3).

The 536 non-B infections amongst MSM were part of
270 (95%BS-CI: 266—284) observed, phylogenetically
identified transmission chains (Table 2, panel ‘non-B
subtypes’, ‘MSM’). An estimated 22% (95%BS-CI: 15—
22) originated from Western Europe, 25% (95%BS-CI:
23-30) from sub-Saharan Africa, 41% (95%BS-CI: 39—
45) from Southeast Asia and Oceania, 8% (95%BS-CI: 6—
10) from other world regions, 4% (95%BS-CI: 2—7) from

Table 1. Characteristics of the study population, sequenced HIV-1 infected participants of the ATHENA study, the Netherlands, and the number

of added international background sequences.

Sequences in study

All Total non-B subtypes subtype B
Number of ATHENA participants 26881 10971 2589 8382
Transmission risk group
MSM 15882 (59%) 6949 (63%) 536 (21%) 6413 (77%)
Heterosexual 7608 (28%) 2932 (27%) 1588 (61%) 1344 (16%)
Drug users 785 3% 236 (2%) 27 (1%) 209 (2%)
Other and unknown 2606 (10%) 854 (8%) 438 (17%) 416 (5%)

Sampling year median (IQR)

Number of added international background sequences® -
Sampling year median (IQR) -

2008 (2005-2012) 2009 (2005-2012) 2008 (2005-2011)

139858
2009 (2006-2013)

66181
2010 (2007-2013)

73677
2009 (2005-2012)

%139 633 sequences obtained from the LANL HIV database and 225 ATHENA sequences from people on Curagao.
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Table 3. Estimated geographic origins of HIV-1 subtype B and non-B subtypes phylogenetically likely transmission chains amongst MSM and

heterosexuals in the Netherlands.

Analysis by transmission group and subtype in the Netherlands

Non-B subtypes

Subtype B

Heterosexual
% (95%BS-Cl)

MSM
% (95%BS-Cl)

MSM
% (95%BS-Cl)

Heterosexual
% (95%BS-Cl)

Phylogeographic origin of subgraphs (%)
Europe - Central 1(1-1)
Europe - West 8 (5-8)
Europe — East and Central Asia 0 (0-0)
Latin America, Caribbean 1(0-1)
Netherlands- heterosexuals -
Netherlands — drug users 0
Netherlands - MSM 3
Netherlands — other/unknown 1
North Africa and Middle East 0
North America 0
Southeast Asia and Oceania
Suriname and Curacao 0 (0-0)
Sub-Saharan Africa

Proportion of total subgraphs with resolved origin
Proportion of total individuals included

78 (78-82)
79 (76-83)

2 (1-4) 1(0-1) 3 (2-3)
22 (15-22) 19 (15-21) 43 (36-41)
1(1-2) 0 (0-0) 0 (0-0)

3 (2-5) 11 (9-13) 12 (11-14)
4 (2-7) - 3(2-3)
0 (0-0) 3(1-2) 0 (0-0)
- 50 (44-50) -
0 (0-1) 1(1-2) 0 (0-1)
1(0-1) 0 (0-0) 0 (0-0)
0 (0-1) 13 (14-22) 37 (38-44)
41 (39-45) 0 (0-1) 1(1-2)
0 (0-0) 3(2-4) 0 (0-1)
25 (23-30) 0 (0-0) 0 (0-0)
79 (74-83) 79 (72-78) 78 (72-76)
73 (67-85) 79 (67-78) 78 (68-79)

Central estimates of phylogenetically identified transmission chains were determined by summing these statistics across the subtype-specific
phylogenies. 95% confidence intervals of these statistics were obtained from 100 replicate analyses on bootstrap sequence alignments. As a result,

confidence intervals do not necessarily include the central estimate.

heterosexuals in the Netherlands and 0 (95%BS-CI: 0—1)
from other national chains (Table 3).

Estimated transmission chains after accounting
for incomplete sequence sampling

Accounting for incomplete sampling, we estimated more
and larger transmission chains than phylogenetically
observed (Table 2). The size of the estimated transmission
chains was highly heterogeneous, with 75% (95% CI: 70—
79) of chains among non-B heterosexuals and 76% (95%
CIL: 68—83) among non-B MSM being of size 1. The
largest proportion of onwards transmitted heterosexuals
occurred in transmission chains of size 2—5 [62% (95%
CI: 52—-72)], and amongst MSM in chains of size at least
10 [64% (95% CI: 45—-81)]. Supplementary Table S6,
http://links.lww.com/QAD/C313  summarizes the
composition of large observed subgraphs by region of
birth and region of self-reported infection. Supplemen-
tary Table S7, http://links.lww.com/QAD/C314 shows
observed chain size distributions disaggregated by size

and subtype.

Comparison to HIV-1 subtype B

For comparison, we characterized the number of subtype
B introductions in the same manner (Table 2, panel
‘subtype B’). The persons infected heterosexually with
subtype B were attributed to proportionally fewer and
significantly larger transmission chains than heterosexual
individuals infected with non-B subtypes. The phyloge-
netically inferred origins of subtype B transmission chains
were significantly different to those inferred for non-B
transmission chains, with an estimated 50% (95%BS-CI:
44-50) originating from national MSM transmission

chains (Table 3). MSM infected with subtype B were also
attributed to proportionally fewer and significantly larger
transmission chains than MSM infected with non-B
subtypes. The phylogenetically inferred origins of
subtype B transmission chains among MSM were also
significantly different, with more chains originating from
Western Europe, North America and Latin America and
the Caribbean, as compared to non-B transmission chains
among MSM.

Proportion of HIV-1 infections acquired in the
Netherlands

After adjusting for HIV-1 infected individuals who were
not sequenced, an estimated 62% (95% CI: 58—-67) of
non-B-infected heterosexuals represented a viral intro-
duction in the estimated transmission chains, of whom
96% (95% CI: 94—97) had an estimated external origin
(Table 3). Combining these estimates, we estimate that
40% (95% CI: 36—44) of non-B-infected heterosexuals in
the Netherlands acquired HIV in-country. Considering
non-B-infected MSM, an estimated 41% (95% CI: 28—
53) of chains represented a viral introduction, of which
94% (95% CI: 90—-96) had an external origin, and we
estimate that 60% (95% CI: 49—-73) of non-B-infected
MSM acquired HIV in the Netherlands.

Figure 2 compares the estimated proportion of HIV in-
country acquisitions among heterosexuals and MSM with
non-B virus to those with subtype B virus. For subtype B-
infected heterosexuals in the Netherlands, after adjusting
for incomplete sampling, an estimated 52% (95% CI: 46—
58) represented a viral introduction, of which 48% (95%
CIl: 44-52) had a foreign origin. Combining these
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Fig. 2. Estimated proportion of in-country HIV-1 acquisition by transmission group in the Netherlands. Viral phylogeographic
analyses were used to identify likely transmission chains among heterosexual and MSM participants of the Dutch national
ATHENA cohort for each of the main circulating subtypes. Estimates of the sequence sampling fraction were used to predict sizes of
the unobserved complete transmission chains. Estimates of the proportion of transmission chains originating from outside the
Netherlands were used to estimate the proportion of in-country HIV acquisitions in the unobserved complete transmission chains.
In comparison, phylogenetic empirical estimates are shown with 95% confidence intervals obtained from 100 replicate analyses
on bootstrap sequence alignments, hence these do not necessarily include the central estimate. In addition, estimates from self-
reported data on the likely location of acquisition, and a selection of estimates from the aMASE survey study among immigrants

across HIV clinics in Europe are shown [7].

estimates, we find that an estimated 75% (95% CI: 72—-79)
of subtype B-infected heterosexuals acquired HIV in-
country. Considering subtype B-infected MSM, an
estimated 26% (95% CI: 22-30) represented a viral
introduction in the unobserved complete transmission, of

which 97% (95% CI: 96-98) had a foreign origin, and
75% (95% CI: 71-78) acquired HIV in-country.

Thus, overall, the estimated proportions of in-country
HIV acquisition were higher among subtype B-infected
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when compared to non-B-infected, especially so for
heterosexuals. The estimated proportion of in-country
transmission was larger for all risk groups and all subtypes
after adjusting for incomplete sequence sampling (Fig. 2),
and more consistent with estimates from self-reported
data on the likely location of acquisition as well as relevant
estimates from the aMASE survey study among
immigrants across HIV clinics in Europe [7] than the
unadjusted estimates.

Discussion

We characterized the number, level of spread and region
of origin of HIV-1 non-B introductions in the
Netherlands by viral phylogenetic analysis, and compared
our findings with those for HIV-1 subtype B infections.
Our phylogenetic analyses indicate first that thousands of
distinct transmission chains are co-circulating among
both heterosexuals and MSM in the Netherlands. Second,
we use these data to estimate the size distribution of
complete transmission chains and find higher levels of in-
country transmission, in more and larger transmission
chains, than the directly observed phylogenetic data
suggest. The estimated transmission chains amongst both
risk groups infected with both B and non-B subtypes
were highly heterogeneous in size, with most introduc-
tions showing no or very little onward transmission in the
Netherlands. Most non-B onward transmission among
heterosexuals was in transmission chains size 2—5, and
among MSM in chains size at least 10. Correspondingly,
we estimate four out of 10 heterosexual and six out of 10
MSM non-B infections in the Netherlands were acquired
in-country, compared with almost eight of 10 heterosex-
ual and MSM subtype B infections. There was little non-
B transmission between risk groups in the Netherlands,
whilst half of phylogenetically identified subtype B
transmission chains amongst heterosexuals originated
from Dutch MSM. The world regions of origin
attributed to viral non-B introductions among both
heterosexuals and MSM in the Netherlands originated
mostly from sub-Saharan Africa and South and Southeast
Asia and Western Europe. Subtype B introductions
originated mostly from Western Europe, North and Latin
America and the Caribbean.

Our findings are compatible with phylogenetic studies
from other European countries, which provided little
evidence of large domestic non-B HIV-1 sub-epidemics
for heterosexuals, but several larger transmission chains
amongst MSM  [2,3,6,23]. However, our estimated
proportions of in-country HIV acquisitions
consistently lower in phylogenetic analyses that did
not adjust for incomplete sampling, showing that the
observed phylogenetic subgraphs are challenging to
interpret without further modelling that accounts
for incomplete sequence sampling. The adjusted

were

phylogenetically derived estimates of in-country HIV
acquisition were broadly congruent with overall self-
reported data concerning the most likely geographical
origin of infection. For non-B-infected heterosexuals,
the adjusted phylogenetically derived estimates of in-
country HIV acquisition were higher than estimates from
patients’ self-reported likely geographical origin of
infection, but in line with survey estimates among
heterosexual immigrants in a European survey, and in
particular with survey estimates among heterosexual
immigrants from sub-Saharan Africa [7]. The latter is
particularly relevant, as the majority of our non-B
heterosexual sample population was born in sub-
Saharan Africa.

In comparison, among heterosexually infected individu-
als with subtype B, we find a much higher proportion of
in-country acquisitions, primarily because half of
transmission chains among subtype B heterosexuals were
estimated to have originated in-country from MSM.
Similar to what we see for non-B, these subsequently have
not resulted in any major sub-epidemics amongst
heterosexuals. The large subtype B subgraphs identified
with predominantly heterosexual transmission include a
high percentage of people from Curagao and Suriname
[24] (Supplementary Table S6, http://links.lww.com/
QAD/C313). Consistent with the European aMASE
survey, immigrants from Latin America and the
Caribbean reported highest (71%) postmigration HIV
acquisition [7].

Our study has several limitations. First, our phylogenetic
analysis rests on the assumption that sufficient HIV
sequences were publicly available at LANL to place the
Dutch viral sequences into the correct epidemiologic
context. Although only one ancestor separating distinct
Dutch transmission chains needs to be in the background
data set, it is certainly possible that some of the larger
phylogenetically identified transmission chains in fact
correspond to several smaller transmission chains. Our
results may therefore overestimate the number of
infections acquired in the Netherlands. Second, less than
half of ATHENA participants had a viral sequence
available for analysis, and the sampling fraction was higher
among MSM compared to heterosexuals (44 versus 39%).
Although we employed statistical models to account for
incomplete sampling, the models have limitations. We
assumed individuals are sampled at random with the same
sampling probability in each risk group, and we cannot
exclude the possibility that violation of these assumptions
could introduce bias. Third, viral phylogenetic lineages
were attributed the location of individuals at time of
sampling, and this approach did not account for
individual-level mobility. Several infections per chain
could have occurred abroad amongst travellers and/or
immigrants, or infections might have occurred in the
Netherlands from short-term visitors. This could partly
explain a respectively higher and lower proportion of in-
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country infections estimated by the phylogenetic
approach compared to self-reported data. Alternatively,
self-reported data on the likely origin of infection could
be subject to reporting biases [25]. Finally, we have not
estimated time trends, and it is possible that dynamics
changed over time, in particular with recent test-and-
treat policy and substantial reductions in new diagnose
[26].

This study shows HIV-1 non-B subtypes are spreading in
the Netherlands in many distinct transmission chains,
which are significantly smaller in size than transmission
chains of subtype B, both for heterosexuals and for MSM.
Nevertheless, we estimate that a substantial proportion of
non-B infections among heterosexuals and MSM are
acquired within the Netherlands, and find that the
discrepancy between previous phylogenetic studies of in-
country transmission and recent survey estimates into the
proportion of in-country transmission could be explained
by incomplete sequence sampling of infected individuals.
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